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SUMMARY OF BISCLOSED EMBODIMENTS:

One aspect of the present invention relates to an electrochemical power system that
generates an electromotive force (EMF) and thermal energy comprising

a cathode;

an anode, and

reactants that constitute hydrino reactants during cell operation with separate electron
flow and ion mass transport, comprising at least two components chosen from:

a) a source of catalyst or a catalyst comprising at least one of the group of nH,
OH, OH’, H,0, H,S, or MNH; wherein n is an integer and M is alkali metal;

b) a source of atomic hydrogen or atomic hydrogen;

c) reactants to form at least one of the source of catalyst, the catalyst, the
source of atomic hydrogen, and the atomic hydrogen; one or more reactants to initiate the
catalysis of atomic hydrogen; and a support, wherein at least one of the following conditions
occurs:

d) atomic hydrogen and the hydrogen catalyst is formed by a reaction of the reaction
mixture;

e) one reactant that by virtue of it undergoing a reaction causes the catalysis to be
active; and

f) the reaction to cause the catalysis reaction comprises a reaction chosen from:

(i) exothermic reactions;

(i) coupled reactions;

(i1i) free radical reactions;

(iv) oxidation-reduction reactions;



(v) exchange reactions, and

(vi) getter, support, or matrix-assisted catalysis reactions.

In another aspect, there is provided an electrochemical power system that generates an
electromotive force (EMF) and thermal energy comprising

a cathode;

an anode, and

reactants that constitute hydrino reactants during cell operation with separate electron
flow and ion mass transport, comprising at least two components chosen from:

a) a source of catalyst or catalyst comprising at least one oxygen species

chosen from Oy, 05, 07, O, , 0, 0", H,0, H;O", OH, OH", OH’, HOCH, OOH, O, 0%, 0, ,
and O that undergoes an oxidative reaction with a H species to form at least one of OH and

H,O, wherein the H species comprises at least one of Hy, H, H', H,0, H;0', OH, OH", OH,
HOOH, and OCH";

b) a source of atomic hydrogen or atomic hydrogen;

¢) reactants fo form at least one of the source of catalyst, the catalyst, the source of
atomic hydrogen, and the atomic hydrogen; and one or more reactants to initiate the catalysis
of atomic hydrogen; and a support, wherein at least one of the following conditions occurs:

d) atomic hydrogen and the hydrogen catalyst is formed by a reaction of the reaction
mixtare;

e) one reactant that by virtue of it undergoing a reaction causes the catalysis to be
active; an

f) the reaction to cause the catalysis reaction comprises a reaction chosen from:

(i) exothermic reactions;

(11) coupled reactions;

(iii) free radical reactions;

(iv) oxidation-reduction reactions;

(v) exchange reactions, and

{vi) getter, support, or matrix-assisted catalysis reactions.

In another aspect, there is provided an electrochemical power system comprising at

least one of
a) acell comprising:

(i) an anode comprising a hydrogen permeable metal and hydrogen gas chosen from

Ni(Hy), V(Hs), Ti(H), Fe(Hy), Nb(i) or a metal hydride chosen from LaNisHg,

TiMn;Hy, and LazNigCoHg (x is an integer);

(i1} a molten electrolyte chosen from MOH or M(OH),, or MOH or M{OH), with

M’X or M'X, wherein M and M’ are independently chosen from Li, Na, K, Rb, Cs,

Mg, Ca, Sr, and Ba, and X is chosen from hydroxides, halides, sulfates, and

carbonates, and

(iii) a cathode comprising the metal that is the same as that of the anode and further

comprising air or Oy; ‘
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b) acell comprising:
(i) an anode comprising at least one metal chosen from R-Ni, Cu, Ni, Pb, Sb, Bi, Co,
Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T, Sn, W, AL, V, Zr,
Ti, Mn, Zn, Cr, In, and Pb;
(i1} an electrolyte comprising an aqueous alkali hydroxide having the concentration
range of about 10 M to saturated,;
(iii) an olefin separator, and
(iv) a carbon cathode and further comprising air or Oy;
c) acell comprising;
{1) an anode comprising molten NaOH and Ni as a hydrogen permeable membrane
and hydrogen gas;
(i1) an electrolyte comprising beta alumina solid electrolyte (BASE), and
(1ii) a cathode comprising molten as NaCl-MgCl,, NaCl-CaCly, or MX-M'X;" (M s
alkali, M’ is alkaline earth, and X and X’ are halide);
d) a cell comprising:
(i) an anode comprising molten Na;
(11) an electrolyte comprising beta alumina solid electrolyte (BASE), and
(iii) a cathode comprising molten NaOH;
e) a cell comprising:
(i) an anode comprising LaNisHg;
(i) an electrolyte comprising an aqueous alkali hydroxide having the concentration
range of about 10 M to saturated;
(iii) an olefin separator, and
(iv) a carbon cathode and further comprising air or Oy;
f) acell comprising:
(i) an anode comprising Li;
(ii) an olefin separator;
(ii} an electrolyte comprising LP30 and LiPFg, and
(iv) a cathode comprising CoQ{OH);
g) a cell comprising:
{1} an anode comprising LisMg;
(i1) LiCI-KCl or MX-M"X’ (M and M’ are alkali, X and X’ are halide) molten salt
electrolyte, and
(iii) a cathode comprising a metal hydride chosen from CeH,, L.aH,, ZrH,, and TiH,,
and further comprising carbon black, and
h} acell comprising:
(1) an anode comprising Li;
(i1) LiCl-KCI or MX-M’X" (M and M’ are alkali, X and X’ are halide) molten salt

electrolyte, and
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(iii) a cathode comprising a metal hydride chosen from CeHs, LaH,, ZrHa, and Til,,
and further comprising carbon black, and
wherein at least one of the following conditions occurs: _
m) atomic hydrogen and the hydrogen catalyst is formed by a reaction of the reaction
mixture;
n} one reactant that by virtue of it undergoing a reaction causes the catalysis to be
active; and
0) the reaction to cause the catalysis reaction comprises a reaction chosen from:

(i) exothermic reactions;

(it) coupled reactions;

(iii) free radical reactions;

(iv) oxidation-reduction reactions;

(v) exchange reactions, and

(vi) getter, support, or matrix-assisted catalysis reactions.

The present disclosure is directed to a battery or fuel cell system that generates an
electromotive force (EMF) from the catalytic reaction of hydrogen to lower energy (hydrino)
states providing direct conversion of the energy released from the hydrino reaction into
electricity, the system comprising:

reactants that constitute hydrino reactants during cell operation with separate electron
flow and ion mass transport,

a cathode compartment comprising a cathode,

an anode compartment comprising an anode, and

a source of hydrogen.

Other embodiments of the present disclosure are directed to a battery or fuel cell
system that generates an electromotive force (EMF) from the catalytic reaction of hydrogen
to lower energy (hydrino) states providing direct conversion of the energy released from the
hydrino reaction into electricity, the systefn comprising at least two components chosen from:
a catalyst or a source of catalyst; atomic hydrogen or a source of atomic hydrogen; reactants
to form the catalyst or source of catalyst and atomic hydrogen or source of atomic hydrogen;
one or more reactants to initiate the catalysis of atomic hydrogen; and a support to enable the
catalysis,

wherein the battery or fuel cell system for forming hydrinos can further comprise a
cathode compartment comprising a cathode, an anode compartment comprising an anode,
optionally a salt bridge, reactants that constitute hydrino reactants during cell operation with
separate electron flow and ion mass transport, and a source of hydrogen.

In an embodiment of the present disclosure, the reaction mixtures and reactions to

initiate the hydrino reaction such as the exchange reactions of the present disclosure are the

le
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basis of a fuel cell wherein electrical power is developed by the reaction of hydrogen to form
hydrinos. Due to oxidation-reduction cell half reactions, the hydrino-producing reaction
mixture is constituted with the migration of electrons through an external circuit and ion mass
transport through a separate path to complete an electrical circuit. The overall reactions and
corresponding reaction mixtures that produce hydrinos given by the sum of the half-cell
reactions may comprise the reaction types for thermal power and hydrino chemical
production of the present disclosure.

In an embodiment of the present disclosure, different reactants or the same reactants
under differént states or conditions such as at least one of different temperature, pressure, and
concentration are provided in different cell compartments that are connected by separate
conduits for electrons and ions to complete an electrical circuit between the compartments.
The potential and electrical power gain between clectrodes of the separate compartments or
thermal gain of the system is generated due to the dependence of the hydrino reaction on
mass flow from one compartment to another. The mass flow provides at least one of the
formation of the reaction mixture that reacts to produce hydrinos and the conditions that
permit the hydrino reaction to occur at substantial rates, Ideally, the hydrino reaction does
not occur or doesn’t occur at an appreciable rate in the absence of the electron flow and ion
mass transport.

In another embodiment, the cell produces at least one of electrical and thermal power
gain over that of an applied electrolysis power through the electrodes.

In an embodiment, the reactants to form hydrinos are at least one of thermally
regenerative or electrolytically regenerative.

An embodiment of the disclosure is directed to an electrochemical power system that
generates an electromotive force (EMF) and thermal energy comprising a cathode, an anode,
and reactants that constitutc hydrino reactants during cell operation with separate electron
flow and ion mass transport, comprising at least two components chosen from: a) a source of
catalyst or a catalyst comprising at least one of the group of nH, OH, OH, HyO, H;S, or
MNH, wherein n is an integer and M s alkali metal; b) a source of atomic hydrogen or
atomic hydrogen; c) reactants to form at least one of the source of catalyst, the catalyst, the
source of atomic hydrogen, and the atomic hydrogen; one or more reactants to initiate the
catalysis of atomic hydrogen; and a support. At least one of the following conditions may
occur in the electrochemical power system: a) atomic hydrogen and the hydrogen catalyst is
formed by a reaction of the reaction mixture; b) one reactant that by virtue of it undergoing 2
reaction causes the catalysis to be active; and c) the reaction to cause the catalysis reaction
comprises a reaction chosen from: (i) exothermic reactions; (ii} coupled reactions; (iif) free
radical reactions; (iv) oxidation-reduction reactions; (v} exchange reactions, and (vi) getter,
support, or matrix-assisted catalysis reactions. In an embodiment, at least one of a) different
reactants or b) the same reactants under different states or conditions are provided in different
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cell compartments that are connected by separate conduits for electrons and ions to complete
an electrical circuit between the compartments. At least one of an internal mass flow and an
external electron flow may provide at least one of the following conditions o occur: a)
formation of the reaction mixture that reacts to produce hydrinos; and b) formation of the
conditions that permit the hydrino reaction to occur at substantial rates. In an embodiment,
the reactants to form hydrinos are at least one of thermally or electrolytically regenerative.
At least one of electrical and thermal energy output may be over that required to regenerate
the reactants from the produocts, |

Other embodiments of the disclosure are directed to an electrochemical power system that
generates an electromotive force (EMF) and thermal energy comprising a cathode; an anode,
and reactants that constitute hydrino reactants during cell operation with separate electron
flow and ion mass transport, comprising at least two components chosen from: a) a source of
catalyst or catalyst comprising at least one oxygen species chosen from Oy, s, O], 07, O,
0", H,0, H;0%, OH, OH", OH, HOOH, QOH, O, 0%, O;, and OF that undergoes an
oxidative reaction with a H species to form at least one of OH and H»O, wherein the H
species comprises at least one of Hp, H, H', H;0, H;0", OH, OH', OH', HOOH, and OOH’;
b) a source of atomic hydrogen or atomic hydrogen; ¢) reactants to form at least one of the
source of catalyst, the catalyst, the source of atomic hydrogen, and the atomic hydrogen; and
one or more reactants to initiate the catalysis of atomic hydrogen; and a support. The source
of the O species may comprise at least one compound or admixture of compounds comprising
O, O,, air, oxides, NiQ, Co0, alkali metal oxides, LirO, NayO, K0, alkaline earth metal
oxides, MgO, CaQ, Sr(, and BaO, oxides from the group of Cu, Ni, Pb, Sh, Bi, Co, Cd, Ge,
Auy, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, Sn, and W, peroxides, alkali metal
peroxides, superoxide, alkali or alkaline earth metal superoxides, hydroxides, alkali, alkaline
earth, transition metal, inner transition metal, and Group III, IV, or V, hydroxides,
oxyhydroxides, AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (a-
MnO(OH) groutite and y -MnO{OH)} manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH),
GaO(OH), InO(OH), NijnCo1zO(0OH), and NijsCosMn;sO(0H). The source of the H
species may comprise at least one compound or admixture of compounds comprising H, a
metal hydride, LaNisHy, hydroxide, oxyhydroxide, Hj, a source of Hz, Hy and a hydrogen
permeable membrane, Ni(Hy), V(Hz), Ti(Hz), Nb(Hy), Pd(Hz), PdAg(Hs), and Fe(Hy).

In another embodiment, the electrochemical power system comprises a hydrogen
anode; a molten salt electrolyte comprising a hydroxide, and at least one of an Oy and a H,O
cathode, The hydrogen anode may comprise at least one of 2 hydrogen permeable electrode
such as at least one of Ni(Hi), V(H), Ti(Hs), Nb{H), Pd(H,), PdAg(H>), and Fe(H,), a
porous electrode that may sparge H,, and a hydride such as a hydride chosen from R-Ni,
LaNisHs, LayCoiNigHg, ZrCraHs g, LaNis ssMngaAly3Co07s, ZrMnp sCrg 2V Ni; 2, and other
alloys capable of storing hydrogen, ABs (LaCePrNdNiCoMnAl) or AB:
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(VTiZrNiCrCoMnAlISn) type, where the “AB,” designation refers to the ratio of the A type
elements (LaCePrNd or TiZr) to that of the B type elements (VNiCrCoMnAlSn), ABs-type:
MmNi52C0o; oMngsAly 1:Mogge (Mm = misch metal: 25 wt% La, 50 wi% Ce, 7 wit% Pr, 18
wi% Nd), ABxtype: TiesiZroaeVenNirigCroin  alloys, magnesium-based  alloys,
Mg; oAlg NigsCog Mng alloy, MgonSco2s(Pdooiz + Rhgora), and MgseTiz, MgsoVan,
Lag §Ndg sNi» £C025S8ig1, LaNis,My (M= Mn, AD, (M= Al, Si, Cu), (M= Sn), (M= Al, Mn,
Cu) and LaNisCo, MmNizssMngaAle3C0g7s, LaNis ssMng aAlg3Cog7s, MgCus, MgZna,
MgNi,, AR compounds, TiFe, TiCo, and TiNi, AB,; compounds (n = 5,2, or 1), ABsy
compounds, AB, (A = La, Ce, Mn, Mg; B = Ni, Mn, Co, Al}, ZrFe,, ZrpsCspsbes,
Zrg 8ScoaFes, YNis, LaNis, LaNigsCogs, (Ce, La, Nd, Pr)Nis, Mischmetal-nickel alloy,
Tig 08Z¢007Vo43Fe000Cro0sMny 5, LagCojNig, and TiMn,. The molten salt may comprise a
hydroxide with at least one other salt such as one chosen from one or more other hydroxides,
halides, nitrates, sulfates, carbonates, and phosphates. The molten salt may comprise at least
one salt mixture chosen from CsNOs-CsOH, CsOH-KOH, CsOH-LiOH, CsOH-NaOH,
CsOH-RbOH, K,CO;-KOH, KBr-KOH, KCI-KOH, KF-KOH, KI-KOH, KNO;-KOH, KOH-
K»804, KOH-LiOH, KOH-NaOH, KOH-RbOH, Li;COs-LiOH, LiBr-LiOH, LiCI-LiOH,
LiF-LiOM, Lil-LiOH, LiNO;-LiOH, LiOH-NaOH, LiOH-RbOH, Na;CO;-NaOH, NabBr-
NaOH, NaCl-NaOH, NaF-NaOH, Nal-NaOH, NaNO;-NaOH, NaOH-Na;S8O4, NaOH-RbOH,
RbCI-RbOH, RbNO;-RbOH, LiOH-LiX, NaOH-NaX, KOH-KX, RbOH-RbX, CsOH-CsX,
Mg(OH);-MgXa, Ca(OH);-CaXs, Sr(OH)z-SrX,, or Ba(OH),-BaX, wherein X =F, Cl, Br, or
I, and LiOH, NaOH, KOH, RbOH, CsOH, Mg(OH)z, Ca(OH)a, St(OH);, or Ba(CH); and one
or more of AlXs, VXs, ZrXs, TiXs, MnXs, ZnXa, CrXy, SnXp, InXs, CuXs, NiXs, PbXs,
SbXs, BiX:,, C()Xg, CdXz, G6X3, AuX;, IrXs, FGX3, Hng, MoX,, OSX4, PdXz, RCX3, R.hXj,,
RuXs, SeXs, AgXa, TcXs, TeXs, TIX, and WXy wherein X =F, Cl, Br, or 1. The molten salt
may comprise a cation that is common to the anions of the salt mixture clectrolyte; or the
anion is common to the cations, and the hydroxide is stable to the other salts of the mixture.
In another embodiment of the disclosure, the electrochemical power system comprises
at least one of [M”(H./MOH-M’halide/M™>’] and [M”(Ha)/M(OH),-M’halide/M™],
wherein M is an alkali or alkaline earth metal, M’ Is a metal having hydroxides and oxides
that are at least one of less stable than those of alkali or alkaline earth metals or have a low
reactivity with water, M is a hydrogen permeable metal, and M’” is a conductor. In an
embodiment, M’ is metal such as one chosen from Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe,
Hg, Mo, Us, Pd, Re, Rh, Ry, Se, Ag, T¢, Te, Tl, Sn, W, ALV, Zr, T}, Mn, Zn, Cr, In, and Pb.
Alternatively, M and M’ may be metals such as ones independently chosen from Li, Na, K,
Rb, Cs, Mg, Ca, St, Ba, Al, V, Zt, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au,
Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, and W. Other exemplary systems
comprise [M’(Hz/MOH M”’X/M’’] wherein M, M’, M”, and M™ are-metal cations or
metal, X is an anion such as one chosen from hydroxides, halides, nitrates, sulfates,
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carbonates, and phosphates, and M’ is H» permeable. In an embodiment, the hydrogen anode
comprises a metal such as at least one chosen from V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb,
8b, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T}, and W that
reacts with the electrolyte during discharge. In another embodiment, the eiectrochemical
power system comprises a hydrogen source; a hydrogen anode capable of forming at least
one of OH, OH, and H,O catalyst, and providing H; a source of at least one of O; and HO; a
cathode capable of reducing at least one of HaO or Oo; an alkaline electrolyte; an optional
system capable of collection and recirculation of at least one of HoQ vapor, Nz, and O, and a
system to coliect and recirculate Ha,

The present disclosure is further directed to an electrochemical power system
comprising an anode comprising at least one oft a metal such as one chosen from V, Zr, Ti,
Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ry,
Se, Ag, Te, Te, TI, and W and a metal hydride such as one chosen from R-Ni, LaNisH;,
LasCoiNigHg, ZrCroHsg, LaNisssMngaAlgsCogrs, ZrMngsCroaVoNijs, and other alloys
capabie of storing hydrogen such as one chosen from ABs (LaCePrNdNiCoMnAl) or AB.
(VTIiZeNiCrCoMnALSn) type, where the “AB,” designation refers to the ratio of the A type
eiements (LaCePrNd ot TiZr) to that of the B type elements (VNiCrCoMnAlSn), ABs-type,
MmNis 2Co; oMnigsAlp 11 Mooee (Mm = misch metal: 25 wi% La, 50 wt% Ce, 7 wit% Pr, 18
wit% Nd), ABxtype: TigsiZrpasVo7oNirsCroy2  alloys, magnesium-based alloys,
Mg sAls NiggCop i Mng alloy, MgomScooe(Pdooiz + Rhooa), and MggeTizg, MgeoVao,
Lag gNdp 2Nz 40255101, LaNisxMx (M= Mn, AD), (M= A}, Si, Cu), (M= Sn}, (M~ Al, Mn,
Cu) and LaNisCo, MmNi;ssMngasAlo3Coors, LaNizssMngaAlesCogrs, MgCuy, MgZn,,
MgNiy, AB compounds, TiFe, TiCo, and TiNi, AB, compounds {(n = 35, 2, or 1), ABay
compounds, ABx (A = La, Ce, Mn, Mg; B = Ni, Mn, Co, Al}, ZiFe;, Zry sCsq sFes,
ZrosScooFe;, YNis, LaNis, LaNigsCops, (Ce, La, Nd, Pr)Nis, Mischmetal-nickel alloy,
Tio.0sZr602 VoasFeoosCroosMny s, LapCoiNiy, and TiMny; a separator; an aqueous alkaline
electrolyte; at least one of 2 O; and a HyO reduction cathode, and at least one of air and O,.
The electrochemical system may further comprise an electrolysis system that intermittently
charges and discharges the cell such that there is a gain in the net energy balance.
Alternatively, the electrochemical power system may comprise or further comprise a
hydrogenation system that regenerates the power system by rehydriding the hydride anode.

Another embodiment comprises an electrochemical power system that gencrates an
electromotive force (EMF) and thermal energy comprising a molten alkali metal anode; beta-
alumina solid electrolyte (BASE), and a molten salt cathode comprising a hydroxide. The
catalyst or the source of catalyst may be chosen from OH, OH’, H»0, NaH, Li, K, Rb", and
Cs. The molten salt cathode may comprise an alkali hydroxide. The system may further
comprise a hydrogen reactor an¢ metal-hydroxide separator wherein the alkali metal cathode
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and the alkali hydroxide cathode are regenerated by hydrogenation of product oxide and
separation of the resulting alkali metal and metal hydroxide.

Another embodiment of the electrochemical power system comprises an anode
comprising a source of hydrogen such as one chosen from a hydrogen permeabie membrane
and H, gas and a hydride further comprising a molten hydroxide; beta-alumina solid
electrolyte (BASE), and a cathode comprising at least one of a molten element and a molten
halide salt or mixture. Suitable cathodes comprise a molten element cathode comprising one
of In, Ga, Te, Pb, Sn, Cd, Hg, P, S, |, Se, Bi, and As. Alternatively, the cathode may be a
molten salt cathode comprising NaX (X is halide) and one or more of the group of NaX,
AgX, AlXs, AsXs, AuX, AuXs, BaXy, BeXy, BiX;, CaXy, CdX;, CeXs, CoXy, CrXa, CsX,
CuX, CuXs, EuXs, FeXo, FeXs, GaXs, GdX;, GeXy, HEX,, HgX, HgXs, InX, InXy, InX, IrX,
IrXo, KX, KAgXs, KAIX,, K3AIX, LaXs, LiX, MgXe, MnX, MoXs, MoXs, MoXs, NaAlXq,
NasAlX,, NbXs, NdXs, NiXa, 0sX;, OsXs, PbX;, PAX,, PrXs, PiXy, PtXy, PuXs, RbX, ReXs,
REX, RhX3, RuXs, SbXs, SbXs, ScXs, SiXy, SnXa, SnXy, SrXa, ThXy, TiXs, TiXs, TIX, UXs,
UX4, VX4, Wﬁ, YX;:,, Zan, and ZrX,.

Another embodiment of an electrochemical power system that generates an
electromotive force (EMF) and thermal energy comprises an anode comprising Li; an
electrolyte comprising an organic solvent and at least one of an inorganic Li electrolyte and
LiPFs an olefin separator, and a cathode comprising at lfeast one of an oxyhydroxide,
AIO(OH), SeO(OH), YO(OH), VO(CH), CrO(OH), MnO(OH) (& -MnO(OH) groutite and
¥ -MnO(OH) manganite), FeO{OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(OH),
Ni]QCOWO(QH), and Ni1/3COi,r31\/Inu3O(OH).

In another embodiment, the electrochemical power system comprises an anode comprising at
least one of Li, a lithium alloy, LisMg, and a species of the Li-N-H system;

a molten salt electrolyte, and a hydrogen cathode comprising at least one of H; gas and a
pbrous cathode, H, and a hydrogen permeable membrane, and one of a metal hydride, alkali,
alkaline earth, transition metal, inner transition metal, and rare earth hydride.

The present disclosure is further directed to an electrochemical power system
comprising at least one of the cells &) through h) comprising:

a) (i) an anode comprising a hydrogen permeable metal and hydrogen gas such as one
chosen from Ni(Hy), V(Ha), Ti(Hz), Fe(Hz), Nb(Hz) or a metal hydride such as one chosen
from LaNisHs, TiMnoH,, and LaoNigCoHg (x is an integer); (if) a molien electrolyte such as
one chosen from MOH or M(OH),, or MOH or M(OH); with M°X or M’X; wherein M and
M’ are metals such as ones independently chosen from Li, Na, K, Rb, Cs, Mg, Ca, 51, and
Ba, and X is an anion such as one chosen from hydroxides, halides, sulfates, and carbonates,
and (iii} a cathode comprising the metal that may be the same as that of the anode and further

comprising air or Os;
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b)(i) an anode comprising at least one metal such as one chosen from R-Ni, Cu, Ni,
Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Te¢, Te, TI, Sn, W,
Al, V, Zr, Ti, Mn, Zn, Cr, In, and Pb; (ii) an electrolyte comprising an aqueous alkali
hydroxide having the concentration range of about 10 M to saturated; (iii) an olefin separator,
and (iv) a carbon cathode and further comprising air or Ox;

¢) (i) an anode comprising molten NaOH and a hydrogen permeable membrane such
as Ni and hydrogen gas; (ii) an electrolyte comprising beta alumina solid electrolyte (BASE]},
and (iii) a cathode comprising a molten eutectic salt such as NaCl-MgCly, NaCl-CaCl,, or
MX-M’X,’ (M is alkali, M’ is alkaline earth, and X and X" are halide);

d) (i) an anode comprising molten Na; (if) an electrolyte comprising beta alumina
solid electrolyte (BASE), and (iii) a cathode comprising molten NaOH;

¢) (i) an anode comprising an hydride such as LaNisHe; (ii) an electrolyte comprising
an aqueous alkali hydroxide having the concentration range of about 10 M fo saturated; (iii)
an olefin separator, and (iv) a carbon cathode and further comprising air or Oy;

f) (i) an anode comprising Li; (if) an olefin separator; (ii) an organic electrolyte such
as one comprising LP30 and LiPF,, and (iv) a cathode comprising an oxyhydroxide such as
CoO(OH);

g) (i) an anode comprising a lithium alloy such as Li;Mg; (ii) 2 molten salt electrolyte
such as LiCI-KCl or MX-M’X* (M and M’ are alkali, X and X’ are halide), and (iii) 2 cathode
comprising a metal hydride such as one chosen from CeH,, LaH,, ZrH,, and TiH,, and
further comprising carbon black, and

h} (i) an anode comprising Li; (ii) a molten salt electrolyte such as LiCI-KCl or MX-
M’X’ (M and M’ are alkali, X and X* are halide), and

(iii) a cathode comprising a metal hydride such as one chosen from CeH,, LaHy,

ZrH,, and TiH,, and further comprising carbon black.

Further embodiments of the present disclosure are directed to catalyst systems such as
those of the electrochemical cells comprising a hydrogen catalyst capable of causing atomic
H in its n=1 state to form a lower-energy state, a source of atomic hydrogen, and other
species capable of initiating and propagating the reaction to form lower-energy hydrogen. In
certain embodiments, the present disclosure is directed to a reaction mixture comprising at
least one source of atomic hydrogen and at least one catalyst or source of catalyst to support
the catalysis of hydrogen 1o form hydrinos. The reactants and reactions disclosed herein for
solid and liquid fuels are also reactants and reactions of heterogeneous fuels comprising a
mixture of phases. The reaction mixture comprises at least two components chosen from a
hydrogen catalyst or source of hydrogen catalyst and atomic hydrogen or a source of atomic
hydrogen, wherein at least one of the atomic hydrogen and the hydrogen catalyst may be
formed by a reaction of the reaction mixture. In additional embodiments, the reaction
mixture further comprises a support, which in certain embodiments can be electrically
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conductive, a reductant, and an oxidant, wherein at least one reactant that by virtue of it
undergoing a reaction causes the catalysis to be active. The reactants may be regenerated for
any non-hydrino product by heating.

The present disclosure is also directed to a power source comprising:

areaction cell for the catalysis of atomic hydrogen;

a reaction vessel;

a vacuum pump;

a source of atomic hydrogen in communication with the reaction vessel;

a source of a hydrogen catalyst comprising a bulk material in communication with the
reaction vessel,

the source of at least one of the source of atomic hydrogen and the source of hydrogen
catalyst comprising a reaction mixture comprising at least one reactant comprising the
element or elements that form at least one of the atomic hydrogen and the hydrogen catalyst
and at least one other element, whereby at least one of the atomic hydrogen and hydrogen
catalyst is formed from the source,

at least one other reactant to cause catalysis; and

a heater for the vessel,

whereby the catalysis of atomic hydrogen releases energy in an amount greater than
about 300 kJ per mole of hydrogen.

The reaction to form hydrinos may be activated or initiated and propagated by one or
more chemical reactions. These reactions can be chosen for example from (i) hydride
exchange reactions, (ii) halide- hydride exchange reactions, (iii) exothermic reactions, which
in certain embodiments provide the activation energy for the hydrino reaction, (iv) coupled
reactions, which in certain embodiments provide for at least one of a source of catalyst or
atomic hydrogen to support the hydrine reaction, (v) free radical reactions, which in certain
embodiments serve as an acceptor of electrons from the catalyst during the hydrino reaction,
(vi) oxidation-reduction reactions, which in certain embodiments, serve as an acceptor of
electrons from the catalyst during the hydrino reaction, (vi) other exchange reactions such as
anion exchange including halide, sulfide, hydride, arsenide, oxide, phosphide, and nitride
exchange that in an embodiment, facilitate the action of the catalyst to become ionized as it
accepts energy from atomic hydrogen to form hydrinos, and (vii) getter, support, or matrix-
assisted hydrino reactions, which may provide at least one of (&) a chemical environment for
the hydrino reaction, (b) act to transfer electrons to facilitate the H catalyst function, (¢)
undergoe a reversible phase or other physical change or change in its electronic state, and (d)
bind a lower-energy hiydrogen product to increase at least one of the extent or rate of the
hydrino reaction. In certain embodiments, the electrically conductive support enables the

activation reaction.
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In another embodiment, the reaction to form hydrinos comprises at least one of a
hydride exchange and a halide exchange between at least two species such as two metals. At
least one metal may be a catalyst or a source of a catalyst to form hydrinos such as an alkali
metal or alkali metal hydride. The hydride exchange may be between at least two hydrides,
at jeast one metal and at least one hydride, at least two metal hydrides, at least one metal and
at least one metal hydride, and other such combinations with the exchange between or
involving two or more species. In an embodiment, the hydride exchange forms a mixed
metal hydride such as (M;)(Ma),H, wherein x,y, and z are integers and M, and M; are
metals,

Other embodiments of the present disclosure are directed to reactants wherein the
catalyst in the activating reaction and/or the propagation reaction comprises a reaction of the
catalyst or source of catalyst and source of hydrogen with a material or compound to form an
intercalation compound wherein the reactants are regenerated by removing the intercalated
species. In an embodiment, carbon may serve as the oxidant and the carbon may be
regencrated from an alkali metal intercalated carbon for example by heating, use of
displacing agent, electrolytically, or by using a solvent.

In additional embodiments, the present disclosure is directed to a power system
comprising:

(i) a chemical fuel mixture comprising at least two compenents chosen from: a
catalyst or source of catalyst; atomic hydrogen or a source of atomic hydrogen; reactants to
form the catalyst or the source of catalyst and atomic hydrogen or a source of atomic
hydrogen; one or more reactants to initiate the cataiysis of atomic hydrogen; and a suppeort to
enable the catalysis,

(ii) at least one thermal system for reversing an exchange reaction to thermally
regenerate the fuel from the reaction products comprising a plurality of reaction vessels,

wherein regeneration reactions comprising reactions that form the initial chemical fuel
mixture from the products of the reaction of the mixture are performed in at least one reaction
vessel of the plurality in conjunction with the at least one other reaction vessel undergoing
power reactions,

the heat from at least one power-producing vessel flows to at least one vessel that is
undergoing regeneration to provide the energy for the thermal regeneration,

the vessels are embedded in a heat transfer medium to achieve the heat flow,

at least one vessel further comprising a vacuum pump and a source of hydrogen, and
may further comprise two chambers having a temperature difference maintained between a
hotter chamber and a colder chamber such that a species preferentially accumulates in the
colder chamber,

wherein a hydride reaction is performed in the colder chamber to form at least one
initial reactant that is returned to the hotter chamber,
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(1ii) a heat sink that accepts the heat from the power-producing reaction vessels across
a thermal barrier,

and

(iv) a power conversion system that may comprise a heat engine such as a Rankine or
Brayton-cycle engine, a steam engine, a Stirling engine, wherein the power conversion
system may comprise thermoelectric or thermionic converters. In certain embodiments, the
heat sink may transfer power 1o a power conversion system to produce electricity.

In certain embodiments, the power conversion system accepts the flow of heat from
the heat sink, and in certain embodiments, the heat sink comprises a steam generator and
steamn flows to a heat engine such as a turbine to produce electricity.

In additional embodiments, the present disclosure is directed to a power system
comprising:

(i) a chemical fuel mixture comprising at least two componernts chosen from: a
catalyst or a source of catalyst; atomic hydrogen or a source of atomic hydrogen; reactants to
form the catalyst or the source of catalyst and atomic hydrogen or a source of atomic
hydrogen; one or more reactants to initiate the catatysis of atomic hydrogen; and a support to
enable the catalysis,

(i) a thermal system for reversing an exchange reaction to thermally regenerate the
fuel from the reaction products comprising at least one reaction vessel, wherein regeneration
reactions comprising reactions that form the initial chemical fuel mixture from the products
of the reaction of the mixture are performed in the at Jeast one reaction vessel in conjunction
with power reactions, the heat from power-producing reactions flows to regeneration
reactions to provide the energy for the thermal regeneration, at least one vessel is insulated on
one section and in contact with a thermally conductive medium on another section to achieve
a heat gradient between the hotter and colder sections, respectively, of the vessel such that a
species preferentially accumulates in the colder section, at least one vessel further comprising
a vacuum pump and a source of hydrogen, wherein a hydride reaction is performed in the
colder section to form at least one initial reactant that is returned to the hotter section,

(it} a heat sink that accepts the heat from the power-producing reactions transferred
through the thermally conductive medium and optionally across at least one thermal barrier,
and

(iv} a power conversion system that may comprise a heat engine such as a Rankine or
Brayton-cycle engine, & steam engine, a Stirling engine, wherein the power conversion
system may comprise thermoelectric or thermionic converters, wherein the conversion
system accepts the flow of heat from the heat sink.

In an embodiment, the heat sink comprises a steam generator and steam flows to a
heat engine such as a turbine to produce electricity.

10
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is & schematic drawing of an energy reactor and power plant in accordance
with the present disclosure.,

FIGURE 2 is a schematic drawing of an energy reactor and power plant for recycling or
regenerating the fuel in accordance with the present disclosure.

FIGURE 3 is a schematic drawing of a power reactor in accordance with the present
disclosure.

FIGURE 4 is a schematic drawing of a system for recycling or regenerating the fuel in
accordance with the present disclosure.

FIGURE 5 is a schematic drawing of a multi-tube reaction system further showing the
details of a unit energy reactor and power plant for recycling or regenerating the fuel in
accordance with the present disclosure.

FIGURE 6 is a schematic drawing of a tube of a multi-tube reaction system comprising a
reaction chamber and a metal-condensation and re-hydriding chamber separated by a sluice
or gate valve for evaporating metal vapor, rehydriding of the metal, and re-supplying
regenerated alkali hydridein accordance with the present disclosure.

FIGURE 7 is a schematic drawing of a thermally coupled multi-cell bundle wherein cells
in the power-production phase of the cycle heat cells in the regeneration phase and the bundle
is immsersed in water such that boiling and steam production occurs on the outer surface of
the outer annulus with & heat gradient across the gap in accordance with the present
disclosure.

FIGURE 8 is a schematic drawing of a plurality of thermally coupled multi-ceil bundies
wherein the bundles may be arranged in a boiler box in accordance with the present
disclosure.

FIGURE 9 is a schematic drawing of a boiler that houses the reactor bundles and
channels the steam into a domed manifold in accordance with the present disclosure,

" FIGURE 10 is a schematic drawing of a power generation system wherein steam is
generated in the boiier of FIGURE 9 and is channeled through the domed manifold to the
steam line, a steam turbine receives the steam from boiling water, electricity is generated with
a generator, and the steam is condensed and pumped back to the boiler in accordance with the
present disclosure.

FIGURE 11 is a schematic drawing of a multi-tube reaction system comprising a bundle
of reactor cells in thermal contact and separated from a heat exchanger by a gas gap in
accordance with the present disclosure.

FIGURE 12 is a schematic drawing of a multi-tube reaction system comprising alternate
layers of insulation, reactor cells, thermally conductive medium, and heat exchanger or
collector in accordance with the present disclosure.

11
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FIGURE 13 is a schematic drawing of a single unit of a multi-tube reaction system
comprising alternate layers of insulation, reactor celis, thermally conductive medium, and
heat exchanger or collector in accordance with the present disclosure.

FIGURE 14 is a schematic drawing of a boiler system comprising the multi-tube reaction
system of FIGURE 12 and a coolant (saturated water) flow regulating system in accordance
with the present disclosure.

FIGURE 15 is a schematic drawing of a power generation system whergin steam is
generated in the boiler of FIGURE 14 and output from the steam-water separator to the main
steamn line, a steam turbine receives the steam from boiling water, electricity is generated with
a generator, and the steam is condensed and pumped back to the boiler in accordance with the
present disclosure.

FIGURE 16 is a schematic drawing of the steam generation flow diagram in accordance
with the present disclosure.

FIGURE 17 is a schematic drawing of a discharge power and plasma cell and reactor in
accordance with the present disclosure.

FIGURE 18 is a schematic drawing of a battery and fuel cell in accordance with the
present disclosure.

FIGURE 19 is a car architecture utilizing a CIHT cell stack in accordance with the
present disclosure.

FIGURE 20 is a schematic drawing of a CIHT cell in accordance with the present
disciosure.

FIGURE 21 is a schematic drawing of a three half-cell CIHT cell in accordance with the
present disclosure.

FIGURE 22 is a schematic drawing of a CIHT cell comprising H2O and H; collection and
recycling systems in accordance with the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE DISCLOSURE

The present disclosure is directed to catalyst systems to release energy from atomic
hydrogen to form lower energy states wherein the electron shell is at a closer position relative
to the nucleus. The reieased power is harnessed for power generation and additionally new
hydrogen species and compounds are desired products. These energy states are predicted by
classical physical laws and require a catalyst to accept energy from the hydrogen in order to
undergo the corresponding energy-releasing transition.

Classical physics gives closed-form solutions of the hydrogen atom, the hydride ion,
the hydrogen molecular ion, and the hydrogen molecule and predicts corresponding species
having fractional principal quantum numbers. Using Maxwell's equations, the structure of
the electron was derived as a boundary-value problem wherein the eleciron comprises the
source current of time-varying electromagnetic fields during transitions with the constraint

12
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that the bound »=1 state electron cannot radiate ecnergy. A reaction predicted by the
solution of the H atom involves a resonant, nonradiative energy transfer from otherwise
stable atomic hydrogen to a catalyst capable of accepting the energy to form hydrogen in
lower-energy states than previously thought possible. Specifically, classical physics predicts
that atomic hydrogen may undergo a catalytic reaction with certain atoms, excimers, ions,
and diatomic hydrides which provide a reaction with a net enthalpy of an integer muitiple of
the potential energy of atomic hydrogen, E, =272 eV where E, is one Hartree. Specific
species (e.g. He™, Ar', St’, K, Li, HCL, and NaH, OH, SH, she, H,O, nH (n = integer))
identifiable on the basis of their known electron energy levels are required to be present with
atomic hydrogen to catalyze the process. The reaction involves a nonradiative energy
transfer followed by ¢-13.6 e/ continuum emission or g-13.6 eV transfer to H to form
extraordinarily hot, excited-state H and a hydrogen atom that is lower in energy than
unreacted atomic hydrogen that corresponds to a fractional principal quantum number. That

is, in the formula for the principal energy levels of the hydrogen atom:
¢ 13.598 ¢V
E, =—— =— - . 3]
n 8re a, n
n=1273,.. @
where a,, is the Bohr radius for the hydrogen atom (52.947 pm), e is the magnitude of the
charge of the electron, and ¢, is the vacuum permittivity, fractional quantum numbers:
111 1
s —a—,en— Where p <137 isan integer 3
331 r g (3)
replace the well known parameter » = integer in the Rydberg equation for hydrogen excited

n=1

states and represent lower-energy-state hydrogen atoms called “hydrinos.” Then, similar to
an excited state having the analytical solution of Maxwell’s equations, a hydrino atom also
comprises an electron, a proton, and a photon. However, the electric field of the latter
increases the binding corresponding to desorption of energy rather than decreasing the central
field with the absorption of energy as in an excited state, and the resultant photon-clectron
interaction of the hydrino is stable rather than radiative.

The n=1 state of hydrogen and the n= states of hydrogen are nonradiative,

integer
but a transition between two nonradiative states, say n=1 to n=1/2, is possible via a
nonradiative energy transfer. Hydrogen is a special case of the stable states given by Egs. (1)
and (3) wherein the corresponding radius of the hydrogen or hydrino atom is given by

=2t @)
r
where p=1,2,3,... In order to conserve energy, energy must be transferred from the

hydrogen atom io the catalyst in units of
m-272eV,m=123,4,.. (5

13
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. . a . .
and the radius transitions to —£&—. The catalyst reactions involve two steps of energy
m+ p

release: a nonradiative energy transfer to the catalyst followed by additional energy release as
the radius decreases to the corresponding stable final state. It is believed that the rate of
catalysis is increased as the net enthalpy of reaction is more closely matched to m-27.2 eV,
it has been found that catalysts having a net enthalpy of reaction within £10%, preferably
+5%, of m-27.2 eV are suitable for most applications. In the case of the catalysis of
hydrino atoms to lower energy states, the enthalpy of reaction of m-27.2 el (Eq. (5)) is
relativistically corrected by the same factor as the potential energy of the hydrino atom.,
Thus, the general reaction is given by

m-272 eV +Cat™ +H[—qf"—:l = Cal'""" e+ H *j: G }+ m-272 eV 6)

r (m+p)
H*[ % }»H[ . }+[(p+m)2 ~p'113.6 eV -m 272 eV @)
(m+ p) (m+ p)
Call™ " v ve™ — Cat®™ +m-272 eV and (8)
the overall reaction is
H[i”—}—»f{[ i ]+[(p+m)2-p2}-13.6ef/' ©)
p (m+ p)
g, r, m, and p arc integers. H* 9y has the radius of the hydrogen atom
(m+ p)

{corresponding to 1 in the denominator) and a central field equivalent to (m+ p) times that

of a proton, and A i is the corresponding stable state with the radius of ————
(m+p) (m+ p)

that of H. As the electron undergoes radial acceleration from the radius of the hydrogen

this distance, energy is released as characteristic light emission

atom to a radius of
(m+p)

or as third-body kinetic energy. The emission may be in the form of an extreme-ultraviolet
continuum  radiation having an edge at [(p+m) -~p’-2m]13.6¢eV or
91.2
[(p+m)* ~p* ~2m]
resonant kinetic energy transfer to form fast H may occur. Subsequent excitation of these fast
H (n = i) atoms by collisions with the background H, followed by emission of the

am and extending to longer wavelengths, In addition to radiation, a

corresponding H{(n=3} fast atoms gives rise to broadened Balmer o emission.

Alternatively, fast H is a direct product of H or hydrino serving as the catalyst wherein the
acceptance of the resonant cnergy transfer regards the potential energy rather than the
ionization energy. Conservation of energy gives a proton of the kinetic energy corresponding
to one half the potential energy in the former case and a catalyst ion at essentially rest in the
latter case. The H recombination radiation of the fast protons gives rise to broadened Balmer
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@ emission that is disproportionate to the inventory of hot hydrogen consistent with the
excess power balance.

In the present disclosure the terms such as hydrino reaction, H catalysis, H catalysis
reaction, catalysis when referring to hydrogen, the reaction of hydrogen to form hydrinos, and
hydrino formation reaction all refer to the reaction such as that of Egs. (6-9)) of a catalyst
defined by Eq. (5) with atomic H to form states of hydrogen having energy levels given by
Egs. (1) and (3). The corresponding terms such as hydrino reactants, hydrino reaction
mixture, catalyst mixture, reactants for hydrino formation, reactants that produce or form
lower-energy state hydrogen or hydrinos are also used interchangeably when referring to the
reaction mixture that performs the catalysis of H to H states or hydrino states having energy
levels given by Eqs. (1) and (3).

The catalytic Jower-energy hydrogen transitions of the present disciosure require a
catalyst that may be in the form of an endothermic chemical reaction of an integer m of the
potential energy of uncatalyzed atomic hydrogen, 27.2 eV, that accepts the energy from
atomic H to cause the transition. The endothermic catalyst reaction may be the ionization of
one or more clectrons from a species such as an atom or ion (e.g. m=3 for Li —» Li*") and
may further comprise the concerted reaction of a bond cleavage with ionization of one or
more electrons from one or more of the partners of the initial bond (e.g. m=2 for
NaH — Na™* + H). He* fulfills the catalyst criterion—a chemical or physical process with
an enthalpy change equal to an integer multiple of 27.2 eV since it ionizes at 34.417 eV,

which is 2:27.2 eV . An integer number of hydrogen atoms may also serve as the catalyst of
an integer multiple of 27.2 eV enthalpy. Hydrogen atoms H (1 / p) p=123,..137 can

undergo further transitions to lower-energy states given by Eqgs. (1) and (3) wherein the
transition of one atom is catalyzed by one or more additional H atoms that resonantly and
nomradiatively accepts m-27.2 e/ with a concomitant opposite change in its potential
energy. The overall general equation for the transition of H(1/p} to H(1/{p+m))
induced by a resonance transfer of m-27.2 e}V 10 H (1/ p‘) is represented by
H(1/pY+H(1/ p)— H+H(1/(p+m)+[2pm+m’ - p?+1]-13.6 e¥ (10)

Hydrogen atoms may serve as a catalyst wherein m=1, m=2, and m=3 for one, two, and
three atoms, respectively, acting as a catalyst for another. The rate for the two-atom-catalyst,
2/ , may be high when extraordinarily fast H collides with a molecule to form the 2H
wherein two atoms resonantly and nonradiatively accept 54.4 ¢V from a third hydrogen atom
of the collision partners. By the same mechanism, the collision of two hot H; provide 3H to
serve as a catalyst of 3.27.2 eV for the fourth. The EUV continua at 22.8 nm and 10.1 nm,
extraordinary (>100 eV) Balmer o line broadening, highly excited H states, the product gas
H,(1/4), and large energy release is observed consistent with predictions.

H(1/4) is a preferred hydrino state based on its multipolarity and the selection rules
for its formation. Thus, in the case that H(1/3) is formed, the transition to H(1/4) may oceur
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rapidly catalyzed by H according to Eq. (10). Similarly, H(1/4) is a preferred state for a
catalyst energy greater than or equal to 81.6 eV corresponding to m=3 in Eq. (5). In this case
the energy transfer to the catalyst comprises the 81.6 eV that forms that H*(1/4) intermediate
of Eq. (7) as well as an integer of 27.2 eV from the decay of the intermediate. For example, a
catalyst having an enthalpy of 108.8 eV may form H*(1/4) by accepting 81.6 eV as well as
27.2 eV from the H*(1/4) decay energy of 122.4 eV, The remaining decay energy of 95.2 eV
is released to the environment to form the preferred state H(1/4) that then reacts to form
Ho(1/4).

- A suitable catalyst can therefore provide a net positive enthalpy of reaction of
m-27.2 eV . That is, the catalyst resonantly accepts the nonradiative energy transfer from
hydrogen atoms and releases the energy to the surroundings to affect electronic transitions to
fractional quantum energy levels. As a consequence of the nonradiative energy transfer, the
hydrogen atom becomes unstable and emits further energy until it achieves a lower-energy
nonradiative state having a principal energy level given by Egs. (1) and (3). Thus, the

catalysis releases energy from the hydrogen atom with a commensurate decrease in size of
the hydrogen atom, r, =na, where n is given by Eq. (3). For example, the catalysis of
H{n=1) to H(n=1/4) rcleases 204 ¢V, and the hydrogen radius decreases from a, to
1
z .

The catalyst product, H(1/ p) , may also react with an electron to form a hydrino
hydride jon H™(1/ p), or two H(1/p) may react to form the corresponding molecular
hydrino H,(1/p). Specifically, the catalyst product, H(1/p), may also react with an

electron to form a novel hydride ion A~ (1 / p)} with a binding energy E,:

£ = R\ s(s+1)  mue’h L 22 ) an
’ Spa{u,/s(wz)y m | ay ag[1+\/s(s+1)y5
Lryfs(s+1) o LysGs+l)
? >

e

where p=integer>1, s=1/2, h is Planck's constant bar, 4, is the permeability of
vacuum, m, is the mass of the electron, g, is the reduced electron mass given by

m ‘ - + I} . .
H, ==t where m, is the mass of the proton, a, is the Bohr radius, and the ionic
me
+m

f i
4

radius is =59~(1+,/s(s+1)). From Eq. (11), the calculated ionization energy of the
p

hydride ion is 0.75418 eV, and the experimental value is 6082.99£0.15 cm™ (0.75418 eV).
The binding energies of hydrino hydride ions were confirmed by XPS,
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Upfield-shifted NMR peaks are direct evidence of the existence of lower-energy state
hydrogen with a reduced radius relative to ordinary hydride ion and having an increase in
diamagnetic shielding of the proton. The shift is given by the sum of that of an ordinary
hydride jon H~ and a component due to the lower -energy state:

AB, e’

B 12m,a, (1+,/s(3+1))

where for H~ p=0 and p=integer>1 for A~ (I/ p) and ¢ is the fine structure constant.

(I+0:21rp)=—(29.9+1.37p)ppm (12)

The predicted peaks were observed by solid and liquid proton NMR.
H(1/p) may react with a proton and two H(1/ p) may react to form H,(1/p)’
and H, (1/ p) , respectively. The hydrogen molecular ion and molecular charge and current

density functions, bond distances, and energies were solved from the Laplacian in ellipsoidal
coordinates with the constraint of nonradiation

o9 ap
é’af) (§-&)R, — (R,, ) (&~ ;ag(R; 4,) 0 (13)

The total energy £, of the hydrogen molecuiar ion having a central field of +pe at each

(n-¢) gag(;'

focus of the prolate spheroid molecular orbital is

(

2

(4ln3 1-2In3)i1+p

, i 8me,a

E.=-p = ;
pet __ pe (149
\_3 3
dre, {ﬂj 8me, (Eﬁl—”—]
1, P P
2 i )

=-p*16.13392 eV ~ p*0.118755 eV
where p is an integer, ¢ is the speed of light in vacuum, and 4 is the reduced nuclear mass,
The total energy of the hydrogen molecule having a central field of + pe at each focus of the

prolate spheroid molecular orbital is
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[ 1
2 2 }I
Sﬂ"é' i:( \/— “/_ f \/_,..
- p? !
Ep=-p pe’ (15)
a | (
Szr.s'ﬂ{w‘i] (1+

: P 8zc
i

2 U )

=-p*31.351 eV - p*0.326469 eV
The bond dissociation energy, E,, of the hydrogen molecule H,(l/p) is the
difference between the total energy of the corresponding hydrogen atoms and £,
E,=EQH(1/p)-E, . (16)
where
EQH(1/ p)y=-p*2720 eV (17)
E,, is given by Eqgs. (16-17) and (15):
E,=-p*2720eV - E,
=-p*27.20 eV —(—p*31.351 eV — p’0.326469 eV} (18)
= p*4.151 eV + p*0.326469 eV

The NMR of catalysis-product gas provides a definitive test of the theoretically
predicted chemical shift of 7,{1/4). In general, the 'H NMR resonance of H,(l/p) is

predicted to be upfield from that of H, due to the fractional radius in elliptic coordinates
wherein the electrons are significantly closer to the nuclei. The predicted shift, ggﬁ* , for

H, (1/ p) is given by the sum of that of H, and a term that depends on p =integer >1 for
H,(1/p):

AB, V241 &

. I 19
B ””( Vaie \/——1}36%@(”‘”‘”) 19
A? =~(28.01+0.64p) ppm (20)

where for H, p=0. The experimental absolute H, gas-phase resonance shift of -28.0 ppm

is in excellent agreement with the predicted absolute gas-phase shift of -28.01 ppm (Eq.
(20)). The predicted NMR peak for the favored product H, (1 / 4) was observed by solid and

liquid NMR including on cryogenically collected gas from plasmas showing the predicted

continuum radiation and fast H.
The vibrational energies, E,,, for the v=0 to v =1 transition of hydrogen-type

molecules H, (1/ p) are
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E,, = p'0.515902 eV 21)
where p isan integer .

The rotational energies, E_, for the J to J+1 transition of hydrogen-type

ot ?

molecules H, {1/ p} are
2
E, =FE., —E =-hl—[J+£] = p* (J +1}0.01509 eV (22)
where p is an integer and 7 is the moment of inertia. Ro-vibrational emission of H, (1/4})

was observed on e-beam excited molecules in gases and trapped in solid matrix .

The p* dependence of the rotational energies results from an inverse p dependence
of the internuclear distance and the corresponding impact on the moment of inertia /. The
predicted internuclear distance 2¢' for H, (1/ p) is

2
_a2 @)
P

2

CATALYSTS

He', Ar', 8§, Li,' K, NaH, nH (n = integer), and HQ are predicted to serve as catalysts since
they meet the catalyst criterion—a chemical or physical process with an enthalpy change
equal to an integer multiple of the potential energy of atomic hydrogen, 27.2¢l .
Specifically, a catalytic system is provided by the ionization of / electrons from an atom each
to a continuum energy level such that the sum of the ionization energies of the ¢ electrons is
approximately m-27.2 eV where m is an integer. One such catalytic system involves
lithium atoms. The first and second ionization energies of lithium are 5.39172 ¢V and
75.64018 eV, respectively. The double ionization (7 = 2} reaction of Li to Li** then, has a
net enthalpy of reaction of 81.0319 ¥, which is equivalent to 3-27.2 eV .

$1.0319 eV+Li(m)+H{—q-’i—}—«> Li¥* +2¢ +HL i }[(pﬂ»s)z ~pl136eV  (24)
r P

+3)
L% +2¢™ — Li(m)+81.0319 eV (@5)
And, the overall reaction is
H[ﬁ’i-]-)f[[ u ]+[(p+3)2wp2]-13.6 eV (26)
J4 {(p+3)

where m=3 in Eq. (5). The energy given off during catalysis is much greater than the
energy lost to the catalyst. The energy released is large as compared fo conventional
chemical reactions. For example, when hydrogen and oxygen gases undergo combustion to
form water

Hy ()+5:0, (9 > H,0 () @)
the known enthalpy of formation of water is AH , =-286 kJ/mole or 1.48 eV per hydrogen
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atom. By contrast, each (7 =1) ordinary hydrogen atom undergoing a catalysis step to »n a-;—

releases a net of 40.8 ¢l .  Moreover, further catalytic transitions may ocour:
1 11 P

A== 3=, ——p—, —— -!-, and so on. Once catalysis begins, hydrinos autocatalyze
2 3 3 4 4 5

further in a process called disproportionation wherein H or H(1/p) serves as the catalyst for

another H or H(1/p”) (p may equal p’).

Certain molecules may also serve to affect transitions of H to form hydrinos. In
general, a compound comprising hydrogen such as MH , where M is an element other than
hydrogen, serves as a source of hydrogen and a source of catalyst. A catalytic reaction is
provided by the breakage of the M — H bond plus the ionization of ¢ electrons from the atom
M each to a continuum energy level such that the sum of the bond energy and ionization
energies of the ¢ electrons is approximately m - 27.2 eV where m Is an integer. One such
catalytic system involves sodium hydride. The bond energy of Naff is 1.9245 eV, and the
first and second ionization energies of Na are 5.13908 eV and 47.2864 eV, respectively.
Based on these energies NaH molecule can serve as a catalyst and H source, since the bond
energy of NaH plus the double ionization (¢ =2) of Na to Na®' is 54.35 eV (2-272¢V).

The concerted catalyst reactions are given by

5435 eV + NaH - Na™* +2e™ + H[%]+[32 -1 '13.6 eV 28)

Na* +2e” + H -» NaH +54.35 ¢V (29)
And, the overall reaction is

H—»H{%ﬁi}{sz»lmsﬁ eV (30)

With m=2, the product of catalyst NaH is H(1/3) that reacts rapidly to form
H(1/4), then molecular hydrino, H,(1/4), as a preferred state. Specifically, in the case of
a high hydrogen atom concentration, the further transition given by Eq. (10) of H(1/3)
(p=3)to H(1/4) (p+m=4) with H asthe catalyst (p'=1; m=1) can be fast:

H(1/3)—> H{1/4)+952 eV (31)
The corresponding molecular hydrino H,(I/4) and hydrino hydride ion H™(1/4} are
preferred final products consistent with observation since the p=4 quantum state has a

multipolarity greater than that of a quadrupole giving H (1/4) a long theoretical lifetime for

further catalysis.

Helium ions can serve as a catalyst because the second ionization energy of helium is
54.417 eV, which is equivalent to 2-272 eV . In this case, 54.417 eV is transferred
nonradiatively from atomic hydrogen to He® which is resonantly ionized. The electron
decays to the n=1/3 state with the further release of 54.417 eV as given in Eq. (33). The
catalysis reaction is
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54.417 eV + He' + H[a, | > He™ +¢” +H*[£3”~:i+54.4 eV (32)

H*[Eé—fw}w}{[%”—]+54.4 eV (33)

He™ +e” — He* +54.417 eV (34)
And, the overall reaction is

H[aﬁ}»ﬁ[fﬂwzt.af eV +544 eV (35)

wherein *[%”-’-} has the radius of the hydrogen atom and a central field equivalent to 3

times that of a proton and H {%’3’—] is the corresponding stable state with the radius of 1/3 that

of H. As the electron undergoes radial acceleration from the radius of the hydrogen aiom to a
radius of 1/3 this distance, energy is released as characteristic light emission or as third-body
kinetic energy, Characteristic continuum emission starting at 22.8 nm (544 eV) and
continuing to longer wavelengths was observed as predicted for this transition reaction as the
energetic hydrino intermediate decays. The emission has been observed by EUV
spectroscopy recorded on pulsed discharges of helium with hydrogen. Alternatively, a
resonant kinetic energy transfer to form fast H may occur consisient with the observation of
extraordinary Balmer « line broadening corresponding to high-kinetic energy H.

Hydrogen and hydrinos may serves as catalysts, Hydrogen atoms
H (1/ p) p=1,2.3,..137 can undergo transitions to lower-energy states given by Eqgs. (1)
and (3) wherein the transition of one atom is catalyzed by a second that fesenantly and
nonradiatively accepts m-27.2 eV with a concomitant opposite change in its potential
energy. The overall general equation for the transition of H(1/p} to H{1/(m+ p))

induced by a resonance transfer of m-27.2 e¥ to H(1/ p') is represented by Eq. (10). Thus,

hydrogen atoms may serve as a catalyst wherein m=1, m=2, and m=3 for one, two, and
three atoms, respectively, acting as a catalyst for another. The rate for the two- or three-
atom-catalyst case would be appreciable only when the H density is high. But, high H
densities are not uncommon. A high hydrogen atom concentration permissive of 2H or 3H
serving as the energy acceptor for a third or fourth may be achieved under several
circumstances such as on the surface of the Sun and stars due to the temperature and gravity
driven density, on metal surfaces that support multiple monolayers, and in highly dissociated
plasmas, especially pinched hydrogen plasmas. Additionally, a three-body H interaction is
gasily achieved when two H atoms arise with the collision of a hot /7 with H,. This cvent
can commeonly occur in plasmas having a large population of extraordinarily fast H. This is
evidenced by the unusual intensity of atomic H emission. In such cases, energy transfer can
occur from a hydrogen atom to two others within sufficient proximity, being typically a few
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angstroms via multipole coupling. Then, the reaction between three hydrogen atoms whereby
two atoms resonantly and nonradiatively accept 54.4 eV from the third hydrogen atom such
that 2H serves as the catalyst is given by

54.4 eV +2H + H - 2HY, +2¢" + H*[%f—} 1544V (36)
H*Fﬂ —)H[%}»@-Szi.é eV 37
QH +2e” —>2H +544 eV (38)

Jast
And, the overall reaction is

H»H[%"’—}-&[Sz—iz]-l&é eV (39)

Since the *Ff-} intermediate of Eq. (37) is equivalent to that of Eq. (33), the continuum

-

emission is predicted to be the same as that with He” as the catalyst. The energy transfer to
two H causes pumping of the catalyst excited states, and fast H is produced directly as
given by Eqs. (36-39) and by resonant kinetic energy transfer as in the case of He" as the
catalyst, The 22.8 nm continuum radiation, pumping of H excited states, and fast H were
also observed with hydrogen plasmas wherein 2 served as the catalyst.

The predicted product of both of the helium ion and 277 catalyst reactions given by
Egs. (32-35) and Eqs. (36-39), respectively, is H(1/3). In the case of a high hydrogen atom

concentration, the further transition given by Eq. (10) of H(1/3) (p=3) to H(1/4)
(p+m=4) with H as the catalyst (p'=1; m=1) can be fast as given by Eq. 31). A

secondary continuum band is predicted arising from the subsequently rapid transition of the

He™ catalysis product [%‘L} (Egs. (32-35)) to the [Ef} state wherein atomic hydrogen

accepts 272 el from [—a—é"—} This 30.4 nm continuum was observed, as well. Similarly,

when Ar* served as the catalyst, its predicted 91.2 nm and 45.6 nm continua were observed.
The predicted fast H was observed as well. Additionally, the predicted product H, (1/ 4)

was isolated from both He" and 2H catalyst reactions and identified by NMR at its
predicted chemical shift given by Eq. (20).

.. . . o g
In another H -atom catalyst reaction involving a direct transition to {if] state, two

hot H, molecules collide and dissociate such that three H atoms serve as a catalyst of

3.27.2 eV for the fourth. Then, the reaction between four hydrogen atoms whereby three
atoms resonantly and nonradiatively accept 81.6 eV’ from the fourth hydrogen atom such that
3H serves as the catalyst is given by

81.6 eV+3H+H—>3H;W+3e-+H*[f§i~]+81.é eV (40)
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H*[Sf{]—)[i[%]ﬂzz.&l eV 41)
3H}, +3¢” > 3H+81.6 eV (42)

And, the overall reaction is
H—)HL%}-W—-I’]-I&(S eV 43)
The extreme-ultraviolet continuum radiation band due to the H *I:%”—} intermediate of Eq.

(40} is predicted to have short wavelength cutoff at 122.4 ¢/ (10.1 nm) and extend to longer
wavelengths, This continuum band was confirmed experimentally. In general, the transition

of H to H I}—E—’f_ﬁ} due by the acceptance of m-27.2 ¢V gives a continuum band with a
p=m
short wavelength cutoff and energy £ . given by
[”"H[p=m+1D
E . =m"-13.6 eV (44)
p=m+l
ez
p =22 (45)
[Héﬁ[p:mﬂ]] "

and extending to longer wavelengths than the corresponding cutoff. The hydrogen emission
series of 10.1 nm, 22.8 nm, and 91.2 nm continua were observed experimentally.

DATA

The data from a broad spectrum of investigational techniques strongly and consistently
indicates that hydrogen can exist in lower-energy states than previously thought possible and
support the existence of these states called hydrino, for “small hydrogen”, and the
corresponding hydride ions and molecular hydrino. Some of these prior related studies
supporting the possibility of a novel reaction of atomic hydrogen, which produces hydrogen
in fractional quantum states that are at lower energies than the traditional "ground" (n=1)
state, include extreme ultraviolet (EUV) spectroscopy, characteristic emission from catalysts
and the hydride ion products, lower-energy hydrogen emission, chemically-formed plasmas,
Balmer « line broadening, population inversion of H lines, elevated electron temperature,
anomalous plasma afierglow duration, power generation, and analysis of novel chemical
compounds and molecular hydrino.

The existence of hydrinos confirmed by multiple complementary methods
demonstrates the potential for a new energy source. Hydrogen atoms may serve as a catalyst
wherein m=1, m=2, and m=3 for one, two, and three atoms, respectively, acting as a
catalyst for another. The rate for the two-atom-catalyst, 2/, may be high when
extraordinarily fast H collides with a molecule to form the 2H wherein two atoms resonantly
and nonradiatively accept 54.4 eV from a third hydrogen atom of the collision partners. By
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the same mechanism, the collision of two hot H, provide 3 H to serve as a catalyst of

3-272 eV for the fourth. The EUV continua at 91.2 nm, 22.8 nm and 16.1 nm,
extraordinary (>50 eV) Balmer « line broadening, highly excited catalyst states, and the
product gas H,(1/4) were observed as predicted.

Gases from the pulsed-plasma cells showing continuum radiation were collected and
dissolved in CDCI,. Molecular hydrino H,(1/4) was observed by solution NMR at the
predicted chemical shift of 1.25 ppm on these as well as gases collected from multiple plasma
sources including helium-hydrogen, water-vapor-assisted hydrogen, hydrogen, and so-called
rt-plasmas involving an incandescently heated mixture of strontium, argon, and hydrogen.
These results are in good agreement with prior results on synthetic reactions to form hydrino

compounds comprising hydrinos. The 'H MAS NMR value of 1.13 ppm observed for
H,(1/4) in solid NaH *F corresponded to the solution value of 1.2 ppm and that of gases

from plasma cells having a catalyst. The corresponding hydrino hydride ion H™(1/4) was
observed from solid compounds at the predicted shift of —3.86 ppm in solution NMR and its
ionization energy was confirmed at the predicted energy of 11 eV by X-ray photoeleciron
spectroscopy. H,(1/4) and H (1/4) were also confirmed as the products of hydrino
catalytic systems that released multiples of the maximum energy possible based on known
chemistries; moreover, reactants systems were developed and shown to be thermally
regenerative that are competitive as a new power source.

Specifically, in recent power generation and product characterization studies, atomic
lithium and molecular NaH served as catalysis since they meet the catalyst criterion—a
chemical or physical process with an enthalpy change equal to an integer multiple m of the
potential energy of atomic hydrogen, 27.2 ¢V (e.g. m=3 for Li and m=2 for Nall).
Specific predictions based on closed-form equations for energy levels of the corresponding
hydrino hydride fons H (1/4) of novel alkali halido hydrino hydride compounds
(MH*X; M = Li or Na, X = halide) and molecular hydrino H,{1/4) were tested using

chemically generated catalysis reactants.
First, Li catalyst was tested. Li and LiNH, were used as a source of atomic lithium

and hydrogen atoms. Using water-flow, batch calorimetry, the measured power from lg Li,
0.5g LiNH,, 10g LiBr, and 15g Pd/ALO, was about 160W with an energy balance of

AH =-19.1kJ . The observed energy balance was 4.4 times the maximum theoretical based
on known chemistry. Next, Raney nickel (R-Ni} served as a dissociator when the power
reaction mixture was used in chemical synthesis wherein LiBr acted as a getter of the
catalysis product A (1/4) to form LiH*X as well as to trap H,(1/4} in the crystal. The
ToF-SIMs showed LiH *X peaks. The 'H MAS NMR LiH *Br and LiH*] showed a
large distinct upfield resonance at about -2.5 ppm that matched H~ (1/ 4) ina LiX matrix.

An NMR peak at 1.13 ppm matched interstitial H2(1/4), and the rotation frequency of
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H,(1/4) of 4* times that of ordinary /1, was observed at 1989 cm™ in the FTIR spectrum.

The XPS spectrum recorded on the LiH * Br crystals showed peaks at about 9.5 ¢V and 12.3
eV that could not be assigned to any known elements based on the absence of any other
primary element peaks, but matched the binding energy of H‘(l/ 4) in two chemical
environments. A further signature of the energetic process was the observation of the
formation of a plasma called a resonant transfer- or rt-plasma at low temperatures (e.g.
=10% K} and very low field strengths of about 1-2 V/cm when atomic L/ was present with
atomic hydrogen, Time-dependent line broadening of the H Balmer o line was observed
corresponding to extraordinarily fast H (>40 eV).

NaH uniquely achieves high kinetics since the catalyst reaction relies on the release
of the intrinsic H, which concomitantly undergoes the transition to form H(1/ 3) that

further reacts to form H(1/4). High-temperature differential scanning calorimetry (DSC)

was performed on ionic NaH under a helium atmosphere at an exiremely slow temperature
ramp rate (0.1°C/min) to increase the amount of molecular NaH formation. A novel
exothermic effect of —177 kJ/ moleNaH was observed in the temperature range of 640°C to
825°C. To achieve high power, R-Ni having a surface area of about 100 m” / g was surface-
coated with NaOFH and reacted with Na metal to form NeH . Using water-flow, batch
calorimetry, the measured power from 15g of R-Ni was about 0.5 kW with an energy balance
of AH =-36 kJ compared to AH =0 kJ from the R-Ni starting material, R-NiAl alloy,
when reacted with No metal. The observed energy balance of the NaH reaction was
~1.6X10" &/ mole H,, over 66 times the —241.8 &/ / mole H, enthalpy of combustion,
With an increase in NgOH doping to 0.5 wt%, the A4/ of the R-Ni intermetallic served to
replace Na metal as a reductant to generate NaH catalyst. When heated to 60°C, 15g of the
composite catalyst material required no additive to release 11.7 kJ of excess energy and
develop a power of 0.25 kW. The energy scaled linearly and the power increased nonlinearty
wherein the reaction of 1 kg 0.5 wt% NaOH -doped R-Ni liberated 753.1 kJ of energy to
develop a power in excess of 50 kW, Solution NMR on product gases dissolved in DMF-d7
showed H,(1/4} at 1.2 ppm.

The ToF-SIMs showed sodium hydrino hydride, Naff , peaks. The 'H MAS NMR
spectra of NaH * Br and NaH *CI showed large distinct upfield resonance at -3.6 ppm and
~4 ppm, respectively, that matched H™(1/4}, and an NMR peak at 1.1 ppm matched
H,(1/4). NaH*Cl from reaction of NaCl and the solid acid KHSO, as the only source
of hydrogen comprised two fractional hydrogen states. The A~ (I/4) NMR peak was
observed at —3.97 ppm, and the H~ (1/ 3} peak was also present at —3.15 ppm. The
corresponding H,(1/4) and H,{1/3) peaks were observed at 1.15 ppm and 1.7 ppm,
respectively. ‘H NMR of NaH*F dissolved in DMF-d7 showed isolated H,(1/4} and
H” (1 /4) at 1.2 ppm and ~3.86 ppm, respectively, wherein the absence of any solid matrix
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effect or the possibility of alternative assignments confirmed the solid NMR assignments.
The XPS specirum recorded on NaH * Br showed the H™(1/4) peaks at about 9.5 ¢V and

12.3 eV that matched the results from LiH *Br and KH*I; whereas, sodium hydrino
hvdride showed two fractional hydrogen states additionally having the A (1/3) XPS peak at

6 eV in the absence of a halide peak. The predicted rotational transitions having energies of
4? times those of ordinary H, were also observed from H,(1/4)} which was excited using a

12.5 keV electron beam.

Having met or exceeded existing performance characteristics, an additional cost
effective regeneration chemistry was sought for hydrino-based power sources. Solid fuel or
heterogeneous-catalyst systems were developed wherein the reactants of each can be
regenerated from the products using commercial chemical-plant systems performing moiten
eutectic-salt electrolysis and thermal regeneration with a net energy gain from the chemical

cycle. Catalyst systems comprised (i) a catalyst or source of catalyst and a source of
hydrogen from the group of LiH, KH , and NaH , (i) an oxidant from the group of NiBr,,

Mnl,, AgCl, EuBr,, SF,, S, CF,, NF,, LiNO,, M,S5,0, with Ag, and R0, (iii) a
reductant from the group of Mg powder, or MgH,, Al powder, or aluminum nano-powder
(Al NP), Sr, and Ca, and (iv) a support from the group of AC, TiC, and YC,. The typical
metallic form of Li and X were converted to the atomic form and the ionic form of Na#
was converted to the molecular form by using support such as an activated carbon (AC)
having a surface area of 900 m® /g to disperse Li and X atoms and NaH molecules,
respectively. The reaction step of a nonradiative energy transfer of an integer multiple of
27.2 eV from atomic hydrogen to the catalyst results in ionized catalyst and free electrons
that causes the reaction to rapidly cease due to charge accumulation. The support also acted
as a conductive electron acceptor of electrons released from the catalyst reaction to form
hydrinos. Each reaction mixture further comprised an oxidant to serve as scavenger of
electrons from the conductive support and a final electron-acceptor reactant as well as a weak
reductant to assist the oxidant’s function. In some cases, the concerted electron-acceptor
(oxidation) reaction was also very exothermic to heat the reactants and enhance the rates to
produce power or hydrino compounds. The energy balances of the heterogeneous catalyst
systems were measured by absolute water-flow calorimetry, and the hydrino products were
characterized by 'H NMR, ToF-SIMs, and XPS. The heat was also recorded on a 10-foid
scale-up reaction. The measured power and energy gain from these heterogeneous catalyst
systems were up to 10 W /cm’ s voumey and a factor of over six times the maximum
theoretical, respectively. The reaction scaled linearly to 580 kI that developed a power of

about 30 kW. Solution 'H NMR on samples extracted from the reaction products in DMF-
d7 showed the predicted H,{1/4) and H (1/4) at 1.2 ppm and -3.8 ppm, respectively.

ToF-SIMs showed sodium hydrino hydride peaks such as NaH_, peaks with NaH catalyst,
and the predicted 11 ¢V binding energy of H™(1/4) was observed by XPS.
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The findings on the reaction mechanism of hydrino formation were applied to the
development of a thermally reversible chemistry as a further commercial-capable power
source. Each fuel system comprised a thermally-reversible reaction mixture of a catalyst or
source of catalyst and a source of hydrogen (KH or NaH), a high-surface-area conductive
support (TiC, TiCN, TisSiC,, WC, YC,, PA/C, carbon black (CB), and LiCl reduced to Li),
and optionally a reductant (Mg, Ca, or Li). Additionally, two systems comprised an alkaline
earth or alkali halide oxidant, or the carbon support comprised the oxidant. The reactions to
propagate hydrino formation were oxidation-reduction reactions involving hydride-halide
exchange, hvdride exchange, or physi-dispersion. The forward reaction was spontaneous at
reaction conditions, but it was shown by using product chemicals that the equilibrium could
be shifted from predominantly the products to the reverse direction by dynamically removing
the volatile reverse-reaction product, the alkali metal. The isolated reverse-reaction products
can be further reacted to form the initial reactants to be combined to form the initial reaction
mixture. The thermal cycle of reactants to products thermally reversed to reactants is energy
neutral, and the thermal losses and energy to replace hydrogen converted to hydrinos are
small compared to the large energy released in forming hydrinos. Typical parameters
measured by absolute water-flow calorimetry were 2-5 times energy gain relative to
regeneration chemistry, 7 Wem™, and 300-400 kJ/mole oxidant. The predicted molecular
hydrino and hydrino hydride products H, (1/4) and H™(1/4) corresponding to 50 MI/mole
H- consumed were confirmed by the solution 'H NMR peak at 1.2 ppm and XPS peak at 11
eV, respectively. Product regeneration in the temperature range of 550-750 °C showed that
the cell operation temperature was sufficient to maintain the regeneration temperature of cells
in the corresponding phase of the power-regeneration cycle wherein the forward and reverse
teaction times were comparable. The results indicate that continuous generation of power
liberated by forming hydrinos is commercially feasible using simiplistic and efficient systems
that concurrently maintain regeneration as part of the thermal energy balance. The system is
closed except that only hydrogen consumed in forming hydrinos needs to be replaced.
Hydrogen to form hydrinos can be obtained ultimately from the electrolysis of water with 200
times the energy release relative to combustion.

In recent spectroscopy studies, atomic catalytic systems involving helium ions and
two H atoms were used. The second ionization energy of helium is 54.4 el ; thus, the
jonization reaction of He® to He™ has a net enthaipy of reaction of 54.4 ¢V which is
equivaient to 2-27.2 eV . Furthermore, the potential energy of atomic hydrogen is 27.2 ¢V
such that two H atoms formed from H, by coilision with a third, hot H can also act as a
catalyst for this third H to cause the same transition as He™ as the catalyst. The energy
transfer is predicied to pump the He® ion energy levels and increase the eleciron excitation
temperature of H in helium-hydrogen and hydrogen plasmas, respectively. Following the
energy transfer to the catalyst, the radius of the H atom is predicted to decrease as the
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electron undergoes radial acceleration to a stable state having a radius that is 1/3 the radius of
the uncatalyzed hydrogen atom with the further release of 54.4 eV’ of energy. This energy
may be emitied as a characteristic EUV continuum with a cutoff at 22.8 nm and extending to
fonger wavelengths, or as third-body kinetic energy wherein a resonant kinetic-energy
transfer to form fast H occurs, Subsequent excitation of these fast H (nzl) atoms by
collisions with the background species followed by emission of the corresponding H (n=3)
fast atoms is predicted to give rise to broadened Balmer ¢ emission. The product H(1/ 3}

reacts rapidly to form H(1/4), then molecular hydrino, H,{1/4), as a preferred state.

Extreme ultraviolet (EUV) spectroscopy and high-resolution visible spectroscopy were
recorded on microwave plasmas, glow discharge, and pulsed discharges of helium with
hydrogen and hydrogen alone. Pumping of the He" ion lines occurred with the addition of
hydrogen, and the excitation temperature of hydrogen plasmas under certain conditions was
very high. Furthermore, for both plasmas providing catalysts He® and 2H , respectively, the

EUV continuum and exiraordinary (>50 ¢V) Balmer a line broadening were observed.
H,(1/4) was observed by solution NMR at 1.25 ppm on gases collected from helium-

hydrogen and water-vapor-assisted hydrogen plasmas and dissolved in CDCIL. The

experimental confirmation of all four of these predictions for transitions of atomic hydrogen
to form hydrinos was achieved.

Additional EUV studies showed the 22.8 nm continuum band in pure hydrogen
discharges and an additional continuum band from the decay of the intermediate
corresponding to the hydrino state H(1/4) by using different electrode materials that maintain
a high voltage, optically-thin plasma during the short pulse discharge. Since the potential
energy of atomic hydrogen is 272 e/ two H atoms formed from H, by collision with a

third, hot H can act as a catalyst for this third H by accepting 2-27.2 eV from it. By the
same mechanism, the collision of two hot H, provide 3H to serve as a catalyst of
3.27.2 eV for the fourth. Following the energy transfer to the catalyst an intermediate is
formed having the radius of the H atom and a central field of 3 and 4 times the central field
of a proton, respectively, due to the contribution of the photon of each intermediate. The
radius is predicted to decrease as the electron undergoes radial acceleration to a stable state
having a radius that is 1/3 (m=2) or 1/4 (m=3) the radius of the uncatalyzed hydrogen
atom with the further release of 54.4 eV and 122.4 e/ of energy, respectively. This energy
emitted as a characteristic EUV continuum with a cutoff at 22.8 nm and 10.1 nm,
respectively, was observed from pulsed hydrogen discharges. The hydrogen emission series
of 10.1 nm, 22.8 nm, and 91.2 nm continua was observed.

These data such as NMR shifts, ToF-SIMs masses, XPS binding energies, FTIR, and
emission spectrum are characteristic of and identify hydrino products of the catalysts systems
that comprise an aspect of the present disclosure. The continua spectra directly and indirectly
match significant celestial observations. Hydrogen self-catalysis and disproportionation may
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be reactions occurring ubiguitously in celestial objects and interstellar medium comprising
atomic hydrogen. Stars are sources of atomic hydrogen and hydrinos as steliar wind for
interstelfar reactions wherein very dense stellar atomic hydrogen and singly ionized helium,
He*, serve as catalysts in stars. Hydrogen continua from transitions to form hydrinos
matches the emission from white dwarfs, provides a possible mechanism of linking the
temperature and density conditions of the different discrete layers of the
coronal/chromospheric sources, and provides a source of the diffuse ubiquitous EUV cosmic
background with a 10.1 nm continuum matching the observed intense 11.6-16.0 nm band in
addition to resolving the identity of the radiation source behind the observation that diffuse
Hea emission is ubiquitous throughout the Galaxy and widespread sources of flux shortward
of 912 4 are required. Moreover, the product hydrinos provides resolution to the identity of

dark matter.
1. Hydrinos
A hydrogen atom having a binding energy given by
Binding Energy = 13.6 el;/ (46)
(1/ p)

where p is an integer greater than 1, preferably from 2 to 137, is the product of the H
catalysis reaction of the present disclosure. The binding energy of an atom, ion, or molecule,
also known as the ionization energy, is the energy required to remove one electron from the
atom, ion or molecule. A hydrogen atom having the binding energy given in Eq. (46) is
hereafter referred to as a “hydrino atom” or “hydrino.” The designation for a hydrino of

. a . . . . . .
radius —£ where a, is the radius of an ordinary hydrogen atom and p is an integer, is
P

H [@MJ A hydrogen atom with a radius a,, is hereinafter referred to as "ordinary hydrogen

atom" or "normal hydrogen atom." Ordinary atomic hydrogen is characierized by its binding
energy of 13.6 eV.

Hydrinos are formed by reacting an ordinary hydrogen atom with a suitable catalyst
having a net enthalpy of reaction of

m-27.2 eV CY)
where m is an integer. It is believed that the rate of catalysis is increased as the net enthalpy
of reaction is more closely matched to m-27.2 eV . It has been found that catalysts having a
net enthalpy of reaction within +£10%, preferably 5%, of m.27.2 eV are suitable for most
applications.

This catalysis releases energy from the hydrogen atom with a commensurate decrease
in size of the hydrogen atom, r, =na,. For example, the catalysis of H(n=1) to

H(n=1/2) relcases 40.8 ¢/, and the hydrogen radius decreases from a, to —;-aﬂ. A
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catalytic system is provided by the ionization of ¢ electrons from an atom each to a
continuum energy level such that the sum of the ionization energies of the ¢ electrons is
approximately m-27.2 eV where m is an inieger.

A further example to such catalytic systems given supra (Egs. (6-9) involves cesium.
The first and second ionization energies of cesium are 3.89390 eV and 23.15745 eV,
respectively. The double ionization (#=2) reaction of Cs to Cs™*, then, has a net enthalpy
of reaction of 27.05135 eV, which is equivalentto m =1 in Eq. (47).

2705135 eV«i—CS(m)-:-H{&'—] > Cs* +2e + H{( afr' I):'+[(p+i)2 -p* 1136 eV (48)
P ?
Cs™ +2¢” > C’s(m)+27.05135 eV, (49)
And the averall reaction is
H[@—}»H[ Gy }+[(p+1)2—p2}-13.63V. (50)
p (p+1)

An additional catalytic system involves potassium metal. The first, second, and third
ionization energies of potassium are 4.34066 eV, 31.63 eV, 45.806 eV’ , respectively. The
triple ionization (7=3) reaction of K to K°*, then, has a net enthalpy of reaction of
81.7767 eV, which is equivalent to m =3 in Eq. (47).

81‘7767eV+K(m)+H[fi’~]—>K3‘"+3e"+H[ i :|+[(p+3)2~p2]-13.68V G
p (p+3)
K™ +3¢” > K(m)+81.7426 ¢V . (52)
And the overall reaction is
H[ﬁ”—}—n»ﬂ[ % ]+[(p+3)2—p21-13.6e:f. (53)
p (p+3)

As a power source, the energy given off during catalysis is much greater than the energy lost
to the catalyst. The energy released is large as compared to conventional chemical reactions.
For example, when hydrogen and oxygen gases undergo combustion to form water

i
H, (8)+50, (8) > H,0 () (54)
the known enthalpy of formation of water is AH , =286 kJ/ mole or 1.48 eV per hydrogen

atom. By contrast, each (n=1) ordinary hydrogen atom undergoing catalysis releases a net

of 40.8 eV, Moreover, further cataiytic transitions may occur: n= —;— — %, -31-~> —};, i—% ;

and so on. Once catalysis begins, hydrinos autocatalyze further in a process called

H

disproportionation. This mechanism is similar to that of an inorganic ion catalysis. But,
hydrino catalysis should have a higher reaction rate than that of the inorganic ion catalyst due
to the better maich of the enthalpy to m-27.2 eV .

Hydrogen catalysts capable of providing a net enthalpy of reaction of approximately
m-27.2 eV where m is an integer to produce a hydrino (whereby ¢ electrons are ionized
from an atom or ion) are given in TABLE 1. The atoms or ions given in the first column are

30



WO 2011/116236 PCT/US2011/028889

ionized to provide the net enthalpy of reaction of m-27.2 eV given in the tenth column
where m is given in the eleventh column. The electrons, that participate in ionization are
given with the ionization potential (also called ionization energy or binding energy). The
ionization potential of the nth electron of the atom or ion is designated by IP, and is given
by the CRC. That is for example, Li+5.39172eV > Li"+¢” and
Li*+75.6402 ¢V — Li** +e~. The first ionization potential, /P, =5.39172¢¥, and the
second ionization potential, IP, = 75.6402 eV, are given in the second and third columns,

respectively. The net enthalpy of reaction for the double ionization of Li is 81.0319 eV as
given in the tenth column, and m =3 in Eq. (5) as given in the eleventh column.

TABLE 1. Hydrogen Catalysts.

Catalyst 1P1 P2 IP3 P4 P35 IPo P7 P& Enthalpy m
Li 5.39172 75.6402 81032 3
Be 9.32263 18,2112 27534 1
Mg 7.646235  15.03527 80.1437 109.2655 141.27 353.3607 13
K 4.34066 31.63 45.806 §1.977 3
Ca 6.11316 11.8717 509131 6727 : 13617 5
Ti 6.8282 13,5755 27.4917 43.267 993 19046 7
v 6.7463 14.66 26311 46.709  65.2817 16271 6
Cr 6.76664 16.4857 3096 54212 2
Mn 7.43402 15.64 33.668 512 10794 4
Fe 7.9024 16.1878  30.652 54742 2
Fe 7.9024 16,1878 30.652 548 109.54 4
Co 7.881 17.083 33.5 513 109.76 4
Co 7.881 17.083 33.5 51.3 79.5 189.26 7
Ni 7.6398 18.1688 3519 54.9 76.06 191.96 7
Ni 7.6398 18.1688 35.19 54.9 76.06 108 299.96 11
Cu 7.72638 20.2924 28019 1
Zn 9.39405 17.9644 27.358 1
Zn 9.39405 17.9644 39723 554 82.6 108 134 174 62508 23
Ga 5.999301  20.51514 26.5144 |
As ©.8152 18.633 28.351 50.13 62.63 1276 297.16 11
Se 9.75138 21.19 30.8204 42945 683 8L.7 1554 410.11 15
Kr 13.9996 24,3599 3695 52.5 64.7 785 271.01 U]
Kr 13,9996 24.3599 3695 52.5 64.7 7835 111 38201 14
Rb 417713 27.285 40 52.6 71 84.4 99.2 37866 14
Rb 4.17713 27.285 40 52.6 71 844 99.2 136 51466 19
Sr 5.69484 11.301  42.89 57 716 18821 7
Nb 6.75885 14.32 25.04 383 50.55 13497 5
Mo 7.09243 16.16 27.13 46.4 5449 68.8276 22010 8
Mo 7.09243 16.16 27.13 46.4 5449 088276 125664 1436 48936 18
Ru 7.3603 16,76 28.47 50 60 162.5905 6
Pd 8.3369 15.43 27.767 1
Sn 7.34381 146323 305026 40735 7228 16549 6
Te 9.0096 18.6 2761 1
Te G.0096 18.6 27.96 5557 2
Cs 3.8939 23.1575 27.051 1
Ba 5211664  10.00383 35.84 49 62 162.0555 6
Ba 5.21 10 37.3

Ce 5.5387 10.85 20.198  36.758  65.55 138.89 3
Ce 5.5387 10.85 20,198 36758 6555 776 21649 8
Pr 5.464 10.55 21624 3898 57.53 13415 5
Sm 5.6437 11.07 234 41.4 §1.514 3
Gd 6.15 12.0% 20.63 44 8287 3
Dy 5.9389 11,67 22.8 41.47 81.879 3
Pb 7.41666 15.0322  31.9373 54386 2
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Pt §.9587 18.563 27.522 1
He" 544178 54.418 2
Nat 47.2864  71.6200 98.91 217816 §
Mg* 80.1437 80,1437 3
Rb 27.285 27.285 1
Fe 54.8 54.8 2
Mo 27.13 2715 1
Mao“ 54,49 5449 2
I 54 54 2
Ar* 27.62 2762 1
s 11.03 42.89 53.92 2

The hydrino hydride ion of the present disclosure can be formed by the reaction of an

electron source with a hydrino, that is, a hydrogen atom having a binding energy of about

13'626V, where nwwl—- and p is an integer greater than 1. The hydrino hydride ion is

n P
represented by H™ (n=1/p) or H (1/ p):

H{%}ue"-ﬁf*(nml/p) (5%)
%{{%}»&-e“—)f{'(i/p). (56)

The hydrino hydride ion is distinguished from an ordinary hydride ion comprising an
ordinary hydrogen nucleus and two electrons having a binding energy of about 0.8 eV. The
latter is hereafter referred to as "ordinary hydride jon" or "normal hydride ion.” The hydrino
hydride ion comprises a hydrogen nucleus including proteum, deuterium, or tritium, and two
indistinguishable electrons at a binding energy according to Egs. (57-58).

The binding energy of a hydrino hydride ion can be represented by the following

formula:
2 I 242 2
Binding Energy = ysts+l) - ﬁﬂoez A Mlg— + 2 3 (57)
Sﬂaz[l—h/s(s-!-l)} m; | a{i—i—./s(s—bl)}
glog | T ol T !
p p J

where p is an integer greater than one, s=1/2, 7 is pi, & is Planck's constant bar, y, is
the permeability of vacuum, m, is the mass of the electron, 4, is the reduced electron mass

m,m ) . .
given by u, :“f“L where m, is the mass of the proton, a, is the radius of the

——;-&—mp
4

hyvdrogen atom, g, is the Bohr radius, and e is the elementary charge. The radii are given by

rzmr5=ao(1~{»,/s(s+l));52é~. (58)
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The binding energies of the hydrino hydride ion, H~ (n =1/ p) as a

function of p, where p is an integer, are shown in TABLE 2.
TABLE 2. The representative binding energy of the hydrino hydride ion H™ (n=1/ p)asa

function of p, Eq. (57).

Hydride fon K(a,)® Binding Energy (eV)b Wavelength (nm)
H {n=1) 18660 0.7542 1644
H (n=1/2) 0.9330 3.047 406.9
H (n=1/3) 0.6220 6.610 187.6
H (n=1/4) 0.4665 11.23 1104
H (n=1/5) 03732 16.70 7423
H (n=1/6) 03110 22.81 54.35
H (n=1/7) 0.2666 2934 4225
H {(n=1/8) 0.2333 36.09 34.46
H {n=1/9) 0.2073 42.84 28.94
H™ (n=1/10) 0.1866 4938 25.11
H (n=1/11) 0.1696 55.50 2234
H (n=1/12) 0.1555 60.98 20.33
H (n=1/13) 0.1435 65.63 18.89
H {n=1/14) 0.1333 69.22 17.91
H (n=1/15) 0.1244 71.55 17.33
H (n=1/16) 0.1166 72.40 17.12
H (n=1/17) 0.1098 71.56 17.33
H (n=1/18) 0.1037 68.83 18.01
H (n=1/19) 0.0982 63.98 19.38
H (n=1/20) 0.0933 56.81 21.82
H (n=1/21) 0.0889 47.11 26.32
H (n=1/22) 00843 34.66 35.76
H (n=1/23) 0.0811 19.26 64.36
H (n=1/24) 0.0778 0.6945 1785

2 Eq. (58)
b Eq.(57)

According to the present disclosure, a hydrino hydride ion (H') having a binding
energy according to Eqs. (57-58) that is greater than the binding of ordinary hydride ion

(about 0.75 eV) for p=2 up to 23, and less for p=24 (H) is provided. For p=2 to
p =24 of Eqs. (57-58), the hydride ion binding energies are respectively 3, 6.6, 11.2, 16.7,

33



WO 2011/116236 PCT/US2011/028889

22.8, 29.3, 36.1, 42.8, 49.4, 55.5, 61.0, 65.6, 69.2, 71.6, 72.4, 71.6, 68.8, 64.0, 56.8, 47.1,
34.7,19.3, and 0.69 eV. Exemplary compositions comprising the novel hydride ion are also
provided herein.

Exemplary compounds are also provided comprising one or more hydrino hydride
ions and one or more other elements. Such a compound s referred to as a “hydrino hydride
compound.”

Ordinary hydrogen species are characterized by the following binding energies (a)
hydride ion, 0.754 eV ("ordinary hydride ion"); (b) hydrogen atom ("ordinary hydrogen
atom"), 13.6 ¢V; (¢) diatomic hydrogen molecule, 15.3 eV ("ordinary hydrogen molecule™);
(d} hydrogen molecular ion, 16.3 eV ("ordinary hydrogen molecular ion"); and (¢) H, , 22.6
eV ("ordinary trihydrogen molecular ion"). Herein, with reference to forms of hydrogen,
"normat" and "ordinary” are synonymous.

According to a further embodiment of the present disclosure, a compound is provided

comprising at least one increased binding energy hydrogen species such as (a) a hydrogen

atom having a binding energy of about M, such as within a range of about 0.9 to 1.1
[

P
. 13.6 eV . : T . . o
times — where p is an integer from 2 to 137; (b) a hydride ion ( #") having a binding
pJ
energy of about
ﬁz f 1 232 2
Binding Energy = s+ T da "ezh -13—+ 2 =1, such as
8 a7 Lk fs(s+1) meo | 14 fs(s+1)
Eamd i p OJ_ P )
within a range of about 0.9 to 1.1 times
2 242 2
Binding Energy = h, sts+l) o lda °ezh -!3-— + 2 - | where p is an
o T+ ys(s+1) | e | % S 1+s(s+])

integer from 2 to 24; (¢) H;(1/p); (d) a irihydrino molecular ion, H; (1/p), having a

binding energy of about 2262 eV such as within a range of about 0.9 to 1.1 times

P
22.6

;)

eV where p is an integer from 2 to 137; (e) a dihydrino having a binding energy of
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P

about

eV such as within a range of about 0.9 to 1.1 times 3 32
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4

eV where p is an
i

ey

integer from 2 to 137; () a dihydrine molecular ion with a binding energy of about
16'32 eV such as within a range of about 0.9 to 1.1 times 5
1 1

) )

preferably an integer from 2 to 137,
According to a further embodiment of the present disclosure, a compound is provided

»

eV where p is an integer,

comprising at least one increased binding energy hydrogen species such as (a} a dihydrino
molecular ion having a total energy of about

-

62

(41n3-—1-—21n3)[1+p

) 8rs,a,

e e (59)

3 3
4re, {ﬂ] 8ns, (ﬂ}
L

2 Y7, )
=—p*16.13392 eV — p°0.118755 ¢V

such as within a range of 0.9 to 1.1 times

r

6’2

(4ln3-1-2In3)| 1+ p

2 | 87 ay,
< e

3 Z where p is an integer, k is

pe pe
20, ) 3a, |
4re, [—“"— 8re { ———”—]
. 2 H J
=—p*16.13392 eV - p*0.118755 eV
Planck's constant bar, m, is the mass of the electron, ¢ is the speed of light in vacuum, and

4 is the reduced nuclear mass, and (b) a dihydrino molecule having a total energy of about
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87z¢ a,
E, . =—p*!
r==p = et f (60)
3 3
1
87e, [E‘-’—} (i + ——] a,
P 87 Ji
——1—FI N 14
L2 H
=-p°31.351 eV - p’0.326469 eV
such as within a range of about 1.1 times
e’ 2 2+t
22 -2+ 22 |In 2 e pll e
gﬁgoao [[ 2 '\/5"‘1 p
E, =~p’ '
reTp pe’ _ pe’ where p is an

L 2 H
=—p'31.351 eV — p°0.326469 eV

integer and a, is the Bohr radius.

According to one embodiment of the present disclosure wherein the compound
comprises a negatively charged increased binding energy hydrogen species, the compound
further comprises one or more cations, such as a proton, ordinary H; , or ordinary H, .

A method is provided herein for preparing compounds comprising at least one
hydrino hydride ion. Such compounds are hereinafter referred to as "hydrino hydride
compounds." The method comprises reacting atomic hydrogen with a catalyst having a net

enthalpy of reaction of about i;— 27 eV, where m is an integer greater than 1, preferably an

integer less than 400, to produce an increased binding energy hydrogen atom having a

binding energy of about Ii 6 EZV where p is an integer, preferably an integer from 2 to 137.
)
A further product of the catalysis is energy. The increased binding energy hydrogen atom

can be reacted with an electron source, to produce an increased binding energy hydride ion.
The increased binding energy hydride ion can be reacted with one or more cations to produce
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‘a compound comprising at least one increased binding energy hydride ion.

The novel hydrogen compositions of matter can comprise:

(a) at least one neutral, positive, or negative hydrogen species (hereinafier "increased
binding energy hydrogen species") having a binding energy

(i) greater than the binding energy of the corresponding ordinary hydrogen
specics, or

(ii) greater than the binding energy of any hydrogen species for which the
corresponding ordinary hydrogen species is unstable or is not observed because the ordinary
hydrogen species' binding energy is less than thermal energies at ambient conditions
(standard temperature and pressure, STP), or is negative; and

(b) at least one other element. The compounds of the present disclosure are
hereinafter referred to as "increased binding energy hydrogen compounds.”

By "other element” in this context is meant an element other than an increased
binding energy hydrogen species. Thus, the other element can be an ordinary hydrogen
species, or any element other than hydrogen. In one group of compounds, the other element
and the increased binding energy hydrogen species are neutral. In another group of
compounds, the other element and increased binding energy hydrogen specics are charged
such that the other element provides the balancing charge to form a neutral compound. The
former group of compounds is characterized by molecular and coordinate bonding; the latter
group is characterized by ionic bonding,

Also provided are nove! compounds and molecular jons comprising

(a) at least one neutral, positive, or negative hydrogen species (hereinafter "increased
binding energy hydrogen species”) having a tofal energy

(i) greater than the total energy of the corresponding ordinary hydrogen
species, or

(ii) greater than the total energy of any hydrogen species for which the
corresponding ordinary hydrogen species is unstable or is not observed because the ordinary
hydrogen species' total energy is less than thermal energies at ambient conditions, or is
negative; and

(b) at least one other element.

The total energy of the hydrogen species is the sum of the energies to remove all of the
electrons from the hydrogen species. The hydrogen species according to the present
disclosure has a total energy greater than the total energy of the corresponding ordinary
hydrogen species. The hydrogen species having an increased total energy according to the
present disclosure is also referred to as an "increased binding energy hydrogen species” even
though some embodiments of the hydrogen species having an increased total energy may
have a first clectron binding energy less that the first electron binding energy of the
corresponding ordinary hydrogen species. For example, the hydride ion of Egs. (57-58) for
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p =24 has a first binding energy that is less than the first binding energy of ordinary hydride
jon, while the total energy of the hydride ion of Egs. (57-58) for p =24 is much greater than

the total energy of the corresponding ordinary hydride ion.

Also provided herein are novel compounds and molecular jons comprising

(a) a plurality of neutral, positive, or negative hydrogen species (hereinafier
"increased binding energy hydrogen species™) having a binding energy

(i) greater than the binding energy of the corresponding ordinary hydrogen
species, or

(ii) greater than the binding energy of any hydrogen species for which the
corresponding ordinary hydrogen species is unstable or is not observed because the ordinary
hydrogen species' binding energy is less than thermal energies at ambient conditions or is
negative; and

(b} optionally one other element. The compounds of the present disclosure are
hereinafter referred to as "increased binding energy hydrogen compounds.”

The increased binding energy hydrogen species can be formed by reacting one or
more hydrino atoms with one or more of an electron, hydrino atom, a compound containing
at least one of said increased binding energy hydrogen species, and at least one other atom,
molecule, or ion other than an increased binding energy hydrogen species.

Also provided are novel compounds and molecular ions comprising

(a) a plurality of neutral, positive, ar negative hydrogen species (hereinafter
"increased binding energy hydrogen species”) having a total energy

(i) greater than the total energy of ordinary molecular hydrogen, or

(i) greater than the total energy of any hydrogen species for which the
corresponding ordinary hydrogen species is unstable or is not observed because the ordinary
hydrogen species' total energy is less than thermal energies at ambient conditions or is
negative; and

(b) optionally one other element. The compounds of the present disclosure are
hereinafier referred to as “increased binding energy hydrogen compounds”.

In an embodiment, a compound is provided comprising at least one increased binding

energy hydrogen species chosen from (a) hydride ion having a binding energy according to
Egs. (57-58) that is greater than the binding of ordinary hydride ion (about 0.8 eV) for p=2

up to 23, and less for p =24 ("increased binding energy hydride ion” or "hydrino hydride
ion"); (b) hydrogen atom having a binding energy greater than the binding energy of ordinary
hydrogen atom {(about 13.6 ¢V) ("increased binding energy hydrogen atom” or "hydrino"); (¢)
hydrogen molecule having a first binding energy greater than about 15.3 eV ("increased
binding energy hydrogen melecule” or "dihydrino™); and (d) molecular hydrogen ion having 2
binding energy greater than about 16.3 eV ("increased binding energy molecular hydrogen
ion" or "dihydrino molecular fon").
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Il. Power Reactor and System
According to another embodiment of the present disclosure, a hydrogen catalyst

reactor for producing energy and Jower-energy hydrogen species is provided. As shown in
FIGURE 1, a hydrogen catalyst reactor 70 comprises a vessel 72 that comprises an energy
reaction mixture 74, a heat exchanger 80, and a power converter such as a steam generator 82
and turbine 90, In an embodiment, the catalysis involves reacting atomic hydrogen from the
source 76 with the catalyst 78 to form lower-energy hydrogen "hydrinos" and produce power.
The heat exchanger 80 absorbs heat released by the catalysis reaction, when the reaction
mixture, comprised of hydrogen and a catalyst, reacts to form lower-energy hydrogen. The
heat exchanger exchanges heat with the steam generator 82 that absorbs heat from the
exchanger 80 and produces steam. The energy reactor 70 further comprises a turbine 90 that
receives steam from the steam generator 82 and supplies mechanical power to a power
generator 97 that converts the steam energy into electrical energy, which can be received by a
load 95 to produce work or for dissipation. In an embodiment, the reactor may be at least
partially enclosed with a heat pipe that transfers heat to a load. The load may be a Stirling
engine or steam engine to produce electricity. The Stirling engine or steam engine may be
used for stationary or motive power, Alternatively, hydride electric or electric systems may
convert heat to electric for stationary or motive power. A suitable steam engine for
distributed power and motive applications is Cyclone Power Technologies Mark V Engine.
Other converters are known by those skiiled in the Art. For example, the system may
comprise thermoelectric or thermionic converters. The reactor may be one of a multi-tube
reactor assembly,

In an embodiment, the energy reaction mixture 74 comprises an energy releasing
material 76, such as a fuel supplied through supply passage 62. The reaction mixture may
comptise a source of hydrogen isotope atoms or a source of molecular hydrogen isotope, and
a source of catalyst 78 which resonantly remove approximately m-27.2 eV to form lower-
energy atomic hydrogen where m is an integer, preferably an integer less than 400, wherein
the reaction to lower energy states of hydrogen occurs by contact of the hydrogen with the
catalyst. The catalyst may be in the molten, liquid, gaseous, or solid state. The catalysis
releases energy in a form such as heat and forms at least one of lower-energy hydrogen
isotope atoms, lower-energy hydrogen molecules, hydride ions, and lower-energy hydrogen
compounds. Thus, the power cell also comprises a lower-energy hydrogen chemical reactor.

The source of hydrogen can be hydrogen gas, dissociation of water including thermal
dissociation, electrolysis of water, hydrogen from hydrides, or hydrogen from metal-
hydrogen solutions, In another embodiment, molecular hydrogen of the energy releasing
material 76 is dissociated into atomic hydrogen by a molecular hydrogen dissociating catalyst
of the mixture 74. Such dissociating catalysts or dissociators may also absorb hydrogen,
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deuterium, or tritium atoms and/or molecules and include, for example, an clement,
compound, alloy, or mixture of noble metals such as palladium and platinum, refractory
metals such as molybdenum and tungsten, transition metals such as nickel and titanium, and
inner transition metals such as niobium and zirconium. Preferably, the dissociator has a high
surface area such as 2 noble metal such as Pt, Pd, Ru, Ir, Re, or Rh, or Ni on ALOs, 510, or
combinations thereof.

In an embodiment, a catalyst is provided by the ionization of ¢ electrons from an
atom or ion to a continuum energy level such that the sum of the ionization energies of the ¢
electrons is approximately m-27.2 ¢/ where ¢ and m are each an integer. A catalyst may
also be provided by the transfer of ¢ electrons between participating ions. The transfer of ¢
electrons from one ion to another ion provides a net enthalpy of reaction whereby the sum of
the 7 ionization energies of the electron-donating ion minus the ionization energies of ¢
electrons of the electron-accepting ion equals approximately m-27.2 eV where t and m are
each an integer. In another embodiment, the catalyst comprises MH such as NaH having
an atom M bound to hydrogen, and the enthalpy of m-27.2 eV is provided by the sum of
the M — H bond energy and the ionization energies of the ¢ electrons.

In an embodiment, a source of catalyst comprises a catalytic material 78 supplied
through catalyst supply passage 61, that typically provides a net enthalpy of approximately

-'-;1--27.2 eV plus or minus 1eV . The catalysts comrpise atoms, ions, molecules, and

hydrinos that accept energy from atomic hydrogen and hydrinos. In embodiments, the
catalyst may comprise at least one species chosen from molecules of AlH, BiH, CIH, CoH,
GeH, InH, NaH, RuH, SbH, SeH, SiH, SnH, C,, N,, O,, CO,, NO,, and NO, and atoms or
ions of Li, Be, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Kr, Rb, Sr, Nh, Mo, Pd, Sn,
Te, Cs, Ce, Pr, Sm, Gd, Dy, Pb, Pt, Kr, 2K*, He*, Ti*", Na*, Rb*, Sr*, Fe**, Mo™,
Mo™, In™*, He*, Ar*, Xe*, Ar* and H*, and Ne* and H".

In an embodiment of a power system, the heat is removed by a heat exchanger having
a heat exchange medium. The heat exchanger may be a water wall and the medium may be
water. The heat may be transferred directly for space and process heating. Alternatively, the
heat exchanger medium such as water undergoes a phase change such as conversion to steam.
This conversion may occur in a steam generator. The steam may be used to generate
electricity in a heat engine such as a steam turbine and a generator.

An embodiment of an hydrogen catalyst energy and lower-energy-hydrogen species-
producing reactor 5, for recycling or regenerating the fuel in accordance with the present
disclosure, is shown in FIGURE 2 and comprises a boiler 10 which contains a fuel reaction
mixture 11 that may be a mixture of a source of hydrogen, a source of catalyst, and optionally
a solvent that may be vaporized, a hydrogen source 12, steam pipes and steam generator 13, a
power converter such as a turbine 14, a water condenser 16, a water-make-up source 17, a
fuel recycler 18, and a hydrogen-dihydrino gas separator 19. At Step 1, the fuel, such as one
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that is gaseous, liquid, solid, or a heterogeneous mixture comprising muitiple phases,
comprising a source of catalyst and a source of hydrogen reacts to form hydrinos and lower-
energy hydrogen products. At Step 2, the spent fuel is reprocessed o re-supply the boiler 10
to maintain thermal power generation. The heat generated in the boiler 10 forms steam in the
pipes and steam generator 13 that is delivered to the turbine 14 that in turn generates
electricity by powering a generator. At Step 3, the water is condensed by the water
condensor 16. Any water loss may be made up by the water source 17 fo complete the cycle
to maintain thermal to electric power conversion. At Step 4, lower-energy hydrogen products
such as hydrino hydride compounds and dihydrino gas may be removed, and unreacted
hydrogen may be returned to the fuel recycler 18 or hydrogen source 12 to be added back to
spent fuel to make-up recycled fuel. The gas products and unreacted hydrogen may be
separated by hydrogen-dihydrino gas separator 19. Any product hydrino hydride compounds
may be separated and removed using fuel recycler 18. The processing may be performed in
the boiler or externally to the boiler with the fuel returned. Thus, the system may further
comprise at least one of gas and mass transporters to move the reactants and products to
achieve the spent fuel removal, regeneration, and re-supply. Hydrogen make-up for that
spent in the formation of hydrinos is added from the source 12 during fuel reprocessing and
may involve recycled, unconsumed hydrogen. The recycled fuel maintains the production of
thermal power to drive the power plant to generate electricity.

The reactor may be run in a continuous mode with hydrogen addition and with
separation and addition or replacement to counter the minimum degradation of the reactants.
Aliernatively, the reacted fuel is continuously regenerated from the products. In one
embodiment of the latter scheme, the reaction mixture comprises species that can generate the
reactants of atomic or molecular catalyst and atomic hydrogen that further react to form
hydrinos, and the product species formed by the generation of catalyst and atomic hydrogen
can be regenerated by at least the step of reacting the products with hydrogen. In an
embodiment, the reactor comprises a moving bed reactor that may further comprise a
fluidized-reactor section wherein the reactants are continucusly supplied and side products
are removed and regenerated and returned to the reactor. In an embodiment, the lower-
energy hydrogen products such as hydrino hydride compounds or dihydrino molecules are
colected as the reactants are regenerated. Furthermore, the hydrino hydride ions may be
formed into other compounds or converted into dihydrino molecules during the regeneration
of the reactants.

The reactor may further comprise a separator to separate components of a product
mixture such as by evaporation of the solvent if one is present. The separator may, for
example, comprise sieves for mechanically separating by differences in physical properties
such as size. The separator may also be a separator that exploits differences in density of the
component of the mixture, such as a cyclone separator. For example, at least two of the
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groups chosen from carbon, a metal such as Eu, and an inorganic product such as KBr can be
separated based on the differences in density in a suitable medium such as forced inert gas
and also by centrifugal forces. The separation of components may also be based on the
differential of the dielectric constant and chargeability. For example, carbon may be
separated from metal based on the application of an electrostatic charge to the former with
removal from the mixture by an electric field. In the case that one or more components of a
mixture are magnetic, the separation may be achieved using magnets. The mixture may be
agitated over a series of strong magnets alone or in combination with one or more sieves to
cause the separation based on at least one of the stronger adherence or attraction of the
magnetic particles to the magnet and a size difference of the two classes of particles. In an
embodiment of the use of sieves and an applied magnetic field, the latter adds an additional
force to that of gravity to draw the smaller magnetic particles through the sieve while the
other particles of the mixture are retained on the sieve due to their larger size.

The reactor may further comprise a separator to separate one or more components
based on a differential phase change or reaction. In an embodiment, the phase change
comprises melting using a heater, and the liquid is separated from the solid by methods
known in the art such as gravity filtration, filtration using a pressurized gas assist,
centrifugation, and by applying vacuum. The reaction may comprise decomposition such as
hydride decomposition or reaction to from a hydride, and the separations may be achieved by
melting the corresponding metal followed by its separation and by mechanically separating
the hydride powder, respectively. The latter may be achieved by sieving. In an embodiment,
the phase change or reaction may produce a desired reactant or intermediate. In certain
embodiments, the regeneration including any desired separation steps may occur inside or
outside of the reactor.

Other methods known by those skilled in the art that can be applied to the separations
of the present disclosure by application of routine experimentation. In general, mechanical
separations can be divided into four groups: sedimentation, centrifugal separation, filtration,
and sieving. In one embodiment, the separation of the particles is achieved by at least one of
sieving and use of classifiers. The size and shape of the particle may be chosen in the starting
materials to achieve the desired separation of the products.

The power system may further comprise a catalyst condensor to maintain the catalyst
vapor pressure by a temperature control that controls the temperature of a surface at a lower
value than that of the reaction cell. The surface temperature is maintained at a desired value
that provides the desired vapor pressure of the catalyst, In an embodiment, the catalyst
condensor is a tube grid in the cell. In an embodiment with a heat exchanger, the flow rate of
the heat transfer medium may be confrolled at a rate that maintains the condensor at the
desired lower temperature than the main heat exchanger. In an embodiment, the working
medium is water, and the flow rate is higher at the condensor than the water wall such that
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the condensor is the lower, desired temperature. The separate streams of working media may
be recombined and transferred for space and process heating or for conversion to steam.

The cells of the present disclosure comprise the catalysts, reaction mixtures, methods,
and systems disclosed herein wherein the cell serves as a reactor and at least one component
to activate, initiate, propagate, and/or maintain the reaction and regenerate the reactants.
According to the present disclosure, the cells comprise at least one catalyst or a source of
catalyst, at least one source of atomic hydrogen, and a vessel. "The electrolytic cell energy
reactor such as a eutectic-salt electrolysis cell, plasma electrolysis reactor, barrier electrode
reactor, RF plasma reactor, pressurized gas energy reactor, gas discharge energy reactor,
preferably pulsed discharge, and more preferably pulsed pinched plasma discharge,
microwave cell energy reactor, and a combination of a glow discharge cell and a microwave
and or RF plasma reactor of the present disclosure comprises: a source of hydrogen; one of a
solid, molten, liquid, gaseous, and heterogeneous source of catalyst or reaciants in any of
these states to cause the hydrino reaction by a reaction amongst the reactants; a vessel
comprising the reactants or at least containing hydrogen and the catalyst wherein the reaction
to form lower-energy hydrogen occurs by contact of the hydrogen with the catalyst or by
reaction of the catalyst such as M or MH (M is alkali metal) or BaH; and optionally a
component for removing the lower-energy hydrogen product. In an embodiment, the reaction
to form lower-energy state hvdrogen is facilitated by an oxidation reaction. The oxidation
reaction may increase the reaction rate to form hydrinos by at least one of accepting electrons
from the catalyst and neutralizing the highly-charged cation formed by accepting energy from
atomic hydrogen. Thus, these cells may be operated in a manner that provides such an
oxidation reaction. In an embodiment, the electrolysis or plasma cell may provide an
oxidation reaction at the anode wherein hydrogen provided by a method such as sparging and
catalyst react to form hydrinos via the participating oxidation reaction. In a further
embodiment, the cell comprises a grounded conductor such as a filament that may also be at
an elevated temperature. The filament may be powered. The conductor such as a filament
may be electrically floating relative to the cell. In an embodiment, the hot conductor such as
a filament may boil off electrons as well as serve as a ground for those ionized from the
catalyst. The boiled off electrons could neutralize the ionized catalyst. In an embodiment,
the cell further comprises a magnet to deflect ionized electrons from the ionized catalyst to
enhance the rate of the hvdrino reaction.

In an embediment of the agueous electrolysis cell, the cathode and anode separation is
small such that oxygen from the anode reacts with hydrogen from the cathode to form at least
one of OH radicals (TABLE 3) and H,O that serve as the source of catalyst or catalyst to
form hydrinos. Oxygen and hydrogen that may comprise atoms may react in the electrolyte,
or hydrogen and oxygen may react on at least one electrode surface. The electrode may be
catalytic to form at least one of OH radicals and HO. The at least one of OH radicals and
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H,0 may also form by the oxidation of OH’ at the anode or by a reduction reaction such as
one involving H™ and O, at the cathode. The electrolyte such as MOH (M =alkali metal) is
selected to optimize the production of hydrinos formed by at least one of OH and Hz0O
catalyst. In a fuel cell embodiment, oxygen and hydrogen may be reacted to form at least one
of OH radicals and H;O that form hydrinos. H' may be reduced at the cathode in the

presence of O to form the at least one of OH radicals and H;O that react to form hydrinos, or
0; may be oxidized at the anode in the presence of hydrogen to form at least one of OH and

H,O.

The electrolyte such as MOH (M = alkali metal) is selected to optimize the production
of hydrinos by a catalyst such as at least one of OH and H;O. In an embodiment, the
concentration of the electrolyte is high such as 0.5M to saturated. In an embodiment, the
electrolyte is a saturated hydroxide such as saturated LiOH, NaOH, KOH, RbOH, or CsOH.
The anode and cathode comprise materials that are stable in base during electrolysis. An
exemplary electrolysis cell may comprise a nickel or a noble metal anode such as Pt/Ti and a
nicke! or carbon cathode such as [NVKOH (saturated ag)/Ni] and [PtTI/KOH (saturated
aq)/Ni]. Pulsing the electrolysis also transiently creates a high OH" concentration at the
cathode wherein a suitable cathode is a metal that forms a hydride that favors the formation
of at least one of OH and H>O catalyst during at least the off phase of the pulse. In an
embodiment, the electrolyte comprises or additionally comprises a carbonate such as an alkali
carbonate such as Kp,CO;  During electrolysis, peroxy species may form such as
peroxocarbonic acid or an alkali percarbonate that may be a source of OOH" or OH that serve
as a source of catalyst or catalyst to form hydrinos or may form H;O that serves as the
catalyst.

H may react with electrons from the formation of the catalyst ion such as Na®* and
K** and stabilize each. H may be formed by the reaction H; with a dissociator. In an
embodiment, a hydrogen dissociator such as Pt/Ti is added to the hydrino reactants such as
NaH Mg TiC, NaH MgH, TiC, KH Mg TiC, KH MgH, TiC, NaH Mg H, and KH Mg H..
Additionally, H may be produced by using a hot filament such as a Pt or W filament in the
cell. A noble gas such as He may be added to increase the H atom population by increasing
the H haif-life for recombination. Many gaseous atoms have a high electron affinity and can
serve as an electron scavenger from catalyst ionization. In an embodiment, one or more
atoms are provided to the reaction mixture. In an embodiment, a hot filament provides the
atoms. Suitable metals and elements to vaporize by heating with the electron affinity () are:
Li (0.62 eV), Na (0.55 eV), Al (0.43 eV), K (0.50 cV), V (0.53 eV), Cr (0.67 ¢V), Co (0.66
eV), Ni (1.16 eV), Cu, (1.24 eV), Ga (043 eV), Ge (1.23 eV), Se (2.02eV), Rb (0.49¢V), Y
(0.30 V), Nb (0.89 eV), Mo (0.75 ¢V), Te (0.55 eV), Ru (1.05 eV), Rh (1.14 eV), Pd (0.56
eV), Ag (1.30 eV), In (0.3 eV), Sn (1.11 eV), Sb (1.05 eV), Te (1.97 eV), Cs (047 eV), La
(0.47 eV), Ce (0.96 eV), Pr (0.96 eV), Eu (0.86 eV), Tm (1.03 eV), W (0.82 V), Os (1.1
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eV), Ir (1.56 eV), Pt (2.13 eV), Au (2.31 eV), Bi (0.94 ¢V). The diatomic and higher multi-
atomic species have similar electron affinities in many cases and are also suitable electron
acceptors. Suitable diatomic electron acceptors are Nas (0.43 V) and K (0.497 €V), which
are the dominant form of gaseous Na and K.

Mg does not form a stable anion (electron affinity EA= 0 eV). Thus, it may serve as
an intermediate electron acceptor. Mg may serve as a reactant to form hydrinos in a mixture
comprising at least two of a source of catalyst and H such as KH, NaH, or BaH, and reductant
such as an alkaline earth metal, a support such as TiC, and an oxidant such as an alkali or
alkaline earth metal halide. Other atoms that do not form stable negative lons could also
serve as an intermediate to accept electrons from the ionizing catalyst. The electrons may be
transferred fo the ion formed by the energy transfer from H. The electrons may also be
transferred to an oxidani. Suitable metals with an electron affinity of 0 eV are Zn, Cd, and
Hg.

In an embodiment, the reactants a comprise a catalyst or source of catalyst-and a
source of hydrogen such as NaH, KH or BaH, optionally a reductant such as an alkaline earth
metal or hydride such as Mg and MgH,, a support such as carbon, carbide, or a boride and
optionall an oxidant such as a metal halide or hydride. Suitable carbon, carbides and borides
are carbon black, Pd/C, PUC, TiC, Ti15iCy, YC,, TaC, MayC, SiC, WC, C, B4C, HIC, CrC,,
ZrC, CrBy, VC, ZrBj, MgB,, NiB3, NbC, and TiB,. In an embodiment, the reaction mixture
is in contact with an electrode that conducts electrons ionized from the catalyst. The
elecirode may be the cell body. The electrode may comprise a large surface area electrical
conductor such as stainless steel (88) wool. The conduction to the electrode may be through
the electrically conductive support such as metal carbide such as TiC. The electrode may be
positively biased and may further be connected to a counter electrode in the cell such as a
center-line electrode. The counter electrode may be separated from the reactants and may
further provide a return path for the current conducted through the first positively biased
electrode. The return current may comprise anions. The anions may be formed by reduction
at the counter electrode. The anions may comprise atomic or diatomic alkali metal anions
such as Na, K, Na;, and K;. The metal vapor such as Na, or K; may be formed and
maintained from the metal or hydride such as NaH or KH by maintaining the cell at an
elevated temperature such as in the range of about 300 °C to 1000 °C. The anions may
further comprise H formed from atomic hydrogen. The reduction rate may be increased by
using an electrode with a high surface area. In an embodiment, the cell may comprise a
dissociator such as a chemical dissociator such as PU/Ti, a filament, or a gas discharge. The
electrode, dissociator, or filament generally comprises an electron emitter to reduce species
such as gaseous species to ions. The eleciron emitter may be made to be a more efficient
source of electros by coating it. Suitable coated emitters are a thoriated W or Sr or Ba doped
metal electrode or filament. A low-power discharge may be maintained between the
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electrodes using a current-limiting external power supply.

In an embodiment, the temperature of a working medium may be increased using a
heat pump. Thus, space and process heating may be supplied using the power cell operating
at a temperature above ambient wherein a working medium is increased in temperature with a
component such as a heat pump. With sufficient elevation of the temperature, a liquid to gas
phase transition may occur, and the gas may be used for pressure volume (PV) work, The PV
work may comprise powering a generator to produce electricity. The medium may then be
condensed, and the condensed working medium may be returned to the reactor cell to be re-
heated and recirculated in the power loop.

in an embodiment of the reactor, a heterogeneous catalyst mixture comprising a liquid
and solid phase is flowed through the reactor. The flow may be achieved by pumping. The
mixture may be a slurry. The mixture may be heated in a hot zone to cause the catalysis of
hydrogen to hydrinos to release heat to maintain the hot zone. The products may be flowed
out of the hot zone, and the reactant mixture may be regenerated from the products. In
another embodiment, at least one solid of a heterogeneous mixture may be flowed into the
reactor by gravity feed. A solvent may be flowed into the reactor separately or in
combination with one or more solids. The reactant mixture may comprise at least one of the
group of a dissociator, a high-surface-area (HSA) material, R-Ni, Ni, NaH, Na, NaOH, and a
solvent.

In an embodiment, one or more reactants, preferably a source of halogen, halogen gas,
source of oxygen, or solvent, are injected into a mixture of the other reactants. The injection
is controlled to optimize the excess energy and power from the hydrino-forming reaction.
The cell temperature at injection and rate of injection may be controlled to achieve the
optimization. Other process parameters and mixing can be controlled to further the
optimization using methods known to those skifled in the art of process engineering.

For power conversion, each cell type may be interfaced with any of the known
converters of thermal energy or plasma to mechanical or electrical power which include for
example, a heat engine, steam or gas turbine system, Sterling engine, or thermionic or
thermoelectric converters.  Further plasma converters comprise the magnetic mirror
magnetohydrodynamic power converter, plasmadynamic power converter, gyrotron, photon
bunching microwave power converter, charge drift power, or photoelectric converter. In an
embodiment, the cell comprises at least one cylinder of an internal combustion engine.

I11. Hydrogen Gas Cell and Solid, Liquid, and Heterogeneous Fuel Reactor

According to an embodiment of the present disclosure, a reactor for producing
hydrinos and power may take the form of a reactor cell. A reactor of the present disclosure is
shown in FIGURE 3. Reactant hydrinos are provided by a catalytic reaction with catalyst.
Catalysis may occur in the gas phase or in solid or liquid state.
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The reactor of FIGURE 3 comprises a reaction vessel 261 having a chamber 260
capable of containing a vacuum or pressures greater than atmospheric. A source of hydrogen
262 communicating with chamber 260 delivers hydrogen to the chamber through hydrogen
supply passage 264, A controller 263 is positioned to control the pressure and flow of
hydrogen into the vessel through hydrogen supply passage 264. A pressure sensor 265
monitors pressure in the vessel. A vacuum pump 266 is used to evacuate the chamber
through a vacuum line 267.

In an embodiment, the catalysis occurs in the gas phase. The catalyst may be made
gaseous by maintaining the cell temperature at an elevated temperature that, in turn,
determines the vapor pressure of the catalyst. The atomic and/or molecular hydrogen reactant
is also maintained at a desired pressure that may be in any pressure range. In an embodiment,
the pressure is less than atmospheric, preferably in the range about 10 millitorr to about 100
Torr. In another embodiment, the pressure is determined by maintaining a mixture of source
of catalyst such as a metal source and the corresponding hydride such as a metal hydride in
the cell maintained at the desired operating temperature,

, A source of suitable catalyst 268 for generating hydrino atoms can be placed in a
catalyst reservoir 269, and gaseous catalyst can be formed by heating. The reaction vessel
261 has a catalyst supply passage 270 for the passage of gaseous catalyst from the catalyst
reservoir 269 to the reaction chamber 260. Altemnatively, the catalyst may be placed in a
chemically resistant open container, such as a boat, inside the reaction vessel.

The source of hydrogen can be hydrogen gas and the molecular hydrogen. Hydrogen
may be dissociated into atomic hydrogen by a molecular hydrogen dissociating catalyst.
Such dissociating catalysts or dissociators include, for example, Raney nickel (R-Ni),
precious or noble metals, and a precious or noble metal on a support. The precious or noble
metal may be Pt, Pd, Ru, Ir, and Rh, and the support may be at least one of Ti, Nb, AbO;,
Si0, and combinations thereof., Further dissociators are Pt or Pd on carbon that may
comprise a hydrogen spillover catalyst, nickel fiber mat, Pd sheet, Ti sponge, Pt or Pd
electroplated on Ti or Ni sponge or mat, TiH, Pt black, and Pd black, refractory metals such
as molybdenum and tungsten, transition metals such as nickel and titanium, inner transition
metals such as niobium and zirconium, and other such materials known to those skilled in the
art. In an embodiment, hydrogen is dissociated on Pt or Pd. The Pt or Pd may be coated ona
support material such as titanium or Al;0s. In another embodiment, the dissociator is a
refractory metal such as tungsten or molybdenum, and the dissociating material may be
maintained at elevated temperature by temperature controf component 271, which may take
the form of a heating coil as shown in cross section in FIGURE 3. The heating coil is
powered by a power supply 272. Preferably, the dissociating material is maintained at the
operating temperature of the cell. The dissociator may further be operated at a temperature
above the cell temperature to more effectively dissociate, and the elevated temperature may
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prevent the catalyst from condensing on the dissociator. Hydrogen dissociator can also be
provided by a hot filament such as 273 powered by supply 274.

In an embodiment, the hydrogen dissociation occurs such that the dissociated
hydrogen atoms contact gaseous catalyst to produce hydrino atoms. The catalyst vapor
pressure is maintained at the desired pressure by controlling the temperature of the catalyst
reservoir 269 with a catalyst reservoir heater 275 powered by a power supply 276. When the
catalyst is contained in a boat inside the reactor, the catalyst vapor pressure is maintained at
the desired value by controlling the temperature of the catalyst boat, by adjusting the boaf's
power supply. The cell temperature can be controlled at the desired operating temperature by
the heating coil 271 that is powered by power supply 272, The cell (called a permeation cell)
may further comprise an inner reaction chamber 260 and an outer hydrogen reserveoir 277
such that hydrogen may be supplied to the celi by diffusion of hydrogen through the wall 278
separating the two chambers. The temperature of the wall may be controlled with a heater to
control the rate of diffusion. The rate of diffusion may be further controlled by controlling
the hydrogen pressure in the hydrogen reservoir.

To maintain the catalyst pressure at the desire level, the cell having permeation as the
hydrogen source may be sealed. Alternatively, the cell further comprises high temperature
valves at each inlet or outlet such that the valve contacting the reaction gas mixture is
maintained at the desired temperature. The cell may further comprise a getter or trap 279 to
selectively coliect the lower-energy-hydrogen species and/or the increased-binding-energy
hydrogen compounds and may further comprise a selective valve 280 for releasing dihydrino
gas product.

in an embodiment, the reactants such as the solid fuel or heterogeneous-catalyst fuel
mixture 281 are reacied in the vessel 260 by heating with heaters 271. A further added
reactant such as at least one of an exothermic reactant, preferably having fast kinetics, may be
flowed from vessel 282 into the cell 260 through control valve 283 and connection 284. The
added reactant may be a source of halogen, halogen, source of oxygen, or solvent. The
reactant 281 may comprise & species that reacts with the added reactant. A halogen may be
added to form a halide with reactant 281, or a source of oxygen may be added to reactant 281
to form an oxide, for example.

The catalyst may be at least one of the group of atomic lithium, potassium, or cesium,
NaH molecule or BaH molecule, 21, and hydrino atoms, wherein catalysis comprises a
disproportionation reaction. Lithium catalyst may be made gaseous by maintaining the cell
temperature in about the 500-1000 °C range. Preferably, the cell is maintained in about the
500-750 °C range. The cell pressure may be maintained at less than atmospheric, preferably
in the range about 10 millitorr to about 100 Torr. Most preferably, at least one of the catalyst
and hydrogen pressure is determined by maintaining a mixture of catalyst metal and the
corresponding hydride such as lithium and lithium hydride, potassium and potassium hydride,
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sodium and sodium hydride, and cesium and cesium hydride in the cell maintained at the
desired operating temperature. The catalyst in the gas phase may comprise lithium atoms
from the metal or a source of lithium metal. Preferably, the lithium catalyst is maintained at
the pressure determined by a mixture of lithium metal and lithium hydride at the operating
temperature range of about 500-1000 °C and most preferably, the pressure with the cell at the
operating temperature range of about 500-750 °C. In other embodiments, K, Cs, Na, and Ba
replace Li wherein the catalyst is atomic K, atomic Cs, molecular NaH, and molecular BaH.

In an embodiment of the gas cell reactor comprising a catalyst reservoir or boat,
gaseous Na, NaH catalyst, or the gaseous catalyst such as Li, K, and Cs vapor is maintained
in a super-heated condition in the cell relative to the vapor in the reservoir or boat which is
the source of the ceil vapor. In one embodiment, the superheated vapor reduces the
condensation of catalyst on the hydrogen dissociator or the dissociator of at least one of metal
and metal hydride molecules disclosed infra. In an embodiment comprising Li as the catalyst
from 2 reservoir or boat, the reservoir or boat is maintained at a temperature at which Li
vaporizes. Hz may be maintained at a pressure that is lower than that which forms a
significant mole fraction of LiH at the reservoir temperature. The pressures and temperatures
that achieve this condition can be determined from the data plots of H; pressure versus LiH
mole fraction at given isotherms that are known in the art. In an embodiment, the cel
reaction chamber containing a dissociator is operated at a higher temperature such that the Li
does not condense on the walls or the dissociator. The Ha may flow from the reservoir to the
cell to increase the catalyst transport rate. Flow such as from the catalyst reservoir to the cell
and then out of the cell is a method to remove hydrino product to prevent hydrino product
inhibition of the reaction. In other embodiments, K, Cs, and Na replace Li wherein the
catalyst is atomic K, atomic Cs, and molecular NaH.

Hydrogen is supplied to the reaction from a source of hydrogen. For example, the
hydrogen is supplied by permeation from a hydrogen reservoir. The pressure of the hydrogen
reservoir may be in the range of 10 Torr to 10,000 Torr, preferably 100 Torr to 1000 Torr,
and most preferably about atmospheric pressure. The cell may be operated in the temperature
of about 100 °C to 3000 °C, preferably in the temperature of about 160 °C to 1500 °C, and
most preferably in the temperature of about 500 °C to 800 °C.

The source of hydrogen may be from decomposition of an added hydride. A cell
design that supplies Hy by permeation is one comprising an internal metal hydride placed in a
sealed vessel wherein atomic H permeates out at high temperature. The vessel may comprise
Pd, Ni, Ti, or Nb. In an embodiment, the hydride is placed in a sealed tube such as a Nb tube
containing a hydride and sealed at both ends with seals such as Swagelocks. In the sealed
case, the hydride could be an alkaline or alkaline earth hydride. Alternatively, in this as well
as the internal-hydride-reagent case, the hydride could be at least one of the group of saline
hydrides, titanium hydride, vanadium, niobium, and tantalum hydrides, zirconium and
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hafnjum hydrides, rare earth hydrides, yttrium and scandium hydrides, transition element
hydrides, intermetalic hydrides, and their alloys.

In an embodiment the hydride and the operating temperature £ 200 °C, based on each
hydride decomposition temperature, is chosen from at least one of the list of:

a rare earth hydride with an operating temperature of about 800 °C; lanthanum
hydride with an operating temperature of about 700 °C; gadolinium hydride with an operating
temperature of about 750 °C; neodymium hydride with an operating temperature of about 750
°C; yttrium hydride with an operating temperature of about 800 °C; scandium hydride with
an operating temperature of about 800 °C; ytterbium hydride with an operating temperature
of about 850-909 °C; titanium hydride with an operating temperature of about 450 °C; cerium
hydride with an operating temperature of about 950 °C; praseodymium hydride with an
operating temperature of about 700 °C; zirconium-titanium (50%/50%) hydride with an
operating temperature of about 600 °C; an alkali metal/alkali metal hydride mixture such as
Rb/RbH or K/KH with an operating temperature of about 450 °C; and an alkaline earth
metal/alkaline earth hydride mixture such as Ba/BaHy with an operating temperature of about
900-1000 °C.

Metals in the gas state can comprise diatomic covalent molecules. An objective of the
present disclosure is to provide atomic catalyst such as Li as well as K and Cs. Thus, the
reactor may further comprise a dissociator of at least one of metal molecules (“MM™) and
metal hydride molecules (“MH”). Preferably, the source of catalyst, the source of Hj, and the
dissociator of MM, MH, and HH, wherein M is the atomic catalyst are matched to operate at
the desired cell conditions of temperature and reactant concentrations for example. In the
case that a hydride source of Hs is used, in an embodiment, its decomposition temperature is
in the range of the temperature that produces the desired vapor pressure of the catalyst. In the
case of that the source of hydrogen is permeation from a hydrogen reservoir to the reaction
chamber, preferable sources of catalysts for continuous operation are Sr and Li metals since
each of their vapor pressures may be in the desired range of 0.01 to 100 Torr at the
temperatures for which permeation occurs. In other embodiments of the permeation cell, the
cell is operated at a high temperature permissive of permeation, then the cell temperature is
lowered to a temperature which maintains the vapor pressure of the volatile catalyst at the
desired pressure.

In an embodiment of a gas cell, a dissociator comprises a component {0 generate
catalyst and H from sources. Surface catalysts such as Pt on Ti or Pd, iridium, or rhodium
alone or on a substrate such as Ti may also serve the role as a dissociator of molecules of
combinations of catalyst and hydrogen atoms. Preferably, the dissociator has a high surface
area such as PtYALG; or Pd/AlLOs.

The H; source can also be Hy gas. In this embodiment, the pressure can be monitored
and controlled. This is possible with catalyst and catalyst sources such as K or Cs metai and
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LiNH,, respectively, since they are volatile at low temperature that is permissive of using a
high-temperature valve. LiNH; also lowers the necessary operating temperature of the Li cell
and is fess corrosive which is permissive of long-duration operation using a feed through in
the case of plasma and filament cells wherein a filament serves as a hydrogen dissociator.

Further embodiments of the gas cell hydrogen reactor having NaH as the catalyst
comprise a filament with a dissociator in the reactor cell and Na in the reservoir. Ha may be
flowed through the reservoir to main chamber, The power may be controlled by controlling
the gas flow rate, H; pressure, and Na vapor pressure. The latter may be controlled by
controlling the reservoir temperature. In another embodiment, the hydrino reaction is
initiated by heating with the external heater and an atomic H is provided by a dissociator.

The reaction mixture may be agitated by methods known in the art such as mechanical
agitation or mixing. The agitation system may comprise one or more piezoclectric
transducers. Each piezoelectric transducer may provide ultrasonic agitation. The reaction
cell may be vibrated and further contain agitation elements such as stainless steel or tungsten
balls that are vibrated to agitate the reaction mixture. In another embodiment, mechanical
agitation comprises ball milling. The reactant may also be mixed using these methods,
preferably by ball milling. The mixing may also be by pneumatic methods such as sparging.

In an embodiment, the catalyst is formed by mechanical agitation such as, for
example, at least one of vibration with agitation elements, ultrasonic agitation, and ball
milling. The mechanical impact or compression of sound waves such as ultrasound may
cause a reaction or a physical change in the reactants to cause the formation of the catalyst,
preferably NaH molecules. The reactant mixture may or may not comprise a solvent. The
reactants may be solids such as solid NaH that is mechanically agitated to form NaH
molecules. Alternatively, the reaction mixture may comprise a liquid. The mixture may have
at least one Na species. The Na species may be 2 component of a liquid mixture, or it may be
in solution. In an embodiment, sodium metal is dispersed by high-speed stirring of a
suspension of the metal in a solvent such as an ether, hydrocarbon, fluorinated hydrocarbon,
aromatic, or heterocyclic aromatic solvent. The solvent temperature may be held just above

the melting point of the metal.

IV. Fuels-Types
An embodiment of the present disclosure is directed to a fuel comprising a reaction

mixture of at feast a source of hydrogen and a source of catalyst to support the catalysis of
hydrogen to form hydrinos in at least one of gaseous, liquid, and solid phases or a possible
mixture of phases. The reactants and reactions given herein for solid and liquid fuels are also
reactants and reactions of heterogenecous fuels comprising a mixture of phases.

In certain embodiments, an objective of the present disclosure is to provide atomic
catalysts such as Li as well as K and Cs and molecular catalysts NaH and BaH. Metals form
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diatomic covalent molecules. Thus, in solid-fuels, liquid-fuels, and heterogeneous-fuels
embodiments, the reactants comprise alloys, complexes, sources of complexes, mixtures,
suspensions, and solutions that may reversibly form with a metal catalyst M and decompose
or react to provide a catalyst such as Li, NaH, and BaH. In another embodiment, at least one
of the catalyst source and atomic hydrogen source further comprises at least one reactant that
reacts to form at least one of the catalyst and atomic hydrogen. In another embodiment, the
reaction mixture comprises NaH catalyst or a source of NaH catalyst or other catalyst such as
Li or K that may form via the reaction of one or more reactants or species of the reaction
mixture or may form by a physical transformation. The transformation may be solvation with
a suitable solvent.

The reaction mixture may further comprise a solid to support the catalysis reaction on
a surface. The catalyst or a source of catalyst such as NaH may be coated on the surface.
The coating may be achieved by mixing a support such as activated carbon, TiC, WC, R-Ni
with NaH by methods such as ball milling. The reaction mixture may comptise a
heterogeneous catalyst or a source of heterogeneous catalyst. In an embodiment, the catalyst
such as NaH is coated on the support such as activated carbon, TiC, WC, or a polymer by the
method of incipient wetness, preferably by using an aportic solvent such as an ether, The
support may also comprise an inorganic compound such as an alkali halide, preferably at
least one of NaF and HNaF; wherein NaH serves as the catalyst and a fluorinated solvent is
used.

In an embodiment of a liquid fuel, the reaction mixture comprises at least one of a
source of catalyst, a catalyst, a source of hydrogen, and a solvent for the catalyst. In other
embodiments, the present disclosure of a solid fuel and a liquid fuel further comprises
combinations of both and further comprises gaseous phases as well. The catalysis with the
reactants such as the catalyst and atomic hydrogen and sources thereof in multiple phases is
called a heterogeneous reaction mixture and the fuel is called a heterogeneous fuel. Thus, the
fuel comprises a reaction mixture of at least a source of hydrogen to undergo transition to
hydrinos, states given by Eq. (46), and a catalyst to cause the transitions having the reactants
in at least one of liquid, solid, and gaseous phases. Catalysis with the catalyst in a different
phase from the reactants is generally known in the art as a heterogeneous catalysis that is an
embodiment of the present disclosure. Heterogeneous catalysts provide a surface for the
chemical reaction to take place on and comprise embodiments of the present disclosure. The
reactants and reactions given herein for solid and liquid fuels are also reactants and reactions
of heterogeneous fuels.

For any fuel of the present disclosure, the catalyst or source of catalyst such as NaH
may be mixed with other components of the reaction mixture such as a support such as a
HSA material by methods such as mechanical mixing or by ball milling. In all cases
additional hydrogen may be added to maintain the reaction to form hydrinos. The hydrogen
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gas may be any desired pressure, preferably in the range of 0.1 to 200 atm. Alternatives
sources of hydrogen comprise at least one of the group of NH4X (X is an anion, preferably a
halide), NaBHs, NaAlH;, a borane, and a2 metal hydride such as an alkali metal hydride,
alkaline earth metal hydride preferably MgH,, and a rare earth metal hydride preferably LaH,
and GdH,.

A. Support
In cettain embodiments, the solid, liquid, and heterogeneous fuels of the present

disclosure comprise a support. The support comprises properties specific for its function.
For example, in the case that the support functions as an electron acceptor or conduit, the
support is preferably conductive, Additionally, in the case that the support disperses the
reactants, the support preferably has a high surface area. In the former case, the support such
as a HSA support may comprise a conductive polymer such as activated carbon, graphene,
and heterocyclic polycyclic aromatic hydrocarbons that may be macromolecular. The carbon
may preferably comprise activated carbon (AC), but may also comprise other forms such as
mesoporous carbon, glassy carbon, coke, graphitic carbon, carbon with a dissociator metal
such as Pt or Pd wherein the wt% is 0.1 to 5 wt%, transition metal powders having preferably
one to ten carbon layers and more preferably three layers, and a metal or alloy coated carbon,
preferably nanopowder, such as a transition metal preferably at least one of Ni, Co, and Mn
coated carbon. A metal may be intercalated with the carbon. In the case that the intercalated
metal is Na and the catalyst is NaH, preferably the Na intercalation is saturated. Preferably,
the support has a high surface area. Common classes of organic conductive polymers that
may serve as the support are at least one of the group of poly(acetylene)s, poly(pyrrole)s,
poly(thiophene)s, poly{aniline)s, poly(fluorene)s, poly(3-alkylthiophene)s,
polytetrathiafulvalenes, polynaphthalenes, poly(p-phenylene sulfide), and poly(para-
phenylene vinylene)s, These linear backbone polymers are typically known in the art as
polyacetylene, polyaniline, etc. "blacks" or "melanins". The support may be a mixed
copolymer such as one of polyacetylene, polypyrrole, and polyaniline. Preferably, the
conductive polymer support is at least one of typically derivatives of polyacetylene,
polyaniline, and polypyrrole. Other support comprise other elements than carbon such as the
conducting polymer polythiazyl ((S-N),).

In another embodiment, the support is a semiconductor. The support may be a
Column IV element such as carbon, silicon, germanium, and ¢ -gray tin. In addition to
elemental materials such as silicon and germanium, the semiconductor support comprises a
compound material such as gallium arsenide and indium phosphide, or alloys such as silicon
germanium or aluminum arsenide, Conduction in materials such as silicon and germanium
crystals can be enhanced in an embodiment by adding small amounts (e.g. 1-10 parts per
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million) of dopants such as boron or phosphorus as the crystals are grown. The doped
semiconductor may be ground into a powder to serve as a support.

In certain embodiments, the HSA support is a metal such as a transition metal, noble
metal, intermetallic, rare earth, actinide, lanthanide, preferably one of La, Pr, Nd, and Sm, Al,
Ga, In, T1, Sn, Pb, metatloids, Si, Ge, As, Sbh, Te, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, Hf,
Ta, W, Re, Os, Ir, Pt, Au, Hg, alkali metal, alkaline carth metal, and an alloy comprising at
least two metals or elements of this group such as a lanthanide alloy, preferably LaNis and Y-
Ni. The support may be 2 noble metal such as at least one of Pt, Pd, Au, Ir, and Rhor 2
supported noble metal such as Pt or Pd on titanium (Pt or Pd/Ti).

In other embodiments, the HSA material comprises at least one of cubic boron nitride,
hexagonal boron nitride, wurtzite boron nitride powder, heterodiamond, boron nitride
nanotubes, silicon nitride, aluminum nitride, titanium nitride (TiN), titanium aluminum
nitride (TiAIN), tungsten nitride, a metal or alloy, preferably nanopowder, coated with carbon
such as at least one of Co, Ni, Fe, Mn, and other transition metal powders having preferably
one to ten carbon layers and more preferably three layers, metal or alloy coated carbon,
preferably nanopowder, such as a transition metal preferably at least one of Ni, Co, and Mn
coated carbon, carbide, preferably a powder, beryllium oxide (BeO) powder, rare earth oxide
powder such as La;0s, ZrnOs, ALOs, sodium aluminate, and carbon such as fullerene,
graphene, or nanotubes, preferably single~-walled.

The carbide may comprise one or more of the bonding types: salt-like such as calcium
carbide (CaCs), covalent compounds such as silicon carbide (SiC) and boron carbide (B4C or
BC3), and interstitial compounds such as tungsten carbide. The carbide may be an acetylide
such as AusCs, ZnC,, and CdC, or a methide such as Be,C, aluminum carbide (AlCs), and
carbides of the type A;MC where A is mostly a rare earth or transition metal such as Sc, Y,

I.a-Na,Gd-Lu, and M is a metallic or semimetallic main group element such as Al, Ge, In, T1,
Sn, and Pb. The carbide having C}~ ions may comprise at least one of carbides M,C, with

the cation M’ comprising an alkali metal or one of the coinage metals, carbides M"C, with
the cation M” comprising an alkaline earth metal, and preferably carbides M," (C,}, with
the cation M™ comprising Al, La, Pr, or Tb. The carbide may comprise an ion other than
CZ such as those of the group of YCy, TbCs, YbCy, UCs, CerCs, PraCs, and ThCs. The
carbide may comprise a sesquicarbide such as Mg>Cs, SciCy, and LisCs. The carbide may
comprise a ternary carbide such as those containing lanthanide metals and transition metals
that may further comprise Cs units such as Ln, M (C2 )2 where M is Fe, Co, Ni, Ru, Rh, Os,
and Ir, DyoMnsCis, LngsFeCe, Lny/iafm(c2 )2 (Ln=Gd and Tb), and ScCrC,. The carbide
may further be of the classification “intermediate” transition metal carbide such as iron
carbide (FesC or FeCy:Fe). The carbide may be at least one from the group of, lanthanides
(MC, and MxC3) such as lanthanum carbide (LaCy or LaxCs), yttrium carbide, actinide
carbides, transition metal carbides such as scandium carbide, titanium carbide (TiC),

54



WO 2011/116236 PCTUS2011/02888¢

vanadium carbide, chromium carbide, manganese carbide, and cobalt carbide, niobium
carbide, molybdenum carbide, tantalum carbide, zirconium carbide, and hafnium carbide.
Further suitable carbides comprise at least one of LnoFeCy, ScaCoCy, LnsMCy (M=Fe, Co,
Ni, Ru, Rh, Os, I}, LtsMnaCs, Eus6NiCe, ScCrCa, ThoNiCa, YoReCs, LuaMsCys (M=Mn,
Re), YCoC, Y2ReC;, and other carbides known in the art.

In an embodiment, the support is an electrically-conductive carbide such as TiC,
TiCN, TiSiCy, or WC and HfC, MoC, TaC, YC,, ZrC, AlCs, SiC, and BsC. Further
suitable carbides comprise YCs, TbCa, YbC2, LuC;, CesCa, PraCs, and ThyC;.  Additional
suitable carbides comprise at least one from the group of TizAIC, VL,AIC, CrnAIC, NbAIC,
Tas AIC, ThAIN, TizAIC;, TLAIN;, ThGaC, V,GaC, CroGaC, NbyGaC, MoxGaC, TaxGaC,
TisGaN, CraGaN, V,GaN, Se;InC, TiInC, ZrpinC, NboInC, HInC, TizInN, Zr2dnN, Ti;TIC,
Zr,TIC, HETIC, Zr.TIN, TisSiCs, TiGeC, CraGeC, TisGeCy, TiSnC, ZrSnC, NbySnC,
Hf;8nC, HESnN, TiPbC, ZnPbC, HELPHC, V.PC, NbPC, ViAsC, NbAsC, TiSC,
71,8C0.4, and HE5SC. The support may be a metal boride. The support or HSA material
may be a boride, preferably a two-dimensional network boride that may be conducting such
as MB, wherein M is a metal such as at least one of Cr, Ti, Mg, Zr, and Gd (CrB,, TiB,,
MgB,, ZrB,, GdB,).

In a carbon-HSA material embodiment, Na does not intercalate intc the carbon
support or form an acetylide by reacting with the carbon. In an embodiment, the catalyst or
source of catalyst, preferably NaH, is incorporated inside of the HSA material such as
fullerene, carbon nanotubes, and zeolite. The HSA material may further comprise graphite,
graphene, diamond-like carbon (DLC), hydrogenated diamond-like carbon (HDLC), diamond
powder, graphitic carbon, glassy carbon, and carbon with other metals such as at least one of
Co, Ni, Mn, Fe, Y, Pd, and Pt, or dopants comprising other elements such as fluorinated
carbon, preferably fluorinated graphite, fluorinated diamond, or tetracarbon fluoride (CiF).
The HSA material may be fluoride passivated such as fluoride coated metal or carbon or
comprise a fluoride such as a metal fluoride, preferably an alkali or rare earth fluoride.

A suitable support having a large surface area is activated carbon. The activated
carbon can be activated or reactivated by physical or chemical activation. The former
activation may comprise carbonization or oxidation, and the latter activation may comprise
impregnation with chemicals.

The reaction mixture may further comprise a support such as a polymer support. The
polymer support may be chosen from poly(tetraflucroethylene) such as TEFLON™,
polyvinylferrocene, polystyrene, polypropylene, polyethylene, polyisoprene,
poly(aminophosphazene), a polymer comprising ether units such as polyethylene glycol or
oxide and polypropylene glycol or oxide, preferably arylether, a polyether polyol such as
poly(tetramethylene ether) glycol (PTMEG, polytetrahydrofuran, "Terathane”, "polyTHE"),
polyvinyl formal, and those from the reaction of epoxides such as polyethylene oxide and
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polypropylene oxide. In an embodiment, the HSA comprises fluorine. The support may
comprise as at least one of the group of fluorinated organic molecules, fluorinated
hydrocarbons, fluorinated alkoxy compounds, and fluorinated ethers. Exemplary fluorinated
HSAs are TEFLON™, TEFLONTM-PFA, polyvinyl fluoride, PVF, poly(vinylidene fluoride),
poly(vinylidene fluoride-co-hexafluoropropylene), and perfluoroalkoxy polymers.

B. Soiid Fuels

The solid fuel comprises a catakyst or source of catalyst to form hydrinos such as at
least one catalyst such as one chosen from LiH, Li, NaH, Na, KH, K, RbH, Rb, CsH, and
BaH, a source of atomic hydrogen and at least one of a HSA support, getter, a dispersant, and
other solid chemical reactants that perform the one or more of the following functions (i) the
reactants form the catalyst or atomic hydrogen by undergoing a reaction such as one between
one or more compenents of the reaction mixture or by undergoing a physical or chemical
change of at least one component of the reaction mixture and (ii) the reactants initiate,
propagate, and maintain the catalysis reaction to form hydrinos. The cell pressure may
preferably be in the range of about 1 Torr to 100 atmospheres. The reaction temperature is
preferably in the range of about 100 °C to 900 °C. The many examples of sofid fuels given in
the present disclosure including the reaction mixtures of liquid fuels comprising & solvent
except with the exception of the solvent are not meant to be exhaustive. Based on the present
disclosure other reaction mixtures are taught to those skilled in the art.

The source of hydrogen may comprise hydrogen or a hydride and a dissociator such
as Pt/Ti, hydrided PY/Ti, Pd, Pt, or Ru/ALO;, Ni, Ti, or Nb powder, At least one of the HSA
support, getter, and dispersant may comprise at least one of the group of a metal powder such
as Ni, Ti, or Nb powder, R-Ni, Zr0O;, ALO;, NaX (X=F, Cl, Br, 1), Na;0, NaOH, and
NayCO;. In an embodiment, a metal catalyzes the formation of NaH molecules from a source
such as a Na species and a source of H. The metal may be a transition, noble, intermetallic,
rare earth, lanthanide, and actinide metal, as well as others such as aluminum, and tin.

C. Hydrino Reaction Activators
The hydrino reaction may be activated or initiated and propagated by one or more

chemical other reactions. These reactions can be of several classes such as (i) exothermic
reactions which provide the activation energy for the hydrino reaction, (i) coupled reactions
that provide for at least one of a source of catalyst or atomic hydrogen to support the hydrino
reaction, (iii) free radical reactions that, in an embodiment, serve as an acceptor of electrons
from the catalyst during the hydrino reaction, (iv) oxidation-reduction reactions that, in an
embodiment, serve as an acceptor of electrons from the catalyst during the hydrino reaction,
(v} exchange reactions such as anion exchange including halide, sulfide, hydride, arsenide,
oxide, phosphide, and nitride exchange that in an embodiment, facilitate the action of the
catalyst to become tonized as it accepts energy from atomic hydrogen to form hydrinos, and
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(vi) getter, support, or matrix-assisted hydrino reaction that may provide at least one of a
chemical environment for the hydrine reaction, act to transfer electrons to facilitate the H
catalyst function, undergoes a reversible phase or other physical change or change in its
electronic state, and binds a lower-energy hydrogen product to increase at least one of the
extent or rate of the hydrino reaction. In an embodiment, the reaction mixture comprises a
support, preferably an electrically conductive support, to enable the activation reaction,

In an embodiment a catalyst such as Li, K, and NaH serves to form hydrinos at a
high rate by speeding up the rate limiting step, the removal of electrons from the catalyst as it
is ionized by accepting the nonradiative resonant energy transfer from atomic hydrogen to
form hydrinos. The typical metallic form of Li and X may be converted to the atomic form
and the ionic form of NaH may be converted to the molecular form by using a support or
HSA material such as activated carbon (AC), Pt/C, Pd/C, TiC, or WC to disperse the catalyst
such as Li and K atoms and NaH molecules, respectively. Preferably, the support has a
high surface area and conductivity considering the surface modification upon reaction with
other species of the reaction mixture. The reaction to cause a transition of atomic hydrogen
to form hydrinos requires a catalyst such as Li, K, or NaH and atomic hydrogen wherein
NaH serves as a catalyst and source of atomic hydrogen in a concerted reaction. The
reaction step of a nonradiative energy transfer of an integer multiple of 27.2 eV from atomic
hydrogen to the catalyst results in ionized catalyst and free electrons that causes the reaction
to rapidly cease due to charge accumulation. The support such as AC may also act as a
conductive eleciron acceptor, and final electron-acceptor reactants comprising an oxidant,
free radicals or a source thereof, are added to the reaction mixture to ultimately scavenge
electrons released from the catalyst reaction to form hydrinos. In addition a reductant may be
added to the reaction mixture to facilitate the oxidation reaction. The concerted electron-
acceptor reaction is preferably exothermic to heat the reactants and enhance the rates. The

activation energy and propagation of the reaction may be provided by a fast, exothermic,
oxidation or free radical reaction such as that of O; or CF, with Mg or A/ wherein radicals

such as CF, and F and O; and O serve to ultimately accept electrons from the catalyst via
support such as AC. Other oxidants or sources of radicals singly or in combination may be
chosen from the group of Oy, O3, N,O NF,, Mz8:0g (M is an alkali metal), S, CS,, and SO,,
Mnly, EuBr;, AgCl, and others given in the Electron Acceptor Reactions section.

Preferably, the oxidant accepts at least two electrons. The corresponding anion may
be 07, §*, C,8 (tetrathicoxalate anion), SO, and SO]”. The two electrons may be
acoepted from a catalyst that becomes doubly ionized during catalysis such as NaH and Li
(Egs. (28-30) and (24-26)). The addition of an electron acceptor to the reaction mixture or
reactor applies to all cell embodiments of the present disclosure such as the solid fuel and
heterogeneous catalyst embodiments as well as electrolysis cells, and plasma cells such as
glow discharge, RF, microwave, and barrier-electrode plasma cells and plasma electrolysis
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cells operated continuously or in pulsed mode. An electron conductive, preferably
unreactive, support such as AC may also be added to the reactants of each of these cell
embodiments. An embodiment of the microwave plasma cell comprises a hydrogen
dissociator such as a metal surface inside of the plasma chamber to support hydrogen atoms.

In embodiments, mixtures of species, compounds, or materials of the reaction mixture
such as a source of catalyst, a source of an energetic reaction such as a metal and at least one
of a source of oxygen, a source of halogen, and a source of free radicals, and a support may
be used in combinations. Reactive elements of compounds or materials of the reaction
mixture may also be used in combinations. For example, the source of fluorine or chlorine
may be a mixture of NyFy and NyCl,, or the halogen may be intermixed such as the in
compound NyF,Cl.. The combinations could be determined by routine experimentation by
those skilled in the art.

a. Exothermic Reactions

In an embodiment, the reaction mixture comprises a source of catalyst or a catalyst
such as at least one of NaH, BaH, K, and Li and a source of hydrogen or hydrogen and at
feast one species that undergoes reaction. The reaction may be very exothermic and may
have fast kinetics such that it provides the activation energy to the hydrino catalyst reaction.
The reaction may be an oxidation reaction. Suitable oxidation reactions are the. reaction of
species comprising oxygen such as the solvent, preferably an ether solvent, with a metal such
as at least one of Al, Ti, Be, 8i, P, rare earth metals, alkali metals, and alkaline earth metals.
More preferably, the exothermic reaction forms an alkali or alkaline earth halide, preferably
MgFa, or halides of Al, S, P, and rare earth metals. Suitable halide reactions are the reaction
of a species comprising a halide such as the solvent, preferably a fluorocarbon solvent, with
at least one of a metal and a metal hydride such as at least one of Al, rare earth metals, alkali
metals, and alkaline earth metals. The metal or metal hydride may be the catalyst or a source
of the cataiyst such as NaH, BaH, K, or Li. The reaction mixture may comprise at least NaH
and NaAICl; or NaAlFs having the products NaCl and NaF, respectively. The reaction
mixture may comprise at least NaH a fluorosolvent having the product NaF.

In general, the product of the exothermic reaction to provide the activation energy to
the hydrino reaction may be a metal oxide or a metal halide, preferably a fluoride. Suitable
products are AlO3;, MzO; (M=rare earth metal), TiO,, TiyOs, 5i0., PF5 or PF5, AlFs, Mgk,
MFs (M=rare earth metal), NaF, NaHF;, KF, KHF;, LiF, and LiHF;. In an embodiment
wherein Ti undergoes the exotherric reaction, the catalyst is Ti** having a second ionization
energy of 27.2 ¢V (m=1 in Eq. (5)). The reaction mixture may comprise at feast two of NaH,
Na, NaNH?2, NaOH, Teflon, fluotinated carbon, and a source of Ti such as Pt/Ti or Pd/T i. In
an embodiment wherein Al undergoes the exothermic reaction, the catalyst is AIH as given in
TABLE 3. The reaction mixture may comprise at least two of NaH, Al, carbon powder, a
fluorocarbon, preferably a solvent such as hexafluorobenzene or perfluorcheptane, Na,
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NaOH, Li, LiH, K, KH, and R-Ni. Preferably, the products of the exothermic reaction to
provide the activation energy are regenerated to form the reactants for another cycle of
forming hydrinos and releasing the corresponding power. Preferably, metal fluoride products
are regenerated {o metals and fluorine gas by electrolysis. The electrolyte may comprise a
eutetic mixture. The metal may be hydrided and the carbon product and any CH, and
hydrocarbons products may be fluorinated to form the initial metal hydride and fluorocarbon
sclvent, respectively.

In an embodiments of the exothermic reaction {0 activate the hydrino transition
reaction at least one of the group of a rare earth metal (M), Al, Ti, and Si is oxidized to the
corresponding oxide such as M2O;, ALOs, Ti20;, and SiOs, respectively. The oxidant may
be an ether solvent such as 1,4-benzodioxane (BDO) and may further comprise a
fluorocarbon such as hexafluorobenzene (HFB) or perfluoroheptane to accelerate the
oxidation reaction. In an exemplary reaction, the mixture comprises NaH, activated carbon,
at least one of §i and Ti, and at least one of BDO and HFB. In the case of Si as the reductant,
the product SiO» may be regenerated to Si by Hp reduction at high temperature or by reaction
with carbon to form Si and CO and CO,. A certain embodiment of the reaction mixture to
form hydrinos comprises a catalyst or a source of catalyst such as at least one of Na, NaH, K,
KH, Li, and LiH, a source of exothermic reactants or exothermic reactants, preferably having
fast kinetics, that activate the catalysis reaction of H to form hydrinos, and a support. The
exothermic reactants may comprise a source of oxygen and a species that reacts with oxygen
to form an oxide. For x and y being integers, preferably the oxygen source is H;O, Oy, HyO,,
MnO,, an oxide, an oxide of carbon, preferably CO or COs, an oxide of nitrogen, N,Oy such
as NoO and NO,, an oxide of sulfur, 8,0y, preferably an oxidant such as MpS,0y (M is an
alkali metal) that may optionally be used with an oxidation catalyst such as silver ion, CLO,
such as Cl,0, and ClO; preferably from NaClO,, concentrated acids and their mixtures such
as HNQ,, HNO;, HaSO. H;S80s, HCL, and HF, preferably, the acid forms nitronium ion
(NOY), NaOCl, 1O, preferably 1,05, PcO,, SOy, an oxyanion of an inorganic compound
such as one of nitrite, nitrate, chlorate, sulfate, phosphate, a metal oxide such as cobalt oxide,
and oxide or hydroxide of the catalyst such as NaOH, and perchiorate wherein the cation is a
source of the catalyst such as Na, K, and Li, an oxygen-containing functional group of an
organic compound such as an ether, preferably one of dimethoxyethane, dioxane, and 1,4-
benzodioxane (BDQ), and the reactant species may comprise at least one of the group of a
rare earth metal (M), Al, Ti, and Si, and the corresponding oxide is MxOs, AlOs, TixOs, and
SiO., respectively, The reactant species may comprise the metal or element of the oxide
products of at least one of the group of Al,O; aluminum oxide, La;05 lanthanum oxide, MgO
magnesium oxide, TiO; titanium oxide, Dy2Os dysprosium oxide, Er;O; erbium oxide,
Eu»0; europium oxide, LiOH lithium hydroxide, Ho,O3 holmium oxide, Li>O lithium oxide,
Lu,O; lutetium oxide, NbyOs niobium oxide, Nd>O; neodymium oxide, Si0; silicon oxide,
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Pr;03 praseodymium oxide, Sc¢;03 scandium oxide, SrSiO; strontium metasilicate, Sm;0O;
samarium oxide, Tho0s terbium oxide, TmyO; thulium oxide, Y205 vitrium oxide, and Tax0s
tantalum oxide, B,O; boron oxide, and zirconium oxide. The support may comprise carbon,
preferably activated carbon. The metal or element may be at a least one of Al, La, Mg, Tj,
Dy, Er, Eu, Li, Ho, Lu, Nb, Nd, Si, Pr, Sc, Sr, Sm, Th, Tm, Y, Ta, B, Zr, §, P, C, and their
hydrides.

In another embodiment, the oxygen source may be at least one of an oxide such as
M0 where M is an alkali metal, preferably LixO, Na»,O, and KoO, a peroxide such as M;0,
where M is an alkali metal, preferably LixO,, Naz0O;, and Ky0,, and a superoxide such as
MO, where M is an alkali metal, preferably Li20;, NaO,, and K202, The ionic peroxides
may further comprise those of Ca, St, or Ba.

In another embodiment, at least one of the source of oxygen and the source of
exothermic reactants or exothermic reactants, preferably having fast kinetics, that activate the
catalysis reaction of H to form hydrinos comprises one or more of the group of MNO3, MNO,
MNO,, M3N, M;NH, MNH,, MX, NH;, MBH,, MAIHs, M3AlHs, MOH, M8, MHS, MFeSi,
M3COs, MHCO;, M3SQ,, MHSO4, M3PO4, MHPO4, MHPO,, MaMoQ4, MNDOs, M2B4Oy
(M tetraborate}, MBO,, MaWOQ,, MAICL, MGaCly, MoCrOy, M2Cr0q, M;Ti03, MZrQ;,
MALO,, MCo0O,, MGaQ,, MyGeOs;, MMnO4, M,Si0s, M3Si0s, MTa0;, MCuCly, MPACL,
MVO;, MIO;, MFeO,, M10s, MCIO4, MScOy, MTiO,, MVO,, MCrOy, MCrz0;, MMnOs,
MFeG,, MCoG,, MNIO,, MNiO,, MCuQ,, and MZnO,, where M is Li, Na or K and n=1,
2,3, or 4, an oxyanion, an oxyanion of a strong acid, an oxidant, a molecular oxidant such as
Vz()g, Ezos, MI}OZ, Re;,Oy, CE‘O3, RUOQ, AgO, PdO, Pd()z, PtO, P‘[Oz, 1204, EzOs, 1209, SOQ,
S04, CO,, NoO, NO, NO2, N20;, Na04, N2O5, ChLO, CIOs, CLOs, ClOs, CLO7, POy, P2Gs,
and P05, NH,X wherein X is a nitrate or other suitable anion known to those skilled in the
art such as one of the group comprising F', CI, Br', I, NOs, NOy, 8042', HSO,, CoOy, 105,
104, TiOy, CrO4, FeOq, POY, HPO,®, HoPO,, VO3, CIO4 and Cr;07” and other anions of
the reactants. The reaction mixture may additionally comprise a reductant. In an
embodiment, N2Os is formed from a reaction of a mixture of reactants such as HNOs and
P»Os that reacts according to 2P,0s + 12 HNO;3 to 4H3PO4 + 6N20s.

In an embodiment wherein oxygen or a compound comprising oxygen participates in
the exothermic reaction, O, may serve as a catalyst or a source of a catalyst. The bond
energy of the oxygen molecule is 5.165 eV, and the first, second, and third ionization

energies of an oxygen atom are 13.61806 eV, 3511730 eV, and 54.9355 eV, respectively.
The reactions O, — O +0", 0, > 0+0™, and 20 — 20" provide a net enthalpy of about

2, 4, and 1 times E,, respectively, and comprise catalyst reactions to from hydrino by

accepting these energies from H to cause the formation of hydrinos.
Additionally, the source of an exothermic reaction to activate the hydrino reaction
may be a metal alloy forming reaction, preferably between Pd and Al initiated by melting the
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Al The exothermic reaction preferably produces energetic particles to activate the hydrino-
forming reaction. The reactants may be a pyrogen or pyrotechnic composition. In another
embodiment, the activation energy may be provided by operating the reactants at a very high
temperature such as in the range of about 1000-5000 °C, preferably in the range of about
1500-2500 °C. The reaction vessel may comprise a high-temperature stainless steel alloy, a
refractory metal or alloy, alumina, or carbon. The clevated reactant temperature may be
achieved by heating the reactor or by an exothermic reaction.

The exothermic reactants may comprise a halogen, preferably fluorine or chlorine,
and a species that reacts with the fluorine or chlorine to form a fluoride or chloride,
respectively. Suitable halogen sources are B, X,, preferably BF3, BoFs, BCls, or BBr; and
SxXy, preferably SCl; or S,Fy (X is a halogen; x and y are integers). Suitable fluorine sources
are fluorocarbons such as CF4, hexafluorbenzene, and hexadecaftuoroheptane, xenon
fluorides such as XeF; XeFs and XeFs, B.F,, preferably BFi, BoFs, SFy such as,
fluorosilanes, fluorinated nitrogen, NyFy, preferably NFs;, NF3;0, SbFx, BiFx, preferably BiFs,
SiFy (x and y are integers) such as SFi, SFs, or S:Fyg, fluorinated phosphorous, MSiFs
wherein M is an alkali metal such as Na,SiFs and K;SiFs, MSiFs wherein M is an alkaline
earth metal such as MgSiFs, GaSiF;, PFs, MPF¢ wherein M is an alkali metal, MHF2 wherein
M is an alkali metal such as NaHF, and KHF,, K;TaF;, KBF4, K;MnFs, and K;ZrFs wherein
other similar compounds are anticipated such as those having another alkali or alkaline earth
metal substitution such as one of Li, Na, or K as the alkali metal. Suitable sources of chlorine
are Cl; gas, SbCls, and chlorocarbons such as CCls, chloroform, B,Cly, preferably BCl;,
B;Cly, BCl;, N,Cly, preferably NCl;, 8,Cl,, preferably SCh (x and y arc integers). The
reactant species may comprise at least one of the group of an alkali or alkaline earth metal or
hydride, a rarc earth metal (M), Al, Si, Ti, and P that forms the corresponding fluoride or
chloride. Preferably the reactant alkali metal corresponds to that of the catalyst, the alkaline
earth hydride is MgH,, the rare earth is La, and Al is a nanopowder. The support may
comprise carbon, preferably activated carbon, mesoporous carbon, and the carbon using in Li
ion batteries. The reactants may be in any molar ratios. Preferably, the reactant species and
the fluorine or chlorine are in about the stoichiometric ratio as the elements of the fluoride or
chlorine, the catalyst is in excess, preferably in about the same molar ratio as the element that
reacts with the fluorine or chlorine, and the support is in excess.

The exothermic reactants may comprise a halogen gas, preferably chlorine or
bromine, or a source of halogen gas such as HF, HC, HBr, HI, preferably CF or CCly, and 2
species that reacts with the halogen to form a halide. The source of halogen may also be a
source of oxygen such as C,0,X; wherein X is halogen, and x, y, and r are integers and are
known in the art. The reactant species may comprise at least one of the group of an alkali or
alkaline earth metal or hydride, a rare carth metal, Al, Si, and P that forms the corresponding
halide. Preferably the reactant alkali metal corresponds to that of the catalyst, the alkaline
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earth hydride is MgHa, the rare earth is La, and Al is a nanopowder. The support may
comprise carbon, preferably activated carbon. The reactants may be in any molar ratios.
Preferably, the reactant species and the halogen are in about an equal stoichiometric ratio, the
catalyst is in excess, preferably in about the same molar ratio as the element that reacts with
the halogen, and the support is in excess. In an embodiment, the reactants comprise, a source
of catalyst or a catalyst such as Na, NaH, K, KH, Li, LiH, and H,, a halogen gas, preferably,
chlorine or bromine gas, at least one of Mg, MgHb, a rare earth, preferably La, Gd, or Pr, Al,
and a support, preferably carbon such as activated carbon.

b. Free Radical Reactions
In an embodiment, the exothermic reaction is a free radical reaction, preferably a

halide or oxygen free radical reaction. The source of halide radicals may be a halogen,
preferably Fa or Cly, or a fluorocarbon, preferably CFy. A source of F free radicals is S;F 0.
The reaction mixture comprising a halogen gas may further comprise a free radical initiator.
The reactor may comprise a source of ultraviolet light to form free radials, preferably halogen
free radicals and more preferably chlorine or fluorine free radicals. The free radical initiators
are those commonly known in the art such as peroxides, azo compounds and a source of
metal ions such as a metal salt, preferably, a cobalt halide such as CoCl; that is a source of
Co® or FeSO, which is a source of Fe®. The latter are preferably reacted with an oxygen
species such as Hz0; or O;. The radical may be neutral.

The source of oxygen may comprise a source of atomic oxygen. The oxygen may be
singlet oxygen. In an embodiment, singlet oxygen is formed from the reaction of NaOCi
with H»0,. In an embodiment, the source of oxygen comprises O; and may further comprise
a source of free radicals or a free radical initiator to propagate a free radical reaction,
preferably a free radical reaction of O atoms. The free radical source or source of oxygen
may be at least one of oczone or an ozonide. In an embodiment, the reactor comprises an
ozone source such as an electrical discharge in oxygen to provide ozone to the reaction
mixture.

The free radical source or source of oxygen may further comprise at least one of a
peroxo compound, a peroxide, H;0,, a compound containing an azo group, N2G, NaOC],
Fenton's reagent, or a similar reagent, OH radical or a source thereof, perxenate ion or a
source thereof such as an alkali or alkaline earth perxenate, preferably, sodium perxenate
(NasXeOg) or potassium perxenate (K4XeOg), xenon tetraoxide (XeQs), and perxenic acid
{H4XeOs), and a source of metal jons such as a metal salt. The metal salt may be at least one
of FeS0O,, AICI, TiCls, and, preferably, a cobalt halide such as CoCl; that is a source of Co?.

It an embodiment, free radicals such as CI are formed from a halogen such as Cly in
the reaction mixture such as NaH + MgHo -+ support such as activated carbon (AC) + halogen
gas such as Cl;. The free radicals may be formed by the reaction of a mixture of Cl; and a
hydrocarbon such as CHy at an elevated temperature such as greater than 200 °C. The
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ﬁalogen may be in molar excess relative to the hydrocarbon. The chlorocarbon product and
Cl radicals may react with the reductant to provide the activation energy and pathway for
forming hydrinos. The carbon product may be regenerated using the synthesis gas (syngas)
and Fischer-Tropsch reactions or by direct hydrogen reduction of carbon to methane. The
reaction mixture may comprise a mixture of O, and Cl, at an elevated temperature such as
greater than 200 °C. The mixture may react to form CLO, (x and y are integers) such as ClO,
Cl,O, and ClO,. The reaction mixture may comprise Hy and Cl; at an elevated temperature
such as greater than 200 °C that may react to form HCl. The reaction mixture may comprise
H, and O» with a recombiner such as Pt/Ti, PY/C, or Pd/C at a slightly elevated temperature
such as greater than 50 °C that may react to form H»O. The recombiner may operate at
elevated pressure such as in the range of greater than one atmosphere, preferably in the range
of about 2 to 100 atmospheres. The reaction mixture may be noastoichiometric to favor free
radical and singlet oxygen formation. The system may further comprise a source of
ultraviolet light or plasma to form free radicals such as a RF, microwave, or glow discharge,
preferably high-voltage pulsed, plasma source. The reactants may further comprise a catalyst
to form at least one of atomic free radicals such as Cl, O, and H, singlet oxygen, and ozone.
The catalyst may be a noble metal such as Pt. In an embodiment to form I radicals, the Pt
catalyst is maintained at a temperature greater than the decomposition temperature of
platinum chlorides such as PtCl,, PtCls, and PtCly which have decomposition temperatures of
581 °C, 435 °C, and 327 °C, respectively. In an embodiment, Pt may be recovered from a
product mixture comprising metal halides by dissolving the metal halides in a suitable solvent
in which the Pt, Pd or their halides are not soluble and removing the solution, The solid that
may comprise carbon and Pt or Pd halide may be heated to form Pt or Pd on carbon by
decomposition of the corresponding halide.

In an embodiment, N,Q, NG, or NO gas is added reaction mixture. N2O and NO;
may serve as a source of NO radical. In another embodiment, the NO radical is produced in
the cell, preferably by the oxidation of NHs. The reaction may be the reaction of NHs with
O; on platinum or platinum-rhodium at elevated temperature. NO, NGy, and N»>O can be
generated by known industrial methods such as by the Haber process followed by the
Ostwald process. In one embodiment, the exemplary sequence of steps are:

N, —izers NH, ——:2m5 NO, N,0, NO, . (61)
process process

Specifically, the Haber process may be used to produce NH; from N, and H; at
elevated temperature and pressure using a catalyst such as « -iron containing some oxide.
The Ostwald process may be used to oxidize the ammonia to NO, NO, and NyO at a catalyst
such as a hot platinum or platinum-rhodium catalyst. Alkali nitrates can be regenerated using
the methods disclosed supra.

The system and reaction mixture may initiate and support a combustion reaction to
provide at least one of singlet oxygen and free radicals. The combustion reactants may be
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nonstoichiometric to favor free radical and singlet oxygen formation that react with the other
hydrino reaction reactants. In an embodiment, an explosive reaction is suppressed to favor a
prolonged steady reaction, or an explosive reaction is caused by the appropriate reactants and
molar ratios to achieve the desired hydrino reaction rate. In an embodiment, the cell
comprises at least one cylinder of an internal combustion engine.

¢c. Electron Acceptor Reactions
In an embodiment, the reaction mixture further comprises an electron acceptor. The

electron acceptor may act as a sink for the electrons ionized from the catalyst when energy is
transferred to it from atomic hydrogen during the catalytic reaction to form hydrincs. The
electron acceptor may be at least one of a conducting polymer or metal support, an oxidant
such as group VI elements, molecules, and compounds, a free radical, a species that forms a
stable free radical, and a species with a high electron affinity such as halogen atoms, Os, C,
CFi23 040 Si, S, PySy, CSs, SyN, and these compounds further comprising O and H, Au, At,
AlQy (x and y are integers), preferably AlQ, that in an embodiment is an intermediate of the
reaction of AI{OH); with Al of R-Ni, ClO, Cla, Fs, AlO,, BN, CrCy, C;H, CuCly, CuBry,
MnX3 (X = halide}, MoX, (X = halide), NiX; (X = halide), RuFs s or 6, ScXy (X = halide),
W05, and other atoms and molecules with a high electron affinity as known by those skilled
in the art. In an embodiment, the support acts as an electron acceptor from the catalyst as it is
ionized by accepting the nonradiative resonant energy transfer from atomic hydrogen.
Preferably, the support is at least one of conductive and forms stable free radicals. Suitable
" such supports are conductive potymers. The support may form a negative ion over a
macrostructure such as carbon of Li ion batteries that form Cg ions. In another embodiment,
the support is a semiconductor, preferably doped to enhance the conductivity. The reaction
mixture further comprises free radicals or a source thereof such as O, OH, Oy, O3, HaOo, F,
Cl, and NO that may serve as a scavenger for the free radicals formed by the support during
catalysis. In an embodiment, the free radical such as NO may form a complex with the
catalyst or source of catalyst such an alkali metal. In another embodiment, the support has
unpaired electrons. The support may be paramagnetic such as a rare earth element or
compound such as ErnQs. In an embodiment, the catalyst or source of catalyst such as Li,
NaH, BaH, K, Rb, or Cs is impregnated into the electron acceptor such as a support and the
other components of the reaction mixture are add. Preferably, the support is AC with
intercalated NaH or Na.

d. Oxidation-Reduction Reactions
In an embodiment, the hydrino reaction is activated by an oxidation-reduction

reaction. In an exemplary embodiment, the reaction mixture comprises at least two species of
the group of a catalyst, a source of hydrogen, an oxidant, a reductant, and a support. The
reaction mixture may also comprise a Lewis acid such as Group 13 trihalides, preferably at
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least one of AICI;, BFs, BCl;, and BBr;. In certain embodiments, each reaction mixture
comprises at least one species chosen from the following genus of components (i) - {iv).

(i) A catalyst chosen from Li, LiH , X, KH, NaH , Rb, RbH, Cs, and CsH.

(i) A source of hydrogen chosen from H; gas, a source of H; gas, or a hydride.

(iif) A support chosen from carbon, carbiodes, and borides such as TiC, YOy, TiaS1Cs,
TiCN, MgB,, SiC, B4C, or WC.

(iv) An oxidant chosen from a metal compound such as one of halides, phosphides,
borides, oxides, hydroxides, silicides, nitrides, arsenides, selenides, tellurides, antimonides,
carbides, sulfides, hydrides, carbonate, hydrogen carbonate, sulfates, hydrogen sulfates,
phosphates, hydrogen phosphates, dihydrogen phosphates, nitrates, nitrites, permanganates,
chlorates, perchlorates, chlorites, perchlorites, hypochlorites, bromates, perbromates,
bromites, perbromites, iodates, periodates, iodites, periodites, chromates, dichromates,
tellurates, selenates, arsenates, silicates, borates, cobalt oxides, teliurium oxides, and other
oxyanions such as those of halogens, P, B, Si, N, As, S, Te, Sb, C, S, P, Mn, Cr, Co, and Te
wherein the metal preferably comprises a transition metal, Sn, Ga, In, an alkali metal or
alkaline earth metal; the oxidant further comprising a lead compound such as a lead halide, a

germantum compound such as a halide, oxide, or sulfide such as GeF,, GeCly, GeBr, Gels,,
GeO, GeP, GeS, Gely, and GeCly, fluorocarbon such as CF, or CICF;, chlorocarbon such as

CCls, O,, MNO,, MCIO,, MO,, NF,, N,O,NO, NOy, a boron-nitrogen compound such as
B3N3Hg, a sulfur compound such as SFs, S, SG,, $Os, $20sCh, FsSOF, M,8,05, S:X, such
as 8.Clz, SCh, §:Brs, or S3Fs, €S, SO, such as SOCl, SOF;, SO3F,, or SOBry, XX’y
such as CIFs, XyX’yO; such as CIOzF, CIOsF,, CIOF;, CIOsF, and ClO,F;, boron-nitrogen
compound such as BsN3Hs, Se, Te, Bi, As, Sb, Bi, TeX,, preferably TeF., TeFg, TeOs,
preferably TeO; or TeOs, SeXy, preferably SeFs, SeO,, preferably SeO; or SeOs, a teliurium
oxide, halide, or other tellurium compound such as TeQ,, TeOs, Te(OH)s, TeBry, TeCly,
TeBrs, TeCly, TeFs, Tely, TeFs, CoTe, or NiTe, a selenium oxide, halide, sulfide, or other
selenium compound such as SeOs, Se0s, SesBry, SexCls, SeBry, SeCly, SeFy, SeFg, SeOBry,
SeOCly, SeOF,, Se0,F;, SeSs, SexSe, SesSs, or SesSy, P, P20s, P2Ss, PuXy such as PF,, BCl;,
PBri, Pls, PFs, PCls, PBrF, or PCLF, POX, such as POBr;, POLs, POCl; or POF;, PS X,
(M is an alkali metal, x, y and z are integers, X and X’ are halogen) such as PSBr, PSF,
PSCl;, a phosphorous-nitrogen compound such as P3Ns, (Cl2PN);, (CIaPN)4, or (BrPN)y, an
arsenic oxide, halide, sulfide, selenide, or telluride or other arsenic compound such as AlAs,
Asyls, AsoSe, AssSs, AsBr, AsCls, AsFs, Asls, As:Os, AsySes, AsySs, As;Tey, AsCls, Asks,
AsOs, AsySes, or As:Ss, an antimony oxide, halide, sulfide, sulfate, selenide, arsenide, or
other antimony compound such as SbAs, SbBrs, SbCl;, 8bFs, Sbly, SbaOs, SbOC1, ShaSes,
sz(SO4)3, Sb253, Sb2T€3, Sb204, SbCls, SbFs, SbCleg, sz(}5, or szSs, an bismuth oxide,
halide, sulfide, sclenide, or other bismuth compound such as BiAsO4, BiBr;, BiCls, BiF,,
BiFs, Bi(OH)s. Bils, Biz0s, BiOBr, BiOCl, BiOl, BixSes, BisS;, BioTes, or BizO4, SiCly,
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SiBrs, a meta) oxide, hydroxide, or halide such as a transition metal halide such as CrCl,
ZnF,, ZnBra, Znl;, MnCl, MaBr;, Mnl,, CoBr;, Coly, CoClz, NiCl,, NiBry, NiF;, FeFs,
FeCly, FeBr,, FeCl;, TiFs, CuBr, CuBry, VF3, and CuCly, a metal halide such as SnF,, SnCl,,
SnBra, Snly, SnFs, SnCly, SnBry, Snly, InF, InCl, InBr, Inl, AgClL, Agl, AlF;, AlBr;, Alls,
YF;, CdCl, CdBry, Cdlz, InCls, ZrCls, NbFs, TaCls, MoCls, MoCls, NbCls, AsCls, TiBr,
SeCls, SeCly, InFi, InCh, PbF,, Tely, WCls, OsCly, GaCls, PtCls, ReCls, RhCl, RuCls, metal
oxide or hydroxide such as Y,0s, FeO, Fe20s, or NbO, NiQ, NiaQs, Sn0, 8n0s, Ag:0, AgO,
Ga;O, A8203, SEOQ, Te()z, IH(OH);;, Sﬂ(OH)z, In(OH)3, Ga(OH)3, and Bi(OH)g, COs, ASzSej,,
SFy, S, SbF3, CF4, NF3, a permanganate such as KMnOy and NaMnQy, P2Os, a nitrate such as
LiNO;, NaNO; and KNOs, and a boron halide such as BBr3 and Bls, a group 13 halide,
preferably an indium halide such as InBry, InCl, and Inls, a silver halide, preferably AgCl or
Agl, a lead halide, a cadmium halide, a zirconoium halide, preferably a transition metal
oxide, sulfide, or halide (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, or Zn with F, Cl, Bror I}, a
second or third transition series halide, preferably YF;, oxide, sulfide preferably Y,S;, or
hydroxide, preferably those of Y, Zr, Nb, Mo, Tc, Ag, Cd, Hf, Ta, W, Os, such as NbXj,
NbX;s, or TaXs in the case of halides, a metal suifide such as LiS, ZnS, FeS, NiS, MnS,
Cus;S, CuS, and SnS, an alkaline earth halide such as BaBr,, BaCl, Bal,, SrBr, Srls, CaBr,
Cal;, MgBrs, or Mgls, a rare earth halide such as EuBrs, LaFs;, LaBri, CeBrs, GdF,, GdBrs,
preferably in the II state such as one of Cely, EuFa, EuCl,, EuBrs, Euly, Dyl,, Ndl, Smis,
Ybl,, and Tml,, a metal boride such as a europium boride, an MB; boride such as CrB,, TiB;,
MgB;, ZrBs, and GdB: an alkali halide such as LiCl, RbCl, or Csl, and a metal phosphide, an
alkaline earth phosphide such as CasPs, a noble metal halide, oxide, sulfide such as PtCl;,
PtBr,, Ptly, PtCls, PACly, PbBr,, and Pbly, a rare earth sulfide such as CeS, other suitable rare
earths are those of La and Gd, a metal and an anion such as Na;TeQO4, NazTeOs, Co(CNJs,
CoSh, CoAs, CosP, CoQ, CoSe, CoTe, NiSb, NiAs, NiSe, Ni;Si, MgSe, a rare earth teliuride
such as EuTe, a rare earth selenide such as EuSe, a rare earth nitride such as EuN, a metal
nitride such as AIN, and GdN, and an alkaline earth nitride such as Mgs;N»2, a compound
containing at least two atoms from the group of oxygen and different halogen atoms such as
F,0, CLO, CIO;, ChOs, ChOy, CIF, CIF;, CIOF;, CIFs, CIOsF, CIOsF;, CIOsF, BrEs, BrEs,
1,Os, IBr, ICL, ICls, IF, IFs, IFs, IF, and a metal second or third transition series halide such
as OsFe, PtFs, or IrFs, an alkali metal compound such as a halide, oxide or sulfide, and a
compound that can form a metal upon reduction such as an alkali, alkaline earth, transition,
rare earth, Group 13, preferably In, and Group 14, preferably Sn, a metal hydride such as a
rare earth hydride, alkaline earth hydride, or alkali hydride wherein the catalyst or source of
catalyst may be a metal such as an alkali metal when the oxidant is a hydride, preferably a

metal hydride. Suitable oxidants are metal halides, sulfides, oxides, hydroxides, selenides, .
nitrides, and arsenides, and phosphides such as alkaline earth halides such as BaBr,, BaCl,,
Bal,, CaBra, MgBr;, or Mgl,, a rare earth halide such as EuBry, EuBr;, EuF;, LaFs, GdF;
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GdBrs, LaFs, LaBrs, CeBrs, Cely, Prly, Gdly, and Lalp, a second or third series transition
metal halide such as YFs, an alkaline earth phosphide, nitride, or arsenide such as CasPs,
MgsNa, and MgsAsy, a metal boride such as CrB; or TiBa, an alkali halide such as LiCl,
RbCL, or Csl, a metal sulfide such as Li,S, ZnS, Y,Ss, FeS, MnS, Cus8, CuS, and SbySs, a
metal phosphide such as CasP», a transition metal halide such as CrCly, ZnFa, ZnBry, Znls,
MnCls, MnBrz, Mnly, CoBra, Cola, CoCly, NiBry, NiFa, FeFa, FeCls, FeBr, TiFs, CuBr, VFs,
and CuCly, a metal halide such as SnBrs, Snl, InF, InCl, InBr, Inl, AgCl, Agl, Alls, YF5,
CdClz, CdBrz, C(ﬂz, IﬂCls, ZE‘C[4, Nbps, TaCig, MOC13, MOC!5, NbCls, ASCI3, TiBm, SeClz,
SeCly, InF;, PbFy, and Tels, metal oxide or hydroxide such as Y203, FeG, NbO, In(OH);,
As$:0s, Se0s, TeOs, Bls, CO,, As,Ses, metal nitride such a MgsNa, or AIN, metal phosphide
such as CasPa, SFs, S, SbF3, CFy, NF3, KMnO,, NaMnOy, P20s, LiNOs, NaNOs;, KNO;, and a
metal boride such asBBrs. Suitable oxidants inciude at least one of the list of BaBr,, BaCl,,
EuBrz, EUF_*,, YF;, Cl‘Bg, TiBz, LiCl, RbCI, CSI, Ligs, Zi’ls, YZS3, Cang, Mi‘llz, COIz, NiBI’p_,
ZnBrs, FeBrs, Snly, InCl, AgCl, Y205, TeOs, CO,, SFe, S, CFi, NaMnOg, P2Os, LiNOs.
Suitable oxidants include at least one of the list of EuBry, BaBry, CrBs, Mnl,, and AgCL
Suitable sulfide oxidants comprise at least one LizS, ZnS, and Y»S;. In certain embodiments,
the oxide oxidant is Y0s.

In additional embodiments, each reaction mixture comprises at least one species
chosen from the following genus of components (i) - (iif) described above, and further
comprises (iv) at least one reductant chosen from a metal such as an alkali, alkaline earth,
transition, second and third series transition, and rare earth metals and sluminum. Preferably
the reductant is one from the group of Al, Mg, MgHo, 8i, La, B, Zr, and Ti powders, and Ha.

In further embodiments, each reaction mixture comprises at least one species chosen
from the following genus of components (i) - (iv) described above, and further comprises (v)
a support, such as a conducting support chosen from AC, 1% Pt or Pd on carbon (Pt/C, Pd/C),
and carbide, preferably TiC or WC.

The reactants may be in any molar ratio, but in certain embodiments they are in about
equal molar ratios.

A suitable reaction system comprising (i) a catalyst or a source of catalyst, (ii) a
source of hydrogen, (iii) an oxidant, (iv) a reductant, and (v) a support comprises NaH, BaH,
or KH as the catalyst or source of catalyst and source of H, one of BaBr;, BaCl;, MgBr,
Mgl,, CaBry, EuBra, EuFs, YF;, CrBa, TiBs, LiCl, RbCl, Csl, LizS, ZnS, Y3S;, CasP, Mnl,,
COIz, NiBi‘z, ZnBrz, FEBI‘;, Sniz, il’lCi, AgCl, Y203, T302, CO:, SFﬁ, S, CF4, NaMnO;,, ?205,
LiNOs, as the oxidant, Mg or MgH, as the reductant wherein MgH; may also serve as the
source of H, and AC, TiC, or WC as the support. In the case that 2 tin halide is the oxidant,
Sn product may serve as at least one of the reductant and conductive support in the catalysts

mechanism,
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In another suitable reaction system comprising (i) a catalyst or a source of catalyst,
(ii) a source of hydrogen, (iii) an oxidant, and (iv} a support comprises NaH, BaH, or KH as
the catalyst or source of catalyst and source of H, one of EuBr», BaBr,, CrBo, Mnla, and AgCl
as the oxidant, and AC, TiC, or WC as the support. The reactants may be in any molar ratio,
but preferably they are in about equal molar ratios.

The catalyst, the source of hydrogen, the oxidant, the reductant, and the support may
be in any desired molar ratio. In an embodiment having the reactants, the catalyst comprising
KH or NaH, the oxidant comprising at least one of CrB;, AgCh, and a metal halide from the
group of an alkaline earth, transition metal, or rare earth halide, preferably a bromide or
iodide, such as EuBr,, BaBr,;, and Mak, the reductant comprising Mg or Mgk, and the
support comprising AC, TiC, or WC, the molar ratios are about the same. Rare earth halides
may be formed by the direct reaction of the corresponding halogen with the metal or the
hydrogen halide such as HBr. The dihalide may be formed from the trihalide by H;
reduction.

Additional oxidants are those that have a high dipole moment or form an intermediate
with a high dipole moment. Preferably, the species with a high dipole moment readily
accepts electrons from the catalyst during the catalysis reaction. The species may have a high
electron affinity. In an embodiment, electron acceptors have a half-filled or about half-filled
electron shell such as Sn, Mn, and Gd or Eu compounds having half-filled sp’, 3d, and 4f
shells, respectively. Representative oxidants of the latter type are metals corresponding to
LaFs, LaBrs, GdF;, GdCls, GdBrs, EuBry, Euly, EuCly, EuF;, EuBrs, Euls, EuCls, and EuFs.
Tn an embodiment, the oxidant comprises a compound of a nonmetal such as at least one of P,
S, Si, and C that preferably has a high oxidation state and further comprises atoms with a
high electronegativity such as at least one of F, Cl, or O. In another embodiment, the oxidant
comprises a compound of a metal such as at least one of Sn and Fe that has a low oxidation
state such as 11 and further comprises atoms with a low electronegativity such as at least one
of Bror |. A singly-negatively charged ion such as Mn(Q], CIG;, or NO; is favored over a
doubly-negatively charged one such as COF or SO¥. In an embodiment, the oxidant

comprises a compound such as a metal halide corresponding to a metal with a low melting
point such that it may be melted as a reaction product and removed from the cell. Suitable
oxidants of low-melting-point metals are halides of In, Ga, Ag, and Sn. The reactants may be
in any molar ratio, but preferably they are in about equal molar ratios.

In an embodiment, the reaction mixture comprises (i) a catalyst or a source of catalyst
comprising a metal or a hydride from the Group I elements, (ii) a source of hydrogen such as
H, gas or a source of Hy gas, or a hydride, (iif) an oxidant comprising an atom or ionora
compound comprising at least one of the elements from Groups 13, 14, 15, 16, and 17;
preferably chosen from the group of F, Cl, Br, [, B, C, N, O, AL Si, P, S, Se, and Te, (iv) a
reductant comprising an clement or hydride, preferably one or more element or hydride
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chosen Mg, MgH,, Al, Si, B, Zr, and a rare earth metal such as La, and (v) a support that is
preferably conductive and preferably does not react to form another compound with other
species of the reaction mixture. Suitable supports preferably comprise carbon such as AC,
graphene, carbon impregnated with a metal such as Pt or Pd/C, and carbide, preferably TiC or
WC.

In an embodiment, the reaction mixture comprises (i) a catalyst or a source of catalyst
comprising a metal or a hydride from the Group [ elements, (ii} a source of hydrogen such as
H, gas or a source of Hy gas, or a hydride, (iii) an oxidant comprising a halide, oxide, or
sulfide compound, preferably a metal halide, oxide, or sulfide, more preferably a halide of the
elements from Groups IA, 1A, 3d, 4d, 5d, 6d, 74, &, 9d, 104, 11d, 124, and lanthanides, and
most preferably a transition metal halide or lanthanide halide, (iv) a reductant comprising an
element or hydride, preferably one or more element or hydride chosen from Mg, MgHo, Al
Si, B, Zr, and a rare earth metal such as La, and (v) a support that is preferably conductive
and preferably does not react to form another compound with other species of the reaction
mixture. Suitable supports preferably comprise carbon such as AC, carbon impregnated with
a metal such as Pt or Pd/C, and carbide, preferably TiC or WC.

In an embodiment, the reaction mixture comprises a catalyst or a source of catalyst
and hydrogen or a source of hydrogen and may further comprise other species such as a
reductant, a support, and an oxidant wherein the mixture comprises at least two species
selected from BaBr,, BaCly, TiB,, CrB,, LiCl, RbC, LiBr, KI, Mgl,, CasPsz, MgiAss, MgsNo,
AIN, NisSi, CosP, YFy, YCl;, YI3, NiB, CeBrs, Mg0,Y:S;, LizS, GdFs, GdBr3, LaFs, Alls,
Y,0s, EuBrs, EuFs, CusS, MnS, ZnS, TeOs, P20s, Snlp, SnBrp, Coly, FeBrs, FeCly, EuBrs,
Mnl,, InCl, AgCl, AgF, NiBr;, ZnBr;, CuCl, InF, alkali metals, alkali hydrides, alkali
halides such as LiBr, KI, RbCl, alkaline earth metals, alkaline earth hydrides, alkaline carth
halides such as BaF,, BaBry, BaCly, Baly, CaBry, Stl;, StBra, MgBr, and Mgl,, AC, carbides,
borides, transition metals, rare earth metals, Ga, I, Sn, Al, Si, Ti, B, Zr, and La.

e. Exchange Reactions, Thermally Reversible Reactions, and Regenecration

In an embodiment, the oxidant and at least one of the reductant, the source of catalyst,
and the catalyst may undergo a reversible reaction. In an embodiment, the oxidant is a
halide, preferably a metal halide, more preferably at least one of a transition metal, tin,
indium, aikali metal, alkaline earth metal, and rare earth halide, most preferably a rare earth
halide. The reversible reaction is preferably a halide exchange reaction. Preferably, the
energy of the reaction is low such that the halide may be reversibly exchanged between the
oxidant and the at Jeast one of the reductant, source of catalyst, and catalyst at a temperature
between ambient and 3000 °C, preferably between ambient and 1000 °C. The reaction
equilibrium may be shified to drive the hydrino reaction. The shift may be by a temperature
change or reaction concentration or ratio change. The reaction may be sustained by addition
of hydrogen. In a representative reaction, the exchange is
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nM, X +nM

71 catlred

4 nlMax + nlelrede {62)

where n, ny, X, and y are integers, X is a halide, and My is the metal of the oxidant, Mregca: is
the metal of the at least one of the reductant, source of catalyst, and catalyst. In an
embodiment, one or more of the reactants is a hydride and the reaction further involves a
reversible hydride exchange in addition to a halide exchange, The reversible reaction may be
controlled by controlling the hydrogen pressure in addition to other reaction conditions such
as the temperature and concentration of reactants. An exemplary reaction is

nM X, +nM A0 s M H+nM_, X, . {63)
In an embodiment, one or more of the reactants is a hydride, and the reaction involves a
reversible hydride exchange. The reversible reaction may be controlled by controlling the
temperature in addition to other reaction conditions such as the hydrogen pressure and
conceniration of reactants. An exemplary reaction is

nM_ H +nM ,+uM .0 M + n,iMmﬂHy +n M, H,. (64)
where nj, no, Ns, 14, Ns, X, ¥, and z are integers including 0, Mcgy is the metal of the source of
catalyst, and catalyst and My is the metal of one of the reductants. The reaction mixture
may comprise a catalyst or a source of catalyst, hydrogen or a source of hydrogen, a support,
and at least one or more of a reductant such as an alkaline earth metal, an alkali metal such as
Li, and another hydride such as an alkaline earth hydride or alkali hydride. In an embodiment
comprising a catalyst or source of catalyst comprising at least an alkali metal such as KH,
BaH, or NaH, regeneration is achieved by evaporating the alkali metal and hydriding it to
form an initial metal hydride. In an embodiment, the catalyst or source of catalyst and source
of hydrogen comprises NaH or KH, and the metal reactant for hydride exchange comprises
Li. Then, the product LiH is regenerated by thermal decomposition. Since the vapor
pressure of Na or K is much higher than that of Li, the former may be selectively evaporated
and rehydrided and added back to regenerate the reaction mixture. In another embodiment,
the reductant or metal for hydride exchange may comprise two alkaline earth metals such as
Mg and Ca. The regeneration reaction may further comprise the thermal decomposition of
another metal hydride under vacuum wherein the hydride is a reaction product such as MgH;
or CaH,. In an embodiment, the hydride is that of an intermetalic or is a mixture of hydrides
such as one comprising H and at least two of Na, Ca, and Mg. The mixed hydride may have
a lower decomposition temperature than the most stable single-metal hydride. In an
embodiment, the hydride lowers the Hy pressure to prevent hydrogen embrittlement of the
reactor system. The support may comprise carbide such as TiC. The reaction mixture may
comprise NaH TiC Mg and Ca. The alkaline earth hydride product such as CaH, may be
decomposed under vacuum at elevated temperature such as >700 °C. The alkali metal such
as Na may be evaporated and rehydrided. The other alkaline earth metal such as magnesium
may also be evaporated and condensed separately. The reactants may be recombined to form
the initial reaction mixture. The reagents may be in any molar ratios. In a further
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embodiment, the evaporated metal such as Na is returned by a wick or capillary structure.
The wick may be that of a heat pipe. Alternatively, the condensed metal may fall back to the
reactants by gravity, Hydrogen may be supplied to form NaH. In another embodiment, the
reductant or metal for hydride exchange may comprise an alkali metal or a transition metal.
The reactants may further comprise & halide such as an alkali halide. In an embodiment, a
compound such as a halide may serve as the support. The compound may be a metal
compound such as a halide. The metal compound may be reduced to the corresponding
conductive metal to comprise a support. Suitable reaction mixtures are NaH TiC Mg Li, NaH
TiC MgH, Li, NaH TiC Li, NaH Li, NaH TiC Mg LiH, NaH TiC MgH, LiH, NaH TiC LiH,
NaH LiH, NaH TiC, NaH TiC Mg LiBr, NaH TiC Mg LiCl, NaH Mg LiBr, NaH Mg LiCl,
NaH Mg Li, NaH MgH, LiBr, NaH MgH, LiCl, NaH Mg LiH, KH TiC Mg Li, KH TiC
MgH, Li, KH TiC Li, KH Li, KH TiC Mg LiH, KH TiC MgH; LiH, KH TiC LiH, KH LiH,
KH TiC, KH TiC Mg LiBr, KH TiC Mg LiCl, KH Mg LiBr, KH Mg LiCl, KH Mg Li, KH
MgH, LiBr, KH MgH; LiCl, and KH Mg LiH. Other suitable reaction mixtures are NaH
MgH, TiC, NaH MgH, TiC Ca, Na MgH, TiC, Na MgH: TiC Ca, KH MgH; TiC, KH MgH,
TiC Ca, K MgH; TiC, and K MgH; TiC Ca. Other suitable reaction mixtures comprise NaH
Mg, NaH Mg TiC, and NaH Mg AC. AC is a preferred support for NaH + Mg since neither
Na or Mg intercalates to any extent and the surface area of AC is very large. The reaction
mixture may comprise a mixture of hydrides in a fixed reaction volume to establish a desired
hydrogen pressure at a selected temperature. The hydride mixture may comprise an alkaline
earth metal and its hydride such as Mg and MgH,. In addition, hydrogen gas may be added.
A suitable pressure range is 1 atm to 200 atm. A suitable reaction mixture is one or more of
the group of KH Mg TiC + Ha, KH MgH, TiC + H,, KH Mg MgH; TiC + H,, NaH Mg TiC +
H;, NaH MgH; TiC + H,, and NaH Mg MgH; TiC + Hz. Other suitable supports in addition
to TIC are YCs, Ti38iCy, TICN, MgB,, SiC, B4C, or WC.

In an embodiment, the reaction mixfure may comprise at least two of a catalyst or a
source of catalyst and a source of hydrogen such as an alkali metal hydride, a reductant such
as an alkaline earth metal, Li or LiH, and a getter or support such as an alkali metal halide.
The nonconductive support may be converted to a conductive support such as a metal during
the reaction. The reaction mixture may comprise NaH Mg and LiCl or LiBr. Then,
conductive Li may form during the reaction, An exemplary experimental resuits is

03101 0WFCKA2#1626; 1.5" LDC; 8.0gNaH#8+8.0g Mg#6+3.4g LiCI#2+20.0g TiC
#105; Tmax: 575 °C; Ein: 284 kI; dE: 12 kJ; Theoretical Energy: 2.9 kI; Energy Gain: 4.2,

In an embodiment, the reaction mixture such as MH (M is an alkali metal), a
reductant such as Mg, a support such as TiC or WC, and an oxidant such as MX (M is an
alkali metal, X is a halide) or MX; (M is an alkaline earth metal, X is a halide), the product
comprises a metal hydrino hydride such as MH{/p). The hydrino hydride may be converted
to molecular hydrino by stiochiometric addition of an acid such as HCl that may be a pure
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gas. The product metal halide may be regenerated to metal hydride by molten electrolysis
followed by hydriding the metal.

In an embodiment, the reaction mixture comprises a halide that is a source of catalyst
such as an alkali halide and a reductant such as a rare earth metal and a source of hydrogen
such as a hvdride or ;. Suitable reacts are Mg + RbF and an H source and Mg + LiCl and
an H source. The reaction proceeds with the formation of Rb" and Li catalyst, respectively.

A suitable reaction temperature range is one at which the hydrino reaction occurs.
The temperature may be in the range at which at least one component of the reaction mixture
melts, undergoes a phase change, undergoes a chemical change such as decomposition, or at
least two components of the mixture react. The reaction temperature may within the range of
30 °C to 1200 °C. A suitable temperature range is 300 °C to 900 °C. The reaction
temperature range for a reaction mixture comprising at least NaH may be greater than 475 °C.
The reaction temperature for a reaction mixfure comprising a metal halide or hydride may be
at or above the regeneration reaction temperature. A suitable temperature range for the
reaction mixture comprising an alkali, alkaline earth, or rare earth halide and a catalyst or
source of catalyst comprising an alkali metal or alkali metal hydride is 650 °C to 850 °C. For
a reaction comprising a mixture that forms an alkali metal carbon as a product such as MCy
(M is an alkali metal), the temperature range may at the formation temperature of the alkali
metal carbon or above. The reaction may be run at a temperature at which MC, undergoes
regeneration to M and C under reduced pressure.

In an embodiment, the volatile species is a metal such as an alkali metal. Suitable
metals comprise Na and K. During regeneration, the metal may condense in a cooler section
of the system such as a vertical tube that may comprise a side arm to the reactor. The metal
may add to a reservoir of metal. The reservoir may have a hydrogen supply feed below the
surface to form the metal hydride such as NaH or XH wherein the metal column in the tube
maintains the hydrogen in proximity to the supply. The metal hydride may be formed inside
of a capillary system such as the capillary structure of a heat pipe. The capiliary may
selectively wick the metal hydride into a section of the reactor having the reaction mixture
such that the metal hydride is added to the reaction mixture. The capillary may be selective
for jonic over metallic liquids. The hydrogen in the wick may be at a sufficient pressure fo
maintain the metal hydride as a liquid.

The reaction mixture may comprise at least two of a catalyst or source of catalyst,
hydrogen or a source of hydrogen, a support, a reductant, and an oxidant. In an embodiment,
an intermetalic may serve as at least one of a solvent, a support, and a reductant. The
intermetalic may comprise at least two alkaline earth metals such as a mixture of Mg and Ca
or a mixture of an alkaline earth metal such as Mg and a transition metal such Ni. The
intermetalic may serve as a solvent for at ieast one of the catalyst or source of catalyst and
hydrogen or source of hydrogen. NaH or KH may be solublized by the solvent. The reaction

72



WO 2011/116236 PCT/US2011/028889

mixture may comprise NaH Mg Ca and a support such as TiC. The support may be an
oxidant such as carbon or carbide. Inn an embodiment, the solvent such as an alkaline earth
metal such as Mg interacts with a catalyst or source of catalyst such as an alkli metal hydride
such as NaH ionic compound to form NaH molecules to permit the further reaction to form
hydrinos. The cell may be operated at this temperature with Hy periodically added to
maintain the heat production.

In an embodiment, the oxidant such as an alkali metal halide, alkaline earth metal
halide, or a rare earth halide, preferably LiCl, LiBr, RbCI, MgF,, BaCl,, CaBr, SrCl, BaBrs,
Bal,, EuX, or GdX; wherein X is halide or sulfide, most preferably EuBry, is reacted with the
catalyst or source of catalyst, preferably NaH or KH, and optionally a reductant, preferably
Mg or MgHa, to form Mo or Mo H; and the halide or sulfide of the catalyst such as NaX or
KX. The rare earth halide may be regenerated by selectively removing the catalyst or source
of catalyst and optionally the reductant. In an embodiment, My,H; may be thermally
decomposed and the hydrogen gas removed by methods such as pumping. The halide
exchange (Eqgs. (62-63)) forms the metal of the catalyst. The metal may be removed as a
molten liquid or as an evaporated or sublimed gas leaving the metal halide such as the
alkaline earth or rare earth halide. The liquid may be removed, for example, by methods such
as cenfrifugation or by a pressurized inert gas stream. The catalyst or source of catalyst may
be rehydrided where appropriate to regenerate the original reactants that are recombined into
the originally mixture with the rare earth halide and the support. In the case that Mg or MgH;
is used as the reductant, Mg may be first removed by forming the hydride with H; addition,
melting the hydride, and removing the liquid. In an embodiment wherein X=F, MgF: product
may be converted to MgH; by F exchange with the rare earth such as EuH, wherein molten
MgH; is continuously removed. The reaction may be carried out under high pressure H; to
favor the formation and selective removal of Mgl,. The reductant may be rehydrided and
added to the other regenerated reactants to form the original reaction mixture. In another
embodiment, the exchange reaction is between metal sulfides or oxides of the oxidant and the
at least one of the reductant, source of catalyst, and catalyst. An exemplary system of each
type is 1.66g KH + 1g Mg + 2.74g Y2S; + 4g AC and ig NaH + Ig Mg + 2.26g Y,0s + 4g
AC.

The selective removal of the catalyst, source of catalyst, or the reductant may be
continuous wherein the catalyst, source of catalyst, or the reductant may be recycled or
regenerated at least partially within the reactor. The reactor may further comprise a still or
reflux component such as still 34 of FIGURE 4 to remove the catalyst, source of catalyst, or
the reductant and return it to the cell. Optionally, it may be hydrided or further reacted and
this product may be returned. The cell may be filled with a mixture of an inert gas and H,.
The gas mixture may comprise a gas heavier than Hy such that H; is buoyed to the top of the
reactor, The gas may be at least one of Ne, Ar, Ne, Kr, and Xe. Alternatively, the gas may
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be an alkali metal or hydride such as K, Ko, KH or NaH. The gas may be formed by
operating the cell at a high temperature such as about the boiling point of the metal. The
section having a high concentration of H; may be cooler such that a metal vapor condenses in
this region. The metal vapor may react with H» to from the metal hydride, and the hydride
may be returned to the cell. The hydride may be returned by an alternative pathway than the
one that resulted in the transport of the metal. Suitable metals are catalysts or sources of
catalyst. The metal may be an alkali metal and the hydride may be an alkali metal hydride
such as Na or K and NaH or KH, respectively. LiH is stable to 900 °C and meits at 688.7 °C;
thus, it can be added back to the reactor without thermal decomposition at a corresponding
regeneration temperature less than the LiH decomposition temperature.

The reaction temperature may be cycled between two extremes to continuously
recycle the reactants by an equilibrium shift. In an embodiment, the system heat exchanger
has the capacity to rapidly change the cell temperature between a high and low value to shift
the equilibrium back and forth to propagate the hydrino reaction.

In another embodiment, the reactants may be transported into a hot reaction zone by a
mechanical system such as a conveyor or auger. The heat may be extracted by a heat
exchanger and supplied to a load such as a turbine and generator. The product may be
continuously regenerated or regenerated in batch as it is moved in a cycle back to the hot
reaction zone. The regeneration may be thermally. The regeneration may be by evaporating
a metal such as one comprising the catalysts or source of catalyst. The removed metal may
be hydrided and combined with the balance of the reaction mixture before entering the hot
reaction zone. The combining may further comprise the step of mixing.

The regeneration reaction may comprise a catalytic reaction with an added species
such as hydrogen. In an embodiment, the source of catalyst and H is KH and the oxidant is
EuBr;. The thermally driven regeneration reaction may be

2KBr + Eu to EuBry + 2K {65)
or

2KBr + EuHs to EuBr: + 2KH. (66)

Alternatively, H, may serve as a regeneration catalyst of the catalyst or source of
catalyst and oxidant such as KIH and EuBry, respectively:

3KBr + 1/2H; + EuH; to EuBr; + 3KH. (67)

Then, EuBr; is formed from EuBr; by H» reduction. A possible route is

EuBr; + 1/2H; to EuBr + HBr. {68)

The HBr may be recycled:

HBr + EH to KBr + H; (69)
with the net reaction being:

ZKBr + EuH; to EuBr, + 2KH. (70}

The rate of the thermally driven regeneration reaction can be increased by using a
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different pathway with a lower energy known to those skilled in the art:

2KBr + H; + Eu to EuBr, + 2KH (71)
3KBr +3/72H; + Eu to EuBry + 3KH or {72)
EuBr; + 1/2H; to EuBry + HBr, {(73)

The reaction given by Eq. (71) is possible since an equilibrium exists between a metal and the
corresponding hydride in the presence of H» such as

Eu+H, 0 EuH. (74)
The reaction pathway may involve intermediate steps of fower energy known to those skilled
in the art such as

2KBr + Mg + H; to MgBr, + 2KH and (75)

MgBr; + Eu + Hs to EuBre + MgH» (76)

The reaction mixture may comprise a support such as support such as TiC, YC,, B4C,
NbC, and Si nanopowder.

The KH or K metal may be removed as a molten liquid or as an evaporated or
sublimed gas leaving the metal halide such as the alkaline earth or rare earth halide. The
liquid may be removed by methods such as centrifugation or by a pressurized inert gas
stream. In other embodiments, another catalyst or catalyst source such as NaH, LiH, RbH,
CsH, BaH, Na, Li, Rb, Cs may substitute for KH or K, and the oxidant may comprise another
metal halide such as another rare earth halide or an alkaline earth halide, preferably Mgk,
MgCly, CaBr,, CaFs, SrCly, Srly, BaBrs, or Bal,.

In the case that the reactant-product energy gap is small, the reactants may be
regenerated thermally. For example, it is thermodynamically favorable to thermally reverse
the reaction given by

EuBr, +2KH — 2KBr+ FuH, AH =-136.55 k7 (77

by several pathways to achieve the following:

2KBr+ Eu — BuBr, +1K (78
The reaction can be driven more to completion by dynamically removing potassium. The
reaction given by Eq. (78) was confirmed by reacting a two-to-one molar mixture of KBr
and Eu (3.6g (30 mmoles) of KBr and 2.3g (15 mmoles} of Fu) in an alumina boat
wrapped in nickel foil in a 1 inch OD quartz tube at 1050 °C for 4 hours under an argon
atmosphere. Potassium metal was evaporated from the hot zone, and the majority product
identified by XRD was EuBr,. In another embodiment, EuBr, was formed according to the
reaction given by Eq. (78) by reacting about a two-to-one molar mixture of KBr and Eu
(4.1g (34.5 mmoles} of KBr and 2.1g (13.8 mmoles) of Eu) wrapped in stainless steel foil
crucible in a 0.75 inch OD stainless steel tube open at one end in a 1 inch OD vacuum-tight
quartz tube, The reaction was run at 850 °C for one hour under vacuum. Potassium metal
was evaporated from the hot zone, and the majority product identified by XRD was EubBr,.

In an embodiment, a reaction mixture such as a salt mixture is used to lower the melting point

75



WO 2011/116236 PCT/US2011/028889

of the regeneration reactants. A suitable mixture is a eutectic salt mixture of a piurality of
cations of a plurality of catalysts such as alkali meal cations. In other embodiments, mixtures
of metals, hydrides, or other compounds or elements are used to lower the melting point of
the regeneration reactants.

The energy balance from non-hydrino chemistry of this hydrino catalyst system is
essentially energy neutral such that with each power and regeneration cycle maintained
concurrently to constitute a continuous power source, 900 &J/mole EuBr, are released per
cycle in an experimentally measured case. The observed power density was about 10 W/em®.
The temperature limit is that set by the failure of the vessel material. The net fuel balance of
the hydrino reaction is S0A47 / mole H, consumed to form H,(1/4).

In an embodiment, the oxidant is EuX; (X is a halide) hydrate wherein the water may
be present as a minority species such that its stoichiometry is less than one. The oxidant may
further comprise europium, halide, and oxide such as EuOX, preferably EuOBr or a mixture
with EuX,. In another embodiment, the oxidant is EuX; such as EuBr; and the support is
carbide such as YC; or TiC.

In an embodiment, the metal catalyst or source of catalyst such as K or Na is
evaporated from a hot zone as the exchange reaction such as the halide exchange reaction
occurs with the regeneration of the oxidant such as EuBr,. The catalyst metal may be
condensed in a condensing chamber having a valve such as a gate valve or sluice valve that
when closed isolates the chamber from the main reactor chamber. The catalyst metal may be
hydrided by adding a source of hydrogen such as hydrogen gas. Then, the hydride may be
added back to the reaction mixture. In an embodiment, the valve is opened and the hydride
heated to the melting point such that it flows back into the reaction chamber. Preferably the
condensing chamber is above the main reaction chamber such that the flow is at least
partially by gravity. The hydride may also be added back mechanically. Other suitable
reactions systems that are regenerated thermally comprise at least NaH, BaH, or KHH and an
alkali halide such as LiBr, LiCl, Ki, and RbCI or alkaline earth halide such as MgF,, MgCla,
CaBry, CaF,, SrCh, Srl,, BaCls, BaBr, or Bal,.

The reaction mixture may comprise an intermetalic such as Mg>Ba as the reductant or
as a support and may further comprise mixtures of oxidants such as mixtures of alkaline earth
halides alone such as MgF; + MgCl; or with alkali halides such as KF + MgF, or KMgFs.
These reactants may be regenerated thermally from the products of the reaction mixture.
During regeneration of MgF, + MgCly, MgCl, may be dynamically removed as a product of
an exchange reaction of Cl for F. The removal may be by evaporation, sublimation, or
precipitation from a liquid mixture in at least the latter case.

In another embodiment, the reactant-product energy gap is larger and the reactants
may still be regenerated thermally by removing at least one species. For example, at
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temperatures less than 1000 °C it is thermodynamically unfavorable to thermally reverse the

reaction given by

Mnl, +2KH + Mg — 2K + Mn+ MgH, AH =-373.0 kJ (79)
But, by removing a species such as K there are several pathways to achieve the following:
2KI+Mn— Mnl, +2K (80)

Thus, nonequilibrium thermodynamics apply, and many reaction systems can be regenerated
that are not thermodynamically favorable considering just the equilibrium thermodynamics of
a closed system.

The reaction given by Eq. (80) can be driven to more completion by dynamicaily
removing potassium. The reaction given by Eq. (80) was confirmed by reacting a two-to-one
molar mixture of KI and Mr in a 0.75 inch OD vertical stainless steel tube open at one end
in a 1 inch OD vacuum-tight quartz tube. The reaction was run at 850 °C for one hour under
vacuum. Potassium metal was evaporated from the hot zone, and the Mni, product was

identified by XRD.

In another embodiment, the metal halide that may serve as an oxidant comprises an
alkali metal such as KI, LiBr, LiCl, or RbC}, or an alkaline earth halide. A suitable alkaline
earth halide is a magnesium halide. The reaction mixture may comprise a source of catalyst
and a source of H such as KH, BaH, or NaH, an oxidant such as one of MgF, MgBrs, MgCh,
MgBrz, Mgly, and mixtures such as MgBr; and Mgl, or a mixed-halide compound such as
MgiBr, a reductant such as Mg metal powder, and a support such as TiC, YC;, TiSIiC,,
TiCN, MgB», SiC, B4C, or WC. An advantage to the magnesium halide oxidant is that Mg
powder may not need to be removed in order to regenerate the reactant oxidant. The
regeneration may be by heating. The thermally driven regeneration reaction may be

2KX + Mg to MgXa + 2K (81)
or

2KX + MgH; to MgX, + 2KH (82)
wherein X s F, Cl, Br, or 1. In other embodiments, another alkali metal or alkali metal
hydride such as NaH or BaH may replace KH.

In another embodiment, the metal halide that may serve as an oxidant comprises an
alkali metal halide such as KI wherein the metal is also the metal of the catalyst or source of
catalyst. The reaction mixture may comprise a source of catalyst and a source of H such as
KH or NaH, an oxidant such as one of KX or NaX wherein X is F, ClI, Br, or I, or mixtures of
oxidants, a reductant such as Mg metal powder, and a support such as TiC, YCz, B:sC, NbC,
and Si nanopowder. An advantage to such a halide oxidant is that the system is simplified for
regeneration of the reactant oxidant. The regeneration may be by heating. The thermally
driven regeneration reaction may be

KX +KHto KX +K(g)+H; (83)
the atkali metal such as K may be collected as a vapor, rehydrided, and added to the reaction
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mixture to form the initial reaction mixture.

LiH is stable to 900 °C and melts at 688.7 °C; thus, lithium halides such as LiCl and
LiBr may serve as the oxidant or halide of a hydride-halide exchange reaction wherein
another catalyst metal such as K or Na is preferentially evaporated during regeneration as
LiH reacts to form the initial lithium halide. The reaction mixture may comprise the catalyst
or source of catalyst and hydrogen or source of hydrogen such as KH or NaH, and may
further comprise one or more of a reductant such as an alkaline earth metal such as Mg
powder, a support such as YC,, TiC, or carbon, and an oxidant such as an alkali halide such
as LiCl or LiBr. The products may comprise the catalyst metal halide and lithium hydride.
The power producing hydrino reaction and regeneration reaction may be, respectively:

MH + LiX to MX + LiH (84)
and

MX+LiHto M+ LiX + 1/2H, (85)
wherein M is the catalyst metal such as an alkali metal such as K or Na and X is a halide such
as Cl or Br. M is preferentially evaporated due to the high volatility of M and the relative
instability of MH. The metal M may be separately hydrided and returned to the reaction
mixture to regenerate it. In another embodiment, Li replaces LiH in the regeneration reaction
since it has a much lower vapor pressure than K. For example at 722 °C, the vapor pressure
of Li is 100 Pa; whereas, at a similar temperature, 756 °C, the vapor pressure of K is 100 kPa.
Then, K can be selectively evaporated during a regeneration reaction between MX and Li or
LiH in Eq. (85). In other embodiments, another alkali metal M such as Na substitutes for K.

In another embodiment, the reaction to form hydrinos comprises at least one of a
hydride exchange and a halide exchange between at ieast two species such as two metals. At
least one metal may be a catalyst or a source of a catalyst to form hydrinos such as an alkali
metal or alkali metal hydride. The hydride exchange may be between at least two hydrides,
at least one metal and at least one hydride, at least two metal hydrides, at least one metal and
at least one metal hydride and other such combinations with the exchange between or
involving two or more species. In an embodiment, the hydride exchange forms a mixed
metal hydride such as (M;)(Mz),H, wherein x,y, and z are integers and M; and M, are
metals. In an embodiment, the mixed hydride comprises an alkali metal and an alkaline earth
metal such as KMgHj;, KoMgHy, NaMgHs, and NapMgH,s. The reaction mixture may be at
least one of Nall and KH, at least one metal such as an alkaline earth metal or transition
metal, and a support such as carbon or carbide. The reaction mixture may comprise NaH Mg
and TiC or NaH or KH Mg TiC and MX wherein LiX wherein X is halide. A hydride
exchange may occur between NaH and at least one of the other metals. In embodiments, the
cell may comprise or form hydrides to form hydrinos. The hydrides may comprise mixed
metal hydride such as Mg.(M>),H, wherein X, y, and z are integers and M, is a metal. In an
embodiment, the mixed hydride comprises an alkali metal and Mg such as KMgH;, KoMgH,,
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NaMgHs, Na;MgHs, and mixed hydrides with doping that may increase H mobility. The
doping may increase the H mobility by increasing the concentration of H vacancies. A
suitable doping is with small amounts of substituents that can exist as monovalent cations in
place of the normally divalent B-type cations of a perovskite structure. An example is Li
doping to produce x vacancies such as in the case of Na(Mgy.:Lix)His«. Exemplary cells are
{Li/olefin separator LP 40/ NaMgH;] and [Li/LiCI-KCI/ NaMgH;].

In an embodiment, the catalyst is an atom or ion of at least one of a bulk material such
as a metal, a metal of an intermetalic compound, a supported metal, and a compound,
wherein at least one electron of the atom or ion accepts about an integer multiple of 27.2 ¢V
from atomic hydrogen to form hydrinos. In an embodiment, Mg®" is a catalyst to form
hydrinos since its third ionization energy (IP) is 80.14 eV. The catalyst may be formed in a
plasma or comprise a reactant compound of the hydrino reaction mixture. A suitable Mg
compound is one that provides Mg®* in an environment such that its third IP is more closed
matched to the resonant energy of 81.6 eV given by Eq. (5) with m=3. Exemplary
magnesium compounds include halides, hydrides, nitrides, carbides, and borides, In an
embodiment, the hydride is a mixed metal hydride such as Mg (M2),H, wherein x,y, and z
are integers and M; is a metal. In an embodiment, the mixed hydride comprises an alkali
metal and Mg such as KMgH;, KoMgHs, NaMgHs, and Na;MgH,. The catalyst reaction is
given by Eqgs. (6-9) wherein Cat™ is Mg®*, r=1, and m=3. In another embodiment, Ti*' is a
catalyst to form hydrinos since its third ionization energy (IP) is 27.49 eV. The catalyst may
be formed in a plasma or comprise a reactant compound of the hydrino reaction mixture. A
suitable Ti compound is one that provides Ti*" in an environment such that its third IP is
more closed matched to the resonant energy of 27.2 eV given by Eq. (5) with m=1.
Exemplary titanium compounds include halides, hydrides, nitrides, carbides, and borides. In
an embodiment, the hydride is a mixed metal hydride such as Tig(M;),H, wherein x,y, and z
are integers and M is a metal. In an embodiment, the mixed hydride comprises at least one
of an alkali metal or alkaline earth metal and Ti such as KTiH;, K;TiH,, NaTiH;, Na,TiH,,
and MgTiH,.

Bulk magnesium metal comprises Mg®" ions and planar metal electrons as counter
charges in a metallic lattice. The third ionization energy of Mg is [P;=80.1437 eV. This
energy is increased by the Mg molar metal bond energy of Ey=147.1 kJ/mole (1.525 eV) such
that the sum of IP; and Ey is about 3X27.2 eV that is a match to that necessary for Mg to
serve as catalyst (Eq. (5)). The ionized third electron may be bound or conducted to ground
by the metal particle comprising the ionized Mg®” center. Similarly, calcium metal comprises
Ca®* ions and planar metal electrons as counter charges in a metallic lattice. The third
ionization energy of Ca is [P3=50.9131 eV. This energy is increased by the Ca molar metal
bond energy of Ey=177.8 kl/mole (1.843 eV) such that the sum of IP; and 2E; is about
2X27.2 eV that is a match to that necessary for Ca to serve as catalyst (Eq. (5)). The fourth
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ionization energy of La is IP4=49.95 ¢V. This energy is increased by the La molar metal
bond energy of Ey=431.0 kl/mole (4.47 ¢V) such that the sum of IP; and By, is about 2X27.2
¢V that is a match to that necessary for La to serve as catalyst (Eq. (3)). Other such metals
having the sum of the ionization energy of the lattice ion and the lattice energy or a small
multiple thereof equal to about mX27.2 eV (Eq. (5)) such as Cs (IP»= 23.15 eV), Sc
(IP1=24.75666 eV), Ti (IP;=27.4917 eV), Mo (IP;=27.13 eV), Sb (IP;=25.3 eV), Eu
(IPy=24.92 eV), Yb (IP5=25.05 eV), and Bi (IP;=25.56 eV) may serve as catalysts. In an
embodiment, Mg or Ca is a source of catalyst of the presently disclosed reaction mixtures.
The reaction temperature may be controlled to control the rate of reaction to form hydrinos.
The temperature may be in the range of about 25 °C to 2000 °C. A suitable temperature
range is the metal melting point +/- 150 °C. Ca may also serve as a catalyst since the sum of
the first four ionization energies (IP\=6.11316 eV, IP=11.87172 eV, IP5=50.9131 eV,
IP=67.27 €V) is 136.17 eV that is 5X27.2 eV (Eq. (5)).

In an embodiment, the catalyst reaction energy is the sum of the ionization of a
species such as an atom or ion and either the bond energy of H, (4.478 eV) or the jonization
energy of H' (IP=0.754 ¢V). The third ionization energy of Mg is IP;=80.1437 eV. The
catalyst reaction of H™ with a Mg®" ion including one in a metal lattice has an enthalpy
corresponding to IP H™ + Mg IP3~3X27.2 eV (Eq. (5)). The third ionization energy of Ca is
IP;=50.9131 eV. The catalyst reaction of H with a Ca*' ion including one in a metal lattice
has an enthalpy corresponding to IP H™ + Ca IP5~2X27.2 eV (Eq. (5)). The fourth ionization
energy of La is [P4=49.95 V. The catalyst reaction of H with a La’" ion including one in a
metal lattice has an enthalpy corresponding to IP H™ + La TP4»~2X27.2 eV (Eq. (5)).

In an embodiment, the ionization energy or energies of an jon of a metal lattice plus
an energy less than or equal to the metal work function is a multiple of 27.2 eV such that the
reaction of the ionization of the ion to a metal band up to the limit of ionization from the
metal is of sufficient energy to match that required to be accepted to catalyst H to a hydrino
state. The metal may be on a support that increases the work function. A suitable support is
carbon or carbide. The work function of the latter is about 5 eV. The third ionization energy
of Mg is IPy=80.1437 eV, the third ionization energy of Ca is IP;=50.9131 eV, and the fourth
ionization energy of La is IP,=49.95 eV. Thus, each of these metals on a carbon or carbide
support may serve as a catalyst having a net enthalpy of 3X27.2 eV, 2X27.2 eV, and 2X27.2
eV, respectively. The work function of Mg is 3.66 ¢V; thus, Mg alone may serve as a
catalyst of 3X27.2 eV,

The energy transfer from H to an acceptor such as an atom or ion cancels the central
charge and binding energy of the electron of the acceptor. The energy transferred is allowed
when equal to an integer of 27.2 eV, In the case that the acceptor electron is the outer
electron of an ion in a metal or compound, the jon exists in a lattice such that the energy
accepted in greater than the vacuum ionization energy of the acceptor electron. The lattice
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energy is increased by an amount less than or equal to the work function, the limiting
component energy wherein the electron becomes ionized from the lattice. In an embodiment,
the ionization energy or energies of an ion of 2 metal lattice plus an energy less than or equal
to the metal work function is a multiple of 27.2 eV such that the reaction of the ionization of
the ion to a metal band up to the limit of ionization from the metal is of sufficient energy to
match that required to catalyst H to a hydrino state. The metal may be on a support that
increases the work function. A suitable support is carbon or carbide. The work function of
the latter is about 5 eV. The third ionization energy of Mg is IP;=80.1437 eV, the third
ionization energy of Ca is IP3=50.9131 eV, and the fourth ionization energy of La is
IP;=49.95 eV. Thus, each of these metals on a carbon or carbide support may serve as a
catalyst having a net enthalpy of 3X27.2 ¢V, 2X27.2 eV, and 2X27.2 eV, respectively. The
work function of Mg is 3.66 ¢V; thus, Mg alone may serve as a catalyst of 3X27.2 eV. The
same mechanism applies to an ion or compound. Such an ion can serve as a catalyst when
the ionization energy or energies of an ion of an ionic lattice plus an energy less than or equal
to the compound work function is a multiple of 27.2 V.

Suitable supports for catalysts systems such as bulk catalysts such as Mg are at least
one of TiC, TisSiC;y, WC, TiCN, MgB,, YC,, SiC, and B4C. In an embodiment, a support for
a bulk catalyst may comprise a compound of the same or a different metal such as an alkali or
alkaline earth halide. Suitable compounds for Mg catalyst are MgBr,, Mgl,, MgB,, CaBr,
Cal,, and Srl;. The support may further comprise a halogenated compound such as a
flnorocarbon such as Teflon, fluorinated carbon, hexafluorobenzene, and CFy, The reaction
products of magnesium fluoride and carbon may be regenerated by known methods such as
molten electrolysis. Fluorinated carbon may be regenerated directly by using a carbon anode.
Hydrogen may be supplied by permeation through a hydrogen permeable membrane. A
suitable reaction mixture is Mg and a support such as TiC, Ti;SiC,;, WC, TICN, MgB., YO,
SiC, and B4C. The reactant may be in any molar ratio. The support may be in excess. The
molar-ratio range maybe 1.5 to 10000, The hydrogen pressure may be maintained such that
the hydriding of Mg is very low in extent to maintain Mg metal and an H; atmosphere. For
example, the hydrogen pressure may be maintained sub-atmospheric at an elevated reactor
temperature such as | to 100 torr at a temperature above 400°C. One skilled in the Art could
determine a suitable temperature and hydrogen pressure range based on the magnesium
hydride composition versus temperature and hydrogen pressure diagram.

The hydrino reaction mixture may comprise high surface area Mg, a support, a source
of hydrogen such as H; or a hydride, and optionally other reactants such as an oxidant. The
support such as at least one of TiC, Ti;8iCs, WC, TiCN, MgBs, YC,, SiC, and B4C can be
regenerated by evaporating volatile metals. Mg may be removed by cleaning with anthracene
- tetrahydrofuran (THF) wherein 2 Mg complex forms. Mg can be recovered by thermally

decomposing the complex.

81



WO 2011/116236 PCT/US2011/028889

In an embodiment, the catalyst comprises a metal or compound that has an icnization
energy equal to an integer multiple of 27.2 eV as determined by X-ray photoelectron
spectroscopy. In an embodiment, Nal serves as the catalyst and source of H wherein the
reaction temperature is maintained above the melting point of NaH of 638 °C at a hydrogen
pressure of over 107.3 bar.

Al metal may serve as a catalyst. The first, second, and third ionization energies are
5.98577 ¢V, 18.82856 eV, and 28.44765 eV, respectively, such that the ionization of Al to
AP* 5326198 V. This enthalpy plus the Al bond energy at a defect is a match to 2X27.2
eV. -

Another class of species that satisfies the catalyst condition of providing a net
enthalpy of an integer multiple of 27.2 ¢V is the combination of a hydrogen molecule and
another species such as an atom or ion whereby the sum of the bond energy of H; and the
ionization energies of one or more electrons of the other species is mX27.2 (Eq. (5)). For
example, the bond energy of H, is 4.478 eV and the first and second ionization energies of
Mg are IP;=7.64624 eV and IP;=15.03528 ¢V. Thus, Mg and H; may serve as a catalyst
having a net enthaipy of 27.2 eV, In another embodiment, the catalyst condition of providing
a net enthalpy of an integer multiple of 27.2 eV is satisfied by the combination of a hydride
ion and another species such as an atom or ion whereby the sum of the ionization energies of
H and one or more electrons of the other species is mX27.2 (Eq. {5)). For example, the
ionization energy of H' is 0.754 eV and the third ionization energy of Mg is IP;=80.1437 eV.
Thus, Mg®* and H may serve as a catalyst having a net enthalpy of 3X27.2 eV.

Another class of species that satisfies the catalyst condition of providing a net
enthaipy of an integer multiple of 27.2 eV is the combination of a hydrogen atom and another
species such as an atom or ion whereby the sum of the ionization energies of the hydrogen
atom and one or more electrons of the other species is mX27.2 (Eq. (5)). For example, the
jonization energy of H is 13.59844 eV and the first, second, and third ionization energies of
Ca are IP1=6.11316 eV, 1P,=11.87172 eV, and IP5=50.9131 ¢V. Thus, Ca and H may serve
as a catalyst having a net enthalpy of 3X27.2 eV. Ca may also serve as a catalyst since the
sum of it first, second, third, and fourth (IP4=67.27 eV) ionization energies is 5X27.2 ¢V, In
the latter case, since H(1/4) is a preferred case based on its stability, a H atom catalyzed by
Ca may transition to the H(1/4) state wherein the energy transferred to Ca to cause it to be
ionized to Ca** comprises an 81.6 eV component to form the intermediate H*(1/4) and 54.56
eV released as part of the decay energy of H*{(1/4),

In an embodiment, hydrogen atoms may serve as a catalyst. For example, hydrogen
atoms may serve as a catalyst wherein m=1, m=2, and m =3 in Eq. (5) for one, two, and
three atoms, respectively, acting as a catalyst for another. The rate for the two-atom-catalyst,
2H, may be high when extraordinarily fast H collides with a molecule to form the 2H
wherein two atoms resonantly and nonradiatively accept 54.4 ¢} from a third hydrogen atom
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of the collision partners. By the same mechanism, the collision of two hot H, provide 3 H

to serve as a catalyst of 3.27.2 ¢V for the fourth. The EUV continua at 22.8 nm and 10.]

nm, extraordinary (>50 eV) Balmer o linc broadening, highly excited H states, and the
product gas H, (1/4) were observed from plasma systems as predicted. High densities of H

atomns for multi-body interactions may also by achieved on a support such as a carbide or
boride. In an embodiment, the reaction mixture comprises a support such as TiC TiCN,
WCnano, carbon black, TizSiC;, MgB,, TiB;, CrCy, B4C, SIC, YC,, and a source of
hvdrogen such as H; gas and a hydride such as MgH,;. The reaction mixture may further
comprise a dissociator such as Pd/ALOs, Pd/C, R-Ni, Ti powder, Ni powder, and MoS,.

In an embodiment, the reaction mixture comprises at least two of a catalyst or a
source of catalyst and hydrogen or a source of hydrogen such as KH, BaH, or Nal, a support
such as a metal carbide preferably TiC, Ti;SiC,;, WC, TiCN, MgB,, B4C, SiC, or YC,, or a
metal such as a transition metal such 2 Fe, Mn or Cr, a reductants such as an alkaline earth
metal and an alkaline earth halide that may serve as an oxidant. Preferably, the alkaline earth
halide oxidant and reductant comprise the same alkaline earth metal. Exemplary reaction
mixtures comprise KH Mg TiC or YC; MgCly; KH Mg TiC or YC2 MgF,; KH Ca TiC or
YC; CaCly; KH Ca TiC or YC; CaFy; KH Sr TiC or YCs SrCls; KH Sr TiC or YC; §1F4; KH
Ba TiC or YC; BaCly; KH Ba TiC or YC; BaBry; and KH Ba TiC or YCz Bal,.

In an embodiment, the reaction mixture comprises a catalyst or a source of catalyst
and hydrogen or a source of hydrogen such as KH, BaH, or NaH and a support such as a
metal carbide preferably TiC, Ti;SiC;, WC, TiCN, MgB., B4C, SiC, or YC; or a metal such
as a transition metal such a Fe, Mn or Cr. Suitable supports are those that cause the
formation of the catalyst and hydrogen such that the H forms hydrinos, Exemplary reaction
mixtures comprise KH YCs; KH TiC; NaH YC;, and NaH TiC.

In an embodiment, the reaction mixture comprises a catalyst or a source of a catalyst
and hydrogen or a source of hydrogen such an alkali metal hydride. Suitable reactants are
KH, BaH, and NaH. The reaction mixture may further comprise a reductant such as an
alkaline earth metal, preferably Mg, and may additionally comprise a support wherein the
support may be carbon such as activaied carbon, a metal, or carbide. The reaction mixture
may further comprise an oxidant such as an alkaline earth halide. In an embodiment, the
oxidant may be the support such as carbon. The carbon may comprise forms such as graphite
and activated carbon and may further comprise a hydrogen dissociator such as Pt, Pd, Ry, or
Ir. Suitable such carbon may comprise Pt/C, Pd/C, Ru/C or Ir/C. The oxidant may form an
intercalation compound with one or more metals or the reaction mixture. The metal may be
the metal of the catalyst or source of catalyst such as an alkali metal. In an exemplary
reaction, the intercalation compound may be KC, wherein x may be 8, 10, 24, 36, 48, 60. In
an embodiment, the intercalation compound may be regenerated 1o the metal and carbon,
The regeneration may be by heating wherein the metal may be dynamically removed to force
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the reaction further to completion. A suitable temperature for regeneration is in the range of
about 500-1000 °C, preferably in the range of about 750-900 °C. The reaction may be further
facilitated by the addition of another species such as a gas. The gas may be an inert gas or
hydrogen. The source of hydrogen may be a hydride such as a source of catalysis such as KH
or a source of oxidant such as MgH,, Suitable gases are one or more of a noble gas and
nitrogen. Alternatively, the gas could be ammonia or mixtures of or with other gases. The
gas may be removed by means such as pumping. Other displacing agents comprise an
intercalating agent other than that comprising the catalyst or source of catalyst such as
another alkali metal other than that corresponding to the catalyst or source of catalyst. The
exchange may be dynamic or occur intermittently such that at least some of the catalyst or
source of catalyst is regenerated. The carbon is also regenerated by means such as the more
facile decomposition of the intercalation compound formed by the displacing agent. This
may occur by heating or by using a gas displacement agent. Any methane or hydrocarbons
formed from the carbon and hydrogen may be reformed on suitable catalysts to carbon and
hydrogen. Methane can also be reacted with a metal such as an alkali metal to form the
corresponding hydride and carbon. Suitable alkali metals are K and Na.

NHj solution dissolves K. In an embodiment, NH; may be at liquid densities when
intercalated in carbon. Then, it may serve as a solvent to regenerate carbon from MC,, and
NH3 is easily removed from the reaction chamber as a gas. In addition, NH; may reversibly
react with M such as K to form the amide such as KNH, that may drive the reaction of M
extraction from MCy to completion. In an embodiment, NH; is added to MCy at a pressure
and under other reaction conditions such that carbon is regenerated as M is removed. NHa is
then removed under vacuum. It may be recovered for another cycle of regeneration,

In another embodiment, the alkali metal may be removed from the intercalation
product such as MC, (M is an alkali metal) to form the metal and carbon by extraction of the
metal using a solvent of the metal. Suitable solvents that dissolve alkali metals are
hexamethylphosphoramide (OP(N (CH3)2)3, ammonia, amines, ethers, a complexing

solvent, crown ethers, and cryptands and solvents such as ethers or an amide such as THF
with the addition of a crown ether or cryptand. The rate of removal of the alkali metal may
be increased using a sonicator. In an embodiment, a reaction mixture such one comprising a
catalyst or a source of a catalyst and further comprising hydrogen or a source of hydrogen
such an alkali metal hydride such as KH, BaH, or NaH, a reductant such as an alkaline earth
metal, and a carbon support such as activated carbon is flowed through a power producing
section to a section wherein the product is regenerated. The regeneration may be by using a
solvent to extract any intercalated metal. The solvent may be evaporated to remove the alkali
metal. The metal may be hydrided and combined with the regenerated carbon and reductant
to form the initial reaction mixture that is then flowed into the power section to complete a
cycle of power production and regeneration. The power-reaction section may be maintained
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at an ¢levated temperature 1o initiate the power reaction. The source of heat to maintain the
temperature as well as that to provide heat for any other steps of the cycle such as solvent
evaporation may be from the hydrino-forming reaction.

In an embodiment, the reaction conditions such as cell operating temperature is
maintained such that the intercalation compound forms and decomposes dynamically wherein
power and regeneration reactions are maintained synchronously. In another embodiment, the
temperature is cycled to shift the equilibrium between intercalation formation and
decomposition to alternately maintain power and regeneration reactions. In another
embodiment, the metal and carbon may be regenerated from the intercalation compound
electrochemically. In this case, the cell further comprises a cathode and anode and may also
comprise a cathode and anode compartment in electrical contact by a suitable salt bridge.
Reduced carbon may be oxidized to carbon and hydrogen may be reduced to hydride to
regenerate the reactants such as KH and AC from KCy. In an embodiment, the cell comprises
a liquid potassium K., anode and an intercalated graphite cathode. The electrodes may be
coupled by an electrolyte and salt bridge. The electrodes may be coupled by a solid
potassium-glass electrolyte that may provide the transport of K+ ions from the anode to the
cathode. The anode reaction may be

K" +e 1o Kn (86)
The cathode reaction may involve a stage change such as n-1 to n wherein the higher the
stage, the lesser the amount of K intercalated. In the case that the stage changes from 2 to 3,
the reaction at the cathode may be

3CoK to 203K + K +¢ (87)
The overall reaction is then
3CK 10 2CK + Ky (88)

The cell may be operated cyclically or intermittently wherein the power reaction is run
following a regeneration or partial regeneration of the reactants. The change of the emf by
the injection of current into the system may cause the hydrino reaction to resume.

In an embodiment comprising a catalyst or source of catalyst, hydrogen or a source of
hydrogen and at least one of an oxidant, a support, and a reductant wherein the oxidant may
comprise a form of carbon such as the reaction mixture KH Mg AC, the oxidation reaction
resuits in a metal intercalation compound that may be regenerated with elevated temperature
and vacuum. Alternatively, carbon may be regenerated by using a displacing gas. The
pressure range may be about 0.1 to 500 atmospheres. Suitable gases are Hj, 2 noble gas, N,
or CH, or other volatile hydrocarbon. Preferably, the reduced carbon such as KCJ/AC is
regenerated to a carbon such as AC without oxidizing or otherwise reacting K to 2 compound
that cannot be thermally converted back to K. After the K has been removed from the carbon
by means such as evaporation or sublimation, the displacing gas may be pumped off, K may
or may not be hydrided and returned to the cell, and the power reaction may be run again.
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The intercalated carbon may be charged to increase the rate of catalysis to form
hydrinos. The charging may change the chemical potential of the reactants. A high voltage
may be applied by using an electrode in contact with the reactants with a counter electrode
not in contact with the reactants. A voltage may be applied, as the reaction is ongoing. The
pressure such as the hydrogen pressure may be adjusted to allow for a voltage that charges
the reactants while avoiding a glow discharge. The voltage may be DC or RF or any desired
frequency or waveform including pulsing with any offset in the range of the maximum
voltage, and any voltage maximum, and duty cycle. In an embodiment, the counter electrode
is in electrical contact with the reactants such that a current is maintained through the
reactants. The counter electrode may be negative biased and the conductive cell grounded.
Alternatively, the polarity may be reversed. A second clectrode may be introduced such that
the reactants are between the electrodes, and a current is flowed between the elecirodes
through at least one of the reactants.

In an embodiment, the reaction mixture comprises KH, Mg, and activated carbon
(AC). In other embodiments the reaction mixture comprises one or more of LiH Mg AC,
NaH Mg AC; KH Mg AC; RbH Mg AC; CsH Mg AC; Li Mg AC; Na Mg AC; K Mg AC; Rb
Mg AC: and Cs Mg AC. In other exemplary embodiments, the reaction mixture comprises
one or more of KH Mg AC MgF,; KH Mg AC MgCly; KH Mg AC MgF> + MgCl; KH Mg
AC SrClh; and KH Mg AC BaBr;, The reaction mixture may comprise an intermetalic such
as MgaBa as the reductant or as a support and may further comprise mixtures of oxidants
such as mixtures of alkaline earth halides alone such as MgF, + MgCl; or with alkali halides
such as KF + MgF; or KMgF;. These reactants may be regenerated thermally from the
products of the reaction mixture.

K wiil not intercalate in carbon at a temperature higher that 527 °C. In an
embodiment, the cell is run at a greater temperature such that K intercalated carbon does not
form. In an embodiment, X is added into the reaction cell at this temperature. The cell
reactants may further comprise the redundant such as Mg. The H> pressurc may be
maintained at a level that will form KH insitu such as in the range of about 5 to 50 atm.

In another embodiment, AC is replaced by another material that reacts with the
catalyst or source of catalyst such as K to form the corresponding ionic compound like MCy
(M is an alkali metal comprising M and C;). The material may act as the oxidant. The
material may form an intercalation compound with at least one of the catalyst, source of
catalyst, and source of hydrogen such as K, Na, NaH, BaH, and KH. Suitable intercalating
materials are hexagonal boron nitride and metal chalcogenides. Suitable chalcogenides are
those having a layered structure such as MoS; and WS,. The layered chalcogenide may be
one or more form the list of TiSy, ZrS;, HfSs, TaSs, TeSz, ReS;, PtS;, SnS;, SnSSe, Tidey,
ZrSe,, HfSes, VSey, TaSes, TeSey, ReSes, PtSe;, SnSey, TiTes, ZrTe;, VTe,, NbTes, Tale,,
MoTe,, WTe,, CoTes, RhTey, IrTey, NiTe;, PdTes, PtTen, SiTes, NbS,, TaS,, MoS:, W5,
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NbSes, NbSes, TaSe;, MoSes, WSey, and MoTe;. Other suitable exemplary materials are
silicon, dopéd silicon, silicides, boron, and borides. Suitable borides include those that form
double chains and two-dimensional networks like graphite. The two-dimensional network
boride that may be conducting may have a formula such as MB, wherein M is a metal such as
at least one of Cr, Ti, Mg, Zr, and Gd (CrB;, TiB,, MgBa, ZrB,, (GdB;). The compound
formation may be thermally reversible. The reactants may be regenerated thermally by
removing the catalyst of source of catalyst,

In an embodiment, the reaction mixture comprising reactants that form an
intercalation compound such as a metal graphite, metal hydride graphite, or similar
compounds comprising an element other than carbon as the oxidant, is operated at a first
power-cycle operating temperature that maximizes the vield of hydrinos. The cell
ternperature may then be changed to a second value or range that is optimal for regeneration
during the regeneration cycle. In the case that the regeneration-cycle temperature is lower
than the power-cycle temperature, the temperature may be lowered using a heat exchanger.
In the case that the regeneration-cycle temperature is higher than the power-cycle
temperature, the temperature may be raised using a heater. The heater may be a resistive
heater using electricity produced from the thermal power evolved during the power-cycle.
The system may comprise a heat exchanger such as a counter-current system wherein the heat
loss is minimized as cooling regenerated reactants heat products to undergo regeneration.
Alternatively to resistive heating, the mixture may be heated using a heat pump to reduce the
electricity consumed. The heat loss may also be minimized by tranfer from a hotter to cooler
object such as a cell using a heat pipe. The reactants may be continuously fed through a hot
zone to cause the hydrino reaction and may be further flowed or conveyed to another region,
compartment, reactor, or system wherein the regeneration may occur in batch, intermittently,
or continuously wherein the regenerating products may be stationary or moving.

In an embodiment, NaOH is a source of NaH in a regenerative cycle. The reaction of
NaOH and Na to Na,O and Naff is

NaOH +2Na - Na,0+ NaH (-44.7 kl/mole) (89)

The exothermic reaction can drive the formation of NaH(g). Thus, NaH decomposition to Na
or metal can serve as a reductant to form catalyst NaH(g). In an embodiment, Na,O formed
as a product of a reaction to generate NaH catalyst such as that given by Eq. (89), is reacted
with a source of hydrogen to form NaOH that can further serve as a source of NaH catalyst.
In an embodiment, a regenerative reaction of NaOH from the product of Eq. (89) in the

presence of atomic hydrogen is

Na,O+1/2H — NaOH +Na AH =-11.6 kJ/mole NaOH {90}

NaH — Na+ H{(1/3) AH =-10,500 &/ /mole H shH
and

NaH — Na+H(1/4) AH =-19,700 kJ /mole H (92)
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Thus, a small amount of NaQOH and Na from a source such as Na metal or NaH with a
source of atomic hydrogen or atomic hydrogen serves as a catalytic source of the NaH
catalyst, that in turn forms a large yield of hydrinos via multiple cycles of regenerative
reactions such as those given by Eqs. (89-92). The reaction given by Eq. (90) may be
enhanced by the use of a hydrogen dissociator to form atomic H from Ha, A suitable
dissociator comprises at least one member from the group of noble metals, transition metals,
Pt, Pd, Ir, Ni, Ti, and these elements on a support. The reaction mixture may comprise NaH
or a source of NaH and NaOH or a source of NaOH and may further comprise at least one of
reductant such as an alkaline earth metal such as Mg and a support such as carbon or carbide
such as TiC, YC,, TiSiC,, and WC. The reaction may be run in a vessel that is inert to the
reactants and products such as a Ni, Ag, Ni-plated, Ag-plated, or Al,(; vessel,

In an embodiment, KOH is a source of K and KH in a regenerative cycle. The
reaction of KOH and K to K,0 and KH is

KOH +2K - K,0+ KH (+5.4 kl/mole) {93)
During the formation of KH, the hydrino reaction occurs. In an embodiment, K, is reacted
with a source of hydrogen to form KOH that can further serve as the reactant according to
Eq. (93). In an embodiment, a regenerative reaction of KOH from Eq. (93) in the presence of

atomic hydrogen is
K,0+1/2H, > KOH+K AH =—-63.1}kJ/mole KOH (94)

KH > K+H(1/4) AH=-19,700 &J/ mole H (95)
Thus, a small amount of KOH and K from a source such as K metal or KH with a source of
atomic hydrogen or atomic hydrogen serves as a catalytic source of the KH source of
catalyst, that in turn forms a large yield of hydrinos via multiple cycles of regenerative
reactions such as those given by Egs. (93-95). The reaction given by Eq. (94) may be
enhanced by the use of a hydrogen dissociator to form atomic H from H,, A suitable
dissociator comprises at least one member from the group of noble metals, transition metals,
Pt, Pd, Ir, Ni, Ti, and these elements on a support. The reaction mixture may comprise KH or
a source of KH and KOH or a source of KOH and may further comprise at least one of a
reductant and a support such as carbon, a carbide, or a boride such as TiC, YC,, TiSiC,,
MgB,, and WC. In an embodiment, the support is nonreactive or has a low reactivity with
KOH. The reaction mixture may further comprise at least one of KOH-doped support such as
R-Ni, KOH, and KH.

The components of the reaction mixture may be in any molar ratios. A suitable ratio
for a reaction mixture comprising a catalyst or source of catalyst and a source of hydrogen
such as NaH or KH, a reductant, solvent, or hydride exchange reactant such as an alkaline
earth metal such as Mg, and a support is one with the former two in near equimolar ratios and
the support in excess. An exemplary suitable ratic of NaH or KI + Mg with a support such
as AC is 5%, 5%, and 90%, respectively, wherein each mole % can be varied by a factor of
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10 to add up to 100%. In the case that the support is TiC, an exemplary suitable ratio is 20%,
20%, and 60%, respectively, wherein each mole % can be varied by a factor of 10 to add up
to 100%. A suitable ratio for a reaction mixture comprising a catalyst or source of catalyst
and a source of hydrogen such as NaH or KH, a reductant, solvent, or hydride exchange
reactant such as an alkaline earth metal such as Mg, a metal halide comprising an oxidant or
halide exchange reactant such as an alkali metal, alkaline earth metal, transition metal, Ag,
In, or rare earth metal halide, and a support is one with the former two in near equimolar
ratios, the metal halide is equimolar or less abundant, and the support in excess. An
exemplary suitable ratio of NaH or KH + Mg + MX or MX; wherein M is a metal and X is a
halide with a support such as AC is 10%, 10%, 2%, and 78%, respectively, wherein each
mole % can be varied by a factor of 10 to add up to 100%. In the case that the support is TiC,
an exemplary suitable ratio is 25%, 25%, 6% and 44%, respectively, wherein each mole %
can be varied by a factor of 10 to add up to 100%.

In an embodiment, the power plant shown in FIGURE 2 comprises a multi-tube
reactor wherein the hydrino reaction (power producing catalysis of H to form hydrinos) and
regeneration reaction are temporally controlled between the reactors to maintain a desired
power output over time, The cells may be heated to initiate the reaction, and the energy from
the hydrino-forming reaction may be stored in a thermal mass including that of the cell and
transferred under controlled conditions by a heat transfer medium and control system to
achieve the desired contribution to the power over time. The regeneration reactions may be
performed in the multiple cells in conjunction with the power reactions to maintain
continuous operation. The regeneration may be performed thermally wherein the heat may
be at least partially or wholly provided from the energy released in forming hydrinos. The
regeneration may be performed in a contained unit associated with each tube (reactor) of the
multi-tube reactor. In an embodiment, the heat from a power-producing cell may flow to a
cell that is undergoing regeneration due to heat gradient. The flow may be through a
thermally conductive medium including the coolant wherein the flow is controlled by valves
and at least one flow controller and pump.

In an embodiment shown in FIGURE 5, the reactor comprises a main reactor 101 for
the reactants to produce power by the catalysis of hydrogen to hydrinos and a second
chamber 102 in communication with the main reactor. The two-chamber reactor 110
comprises a unit of a multi-unit assembly comprising a multi-tube reactor 100. Each unit
further comprises & heat exchanger 103. Each cell may have a heat barrier such as insulation
or a gas gap to control the heat transfer. The heat exchanger may be arranged such that the
coldest part is at the second chamber at the region farthest from the main reaction chamber.
The temperature may progressively increase as the heat exchanger approaches the bottom of
the main reaction chamber. The heat exchanger may comprise tubing coiled around the
chambers to maintain the temperature gradient along the heat exchanger. The heat exchanger
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may have a line 107 from the hottest part of the exchanger to a thermal load such as a steam
generator 104, steam turbine 105, and generator 106. The line may be close fo the bottom of
the main reactor as shown in FIGURE $ and may further be part of a closed primary
circulation foop 115. The heat from the muiti-tube reactor system may be transferred to the
thermal load through a heat exchanger 111 that isolates the heat transfer medium of the
power system (primary loop) from the thermal load such as a generator system, 104, 105, and
106. The working fluid such as high-temperature steam in the power conversion system may
be received as low-temperature steam from the turbine by circulation line 113 and condensor
112 that may further comprise a heat-rejection heat exchanger. This power circulation
system may comprise a sccondary loop 116 for the working medium such as steam and
water. In an alternative embodiment comprising a singie loop heat transfer system, the line
15 connects directly with the steam generator 104, and the return line 108 connects directly
with the condensor 112 wherein the circulation in either configuration may be provided by
circulation pump 129,

In an embodiment, the chambers are vertical. The coldest part of the heat exchanger
having a cold input line 108 may be at the top of the second chamber with a counter current
heat exchange wherein the heat transfer medium such as a fluid or gas becomes hotter from
the top of the second chamber towards the main chamber where the heat is taken off at about
the middle of the main chamber with the line 107 to the thermal load. The chambers may
communicate or be isolated by the opening and closing of a chamber separation valve such as
a gate valve or sluice valve between the chambers. The reactor 110 may further comprise a
gas exhaust 121 that may comprise a vacuum pump 127, The exhaust gas may be separaied
by a hydrino gas separator 122, and the hydrino gas may be used in chemical manufacturing
in system 124. The hydrogen gas may be collected by a hydrogen gas recycler 123 that may
return the recycled hydrogen by line 120 with the optional addition of gas hydrogen from
supply 125,

In an embodiment using the exemplary reactants of KH and SrBr, the hydrino power
reaction may be run, then the gate valve opened, K moves to the cold top of the second
chamber as SrBr; is formed in the main chamber, the valve is closed, K is hydrided, the
valved is opened, KH is dropped back into the main chamber, the valve is closed, and then
the reaction hydrino-forming power proceeds with the regencrated SrBrs and KH. Mg metal
may be collected in the second chamber as well. Due to its lower volatility it may be
condensed separately from the K and returned to the first chamber separately. In other
embodiments, KH may be replaced by another alkali metal or alkali metal hydride and the
oxidant SrBr, may be replaced by another. The reactor is preferably a metal that is capable of
high temperature operation and does not form an intermetalic with Sr over the operating
temperature range. Suitable reactor materials are stainless steel and nickel. The reactor may
comprise Ta or a Ta coating and may further comprise an intermetalic that resists further
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intermetalic formation such as an intermetalic of Sr and stainless steel or nickel.

The reaction may be controlled by controlling the pressure of an inert gas that may be
introduced through the hydrogen gas intake 120 and removed by the gas exhaust 121, The
sluice valve may be opened to allow the catalyst such as K to evaporate from the reaction
chamber 101 to the chamber 102. The hydrogen may be pumped off using the gas exhaust
121. The catalyst or source of hydrogen such as KH may not be resupplied, or the amount
may be controlled to terminate or decrease the power as desired. The reductant such as Mg
may be hydrided to decrease the rate by adding o through supply 120 and the sluice valve or
by directly adding H» though a separate [ine. The thermal mass of the reactor 110 may be
such that the temperature may not exceed the failure level with the complete reaction of the
reactants wherein the cessation regeneration cycle may be maintained,

The hydride such as KH may be added back 1o hot reaction mixture in a time duration
substantially less that its thermal decomposition time in the case that the reactor temperature
is greater that the hydride decomposition temperature. LiH is stable to 900 °C and melts at
688.7 °C; thus, it can be added back to the reactor without thermal decomposition at a
corresponding regeneration temperature less than the LiH decomposition temperature.
Suitable reaction mixtures comprising LiH are LiH Mg TiC SrCiy, LiH Mg TiC SrBr», and
LiH Mg TiC BaBr,. Suitable reaction mixtures comprising LiH are LiH Mg TiC SrCl, LiH
Mg TiC SrBry, LiH Mg TiC BaBr,, and LiH Mg TiC BaCl,

The heat cells undergoing regeneration may be heated by other cells producing power.
The heat transfer between cells during power and regeneration cycles may be by valves
controlling a flowing coolant. In an embodiment, the cells may comprise cylinders such as 1
to 4 inch diameter pipes. The cells may be embedded in a thermally conductive medium such
as a solid, liquid, or gaseous medium. The medium may be water that may undergo boiling
by a maode such as nucleate boiling at the wall of the cells. Alternatively, the medium may be
a molten metal or salt or a solid such as copper shot. The cells may be square or rectangular
to more effectively transfer heat between them. In an embodiment, the celis that are being
regenerated are maintained above the regeneration temperature by heat transfer from the cells
in the power-generation cycle. The heat transfer may be via the conductive medium, The
cells producing power may produce a higher temperature than that required for regeneration
in order to maintain some heat transfer to these cells. A heat load such as a heat exchanger or
steam generator may receive heat from the conductive medium. A suitable location is at the
periphery. The systemt may comprise a thermal barrier that maintains the conductive medium
at a higher temperature than the heat load. The barrier may comprise insulation or a gas gap.
The cells producing power heat those undergoing regeneration in a manner such that
statistically the power output approaches a constant level as the number of cells increases.
Thus, the power is statistically constant. In an embodiment, the cycie of each cell is
controlled to select the cells producing powder to provide the heat for the selected
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regenerating cells. The cycle may be controlled by controlling the reaction conditions. The
opening and closing of the means to allow metal vapor to condense away from the reaction
mixture may be controlled to control each cell cycle.

In another embodiment, the heat flow may be passive and may also be active.
Multiple cells may be embedded in a thermally conductive medium. The medium may be
highty thermally conductive. Suitable media may be a solid such as metal including copper,
aluminum, and stainless steel, a liquid such as a molten salt, or a gas such as a noble gas such
as helium or argon.

The multi~tube reactor may comprise cells that are horizontally oriented with a dead
space along the longitudinal axis of the cell that allows the metal vapor such as an alkaii
metal to escape during regeneration. The metal may condense in a cool region in contact
with the cell interior at a location wherein the temperature may be maintained lower than the
cell temperature. A suitable location is at the end of the cell. The cool region may be
maintained at a desired temperature by a heat exchanger with a variable heat acceptance rate.
The condensing region may comprise a chamber with a valve such as a gate valve that may
be closed. The condensed metal such as K may be hydrided, and the hydride may be returned
to the reactor by means such as mechanically or pneumatically. The reaction mixture may be
agitated by methods known in the art such as mechanical mixing or mechanical agitation
including vibration at low frequencies or ultrasonic. “The mixing may also be by pneumatic
methods such as sparging with a gas such as hydrogen or a noble gas.

In another embodiment of the multi-tube reactor that comprises cells that are
horizontally oriented with a dead space along the longitudinal axis of the cell that allows the
metal vapor such as an alkaii metal to escape during regeneration, a region alone the length of
the cell is maintained at a lower temperature than the reaction mixture. The metal may
condense along this cool region, The cool region may be maintained at a desired temperature
by a heat exchanger with a variable and controlled heat acceptance rate. The heat exchanger
may comprise a conduit with flowing coolant or a heat pipe. The temperature of the cool
region and the cell may be controlled to desired vaiues based on the flow rate in the conduit
or the heat transfer rate of the heat pipe controlled by parameters such as its pressure,
temperature, and heat acceptance surface area. The condensed metal such as K or Na may be
hydrided due to the presence of hydrogen in the cell. The hydride may be returned to the
reactor and mixed with the other reactants by rotating the cell about it longitudinal axis. The
rotation may be driven by an electric motor wherein the cells may be synchronized using
gearing. To mix reactants, the rotation may be alternately in the clockwise and
counterciockwise directions. The cell may be intermittently turned 360°. The rotation may
be at a high angular velocity such that minimal change in heat transfer to the heat collector
occurs. The fast rotation may be superimposed on a slow constant rotational rate to achieve
further mixing of possible residual reactants such as metal hydride. Hydrogen may be
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supplied to each cell by a hydrogen line or by permeation through the celi wall or a hydrogen
permeable membrane wherein hydrogen is supplied to a chamber containing the cell or the
cells. The hydrogen may also be supplied by electrolysis of water. The electrolysis cell may
comprise a rotating component of the cell such as a cylindrical rotational shaft along the
center-line of the reactor cell.

Alternatively, one or more internal wiper blades or stirrer may be swept over the inner
surface to mix the formed hydride with the other reactants. Each blade or stirrer may be
rotated about a shaft parallel with the longitudinal cell axis. The blade may be driven using
magnetic coupling of an internal blade with an external rotating source of magnetic field.
The vessel wall such as a stainless steel wall is permeable to magnetic flux. In an
embodiment, the rotation rate of the cell or that of the blades or stirrers is controlled to
maximize the power output as metal vapor is reacted to form metal hydride and is mixed with
the reaction mixture. The reaction cells may be tubular with a circular, elliptic, square,
rectangular, triangular or polyhedral cross-section. The heat exchanger may comprise
coolant-carrying tubes or conduits that may have a square or rectangular as well as circular,
elliptic, triangular or polyhedral cross-section to achieve a desired surface area. An array of
square or rectangular tubes may comprise a continuous surface for heat exchange. The
surface of each tube or conduit may be modified with fins or other surface-area-increasing
materials.

In another embodiment, the reactor comprises multiple zones having different
temperatures to selectively condense multiple selected components of or from the product
mixture, These components may be regenerated into the initial reactants. In an embodiment,
the coldest zone condenses an alkali metaf such as that of the catalyst or source of catalyst
such as at least one of Na and K. Another zone condenses as second component such as an
alkaline earth metal such as magnesium. The temperature of the fist zone may be in the range
0 °C to 500 °C and that of the second zone may be in the range of 10 °C to 490 °C less than
that of the first zone. The temperature of each zone may be controlied by a heat exchanger or
collector of variable and controllable efficiency.

In another embodiment, the reactor comprises a reaction chamber capable of a
vacuum or pressures greater than atmospheric, one or more inlets for materials in at least one
of a gaseous, liquid, or solid state, and at least one outlet for materials. One outlet may
comprise a vacuum line for pumping of a gas such as hydrogen. The reaction chamber
further comprises reactants to form hydrinos. The reactor further comprises a heat exchanger
within the reaction chamber. The heat exchanger may comprise conduits for coolant. The
conduits may be distributed throughout the reaction chamber to receive heat from the reacting
reaction mixture. Each conduit may have an insulating barrier between the reaction mixture
and the wall of the conduit. Alternatively, the thermal conductivity of the wall may be such
that a temperature gradient exists between the reactants and the coolant during operation.

93



WO 2011/116236 PCTUIS2011/028889

The insulation may be a vacuum gap or gas gap. The conduits may be tubes penetrating the
reaction mixture and sealed at the point of penetration with the chamber wall to maintain the
pressure integrity of the reaction chamber. The flow rate of the coolant such as water may be
controlled to maintain a desired temperature of the reaction chamber and reactants. In another
embodiment, the conduits are replaced by heat pipes that remove heat from the reaction
mixture and transfer it to a heat sink such as a heat exchanger or boiler.

In an embodiment, the hydrino reactions are maintained and regenerated in a batch
mode using thermally-coupied multi-cells arranged in bundies wherein cells in the power-
production phase of the cycle heat cells in the regeneration phase. In this intermittent cell
power design, the thermal power is statistically constant as the cell number becomes large, or
the cells cycle is controlled to achieve steady power. The conversion of thermal power to
electrical power may be achieved using a heat engine exploiting a cycle such as a Rankine,
Brayton, Stirling, or steam-engine cycle.

Each cell cycle may be controlled by controlling the reactants and products of the
hydrino chemistry. In an embodiment, the chemistry to drive the formation of hydrinos
involves a halide-hydride exchange reaction between an alkali hydride catalyst and source of
hydrogen and a metal halide oxidant such as an alkaline earth metal or alkali metal halide.
The reaction is spontaneous in a closed system. However, the reverse reaction to form the
initial alkali hydride and alkaline earth halide is thermally reversible when the system is open
such that the alkali metal of the initial hydride is evaporated and removed from the other
reactants. The subsequently condensed alkali metal is rehydrided and returned to the system.
A cell comprising a reaction chamber 130 and a metal-condensation and re-hydriding
chamber 131 separated by a sluice or gate valve 132 that controls the power and regeneration
reactions by controlling the flow of evaporating metal vapor, the rehydriding of the metal,
and the re-supply of the regenerated alkali hydride is shown in FIGURE 6. A cool zone at a
desired temperature may be maintained in the condensation chamber by a heat exchanger 139
such as a water-cooling coil with a variable heat acceptance rate, Thus, the cell shown in
Figure 6 comprises two chambers separated by a sluice or gate valve 132, With the reaction
chamber 130 closed, the forward reaction is run to form of hydrinos and the alkali halide and
alkaline earth hydride products. Then, the valve is opened, and heat from other cells causes
the product metals to interchange the halide as the volatile alkali metal is evaporated and
condensed in the other catalyst chamber 131 that is cooled by coolant loop 139. The valve is
closed, the condensed metal is reacted with hydrogen to form the alkali hydride, and the
valve is opened again to re-supply the reactants with the regenerated initial alkali hydride.
Hydrogen is recycled with make-up added to replace that consumed to form hydrinos. The
hydrogen is pumped from the reaction chamber through the gas exhaust line 133 by pump
134. Hydrino gas is exhausted at line 135, The remaining hydrogen is recycled through line
136 with make-up hydrogen added by line 137 from a hydrogen source and supplied to the
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catalyst chamber through line 138. A horizontally oriented cell is another design that allows
for a greater surface area for the catalyst to evaporate. In this case, the hydride is re-supplied
by mechanical mixing rather than just gravity feed. In another embodiment, the cell may be
vertically tilted to cause the hydride to drop into the reaction chamber and to be mixed there
in.

In an embodiment, the chamber 131 shown in FIGURE 6 further comprises a
fractional distillation column or thermal separator that separates the chemical species of at
least a reaction product mixture or regeneration reaction product mixture such as a mixture of
alkali metal such as at least two of Li, Na, or K, an alkaline earth metal such a Mg, and a
metal halide such as LiCl or SrBr; that may be formed by an exchange reaction such as a
metal halide-metal hydride exchange or other reaction that may occur during the distillation.
A support such as TiC may remain in the reaction chamber 130. The alkaline metal may be
rehydrided. The isolated species and reaction product species such as LiH, NaH, or KH,
alkaline earth metal, and metal halide such as LiCl or SrBr; are retumed to the reaction
chamber 130 to reconstitute the original reaction mixture that forms hydrinos.

In an embodiment, a compound comprising H is decomposed to release atomic H that
undergoes catalysis to from hydrinos wherein at least one H serves as the catalyst for at least
another H. The H compound may be H intercalated into a matrix such as H in carbon or H in
a metal such as R-Ni. The compound may be a hydride such as an alkali, alkaline earth,
transition, inner transition, noble, or rare earth metal hydride, LiAlH,4, LiBHs, and other such
hydrides. The decomposition may be by heating the compound. The compound may be
regenerated by means such as by controlling the temperature of the reactor and the pressure
of hydrogen. Catalysis may occur during the regeneration of the compound comprising H.
The decomposition and reforming may occur cyclically to maintain an output of power. In an
embodiment, the hydride is decomposed by addition to a molten salt such as a molten eutectic
salt such as a mixture of alkaline metal halides. The eutectic salt may be a hydride ion
conductor such as LiCI-KCl or LiCI-LiF. The metal may be recovered by physical separation
technigues such as those of the present disclosure, dehydrided and added back to the molten
salt to make power again. The cycle may be repeated. Multiple thermally coupled cells with
controlled phase differences in the power-regeneration cycle may produce continuous power.

In embodiments, the thermal reaction and regenerative systems comprise the alkali
metal - hydrogen chalcogenides, hydrogen oxyanions, H halogen systems and metal

hydroxides and oxyhydroxides given in the CIHT cell section. A typical reaction is given by
MXH +2M - M, X + MH (s} (Bgs. (217-233)). Suitable exemplary hydrogen

chalcogenides are MOH, MHS, MHSe, and MHTe (M= Li, Na, K, Rb, Cs). The system may
be regenerated by adding hydrogen. The MH product may be removed by evaporation or
physical separation. MH may be decomposed to M and added back to the reaction mixture.
The reaction mixture may further comprise a support such as carbon, a carbide, a nitride, or a
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boride.

A cell producing power elevates its temperature higher than that required for
regeneration. Then, muitiple cells 141 of FIGURE 7 and 148 of FIGURE 8 are arranged in
bundles 147 arranged in a boiler 149 of FIGURE 8 such that cells being regenerated are
maintained above the regeneration temperature such as about 700 °C by heat transfer from
the cells in the power-generation cycle. The bundles may be arranged in a boiler box.
Referring to FIGURE 7, a heat gradient drives heat transfer between cells 141 of each bundie
in different stages of the power-regeneration cycle. To achieve a temperature profile such as
one in the range of 750 °C on the highest-temperature power generation side of the gradient
to about 700 °C on the lower-temperature regeneration side, the cells are embedded in a
highly thermally conductive medium. A high-conductivity material 142 such as copper shot
effectively transfers the heat between cells and to the periphery while maintaining a
temperature profile in the bundle that achieves the regeneration and maintains the core
temperature below that required by material limitations. The heat is ultimately transferred to
a coolant such as water that is boiled at the periphery of each bundle comprising a boiler tube
143. A suitable temperature of the boiling water is in the temperature range of range of 250
°C-370 °C. These temperatures are high enough to achieve nucleate boiling, the most
effective means of heat transfer to water medium; but are below the ceiling set by the
excessive steam pressures at temperatures above this range. In an embodiment, due to the
required much higher temperature in each cell bundle, a temperature gradient is maintained
between each bundle and the heat load, the boiling water and subsequent systems. In an
embodiment, a thermal barrier at the periphery maintains this gradient. Each multi-tube
reactor cell bundle is encased in an inner cylindrical annulus or bundle confinement tube 144,
and an insulation or vacuum gap 145 exists between the inner and an outer annulus to
maintain the temperature gradient. The heat transfer control may occur by changing the gas
pressure or by using a gas having a desired thermal conductivity in this gap. The outer wall
of the outer annulus 143 is in contact with the water wherein nucleate boiling occurs on this
surface to generate steam in a boiler such as one shown in FIGURE 10. A steam turbine may
receive the steam from the boiling water, and electricity may be generated with a generator as
shown in FIGURE 11.

The boiler 150 shown in FIGURE 9 comprises the multi-cell bundles 151, the cell
reaction chambers 152, the catalyst chambers 153 to receive and hydride metal vapor, the
conduits 154 containing hydrogen gas exhaust and supply lines and catalyst chamber coolant
pipes, a coolant 155 such a water, and a steam manifold 156. The power generation system
shown in FIGURE 10 comprises a boiler 158, high-pressure turbine 159, low-pressure turbine
160, generator 161, moisture separator 162, condenser 163, cooling tower 164, cooling water
pump 165, condensate pump 166, boiler feedwater purification system 167, first stage
feedwater heater 168, dearating feedwater tank 169, feedwater pump 170, booster pump 171,
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product storage and processor 172, reactant storage and processor 173, vacuum system 174,
start-up heater 175, electrolyzer 176, hydrogen supply 177, coolant lines 178, coolant valve
179, reactant and product lines 180, and reactant and product line vaives 181, Other
components and modifications are anticipated in the present disclosure being known to those
skilled in the Art. _

The cell size, number of cells in each bundle, and the width of the vacuum gap are
selected to maintain the desired temperature profile in cach bundle, the desired temperature of
the boiling water at the periphery of the power flow from the cells, and adequate boiling
surface heat flux. Reaction parameters for the design analysis can be obtained experimentally
on the various possible hydride-halide exchange reactions and other reactants that result in
the formation of hydrinos with significant kinetics and energy gain as well as comprising
reactions that can be thermally regenerated as disciosed herein. Exemplary operating
parameters for design engineering purposes are 5-10W/ce, 300-400 kl/mole oxidant, 150
kJ/moie of K transported, 3 to 1 energy gain relative to regeneration chemistry, 50 Ml/mole
H,, regeneration temperature of 650 °C-750 °C, cell operation temperature sufficient to
maintain regeneration temperature of cells in the corresponding phase of the power-
regeneration cycle, regeneration time of 10 minutes, and reaction time of | minute.

In an exemplary 1 MW thermal system, the bundle consists of 33 close-packed tubes
of 2 meter jength, each with 5 cm ID embedded in high thermal conductivity copper shot.
Thus, each tube has a working volume slightly less than four liters. Since the power and
regeneration phase durations are 1 and 10 minutes, respectively, the choice of 33 tubes (a
muitiple of the cycle period, 11 min) results in instantaneous power from the bundle that is
constant in time, The bundle confinement tube has a 34 ¢m inner diameter and a 6.4 mm wall
thickness. The boiler tube inner diameter and wall thickness are 37.2 cm and 1.27 cm,
respectively. Using the typical reaction parameters, each tube in the bundle produces a time-
averaged power of about 1.6 kW of thermal power, and each bundle produces about 35 kW of
thermal power. The temperature within the bundie ranges between about 782 °C at the center
to 664 °C at the surface facing the gap. The heat flux at the surface of the boiler tube is about
22 kW/m? that maintains the temperature of the boiler tube external surface at 250 °C and is
marginally high enough to result in nucleate boiling at the surface. Increasing the power
density of the reaction beyond 7 W/ee or reducing the regeneration time increases the boiling
flux resulting in greater boiling efficiency. About 18 such bundies should produce an output
of 1 MW thermal.

An alternative system design to the boiler shown in FIGURE 9 is shown in FIGURE
11. The system comprises at least one thermally coupled multi-cell bundle and a peripheral
water wall as the thermal load of the heat transferred across the gap. The reaction mixture fo
form hydrinos comprises a high-surface area electrically conductive support and a reductant
such as an alkaline earth metal. These materials may also be highly thermally conductive

97



WO 2011/116236 PCT/US2011/028889

such that they may at least partially substitute for the high-conductivity material of the bundle
of FIGURE 9. The chemicals contribute to transferring heat between cells and to the
periphery while maintaining an appropriate heat profile and gradient in the array. The steam
generated in the tubes of the water wall may flow to a turbine and generator to produce
electricity directly, or the water wall may feed steam into a primary steam loop that transfers
heat to a secondary steam loop through a heat exchanger. The secondary loop may power a
turbine and generator to produce electricity.

The system comprises multiple reactor cell arrays or cell bundles each with a heat
collector. As shown in FIGURE 11, the reactor cells 186 may be square or rectangular in
order to achieve close contact. The cells may be grouped in 2 bundie 185 with the heat
transfer to the load 188 occurring from the bundle wherein the bundle temperature is
maintained at least that required for regeneration. A temperature gradient may be maintained
between a bundle and the heat load such as a heat collector or exchanger 188. The heat
exchanger may comprise a water wall or set of circumferential tubes having flowing coolant
wherein the flow may be maintained by at least one pump and may be encased in insulation
189. The reactor system may comprise a gas gap 187 between a heat collector or exchanger
188 and each multi-tube reactor cell or bundie 185 of multi-tube reactor cells. The heat
transfer control may occur by changing the gas pressure or by using a gas having a desired
thermal conductivity in the gas gap {87 between the bundle wall 185 and a heat collector or
exchanger 188,

The cycle of each cell is controlled to select the cells producing powder to provide the
heat for the selected regenerating cells. Alternatively, the cells producing power heat those
undergoing regeneration in a random manner such that statistically the power output
approaches a constant level as the number of cells increases. Thus, the power is statistically
constant. |

In another embodiment, the system comprises a gradient of power density increasing
from the center out to maintain a desired temperature profile throughout the bundle. In
another embodiment, heat is transferred from the cells to a boiler via heat pipes. The heat
pipes may be interfaced with a heat exchanger or may be directly in contact with a coolant.

In an embodiment, the hydrino reactions are maintained and regenerated continuously
in each cell wherein heat from the power production phase of a thermally reversible cycle
provides the energy for regeneration of the initial reactants from the products. Since the
reactants undergo both modes simultaneously in each cell, the thermal power output from
each cell is constant. The conversion of thermal power to electrical power may be achieved
using a heat engine exploiting a cycle such as a Rankine, Brayton, Stiriing, or sieam-engine
cycle.

The multi-tube reactor system to continuously generate power shown in FIGURE 12
comprises a plurality of repeating planar layers of insulation 192, reactor cell 193, thermally
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conductive medium 194, and heat exchanger or collector 195. In an embodiment, each cell is
a circular tube, and the heat exchanger is paraliel with the cell and constantly accepts heat.
FIGURE 13 shows a single unit of the multi-tube reactor system comprising the chemicals
197 comprising at least one of reactants and products, the insulation material 198, the reactor
199, and the thermal conductive material 200 with embedded water tubes 201 that comprise
the heat exchanger or collector.

Each cell produces power continuously to elevate its reactant temperature higher than
that required for regeneration. In an embodiment, the reaction to form hydrinos is a hydride
exchange between an alkali hydride catalyst and source of hydrogen and an alkaline earth
metal or lithium metal. The reactants, exchange reactions, products, and regeneration
reactions and parameters are disclosed herein. The multi-tube reaction system of FIGURE 12
comprising alternate layers of insulation, reactor cells, and heat exchanger maintains
continuous power via a cell heat gradient. The reactant alkali hydride is continuously
regenerated by product decomposition and alkali metal evaporation in the elevated-
temperature bottom zone maintained by the reaction with condensation and rehydriding in a
cooler top zone maintained by the heat collector. A rotating wiper blade rejoins the
regenerated alkali hydride with the reaction mixture.

After the condensed metal such as K or Na is hydrided due to the presence of
hydrogen in the cell including make-up hydrogen for that consumed to make hydrinos, the
hydride is returned to the bottom of the reactor and mixed with the other reactants. One or
more internal rotating wiper blades or stirrers may be swept along the inner cell wall to mix
the formed hydride with the other reactants. Optionally, rejoining of the alkali hydride with
the other reactants and chemical mixing is achieved by rotating the cell about it longitudinal
axis, This rotation also transfers heat from the bottom position of the cell to the new top
position following rotation; consequently, it provides another means to control the internal
cell temperature gradient for alkali metal transport. However, the corresponding heat transfer
rate is high requiring a very low rotational rate to maintain the heat gradient. The mixing
rotation of the wiper blades or cells may be driven by an electric motor wherein the cells may
be synchronized using gearing. The mixing may also be by magnetic induction through the
cell wall of low permeability such as one of stainless steel.

In an embodiment, the initial alkali hydride is regenerated by evaporation at 400-550
°C and condensation at a temperature of about 100 °C lower in the presence of hydrogen that
reacts to form the alkali hydride. Thus, a heat gradient exists between the reactants at an
elevated temperature and a cooler zone in ecach cell that drives the thermal regeneration. The
cells are horizontally oriented with a dead space along the longitudinal axis of the cell that
allows the alkali metal vapor to escape from the reactants along the bottom of the cell during
continuous regeneration. The metal condenses in the cooler zone along the top of the cell.
The cooler region is maintained at the desired condensation temperature by a heat collector

99



WO 2011/116236 PCT/US2011/028889

comprising boiler tubes with a variable heat acceptance rate at the top of each cell. The heat
exchanger comprises a water wall of boiler tubes with flowing water heated to steam.
Specifically, saturated water flows through the water tubes, absorbs energy from reactor, and
evaporates to form steam. In another exemplary embodiment, the hot reactor zone is in a
range of 750 °C + 200 °C, and the colder zone is maintained in a range of 50 °C to 300 °C
lower in temperature than the hot reactor zone. The reaction mixtures and thermal
regeneration reactions may comprise those of the present disclosure. For example, a suitable
reaction mixture comprises at least two of an alkali metal or its hydride, a source of
hydrogen, a reductant such a an alkaline earth metal such a Mg or Ca, and a support such as
TiC, TisSiCs, WC, TiCN, MgBs, B4C, SiC, and YCs. The reactant may undergo a hydride-
halide exchange reaction, and the regeneration reaction may be the thermally driven reverse
exchange reaction, _

The heat is ultimately transferred to water that is boiled in tubes peripherally to each
reactor cell wherein the boiler tubes form a water wall. A suitable temperature of the boiling
water is in the temperature range of range of 250 °C-370 °C. These temperatures are high
enough fo achieve nucleate boiling, the most effective means of heat transfer to water
medium; but are below the ceiling sef by the excessive steam pressures at temperatures above
this range. The nucleate boiling of water occurs on the inner surface of each boiler tube 201
of FIGURE 13 wherein an even temperature distribution in the water wall is maintained due
to the tubes being embedded in the highly conductive thermal medium 200 such as copper,
and additionally the water that was not evaporated o steam is recirculated. Heat flows from
the top cell wall through the medium to the boiler tubes. Due to the required much higher
temperatures in each cell even at the lower end of its gradient, a second temperature gradient
is maintained between each cell top and the heat load, the boiling water and subsequent
systems, Since the botier tubes have a higher capacity to remove heat than cell has to
produce it, a second external thermal gradient is maintained by adding one or more thermal
barriers between the top-half of the cell wall and the water wall. The desired high internal
cell temperatures as well as the gradient are achieved by insulating at least one of the top-half
of the cell and the outer wall of each boiler tube from the conductive medium. The cell
temperatures and gradient are controlled to optimal values through the variable heat transfer
by adjusting the thermal barriers at the top-half of the cell and the boiler tubes, the thermal
conductivity of the medium penetrated by the boiler tubes, and the heat exchanger capacity
and the steam flow rate in the tubes. In the former case, the thermal barriers may each
comprise a gas or vacuum gap that is variable based on the gas composition and pressure.

The multi-tube reaction system is assembled into a boiler system shown in FIGURE
14 to output sicam. The boiler system comprises the multi-tube reaction system shown in
FIGURE 12 and a coolant (saturated water) flow regulating system. The reaction system
comprising reactors 204 heats the saturated water and generates steam. The flow regulating

100



WO 2011/116236 PCT/US2011/028889

system (i) collects the flow of saturated water in steam collection lines 205 and inlet
recirculation pipe 206 an inputs the flow to the steam-water separator 207 that separates the
steam and water, (ii) recirculates the separated water through the boiler tubes 208 using the
recirculation pump 209, the outlet recirculation pipe 210, and water distribution lines 211,
and (iii) outputs and channels the steam into a main steam line 212 to the turbine or load and
heat exchanger. The pipes and lines may be insulated to prevent thermal losses. Input
coolant such as condensed water from the turbine or return water from a thermal load and
heat exchanger is input through inlet return water pipe 213, and the pressure is boosted by
inlet booster pump 214.

The steam generated in the tubes of the water wall may flow to a turbine and
generator to produce electricity directly, or the water wall may feed steam into a primary
steam loop that transfers heat to a secondary steam loop through a heat exchanger. The
secondary loop may power a turbine and generator to produce electricity. In an embodiment
shown in FIGURE 15, steam is generated in the boiler system and output from the stcam-
water separator to the main steam line. A steam turbine receives the steam from boiling
water, and electricity is generated with a generator. The steam is condensed and pumped
back to the boiler system. The power generation system shown in FIGURE 15 comprises a
boiler 217, heat exchanger 218, high-pressure turbine 219, low-pressure turbine 220,
generator 221, moisture separator 222, condenser 223, cooling tower 224, cooling water
pump 225, condensate pump 226, boiler feedwater purification system 227, first stage
feedwater heater 228, dearating feedwater tank 229, feedwater pump 230, booster pump (214
of FIGURE 14), product storage and processor 232, reactant storage and processor 233,
vacuum system 234, start-up heater 235, electrolyzer 236, hydrogen supply 237, coolant lines
238, coolant valve 239, reactant and product lines 240, and reactant and product line valves
241. Other components and modifications are anticipated in the present disclosure being
known to those skilled in the Art.

Consider an exemplary 1 MW thermal system. To achieve a cell-bottom temperature
in the range of 400-550 °C on the higher-temperature power generation side of the gradient
and a temperature of about 100 °C lower at the regeneration side at the top, the cells have a
heat collector only at the top as shown in FIGURE 12, the power-producing reactants are
located in the bottom, and the bottom section of the cell is insulated. The selected system
design parameters are the (1) cell dimensions, (2) number of cells in the system, (3) the
thermal resistance of the material surrounding the bottom half of the cell, (4) the thermal
barrier at the top-half of the exterior wall of the cell, (5) the thermal conductivity of the
medium surrounding the top-half of the celi that is penetrated by the boiler tubes, (6) the
thermal bartier at the exterior boiler tube wall, (7) the boiler tube number, dimensions, and
spacing, (8) the steam pressure, and (9) the steam flow and recirculation rates. The system
design parameters are selected to achieve or maintain the desired operating parameters of (1)
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temperature and internal and external temperature gradients of each cell, (2) temperature of
the boiling water at the periphery of the power flow from the celis, and (3) adequate boiling
surface heat flux. Reaction parameters for the design analysis can be obtained experimentally
on the various possible hydride exchange reactions that result in the formation of hydrinos
with significant kinetics and energy gain as well as comprising reactions that can be
thermally regenerated. The power and regeneration chemistries and their parameters are
disclosed herein. Typical operating parameters for design engineering purposes are 0.25
W/ce constant power, 0.67 W/g reactants, 0.38 g/ce reactant density, 50 MJ/mole Ha, 2t01
energy gain relative to hydride regeneration chemistry, equal reaction and regeneration times
to maintain constant power output, and temperatures of 550 °C and 400-450 °C for power
and regeneration, respectively, wherein the reaction temperature is sufficient to vaporize the
alkali metal at the cell bottom, and the internal thermal gradient maintains the regeneration
temperature at the cell top. Using the reactants and power densities, the reactant volume and
total mass of the reactants to generate 1 MW of continuous thermal power are 3940 liter and
1500 kg, respectively. Using a 0.25% reactant fill factor, the total reactor volume is 15.8 m’.

In the sample design, the boiler comprises 140 stainless steel reaction cells having a
176 cm length, 30.5 cm OD, a 0.635 cm cylindrical wall thickness, and 3.81 cm thick end
plates, The wall thickness meets the design requirements for an internal pressure of 330 PSI
at 550 °C due to the equilibrium decomposition pressure of the exemplary pressure-
determining reactant NaH. Each cell weighs 120 kg and outputs 7.14 kW of thermal power.
The bottom half of each tube is embedded in insulation. Copper or aluminum shot, a highly
thermally conductive medium, that is penetrated with the water tubes surrounds the top-half
of each cell. The temperature within the cell ranges between about 550 °C at the bottom wall
10 400 °C at the wall surface facing shot. As shown in FIGURE 13, the 30.5 cm OD cross
sectional span of each reactor is covered by six, 2.54 cm OD boiler (water) tubes with a
thickness of 0.32 cm that are evenly spaced at 5.08 cm centers. The heat flux at the internal
surface of each boiler tube is about 11.8 kW/m” that maintains the temperature of each boiler
tube external surface at about 367 °C.

In an exemplary embodiment, the thermal power generated from the reactants is used
to generate saturated steam at 360 °C. FIGURE 16 shows the flow diagram of steam
generation. Water at room temperature (about 25 °C) flows into a heat exchanger where it is
mixed with saturated steam and heated to a saturated temperature of 360 °C by the
condensation of steam. A booster pump 251 increases the water pressure to a saturation
pressure of 18.66 MPa at 360 © C at the inlet of the steam-water separator 252. The saturated
water flows through the boiler tubes of the water wall of the boiler system 253 to generate
steam at the same temperature and pressure. Part of steam flows back to heat exchanger to
preheat incoming return water from a turbine, while part of it goes to the turbine to gencrate
electrical power. Additionally, the non-evaporated water in the water wall is recirculated to
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maintain an even temperature along each boiler tube. To achieve this, a steam collection line
receives steam and non-evaporated water and deliveries it to a steam-water separator 252.
Water is pumped from the bottom section of the separator to return to the boiler tubes through
a water distribution line. The steam flows from the top of the separator 232 to the turbine
with a fraction diverted to the heat exchanger to preheat the return water from the turbine.
The saturated water flow rate from the 140-reactor system is 2.78 kg/s in the boiler tubes, and
the total steam output flow rate is 1.39 kg/s.

in an embodiment, the reactants comprise at least two of a catalyst or a source of
catalyst and a source of hydrogen such as KH, a support such as carbon, and a reductant such
as Mg. The product may be a metal-carbon product such as an intercalation product, MH,C,
and MC, (y may be a fraction or an integer, x is an integer) such as KCy. The reactor may
comprise one or more supplies of reactants, a reaction chamber maintained at an elevated
temperature such that the flowing reactants undergo reaction therein to form hydrinos, a heat
exchanger to remove heat from the reaction chamber, and a plurality of vessels to receive the
product such as KCy and regenerate at least one of the reactants. The regeneration of carbon
and M or MH from at least one of MH,Cyx and MC, may by applying heat and vacuum
wherein the collected evaporated metal M may be hydrided. In the case that the reductant is &
metal, it may be recovered by evaporation as well. Each metal or hydride may be collected in
one of the supplies of reactants. One of the suppiies of reactants may comprise each vessel
used to regenerate the carbon and containing the carbon and optionally the reductant.

The heat for regeneration may be supplied by the power from hydrinos. The heat may
be transferred using the heat exchanger. The heat exchanger may comprise at least one heat
pipe. The heat from the heated regeneration vessels may be delivered to a power load such as
a heat exchanger or boiler. The flow of reactants or products such as those comprising
carbon may be performed mechanically or achieved at least partially using gravity. The
mechanical transporter may be an auger or a conveyor belt. In the case that the hydrino
reaction is much shorter than the regeneration time, the volume of the regeneration vessels
may exceed that of the hot reaction-zone. The volumes may be in a proportion to maintain a
constant flow through the reaction zone.

In an embodiment, the rate of the evaporation, sublimation, or volatilization of the
volatile metal such as an alkali or alkaline earth metal is limited by the surface area of the
reactants relative to the vacuum space above them. The rate may be increased by rotating the
cell or by other means of mixing to expose fresh surface to the vacuum space. In an
embodiment, a reactant such as the reductant such as an alkaline earth metal such as Mg
binds the particles of the support together to reduce their surface area. For example, Mg
melts at 650 °C and may bind TiC particles together to reduce the surface area; this can be
corrected by hydriding the metal such as Mg to MgH, and then forming a powder by grinding
or pulverizing. A suitable method is ball milling. Alternatively, the hydride may be melted
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and removed as liquid or maintained as a liquid in case that this ameliorates the aggregation
of the support particles. A suitable hydride is MgH; since the melting point is low, 327 °C.

In an embodiment, the reactor comprises a fluidized bed wherein the liquid reactants
may comprise a coating on the support. The solid may be separated in a stage following
reaction of the reactants to products including hydrinos. The separation may be with a
cyclone separator. The separation allows for the condensation of metal vapor to force a
reverse reaction for some products back to at least one original reactant. The original
reaction mixture is regenerated, preferabty thermally.

In an embodiment, an exemplary molten mixture material K/KH Mg MgX, (X is a
halide) comprises a coating on TiC support rather than existing as separate phases. The K
further comprises a vapor, and the pressure is preferably high in the power stage. The
temperature in the power stage of the reactor is preferably higher than that required for
regeneration such as about 600-800 °C. During regeneration of the reactants by a halide
exchange reaction at the regeneration temperature or above, the K is condensed and KH is
formed. The condensation may be at the temperature of about 100-400 °C wherein Hy may
be present to form KH. To permit the K condensation at low temperature and halide
exchange reaction at high temperature, the reaction system further comprises a separator that
removes the particles from vapor. This permits heated particles in one section or chamber
and condensing vapor in another.

In other embodiments, the thermally reversible reaction comprises further exchange
reactions, preferable between two species each comprising at least one metal atom. The
exchange may be between a metal of the catalyst such as an alkali metal and the metal of the
exchange partner such as an oxidant. The exchange may also be between the oxidant and the
reductant. The exchanged species may be an anion such as a halide, hydride, oxide, sulfide,
nitride, boride, carbide, silicide, arsenide, selenide, telluride, phosphide, nitrate, hydrogen
sulfide, carbonate, sulfate, hydrogen sulfate, phosphate, hydrogen phosphate, dihydrogen
phosphate, perchlorate, chromate, dichromate, cobalt oxide, and other oxyanions and anions
known to those skilled in the art. The at least one of an exchange-partners may be comprise
an alkali metal, alkaline earth metal, transition metal, second series transition metal, third
serics transition metal, noble metal, rare earth metal, Al, Ga, In, Sn, As, Se, and Te. Suitable
exchanged anions are halide, oxide, sulfide, nitride, phosphide, and boride. Suitable metals
for exchange are alkali, preferably Na or K, alkaline earth metal, preferably Mg or Ba, and a
rare earth metal, preferably Eu or Dy, each as the metal or hydride. Exemplary catalyst
reactants and with an exemplary exchange reaction are given infra. These reactions are not
meant to be exhaustive and further examples would be known to those skilled in the art.

« 4g AC3-3 + 1g Mg + 1.66g KH + 2.5g DyI2, Ein:135.0 k], dE: 6.1 ki, TSC: none,
Tmax: 403 °C, theoretical is 1.89 kJ, gain is 3.22 times,

DyBr: +2K O 2ZKBr + Dy. (56)
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» 4g AC3-3 + 1g Mg + 1g NaH + 2.09g EuF3, Ein:185.1 kJ, dE: 8.0 ki, TSC: nene,

Tmax: 463 °C, theoretical is 1.69 kJ, gain is 4.73 times,
EuF;+ 1.5Mg 0 1.5MgF;+ Eu {97)

EuF; +3NaH 0 3NaF+Eu H, (98)

« KH 8.3 gm+ Mg 5.0 gm + CAII-300 20.0gm + CrB: 3.7gm, Ein:317 ki, dE: 19 kJ,
no TSC with Tmax~340 °C, theoretical energy is endothermic 0.05 kl, gain is infinite,

CrB; +Mg 0 MgB2 9%

= 0.70 g of TiB,, 1.66 g of KH, 1 g of Mg powder and 4 g of CA-III 300 activated
carbon powder (AC3-4) was finished. The energy gain was 5.1 kl, but no cell temperature
burst was observed. The maximum cell temperature was 431 °C, theoretical is 0.

TiB,+Mg T  MgBs (100)

« 0.42 g of LiCl, 1.66 g of KH, 1 g of Mg powder and 4 g of AC3-4 was finished. The
energy gain was 5.4 kJ, but no cell temperature burst was observed. The maximum cell
temperature was 412 °C, theoretical is 0, the gain is infinity.

LiCi+KH[C KCI+LiH. (101}

= 1.21 g of RbCL, 1.66 g of KH, I g of Mg powder and 4 g of AC3-4, energy gain was
6.0 kJ, but no cell temperature burst was observed. The maximum cell temperature was 442

°C, theoretical is 0.
RbCIl+KHC KCl+RbH. (102)

« 4g AC3-5 + 1g Mg + 1.66g KH + 0.87g LiBr; Ein: 146.0 kJ; dE: 6.24 kI; TSC: not

observed: Tmax: 439 °C, theoretical is endothermic,
LiBr+KHO KBr+LiH (103)

= KH 8.3 gm+ Mg_ 5.0 gm + CAII-300 20.0gm + YF: 7.3 gm; Ein: 320 kJ; dE: 17 kJ;
no TSC with Tmax~ 340 °C; Encrgy Gain ~ 4.5 X (X~0.74kJ * 5=3.7k]},

YFy+ L5SMg+2KH U 1.5MgF; + YH, + 2K, (104)

* NaH 5.0 gm+ Mg 5.0 gm + CAII-300 20.0gm + BaBr; 14.85 gm (Dried); Ein: 328
kJ: dE: 16 kJ; no TSC with Tmax~ 320 °C; Energy Gain 160X (X~0.02kI*5=0.1 kJ),

BaBr; +2NaH {1 2NaBr + BaH;. (105)

« KH 8.3 gm + Mg 5.0 gm -+ CAIL-300 20.0gm + BaCl, 10.4 gm; Ein: 331 kJ; dE: 18
kJ No TSC with Tmax~ 320 °C. Energy Gain ~ 6.9X (X~0.52x5=2.6 kI)

BaCl; +2KH I 2KCl + BaHa. (106)

= NaH 5.0 gm+ Mg 5.0 gm + CAII-300 20.0gm + Mgl2 13.9 gm; Bin: 315 kJ; dE: 16
kJ No TSC with Tmax~ 340 °C. Energy Gain ~ 1.8X (X~1.75x5=8.75 kI)

Mgl, +2NaH {1 2Nal + MgH; (107}

s 4g AC3-2 + 1g Mg + Ig NaH + 0.97g ZnS; Ein:132.1kJ; dE: 7.5kJ; TSC: none;
Tmax: 370 °C, theoreiical is 1.4 kJ, gain is 5.33 times,

ZnS+2NaH 1 2NaHS +Zn (108)

ZnS+Mgl MgS+2Zn. (109)
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« 274 g of Y283, 1.66 g of KIH, 1 g of Mg powder and 4 g of CA-III 300 activated
carbon powder (dried at 300 °C), energy gain was 5.2 kI, but no cell temperature burst was
observed. The maximum cell temperature was 444 °C, theoretical is 0.41 kl, gain is 12.64

times,
YaS:-+3KH O 3KHS+2Y {110)
Y,Ss + 6KH + 3Mgll  3K,S +2Y + 3IMgH; (111)
Y,S;+3Mg O 3MgS +2Y. (112)

» 4g AC3-5 + 1g Mg + 1.66g KH + 1.82g CasP»; Ein:133.0 kJ; dE: 5.8 kI; TSC: none;
Tmax: 407 °C, the theoretical is endothermic, the gain is infinity.

» 20g AC3-5 + 5g Mg + 8.3g KH + 9.1g Ca3P2, Ein:282.1kJ, dE:18.1k]J, TSC: none,
Tmax: 320 °C, theoretical is endothermic, the gain is infinity.

CasP, + 3Mg 0 MgiPot+ 3Ca. (113)

In an embodiment, the thermally regenerative reaction system comprises:

(i) at feast one catalyst or a source of catalyst chosen from NaH, BaH, and KH;

(ii) at least one source of hydrogen chosen from NaH, KH, BaH, and MgH;

(iii) at Jeast one oxidant chosen from an alkaline earth halide such as BaBry, BaCls,
Baly, CaBr,, MgBrs, or Mgl,, a rare earth halide such as EuBry, EuBrs, EuFs, Dyl, Lal;, or
GdF;, a second or third series transition metal halide such as YF3, a metal boride such as
CrB; or TiB,, an alkali halide such as LiCl, RbCl, or CsI, a metal sulfide such as Li;S, ZnS or
¥1Ss, a metal oxide such as Y,0;, and a metal phosphide, nitride, or arsenide such as an
atkaline earth phosphide, nitride, or arsenide such as CasP2, Mgz;Nz, and MgsAso,

(iv} at least one reductant chosen from Mg and MghH»; and

(v) a support chosen from AC, TiC, and WC.,

In a further exemplary system capable of thermal regeneration, the exchange is
between the catalyst or source of catalyst such as NaH, BaH, or KH and an alkaline earth
halide such as BaBr, or BaCl, that may serve as an oxidant. Alkali metals and alkaline earth
metals are not miscible in any portion. The melting points of Ba and Mg are 727 °C and
1090 °C, respectively; thus, separation during regeneration can easily be achieved.
Furthermore, Mg and Ba do not form an intermetalic with the atomic % of Ba less than about
32% and the temperature maintained below about 600 °C. The heats of formation of BaCl,,
MgCly, BaBry, and MgBr; are -855.0 ki/mole, -641.3 klJ/mole, -757.3 kl/mole, and -324.3
kJ/mole, respectively; so, the barium halide is much more favored over the magnesium
halide. Thus, thermal regeneration can be achicved from a suitable reaction mixture such as
KH or NaH Mg TiC and BaCl, or BaBr; that forms the alkali halide and alkaline earth
hydride. The regeneration can be achieved by heating the products and evaporating the alkali
metal such that it is collected by means such as condensation. The catalysts may be
rehydrided. In an embodiment, the removal of the alkali metal drives the reaction of the
reformation of the alkaline earth halide. In other embodiments, a hydride may be
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decomposed by heating under vacuum when desirable. Since MgH, melts at 327 °C, it may
- be preferentially separated from other products by melting and selectively removing the
liquid where desirable. '

f. Getter, Support, or Matrix-Assisted Hydrino Reaction

In another embodiment, the exchange reaction is endothermic. In such an
embodiment, the metal compound may serve as at least one of a favorable support or matrix
for the hydrino reaction or getter for the product to enhance the hydrino reaction rate.
Exemplary catalyst reactants and with an exemplary support, matrix, or getter are given infra.
These reactions are not meant to be exhaustive and further examples would be known to
those skilled in the art.

« 4g AC3-5 + 1g Mg + 1.66g KH + 2.23g MgiAs,, Ein:139.0 kJ, dE: 6.5 kJ, TSC:
nene, Tmax: 393 °C, the theoretical is endothermic, the gain is infinity.

< 20g AC3-5 + 5g Mg + 8.3g KH + 11.2g MgsAs,,Ein:298.6 kJ, dE:21.8 ki, TSC:
none, Tmax: 315-°C, theoretical is endothermic, the gain is infinity.

= 1.01 g of MgzNa, 1.66 g of KH, 1 g of Mg powder and 4 g of AC3-4 in a |” heavy
duty cell, energy gain was 5.2 kl, but no cell temperature burst was observed. The maximum
cell temperature was 401 °C, theoretical is 0, the gain is infinity.

= 0.41 g of AIN, 1.66 g of KH, 1 g of Mg powder and 4 g of AC3-5 in a {” heavy duty
cell, energy gain was 4.9 kJ, but no cell temperature burst was observed. The maximum cell
temperature was 407 °C, theoretical is endothermic.

In an embodiment, the thermally regenerative reaction system comprises at least two
components chosen from (1)-{v):

(1) at least one catalyst or a source of catalyst chosen from NaH, BaH, KH, and MgtH,;

(ii) at least one source of hydrogen chosen from NaH, BaH, and KH;

(iii) at least one oxidant, matrix, second support, or getter chosen from a metal
arsenide such as MgsAs; and a metal nitride such as MgsN, or AIN;

(iv) at least one reductant chosen from Mg and MgHy; and

(v} at least one support chosen from AC, TiC, or WC.

D. Liguid Fuels; Organic and Molten Solvent Systems

Further embodiments comprise a molten solid such as a molten salt or a liquid solvent
contained in chamber 200. The liquid solvent may be vaporized by operating the cell at a
temperature above the boiling point of the solvent. The reactants such as the catalyst may be
dissolved or suspended in the solvent or reactants that form the catalyst and H may be
suspended or dissolved in the solvent. A vaporized solvent may act as a gas with the catalyst
to increase the rate of the hydrogen catalyst reaction to form hydrinos. The molten solid or
vaporized solvent may be maintained by applying heat with heater 230. The reaction mixture
may further comprise a solid support such as a HSA material. The reaction may occur at the
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surface due to the interaction of a molten solid, a liquid, or a gaseous solvent with the catalyst
and hydrogen such as K or Li plus H or NaH. In an embodiment using a heterogeneous
catalyst, a solvent of the mixture may increase the catalyst reaction rate.

In embodiments comprising hydrogen gas, the Hy may be bubbied through the
solution. In another embodiment, the cell is pressurized to increase the concentration of
dissolved Ha. In a further embodiment, the reactants are stirred, preferably at high speed and
at a temperature that is about the boiling point of the organic solvent and about the melting
point of the inorganic solvent.

The organic solvent reaction mixture may be heated, preferably in the temperature
range of about 26 °C to 400 °C, more preferably in the range of about 100 °C to 300 °C. The
inorganic solvent mixture may be heated to a temperature above that at which the solvent is
liquid and below a temperature that causes total decomposition of the NaH molecules.

The solvent may comprise a molten metal. Suitable metals have a low melting point
such as Ga, In, and Sn. In another embodiment, the molten metal may serve as the support
such as the conductive support. The reaction mixture may comprise at least three of a
catalyst or a source of catalyst, hydrogen or a source of hydrogen, a metal, a reductant, and an
oxidant. The cell may be operated such that the metal is molten. In an embodiment, the
catalyst is selected from NaH or KH which also serves as the source of hydrogen, the
reductant is Mg, and the oxidant is one of EuBr, BaCly, BaBr, AIN, CasP2, MgsN», MgsAso,
Mgls, CrBa, TiBs, an alkali halide, YF3, MgO, NisSi, Y1Ss, LisS, NiB, GdF;, and Y20;. In
another embodiment, the oxidant is one of Mnl,, Snly, FeBr,, Col;, NiBrs, AgCl, and InCL

2. Organic Solvents

The organic solvent may comprise one or more of the moieties that can be modified to
further solvents by addition of functional groups. The moicties may comprise at least one of
a hydrocarbon such as an alkane, cyclic alkane, alkene, cyclic atkene, alkyne, aromatic,
heterocyclic, and combinations théreof, ether, halogenated hydrocarbon {fluoro, chloro,
bromo, iodo hydrocarbon), preferably fluorinated, amine, sulfide, nitrile, phosphoramide (e.g.
OP(N(CHs)2)s), and aminophosphazene. The groups may comprise at least one of alkyl,
cycloalkyl, alkoxycarbonyl, cyano, carbamoyl, heterocyclic rings containing C, O, N, S,
sulfo, sulfamoyl, alkoxysulfonyl, phosphono, hydroxyl, halogen, alkoxy, alkylthiol, acyloxy,
aryl, alkenyl, aliphatic, acyl, carboxyl, amino, cyanoalkoxy, diazonium,
carboxyalkylcarboxamido, alkenylthio, cyanoalkoxycarbonyl, carbamoylalkoxycarbonyl,
alkoxy carbonylamino, cyanoalkylamino, alkoxycarbonylalkylamino, sulfoalkylamino,
atkylsulfamoylaklylamino, oxido, hydroxy alkyl, carboxy alkylcarbonyloxy, cyanoalkyl,
carboxyalkylthio,  arylamino, heteroarylamino, alkoxycarbonyl,  alkyicarbonyloxy,
cyanoalkoxy, alkoxycarbonylalkoxy, = carbamoylalkoxy, —carbamoylalkyl carbonyloxy,
sulfoalkoxy, nitro, alkoxyaryl, halogenaryl, amino aryl, alkylaminoaryl, tolyl, alkenylaryl,
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allylaryl, alkenyloxyaryl, allyloxyaryl, cyanoaryl, carbamoylaryl, carboxyaryl,
alkoxycarbonylaryl, alkylcarbonyoxyaryl, sulfoaryl, alkoxysulfoaryl, sulfamoylaryl, and
nitroaryl. Preferably, the groups comprise at least one of alkyl, cycloalkyl, alkoxy, cyano,
heterocyclic rings containing C, O, N, 8, sulfo, phosphono, halogen, alkoxy, alkylthiol, aryl,
alkenyl, aliphatic, acyl, alkyl amino, alkenyithio, arylamino, heteroarylamino, halogenaryl,
amino aryl, alkylaminoaryl, alkenylaryl, allylaryl, alkenyloxyaryl, allyloxyaryl, and
cyanoaryl groups.

In an embodiment comprising a liquid solvent, the catalyst NaH is at least one of a
component of the reaction mixture and is formed from the reaction mixture. The reaction
mixture may further comprise at least one of the group of NaH, Na, NH;, NaNH;, Na;NH,
NasN, H20, NaOH, NaX (X is an anion, preferably a halide), NaBH,, NaAlH,, Ni, Pt black,
Pd biack, R-Ni, R-Ni doped with a Na species such as at least one of Na, NaOH, and NaH, a
HSA support, getter, a dispersant, a source of hydrogen such as Hj and a hydrogen
dissociator, In other embodiments, Li, K, Rb, or Cs replaces Na. In an embodiment, the
solvent has a halogen functional group, preferably fluorine. A suitable reaction mixture
comprises at least one of hexafluorobenzene and octafluoronaphthalene added to a catalyst
such as NaH, and mixed with a support such as activated carbon, a fluoropolymer or R-Ni. In
an embodiment, the reaction mixfure comprises one or more species from the group of Na,
Nal, a solvent, preferably a fluorinated solvent, and a HSA material. A suitable fluorinated
solvent for regeneration is CF4. A suitable support or HSA material for a fluorinated solvent

with NaH cataiysts is NaF. In an embodiment, the reaction mixture comprises at Jeast NaH,
CF4, and NaF, Other fluorine-based supports or getters comprise M,SiF, wherein M is an

alkali metal such as Na,SiF, and K, SiF,, MSiF; wherein M is an alkaline earth metal such as
MgSiF,, GaF,, PF,, MPF, wherein M is an alkali metal, MHF, wherein M is an alkali
metal such as NaHF, and KHF,, K,TaF,, KBF,, K,MnF,, and K,ZrF, wherein other

similar compounds are anticipated such as those having another alkali or alkaline earth metal
substitution such as one of Li, Na, or K as the alkali metal,

b, Inorganic Solvents
In another embodiment, the reaction mixture comprises at least one inorganic solvent.

The solvent may additionally comprise a molten inorganic compound such as a molten sait.
The inorganic solvent may be molten NaOH. In an embodiment, the reaction mixture
comprises a catalyst, a source of hydrogen, and an inorganic solvent for the catalyst. The
catalyst may be at least one of NaH molecules, Li, and K. The solvent may be at least one of
a molten or fused salt or eutectic such as at least one of the molten salts of the group of alkali
halides and alkaline earth halides. The inorganic solvent of the NaH catalyst reaction mixture
may comprise a low-melting eutectic of a mixture of alkali halides such as NaCl and KCL
The solvent may be a low-melting point salt, preferably a Na salt such as at least one of Nal
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(660 °C), NaAICl, (160 °C), NaAlF,, and compound of the same class as NaMX, wherein M
is a metal and X is a halide having a meta! halide that is more stable than NaX. The reaction
mixture may further comprise a support such as R-Ni.

The inorganic solvent of the Li catalyst reaction mixture may comprise a low-melting
eutectic of a mixture of alkali halides such as LiCl and KCI. The molten salt solvent may
comprise a fluorine~based solvent that is stable to NaH. The melting point of LaF; is 1493
°C and the melting point of NaF is 996 °C. A bali-milled mixture in appropriate ratios, with
optionally other fluorides, comprises a fluoride-salt solvent that is stable to NaH and melts
preferably in the range of 600 °C-700 °C. In a molten-salt embodiment, the reaction mixture
comprises NaH + salt mixiure such as NaF-KF-LiF (11.5-42.0-46.5) MP=454 °C or NaH +
salt mixture such as LiF-KF (52%-48%) MP=492 °C.

V. Regeneration Systems and Reactions
A schematic drawing of a system for recycling or regenerating the fuel in accordance

with the present disclosure is shown in FIGURE 4. In an embodiment, the byproducts of the
hydrino reaction comprise a metal halide MX, preferably NaX or KX. Then, the fuel recycler
18 (FIGURE 4) comprises a separator 21 to separate inorganic compounds such as NaX from
the support. In an embodiment, the separator or a component thereof comprises a shifter or
cyclone separator 22 that performs the separation based on density differences of the species.
A further separator or component thereof comprises a magnetic separator 23 wherein
magnetic particles such as nickel or iron are pulled out by a magnet while nonmagnetic
material such as MX flow through the separator. In another embodiment, the separator or a
component thereof comprises a differential product solubilization or suspension system 24
comprising a component solvent wash 25 that dissolves or suspends at least one component
to a greater extent than another to permit the separation, and may further comprise a
compound recovery system 26 such as a solvent evaporator 27 and compound collector 28.
Alternatively, the recovery system comprises a precipitator 29 and a compound dryer and
collector 30. In an embodiment, waste heat from the turbine 14 and water condensor 16
shown in FIGURE 4 is used to heat at least one of the evaporator 27 and dryer 30 (FIGURE
4). Heat for any other of the stages of the recycler 18 (FIGURE 4) may comprise the waste
heat.

The fuel recycler 18 (FIGURE 4) further comprises an electrolyzer 31 that
electrolyzes the recovered MX to metal and halogen gas or other halogenated or halide
product, In an embodiment, the electrolysis occurs within the power reactor 36, preferably
from a melt such as a eutectic melt. The electrolysis gas and metal products are separately
collected at highly volatile gas collector 32 and a metal collector 33 that may further
comprise a metal still or separator 34 in the case of a mixture of metals, respectively. If the
initial reactant is a hydride, the metal is hydrided by a hydriding reactor 35 comprising a cell
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36 capable of pressures less than, greater than, and equal to atmospheric, an inlet and outlet
37 for the metal and hydride, an inlet for hydrogen gas 38 and its valve 39, a hydrogen gas
supply 40, a gas outlet 41 and its valve 42, a pump 43, a heater 44, and pressure and
temperature gauges 43. In an embodiment, the hydrogen supply 40 comprises an aqueous
¢lectrolyzer having a hydrogen and oxygen gas separator. The isolated metal product is at
least partially halogenated in a halogenation reactor 46 comprising a cell 47 capable of
pressures less than, greater than, and equal to atmospheric, an inlet for the carbon and outlet
for the halogenated product 48, an inlet for fluorine gas 49 and its valve 50, a halogen gas
supply 51, a gas outlet 52 and its valve 53, a pump 54, a heater 55, and pressure and
temperature gauges 56. Preferably, the reactor also contains catalysts and other reactants to
cause the metal 57 to become the halide of the desired oxidation state and stoichiometry as
the product. The at ieast two of the metal or metal hydride, metal halide, support, and other
initial reactants are recycled to the boiler 10 afier being mixed in a mixer 58 for another
power-generation cycle.

In exemplary hydrino and regeneration reactions, the reaction mixture comprises NaH
catalyst, Mg, Mnls;, and support, activated carbon, WC or TiC. In an embodiment, the source

of exathermic reaction is the oxidation reaction of metal hydrides by Mnls such as
2KH +Mnl, — 2Kl + Mn+ H, (114)

Mg+ Mnl, — Mgl, + Mn . (115}
Ki and Mgl may be electrolyzed to I, K, and Mg from a molten salt. The molten
electrolysis may be performed using a Downs cell or modified Downs cell. Mn may be
separated using a mechanical separator and optionally sieves. Unreacted Mg or MgH, may
be separated by melting and by separation of solid and liquid phases. The jodides for the
electrolysis may be from the rinse of the reaction products with a suitable solvent such as
deoxygenated water. The solution may be filtered to remove the support such as AC and
optionally the transition metal. The solid may be centrifuged and dried, preferably using
waste heat from the power system. Alternative, the halides may be separated by melting
them followed by separation of the liquid and solid phases. In another embodiment, the
lighter AC may initially be separated from the other reaction products by a method such as
cyclone separation. K and Mg are immiscible, and the separated metals such as K may be
hydrided with H, gas, preferably from the electrolysis of H;0. The metal iodide may be
formed by know reactions with the separated metal or with the metal, unseparated from AC,
In an embodiment, Mn is reacted with HI to form Mnl,, and H; that is recycled and reacted
with I, to form HI. In other embodiments, other metals, preferably a transition metal,
replaces Mn. Another reductant such as Al may replace Mg. Another halide, preferably
chloride may replace iodide. LiH, KH, RbH, or CsH may replace NaH.
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In exemplary hydrino and regeneration reactions, the reaction mixture comprises NaH
catalyst, Mg, AgCl, and support, activated carbon. In an embodiment, the source of

exothermic reaction is the oxidation reaction of metal hydrides by AgCl such as
KH + AgCl - KCl+ Ag +1/2H, (116)

Mg +2A4gCl — MgCl, +2A4g . (117
KC! and MgCl; may be electrolyzed to Cl, K, and Mg from a molten salt. The melten
electrolysis may be performed using a Downs cell or modified Downs cell. Ag may be
separated using a mechanical separator and optionally sieves. Unreacted Mg or MgH; may
be separated by melting and by separation of solid and liquid phases. The chlorides for the
electrolysis may be from the rinse of the reaction preducts with a suitable solvent such as
deoxygenated water. The solution may be filtered to remove the support such as AC and
optionally the Ag metal. The solid may be centrifuged and dried, preferably using waste heat
from the power system. Alternative, the halides may be separated by melting them followed
by separation of the liquid and solid phases. In another embodiment, the lighter AC may
initially be separated from the other reaction products by a method such as cyclone
separation. K and Mg are immiscible, and the separated metals such as K may be hydrided
with Hy gas, preferably from the electrolysis of H20. The metal chloride may be formed by
know reactions with the separated metal or with the metal, unseparated from AC. In an
embodiment, Ag is reacted with Cl; to form AgCl, and Hy that is recycled and reacted with I
to form HE. In other embodiments, other metals, preferably a transition metal or In, replaces
Ag. Another reductant such as Al may replace Mg. Another halide, preferably chloride may
replace iodide. LiH, KH, RbH, or CsH may replace NaH.

In an embodiment, the reaction mixture is regencrated from hydrino reaction
products. In exemplary hydrino and regeneration reactions, the solid fuel reaction mixture
comprises KH or NaH catalyst, Mg or MgH,, and alkaline earth halide such as BaBr,, and
support, activated carbon, WC, or preferably TiC. In an embodiment, the source of

exothermic reaction is the oxidation reaction of metal hydrides or metals by BaBr, such as
2KH + Mg + BaBr, - 2KBr + Ba+ MgH, {118)

2NaH + Mg + BaBr, — 2NaBr + Ba + MgH, . (119)

The melting points of Ba, magnesium, MgH;, NaBr, and KBr are 727 °C, 650 °C, 327 °C,
747 °C, and 734 °C, respectively. Thus, MgH; can be separated from barium and any Ba-Mg
intermetalic by maintaining the MgH, with optional addition of Ha, preferentially melting the
MgH,, and separating the liquid from the reaction-product mixture. Optionally, it may be
thermally decomposed to Mg. Next, the remaining reaction products may be added to an
electrolysis melt. Solid support and Ba precipitates to form preferably separable layers.
Alternatively, Ba may be separated as a liquid by melting. Then, NaBr or KBr may be
electrolyzed to form the alkali metal and Br;. The latter is reacted with Ba to form BaBr,.
Alternatively, Ba is the anode, and BaBr, forms directly in the anode compartment. The
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alkali metal may be hydrided following electrolysis or formed in the cathode compartment
during electroiysis by bubbling Ha in this compartment. Then, MgH2 or Mg, NaH or KH,
BaBry, and support are retuned to the reaction mixture. In other embodiments, another
alkaline earth halide such as Baly, MgF,, SrCl,, CaCly, or CaBr,, replaces BaBr;.

In another embodiment, the regeneration reactions may oceur without electrolysis due
to the small energy difference between the reactants and products. The reactions given by
Egs. (118-119) may be reversed by changing the reactions condifion such as temperature or
hydrogen pressure. Alternatively, 2 molten or volatile species such as K or Na may be
selectively removed to drive the reaction backwards to regenerate a reactant or a species that
can be further reacted and added back to the cell to form the original reaction mixture. In
another embodiment, the volatile species may be continually refluxed to maintain the
reversible reaction between the catalyst or source of catalyst such as NaH, BaH, KH, Na, or
K and the initial oxidant such as an alkaline earth halide or rare earth halide. In an
embodiment, the reflux is achieved using a still such as still 34 shown in FIGURE 4. The
stifl may comprise a wick or capillary system that forms droplets of the volatiie species such
as K or other alkali metal. The droplets may fall into the reaction chamber by gravity. The
wick or capillary may be similar to that of a molten-metal heat pipe, or the still may comprise
a molten metal heat pipe. The heat pipe could return the volatile species such as a metal such
as K to the reaction mixture via 2 wick. In another embodiment, the hydride may be formed
and wiped mechanically from a collection surface or structure. The hydride may fall back
into the reaction mixture by gravity. The return supplying may be continuously or
intermittently. In this embodiment, the cell could be horizontal with a vapor space along the
horizontal axis of the cell, and the condensor section may be at the end of the cell. The
amount of volatile species such as K may be present in the cell at about equal stoichiometry
or less with the metal of the oxidant such that it is limiting to cause the formation of the
oxidant in the reverse reaction when the volatile species is in transport in the cell. Hydrogen
may be supplied to the cell at a controlled optimal pressure. Hydrogen may be bubbled
through the reaction mixture to increase its pressure. The hydrogen may be flowed through
the material to maintain a desired hydrogen pressure. The heat may be removed for the
condensing section by a heat exchanger. The heat transfer may be by boiling of a coolant
such as water. The boiling may be nucleate boiling to increase the heat transfer rate,

In another embodiment comprising a reaction mixture of more than one volatiie
species such as metals, each species may be evaporate or sublimed to a gaseous state and
condensed. Each species may be condensed at a separate region based on differences in
vapor pressure with temperature relationships between species. Each species may be further
reacted with other reactants such as hydrogen or directly returned to the reaction mixture.
The combined reaction mixture may comprise the regenerated initial reaction mixture to form
hydrinos. The reaction mixture may comprise at least two species of the group of a catalyst,
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a source of hydrogen, an oxidant, a reductant, and a support. The support may also comprise
the oxidant. Carbon or carbide are such suitable supports. The oxidant may comprise an
alkaline earth metal such as Mg, and the catalyst and source of H may comprise KH. K and
Mg may be thermally volatilized and condensed as separate bands. K may be hydrided to
KH by treatment with H,, and KH may be returned to the reaction mixture. Alternatively, K
may be returned and then reacted with hydrogen to form KH. Mg may be directly returned to
the reaction mixture. The products may be continuously or intermittently regenerated back
onto the initial reactants as power is generated by forming hydrinos. The corresponding H
that is consumed is replaced to maintain power output.

In ancther embodiment, the reaction conditions such as the temperature or hydrogen
pressure may be changed to reverse the reaction. In this case, the reaction is initially run in
the forward direction to form hydrinos and the reaction mixture products. Then, the products
other than lower-energy hydrogen are converted to the initial reactants. This may be
performed by changing the reaction conditions and possibly adding or removing -at least
partially the same or other products or reactant as those initially used or formed. Thus, the
forward and regeneration reactions are carried out in alternating cycles. Hydrogen may be
added to replace that consumed in the formation of hydrinos. In another embodiment,
reaction conditions are maintained such as an elevated temperature wherein the reversible
reaction is optimized such that both the forward and reverse reactions occur in a manner that
achieves the desired, preferably maximum, rate of hydrino formation.

In exemplary hydrino and regeneration reactions, the solid fuel reaction mixture
comprises NaH catalyst, Mg, FeBra, and support, activated carbon. In an embodiment, the

source of exothermic reaction is the oxidation reaction of metal hydrides by FeBr; such as
2NaH + FeBr, — 2NaBr + Fe+ H, (120)

Mg + FeBr, — MgBr, + Fe . (121)
NaBr and MgBr; may be electrolyzed to Bry, Na, and Mg from a molten salt. The molien
electrolysis may be performed using a Downs cell or modified Downs cell. Fe is
ferromagnetic and may be separated magnetically using a mechanical separator and
optionally sieves. In another embodiment, ferromagnetic Ni may replace Fe. Unreacted Mg
or MgH; may be separated by melting and by separation of solid and liquid phases. The
bromides for the electrolysis may be from the rinse of the reaction products with a suitable
solvent such as deoxygenated water. The solution may be filtered to remove the support such
as AC and optionally the transition metal. The solid may be centrifuged and dried, preferably
using waste heat from the power system. Alternative, the halides may be separated by
melting them followed by separation of the liquid and solid phases. In another embodiment,
the lighter AC may initially be separated from the other reaction products by a method such
as cyclone separation. Na and Mg are immiscible, and the separated metals such as Na may
be hydrided with H, gas, preferably from the electrolysis of HyO. The metal bromide may be
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formed by know reactions with the separated metal or with the metal, not separated from AC.
In an embodiment, Fe is reacted with HBr to form FeBrg, and H; that is recycled and reacted
with Br, to form HBr. In other embodiments, other metals, preferably a transition metal,
replaces Fe. Another reductant such as Al may replace Mg. Another halide, preferably
chloride may replace bromide. LiH, KH, RbH, or CsH may replace NaH.

In exemplary hydrino and regeneration reactions, the solid fuel reaction mixture
comprises KH or NaH catalyst, Mg or MgH2, SnBr,, and support, activated carbon, WC, or
TiC. In an embodiment, the source of exothermic reaction is the oxidation reaction of metal
hydrides or metals by SnBr, such as

2KH +8nBr, —» 2KBr+Sn+ H, (122)
2Nall +SnBr, — 2NaBr+ Sn+ H, ‘ (123)
Mg + SnBr, — MgBr, + Sn. (124)

The melting points of tin, magnesium, MgHs, NaBr, and KBr are 119 °C, 650 °C, 327 °C,
747 °C, and 734 °C, respectively. Tin-magnesium alioy will melt above a temperature such
as 400 °C for about 5wt% Mg as given in its alloys phase diagram. In an embodiment, tin
and magnesium metals and alloys are separated from the support and halides by melting the
metals and alloys and separating the liquid and solid phases. The alloy may be reacted with
H, at a temperature that forms MgH, solid and tin metal. The solid and liquid phases may be
separated to give MgH» and tin. The MgH, may be thermally decomposed to Mg and Ha.
Alternatively, H; may be added to the reaction products in situ at a temperature selective to
convert any unreacted Mg and any Sn-Mg alloy to solid MgH, and liquid tin. The tin may be
selectively removed. Then, MgH, may be heated and removed as a liquid. Next, halides may
be removed from the support by methods such (1) melting them and separation of the phases,
(2) cyclone separation based on density differences wherein a dense support such as WC is
preferred, or (3) sieving based on size differences. Alternatively, the halides may be
dissolved in a suitable solvent, and the liquid and solid phases separated by methods such as
filtering. The liquid may be evaporated and then the halides may be electrolyzed from the
melt to Na or K and possibly Mg metals that are immiscible and each separated. In another
embodiment K is formed by reduction of the halide using Na metal that is regenerated by
electrolysis of a sodium halide, preferably the same halide as formed in the hydrino reactor.
In addition, halogen gas such as Br; is collected from the electrolysis melt and reacted with
isolated Sn to form SnBr, that is recycled for another cycle of the hydrino reaction together
with NaH or KH, and Mg or MgH, wherein the hydrides are formed by hydriding with H;
gas. In an embodiment, HBr is formed and reacted with Sn to from SnBr,. HBr may be
formed by reaction of Br, and H; or during electrolysis by bubbling H at the anode that has
an advantage of lowering the electrolysis energy. In other embodiment another metal
replaces Sn, preferably a transition metal, and another halide may replace Br such as .
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In another embodiment, at the initial step, all of the reaction products are reacted with
aqueous HBr, and the solution is concentrated to precipitate SnBry from MgBr; and KBr
solution. Other suitable solvents and separation methods may be used to separate the salts.
MgBr; and KBr are then electrolyzed to Mg and K. Alternatively, Mg or MgH, is first
removed using mechanical or by selective solvent methods such that only KBr need be
electrolyzed. In an embodiment, Sn is removed as a melt from solid MgH, that may be
formed by adding H, during or after the hydrino reaction. MgHs or Mg, KBr, and support are
then added to the electrolysis melt. The support settles in a sedimentary zone due to its large
particle size, MgH; and KBr form part of the melt and separate based on density. Mgand K
are immiscible, and K also forms a separate phase such that Mg and K are coliected
separately. The anode may be Sn such that K, Mg, and SnBr; are the electrolysis products.
The anode may be liquid tin or liquid tin may be sparged at the anode to react with bromine
and form SnBr,. In this case the energy gap for regeneration is the compound gap versus the
higher elemental gap corresponding fo elemental products at both electrodes. In a further
embodiment, the reactants comprise KI, support, and Sni, or SnBr,. The Sn may be
removed as a liquid, and the remaining products such as KX and support may be added to the
electrolysis melt wherein the support separates based on density. In this case, a dense support
such as WC is preferred.

The reactants may comprise an oxygen compound to form an oxide product such as
an oxide of the catalyst or source of catalyst such as that of NaH, Li, or K and an oxide of the
reductant such as that of Mg, MgHy, Al, Ti, B, Zr, or La. In an embodiment, the reactants are
regenerated by reacting the oxide with an acid such as a hydrogen halide acid, preferably
HCI, to form the corresponding halide such as the chloride. In an embodiment, an oxidized
carbon species such as carbonate, hydrogen carbonate, a carboxylic acid species such as
oxalic acid or oxalate may be reduced by a metal or a metal hydride. Preferably, at least one
of Li, K, Na, LiH, KH, NaH, Al, Mg, and MgH> reacts with the species comprising carbon
and oxygen and forms the corresponding metal oxide or hydroxide and carbon. Each
corresponding mctal'may be regenerated by electrolysis. The electrolysis may be performed
using a molten salt such as that of a eutectic mixture. The halogen gas electrolysis product
such as chlorine gas may be used to form the corresponding acid such as HCI as part of a
regeneration cycle. The hydrogen halide acid HX may be formed by reacting the halogen gas
with hvdrogen gas and by optionally dissolving the hydrogen halide gas into water.
Preferably the hydrogen gas is formed by electrolysis of water. The oxygen may be a
reactant of the hydrino reaction mixture or may be reacted to form the source of oxygen of
the hydrino reaction mixture, The step of reacting the oxide hydrino reaction product with
acid may comprise rinsing the product with acid to form a solution comprising the metal
salts. In an embodiment, the hydrino reaction mixture and the corresponding product mixture
comprises a support such as carbon, preferably activated carbon. The metal oxides may be
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separated from the support by dissolving them in aqueous acid. Thus, the product may be
rinsed with acid and may further be filtered to separate the components of the reaction
mixture. The water may be removed by evaporation using heat, preferably waste heat from
the power system, and the salts such as metal chlorides may be added to the electrolysis
mixture to form the metals and halogen gas. In an embodiment, any methane or hydrocarbon
product may be reformed to hydrogen and optionally carbon or carbon dioxide.
Alternatively, the methane was be separated from the gas product mixture and sold as a
commercial product. In another embodiment, the methane may be formed into other
hydrocarbon products by methods known in the art such as Fischer-Tropsch reactions. The
formation of methane may be suppressed by adding an interfering gas such as an inert gas
and by maintaining unfavorable conditions such as a reduced hydrogen pressure or
femperature,

In another embodiment, metal oxides are directly electrolyzed from a eutectic
mixture. Oxides such as MgO may be reacted to water to form hydroxides such as Mg(OH)},.
In an embodiment, the hydroxide is reduced. The reductant may be an alkaline metal or
hydride such as Na or NaH. The product hydroxide may be electrolyzed directly as a molten
salt. Hydrino reaction products such as alkali metal hydroxides may also be used as a
commercial product and the corresponding halides acquired. The halides may then be
electrolyzed to halogen gas and metal. The halogen gas may be used as a commercial
industrial gas. The metal may be hydrided with hydrogen gas, preferably for the electrolysis
of water, and supplied to the reactor as a part of the hydrino reaction mixture.

The reductant such as an alkali metal can be regenerated from the product comprising
a corresponding compound, preferably NaOH or Na;O, using methods and systems known to
those skilled in the art. One method comprises elecirolysis in a mixture such as a eutectic
mixture. In a further embodiment, the reductant product may comprise at least some oxide
such as a reductant metal oxide (e.g. MgO)}. The hydroxide or oxide may be dissolved in a
weak acid such as hydrochloric acid to form the corresponding salt such as NaCl or MgCls.
The treatment with acid may also be an anhydrous reaction. The gases may be streaming at
low pressure. The salt may be treated with a product reductant such as an alkali or alkaline
earth metal to form the original reductant. In an embodiment, the second reductant is an
alkaline earth metal, preferably Ca wherein NaCi or MgCl, is reduced to Na or Mg metal.
The additional product of CaCly is recovered and recycled as well. In alternative
embodiment, the oxide is reduced with Ha atf high temperature,

In exemplary hydrino and regeneration reactions, the reaction mixture comprises Naki
catalyst, MgHa, O, and support, activated carbon. In an embodiment, the source of
exothermic reaction is the oxidation reaction of metal hydrides by O, such as

MgH, + O, —» Mg (OH), {(125)

MgH, +1.50,+C — MpCO, + H, (126)
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NaH +3/20, +C — NaHCO, (127)

2NaH +0, = 2NaOH . (128)
Any MgO product may be converted to the hydroxide by reaction with water

MgO+ H,0 — Mg(OH),. (129)

Sodium or magnesiwm carbonate, hydrogen carbonate, and other species comprising carbon
and oxygen may be reduced with Na or NaH:

NaH + Na,CO, = 3NaOH +C+1/ H, (130)

NaH +1/3MgCO, — NaOH +1/3C +1/3Mg (131)
Mg(OH); can be reduced to Mg using Na or NaH:

2Na+Mg(OH)2 -3 2NaOH + Mg . (132)

Then, NaOH can be electrolyzed to Na metal and NaH and O, directly from the melt. The

Castner process may be used. A suitable cathode and anode for a basic solution is nickel.
The anode may also be carbon, a noble metal such as Pt, a support such as Ti coated with a
noble metal such as Pt, or a dimenstonally stable anode. In another embodiment, NaOH is
converted to NaCl by reaction with HCl wherein the NaCl electrolysis gas Cly may be reacted
with Hy from the electrolysis of water to form the HCL. The molten NaCl electrolysis may be
performed using a Downs cell or modified Downs cell.  Alternatively, HCI may be produced
by chloralkali elecirotysis. The aqueous NaCl for this electrolysis may be from the rinse of
the reaction products with aqueous HCI. The solution may be filtered to remove the support
such as AC that may be centrifuged and dried, preferably using waste heat from the power
system.

In an embodiment, the reaction step comprise, (1) rinse the products with aqueous
HCI to form metal chlorides from species such as hydroxides, oxides, and carbonates, (2)
convert any evolved COs to water and C by H; reduction using the water gas shift reaction
and the Fischer Tropsch reaction wherein the C is recycled as the support at step 10 and the
water may be used at steps, 1, 4, or 5, (3) filter and dry the support such as AC wherein the
drying may include the step of centrifugation, (4) electrolyze water to H; and Oz to supply
steps 8 to 10, (5) optionally form H; and HC1 from the electrolysis of agueous NaCl to supply
steps 1 and 9, (6) isolate and dry the metal chlorides, (7) electrolyze a melt of the metal
chloride to metals and chlorine, (8) form HCI by reaction of Cl; and H, to supply step 1, (9)
hydride any metal to form the corresponding starting reactant by reaction with hydrogen, and
(10} form the initial reaction mixture with the addition of O, from step 4 or alternatively
using O isolated from the atmosphere.

In another embodiment, at least one of magnesium oxide and magnesium hydroxide
are electrolyzed from a melt to Mg and O;. The melt may be a NaOH melt wherein Na may
also be electroiyzed. In an embodiment, carbon oxides such as carbonates and hydrogen
carbonates may be decomposed to at least one of CO and CO- that may be added to the
reaction mixture as a source of oxygen. Alternatively, the carbon oxide species such as CO;
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and CO may be reduced to carbon and water by hydrogen. CO- and CO and may be reduced
by the water gas shift reaction and the Fischer Tropsch reaction.

In exemplary hydrino and regeneration reactions, the reaction mixture comprises NaH
catalyst, MgH,, CF4, and support, activated carbon. In an embodiment, the source of
exothermic reaction is the oxidation reaction of metal hydrides by CF, such as

2MgH, +CF, — C+2MgF, +2H, (133)
2MgH, +CF, — CH, +2MgF, (134)
4NaH +CF, — C + 4NaF +2H, (135)
4NaIl +CF, — CH, +4NaF . (136)

NaF and MgF: may be electrolyzed to F,, Na, and Mg from a molien salt that may
additionally comprise HF. Na and Mg are immiscible, and the separated metals may be
hydrided with H, gas, preferably from the electrolysis of H;O. The F» gas may be reacted
with carbon and any CH; reaction product to regenerate CF4. Alternatively and preferably,
the anode of the electrolysis cell comprises carbon, and the current and electrolysis conditions
are maintained such that CF is the anode electrolysis product.

In exemplary hydrino and regeneration reactions, the reaction mixture comprises NaH
catalyst, MgHy, P20s (P4O1), and support, activated carbon. In an embodiment, the source of
exothermic reaction is the oxidation reaction of metal hydrides by P;Os such as

SMgH, + RO, — SMgO~+2P+3H, (137)

SNaH + PO, — 5NaOH +2P. (138)
Phosphorous can be converted to PoOs by combustion in O,

2P +2.50, = PO;. (139
The MgO product may be converted to the hydroxide by reaction with water

MgO+H,0 -» Mg(OH),. (140)
Mg(OH)z can be reduced to Mg using Na or NaH:

2Na+ Mg(OH), - 2NaOH + Mg . (141)

Then, NaOH can be electrolyzed to Na metal and NaH and O, directly from the melt, or it

may be converted to NaCl by reaction with HCl wherein the NaCl electrolysis gas Cl; may be
reacted with H, from the electrolysis of water to from the HCl. In embodiments, metals such
as Na and Mg may be converted to the corresponding hydrides by reaction with Hp,
preferably from the electrolysis of water,

In exemplary hydrino and regeneration reactions, the solid fuel reaction mixture
comprises NaH catalyst, MgHy, NaNO;, and support, activated carbon. In an embodiment,
the source of exothermic reaction is the oxidation reaction of metal hydrides by NaNO; such

as
NaNO, + NaFl +C — Na,CO, +1/2N, +1/ 2H, (142)
NaNO, +1/2H, + 2NaH — 3NaOH +1/2N, (143)
NaNO, +3MgH, — 3Mg0 + NaH +1/ 2N, +5/ 2H, (144)
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~ Sodium or magnesium carbonate, hydrogen carbonate, and other species comprising carbon
and oxygen may be reduced with Na or NaH:

NaH + Na,CO, — 3NaOH +C+1/ H, (145)

NaH +1/3MgCCO, — NaOH +1/3C+1/3Mg . (146)
Carbonates can also be decomposed from agqueous media to the hydroxides and CO;,

Na,CO, + H,0 — 2NaOH +CQO,. (147)

Evolved CO; may be reacted to water and C by H reduction using the water gas shift
reaction and the Fischer Tropsch reaction

CO,+H,-»CO+H,0 (148)

CO+H, - C+H,0. (149)
The MgO product may be converted to the hydroxide by reaction with water

MgO + H,0 — Mg{OH),. (150)
Mg(OH) can be reduced to Mg using Na or Nall:

2Na+Mg{OH ), - 2NaOH + Mg . (151)

Alkali nitrates can be regenerated using the methods known to those skilled in the art. In an
embodiment, NO,, can be generated by known industrial methods such as by the Haber
process followed by the Ostwald process. In one embodiment, the exemplary sequence of
steps are:

N, — s NH, —2— NO,. (152)

Haber Osrwald
pracesy pracess

Specifically, the Haber process may be used to produce NH; from N, and H; at elevated
temperature and pressure using a catalyst such as « -iron containing some oxide. The
Ostwald process may be used to oxidize the ammonia to NO,, at a catalyst such as a hot
platinum or platinum-rhodium catalyst. The heat may be waste heat from the power systen.
NG, may be dissolved in water to form nitric acid that is reacted with NaOH, NayCO;, or
NaHCO; to form sodium nitrate, Then, the remaining NaOH can be electrolyzed to Na metal
and NaH and O, directly from the melt, or it may be converted to NaCl by reaction with HCI
wherein the NaCl electrolysis gas Cl; may be reacted with H, from the electrolysis of water
to from the FICl. In embodiments, metals such as Na and Mg may be converted to the
corresponding hydrides by reaction with H,, preferably from the electrolysis of water, In
other embodiments, Li and K replace Na.

In exemplary hydrino and regeneration reactions, the reaction mixture comprises NaH
catalyst, MgH,, SFs, and support, activated carbon. In an embodiment, the source of
exothermic reaction is the oxidation reaction of metal hydrides by SFs such as

4MgH, + SF, —» 3MgF, +4H, + Mg§ (153)

TNaH + SF, = 6 NaF +3H, + NaHS . (154)
NaF and MgF, and the sulfides may be electrolyzed to Na and Mg from a molten salt that
may additionally comprise HF. The fluorine electrolysis gas may react with the sulfides to
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form SFs gas that may be removed dynamically. The separation of SFs from F2 may be by
methods known in the art such as cryo-distillation, membrane separation, or chromatography
using a medium such as molecular sieves. NaHS melts at 350 °C and may be part of the
molten electrolysis mixture. Any MgS product may be reacted with Na to form NaHS
wherein the reaction may occur in situ during electrolysis. S and metals may be products
formed during electrolysis. Alternatively, the metals may be in minority such that the more
stable fluorides are formed, or F» may be added to form the fluorides.

3MgH, + SF, — 3MgF, +3H, +§ (155}

6NaH + SF, — 6NaF +3H,+ S . (156}
NaF and MgF; may be electrolyzed to Fa, Na, and Mg from a molten salt that may
additionally comprise HF. Na and Mg are immiscible, and the separated metals may be
hydrided with Hy gas, preferably, the make up is from the electrolysis of H,O. The F, gas
may be reacted with sulfur to regenerate SFe.

In exemplary hydrine and regeneration reactions, the reaction mixture comprises NaH
catalyst, Mghh, NF;, and support, activated carbon. In an embodiment, the source of
exothermic reaction is the oxidation reaction of metal hydrides by NF; such as

3MgH, +2INF, = 3Mgk, +3H, + N, {157}
6MgH, + 2NF, — 3MgF, + Mg, N, +6H, (158)
3NaH + NF, = 3NaF +1/2N, +1.5H,. (159)

NaF and MgF, may be electrolyzed to F,, Na, and Mg from a molten salt that may
additionally comprise HF. The conversion of Mg, N, to MgF; may occur in the melt. Na
and Mg are immiscible, and the separated metals may be hydrided with Hy gas, preferably
from the electrolysis of HoO. The F, gas may be reacted with NHj, preferably in a copper-
packed reactor, to form NFi;. Ammonia may be created from the Haber process.
Alternatively, NF; may be formed by the electrolysis of NH4F in anhydrous HF.

In exemplary hydrino and regeneration reactions, the solid fuel reaction mixture
comprises NaH catalyst, MgH,, Na;$203 and support, activated carbon. In an embodiment,
the source of exothermic reaction is the oxidation reaction of metal hydrides by Na»S:0s such

as
8MgH, + Na,S,0, —» 2MgS + 2NaOH +6MgO +6H, (160)
TMgH, + Na,S,0; +C —> 2MgS + Na,CO, + SMgO +7H, (161)
10NaH + Na,S,0, — 2Na,S +8NaOH + H, (162)
9NaH + Na,S,0, + C —> 2Na,8 + Na,CO, +5NaOH +2H, . (163)
Any MgO product may be converted to the hydroxide by reaction with water
MgO+ H,0 — Mg{OH},. (164)

Sodium or magnesium carbonate, hydrogen carbonate, and other species comprising carbon

and oxygen may be reduced with Na or NaH:
NaH + Na,CO, — 3NaOH +C +1/ H, (165)
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NaH +1/3MgCO, ~ NaOH +1/3C +1/3Mg . (166)

MgS can be combusted in axygen, hydrolyzed, exchanged with Na to form sodium sulfate,
and electrolyzed to Na,S,0,

2MgS +10H,0 + 2NaOH — Na,8,0, +2Mg(OH), +9H, . (167)

Na»S can be combusted in oxygen, hydrolyzed to sodium sulfate, and electrolyzed to form
Na, 5,0,

2Na,S +10H,0 - Na,S,0, + 2NaOH +9H, (168)
Mg(OH); can be reduced to Mg using Na or NaH:
2Na+ Mg (O}'{)2 —» 2NaOH + Mg . (169)

Then, NaOH can be electrotyzed to Na metal and NaH and O, directly from the melt, or it

may be converted to NaCl by reaction with HC] wherein the NaCl electrolysis gas Cla may be
reacted with H, from the electrolysis of water to from the HCL

In exemplary hydrino and regeneration reactions, the solid fuel reaction mixture
comprises NaH catalyst, MgHa, S, and support, activated carbon. In an embodiment, the
source of exothermic reaction is the oxidation reaction of metal hydrides by S such as

MgH,+5 — MgS + H, (170)

2NaH +8 — Na,5+ H,. (171)
The magnesium sulfide may be converted to the hydroxide by reaction with water

MgS+2H,0— Mg(OH),+ H,S . (172)

H,S may be decomposed at elevated temperature or used to covert SO; to 8. Sodium sulfide

can be converted to the hydroxide by combustion and hydrotysis
Na,§ +1.50, = Na,0+ 50,

(173)
Na,O+ H,0 - 2NaOH
Mg(OH), can be reduced to Mg using Na or NaH:
2Na+Mg(OH), ~ 2NaOH + Mg . (174)

Then, NaOH can be electrolyzed to Na metal and NaH and O, directly from the melt, or it

may be converted to NaCl by reaction with HCI wherein the NaCl electrolysis gas Cl; may be
reacted with Hs from the electrolysis of water to from the HCL SQO; can be reduced at
clevated temperature using H;

SO, +2H,8 385 +2H,0. (175)
In embodiments, metals such as Na and Mg may be converted to the corresponding hydrides
by reaction with H, preferably from the electrolysis of water. In other embodiments, the §
and metal may be regenerated by electrolysis from a melt.

In exemplary hydrino and regeneration reactions, the reaction mixture comprises NaH
catalyst, MgHz, N.O, and support, activated carbon. In an embodiment, the source of

exothermic reaction is the oxidation reaction of metal hydrides by N;O such as
4MgH, + N,O — MgO+ Mg N, +4H, (176)
NaH +3N,0+C — NaHCO,+3N,+1/2H,. (177)
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The MgO product may be converted to the hydroxide by reaction with watér

MgO+H20——+Mg(OH)2. (178)
Magnesium nitride may also be hydrolyzed to magnesium hydroxide:
Mg,N, +6H,0 —3Mg(OH}, +3H, + N,. (179)

Sodium carbonate, hydrogen carbonate, and other species comprising carbon and oxygen
may be reduced with Na or NaH:

NaH + Na,CO, ~ 3NaOH +C+1/ H,. (180)
Mg(OH); can be reduced to Mg using Na or NakH:
2Na+Mg{OH), » 2NaOH + Mg . (181)

Then, NaOH can be electrolyzed to Na metal and NaH and O, directly from the melt, or it

may be converted to NaCl by reaction with HCI wherein the NaCl electrolysis gas Cl; may be
reacted with H; from the electrolysis of water to from the HCL. Ammonia created from the
Haber process is oxidized (Eq. (152)) and the temperature is controlled to favor production of
N, O that is separated from other gasses of the sicady state reaction product mixture.

In exemplary hydrino and regeneration reactions, the reaction mixture comprises NaH
catalyst, MgHa, Cly, and support, such as activated carbon, WC or TiC. The reactor may
further comprise a source of high-energy light, preferably ultraviolet light to dissociate Cl o
initiate the hydrino reaction. In an embodiment, the source of exothermic reaction is the

oxidation reaction of metal hydrides by Cl; such as
2NaH +Cl, — 2NaCl+ H, (182)

MgH, +Cl, - MgCl, + H,. (183)
NaCl and MgCl; may be electrolyzed to Cl;, Na, and Mg from a molten salt. The molten
NaCl electrolysis may be performed using a Downs cell or modified Downs cell. The NaCl
for this electrolysis may be from the rinse of the reaction products with aqueous solution,
The solution may be filtered to remove the support such as AC that may be centrifuged and
dried, preferably using waste heat from the power system., Na and Mg are immiscible, and
the separated metals may be hydrided with Hy gas, preferably from the electrolysis of H;O.
An exemplary result follows:

« 4g WC + [g MgH2 + 1g NaH + 0.01mol CI2 initiated with UV lamp to dissociate
Cls to Cl, Ein:162.9 ki, dE:16.0 ki, TSC: 23-42 °C, Tmax: 85 °C, theoretical is 7.10 kJ, gain
is 2.25 times.

The reactants comprising a catalyst or a catalyst source such as NaH, K, or Li or their
hydrides, a reductant such as an alkaline metal or hydride, preferably Mg, MgH2, or Al, and
an oxidant such as NF: can be regenerated by electrolysis. Preferably, metal flucride
products are regenerated to metals and fluorine gas by electrolysis. The electrolyte may
comprise a eutectic mixture. The mixture may further comprise HF. NF3 may be regenerated
by the electrolysis of NH4F in anhydrous HF. In another embodiment, NH; is reacted with I,
in a reactor such as a copper-packed reactor. Fo may be generated by electrolysis using a
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dimensionally stable anode or a carbon anode using conditions that favor F; production. SFs
may be regenerated by reaction of § with Fo. Any metal nitride that may form in the hydrino
reaction may be regenerated by at least one of thermal decomposition, Hy reduction,
oxidation to the oxide or hydroxide and reaction to the halide followed by electrolysis, and
reaction with halogen gas during molten electrolysis of a metal halide. NCl; can be formed
by reaction of ammonia and chlorine gas or by reaction of ammonium salts such as NH.Cl
with chlorine gas. The chlorine gas may be from the electrotysis of chloride salts such as
those from the product reaction mixture. The NH; may be formed using the Haber process
wherein the hydrogen may be from electrolysis, preferably of water. In an embodiment, NCls
is formed in situ in the reactor by the reaction of at least one of NH; and an ammonium salt
such as NH4Cl with Cl, gas. In an embodiment, BiFs can be regenerated by reaction of BiF;
with F, formed from electrolysis of metal fluorides.

In an embodiment wherein a source of oxygen or halogen optionally serves as a
reactant of an exothermic activation reaction, an oxide or halide product is preferably
regenerated by electrolysis. The electrolyte may comprise a eutectic mixture such as a
mixture of Al;O; and NazAlFs; MgF», NaF, and HF; NasAlFg; NaF, §iF4, and HF; and AlF;,
NaF, and HF. The electrolysis of SiFs to Si and F, may be from an alkali fluoride eutectic
mixture. Since Mg and Na have low miscibility, they can be separated in phases of the melts.
Since Al and Na have low miscibility, they can be separated in phases of the melts. In
another embodiment, the electrolysis products can be separated by distillation, In further
embodiment, TiOs is regenerated by reaction with C and Cl; to form CO and TiCly that is
further reacted with Mg to form Ti and MgCh. Mg and Cl; may be regenerated by
electrolysis. In the case that MgO is the product, Mg can be regenerated by the Pidgeon
process. In an embodiment, MgO is reacted with Si to form SiO; and Mg gas that is
condensed. The product SiO, may be regenerated to Si by Hy reduction at high temperature
or by reaction with carbon to form Si and CO and COs. In another embodiment, Si is
regenerated by electrolysis using a method such as the electrolysis of solid oxides in molten
calcium chioride. In an embodiment, chlorate or perchlorate such as an alkali chlorate or
perchlorate is regenerated by electrolytic oxidation. Brine may be electrolytically oxidized to
chlorate and perchlorate.

To regenerate the reactants, any oxide coating on a metal support that may be formed
may be removed by dilute acid following separation from the reactant or product mixture. In
another embodiment, the carbide is generated from the oxide by reaction with carbon with
release of carbon monoxide or dioxide.

In the case that the reaction mixture comprises a solvent, the solvent may be separated
from other reactants or products to be regenerated by removing the solvent using evaporation
or by filtration or centrifugation with retention of the solids. In the case that other volatile
components such as alkali metals are present, they may be selectively removed by heating to
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a suitably elevated temperature such that they are evaporated. For example, a metal such that
Na metal is collected by distillation and a support such as carbon remains. The Na may be
rehydrided to NaH and returned to the carbon with solvent added to regenerate the reaction
mixture. Isolated solids such as R-Ni may be regenerated separately as well. The separated
R-Ni may be hydrided by exposure to hydrogen gas at a pressure in the range of 0.1 to 300
atm.

The solvent may be regenerated in the case that it decomposes during the catalyst
reaction to form hydrinos. For example, the decomposition products of DMF may be
dimethylamine, carbon monoxide, formic acid, sodium formate, and formaldhyde. In an
embodiment, dimethyl formamide is produced either with catalyzed reaction of dimethyl
amine and carbon monoxide in methanol or the reaction of methy! formate with dimethyl
amine. It may also be prepared by reacting dimethylamine with formic acid,

In an embodiment, an exemplary ether solvent may be regenerated from the products
of the reaction mixture. Preferably, the reaction mixture and conditions are chosen such that
reaction rate of ether is minimized relative to the rate to form hydrinos such that any ether
degradation is insignificant relative to the energy produced from the hydrino reaction. Thus,
ether may be added back as needed with the ether degradation product removed.
Alternatively, the ether and reaction conditions may be chosen such that the ether reaction
product may be isolated and the ether regenerated.

An embodiment comprises at least one of the following: the HSA is a fluoride, the
HSA is a metal, and the solvent is fluorinated. A metal fluoride may be a reaction product.
The metal and fluorine gas may be generated by electrolysis. The electrolyte may comprise
the fluoride such as NaF, MgF,, AlF;, or LaF; and may additionally comprise at least one
other species such as HF and other salts that lowers the melting point of the fluoride, such as
those disclosed in U.S. Pat. No. 5,427,657, Excess HF may dissolve LaF;. The electrodes
may be carbon such as graphite and may also form fluorocarbons as desired degradation
products. In an embodiment, at least one of the metal or alloy, preferably nanopowder,
coated with carbon such as carbon-coated Co, Ni, Fe, other transition metal powders, or
alloys, and the metal-coated carbon, preferably nanopowder, such as carbon coated with a
transition metal or alloy, preferably at least one of Ni, Co, Fe, and Mn coated carbon,
comprise particles that are magnetic., The magnetic particles may be separated from a
mixture such as a2 mixture of a fluoride such as NaF and carbon by using a magnet. The
collected particles may be recycled as part of the reaction mixture to form hydrinos.

In an embodiment wherein at least one of the solvent, support, or getter comprises
fluorine, products comprise possibly carbon, in cases such that the solvent or support is &
fluorinated organic, as well as fluorides of the catalyst metal such as NaHF,, and NaF. This
is in addition to lower-energy hydrogen products such as molecular hydrino gas that may be
vented or collected. Using Fa, the carbon may be etched away as CFy4 gas that may be used as
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a reactant in another cycle of the reaction to make power. The remaining products of NaF'
and NaHF; may be electrolyzed to Na and Fo. The Na may be reacted with hydrogen to form
NaH and the F; may be used to etch carbon product. The NaH, remaining NaF, and CF; may
be combined to run another cycle of the power-production reaction to form hydrinos. In
other embodiments, Li, K, Rb, or Cs may replace Na.

V1. Other Liguid and Heterogeneous Fuel Embodiments

In the present disclosure a “liquid-solvent embodiment” comprises any reaction
mixture and the corresponding fuel comprising a liquid solvent such as a liquid fuel and a
heterogeneous fuel.

In another embodiment comprising a liquid solvent, one of atomic sodium and
molecular NaH is provided by a reaction between a metaliic, ionic, or molecular form of Na
and at least one other compound or element. The source of Na or NaH may be at least one of
metallic Na, an inorganic compound comprising Na such as NaOH, and other suitable Na
compounds such as NaNH;, Na,COs, and NayO, NaX (X is a halide), and NaH(s). The other
clement may be H, a displacing agent, or a reducing agent. The reaction mixture may
comprise at least one of (1) a solvent, (2) a source of sodium such as at least one of Na(m),
NaH, NaNH;, Na;COs;, NapO, NaOH, NaOH doped-R-Ni, NaX (X is a halide), and NaX
doped R-Ni, (3} a source of hydrogen such as H; gas and a disscciator and a hydride, (4) 2
displacing agent such as an alkali or alkaline earth metal, preferably Li, and {5) a reducing
agent such as at feast one of a metal such as an alkaline metal, alkaline earth metal, a
lanthanide, a transition metal such as Ti, aluminum, B, a metal alloy such as AlHg, NaPb,
NaAl, LiAl, and a source of a metal alone or in combination with reducing agent such as an
alkaline earth halide, a transition metal halide, a lanthanide halide, and aluminum halide.
Preferably, the alkali metal reductant is Na. Other suitable reductants comprise metal
hydrides such as LiBHy, NaBH,, LiAlH,, NaAlH:, RbBH,, CsBH,, Mg(BHs)z, or Ca(BH,)..
Preferably, the reducing agent reacts with NaOH to form a NaH molecules and a Na product
such as Na, NaH(s), and Na;O. The source of NaH may be R-Ni comprising NaOH and a
reactant such as a reductant to form NaH catalyst such as an alkali or alkaline earth metal or
the Al intermetallic of R-Ni. Further exemplary reagents are an alkaline or alkaline earth
metal and an oxidant such as AIX;, MgX,, LaXs, CeXj, and TiX, where X is a halide,
preferably Br or I. Additionally, the reaction mixture may comprise another compound
comprising a getter or a dispersant such as at least one of NaxCOs, Na;SOy, and NasPO;y that
may be doped into the dissociator such as R-Ni. The reaction mixture may further comprise a
support wherein the support may be doped with at least one reactant of the mixture. The
support may have preferably a large surface area that favors the production of NaH catalyst
from the reaction mixture. The support may comprise at least one of the group of R-Ni, Al,

Sn, AlxO; such as gamma, beta, or alpha alumina, sodium aluminate (beta-aluminas have
other ions present such as Na* and possess the idealized composition Na,0-11440,),
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lanthanide oxides such as My0; {preferably M= La, Sm, Dy, Pr, Tb, Gd, and Er), Si, silica,
silicates, zeolites, lanthanides, transition metals, metal alloys such as alkali and alkali earth
alloys with Na, rare carth metals, Si0O.~ALO; or SiO; supported Ni, and other supported
metals such as at least one of alumina supported platinum, palladium, or ruthenium. The
support may have a high surface area and comprise a high-surface-area (HSA) materials such
as R-Ni, zeolites, silicates, aluminates, aluminas, alumina nanoparticles, porous AlO4, P,
Ru, or Pd/AL,O;, carbon, Pt or Pd/C, inorganic compounds such as NayCQOs, silica and zeolite
materials, preferably Y zeolite powder, and carbon such as fullerene or nanotubes. In an
embodiment, the support such as Al;O; (and the Al,Os support of the dissociator if present)
reacts with the reductant such as a lanthanide to form a surface-modified support. In an
embodiment, the surface Al exchanges with the lanthanide to form a lanthanide-substituted
support. This support may be doped with a source of NaH molecules such as NaOH and
reacted with a reductant such as a lanthanide. The subsequent reaction of the lanthanide-
substituted support with the lanthanide will not significantly change it, and the doped NaOH
on the surface can be reduced to NaH catalyst by reaction with the reductant lanthanide. In
other embodiments given herein, Li, i, Rb, or Cs may replace Na.

In an embodiment comprising a liquid solvent, wherein the reaction mixture
comprises a source of Nal catalyst, the source of NaH may be an alloy of Na and a source of
hydrogen. The alloy may comprise at least one of those known in the art such as an alloy of
sodium metal and one or more other alkaline or alkaline earth metals, transition metals, Al
Sn, Bi, Ag, In, Pb, Hg, Si, Zr, B, Pt, Pd, or other metals and the H source may be Hy or a
hydride.

The reagents such as the source of NaH molecules, the source of sodium, the source
of NaH, the source of hydrogen, the displacing agent, and the reducing agent are in any
desired molar ratio. Each is in a molar ratio of greater than ¢ and [ess than 100%. Preferably,
the molar ratios are similar.

In a liguid-solvent embodiment, the reaction mixture comprises at least one species of
the group comprising a solvent, Na or a source of Na, NaH or a source of NaH, a metal
hydride or source of a metal hydride, a reactant or source of a reactant to form a metal
hydride, a hydrogen dissociator, and a source of hydrogen. The reaction mixture may further
comprise a support. A reactant to form a metal hydride may comprise a lanthanide, preferably
La or Gd. In an embodiment, La may reversibly react with NaH to form LaH, (n=1,2,3). In
an embodiment, the hydride exchange reaction forms NaH catalyst. The reversible general
reaction may be given by

NaH+MT Na+MH (184)
The reaction given by Eq. (184) applies to other MH -type catalysts given in TABLE 3. The
reaction may proceed with the formation of hydrogen that may be dissociated fo form atomic
hydrogen that reacts with Na to form NaH catalyst. The dissociator is preferably at least one
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of Pt, Pd, or Ru/ALO3 powder, Pt/Ti, and R-Ni. Preferentially, the dissociator support such
as Al,O3 comprises at least surface La substitution for Al or comprises Pt, Pd, or Ru/Ma(i
powder wherein M is a lanthanide. The dissociator may be separated from the rest of the
reaction mixture wherein the separator passes atomic H.

A suitable liquid-solvent embodiment comprises the reaction mixture of a solvent,
NaH, La, and Pd on ALO: powder wherein the reaction mixture may be regenerated in an
embodiment by removing the solvent, adding Hs, separating NaH and lanthanum hydride by
sieving, heating lanthanum hydride to form La, and mixing La and NaH. Alternatively, the
regeneration involves the steps of separating Na and lanthanum hydride by melting Na and
removing the liquid, heating lanthanum hydride to form La, hydriding Na to NaH, mixing La
and NaH, and adding the solvent. The mixing of La and NaH may be by ball milling.

In a liquid-solvent embodiment, a high-surface-area material such as R-Ni is doped
with NaX (X=F, Cl, Br, I). The doped R-Ni is reacted with a reagent that will displace the
halide to form at least one of Na and NaH. In an embodiment, the reactant is at least an alkali
or alkaline earth metal, preferably at least one of K, Rb, Cs. In another embodiment, the
reactant is an alkaline or alkaline earth hydride, preferably at least one of KH, RbH, CsH,
MgH, and CaH;. The reactant may be both an alkali metal and an alkaline earth hydride.

The reversible general reaction may be given by
NaX + MH{} NaH +MX (185)

D. Additional MH-Type Catalysts and Reactions
In general, MH type hydrogen catalysts to produce hydrinos provided by the breakage

of the M-H bond plus the ionization of ¢ electrons from the atom M each to a continuum
energy level such that the sum of the bond energy and ionfzation energies of the ¢ electrons is
approximately m -27.2 eV where m is an integer are given in TABLE 3A. Each MH
catalyst is given in the first column and the corresponding M-H bond energy is given in
column two. The atom M of the MH species given in the first column is ionized to provide
the net enthalpy of reaction of m-27.2 e}/ with the addition of the bond energy in column
two. The enthalpy of the catalyst is given in the eighth column where m is given in the ninth
column. The electrons that participate in ionization are given with the ionization potential
(also called ionization energy or binding energy). For example, the bond energy of Nalf,
1.9245 eV , is given in column two. The ionization potential of the n th electron of the atom
or jon is designated by JP, and is given by the CRC. That is for example,

Na+5.13908 ¢V —» Na* +¢~ and Na*+47.2864 eV ~» Na®* +e¢”. The first ionization
potential, /P, =5.13908 eV, and the second ionization potential, IF, =47.2864 eV, are

given in the second and third columns, respectively. The net enthalpy of reaction for the
breakage of the NaH bond and the double ionization of Na is 54.35 eV as given in the
eighth column, and m =2 in Eq. (47) as given in the ninth column. The bond energy of BaH
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is 1.98991 eV and [Py, IP,, and IP; are 5.2117 eV, 10.00390 eV, and 37.3 eV, respectively.
The net enthalpy of reaction for the breakage of the BaH bond and the triple ionization of Ba
is 54.5 eV as given in the eighth coiumn, and m=2 in Eq. (47) as given in the ninth column.
The bond energy of StH is 1.70 eV and [P, IPy, IP;, [P4, and IPs are 5.69484 ¢V, 11.03013
eV, 42.89 eV, 57 ¢V, and 71.6 eV, respectively. The net enthalpy of reaction for the
breakage of the StH bond and the ionization of Sr to Sr°* is 190 eV as given in the eighth
column, and m=7 in Eq. (47) as given in the ninth column. Additionally, H can react with
each of the H(1/p) products of the MH catalysts given in TABLE 3A to form a hydrino
having a quantum number p increased by one (Eq. (10)) relative to the catalyst reaction

product of MH alone as given by exemplary Eq. (31).
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TABLE 3A. MH type hydrogen catalysts capable of providing a net enthalpy of reaction of

approximately m-27.2 eV m-27.2 eV . Energies in eV’s.

Catalyst M-H 1P, IP, IP; 1P, P Enthalpy m
Bond
Energy
AlH 2.9% 5985768 18.82855 27.79 1
AsH 2.34 9.8152 18.633 28.351 50.13 109.77 4
BaH 1.99 5;21170 10.003%0 373 54.50 2
BiH 2.936 7.2855 16.703 26.92 i
CdH 0.72 8.99367  16.90832 26.62 1
CIH 4.47G3 12.96763  23.8136  39.61 80.86 3
CoH 2.538 7.88101 17.084 27.50 i
GeH 2.728 7.89943 1593461 26.56 1
InH 2.520 578636  18.8703 27.1% 1
NaH 1.925 5139076  47.2864 54.35 2
NbH 2.30 6.75883 14.32 25.04 383 50.55 137.26 5
OH 4.4556 13.61806 35.11730 533 2
OH 4.4536 13.61806 35.11730 54.9355 108.1 4
OH 4.4556 13.61866 3511730 80.39 3
+13.6KE +136KE

Rhi 2.50 7.4589 18.08 28.0 1
Rub 2.311 7.36050 16.76 26.43 1
SH 3.67 1036001 233379 3479 47222 72.5945 191,97 7
SbH 2.484 $.60839 16.63 27.72 1
SeH 3.239 9.75239 21,19 30.8204 42.9450 107.95 4
SiH 3.040 8.15168 1634584 27.54 i
SoH 2.736 7.34392 146322 30.50260 55.21 2
StH 1.70 569484 11.03013  42.89 57 716 190 7
TIH 2,02 6.10829 20.428 28.56 1

In other embodiments, MH™ type hydrogen catalysts to produce hydrinos provided by the
transfer of an electron to an acceptor A, the breakage of the M-H bond plus the ionization of
¢ electrons from the atom M each to a continuum energy level such that the sum of the

electron transfer energy comprising the difference of electron affinity (EA) of MH and A, M-
H bond energy, and ionization energies of the ¢ electrons from M is approximately
m -27.2 eV where m is an integer are given in TABLE 3B. Each MH’ catalyst, the acceptor
A, the electron affinity of MH, the electron affinity of A, and the M-H bond energy, are is
given in the first, second, third and fourth columns, respectively. The electrons of the
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corresponding atom M of MH that participate in ionization are given with the ionization
potential (also called ionization energy or binding energy) in the subsequent columns and the
enthalpy of the catalyst and the corresponding integer m are given in the last column. For
example, the electron affinities of OH and H are 1.82765 eV and 0.7542 eV, respectively,
such that the electron transfer energy is 1.07345 eV as given in the fifth column. The bond
energy of OH is 4.4556 eV is given in column six. The ionization potential of the nth
electron of the atom or ion is designated by IP,. That is for example,

O+13.61806 eV — O +¢~ and O +35.11730 eV - O™ +e”.  The first ionization
potential, [P, =13.61806 ¢/, and the second ionization potential, IF, =35.11730 eV, are
given in the seventh and eighth columns, respectively. The net enthalpy of the electron
transfer reaction, the breakage of the OH bond, and the double ionization of O is 54.27 eV as
given in the eleventh column, and m=2 in Eq. (47) as given in the twelfth column.
Additionally, H can react with each of the H{l/p) products of the MH catalysts given in
TABLE 3B to form a hydrino having 2 quantum number p increased by one (Eq. (10))
relative to the catalyst reaction product of MH alone as given by exemplary Eq. (31). In
other embodiments, the catalyst for H to form hydrinos is provided by the ionization of a
negative ion such that the sum of its EA plus the ionization energy of one or more electrons is
approximately m -27.2 eV where m is an integer. Alternatively, the first electron of the
negative ion may be transferred to an acceptor followed by ionization of at least one more
electron such that the sum of the electron transfer energy plus the ionization energy of one or
more electrons is approximately m -27.2 e}/ where m is an integer. The electron acceptor

may be H.

TABLE 3B. MH' type hydrogen catalysts capable of providing a net enthalpy of reaction of
approximately m-27.2 eV . Energies ineV’s,

Catalyst Acceptor EA EA Electron M- I, 1P, 1P, P, Enthalpy m
(A) {MH) {A)  Transfer Bond
Energy
OH" H 1.82765 0.7542 1.07345 4.4556 13.61800 35.11730 5427 2
SiH" H 1.277 07542 05228  3.040 B.15168 1634584 28.06 1
CoH™ H 0.67F  0.7542 -0.0832 2538 7.88101 17.084 27.42 i
NiH’ H 0481 07542 -02732 2487  7.6398 18.16884 28.02 1
SeH’ H 22125 0.7542 1.4583 3239  9.7523%  21.19 30.8204 42.9450 109.40 4

In other embodiments, MH" type hydrogen catalysts to produce hydrinos are provided
by the transfer of an electron from an donor A which may be negatively charged, the
breakage of the M-H bond, and the ionization of ¢ electrons from the atom M each to a
continuum energy level such that the sum of the electron transfer energy comprising the
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difference of ionization energies of MH and A, bond M-H energy, and ionization energies of
the ¢ electrons from M is approximately m -27.2 eV where m is an integer.

In an embodiment, a species such as an atom, ion, or molecule serves as a catalyst to
cause molecular hydrogen to undergo a transition to molecular hydrino Hao(l/p) (p is an
integer). Similarly to the case with H the catalyst accepts energy from H, which in this case
may be about m48.6 eV wherein m is an integer as given in Mills GUTCP. Suitable
exemplary catalysts that form Hy(1/p) by the direct catalysis of H are O, V, and Cd that form
0", V¥, and Cd** during the catalysis reaction corresponding tom = 1, m =2, and m =4,
respectively. The energy may be released as heat or light or as electricity wherein the

reactions comprise a half-cell reaction.

VII. Hydrogen Gas Discharge Power and Plasma Cell and Reactor

A hydrogen gas discharge power and plasma celi and reactor of the present disclosure
is shown in FIGURE 17, The hydrogen gas discharge power and plasma cell and reactor of
FIGURE 17, includes a gas discharge cell 307 comprising a hydrogen gas-filled glow
discharge vacuum vessel 315 having a chamber 300. A hydrogen source 322 supplies
hydrogen to the chamber 300 through control valve 325 via a hydrogen supply passage 342.
A catalyst is contained in the cell chamber 300. A voltage and current source 330 causes
current to pass between a cathode 305 and an anode 320. The current may be reversible.

In an embodiment, the material of cathode 305 may be a source of catalyst such as Fe,
Dy, Be, or Pd. In another embodiment of the hydrogen gas discharge power and plasma cell
and reactor, the wall of vessel 313 is conducting and serves as the cathode that replaces
electrode 305, and the anode 320 may be hollow such as a stainless steel holiow anode. The
discharge may vaporize the catalyst source to catalyst. Molecular hydrogen may be
dissociated by the discharge to form hydrogen atoms for generation of hydrinos and energy.

Additional dissociation may be provided by a hydrogen dissociator in the chamber.

Another embodiment of the hydrogen gas discharge power and plasma cell and
reactor where catalysis occurs in the gas phase utilizes a controllable gaseous catalyst. The
gaseous hydrogen atoms for conversion to hydrinos are provided by a discharge of molecular
hydrogen gas. The gas discharge cell 307 has a catalyst supply passage 341 for the passage
of the gaseous catalyst 350 from catalyst reservoir 395 to the reaction chamber 300. The
catalyst reservoir 395 is heated by a catalyst reservoir heater 392 having a power supply 372
to provide the gaseous catalyst to the reaction chamber 300. The catalyst vapor pressure is
controlled by controlling the temperature of the catalyst reservoir 395, by adjusting the heater
392 through its power supply 372. The reactor further comprises a selective venting valve
301. A chemically resistant open container, such as a stainless steel, tungsten or ceramic
boat, positioned inside the gas discharge cell may contain the catalyst. The catalyst in the
catalyst boat may be heated with a boat heater using an associated power supply to provide
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the gaseous catalyst to the reaction chamber. Alternatively, the glow gas discharge cell is
operated at an elevated temperature such that the catalyst in the boat is sublimed, boiled, or
volatilized into the gas phase. The catalyst vapor pressure is controlled by controliing the
temperature of the boat or the discharge cell by adjusting the heater with its power supply.
To prevent the catalyst from condensing in the cell, the temperature is maintained above the
temperature of the catalyst source, catalyst reservoir 395 or catalyst boat.

‘In an embodiment, the catalysis occurs in the gas phase, lithium is the catalyst, and a
source of atomic lithium such as lithium metal or a lithium compound such as LiNH; is made
gaseous by maintaining the cell temperature in the range of about 300-1000 °C. Most
preferably, the cell is maintained in the range of about 500-750 °C. The atomic and/or
molecular hydrogen reactant may be maintained at a pressure less than atmospheric,
preferably in the range of about 10 millitorr to about 100 Torr. Most preferably, the pressure
is determined by maintaining a mixture of lithium metal and lithium hydride in the cell
maintained at the desired operating temperature. The operating temperature range is
preferably in the range of about 300-1000 °C and most preferably, the pressure is that
achieved with the cell at the operating temperature range of about 300-750 °C. The cell can
be controlled at the desired operating temperature by the heating coil such as 380 of FIGURE
17 that is powered by power supply 385. The cell may further comprise an inner reaction
chamber 300 and an outer hydrogen reservoir 390 such that hydrogen may be supplied to the
cell by diffusion of hydrogen through the wall 313 separating the two chambers, The
temperature of the wall may be controlled with a heater to control the rate of diffusion. The
rate of diffusion may be further controlled by controlling the hydrogen pressure in the
hydrogen reservoir.

In another embodiment of a system having a reaction mixture comprising species of
the group of Li, LiNH,, LiNH, LizN, LiNO,;, LiX, NHiX (X is a halide), NH3, LiBH,,
LiAlH,, and H, at least one of the reactants is regenerated by adding one or more of the
reagents and by a plasma regeneration. The plasma may be one of the gases such as NHz and
H;. The plasma may be maintained in situ (in the reaction cell) or in an external cell in
communication with the reaction cell. In other embodiments, K, Cs, and Na replace Li
wherein the catalyst is atomic K, atomic Cs, and molecular Nak.

fn an embodiment, SrtH may serve as a MH type hydrogen catalyst to produce
hydrinos provided by the breakage of the Sr-H bond plus the jonization of 6 electrons from
the atom Sr each to a continuun energy level such that the sum of the bond energy and
ionization energies of the 6 electrons is approximately m -27.2 ¢V where m is 7 as given in
TABLE 3A. SrH may be formed in a plasma or gas cell.

In another embodiment, OH may serve as a MH type hydrogen cataiyst to produce
hydrinos provided by the breakage of the O-H bond plus the ionization of 2 or 3 electrons
from the atom O each to a continuum energy level such that the sum of the bond energy and
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ionization energies of the 2 or 3 electrons is approximately m -27.2 eV where m is 2 or 4,
respectively, as given in TABLE 3A. In another embodiment, H,O is formed in a plasma
reaction by the reaction of plasma species such as OH™ and H, OH and H, or OH" and H'
such that H,O serves as the catalyst. At least one of OH and H,O may be formed by
discharge in water vapor, or the plasma may comprise a source of OH and H>O such as a
glow discharge, microwave, or RF plasma of a gas or gases that comprise H and O. The
plasma power may be applied intermittently such as in the form of pulsed power as disclosed
in Mills Prior Publications. \

To maintain the catalyst pressure at the desire level, the cell having permeation as the
hydrogen source may be sealed. Alternatively, the cell further comprises high temperature
valves at each inlet or outlet such that the valve contacting the reaction gas mixture is
maintained at the desired temperature.

The plasma cell temperature can be controlled independently over a broad range by
insulating the cell and by applying supplemental heater power with heater 380. Thus, the
catalyst vapor pressure can be controlled independently of the plasma power.

The discharge voltage may be in the range of about 100 to 10,000 volts. The current
may be in any desired range at the desired voltage, Furthermore, the plasma may be pulsed at
any desired frequency range, offset voltage, peak voliage, peak power, and waveform.

In another embodiment, the plasma may occur in a liquid medium such as a solvent of

the catalyst or of reactants of species that are a source of the catalyst.

IX, Fuel Cell and Battery
An embodiment of the fuel cell and a battery 400 is shown in FIGURE 18. The

hydrino reactants comprising a solid fuel or a heterogeneous catalyst comprise the reactants
for corresponding cell half reactions. A catalyst-induced-hydrino-transition (CIHT) cell is
enabled by the unique attributes of the catalyzed hydrino transiticn. The CIHT cell of the
present disclosure is a hydrogen fuel cell that generates an electromotive force (EMF) from
the catalytic reaction of hydrogen 1o lower energy (hydrino) states. Thus, it serves as a fuel
cell for the direct conversion of the energy released from the hydrino reaction into electricity.
Due to oxidation-reduction cell half reactions, the hydrino-producing reaction mixture
is constituted with the migration of electrons through an external circuit and ion mass
transport through a separate path to complete an electrical circuit. The overall reactions and
corresponding reaction mixtures that produce hydrinos given by the sum of the half-cell
reactions may comprise the reaction types considered for thermal power production given in
the present disclosure. The free energy AG from the hydrino reaction gives rise to a
potential that may be an oxidation or reduction potential depending on the oxidation-
reduction chemistry to constitute the hydrino-producing reaction mixture. The potential may
be used to generate a voltage in a fuel cell. The potential V may be expressed in terms of the

free energy AG:
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-AG
V= 186
Y (186)

wherein F is the Faraday constant. Given the free energy is about —20 MJ/mole H for the
transition to H(1/4), the voltage may be high depending on the other cell components such as
the chemicals, electrolyte, and electrodes. In an embodiment wherein the voltage is limited
by the oxidation-reduction potentials of these or other components, the energy may be
manifest as a higher current and corresponding power contribution from hydrino formation.
As indicated by Egs. {6-9), the energy of the hydrino transition may be released as continuum
radiation.  Specifically, energy is transferred to the catalyst nonradiatively to form a
metastable intermediate, which decays in plasma systems with the emission of continuum
radiation as the electron transiates from the initial to final radius. In condensed matter such
as the CIHT cell, this energy may internally convert into energetic electrons manifest as a cell
current and power contribution at potentials similar to the chemical potential of the cell
reactants. Thus, the power may manifest as higher current at lower voltage than that given by
Eq. (186). The voltage will also be limited by the kinetics of the reaction; so, high kinetics to
form hydrinos is favorable to increase the power by increasing at least one of the current and
voltage. Since the cell reaction may be driven by the large exothermic reaction of H with a

catalyst to form hydrino, in an embodiment, the free energy of the conventional oxidation-
reduction cell reactions to form the reactants to form hydrinos may be any value possible.
Suitable ranges are about +1000 kl/mole to -1000 ki/mole, about +1000 ki/mole to -100
ki/mole, about +1000 kI/mole to -10 kl/mole, and about +1000 ki/mole to (¢ kI/mole. Due to
negative free energy to form hydrinos, at least one of the cell current, voltage, and power are
higher than those due to the free energy of the non-hydrino reactions that can contribute to
the current, voltage, and power. This applies to the open circuit voltage and that with a load.
Thus, in an embodiment, the CIHT cell is distinguished over any prior Art by at least one of
having a voltage higher than that predicted by the Nernst equation for the non-hydrino related
chemistry including the correction of the voltage due to any polarization voltage when the
cell is loaded, a higher current than that driven by convention chemistry, and a higher power
than that driven by conventional chemistry.

Regarding FIGURE 18, the fuel or CIHT cell 400 comprises a cathode compartment
401 with a cathode 405, an anode compartment 402 with an anode 410, a salt bridge 420,
reactants that constitute hydrino reactants during cell operation with separate electron flow
and ion mass transport, and a source of hydrogen. In general embodiments, the CIHT cell is
a hydrogen fuel cell that generates an electromotive force (EMF) from the catalytic reaction
of hydrogen to lower energy (hydrino) states. Thus, it serves as a fuel cell for the direct
conversion of the energy released from the hydrino reaction into electricity. In another
embodiment, the CIHT cell produces at least one of electrical and thermal power gain over
that of an applied electrolysis power through the electrodes 405 and 410. The cell consumes
hydrogen in forming hydrinos and requires hydrogen addition; otherwise, in an embodiment,
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the reactants to form hydrinos are at least one of thermally or electroiytically regenerative.
Different reactants or the same reactants under different states or conditions such as at least
one of different temperature, pressure, and concentration are provided in different cell
compartments that are connected by separate conduits for electrons and ions to complete an
electrical circuit between the compartments. The potential and electrical power gain between
electrodes of the separate compartments or thermal gain of the system is generated due to the
dependence of the hydrino reaction on mass flow from one compartment to another. The
mass flow provides at least one of the formation of the reaction mixture that reacts to produce
hydrinos and the conditions that permit the hydrino reaction to occur at substantial rates. The
mass flow further requires that electrons and ions be transported in the separate conduits that
connect the compartments. The electrons may arise from at least one of the ionization of the
catalyst during the reaction of atomic hydrogen with the catalyst and by an oxidation or
reduction reaction of a reactant species such as an atom, 2 molecule, a compound, or a metal.
The ionization of the species in a compartment such as the anode compartment 402 may be
due to at least one of (1) the favorable free energy change from its oxidation, the reduction of
a reactant species in the separate compartment such as the cathode 401, and the reaction of
the migrating ion that balances charge in the compartments to electroneutrality and (2) the
free energy change due to hydrino formation due to the oxidation of the species, the reduction
of a species in the separate compartment, and the reaction of the migrating ion that results in
the reaction to form hydrinos. The migration of the ion may be through the saft bridge 420,
In another embodiment, the oxidation of the species, the reduction of a species in the separate
compartment, and the reaction of the migrating ion may not be spontaneous or may oceur at a
low rate. An electrolysis potential is applied o force the reaction wherein the mass flow
provides at least one of the formation of the reaction mixture that reacts to produce hydrinos
and the conditions that permit the hydrino reaction to occur at substantial rates. The
electrolysis potential may be applied through the external circuit 425. The reactants of each
half-cell may be at least one of supplied, maintained, and regenerated by addition of reactants
or removal of products through passages 460 and 461 to sources of reactants or reservoirs for
product storage and regeneration 430 and 431,

In an embodiment, at least one of the atomic hydrogen and the hydrogen catalyst may
be formed by a reaction of the reaction mixture and one reactant that by virtue of it
undergoing a reaction causes the catalysis to be active. The reactions to initiate the hydrino
reaction may be at least one of exothermic reactions, coupled reactions, free radical reactions,
oxidation-reduction reactions, exchange reactions, and getter, support, or matrix-assisted
catalysis reactions. In an embodiment, the reaction to form hydrinos provides
electrochemical power. The reaction mixtures and reactions {o initiate the hydrino reaction
such as the exchange reactions of the present disclosure are the basis of a fuel cell wherein
electrical power is developed by the reaction of hydrogen to form hydrinos. Due to
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oxidation-reduction cell half reactions, the hydrino-producing reaction mixture is constituted
with the migration of electrons through an external circuit and ion mass transport through a
separate path to complete an electrical circuit. The overall reactions and corresponding
reaction mixtures that produce hydrinos given by the sum of the half-cell reactions may
comprise the reaction types for thermal power and hydrino chemical production of the
present disclosure, Thus, ideally, the hydrino reaction does not occur or does not occur at an
appreciable rate in the absence of the electron flow and ion mass transport.

The cell comprises at least a source of catalyst or a catalyst and a source of hydrogen
or hydrogen. A suitable catalyst or source of catalyst and a source of hydrogen are those
selected from the group of Li, LiH, Na, NaH, K, KH, Rb, RbH, Cs, CsH, Ba, BaH, Ca, CaH,
Mg, Mgh, MgX, (X is a halide) and H,. Further suitable catalysts are given in TABLE 3.
In an embodiment, a positive ion may undergo reduction at the cathode. The ion may be a
source of the catalyst by at least one of reduction and reaction at the cathode. In an
embodiment, an oxidant undergoes reaction to form the hydrino reactants that then react to
form hydrinos. Alternatively, the final electron-acceptor reactants comprise an oxidant. The
oxidant or cathede-cell reaction mixture may be located in the cathode compartment 401
having cathode 405. Alternatively, the cathode-cell reaction mixture is constituted in the
cathode compartment from ion and electron migration. In one embodiment of the fuel cell,
the cathode compartment 401 functions as the cathode. During operation, a positive ion may
migrate from the anode to the cathode compartment. In certain embodiments, this migration
occurs through a salt bridge 420. Alternatively, a negative ion may migrate from the cathode
to anode compartment through a salt bridge 420. The migrating ion may be at least one of an
ion of the catalyst or source of catalyst, an ion of hydrogen such as H H,or H (I / p), and
the counterion of the compound formed by reaction of the catalyst or source of catalyst with
the oxidant or anion of the oxidant. Each cell reaction may be at least one of supplied,
maintained, and regenerated by addition of reactants or removal of products through passages
460 and 461 to sources of reactants or reservoirs for product storage and optionally
regeneration 430 and 431. In general, suitable oxidants are those disclosed as hydrino
reactants such as hydrides, halides, sulfides, and oxides. Suitable oxidants are metal hydrides
such as alkali and alkaline earth hydrides and metal halides such as alkali, alkaline earth,
transition, rare earth, silver, and indium metal halides as well as oxygen or a source of
oxygen, a halogen, preferably Fs or Cly, or a source of halogen, CF4, SFs, and NF;. Other
suitable oxidants comprise free radicals, or a source thereof, and a source of a positively-
charged counter ion that are the components of the cathode-cell reaction mixture that
uftimately scavenge electrons released from the catalyst reaction to form hydrinos.

In an embodiment, the chemistry yields the active hydrino reactants in the cathode
compartment of the fuel cefl wherein the reduction potential may include a large contribution
from the catalysis of H to hydrino. The catalyst or source of catalyst may comprise a neutral
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atom or molecule such as an alkali metal atom or hydride that may form by the reduction of a
positive species such as the corresponding alkali metal ion. The potential of the catalyst ion
1o be reduced to the catalyst and the H electron to transition to a lower electronic state gives
rise to a contribution to the potential given by Eq. (186) based on AG of the reaction. In an
embodiment, the cathode half-cell reduction reaction and any other reactions comprise the
formation of the catalyst and atomic hydrogen and the catalysis reaction of H to hydrino. The
anode half-cell reaction may comprise the ionization of a metal such as a catalyst metal. The
jon may migrate to the cathode and be reduced, or an ion of the electrolyte may be reduced to
form the catalyst. The catalyst may be formed in the presence of H. Exemplary reactions are

Cathode half-cell reaction:

Cat’" +qe” -t—H[ai} HCGH-HL - }-F{(P‘i"m)z “PI]'13-6 eV +Eg (187)
p (m+p)

wherein £, is the reduction energy of Car®".

Anode half-cell reaction:

Cat+E, — Cat™ +ge” (188)

Other suitable reductants are metals such a transition metals.

Cell reaction:

H[EJ—W{ % J+{{p+m}2-pz]-l3.6eV (189)
p (m+p)

With the migration of the catalyst cation through a suitable salt bridge or electrolyte, the

catalyst may be regenerated in the cathode compartment and replaced at the anode. Then, the

fuel cell reactions may be maintained by replacement of cathode-compartment hydrogen

reacted to form hydrino. The hydrogen may be from the electrolysis of water. The product

from the cell may be molecular hydrino formed by reaction of hydrino atoms. In the case that

H(1/4) is the product, the energy of these reactions are
2H(1/4)«—>H2(1/4)+8‘7.31e17 (190)

H,0+2.962 eV — H, +0.50, (191)
The balanced fuel cell reactions for LiH given by Egs. (187-191) in units of kJ/mole

arc

Li"+e¢" +H ~> Li+ H(1/4)+19,683 kJ / mole + E, (192
Li+E, = Li" +e” (193)
0.5(2H (1/4) — H, (1/4)+8424kJ | mole) (194)
0.5(H,0 +285.8k/ / mole — H, +0.50,) (195)
0.5H,0 - 0.50+0.5H,(1/4)+23,752 kJ / mole (196)

In other embodiments, Na, K, Rb, or Cs substitutes for Li.
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During operation, the catalyst reacts with atomic hydrogen, the nonradiative energy
transfer of an integer multiple of 27.2 eV from atomic hydrogen to the catalyst results in the
ionization of the catalyst with a transient release of free electrons, and a hydrino atom forms
with a large release of energy. In an embodiment, this reaction may occur in the anode
compartment 402 such that the anode 410 ultimately accepts the ionized-electron current.
The current may also be from the oxidation of a reductant in the anode compartment. In one
embodiment of the fuel cell, the anode compartment 402 functions as the anode. At least one
of Li, K, and NaH may serve as the catalysts to form hydrinos. A support such as carbon
powder, carbide such as TiC, WC, YC,, or Cr;Cz, or a boride may serve as a conductor of
electrons in electrical contact with an electrode such as the anode that may serve as a current
collector. The conducted electrons may be from ionization of the catalyst or oxidation of a
reductant. Alternatively, the support may comprise at least one of the anode and cathode
electrically connected to a load with a lead. The anode lead as well as the cathode lead
connecting fo the load may be any conductor such as a metal.

In the case that the chemistry yieids the active hydrino reactants in the anode
compartment of the fuel cell, the oxidation potential and electrons may have a contribution
from the catalyst mechanism. As shown by Eqgs. (6-9), the catalyst may comprise a species
that accepts energy from atomic hydrogen by becoming ionized. The potential of the catalyst
to become ionized and the H electron to transition to a lower electronic state gives risc to
contribution to the potential given by Eq. (186) based on AG of the reaction. Since NaH is a
concerted internal reaction to form hydrino with the jonization of Na to Na** as given by Egs.
(28-30), Eq. (186) should especially hold in this case. In an embodiment, the anode half-cell
oxidation reaction comprises the catalysis ionization reaction. The cathode half-cell reaction
may comprise the reduction of H to hydride. Exemplary reactions are

Anode half-cell reaction:

:
m-272 eV +Cat+H| %8| 5 Car' vre + H| —2— |4 [(p+m) - p 1136 eV (197)
P (m+p)

Cathode half-cell reaction:

%(MH2+23‘+ER > M+2H") (198)

wherein E, is the reduction energy of metal hydride MH. Suitable oxidants are hydrides
such as rare earth hydrides, titanium hydride, zirconium hydride, yttrium hydride, LiH, NaH,
KH, and BaH, chalocogenides, and compounds of a M-N-H system such as Li-N-H system.
With the migration of the catalyst cation or the hydride ion through a suitable salt bridge or
electrolyte, the catalyst and hydrogen may be regenerated in the anode compartment. In the
case that the stable oxidation state of the catalyst is Car, the salt bridge or electrolyte

reaction is
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Salt bridge or electrolyte reaction:

Cat™ +rH" —>Cat+H+( 21)H +m- 272€V+(( 21)4478 r(0754)) eV (199)

wherein 0.754 ¢V is the hydride ionization energy and 4.478 €V is the bond energy of Ha.
The catalyst or source of catalyst may be a hydride that may also serve as a source of H.
Then, the salt bridge reaction is

Salt bridge or electrolyte reaction:
( m-272eV

Cat™ +rH" ——)CatH+( 21)1{ + +(( 5 )4478 r(0754)] eV (200)

+E,
wherein E, is lattice energy of CatH . Then, the fuel cell reactions may be maintained by

replacement of hydrogen to the cathode compartment, or CarH in the electrolyte may react
with M to form MH,. That exemplary reaction of M = La is given by

La+H, = LaH, +2.09 eV (2013
In the former case, hydrogen may be from the recycling of excess hydrogen from the anode
compartment formed in the reduction of Cat™ . Hydrogen replacement for that consumed to
form H{1/4) then H(1/4) may from the electrolysis of water.

Suitable reactants that are a source of the catalyst are LiH, NaH, KIH, and BaH. The
balanced fuel cell reactions for KM given by Egs. (197-201) and (190-191) in units of
ki/mole are with LaH; as the H source are

7873 kJ / mole + KH — K** +3¢” + H(1/4)+19,683 kJ | mole (202)
1.5(LaH, +2¢" +E, > La+2H") (203)
K** +3H > KH+H,+7873 kJ / mole+213.8 kJ / mole + E, (204)
1.5(La+ H, — LaH, + 201.25k7 / mole) (205)
0.5(2H (1/4) — H,(1/4) +8424kJ / mole) (205)
0.5{ H,0+285.8k7 / mole — H, +0.50,) (207
0.5H,0 - 0.50+0.5H, (1/4)~L5E, + E, +24,268 kJ / mole (208)
To good approximation, the net reaction is given by

0.5H,0 ~ 0.50+0.5H, (1/4)+ 24,000 kJ / mole (209)
The balanced fuel cell reactions for NaH given by Eqgs. {197-201) and (190-191) are

5248 kJ / mole + NaH — Na™* +2¢” + H(l /3) +10,497 kJ / mole {210)
(LaH, +2¢" +Ey — La+2H") (211)
Na** +2H™ - NaH +0.5H, + 5248 kJ / mole + 70.5 kJ / mole (212)
1(La+H, — LaH, +201.25k] / mole) (213)
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0.5(H,0 +285.8kJ / mole — H, +0.50,) (214)

0.5H,0 050+ H(1/3}- E, +10,626 kJ / mole (215)
wherein the term 5248 &J / mele of Eq. (212) includes E, . To good approximation, the net

reaction is given by

0.5H,0 ~» 0.50+ H(1/3)+10,626 kJ / mole (216)
Additional energy is given off for the transition of H(1/3) to H(1/4) (Eq. (31)), and then by
forming Ha(1/4) as the final product.

In an embodiment comprising a metal anode half-cell reactant such as an alkali metal
M, the anode and cathode reactions are matched so that the energy change due to M
migration is essentially zero. Then, M may serve as a hydrino catalyst of H at the cathode
since the catalyst enthalpy is sufficiently matched to m27.2 eV. In an embodiment wherein
the source of M is an alloy such as at the anode, the reduction of M™ at the cathode forms the
same atloy of M with the further reaction of M with H to form hydrinos. Alternatively, the
anode alloy has essentially the same oxidation potential as M. In an embodiment, the
electron affinity determines the hydrino reaction contribution to the CIHT cell voltage since
the transition of the hydrino intermediate from the initial to the final state and radius is 2
continuum transition. Cell materials such as the electrode material and half-cell reactants are
selected to achieve the desired voltage based on the limiting electron affinity of the materials.

The high-energy release and scalability of the CIHT cell stack is enabling of power
applications in microdistributed, distributed, and central electrical power. In addition, a
transformational motive power source is made possible by CIHT cell technology, especially
since the system is direct-electrical with dramatic cost and system-complexity reductions
compared to a thermal-based system. A car architecture utilizing a CIHT cell stack shown in
FIGURE 19 comprises a CIHT cell stack 500, a source of hydrogen such as an electrolysis
cell and a water tank or a hydrogen tank 501, at least one electric motor 502, an electronic
contro} system 503, and a gear train or transmission 504. In general, applications include
thermal such as resistive heating, electrical, motive, and aviation and others known by those
skilled in the Art. In the latter case, electric-motor driven external turbines could replace jet
engines, and an electric-motor driven propelier could replace the corresponding internal
combustion engine.

In an embodiment, the principles of basic cell operation involve ionic transport of
hydrogen through a hydride-ion (H) conducting, molten ¢lectrolyte, and reaction with a
catalyst such as an alkali metal to form at least one of a hydride and hydrinos, An exemplary
electrolyte is LiH dissolved in the eutectic molten salt LiCI-KCl. In the cell, the molten, H'
conducting electrolyte may be confined in a chamber formed between two hydrogen-
permeable, solid, metallic foil electrodes such as one of V, Nb, Fe, Fe-Mo alloy, W, Rh, Ni,
Zr, Be, Ta, Rh, Ti, and Th foils, which also act as current collectors. The foil may further
comprise afloys and coatings such as silver-palladium alloy having its surface in contact with

141



WO 2011/116236 PCT/US2011/028889

the electrolyte coated with iron such as sputtered iron. The H; gas first diffuses through the
cathode electrode and forms a hydride ion by the reaction H + ¢ to H at the cathode-
electrolyte interface. The H ion subsequently migrates through the electrolyte under a
chemical potential gradient. The gradient may be created by the presence of the catalyst such
as alkali metal in the anode chamber. The H ion releases the electron to form hydrogen
atoms by the reaction H™ to H + ¢’ at the anode-electrolyte interface. The hydrogen atom
diffuses through the anode electrode and reacts with the catalyst such as an alkali metal to
form at least one of metal hydride, metal-H molecule, and a hydrino. The ionization of the
. catalyst may also contribute to the anode current. Other reactants may be present in the
anode compartment to cause or increase the rate of the hydrino reaction such as a support
such as TiC and a reductant, catalyst, and hydride exchange reactant such as Mg or Ca. The
released electron or electrons flows through an external circuit to complete the charge
balance. [n another embodiment, the anode is not significantly H permeable such that H; gas
is preferentially released at the anode rather metal hydride formation following H permeation
through the anode metal.

The reactants may be regenerated thermally or electrolytically. The products may be
regenerated in the cathode or anode compartments. Or, they may be sent to a regenerator
using a pump for example wherein any of the regeneration chemistries of the present
disclosure or known to those skilled in the Art may be applied to regenerate the initial
reactants. Cells undergoing the hydrino reaction may provide heat to those undergoing
regeneration of the reactants. In the case that the products are raised in temperature to
achieve the regeneration, the CIHT cell products and regenerated reactants may be passed
through a recuperator while sent to and from the regenerator, respectively, in order recover
heat and increase the cell efficiency and system energy balance.

In an embodiment that forms a metal hydride with ion migration, the metal hydride
such as an alkali hydride is thermally decomposed. The H; gas may be separated from the
alkali metal by an Hj-permeable, solid, metallic membrane and moved into the cathode
chamber of the cell. The hydrogen-depleted alkali metal may be moved to the anode chamber
of the cell such that the reaction involving the transport of H™ can be perpetuated.

The migrating ion may be that of the catalyst such as an alkali metal ion such as Na'.
The ion may be reduced and may optionally be reacted with hydrogen to form the catalyst or
source of catalyst and source of hydrogen such as one of LiH, NaH, KH, and BaH whereby
the catalyst and hydrogen react to form hydrinos. The energy released in forming hydrinos
produces an EMF and heat. Thus, in other embodiments, the hydrino reaction may occur in
the cathode compartment to provide a contribution to the cell EMF. An exemplary cell is
[Na/BASE/Na molten or eutectic salt R-Ni] wherein BASE is beta alumina solid electrolyte.
In an embodiment, the cell may comprise [M/BASE/proton conductor electrolyte] wherein M
is an alkali metal such as Na. The proton conductor electrolyte may be a molten salt. The
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molten salt may be reduced to hydrogen at the cathode with the counterion forming a
compound with M. Exemplary proton conductors electrolytes are those of the disclosure
such as protonated cations such as ammonium. The electrolytes may comprise an ionic
liquid. The electrolyte may have a low melting point such as in the range of 100-200°C.
Exemplary electrolytes are ethylammonium nitrate, ethylammonium nitrate doped with
dihydrogen phosphate such as about 1% doped, hydrazinium nitrate, NH4PO3-TiP2O+, and a
eutectic salt of LINO;-NHNQ;. Other suitable electrolytes may comprise at least one salt of
the group of LINO;, ammonium triflate (Tf = CF380; ). ammonium triflucroacetate (TFAc
=CF;COQ ) ammonium tetrafluorobarate (BF4 ), ammonium methanesulfonate (CH;SO; ),
ammonium nitrate (NO; ), ammonium thiocyanate (SCN ), ammonium sulfamate (SO;NH, ),
ammonium  bifluoride (HF;) ammonium hydrogen sulfate (HSO, } ammonium
bis(trifiuoromethanesulfonyl)imide (TFSI = CF380,),N ), ammonium
bis(perfluoroehtanesulfonyl)imide (BETI = CF3CF480,)2N ), hydrazinium nitrate and may
further comprise a mixture such as a eutectic mixture further comprising at least one of
NHNQO;, NH.TT, and NH;TFAc. Other suitable solvents comprise acids such as phosphoric
acid.

In an embodiment, the cell comprises an anode that is a source of migrating ion M*
that may be a metal ion such as an alkali metal ion. The cell may further comprise a salt
bridge selective for M", The ion selective salt bridge may be BASE. The cathode half-cell
reactants may comprise a cation exchange material such as a cation-exchange resin. The
cathode half-cell may comprise an electrolyte such as an ionic liquid or an aqueous
electrolyte such as an alkali metal halide, nitrate, sulfate, perchiorate, phosphate, carbonate,
hydroxide, or other similar electrolyte. The cation exchange membrane may be protonated in
the oxidized state. During discharge, M may displace H' that is reduced to H. The
formation of H gives rise to the formation of hydrinos. Exemplary cells are [Na, Na alloy, or
Na chalcogenide/BASE, ionic liquid, eutetic salt, aqueous electrolyte/cation exchange resin].
The cell may regenerated electrolytically or by acid exchange with the cation exchanger.

In an embodiment, a pressure or temperature gradient between the two half-cell
compartments effects the formation of hydrino reactants or the hydrino reaction rate. In an
embodiment, the anode compartment comprises an alkali metal at a higher temperature or
pressure than that of the same alkali metal in the cathode compartment. The pressure or
temperature difference provides an EMF such that the metal such as sodium is oxidized at the
anode.

The ion is transported through an ion selective membrane such as beta alumina or Na*
glass that is selective for Na jons. The migrating ions are reduced at the cathode. For
example, Na* is reduced to form Na. The cathode compartment further comprises hydrogen
that may be supplied by permeation through a membrane or a source of hydrogen provided as
a reactant to form hydrinos., Other reactants may be present in the cathode compartment such
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as a support such as TiC and a reductant, catalyst, and hydride exchange reactant such as Mg
or Ca or their hydrides. The source of H may react with the alkali metal to form the hydride.
In an embodiment, NaH is formed. A suitable form of NaH is the molecular form that further
reacts to form hydrinos. The energy release from the formation of metal hydride and
hydrinos provides a further driving force for the ionization and migration of ions such as Na"
to increase the power output from the cell. Any metal hydride such as NaH that is not reacted
to form hydrino from the H may be thermally decomposed such that the hydrogen and metal
such as Na are recycled. The metal such as Na may be increased in pressure at the anode cell
compartment by an electromagnetic pump. An exemplary cell is [Na/beta alumina/MgH; and
optionally a support such as TiC or WC]. Na is oxidized to Na® at the anode, migrates
through the salt bridge beta alumina, is reduced to Na at the cathode, and reacts with MgHa in
the cathode compartment to form NaH that further reacts to form hydrinos. The hydride or
one or more other cathode reactants or species may be molten at the cell operating
temperature. The cell may comprise an electrolyte. Exemplary electrolytes are molten
electrolytes such as NaH-NaOH, NaOH (MP=323 °C), NaH-Nal (MP=220°C), NaH-
NaAlEt,, NaOH-NaBr-Nal, NaCN-Nal-NaF and NaF-NaCl-Nal.

NaOH may comprise a cathode reactant wherein the cell may form hydrinos by the
reactions that give rise to H or a hydride. The reaction of NaOH and Na to Na,O and

NaH (s} calculated from the heats of formation releases AH =--44.7 kJ / mole NaOH :
NaOH +2Na —> Na,O+ NaH (s) AH =-44.7 kJ / mole NaOH . (217)

This exothermic reaction can drive the formation of Naf ( g} and was exploited to drive the

very exothermic reaction given by Eqs. (28-31).

NaH — Na+ H(1/3) AH =-10,500 kJ / mole H 218)
and

NaH ~» Na+H(1/4) AH=-19,700 kJ/mole H . (219)
The regenerative reaction in the presence of atomic hydrogen is

Na,O+ H —» NaOH + Na AH =-11.6 kJ/ mole NaOH (220}

Exemplay cells are [M/BASE/M’OH] (M and M’ are alkali metals that may be the same),
[Na/BASE/ NaOH], [Na/BASE/ NaOH Nal], [Na/BASE/ NaOH NaBr], [Na/BASE/ NaOH
NaBr Nal], [Na/BASE/NaBH4 NaOH], [K/K BASE/RbOH], {K/K BASE/CsOH], {Na/Na
BASE/RbOH], and [Na/Na BASE/CsOH]. Another alkali may replace Na. Exemplary cells
are [K/K BASE/mixture of KOH and MNH; (M = alkali metal)] and {Na/Na BASE/NaOH
Csl (hydrino getter]. The cell may further comprise a conducting matrix material such as
carbon, a carbide, or boride to increase the conductivity of the half-cell reactants such as the
alkali hydroxide. The cathode MOH may comprise a eutectic mixture of alkali hydroxides
such as NaOH and KOH that has a eutectic point at 170°C and 41 wt% NaOH. The anode
may comprise K and Na or both.
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In an embodiment, the cathode comprises an alkali hydroxide such as NaOH and
further comprises a source of atomic H such as a dissociator and hydrogen such as R-Ni,
PAC(H,), PtC(Hy), IrC(H2). The source of atomic hydrogen may be a hydride such as an
intermetallic hydride such as LaNisH,, a rare earth hydride such as CeH; or LaHa, a transition
metal hydride such as TiHz or NiHs, or an inner transition metal hydride such as ZrH,. The
source of atomic hydrogen may be mixed with the alkali hydroxide. Exemplary cells are
[Na/BASE/NaOH and R-Ni, PdC(H,), PtC(H,), IrC(H;), LaNisHg, CeHy, LaHy, TiH,, NiHy,
or ZrH,]. The H may serve as at least one of a reactant and catalyst to from hydrinos. The H
may also serve to accept an electron from OH to form H™ and OH with the transition of H of
OH to form H(1/p) according to the reactions of TABLE 3.

In an embodiment, ions and electrons migrate internally between the half-cells and
through the external circuit, respectively, and combine at the cathode. The reduction reaction
and potentially at least another subsequent half-cell reaction results in an alteration of a
partial charge of the H of a source of H to reverse from a deficit to an excess relative to
neutral. During this alteration with the formation of H from the source, the formation of
hydrinos by a portion of the H occurs. Alternatively, ions and electrons migrate internally
between the half-cells and through the external circuit, respectively, and electrons are ionized
from the ions such as H at the anode. The oxidation reaction and potentially at least another
subsequent half-cell reaction results in an alteration of a partial charge of the H of a source of
H such as H to reverse from a excess to an deficit relative to neutral. During this alteration
with the formation of H from the source, the formation of hydrinos by a portion of the H
occurs. As examples, consider the partial positive charge on the H of each of the OH
functional group of NaQH of the cell [Na/BASE/NaOH] and the NH group that forms during
operation of the cell [LiaN/LiCI-KC1/CeH,]. In the former case, Na' is reduced at the cathode
to Na that reacts with NaOH to form NaH wherein the H may be at least partially negatively
charged. In the latter case, H is oxidized at the anode and reacts with LisN to form LiNH
and LiNH; whereby the charge on the H undergoes alteration from an excess to a deficit.
During these alterations hydrinos are formed. Exemplary states that may accelerate the

reaction to form hydrinos in the former and latter cases are Na j’-} --~5H+0Na and ;} ---f‘;NLz‘z )
respectively. In an embodiment, a state such as Na f‘:_f---i’}ONa or j‘} : -'(}:;Nsz is formed in
modified carbon of the current disclosure.

In other embodiments, NaOH is replaced by another reactant with Na that forms a
hydride or H such as other hydroxides, acid salts, or ammoniun salts such as at least one of
alkali hydroxides, alkaline earth hydroxides, transition metal hydroxides and oxyhydroxides
and ammonium halides such as WH,Cl, NHBr, NiO(OH), Ni(OH),;, CoO(OH), HCoO,,
HCrO,, GaO(OH), InO0H, Co(OH):, AI(OH);, AIG(OH), NaHCGs, NaHS04, NaHPO.,

NagHPQs. Further exemplary suitable oxyhyroxides are at least one of the group of
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bracewellite (CrO(OH)), diaspore (AIO(OH)), ScO(OH), YO(OH), VO(OH). goethite (« -
Fe*'O(OH)), groutite (Mn®"O(OH)), guyanaite (CrO(QH)). montroseite {((V,Fe)O(OH)),
CoO(OH), NIO(OH), NijpCoinO(OH), and NiysCoisMnzO(0OH), RhO(OH), InO(OH),
tsumgallite  (GaO(OH)), manganite (Mn**OOH)), yttrotungstite-(Y)  YW20¢(OH)s,
yttrotungstite-(Ce)} ((Ce, Nd, Y)W206(OH)3), unnamed (Nd-analogue of yttrotungstite-(Ce) )
((Nd, Ce, La)W04(OH);),  frankhawthorneite (Cu[(OH),[TeO4]),  khinite
(Pb**Cu* (TeOs)(OH)y), and parakhinite (Pb*"Cul' TeOs(OH),). An exemplary reaction
involving AI(OH)s is

3Na+ Al{OH), — NaOH -+ NadlO, + NaH +1/2H, (221)
An exemplary corresponding cell is [Na/BASE/AI(OH); Na eutetic salt]. Other suitable cells
are [Na/BASE/ at least one of alkali hydroxides, alkaline earth hydroxides, transition metal
hydroxides or oxyhydroxides such as CoO(OH), HCoO,, HCrO, GaG(OH), InGOH,
Co(OH),, NiO(OH), Ni{OH);, AKOH)s, AIG(OH), NaHCOs;, NaHSO4, NaH2PO4, Na;HPO;
electrolyte such as a eutetic salt]. In other embodiments, another alkali metal is substituted
for a given one. The oxidant of the cathode half-cell such as hydroxides, oxyhydroxides,
ammonium compounds, and hydrogen acid anion compounds may be intercalated in a matrix
such as carbon.

In an embodiment having H bond to another element wherein the H is acidic, the
migrating ion M* may exchange with the acidic H, released as H', and H™ may be
subsequently reduced to H. This reaction may be suppressed to favor the formation of MH
by addition of hydrogen such as high pressure Hz gas wherein the formation of MH favors the
formation of hydrinos.

The cathode or anode half-cell reactant comprising a source of H may comprise an
acid. The H of the reactant may be bound to oxygen or a halide, for example. Suitable acids
are those known in the Art such as HF, HBr, HI, HsS, nitric, nitrous, sulfuric, sulfurous,
phasphoric, carbonic, acetic, oxalic, perchloric, chloric, chlorous, hypochlorous, borinic,
metaborinic, boric such as HsBO; or HBO,, silicic, metasilicic, orthosilicic, arsenic,
arsenoius, sellenic, sellenous, tellurous, and telluric acid. An exempilary cell is {M or M
alloy/BASE or separator and electrolyte comprising an organic solvent and a salt/acid such as
HF, HBr, HI, H,8, nitric, nitrous, sulfuric, sulfurous, phosphoric, carbonic, acetic, oxalic,
perchloric, chloric, chlorous, hypochlorous, borinic, metaborinic, boric such as HyBO; or
HBO.,, silicic, metasilicie, orthosilicic, arsenic, arsenoius, sellenic, sellenous, tellurous, and
telluric acid). ‘

In embodiments, the electrolyte and separator may be those of Li ion batteries
wherein Li may be replaced by another alkali such as Na when the corresponding ion is the
migrating ion. The electrolyte may be a Na solid electrolyte or salt bridge such as
NASICON. The source of H such as a hydroxide such as NaOH, H acid salt such as
NaHSQ,, or oxyhydroxide such a CoO(OH) or HCoO:. may be intercalated in carbon,
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Exemplary cells are [Na/olefin separator LP 40 NaPF6/NaOH or NaOH intercalated C],
[Na/Na solid electrolyte or salt bridge such as NASICON /NaGH or NaOH intercalated CJ,
and [Li, LiC, Li or Li alloy such as LisMg/ separator such as olefin membrane and organic
electrolyte such as LiPFs electrofyte sofution in DEC or LiBFy in tetrahydrofuran (THF) or a
eutectic salt/ alkali hydroxides, alkaline earth hydroxides, transition metal hydroxides or
oxyhydroxides, acid salts, or ammonium salts such as CoO(OH), HCoO,, HCrO,, GaO(OH),
InOOH, Co(OH), NiO(OH), Ni{OH), AKOH), AIO(OH), NH:Cl, NHBr, NaHCO;,
NaHSO4, NaH,PO,, Na;HPO; or these compounds intercalated in CJ. A conducting matrix
or support may be added such as carbon, a carbide, or a boride. A suitable fead for a basic
electrolyte is Ni.

The cell may be regenerated by the chemical and physical methods of the disclosure.
For example, the cell comprising [Na/BASE/NaOH Nal], [Na/BASE/NaOH], or
[Na/BASE/NaOH R-Ni mixed] may be regenerated by addition of Hy to the product NayG to
form NaOH and at least one of Na and NaH. In an embodiment, the regeneration of NayO is
performed in an inert vessel that is resistant to forming and oxide such as a Ni, Ag, Co, or
alumina vessel. The product of discharge such as Na,O may be melted, ground, milled, or
processed by means known in the Art to increase the surface area before hydrogenation. The
amount of hydrogen may be controlled to stoichiometrically form a mixture of Na and
NaOH. The temperature may also be controlled such that Na and NaOH are preferred. The
at least one of Na and NaH may be removed by distillation or by separation based on density.
In an embodiment, the cell is operated at about 330°C and not significantly higher in
temperature. Below this temperature NaOH would solidify, and above this temperature Na
would dissolve in the molten NaOH. As desired, the less dense Na forms a separate layer on
the molten NaOH, and in an embodiment, is physically separated by means such a pumping.
The Na is returned to the anode, NaH may be thermally decomposed to Na and returned to
the anode. In an embodiment, of the thermal reactor the products may be regenerated in the
same manner. In an exemplary system, H; is added to a closed system comprising the celi
[Na/BASE/hydrogen-chalcogenide such as NaOH]. In this case, 2 mixture of Na and NaH
serves as the anode and NaO can be regenerated continuously.

The regeneration reaction

Na.0 + H; to NaOH + NaH {(222)
may be performed in a pressure vessel that may be the half-cell. Suitable temperatures arc in
the range of about 25°C to 450°C and about 150°C to 250°C. The reaction rate is higher at a
more elevated temperature such as about 250°C. The hydrogenation may occur at lower
temperature such as about 25°C with ball milling and a hydrogen pressure of about 0.4 MPa.
50% completion of the reaction (Eq. (222)) can be achieved at a temperature as low as 60°C
at 10 MPa for 48 hrs, and the reaction goes to completion by raising the femperature to
100°C. Suitable pressures are in the range of greater than zero to about 50 MPa. In
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exemplary embodiments, hydrogen absorption to 3 wt% (theoretical hydrogen capacity is 3.1
wi%) occurs at 1.8 MPa with the temperature maintained at each of 175, 200, 225, and 250
°C. The absorption isotherms at these temperatures are very similar; whereas, the one at
150°C shows slightly less hydrogen absorption of 2.85 wt% at 1.8 MPa. The NaO
hydrogenation reaction is capable of rapid kinetics. For example, at a pressure of 0.12 MPa,
1.5 wi% hydrogen can be absorbed in 20 minutes at 150 °C, and more than 2 wt% hydrogen
can be absorbed in 5 minutes at 175-250°C. The NaH is separated from NaOH by physical
and evaporative methods known in the art. In the latter case, the system comprises an
evaporative or sublimation system and at ieast one of the evaporated or sublimed Na and
NaH is collected and Na or NaH is returned to the anode half-cell. The evaporative or
sublimation separation may be under a hydrogen atmosphere. Isolated NaH may be
separately decomposed using at least one of heating and applying reduced pressure. Certain
catalysts such as TiCly and S§i02 may be used to hydrogenate Na;O at a desired temperature
that are known in the Art for similar systems.

In another embodiment based on the Na, NaOH, NaH Na,O phase diagram, the
regeneration may be achieved by controlling the cell temperature and hydrogen pressure to
shift the reaction equilibtium

Nap,O(s) + NaH(s) 0 2NaOH(I) + Na(l) (223)
which occurs at about the range of 412 + 2°C and 182 + 10 torr. The liquids form to
separable layers wherein the Na layer is removed. The solution may be cooled to form
molten Na and solid NaQOH that allows further Na to be removed.

The hydrogen from the reaction of M with MOH (M is alkali) may be stored in a
hydrogen storage material that may be heated to by a heater such as an electrical heater to
supply hydrogen during regeneration. The M (e.g, Na) layer is pumped to the anode by a
pump such as an electromagnetic pump or may be flowed to the anode.

Referring to FIGURE 18, in an embodiment of an exemplay cell [Na/BASE/NaOH],
the molten salt comprising a mixture of product and reactants is regenerated in the cathode
compartment 420 by supplying hydrogen through inlet 460 at a controlled pressure using
hydrogen source and pump 430. The molten sait temperature is maintained by heater 411
such that a Na layer forms on top and is pumped to the anode compartment 402 by pump 440.
In another embodiment also shown in FIGURE 18, the molten salt comprising a mixture of
product and reactants is flowed info regeneration cell 412 from the cathode compartment 401
through channel 419 and through 416 and 418, each comprising at least one of a valve and a
purnp. Hydrogen is supplied and the pressure is controlled by hydrogen source and pump 413
connected to the regeneration cell 412 by a line 415 with the flow controlled by a control
valve 414, The molten salt temperature is maintained with heater 411. The hydrogenation
causes Na to form a separate layer that is pumped from the top of the regeneration cell 412 to
the cathode chamber 402 through channel 421 through 422 and 423, each comprising at Jeast
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one of a valve and a pump. In an embodiment such as one comprising a continuous cathode
salt flow mode, the channel 419 extends below the Na layer to supply flowing salt from the
cathode compartment to the lower layer comprising at feast Na;O and NaOH. Any of the
cathode or anode compartments, or regeneration cell may further comprise a stirrer to mix the
contents at a desire time in the power or regeneration reactions,

In an embodiment, the cell has at least the cathode reaction product Li;O that is
converted to at feast LiOH wherein LiOH is a cathode reactant. The regeneration of LiOH
may be addition of Hy. LiH may be also form. The Litl and LiOH may form two separate
layers due to the difference in densities. The conditions of temperature and hydrogen
pressure may be adjusted to achieve the separation. The LiH may be physically moved to the
anode half-cell. The LiH may be thermally decomposed to Li or used directly as an anode
reactant. The anode may further comprise another compound or element that reacts and
stores hydrogen such as a hydrogen storage material such as Mg. During cell operation at
feast one reaction ocours to form Li" such as LiH may be in equilibrium with Li that ionizes,
LiH may ionize fo Li" directly, and LiH may undergo a hydride exchange reaction with a H
storage material such as Mg and the Li ionizes. The cell may have an electrolyte such as a
solid electrolyte that may be BASE. In another embodiment, Li>O is converted to LiOH and
LiH, and Li is returned to the anode by clectrolysis such that LiOH remains as a cathode
reactant. In an embodiment comprising another alkali metal as the anode such as Na or K,
the cathode half-cell reaction product mixture may comprise some LiO and MOH and
optionally MO (M=alkali). The reduction of Li;O and M;O to LiOH and LiH and optionally
MH and MOH occurs by reaction with H; followed by the spontaneous reaction of LiH and
MOH to LiOH and MH. M may be dynamically removed to drive the reaction in non-
equilibrium mode. The removal may be by distillation with M condensed in a separate
chamber or a different part of the reactor. The MH or M is isolated and returned to the
anode.

The reactants may be continuously fed through the half cells to cause the hydrino
reaction and may be further flowed or conveved to another region, compartment, reactor, or
system wherein the regeneration may occur in batch, intermittently, or continuously wherein
the regenerating products may be stationary or moving,.

In an embodiment, the reverse reaction of the metal hydride metal chalcogenide
reaction is the basis of a half-cell reaction to form hydrinos., The half-cell reactant may be the
dehydrogenated chalcogenide such as Na;O, NapS, NaSe, Na;Te, and other such
chalcogenides. In the case that the migrating fon is H", the metal chalcogenide reactant is in
the cathode half-cell. Exemplary reactions are
Anode

H: to 2H +2¢ (224)
Cathode
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"Na,O + 2H" + 2¢” to NaOH + NaH
Overall reaction
Na,O + Hy to NaOH + NaH {225)
In a similar cell, H™ displaces Na in NaY. Exemplary cells are [proton source such as
PtC(H,)/proton conductor such as Nafion, ionic liquid, or aqueous electrolyte/NaY (sodium
zeolite that reacts with H' to form HY (protonated zcolife)) CB] and [proton source such as
PtC(Hy)/proton conductor such as HCI-LICI-KCI/NaY (sodium zeolite that reacts with H to
form HY (protonated zeolite)) CB]. H' may also displace H" as in the case of the exemplary
cell [proton source such as PtC(H;)/proton conductor such as HCI-LiCI-KCVHY (hydogen
zeolite that reacts with H' to form hydrogen gas CB]. In other embodiments, the cell reactant
comprises metal-coated zeolite such as nickel-coated zeolite that is doped with H' or Na'.
In the case that the migrating ion is H', the metal chalcogenide reactant is in the anode
half-cell. Exemplary reactions are
Cathode
CeH» +2¢ to Ce +2H ‘ (226}
Anode
Na,O + 2H to NaOH + Nak + 2¢
Overall reaction
NayO + Cel; to NaOH + NaH + Ce 227)
Exemplary cells are [proton source such as PtC(Ha)/proton conductor such as
Nafion/chalcogenide such as NayO] and [chalcogenide such as NayO/hydride ion conductor
such as a eutectic salt such as a mixture or alkali halides such as LiCl-KCl/hydride source
such as a metal hydride such as a transition, inner transition, rare earth, alkali, or alkaline
earth hydride such as TiHa, ZrH, or CeHy]. '
In another embodiment, the half-cell reactant may be at least one of an oxide such as
M>0O where M is an alkali metal, preferably Li;O, Na;O, and K0, a peroxide such as MuO»
where M is an alkali metal, preferably LiyO,, Na;On, and K;0», and a superoxide such as
MO, where M is an alkali metal, preferably Li;O;, NayO,, and K20, The ionic peroxides
may further comprise those of Ca, Sr, or Ba. A suitable solvent is a eutectic salf, solid
electrolyte, or organic or ionic solvent.
In a general embodiment, a metal chalcogenide reacts with a metal atom formed by
the reduction of the corresponding cation at the cathode, The reaction of metal M with a
hydrogen chalcogenide XH is given by
MXH +2M — M, X + MH () (228)
This exothermic reaction can drive the formation of MH(g) to drive the very

exothermic reaction given by Eqs. (28-31). The chalcogenide may be at least one of O, §, Se,
and Te. The metal M may be at least one of Li, Na, K, Rb, and Cs. In addition to O, another
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exemplary chalcogenide reaction involves 8. The reaction of NaSH and Ne to Na,§ and
NaH (s) calculated from the heats of formation releases AH =-91.2 &/ / mole Na :
| NaSH +2Na — Na,S+ NaH (s) AH =-912 kJ/mole Na . (229)

This exothermic reaction can drive the formation of NaH (g) to drive the very exothermic

reaction given by Egs. (28-31). Exemplary cells are [Na/BASE/NaHS (MP=350 °C)],
[Na/BASE/NaHSe], and [Na/BASE/NaHTe]. In other embodiments, another alkali metal is
substituted for a given one.

Additional suitable hydrogen chalcogenides are those having a layered structure
absent the H such as hydrogenated alkaline earth chalcogenides and hydrogenated MoS, and
WS, TiSs, ZrSe, HIS:, Ta$S,;, TeSs, ReS,, PtS,, SnS,, SnSSe, TiSes, ZrSe;, HfSe;, VSen,
TaSen, TeSe;, ReSen, PtSes, SnSey, TiTes, ZrTes, Ve, NbTe,, TaTe,, MoTe,, WTep, CoTes,
RhTe,, IrTey, NiTez, PdTe,, PtTe;, SiTes, NbS;, TaS;, MoS:, WS;, NbSe;, NbSe;, TaSes,
MoSe;, W5e;, MoTe;, and LiTiS;. In general, a cathode half-cell reactant may comprise a
compound comprising metal, hydrogen, and chalcogenide.

In general, the cathode half-cell reactants may comprise an acidic H that undergoes
reduction with the migrating ion such as M" balancing the charge. The reaction of metal M
with HX (X is the corresponding anion of an acid) is given by

MX'H +2M — M, X '+ MH (5) (230)

wherein M may be an alkali metal. This exothermic reaction can drive the formation of
MH {g) to drive the very exemplary exothermic reaction given by Egs. (6-9) and (28-31).
An exemplary acid reaction involves a compound comprising a metal halide such as an alkali
or alkaline earth halide and an acid such as a hydrogen halide. The reaction of KHF; and K
to 2KF and KH calculated from the heats of formation releases AH =—-132.3 &S/ mole K :
KHE, +2K -5 2KF + KH AH =-1323kJ/mole K (231}
An exemplary cell is [K/BASE/KHF, (MP=238.9 °C)]. In the case that Na replaces K, the
enthalpy change is AH =-144.6 kJ/mole Na. An exemplary cell is [Na/olefin separator
NaPFg LP40/NaHEF, (MP=>160 dec °C)]. The acidic H may be that of a salt of a multiprotic
acid such as NaHS$G0,, NaHSG,;, NaHCO;, NaHPO,, NayHPG;, NaHCr(Os; NaHCnO;,
NaHC;04, NaHSeQ;, NaHSeQ,, NayHAsOs, NaHMoOy4, NaHB4O; NaHWO4, NaHTiO;,
NaHGeOs;, NasHS10;, NagHaSi04, NaH38i0,, NaHSi0;, and a metal such as an alkali metal
and a hydrogen oxyanion, a hydrogen oxyanion of a strong acid, and ammonium compounds
such as NH¢X wherein X is an anion such as halide or nitrate. Exemplary cells are
[Na/BASE/NaHSO, (MP=350 °C) or NaHSO3 (MP=315 °C)] and {Na/olefin separator NaPFs
LP40/NaHCO;, NalHa POy, NaHPOs, NaHCrO4, NaHCrO4, NaHC,04, NaHSeO;, NaHSeO,,
NasHAsO,, NaHMoQs, NaHB4O; NaHWQ,s, NaHTiOs, NaHGeOs, NasHSiO4, NagH,S8i0,,
NaH35i0,, NaHSiOs, and 2 metal such as an alkali metal and a hydrogen oxyanion, a
hydrogen oxyanion of a strong acid, and ammonium compounds such as NHyX wherein X is

151



WO 2011/116236 PCT/US2011/028889

an anion such as halide or nitrate]. Other alkali metals may substitute for Na. In
embodiments, the electrolyte may be an aqueous salt of the migrating ion,

Additional suitable oxidants arc that can be synthesized by methods known in the Art
such as oxidation of the metal oxide in a basic solution are WO(OH), WO{(OH),, VO(OH),
VO(OH),,  VO(OH);,  V30x0OH),  V20y(OH)s,  V204(0H)s,  Vy03(OH),
V203(0H), V204(OH)s, FeOG(OH), MnO({OH), MnO(CH),, Mn03(0OH), MnaOx(OH)s,
MnG(OH)s, MnOs(0H), MnOz(OH)s, MnO(OH)s, Mny04{0OH);, MnyO4(OH),,
MnoGs(OH)s, NIO(OH), TiO(OH), TiO(OH):, Ti:05(0H), Ti0x(OH),, Tix0y(OH)s,
Tiz0+(OH)s, and NiG(OH). In general, the oxidant may be M OyH; wherein x, y, and z are
integers and M is a metal such as a transition, inner transition, or rare earth metal such as
metal oxyhydroxides. In the case that the migrating ion of the cell is Li” with reduction at the
cathode, the reaction to form hydrino may be

CoQ(OH) or HCoO; + 2Li to LiH + LiCo02 (232)

LiH to H(1/p) + Li (233)
In an embodiment, H of CoO{OH) or HCo0O», is intercalated between the CoO: planes. The
reaction with lithium results in at least one of Li replacing H in the structure, LiH is an
intercalation product (in the disclosure, insertion can also be used in lieu of intercalation),
LiH is a separate product. At least one of the following results, some of the H reacts to form
hydrinos during the reaction or hydrinos are formed from the products. Exemplary cells are
[Li, Na, K, Li alloy such as LisMg, LiC, or modified carbon such as C.KH, such as
CsKHpo/BASE or olefin separator Li, Na, or KPFs LP40/CoQO(OH), HCoQ,, HCrO,,
GaO(OH), InOOH, WO;(OH), WOxOH),;, VO(OH), VO{OH);, VO(OH)3;, V,0,(OH]),,
V20x(OH)s, V20:(OH)s, V203(OH),  V203(OH),V20i(OH),, FeO(OH), MnO(OH),
MnO(OH)s, MnO3(0OH), MnaOx(OH)s, MnO(OH)s, MnrOs(OH), MnG(OH)z, Mn({OH)s,
MnpO(0OH),, MnyOg(OH)z, MnOg(OH)s, NiO(OH), TIO(OH), TiO(OH),, TiOx(OH),
Ti203(OH)y, TixOx(OH)3, Tiz0x{OH)s, NiO(OH), and M O/H, wherein x, y, and z are
integers and M is a metal such as a transition, inner transition, or rare earth metal)]. In other
embodiments, the alkali may be substituted with another.

In an embodiment, the H of the reactant such as an oxvhydroxide or base such as
NaOH is hydrogen bonded. In an embodiment, the O— -+ H distance may be in the range
of about 2 to 3 A and preferably in the range of about 2.2 10 2.7 A. A metal such as an alkali
metal comprising the reduced migrating ion reacts with the hydrogen-bonded H to form
hydrinos. The H bonding may involve H bound to atoms such as O and N wherein the H
bond may be with another functional group such as a carbonyl (C=0), C-0, 5=0, §-0, N=0,
N-O, and other such groups known in the Att. An exemplary cathode reactant may be a
hydroxide or oxyhydroxide mixed with a compound with a carbonyl group such as a ketone,
or a carbonate such as an alkali carbonate, DEC, EC, or IDMC or other H bonding group such
as C-0, §=0, §5-0, N=0, or N-O. Exemplary suitable compounds are ethers, sulfides,
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disulfides, sulfoxides, sulfones, sulfites, sulfate, sulfonates, nitrates, nitrtites, and nitro and
nitroso compounds. In an embodiment, the H bonded cathode reactants further comprises
some water that participates in the H bonding and increases the rate to form hydrinos. The
water may be intercalated in carbon to form another modified carbon of the disclosure. The
carbon may be activated with electronegative groups such as C-O, C=0, and carboxylate
groups that can hydrogen bond to added H. Carbon can be cxidatively activated with
treatment with air, O,, or HNGs, or activated by treatment with water and/or CO, at 800-
1000°C. The carbon may comprise a dissociator such as PUC or Pd/C that is activated.
Atomic H is formed by the dissociator that H bonds in the carbon matrix. The activation may
be by methods such as steam freatment or activation. In another embodiment, a hydride
material such as R-Ni is water or steam activated. The activation may be by heating to a
temperature in the range of about 25 °C to 200°C while flowing a mixture of steam or water
vapor and an inert gas such as argon. Other suitable activated materials comprise
intercalating materials such as hBN, chalcogenides, carbon, carbides, and borides such as
TiB, that are functionalized with H bonding electronegative groups. The H bonding reactant
may also comprise protonated zeolite (HY). H bonding is temperature sensitive; thus, in an
embodiment, the temperature of the H-bonded reactants is controlled to control the rate of the
hydrino reaction and consequently, one of the voltage, current, and power of the CIHT cell.
FTIR may be recorded on oxyhydroxides and other similar cathode materials to study H
bonding species such as O-H and hydrogen that is H bonded to O.

In embodiments of cells comprising an alkali hydroxide cathode half-cell reactant, a
solvent may be added to at least the cathode half-cell to at least partially dissolve the alkali
hydroxide. The solvent may be capable of H bonding such as water or an alcohol such as
methanol or ethanol. The cell may comprise an electrolyte comprising an organic solvent.
Exemplary cells are [Na/Celgard LP 30/ NaOH + H bonding matrix or solvent such as an
alcohol], [Li/Celgard LP 30/ LiOH -+ H bonding matrix or solvent such as an aicohol], and
[K/Celgard LP 30/ KOH + H bonding matrix or solvent such as an alcohol] and [Na/Celgard
LP 30/ NaOH -+ methanol or ethanot], [Li/Celgard LP 30/ LiOH + methano! or ethanol], and
[K/Celgard LP 30/ KOH + methanol or ethanol]. The solvent of the cell having an organic
solvent as part of the electrolyte may be selected to partially dissolve the alkali hydroxide.
The cell may comprise a salt bridge to separate dissolved alkali hydroxide of one half-cell
from another, The solvent added to at least partially dissolve the alkali hydroxide may be
water. Alternatively, an alkali hydroxide may be formed from water during discharge or
formed from a solute such as a carbonate. Exemplary cells are [Li LP 30/ Li” glass /water],
[Li LP 30/ Li" glass /aqueous base such as LiOH or Li,CO5], [Li LP 30/Whatman GF/D glass
fiber sheet/water], [Li LP 30/Whatman GF/D glass fiber sheet/aqueous base such as LiOH or
Li;COs], [Na LP 30/Na* glass/water], [Na LP 30/Na” glass/aqueous base such as NaOH or
Na;COs], [K LP 30/K" glass/water], [K LP 30/K" glass/aqueous base such as KOH or
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K:COs]. The performance of the alkali hydroxide cathode cell of the exemplary type
[Na/CG2400+Na-LP40/NaOH] may also be enhanced by heating wherein a thermally-stable
solvent is used.

In an embodiment, at least one of the half-cell reactant such as the cathode half-cell
reactants may comprise an aqueous acid. Exemplary cell are [Li LP 30/Whatman GE/D glass
fiber sheet/aqueous acid such as HCl], [Na LP 30/Na" glass/aqueous acid such as HCI), and
[K LP 30/K" glass/aqueous acid such as HCI]. The pH of neutral, basic, and acidic
electrolytes or solvents may be adjusted by addition of acid or base to optimize the rate of
hydrino formation.

In another embodiment, having no electrolyte, a high surface area support/hydride
serves to wick Na metal formed on the surface from reduction of Na'. Suitable supports are
such R-Ni and TiC. Optionally, the cathode reactants comprise a molten hydride such as
MgH, (MP 327°C) wherein a hydrogen atmosphere may be supplied to maintain the hydride.
In other embodiments, M (alkali metal such as Li or X) replaces Na wherein exemplary cells
are [K/K-BASE/KI KOH] [K/K-BASE/KOH] (K-BASE is potassium beta alumina), [LiLi-
BASE or AlLOs/Lil LiOH] [Li/Li-BASE or Al,O+/LiOH] (Li-BASE is lithium beta alumina).
Suitable exemplary molten hydride comprising mixtures are the eutectic mixtures of NaH-
KBH; at about 43 + 57 mol % having the melt temperature is about 503 °C, KH-KBHy at
about 66 + 34 mol % having the melt temperature is about 390 °C, NaH-NaBHj at about 21 +
79 mol % having the melt temperature is about 395 °C, KBH4-LiBH, at about 53 + 47 mol %
having the melt temperature is about 103 °C, NaBH4-LiBH4 at about 41.3 + 58,7 mol %
having the melt temperature is about 213 °C, and KBH4-NaBH; at about 31.8 + 68.2 mol %
having the melt temperature is about 453 °C wherein the mixture may further comprise an
alkali or alkaline earth hydride such as LiH, NaH, or KH. Other exemplary hydrides are
Mg(BHz)2 (MP 260°C) and Ca(BHa): (367°C).

In a general embodiment, the reaction to form H and form the catalyst such as Li,
NaH, K, or H as the catalyst whereby hydrinos are formed comprises a reaction of a reactant
that comprises H. The H of the reactant may be bound to any element. Suitable sources of H
comprise H bound to another element wherein the bond has a large dipole moment. The
bonding may be covalent, ionic, metallic, coordinate, three-centered, van der Waals, physi-
absorption, chemi-absorption, electrostatic, hydrophilic, hydrophobic, or other form of
bonding known in the Art. Suitable elements are Group 111, IV, V, VI, and VII atoms such as
boron, carbon, nitrogen, oxygen, halogen, aluminum, silicon, phosphorous, sulfur, selenium,
and telturium. The reaction may comprise an exchange or extraction reaction of H. The
reaction may comprise a reduction reaction of the reactant that comprises H. The reaction
may involve a direct cathode reduction or reduction by an intermediate that was first reduced
at the cathode. For example, H bound to an atom such as B, C, N, O, or X (X = halogen) of
an inorganic or organic compound may undergo reaction with an alkali metal atom M to form
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at least one of H, H,, and MH wherein the reaction further resuits in the formation of
hydrinos. M may be formed in the cathode half-cell from the migration of M". The bonding
of the H containing reactant may be any form such as van der Waals, physi-absorption, and
chemi-absorption. Exemplary compounds comprising H bound to another atom are BHy (x
and y are integers), H intercalated carbon, an alkyne such as acetylene, l-nonyne, or
phenylacetylene, compounds having a BN-H group such as NH3BHj;, NHj, a primary or
secondary amine, amide, phthalimide, phthalhydrazide, polyamide such as a protein, urea or
similar compound or salt, imide, aminal or aminoacetal, hemiaminal, guanidine or similar
compound such as a derivative of arginine or salts thereof such as guanidinium chloride,
triazabicyclodecene, MNH,, MoNH, MNH,BH;, MNHR (M is a metal such as an alkali
metal) (R is an organic group), diphenylbenzidine sulfonate, M(OH)y or MO(OH) (M is a
metal such as an alkali, alkaline earth, transition, or inner transition metal), HoQ, H2O7, and
ROH (R is an organic group of an alcohol) such as ethanol, erythritol (C4H604), galactitol
(Dulcitol), (2R,38,4R,55)-hexane-1,2,3,4,5,6-hexol, or polyvinyl alcohol (PVA), or a similar
compound such as at least one of the group comprising those having SiOH groups such as a
silano! and a silicic acid and one having BOH groups such as a borinic acid, an alkyl borinic
acid, and boric acid such as H;BO3 or HBO;. Other exemplary reactants comprising H are
RMH wherein M is a Group 111, IV, V, or VI element and R is organic such as an alkyl group,
RSH such as thiols, H2S, HaS;, HaSe, HyTe, HX (X is a halogen), MSH, MHSe, MHTe,
M, H,X, (X is an acid anion, M is a metal such as an alkali, alkaline earth, transition, inner
transition, or rare earth metal, and x,y.z are integers), AlHs, SiHl, Si,Hy, SixHyX; (X is a
halogen), PHs, PoHy, GeHy, GeHy, GeHyX; (X is a halogen), AsHj;, AsyHes, SnHa, SbH;, and
BiH;. Exemplary cells are [M, M alloy, or M intercalated compound/BASE, or olefin
separator, organic solvent, and a salt, or aqueous salt electrolyte/ B,H, (x and y are integers),
H intercalated carbon, an alkyne such as acetylene, 1-nonyne, or phenylacetylene, NH;BHj,
NHa, a primary or secondary amine, amide, polyamide such as a protein, urea, imide, aminal
or aminoacetal, hemiaminal, guanidine or similar compound such as a derivative of arginine
or salts thereof such as geanidinium chloride, triazabicyclodecene, MNIH,, MaNH,
MNH;BH;, MNHR (M is a metal such as an alkali metal) (R is an organic group),
diphenylbenzidine sulfonate, M(OH), or MO(OH) (M is a metal such as an alkali, alkaline
earth, transition, or inner transition metal), HxO, H20-, and ROH (R is an organic group of an
alcohol) such as ethanol or polyvinyl alcohol, or a similar compound such as at least one of
the group comprising those having SiOH groups such as a silanol and a silicic acid and one
having BOH groups such as a borinic acid, an alkyl borinic acid, boric acid such as H;BOs or
HBO,, HiS, H,S;, HaSe, HaTe, HX (X is a halogen), MSH, MHSe, MHTe, M H, X, (X is an
acid anion, M is a metal such as an alkali, alkaline earth, transition, inner transition, or rare
earth metal, and x,y,z are integers), AlH;, SiHs, SizH,, SiuH X, (X is a halogen), PH3, P2H,,
GeHs, GedH,, GeyHyX, (X is a halogen), AsHs, AssHs SnHs SbHi, and BiHaj,

155



WO 2011/11623¢6 PCT/US2011/028889

[Na/BASE/polyvinyl alcohol], [Na or K/olefin separator and organic solvent and a
salt/phenylacetylene], [Li/Celgard LP  30/phthalimidel, and [Li/Celgard LP
30/phthalhydrazide].

In an embodiment, the OH group may be more like a basic inorganic group such as
hydroxide ion (OH") than an organic OH group such as that of an alcohol or an acidic group.
Then, the central atom bound to O is more metallic,

In an embodiment, a half-cell reactant comprises a compound with internal H bonding
such as aspirin or o-methoxy-phenol. An exemplary cell is [Li/Celgard LP 30/ o-methoxy-
phenol]. In an embodiment, at least on half-cell reactant is a periodic H bonded compound
such as silicates with H' and possibly some alkali metal ion comprising the positive ion such
as HY. Other periodic H bonded compounds comprise proteins such as those comprising
serine, threonine, and arginine, DNA, polyphosphate, and ice. In an embodiment, the cell is
operated below the melting point of water such that ice comprises a proton conductor.
Exemplary cells are [PU/C(H;)/Nafion/ice methylene blue], [P/C(H,)/Nafion/ice
anthraquinone}, and [PUVC(H,)/Nafion/ice polythiophene or polypyrrole]. (The symbeol “/ is
used to designate the compartments of the cell and also used, where appropriate, to designate
“on” such as Pt on carbon for Pt/C. Thus, in the disclosure such “on” designation may also
be without the symbol / wherein it is inherent to one skilled in the Art that PtC for example
means Pt on carbon.)

The H of the reactant may be bound to a metal such as a rare earth, transition, inner
transition, alkali or alkaline earth metal. The H reactant may comprise a hydride. The
hydride may be a metal hydride. In an exemiplary reaction, H is extracted from a hydride
such as a metal hydride to form M" H™ wherein M" is a counterion such as that of an
electrolyte, and H™ migrates to the anode, is oxidized to H, and reacts with an acceptor such as
those of the disclosure.

The H of the H reactant may undergo exchange with another reactant that comprises
an ionic metallic compound such as a metal salt such as a metal halide. The reaction may
comprise a hydride-halide exchange reaction. Exemplary hydride-halide exchange reactions
are given in the disclosure. The cell may comprise a source of halide in the cathode half-celi
such as halogen gas, liquid or solid, a halide salt bridge, and a hydride such as a metal halide
in the anode half-cell. Halide may be formed in the cathode half-cell, migrate through the
salt bridge, and become oxidized in the anode half-cell and react with a metal hydride to form
the metal halide and H atoms and H; gas wherein hydrinos are formed during the halide-
hydride exchange. Exemplary cells are [halogen such as Ix(syhalide salt bridge such as
Agl/metal hydride such as MnHs], [Br(lyAgBr/metal hydride such as EuH], and
[Ch{(g)/AgCl/SrHa].

In an embodiment, the cell comprises a source of Na© ions, a medium to selectively
transport Na~ ions, and a sink for Na' ions and a source of H to form NaH catafyst and
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hydrinos. The source of H may be a hydride such as metal hydride. Suitable metal hydrides
are rare carth, transition metal, inner transition metal, alkali, and alkaline earth metal
hydrides, and other hydrides of elements such as B and Al. The cell may comprise a Na
source anode such as a Na intercalation compound, nitride, or chalcogenide, at ieast one of an
electrolyte, separator, and salt bridge, and a cathode comprising at least one of a metal
hydride such as a rare earth hydride, transition metal hydride such as R-Ni or TiH,, or inner
transition metal hydride such as ZrH;, a hydrogenated matrix material such as hydrogenated
carbon such as active carbon, a Na intercalation compound such as a metal oxide or metal
oxyanion such as NaCoO,, or NaFePO,, or other chalcogenide. Exemplary sodium cathode
materials are a sink of Na comprising oxides such as Na,WQ;, Na,V»0s, NaCoQ,, NaFePQ,,
NaMn,O,, NaNiQO;, NapFePO,F, NaV.Os, NaFe MnPOF, NaNagssTi 0], or
Na;TisOp, layered transition metal oxides such as Ni-Mn-Co oxides such as
NaNi5CosMn a0, and Na(NagNi,Co,Mn,)Os, and NaTi;0s. Exemplary sodium anode
materials are a source of Na such as graphite (NaCg), hard carbon (NaCy), titanate
(NagTisOpz), Si (Nas4Si), and Ge (Nas.Ge). An exemplary cell is [NaC/ polypropylene
membrane saturated with a 1 M NaPFs electrolyte solution in 1:1 dimethyl
carbonate/ethylene carbonate/NaCoQO; R-Ni]. The clectrolyte may be a low-melting point
salt, preferably a Na salt such as at least one of Nal (660 °C), NaAICl, (160 °C), NaAlF,, and
compound of the same class as NaMX; wherein M is a metal and X is a halide having a metal
halide such as one that is more stable than NaX. At least one half-cell reaction mixture may
further comprise a support such as R-Ni or a carbide such as TiC. Exemplary cells are
[Na/sodium beta alumina/NaAlCl: TiC MH; such as TiH;, ZrH: or LaH;].  In other
embodiments, K replaces Na. In an embodiment, the alkali metal M such as Na is formed by
the reduction of M” in a porous material such as a porous metal hydride such that M is
prevented from contracting any reactive electrolyte such as MAICl..

In other embodiments of the disclosure, an alkali metal may replace another. For
example, the anode comprising an alkali metal may be an alloy such as one of LisMg, KsMg,
and Na;Mg wherein different alkali metals are suitable half-cell reactants.

In another embodiment, Na-based CIHT cell comprises a cathode, an anode, and an
electrolyte wherein at least one component comprises hydrogen or a source of hydrogen. In
one embodiment, the cathode contains an electrochemically active sodium based material
such as a reversible intercalation deintercalation material. The material may also comprise a
species that serves as a capaéitor material during charge and discharge. Suitable Na
reversible intercalation deintercalation materials comprise transition oxides, sulfides,
phosphates, and fluorides. The material may contain an alkali metal such as Na or Li that
may be deintercalated during charging and may further be exchanged by methods such as
elecirolysis. The electrochemically active sodium based material of US Patent No, US 7,759,
008 B2 (July 20, 2010) are herein incorporated by reference. The sodium based active
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material is primarily a sodium metal phosphate selected from compounds of the general
formula:
A Mp(XY ) Za, wherein
i A is selected from the group consisting of sodium and mixtures of sodium with
other alkali metals, and 0<a<9;
i. M comprises one or more metals, comprising at least one metal which is capable
of undergoing oxidation to a higher valence state, and 15b<3;
iii. XY, is selected from the group consisting of X'OuY's, X'O4yY'y, X"S4, and
mixtures thereof, where X' is P, As, 8b, Si, Ge, S, and mixtures thereof; X" is P,
As, Sb, Si, Ge and mixtures thereof, Y' S is halogen; 0<x<3; and 0<y<4; and
0<c<3;
V. Z is OH, halogen, or mixtures thereof, and 0<d<6; and wherein M, X, Y, Z, a, b,
¢, d, x and y are selected so as to maintain electroneutrality of the compound.
Non-limiting examples of preferred sodium containing active materials include NaVPO4F,
Na;ﬂ,VPOgFHy, NaVOP(l;, N33V2(P04)2F3, Nag.Vz(POq):,, NaFePO4, NaFeng;.me,
NapFePO4F and combinations thereof, wherein 0<x<1, and -0.2<y<0.5. Another preferred
active material has the general formula Lii..Na.VPO,F wherein 0<z<l. In addition to
vanadium (V), various transition metals and non-transition metal elements can be used
individually or in combination to prepare sedium based active materials. In embodiments, H
partially substitutes for Na or Li of the electrochemically active sodium based material. At
least one of the cathode, anode, or electrolyte further comprises H or a source of H. The cell
design may be that of the CIHT cells having electrochemically active lithium based materials
with Na replacing Li and may further comprise these electrochemically active sodium based
materials replacing the corresponding ones of the lithium-based cells. In other embodiments,
another alkali metal such as Li or K may substitute for Na.

The anode may comprise Na/carbon wherein the electrolyte may comprise an
inorganic Na compound such as NaClQO, and an organic solvent such as EC:DEC, PC:DMC,
or PC:VC. The electrolyte may comprise the solid electrolyte NASICON (NazZraSi;POys).
The sodium CIHT cell may comprise [Na or NaC/Na;ZrSixPOi2/NaiVaPO4)s] and
IN&3V2(PO4)3/Na3erSi2P012/N&3V2(P04)3].

In an embodiment, Na may serve as an anode reactant and as an electrolyte of cathode
half-cell wherein a Na concentration gradient may exist due to a mixture with another molten
element or compound of the cathode half-cell. The cell further comprises a source of H such
as a hydride cathode reactant and may further comprise a support. Exemplary concentration
cells having Na* as the migrating ion that may be through a salt bridge such as beta alumina
solid electrolyte (BASE) are [Na/BASE/Na at a lower concentration that the anode half-cell
due to other molten elements or compounds such as at least one of In, Ga, Te, Pb, Sn, Cd, Hg,
P, S, I, Se, Bi, and As, H source such as hydride, and optionally a support].
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In other embodiments, the cathode material is an intercalation compound with the
intercalating species such as an alkali metal or ion such as Na or Na* replaced by H or H.
The compound may comprise intercalated H. The compound may comprise a layered oxide
compound such as NaCoO; with at least some Na replaced by H such as CoO(OH) also
designated HCoOa. The cathode half-cell compound may be a layered compound such as a
layered chalcogenide such as a layered oxide such as NaCoQ; or NaNiO, with at least some
intercalated alkali metal such as Na replaced by intercalated H. In an embodiment, at least
some H and possibly some Na is the intercalated species of the charged cathode material and
Na intercalates during discharge. Suitable intercalation compounds with T replacing at least
sotne of the Na’s are those that comprise the anode or cathode of a Li or Na ion battery such
as those of the disclosure. Suitable exemplary intercalation compounds comprising HyNay or
H substituting for Na are Na graphite, Na,WOs, Na,V.0s, NaCoQ,, NaFePO4, NaMnyOq,
NaNiQ,, NaFePQ,F, NaMnPO,, VOPO, system, NaVa0s, NaMgSO.F, NaMSOF (M=Fe,
Co, Ni, transition metal), NaMPO,F (M=Fe, Ti), Nay{Nag13Ti; 6704, or NasTisO:, layered
fransition metal oxides such as Ni-Mn-Co oxides such as NaNij;3CoaMnis0O,, and
Na(Na,NixCoyMn, )O3, and NaTizO4, and other Na layered chalcogenides and intercalation
materials of the disclosure such as Na reversible intercalation deintercalation materiais
comprising transition oxides, sulfides, phosphates, and fluorides.  Other suitable
intercalations compounds comprise oxyhydroxides such at least one from the group of
AIO(OH), ScO(CH), YO(OH), VO(OH), CrO{OH), MnO(OH) (& -MnO{OH) groutite and
¥ -MnO(OH) manganite), FeO(OH), CoO(OH), NiG{OH), RhO(OH), GaO(OH), InO(OH),
Ni;2Co12O0(0H), and Ni;5Co1sMn 4O(0H). Exemplary cells are {Na source such as Na, Na
alloy such as NaC or Na;Mg/eutectic salf, organic electrolyte such as LP 40 with NaPFs, an
ionic liquid, or solid sodium eleciroiyte such as BASE or NASICONintercalation
compounds comprising H,Na, or H substituting in the group of Na graphite, Na,WO,,
Nz, V205, NaCoO;, NaFePO,, NaMnQ,, NaNiQz, Na:FePO4F, NaMnPO,, VOPO, system,
NaV20;, NaMgSO4F, NaMSO4F (M=Fe, Co, Ni, transition metal), NaMPOF (M=Fe, Ti),
Nay[Nag33Ti; 6704], or NagTisO,, layered transition metal oxides such as Ni-Mn-Co oxides
such as NaNij;3C013Mn; 30,2, and Na(NaNiyCo,Mn,)O2, and NaTi;0;, and other Na layered
chalcogenides and intercalation materials of the disclosure such as Na reversible intercalation
deintercalation materials comprising transition oxides, sulfides, phosphates, and fluorides]
and [Na source such as Na, Na alloy such as NaC or NazMg/eutectic salt, organic electrolyte
such as LP 40 with NaPFg, an ionic liquid, or solid sodium electrolyte such as BASE or
NASICON/at least one of the group of AIO(CH), S¢O(OH), YO(OH), VO(OH), CrG(OH),
MnO(OH) (o -MnO(OH) groutite and y-MnO(OH) manganite), FeO(OH), CoO(CH),
NIiO(OH), RhG(OH), GaO(OH), InO(CH), Nii»C0i20(0H), and Ni;sCoisMnsO(0OH)).
Other alkali metals may substitute for Na such as K.,
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In an embodiment, the cathode product formed from the reduction of the migrating
ion and any possible further reaction with a cathode reactant may be regenerated by non-
electrolysis as well as electrolysis techniques. The product may be regenerated to the anode
starting material by the methods of the present disclosure for reaction mixtures. For example,
the product comprising the element(s) of the migrating ion may be physically or thermally
separated and regenefatcd and returned to the anode. The separation may be by thermal
decomposition of a hydride and the evaporation of the metal that is the reduced migrating ion.
The cathode product of the migrating ion may also be separated and reacted with anode
products to form the starting reactants. The hydride of the cathode reactants may be
regenerated by adding hydrogen, or the hydride may be formed in a separate reaction
chamber following separation of the corresponding cathode reaction products necessary to
from the starting hydride. Similarly, any other cathode staring reactants may be regenerated
by separation and chemicai synthesis steps in situ or in a separate vessel to form the reactants.

In an embodiment of the CIHT cell, another cation replaces Na* as the mobile ion.
The mobile ion may be reduced at the cathode to form the catalyst or source of catalyst, such
as NaH, K, Li, Sr", or BaH. The electrolyte may comprise £ 7-Alumina (beta prime-prime
alumina) or beta alumina as well complexed with the corresponding mobile ion. Thus, the
solid electrolyte may comprise Al;O3 complexed with at least one of Na*, K7, Li*, $r**, and
Ba®™ and may also be complexed with at least one of H, Ag”, or Pb*". The electrolyte or salt
bridge may be an ion impregnated glass such as K glass. In an embodiment with H' as the
mobile jon, H' is reduced to H at the cathode to serve as a soutce of atomic hvdrogen for
catalysis to hydrinos. In a general embodiment, the anode compartment comprises an alkali
metal, the solid electrolyte comprises the corresponding migrating metal ion complexed to
beta alumina, and the cathode compartment comprises a source of hydrogen such as a hydride
or Hy. The migrating metal jon may be reduced to the metal at the cathode. The metal or a
hydride formed from the metal may be the catalyst or source of catalyst. Hydrinos are
formed by the reaction of the catalyst and hydrogen. The cell may be operated in a
temperature range that provides a favorable conductivity. A suitable operating temperature
range is 250 °C to 300 °C. Other exemplary sodium ion conducting salt bridges are
NASICON (Na;Zr:SiPOy2) and Na, WO, In other embodiments, another metal such as Li or
K may replace Na. In an embodiment, at least one of the cell components such as the, salt
bridge, and cathode and anode reactants comprises a coating that is selectively permeable to a
given species. An example is a zirconium oxide coating that is selectively permeable to OH',
The reactants may comprise micro-particles encapsulated in such a coating such that they
selectively react with the selectively permeable species. Lithium solid electrolyies or salt
bridges may be halide stabilized LiBH, such as LiBH:-LiX (X = halide), Li" impregnated
AlO; (Li- f-alumina), Li,S based glasses, Lipaowlags;TiOs (d =0 to 0.14),
Lag 51 Lig 34 Ti0Ox 04, LisAlSiOs, LiaZnGesOys (LISICON), LixM; M’ Ss (M = Si, Ge, and M’
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= P, Al, Zn, Ga, Sb){thio-LISICON), Liz¢POs;73Npis (LIPON), LisLas;TaxOa,
Li;3AlosTh #(POs)s, LiMa(POg:, MY = Ge, Ti, Hf, and Zr, LiynTia(POg)s (0<x<2)
LiNbQs, lithium silicate, lithium aluminate, lithium aluminosilicate, solid polymer or gel,
silicon dioxide (S5i0;), aluminum oxide (Al,Os), lithium oxide {Li;0O), LizN, LizP, gallium
oxide (Ga,0s), phosphorous oxide (P20s), silicon aluminum oxide, and solid solutions
thereof and others known in the art. An exemplary cell is [Li/Li solid electrolyte/R-Ni].

In a type of hydride exchange reaction, the hydride exchange reaction may comprise
the reduction of a hydride other than that of the catalyst or source of catalyst such as an alkali
hydride such as LiH, KH, or NaH or BaH. The hydride ions stabilize the highly ionized
catalyst cation of the transition state. The purpose of the different hydride is to force the
reaction to proceed to a greater extent in forward direction of forming the transition state and
hydrinos. Suitable different hydrides are alkaline earth hydrides such as BaH and MgH;,
different alkali hydrides such as LiH with KH or NaH, transition metal hydrides such as
TiHa,, and rare earth hydrides such as Eul,, GdH, and LaHo.

In an embodiment, the electrons and catalyst ion recombine in the transition state such
that the catalysis reaction will not occur. The external provision of a counterion to the
ionized catalyst such as hydride ions facilitates the catalysis and formation of ionized catalyst
such as Na?" or K*>*. This is further facilitated by the components of the reaction mixture of a
conducting support such as TiC and optionally a reductant such as an alkaline earth metal or
its hydride such as MgH, or other source of hydride ions. Thus, the CIHT cell may perform
as a battery and provide power to a variable load on demand wherein the joad comptétes the
circuit for the flow of electrons from the anode compartment and the flow of counterions
from the cathode compartment. Furthermore, such a circuit for at least one of electrons and
counterions enhances the rate of the hydrino reaction in an embodiment.

Regarding FIGURE 18, the fuel cell 400 comprises a cathode compartment 401 with a
cathode 403, an anode compartment 402 with an anode 410, a salt bridge 420, hydrino
reactants, and a source of hydrogen. The anode compartment reactants may comprise a
catalyst or a source of catalyst and hydrogen or a source of hydrogen such as LiH, NaH, Bah,
or KH and may further comprise one or more of a support such as TiC and a reductant such
as at [east one of an ajkaline earth metal and its hydride such as Mg and MgH; and an alkali
metal and its hydride such as Li and LiH. The cathode compartment reactants may comprise
a source of an exchangeable species such as an anion such a halide or hydride. Suitable
reactants are metal hydrides such as alkaline earth or alkali metal hydrides such as MgH»,
BaH, and LiH. The corresponding metals such as Mg and Li may be present in the cathode
compartment, _

The salt bridge may comprise an anion conducting membrane and/or an anion
conductor. The salt bridgen may conduct a cation. The salt bridge may be formed of a
zeolite or alumina such as one saturated with the cation of the catalyst such as sodium
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aluminate, a lanthanide boride (such as MB,, where M is a lanthanide), or an alkaline earth
boride (such as AMB, where M is an alkaline earth). A reactant or cell component may be an

oxide. The electrochemical species in an oxide may be oxide ions or protons. The salt bridge
may conduct oxide ions. Typical examples of oxide conductors are yttria-stabilized zirconia
{YSZ), gadolinia doped ceria (CGO), lanthanum gallate, and bismuth copper vanadium oxide
such as BiCuVOy). Some perovskite materials such as La;,Sr,CoyO14 also show mixed
oxide and electron conductivity. The salt bridge may conduct protons. Doped barium cerates
and zirconates are good proton conductors or conductors of protonated oxide ions. The H
conductor may be a SrCeOs-type proton conductors such as strontium cerium yttrivm
niobium oxide. HyWO; is another suitable proton conductor. Nafion, similar membranes,
and related compounds are also suitable proton conductors, and may further serve as cation
conductors such as Na* or Li* conductors. The proton conductor may comprise a solid film
of HCI-LiCI-KCl molten salt electrolyte on a metal mesh such as SS that may serve as a
proton conductor salt bridge for a ceil having an organic electrolyte. The cation electrolyte
may undergo exchange with Nafion to form the corresponding ion conductor. The proton
conductor may be an anhydrous polymer such as ionic liquid based composite membrane
such as Nafion and ionic liquids such as l-ethyl-3-methylimidazolium trifluoro-
methanesulphonate and 1-ethyl-3-methylimidazolium tetrafluoroborate, or a polymer
comprising proton donor and acceptor groups such as one having benzimidazole moieties
such as poly-[(1-(4,4’-diphenylcther)-S—oxy;benzimidazole)~benzimidazoie] that may also be
blended with Nafion and further doped such as with inorganic electron-deficient compounds
such as BN nanoparticles.

In other embodiments, one or more of a number of other ions known to those skilled
in the Art may be mobile within solids such as Li", Na*, Ag®, ', CI', and N*. Corresponding
good electrolyte materials that use any of these ions are LizN, Na- #-AlOs, Agl, PbF,, and
StCl;.  Alkali salt-doped polyethylene oxide or similar polymers may serve as an
electrolyte/separator for a migrating alkali metal ion such as Li". In an embodiment, the salt
bridge comprises the solidied molien electrolyte of the cell formed by cooling in specific
location such as in a separating plane. The cooling may be achieved by using a heat sink
such as a heat conductor such as a metal plate that is porous, Additionally, the atkali and
alkaline carth hydrides, halides, and mixtures, are good conductors of hydride ion H.
Suitable mixtures comprise a eutectic molten sait. The salt bridge may comprise a hydride
and may selectively conduct hydride ions. The hydride may be very thermally stable. Due to
their high melting points and thermal decomposition temperatures, suitable hydrides are
saline hydrides such as those of lithium, calcium, strontium, and barium, and metal hydrides
such as those of rare earth metals such as Eu, Gd, and La. In the latter case, H or protons
may diffuse through the metal with a conversion from or to H™ at the surface. The salt bridge
may be a hydride ion conducting solid-electrolyte such as CaCl;-CaH,. Suitable hydride ion
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conducting solid electrolytes are CaCl-CaHy (5 to 7.5 mol%) and CaCly-LiCl-CaH,.
Exemplary cells comprising a H conducing salt bridge are [Li/eutetic salt such as LiCI-KCl
LiH/CaCly-CaH,/ eutetic salt such as LiCI-KCI LiH /Fe(H»)} and [Li or Li alloy/CaCl-CaHy/
eutetic salt such as LiCI-KCl LiH /Fe(Hy)].

The cathode and anode may be an electrical conductor. The conductor may be the
support and further comprise a lead for each of the cathode and anode that connects each to
the Joad. The lead is also a conductor. A suitable conductor is a metal, carbon, carbide, ora
boride. A suitable metal is a transition metal, stainless steel, noble metal, inner transition
metal such as Ag, alkali metal, alkaline earth metal, Al, Ga, In, Sn, Pb, and Te.

The cell may comprise a solid, molten, or liquid cell. The latter may comprise a
solvent. The operating conditions may be controlied to achieve a desired state or property of
at least one reactant or cell component such as those of the cathode cell reactants, anode cell
reactants, the salt bridge, and cell compartments. Suitable states are solid, liquid, and
gaseous, and suitable properties are the conductivity to ions and electrons, physical
properties, miscibility, diffusion rate, and reactivity. In the case that one or more reactants
are maintained in a molten state the temperature of the compartment may be controlied to be
above the reactant melting point. Exemplary melting points of Mg, MgHa, K, KH, Na, NaH,
Li, and LiH are 650 °C, 327 °C, 63.5 °C, 619 °C, 97.8 °C, 425 °C (dec), 180.5 °C, and 688.7
°C, respectively. The heat may be from the catalysis of hydrogen to hydrinos. Alternatively,
the oxidant and/or reductant reactants are molten with heat supplied by the internal resistance
of the fuel cell or by external heater 450, In an embodiment, the CIHT cell is surrounded by
insulation such that comprising as a double-walled evacuated jacket such as a sheet metal
jacket filled with insulation for conductive and radiative heat loss that is known to those
skilled in the Art. In an embodiment, the configuration is a thermodynamically efficient
retainer of heat such as a right cylindrical stack that provides an optimal volume to surface
area ratio to retain heat, In an embodiment, the reactants of at least one of the cathode and
anode compartments are at least partially solvated by a solvent. The solvent may dissolve the
catalyst or source of catalyst such as alkali metals and hydrides such as LiH, Li NaH, Na,
KH, K, BaH, and Ba. Suitable solvents are those disclosed in the Organic Solvent section
and Inorganic Solvent section.  Suitable solvents that dissolve alkali metals are
hexamethylphosphoramide (OP(N (CH3 )2)3, ammonia, amines, ethers, a complexing

solvent, crown ethers, and cryptands and solvents such as ethers or an amide such as THF
with the addition of 2 crown ether or cryptand.

The fuel cell may further comprise at least one hydrogen system 460, 461, 430, and
431 for measuring, delivering, and controlling the hydrogen to at least one compartment. The
hydrogen system may comprise a pump, at least one value, one pressure gauge and reader,
and control system for supplying hydrogen to at least one of the cathode and anode
compartments. The hydrogen system may recycle hydrogen from one compartment to
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another. In an embodiment, the hydrogen system recycles H. gas from the anode
compartment to the cathode compartment. The recycling may be active or passive. In the
former case, H, may be pumped from the anode to the cathode compartment during
operation, and in the latter case, Hy may diffuse or flow from the anode to the cathode
compartment due to a build up of pressure in the anode compartment during operation
according to the reaction such as those of Eqs. (199-200).

The products may be regenerated in the cathode or anode compartments. The
products may be sent to a regenerator wherein any of the regeneration chemistries of the
present disclosure may be applied to regenerate the initial reactants. Cell undergoing the
hydrino reaction may provide heat to those undergoing regeneration of the reactants.

In an embodiment, the fuel cell comprises anode and cathode compartments each
containing an anode and cathode, the corresponding reaction mixture, and a salt bridge
between the compartments. The compartments may comprise inert nonconductive cell walls.
Suitable container materials are carbides and nitrides such as SiC, BsC, BCs, or TiN or a
stainless steel tube internally coated with carbides and nitrides such as SiC, B4C or BCy, or
TiN, Alternatively, the cell may be lined with an inert insulator such as MgO, SiC, BC,
BC;, or TiN. The cell may be made of a conducting material with an insulating separator.
Suitable cell materials are stainless steel, transition metals, noble metals, refractory metals,
rare earth metals, Al, and Ag. The cells may each have an inert insulating feedthrough.
Suitable insulating separators and materials for the electrical feedthroughs are MgO and
carbides and nitrides such as SiC, B,C, BC;, or TiN. Other celi, separator, and feed throughs
may be used that are known to those skilled in the Art. The exemplary cathode and anode
each comprises stainless steel wool with a stainless steel lead connected to a cell feed through
with silver solder. The exemplary anode reaction mixture comprises (i) a catalyst or source
of catalyst and a source of hydrogen from the group of Li, LiH, Na, NaH, K, KH, Rb, RbH,
Cs, CsH, Ba, BaH, Ca, CaH, Mg, MgH,, MgX, (X is a halide) and H;, optionally (ii) 2
reductant from the group of Mg, Ca, Sr, Ba, and Li, and (i} a support from the group of C,
Pd/C, Pt/C, TiC, and YC,. The exemplary cathode reaction mixture comprises (i) an oxidant
from the group of MX; (M = Mg, Ca, Sr, Ba; X = H, F, CL, Br, I) and LiX (X = H, Cl, Br),
optionally (ii) a reductant from the group of Mg, Ca, Sr, Ba, and Li, and optionally (iii) a
support from the group of C, Pd/C, Pt/C, TiC, and YC,. The exemplary salt bridge comprises
a metal hydride having high temperature stability pressed or formed into a slab. The salt
bridge may be from the group of metal hydrides of LiH, CaH,, SrH,, BaH;, LaH,, GdH,, and
EuH,. Hydrogen or a hydride may be added to either cell compartment that may further
comprise a hydrogen dissociator such as Pd or Pt/C. In an embodiment wherein Mngr is the
catalyst, the source of catalyst may be a mixed metal hydride such as Mg,(Ma),H, wherein x,
y, and z are integers and M; is a2 metal. In an embodiment, the mixed hydride comprises an
alkali metal and Mg such as KMgH;, K,MgHa, NaMgH3, Na;MgHa, and mixed hydrides with
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doping that may increase H mobility. The doping may increase the H mobility by increasing
the concentration of H vacancies. A suitable doping is with small amounts of substituents
that can exist as monovalent cations in place of the normally divalent B-type cations of a
perovskite structure. An example is Li doping to produce x vacancies such as in the case of
Na(Mgy.;Lic)Hzx.

In an embodiment, a mixed hydride is formed from an alloy during discharge such as
one comprising an alkali metal and an alkaline earth metal such as MiMg (M= alkali). The
anode may be the alloy and the cathode may comprise a source of H such as a hydride or H
from a H-permeable cathode and H, gas such as Fe(H,) or Hy gas and a dissociator such as
PtC(H,). The cell may comprise and electrolyte such as a hydride conductor such as a molten
eutectic salt such as a mixture of alkali halides such as LiCiI-KCl. Exemplary cells are
[LisMg, NasMg, or KsMg/LiCI-KCI LiH/TiH,, CeHs, LaH,, or ZrH;].

In an embodiment, the anode and cathode reactions comprise different reactants to
form hydrinos or the same reactant maintained with at least one of different concentrations,
different amounts, or under different conditions such that a voltage develops between the two
haif-cells that may supply power to the external joad through the anode and cathode leads. In
an embodiment, the anode reaction mixture comprises (i) a catalyst or source of catalyst and a
source of hydrogen such as at least one from the group of Li, LiH, Na, NaH, K, KH, Rb,
RbH, Cs, CsH, Ba, BaH, Ca, CaH, Mg, MghH,, MgX; (X is a halide) and Ha, optionally (ii) a
reductant such as at least one from the group of Mg, Ca, Sr, Ba, and Li, and (ii) a support
such as at least one from the group of C, Pd/C, PU/C, TiC, and YC,. The cathode reaction
mixture comprises (i) a catalyst or source of catalyst and a source of hydrogen such as at least
one from the group of Li, LiH, Na, NaH, K, KH, Rb, RbH, Cs, CsH, Ba, BaH, Ca, CaH, Mg,
MgH,, MgX; (X is a halide) and H,, optionally (ii) a reductant such as at least one from the
group of Mg, Ca, Sr, Ba, Li, and Hy, and (ii) a support such as at least one from the group of
C, PA/C, PYC, TiC, and YC,, Optionally, each half-cell reaction mixture may comprise an
oxidant such as at least one from the group of MX; (M = Mg, Ca, Sr, Ba; X =H, F, C}, Br, I)
and LiX (X = H, ClI, Br). In an exemplary embodiment, the anode reaction mixture
comprises KH Mg TiC and the cathode reaction mixture comprises NaH Mg TiC. In other
exemplary embodiments, the cells comprise Mg MgH TiC//NaH Hs, KH TiC Mg//NaH TiC,
KH TiC Li//NaH TiC, Mg TiC Hy/NaH TiC, KH MgH, TiC Li// KH Mg TiC LiBr, KH Mg
TiC//KH Mg TiC MX, (MX; is an alkaline earth halide), NaH Mg TiC/KH Mg TiC MXs
wherein // designates the salt bridge that may be a hydride. Hydrogen or a hydride may be
added to either cell compartment that may further comprise a hydrogen dissociator such as Pd
or PU/C.

The reactants of at least one half-cell may comprise a hydrogen storage material such
as a metal hydride, a species of a M-N-H system such as LiNH>, Li;NH, or LizN, and a alkali
metal hydride further comprising boron such as borohydrides or aluminum such as
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aluminohydides. Further suitable hydrogen storage materials are metal hydrides such as
alkaline earth metal hydrides such as MgH,, metal alloy hydrides such as BaReHs, LaNisHs,
FeTiH;s, and MgNiHs;, metal borohydrides such as Be(BH4);, Mg(BHs):, Ca(BHa)z,
Zn(BHy)z, Se(BHs)s, Ti(BHa)s, Mn(BHy)z, Zr(BHe)e, NaBH:, LiBH:, KBH;, and Al(BH,)s,
AlHa, NaAlH; NaAlHg, LiAlH,;, LizAlHg, LiH, LaNisHs, LaxCoNigHe, and TiFeHy,
NH;BHj, polyamionborane, amine borane complexes such as amine borane, boron hydride
ammoniates, hydrazine-borane complexes, diborane diammoniate, borazine, and ammonium
octahydrotriborates or tetrahydroborates, imidazolium ionic liquids such as alkyl(aryl)-3-
methylimidazolium N-bis(trifluoromethanesulfonyl)imidate salts, phosphonium borate, and
carbonite substances. Further exemplary compounds are ammonia borane, alkali ammonia
borane such as lithium ammonia borane, and borane alkyl amine complex such as borane
dimethylamine complex, borane trimethylamine complex, and amino boranes and borane
amines such as aminodiborane, n-dimethylaminodiborane, tris(dimethylamino)borane, di-n-
butylboronamine, dimethylaminoborane, trimethylaminoborane, ammonia-trimethylborane,
and triethylaminoborane, Further suitable hydrogen storage materials are organic liquids
with absorbed hydrogen such as carbazole and derivatives such as 9-(Z-ethylhexyl)carbazole,
9-ethylcarbazole, Y-phenylcarbazole, 9-methylcarbazole, and 4,4’-bis(N-carbazolyl)-1,1°-
biphenyl.

In an embodiment, at least onc cell additionally comprises an electrolyte. The
electrolyte may comprise a molten hydride. The molten hydride may comprise a metal
hydride such as alkali metal hydride or an alkaline earth metal hydride. The molten hydride
may be dissolved in a salt. The salt may have a low melting point such as a eutectic salt
wherein one of the cations may be the same as that of the metal hydride. The salt may
comprise LiH dissolved in a LiCI/KCl mixture or a mixture such as LiF/MgF,. The salt may
comprise one or more halides of the same cation as that of the catalyst or are more stable
compounds than the halide compound that may form from the reaction of the catalyst with
the halide of the salt such as the mixture LiH with LICI/KCI. The eutectic salt may comprises
an alkaline earth fluoride such as MgF and the fluoride of the catalyst metal such as an alkali
metal fluoride. The catalyst or source of catalyst and source of hydrogen may comprise an
alkali metal hydride such as LiH, NaH, or KH, or BaH. Alternatively, the salt mixture
comprises mixed halides of the same alkali metal as the catalyst metal since a halide-hydride
exchange reaction with the catalyst hydride would result in no net reaction. Suitable mixtures
of mixed halides and catalyst hydride are at least two of KF, KCI, KBr, and KI with KH and
Li or Na replacing K. Preferably the saltis a hydi'ide ion conductor. In addition to halides,
other suitable molten salt electrolytes that may conduct hydride ions are hydroxides such as
KH in KOH or NaH in NaOH, and metalorganic systems such as NaH in NaAl(Et)s. The cell
may be made of metals such as Al, stainless steel, Fe, Ni, Ta, or comprise a graphite, boron

nitride, MgQ, alumina, or quartz crucible.
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The electrolyte may comprise a eutectic salt of two or more fluorides such as at least
two compounds of the group of the alklali halides and alkaline earth halides. Exemplary salt
mixtures include LiF-MgF;, NaF-MgF,, KF-MgF,, and NaF-CaF,. Exemplary reaction
mixtures comprise NaH NaF MgF, TiC, NaH NaF MgF2 Mg TiC, KH KF MgF, TiC, KH KF
MgF; Mg TiC, NaH NaF CaF; TiC, NaH NaF CaF, Mg TiC, KH NaF CaF; TiC, and KH
NaF CaF, Mg TiC. Other suitable solvents are organic chloro aluminate molten salts and
systerns based on metal borohydrides and metal aluminum hydrides. Additional suitable
electrolytes that may be molten mixtures such as molten eutectic mixtures are given in
TABLE 4. '

TABLE 4. Molten Salt Electrolytes.

AlCI3-CaCl2 AICI3-CoCl2 AlICI3-FeCl2 AICI3-KCl AICI3-LiCl
AICI3-MgCI2 AICI3-MnCI2 AICI3-NaCl AICI3-NICI2 AICI3-ZnC12
BaCl2-CaCi2 BaCl2-CsCl BaCl2-KCl BaCl2-LiCl BaCl2-MgCI2
BaCi2-NaCl BaCl2-RbCl BaCi2-5rCi2 CaCl2-Ca¥F2 CaCl2-Ca0
CaCl2-CoCl2 CaCl2-CsCl CaCl2-FeC12 CaCl2-FeCl3 CaCI2-KCl
CaCl2-LiCl CaCl2-MgCl2 CaCi2-MgF2 CaCl2-MnCl2 CaCl2-NaAlCH
CaCl2-NaCl CaCl2-NiCl2 CaCl2-PbCi2 CaCl2-RbCI CaCi2-8rCi2
CaCl2-ZnCl2 CaF2-KCaCl3 CaF2-KF CaF2-LiF CaF2-MgF2
CaF2-NaF CeCl13-CsCi CeCI3-K(i CeCl3-LiCl CeCl3-NaCl
CeCi3-RbCl CoCl2-FeCl2 CoCl2-FeCl3 CoCI2-KCl CoCl2-LiCl
CoCI2-MgC12  CoCl2-MnCI2  CoCli2-NaCl CoCI2-NiCI2 CsBr-CsCl
CsBr-CsF CsBr-Csl CsBr-CsNO3 CsBr-KBr CsBr-LiBr
CsBr-NaBr CsBie-RbBr CsCI-CsF CsCl-Csl CsCI-CsNQO3
CsCI-KCl CsCI-LaCl3 CsCI-LiCl CsCl-MgCl2 CsCl-NaCl
CsCI-RbCl CsCl-SrCI2 CsF-Csl CsF-CsNO3 CsF-KF
CsF-LiF CsF-NaF CsF-RbF CsI-KI Csl-Lil
Csl-Nal - Csl-Rol CsNO3-CsOH  CsNO3-KNO3 CsNQO3-LiNO3
CsNO3-NaNO3  CsNO3-RbNO3  CsOH-KOH CsOH-LiOH CsOH-NaOH
CsCH-RbOH FeCi2-FeCl3 FeCl2-KCi FeCl2-LiCl FeCl2-MgCI2
FeC12-MnCI2 FeCl2-NaCl FeCI2-NiCl2 FeCI3-LiCl FeCl3-MgCI2
FeCl13-MnCI2 FeCl3-NiCl2 K2C03-K2504 K2CO3-KF K2CO3-KNO3
K2CO3-KGH K2CO3-Li2C03 K2C03-Naz2C03 K25804-Li2504 K2S04-
Naz2S0O4

KAICI4-NaAlCl4 KAICI4-NaCl KRr-KCl KBr-KF KBr-KI
kBe-KNO3 KBr-KOH KBr-LiBr KBr-NaBr KBr-RbBr
KCI-K2C03 KCI-K2504 KCIKF KCI-KI KCIFKNO3
KCI-KCH KCi-LiCl KCI-LiF KCl-MgCl2 KCi-MnCl2
KCI-NaAlClK KClI-NaCl KCI-NiCi2 KCI-PbCI2 KCi-RbC1
KC1-SrCI2 KCi-ZnC12 KF-K25804 KF-KI KF-KNQ3
KF-KOH KF-LiF KF-MgF2 KF-NaF KF-RbF
KFeCl3-NaCl KI-KNO3 KI-KOH Ki-Lil KI-Nal

KI-Rbi KMgCl3-LiCl KMgCI3-NaCl KMnCl3-NaCl KNQO3-K2804
KNO3-KOH KNO3-LiNO3 KNQ3-NaNO3  KNO3-RbNO3 KOH-K25804
KOH-LiOH KOH-NaCH KOH-RbOH LaCl3-KCli LaCl3-LiCl
LaC13-NaCl LaCI3-RbCl Li2C0O3-Li2804 Li2CO3-LiF Li2CO3-LiNQ3
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Li2CO3-LiOH  Li2CO3-Na2CO3 Li2S04-Na2804 LiAICKM-NaAICI4  LiBr-LiCl

LiBr-LiF LiBr-Lil LiBr-LINO3 LiBr-LiOH LiBr-NaBr
LiBr-RbBr LiCI-Li2CO3 LiCi-Li2804 LiCI-LiF LiCIl-Lii
LiCl-LiNO3 LiCl-LiOH LiCl-MgCI2 LiCl-MnCI2 LiCl-NaCl
LiCI-NiCi2 LiCI-RbCI LiCI-SrC12 LiF-Li2804 LiF-Lil
LiF-LiINO3 LiF-LiOH LiF-MgF2 LiF-NaCl LiF-NaF
LiF-RbF Lil-LiOH Lil-Nal Lil-RbI LiNO3-Li2804

LINO3-LiOH  LiNO3-NaNO3 LiNO3-RbNO3 LiOH-Li2804 LiOH-NaOH
LiOH-RbOH ~ MgCI2-MgF2  MgCI2-MgO  MgCl2-MnCl2  MgCL2-NaCl
MgCI2-NiCl2  MgCI2-RbCl ~ MgCI2-SrC12  MgCI2-ZnCI2 MgF2-MgO

MgF2-NaF MnCl2-NaCl MnCI2-NiC[2 Na2CO03-Na2504 Na2CO3-NaF
Na2C0O3-NaNQ3 Na2C03-NaOH NaBr-Na(Cl NaBr-NaF NaBr-Nal
NaBr-NaNO3 NaBr-NaOH NaBr-RbBr NaCl-Naz2C03 NaCl-Na2S504
NaCl-NgF NaCl-Nal NaCl-NaNQ3 NaCl-NaOH NaCl-NiCi2
NaCl-PbCI2 NaCIl-RbCl NaCl-SrC12 NaCl-ZnCI2 NaF-Na2804
NaF-Nal NaF-NaNO3 NaF-NaOH NaF-RbF Nal-NaNQ3
Nai-NaOH Nal-Rbl NaNQO3-Na2804 NaNO3I-NaOH NaNO3-RbNO3
NaOH-Na2504 NaOH-RbOH RbBr-RbCl RbEBr-RbF RbBr-RbI
RbBr-RbNQO3 RbCI-RbF RbCI-Rbl RbCI-RbCH RbCl-SrCi2
RbF-Rbi RbNO3-RbOH  CalCl2-CaH2

The molten salt electrolyte such as the exemplary salt mixtures given in TABLE 4 are H ion
conductors. In embodiments, it is implicit in the disclosure that a source of H such as an
alkali hydride such as LiH, NaH, or KH is added to the molten salt electrolyte to improve the
H ion conductivity. In other embodiments, the molten electrolyte may be an alkali metal ion
conductor or a proton conductor,

In an embodiment, the reaction mixture comprises an electrolyte that supports hydride
ion, H', as a migrating counterion wherein the counterion balances the positive ion created by
the ionization of the catalyst during the hydrino reaction. The heat of formation of KCl and
LiCl are ~436.50 kl/mole and -408.60 kJ/mole, respectively. In an embodiment, the reaction
mixture comprises a molten salt electrolyte such a mixture of afkali halide salts such as KCl
and LiCl. The mixture may be a eutectic mixture. The cell temperature is maintained above
the salt melting point. The reaction mixture further comprises a source of hydride ion such as
an alkali metal hydride such as LiH, KH, or NaH. The reaction mixture may further
comprise at least one of a support such as TiC or C and a reductant such as an alkaline earth
metal or its hydride such as Mg or MgH,.

The reaction mixture may comprise (1) a catalyst or a source of catalyst and a source
of hydrogen such as one of Lil{, NaH, KH, RbH, CsH, BaH, and at least one H, (2) a eutectic
salt mixture that may serve as an electrolyte that may have a high ion conductivity and may
selectively allow hydride ion to pass comprising at least two cations from the group of Li,
Na, K, Rb, Cs, Mg, Ca, Sr, and Ba and at least one halide from the group of F, Cl, Br, and I,
(3) a support that may be electrically conductive such as carbide such as TiC, and (4)
optionally a reductant and hydride exchange reactant such as an alkaline earth metal or
alkaline earth hydride.
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Exemplary CIHT cells comprise a (i) reductant or a source of reductant, such as an
element or compound comprising an element from the list of aluminum, antimony, barium,
bismuth, boron, cadmium, calcium, carbon (graphite), cerium, cesium, chromium, cobalt,
copper, dysprosium, erbium, europium, gadolinium, gallium, germanium, gold, hafnium,
holmium, indium, iridium, iron, tanthanum, lead, lithium, lutetium, magnesium, manganese,
mercury, molybdenum, neodymium, nickel, niobium, osmium, palladium, phosphorous,
platinum, potassium, praseodymium, promethium, protactinium, rhenium, rhodium,
rubidium, ruthenium, samarium, scandium, selenium, silicon, silver, sodium, strontium,
sulfur, tantalum, technetium, tellurium, terbium, thulium, tin, titanium, tungsten, vanadium,
ytterbium, ytirium, zinc, and zirconium; (ii) an electrolyte such as one of those given in
TABLE 4, (ii) an oxidant such as the compounds given in TABLE 4 (iv) conducting
electrodes such as metals, metal carbides such as TiC, metal borides such as TiB; and MgB-,
metal nitrides such as titanium nitride, and those elements or materials comprising elements
from the list of aluminum, antimony, barium, bismuth, boron, cadmium, calcium, carbon
(graphite), cerium, cesium, chromium, cobalt, copper, dysprosium, erbium, europium,
gadolinium, gallium, germanium, gold, hafnium, holmium, indium, iridium, iron, lanthanum,
lead, lithium, lutetium, magnesium, manganese, mercury, molybdenum, neodymium, nickel,
niobium, osmium, palladium, phosphorous, platinum, potassium, praseodymium,
promethium, protactinium, rhenium, rhodium, rubidium, ruthenium, samarium, scandium,
selenium, silicon, silver, sodium, strontium, sulfur, tantalum, technetium, telfurium, terbium,
thulium, tin, titanium, tungsten, vanadium, ytterbium, yttrium, zinc, and zirconium. The
metals may be from the list of aluminum, antimony, barium, bismuth, cadmium, calcium,
cerium, cesium, chromium, cobalt, copper, dysprosium, erbium, europium, gadolinium,
gallium, germanium, gold, hafnium, holmium, indium, iridium, iron, lanthanum, lead,
lithium, lutetium, magnesium, manganese, mercury, molybdenum, neodymium, nickel,
niobium, osmium, palladium, platinum, potassium, praseodymium, promethium,
protactinium, rhenium, rhodium, rubidium, ruthenium, samarium, scandium, selenium,
silicon, silver, sodium, strontium, tantalum, technetium, tellurium, terbium, thulium, tin,
titanium, tungsten, vanadium, ytterbium, yitrium, zinc, and zirconium, and (v) hydrogen or a
source of hydrogen such as a hydride such as an alkali or alkaline earth hydride, and a source
of catalyst or source of catalyst such as Li, NaH, K, Rb", Cs, and at least one H. In an
embodiment, the cell further comprises a system to regencrate the reactants or cell chemicals
to species and concentrations that restore the cell to a state that the reactions to form hydrino
reactants and then hydrinos occur at a faster rate than before regeneration. In an
embodiment, the regeneration system comprises an electrolysis system. In an embodiment,
the electrodes do not under go significant corrosion during regencration. For example, the
electrolysis anode does not undergo substantial oxidation. In an embodiment, the electrolyte
contains a hydride such as MH (M is an aikali metal) or MH (M is an alkaline earth metal)
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wherein hydride is oxidized during electrolysis. In an embodiment, the electrolysis voltage is
below that which oxidizes the electrolysis anode. A suitable voltage for a Cu, Fe, or Ni
electrolysis anode is below 1.5 V versus a Li"/Li reference electrode. In another
embodiment, the cell comprises cell components, reactants, and systems to maintain
conditions that form hydrino reactants and then from hydrinos. In an embodiment, a metal
hydride such as LiH is electrolyzed to regenerate the corresponding metal such as Li and
hydrogen gas. The regenerated metal may be formed in a half-ceil compartment comprising
a salt bridge to confine the metal such as Li to the half-cell. Alternatively, the electrolysis
cathode (CIHT cell anode) may comprise a metal that forms an alloy with the electrolyzed
metal. For example Li may form alloys during electrolytic regeneration such as LisMg, LiAl,
LiSi, LiSn, LiBL, LiTe, LiSe, LiCd, LiZn, LiSb, and LiPb.

Each cell comprises reactants that form the reactants to form hydrino by the {ransport
of electrons through and external circuit and the transport of ions through the electrolyte or
salt bridge. The hydrino reactants comprise at least atomic hydrogen or source of atomic
hydrogen and a catalyst or source of catalyst such as Li, NaH, K, Rb", Cs, and at least one H.
Specific exemplary celis are [LIAILICI-LiCl LiH/Ni(Hz)], {LIAVLIF-LiCi-LiBr LiH/Ni(Hz)],
[LI/LiOH Li2SO4/Nb(Hz)], [Na/LiCI-KCI LiH/Nb(H2)], [Na/LiCl-LiF/Nb(H;)], [Na/NaCl-
KCi/Nb(Hz)], [Na/NaCl-NaF/Nb(H,)], [Na/NaBr-Nal/Nb(H:}], [Na/NaBr-Nal/Fe(Ha}],
[Na/Nal-NaNQ3/Nb(Hy)], [K/LICI-KCINDb(H)], [K/LICI-LiF/Nb{H,)], [K/NaCl-
KCINb(H)], and [K/KCEKF/Nb(Hy)]. Other exemplary cels are [PHY/C(H.)/HCI-LiCl-
KCVCBL, [PYC(H2)/HCI-LiCI-KCYPUTI), [R-Ni/Celgard LP 30/CoO(OH)], [Mg/Celgard LP
30/CoCG(OHY], [PdLi alloy/Celgard LP 30/hydride such as ZrH:], [PdLi alloy/LiCl-
KCl/hydride such as ZrH,], and [PtC{H2)/aqueous LING+/HNO; intercalated carbon graphite
(CO).

Further exemplary cells comprise a source of hydrogen such as H; or a hvdride and
components of the group of [LiAVLICI-KCI/Al), [LIAVLiF-LiCI/Al], [LiAl/LiF-LiCl-
LiBr/al], [LiSi/LiCIFKCVLIALL [LiSYLICI-KCHAL, [LiSVLIF-LiCI/LiAlL, [LiS¢/ LiF-LiCl
/ALL,  [LiSYLiF-LiCI-LiBr/LiAl]l, [LiSi/ LiF-LiCI-LiBr /Al], [LiPb/LiCI-KCI/LiAl],
[LiPb/LiCI-KCI/ALL [LiPb/LiF-LiCVLIAL], [LiPb/ LiF-LiCl /Al], JLiPb/LiF-LiCl-LiBr/LiAlL]
[LiPb/ LiF-LiCI-LiBr /Al], [LiPb/LiCI-KCVLiSi], [LiPb/LiF-LiCI/LISi], [LiPb/LiF-LiCl-
LiBr/LiSi], [LiC/LiCI-KCI/LiAl], [LiC/LiCI-KCVAR, [LiC/LiF-LiCI/LiAlL, [LiC/ LiF-LiCl
/Al], TLIC/ALIF-LiCI-LiBr/LiAll, [LiC/ LiF-LiCl-LiBr /Al], [LiC/LiCL-KCHLISi), [LiC/LiF-
LICVLiSi], [LiC/A4F-LiCI-LiBr/LiSi], [BiNa/NaCl-NaF/Bi], [Na/NaF-NaCl-Nal/NaBi],
[BIK/KCI-KF/Bi), {BiNa/NaCl-NaF NaH (0.02 mol%)/Bi], [Na/NaF-NaC[-Nal NaH (0.02
mol%)/NaBi], IBIiK/KCI-KF KH (0.02 mol%)/Bi], {LiAVLICI-KC] LiH (0.02 mol%)/Al],
[LIAVLiF-LiCl LiH (0.02 mol%)/Al], [LiAVLiF-LiCl-LiBr LiH (0.02 mol%)/All, [LiSi/LiCl-
KCl1 LiH (0.02 mol%)/LiAl], [LiSVLiCI-KCI LiH (0.02 mol%)/Al], [LiS{/LiF-LiCl LiH (0.02
moi%)/LiAl], [LiSi/ LiF-LiCI LiH (0.02 mol%)/Al}], [LiSVLiF-LiCl-LiBr LiH (0.02
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mol%)/LiAll, [LiSi/ LiF-LiCl-LiBr LiH (0.02 mol%)/Al], [LiPb/LiCI-KCl LiH (0.02
mol%)/LiAl], [LiPb/LICI-KCH LiH (0.02 mol%)/Al], [LiPb/LiF-LiCl LiH (0.02 mol%)/LiAll,
{LiPb/ LiF-LiCl LiH (0.02 mol%)/Al}, [LiPb/LiF-LiCl-LiBr LiH (0.02 mol%)/LiAl]}, {LiPb/
LiF-LiCI-LiBr LiH (0.02 mol%)/Al], [LiPb/LiCI-KCl LiH (0.02 mol%)/LiSi], [LiPb/LiF-
LiCl LiH (0.02 mol%)/LiSi}, [LiPb/LiF-LiCl-LiBr LiH (0.02 mol%)/LiSi]), [LiC/LiCI-KCI
LiH (0.02 mol%)/LiAl], [LIC/LICI-KC! LiH (0.02 mol%)/Al], [LiC/LiF-LiCl LiH (0.02
mol%)/LiAll, [LiC/ LiF-LiCl LiH (0.02 moi%)y/Al], [LiC/LIF-LiCl-LiBr LiH (0.02
mol%)/LiAl}, {LiC/ LiF-LiCl-LiBr LiH (0.02 mol%) /Al], [LiC/LiClI-KCl LiH {0.02
mol%)/LiSi], [LIiC/LIF-LiCI LiH (0.02 mol%)y/LiSi], [LiC/LiF-LiCl-LiBr LiH (0.02
mol%)/LiSi], and [K/KH KOH/K in graphite], [K/K-beta alumina/KH in graphite solvent
such as a eutectic salt], [K/K-glass/KH in graphite solvent such as a eutectic salt], [Na/NaH
NaOH/Naz in graphite], [Na/Na-beta alumina/NaH in graphite solvent such as a eutectic sait],
[Na/Na-glass/NaH in graphite solvent such as a eutectic salt], [Na/NaH NaAlEt/Na in
graphite], [Li/L.iH LiOH/Li in graphite], [Li/Li-beta alumina/LiH in graphite solvent such as
a eutectic salt], [Li/Li-glass/LiH in graphite solvent such as a eutectic salt], [Na/NaH
NaAlEty/NaNH;], [Na/NaH NaOH/NaNH.], [Na/Na-beta alumina/NaNH;], [Na/Na-
glass/NaNH:], [K/KH KOH/KNH:], [K/K-beta alumina/KNH;], and [K/K-glass/KNH;].
Additional cells comprising (i} at least one electrode from the set of LigMg, LiAl Al LiSi,
Si, LiC, C, LiPh, Pb, LiTe, Te, LiCd, Cd, LiBi, Bi, LiPd, Pd, LiSr, Sn, Sb, LiSh, LiZn, Zn,
Ni, Ti, and Fe, (ii) a eutectic clectrolyte comprising a mixture of at least two of LiF, LiCl,
LiBr, Lil, and KCl, and (iii) a source of hydrogen such as H» gas or a hydride such as LiH
wherein a suitable concentration of LiH is about 0.001 to 0.1 mole %. In embodiments
having a metal amide such as NaNH, or LiNH; or a metal imide such as Li;NH, the system
may be closed with NH; gas applied to the half-cell to maintain an equilibrium with the
corresponding metal and the amide.

Additional exemplary cells may comprise a support that may support atomic H
wherein the consumed atomic H is replaced by addition of H in cell such as [LIAVLICI-LiF
LiH (0.2 mol%)/NbC}; [Li/LiCI-LiF LiH (0.2 mol%)/NbC(]}, [Li/LiCl-LiF/NbC], [LIAVLICI-
KCl LiH (0.2 mol%)yNbCl; [Li/LiCI-KCl LiH (0.2 mol%)y/NbC], [Li/LiCI-KCYNBLC],
[LIAVLICI-LIiF LiH (6.2 mo!%)/TiC); [L/LICI-LiF LiH (0.2 mol%)/TiC], [Li/LiCl-LiF/TiC},
ILIAVLICI-KC LiH (0.2 mol%)/TiCl; [Li/LiCI-KCl LiH (0.2 mol%)/TiC], and [LVLICI-
KCI/NbCI.

The cell further comprises a current collector for the anode and cathode wherein the
current collectors may comprise solid foils or mesh materials. Suitable uncoated current
collector materials for the anode half-cell may be selected from the group of stainless steel,
Ni, Ni-Cr alloys, Al, Ti, Cu, Pb and Pb alloys, refractory metals and noble metals. Suitable
uncoated current collector materials for the cathode half-cell may be selected from the group
of stainless steel, Ni, Ni-Cr alloys, Ti, Pb-oxides (PbQy), and noble metals. Alternatively, the
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current collector may comprise a suitable metal foil such as Al, with a thin passivation layer
that will not corrode and will protect the foil onto which it is deposited. Exemplary corrosion
resistant layers that may be used in either half-cell are TiN, CrN, C, CN, NiZr, NiCr, Mo, Ti,
Ta, Pt, Pd, Zr, W, FeN, and CoN. In an embodiment, the cathode current collector comprise's
Al foil coated with TiN, FeN, C, CN. The coating may be accomplished by any method
known in the Art. Exemplary methods are physical vapor deposition such as sputtering,
chemical vapor deposition, electrodeposition, spray deposition, and famination.

The chemical potential or activity of a species such as a catalyst, source of catalyst, or
source of H such as Li*, Li, LiH, H", or H may be changed by changing the electrodes or
electrolyte, adding hydrides or H to cause hydriding, and adding other chemicals that
interact with species. For example, the cathode may be a metal or metal hydride such as
titanium hydride or niobium hydride that may be resistant to deactivation by excess Li or LiH
activity. In another embodiment wherein LiH in the electrolyte reduces the voltage, the
cathode is a metal hydride that is more stable than Litl. LiH present in the electrolyte may
react with the corresponding metal to reform the hydride and Li. An exemplary hydride is
lanthanum hydride. An exemplary cell is [LiI/LiCI-KCVLaH; or LaH;,]. Other suitable
hydrides are rare earth hydrides such as those of La, Ce, Eu, and Gd, yttrium hydride, and
zirconium hydride. Additional suitable exemplary hydrides demonstrating high electrical
conductivity are one or more of the group of CeHy, DyHa, ErHz, GdHa, HoHy, LaH;, LuH;,
NdH,, PrHa, ScHa, TbHa, TmH,, and YH;. In an embodiment, the surface area of at least one
of the hydride and corresponding metal is increased to cause a faster rate of reaction during
cell operation. Hydrogen may be added to ome or more of the cathode or anode
compartments. The addition may be as hydrogen gas, or hydrogen may be delivered by
permeation through a membrane. The membrane may be comprised of the metal of the
hydride. For example, a rare earth metal tube such as a lanthanum tube may comprise the
cathode wherein the tube is sealed such that H» can only be supplied by permeation through
the tube. Lanthanum hydride forms on the surface in contact with the electrotyte.

Preferably, the metal hydride, comprising at least one of a cathode reactant and an
anode reactant, is an electrical conductor. Exemplary electrically conductive hydrides are
titanium hydride and lanthanum hydride. Other suitable electrically conductive hydrides are
Tng, VH, VH; B LaNisH(,, LagCo;NigH(,, ZI’CrzHg,.g, LaNi3_55Mﬂo_4A§(}_3C09,75,
ZrMng sCro2VoiNiy 2, CrH, CrH,, NiH, CuH, YHa, YHs, ZrH;, NoH, NbHa, PdHos, LaHs,
LaHs, TaH, the lanthanide hydrides: MH; (fluorite) M = Ce, Pr, Nb, Sm, Gd, Tb, Dy, Ho, Er,
Tm, Lu; MH; (cubic) M = Ce, Pr, Nd, Yb; MHj3 (hexagonal) M = Sm, Gd, Tb, Dy, Ho, Er,
Tm, Lu; actinide hydrides: MH; (fluorite) M = Th, Np, Pu, Am; MH; (hexagonal) M = Np,
Pu, Am, and MH; (cubic, complex structure) M = Pa, U. In an embodiment, the celi anode
reactants comprise a source of Li and the cathode reactants comprise an electrically
conductive hydride that is about as thermally stable or more stable than LiHl. The half-cell
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reactants may further comprise a support of any kind or an electrically conductive support
such as a carbide such as TiC, a boride such as TiB; or MgBa, a carbon, or other support such
as TiCN. Suitable exemplary lithium sources are Li metal, a lithium alioy, or a [lithium
compound.

Exemplary cells are [Li/LIiCI-KCl/LaH,], [Li/LiCI-KCI/CeHz], [Li/LiCI-KCI/EuH;],
[LI/LiCI-KCVGAdH,], {LVLICI-KCYYH,], [LI/LICI-KCYY Hs), [Li/LICI-KCI/ZrH,], [Li/LiCl-
KCLaH; TiC), [Li/LICI-KCI/CeHy TiC), [Li/LiCI-KCVEuH; TiCl, [Li/LiCH-KCYGdH,
TiC}, [LVLiCI-KCVYH; TiC), [LVLICI-KCIYH; TiC), [Li/LiCI-KCl/ZrH, TiC], [Li/molten
alkali carbonate electrolyte/hydride such as ZrH,, TiH;, CeH; or LaH;}, [MLV/LIiCl-
KClW.aHo}, - IMLI/LiCI-KCHCeH,], [MLI/LICI-KCVEuH;], [MLLICI-KCYGdH;),
[MLVLICI-KCVYH,], [MLVLICI-KCI/YH;], [MLI/LICI-KCVZrHy), [MLILICI-KCYLak,
TiC), MLI/LICI-KCI/CeH, TiCl, [MLI/LICIKCYEuH: TiCl, [MLI/LICI-KCVGdH; TiC}),
and [MLI/LICFKCIYH, TiC}, [MLV/LICI-KCVYH; TiCj], [MLVLICI-KCVZrH; TiC] (M is
one or more elements such as a metal that forms an alloy or compound with Li and serves as
a source of Li. Suitable exemplary alloys MLi are LisMg, LiAl, LiSi, LiB, LiC, LiPb, LiTe,
LiSe such as Li;Se, LiCd, LiBi, LiPd, LiSn, Li;CuSn, Lin;,Sb (0<x<3, 0<y<1), LiSb,
LiZn, Li metal-metalloid alloys such as oxides, nitrides, borides, and silicides, and mixed-
metal-Li alloys. Suitable cxem'plary compounds MLi are LiNH,, LizNH, LisN, LisS, Li;Te,
Li>Se, lithium-intercalated carbon, and a lithium intercalated chalcogenide.

The electrolyte may provide a favorable activity for the catalyst or source of catalyst
such as Li or LiH that prevents inactivation of the hydrino reaction wherein the inactivation
may be due to an excess activity of the catalyst or source of catalyst such as Li or LiH. In an
embodiment, the ratio of two or more salts of a mixture may be changed to decrease the
activity of a first hydride such as LiH. Alternatively, another metal or a compound of another
metal may be added that forms a second hydride to decrease the activity of the first hydride.
For example, an alkali metal such as K or its salt such as an alkali halide such as KCI having
a corresponding second hydride such as KH with a lower thermal decomposition temperature
may be added to shift the equilibrium from the first to the second hydride. The second
hydride may thermally decompose to release hydrogen, The hydrogen may be recycled by
pumping. In another embodiment, a hydroxide of the same or another metal may be added
such as LiOH or KOH that may catalytically eliminate the first hydride such as LiH,
Exemplary reactions are

LiH+ Kt Li+KHto K+ 1/2H; (234)
LiH + KOH to LiOH -+ KH (-30.1 kJ/mole) to K + 1/2H> (233)
K + LiOH to KOH + Li (+62.9 ki/mole) (236)

In another embodiment, the cell temperature may be changed to alter the activity of a
species such as the catalyst or source of catalyst such as Li or LiH to control the hydrino
reaction and the cell power, The temperature may be controlled such the temperature is
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higher at one electrode compared to the other. For example, the cathode may be selectivity
heated to elevate its temperature relative to the anode to favorably affect the activity of the
species such as Li or LiH to propagate the hydrino reaction at a high rate,

in an embodiment, the activity of the catalyst or source of catalyst such as Li or LiH
may be controlled by using a cathode that forms an alloy or compound with the catalyst or
source of catalyst. For example, the cathode may comprise Sn or Sb that forms and alloy
with Li. The anode may be a source of Li such as Li or a different alloy having a higher
oxidation potential that the cathode such as LiAl. An exemplary cell is Li/LiCI-KCl
LiH/LiSn.

In an embodiment, the activity of a species to be limited such as LiH decreases with
temperature, and its activity is lower by lowering the temperature of the electrolyte, The
lower activity may be due to the decreased solubility of the species in the eutectic salt with
temperature. The salt may be maintained at about its melting point. In an embodiment, a
species whose activity to be controlled is a metal such as Li, and its activity is decreased by
reacting it with hydrogen to form the hydride such as LiH that has a limited solubility and
precipitates out of the electrolyte. Thus, the metal such as Li may be partially removed by
sparging with hydrogen. The reaction may be reversed by electrolysis to regenerate the metal
such as Li and hydrogen. The activity of a metal such as Li may be decreased by seiecting an
electrolyte having a lower Li solubility such as eutectic electrolyte LiF-LiC! over LiCI-KCl.
In an embodiment, preferred cathodes are vanadium and iron, the anode may be an open Li
metal anode. The hydrogen pressure may be high to lower the Li concentration. The cathode
may have H2 applied or be hydrided before contacting the Li dissolved in the electrolyte.
Excess Li may be converted to LiH by reaction with hydrogen supplied to the cell.

In an embodiment, the activity of the species such as a metal or hydride is controlled
by using a metal or hydride buffer system. In an embodiment the metal is Li, the hydride is
LiH, and at least one of the metal or hydride activities are controlled by a buffer comprising
at least one of an amide, imide, or nitride. The reaction mixture may comprise one or more
of the group of Li, LiH, LiNH», Li>NH, LisN, Ho, and NHj that controls the activity. The
system may comprise a mixture of metals such as alkali and alkaline earth metals such as Li,
Na, and K, elements or compounds that react with or form compounds with Li such as boron,
Mg, Ca, aluminum, Bi, Sn, Sb, Si, S, Pb, Pd, Cd, Pd, Zn, Ga, In, Se, and Te, LiBH,, and
LiAlH,, hydrides such as alkali and alkaline earth hydrides such as LiH, NaH, KH, and
MgH,, and amides, imides, and nitrides or comprise at least one of an amide, imide, or nitride
of another metal such as NaNH,, KNH,, Mg(NHz)2, MgsNo, and elements that react with Li
to form Li metal-metalloid alloys such as oxides, nitrides, borides, and silicides or mixed-
metal-Li alloys. The system may further comprise LiAlHs and LizAlHg or similar hydrides
such as Na and K aluminum hydrides and alkali borohydrides. Exemplary suitable hydrides
are LiAlH,, LiBHa, AI(BHg)s, LIAIHHBHy)2, Mg(AlH)s, Mg(BHy)s, CalAlH,),, Ca(BHy)z,
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NaAlHg, NaBHa, Ti(BHy)s, Ti(AIHq)4, Ze(BHy)s, and Fe(BHs):. The reaction mixture may
comprise a mixture of hydrides to control the activity, An exemplary mixture is LiH and
another alkali hydride such as NaH or KH. The mixture may comprise alkaline earth metals
or hydrides. Exemplary mixed hydrides are LiMgHs, NaMgHs, and KMgH;. The reaction
may comprise a reactant with the species such as a reactant to form a hydride such as LiBH,
wherein the reactant may be boron. The activity may be controiled by controlling at Jeast one
of the cell temperature and pressure. In an embodiment, the cell is operated at a temperature
and pressure that controls the activity by controlling the mole percent of hydride relative to
that of the metal. The decomposition temperature and pressure of a hydride may be changed
by using a mixed hydride. The activity may be controlied, by controlling the hydrogen
pressure. The hydrogen pressure in the electrolyte, in any half-cell compartment, and in any
permeable membrane source, or other cell component may be controlled. Exemplary cells
are JLIAVLICLKCH LiH LiNHy/Ti), [LIAVLICI-KCl LiH LiNHp/Nb], [LIAVLICI-KCH LiH
LiNHz/Fe], [LiAVLIiCI-KCI LiH LipNH /Ti}, [LIAVLICI-KCI LiH Li;NH/Nb], [LiAI/LiCl-
KCl LiH LipNH/Fe}l, [LiAVLiCI-KCl LiH LisN/Ti], [LIAVLICI-KCl LiH LisN/Nb],
[LIAL/LICI-KCI LiH LisN/Fel, [LIAVLICI-KCI LiH LiNHa LiaNH/Ti}, [LiAI/LiCI-KCI LiH
LiNH> LizNH/Nb], [LIAVLICI-KCI LiH LiNH; LipNH/Fel, [LIAVLICI-KCI MgH; LiH
LiNH2/Ti], [LiAVLiCI-KCl MgH: LiH LiNHz/Nb], and [LIAVLICI-KCI MgH; LiH
LiNHy/Fe]. The cathode may comprise a metal, element, alloy or compound that forms and
alloy with Li. The cathode may be a source of hydrogen by permeation. The cathode
reactants may comprise a metal, element, alloy or compound that forms and alioy with Li.
The reactants may comprise a powder. Exemplary cathode reactants are Al, Pb, $i, Bi, Sb,
Sn, C, and B powders that may form alloys with Li. In an embodiment, at least one source of
H may be a metal hydride that may be dissolved in the electrolyte and may be a species
wherein control of its activity is desired. The hydride may be LiH that may react with the
cathode or cathode reactants to form an alloy and may also release H at the cathode or the
cathode reactants.

In addition adding amide, imide, and nitride compounds to the electrolyte, the activity
of reactant or species may be changed by adding at least one compound of the group of
phosphides, borides, oxides, hydroxide, siIici&es, nitrides, arsenides, selenides, tellurides,
antimonides, carbides, sulfides, and hydrides compounds. In an embodiment, the activity of
the species such as Li or LiH or other source of catalyst or catalyst such as K, KH, Na, and
NaH is controlled by using a buffer involving an anion that may bind to the species. The
buffer may comprise a counter ion. The counter ion may be at least one of the group of
halides, oxides, phosphides, borides, hydroxides, silicides, nitrides, arsenides, selenides,
tellurides, antimonides, carbides, sulfides, hydrides, carbonate, hydrogen carbonate, sulfates,
hydrogen sulfates, phosphates, hydrogen phosphaties, dihvdrogen phosphates, nitrates,
nitrites, permanganates, chlorates, perchiorates, chlorites, perchlorites, hypochlorites,
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bromates, perbromates, bromites, perbromites, iodates, periodates, iodites, periodites,
chromates, dichromates, tellurates, selenates, arsenates, silicates, borates, cobalt oxides,
tellurium oxides, and other oxyanions such as those of halogens, P, B, Si, N, As, S, Te, Sh, C,
S, P, Mn, Cr, Co, and Te. At least one CIHT half-cell compartment may contain a compound
of the counter ion, the cell may comprise a salt bridge, and the salt bridge may selective to
the counter ion.

In the case that a species such as LiH inhibits the hydrino reaction, its activity may be
reduced by using a component of the reaction mixture such as a support that decreases its
activity. The activity may be deceased by one or more of multipie effects. It may be
removed by a reaction that consumes the species. For example, a carbon support may
intercalate Li to consume one or more of Li or LiH to form the intercalation compound. The
species may be physically or thermodynamically excluded from the hydrino reactants. For
example, Li or LiH may partition in the electrolyte over a support such as carbon or carbide
due to the more favorable solubility in the former than absorption, intercalation, or presence
in the latter. In an exemplary embodiment, LiH may not readily intercalate or absorb on
carbon such that it is not be present to inhibit the hydrino reaction.

Alternatively, the salt bridge may be selective to the cation of the counterion wherein
the cation may be a source of the species such as the catalyst. A suitable salt bridge for Li",
Na', and K7, a source of the catalyst Li, NaH, and K, respectively, is beta alumina complexed
with Li", Na’, and K", respectively. The Li" salt bridge or solid electrolyte may be halide
stabilized LiBH, such as LiBH-LiX (X = halide), Li" impregnated Al,Os (Li- £ -alumina),
Li;S based glasscs, Ligag+glag 57 Ti03 (d =0 to 0.14), LaosiLip34TiO254, LisAlSiOsg,
Lij4ZnGe4Os (LISICON), Li,M,M’y8, (M = Si, Ge, and M’ = P, Al, Zn, Ga, Sb)(thio-
LISICON), Liz 6sPO373No.14 (LIPON), LisLaiTa,O1z, Lig 3AlosTi; 7(PO4)s, LiMa(PO,)s, MY =
Ge, Ti, Hf, and Zr, Lii«Ti(PO4s)s (0 < x <2) LiNbOs, lithium silicate, lithium aluminate,
lithium aluminosilicate, solid polymer or gel, silicon dioxide (Si0;), aluminum oxide
(Al03), lithium oxide (Li;0), LisN, LisP, gallium oxide (Gaz0s), phosphorous oxide (P,0s),
silicon aluminum oxide, and solid solutions thereof and others known in the art. An
exemplary cell is [Li/Li solid electrolyte/R-Ni]. The conductivity may be enhanced with Li
salts such as Li;PO4 or LizBOs. Li glass may also serve as the Li* salt bridge. For example,
Whatman GF/D borosilicate glass-fiber sheet saturated with a 1 M LiPF; electrolyte solution
in 1:1 dimethyl carbonate (DMC)/ethylene carbonate (EC) also known as LLP 30 or 1 M LiPF,
in 1:1 diethyl carbonate (DEC)/ethylene carbonate (EC) also known as LP 40 may serve as
the separator/electrolyte. Halide-stabilized LiBH, may serve as a fast Li” ion conductor even
at room temperature. The halide may be LiF, LiCl, LiBr, or Lil. The separator may be a
membrane such as a single or multilayer polyolefin or aramid. The membrane may provide a
barrier between the anode and cathode and may further enable the exchange of lithium ions
from one side of the cell to the other. A suitable membrane separator is polypropylene (PP),
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polyethylene (PE), or trilayer (PP/PE/PP) electrolytic membrane. A specific exemplary
membrane is Celgard 2400 polypropylene membrane {Charlotte, NC) having a thickness of
25 pm and a porosity of 0.37. The electrolyte may be 1 M LiPFs electrolyte solution in [:1
dimethyl carbonate (DMC)/ethylene carbonate (EC). Another suitable separator/electrolyte
is Celgard 2300 and 1 M LiPF¢ electrolyte solution in 30:5:35:30 v/v EC-PC-EMC-DEC
solvent, Other suitable solvents and electrolytes are lithium chelated borate anion
electrolyvtes such as lithium [bis(oxalato)borate], dioxolane, tetahydrofuran derivatives,
hexamethylphosphoramide (HMPA), dimethoxyethane (DME), 1,4-benzodioxane (BDO),
tetrahydrofuran (THF), and lithium perchlorate in dioxolane such as 1.3-dioxolane. Other
solvents known by those skilled in the Art that are appropriate for operation of a Li based
anode are suitable. These solvents range from organic such as propylene carbonate to
inorganic such as thionyl chloride and sulfur dioxide and typically have polar groups such as
at least one of carbonyl, nitrile, sulfonyl, and ether groups. The solvent may further comprise
an additive to increase the stability of the sclvent or increase at least one of the extent and
rate of the hydrino reaction.

In embodiments, organic carbonates and esters may comprise electrolyte solvents.
Suitable solvents are ethylene carbonate (EC), propyiene carbonate (PC), butyiene carbonate
(BC), y-butyrolactone (yBL), & -valerolactone (& VL), N-methylmorpholine-N-oxide
(NMO), dimethyl carbonate (DMC), diethy! carbonate (DEC), ethyl methy! carbonate
(EMC), ethyl acetate (EA), methyl butanoate (MB), and ecthyl butanocate (EB). In
embodiments, organic ethers may comprise electrolyte solvents., Suitable solvents are
dimethoxymethane (DMM), 1,2-dimethoxyethane (DME), 1,2-diethoxyethane (DEE),
tetrahydrofuran (THF), 2-methyl-tetrahydrofuran (2-Me-THF), 1,3-dioxolane (1,3-DL)}, 4-
methyl-1,3-dioxolane (4-Me-1,3-DL), 2-methyl-1,3-dioxolane (2-Me-1,3-DL). Lithium salts
may comprise electrolyte solutes. Suitable solutes are lithium tetrafluoroborate (LiBF4),
lithium hexafluorophosphate (LiPFg), lithium hexafluoroarsenate (LiAsFs), lithium percolate
(LiCIOy), lithium triflate (Li"CF3SOs ), lithium imide (Li'[N(SO;CF3)] ), and lithium beti
(Li* [N(SO2CF2CF3),] ). In embodiments, performance-enhancing additives are added for
bulk properties such as 12-crown-4, 15-crown-5, aza-ethers, borates, boranes, and boronates.
In embodiments, the electrolyte may further comprise anode solid electrolyte interface (SEI)
additives such as COj, SO;, 12-crown-4, 18-crown-6, catechole carbonate (CC), vinylene
carbonate (VC), ethylene sulfite (ES), « -bromo- y -butyrolactone, methyl choloroformate, 2-
acetyloxy-4, 4-dimethyl-4-butanolide, succinimide, N-benzyloxycarbonyloxysuccinimide, and
methyl cinnamate. In embodiments, the electrolyte may further comprise cathode surface
layer additives such as I'/Ip, n-butylferrocene, 1,1'-dimethylferrocene, ferrocene derivatives, a
salt such as a Na of ] 2 4-triazole, a salt such as a Na of imidazole, 1,2,5,-tricyanobenzene
(TCB), tetracyanoquinodimethane (TCNQ), substituted benzenes, pyrocarbonate, and
cyclohexylbenzene. In embodiments, the electrolyte may further comprise novel nonaqueous
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solvents such as cyclic carbonates, y BL, linear esters, fluorinated esters, fluorinated

carbonates, fluorinated carbamates, fluorinated ethers, glycol borate ester (BEG), sulfones,
and sulfamides. In embodiments, the electrolyte may further comprise novel lithium salts
such as aromatic Li borates, non-aromatic Li borates, chelated Li phosphates, Li FAP, Li
azolate, and Li imidazolide. In an embodiment, the hydrino product such as molecular
hydrino is solubie in the solvent such as DMF, An exemplary cell is [Li/solvent comprising
at least some DMF LiPF¢/CoO{OH)].

The chemical potential or activity of the species such as a catalyst, source of catalyst,
or source of H such as Li", Li, LiH, H, or H" may be adjusted in order to facilitate at least
one of an electrochemical reaction, electron transport, and ion transport to form the hydrino
reactants and hydrinos. The adjustment may be the external potential change caused by the
presence of at least one internal reactant or species inside of an electrically conductive
chamber in contact with the external reactants of at least one of the half-cells. The
electrically conductive chamber may be an electrode of the cell such as the cathode or ancde.
The internal reactant or species may be a hydride such as an alkali hydride such as KH,
alkaline earth hydride such as MgH,, transition metal hydride such as TiH,, an inner
transition element hydride such as NbHa,, or a noble hydride such as Pd or Pt hydride. The
conductive chamber comprising the cathode or anode may contain the metal hydride. The
internal reactant or species may be a metal such as an alkali metal such as K, alkaline earth
metal such as Mg or Ca, a transition metal such as Ti or V, an inner transition element metal
such as Nb, a noble metal such as Pt or Pd, Ag, a compound, or a metalloid. Exempary
compounds are metal halides, oxides, phosphides, borides, hydroxides, silicides, nitrides,
arsenides, selenides, tellurides, antimonides, carbides, sulfides, hydrides, carbonate, hydrogen
carbonate, sulfates, hydrogen sulfates, phosphates, hydrogen phosphates, dihydrogen
phosphates, nitrates, nitrites, permanganates, chlorates, perchlorates, chlorites, perchlorites,
hypochlorites, bromates, perbromates, bromites, perbromites, iodates, periodates, iodites,
periodites, chromates, dichromates, tellurates, selenates, arsenates, silicates, borates, cobalt
oxides, tellurium oxides, and having other oxyanions such as those of halogens, P, B, Si, N,
As, 8, Sb, C, 8§, P, Mn, Cr, Co, and Te. The internal reactant or species may be at least one of
metals such as In, Ga, Te, Pb, Sn, Cd, or Hg, compounds such as hydroxides or nitrates,
elements such as P, 8, and I, and metalloids such as Se, Bi, and As that may a be liquid at the
cell temperature. The molten metal may provide an electrical contact with the chamber.
Other conductors may be mixed with the interna! reactant or species such as at least one of a
metal powder or matrix, a molten metal, a carbide such as TiC, a boride such as MgB,, ora
carbon such as carbon black. Exemplary cells are [Li bel/LiF-LiCl/Fe(Pd)(Hz)], [LiAILIF-
LiCYFe(Pd)Y(H:)), [Li bel/LiF-LiCY/Ni(Pd)}(H,)], [LIAVLIF-LiCI/Ni(Pd)(H2)], [Li bell/LiF-
LICUNI(CdYH3)], [LIAVLIF-LiICUNi(Cd)}{Hz)], [Li bell/LiF-LiCUNi(Se)(H:)], [LiAlVLiF-
LiCI/Ni(Se)(Hy)], [Li belVLiF-LICUTi(Pd)(Ha)], [LiAVLIF-LICY/Ti(Pd)(H2)], [Li bell/LiF-
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LiCUTICd)YH2)], [LIAVLIF-LICUTI(Cd}(Hz)]l, [Li bell/LiF-LiCVTi(Se)(Hz)], [LiAl/LiF-
LiCl/Ti(Se)(Ha)], [Li bell/LiF-LiCUTHTIC Bi}H)], and [LiAVLIF-LICUTI (TiC Bi}(Hz)]
wherein () designates inside of the tube or chamber,

The conductive chamber comprising the anode may contain the metal. In an
embodiment, the potential of an internal hydride such as at least one of KH, TiH, and NbH
inside of the cathode is matched to that of the Li activity of LiH at saturation of § mol% to
permit the hydrino reaction. The potential of the internal hydride can be controlled by
controlling the extent of hydriding. The latter can be controlled by controlling the pressure of
applied hydrogen gas. In addition the chemical potential or activity of the external species
may be adjusted to a desired value by selecting a metal or other electrically conducting
material that contains the internal reactant or species. A desired potential or activity achieves
a high rate of the hydrino reaction. In an embodiment, a desired potential corresponds to a
theoretical ce!l voltage of about zero based on the chemistry not including hydrino formation.
The range about zero may be within 1 V. The metal or conduction material may be selected
from the group of metals, metal carbides such as TiC, metal borides such as TiB; and MgB,,
metal nitrides such as titanium nitride, and those elements or materials comprising elements
from the list of aluminum, antimony, barium, bismuth, boron, cadmium, calcium, carbon
{graphite), cerium, cesium, chromium, cobalt, copper, dysprosium, erbium, europium,
gadolinium, gallium, germanium, gold, hafnium, holmium, indium, iridium, iron, lanthanum,
lead, lithium, lutetium, magnesium, manganese, mercury, molybdenum, neodymium, nickel,
niobium, osmium, palladium, phosphorous, platinum, potassium, praseodymium,
promethium, protactinium, rhenium, rhodium, rubidium, ruthenium, samarium, scandium,
selenium, silicon, silver, sodium, strontium, suifur, tantalum, technetium, tellurium, terbium,
thuljum, tin, titanium, tungsten, vanadium, ytterbium, yttrium, zinc, and zirconium. The
metals may be from the list of aluminum, antimony, barium, bismuth, cadmium, calcium,
cerium, cesium, chromium, cobalt, copper, dysprosium, erbium, europium, gadolinium,
gallium, germanium, gold, hafnium, holmium, indium, iridium, iron, lanthanum, lead,
lithium, lutetium, magnesium, manganese, mercury, molybdenum, neodymium, nickel,
niobium, osmium, palladium, platinum, potassium, praseodymium, promethium,
protactinium, rhenium, rhodium, rubidium, ruthenium, samarium, scandium, selenium,
silicon, silver, sodium, strontium, tantalum, technetium, teilurium, terbium, thulium, tin,
titanium, tungsten, vanadium, ytterbium, yttrium, zinc, and zirconium. In an embodiment,
the hydride in the conductive compartment such as a hollow, H-permeabie cathode or anode
diffuses through the wall into the half cell or electrolyte. The hydride may be regenerated by
pumping the unreacted hydrogen gas into the compartment. Alternatively, the chamber may
be cooled or allowed to cool such that the hydride forms spontaneous. The hydrogen may
flow to the internal reactant or species such as the corresponding metal through a gas line
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from at least one half-cell compartment through a valve to the inside of the conductive
chamber where it reacts to regenerate the hydride.

The electrolyte may comprise additionally a metal or hydride such as an alkali or
alkaline earth metal or hydride. A suitable alkaline earth metal and hydride is Mg and MgH,,
respectively. At least one electrode may comprise a support such as TiC, YC,, TizSiCp, and
WC, and the half cell may further comprise a catalyst such as K, NaH, or may be Li from
migration of Li’, a reductant such a Mg or Ca, a support such as TiC, Y, Ti;SiCs, or WC,
an oxidant such as LiCl, SrBry, SrCh, or BaCl,, and a source of H such as a hydride such as
R-Ni, TiHa, MgH,, NaH, KH, or LiH. Hydrogen may permeate through the wall of the half-
cell compartment to form the catalyst or serve as the source of H. The source of permeating
H may be from the oxidation of H".

In an embodiment, Mg®" serves as a catalyst by the reaction given in TABLE 1. The
source of Mg™ may be the cathode or anode reactant or the electrolyte. The electrolyte may
be a molten salt such as a hydride ion conductor such as eutectic mixture comprising at least
one magnesium salt such as a halide such as iodide. The electrolyte may be aqueous such as
an aqueous magnesium halide or other soluble magnesium salt. Exemplary cells are
[LisMg/Mgl, or MgXe-MX’ or MX’, (X, X’= halide, M = alkali or alkaline earth)/CeHs,
Tin, or Laﬂg] and [R-Ni, LaNi5H5, L&zCO;NigHg, ZPCI‘zH_’;_g, LaNi3_55Mn&4Alg_3C00,75,
ZeMng sCro2 Vo | Nij o/at least one of 4 magnesium salt such as Mgl,, MgSQOys, and Mg(NGs3);
and MOH {M=alkali)/carbon such as CB, PtC, PdC].

In an embodiment of the CITHT cell, a bulk catalyst such as Mg, Ca, or Mg plus a
support, or Ca plus a support, wherein a suitable support is chosen from TiC, Ti;8iC,, WC,
TiCN, MgB,, B4C, SiC, and YC,, comprises the reductant of the anode compartment. The
electrolyte may comprise a salt such as a eutectic mixture that conducts hydride ions. The
cathode and optionally the anode compartment may comprise a hydrogen permeable
membrane. Hydrogen may be supplied to the cathode compartment such that it permeates
through the membrane and forms hydride ions that migrate through the electrolyte 1o the
anode compartment where they may be oxidized to H. The H may diffuse through the anode
membrane and react with the bulk catalyst to from hydrinos. In another embodiment of the
CIHT cell, an alkali metal or alkali metal hydride comprises the catalyst or source of catalyst,
and the anode reaction mixture may further comprise at least one of a reductant such as an
alkaline earth metal such as Mg or Ca and a support, wherein a suitable support is chosen
from TiC, TisSiC,, WC, TICN, MgB,, B4C, SiC, and YC,. This reaction mixture may
comprise the reductant of the anode compartment. The electrolyte may comprise a salt such
as a eutectic mixture that conducts hydride ions. In an embodiment, the electrolyte comprises
a molten alkali metal hydroxide such as KOH that may conduct hydride ions. The cathode
and optionally the anode compartment may comprise a hydrogen permeable membrane.
Hydrogen may be supplied to the cathode compartment such that it permeates through the
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membrane and forms hydride ions that migrate through the electrolyte to the anode
compartment where they may be oxidized to H. The H may diffuse through the anode
membrane and react with the catalyst to from hydrinos. Alternatively, the H may react with a
catalyst formed or present at the cathode or anode membrane or in the electrolyte.

In an embodiment, the salt bridge comprises a solid with a high conductance for
hydride ions. The salt bridge may also serve as the electrolyte. At least one of the salt bride
and electrolyie may comprise a mixture of a hydride such as an alkali or alkaline earth
hydride such as MgH- or CaHj, 2 halide such as an alkali or alkaline earth halide such as LiF,
and a matrix material such as AlO; powder. The mixture may be sintered wherein the
sintering may be in a H; atmosphere. Alternatively, the salt bridge and optionally the
electrolyte is a Hauid such as a molten salt wherein at least one of the cathode and anode half-
cell reactants is insoluble in the salt bridge or electrolyte. An example of a molten hydride
conductor salt bridge 1s LiH in LiCI/KCI eutectic moiten salt. Exemplary hydrino reactants
are a source of catalyst and a source of hydrogen such as NaH or KH, a support such as TiC,
C, Pd/C, and Pt/C, and an alkaline earth hydride such as MgH; or other thermally regenerated
hydride such as at least one of LiH, MBHa, and MAIH, (M = Li, Na, K, Rb, Cs). The half-
cell compartments may be isolated and connected by an electrically insulating separator. The
separator may also serve as a support for the salt bridge. The salt bridge may comprise a
molien salt supported by the separator. The separator may be MgO or BN fiber. The latter
may be as a woven fabric or nonwoven felt. In an embodiment, the catalyst or source of
catalyst and source of hydrogen such as NaH or KH is substantially insoluble in the salt
bridge. Each half-cell reactant mixture may be pressed into a plaque and attached to the
current collector of the anode and cathode. The plague may be secured with at least one
perforated sheet such as a metal sheet. Alternatively, the separator may be permeable to H
wherein H™ reacts to form H at the cathode half-cell interface, H passes through the separator
and forms H at the anode half-cell interface. Suitable separators that transport H™ by forming
H are refractory base metals such as V, Nb, Fe, Fe-Mo alloy, W, Rh, Ni, Zr, Be, Ta, Rh, Ti,
Th, and rare earths as well as noble metals and alloys such as Pd and Pd/Ag alloy. The metal
comprising a H membrane may be biased to increase the activity of H/H conversion at the
interfaces. The activity may also be increased by using a conceniration gradient,

In an embodiment, the CIHT cell comprises a cathode compartment and an anode
compartment wherein the both compartments may contain at least one of the same reactants
except that the anode compartment exciusively contains one or more selective reactants
needed to maintain the hydrino reaction at a favorable rate to develop a voltage between the
cells. The anode and cathode compartments are in contact by a salt bridge that is an ion
conductor, but substantially an insulator for electrons. In an embodiment, the salt bridge is
selective for hydride ion conductivity. In an embodiment, the salt bridge may allow the

migration or exchange of reactant materials amongst the compartments except for the
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selective reactant(s). In an embodiment, the anode compartment contains a catalyst or source
of catalyst and a source of hydrogen such as NaH, KH, or at least one H, optionally a
reductant such as an alkaline earth metal or hydride such as Mg and MgH,, and one or more
selective reactants such as at least one support that may also serve as a hydrogen dissociator.
The support may comprise carbon, carbide, or 2 boride. Suitable carben, carbides and
borides are carbon black, TiC, TisSiCy, TiCN, SiC, YCa, TaC, Mo.C, WC, C, HfC, CryCs,
ZrC, VC, NbC, B4C, CrB,, ZrB,, GdB2, MgB,, and TiB,. Suitable supports that may also
serve as hydrogen dissociators are Pd/C, Pt/C Pd/MgO, Pd/AlOs;, Pt/MgO, and PYALO;.
The half-cell compartments may be isolated and connected by an electrically insulating
separator that may also serve as a support for the salt bridge. The salt bridge may comprise a
molten salt supported by the separator. The molten salt may be at least one of an electrolyte,
an electrolyte comprising a hydride, and a hydride dissolved in an electrolyte. Alternatively,
the salt bridge is replaced by a separator that is not permeable to the selective reactant(s).
The separator may be permeabie to one or more ions or compounds of either of the anode-
compartment or cathode-compartment reaction mixtures while being impermeable to the
selective reactants(s). In an embodiment, the separator is not permeable to the support. The
separator may be MgO or BN fiber. The latier may be as a woven fabric or nonwoven felf.
The hydrino reaction to form ionized catalyst selectively forms in the anode compartment due
to the anode compartment reactants exclusively comprising the selective reactants and the
impermeability of the separator or salt bridge to the selective reactant(s).

In an embodiment, the transport of ions and electrons causes the hydrino reactants to
be formed in a region other than in at least one of the cathode or anode compartments. The
hydrino reactants may form in the electrolyte such that the hydrino reaction occurs at the
location of at least one of the electrolyte, the salt bridge, an interface of the electrolyte and
the salt bridge, the electrolyte-cathode interface, and the anode-clectrolyte interface. The
cathode may comprise a hydrogen-permeable membrane such as a nickel foil or tube or
porous nickel electrode, and the electrolyte may comprise a eutectic salt that transports
hydride ions such as LiH dissolved in LiCI-KCl. The hydrogen may permeate through the
membrane, and a catalyst ion such as Li” or K™ may be reduced to the catalyst such as Li or K
at the electrolyte interface such that Li or K and H are formed at the interface and further
react to form hydrinos. In this case, the reduction potential is increased. In an embodiment,
the concentration of LiCI-KCl is about 58.5 + 41.2 mol%, the melt temperature is about 450
°C, and the LiH concentration is about .1 mol% or lower. In other embodiments, the LiH
concentration may be any desirable mole percent to the saturation limit of about §.5%. In
another exemplary embodiment, the electrolyte may comprise LiH + LiF + KF or NaF and
optionally a support such as TiC. Other suitabie electrolytes are mixtures of alkali hydrides
and alkali and alkaline carth borohydrides wherein the ceil reaction may be a metal exchange.
Suitable mixtures are the eutectic mixtures of NalH-KBH, at about 43 + 57 mol % having the
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melt temperature is about 503 °C, KH-KBH; at about 66 + 34 mol % having the melt
temperature is about 390 °C, NaH-NaBH; at about 21 + 79 mol % having the meit
temperature is about 395 °C, KBH, -LiBH4 at about 53 + 47 mol % having the melt
temperature is about 103 °C, NaBH, -LiBH, at about 41.3 + 58.7 mol % having the melt
temperature is about 213 °C, and KBH, -NaBHjy at about 31.8 + 68.2 mol % having the melt
temperature is about 453 °C wherein the mixture may further comprise an alkali or alkaline
earth hydride such as LiH, NaH, or KH. A suitable concentration of the hydride is 0.001 to
10 mol %, Exemplary cells are [K/ KH KBH; -NaBH4/Ni}, [Na/ NaH NaBH, -LiBH4/Ni},
[LiAl/ LiH KBH-LiBHo/Ni], [K/ KBHs -NaBH4/Ni], [Na/ NaBH, -LiBH4/Ni], and [LiAV
KBH.-LiBHa/Ni]. Aluminum hydride may replace borohydride.

The electrolyte may comprise a catalyst or source of catalyst other than LiH and other
suitable electrolytes such as KH or NaH with one of NaBr + Nal, KOH + KBr, KOH + K],
NalH + NaAlEt,, NaH + NaAlCl,, NaH + NaAICl; + NaCl, NaH + Na(Cl + NaAlEty, and other
salts such a halides. The cation of at least one sait may be that of the catalyst or source of
catalyst. In an embediment, the catalyst and source of H may be HCl formed by the
oxidation of CI” or H. The CI” may be from the electrolyte.

An embodimeni of a thermal cell comprises a reaction mixture disiribution to cause a
regional localization of the catalysis reaction to locally produce ions and electrons. The
reactants are distributed such that a first area in the cell exclusively contains one or more
selective reactants needed to maintain the hydrino reaction at a favorable rate in order to
develop a voltage between this at least one first region and at least one, second region of the
cell. The cell comprises conductive walls in an embodiment, or may comprise a conductive
circuit. An electron current may flow through the walls of the cell or the circuit due to the
voltage. The electrons reduce a reactant in the second region such as a hydride to produce an
anion such as a hydride ion. The anion may migrate from the second to the first region to
compiete the circuit. The migration may be through a solvent or molten salt. The molten salt
may be at least one of an electrolyte, an electrolyte comprising a hydride, and a hydride
dissolved in an electrolyte. A separator or salt bridge may maintain the selective reactants in
the first region. The separator or salt bridge may also maintain separation of other reactants
that are desired to be separated. The separator or salt bridge may be selective to hydride ions.

In an exemplary embodiment, the anode and cathode reactants are the same except
that the anode compartment or region exclusively contains the support. No salt bridge is
required and a physical separator and ion conductor may optionally confine the support in the
cathode compartment or region. For example, the anode and cathode reaction mixtures
comprise NaH or KH and Mg, and the anode reaction mixture further comprises TiC, In
other exemplary embodiments, the reactant mixture of both cells comprises one or more of a
catalyst, source of catalyst, and source of hydrogen such as at least one of Li, LiH, Na, NaH,
K, KH, Rb, RbH, Cs, CsH, Mg, MgH;, and at least one H, and at least one of a reductant or
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hydride exchange reactant such as an alkaline earth metal or hydride such as Mg, LiH,
MBH,, MAIH; (M = Li, Na, K, Rb, Cs), and Mo(BH,), (M=Mg, Ca, Sr, Ba). A support is
localized exclusively at the anode compartment or region. Suitable supports that may alsa
serve as a hydrogen dissociator include carbon, carbide, or a boride. Suitable carbon,
carbides and borides include carban black, TiC, TisSiCo, YC,, TiCN, MgB,, SiC, TaC,
Mo.C, WC, C, B4C, HIC, Cr3Cy, ZrC, CrB,, VC, ZrB,, NbC, and TiB;. Suitable supports
that may also serve as hydrogen dissociators include Pd/C, Pt/C Pd/MgO, Pd/AlLOs, PtYMgO,
and Pt/Al:Qs.  Suitable anode reaction mixtures include NaH Pd/AlLO; TiC + Hi, NaH
NaBH, TiC, NaH KBH, TiC, NaH NaBH; Mg TiC, NaH KBH; Mg TiC, KH NaBH; TiC,
KH KBH, TiC, KH NaBH; Mg TiC, KH KBH; Mg TiC, NaH RbBH4 Mg TiC, NaH CsBHy4
Mg TiC, KH RbBH, Mg TiC, KH CsBHs Mg TiC, NaH Mg TiC Mg(BHs),, NaH Mg TiC
Ca(BH,), KH Mg TiC Mg(BH4),, KH Mg TiC Ca(BHg),, NaH Mg TiC, KH Mg TiC, LiH
Mg TiC, NaH Mg Pd/C, KH Mg Pd/C, LiH Mg Pd/C, NaH Mg Pt/C, KH Mg Pt/C, NaH Mg
LiCl, KH Mg LiCl, KH KOH TiC, and LiH Mg Pt/C. In an embodiment, the cathode
reactants may be the same absent the support. Alternatively, in an embodiment, the anode
reactants may be the same absent the support.

Hydrino chemistry can be localized at one electrode of two comprised of different
metals, The selectivity to form hydrinos at one may be due to a specific preferred chemical
reaction that gives rise to hydrino reactants such as catalyst or atomic hydrogen. For
example, one electrode may dissociate Hz to H such that the hydrino reaction may occur, The
reaction mixture may comprise an alkali hydride such as LiH in a hydride conducting eutectic
salt such as a mixture of compounds comprising at least one of different alkali metals and
halides such as a mixture of LiCl and KCl. With one electrode comprising a H» dissociator
such as Ni, Ti, or Nb relative to a less dissociative active electrode such as Cu or Fe, the half-
cell reactions may be
Cathode Reaction (H; dissociator)

M" +¢& + H to M + H(1/p) (237)
Anode Reaction

H to 1/2H; +¢ {238)
Net

MH to M + H(1/p) (239)

wherein M is a catalyst metal such as Li, Na, or K.

In an embodiment, the redox reactions to form hydrinos involve the cathode reaction
of Eq. (237) wherein M is an alkaii metal such as Li. Suitable cathode dissociator metals are
Nb, Fe, Ni, V, Fe-Mo alloy, W, Rh, Zr, Be, Ta, Rh, Ti, and Th foils. Exemplary reactions are
Cathode Reaction (e.g. Nb foil)

Li" + ¢ -+ H to Li + H(1/4) (240)
Anode Reaction
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Lito Li" +e- (241)
Net

Hto H(1/4) + 19.7 MJ {242)

The Li metal anode may comprise an inverted bell or cup in an electrolyte wherein Li
is maintained in the cup by its buoyancy in the electrolyte, a porous electrode, a Li alloy such
as LiAl alloy, or Li metal in a chamber such as a metal tube such as a Ni tube. The salt may
be a eutectic salt such as 79-21 wi% LiCI-LiF or 51.9-47.6 wi% LiCI-KCl. The operating
temperature may be above the melting point of the salt electrolyte such as above about 485
°C for the LiF/LiCl eutectic or above about 350°C for the LiCI/KCI cutectic. Other suitable
eutectics and the melting points are LiCl-CsCl (59.3 + 40.7 mol %, mp = 200 °C) and LiCl-
KCI-CsCl (57.5 + 13.3 + 29.2 mol %, mp = 150 °C). In an embodiment, the Li and Li"
concentrations remain substantially constant over time due to the counter diffusion of Li and
Li" consumed and formed by the reactions given by Egs. (240-241). The hydrogen may be
supplied by diffusing through a diaphragm from a chamber or through a tube comprising an
electrode such as the cathode. In a cell comprising a metal anode such as a I.i metal anode
further comprising an inverted bell or cup in an electrolyte to hold the metal, the hydrogen
may be supplied from a diaphragm located beneath the cup, and the diaphragm may be
oriented horizontally relative to the electrolyie surface and the cup. The hydrogen source
may be hydrogen gas or a hydride such as a metal hydride such as an alkali metal hydride or
at least one electrode may comprise a metal hydride. A suitable metal hydride is MH
wherein M is an alkali metal. A suitable concentration is 0.001 to T wt%. The concentration
of at least one of Li or LiH may be maintained below that which decreases the catalyst
reaction to form hydrinos. For example, the concentration in a LiCI-KCI eutectic electrolyte
may be maintained below 1 wt%, preferably below 0.1 wt%, and most preferably below 0.05
wi%. The Li and LiH concentration may be monitored with a detector or sensor. The sensor
may be optical such as an optical absorption sensor. The sensor for LiH may be an infrared
absorption sensor., The analysis may comprise a reporter or indicator such as a binding
species. The sensor may be a selective electrode. The sensor may comprise electrodes
responsive to the Li or LiH concentration according to the Nernst equation wherein the
concentration is determined from the voltage. Suitable electrodes would not significantly
support the catalysis of H to hydrino. The sensor may be a calibrated apparatus for
voltammetry such as cyclic voltammetry, polarography, or ampetometry. The concentration
may be increased or decreased to maintain an optimal concentration to permit the hydrino
reaction. The addition or elimination of Li or LiH may be by applying electrolysis to the cell.
The concentration of the Li or LiH may be controlled by using an electrode that absorbs Li or
L.iH. A suitable exemplary metal is copper.

In an embodiment, the cell comprises electrodes comprising two metals. Suitable
metals are those selected from transition metals, inner transition metals, Al, Sp, In, and rare
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earth metals. The cell may further comprise a eutectic salt electrolyte such as at least two
metal halides such as LiCI-KC! or LiCI-LiF and may additionally comprise a source of
hydride such as 0.01 wt% LiH.

In another embodiment, one electrode, the anode, may comprise a more
electropositive metal that provides electrons to reduce an ionic source of catalyst or H' to
form the catalyst or H of the catalyst mixture at the cathode. In exemplary reactions, M, is
the anode meta! that has a more favorable reduction couple potential than that of the cathode
and M is a catalyst metal such as Li, Na, or K:

Cathode Reaction

M*+¢ +Hto M+ H(1/p) (243)
Anode Reaction

Mato M, +¢ (244)
And in solution

M,  +MtoM, + M’ (243)
Net

H to H{1/p) + energy at least partially as electricity (246)

in an embodiment, the redox reactions to form hydrinos involve the anode reaction of
Eq. (244) wherein M, is the anode metal that is has a more favorable reduction couple
potential than that of the cathode. Suitable anode and cathode, and catalyst metals are V, Zr,
Ti, or Fe, and Li. Exemplary reactions are
Cathode Reaction

Li"+¢ + Hto Li + H(1/4) (247)
Anode Reaction

VoV +¢ (248)
And in solution

Vi+LitoLi"+V (249)
Net

H to H(1/4) + 19.7 MJ 250)

In an embodiment, the metal M, such as V may be separated from the salt mixture and added
to the anode to reconstitute it. A suitable method to reconstitute the anode is to use a
paramagnetic or ferromagnetic anode metal and collect the metal particles by a magnetic
field. In an embodiment, the anode is magnetized such that reduced material is collected at
the anode. Suitable ferromagnetic anode metals are Ni and Fe. In another embodiment, the
anode is positioned at the bottom of the cell and may be comprised of a dense metal such that
any reduced metal formed in the electrolyte may precipitate and redeposit on the anode
surface 1o reconstitute it. Suitable electropositive metals for the anode are one or more of the
group of an alkaline or alkaline earth metal, AL V, Zr, Ti, Mn, Se, Zn, Cr, Fe, Cd, Co, Ni, Sn,
and Pb. The anode material may be a hydride that is decomposed such that the metal is free

186



WO 2011/116236 PCT/US2011/028889

of an oxide coat and is active for oxidation. Exemplary electropositive anode cells are
[TV/LiF-LICYLIAIHL), [V/LiF-LiCVLiAlL-H,], {Z+/LiF-LICI/LiAl-H,], [V/LiF-LiCI/Nb (Hy)l,
{Ze/LiF-LiCVZr (Ha)), [TVLIF-LiCYTi(H3)], [V/LiF-LiCI-LiH (0.02 mol %)/Nb (Ha)], [Zr/
LiF-LiCI-LiH (0.02 mol %)/Zr (Hy)), [T¥/ LiF-LiCI-LiH (0.02 mol %)/Ti(H:)}, and [V/LiCl-
KCI/Fe(H;)]. The electrical power may be optimized by changing the temperature, Hs
sparging the electrolyte, electro-purification of the electrolyte, adding Hj, hydriding or
changing the amount of hydride of either half-cell by adding anode metal hydride such as
TiH», VHa, or ZrH,, cathode metal hvdride such as LiH, or adding H; gas.

In an embodiment, suitable metals are selected from the list of aluminum, antimony,
barium, carbon {(graphite), cerium, chromium, cobalt, copper, dysprosium, erbium, europium,
gadolinium, germanium, hafnium, holmium, iron, lanthanum, lutetium, magnesium,
manganese, molybdenum, neodymium, nickel, niobium, praseodymium, promethium,
protactinium, samarium, scandium, silver, strontium, tantalum, technetium, tellurium,
terbium, thulium, titanium, tungsten, vanadium, ytterbium, yttrium, and zirconium. The cell
may further comprise a eutectic salt and may further comprise at least one of a hydride such
as an alkali hydride and hydrogen. At least one of the metal electrodes may be hydrided, or
hydrogen may be permeated through the metal from a hydrogen supply. In an embodiment,
the metal may comprise an alkali or alkaline earth metal. The metal may be a source of the
catalyst. The electrode such as the anode may comprise an open or porous electrode or a
closed electrode. In the former case, a metal such as an alkali or alkaline earth metal is in
contract with the electrolyte, and in the latter case, it is enclosed in an electrically conductive
chamber that is in contact with the electrolyte. Suitable chambers are comprised of
aluminum, antimony, barium, carbon (graphite), cerium, chromium, cobalt, copper,
dysprosium, erbium, europium, gadolinium, germanium, hafnium, holmium, iron, fanthanum,
lutetium, magnesium, manganese, molybdenum, neodymium, nickel, niobium,
praseodymium, promethium, protactinium, samarium, scandium, silver, strontium, tantalum,
technetium, tellurium, terbium, thulium, titanium, tungsten, vanadium, ytterbium, yttrium,
and zirconium. The metal such as Li, Na, or K may enter the solution when the electrode is
open. The metal may enter as an jon. In an embodiment, the cell may comprise an anode and
cathode and an electrolyte. Suitable electrolytes comprise a mixture of at least one of a metal
hydride and a metal halide and metal halide mixtures such as combinations of MH, M’X
M?*X” wherein M, M’, and M** are alkali metals and X and X’ are halides. Exemplary
electrolytes are mixtures of NaH LiCl KCl, LiCl NaCl, and LiH LiCI NaClL. In an
embodiment, the CIHT cathode metal may be hydrided or have hydrogen present before the
metal from the open or porous anode comes into contact with it. Suitable exemplary cathode
hydrides are niobium and titanium hydrides. In an embodiment, the anode metal may bind to
the surface of the cathode and may be removed by electrolysis. Hydrogen may react with the
metal from the anode such as Li and may precipitate out of the electrolyte. The precipitate
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such as LiH may be regenerated to the anode metal by methods such as electrolysis and
thermal regeneration. '

In an embodiment, the redox reactions to form hydrinos involve H' as the migrating
jon. The cathode reaction may comprise the reduction of a hydride to form H', and the anode
reaction may comprise oxidation of H to H. Hydrinos may form at either electrode
depending on the presence a catalyst with H. Exemplary reactions are
Cathode Reaction

MH; +e-to M + H + H(1/p) (251)
Anode Reaction

HitoH+e- (252)
After H diffusion in electrolvte

M + 2H to MH; (253)
Net

MH: to M -+ 2H(1/p) + energy at least partially as electricity (254)

MH; may be reformed by adding H, to M. A metal hydride may form at the anode as well at
the step given by Eq. (252). The hydride may at least partially thermaliy decompose at the
operating temperature of the cell,

In an embodiment, the redox reactions to form hydrinos involve H™ as the migrating
ion. The cathode reaction may comprise the reduction of H' to form H, and the anode
reaction may comprise oxidation of H to H™. Hydrinos may form at either electrode
depending on the presence a catalyst with H. Exemplary reactions are
Cathode Reaction

MHto M+H" +e- (255)
Anode Reaction |

H' +e- to H to H(1/p) (256)
Net

MH to M + H(1/p) + energy at least partially as eiectricity (257)
MH may be reformed by adding H» to M. In another exemplary embodiment, the reactions
are
Cathode Reaction

MH; to M + e + H + H(1/p) (258)
Anode Reaction

H +e-toH (259)
After H diffusion in electrolyte

M + 2H to MH; (260)
Net

MH; to M + 2H(1/p) + energy at least partially as electricity (261)
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MH; may be reformed by adding Hs to M. A metal hydride may form at the anode as well at
the step given by Eq. (259). The hydride may at least partially thermally decompose at the
operating temperature of the cell.

In another embodiment, the anode half-cell comprises a source of H' such as a
hydride such as at least one of an alkaline or alkaline earth hydride, a transition metal hydride
such as Ti hydride, an inner transition metal hydride such as Nb, Zr, or Ta hydride, palladium
or platinum hydride, and a rare earth hydride. Alternatively, the source of H™ may be from
hydrogen and a catalyst. The catalyst may be a metal such as a noble metal. The catalyst
may be an alloy such as a one comprising at least one noble metal and another metal such as
Pt;Ni. The catalyst may comprise a support such as carbon, an example being PY/C. The
catalyst may comprise those of proton exchange membrane (PEM) fuel cells, phosphoric acid
fuel cells, or similar fuel cells comprising a migrating proton formed by a catalyst such as
ones known to those skilled in the Art. The source of H™ may be from a hydrogen permeable
anode and a source of hydrogen such as a Pt(Hy), Pd(Hy), Ir(Hy), Rh{H,), Ru(H,), noble metal
{Ha), Ti(H,), Nb(H,), or V(H;) anode ({Is) designates a source of hydrogen such as hydrogen
gas that permeates through the anode). The source of H' may be from hydrogen in contact
with the anode half-cell reactants such as Pd/C, P/C, It/C, RWC, and Ruw/C. The source of Iz
that forms H® may be a hydride such as an alkali hydride, an alkaline earth hydride such as
MgH,, a transition metal hydride, an inner transition metal hydride, and a rare earth hydride
that may contact the anode half-cell reactants such as Pd/C, PY/C, Ir/C, Rh/C, and Ru/C. The
catalyst metal may be supported by a material such as carbon, a carbide, or a boride. The H'
migrates to the cathode half-cell compartment. The migration may be through a salt bridge
that is a proton conductor such as beta alumina or a non-aqueous proton-exchange membrane.
The cell may further comprise an electrolyte. In another embodiment, the salt bridge may be
replaced by an electrolyte such as a molien eutectic salt electrolyte. In the cathode half-cell
compartment, the H™ is reduced to H. The H may serve as a reactant to from hydrinos with a
catalyst. At least some H may also react with a source of catalyst to form the catalyst. The
source of catalyst may be a nitride or imide such as an alkali metal nitride or imide such as
LisN or Li;NH. The imide or amide cathode half-cell product may be decomposed and the
hydrogen may be returned to the metal of the anode half-cell compartment to reform the
corresponding hydride. The source of catalyst may be atomic H. Hydrogen reacted to form
hydrinos may be made up. The hydrogen may be transferred by pumping or electrolytically.
In exemplary reactions, M,H is the anode metal hydride and M is a catalyst metal such as Li,
Na, or K:

Cathode Reaction

2H" + 2¢ + LizN or Li;NH to Li + H(1/p) + Liu2NH or LiNH; (262)
Anode Reaction
M,H to M, +H" +e- {263)
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Regeneration

Li+ LizNH or LiNH; + M, to MyH + LisN or LizNH (264)
Net

H to H(1/p) + energy at least partially as electricity (265)
The cell may further comprise an anode or cathode support material such as a boride such as
GdB., B4C, MgB,, TiBs, ZrB,, and CrBs, a carbide such as TiC, YC,, or WC or TiCN.
Suitable exemplary cells are [LiH/beta alumina/Li;NJ, [NaH/beta alumina/Li;N], [KH/beta
alumina/LisN], [MgHy/beta alumina/LisN], [CaHybeta alumina/Li;N},  [SrHa/beta
alumina/Li;N), [Balybeta alumina/LiN], [NbHy/beta alumina/LisN], [MgHa/beta
alumina/LisN], [ZrHybeta alumina/LisN], [LaHx/beta alumina/Li;N],  [LiH/beta
alumina/Li;NH], [NaH/beta alumina/LiNH], {KH/beta alumina/Li;NH], [MgHa/beta
alumina/Li;NH], [CaHybeta alumina/Li;NH], [SrHy/beta alumina/Li;NH], [BaHa/beta
alumina/Li;NH], [NbHybeta alumina/Li;NH], [MgHx/beta alumina/Li;NH], [ZrHy/beta
alumina/LisNH], [LaHy/beta alumina/Li;NH], [LiH/beta alumina/LisN TiC], [NaH/beta
alumina/LisN TiC], [KH/beta alumina/LiN TiCl, [MgHy/beta alumina/Li;N  TiCl,
[CaHy/beta alumina/LisN TiC), [SrHy/beta alumina/LisN TiCl, [BaHy/beta alumina/LisN
TiCl, [NboHybeta alumina/LisN TiC], {MgHzbeta alumina/Li;N  TiC], [ZrHa/beta
alumina/LisN TiC], [LaHy/beta alumina/LisN TiC], {LiH/beta alumina/LiNH TiC],
[NaH/beta alumina/Li;NH TiC], [KH/beta alumina/LizNH TiC], {MgHglbeta alumina/Li;NH
TiC], {CaHy/beta alumina/Li;NH TiC], [SrHobeta alumina/LizNH TiC], [BaHy/beta
alumina/LiaNH TiC], [NbHy/beta alumina/Li;NH TiC], [MgHa/beta alumina/Li;NH TiCl,
[ZrHy/beta alumina/Li;NH  TiC], [LaHz/beta alumina/LibNH - TiCl,  [Ti(Hz)/beta
alumina/LisN], [Nb(Hz)/beta alumina/LisN], [V(Hzybeta alumina/LisN], [Ti(Ha)/beta
alumina/Li,NH], [Nb(Hy)/beta alumina/LibNH], [V(Hi)/beta alumina/Li;NH], [Ti(Hy)/beta
alumina/LisN TiC], [Nb(Hy)/beta alumina/LisN TiC), [V(Hz)beta alumina/Li;N TiCl,
[Ti(Ha)/beta alumina/Li;NH TiC}, [Nb(H)/beta alumina/Li.NH TiCl, [V(Hp)/beta
alumina/Li;NH TiC], and [PtC(Ha) or PdC(H)/H™ conductor such as solid proton conductor
such as H Al;Os,/LizN].

In embodiments, the source of H' is an organic or inorganic compound comprising a
proton such as an alkali or alkaline earth hydrogen oxyanion such as phosphate or sulfate.
An acid such as silicic acid, an alky! aluminum compound or borane with H such as those
with bridging H bonds, ammonium or an alkyl ammonium compound. Further suitable H
soureces are amine borane complexes such as amine borane, boron hydride ammoniates,
hydrazine-borane complexes, diborane diammoniate, borazine, and ammonium
octahydrotriborates or tetrahydroborates, imidazolium ionic liquids such as alkyl(aryl)-3-
methylimidazolium N-bis(trifluoromethanesulfonyl)imidate saits, phosphonium borate, and
carbonite substances. Further exemplary compounds are ammonia borane, alkali ammonia
borane such as lithium ammonia borane, and borane alkyl amine complex such as borane
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dimethylamine complex, borane trimethylamine complex, and amino boranes and borane
amines such as aminodiborane, n-dimethylaminodiborane, tris(dimethylamino)borane, di-n-
butylboronamine, dimethylaminoborane, trimethylaminoborane, ammonia-trimethylborane,
and triethylaminoborane.  Suitable ammonium compounds are ammonium or alkyl
ammonium halides, and aromatic compounds such as imidazole, pyridine, pyrimidine,
pyrazine, perchlorates, PF, , and other anions of the disclosure that are compatible with any
component of the cell which is in contact those components comprising at least the
electrolyte, salt bridge, the reactants of each of the half-cells, and electrodes. The electrolyte
or salt bridge may also comprise these compounds. Exemplary ambient temperature H”
conducting molten salt electrolytes are 1-ethyl-3-methylimidazolium chloride-AICh and
pyrrolidinium based profic ionic liquids. In an embodiment, the source of H" is a protonated
zeolite such as HY. The source of H' may also comprise an organometallic compound such
aromatic transition metal compounds such as compounds comprising ferrocene such as
polyvinylferrorcene, nickelocene, cobaltocene, and other similar compounds that are
protonated in an embodiment.

In embodiments, the source of H' is a compound having a metal-H bond (M-H) such
as a transition metal, rutermium, rhenium, platinum, or osmium complex with other ligands
such as CO, halogen, cyclopentadienyl, and triphenylphosphine, Additional suitable sources
comprises metals with hydrogen bridges such as W, Lu, Ru, Mo, Co, Mn, and Y further
comprising ligands such as CO, NO, and cyclopentadienyl. The source may comprise metals
polyhydrides such Ir, W, Re, Pt, Os, and Rh with ligands such as tertiary phosphines and
cyclopentadienyl. In another embodiment, the source of H' is a compound comprising H
bound to a Group V, VI, or VII element.

The cell having H™ as the migrating ion may comprise a suitable H™ conducting
electrolyte.  Exemplary electrolytes inorganic salts with protonated cations such as
ammonium. The electrolytes may comprise an ionic liquid. The electrolyte may have a low
melting point such as in the range of 100-200°C. Exemplary electrolytes are ethylammonium
nitrate, ethylammonium nitrate doped with dihydrogen phosphate such as about 1% doped,
hydrazinium nitrate, NFL,PO3-TiP.O+, and a eutectic salt of LINOs-NH4NO;. Other suitable
electrolytes may comprise at least one salt of the group of LiNO;, ammonium triflate (T =
CF380; ), ammonium trifluoroacetate (TFAc =CF;CO0 ) ammonium tetrafluorobarate (BF;
), ammonium methanesulfonate (CH3SO; ), ammonium nitrate (NO;3 ), ammonium
thiocyanate (SCN ), ammonium sulfamate (SO:NH, ), ammonium bifluoride (HF, )
ammonium hydrogen sulfate (HSO, ) ammonium bis(trifluoromethanesulfonyl)imide (TFSI
= CF3S0:).N), ammonium bis(perfluoroehtanesulfonyl)imide (BETI = CF:CF,SO):N ),
hydrazinium nitrate and may further comprise a mixture such as a eutectic mixture further
comprising at least one of NHyNO;, NH;Tf, and NH,TFAc. Other suitable solvents comprise
acids such as phosphoric acid. In an embodiment, H' is gencrated at the anode and reduced
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to H at the cathode such as a non-reactive conductor such as a metal such as stainless steel
(8S). The theoretical cell voltage from nonhydrino-based chemistry may be essentially zero,
but a practical voltage is developed due to the formation of hydrinos during the formation of
H. Exemplary cells are [Pt{H;), Pt/C(H,), borane, amino boranes and borane amines, AlH;,
or H-X compound X=Group V,VI, or VII ¢lement)/inorganic salt mixture comprising a liquid
electrolyte such as ammonium nitrate-trifluoractetate/LisN, LioNH, or M (M=metal such as
SS, a transition, inner transition, or rare earth metab)], [R-Ni/H" conductor electrolyte/at least
one of Ni, Pd, Nb], [hydrogenated Pt/C/H™ conductor electrolyte such as ammonium salt or
Nafion/at least one of Ni, Pd, Nb], [hydrogenated Pt/C/H" conductor electrolyte such as
ammonium salt or Nafion/Pd-Ag {(one of LisN, alkali metal such as Li, alkaline earth metal,
rare earth metal, Ti, Zr)], [Hy and gas fuel cell anode comprising Pt/C/H™ conductor
electrolyte such as ammonium salt or Nafion/ at least one of Li, Pd, Nb, Pd-Ag (one of LizN,
alkali metal such as Li, alkaline earth metal, rare earth metal, Ti, Zr)] wherein () designates
inside of an H permeable chamber such as a tube, and [H; and gas fuel cell anode comprising
PY/C, R-Ni, Pt or Pd/R-Ni, hydrogenated Pt/C/H" conductor electrolyte such as ammonium
salt/AlOyfalkali metal such as Li, alkaline earth metal, LiaN, rare earth metal, T, Zr].

In an embodiment, the cathode may comprise a hydrogen permeable membrane such
as a metal tube. The H', reduced to H at the cathode, may diffuse through the membrane
such as the membrane 473 shown in FIGURE 20. The membrane may separaie an inner
chamber 474 from the electrolyte 470, The chamber may contain a reactant such as an
element, alloy, compound or other material that reacts with the H that diffuses inside of the
chamber. The inner reactant may be a metal that forms a hydride such as at least one of an
alkali metal such as Li, an alkaline earth metal such as Ca, Sr, and Ba, a transition metal such
as Ti, an inner transition metal such as Zr, and a rare earth metal such as La. The reactant
may also be a compound such as at least one of LisN and Li;NH. Exemplary cells are
[Pt(H2), P/C(H), borane, amino boranes and borane amines, AlH; or H-X compound
X=Group V, VI, or VI element)/inorganic salt mixture comprising a liquid electrolfyte such as
ammonium nitrate-trifluoractetate/SS, Nd, Ni, Ta, Ti, V, Mo (LisN, LisNH, or M; M=metal
such as S, a transition, inner transition, or rare earth metal)] wherein () denotes inside of the
chamber.

In an embodiment, the anode comprises a source of protons, and the cathode
comprises a sink for protons. The cathode may comprise an organic molecule that is
reversibly reduced by reaction with electrons and protons. Suitable exemplary organic
molecules are methylene blue (methylthioninium chioride), diphenylbenzidine sulfonate,
diphenylamine sulfonate, dichlorophenolindophenol, indophenol, N-phenylanthranilic acid,
N-ethoxychrysoidine  (4-(4-Ethoxyphenylazo)-1,3-phenylenediamine monohydrochloride),
dianisidine (4-(4-amino-3-methoxyphenyl)-2-methoxyaniline), diphenylamine sulfonate,
diphenylamine, viologens (bipyridinium derivatives of 4,4’bipyridyl), thionine,
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indigotetrasuifonic acid, indigotrisulfonic acid, indigo carmine (5,5’ -indigodisulfonic acid),
indigomonosulfonic acid, phenosafranin, safranin T, compounds of 2,8-dimethyl-3,7-
diamino-phenazine, neutral red (eurhodin dyes), anthraquinone, and similar compounds
known in the Art. In an embodiment, the cell further comprises 2 compound or material that
comprises hydrogen such as a hydride or hydrogen intercalated in a support such as carbon.
The cell comprises the components of other cells of the disclosure having a migrating H'.
Exemplary cells are [PY/C(H;) or Pd/C(H,)/separator proton conductor such as Nafion,
aqueous salt electrolyte, or ionic liquid/organic molecule proton acceptor such as methylene
blue, diphenylbenzidine sulfonate, diphenylamine sulfonate, dichlorophenolindophenol,
indophenol, N-phenylanthranilic acid, N-ethoxychrysoidine (4-(4-Ethoxyphenylazo}-1,3-
phenylenediamine  monohydrochloride),  dianisidine  (4-(4-amino-3-methoxyphenyl)-2-
methoxyaniline), diphenylamine sulfonate, diphenylamine, viologens (bipyridinium
derivatives of 4,4’ bipyridyl), thionine, indigotetrasulfonic acid, indigotrisuifonic acid, indigo
carmine (3,5°-indigodisulfonic acid), indigomonosulfonic acid, phenosafranin, safranin T,
compounds of 2,8-dimethyl-3,7-diamino-phenazine, neutral red (eurhodin dyes), or
anthraquinone, a metal hydride such as a rare earth, transition, inner transition, alkali, alkaline
earth metal hydride, or C(Hy)].

In another embodiment, the cathode half-cell comprises a source of H such as a
hydrogen permeable cathode and a source of hydrogen such as a Ti(Hz), Nb(Hz), or V(Hs)
cathode ((H;) designates a source of hydrogen such as hydrogen gas that permeates through
the cathode to contact the electrolyte) or hydride such as at least one of an alkaline or alkaline
earth hydride, a transition metal hydride such as Ti hydride, an inner transition metal hydride
such as Nb, Zr, or Ta hydride, palladium or platinum hydride, and a rare earth hydride. The
H migrates to the anode half-cell compartment. The migration may be through a salt bridge
that is a hydride conductor. The cell may further comprise an eclectrolyte. In another
embodiment, the salt bridge may be replaced by an electrolyte such as a molten eutectic salt
electrolyte such as LICI-KC!l or LiF-LiCL. In the anode half-cell compartment, the H is
oxidized to H. The H may serve as a reactant to from hydrinos with a catalyst. At least some
H may also react with a source of catalyst to form the catalyst or at least one H may comprise
the catalyst. The source of catalyst may be a nitride or imide such as an alkali metal nitride
or imide such as LisN or LizNH. In an embodiment, the anode reactants such as at least one
of a nitride and imide such as LisN and LiNH may be contained in a chamber such as a H
permeable chamber such as a tube, or the chamber may comprise a H permeable membrane
in contact with the electrolyte. The hydride ion in the electrolyte may be oxidized at the wall
of the chamber or membrane and diffuse through the wall or membrane to react with the
reactants in the chamber wherein the hydrino reaction may occur between the formed catalyst
such as Li and H. The imide or amide anode half-cell product may be decomposed and the
hydrogen may be returned to the metal of the cathode half-cell compartment to reform the
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corresponding hydride. Hydrogen reacted to form hydrinos may be made up. The hydrogen
may be transferred by pumping or electrolytically. In exemplary reactions, MyH is the
cathode metal hydride and M is a catalyst metal such as Li, Na, or K:

Cathode Reaction

MH +e to M, + H (266)
Anode Reaction

2H™ + LisN or LisNH to Li + H{(1/p) + LiaNH or LiNHy+ 2e” (267)
Regeneration

Li + LipNH or LiNH; + M, to MH + LisN or LiaNH (268)
Net

H to H(l/p) + energy at least partially as electricity (269)

The cell may further comprise an anode or cathode support material such as a boride such as
GdB,, B4C, MgB,, TiBa, ZrB,, and CrB,, a carbide such as TiC, YC,, or WC or TiCN.
Suitable exemplary celis are [LisN/LICI-KCVTi(Ha)), [LisN/LiCI-KCI/Nb(Hz)], [LisN/LiCl-
KCYV(H2)l, [LiNH/LICI-KCYTi(H2)], [LiaNH/LiCI-KCI/Nb(H)], [Li;NH/LiCl-
KCIYV(Hy)], [LisN TiC/LiCI-KCYTIi(Hy)], [LisN TiC/LiCKCI/Nb(Hz)), [LisN TiC/LiCl-
KCI/V(Hz)], [LipNH  TiC/LICI-KCUTi(Hp)], [LiaNH  TiC/LiCI-KCYNb(Hz)], [Li2NH
TICAICI-KCIV(Hy)], [LiN/LiCI-KCIYLIH], [LiaN/LICHEKCI/NaH], [LisN/LiCI-KCI/KH],
[LisN/LICI-KCI/MgH»],  [LisN/LICI-KCYCaH;],  [LisN/LIiCI-KCVSrH3),  [LisN/ALiCl-
KClBaHz}, [LiLN/LICI-KCI/NbH,],  [LGN/LICI-KCVZrH,],  [LisN/LiCIKCl/LaH,},
[Li;NH/LiCI-KCYLiH], [LiNH/LIiCl-KCi/NaH], [LiNH/LiCI-KCVKH], {[Li:NH/LiCl-
KCI/MgH;}, [LiNH/LICI-KCYCaHz], [LiNH/LICI-KCVSrHa], [LiaZNH/LiCI-KCl/BaH,],
[LipNH/LICI-KCUNbBH;], [LipNH/LICI-KCYZrHa], [LiNH/LICI-KCYLaH,], [LisN TiC/LiCl-
KCVLiH], {LisN TiC/LiCI-KCWNaH], {Li;N  TiC/LiCFKCVKH], [LiN  TiC/LiCl-
KCIMgH,], [LisN TiC/LICI-KCYCaH;], [LiaN TiC/LiCI-KCV/StH,], [LisN TiC/ALiCH-
KCi/BaHz}, [LisN TiC/LiCI-KCI/NbH,], [LisN TiC/LICI-KCHZrH,], [LisN TiC/LiCl-
KClLaH:], [LizNH TiC/LiCI-KCVLiH], [LisNH TiC/LiCl-KCI/NaH}, [LioNH TiC/LiCi-
KCVKH], [LiNH TiC/LiCl-KCYMgHa], [LixNH TiC/LiC-KCYCaH;], [Li;NH TiC/LiCl-
KCI/SrHs], [LizNH TiC/LiCI-KClV/BaH;), [LiNH TiC/LiCl-KCVYNbH,], {LixNH TiC/LiCl-
KCVZrH;], [LiNH TiC/LICI-KCVLaH,], [Ni(LisN)Y/LICI-KCVCeH, CB], [Ni(Li3N
TICYLiCI-KCl/CeH, CB]. and [Ni(Li LiCI-KCIYLiCI-KCl LiH/Fe(H2)] wherein ()
designates inside of an H permeable chamber such as a tube.

In an embodiment comprising the M-N-H system such as a cell having at least one
half-cell reactant or product comprising at least one of MNH;, M;NH, and M;N, at least one
H serves as a catalyst for another. The catalyst mechanism is supported by the NMR peaks
corresponding to Ha(1/2), Ha(1/3) and Ha(1/4) at 2.2, 1.65, and 1.2 ppm , respectively,

In other embodiments, the source of catalyst may be another compound that releases
the catalyst upon reaction with H formed by the oxidation of H™ at the anode. Suitable
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compounds are salts that form hydrogen acid anions or acids such as Li;SO, that can form
LiHSO, or LisPOy that can form Li;HPQOq, for example. Exemplary reactions are
Cathode Reaction

MH+e toM, +H : (270)
Anode Reaction

2H + LiS0, to Li + H(1/p) + LiHSO4+ 2¢7 271
Regeneration

LiHSO4+ M, to M H + L1;580, (272)
Net

H to H(1/p) + energy at least partially as electricity 273

The H transfer reactions involving these systems may be the source of the catalyst as well as
detail in the disclosure.

In another embodiment, the anode half-cell comprises a source of metal cation such as
an alkali metal cation such as Li*. The source may be the corresponding metal such as Li or
an alloy of the metal such as at least one of LisMg, LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiSe
such as Li-Se, LiCd, LiBi, LiPd, LiSn, LizCuSn, Lidn;.,Sb (0<x<3, 0<y<1), LiSb, LiZn, Li
metal-metalloid alloys such as oxides, nitrides, borides, and silicides, and mixed-metal-Li
alloys. The cation such as Li” migrates to the cathode half-cell compartment. The cell may
have an electrolyte. The cation such as Li* may migrate through a molten salt electrolyte
such as a eutectic molten salt mixture such as a mixture of alkali metal halides such as LiF-
LiCl or LiCI-KCl. Exemplary celis are [LiSW/LiCI-KCl/Se  TiHz}, [LiSb/LiCI-KCl/Se
ZrH,}, [LiSw/LiCI-KClSe TiH), [LiSo/LiCI-KCl/Se ZrH;] , [LiH + at least one of LiAl,
LiSi, LiB, LiC, LiPb, LiTe, LiSe, LiCd, LiBi, LiPd, LiSn, Li;CuSn, Lixin;.,Sb (0<x<3,
0<y<l), LiSb, LiZn, and Li metal-metalloid alloys/LiCI-KCVLiH], [LiH + at least one of
LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiSe, LiCd, LiBi, LiPd, LiSn, Li;CuSn, LiIn;.,Sb (0<x<3,
0<y<l), LiSb, LiZn, and Li metal-metalioid alloys + support/LiCl-KCVLiH], [LiH + at least
one of LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiSe, LiCd, LiBi, LiPd, LiSn, Li2CuSn, LixIn;.,8b
(0<x<3, 0<y<l), LiSb, LiZn, and Li metal-metalloid alloys/LiCl-KCI/LiH + support], and
[LiH + at least one of LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiSe, LiCd, LiBi, LiPd, LiSn,
Li;CuSn, Liyn4Sb (0<x<3, 0<y<1), LiSb, LiZn, and Li metal-metalioid alloys +
support/LiCI-KCI/LiH + support] wherein suitable exemplary supports are a carbide, boride,
or carbon.

Alternatively, the migration may be through a salt bridge that is a cation conductor
such as beta alumina. An exemplary Li” salt bridge/electrolyte comprises borosilicate giass-
fiber sheet saturated with a | M LiPF;s electrolyte solution in 1:1 dimethy! carbonate/ethylene
carbonate. In the cathode half-cell compartment, the cation such as Li" is reduced. The
reduction product such as an atom such as Li may serve as a catalyst and may also reserve as
a reactant to from hydrogen from a source wherein the catalyst and H may react to form
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hydrinos. The source of hydrogen may be an amide or imide such as an alkali metal amide or
imide such as LiINH; or LibNH. The source of hydrogen may be a hydrogen storage matetial.
The imide or nitride cathode half-cell product may be hydrided by addition of hydrogen, and
the source of cation such as Li may be returned to the anode compartment electrolytically or
by physical or chemical means. In exemplary reactions, Li is the anode metal and Li is the
catalyst. In other embodiments, Na, or K may replace Li.

Cathode Reaction

2Li" + 2"+ LiNH, or Li;NH to Li + H{1/p) + LizNH or LisN (274)
Anode Reaction

LitoLi" +e- (275)
Regeneration with Li to anode compartment

LioNH or LizN + H to LiNH; or LisNH + Li {276)
Net

H to H(1/p) + energy at least partially as electricity 277)

The cell may further comprise an anode or cathode support material such as a boride such as
GdB,, B4C, MgB,, TiBs, ZrB,, and CrB,, a carbide such as TiC, YC;, or WC or TiCN.
Suitable exempiary cells are {Li/borosilicate glass-fiber sheet saturated with a 1 M LiPFs
electrolyte solution in 1:1 dimethy! carbonate/ethylene carbonate/LiNH,], [Li or Li alloy such
as LizMg or LiC/ olefin separator LiBF; in tetrahydrofuran (THF)/LiINH;], [Li/borosilicate
glass-fiber sheet saturated with a | M LiPF; electrolyte solution in I:1 dimethyl
carbonate/ethylene carbonate/ Li;NH}, [LiAl/borosilicate glass-fiber sheet saturated with a 1
M LiPFg¢ electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/ LiNH,j,
[LiAl/borosilicate glass-fiber sheet saturated with a 1 M LiPFg electrolyte solution in 1:1
dimethyl carbonate/ethylene carbonate/Li;NH], [Li/Li-beta alumnia/LiNH,], [Li/Li-beta
alumnia/LiNH;], [LiAlVLi-beta alumnia/LiNH;], [LiAl/ Li-beta alumnia/Li;)NH],
[Li/borosilicate glass-fiber sheet saturated with a 1| M LiPFs electrolyte solution in 1:1
dimethyl carbonate/ethylene carbonate/LINH, TiC], [Li/borosilicate glass-fiber sheet
saturated with a | M LiPFq electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/
Li-NH TiC), [LiAl/borosilicate glass-fiber sheet saturated with a 1 M LiPF4 electrolyte
solution in 1:1 dimethyl carbonate/ethylene carbonate/ LiNH; TiCl,[LiAl/borosilicate glass-
fiber sheet saturated with a 1 M LiPF; electroiyte solution in 1:1 dimethy! carbonate/ethylene
carbonate/Li;NH TiC], [Li/Li-beta alumnia/LiNH, TiC}, {Li/Li-beta alumnia/LiNH, TiC],
[LiAVLi-beta alumnia/LiNH, TiCl, [LiAV Li-beta alumnia/Li;NH TiC], [Li/LiCl-
KCVLiNH,], [LVLICIKCVLiNH], [LIAVLICI-KCVLINH,], [LiAVLICI-KCI/LioNH],
[LA/LiF-LiC/LINHg], [Li/LiF-LICVLINH,], [LIAVLIF-LiCI/LiNHa], [LiAVLIF-LiCl/LizNH],
[LI/LiICLKCI/LINH,  TiCl, [LI/LiCI-KCYLENH - TiCl, [LIAVLICI-KCYLINH,
TiCl,[LIAVLICI-KCVLLNH  TiCl, [LVLiF-LiCVLINH, TiC], [Li/LiF-LiCYLiNH, TiC],
[LIAVLIF-LICVLINH, TiCl, [LIAVLIF-LiCVLiLNH  TiC)l,  [LixSe/LiCI-KCILINHz],
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[LiSe/LICI-KCVLi;NH], [LinSe/LiCI-KCVLINH;  TiC), [LiSe/LiCI-KCILip,NH  TiCl.
Another alkali metal may replace Li, and mixtures of reactants may be used in at least one of
the cathode or anode. Additional exemplary cells are [M (M = alkali metal) or M alloy such
as an Li alloy as given in the disclosure/BASE/MNH; and optionally a metal hydride such as
CaH,, SrH,, BaH,, TiH,, ZrH,, LaH,, Cel, or other rare earth hydride].

Alternatively, the anode may comprise as a source of Li that forms a compound such
as a selenide or telluride at the cathode. Exemplary cells are [LiNH»/LiCI-KCl/Te],
[LINHo/LIiCI-KC1/Se], [LINHo/LICI-KCITe TiHz], [LINHy/LiCI-KCVSe TiH,], and
(LiNHy/LiCl-KCl/Te ZrHz}, [LINHo/LICI-KCYSe ZrH,], and [LiBH4 Mg/Celgard LP 30/Se].

In other embodiments analogous to the Li-N-H system, another catalyst or source of
catalyt such as Na, K, or Ca replaces Li corresponding to the Na-N-H, K-N-H, and Ca-N-H
systems, respectively.

In another embodiment, the anode half-cell comprises a source of metal cation such as
an alkali metal cation such as Li". The source may at least one of a metal such as Li, a
hydride such as LiH, LiBH4, and LiAlH4, and an intercalation compound such as one of
carbon, hexagonal boron nitride, and metal chalcogenides. Suitable lithiated chalcogenides
are those having a layered structure such as MoS; and WS,. The layered chalcogenide may
be one or more from the group of TiS;, ZrS,, HfS,, TaS,, TeS,, ReS,, PiS,, SnSs, SnSSe,
TiSe,, ZrSes, HiSey, TaSes, TeSes, ReSen, PtSes, SnSep, TiTe,, ZrTes, VTes, NbTes, TaTes,
MoTe,, WTes, CoTes, RhTe,, I'Tes, NiTey, PdTe;, PtTes, SiTes, NbS,, TaS,, MoS;, WS,
NbSe,, NbSes, TaSes, MoSes, VSer, WSep, and MoTe;. The source of the metal cation may
further comprise at least one lithium transition metal nitrides such as Liz sMo4N (M=Co, Cu,
Ni), LipsCopalN, LizsCo02Cuo2N, LizgCoozNigaN, LizeCuozNigaN, LizgCoo25CupisN,
Lis 6Co0p2Cug |Nig N, Liz¢Cop25Cuc 1 NiggsN, and Lis sCoy2Cup 1 sNigosN, composites such as
compounds such as Lio sMosN and at Jeast one of SiC, silicon oxides, and metal oxides such
as Coy0s and LiTiO., and alloys such as SnSb, lithium transition metal oxides such as
LiTi»04, lithium tin oxides, an alloy of the metal such as at least one of lithium alioys such as
Li;Mg, LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiSe such as Li;Se, LiCd, LiBi, LiPd, LiSn,
Li;CuSn, Lixln;,Sb (0<x<3, 0<y<1), LiSb, LiZn, Li metal-metalloid alloys such as oxides,
nitrides, borides, and silicides, and mixed-metal-Li alloys, compounds of the Li-N-H system
such as LiNH,, LixNH, and LizN, and lithium compounds such as chalcogenides such as
Li;Se, Li;Te, and LizS. The cation such as Li" migrates to the cathode half-cell compartment,
The cell may have an electrolyte or a solvent. The cation such as Li” may migrate through a
molien salt electrolyte such as a eutectic molten salt mixture such as a mixture of alkali metal
halides such as LiF-LiCl or LiCI-KCL The cell may have a salt bridge for the migrating ion
such as Li". Then, the salt bridge may be a glass such as borosilicate glass saturated with Li"
electrotyte or a ceramic such as Li" impregnated beta alumina. At least one half cell may
further comprise a source of Li comprising oxides such as LiWO,, LigFeaWQ;, LiyWOs,
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LixV20s, LiCoO,, LiFePO4, LiMna0Qy4 LiNiO, LiFePOsF, LiMnPQs, VOPO4 system,
LiV,0s, LiMg8O4F, LIMSO4F (M=Fe, Co, Nj, transition metal), LIMPOsF (M=Fe, Ti),
Liy{Lig15Ti) 6704], or LisTisOy2, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNi;5Co;sMn 302, and Li{Li.NixCo,Mn,)Os, and LiTi,O4. At least one half-cell
may further comprise a sink for Li comprising lithium deficient versions of these compounds
such as these oxides. In general, the oxide ions may have a face-centered cubic packing
including those with the spinel structure (e.g. LiMn20O4 and variants containing more than one
redox ion) and those with ordered cation distributions. The latter are categorized as having
lavered structure. LiCoO; and LiNiO, are exemplary compounds. Additional suitable
materials have hexégonal close-packed oxide packing including some with olivine-related
structures such as LiFePO4. Whereas, others have more open crystal structures that may be
refereed to as framework or skeleton structures. These are further regarded as containing
polyanions. Exemplary materials are some sulfates, tungstates, phosphates, Nasicon, and
Nasicon-related materials such as Li;Vo(PO4)a and LiFex(SO4)s, mixtures, and polyanion
mixtures. The lithium ions may occupy more that one type of interstitial position.

Suitable exemplary phosphate based CIHT compounds for electrode materials that
may serve as a source or sink of the migrating ion such as Li’ or Na* that may be a source of
the catalyst. They may act to displace H in embodiments to cause the formation of hydrinos
whereby one or more H atoms may serve as the catalyst are LiFePOy, LiFe, MPOy,
Li3Va(POys)s, LIVPOF, LiVPOLOH, LiVP.0O,, LizMPOF, NaxMPO4F, LisVa(Si04)(PO4s)a,
LisV) sAlgs(PQs)s, B-LIVOPQ,, NaVPOLF, NazVo(PO4),F;, Novel Phase A, Novel Phase B,
Novel Phase C, and these compounds with the alkali metal replaced by another such as Li
replaced by Na or vice versa, In general, the CIHT cell material may comprise the general
formula A;FePO4F wherein A may be either Li or Na or mixtures, OH may substitute for F in
these compounds. These materials may be at least one of depleted in the alkali metal and
have H at least partially substituted for the alkali in embodiments.

The cell may comprise at least one of the anode, electrolyte, salt bride, separator, and
cathode of lithium ion batteries known to those skilled in the Art and further comprise a
source of hydrogen and other reactants such as one or more supports to facilitate the
formation of hydrinos. The catalyst Li may be formed in the presence of H formed in or
present in the corresponding half-cell with Li. The cell may comprise Li source anode such
as a Li intercalation compound, nitride, or chalcogenide, at least one of an electroiyte,
separator, and salt bridge, and a cathode comprising at least one of a metal hydride such as a
rare carth hydride, transition metal hydride such as R-Ni or TikH,, or inner transition metal
hydride such as ZrH,, a hydrogenated matrix material such as hydrogenated carbon such as
active carbon, a Li intercalation compound such as a transition metal oxide, tungsten oxide,
molybdenum oxide, niobium oxide, vanadium oxide, a metal oxide or metal oxyanion such as
LiCoO,, or LiFePQy, or other chalcogenide. Exemplary lithiated cathode materials are a sink
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of Li comprising oxides such as LiyWO;, LixV20s, LiCoOs, LiFePOq, LiMn;Os, LiN1O,,
Li;FePQ,F, LiMnPQs, VOPQ, system, LiViOs, LiMgSOF, LiMSO4F (M=Fe, Co, Ni
transition metal), LIMPOJF (M=Fe, Ti), Lix[Lio33Tii 6704], or LisTisO)2, layered transition
metal oxides such as Ni-Mn-Co oxides such as LiNijpCo1sMninOs,  and
Li(Li:NiyCo,Mn,)O,, and LiTi;Os. Exemplary lithiated anode materials are a source of Li
such as graphite (LiCe), hard carbon (LiCs), titanate (LiTisOr2), St (Lig4Si), and Ge
(Lis4Ge). The cathode may comprisc amino boranes and borane amines that react with the
reduced migrating ion. Exemplary cells are [LiC/ polypropylene membrane saturated with a
1 M LiPFs electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/CoC» R-Ni],
[LisN/ polypropylene membrane saturated with a 1 M LiPFs electrolyte solution in 1:1
dimethyl carbonate/ethylene carbonate/CoQ;y R-Ni], [Li/polyolefin separator LP 40/MH;]
wherein MH, is a hydride such as one of an alkali metal, alkaline earth metal, transition
metal, inner transition metal, rare earth metal, R-Ni, hydrogenated carbon, cartbon MH
(M=alkali metal)], [Li source such as Li metal or alloy/lithium solid clectrolyte or molten salt
electrolyte such as a eutectic salt/H source such as a hydride (MH,) or M(H,) wherein M is a
Hs permeable metal or Hp diffusion cathode], and [Li source such as Li metal or
alloy/polyolefin separator LP 40/H source such as a hydride or M(H;) wherein M is a H;
permeable metal or H, diffusion cathode]. In an embodiment, the H; permeable metal or H,
diffusion cathode is embedded in a hydrogen dissociator and support such as at least one of
carbon, Pt/C, Pd/C, Ru/C, Ir/C, a carbide, a boride, and a metal powder such as Ni, Ti, and
Nb. Suitable hydrogen permeable metals are Pd, Pt, Nb, V, Ta, and Pd-Ag alloy. In the case,
that the electrolyte is a molten salt, the salt may comprise a carbonate such as an alkali
carbonate.

The migrating cation may undergo reduction at the cathode and form an alloy or
compound with a reactant of the cathode compartment. The reduced cation may form a metal
such as Li, a hydride such as LiH, LiBH,, and LiAlHy, and an intercalation compound such as
one of carbon, hexagonal boron nitride, and meta! chalcogenides. Suitable chalcogenides are
those having a layered structure such as MoS; and WS,. The layered chalcogenide may be
one or more form the list of TiSs, ZrSs, HFS,, TaSs, TeS,, ReSy, PtS;, SnS,, SnSSe, TiSes,
ZrSeq, HfSes, VSes, TaSes, TeSes, ReSen, PtSey, SnSes, TiTey, ZrTes, VTes, NbTey, TaTe,
MoTe,, WTey, CoTe, RhTey, IrTe,, NiTey, PdTes, PtTe;, SiTe, NbS,, TaS;, MoSz, WS,
NbSes, NbSes, TaSes, MoSe,, WSes, and MoTe,. An exemplary Li cathode is LiTiS;. The
cathode half-cell reactants may comprise those of lithium ion bateries such as a transition
metal oxide, tungsten oxide, molybdenum oxide, niobium oxide, vanadium oxide, Li,WO;,
LiyV20s, LiCoQs, LiFePO4 LiMnyOy, LiNiO, LibFePOsF, LiMnPO,, VOPO, system,
LiV20s, LiMgSO.F, LiMSOsF (M=Fe, Co, Ni, transition metal), LIMPOF (M=Fe, Ti},
Liy[Lig33Ti16704], o LisTisOu, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNi;3CosMny 30z, and Li(LiNi,Co,Mn,)O5, and LiTiyO4. In an embodiment, the
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charged negative electrode is a source of migrating M* such as Li", and electrons to the
circuit comprising an alkali metal (e.g. lithium} intercalated chalcogenide. The alloy or
compound formed may be a lithium alloy or compound such as at least one of LisMg, LiAl
Lisi, LiB, LiC, LiPb, LiTe, LiSe such as Li;Se, LiCd, LiBi, LiPd, LiSn, Li;CuSn, Li,In;.,Sb
(0<x<3, O<y<1), LiSh, LiZn, Li metal-metalloid afloys such as oxides, nitrides, borides, and
silicides, and mixed-metal-Li alloys, compounds of the Li-N-H sysiem such as LiNH,,
LizNH, and LisN, and lithium compounds such as chalcogenides such as Li;Se, Li;Te, and
LiS. At least one of the anode or cathode compartment reactants comprises a source of
hydrogen such as hydrogen gas or hydrogen from metal permeation, a hydride, or a
compound of the Li-N-H or similar system. The hydrogen permeation source may be a tube
of a metal that forms an alloy with the reduced migrating ion such as Li. The tube may be
internally pressurized with hydogen. The tube may be comprised of exemplary metals such
as Sb, Pb, Al, Sn, and Bi. At least one of the cathode and anode reactants may further
comprise a support such as a carbide, boride, or carbon. In other embodiments, other catalyst
or sources of catalysts such as Na, K, Rb, or Cs substitute for Li.

The cell may comprise an intercalation or sandwich compound at least one of the
cathode and anode, an electrolyte or salt bridge, and a source of hydrogen at least one of the
cathode or anode. At least one of the cathode and anode half-cell reactants may comprise
those of a lithium ion battery. The source of hydrogen may be a hydride, hydrogen via
permeation through a membrane, and a hydrogenated support, The migrating ion may be Li",
Na’, or K™ with a suitable electrolyte that may comprise an organic electrolyte such as MPF;
(M is the corresponding alkali metal) in a carbonate solvent or a molten eutectic salt such as a
mixture or alkali halides such as those of the same alkali metal M.

In an embodiment, the electrochemistry creates hydrino reactants of a catalyst and H
at, at least one of the cathode or anode or their compartments. Exemplary reactions wherein
metal M is the catalyst or source of catalyst and M, and Mb are metals that form an alloy or
compound with M are
Cathode Reaction

M" +e +H+ M to MM, + H(1/p) or M" + & + H to M + H(1/p) (278)
Anode Reaction
MtoM +e¢ or MMy to M™ +e 279

Net
M + H to M+ H(1/p) + energy at least partially as eleciricity
M + M, + H to MM, + H(1/p) + energy at least partially as electricity
MMy, + H to My + M + H{1/p) + energy at least partiaily as electricity
MM, + M, + H to My + MM, + H(1/p) + energy at least partially as electricity
(280)
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Exemplary cells are [Li/LiCI-KCl/Sb or LiSb TiH,], {Li/LiCI-KCI/Sb or LiSb LiH],
[Li/LiCI-KCI/Sb or LiSb ZrH,], [Li/LiCI-KCI/Sb or LiSb MgH-], [LiSn/LiCI-KCI/Sb or LiSb
MgHa], [LiSa/LIiCI-KC¥/8b or LiSb LiH], [LiH/LiCI-KCVSb or LiSb TiH], [LiH/LiCl-
KCI/Sb or LiSb ZrH,], [LiH/LiCi-KCV/Sb or LiSb TiHa], [LiH/LiCI-KCV/Sb or LiSb LiH],
[LiH/LICI-KCY/Sbh or LiSb MgH:], [LiSn/LiCI-KCV/Sb or LiSb MgH,], [LiSn/LiC]-KCI/Sb or
LiSb LiH], [LiSn/LiCI-KCI/Sb or LiSb TiH,}, [LiSn/LiCI-KCVSb or LiSb ZrHy], [LiPb/LiCl-
KCI/Sb or LiSb MgH,], [LiPb/LiCI-KCI/Sb or LiSbh LiH], [LiPb/LiCI-KCl/Sb or LiSh TiHs),
[LiPb/LICIKCI/Sb or LiSb ZrH»], [LiH LizN/LICI-KCl/Se], [Li;N/LIiCI-KCl/Se TiHa],
[LiNH/LiCI-KCl/Se], [LizNH/LICI-KCl/Se TiH;), [LiH LiaN/LiCI-KCI/MgSe], {LisN/LiCl-
KCI/MgSe TiH,], [LiaNH/LICI-KCIMgSe], [LipNH/LICI-KCI/MgSe TiH,], [LiH LisN/LiCl-
KCVTel, [LisN/LICI-KCl/Te TiHa], [LiNH/LICI-KCl/Te}, [LioNH/LICI-KCVTe TiH,], {LiH
LisN/LiCI-KCl/MgTel, [LisN/LiCI-KCl/MgTe TiHa], [LibNH/LiCI-KCl/MgTel,
[LizNH/LiCI-KCIY/MgTe TiHz), [LiH LisN/LICI-KCILINH,], [LisN/LiCl-KCVLiNH,], [LiH
LipNH/LICI-KCVLiNH],  [LipNH/LICI-KCVLIpNH], [LiH LiN/LICIKCULINH, - TiHa],
[LisN/LiCI-KCVLINH, TiH,}, [LiH LipNH/AICI-KCVLiLNH TiH,], [LiNH/LiCI-KCI/Li;NH
TiHs], [LisN TiHy/LiCI-KCVLINH,], [LipNH TiHy/LiCI-KCVLi:NH], [at least one of Li,
LiH, LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiSe, LiCd, LiBi, LiPd, LiSn, Li»CuSn, LiyIn,.,Sb
(0<x<3, O<y<l), LiSb, LiZn, Li metal-metalloid alloys, LisN, Li;NH, LiNH;, and a
support/LiCI-KCl/at least one source of H such as LiH, MgH,, TiHs, ZrH,, a support, and a
material to form an alloy or compounds with Li such as at least of the following group of
alloys or compound or the species without the Li: LizMg, LiAl, LiSi, LiB, LiC, LiPb, LiTe,
LiSe, LiCd, LiBi, LiPd, LiSn, LixCuSn, Lixn.,Sb (0<x<3, O<y<l), LiSb, LiZn, Li metal-
metalloid alloys, S, Se, Te, MgSe, MgTe, LisN, LixNH, LiNH;], and [at least one of Li, LiH,
LiAl LiSi, LiB, LiC, LiPb, LiTe, LiSe, LiCd, LiBi, LiPd, LiSn, LizCuSn, LiyIn;,Sb (0<x<3,
0<y<l), LiSb, LiZn, Li metal-metalioid alloys, LizN, Li;NH, LiNH,, and a support/a salt
bridge such as borosilicate glass or Li impregnated beta alumina/at least one source of H such
as LiH, MgHs, TiH;, ZrH;, a support, and a material to form an alloy or compound with Li
such as at least of the following group of alloys or compound or the species without the Li:
LisMg, LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiSe, LiCd, LiBi, LiPd, LiSn, Li;CuSn, Lixn,.,Sb
{0<x<3, O<y<l), LiSb, LiZn, Li metal-metalloid alloys, S, Se, Te, MgSe, MgTe, LizN,
Li;NH, LiNH;]. Cells comprising anode and cathode compartments reactants of a system
such as the Li-N-H systern may comprise a rocking chair design. At least one of H or Li
supplied by one set of reactants to the other can react at the opposite compartment to release
at least one of H or Li to establish cycle of reaction between two sets of reactants, For
example, the anode reactants may comprise LisN and the cathode reactants may comprise
LiNH,. The Li from the anode may react with the cathode LiNH; to form Li;NH + H. The H
may react with LizN at the anode compartment to form Li and Li;NH that continues the
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cycle. The reverse reaction to form the original reactants may be achieved by appropriately
adding and removing at least one of H and Li or by via electrolysis.

In an embodiment of a cell having a solid electrolyte and Li* is the migrating ion, the
Li" source is a lithium compound such as a lithium intercalation compound or a lithium
hydride such as LiH or LiBHs. Exemplary cells are [LiH/BASE/LiOH],
[LiBHY/BASE/LiOH], [LiV.Os/BASE/LiOH], and [LiC solvent such as Lil
LiBr/BASE/LIOH]. Additional exemplary cells comprising M™ (M = alkali metal) as the
migrating ion are [Na/Na-BASE/LiOH], [Na/Na-BASE/NaBH., [Li/Celgard LP
30/PtC(H)],  [LisMg/Celgard  LP 30/PtC(Hz)], [LisMg/Celgard LP  30/R-Nij,
[Li1.6Ga/Celgard LP 30/R-Ni}, [Na/BASE/PtC(H,) Nal NaBr], [Na/BASE/PtALOs(Hz) Nal
NaBr], [Na/BASE/PdALO;(H;) Nal NaBr], [Na/BASE/PtTi(H;) Nal NabBrl,
[Na/BASE/MNaSH NaBr Nal], [Na/BASE/NaSH NaOH], [LiBH4/Lil Csl/Te], [LiBH4/Lil
Csl/Sel, {LiBH4/Lil Csi/MgTe), and {LiBH4/Lil Csl/MgSe].

In an embodiment, the chemistry is regenerative by means such as electrotysis or
spontaneously. In the latter case, a suitable example, according to Eqs. (278-280), is the
formation of M at the cathode, the diffusion of M to the anode comprised of M,, and the
spontaneously reaction of M to form the alloy MM,. Another exemplary embodiment further
regarding Eq. (274), is the formation of M at the cathode, the reaction of M with MNH. or
M,NH to form H and M,;NH or M;N, respectively, reaction of supplied H with MoNH or
M;N to form either MINH, or MaNH and M, diffusion of M to the anode comprised of M,,
and the spontaneously reaction of M to form the alloy MMa..

In an embodiment, the cell comprises a metal and ammonia in at least one of the
cathode and anode half-cells wherein the metal forms the corresponding amide by reaction
with ammonia gas. In an embodiment having a metal that reacts with nitrogen to form the
corresponding metal nitride that further reacts with hydrogen to form the amide, the
corresponding half-cell contains nitrogen and optionally hydrogen gas. In the absence of
hydrogen gas, the amide may be formed by H in the half-cell or from hydrogen that migrates
from another half-cell. The hydrogen source may be a hydride such as a metal hydride. The
migrating hydrogen species may be H™ or H". The cell may further comprise the other cell
components of the disclosure such as an electrolyte, salt bridge or separator, support,
hydrogen source, and other half-cell reactants. Exemplary cells are [M + NHa/separator LP
40 or LiBF, in tetrahydrofuran (THF), ionic liquid electrolyte, solid electrolyte such as
LiAlQ; or BASE, eutectic salt electrolyte/M’ + NH;] wherein M and M are each a metal that
forms an amide by reaction with NH; such as an alkali or alkaline earth metal. Preferably, M
and M’ are different metals. Further exemplary cells are [M + NH; or N and H; optionalty
Py/C(H,)/separator LP 40 or LiBF, in tetrahydrofuran (THF), ionic liquid electrolyte, solid
electrolyte such as LiAlO, or BASE, eutectic salt electrolyte/M” + NH;z or N; and H;
optionally a metal hydride such as TiHz, ZrH,, or a rare earth hydride] wherein M and M’ are
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each a metal that forms an amide by reaction with NHs or such as an alkali or alkaline earth
metal or react with Ny and Ha to form the corresponding amide. Preferably, M and M’ are
different metals. The cell may also comprise a conducting matrix. In an embodiment, the
conducting matrix is a metal such as an alkali metal, Exemplary cells are [Li/ separator LP
40 or LiBF, in tetrahydrofuran (THF), ionic¢ liquid electrolyte, solid electrolyte such as
LiAKD; or BASE, eutectic salt electrolyte/NaNH: Na] and [LiC/Celgard LP 40/N; and H; gas
mixture and conducting matrix such as TiC, metal powder such as Al, R-Ni, or reduced Ni, or
CB or PiC].

In an embodiment, lithium amide is formed by the reaction of Li with ammonia. The
anode is a source of Li, and the cathode is a source of NH;. A suitable source of Li is Li
metal or a Li alloy such as LisMg. A suitable source of ammonia is NH; intercalated in
carbon such as carbon black, zeolite, carbon zeolite mixtures and other materials that absorb
NH;. Exemplary cells are [Li or Li;Mg/ olefin separator LP40/NH; intercalated carbon or
NH; absorbed on zeolte]. In other embodiments, another alkali metal such as Na or K
replaces Li.

In an embodiment, the migrating ion may be one of a metal ion such as an alkali metal
ion such as Li*, or H', or H". At least one of the cathode and anode half-cell reactants
comprises amino boranes and borane amines that react with the migrating ion undergoing
reduction. The reaction results in vacancies of H or H addition that cause hydrinos to be
formed wherein one or more H atoms serve as a catalyst for another. In another embodiment,
the reaction results in the formation of H in the presence of catalyst such as Li, K, or Nall
that react to form hydrinos. Exemplary cells are [Li or Li alloy such as LiC or LizMg/olefin
separator LP 40/amino borane and borane amine], [Pt/C(H,)/proton conductor such as Nafion
or ionic liquid/amino borane and borane amine], [amino borane and borane amine /eutectic
salt H conductor such as LiCI-KCl/hydride such as a rare earth, transition, inner transition,
alkali, and alkaline earth metal]. The cell may further comprise at least one of a conductive
support, matrix and binder.

In an embodiment, a cation exchange may occur between the half-cell reactants and
the eutectic salt. In an example, Li;NH reacts with a cation of the electrolyte, and it is
replaced by a cation from the anode half-cell. The source may be a metal or a hydride such
as that designated by MH.

Cathode Reaction

Li* + Li;NH + ¢ to LisN + H(1/p) (281)
Anode Reaction

MHtoM +¢ +H (282)
Regeneration

LisN + Hte Li + LipNH (283)

Li+M+toLi" +M (284)
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Net
H to H(1/p) + energy at least partially as electricity (28%)
In an embodiment, an ion such as Li" may be formed by the oxidation of the
corresponding imide at the anode. The reaction of the migrating ion at the cathode may also
involve the formation of a compound or alloy comprising the reduced migrating ion.
Exemplary reactions are
Anode Reaction

2LNH to LisN + 2H + 1/2Ny+ Li” + ¢ (Li and H react to hydrinos) (286)
Cathode Reaction

Li"+¢ to Li (287)
Net
2Li;NH to LisN + 2H + 172N, + Li (288)

Anode Reaction

Li;NH to H + 1/2Ny+ 2Li" + 2¢” (Li and H react to hydrino H(1/4)) (289)
Cathode Reaction

2Li7 + 2¢ + Se to LizSe (290)
Net

Li;NH 4+ Se to 1/2Nz + LizSe + H(1/4) {291)

Exemplary cells are [LiNH/LIiCI-KCl/Se], [LiNH/LiCI-KCl/Se + Hj], [LiNH/LiCl-
KCl/Se], [LiNHy/LiCI-KCI/Se + Hj}, [LiNH/LICI-KCYTe] , [LiNH/LiCI-KCl/Te + Ha,
[LiNH,/LiCI-KCV/Te], and [LiNH/LiCI-KCVTe + Hy].

In an embodiment, LiH that may act as a catalyst with the Li-N-H system. In an
exemplary system, the reversible reactions are
Cathode Reaction

LiH + LiNH, + 2e" to LioNH + 2H (292)

LiH + LiosNH +2e” to LisN + 21 {293)
Anode Reaction .

4F + LizN to LiNH: + 2LiH + 4¢” (294)

as H is reduced and H- is oxidized hydrinos H(1/p) are formed. In effect, LINH; moves from
cathode to anode and the chemistry is reversible to cause hydrinos to form with the
production of electrical power. The H carrier may be H that migrates from the cathode to
anode.

In an embodiment, at least one H atom created by reactions between species of the M-
N-H system serve as catalyst for another formed by these reactions. Exemplary reversible
reactions are LiH + LiNH; to LioNH + Hp, LiH + LipNH to LisN + Hy, Li + LiNH; to LibNH
+ 1/2Ha, Li + Li;NH to LisN + 1/2H,. Na or K may replace Li. The H; NMR peak at 3.94
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ppm and the reaction product peaks of the celi [LisN/LiCI-KCi/CeH;] at 2.2 ppm, 1.63 ppm,
and 1.00 ppm with the fargest initially being the 1.63 ppm peak is consistent with H acting as
the catalyst to form H(1/2), H(1/3), and then H(1/4) having the corresponding molecular
NMR peaks Ha(1/2), Ha(1/3), and Hy(1/4). Li may also serve as a catalyst. Based on the
intensity of the Ha{1/4) peaks in NaNH;, Nal may serve as a catalyst as well in this material.

In an embodiment, the anode comprises a source of Li that may also comprise a
source of hydrogen such as at least one of Li metal, Lit, Li;Se, Li;Te, LisS, LiNH;, LiaNH,
and Li;N. The cathode comprises iodine and may further comprise a composite of iodine and
a matrix such poly-Z-vinylpyridine (P2VP). A suitable composite comprises about 10%
P2VP. The cell further comprises a source of hydrogen that may be from the anode reacts or
may be a reactant of the cathode compartment. Suitable sources of hydrogen are Ha gas
added directly or by permeation through a membrane such as a hydrogen permeable metal
membrane. Exemplary cells are [Li/Lil formed during operation/I; P2VP H;], [Li/Lil formed
during operation/I; P2VP SS(H,)], [LiH/Lil formed during operation/l; P2VP], [LiNH/Lil
formed during operation/I; P2VP], [Li,NH/LiI formed during operation/I; P2VP], [Li;N/Lil
formed during operation/I; P2VP], [Li,Se/Lil formed during operation/I; P2VP SS(Ha.)],
[Li;Te/Lil formed during operation/I; P2VP SS{H;)], and [Li;S/Lil formed during
operation/I; P2VP SS{Hz)].

In an embodiment, the electrochemistry creates hydrino reactants of the halide-
hydride exchange reactions of the present disclosure. In an embodiment, the redox reactions
to form hydrinos involve the cathode reaction of Eq. (243) wherein M + H is reduced to MH
that is a reactant of a halide hydride exchange reaction that forms hydrinos as a result of the
exchange reaction. Exemplary reactions are

Cathode Reaction

Li"+e +HtoLiH (295)
Anode Reaction

LitoLi"+¢ (296)
And in solution

nLiH + MX or MX, to nLiX + M and MH, and H(1/4) 297)
Net Hydrino Reaction

Hto H(1/4) + 19.7 MJ (298)

The eutectic mixture comprising the electrolyte may be a source of the hydrino
reactants of a haiide»hydride exchange reaction. A suitable eutectic mixture may comprise at
least one first salt such as halide salt and a salt that is a source of a hydride. The source of
hydride may be a source of catalyst. An alkali halide may serve as a source of catalyst. For
example, LiX, NaX, or KX (X is a halide) may serve as a source of catalyst comprising LiH,
NaH, and KH, respectively. Alternatively, at least one H may serve as the catalyst. The first
salt may comprise a rare garth, transition metal, alkaline earth, alkali and other metals such a
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those of Ag and alkali salts. Exemplary halide-sait mixtures are EuBry-LiX (X=F, Cl, Br),
LaFs-LiX, CeBr3-LiX, AgCIi-LiX. Others are given in TABLE 4. In a further embodiment,
at least one electrode may be a reactant or product of the halide-hydride exchange reaction.
For example, the cathode may be Eu or EuH; that is the product of the halide exchange
reaction of a europium halide such as EuBr; and an alkali metal hydride such as LiH. Other
rare earth or transition metals or their hydrides such as La, LaHz, Ce, CeHa, Ni, NiH, and Mn
may comprise the cathode. These are the products of halide-hydride exchange reactions of
the present disclosure such as those between an alkali metal hydride MH such as LiH, NaH,
and KH and metal halides such as LaFi;, CeBr;, NiBr;, and Mnl,, respectively. In an
embodiment, the halide hydride exchange reactants may be regenerated by electrolysis or
thermally. In an embodiment, the cell may be operated at elevated temperature such that
thermal regeneration occurs in the cell. The reverse reaction of the halide-hydride exchange
may occur thermally wherein the heat energy is at least partially from the reaction to form
hydrinos.

In an embodiment, a conductive species such as Li metal from a porous or aopen
electrode may accumulate in the cell such as in the electrolyte. The conductive species may
cause a short circuit of the voltage developed between the cathode and anode. The short may
be eliminated by breaking the continuity of the conducting circuit between the electrodes.
The electrolyte may be stirred to break the circuit. The concentration of the conductive
species may be controlied to prevent a short. In an embodiment, the release of the species is
controlled by controiling the solubility of the species in the electrolyte. In an embodiment,
the reaction conditions such as the temperature, electrolyte composition, and hydrogen
pressure and hydride concentration are controlled. For example, the metal concentration such
as that of Li may be controlled by altering its solubility by the amount of LiH present and
vice versa. Aliernatively, the conductive species such as Li may be removed. The removal
may be by electroplating using electrolysis. In an embodiment, excess metal such as an alkali
or alkaline earth metal such as Li can be removed by electrolysis by first forming the hydride.
Then, the ions can be removed. M" such as Li" can be plated out as metal such as Li and H’
removed as Hy gas. The electroplating may be onto a counter elecirode. The counter
electrode may form a Li alloy such as LiAl. The electrolysis may remove the Li from the
CIBT cathode. During electrolysis Li metal deposited on the CIHT cathode may be anodized
(oxidized) to Li" that migrates to the electrolysis cathode (CIHT anode) where it is
electroplated. Or Li" may go into solution at the electrolysis anode, and an anion may form
at the electrolysis cathode. In an embodiment, H may be reduced to H" at the electrolysis
cathode. In another embodiment, Li may be deposited at the electrolysis cathode and H may
be formed at the electrolysis anode. The H may be formed by oxidation of H. The H may
react with Li on the surface of the electrolysis anode to form LiH. The LiH may dissolve into
the electrolyte such that Li is removed from the electrolysis anode (CIHT cathode) to
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regenerate the CIHT cell voltage and power due to the return of the catalysis of H to form
hydrinos when operated in the CIHT cell mode. During operation of the CIHT cell, a hydride
such as LiH may precipitate from the electrolyte and be separated based on a buoyancy
difference between it, the electrolyte, and optionally the Li metal, It may also be selectively
precipitated onto a material. The hydride layer may be pumped or otherwise mechanically
transferred to an electrolysis cell wherein Li metal and H; are generated and returned to the
CIHT cell. The electrolysis electrical power may be provided by another CIHT cell. Other
metals may substitute for Li in other embodiments.

In an embodiment, a voltage is generated from a reaction that forms hydrino reactants
that then react to form hydrinos, and the polarity is periodically reversed by applying an
external power source to regenerate the conditions to form hydrinos. The regeneration may
comprise at least one of partially regenerating the original reactants or their concentrations,
and removing a reactant, or intermediate, or other species such as a contaminanf Or one or
more products. Removing one or more products may at least partially eliminate product
inhibition. Electrolysis may be performed by applying a voltage to remove hydrino and other
inhibiting products. In an embodiment, excess alkali metal such as Li, Na, or K may be
electroplated out of solution. In an embodiment, the ions such as Li", Na', or K” are
electrolyzed to the metals at a cathode using an external power source that may be another
CIHT cell working in the direction of forming hydrinos to at least partially supply the
electrolysis power. The electrolysis may be on a cathode to form an alloy such as a Li;Mg,
LiAl, LiSi, LiB, LiC, LiPb, LiTe, LiCd, LiBi, LiPd, LiSn, LiSbh, LiZn, LiGa, Liln, Li metal-
metalloid alioys such as oxides, nitrides, borides, and silicides, mixed-metal-Li alloys such as
Cu(5.4wt%)Li(1.3wt%)Ag(0.4wt%)Mg(0.4wt%)Zr(0.14wt%)Al(balance),
Cu(2.7wi%)Li(2.2wt%) Zr(0.12wt%)Al(balance), Cu(2.1wt%)Li(2.0wt%)
Zr(0.10wt%)Al(balance), and Cu(0.95wt%)Li(2.45wt%) Zr(0.12wt%)Al(balance), NaSn,
NaZn, NaBi, KSn, KZn, or KBi alloys. Other CIHT cell anodes that may be regenerated by
electrolysis as a cathode are lithium impregnated (lithiated) boride anodes such as LiB alloy
and lithiated TiBa, MgB., GdB,, CrB,, ZrB,. Other suitable alloys such as those of alkaline
earth metals are MgNi and MgCu alloys. The electrolysis at an anode may form hydrogen or
a metal hydride of the anode metal such as nickel, titanium, niobium, or vanadium hydride.
The electrolysis cathode and anode may be CIHT cell anode and cathode where the roles are
reversed in switching from CIHT to electrolysis cell and back again after the cell is
regenerated. The reverse voltage may be applied as a pulse. The pulsed reverse polarity and
waveform may be in any frequency range, peak voltage, peak power, peak current, duty
cycle, and offset voltage. The pulsed reversal may be DC, or the applied voltage may have
be alternating or have a waveform. The application may be pulsed at a desired frequency and
the waveform may have a desired frequency. Suitable pulsed frequencies are within the
range of about 1 10 about 1000 Hz and the duty cycle may be about .001%.to about 95% but
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may be within narrower ranges of factor of two increments within this range. The peak
voltage may be within the range of at least one of about 0.1 V to 10 V, but may be within
narrower ranges of a factor of two increments within this range. In another, embodiment a
high voltage pulse is applied that may in the range of about [0 V to 100 kV, but may be
within narrower ranges of order magnitude increments within this range. The waveform may
have a frequency within the range of at least one of about 0.1 Hz to about 100 MHz, about
100 MHz to 10 GHz, and about 10 GHz to 100 Ghz, but may be within narrower ranges of
order magnitude increments within this range. The duty cycle may be at least one of the
range of about 0.001% to about 95%, and about 0.1% to about 10%, but may be within
narrower ranges of order magnitude increments within this range. The peak power density of
the pulses may be in the range of about 0.00] W/em? to 1000 W/ cm’ but may be within
narrower ranges of order magnitude increments within this range. The average power density
of the pulses may be in the range of about 0.000] W/em® to 100 W/ cm®, but may be within
narrower ranges of order magnitude increments within this range.

In an embodiment, reactants that may be short lived are generated during electrolysis
that result in the formation of hydrinos and corresponding electrical power during the CIHT
cell discharge phase of a repeated cycle of charge and discharge. The electrolysis power may
be applied to optimize the energy from the formation of hydrinos relative to the input energy.
The electrolysis conditions of voltage, waveform, duty cell, frequency and other such
parameters may be adjusted to increase the electrical energy gain from the cell.

Exemplary cells for pulsed electrolysis are [Li/olefin separator LP40/hydrogenated
C], [LiC/olefin separator LP40/hydrogenated CJ, [Li/olefin separator LP40/metal hydride],
[LiClolefin separator L.P40/metal hydride].

In another embodiment, the removal of inhibiting agents or regeneration of the
hydrino reaction is performed by mechanical agitation such as stirring. In another
embodiment, the removal of inhibiting agents or regeneration of the hydrino reaction is
performed by thermally cycling the cell. Alternatively, a reactant may be added to remove
the source of inhibition. A source of protons may be added in the case that the inhibiting
species is a hydride such as hydrino hydride. The source may be HCL. The product may be a
metal halide such as an alkali metal halide that may further be regenerated by electrolysis.
The electrolysis may be in the molten electrolyte such as a eutectic. In the case that the
inhibiting agent is an alkali metal of hydride such as Li, a reactant may be added that
selectively reacts with it to change its activity. For example, a suitable reactant for Li is
nitrogen that favors formation of a nitride with Li.

In an embodiment, Li can be regenerated and collected into a vessel such as an
inverted electrolyte-immersed bell that pools the metal at the top of the electrolyte inside of
the bell due to the lower density of the metal relative to that of the electrolyte. In an
embodiment, the metal concentration in the electrolyte may be controlled by an actuated
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system such as a thermally or electrically controlled release system such as a Knudsen cell or
piezoelectric release system. In another embodiment, the metal such as Li is controlied by
controlling the reaction conditions such as cell temperature, concentration of at least one
reactant, or hydrogen pressure. For example, the formation of LiAl or LiSi alloys is
spontaneous from LiH with a metal counter electrode such as Ti that forms a metal hydride
such as TiH. The reaction is formed by high LiH concentration. Then, the cell can be run in
the CIHT mode having the lithium alloy as the anode and the metal hydride such as TiH as
the cathode when the LiH concentration is lowered.

In embodiments, the half-cell reactants are regenerated. The regeneration may be in
batch mode by means such as electrolysis of products to reactants or by the thermal reaction
of products to reactants. Alternatively, the system may regenerate spontaneously in batch-
mode or continuously. The reaction to form the hydrino reactants occurs by the flow of
electrons and ions involving the corresponding reactants that undergo oxidation in the anode
half-cell and reduction in the cathode half-cell. In an embodiment, the overall reaction to
form the hydrino reactants is not thermodynamically favorable. For example, it has a positive
free energy, and the reaction in the reverse direction is spontanecus or can be made
spontaneous by changing the reaction conditions. Then, the forward direction of the reaction
is driven by the large energy release in forming hydrinos in a manner that may be a concerted
reaction. Since the reaction to form hydrinos is not reversible, the products may
spontancously convert to the reactants after hydrinos have been formed. Or, one or more
reaction conditions such a temperature, hydrogen pressure, or concentration of one or more
reactants or products is changed to regenerate the initial reactants of the cell. In an
exemplary cell, the anode comprises an alloy or compound of the source of catalyst such as
Li, such as LiPb or LiSb and Li,Se, Li-Te, an amide, imide or nitride such as those of Li,
respectively, and the cathode comprises a source of hydrogen and a reactant that reacts with
the source of catalyst that may also be the source of hydrogen. The source of hydrogen and
reactant that may also be a source of hydrogen may be as at least one of a hydride, a
compound, an element such as a metal, an amide, an imide, or a nitride. In additional
embodiments having an alkali metal alloy such as a Li alloy, the alloy may be hydrided (i.e.
the corresponding atloy hydride). The metal of any of the cathode half-cell reactants may
form an alloy or other compound such as a selenide, telluride, or hydride with the source of
catalyst. The transport of the source of catalyst from the anode with the formation of an alloy
or compound at the cathode is not thermodynamicaily favorable, but is driven by the hydrino
reaction. Then, the reverse spontancous reaction involving just the products other than
hydrinos may occur {o regenerate the reactants, Exemplary cells are [LiSb/LiCl-
KCYTI(KH)Y, [LiSW/LIiCIHKCl Li/Ti(KH)], [LiSYVLICKCE LiH/LiINH], [LiSi/LiCl-
KCI/LiNHz], [LiPb/LiICI-KCIUTi(KH)], [LiPb/LICI-KCl  LiVTi(KH)], [LixSe/LiCl-
KCVLINH; or Li:NH], [Li;Se/LiCI-KCFVLiINH, or Li;NH + support such as TiC],
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{LizTe/LICI-KCI/LiNH; or LiaNH], {Li;Te/LiCI-KCI/LiNH; or Li;NH + support such as
TiC), [LiSKLICI-KCl LiH/Ti(Hy)), [LiPb/LICI-KCl/ Ti(H,)], [Li,Se/LiCI-KCl/ Ti(Hy)],
[LiTe/LiCI-KCl/  Ti(H»)], [LiSYLICI-KCl  LiH/Fe(H,)], [LiPb/LiCI-KCl/  Fe(Ha)],
[LizSe/LiC-KCl/ Fe(Hy)], and [Li:Te/LiCI-KClV Ni(H,)]. An exemplary regeneration
reaction involving the reactant amide with a product imide or nitride is the addition of
hydrogen that reacts with the imide or nitride to from the hydrogenated imide or amide,
respectively.

In an embodiment, the hydrino hydride inhibits the reaction, and regeneration is
achieved by reacting the hydride to form molecular hydrino that may be vented from the cell.
The hydride may be present on at least one of the cathode and anode, and in the electrolyte.
The reaction of hydride to molecular hydrino may be achieved by electrolysis. The
electrolysis may have a polarity opposite that of the CIHT cell operation. The electrolysis
may form protons or H that reacts with hydrino hydride to form molecular hydrino. The
reaction may occur at the electrolysis anode. In an embodiment, the hydrino hydride ion has
a high mobility such that it migrates fo the anode and reacts with H' or H to form molecular
hydrino.

In an embodiment, the half-cell reactants are selected such that the energy in the
redox reactions better matches the integer multiple of about 27.2 eV energy transfer between
the H atom and the catalyst to increase the reaction rate to form hydrinos. The energy in the
redox reactions may provide activation energy to increase the rate of reaction to form
hydrinos. In an embodiment, the electrical load to the cell is adjusted to match the redox
reactions coupled through the flow of electricity and ions to the integer multiple of about 27.2
eV energy transfer between the H atom and the catalyst to increase the reaction rate to form
hydrinos.

In an embodiment, a positive bias voltage is applied to at least the anode to collect
electrons from the ionizing catalyst. In an embodiment, an electron collector at the anode
collects the ionizing electrons at an increased rate than in the absence of the collector. A
suitable rate is one faster than the rate that electrons would react with surrounding reactants
such as metal hydrides to form anions such as hydride ions locally. Thus, the collector forces
the electrons through the external circuit wherein the voltage is increased due to the energy
release to form hydrinos. Thus, the electron collector such as an applied positive potential
acts as a source of activation energy for the hydrino reaction that powers the CIHT cell. In an
embodiment, the bias acts as a current amplifier such as a transistor wherein the injection of a
small current causes the flow of a large current powered by the hydrino reaction. The applied
voltage as well as other conditions such as temperature and hydrogen pressure can be
controlled to control the power output of the cell.

In an embodiment, the cell comprises an anode compartment containing a hydrino
catalyst reaction mixture being without H or H limited, a cathode compartment comprising a
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source of hydrogen such hydrogen gas or a hydride, a salt bridge connecting the
compartments by ion conduction wherein the conducting ion may be a hydride ion, and an
anode and cathode electrically connected by an external circuit. Power may be delivered to a
load connected with the external circuit, or power may be delivered to the cell with an
applied power source in series or parallel with the external circuit. The applied power source
may provide the activation energy of the hydrino reaction such that an amplified power is
output from the cell due to the applied power. In other embodiments, the applied electrolysis
power causes migration of another ion such as a halide or oxide wherein the mass transport
induces the hydrino reaction to occur in a compartment.

In an embodiment of the CIHT cell, the products are regenerated by clectrolysis, A
molten salt may comprise the electrolyte. The products may be an alkali halide of the
catalyst metal and a hydride of at least a second metal such as an alkali metal or alkaline earth
hydride. The products may be oxidized by applying a voltage to reduce the halide to metal at
the electrolysis cathode and the halide to halogen at the electrolysis anode wherein the
polarity is opposite that of the CIHT cell. The catalyst metal may react with hydrogen to
form the alkali hydride. The halogen may react with the metal hydride such as an alkali
hydride or alkaline earth hydride to form the corresponding halide. In an embodiment, the
salt bridge is selective for halide ion and the catalyst metal is in the CIHT anode compartment
and the second metal is in the CIHT cathode compartment. Since the electrical energy
released to form hydrinos is much greater then that required for regeneration, a second CIHT
cell may regenerate the first CIHT cell and vice versa so that constant power may be output
from a plurality of cells in a cycle of power and regeneration. An exemplary CIHT cell is
NaH or KH Mg and support such as TiC// MX wherein MX is a metal halide such as LiC}
and the salt bridge designated by // is a halide ion conductor. Suitable halide ion conductors
are a halide salt such as a molten electrolyte comprising an alkali halide, an alkaline earth
halide, and mixtures, a solid rare earth oxychleride, and an alkali halide or alkaline earth
halide that is a solid at the cell operating parameters. In an embodiment, the CI' solid
electrolyte may comprise metal chlorides, metal halides, and other halide compounds such as
PdCl, that may be doped with KCl, as well as PbF,, BiClsy, and ion exchange polymers
(silicates, sodium phosphotungstates, and sodium polyphosphates). The solid electrolyte may
comprise an impregnated support. An exemplary solid electrolyte is woven glass cloth
impregnated with doped PbCls. In another embodiment, the counter ion is an ion other than a
halide such as at least one of the group of oxides, phosphides, borides, hydroxides, silicides,
nitrides, arsenides, selenides, tellurides, antimonides, carbides, sulfides, hydrides, carbonate,
hydrogen carbonate, sulfates, hydrogen sulfates, phosphates, hydrogen phosphates,
dihydrogen phosphates, nitrates, nitrites, permanganates, chlorates, perchlorates, chlorites,
perchlorites, hypochlorites, bromates, perbromates, bromites, perbromites, iodates,
periodates, iodites, periodites, chromates, dichromates, tellurates,selenates, arsenates,
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silicates, borates, cobalt oxides, tellurium oxides, and other oxyanions such as those of
halogens, P, B, Si, N, As, S, Te, Sb, C, 8, P, Mn, Cr, Co, and Te, the CIHT cathode
compartment contains a compound of the counter ion, and the salt bridge is selective to the
counter ion. An exemplary CIHT cell that may be regenerated by elecirolysis comprises an
alkali metal hydride at the anode and a metal halide at the cathode such as an alkali or
alkaline earth halide and a metal halide electrolyte such as a molten eutectic salt. The anode
and cathode may further comprise the metal of the hydride and the halide, respectively.

Based on the Nernst equation, an increase in H causes the potential to be more
positive. A more negative potential favors that stabilization of the catalyst ion transition
state. In an embodiment, the reaction mixiure comprises a hydride exchangeable metal to
cause the Nernst potential to be more negative. Suitable metals are Li and an alkaline earth
metal such as Mg. The reaction mixture may also comprise an oxidant such as an alkali,
alkaline earth or {ransition metal halide o decrease the potential. The oxidant may accept
electrons as the catalyst ion is formed.

The support may serve as a capacifor and charge while accepting the electrons from
the ionizing catalyst during the energy transfer from H. The capacitance of the support may
be increased by adding a high-permittivity dielectric that may be mixed with the support, or
the dielectric material is gaseous at the cell operating temperature. In another embodiment, a
magnetic field is applied to deflect the ionized electrons from the catalyst to drive the hydrino
reaction forward.

In another embodiment, the catalyst becomes ionized and is reduced in an anode half-
cell reaction. The reduction may be by hydrogen to form H™. The H" may migrate to cathode
compartment by a suitable salt bridge. The salt bridge may be a proton conducting

membrane, proton exchange membrane, and/or a proton conductor such as solid state
perovskite-type proton conductors based on §rCeQ, such as SrCe, ),  Nb O, and

SrCe0, ,i¥h, ,s0; —alpha . The H' may react in the cathode compartment to form Hy. For

example, H" may be reduced at the cathode or react with a hydride such as MgH; to form Ha.
In another embodiment, the cation of the catalyst migrates. In the case that the migrating ion
is a cation such Na', the salt bridge may be beta-alumina solid electrolyte. A liquid
electrolyte such as NaAICl, may also be used to transport the ions such as Na'.

In a double-membrane three-compartment cell shown in FIGURE 20, the salt bridge
may comprise an ion-conducting electrolyte 471 in a compartment 470 between the anode
472 and cathode 473. The electrodes are held apart and may be sealed to the inner vessel
wall so that the vessel wall and electrodes form the chamber 470 for the electrolyte 471. The
electrodes are electrically insulated from the vessel so that they are isolated from each other.
Any other conductors that may electrically short the electrodes must also be electrically
insulated from the vessel to avoid the shorting. The anode and cathode may comprise a metal
that has a high permeability to hydrogen. The elecirode may comprise a geometry that
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provides a higher surface area such as a tube electrode, or it may comprise a porous electrode.
Hydrogen from the cathode compartment 474 may diffuse through the cathode and undergo
reduction to H™ at the interface of the cathode and salt bridge electrolyte 471. The H
migrates through the electrolyte and is oxidized to H at the electrolyte-anode interface. The
H diffuses through the anode and reacts with the catalyst in the anode compartment 475 to
form hydrinos. The H™ and catalyst ionization provides the reduction current at the cathode
that is carried in the external circuit 476. The H permeable electrodes may comprise V, Nb,
Fe, Fe-Mo alloy, W, Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, Pd-coated V, Pd-
coated Ti, rare earths, other refractory metals, and others such metals known to those skilled
in the Art. The clectrodes may be metal foils. The chemicals may be regenerated thermally
by heating any hydride formed in the anode compartment to thermally decompose it. The
hydrogen may be flowed or pumped to the cathode compartment to regenerate the initial
cathode reactants, The regeneration reactions may occur in the anode and cathode
compartments, or the chemicals in one or both of the compartments may be transported to
one or more reaction vessels to perform the regeneration.

In another embodiment, the catalyst undergoes H catalysis and becomes ionized in the
cathode compartment and also becomes neutralized in the cathode compartment such that no
net current flows directly due to the catalysis reaction. The free energy to produce an EMF is
from the formation of hydrinos that requires the mass transport of ions and electrons. For
example, the migrating ion may be H* that is formed by oxidation of a species such as H, in
the anode compartment. H™ migrates to the cathode compartment through at least one of an
electrolyte and a salt bridge such as a proton exchange membrane and is reduced to H or a
hydride in the cathode compartment to cause the hydrino reaction to occur. Alternatively, Ha
or a hydride may be reduced to form H in the cathode compartment. The reduction further
forms at least one of the catalyst, a source of catalyst, and atomic H that permits the hydrino
reaction to occur. The H migrates to the anode compartment wherein it or another species is
ionized to provide the electrons to the external circuit to complete the cycle. The oxidized H
may from Hp that may be recycled to the cathode compariment using a pump.

In another embodiment, a metal is oxidized at the anode. The metal ion migrates
through an electrolyte such as a molten-salt or solid electrolyte. Suitable molten electrolytes
are halides of the migrating metal ion. The metal ion is reduced at the cathode wherein the
metal undergoes a reaction that changes its activity. In suitable reactions, the metal is
dissolved into another metal, forms an intermetallic compound with at least one other metal,
chemiabsorbs or physiabsorbs onto a surface or intercalates into a material such as carbon,
and forms a metal hydride. The metal may serve as the catalyst or source of catalyst. The
cathode reactants also comprise hydrogen and may comprise other reactants to cause the
hydrino reaction to occur. The other reactants may comprise a support such as TiC and a
reductant, catalyst, and hydride exchange reactant. Suitable exemplary Mg intermetallics
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include Mg-Ca, Mg-Ag, Mg-Ba, Mg-Li, Mg-Bi, Mg-Cd, Mg-Ga, Mg-In, Mg-Cu, and Mg-Ni
and their hydrides. Suitable exemplary Ca intermetallics include Ca-Cu, Ca-In, Ca-Li, Ca-
Ni, Ca-8n, Ca-Zn, and their hydrides. Exemplary Na and K alloys or amalgams include those
of Hg, Pb, and Bi. Others include Na-Sn and Li-Sn. A hydride may be decomposed
thermally, An intermetallic may be regenerated by distillation. The regenerated metals may
be recycled.

In another embodiment, the catalyst or source of catalyst in the anode compartment
undergoes ionization, and the corresponding cation migrates through the salt bridge that is
selective for the cation. A suitable cation is Na®, and a Na selective membrane is beta
alumina. The cation is reduce at the cathode compartment that contains hydrogen or a source
of hydrogen and optionally other reactants of the hydrino reaction mixture such as one or
more of a support, a reductant, an oxidant, and a hydride exchange agent. The cell may be
operated as a CIHT cell, an electrolysis cell, or a combination wherein the applied
electrolysis power is amplified by the hydrino reaction.

In another embodiment, the cathode compartment comprises a source of catalyst and a
source of M. The catalyst and H form from the reaction of the sources with the reduced
cation that migrated from the anode compartment. The catalyst and H further undergo
reaction to form hydrinos.

in an embodiment, positive ions of the electrolyte such as Li” of the eutectic salt
LiCVKCI and optionally LiH migrate from the anode compartment to the cathode
compartment through the salt bridge and are reduced to the metal or hydride such as Li and
LiH. Another exemplary electrolyte comprises LiPFs in dimethyl carbonate/ethylene
carbonate. Borosilicate glass may the separator. In other embodiments, one or more alkali
metals substitute for at least one of Li and K. In the case that K replaces Li* as the migrating
ion, a solid potassium-glass electrolyte may be used. In an embodiment, due to the migration
of the jon such as Li*, its reduction, and any subsequent reaction such as hydride formation,
and the catalysis of H to hydrino states occurs in the cathode compartment o provide a
contribution to the cell EMF. The source of hydrogen to form the hydride and H for the
hydrino reaction may be a hydride with a less negative heat of formation than that of the
hydride of the migrating fon. Suitable hydrides in the case of Li* as the migrating ion include
MgH,, TiH,, LiH, NaH, KH, RbH, CsH, BaH, LaNi\MnyH,, and Mg>NiH, wherein x,y, and z
are rational numbers. A suitable hydride for K or Na replacing Li is MgH;.

In an embodiment, the anode half-cell reactants comprise at least one oxidizable
metal, and the cathode half-cell reactants comprise at least one hydride that can react with the
metal of the anode, At least one of the cathode and anode half-cell reactants may further
comprise & conductive matrix or support material such as a carbon such as carbon black, a
carbide such as TiC, YC,, or WC, or a boride such as MgB, or TiB,, and both half-cells
comprise a conductive electrode. The reactants may be in any molar ratio, but a suitable ratio
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is about a stiochiometric mixture of the metals for hydrogen exchange and up to 50 mole %
support. The anode metal is oxidized in the anode half-cell compartment, the cation such as
Li" migrates to the cathode half-cell compartment and is reduced, and the metal atom such as
Li reacts with the hydride in the cathode compartment. In an embodiment, the reaction is a
hydride exchange reaction. The hydrogen content of the cathode half-cell compartment also
serves as a source of H to form hydrinos, At least one of the migrated cation, the reduced
cation, a reaction product of the migrated cation, at feast one H, and one or more reactants of
the cathode half-cell compartment or their products from reaction with the migrated cation or
the reduced cation serves as a catalyst or source of catalyst to form hydrinos. Since the cell
reaction may be driven by the large exothermic reaction of H with the catalyst to form
hydrinos, in an embodiment, the cathode compartment hydride that undergoes H exchange
with the reduced migrated cation from the anode compartment has a free energy of formation
that is similar or more negative than that of the hydride of the reduced migrated cation. Then,
the free energy due to the reaction of the reduced migrated cation such as Li with the cathode
metal hydride may be slightly negative, zero, or positive. Excluding the hydrino reaction, in
embodiments, the free energy of the hydride exchange reaction may be any value possible.
Suitable ranges are about +1000 kl/mole to -1000 kl/mole, about +1600 klJ/mole to -100
ki/mole, about +1000 kJ/mole to -10 kJmole, and about +1000 ki/mole to 0 klmole.
Suitable hydrides for hydride exchange that further serve as a source of H to form hydrinos
are at least one of a metal, semi-metal, or an alloy hydride. In the case that the migrating ion
is a catalyst or source of catalyst such as Li*, Na", or K*, the hydride may comprise any
metal, semi-metal, or alloy different from that corresponding to the migrating ion. Suitable
exemplary hydrides are an alkaline or alkaline earth hydride, a transition metal hydride such
as Ti hydride, an inner transition metal hydride such as Nb, Zr, or Ta hydride, palladium or
platinum hydride, and a rare earth hydride. Due to negative free energy to form hydrinos, the
cell voltage is higher than that due to the free energy of any hydride exchange reaction that
can contribute to the voltage. This applies to the open circuit voltage and that with a load.
Thus, the CIHT cell is distinguished over any prior Art by having a voltage higher than that
predicted by the Nernst equation for the non-hydrino related chemistry such as the hydride
exchange reaction including the correction of the voltage due to any polarization voltage
when the cell is loaded.

In an embodiment, the anode half-cell reactants comprise a source of catalyst such as
an alkali metal or compound wherein the alkali metal ion migrates to the cathode
compartment and may undergoes a hydride exchange reaction with a hydride of the cathode
compartment. An exemplary overall conventional cell reaction wherein the anode reactants

comprise a source of Li may be represented by
M H_ +me +mLit [0 nM°+mLiH (n,m are integers) (299)
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wherein M designates a single element or several elements (in a mixture, intermetallic
compound, or an alloy form) chosen from metals or semi-metals capable of forming a
hydride. These hydrides could also be replaced by a compound designated “M hydride™ that
means an element M in which hydrogen atoms are absorbed (for example, chemically
combined). M hydride may be designated hereafter MHp, where m is the number of H atoms
absorbed or combined by M. In an embodiment, the free enthalpy of formation per H of the
hydride MyHy or MH,, is higher, equivalent, or less than that of the hydride of the catalyst
such as LiH. Alternatively, at least one H may serve as the catalyst. Exemplary metals or
semi-metals comprise alkali metals (Na, K, Rb, Cs), alkaline earth metals (Mg, Ca, Ba, Sr),
elements from the Group IIIA such as B, Al, Ga, Sb, from the Group IVA such as C, Si, Ge,
Sn, and from the Group VA such as N, P, As. Further examples are transition metal alloys
and intermetallic compounds AB,, in which A represents one or more element(s) capable of
forming a stable hydride and B is an element that forms an unstabie hydride. Examples of
intermetallic compounds are given in TABLE 5.

TABLE 5. Elements and combinations that form hydrides.

A B n AB,

Mg, Zr Wi, Fe, Co 1/2 | MgsNi, Mg»Co, Zr:Fe

Ti, Zr Ni, Fe 1 TiNi, TiFe, ZeNi

La, Zr, T, Y, Ln V, Cr, Mn, Fe, Ni 2 LaNi;, YNia, YMng, ZrCrs,
ZiMng, ZrV,;, TiMn,

La, Ln, Y, Mg Ni, Co 3 LnCoa, YNis, LaMgsNio

La, rare earths Ni, Cu, Co, Pt 5 LaNis, LaCos, LaCus,
LaPts

Further examples are the intermetallic compounds wherein part of sites A and/or sites B are
substituted with another element. For example, if M represents LaNis, the intermetallic alloy
may be represented by LaNis A,, where A is, for example, Al, Cu, Fe, Mn, and/or Co, and La
may be substituted with Mischmetal, a mixture of rare earth metals containing 30% to 70% of
cerium, neodymium and very small amounts of elements from the same series, the remainder
being lanthanum. In other embodiments, lithium may be replaced by other catalysts or
sources of catalyst such as Na, K, Rb, Cs, Ca,and at least one H. In embodiments, the anode
may comprise an alloy such as LixMg, KsMg, NasMg that forms a mixed hydride such as
MMgH; (M=alkali metal). Exemplary cells are [LiaMg, KsMg, NasMg/LiCI-KCl/hydride
such as CeHs, LaH,, TiH,, ZrH; or M(H;) wherein M is a H, permeable metal or H; diffusion
cathode].

In exemplary reactions, Li is the anode metal and MHy, is a hydride reactant of the

cathode half-cell compartment:
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Cathode Reaction

mLi* + e’ + MH to (m-1)LiH + Li + H(U/p) + nM (300)
Anode Reaction
Lito Li* + - (301)

In other embodiments, Li may be replaced by another catalyst or source of catalyst such as
Na or K. M may also be a catalyst or a source of catalyst. The H consumed to form hydrinos
may be replaced. The Li and MH, may be regenerated by electrolysis or other physical or
chemical reactions. Net electrical and heat energy is given off due to the formation of
hydrinos:
Net

H to H(1/p) + energy at least partially as clectricity (302)

The cell may comprise a salt bridge suitable or selective for the migrating ion and
may further comprise an electrolyte suitable for the migrating ion. The electrolyte may
comprise the ion of the migrating ion such as a Li" electrolyte such as a lithium salt such as
lithium hexafluorophosphate in an organic solvent such as dimethyl or diethyl carbonate and
ethylene carbonate for the case that the migrating ion is Li’. Then, the salt bridge may be a
glass such as borosilicate glass saturated with Li” electrolyte or a ceramic such as Li"
impregnated beta alumina. The electrolyte may also comprise at least one or more ceramics,
polymers, and gels. Exemplary cells comprise (1} a 1 cm?, 75 um-thick disc of composite
positive electrode containing 7-10 mg of metal hydride such as R-Ni, Mg mixed with TiC, or
NaH mixed with 15% carbon SP (black carbon from MM), (2) a2 1 em® Li metal disc as the
negative electrode, and (3) a Whatman GF/D borosilicate glass-fiber sheet saturated with a |
M LiPFs electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate as the
separator/electrolyte. Other suitable electrolytes are lithium hexafluorophosphate (LiPFs),
lithium hexafluoroarsenate monohydrate (LLiAsFg), lithium perchlorate (LiCI0,), lithium
tetrafluoroborate (LiBFy), and lithium triflate (LiCF3SO3) in an organic solvent such as
ethylene carbonate. Additionally, Hy gas may be added to the cell such as to the cathode
compartment. In another cell, the electrolyte and source of catalyst may comprise a radical
anion such as naphthalene-lithium or lithium naphthalenide in naphthalene or other suitabie
organic solvent. An exemplary cell comprises {a source of Li or naphthalide ion such as
lithium naphthalenide/naphthalene/a souce of Li or H such as LiH]. The cell may further
comprise a binder of the anode or cathode reactants. Suitable polymeric binders include, for
example, poly(vinylidine fluoride), co-poly(vinylidine fluoride-hexafluoropropylene),
poly(tetrafluoroethyiene, poly(vinyl chioride), or poly(ethylene-propylene-diene monomer),
EPDM. The electrodes may be suitable conductors such as nickel in contact with the half-
cell reactants.

In an embodiment, the anode half-cell reactants may comprise an alkali metal such as
Li intercalated into a matrix such as carbon that may serve as the catalyst or source of
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catalyst. In an exemplary embodiment, the anode comprises a Li-carbon (LiC) anode of
fithium ion battery such as Li-graphite. The cell may further comprise an electrolyte such as
a molten salt electrolyte and a cathode that comprises a source of H. Exemplary cells are
[LIC/LICI-KCUNi(H)],  [LiC/LiF-LiCYNi(Hz)l, [LIC/LiICHKCYTi(Hz)],  [LiC/LiF-
LICUTi(Ha)], [LiC/LICI-KCI/Fe(Hz)], [LiC/LIF-LICI/Fe(Hz)l, [LiC/LICI-KCE LiH (0.02
mol%)/Ni(Hz)], [LiC/LiF-LiICl LiH (0.02 mol%)/N i(Hy)], [LiC/LiCI-KCl LiH (0.02
mol%)/Ti(Ha)], [LIC/LiF-LiCl LiH (0.02 mol%)/Ti(H2)}, and [LIC/AACEKCE LiH (0.02
mol%})/Fe(Hy)], [LiC/LiF-LiCl LiH (0.02 mo!%)/Fe(Ha)]-

In another embodiment, carbon is replaced by another material that reacts with the
catalyst or source of catalyst such as Li, Na, or K to form the corresponding ionic compound
like MCy (M is an alkali metal comprising M" and C;). The material may form an
intercalation compound with at Jeast one of the catalyst, source of catalyst, and source of
hydrogen such as K, Na, Li, NaH, LiH, BaH, and KH and also H alone. Suitable
intercalating materials are hexagonal boron nitride and metal chalcogenides. Suitable
chalcogenides are those having a layered structure such as MoS; and WS,. The layered
chalcogenide may be one or more form the list of TiSy, ZrSy, HIS;, TaS,, TeSs, ReS,, PiS,,
SnS,, SnSSe, TiSes, ZrSes, HiSes, VSes, TaSe, TeSes, ReSes, PtSes, SnSey, TiTes, ZrTe,
VTey, NbTe,, TaTes, MoTe,, WTe,, CoTe,, RiTes, I:Te,, NiTes, PdTes, PtTes, SiTe;, NbS,,
TaS,;, MoSz, WSz, NbSe;, NbSes, TaSe;, MoSe;, WSe, and MoTe;. Other suitable
exemplary materials are silicon, doped silicon, silicides, boron, and borides. Suitable borides
include those that form double chains and two-dimensional networks like graphite. The two-
dimensional network boride that may be conducting may have a formula such as MB»
wherein M is a metal such as at least one of Cr, Ti, Mg, Zr, and Gd (CrBg, TiBg, MgBs, ZrBo,
GdB;). The compound formation may be thermally or electrolytically reversible. The
reactants may be regenerated thermally by removing the catalyst of source of catalyst. In an
embodiment, the charged negative electrode is a source of migrating M" such as Li*, and
electrons to the circuit comprising an aliali metal (e.g. lithium) intercalated chalcogenide.

In another embodiment, metal-carbon of the negative electrode such as lithium carbon
is replaced by a source of the metal jon such as Li" comprising at least one compound
comprising the metal and one or more elements other than just carbon. The metal containing
compound may comprise a metal oxide such as an oxide of Co, Ni, Cu, Fe, Mn, or Ti, a
transition metal oxide, tungsten oxide, molybdenurm oxide, niobium oxide, vanadium oxide, a
suiphide such as those of iron, nickel, cobalt, and manganese, a nitride, a phosphide, a
fluoride, and a compound of another metal or metals of an intermetallic or alloy. The
negative electrode of the CIHT cell may comprise a known negative electrode of a lithium
ion battery. The ion releasing reaction may be a conversion reaction or an intercalation
reaction. In this case, the catalyst may be Li. The catalyst may be formed at the cathode.
The reaction may be reduction of Li*. The cathode half-cell reactants may further comprise
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H from a source such as a hydride or H, gas supplied by permeation of H through a
membrane. The catalyst and H react to form hydrinos to provide a contribution to the CIHT
cell power.

In an embodiment, the cell may further comprise a salt bridge for the migrating
intercalated ion such as Li*. Suitable salt bridges are glasses saturated with a salt of the
migrating ion and a solvent and ceramics such as beta alumina impregnated with the
migrating ion. Exemplary cells are [LiC/borosilicate glass-fiber sheet saturated with a 1 M
LiPFg elecirolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/Ni(F2)],
[LiC/borosilicate glass-fiber sheet saturated with a 1 M LiPFg electrolyte solution in I:]
dimethyl carbonate/ethylene carbonate/Ni(H2)], [LiC/borosilicate glass-fiber sheet saturated
with a 1 M LiPFs electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/Ti(H2}],
[LiC/borosilicate glass-fiber sheet saturated with a 1| M LiPFg electrolyte solution in 1:1
dimethy! carbonate/ethylene carbonate/Ti(H,)], [LiC/borosilicate glass-fiber sheet saturated
with a 1 M LiPF; electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/Fe(Hz)],
and [LiC/borosilicate glass-fiber sheet saturated with a 1 M LiPF; electrolyte solution in 1:1
dimethyl carbonate/ethylene carbonate/Fe(Hz)].

The at least one of the cathode or anode reaction mixture may comprise other
reactants to increase the rate of the hydrino reaction such as at least one of a support such as 2
carbide such as TiC an oxidant such as an alkali or alkaline earth metal halide such as LiCl or
SrBr;, and a reductant such as an alkaline earth metal such as Mg. The cathode compartment
may comprise a catalyst such as K, NaH, or may be Li from migration of Li", reductant such
a Mg or Ca, a support such as TiC, YC,, TizSiCs, or WC, an oxidant such as LiCl, SrBr,
SrCly, or BaCly, and a source of H such as a hydride such as R-Ni, TiH,, MgH,, Nali, KH, or
LiH.

In an embodiment, one or more H atoms serve as the catalyst of the power or CIHT
cell to form hydrinos. The mechanism may comprise at least one of the creation of H
vacancies (holes) or H’s in a material such that multiple H atoms interact to form hydrinos.
in the present disclosure, if is implicit that the negative and positive electrodes of different
embodiments can be used in different combinations by one skilled in the Art. Alternatively,
the reduced migrating ion or its hydride may serve as the catalyst or source of catalyst. The
hydrino product may be identified by solid or liquid NMR showing peaks given by Egs. {12}
and (20) for molecular hydrino and hydrino hydride ion, respectively. Specifically, the H
catalyst reaction products of exemplary cell [LisN TiC/LiCI-KCl/CeH; carbon black (CB)]
showed liquid H NMR peaks following solvent extraction of the anode reaction products in
dDMF at 2.2 ppm, 1.69 ppm, 1 ppm, and -1.4 ppm corresponding to Ha(1/2), Hy(1/3),
Ho(1/4), and H'(1/2), respectively. In an embodiment, a getter such as an alkali halide such as
KI is added to the half-cell to serve as a getter for molecular hydrino and hydrine hydride.
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For example, a migrating ion such as a metal ion such as Li" may migrate from the
anode to the cathode of the CIHT cell, undergo reduction at the cathode, and the exemplary
Li may displace H such as an H in a lattice to create one or more free H atoms and optionally
H vacancies that cause the formation of free H wherein the free H’s react to form hydrinos.
Alternatively, the reduced migrating ion or its hydride may serve as the catalyst or source of
catalyst. The H containing lattice may be hydrogenated carbon, a hydride such as a metal
hydride such as an alkali, alkaline earth, transition, inner transition, noble, or rare earth metal
hydride, LiAlH:, LiBH,;, and other such hydrides or R-Ni, for example. In other
embodiments, the H lattice may be a hydrogen dissociator and an H source such as at least
one of Pd/C, Pt/C, Pt/Al,O,, Pd/ALO,, PU/Ti, Ni powder, Nb powder, Ti powder, Ni/SiO,,
Ni/Si0,-ALOs, with Ha gas, or a hydride such as an alkali, alkaline earth, transition, inner
transition, noble, or rare earth metal hydride, LiAiH,, LiBH,4, and other such hydrides. In
other embodiments, the H containing lattice is an intercalation compound with the
intercalating species such as an alkali metal or ion such a Li or Li” replaced by H or H'. The
compound may comprise intercalated H. The compound may comprise a layered oxide
compound such as LiCoQ, with at least some Li replaced by H such as CoO(OH) also
designated HCoO3. The cathode half-cell compound may be a layered compound such as a
Jayered chalcogenide such as a layered oxide such as LiCoO; or LiNiO; with at least some
intercalated alkali metal such as Li replaced by intercalated H. In an embodiment, at least
some H and possibly some Li is the intercalated species of the charged cathode material and
Li intercalates during discharge. Other alkall metals may substitute for Li, Suitable
intercalation compounds with H replacing at least some of the Li’s are those that comprise
the anode or cathode of a Li ion battery such as those of the disclosure. Suitable exemplary
intercalation compounds are Li graphite, LixWOs, LixV20s, LiCoO,, LiFePO,, LiMnaOy,
LiNiO;, Li;FePO4F, LiMnPQ,, VOPQ, system, LiVaOs, LiMgSO4F, LIMSO4F (M=Fe, Co,
Ni, transition metal), LIMPOJF (M=Fe, Ti), Liy[Lio3:Ti16/04), or LisTisOua, layered
transition metal oxides such as Ni-Mn-Co oxides such as LiNi;sCo,s3Mn z02, and
Li(Li,NiyCo,Mn,)O2, and LiTi;Os, and other Li layered chalcogenides. The cell may
comprise at least one of a salt bridge, a separator such as an olefin membrane, and an
electrofyte. The electrolyte may be a Li salt in an organic solvent, a eutectic salt, a lithium
solid electrolyte, or an aqueous electrolyte. Exemplary cells are [Li or Li alloy such as Li;Mg
or Li graphite/separator such as olefin membrane and organic electrolyte such as LiPF¢
electrolyte solution in DEC, LiBFy in tetrahydrofuran (THF), low-melting point eutectic salt
such as a mixture of alkali hydrides, LIAICl;, a mixture of alkali aluminum or borohydrides
with an Hj atmosphere, or a lithium solid electrolyte such as LiPON, lithium silicate, lithium
aluminate, lithium aluminosilicate, solid polymer or gel, silicon dioxide (Si0O2), aluminum
oxide (AlO3), lithium oxide (Liz0), gallium oxide (GayOs), phosphorous oxide (P2Os),
silicon aluminum oxide, and solid solutions thereof, or an aqueous electrolyte/MNH2, MaNH
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(M = alkali metal), and mixture of M-N-H compounds with opticnally mixed metal, MOH,
MHS, MHSe, MHTe, hydroxides, oxyhydroxides, compounds comprising metals and
hydrogen acid anions such as NaHCO; or KHSOy, hydrides such as NaH, TiHs, ZrH,, CeHa,
LaH;, MgHa, SeH,, CaH,, BaH,, LiAlH,, LiBHs, R-Ni, compounds comprising HyLiy or H
substituting for Li in at least one of the group of Li-graphite, LiyWOs, LixV20s, LiCoO,
LiFePO,, LiMnyOy4 LiNiO;, LizFePOsF, LiMnPOy, VOPOy system, LiVy0s, LiMgSOLF,
LiMSO4F (M=Fe, Co, Ni, transition metal), LIMPO4F (M=Fe, Ti), Lix[Lio13Ti1604], or
LisTisO2, layered transition metal oxides such as Ni-Mn-Co oxides such as
LiNi;5Co13Mny 202, and Li{LiNixCoyMn,)O,, and LiTizO4, other Li layered chalcogenides,
and an intercalation compound with hydrogenated support such as hydrogenated carbon, and
Pd/C, Pt/C, PUALOs, Pd/ALOs, PUTI, Ni powder, Nb powder, Ti powder, Ni/8iO;, N#/SiO-
AlOs, with Hs gas, or 2 hydride such as an alkali, alkaiine earth, transition, inner transition,
noble, or rare earth metal hydride, LiAlH,, LiBHs, and other such hydrides]. The H source
may be HY (protonated zeolite) wherein an exemplary cell is [Na or Li/Celgard organic
electrolyte such as LP 30/HY CB]. To improve performance, a conductive material and
binder may be added to at least one of the cathode and anode half-cell reactants of the cells of
the disclosure. An exemplary conductive material and a binder are carbon black that may be
about 10% by weight and ethylene propylene diene monomer binder that may be about 3%
by weight; although, other proportions may be used as known in the Art. The conductive
material may further serve as at least one of a hydrogen dissociator and a hydrogen support.
Suitable conductors that are also dissociators are Pd/C, PY/C, It/C, Rb/C, and Ru/C, Pt/ALOs,
Pd/AL,Os, Pt/Ti, Ni powder, Nb powder, Ti powder, Ni/Si0;, and Ni/§i0-Al0s.

In an embodiment, CoH may serve as a MH type hydrogen catalyst to produce
hydrinos provided by the breakage of the Co-H bond plus the ionization of 2 electrons from
the atom Co each to a continuum energy level such that the sum of the bond energy and
ionization energies of the 2 electrons is approximately m -27.2 eV where m is | as given in
TABLE 3. CoH may be formed by the reaction of a metal M such as an alkali metal with
cobalt oxyhydroxide such as the reaction of 4M with 2CoOOH to form CoH, MCoO,, MOH,
and M»O or the reaction of 4M and CoOOH to form CoH and 2M;0. CoH may also be
formed by the reaction of M with cobalt hydroxide such as the reaction of SM with 2Co(OH);
to form CoH, MCoOs,, 2My0, and 1.5H; or the reaction of 3M with Co(OH); to form CoH,
MOH, and M>0.

In an embodiment, the cathode reactant comprises a mixture of at least two different
compounds from the group of oxyhydroxides, hydroxides, and oxides to favor M
intercalation rather than MOH (M is alkali) formation. The formation of an intercalated
product such as LiCoO; from CoOOH is rechargeable.

Hydrogen intercalated chalcogenides such as those comprising O, 8, Se, and Te may
be formed by hydrogen treating the metal chalcogenide. The treatment may be at elevated
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temperature and pressure. A dissociator such as Pt/C or Pd/C may be used to create atomic
hydrogen that spills over on a support such as carbon to intercalate into the chalcogenide.
Suitable chalcogenides are at least one of the group of TiSy, ZrS;, HfS;, TaS;, TeSz, ReSy,
PtS,, SnS,, SnSSe, TiSes, ZrSes, HiSe; TaSes, TeSes, ReSes, PtSes, SnSe;, TiTes, ZrTes,
VTCQ, NbTﬂz, TaTCz, MOTEz, WTEQ, CoT €2, RhTCz, IrTez, NiT&z, PdTez, P‘iTez, SiTCg, Nsz,
TaS,, MoS;, WS, NbSey, NbSes, TaSes, MoSes, VSe;, WSes, and MoTe,.

In other embodiments, the alkali metal (M) intercalating compound such as a Li
intercalating compound is deficient M wherein the deficiency may be achieved by charging.
The M sink may be an clement or compound that reacts with M such as S, Se, Te, LipNH or
LiNH,. The source of M such as Li may be an alkali metal aluminum or borohydride such as
LiAlH,, LiBH,. Exemplary cells are [LiAlH; or LiBHs/separator such as olefin membrane
and organic electrofyte such as LiPFs electrolyte solution in DEC or LiBF; in tetrahydrofuran
(THF)/NaH, TiH,, ZrHa, CeHs, LaHa, MgHa, StHa, CaHa, BaHo, 8, Se, Te, LiNH, LiNHy, R-
Ni, Li deficiency in at least one of the group of Li-graphite, Li;WO;, LikV20s, LiCoO,,
LiFePO,, LiMnyOy4, LiNiOa, LisFePOsF, LiMnPOs, VOPOy system, LiV;0s5 LiMgSO4F,
LiMSO4F (M=Fe, Co, Ni, transition metal), LIMPOF (M=Fe, Ti), Lix[Lio3:Tii6704], or
LisTisOyz, layered transition metal oxides such as Ni-Mn-Co oxides such as
LiNi;sCoaMn 504, and LiLi;NizCo,Mn.)Os, and LiTi;O4, other Li layered chalcogenides,
and an intercalation compound with optionally a hydrogenated support such as hydrogenated
carbon, and Pd/C, PUC, Pt/ALO;, Pd/ALOs, PUTI, Ni powder, Nb powder, Ti powder,
NI/Si0,, Ni/SiOz-ALOs, with Hj gas, or a hydride such as an alkali, alkaline earth, transition,
inner transition, noble, or rare earth metal hydride, LiAIH,, LiBHs, and other such hydrides]
and [MBH, (M=Li, Na, K)/BASE/ S, Se, Te, hydrogen chalcogenides such as NaOH, NaHS§,
NaHSe, and NaHTe, hydroxides, oxyhydroxides such as CoO(OH) or HCoO; and NiO(OH),
hydrides such as NaH, TiHy, ZrH,, CeH,, Lak,, Mghh, SrH,, CaH,, and Bal,, Li:NH,
LiNH,, R-Ni, Li deficiency in at least one of the group of Li-graphite, LixWO;, LixV20s,
LiCo0s, LiFePO4, LiMn;Oy4 LiNiO, LiFePOsF, LiMnPO4, VOPO4 system, LiV40s,
LiMgSO.F, LiIMSOF (M=Fe, Co, Ni, transition metal), LIMPOJF (M=Fe, Ti),
Liy[Lis33Ti1 6704}, or LisTisO;z, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNijsCo1sMnys0., and Li(LiaNigCoyMng)O,, and LiTiO4, other Li layered
chalcogenides, and an intercalation compound with optionally a hydrogenated support such
as hydrogenated carbon, and Pd/C, PUC, PUALQOs, Pd/ALOs, PUTi, Ni powder, Nb powder,
Ti powder, Ni/Si0O,, Ni/8i02-AL0;, with H gas, or a hydride such as an alkali, alkaline
earth, transition, inner transition, noble, or rare earth metal hydride, LiAlHs, LiBH,, and other
such hydrides]. Further exemplary suitable oxyhyroxides are at least one of the group of
bracewellite (CrO(OH)), diaspore (AIO(QH)), ScO(OH), YO(OH), VO(OH), goethite (& -
Fe'O(OH)), groutite (Mn’"O(OH)), guyanaite (CrO(OH)), montroseite ((V,Fe)O(OH)).
CoO(OH), NiO(OH), NiipCoinOG(OH), and NiyzCo1sMniz0(0H), RhO(OH), InG(OH),
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tsumgaliite  (GaO(OH)), manganite (Mn3+O(OH)}, yttrotungstite-(Y)  YW204(OH),
yttrotungstite-{Ce) ((Ce, Nd, Y)YW20s(OH)a), usnamed (Nd-analogue of yttrotungstite~(Ce) )
{(Nd, Ce, La)yW0g4(OH)s), frankhawthorneite (Cua[(OH)[TeOy4)), khinite
(Pb**Cu?* (TeOg)(OH)s), and parakhinite (Pb**Cu 2* TeOg(OH)y).

In an embodiment comprising R-Ni and a migrating alkali metal ion such as Li*, R-Ni
hydride may be regenerated by first hydriding any Li-R-Ni product incorporated in the
material by H reduction to form LiH followed by electrolysis wherein Li” and R-Ni hydride
are formed from oxidation of LiH. The then Li” is reduced at the electrolysis cathode (CIHT
cell anode).

In an embodiment comprising R-Ni, the R-Ni may be doped with another compound
to form hydrogen or a hydride. A suitable dopant is MOH (M=alkali metal). The reaction
with the reduced migrating ion comprising an alkali metal is 2M + MOH to M,O + MH; MH
reacts to form hydrinos and the MOH may be regenerated by addition of hydrogen (e.g. Egs.
(217) and (220)). Exemplary cells are [Li/ polypropylene membrane saturated with a 1 M
LiPFs electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/R-Ni], [Li/
polypropylene membrane saturated with a 1 M LiPF, electrolyte solution in 1:1 dimethyl
carbonate/ethylene carbonate/LiOH-doped R-Ni], [Na/ polypropylenc membrane saturated
with a 1 M NaPFg electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/NaOH-
doped R-Ni], and [K/ polypropylene membrane saturated with a 1 M KPF; electrolyte
solution in 1.1 dimethyl carbonate/ethylene carbonate/KOH-doped R-Ni].

In an embodiment, the incorporation of H into a material such as an intercalation
compound may be by electrolysis. The intercalation compound comprising H and optionally
a metal such as Li may be formed by the electrolysis of an electrolyte comprising protons or a
source of protons or the oxidation of hydride ions or a source of hydride ions. The protons or
source of protons or the hydride ions or source of hydride ions may be the counter half-cells
and the electrolytes of electrochemical ceils such as those of the present disclosure. For
example, the former may be provided by the half-cell and electrolyte [Pt(Hy), Pt/C(Ho),
borane, amino boranes and borane amines, AlH;, or H-X compound X=Group V,VI, or VII
clement)/inorganic salt mixture comprising a liquid electrolyte such as ammonium nitrate-
trifluoractetate/. The latter may be provided by the electrolyte and half-cell /H conducting
electrolyte such as a molten eutectic salt such a LICI-KCI/H permeable cathode and Hs such
as Ni(H,) and Fe(Hy), hydride such as an alkali, alkaline earth, transition, inner transition, or
rare earth metal hydride, the latter being for example, CeHo, DyH,, ErH,, GdHa,, HoH,, LaH,,
LuHa, NdHy, PrHz, ScH,, TbH,, TmH,, and YH;, and a M-N-H compound such as Li;NH or
LiNHz}. In an embodiment, compounds such as H,di, or H substituting for Li in Li-graphite,
LixWO;, LixVa20s, LiCoO,, LiFePOs;, LiMnyO4, LiNiOQ,, LisFePO4F, LiMnPO,, VOPO,
system, LiV;0s, LiMgSO4F, LIMSOF (M=Fe, Co, Ni, transition metal), LiIMPO,F (M=Fe,
Ti), Lix[Lig33Ti; 6704], or LisTisOy2, layered transition metal oxides such as Ni-Mn-Co oxides
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such as LiNijnCoisMnisOs, and Li(LiNi;CoyMn)Os,. and LiTixO4, other Li layered
chalcogenides can be synthesized by reacting the Li chalcogenide with a source of protons
such as ammonium salt such as ammoniwm nitrate followed by decomposition such as
decomposition with release of NH; or by reaction with an acid with the formation of the Li
compound of the anion. The synthesis may be in aqueous solution or in an icnic liquid. An
exemplary reaction is

Li,CoO, + yHCl to LiyyCoO, + yLiCl (303)

LiCoO; + HCl to + LiCH CoOQ(OH) or HCoO; (304)
A desired product is CoO(OH), heterogenite, or HCoO.. In the case that the migrating ion of
the cell is Li" with reduction at the cathode, the reaction to form hydrino may be

CoO(OH) or HCoO; + 2Li to LiH + LiCoO; (305)

LiH to H(1/p} + Li {306)
wherein Li may serve as the catalyst. Other products are Co(OH);, and Co3;04. The LiCl
may be removed by filtration of the solid product. In other embodiments, another acid may
be substituted for HC| with the corresponding Li acid anion compound formed, Suitable
acids are those known in the Art such as HF, HBr, HI, H,S, nitric, nitrous, sulfuric, suifurous,
phosphoric, carbonic, acetic, oxalic, perchioric, chloric, chiorous, and hypochlorous acid. In
an embodiment, H may replace F an intercalation compound such as LiIMSO4F (M=Fe, Co,
Ni, transition metal) by the reaction of LiH with MSOy in an ionic liquid at elevated
temperature. During cell discharge the H may react to from hydrinos. The incorporation of
the migrating ion such as Li" during discharge may give rise to free or reactive H to form
hydrinos. In other embodiments, the alkali may be substituted with another.

In other embodiments, a cathode reactant comprises at least one of a hydroxide or
oxyhydroxide that may be synthesized by methods known to those skilled in the art. The
reactions may be given by Egs. (303-304). Another exemplary oxyhydroxide hydrino
reaction involving NiO(OH) is given by

NiQ{OH) + 2Li to LiH + LiNiO; (307)

LiH to H(1/p) + Li (308)
Further exemplary suitable oxyhyroxides are at least one of the group of bracewellite
(CrO(OH)), diaspore {AIO(OH)), ScO(OH), YO(OH), VO(OH), goethite { a -Fe*"O(OH)),
groutite (Mn®"O(OH)), guvanaite (CrO(OH)), montroseite ((V,Fe)O(OH)), CoO(OH),
NiO(OH), NijnCoinO(OH), and NijsCo1sMnis0(0H), RhO(CH), ImO(OH), tsumgallite
(GaO(OH)), manganite (Mn“()(()H)), vitrotungstite-(Y) YW.COe(OH)s, ytirotungstite-(Ce}
((Ce, Nd, Y)W,04(OH)s), unnamed (Nd-analogue of yttrotungstite-(Ce) ) ((Nd, Ce,
La)W,04s(OH)3), frankhawthorneite (Cuz[(OH),[TeO4]), khinite (PH* Cu* (TeOg)(OH)y), and
parakhinite (Pb*"Cu?* TeOs(OH),). The reactants may be regenerated from the products by

electrolysis, Alternatively, the products may be converted to the initial reactants using
chemical processing steps known in the art, and may use methods of the disclosure such as
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the step given by Eq. (304). In an embodiment, a combination of electrolysis and chemical
steps may be used. For example, the product may be delithiated by electrolysis, and the
resulting CoQ; may be converted to CoO{OH) or HCoO,.

In an embodiment, the oxyhydroxide is regenerated by at least one of electrolysis and
chemical regeneration. Hydrogen consumed to form hydrinos may be replaced by adding
hydrogen gas or a hydrogen source such as & hydride such as LiH. Li may be extracted by
heating and evaporation or sublimation with H replacement using applied hydrogen. For
example, LiCoO; may be at least partially converted to CoO(OH) or HCoO; by treatment
with acid such as HCI (Eqgs. (303-304)). Alternatively, the oxyhydroxide may be regenerated
by electrolysis in aqueous solution with the removed Li forming lithium oxide. In another
embodiment, the H is replaced by treating the product with a gaseous acid such as a
hiydrohalous acid such as HBr or HI. The intercalated Li may react with the acid to form the
corresponding halide such as LBr or Lil. The lithium halide may be removed by sublimation
or evaporation. '

In an embodiment, the regeneration is achieved using a CIHT cell comprising three
half-celis as shown in FIGURE 21. The primary anode 600 and cathode 601 half-cells
comprise the principle cell comprising the standard reactants such as a source of Li and
CoO(OH), respectively, separated by a separator 602 and an organic electrolyte. Each has its
corresponding electrode 603 and 604, respectively. The power of the discharging principle
cell is dissipated in the load 605 following closing the switch 606. In addition, the third or
regeneration half-cell 607 interfaces the primary cathode half-cell 601 and comprises a source
of protons. The primary cathode and regeneration half-cells are separated by a proton
conductor 608. The regeneration half-cell has its electrode 609. During recharging of the
principle cell power is supplied by source 610 with switch 611 closed and switch 606 opened.
The regeneration half-cell 607 serves as the secondary anode and the primary anode 600
serves as a secondary cathode. Protons are formed by oxidation of H and migrate from the
regeneration cell 607 to the primary cathode 601. Li* ions are displaced from LiCoO; by H”
ions to form CoO(OH) or HCoO; as the Li” ions migrate to the secondary cathode 600 and
are reduced to Li. In a three chamber cell embodiment, the recharge anode may comprise a
proton source such as PC(H:) and a proton conductor. Then the recharge cell could be
[P1/C(H;) with proton conductor interface/LiCoO2/Li]. Exemplary cells are [Li source such
as Li or an Li alloy such as Li;Mg or LiC/olefin separator and organic electrolyte such as
Celgard and LP 40/CoO(0OH) or HCoOy/proton conductor/ H" source such as Pt(Hp),
PY/C(Hz)]. In another embodiment, hydrogen is supplied to chamber 607 that comprises a
hydrogen dissociation catalyst such as Pt/C and a membrane separator at 608 that may be
Nafion whereby H atoms diffuse into the cathode product material in chamber 6¢1 while an
electrolysis voltage is applied between electrodes 604 and 603. The positive applied voltage
on electrode 604 causes Li to migrate to chamber 600 to be reduced at electrode 603 while H
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is incorporated into the cathode material during electrotysis. In another embodiment, the
separator 608 is electrically isolated from the cell body and comprises the electrode 609. The
chamber 607 comprises an H source such as a hydride. The electrode 609 may oxidize H' of
a source such as the hydride. The conductivity may be increased by a molten eutectic salt H
conductor in chamber 607. The electrolysis causes H to migrate to chamber 601 to become
intercalated in the oxyhydroxide. _

In an embodiment, the migrating ion may be reduced during electrolysis such that the
reduced species forms a compound of the reduced form and further comprises hydrogen in
any form such as at least one of hydrogen, protons, hydride ions, and a source of hydrogen,
protons, and hydride ions. For example, Li" may be reduced at an electrode comprising
carbon as a half-cell reactant. The Li may intercalate into the carbon. The intercalation may
displace some of the H atoms. The creation of H’s in the material is such that multiple H
atoms interact to form hydrinos. Furthermore, during discharge the migration of an ion such
as a metal ion such as Li" creates vacancies in a composite material comprising a source of
the migrating ion such as the migrating ion in a different oxidation state and hydrogen,
protons, hydride ions or a source of hydrogen, protons, hydride ions. The vacancies created
by the movement of the migrating ion have the effect of creating H vacancies (holes) or H’s
in a material such that multiple H atoms interact to form hydrinos. Alternatively, the reduced
migrating fon or its hydride may serve as the catalyst or source of catalyst. The cathode for
the migrating ion may be a reactant that forms a compound with the reduced migration ion
such as a reactant that forms an intercalation compound with the reduced migration ion,
Suitable intercalation compounds for exemplary Li are those that comprise the anode or
cathode of a Li ion battery such as those of the disclosure. Suitable exemplary intercalation
compounds are Li graphite, LiyWO;, LiyV,0s, LiCoQOs LiFePO,;, LiMnyOs, LINiOy,
Li;FePOF, LiMnPO,, VOPQO, system, LiVy0s, LiMgSO4F, LiMSOF (M=Fe, Co, Ni,
transition metal), LIMPOJF (M=Fe, Ti), Lix[Lig33Ti; 6704], or LisTis04,, layered transition
metal  oxides such  as Ni-Mn-Co oxides such as  LiNijsCopaMns0,,  and
LI(LiNixCo,Mn;)O,, and LiTi;04, and other Li layered chalcogenides. Suitable anodes form
a compound of the migrating ion and further comprise hydrogen. The anode may be a
mixture of materials or compounds. For example, hydrogen may be present as a hydride such
as LiH, and the compound of the migrating ion may comprise an intercalation compound
such as carbon or other negative electrode of a Li ion battery. Alternatively, the compound of
the migrating ion may comprise an alloy such as at least one of LisMg, LiAlL LiSi, LiB, LiC,
LiPb, LiGa, LiTe, LiSe such as Li;Se, LiCd, LiBi, LiPd, LiSn, LizCuSn, LixIn;.,Sb (0<x<3,
0<y<1), LiSb, LiZn, Li metal-metalloid atloys such as oxides, nitrides, borides, and silicides,
and mixed-metal-Li alloys or a compound that is a source of Li such as one that releases Li
upon reaction with the hydride. Exemplary compounds of the latter type are LizN and Li;NH
that can react with LiH for example to give Li ions, electrons, and LixNH or LiNH,.
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Exemplary cells are [at least one of a composite of H and Li graphite that may be formed by
electrolysis, a mixture of a hydride and a species that is a Li source and supports H such as
lithiated carbon, a carbide, boride, or silicon, a mixture of a hydride such as LiH and an alloy
such as at least one of LisMg, LiAl, LiSi, LiB, LiC, LiPb, LiGa, LiTe, LiSe such as Li;Se,
LiCd, LiBi, LiPd, LiSn, Li,CuSn, Li,In;.,Sb (0<x<3, O<y<1}, LiSb, LiZn, Li metal-metalloid
alloys such as oxides, nitrides, borides, and silicides, and mixed-metal-Li alioys, and a
mixture of a hydride such as LiH and Li;N or LizNH/separator such as olefin membrane and
organic electrolyte such as LiPFs electrolyte solution in DEC or eutectic salt/graphite,
LiWO;, LixVaGs, LiCoOs, LiFePO4, LiMnyO4 LiNiOs, LizFePO4F, LiMnPQO, VOPO,
system, LiV»0s, LiMgSO4F, LiMSOF (M=Fe, Co, Ni, transition metal), LIMPOF (M=Fe,
Ti), Lix[Lig33T1: 6704], or LisTisOys, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNi;3C0;1aMn0s, and Li(LiNixCoMn,)Os, and LiTi204, LiMgSO4F, LiMSO,F
(M=Fe, Co, Ni, fransition metal), LIMPO4F (M=Fe, Ti), other Li layered chalcogenides].

In an embodiment, the H that is consumed to form hydrinos of an electrode material
such as the composite comprising H and product or source of the migrating ion may be
replaced by hydrogen gas. The application of hydrogen gas may displace molecular hydrino.

In embodiments, the cathode may comprise a hydrogen permeable membrane such as
metal tube that is coated with the reduced migrating ion such as a metal ion such as reduced
Li" jon. The reduced migrating ion such as Li metal may be ¢lectroplated onto the membrane
by electrolysis. The source of the migrating ion may be a Li ion battery electrode material
such as those of the disclosure. Suitable Li sources are at least one of Li graphite, Li,WQ;,
LixV20s, LiCoO,, LiFePO4, LiMnyOs, LiNiO,, LixFePOsF, LiMnPO4, VOPO; system,
LiV,0s, LiMgSO.F, LiMSOF (M=Fe, Co, Ni, transition metal), LIMPOF (M=Fe, Ti),
Lix[Lic33Ti; 6704], or LisTisOys, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNisCoisMns0s, and Li(LiNixCo,Mn,)O,, and LiTi;O4, and other Li layered
chalcogenides. The electroplating may occur in the absence of hydrogen. Then, hydrogen
may be applied 1o the inside of the fube with no elecirolysis voltage wherein the electrode
then serves as the CIHT cell cathode. Other suitable Li sources are Li metal, Li alloys and Li
compounds such as a Li-N-H compound,

In an embodiment, a compound comprising H releases atomic H that undergoes
catalysis to from hydrinos wherein at least one H serves as the catalyst for at least another H.
The H compound may be H intercalated into a matrix such as H in carbon or H in a metal
such as R-Ni. The compound may be a hydride such as an alkali, alkaline earth, transition,
inner transition, noblie, or rare earth metal hydride, LiAlH,, LiBH,, and other such hydrides.
The release may be by the incorporation of the migrating ion of the cell such as an alkali ion
such as Li" into the compound. Alternatively, the reduced migrating ion or its hydride may
serve as the catalyst or source of catalyst. The cathode may comprise carbon, a carbon coated
conductor such as a metal or other material capable of absorbing H and intercalating a metal
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that displaces H or changes its chemical potential or oxidation state in the lattice. For
example, K and H in a carbon matrix exists as a three-layer of carbon, K ions and hydride
ions, and carbon (C/..K" H K" H".../C), and Li and H exist as LiH in the carbon layers. In
general, the metal-carbon compound such as those known as hydrogen-alkali-metal-graphite-
ternary intercalation compounds may comprise MC, (M is a metal such as an alkali metal
comprising M™ and C]). During operation, H and at least one of an atom or ion other than a
species of H such as K, K*, Li, or Li" may be incorporated in the carbon lattice such that H
atoms are created that can undergo catalysis to form hydrinos wherein at ieast one H may
serve as the catalyst for at least one other H atom, or the atom or ion other than a species of H
may serve as the catalyst or source of catalyst. In other embodiments, other intercalation
compounds may substitute for carbon such as hexagonal boronitride (hBN), chalcogenides,
carbides, silicon, and borides such as TiB; and MgB,. Exemplary cells are {hydrogen-atkali-
metal-graphite-ternary intercalation compounds, Li, K, Li alloy/separator such as olefin
membrane and organic electrolyte such as LiPFs electrolyte solution in DEC or eutectic salt/
hydrogen-alkali-metal-graphite-ternary intercalation compounds, or H incorporated into at
least one of the group of hBN, Li hBN, graphite, Li graphite, Li,WOs, LixV;0s, LiCoO,,
LiFePOy, LiMn,O4, LiNiO;, LiFePOF, LiMnPO,, VOPO, system, LiV20s, LiMgSO4F,
LiMSO4F (M=Fe, Co, Ni, transition metal), LIMPO,F (M=Fe, Ti), Lix{Lio33Tk 6704}, or
LisTisO;, layered transition metal oxides such as Ni-Mn-Co oxides such as
LiNi;aCo1sMnipsOs, and Li(LiNizCoMnz)O,, and LiTizO4, other Li layered chalcogenides]
and [Li/Celgard LP 30/hydrogenated PtC or PAC] wherein the hydrogen may be replaced as
consumed to form hydrinos.

In embodiments, at least one of the cathode and anode half-cell reactants comprises
modified carbon. The modified carbon may comprise physi-absorbed or chemi-absorbed
hydrogen. The modified carbon may comprise intercalation compounds of graphite given in
M. S. Dresselhaus and G. Dresselhaus, “Intercalation compounds of graphite”, Advances in
Physics, (2002), Vol. 51, No. 1, pp. 1-186 which is incorporated herein by reference. The
modified carbon may comprise or further comprise an intercalated species such as at least one
of K, Rb, Cs, Li, Na, KH, RbH, CsH, LiH, NaH, Sr, Ba, Co, Eu, Yb, Sm, Tm, Ca, Ag, Cu,
AlBrs, AICI;, AsF; AsFs, AsF;, Bry, Ch, ChO;, ClsFe;Cls, CoCly, CrCls, CuCly, FeCly,
FeCls, Ho804, HCIO:, HgCly, HNO;, L, IC IBr, KBr, MoCls, N2Os, NiClz, PdCly, SbCl,
SbFs, SO, SOCla, SO:Cly, TIBr3, UCL, WCls, MOH, M(NHa;),, wherein the compound may
be C1aM(NH3), (M=alkali metal), a chalcogenide, a metal, a metal that forms an alioy with an
atkali metal, and metal hydride, a lithium ion battery anode or cathode reactant, and M-N-H
compound wherein M is a metal such as Li, Na, or K, MAIH; {(M=alkali metal), MBH,
(M=alkali metal), and other reactants of the disclosure. The lithium ion battery reactant may
be at least one of the group of Li,WOs, LikV20s, LiCoO,, LiFePOy4, LiMnyO4, LiNiOs,
Li-FePO4E, LiMnPO,;, VOPO, system, LiV;0s LiMgSOsF, LIMSOF (M=Fe, Co, Ni,
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transition metal), LIMPOF (M=Fe, Ti), Lix[Lig33Ti16704], or LisTisO 2, layered transition
metal oxides such as Ni-Mn-Co oxides such as LiNyaCoy aMn 302, and
Li(Li;NiyCoyMn,)02, and LiTiO4, and other Li layered chalcogenides, Suitable
chalcogenides are at least one of the group of TiS,, ZrS,, HfS,, TaS,, TeS;, ReS,, PtS,, SnSa,
SnSSe, TiSeq, ZrSes, HiSes, TaSes, TeSes, ReSes, PtSe;, SnSes, TiTes, ZrTes Ve, NbTe,,
TaTe;, MoTes, WTes, CoTe,, RhTe, IrTe,, NiTe;, PdTe,, PtTe;, SiTe,s, NbS,, TaS;, MoS,,
WS,, NbSe;, NbSes, TaSe,, MoSes, VSe,, WSe,, and MoTe,.

The modified carbon may comprise negative centers that bind H™, The negative
centers may comprise an intercalated species such as a negative ion. The modified carbon
may comprise oxide centers formed by oxidation or by intercalation. The modified cabon
may comptise intercalated HNO; or HoSO4. Exemplary cells are [Li or Li alloy such as
LizMg or LiC/Celgard organic electrolyte such as LP 30 or eutectic salt/HNQ; intercalated
carbon], [Li/Celgard LP 30/H,SO4 intercalated carbon], [LiTi2(PO4)s, LixVOs, LiV3Os,
LizMn4QOg, or LisMnsOa/aqueous LiINO3/HNO; intercalated carbon], and [Li/Celgard LP
30/carbon nanotubes (Hz)]. Further examples of modified carbon may comprise N2O, SFs
CF4, NF; PCls, PCls, CSs, 805, COy, P20s, absorbed or intercalated in carbon. Exemplary
cells are Li/Celgard LP 30 or eutectic salt/modified carbon such as at least one of the group
of N30, SFs CF4, NF3 PCl;, PCls, CS3, SO, CO,, and P,Os absorbed in carbon],

In an embodiment, the modified carbon is graphite oxide. Hydrogen as atoms and
molecules may intercalate into the graphite oxide. H intercalated graphite oxide may
comprise a cathode half-cell reactant. The H may be displaced by an alkali metal to form
hydrinos. An exemplary cell is [Li/Celgard LP 30/H intercalated graphite oxide].

The modified carbon may also comprise a complex of an intercalation species such as
an alkali metal such as K, Rb, or Cs or an alkaline earth metal and an acceptor such as an
arornatic acceptor. In an embodiment, the acceptor forms a charge-transfer complex with the
donor and further absorbs or binds hydrogen by means such as physisorption or
chemisorption.  Suitable exemplary acceptors are tetracyanopyrene, tetranitropyrene,
tetracyanoethylene, phthalonitrile, tetraphthalonitrile, Violanthrene B, graphite, and similar
molecules or materials. The modified carbon may be graphene or modified graphene with at
least bound H and optionally other species of modified carbon. The anode may comprise a
source of alkali metal jon M" that serves as the migrating ion such as Li*, Na', or K*. The
source may be an alkali metal, hydrogen-alkali-metal-graphite-ternary intercalation
compound, alkali metal alloy, or other such source of the disclosure. The cell may comprise
an electrolyte such as an organic or aqueous electrolyte and a salt and may further comprise a
salt bridge or separator. In other embodiments, the anode may comprise a source of alkali or
alkaline earth metals or at least one of the metals and the modified carbon may comprise one
of these metals. Exemplary cells are jat least one of a modified carbon such as a hydrogen-
alkali-metal-graphite-ternary intercalation compound and an alkali metal or alkaline earth
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metal M or alloy/separator such as olefin membrane and organic electrolyte such as MPFs
electrolyte solution in DEC or eutectic salt/modified carbon].

In an embodiment, the cathode and anode may comprise at least one of carbon,
hydrogenated carbon, and modified carbon. In an embodiment comprising a form of carbon
at both half-cells, the migrating ion may be H™ or H” wherein the anode and cathode half-cell
reactants, respectively, comprise hydrogen. For example, the cathode may comprise a
hydrogen-alkali-metal-graphite-ternary intercalation compound that is reduced to a hydride
ion that migrates through a H™ conducting electrolyte such as a molten eutectic salt such as an
alkali halide mixture such as LICKCl. The hydride ion may be oxidized at the anode to
form hydrogenated carbon from carbon or a hydrogen-alkali-metal-graphite-ternary
intercalation compound from an alkali-metal-graphite-ternary intercalation compound.
Alternatively, hydrogenated carbon or a hydrogen-alkali-metal-graphite-ternary intercalation
compound may be oxidized at the anode to H' that migrates through a H' conducting
electrolyte such as Nafion, an ionic liquid, a solid proton conducter, or an aqueous electrolyte
to the cathode half-cell wherein it is reduced to H. The H may react to form hydrogenated
carbon or a hydrogen-alkali-metal-graphite-ternary intercalation compound from an alkali-
metal-graphite-ternary intercalation compound. Exemplary cells are [carbon such as carbon
biack or graphite/ eutectic salt such as LiCl-KCl/hydrogen-alkali-metal-graphite-ternary
intercatation compound or hydrogenated carbon], [alkali-metal-graphite-ternary intercalation
compound/eutectic  salt such as  LiCl-KClhydrogen-alkali-metal-graphite-ternary
intercalation compound or hydrogenated carbon], and [hydrogenated carbon/proton
conducting electrolyte such as Nafion or an ionic liquid/ carbon such as carbon black or
graphite].

In an embodiment, an alkali hydride such as KH in graphite has some interesting
properties that could serve cathode or anode of the CIHT cell where H migration to the
anode or K migration to the cathode comprising a compound such as CgKH, results in
charge transfer and H displacement or incorporation to give rise to a reaction to form
hydrinos. Exemplary cells are [K/separator such as olefin membrane and organic electrolyte
such as KPF¢ electrolyte solution in DEC/at least one of carbon(Hz) and CsKikj,
[Na/separator such as olefin membrane and organic electrolyte such as NaPFg electrolyte
solution in DEC/ at least one of carbon (Hz) and C,NaH,], [at least one of carbon(H;) and
CeKH,/eutectic salt/hydride such as metal hydride or H through a permeable membrane], [at
least one of carbon (H;) and CyNaH, /eutectic salt/ at least one of hydride such as metal
hydride and H, through a permeable membrane], and [at least one of carbon(Hz), CyLiHy, and
C,Li/eutectic salt/ at least one of hydride such as metal hydride and H; through a permeable
membrane).

In an embodiment, the anode may comprise a polythiophene-derivative (PthioP), and
the cathode may comprise polypytrole (PPy). The electrolyte may be LiClO4 such as 6.1M in
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an organic solvent such as acetonitrile. An exemplary reversible reaction that drives the

creation of vacancies and H addition in hydrogenated carbon that form hydrinos is
[~Py; — a7+ [-Th =10 [Py -]+ [-Th ~ a7 ] (309)

where —Py— is the pyrrole monomer and —Th— is the thiophene monomer and A is the

anion involved in the anion shuttle between half-cells.  Alternatively, the anode may
comprise polypyrrole, and the cathode may comprise graphite. The electrolyte may be an
alkali sait such as a Li-salt in an electrolyte such as propylenecarbonate (PC). Af least one of
the electrodes may comprise hydrogenated carbon wherein the electron and ion transfer
reactions cause atomic H to rcact to form hydrinos. Exemplary cells are [PthioP
CB(H2)/0.1M LiCIO; acetenitrile /PPy CB{H,)] and {PPy CB(H,)/Li salt PC/graphite(Hs)]
wherein CB is carbon black.

In another embodiment, the anode and cathode may be carbon that may be
hydrogenated such as hydrogenated carbon black and graphite, respectively. The electrolyte
may be an acid such as HoSOq. The concentration may be high such as 12 M. An exempiary
reversible reaction that drives the creation of vacancies and H addition in hydrogenated
carbon that form hydrinos is

cOHSOD2H,80, +COHY O 58C+3H,80, (310)
An exemplary cell is [CB(H2)/12 M H,SO4/ graphite(Ha)].

In an embodiment, the cell comprises an aqueous electrolyte. The electrolyte may be
an alkali metal salt in solution such an alkali sulfate, hydrogen sulfate, nitrate, nitrite,
phosphate, hydrogen phosphate, dihydrogen phosphate, carbonate, hydrogen carbonate,
halide, hydroxide, permanganate, chiorate, perchiorate, chlorite, perchlorite, hypochlorite,
bromate, perbromate, bromite, perbromite, iodate, periodate, iodite, periodite, chromate,
dichromate, tellurate, selenate, arsenate, silicate, borate, and other oxyanion. Another
suitable electrolvie is an alkali borohydride such as sodium borohydride in concentrated base
such as about 4.4 M NaBH, in about 14 M NaOH. The negative electrode may be carbon
such as graphite or activated carbon. During charging the alkali metal such as Na is
incorporated into the carbon. The positive electrode may comprise a compound or material
comprising H where the migrating fon displaces H to release H that further undergoes
reaction to form hydrinos, The positive electrode may comprise H substituted NasMnoQOys,
similar such manganese oxide compounds, similar ruthenium oxide compounds, similar
nickel oxide compounds, and at least one such compound in a hydrogenated matrix such as
hydrogenated carbon. The compound or material comprising H may be at least one of H
zeolite (HY wherein Y = zeolite comprising NaY with some Na replaced by H). HY may be
formed by reaction NaY with NH,Cl to form HY, NaCl, and NH; that is removed. Poorly
conducting half-cell reactants may be mixed with a conducting matrix such as carbon,
carbide, or boride. The cathode may be a silicic acid derivative. In another embodiment, the
cathode may be R-Ni wherein Na may form sodium hydroxide or aluminate at the cathode

231



WO 2011/116236 PCT/US2011/028889

and release H. The cathode and anode may comprise carbon with different stages of alkali
intercalation and hydrogenation such that there is a transport of at least one of H" or alkali ion
from one electrode to the other to cause H displacement or incorporation that further gives
rise to the reaction to form hydrinos. In an embodiment, water may be oxidized at one
electrode and reduced at another due to different activities of the materials of the electrodes
or haif-cells. In an embodiment, H may be formed at the negative electrode and be reduced
at the positive electrode wherein the H flux causes hydrinos to be formed at one or both of the
electrodes. Exemplary cells are [atf least one of CNa and C,NaH,, optionally R-Ni/aqueous
Na salt/at least one of CNa, Cy-NaH,, HY, R-Ni, and NasMnoO:; + carbon{H:) or R-Ni}. In
other embodiments, Na may be replaced by another alkali metal such as K or Li. In other
embodiments, another alkaii metal such as K or Li replaces Na. An exemplary K, inercalaion
compound in aqueous electrolytes such as KCl(aq) is K;MnOy (x = 0.33 and y~2). The
crystal type may be selected for the selected cation such as birnessite for K. H' may
exchange for the alkali metal ion. The reduction of H™ to H may cause the formation of
hydrinos.

In embodiments having an agueous electrolyte, the cathode is stable to O, evolution
and the anode is stable to H, evolution. Exemplary suitable cathode materials are
LiMng gsNig gsFeq oPOy, LiMnaO4, LiNiaCo1aMn;50,, LiCoO,. In other embodiments, the H
containing lattice such as the cathode material is an iniercalation compound with the
intercalating species such as an alkali metal or ion such a Li or Li* replaced by Hor H'. The
compound may comprise intercalated H. The compound may comprise a layered oxide
compound such as LiCoQ, with at least some Li replaced by H such as CoO(OH) also
designated HCoO;. The cathode half-cell compound may be a layered compound such as a
layered chalcogenide such as a layered oxide such as LiCoO; or LiNiO; with at ieast some
intercalated alkali metal such as Li replaced by intercalated H. In an embodiment, at least
some H and possibly some Li is the intercalated species of the charged cathode material and
Li intercalates during discharge. Other alkali metals may substitute for Li. Suitable
intercalation compounds with H replacing at least some of the Li’s are those that comprise
the anode or cathode of a Li ion battery such as those of the disclosure. Suitable exemplary
intercalation compounds comprising HyLi, or H substituting for Li are Li graphite, Li, WO,
LigVs0s, LiCoO,, LiFePQs LiMn20., LiNiO;, LiFePOsF, LiMnPQ, VOPQO, system,
LiV,0s, LiMgSO4F, LIMSO4F (M=Fe, Co, Ni, transition metal), LIMPO,F (M=Fe, Ti),
Liy[Lio33Tiie704], or LiaTisOy2, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNij3CotaMns02, and Li(LiNiyCoyMn,;)O,, and LiTiOs4, and other Li layered
chalcogenides.

Exemplary suitable anode materials are LiTix(PO4)s, LixVO,, LiV30s, LixMngOs,
LisMnsOq;.  Suitable exemplary electrolytes are alkali or ammonium halides, nitrates,
perchlorates, and sulfates such as LiNQOs, LiCl, and NH4X, X = halide, nitrate, perchlorate,
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and sulfate. The agueous solution may be basic to favor Li intercalation over formation of
LiOH. The pH may be increased by addition of LiIOH such as 0.0015 M LiOH. In other
embodiments, H; evolution is promoted by adjusting the pH wherein the H evolution
facilitates the formation of hydrinos. In other embodiments, the formation of
oxyhydroxyides, hydroxides, alkali oxides, and alkali hydrides occurs wherein the formation
of alkali hydride results in hydrino formation according to reactions such as those of Egs.
(305-306).

A lithium ion-type cell may have an aqueous electrolyte having a salt such as LiNO;.
This is possible by using a typical positive cathode such as LiMnaOy4 with an intercalation
compound with a much more positive potential than LiCs, such as vanadium oxide such that
the cell voltage is less than the voltage for the electrolysis of water considering any
overpotential for oxygen or hydrogen evolution at the electrodes. Other suitable electrolytes
are an alkali metal halide, nitrate, sulfate, perchlorate, phosphate, carbonate, hydroxide, or
other similar electrolyte. In order to make hydrinos the cell further comprises a hydrogenated
material. The cell reactions cause H additions or vacancies to be formed that result in
hydrino formation. The hydrogenated material may be a hydride such as R-Ni or a
hydrogenated material such as CB(Ha). Further exemplary metals or semi-metals of suitable
hydrides comprise alkali metals (Na, K, Rb, Cs), alkaline earth metals (Mg, Ca, Ba, Sr),
elements from the Group IHA such as B, Al, Ga, Sb, from the Group IVA such as C, Si, Ge,
Sn, from the Group VA such as N, P, As, and transition metals and alloys. Further examples
are intermetallic compounds AB,, in which A represents one or more element(s) capable of
forming a stable hydride and B is an element that forms an unstable hydride. Examples of
intermetallic compounds are given in TABLE 5. Exemplary cells are [LiV,05 CB(H;) or R-
Ni/aqueous LINQ; with optionally LiOH/CB(Hz) or R-Ni LiMnyOg], [LiV,Os/aqueous
LiOH/R-Ni], [LiV;Os/aqueous LiNO; with optionally LiOH/R-Ni], [LiTia(POu)s, LiVOs,
LiV30g, LizMnuQy, or LisMnsOq2/ aquecus LiNO; or LiClO, with optionally LiOH or KOH
(saturated aq)/Li layered chalcogenides-and at least one of these compounds with some H
replacing Li or ones deficient in Li, compounds comprising HyLiy or H substituting for Li in
at least one of the group of Li-graphite, LixWOs, LixV,0s, LiCoOs, LiFePOs, LiMnyOy,
LiNiQ, LizFePO4F, LiMnPQ,, VOPO, system, LiV,0s, LiMgSO,F, LIMSO4F (M=Fe, Co,
Ni, transition metal), LiMPOF (M=Fe, Ti), LiyLig33Ti16704], or LisTisOy layered
transition metal oxides such as Ni-Mn-Co oxides such as LiNi{sCoysMni 0., and
Li(LiNixCo,Mn,)O2, and LiTi;Os, other Li layered chalcogenides], and [LiTiPOq)s,
LixVOs, LiV30g LiaMnsQOs, or LisMnsOqa/ aqueous LiNG; or LiClO. with optionally LiOH
or KOH (saturated aq)y/HCoO; or CoO(OH)]. Another alkali such as K may substitute for Li.

In an embodiment, the electrolyte is a hydride such as MBHs (M is a metal such as an
alkali metal). A suitable electrolyte is an alkali borohydride such as sodium borohydride in
concentrated base such as about 4.4 M NaBH, in about 14 M NaOH. The anode comprises a
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source of ions M that are reduced to the metal M such as Li, Na, or K at the cathode. In an
embodiment, M reacts with the hydride such as MBH, whereby hydrinos are formed in the
process. M, MH, or at least one H may serve as the catalysts for another, The H source is the
hydride and may further include another source such as another hydride, H compound, or H;
gas with optionally a dissociator. Exemplary cells are [R-Ni/l4 M NaOH 44 M
NaBHg/carbon {Hz)], [NaV,0s CB(H:) /14 M NaOH 4.4 M NaBHi/carbon (Hy)], and [R-
Ni/4.4 M NaBHy in about 14 M NaOH/oxyhydroxide such as AIO(OH), ScO(OH), YO(OH),
VO(CH), CrO(OH), MnO(OH) (a-MnO(OH) groutite and y-MnO(OH) manganite),
FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(OH), NijnCo1pO(0OH), and
NiiaCoisMnms0(OH) or hydroxide such as Co(OH},;, Ni(OH), La(OH):,, Ho{OH},
To{OH)3, Yb{OH);, Lu(OH)s, Er(OH)s].

In another embodiment comprising an aqueous electrolyte, the cell comprises a metal
hydride electrode such as those of the present disclosure. Suitable exemplary hydrides are R-
Ni, Raney cobalt (R-Co), Raney copper (R-Cu), transition metal hydrides such as CoH, CrH,
TiH,, FeH, MnH, NiH, ScH, VH, CuH, and ZnH, intermetallic hydrides such as LaNisHs,
LasCoNigHg, ZrCryHap, LaNisssMngaAls3Cogrs, ZrMngsCrooVyNiyz, and AgH, CdH,,
PdH, PtH, NbH, TaH, ZrH,, HfH;, YH;, LaH;, CeH,, and other rare earth hydrides. Further
exemplary metals or semi-metals of suitable hydrides comprise alkali metals (Na, K, Rb, Cs),
alkaline earth metals (Mg, Ca, Ba, Sr), elements from the Group IIIA such as B, Al, Ga, Sb,
from the Group IVA such as C, S8i, Ge, Sn, and from the Group VA such as N, P, As, and
teansition metals and alloys. The hydride may be an intermetallic compound. Further
examples are intermetallic compounds AB,, in which A represents one or more element(s}
capable of forming a stable hydride and B is an element that forms an unstable hydride.
Examples of intermetallic compounds are given in TABLE 5 and the corresponding section
of the disclosure. The hydride may be at least one of the type ABs, where A is a rare earth
mixture of lanthanum, cerium, neodymium, praseodymium and B is nickel, cobalt,
manganese, and/or aluminum, and AB; where A is titanium and/or vanadium and B is
zirconfum or nickel, modified with chromium, cobalt, iron, and/or manganese. In an
embodiment, the anode material serves the role of reversibly forming a mixture of metal
hydride compounds. Exemplary compounds are LaNis and LaNiz gMngsAlp:Copr. An
exemplary anode reaction of the metal hydride R-Ni is

R-NiHy + OH ¢ R-NiH, + HoO + ¢ (310
in an embodiment, nickel hydride may serve as a half-cell reactant such as the apode. It may
be formed by agueous electrolysis using a nickel cathode that is hydrided. The electrolyte
may be a basic one such as KOH or K,COs, and the anode may also be nickel. The cathode
may comprise an oxidant that may react with water such as a metal oxide such as
nickeloxyhydroxide (NtOOH). An exemplary cathode reaction is

NiO(OH) + H,0 + ¢ to N{OH), + OH (312)
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Vacancies or additions of H formed during cell operation such as during discharge cause
hydrino reactions to release electrical power in addition to any from the non-hydrino-based
reactions. The cell may comprise an electrolyte such as an alkali hydroxide such as KOH
and may further comprise a spacer such as a hydrophilic polyolefin. An exemplary cell is [R-
Ni, Raney cobalt (R-Co), Raney copper (R-Cu), LaNistls, LazCoiNigHs, ZrCroHss,
LaNis ssMno 4Ale3C00.75, ZrMng sCry2 Vo Nij 5, CoH, CrH, FeH, MnH, NiH, ScH, VH, CuH,
ZnH, AgH / polyolefin KOH(aq), NaOH(aq), or LiOH(aq) NiO(OH)]. Additional suitable
oxidants are WO, (OH), WO,(OH)z, VO(OH), VO(OH),, VO(OH)3, V202(OH)s, V20,(0OH),,
V202(OH)s, V20:(OH)y, V20:(0H)y, V204(0H),, FeQO(OH), MnO(OH), MnO(OH),,
Mnp03(0OH), MnyO5(0OH)3, MnyO(OH)s, MnO;(0H), MnOx(OH)s;, MnG(OH)s, MnyO2(OH),,
MnzOs(OH)s, MnaOy(OH)s, NiO(OH), TiO(OH), TiO(OH),, TirO3(OH), TiO0:(CH),,
Ti0y(0OH)s, Tip0,{(0OH)y, and NiO(OH). Further exemplary suitable oxyhyroxides are at
least one of the group of bracewellite (CrO(OQH)), diaspore (AIO(OH)), ScO(OH), YO(CH),
VO(OH), goethite (a-Fe’'O(OH)), groutite (Mn**O(OH)), guyanaite (CrO(OH)),
montroseite ({(V,Fe)O(OH)), CoQ{OH), NiQ(OH), NiCo12,0(0H), and
Ni;3CoisMnnO(0OH), RhO(OH), InG(OH), tsumgallite (GaO(OH)), manganite
(Mn**O(OH)), vttrotungstite-(Y) YW20g(OH)s, yttrotungstite-(Ce) ({Ce, Nd, YYW20¢(OH)3),
unnamed (Nd-analogue of yttrotungstite-(Ce) ) {(Nd, Ce, LayW,04(OH)3), frankhawthorneite
(Cuz[(OH)[ TeO4]), khinite (Pb* Cu?* (TeOg)(OH),), and parakhinite (Pb*"Cu ¥ TeOg(OH)).
In general, the oxidant may be M OyH, wherein %, y, and z are integers and M is a metal such
as a transition, inner transition, or rare earth metal such as metal oxyhydroxides. In other
embodiments, other hydrogenated chalcogenides or chalcogenides may replace
oxyhydroxides. S, Se, or Te may replace O and other such chalcogenides may replace those
comprising O. Mixtures are also suitable. Exemplary cells are [hydride such as NiH, R-Ni,
ZrH,, TiH;, LaH;, CeH; PdH, PtxH, hydride of TABLE 3, LaNis and
LaNis §Mnig 4 Alo3Coo #/aqueous MOH/ M’ O\H,] (M = alkali metal and M’ = transition
metal), [unprocessed commercial R-Ni/aqueous KOH/unprocessed commercial R-N charged
to NiO(OH}], and [metal hydride/agueous KOH/unprocessed commercial R-Ni charged to
NiQ(OH)]. The cell may be regenerated by charging or by chemical processing such as
rehydriding the metal hydride such as R-Ni. In alkaline cells, a cathode reactant may
comprise a Fe(VI) ferrate salt such as KoFeOq or BaFeQ,.

In an embodiment, mH’s (m = integer), H,O, or OH serves as the catalyst (TABLE 3).
OH may be formed by the oxidation of OH at the anode. The elecirolyte may comprise
concentrated base such as MOH (M =alkali) in the concentration range of about 6.5 M to
saturated. The active material in the positive electrode may comprise nickel hydroxide that is
charged to nickel oxyhydroxide. Alternatively, it may be another oxyhydroxide, oxide,
hydroxide, or carbon such as CB, PtC, or PdC, or a carbide such as TiC, a boride such as
TiB,, or a carbonitride such as TiCN. The cathode such as nickel hydroxide may have a
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conductive network composed of cobalt oxides and a current collector such as a nickel foam
skeleton, but may alternately be nickel fiber matrix or may be produced by sintering
filamentary nickel fibers. The active material in the negative electrode may be an alloy
capable of storing hydrogen, such as one of the AB; (LaCePrNdNiCoMnAl) or AB;
(VTIiZrNiCrCoMnAlISn) type, where the “AB,” designation refers to the ratio of the A type
elements (LaCePrNd or TiZr) to that of the B type elements (VNICrCoMnAISn). Suitable
hydride anodes are those used in metal hydride batteries such as nickel-metal hydride
batteries that are known to those skilled in the Art. Exemplary suitable hydride anodes
comprise the hydrides of the group of R-Ni, LaNisHs, LayCoiNigHg, ZrCroHsg,
LaNij ssMnig 4A L 2C00 75, ZtMng sCrg 2 Ve |Ni 5, and other alloys capable of storing hydrogen,
such as one of the AB; (LaCePrNdNiCoMnAl) or ABy (VTIZNiCrCoMnAlSn) type, where
the “AB,” designation refers to the ratio of the A type elements (LaCePrNd or TiZr) to that of
the B type elements (VNICrCoMnAlSn). n other embodiments, the hydride anode
comprises at least one of MmNis (Mm = misch metal) such as MmNi3 sCoq 7Alys, the ABs-
type: MmNi; 2Cor oMng sAln 11Mogge (Mm = misch metal: 25 wt% La, 50 wt% Ce, 7 wt% Pr,
18 wt% Nd), La:,RyNisM,, ABo-type: TiosiZrosoVo10Ni; 15Cro 2 alloys, magnesium-based
alloys such as Mg, Al NigsCog 1 Mng; alloy, Mgp72Sco2s(Pdooia + Rhoor2), and MggeTia,
MgsoVao, LaggNdosNip 4C0,5810 1, LaNis My (M= Mn, Al}, (M= Al, 8i, Cu), (M= 8n), (M=
Ai, Mi‘l, Cu) and LaNi4Co, MmNi:,,55M1.’1(144A10.3C00_75, L&Ni3v55Mng_44Afg_3COQ‘75, MgCUZ,
MgZn,, MgNi;, AB compounds such as TiFe, TiCo, and TiNi, AB, compounds (n =5, 2, or
1), AB1.¢ compounds, and AB, (A = La, Ce, Mn, Mg; B = Ni, Mn, Co, Al). Other suitable
hydrides are ZrFes, ZrpsCsosFes, ZrggScozFe;, YNis, LaNis, LaNigsCops, (Ce, La, Nd,
Pr)Nis, Mischmetal-nickel alloy, TigesZr 02 Vo a3FeopCroosMny s, La;CoiNig, and TiMnz. In
either case, the materials may have complex microstructures that allow the hydrogen storage
alloys to operate in the aggressive environment within the cell where most of the metals are
thermodynamically more stable as oxides. Suitable metal hydride materials are conductive,
and may be applied to a current collector such as one made of perforated or expanded nickel
or nickel foam substrate or one made of copper.

In embodiments, the aqueous solvent may comprise H,O, D,O, T0, or water
mixtures and isotope mixtures. In an embodiment, the temperature is controlled to control
the rate of the hydrino reaction and consequently the power of the CIHT cell. A suitable
temperature range is about ambient to 160°C. The temperature may be maintained about
>100°C by sealing the celi so that pressure is generated and boiling is suppressed.

In an embodiment, the at least one of OH and HoO catalyst is formed atf the anode
from the oxidation of OH in the presence of H or a source of H. A suitable anode half-cell
reactant is a hydride. In an embodiment, the anode may comprise a hydrogen storage
material such as a metal hydride such as metal alioy hydrides such as BaReHs, L.a;Co NisHs,
LaNisHg or LaNisH (in the disclosure, LaNisH is defined as the hydride of LaNis and may
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comprise LaNisHs, and other hydride stoichiometries, and the same applies to other hydrides
of the disclosure wherein other stoichiometries than those presented are also within the scope
of the present disclosure), ZrCrHs g, LaNiz ssMngaAlg 3C007s, ZrMng sCrg 2V Ni, 5, FeTiH, 5,
TiFeH, and MgNiH;. In an embodiment comprising & LaNisHs, La:xCoiNigHg, ZrCrsHssg,
LaNis ssMng 4Alg 3Co00.75, or ZrMngsCro2 Vo Nij ; anode or simifar anode and KOH or NaOH
electrolyte, LiOH is added to the electrolyte to passivate any oxide coating to facilitate the
uptake of H; to hydride or rehydride the LaNisHs LaxCoNigHs, ZiCriHig,
LaNis ssMng 4Alg3C0075, of ZtMng sCro2 Vo Nij2. Exemplary cells are [BaReHs, LaNisHs,
LaQCO:Ni;;H@, Zl‘Cl‘zHg,g, LaN13_55Mn{),4A10,3C09775, ZrMng_SCmngNillg, F&'TiH]_j, TEFEHQ,
and MgNiHs/MOH (saturated aq) (M = alkali)/carbon, PdC, PtC, oxyhydroxide, carbide, or
boride] and [LaNisHs, La,CofNigHg, ZrCroHizs,  LaNizssMngsAlosCoors, or
ZrMny sCrga Vo1 Nij o/KOH (sat aq) EuBr; or EuBrs/CB].

OH formed as an intermediate of a reduction reaction of reactant(s) to OH" may serve
as a catalyst or a source of catalyst such as OH or H>O to form hydrinos. In an embodiment,
the oxidant of the cell comprising an alkaline electrolyte such as an aqueous MOH or M;COs
electrolyte (M = alkali) comprises a source of oxygen such as at least one of a compound
comprising oxygen, an oxygen containing conducting polymer, an oxygen containing
compound or polymer added to a conducting matrix such as carbon, O, air, and oxidized
carbon such as steam treated carbon. The reduction reaction of oxygen may form reduced
oxygen compounds and radicals that may comprise at least O and possibly H such as
hydrogen peroxide ion, superoxide ion, hydroperoxyl radical, O;, O}, HOOH, HOO", OH
and OH'. In an embodiment, the cell further comprises a separator that prevents or retards the
migration of exygen from the cathode to the anode and is permeable to the migrating ion such
as OH. The separator may also retard or prevent oxides or hydroxides such as Zn(OH)j_,
Sn(OHY,, Sn(OH). , Sb(OH),, Pb(OH)., Cr(OH),, and A4l(OH),, formed in the
anode half-cell compartment from migrating to the cathode compartment. In an embodiment,
the anode comprises an H source such as a hydride such as R-Ni, LaNisHs, LayCoyNigHs,
ZrCroHa g, LaNis ssMng 4Aky 3C0g75, of ZtMng sCrg 2V NIy 2, or H; gas and a dissociator such
as Pt/C. In this embodiment and others of the disclosure that comprise R-Ni, another Raney
metal such as Raney cobalt (R-Co), Raney copper (R-Cu), and other forms of R-Ni
comprising activators that may comprise other metals, metal oxides, alloys, or compounds
may be substituted for R-Ni to comprise further embodiments. An exemplary cell comprises
a metal hydride M’Hy (M’=metal or alloy such as R-Ni or LaNis) and an oxygen cathode
such as O, gas or air at the cathode such as a carbon cathode or oxygen absorbed in carbon
C(Oy)y, that releases O; giving C(O2)xi. In an embodiment similar to Eq. (315), at least one
of water and oxygen are reduced to at least one of OH, H, and H, at the cathode.
Corresponding exemplary reactions are
Anode
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M'H; +OH to M’H,y + HoO + ¢ {313)
wherein OH may be formed as an intermediate and serve as a catalyst to form hydrinos.
Cathode

1207 + HyO + 2e" 10 20H (314)
Alternatively, the cathode reaction may involve water alone at the positive electrode:
H,O +e-to 1/2H; + OH (315)

The cathode to perform reaction Eq. (315) may be a water reduction catalyst, and optionally
an O reduction (Eq. (314)) catalyst, such as supported metals, zeolites, and polymers that
may be conductive such as polyaniline, polythiophen, or polyacetylene, that may be mixed
with a conductive matrix such as carbon. Suitable HO reduction catalysts efficiently reduce
H,0 1o H» in solutions such as alkaline solutions. Exemplary catalysts are those of the group
of Ni, porous Ni, sintered Ni powder, Ni-Ni(OH),, R-Ni, Fe, intermetallics of transition
metals, Hf;Fe, Zr-Pt, Nb-Pd(l), Pd-Ta, Nb-Pd(I}), Ti-Pt, nanocrystalline Ni;Mo,.. {x= 0.6,
0.85 atomic percent), Ni-Mo, Mm alloy such as MmNi; sCog7sMng 42AL 27, Ni-Fe-Mo alloy
(64:24:12) (wt%), Ni-S alloy, and Ni-S-Mn alloy. The electrolyte may further comprise
activators such as ionic activators such as each or the combination of
tris(ethylenediamine)Co(III) chloride  compiex and  NzpMoQ, or  EDTA
(ethylenediaminetetraacetic acid) with iron. Exemplary cells are [M/KOH (saturated
aql/water reduction catalyst and possibility an O, reduction catalyst]; M = alloy or metals
such as those of Zn, Sn, Co, Sb, Te, W, Mo, Pb, Ge; water reduction catalyst and possibility
an O, reduction catalyst = at least one of Pt/Ti, Pt/ALO,, steam carbon, perovskite, Ni,
porous Ni, sintered Ni powder, Ni-Ni{OH),, R-Ni, Fe, intermetallics of transition metals,
Hf;Fe, Zr-Pt, Nb-Pd(I), Pd-Ta, Nb-Pd(Il), Ti-Pt, nanocrystalline Ni\Mo;, (x= 0.6, 0.85
atomic percent), Ni-Mo, Mm alloy such as MmNi; ¢Cop7sMngeAls27. Ni-Fe-Mo alioy
(64:24:12) (Wt%), Ni-S alloy, and Ni-S-Mn alloy.

In an embodiment the cathode comprises a source of oxygen such as an oxide,
oxyhydroxide, oxygen gas, or air. Oxygen from the source is reduced at the cathode in
aqueous solution to form a negative ion that comprises O and may comprise H. The
reduction reaction of oxygen may form reduced oxygen compounds and radicals that may
comprise at least O and possibly H such as hydrogen peroxide ion, superoxide ion,
hydroperoxyl radical, O;, 07, HOOH, HOO", OH and OH". In an embodiment, at lcast one
of these species or a product species formed at the anode may comprise the catalyst. The
catalyst reaction may involve the oxidation of OOH" to OH and metal oxide wherein OOH"
serves as a source of catalyst. Exemplary reactions of metal M are

Cathode

Oy + H; 0O + 2¢ 10 OOH + OH (316)
Anode:

M+0O0H toMO+ OH + ¢ (317
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MH or MOH + OOH to M or MO + HOOH + e’ (318)
wherein OOH™ and possibly HOOH serves as a source of catalyst. OOH™ may also serve as
the source of catalyst in a cell comprising a hydroxide cathode or anode reactant that forms
an oxide and may further comprise a solid electrolyte such as BASE. An exemplary cell is
[Na/BASE/NaOH] and an exemplary reactions involving superoxide, peroxide, and oxide are

Na + 2NaOH to NaQ; + 2NaH to NaOOH + 2Na to Na,O + NaOH + 1/2H, (319)

2Na + 2NaOH to Nay0, + 2NaH to NaOOH + 2Na + NaH (320)

2NaQH to NaOOH + NaH to NaxO + H:0 (321
In the latter reaction, H,O may react with Na. The reaction to form intermediate MOOH such
as NaOOH (M = alkali) that may react to form Na,O and OH may involve supplied
hydrogen. Exemplary cells are [Ni(H: such as in the range of about 1 to 1.5 atm)
NaOH/BASE/NaCkNiCl; or NaCl-MnCl; or LiCl-BaCl,] and .} [Ni(Hy)} at least one of NasO
and NaOH/BASE/ NaCl-NiCl; or NaCl-MnCl, or LiCl-BaCl;] that may produce electrical
power by forming hydrinos via reactions such as

Cathode:
2Na* + 2¢” + M’X3 to 2NaCl + M’ (322)
Anode;
1/2H, + 3NaOH to NaOOH + NaH + H,O + Na’ + ¢’ (323)
NaOOH + NaH to Na,0 + H,0 (324)
NagO + NaOH to NaOQOH + 2Na* + 2¢ (325)

wherein M’ is a metal, X is halide, other alkali metals may be substituted for Na, and NaH or
OOH may serve as a source of catalyst, or OH may be formed as an intermediate and serve
as a catalyst.

In an embodiment, the electrolyte comprises or additionally comprises a carbonate
such as an alkali carbonate. During electrolysis, peroxy species may form such as
peroxocarbonic acid or an alkali percarbonate that may be a source of OOH" or OH that serve
as a source of catalyst or catalyst to form hydrinos. Exemplary cells are [Za, Sn, Co, Sb, Te,
W, Mo, Pb, Ge /KOH (saturated ag) + K;COs/carbon + air] and [Zn, Sn, Co, Sb, Te, W, Mo,
Pb, Ge /KOH (saturated ag) + K,CO3/Ni powder + carbon (50/50 wt%) + air].

In an embodiment, the matrix such as steam activated carbon comprises a source of
oxygen such as carboxylate groups that react with the electrolyte such as a hydroxide such as
KOH to form the corresponding carboxylate such as K;COs. For example, CO, from
carboxylate groups may react as follows:

2KOH + CO; to KpCO; + H,0 (326)
wherein OH is oxidized and CO; is reduced. The process may comprise 2 mechanism to
form hydrinos. Activated carbon and PtC comprising activated carbon may react in this
manner to form hydrinos. Similarly, R-Ni reacts with OH to form H,O and Al,O; which
involves the oxidation of OH and provides a direct mechanism to form hydrinos. Thus,

239



WO 2011/116236 PCT/US2011/028889

hydrinos may be formed at a carbor cathode or R-Ni anode by ditect reaction. This is
evidenced by a large 1.25 ppm NMR peak of the product following extraction in dDMF.

An embodiment comprises a fuel cell with a source of hydrogen such as H, gas and a
source of oxygen such as O gas or air. At least one of Hy and O may be generated by
electrolysis of water. The electricity for the electrolysis may be supplied by a CIHT cell that
may be driven by the gasses supplied to it directly from the electrolysis cell. The electrolysis
may further comprise gas separators for Hz and O to supply purified gases to each of the
cathode and anode. Hydrogen may be supplied to the anode half-cell, and oxygen may be
supplied to the cathode half-cell. The anode may comprise an Hy oxidation catalyst and may
comprise an H; dissociator such as Pt/C, It/C, Ru/C, Pd/C, and others of the disclosure. The
cathode may comprise a O, reduction catalyst such as those of the disclosure. The cell
produces species that may form OH that may serve as the catalyst to form hydrinos and
produce energy such as electrical energy in excess of that from the reaction of hydrogen and
oxygen to form water.

in an embodiment, a cell comprising an Oy or air reduction reaction at the cathode
comprises an anode that is resistant to H evolution such as a Pb, In, Hg, Zn, Fe, Cd or
hydride such as LaNisHs anode. The anode metal M may form a complex or ion such as
M (OH )i' that is at least partially soluble in the electrolyte such that the anode reaction

proceeds unimpeded by a coating such as an oxide coating. The anode may also comprise
other more active metals such a Li, Mg, or Al wherein inhibitors may be used to prevent
direct reaction with the aqueous electrolyte, or a nonaqueous electrolyte such as an organic
electrolyte or an ionic liquid may be used. Suitable ionic liquid electrolytes for anodes such
as Li are l-methyl-3-octylimidazolium bis{trifluormethylsulonyljamide, 1-ethyl-3-
methylimidazolium bis(pentafluoroethylsulfonyl)amide, and 1-ethyl-3-methylimidazolium
bis(trifluormethylsulonyl)amide. The anode may be regenerated in aqueous solution by
electrolysis wherein Pb, Hg, or Cd may be added to suppress H; evolution. Metals with a
high negative electrode potential such as Al, Mg, and Li can be used as anodes with an
aprotic organic electrolyte.

In an embodiment, the reduction of O; proceeds through the peroxide pathway
involving two-electrons. Suitable cathodes that favor the peroxide pathway are graphite and
most other carbons, gold, oxide covered metals such as nickel or cobalt, some transition
metal macrocycles, and transition metal oxides. Manganese oxide such as MnO; may serve
as an O; reduction catalyst. Alternatively, oxygen may be reduced directly to OH or H:O by
four electrons. This pathway is predominant on noble metals such as platinum and platinum
group metals, some transition metal oxides having the perovskite or pyrochlore structure,
some transition metal macrocycles such as iron phthalocyanine, and silver.

The electrode may comprise a compound electrode for oxygen reduction and
evolution. The latter may be used for regeneration. The electrode may be bifunctional
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capable of oxygen reduction and evolution wherein the activity is provided by corresponding
separate catalyst layers, or the electrocatalyst may be bifunctional. The electrode and cell
designs may be those known in the Art for metal-air batteries such as Fe or Zn-air batteries or
a suitable modification thereof known by those skilled in the Art. A suitable electrode
structure comprises a current collector, a gas diffusion layer that may comprise carbon and a
binder, and an active layer that may be a bifunctional catalyst. Alternatively, the electrode
may comprise the O reduction layers on one side of the cusrent cotlector and O evolution
tayers on the other side. The former may comprise an outer gas diffusion layer in contact
with the source of oxygen and a porous, hydrophobic catalyst layer in contact with the current
collector; whereas, the latter may comprise a porous, hydrophilic catalyst layer in contact
with the electrolyte on one side of the layer and the current collector on the other side.

Suitable perovskite-type oxides that may serve as catalysts to reduce oxygen from a
source may have the general formula ABO;, and such substituted perovskites can have the
general formula A 4A’xB)yB’y0s. A may be La, Nd; A® may be strontium, barium, caicium;
and B may be nickel, cobalt, manganese, ruthenium. Other suitable catalysts for reducing
oxXygen at the cathode are a perovskite-type catalyst such as LagsCao4CoO;s doped with metal
oxide, La,,CayCo0s, La;SrCo0s (0 £ x<0.5), or LaggSro2Co:B,0s (B =Ni, Fe, Cuy, or
Cr; 0<y<0.3), LagsSrosCo0;,LaNiOs, LaFe,Ni O3, substituted LaCoOs, La;CacMO;,
LagsCagoMnOs, LaixA’«CoiyB’y03 (A’ = Ca; B’ = Mn, Fe, Co, Ni, Cu),
Lan ¢Cag 4Co sFep 203, LajLA'xFe),B*y0s (A’ = Sr, Ca, Ba, La; B’ = Mn), Lag;SrqoFe;.
yMn,0s, and perovskite-type oxides based on Mn and some transition metal or lanthanoid, or
a spinel such as Co304 or NiCo0y0s, a pyrochlore such as PboRuzPb; 401y or PbaRu20ss,
other oxides such as NaggPt;04, organometallic compounds such as colbalt porphyrin, or
pyrolyzed macrocycles with Co additives. Suitable pyrochlore-type oxides have the general
formula A;B20y or AsBayAxOry (A = Pb/Bi, B = Ru/Ir) such as PbIr:07.y, PbBiRuOy.,
Pby(PbyIra,)O,_,, and NdslrOy. Suitable spinels are nickel cobalt oxides, pure or lithium-
doped cobalt oxide (C0sOs), cobaltite spinels of the type M;CO3x04 ( M = Co, Ni, Mn
oxygen reduction) and (M = Co, Li, Ni, Cu, Mn oxygen evolution). The oxygen evolution
catalyst may be nickel, silver, noble metal such as Pt, Au, Ir, Rh, or Ry, nickel cobalt oxide
such as NiCo;0:, and copper cobalt oxide such as CuCo204. The oxygen reduction or
evolution catalyst may further comprise a conducting support such as carbon such as carbon
black, graphitic carbon, Ketjen black, or graphitized Vulcan XC 72. Exemplary cells are {Zn,
Sn, Co, Sb, Te, W, Mo, Pb, Ge /KOH (saturated aq)/air + carbon + O, reduction catalyst such
as perovskite-type catalyst such as LagsCag4CoOs doped with metal oxide, La;«CayCoOs,
La;SrCoOs (0 £x<0.5), or LaggSro2Co14By0; (B =Ni, Fe, Cu, or Cr; 0£y<03),0ra
spinel such as Co:0y4 or NiCo,0s, a pyrochlore such as PbaRusPby 1.y or PboRu; 0 s, other
oxides such as NaggPt304, or pyrolyzed macrocycles with Co additives]. In another
embodiment, the cathode comprises a water reduction catalyst.
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The cathode is capable of supporting the reduction of at least one of H,O and O;. The
cathode may comprise a high-surface area conductor such as carbon such as carbon black,
activated carbon, and steam activated carbon. The cathode may comprise a conductor having
a low over potential for the reduction of at least one of O, or H,O or H; evolution such as Pt,
Pd, Ir, Ru, Rh, Au, or these metals on a conducting support such as carbon or titanium as the
cathode with HyO as the cathode half-cell reactant. The electrolyte may be concentrated base
such as in the range of about 6.1 M to saturated. Exemplary cells are [dissociator and
hydrogen such as PtCB, PdC, or Pt(20%)Ru(10%) (Hj, ~1000 Torr), or metal hydride such as
R-Ni of wvarious compositions, R-Co, R-Cu, LaNisHs, LaCoNioHs, ZrCriHis,
LaNi; ssMng 4Alo 3C0g 75, ZrMiig sCrp2 Vo 1Niy 2 or hydride of TABLE 5/aqueous base such as
KOH (aq) electrolyte (>6.5 M to saturated or >11 M to saturated)/carbon, oxygen electrode
such as Oy or air at carbon, C((h), or oxidized carbon such as steam activated carbon, or CB,
PtC, PdC, CB(H,), PtC(H;), PAC(H,), conductor having a low over potential for reduction of
at least one of O or H>O or H; evolution such as Pt, Pd, Ir, Ru, Rh, Au, or these metals on a
conducting support such as carbon or titanium as the cathode with at least one of H»O and O-
as the cathode half-cell reactant].

In an embodiment, the anion can serve as a source of oxygen at the cathode. Suitable
anions are oxyanions such as COX™, SO, and PO;”. The anion such as CO}” may forma

basic solution. An exemplary cathode reaction is

Cathode

COF + 4 + 3H0 to C + 60H (327)
The reaction may involve a reversible half-cell oxidation-reduction reaction such as

CO; + H,0to CO, + 20H {328)

The reduction of HC to OH + H may result in a cathode reaction o from hydrinos wherein
H,O serves as the catalyst. The large 1.23 ppm NMR peak corresponding to Hz(1/4) isolated
from cathode products of cells such as [Zn, Sn, Pb, Sb/KOH (sat aq} + K,CO5/CB-SA]
having KOH-K,CO; electrolytes supports this mechanism. In an embodiment, CO,, SO,
PO, and other similar reactants may be added to the cell as a source of oxygen.

The anode may comprise a metal capable of reacting with an oxygen species such as
OOH or OH". Suitable metals are Al, V, Zr, Ti, Mn, Se, Zn, Cr, Fe, Cd, Co, Ni, Sn, In, Pb,
Cu, Sb, Bi, Au, Ir, Hg, Mo, Os, Pd, Re, Rh, Ru, Ag, Tc, Te, Tl, and W that may be powders.
The anode may comprise short hydrophilic fibers such as cellulose fibers to prevent
densification during recharging. The anode may be formed in a discharged state and
activated by charging. An exemplary zinc anode may comprise a mixture of zinc oxide
powder, cellulose fibers, polytetrafluorethylene binder, and optionally some zinc powder and
additives such as lead (II) oxide or oxides of antimony, bismuth, cadmium, gallium, and
indium to prevent Hy evolution. The mixture may be stirred on a water-acetone mixture, and
the resulting homogeneous suspension may be filtered, the filter cake pressed into a current
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collector such as lead-plated copper net and dried at temperature slightly >100°C, The
electrode having a porosity of about 50% may be wrapped in a micro-porous polymer
membrane such as Celgard that holds the electrode together and may serve as the separator.
In other embodiments, the anode may be assembled using primarily Zn powder that avoids
the initial charging step.

The cell may comprise a stack of cells connected in series or in parallel that may have
a reservoir to accommodate volume changes in the electrolyte. The cell may further
comprise at least one of humidity and CO, management systems. The metal elecirode may
be sandwiched between to oxygen electrodes to double the surface area. Oxygen may diffuse
from air through a porous Teflon-laminated air electrode comprising an oxygen diffusion
electrode. In an embodiment, the electrons from the anode react with oxygen at cafalytic
sites of a wetted part of the oxygen diffusion electrode to form reduced water and oxygen
species.

In an embodiment, the metal-air cell such as a Zn-air cell may be comprise a metal-air
fuel cell wherein metal is continuously added and oxidized metal such as metal oxide or
hydroxide is continuousiy removed. Fresh metal is transported to and waste oxidized metal
away from the anode half-cell by means such a pumbing, auguring, conveying, or other
mechanical means of moving these materials known by those skilled in the Art. The metal
may comprise pellets that can be pumped.

In an embodiment, an oxyhydroxide may serve as the source of oxygen to form OH'.
The oxyhydroxide may form a stable oxide. Exemplary cathode reactions comprise at least
one of a reduction of an oxyhydroxide or a reduction reaction of an oxyhdroxide such as one
of the group of MnOOH, CoOOH, GaOOH, and nOOH and lanthanide oxyhydroxides such
as LaOOH with at least one of H2O and O, to form a corresponding oxide such as La;0s,
Mn;Os, CoO, Ga0s, and InaOQs. Exemplary reactions of metat M are given by
Cathode:

MOOH + ¢ to MO + OH" (329)
2MOOH + 2¢” + H:0 to MyOs + 20H™ + Hy (330)
2MOOH + 2¢” + 1/205 to MaO;5 + 20H (331)

Alternatively, an oxide may serve as the source of oxygen to form OH. The reduced metal
product may be an oxide, oxyhydroxide, or hydroxide having the metal in a lower oxidation
state. An exemplary cathode reaction involving metal M is
Cathode;

yMOy + re” + gHy O to MyOyyegr + rOH + (2q-r)/2H; (332)
wherein y, x, r, and g are integers. Suitable exemplary oxides are MnQ,, Mn,Os, Mn;0;,
M’0O (M’ = transition metal), SeO,, TeO,, P20Os, SO,, CO,, N20O, NO,, NO, Sn0, PbO, Laz0;,
Gay()s, and In,O; wherein the gases may be maintained in 2 matrix such as absorbed in
carbon. The clectrolyte may be concentrated base such as in the range of about 6.1 M to
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saturated. Exemplary celis are [dissociator and hydrogen such as PiCB, PdC, or
Pi(20%)Ru(10%) (Ha, ~1000 Torr), or metal hvdride such as R-Ni of various compositions,
R-Co, R-Cy, LaNisHsg, La;CoNigHg, ZrCriHs s, LaNi; ssMng 4Alg 3C0g 75,
ZrMng sCrg o Vo Ni; 2 or hydride of TABLE 5/aquecus base such as KOH (ag) electrolyte
(>6.5 M to saturated or >11 M to saturated)/oxyhydroxide or oxide such as MnOs, MmO;,
Mn;04, M'O (M’ = transition metal), SeG,, Te(s, P20;, SO, CO,, N0, NOy, NO, Sn0,
PbO, La)0;, Ga,0s, and inO; wherein the gases may be maintained in a matrix such as
absorbed in carbon or CoOOH, MnOOH, LaOOH, GaOOH, or InOOH], [M/KOH (sat
aq)MOy (x =1 or 2) suitabie metals M = Zn, Sn, Co, Sh, Te, W, Mo, Pb, Ge], and [M/KOH
(sat aq)/M’OOH suitable metals M = Zn, Sn, Co, Sb, Te, W, Mo, Pb, Ge; M’ = Mn, Co, La,
Ga, In.

OH formed as an intermediate of an oxidation reaction of OH" may serve as a catalyst
or source of catalyst such as OH or HyO to form hydrinos. In an embodiment, a metal that
forms a hydroxide or oxide may serve as the anode. Alternatively, a hydroxide starting
reactant may serve as the anode. At least one of the oxidized metal, the metal oxide, and the
metal hydroxide may oxidize OH" to OH as an intermediate to form a compound comprising
at feast two of the metal, oxygen, and hydrogen such as the metal hydroxide, oxide, or
oxyhydroxide. For example, the metal may oxidize to form a hydroxide that may further
react to an oxide. At least one hydroxide H may be transferred to OH as it is oxidized to
form water, Thus, a metal hydroxide or oxyhydroxide may react in similar manner as a
hydride (Eq. (313)) to form an OH intermediate that can serve as a catalyst to form hydrinos.
Exemplary reactions of metal M are

Anode:
M+ OH to M(OH) + ¢ (333)
then
M(OH) + OH to MO +H,O+ &7 (334)
M + 20H to M(OH), + 2¢” (335)
then
M(OH), to MO + H,O (336)
M+ 20H to MO + Ho(O + 2e (337

wherein OH of the water product may be initially formed as an intermediate and serve as a
catalyst to form hydrinos. The anode metal may be stable to direct reaction with concentrated
hase or may react at a slow rate. Suitable metals are a transition metal, Ag, Cd, Hg, Ga, In,
Sn, Pb, and alloys comprising one or more of these and other metals. The anode may
comprise a paste of the metal as a powder and the electrolyte such as a base such as MOH
(M= alkali). Exempiary paste anode reactants are Zn powder mixed with saturated KOH or
Cd powder mixed with KOH. Suitable electropositive metals for the anode are one or more
of the group of Al, V, Zr, Ti, Mn, Se, Zn, Cr, Fe, Cd, Co, Ni, Sn, In, and Pb. Alternatively,
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suitable metals having low water reactivity are Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Ay, I, Fe, Hg,
Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T, Sn, and W. In other embodiments, the anode
may comprise 2 hydroxide or oxyhydroxide such as one of these metals such as Co(OH)s,
Zn(OH)z, Sn(OH),, and Pb{OH),. Suitable metal hydroxides form oxides or oxyhydroxides.
The electrolyte may be concentrated base such as in the range of about 6.1 M to saturated.
Exemplary cells are [metal such as Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Cd, Hg, Ga, In,
Sn, Pb, or metals having low water reactivity such as one from the group of Cu, Ni, Pb, Sb,
Bi, Co, Cd, Ge, Ay, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, Sn, and W, or
these metals as paste with saturated MOH or a metal hydroxide such as Co(OH),, Zn(OH).,
Sn{OH),, or Pb(OH)y/agueous base such as KOH (aq) electrolyte (=6.5 M to saturated or >11
M to saturated)/oxyhydroxide or oxide such as MnO,, MnaOs, Mn;04, MO (M’ = transition
metal), SeGs, TeO,, P20s, SO, CO», N3O, NO,, NG, SnO, PbO, Lay0;, Gay0s, and Iny0y
wherein the gases may be maintained in a matrix such as absorbed in carbon or CoOOCH,
MnOOH, LaOOH, GaOOH, or InOOH, or carbon, oxygen electrode such as O, or air at
carbon, C(O,), or oxidized carbon such as steam activated carbon, or CB, PtC, PdC, CB(Ha),
PtC(H,), PAdC(H3), conductor having a low over potential for reduction of at least one of O, or
H-0 or H; evolution such as Pt, Pd, Ir, Ru, Rh, Au, or these metals on a conducting support
such as carbon or titanium as the cathode with at least one of H,O and O» as the cathode half-
cell reactant], [hydroxide of Zn, Sn, Co, Sb, Te, W, Mo, Pb, or Y/KOH (saturated aq)/steam
carbon], and [Zn-saturated MOH paste/MOH (saturated aq)/CB, activated carbon or steam
activated carbon with O,].

in an embodiment, the cathode may comprise a metal oxide such as an oxide or
oxyhydroxide, and the anode may comprise a metal or a reduced oxide relative to the
oxidized metal of the cathode. The reduction of water given in Eq. (314) may involve the
oxygen of the oxide or oxyhydroxide. The cathode and anode may comprise the same metal
in different oxidation or oxide states. The anode reaction may be given by at least one of
Eqs. (333-337). Exemplary cells are [M/KOH (saturated ag)/MOOH (M = transition metal,
rare earth metal, Al, Ga, or In)], [M/KOH (saturated aq)/MO; (M = Se, Te, or Mn)], and
[M/KOH (saturated aq)/MO (M = Zn, Sn, Co, 8b, Te, W, Mo, Pb, or Ge)]. Hydrogen may be
added to at least one half-cell to initiate and propagate the water oxidation and reduction
reactions (e.g. Eqgs. (314-315) and (346)) that maintain some OH or other catalyst comprising
at least one of O and H. The source of hydrogen may be a hydride such as R-Ni or LaNisHs.
Carbon such as steam carbon may also be added to an clectrode such as the cathode to
facilitate the reduction of water to OH and OH™ oxidation to OH and possibly HO. At least
one electrode may comprise a mixture comprising carbon. For example, the cathode may
comprise a mixture of carbon and a metal oxide such as a mixture of steam carbon and an
oxide of Zn, Sn, Co, Sb, Te, W, Mo, Ph, or Ge. The anode may comprise the corresponding
metal of the cathode metal oxide. Other suitable catalysts for reducing O, at the cathode are a
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perovskite-type catalyst such as LageCap4CoOs doped with metal oxide, La;.xCa,CoOs;, La,.
S, Co0; (0 £ x £0.5), or LaggSro2C014B,0; (B =Ni, Fe, Cu, or Cr; 0 <y <0.3), or a spinel
such as Co;04 or NiC0,04, a pyrochlore such as PbsRusPbi4O1.y or PbaRu20s 5, other oxides
such as NaggPt;04, or pyrolyzed macrocycles with Co additives. The oxygen reduction
catalyst may further comprise a conducting support such as carbon such as carbon black or
graphitic carbon. Exemplary celis are {Zn, Sn, Co, Sb, Te, W, Mo, Pb, Ge /KOH (saturated
aq)/air + carbon + O, reduction catalyst such as perovskite-type catalyst such as
LagsCap4Co0s doped with metal oxide, La;CaCoO, La;,SrnCoO; (0£x<0.5), or
Lag 8102C014By03 (B =Ni, Fe, Cu, or Ct; 0<y<0.3), of a spinel such as Co304 or
NiCo;04, a pyrochlore such as PbyRusPb;O;y or PbRuyOgs, other oxides such as
NaggPt:04, or pyrolyzed macrocycles with Co additives]. In another embodiment, the
cathode comprises a water reduction catalyst.

In an embodiment, the cell further comprises a source of oxygen that serves as a
reactant to directly or indirectly participate in the formation of a catalyst and a source of H
that further reacts to form hydrinos. The cell may comprise a metal M that serves as the
anode such that the corresponding metal ion serves as the migrating ion. Suitable exemplary
metals are at least one of the group of Cu, Ni, Pb, §b, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os,
Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T, Sn, and W, and metal alloys thereof or alloys of other
metals. OH may serve as the catalyst according to the reactions given in TABLE 3. In
addition to the metal ton such as M2+, some OH may be formed at least transiently from OH".
Oxygen may be reduced at the cathode. Water may also participate in the reduction reaction
to form at least some OH that may serve as the catalyst to form hydrinos. Exemplary

reactions are

Anode:
M to M*" + 2¢° (338)
M + 20H to M(OH); + 2¢” (339)
Cathode:
M +2¢ + 1/20; to MO (340)
M2+ 2¢ + Ho0 + 1/202 to M + 20H to M{OH), (341)

wherein some OH radical intermediate is formed at the anode or cathode to further react fo
form hydrinos. In another embodiment, the source of oxygen to react with water is an
oxyhydroxide such as MnOOH or CoOOH. OH may be formed by oxidation of OH" at the
anode and reduction of O or O, to OH at the cathode. The O may be that of an
oxyhydroxide. The energy balance may facilitate the formation of OH under conditions to
propagate the reaction to form hydrinos. In other embodiments, the oxidant may be a mixture
of oxygen and another oxidant that may be a gas or may be inert. Suitable exemplary
mixtures are O, mixed with at least one of COs, NO7, NO, N»O, NF5, CFy, 804, SFg, CS,, He,
Ar, Ne, Kr, and Xe.
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The base concentration such as MOH (M =alkali) such as KOH (ag) may be in any
desired range such as in the range of about 0.01 M 1o saturated (sat), about 6.5 M to saturated,
about 7 M to saturated, about 8 M to saturated, about 9 M to saturated, about 10 M 1o
saturated, about {1 M to saturated, about 12 M to saturated, about 13 M to saturated, about 14
M to saturated, about 15 M to saturated, about 16 M to saturated, about 17 M to saturated,
about I8 M to saturated, about 19 M to saturated, about 20 M 1o saturated, and about 21 M to
saturated. Other suitable exemplary electrolytes alone, in combination with base such as
MOH (M = alkali), and in any combinations are alkali or ammonium halides, nitrates,
perchlorates, carbonates, Na;PO, or K3PO,, and sulfates and NH4X, X = halide, nitrate,
perchlorate, phospate, and sulfate. The electrolyte may be in any desired concentration.
When R-Ni is used as the anode, 2 local high concentration of OH™ may form due to the base
composition of R-Ni or the reaction of Al with water or base. The Al reaction may also
supply hydrogen at the anode to further facilitate the reaction of Eqg. (313).

The anode powder particles may have a protective coating to prevent alkaline
corrosion of the metal that are known in the Arl. A suitable zinc corrosion inhibitor and
hydrogen evolution inhibitor is a chelating agent such as one selected from the group of
aminocarboxylic acid, polyamine, and aminoalcohol added to the anode in sufficient amount
to achieve the desired inhibition. Suppression of Zn corrosion may also be achieved by
amalgamating zinc with up to 10% Hg and by dissolving ZnO in alkaline electroiytes or Zn
salts in acidic electrolytes, Other suitable materials are organic compounds such as
polyethylene glycol and those disclosed in U.S. Patent 4,377,625 incorporated herein by
reference, and inhibitors used in commercial Zn-MnQ-, batieries known to those skilled in the
Art. Further suitable exemplary inhibitors for Zn and possibliy other metals are organic or
inorganic inhibitors, organic compounds such as surfactants, and compounds containing lead,
antimony, bismuth, cadmium, and gallium that suppress H, formation as well as orresponding
metal oxides, and chelating agents such as 5%CoO + 0.1% diethylanetriaminepentaacetic
acid, 5% SnQ, + 0.1% diethylanetriaminepentaacetic acid, ethylenediaminetretraacetic acid
(EDTA) or a similar chelating agent, ascorbic acid, Laponite or other such hydroxide-ion-
transporting clay, a surfactant and indium sulphate, aliphatic sulfides such as ethyl butyl
sulphide, dibutyl sulphide, and allyl methyl sulphide, complexing agents such as alkali
citrate, alkali stannate, and calcium oxide, metal alloys and additives such as metals of groups
HI and V, polyethylene glycol, ethylene-polyglycol such as those of different molecular mass
such as PEG 200 or PEG 600, flucropolietoksyalkohol, ether with ethylene oxide,
polyoxyethylene alkyl phosphate ester acid form, polyethylene alkyl phosphate, ethoxylated-
polyfluoroatcohol, and alkyl-polyethylene oxide. In further embodiments, other
electropositive metals such as Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Ag, Cd, Hg, Ga, In, Sn, and
Pb or suitable metals having low water reactivity are Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir,
Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, Sn, and W are protected by a corresion
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inhibitor. In an embodiment, the protective coating material may be supported to comprise a
salt bridge selective for OH. A suitable cell comprising the salt bridge is a fuel cell type as
given in the disclosure. The salt bridge may be a membrane having quaternary ammonium
groups of similar groups that provide selectivity for OH". Alternatively, it could be an oxide
or hydroxide selective to OH". A commercial separator that is resistant to Hy permeation for
use with a hydrogen anode is Nafion 350 (DuPont).

The cell may be regencrated by electrolysis or by reaction with hydrogen and by other
chemical processing and separation methods and systems given in the disciosure or known in
the Art. The oxidized metal such as the metal oxide may be regenerated by electrolysis at a
fower voltage by supplying H; to the anode wherein the metal is deposited at the cathode.
For another example, the Zn anode may be removed and replaced with a new canister with
chemically regenerated Zn. In an embodiment comprising a Zn, Ph, or Sn anode that forms
ZnO, PbO, and SnO, respectively, during discharge, the product ZnO, PbO, and SnO may be
treated with carbon or CO to from zine, lead, and tin and CO, or treated with sulfuric acid to
from ZnSO4, PbSO:, SnSO,, that may be electrolyzed to form Zn, Pb, and Sn and sulfuric
acid that may be recycled. In the case of a cell comprising initial reactants of a metal anode
and the corresponding oxidized metal such as an oxide, oxyhydroxide, and hydroxide, the cell
products are oxidized metal at both electrodes. The cell may be regenerated by electrolysis or
by removing the electrodes, combining the elecirode reactants comprising a mixture of metal
and oxidized metal compound(s) and separating the mixture into metal and oxidized metal
compound(s). An exemplary method is to heat the mixture such that the metal melts and
forms a separable layer based on density. Suitable metals are Pb (MP = 327.5°C), Sb (MP =
630.6°C), Bi (MP = 271.4°C), Cd (MP = 321°C), Hg (MP = -39°C), Se (MP = 221°C), and
Sn (MP = 232°C). In another embodiment, the anode comprises a magnetic metal such as a
ferromagnetic metal such as Co or Fe, and the cathode comprises the corresponding oxide
such as CoQ and NiO. Following discharge, the cathode and anode may comprise 2 mixture
of the metal and the corresponding oxide. The metal and oxide of each half-cell may be
separated magnetically since the metal is ferromagnetic. The separated metal may be
returned to the anode, and the separated metal oxide may be returned to the cathode to form a
regenerated cell.

In a general reaction, OH™ undergoes oxidation to OH to serve as a catalyst to form
hydrinos and may form H,O from a source of H such as a hydride (Eq. (313)) or hydroxide
(Eq. (334)) wherein H;O may serve as the cataiyst to form hydrinos. The reaction of a
hydroxide to provide H may be a reaction of two OH groups under oxidization to form a
metal oxide and H,O. The metal oxide may be a different metal or the same metal as the
source of at least one OH group. As given by Eq. (334) a metal M’ may react with a source
of O from MOH such as M is alkali to form OH and HoO. Whereas, Eq. (355) is an
example of the reaction of metal M as the source of OH" and the metal that forms the metal

248



WO 2011/116236 PCT/US2011/028889

oxide. Another form of the reactions of Egs. (355) and (217) involving the exemplary cell
[Na/BASE/NaOH] that follows the same mechanism as that of Eq. (334) is

Na + 2NaOH to Na;O + OH + NaH to Na,O + NaOH + 1/2H; (342)
In an embodiment of the electrolysis cell comprising a basic aqueous electrolyte, the reaction
mechanism to form OH and hydrinos follows that of Egs. (313-342} and (355). For example,
the electrolyte may comprise an alkali (M) base such as MOH or M>CG; that provides OH’
and alkali metal jons M" that may form M,C and OH as an intermediate to H,O. For
example, an exemplary cathode reaction following Eq. (342) is

K™+ e+ 2KOH to K0 + OH + KH to Ko0 + KOH + 1/2H, (343)
In another embodiment of the aqueous electrolysis cell, the oxygen from the anode reacts
with a meta! or metal hydride at the cathode to form OH (Eq. (314)) that is oxidized at the
anode to form OH. OH may also be formed as an intermediate at the cathode. OH further
reacts to form hydrinos. The reduction of O and H.O to OH at the cathode may be
facilitated by using a carbon or carbon-coated metal cathode. The carbon may be
electroplated from a carbonate electrolyte such as an alkali carbonate such as KoCO;. The
cell may be operated without an external recombiner to increase the O, concentration fo
increase the O, reduction rate.

In other embodiments of cell that produce OH, at least one of H and O formed during
at least one of the oxidation and reduction reactions may also serve as a catalyst to form
hydrinos.

In a further generalized reaction having a hydrogen chalcogenide ion electrolyte, the
cathode reaction comprises a reaction that performs at least one of accepts electrons and
accepts H. The anode reaction comprises a reaction that performs at least one of donates
electrons, donates H, and oxidizes the hydrogen chaicogenide ion.

in another embodiment, a cell system shown in FIGURE 21 may comprise an anode
compartment 600, an anode 603 such as Zn, a cathode compartment 601, a cathode 604 such
as carbon, and a separator 602 such as a polyolefin membrane selectively permeable to the
migrating ion such as OH" of an electrolyte such as MOH (6.5 M te saturated) (M=alkali). A
suitable membrane is Celgard 3501. The electrodes are connected through switch 606 by a
load 605 to discharge the cell such that an oxide or hydroxide product such as ZnO is formed
at the anode 603. The cell comprising electrodes 603 and 604 may be recharged using
electrolysis power supply 612 that may be another CIHT cell. The cell may further comprise
- an auxiliary electrode such as an auxiliary anode 609 in an auxiliary compartment 607 shown
in FIGURE 21. When the cell comprising anode 603 and cathode 604 is suitably discharged,
electrode 603 comprising an oxidized product such as ZnO may serve as the cathode with the
auxiliary electrode 609 serving as the anode for electrolysis regeneration of anode 603 or for
sponfaneous discharge. A suitable electrode in the latter case with a basic electrotyte is Ni or
Pt/Ti. In the latter case, suitable hydride anodes are those used in metal hydride batteries
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such as nickel-metal hydride batteries that are known to those skilled in the Art. Exemplary
suitable auxiliary electrode anodes are those of the disclosure such as a metal such as S¢, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Cd, Hg, Ga, In, Sn, Pb, or suitable metals having low
water reactivity are Cu, Ni, P, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru,
Se, Ag, Tc, Te, Tl, Sn, or W, or these metals as paste with saturated MOH, a dissociator and
hydrogen such as PiC(H,), or metal hydride such as R-Ni, LaNisHs, La;CoNigHg, ZrCrzHajg,
LaNis ssMno aAlg 3C00 75, ZrMng sCrga Vo Niy 2, and other alloys capable of storing hydrogen,
such as one of the ABs (LaCePrNdNiCoMnAl) or AB; (VTiZrNiCrCoMnAlSn) type, where
the “AB,” designation refers to the ratio of the A type elements (L.aCePrNd or TiZr) to that of
the B type elements (VNiCrCoMnAlSn). In other embodiments, the hydride anode
comprises at least one of the ABs-type: MmNis 2Co; oMngsAlg ;1Moggs (Mm = misch metal:
25 wi% La, 50 wt¥% Ce, 7 wt% Pr, 18 wt% Nd), ABx-type: Tips1Zr0.40Vo70Ni1 15Cro 12 alloys,
magnesium-based alloys such as Mg sAlgNigsCog1Mng; alloy, Mgp72Scpas(Pdogiz +
Rhyg12), and MgseTize, MgsoVao, Lag sNdgoNiz4Cos5Sigr, LaNissMy (M= Mn, Al), (M= Aj,
Si, Cu), (M= Sn), (M= Al Mn, Cu) and LaNisCo, MmNisssMngasAloaCogrs,
LaNis ssMng 4¢Alp 3C0g 75, MgCup, MgZny, MgNis, AB compounds such as TiFe, TiCo, and
TiNi, AB, compounds (n =5, 2, or 1), AB;_4 compounds, and AB, (A = La, Ce, Mn, Mg; B=
Ni, Mn, Co, Al). The cell comprising anode 609 and cathode 603 may be discharged through
foad 613 when switch 611 is closed and switch 606 is opened. The cell comprising
electrodes 603 and 609 may be recharged using power supply 610 that may be another CIHT
cell. Alternatively, following closing switch 614 and opening switch 611, the recharging of
the discharged cell comprising electrodes 604 and 609 may occur using power source 616
that may be another CIHT cell. Furthermore, the auxiliary anode 609 such a hydride such as
R—Ni, LaNist,, LEQCO]NiQHﬁ, ZrCl‘zHg‘g, LaNig_55MH0_4A10_3C00,75, or ZrMn{)_scro_QVg‘;Niu
may be recharged electrolytically or regenerated by addition of hydrogen in situ or by
removal, hydrogenation, and replacement. Suitable exemplary anodes that form oxides or
hydroxides during discharge having thermodynamically favorable regeneration reactions of
Hs reduction to the metal are Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re,
Rh, Ru, Se, Ag, Tc, Te, Tl, Sn, and W. These and other such electrodes may be run with H;
in the half-cell to batch or continuously regenerate the electrode. Electrodes can be
alternately recycled. For example, the discharged metal hydride anode such as LaNis from
LaNisHg may be used as the cathode in another aqueous cell wherein water or H' reduction to
hydrogen at the cathode will rehydride the LaNis to LaNisHg that in turn can serve as an
anode. The energy source that drives the discharge and recharge cycles is the formation of
hydrinos from hydrogen. Other anodes, cathodes, auxiliary electrodes, electrolytes, and
solvents of the disclosure may be interchanged by one skilled in the Art to comprise other
cells capable of causing the regeneration of at least one electrode such as the initial anode.

In other embodiments, at least one of the anode 603 and cathode 604 may comprise a
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plurality of electrodes wherein each further comprises a switch to electrically connect or
disconnect each of the plurality of electrodes to or from the circuit. Then, one cathode or
anode may be connected during discharge, and another may be connected during recharge by
electrolysis, for example. In an exemplary embodiment having a basic electrolyte such as
MOH (M = alkali) such as KOH (saturated aq), the anode comprises a metal such as suitable
metals having low water reactivity are Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo,
Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, Sn, W, or Zn or a hydride such as R-Ni or LaNisHs,
and the cathode comprises a plurality of at least two electrodes such as a carbon electrode that
is connected to the circuit during discharge and nickel that is connected during recharge. In
another embodiment, the electrolyte may be changed in at least one half-cell before
electrolysis, For example, saturated MOH may be diluted to allow H: evolution at the
electrolysis cathode and then concentrated again for discharge. In another embodiment, at
least one of the solvent and solute may be changed to permit the cell reactants to be
regenerated. The electrolysis voltage of the cell products may exceed that of the solvent; then
the solvent change is selected to permit the regeneration of the reactants by electrolysis. In
an embodiment, the anode such as metal or hydride may be removed from a first cell
comprising the anode and a cathode following discharge and regenerated by electrolysis in a
second cell having a counter electrode and returned to the first cell as the regenerated anode.
in an embodiment, the CIHT cell comprising a hydride anode further comprises an
electrolysis system that intermittently charges and discharges the cell such that there is a gain
in the net energy balance. An exemplary cell is [LaNisHs/KOH (sat aq)/SC] pulsed
electrolysis with constant discharge and charge current wherein the discharge time is about
1.1 to 100 times the charge time and the discharge and charge currents may be the same
within a factor of about 10. In an embodiment, the cells are intermittently charged and
discharged. In exemplary embodiments, the cells have metal anodes or metal hydride (MH)
anodes such as [Co/KOH (sat aq)/SC], [Zn/KOH (sat aq)/SC], [Sn/KOH (sat aq)/SC], and
IMH/KOH (sat aq)/SC] wherein MH may be LaNisH,, TiMnoH,, or LasNigCoH,. The
intermittently charged and discharged CIHT cells may also comprise a molten electrolyte
such as at least one hydroxide and a halide or other salt and may further comprise a source of
H at the anode such as a hydride MH or H;O that may be in the electrolyte. Suitable
exemplary cells are [MH/M’(OH)-M""X/M*""] and [M/M*(OH),-M"* X, (F20)/M] wherein
n, m are integers, M, M’, M’’, and M*** may be metals, suitable metals M may be Ni, M’ and
M’ may be alkali and alkaline earth metals, and suitable anions X may be hydroxide, halide,
sulfate, nitrate, carbonate, and phosphate. In an exemplary embodiment, the CIHT cell is
charged at constant current such as 1 mA for 2 s, then discharged such as at constant current
of 1 mA for 20 s. The currents and times may be adjusted to any desirable values to achieve
maximum energy gain.

In an embodiment, the anode comprises a metal that forms an oxide or a hydroxide
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that may be reduced by hydrogen. The hydrogen may be formed at the cathode by a reaction
such as the reaction of water such as that given by Eq. (315). The oxide or hydroxide may
also be reduced by added hydrogen. In an embodiment, an oxide or hydroxide is formed at
the anode wherein water is the source of hydroxide, and hydrogen reduces the hydroxide or
oxide wherein water is at least partially the source hydrogen. Hydrinos are formed during the
dynamic reaction involving the oxidation of OH’ or the metal of the anode, the reduction of
water to hydrogen gas, and the reaction hydrogen with the anode oxide or hydroxide to
regencrate the anode metal. Then, the anode may comprise a metal whose oxide or
hydroxide may be reduced by hydrogen such as a one of the group of transition metals, Ag,
Cd, Hg, Ga, In, Sn, and Pb or suitable metals having low water reactivity from the group of
Cu, Ni, Pb, Sh, Bi, Co, Cd, Ge, Ay, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T,
Sn, znd W. In an embodiment, the transition metal Zn may also serve as a catalyst according
to the reactions given in TABLE 1.

The cell may be regenerated by electrolysis of water with add-back for any hydrogen
conswined in forming hydrinos or lost from the cell. In an embodiment, the electrolysis is
pulsed such that a hydride such as metal hydride such as nickel hydride is formed during
electrolysis that produces a voltage in the reverse direction of the electrolysis voltage and
electrolyzes water during the time interval of the duty cycle having an absence of applied
voltage. The electrolysis parameters such as peak voltage, current, and power, offset voltage,
current, and power, and duty cycle, and frequency are optimized to increase the energy gain.
In an embodiment, the cell generates electricity and hydrogen gas (Eq. (315)) that may be
collected as a product. Alternatively, the hydrogen gas may be recycled to hydride the R-Ni
to continue the cell discharge with the production of electricity wherein the formation of
hydrinos provides a contribution to at least one of the cell voltage, current, power, and
energy. The cell may also be recharged by an external source of electricity that may be
another CIHT cell to cause the generation of hydrogen to replace any consumed in the
formation of hydrinos or lost from the cell. In an embodiment, the hydride material may be
rehydrided by H, addition in situ or in a separate vessel following removal from the anode
compartment., In the former case, the anode may be sealed and pressurized with hydrogen.
Alternatively, the cell may be pressurized with hydrogen wherein the hydrogen is
preferentially absorbed or retained by the anode reactant. In an embodiment, the cell may be
pressurized with H; during operation.

In another embodiment of a cell comprising a hydride such as a metal hydride half-
cell reactant and the other half-cell reactants comprising an oxyhydroxide, the electrolyie
may be a hydride conductor such as a molten eutectic salt. An exemplary cell is [R-N/LiCl
KCl 0.02wt% LiH/CoOOH].

In addition to metal hydride such as R-Ni, the anode may comprise anthraquinone,
polypyrrole, or specially passivated lithium. In an exemplary embodiment, the anode may
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comprise anthraquinone (AQ) mixed with hydrogenated carbon wherein the anode reaction
creates H atoms that react to from hydrinos. The cell may further comprise nickel-oxy
hydroxide as the cathode with anthrahydroquinone {AQH,) as the anode wherein the
electrolyte may be basic. An exemplary reversible cell reaction is

NiOOH +0.5AQH, 01 Ni(OH), +0.540 (344)
An exemplary cell is [AQHa/separator KOH/NIOOH]. In embodiments, nickel-oxy
hydroxide may be replaced by another oxide or oxyhydroxide such as lead or manganese
oxides such as PbOz or MnOs.

In other aqueous electrolyte embodiments, OH™ is a half-cell reactant. OH may be
oxidized to H;0 with a metal ton reduced at the cathode. An organometallic compound may
contain the metal ion. Suitable organometallic compound are aromatic transition metal
compounds such as compounds comprising ferrocene (Fe(CsHs)z), nickelocene, and
cobaltocene. Other organometallics that can undergo an oxidation-reduction reaction known
by those skilled in the Art may be substituted for these examples and their derivatives. The
oxidant form of ferrocene is ferrocenium ([Fe(CsHs),]"). The organometallic compound may
comprise ferrocenium hydroxide or halide such as chloride that is reduced to ferrocene. The
ferrocenium may comprise an electroconducting polymer such as polyvinylferrocenium. The
polymer may be attached to a conducting electrode such as Pt or other metal as given in the
disclosure. An exemplary anode reaction of the metal hydride R-Ni is given by Eq. (311).
An exemplary cathode reaction is

ferrocenium({OH) + e- to ferrocene + OH (345)
Vacancies or additions of H formed during cell operation such as during discharge cause
hydrino reactions to release electrical power in addition to any from the non-hydrino-based
reactions. The electrolye may comprise an aqueous alkali hydroxide. An exemplary cell is
[R-Ni/ polyolefin KOH(aq), NaOH(aqg), or LiOH{ag)/polyvinylferrocenium{(QH)]. Other
polar solvents or mixtures of the present disclosure may be used as well as an agueous
solution.

[n an embodiment, the source of H comprises hydrogen. Atomic hydrogen may be
formed on a dissociator such as and Pd/C, Pt/C, It/C, Rh/C, or Ru/C. The hydrogen source
may also be a hydrogen permeable membrane and H, gas such as Ti(Hy,), Pd-Ag alloy (H,),
V(Hz), Ta (Hp), Ni(Hz), or Nb(Hz). The cell may comprise an aqueous anion exchange
membrane such as a hydroxide ion conducting membrane such as one with quaternary alkyl
ammonium hydroxide groups and a basic aqueous solution. The cell may comprise a
membrane or salt bridge that is ideally impermeable to H.. The membrane or salt bridge may
be selective for OH™ transport. The basic electrolyte may be aqueous hydroxide solution such
as aqueous alkali hydroxide such as KOH or NaOH. The anode may be an oxyhydroxide

such as AIO(OH), ScO(CH), YO(OH), VO(OH), CrO(OH), MnO(OH) (a -MnO(OH)
groutite and y -MnO(OH) manganite), FeO(OH), CoO(OH), NiG(OH), RhO(OH), GaO(OH),
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InO(OH), Ni;2Co120(0H), and NiysCoisMniaO(OH), or. may be a high-surface area
conductor such as carbon such as CB, Pt/C or Pd/C, a carbide such as TiC, or a boride such as

TiB,. In basic solution, the reactions are

Anode

Ho + 20H 10 2Ho0 + 2¢” or Hy + OH to H,O + ¢+ H(l/p) {346)
Cathode

2{Co0O0H + ¢ + Ha0 to Co(OH), + OH) \

or CoOOH + 2¢” + 2H,0 to Co(OH}): + 20H" + H(1/p) (347)

Exemplary cells are [R-Ni, H; and Pd/C, Pt/C, It/C, Rh/C, or Ru/C or metal hydride such as a
transition metal, inner transition metal, rare earth hydride, or afloy such as one of the ABs or
AB; types of alkaline batteriessMOH (M is an alkali metal) such as KOH (about 6M to
saturated) wherein the base may serve as a catalyst or source of catalyst such as K or 2K, or
other base such as NHsOH, O conductor such as a basic aqueous electrolyte, separator such
as one with guaternary alkyl ammonium hydroxide groups and basic aqueous solution, ionic
liquid, or solid OH conductor/ MO(OH) (M = metal such as Co, Ni, Fe, Mn, Al), such as
AlO(OH), ScO(0OH), YO(OH), VO(OH), CrO(OH), MnO(OH} (& -MnO(OH) groutite and
y -MnO(OH) manganite), FeO(OH), CoO(OH), NiO{OH), RhO(OH), GaO(CH}, InC{OH),
Ni12Co20(0H), and Nij;CoisMn, s0(0H), or other H intercalated chalcogenide, or HY].
In another embodiment, Mg such as Mg™ may serve as the catalyst. Exemplary cells are [1
wt % Mg(OH), mixed with R-NI/KOH (saturated ag)/CB] and [R-Ni/ Mg(OH), crown
ether/CB]. In other embodiments, the electrolyte may be an ionic liquid or salt in an organic
solvent. The cell may be regenerated by charging or by chemical processing.

In a fuel cell system embodiment having supplied Ha, the Hs is caused to selectively
or preferentially react at the anode. The reaction rate of H, at the anode is much higher than
at the cathode. Restricting H, to the anodehalf-cell or using a material that favors the
reaction at the anode over the cathode comprise two methods to achieve the selectivity. The
cell may comprise a membrane or salt bridge that is ideally impermeable to Hz.  The
membrane or salt bridge may be selective for OH transport. '

In an embodiment wherein oxygen or a compound comprising oxygen participates in
the oxidation or reduction reaction, 02 may serve as a catalyst or a source of a catalyst. The
bond energy of the oxygen molecule is 5.165 eV, and the first, second, and third ionization

energies of an oxygen atom are 13.61806 e}, 35.11730 eV, and 54.9355 eV, respectively.
The reactions O, —» Q+0*, O, = 0+ 0", and 20 -» 20" provide a net enthalpy of about

2, 4, and 1 times E,, respectively, and comprise catalyst reactions to from hydrino by
accepting these energies from H to cause the formation of hydrinos. In an embodiment, OH
may serve as a MH type hydrogen catalyst to produce hydrinos provided by the breakage of
the O-H bond plus the ionization of 2 or 3 electrons from the atom O each to a continuum
energy level such that the sum of the bond encrgy and ionization energies of the 2 or 3
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electrons is approximately m -27.2 ¢}/ where m is 2 or 4, respectively, as given in TABLE
3. OH may be formed by the reaction of OH™ at the anode as given by exemplary Eqs. (311),
(313), and (346) or at the cathode by the reduction of H;0 as given by exemplary Eqs. (313)
and (347). The large 1.2 ppm peak from analysis of the reaction product of cells such as [R-
Ni/KOH(saturated)/CoOOH CB] and [R-Ni/KOH(saturated)/PdC] is consistent with m=3 in
Eq. (5) for OH catalyst with an additional 27.2 eV from the decay energy of the Hx(i/4)
intermediate matching the 108.8 eV of OH catalyst. The increased intensity from the R-Ni
anode product supports the mechanism of OH as the catalyst formed by the oxidation of OH'

Alternatively, O-H may serve as the catalyst to cause a transition to the H(1/3) state as
given in TABLE 3 that rapidly transitions to the H(1/4) state by catalysis with H as given by
Eq. (10). The presence of a small Ha{1/3) NMR peak at 1.6 ppm and the large Hy(1/4) NMR
peak at 1.25 ppm supports this mechanism.

In an embodiment, the over potential of at least one electrode can cause a better match
the catalyst’s energy to m27.2 eV (m = integer). For example, as shown in TABLE 3A, OH
may be a catalyst wherein m=2 in Eq. (47). The overpotential of the cathode for at least one
of O, and water reduction and at least one of the overpotential of the metal, metal hydroxide,
metal oxyhydroxide, metal hydride, or the Hs electrode to accept an electron, release H, and
oxidize OH to OH (Eqs. (313-347)) causes a more exact match to m27.2 eV -such as 544 eV,
A suitable cathode material is carbon that has an overpotential >0.6 V at 10A/m™ and
increases with current density. The current density may be adjusted by controlling the load to
oplimize the contribution of hydrino production to the cell power. The overpotential may
also be adjusied by modifying the surface of the electrode such as the cathode. Carbon’s
overpotential may be increased by partial oxidation or activation by methods such as steam
treatment,

Furthermore, atomic oxygen is a special atom with two unpaired electrons at the same
radius equal to the Bohr radius of atomic hydrogen. When atomic H serves as the catalyst,
27.2 eV of energy is accepted such that the kinetic energy of each jonized H serving as a
catalyst for another is 13.6 eV. Similarly, each of the two electrons of O can be ionized with
13.6 eV of kinetic energy transferred to the O ion such that the net enthalpy for the breakage
of the O-H bond of OH with the subsequent jonization of the two outer unpaired electrons is
80.4 eV as given in TABLE 3. During the ionization of OH" to OH, the energy match for the
further reaction to H(1/4) and O +2¢ may occur wherein the 204 eV of energy released
contributes to the CTHT cell’s electrical power. The reaction is given as follows:

80.4 eV+OH+H[£’—”—J - 0%,
p

(348)
+2e‘+H[ S }[(ms)z—-ng-i&ﬁev
(p+3) )
O +2¢ —>0+80.4 eV (349)

Jast
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And, the overall reaction is

H[ﬁ”—}-aﬂ[ 9 :!+{(p+3)z-p2}-13.6 eV (350)
J4 (p+3)

where m=3 in Eq. (3). The kinetic energy could also be conserved in hot electrons. The

observation of H population inversion in water vapor plasmas is evidence of this mechanism,

in the case that OH is oxidized to form OH that further reacts to form hydrino, the
concentration of OH may be high to increase the reaction rate to form OH and thus Eydrino
as given by the following reaction:

OH to OH +¢ to 1/20; + ¢ + H(1/p) (351)
The concentration of OH corresponding to that of the efectrolyte such as MOH (M=alkali)
such as KOH or NaOH may be any desired concentration, but preferably it is high such as 1
M to saturated. An exemplary cell is [R-Ni/MOH (saturated aq)/CB].

In another embodiment, the pH may be lower such as neutral to acidic, In the case
that H,O is oxidized to form OH that further reacts to form hydrino, the concentration of the
electrolyte may be high to increase the activity and conductivity to increase the reaction rate
to form OH and thus hydrino as given by the following reaction:

anode
H,O to OH + ¢ + H 1o 1120, + ¢ + H' + H(1/p) (352)
MH, + H,0 to OH + 2¢ + 2H" to 1/20; + 2H" -+ 2¢” + H(1/p) (353)
cathode
HY +e to 1/2H; or H™ +¢ 1o H(1/p) (354)

The presence of an anode reactant hydride such as MH, (M is an element other than H such
as a metal) favors the formation of OH over the evolution of O, by the competing reaction
given by Eq. (353). The reaction to form hydrinos may be limited by the availability of H
from the hydride; so, the conditions to increase the H concentration may be optimized. For
example, the temperature may be increased or H; may be supplied to the hydride to replenish
any consumed. The separator may be Teflon in cells with an clevated temperature. The
electrolyte may be a salt other than a base such as at least one of the group of MNO3, MNOQ,
MNOz, MX (X = haiide), NHQ,, MQS, MHS, M2C03, MHC03, MzSO4, MHSO4, M3PO4,
MzHPO@, MH2P04, M2M004, MNbO3, M2B407 (M tetraborate), MBOz, MgWO4, MgCrO4,
MoCr,0y, M3TiO;, MZtOs, MAIO;, MCoO;, MGaOs, MaGeQs, MMnzOs, M;SiQ0s, M2Si0;3,
MTa0s;, MVOs, MIOs, MFeO,, MIOs, MCIO4, MScO,, MTiOn, MVO,, MCrQy,, MCr0,
MMn,0,, MFeQ,, MCoO,, MNiC,, MNizOy, MCuOy, MZnO,, (M is alkali or ammonium
and n=1, 2,3, or 4), and an organic basic salt such as M acetate or M carboxylate wherein M
is an alkali metal or ammonium. An exemplary cell is [R-Ni/ M,SOy (saturated aq)/CB].
The electrotyte may also comprise these and other anions with any cation that is soluble in
the solvent such as alkaline earth, transition metal, inner transition metal, rare earth, and other
cations of Groups IHl, IV, V, and VI such as Al, Ga, In, Sn, Pb, Bi, and Te, Exemplary cells
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are [R-Ni/MgSQ4 or Ca(NO;), (saturated aq)/activated carbon (AC)]. The electrolyte
concentration may be any desired concentration, but preferably it is high such as 0.1 M to
saturated.

In an embodiment, the anode or cathode may comprise an additive such as a support
such as a carbide such as TiC or TaC or carbon such as PY/C or CB, or an inorganic
compound or getter such as LaN or KI. Exemplary cells are [Zn LaN/KOH (sat aq)/SC}, [Sn
TaC/KOH (sat aq)/SC], [Sn KI/KOH (sat ag)/SC], [Pb CB/KOH (sat ag)/SC), [W CB/KOH
(sat ag)/SC]. In another embodiment, the electrolyte may comprise a mixture of bases such
as saturated ammonium hydroxide to made saturated in KOH. Exemplary cells are [Zn/KOH
(sat ag) NH4OH (sat 2q)/SC}, and [Co/KOH (sat aq) NH;OH (sat ag)/SC].

In an embodiment, at least one of the cathode and anode half~cell reactions form at
least one of OH and H;O that serves as a catalyst to form hydrinos. OH may be formed by
the oxidation of QH’, or OH may be formed by the oxidation of a precursor such as a source
of at least one of OH, H, and Q. In the latter two cases, the H reacts with a source of O to
form OH and O reacts with a source of H to form OH, respectively. The precursor may be a
negative or neutral species or compound. The negative species may be an ion that comprises
OH, OH, or a moiety that comprises OH or OH such as A/(OF); that comprises OH', or a
superoxide or peroxide ion ( HO]) that comprises OH. The negative species may be an ion
that comprises H, H, or a moiety that comprises H or H such as A/H, that comprises H,ora

peroxide ion that comprises H. The H product of oxidation of the negative species then
reacts with a source of O to form OH. In an embodimeni, OH may be formed by a reaction
of H or source of H with an oxide or oxyhydroxide that may form OH’ as an intermediate to
forming OH, The negative species may be an ion that comprises an element or elements
other than H such as O, 07, 0%, O;, 0", or a moiety that comprises O, O, 0%, O; , or 0"
such as metal oxide such as CoO] or NiO] that comprises an oxide ion, or a peroxide jon

that comprises O. The O product of oxidation of the negative species then reacts with a
source of H to form OH. The neutral species or compound may comprise OH, OH, or a
moijety that comprises OH or OH such a hydroxide or oxyhydroxide such as NaOH, KOH,
Co(OH}, or CoQOH that comprise OH', or H>O, an alcohol, or peroxide that comprise OH.
The neutral species or compound may comprise H, H', or a moiety that comprises H or H’
such as a metal hydride that comprises H', or HyO, an alcohol, or peroxide that comprises H.
The H product of oxidation then reacts with a source of O to form OH. The neutral species or
compound may comprise an element or elements other than H such as O, O, o, o;., Or,
or a moelety that comprises O, O 07, 07, or O} such as metal oxide, hydroxide, or
oxyhydroxide that comprises an oxide ion or source thereof, or H>O, an alcohol, or peroxide
that comprises O, The O product of oxidation then reacts with a source of H to form OH.

OH may be formed by the reduction of OH", or OH may be formed by the reduction
of a precursor such as a source of at least one of OH, H, and O. In the latter two cases, the H
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reacts with a source of O io form OH and O reacts with a source of H to form OH,
respectively. The precursor may be a positive or neutral species or compound. The positive
species may be an jon that comprises OH or a moiety that comprises OH such as AI(OH);
that comprises OH", or a peroxide ion that comprises OH. The positive species may be an ion
that comprises H, H', or a moiety that comprises H or H' such as HyO" that comprises H, or
a peroxide ion that comprises H. The H product of reduction of the positive species then
reacts with a source of O to form OH. The positive species may be an ion that comprises an
element or clements other than H such as O, 07, 0%, 0; , OX, or a moiety that comprises O,

O, 0%, 0], or O such as metal oxide such as AlO" that comprises an oxide ion, or a

peroxide ion that comprises O. The O product of reduction of the positive species then reacts
with a source of H to form OH. The neutral species or compound may comprise OH or a
moiety that comprises OH such as HO, an alcohol, or peroxide. The neutral species or
compound may comprise H, H', or a moiety that comprises H or H" such as an acidic salt or
acid such as MHSO4, MH,PO4, M;HPO, (M = alkali} and HX (X = halide), respectively, that
comprises H, or H,0O, an alcohol, or peroxide that comprises H. The H product of reduction
then reacts with a source of O to form OH. The neutral species or compound may comprise
an elerment or elements other than H such as O or a moiety that comprises O such as HyO, an
“alcohol, or peroxide. The O product of reduction then reacts with a source of H to form OH.

OH may be formed as an intermediate or by a concerted or secondary chemical
reaction involving oxidation or reduction of a compound or species. The same applies for
H-O catalyst. The reactants may comprise OH or a source of OH such as at least one of OH,,
0, and H. Suitable sources of OH formed as an intermediate in the formation or consumption
of OH are metal oxides, metal hydroxides, or oxyhydroxides such as CoOOH. Exemplary
reactions are given in the disclosure wherein OH transiently forms during a reaction
involving OH", and some of the OH reacts to form hydrinos. Examples of OH formed by a
secondary reaction involve a hydroxide or oxyhydroxide such as NaOH, KOH, Co(CH): or
CoOOH that comprise OH. For example, Na may form by the reduction of Na” in a cell
such as [Na/BASE/NaOH] wherein the reaction with NaOH can form OH as a transient
intermediate as follows:

Na' + ¢ to Na; Na + NaOH to Na + OH to Na,O + 1/2H; (355)
In an embodiment such as [Na/BASE/NaOH], the transport rate of Na' is maximized by
means such as decreasing the BASE resistance by elevating the temperature or decreasing its
thickness in order to increase the rate of at least one of Na; and H formation. Consequently,
the rates of OH and then hydrino formation occur,

Similarly, Li may form by the reduction of Li* in a celi such as [Li/Celgard LP
30/CoOOH] wherein the reaction with CoOOH can form OH as a transient intermediate as
follows:

Li'+etoLi;
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3Li + 2Co0O0H to LiCoQ; + Co + Liz + 20H to LiCoO; + Co + 2LiOH (356)
Alternatively, in the organic electrolyte cell [Li/Celgard LP 30/CoOOH], the Hx(1/4) NMR
peak at 1.22 ppm is predominantly at the anode. The mechanism may be OH migration to
the anode wherein it is oxidized to OH that serves as the reactant to form hydrino.

Exemplary reactions are

Cathode

CoOOH + ¢ to CoO + OH" (357
Anode

OH to OH +¢"; OH to O + H(1/p) (358)

The O may react with Li to form Li;O. The oxyhydroxide and electrolyte may be selected to
favor OH’ as the migrating ion. In an embodiment, the electrolyte that facilitates migration of
OH  is an ionic electrolyte such as a molten salt such as a eutectic mixture of alkali halides
such as LiCI-KCl. The anode may be a reactant with OH or OH such as a metal or hydride,
and the cathode may be a source of OH’ such as an oxyhydroxide or hydroxide such as those
given in the disclosure. Exemplary cells are [Li/LICEKCI/CoOOH, MnOOH, Co(OH),,
Mg(OH):].

in an embodiment, at least one of Op, 20, OH, and HyO serves as a catalyst to form
hydrinos in at least one of the solid fuels reactions and the CIHT cells. In an embodiment,
OH may be formed by the reaction of a source of oxygen such as P20s, 8O3, KNO3, KMnOy,
CO;, Oy, NO, N20O, NGy, 04, and H0, and a source of H such as MH (M=alkali), H;O, or H
gas and a dissociator.

The cell may be regenerated by electrolysis or by Hs addition. The electrolysis may
be pulsed under conditions given in the disclosure. One CIHT cell may provide the
electrolysis power from another as their charge-recharge cycles of a cyclic process are phased
to output net electrical power beyond that of recharging. The cell may be a rocking-chair
type with H shuttled back and forth between the anode and cathode. The migrating ion
comprising H may be OH or H' in embodiments. Consider a cell that has a source of H at
the anode and a sink for H at the cathode such as [R-Ni/KOH (sat ag)/AC]. Exemplary
discharge and recharging reactions are given by

Discharge
Anode:

R-NiH, + OH to H»O + R-NiH, +¢€ (359)
Cathode

H,0O +¢ to OH + 1/2 H, in carbon (C(H,)) (360)
Electrolysis Recharge
Cathode:

R-NiH, + H;O + e to OH + R-NiH, (361)
Anode

C(H,) + OH to HyO + C(Hy.)) + € (362)

259



WO 2011/116236 PCT/US2011/628889

wherein at least one H or OH produced during these reactions (Eqgs. {359-360)) serves as the
catalyst to form hydrinos. The cell may be operated to consume water to replace hydrogen
that formed hydrinos. The oxygen may be seiectively gettered by a selective reactant for
oxygen or removed. Alternatively, hydrogen may be added back to the cell. The cell may be
sealed to otherwise contain the balance of H inventory between the electrodes. At least one
electrode may be rehydrided continuously or intermittently during cell operation. The
hydrogen may be supplied by a gas line that flows H, into an electrode. The cell may
comprise another line to remove H; to maintain a flow through at least one electrode. The
rehydriding by at least one of the internal hydrogen inventory, hydrogen generated internally
by electrolysis, and externally supplied hydrogen, may be by the direct reaction of hydrogen
with the cathode or anode or reactants. In an embodiment, the anode reactant such as a
hvdride further comprises an agent to perform at ieast one of increase the amount of and rate
of H: absorption by the anode reactant such as a hydride such as R-Ni, LaNisHs,
LayCoNigHs, ZrCraHa g, LaNis ssMngaAls3Coq7s, or ZrMng sCrpa Vo 1 Niy 2. The agent may be
a hydrogen spillover catalyst. Suitable agents are CB, PtC, PdC, and other hydrogen
dissociators and hydrogen dissociators on support materials. The hydrogen pressure may be
in the range of about 0.01 to 1000 atm. A suitable range for rehydriding LaNis is about { to 3
atm.

The migrating ion may be OH wherein the anode comprises a source of H such as an
H intercalated layered chalcogenide such as an oxyhydroxide such as CoQOH, NiOOH,
HTiS,, HZrS;, HHfS,, HTaS;, HTeS;, HReS;, HPtS,, HSnS;, HSnSSe, HTiSe,, HZrSe;,
HHfSe,, HTaSe;, HTeSe;, HReSe;, HPtSe,, HSnSe;, HTiTe;, HZrTe,, HVTe, HNbTe,,
HTaTe;, HMoTe;, HWTe;, HCoTe;, HRhTe,, HIrTes, HNiTe,, HPdTe,, HPiTes, HSiTe,,
HNbBS,, HTaS;, HMoS2, HWS,, HNbSes, HNbSes;, HTaSe,, HMoSe;, HVSes, HWSe,, and
HMoTe,. The electrolyte may be an OH conductor such as a basic aquecus solufion such as
aqueous KOH wherein the base may serve as a catalyst or source of catalyst such as OH, K,
or 2K".  The cell may further comprise an OH permeable separator such as CG3401.
Exemplary celis are [an H intercalated layered chalcogenide such as CoOOH, NiOCH,
HTiS,, HZrS;, HHIfS,, HTaS,, HTeS;, HReS,;, HPtS;, HSnS,, HSnSSe, HTiSe,, HZrSes,
HHfSe;, HTaSe;, HTeSe,, HReSey, HPtSes;, HSnSes, HTiTe,;, HZrTe,, HVTe;, HNbTe,,
HTaTey;, HMoTe;, HWTes, HCoTey, HRNhTes, HirTe:, HNiTes, HPdTes, HPtTe,, HSiTe,,
HNbS,, HTaS,, HMoS;, HWS,, HNbSe;, HNbSe;, HTaSe,, HMoSe;, HVSe;, HWSe,, and
HMoTey/KOH (6.5 M to saturated) + CG3401 /carbon such as CB, PtC, PdC, CB(H,),
PtC(H,), PAC(H,), a carbide such as TiC, and a boride such as TiB»]). The anode may be
regenerated by supplying hydrogen or by elecirolysis.

In an embodiment, at ieast one of the cathode or anode half-cell reactants or the
electrolyte comprises an OH stabilizing species or an initiator species such as a free radical
catalyst that serves as a free radical accelerator, Suitable OH stabilizing species are those that
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stabilize free radicals or prevent their degradation, and suitable initiators of free radicals are
compounds that react to form free radicals such as peroxides or a Co*" salt that provides Co®*
ions to react with O; to form superoxide. The free radical source or a source of oxygen may
further comprise at least one of a peroxe compound, a peroxide, H2O;, a compound
containing an azo group, N2O, NO, NO,, NaOCl, Fenton's reagent, or a similar reagent, OH
radical or a source thereof, perxenate ion or a source thereof such as an alkali or alkaline
carth perxenate, preferably, sodium perxenate (NasXeQg) or potassium perxenate (KsXeOg),
xenon tetraoxide (XeO,), and perxenic acid (HsXeQg), and a source of metal ions such as a
metal salt. The metal salt may be at least one of FeSOy, AICk, TiCls, and, preferably, a
cobalt hatide such as CoCl, that is a source of Co™". The electrolyte may comprise a cation of
the anode material that may serve as an intitaor of OH. In an exemplary embodiment
comprising a nickel anode such as R-Ni or Ni hydride or alloy, the electrolyte comprises a
nickel salt additive such as Ni{OH)y, NiCO;, Nis(POy),, or NiSO4 wherein the electrolyte
may be an alkali hydroxide, carbonate, phosphate, or sulfate, respectively, Exemplary cells
are [R-Ni, Raney cobalt (R-Co), Raney copper (R-Cu), CoH, LaNisHs, LaCoNigHe,
Z!‘CI‘QH}s, LaNi3_55MI’10_4AE0_3C00_75, Zt’Mng‘scro_QV(},;Nigg, CFH, FGH, MnH, NiH, SCH, VH,
CuH, ZnH, AgH/KOH or NaOH (saturated) at least one of FeSQ,, AICL, TiCly, CoCls,
Ni{OH),, NiCO;, Niz(POy)s, and NiSO4 /PdC,CB, or CoOOH + CB].

Exemplary electrolytes alone, in combination with base such as MOH (M = alkali},
and in any combinations are alkali or ammonium halides, nitrates, perchlorates, carbonates,
NasPO; or KiPO4, and sulfates and NH4X, X = halide, nitrate, perchlorate, phospate, and
sulfate. The electrolyte may comprise a mixture or hydroxides or other salts such as halides,
carbonates, sulfates, phosphates, and nitrates. In general, exemplary suitable solutes alone or
in combination are MNQ3, MNO, MNO,, MX (X = halide), NH;, MOH, M,S, MHS, MyCO;,
MHCOs, MSO,, MHSO,, MsPO,, MoHPO,, MH;PO,, M;MoOs, MNbOs, MyBsO; (M
tetraborate), MBO,, MaW0Oy, M2CrOy4, MaCry0y, M3TiOs3, MZrO;, MAIO,, MCoQ), MGa0,,
M2GeOs, MMny04, M4SiO4, M2Si0s, MTa0s, MVO;, MIO;, MFeO., MIO4, MCIOs, MScO,,
MTiO,, MVO,, MCrO,, MCr20,, MMnG,, MFeQO,,, MCo(O,, MNIQ,, MNi0,, MCu0,,
MZnG;,, (M is alkali or ammonium and n=1, 2,3, or 4), and an organic basic salt such as M
acetate or M carboxylate. The electrolyte may also comprise these and other anions with any
cation that is soluble in the solvent such as alkaline earth, transition metal, inner transition
metal, rare earth, and other cations of Groups IlI, IV, V, and VI such as Al, Ga, In, Sn, Pb,
Bi, and Te. Other suitable solutes are a peroxide such as H.O: (that may be added
continuously in dilute amounts such as about < 0.001 wt% to 10 wt%), an amide, organic
base such as urea or similar compound or salt and guanidine or similar compound such as a
derivative of arginine or salts thereof, imide, aminal or amincacetal, hemiaminal, ROH (R is
an organic group of an alcohol) such as ethanol, erythritol (C4H,004), galactitol (Dulcitol),
(2R,35,4R,55)-hexane-1,2,3,4,5,6-hexol, or polyvinyl alcohol (PVA}, RSH such as thiols,
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MSH, MHSe, MHTe, MyH, X, (X is an acid anion, M is a metal such as an alkali, alkaline
earth, transition, inner transition, or rare earth metal, and x,y,z are integers including 0). The
concentration may be any desired, such as a saturated solution. A suitable solute causes the
solution such as an aqueous to be basic. Preferably the OH™ concentration is high.
Exemplary cells are [R-Ni/aqueous solution comprising a solute or combinations of solutes
from the group of KOH, KHS, K58, KsPOs, KoHPOs, KHaPOs, KiSO: KHSO4, KoCOs,
KHCO;, KX (X = halide), KNOs, KNO, KNO,, K:MoOy, KaCrOy, KaCraOr, KAIO,, NHa,
K,S, KHS, KNbOGs, K:BiOs, KBO,, KoWQ,, KoTi0s, KZr0Os, KCo0,, KGa0,, KaGeOs,
KMnyO4, KiSiO4, KoSi05, KTaOs, KVQs, KI0s, KFeOQ,, KIO;, KCIO4, KScO,, KTiOy,
KVO,, KCrO,, KCr0,, KMn,0,, KFeO,, KCoO,, KNiO,, KNizO, KCuQ,, and KZnO,,
(n=1, 2,3, or 4) (all saturated) and Kactetate, dilute H,0, additive, dilute CoCl, additive,
amide, organic base, urea, guanidine, imide, aminal or aminoacetal, hemiaminal, ROH (R is
an organic group of an alcohol) such as ethanol, erythritol (Cshi0O4), galactitol (Dulcitol),
(2R,35,4R,58)-hexane-1,2,3,4,5,6-hexol, or polyvinyl alcohol (PVA), RSH such as thiols,
MSH, MHSe, and MHTe/CB or CoOOH + CBI.

The OH may be solvated by an H bonding medium. The H and possibly the O may
undergo exchange in the medium. The hydrino reaction may be initiated during the exchange
reaction(s). To increase the H bonding, the medium may comprise an H bonding solvent
such as water or alcohol and optionaily an H bonding solute such as hydroxide. The
concentration may be high to favor the H bonding and to increase the rate of the hydrino
reaction.

Other solvents or mixtures of the present disclosure and those of the Organic Solvents
section of Mills PCT US 09/052072 which is incorporated herein by reference may be used
as well as, or in combination with, an aqueous solution. The solvent may be polar. The
solvent may comprise pure water or a mixture of water and one or more additional solvents
such as at least one of an alcohol, amine, ketone, ether, and nitrile. Suitable exemplary
solvents may be selected from the group of at least one of water, dioxolane, dimethoxyethane
(DME), [4-benzodioxane (BDO), tetrahydrofuran (THF), dimethylformamide (DMF),
dimethylacetamide (DMA), dimethylsulfoxide (DMSQO), 1,3-dimethyi-2-imidazolidinone
(DM, hexamethylphosphoramide (HMPA), N-methyi-2-pyrrolidone (NMP), methanol,
ethanol, amines such as tributylamine, triethyamine, triisopropylamine, N,N-dimethylaniline,
furan, thiophene, imidazole, pyridine, pyrimidine, pyrazine, guinoline, isoguinoline, indole,
2,6-lutidine (2,6-dimethylpyridine), 2-picoline (2-methylpyridine), and nitriles such as
acetonitrile and propanenitrife, 4-dimethylaminobenzaldehyde, acetone, and dimethyl
acetone-1,3-dicarboxylate. Exemplary cells are [R-Ni/solution comprising a solvent or
combination of solvents from the group of water, alcohol, amine, ketone, ether, and nitrile,
and a solute or combinations of solutes from the group of KOH, K3P0O4, K HPO,, KHPO,,
K280., KHSO,, KoCOs, KaC04, KHCO,, KX (X = halide), KNO3, KNO, KNG, KoMoQ,,
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KoCrQy, KaCr207, KAIO,;, NHi, KjS, KHS, KNbOs, KiBiOq, KBOy, KayWO0,, K;TiOs,
KZFO3, KCOOz, KGaOz, KzGeeg, KMngO4, K45i04, KgSiO3, KT&O3, KVO;, KIO3, KFEOz,
K104, KCIO4, KScGy, KTiOy, KVQ,, KCr0,, KCrG,, KMn0y,, KFeQ,, KCoO,, KNiO,,
KNiz0,, KCuO,, and KZnO,, (n=1, 2,3, or 4) {all saturated) and Kactetate/CB or CoOOH +
CB]. Further exemplary cells are [R-Ni/KOH (saturated aq)/Pt/Ti], [R-Ni/K;SO; (saturated
aq)/Pt/Ti], [PtC(H2)/KOH (saturated aq)/MnOOH CB], [PtC(H;)/KOH (saturated aq)/FePO;
CB), [R-Ni/NH4OH (saturated aq)/CB].

In an embodiment, at least two solvents are immiscible. The cell is oriented such that
the layers separate providing a different solvent to each of the cathode and anode half-cell
compartments, The solvents and cell orientation relative to centrally-directed gravity is
selected to provide each half-cell with the solvent that stabilizes a specific species such as
OH or H to enhance the cell performance. The cell orientation is seiected that distributes the
immiscible solvents to favor reactivity of at least one reactant or intermediate of a reaction
that promotes hydrino formation.

The cathode and anode materials may have a very high surface area to improve the
kinetics and thereby the power. OH may be decomposed or reacted very quickly on a metal
cathode such that a carbon cathode may be preferable. Other suitable cathodes comprise
those that do not degrade OH or have a lower rate of degradation such as carbides, borides,
nitrides, and nitriles. The anode may also comprise a support as one of the components. The
support in different embodiments of the disclosure may be a fiuorinated carbon support,
Exemplary cells are [R-Ni, Raney cobalt (R-Co), Raney copper (R-Cu), LaNisHs,
La,Co|NigHg, ZrCraHss, LaNissshingsAlgsCogrs, ZrMngsCroa Ve Nijz, CoH, CrH, Feld,
MnH, NiH, ScH, VH, CuH, ZnH, AgH/KOH or NaOH (saturated)/carbon, carbides, borides,
and nitriles, CB, PdC, PtC, TiC, TizSiCs, YCy, TaC, Mo,C, SiC, WC, C, B4C, HIC, Cr(C;,
ZrC, CrB,, VC, ZrB,, MgB,, NiB,, NbC, TiB,, hexagonal boronitride (hBN), and TiCN].
The anode may comprise a metal such as Zn, Sn, Pb, Cd, or Co or a hydride such as LaNisHs
and a support such as carbon, carbides, borides, and nitriles, CB, steam carbon, activated
carbon, PAC, PtC, TiC, TihSiCa, YCq, TaC, Mo.C, SiC, WC, C, B:C, HfC, Cr;Cy, ZrC, CrBa,
VC, ZrB;, MgB,, NiB,, NbC, TiB,, hexagonal borogitride (hBN), and TiCN.

Hydrated MOH (M = alkali such as K} may react directly to form hydrinos at a low
rate by the same mechanism as given by Eqgs. (346} and (315) comprising the reactions of the
oxidation with OH and H to H>O and the reduction of H,0 to H and OH. OH may serve as
an MH type catalyst given in TABLE 3, or H may serve as a catalyst for another H. The
NMR peaks in dDMF at 1.22 ppm and 2.24 ppm match the corresponding catalyst products
of Hx(1/4) and Hx(1/2). In an embodiment, the reaction rate is dramaticaily increased by
using a scheme to supply H to the oxidation reaction of OH at an anode and by using a large
surface area cathode to facilitate the reduction of water at a cathode such that the accelerated

reaction is harnessed to produce electricity.
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By the same mechanism as OH catalyst, SH given in TABLE 3 may serve as a
catalyst to form H(1/4). The subsequent reaction to form H(1/4) is consistent with the
observed -3.87 ppm peak in the liquid NMR of compounds such as NaHS and reaction
mixtures that may form SH.

In an embodiment, SH may be formed in the cell to serve as the hydrino catalyst
according to the reaction given in TABLE 3 wherein m=7. Since H(1/4) is a preferred state,
it may form with the balance of the energy of the hydrino transition over 81.6 ¢V transferred
to the SH catalyst. In an embodiment, the catalyst SH may be formed by the oxidation of SH
at the anode. The cell electrolyte may comprise at least a SH salt such as MSH (M =alkali).
The electrolyte may comprise H;O. The anode reaction may be at least one of

Anocde reaction:

SH to SH+e to $ + H(l/p) (363)
and

MH; + SH to H,5 + R-MH, + ¢ (364)

1/2Hy + SH to HaS + ¢ (365)

wherein MHy, is a hydride or a source of H and some of the H is converted to hydrinc during
the anode reaction. In the latier reaction, HzS may dissociate, and the H' may be reduced to
H» at the cathode. The hydrogen that is unreacted to from hydrinos may be recycled.
Exemplary cells are [LaNisHg, LaxCoiNigHe, ZrCraHag, LalNizssMng4Aly3Cog s,
ZrMng sCro2 Vo 1 Nij 2, or R-Ni/MSH (saturated aq) (M =alkali)/CB]. In another embodiment,
SH is formed by reduction of a species at the cathode in addition to or comprising H. The
species may be sulfur or a sulfur oxide such as sulfurous acid, sulfuric acid, SG;, sulfite,
hydrogen sulfite, suifate, hydrogen sulfate, or thiosulfate. The anode may be a hydride or
acid-stable metal such as Pt/Ti appropriate for the pH. Other compounds may form SH in the
cell such as SFg. An exemplary cathode reaction is

Cathode reaction:

SOxHy + ge to SH + rH,0 to § + H{i/p) (366)
Exemplary cells are [LaNisHs, LaCoNigHs, ZrCriHsg, LaNisssMngaAl3Cogrs,
ZtMnyg sCryp2Vo Nij2, R-Ni, or P/TiM;804, MHSO,, or H2SQs (M = alkali)/CB].  The
concentration of the source of SH may be any soluble concentration. The optimal
concentration optimizes the power output due to hydrino formation. In other embodiments of
the disclosure, SH and SH™ may substitute for OH and OH’, respectively.

Hydrated MSH (M = alkali such as Na} may react directly to form hydrinos at a low
rate by the same mechanism as given by Eqs. (365) and (354) comprising the reactions of the
oxidation with SH and H to H,S and the reduction of HzS to H and SH™. SH may serve as an
MH type catalyst given in TABLE 3, or H may serve as a catalyst for another H. The NMR
peak in dDMF at -3.87 ppm matches the corresponding catalyst product of H'(1/4). In an
embodiment, the reaction rate is dramatically increased by using a scheme to supply H to the
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oxidation reaction of SH™ at an anode and by using a large surface area cathode to facilitate
the reduction of H' at a cathode such that the accelerated reaction is harnessed to produce
electricity. Since § is a stable solid, the hydrino hydride ion may be a favored low-energy
product as Na' H'(1/4) having interstitial S.

In an smbodiment, CIH may be formed in the cell to serve as the hydrino catalyst
according to the reaction given in TABLE 3 wherein m=3. In an embodiment, the catalyst
CIH may be formed by the oxidation of Cl" at the anode that also supplies H. The cell
clectrolyte may comprise at least a Ci salt such as MCl (M =alkali). The electroiyte may
comprise HaO. The anode reaction may be at least one of
Anode reaction:

MH, + CFto CIH + R-MH,; + & (367)
and

12H2+CFto CIH+ & (368)
wherein MH; is a hydride or a source of H and some of the H is converted to hydrino during
the anode reaction. In the latter reaction, CIH may dissociate, and the H' may be reduced to
H: at the cathode. The hydrogen that is unreacted to from hydrinos may be recycled.
Exemplary cells are [LaNisHs, LazCoNigHs, ZrCroHag, LaNis ssMngaAle 2C0og 75,
ZrMng sCre 2 Vo Niy 2, or R-NI/MCI (saturated aq) (M =alkali)/CB]. In another embodiment,
CIH is formed by reduction of a species at the cathode in addition to or comprising H. The
species may be chlorine oxide such as chlorates, perchlorates, chlorites, perchlorites, or
hypochlorites. The anode may be a hydride or acid-stable metal such as Pt/Ti appropriate for
the pH. Other compounds may form CIH in the cell such as SbCls. An exemplary cathode
reaction is
Cathode reaction;

ClOxHy + qe” to CIH + rH20 to Cl + H(1/p) (369)
Exemplary cells are [LaNisHg, LaxCoiNigHe, ZrCroHsg, LaNizssMngaAlp3Cogs,
ZrMng sCro2 Vg 1 Nir 2, R-Ni, or PUTI/HCIO,, HCIO;, HCIO,, HCIO, MCIG;, MCI0;, MCIO,,
MCIO, (M = alkali)YCB]. The concentration of the source of CIH may be any soluble
concentration. The optimal conceniration optimizes the power output due to hydrino
formation. In other embodiments of the disclosure, CIH and may substitute for OH.

Hydrated MCI (M = alkali such as Cs) may react directly to form hydrinos at a low
rate by the same mechanism as given by Eqgs. (367) and (368) and (354) comprising the
reactions of the oxidation with CI” and H to CIH and the reduction of HCl to H and CI'. CIH
may serve as an MH type catalyst given in TABLE 3, or H may serve as a catalyst for another
H. The e-beam excitation emission spectroscopy results of a series of peaks in CsCl having a
constant spacing of 0.25 eV matches the corresponding catalyst product of Hax(1/4). In an
embodiment, the reaction rate is dramatically increased by using a scheme to supply H to the
oxidation reaction of C1” at an anode and by using a large surface area cathode to facilitate the
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reduction of H" at a cathode such that the accelerated reaction is harnessed to produce
electricity.

In an embodiment, SeH may be formed in the cell to serve as the hydrino catalyst
according to the reaction given in TABLE 3 wherein m=4. Since H(1/4) is a preferred state,
it may form with the balance of the energy of the hydrino transition over 81.6 ¢V transferred
to the SeH catalyst. In an embodiment, the catalyst SeH may be formed by the oxidation of
SeH" at the anode. The cell electrolyte may comprise at least a SeH salt such as MSeH (M
=alkali). The anode reaction may be at least one of

Anode reaction:

SeH to SeH + ¢ to Se + H(1/p) (370)
and

MH, + SeH to HySe + R-MH,.; + ¢ (371)

1/2Hy + SeH to HaSe + ¢ (372)

wherein MH; is a hydride or a source of H and some of the H is converted to hydrino during
the anode reaction. In the latter reaction, HoSe may dissociate, and the H" may be reduced to
Ha at the cathode or HaSe may be reduced to SeH'. The hydrogen that is unreacied to from
hydrinos may be recycled. Exemplary cells are [LaNisHs, La;CoNigHg, ZrCroHsg,
LaNi; ssMng sAlo 3Co0.7s, ZrMng sCrp2Vo Nija, or R-Ni/MSeH (sat aq) (M =alkaliy)CB]. In
another embodiment, SeH is formed by reduction of a species at the cathode in addition to or
comprising H. The species may be Se or a sclenium oxide such as SeQO; or SeQ;, 2
compound such as MzS5e0s, MaSeQy, MHSeOs (M = alkali), or an acid such as HzS5e¢O; or
H,SeQ4. The anode may be a hydride or acid-stable metal such as Pt/Ti appropriate for the
pH. Other compounds may form SeH in the cell such as SeFsy. An exemplary cathode
reaction is

Cathode reaction:

SeOxHy + qge” to SeH + rHz0 to Se + H(1/p) (373)
Exemplary - cells are [LaNisHs, La:CoNigHe, ZrCroHsg, LaNisssMng4Alp3Cog7s,
ZrMng sCrp 2V i Niy 2, R-Ni, or P/Ti/ 3¢, or Se0s, MaSeOs, MzSeOy, MHSeO; (M = alkali),
H,S8e0;, or Hz8¢04 (aq)/CB]. SeH may be formed at the anode by oxidation of SeH ™ that
may further react with H to form SeH,. Alternatively, Sel may form by the reaction of H
and Se” with oxidation to SeH. Possibly some H,Se may form. The source of H may be an
H permeable membrane and H» gas. The cell may comprise a salt bridge such as BASE and a
cathode reactant that may comprise a molten salt such as a eutectic mixture. Exemplary cells
are [Ni(Hp) Nap;Se/BASE/LICI-Bally or NaCl-NiCl, or NaCl-MnClz]. The concentration of
the source of SeH may be any soluble concentration. The optimal concentration optimizes
the power output due to hydrino formation. In other embodiments of the disclosure, SeH and
SeH" may substitute for OH and OH, respectively,
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In a general embodiment, H2O serves to supply or accept H from at least one of a
reductant and an oxidant to form a catalyst of the MH type of TABLE 3. In an embodiment,
H20 serves as the solvent of the reactants and products. In an embodiment, H;O is not
consumed in the reaction; rather a source of H is consumed o form hydrinos such as a
hydride or hydrogen and a dissociator. In other embodiments, the role of H,O may be
replaced by another suitable solvent of the disclosure that would be known o one ordinarily
skilled in the Art.

By the same general mechanism of exemplary catalysts OH, SH, CIH, and SeH, MH
such as the species given in TABLE 3 may serve as a catalyst to form H({l/p). In an
embodiment, MH may be formed in the cell to serve as the hydrino catalyst according to the
reaction given in TABLE 3 by the oxidation of MH" at the anode. The cell electrolyte may
comprise at ieast a MH salt or a source thereof MH. The anode reaction may be at least one
of
Anode reaction:

MH to MH +¢ (374)
and

MH, + MH to H;M + MH,; + ¢ (375)

1/2H, + MH to HoM + ¢ (376)

wherein MH; is a hydride or a source of H and some of the H is converted to hydrino during
the anode reaction. In the latter reaction, H;M may dissociate, and the H' may be reduced to
H; at the cathode or HoM may be reduced to MH. The hydrogen that is unreacted to from
hydrinos may be recycled. Exemplary cells are [LaNisHs, La;CoiNigHg, ZrCrHjg,
L.aNis ssMng sAlg3Cog7s,  ZrMngsCrooVoNij2, or R-Nifsource of MH™ (nonreactive
solvent)/CB]. In another embodiment, MH is formed by reduction of a species at the cathode
afone or with a source of H. The species may be M or a compound comprising M capable of
reduction to MH alone or with a source of H. The anode may be a hydride or acid-stable
metal such as Pt/Ti appropriate for the pH. An exemplary cathode reaction is

Cathode reaction:

MHX +qe’to MH+ X* {377)
wherein some of the H is converted to hydrino during the cathode reaction, X comprises one
or more elements of the oxidant, and X° is a reduction product. Exemplary cells are
ELaNisﬂﬁ, LaZCOINigH(,, ZT'CI'QH}&, LaNi3,55Mnol4Alo»gCO()_?s, ZrMn(}jCl‘o‘QVo»;Nh_g, R-Ni, or
Pt/Ti/compound that reduces to MH alone or with a source of H (nonreactive solvent)/CB].
The conceniration of the source of MH may be any soluble concentration. The optimal
concentration optimizes the power output due to hydrino formation. Exemplary cells are [Zn,
H:RuS8;, R-Ni, LaNiSH¢/KOH, NaHS$ or NaHSe, or KCl (sat aq, organic, or mixtures)/steam

carbon].
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At least one of the half-cell reactions and net reactions of the CIHT cells of the
disclosure may comprise reactions for production of thermal energy. In embodiments both
thermal and electrical energy may be produced. The thermal power may also be converted to
electricity by systems of the current disclosure and those known in the Art,

In an embodiment, at {east one of OH, SH, and CIH catalysts and hydrinos are formed
by the reaction of H with a source of O, §, and Cl, respectively. The H may be formed by the
oxidation of H at the anode. A source of H is a cathode comprising a hydride such as a
transition, inner transition, or rare earth hydride, hydrogen gas and a dissociator, or a
hydrogen gas and a H-permeable membrane as given with other suitable sources in the
disclosure. The cell may comprise an electrolyte to conduct H™ such as a molten salt such as
a eutectic mixture of alkali halides. The source of G, S, or Cl at the anode may be a
compound or these elements in contact with the anode or in a sealed chamber permeable to H
as shown in FIGURE 20. Exemplary cells are [Ni, V, Ti, SS, or Nb (O, S, or Cly), or S/LiCl-
KCVTiH,, ZrH., CeH,, LaH,, or Ni, V, Ti, 88, or Nb(Hj)]. Alternatively, the H to react with
a source of O, S, and Cl may be formed by the reduction of H" at the cathode. A source of H
may be an anode comprising hydrogen gas and a dissociator as given in the disclosure. The
ceil may comprise a proton-conducting electrolyte such as Nafion. The source of O, S, or Ci
at the cathode may be a compound or these elements in contact with the cathede or in a
sealed chamber permeable to H as shown in FIGURE 20. Exemplary cells are [PtC(H>) or
PdC(H,)/Nafion/Os, S, or Cla].

In an embodiment, MH’ is a source of MH catalyst that forms upon oxidation. For
example, OH, SH, or CI may be oxidized at the anode to form OH, SH, and CIH catalysts,
respectively, and hydrinos. The anode half-cell reactants may comprise at least one of
NaOH, NaHS$, or NaCl. The anode half-cell reactants may further comprise a source of H
such as a hydride, hydrogen and a dissociator, or hydrogen and a hydrogen-permeable
membrane such as a Ni(H;), V(Hz), Ti(H2), Fe(H,), or Nb(H:) membrane or tube that may be
an electrode such as the anode. The cell may comprise a solid electrolyte salt bridge such as
BASE such as Na BASE in the case that the migrating ion is Na*. The oxidation reactions to
form the catalysts are given in the disclosure. OH, for example, is formed by the anode
reaction of Egs. (346) or (359). M’ of the base MOH (M = alkali) migrates through the salt
bridge such as BASE and is reduced to Na and may react in a concerted manner or
subsequently with at least one cathode reactant, The reactants may be molten at an elevated
cell temperature maintained at a least the melting point of the cell reactants. The cathode half-
cell reactants comprise at least one compound that reacts with the reduced migrating ion. The
product sodium compound may be more stable than the sodium compound of the anode half-
cell reactants. The cathode product may be NaF. The cathode reactant may comprise a
fluorine source such as fluorocarbons, XeF,, BF;, NFs3, 8§Fg, NaySiFs, PFs, and other similar
compounds such as those of the disclosure. Another halogen may replace F in the cathode.
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For exampie, the cathode reactant may comprise 1. Other cathode reactants comprise other
halides such as metal halides such as transition metal, inner transition metal, rare earth, Al
Ga, In, Sn, Pb, Sb, Bi, Se, and Te halides such as NiCly, FeCly, Mnly, AgCl, EuBra, EuBrs,
and other halides of the solid fuels of the disclosure. Either cell compartment may comprise
a molten salt electrolyte such as a eutectic salt such as a mixture of alkali halide salts, The
cathode reactant may also be a eutectic salt such as a mixture of halides that may comprise a
transition metal halide. Suitable eutectic salis that comprise a metal such as a transition metal
are CaCly-CoCly, CaCly-ZnCly, CeCls-RbCl, CoCl-MgCly, FeCly-MnCl,, FeCly-MnCi,,
KAICI-NaAICl;, AIChL-CaCl, AICH-MgCl,, NaCl-PbCly, CoCly-FeCly, and others in
TABLE 4, Exemplary cells are [at least one of the group of NaOH, NaHS, NaCl, R-Nij,
LaNi5H5, Lagc{)]NigH@, Z!‘CrgHg‘g, LaNig,55MHQI4A10_3C0{)_75, Zi‘Mno_scrong,;Nii‘z, CCH:,
LaH;, PtC(Hp), PAC(H,), Ni(H,), V(Ha), Ti(Hy), Fe(Ha), or Nb(H,)/BASE/l,, 1o + Nal,
fluorocarbons, XeF,, BF3;, NFi, 8Fs NaaSiFs, PFs, metal halides such as transition metal,
inner transition metal, rare earth, Al, Ga, In, Sn, Pb, Sh, Bi, Se, and Te halides such as NiCl,,
FeCly, Mnlz, AgCl, EuBr;, and EuBr;, eutectic salts such as CaCl,-CoCly, CaClh-ZnCl;,
CeCl3-RbCl, CoCl-MgCla, FeCh-MnCl, FeCh-MnCl, KAICL-NaAlIClL, AlCl;-CaCls,
AlCI-MgCly, NaCl-Pb(Cl;, CoCly-FeCly, and others of TABLE 4] and [NaOH + PtC(Ha),
PdC(H,), Ni(Hz), V(Hz), Ti(Hz), Fe(Hz), or Nb(H,)/BASE/NaX (X is anion such as halide,
hydroxide, sulfate, nitrate, carbonate) + one or more of the group of NaCl, AgCl, AICk,
AsCls, AuCl, AuCls, BaCly, BeCly, BiCls, CaCl,, CdCl;, CeCls, CoCly, CrCl,, CsCl, CuCl,
CuCly, EuCls, FeCly, FeCly, GaCl;, GdCls;, GeCly, HfCl;, HgCl, HgCl, InCl, InCl, InCl,
IrCi, IrCly, KCl, KAgCh, KAICL, KsAICk, LaCl;, LiCl, MgCl;, MnCl,, MoCly, MoCls,
MOCis, NaAiCl4, NagAICie, NbC[s, NdC]g, NiCiz, OSClg, OSC14, Pbe, PdCEz, PI‘C13, PICEQ,
PtCly, PuCls, RbCl, ReCls, RhCl, RhCls, RuCls, 8bCls, SbCls, ScCls, SiCly, SnCly, SnCly,
SrCl;, ThCl, TiCly, TiCls, TICL, UCH;, UCL, VCL, WClg, YCls, ZnCly, and ZrCls]. Another
alkali metal may be substituted for Na, other halidies may be substituted for CI, and the
BASE may match the migrating ion.

The cell may be regenerated by electrolysis or mechanically. For example, the cell
[Ni{H; latm) NaOH/BASE/NaCI-MgCl; eutectic] produces HoO that, in an embodiment, is
vented from the half-cell. At the cathode, Na from migrating Na" may react with MgCl, to
form NaCl and Mg. Representative cell reactions are

Anode

NaOH + 1/2H; to HoO + Na' + ¢ (378)
Cathode

Na’ + e + 1/2MgCl, to NaCl + 1/2Mg (379)

The anode half-cell may additionaily contain a salt such as an alkaline or alkaline earth halide
such as a sodium halide. Following discharge, the anode may be regenerated by adding water
or a source of water. The cell may also run spontanecusly in reverse with the addition of
H»0 since the free energy for the reaction given by Eq. (379) is +46 k¥/mole (500 °C). The
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source of water may be steam wherein the haif-cell is sealed. Alternatively, the source of
water may be a hydrate. Exemplary hydrates are magnesium phosphate penta or octahydrate,
magnesium sulfate heptahydrate, sodium salt hydrates, aluminum salt hydrates, and alkaline
carth halide hydrates such as SrBr, Srly, BaBr,, or Bal,. The source may comprise a molten
salt mixture comprising NaOH. In an alternative exemplary mechanical regeneration
method, MgCl; is regenerated by evaporating Na as NaCl reacts with Mg to form MgCl; and
Na. Na can be reacted with water to form NaOH and H, that are the regenerated anode
reactants. The cell may comprise a flow system wherein cathode and anode reactants flow
though the corresponding half cells and are regenerated in separate compartments and
returned in the flow stream. Alternatively, Na may be used directly as the anode reactant in
the cell [Na/BASE/NaOH]. The celis may be cascaded.

In an embodiment, the anode comprises a metal chalcogenide such as MOH, MSH, or
MHSe (M = alkali metal) wherein the catalyst or source of catalyst may be OH, SH, or HSe.
The cathode may further comprise a source of hydrogen such as a hydride such as a rare earth
or transition metal hydride or others of the disclosure, or a permeable membrane and
hydrogen gas such as Ni(Hy), Fe(H,), V(H;), Nb(Hy), and others of the disclosure, The
catalyst or source of catalyst may be from by the oxidation of OH', SH', or HSe', respectively.
The anode oxidation product involving the further reaction with H may be H;0, H,S, and
HaSe, respectively. The cell may comprise at least one of an electrolyte and a salt bridge that
may be a solid electrolyte such as BASE (f-alumina). The cathode may comprise at least one
of an element, elements, a compound, compounds, metals, alloys, and mixtures thereof that
may react with the migrating ion or reduced migrating ion such as M" or M, respectively, to
form a solution, alloy, mixture, or compound. The cathode may comprise a molien element
or compound. Suitable molten elements are at least one of In, Ga, Te, Pb, Sn, Cd, Hg, P, S, [,
Se, Bi, and As. In an exemplary embodiment having Na" as the migrating ion through a salt
bridge such as beta alumina solid electrolyte (BASE), the cathode comprises molten sulfur,
and the cathode product is NayS. Exemplary cells are [NaOH + H source such as Lal,,
CeH,, ZrHy, TiH,, or Ni(Hy), Fe(H,), V(Ha), Nb(H,)/BASE/at least one of S, In, Ga, Te, Pb,
Sn, Cd, Hg, P, I, Se, Bi, and As, and optionally 2 support]. In another embodiment, the cell is
absent the salt bridge such as BASE since the reductant such as H; or hydride is confined to
the anode, and the reaction between the half~cell reactants is otherwise unfavorable
energetically or kinetically. In an embodiment having no salt bridge, the anode half-cell
reactants do not react wiih the cathode half-cell reactant exergonically. Exemplary cells are
[H source such as LaH,, CeH,, ZrH., TiH;, or Ni(Hz), Fe(H,), V(H,), Nb(Hy/hydroxide
molten salt such as NaOH/at least one of S, In, Ga, Te, Pb, Sn, Cd, Hg, P, 1, Se, Bi, and As
and alloys, and optionally a support].

In an embodiment, the catalyst comprises any species such as an atom, positively or
negatively charged ion, positively or negatively charged molecular ion, molecule, excimer,
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compound, or any combination thereof in the ground or excited state that is capable of
accepting energy of m-27.2 eV, m=1234,...(Eq. (5)). It is believed that the rate of
catalysis is increased as the net enthalpy of reaction is more closely matched to m-27.2 eV .
It has been found that catalysts having a net enthalpy of reaction within £10%, preferably
+5%, of m-272 ¢V are suitable for most applications. In the case of the catalysis of
hydrino atoms to lower energy states, the enthalpy of reaction of m-27.2 eV (Eq. (5)) is
relativistically corrected by the same factor as the potential energy of the hydrino atom. In an
embodiment, the catalyst resonantly and radiationless accepts energy from atomic hydrogen.
In an embodiment, the accepted energy decreases the magnitude of the potential energy of the
catalyst by about the amount transferred from atomic hydrogen. Energetic ions or electrons
may result due to the conservation of the kinetic energy of the initially bound electrons. At
least one atomic H serves as a catalyst for at least one other wherein the 27.2 eV potential
energy of the acceptor is cancelled by the transfer or 27.2 ¢V from the donor H atom being
catalyzed. The kinetic energy of the acceptor catalyst H may be conserved as fast protons or
electrons. Additionally, the intermediate state (Eq. (7)) formed in the catalyzed H decays
with the emission of continuum energy in the form of radiation or induced kinetic energy in a
third body. These energy releases may result in current flow in the CIHT cell.

In an embodiment, at least one of a molecule or positively or negatively charged
molecular ion serves as a catalyst that accepts about m27.2 eV from atomic H with a decrease
in the magnitude of the potential energy of the molecule or positively or negatively charged
molecular ion by about m27.2 eV. For example, the potential energy of H.O given in Mills
GUTCP is

V___(_B_J —2e* ina+\/a2—b2

© \2)8nedt - a-a' ¥
In an embodiment, the reaction to form the catalyst comprises a reaction to form H,O that
serves as the catalyst for another H. The energy may be released as heat or light or as
electricity wherein the reactions comprise a half-cell reaction. In an embodiment wherein the
reactants form H,O that serves as a catalyst, the reactants may comprise OH" that may be
oxidized to H;O. Exemplary reactions are given in the disclosure. The reaction may occur in
the CIHT cell or the elecirolysis cell. The catalyst reaction may be favored with H;O in a
transition state to product. The cell further comprises a source of atomic H. The source may
be a hydride, hydrogen gas. hydrogen produced by electrolysis, hydroxide, or other sources
given in the disclosure. For example, the anode may comprise a metal such as Zn or Sn
wherein the half-cell reaction comprises the oxidation of OH™ to water and metal oxide, The

=-81.8715 ¢V (380)

reaction also forms atomic H in the presence of the forming HoO wherein H,O serves as a
catalyst to form hydrinos. The anode may comprise a hydride such as LaNisHg wherein the
half-cell reaction comprises the oxidation of OH to HyO with H provided by the hydride.
The oxidation reaction occurs in the presence of H from the hydride that is catalyzed to
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hydrino by the formed HyO. The anode may comprise a combination of a metal and a
hydride wherein OH" is oxidized to H;O with the formation of a metal oxide or hydroxide,
and H is provided by the hydride. The H is catalyzed to hydrino by the forming HO serving
as the catalyst. In another embodiment, an oxidant such as CO; or a reductant such as Zn or
Al of R-Ni may react with OH" to form H,O and H as an intermediate wherein some of the H
is catalyzed to hydrino by H,O during the reaction. In another embodiment, at least one of
H,0 and H may form by a reduction reaction of at least one of species comprising at least one
of O and H such as Hy, H, H', Os, O3, 07, 05, 0, 0%, H;,0, H;0", OH, OH', OH", HOOH,
OOH, O, 0%, 0, , and Oj”. In another embodiment, af least one of H,0O and H may form
by an oxidation reaction involving at least one of species comprising at least one of O and H
such as Hy, H, HY, O, O3, OF, 0}, 0, 07, H:0, H;0", OH, OH", OH", HOOH, OOH,, O,
O, 0}, and OF . The reaction may comprise one of those of the disclosure. The reaction

may occur in the CIHT cell or electrolysis cell. The reactions may be those that occur in fuel
cells such as proton exchange membrane, phosphoric acid, and solid oxide fuel cells, The
reactions may occur at the CIHT cell anode. The reactions may occur at the CIHT cell
cathode. Representative cathode reactions occurring in aqueous media to form HxO catalyst
and H or form intermediate species that may form H,O catalyst and H at one or both of the

cathode and anode are

0, + 4H" + 4" 10 2H20 (381)
O, + 2H" + 2¢" to Hz0; (382)
03 + 2H;0 +4¢” to 40H (383)
0+ H' +e to HO; (384)
0, + Hy0 + 2¢ 1o HO; +OH (385)
02 + 2H,0 + 2¢” to HyO, + 20H (386)
0;+e'to O (387)
HO; + HO + 2¢ to + 30H (388)
2 HO; to 20H + 0O (389)
Hy0; + 2H" + 2¢ to 2H,0 (390)
2H:0, to 2H;0 + O (391)

In an embodiment, the H bonding of a catalyst capable of such bonding may alter the
energy that it may accept from atomic H when acting as a catalyst, H bonding may influence
catalysts comprising H bond to an electronegative atom such as O, N, and S. Ionic bonding
may alter the energy as well, In general, the net enthalpy that the catalyst may accept from H
may change based on its chemical environment. The chemical environment and interactions
with other species including other catalyst species may be altered by changing the reaction
composition or conditions. The composition of the reaction mixture such as that of a solid
fuel or of a CIHT half-cell may be adjusted to adjust the catalyst energy. For example, the
composition of solutes and solvents as well as conditions such as temperature may be
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adjusted as given in the disclosute. Thereby, the catalyst rate and power from the formation
of hydrinos may be adjusted. In the CIHT cell, additionally the current may be adjusted to
control the catalysis rate. For example, the current may be optimized by adjusting the load to
provide a high concentration of HoO and H formed by the half-cell reactions so that the
forming product H2O may catalyze the H to form hydrinos at a high rate. The presence of a
large Hy{(1/4) NMR peak at 1.25 ppm following extraction in dDMF from CIHT celis such as
[M/KOH (saturated aq)/steam carbon + air]; M = metals such as Zn, Sn, Co, LaNisHg, La, Pb,
Sb, In, and Cd that form H,O at the anode by the oxidation of OH supports this mechanism.
Other exemplary cells are [M/K2COs (sat aq)/SCl, [M/KOH 10-22M + K,CO; (sat aq)/SC] M
= R-Ni, Zn, Co, Cd, Pb, Sn, Sb, In, Ge, [LaNisH¢/LiOH (sat aq) LiBt/ CB-SA], and
[LaNisH/KOH (sat aq) LiCO3/ CB-SA]. In addition to hydrinos, a product of H,O serving
as a catalyst is ionized H,O that may recombine into Hz and Op; thus, HxO catalysis may
generate these gases that may be used commercially. This source of Hy may be used to
maintain the power output of the CIHT cell. It may supply Ha directly or as a reactant to
regenerate the CIHT half-cell reactants such as an anode hydride or metal. In an
embodiment, R-Ni serves as a source of H;O and H that react to form hydrinos. The source
of H,O and optionally H may be hydrated alumina such as AI{OH);. In an embodiment, the
R-Ni may be rchydrated and rehydrided to serve in repeated cycles to form hydrinos. The
energy may be released as heat or electricity. In the former case, the reaction may be
initiated by heating.

In an embodiment, the reduced oxygen species is a source of HO such as OH that
may be oxidized at the anode of the CIMT cell or produced chemically in the solid fuel
reactions. The cell reactants such as the anode reactants of the CIHT cell further comprise
H;. The H, reacts with OH to form H and H,O in an active state for the HaO to serve as a
catalyst to form hydrinos by reaction with the H. Alternatively, the reactants comprise a
source of H such as a hydride or H; and a dissociator such that H reacts with OH to form the
active H,Q hydrino catalyst that further reacts-with another H to form hydrinos. Exempalry
celis are [M + Hy/KOH (saturated aq)/steam carbon + O] and [M + Hs + dissociator such as
PtC or PAC/KOH (saturated aq)/steam carbon + O,); M = Zn, Sn, Co, LaNisHs, Cd, Pb, Sb,
and In. In an embodiment of a thermal reactor, hydrogén and oxygen are combined on a
metal surface to form HyO catalyst and H that react to form hydrinos. The metal promotes H
and O oxidative recombination to form water that serves as a catalyst for H to form hydrinos
wherein the oxidized metal may form a hydroxide or oxide. Suitable exemplary metals are
Zn, Sn, Co, LaNisHe, Cd, Pb, Sb, and In.

The loaded steady state voltages of the [Na/BASE/NaOH] and [NaOH +
Ni(H,)/BASE/MgCl, + NaCl] cells are about 0.4 V that maiches the H bond energy of HO.
Thus, in an embodiment, the CIHT cell is active when the cell voltage disrupts the H bonding
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such that H>0 molecules may act autonomously to cause H to be catalyzed to hydrino
wherein the enthalpy accepted by HaO is 3X27.2 V.

In an embodiment, the ionic strength of the electrolyte is adjusted to break H bonding
between water molecules such that each can serve as a catalyst with H. The ionic strength
may be adjusted by adding other solutes or solvents. Alternatively, the reactants comprise a
support that absorbs isolated H,O molecules and H. The support may be carbon nanotubes,
fullerene, or similar cage or cavity compound. The support may be a cage compound
comprised of elemenis other than carbon such as at least one of Al and Si such as zeolites.
The zeolites may be doped with a conductor. The support may be an anode half-cell reactant
that may further comprise a reductant that reacts with OH" to form H,O such as at least one of
Zn, Co, Pb, LaNisHe, Cd, Sn, Sb, and In. The support may comprise a medium with a
dielectric constant that reduces that of H,O by interaction with Hy0.

In an embodiment, isolated HoO molecules are formed by a chemical reaction such as
an oxidation or reduction reaction of reactants comprising at least one of O and H to form
H20 in an active catalytic state to catalyze H to hydrinos. In an embodiment, the reaction
may comprise a step of dehydration to at least transiently form isolated H,O molecules.
Biological systems may use water formation in the electron transport chain and in
photosynthesis as an energy source wherein the formed water reacts with H to form hydrinos.
In embodiments, similar chemical systems are used to make electricity in the CIHT cell.

In an embediment, H;O is formed in an isolated environment from other water
molecules to avoid H bonding such that they may serve as catalysts to form hydrinos. OH
may undergo oxidization and react with H to form HpO inside of a channel, cage, or other
geometrical structure or hydrophobic or other thermodynamic environment that excludes
aggregate water. Suitable anode reactants that may absorb individual H;O moiecules or
otherwise exclude aggregate water are carbon nanotubes, fullerene, or similar cage or cavity
compounds such as zeolites that may be mixed with a conductor such as carbon or doped
with a conductor such as Pt/nancTi, Pt/ALQs, zeolite, Y zeolite, HY zeolite, and Ni-ALO;-
Si0,. Steam or activated carbon having some hydrophilic functionalities may serve as a
support such as that of the anode. Cellulose, carbon fiber, Nafion, a cation or anion exchange
resin, molecular sieve such as 4A or 13X, or a conducting polymer such a polyaniline,
polythiophene, polyacetlylene, polypyrrole, polyvinylferrocene, polyvinylnickelocene, or
polyvinylcobaltocene may be added to the anode. A source of H may be added such as Ha
gas. OH may be formed by the oxidation of OH". The H; gas may react with the OH to from
H,O. Alternatively, H atoms may be provided by a H» dissociator such as Pt/C or Pd/C that
may be activated.

In an embodiment, at least one half-cell reaction mixture comprises a surfactant. The
surfactant may be ionic such as anionic or cationic. Suitable anionic surfactants are based on
permanent anions (sulfate, sulfonate, phosphate) or pH-dependent anions (carboxylate).
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Exemplary sulfates are alky! sulfates such as ammonium lauryl sulfate, sodium lauryl sulfate
or sodium dodecyl sulfate (SDS), alkyl ether sulfates such as sodium lauryl ether sulfate
(SLES) and sodium myreth sulfate. Exemplary sulfonates are docusates such as dioctyl
sodium sulfosuccinate, sulfonate fluorosurfactants such as perfluorooctanesulfonate (PFOS)
and perfluorcbutanesulfonate, and alkyl benzene suifonates. Exemplary phosphates are alkyl
aryl ether phosphate, and alkyl cther phosphate. Exemplary carboxylates are alkyl
carboxylates such as fatty acid salts (soaps) such as sodium stearate and sodium lauroyl
sarcasinate, carboxylate fluorosurfactants such as perfluorononanoate and perfluorooctanoate
(PFOA or PFQO). Suitable cationic surfactants are those based on pH-dependent primary,
secondary or tertiary amines wherein, for example, primary amines become positively
charged at pH < 10, secondary amines become charged at pH < 4 such as octenidine
dihydrochloride, permanently charged quaternary ammonjum cations such as
alkyltrimethylammonium salts such as cetyl trimethylammonium bromide (CTAB), and cetyl
trimethylammonium chloride (CTAC), cetylpyridinium chloride (CPC), polyethoxylated
tallow amine (POEA), benzalkonium chloride (BAC), benzethonium chloride (BZT), 3-
bromo-5-nitro-1,3-dioxane, dimethyldioctadecylammonium chioride, and
dioctadecyldimethylammonium bromide (DODAB). Exemplary zwitterionic (amphoteric)
surfactants are based on primary, secondary or tertiary amines or quaternary ammonium
cation with sulfonates such as CHAPS (3-[(3-cholamidopropyl)dimethylammonio}-1-
propanesulfonate), sultaines such as cocamidopropyl hydroxysultaine, carboxylates such as
amino acids, imino acids, betaines such as cocamidopropyl betaine, and phosphates such as
lecithin. The surfactant may be nonionic such as fafty alcohols such as cetyl alcohol, stearyl
alcohol, cetosteary! alcohol such as consisting predominantly of cetyl and stearyl alcohols,
oleyl alcohol, polyoxyethylene glycol alkyl ethers such as octaethylene glycol monododecyl
ether, pentacthylene glycol monododecyl ether; polyoxypropylene glycol alkyl ethers,
glucoside alkyl ethers such as decyl glucoside, lauryl glucoside, and octyl glucoside,
polyoxyethylene glycol octylphenol ethers such as Triton X-100, polyoxyethylene glycol
alkylphenol ethers such as nonoxynol-9, glycerol alkyl esters such as glyceryl laurate,
polyoxyethylene glycol sorbitan alkyl esters such as polysorbates, sorbitan alkyl esters such
as spans, cocamide MEA, cocamide DEA, dodecyldimethylamine oxide, and block
copolymers of polyethylene glycol and polypropylene glycol such as poloxamers. The
cations may comprise metals such as alkali metal, alkaline earth metal, and transition metals,
and polyatomic or organic such as ammonium, pyridinium, and triethanolamine (TEA}. The
anion may be inorganic such as a halide or organic such as tosyls, trifluoromethanesuifonates,
and methylsulfate.

The temperature of the cell may be maintained at any desired. In an embodiment
wherein H»O serves as the catalyst, the H bonding is disrupted in order that the potential
energy of HoO better matches an integer of 27.2 eV. The H bonding may be disrupted by at
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least one of maintaining the electrolyte concentration high, maintaining the celi at an elevated
temperature such as in the range of about 30°C to 100°C, and by adding other gases or
solvents to the water such as NHs, amine, or a noble gas and DMSO, respectively, as well as
others given in the disclosure. Other suitable gases are at least one of CO;, NO,, NO, N0,
NF3, CF4, 8Os, SFg, CSs, He, Ar, Ne, Kr, and Xe. In an embodiment, the molarity of NH;
added to the electrolyte is in the range of about 1 mM to 18 M. An exemplary electrolyte isa
mixture of saturated KOH such as up to about 22 M and saturated NHj; such as up to about 18
M. The dissolved gas concentration may be elevated by applying elevated pressure gas such
as in the pressure range of about 1 atm to 500 atm. The H bonding may also be disrupted by
application of external excitation such as the sources given in the disclosure. A gas mixture
may comprise O, or a source of oxygen.

In an embodiment, a boost potential is applied to the cell that may be above or below
the threshold for electralysis of water. Considering the overpotential of the electrodes, the
potential may be in the range of about 1 V to 3.5 V. The boost potential scurce may be
loaded with a high resistance and connected to the CIHT electrodes, or its current may be
limited to a low value relative to that of the loaded CIHT celi in the absence of the boost
potential. The potential may be applied intermittently when the CIHT cell is open circuit.
Then, the boost potential may be made open circuit while the CIHT cell is loaded. The
voltage contribution provided by the CIHT cell when it is connected fo the load causes
current to flow in its circuit through its load of much less relative resistance such that the
dissipated power is essentially that of the CIHT cell. In an embodiment, the reaction that
forms the catalyst such as H,O and H may be propagated under circumstances where the rate
may be undesirably or prohibitory low. In an embodiment, H,O may be reduced to OH" at
the cathode, and OH™ may be oxidized to H,O at the anode with the charging assistance of the
external boost potential power source. Hydrinos are produced during the reactions wherein
useful power is produced by the CIHT cell and dissipated in its load with minimum power
drawn from the boost potential source. An exemplary cell is [LaNisHg/KOH (sat aq)/SC
boost potential]. The frequency of the application of the boost potential may be that which
increases the net output energy of the CIHT cell and may be in the range of 1 mHz to 100
GHaz.

In an embodiment, an electric field is produced by catalysis of H to form hydrinos
that manifests as a cell voltage of the CIHT cell. The voltage and the corresponding field
changes with loading and unloading the cell wherein current flows with the cell loaded. The
circuit is opened and closed at a frequency that causes water molecules to disperse and break
H bonding in response to the changing electric field such that H,O may serve as catalyst fo
form hydrinos. Alternatively, a voltage is applied at a frequency that causes water molecules
to disperse and break H bonding in response to the changing electric field such that HoO may
serve as catalyst to form hydrinos.
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In an embodiment of the CIHT cell, the H bonding of H>O may be decreased to form
H,0 in an active state as a catalyst by applying a pulsed or alternating electric field to the
electrodes, The frequency, voltage, and other parameters may be those given in the
disclosure. In an embodiment, the applied field is at a frequency that decreases the
permittivity of at least one of HzQ and the electrolyte. A suitable frequency is that
corresponding to about the minimum permittivity.

In an embodiment comprising excitation by electromagnetic radiation such as RF or
microwaves, the water vapor pressure is maintain at a low pressure and temperature is
maintained at an elevated value to minimize H bonding to better favor the formation of
isolated H,O molecules that are in an active state to catalyze H also present to form hydrinos.
The reactants may comprise a water vapor plasma comprising isolated HyO molecules and H
atoms wherein H, serves as the catalyst to accept about 3X27.2 eV from H to form H(1/4).
The temperature may be for 35°C to 1000°C and the pressure may be form 600 Torr to |
microTorr.

Similarly to H,O, the potential energy of the amide functional group NH; given in
Mills GUTCP is -78.77719 eV, From the CRC, AH for the reaction of NH; to form KNH,
calculated from each corresponding AH is (-128.9-184.9) kl/mole = -313.8 kl/mole {3.25
eV). From the CRC, AHf for the reaction of NHy to form NaNH; calculated from each
corresponding AT, is (-123.8-184.9) k}/mole == -308.7 kl/mole (3.20 eV). From the CRC,

AH for the reaction of NH; to form LiNH; calculated from each corresponding AH, is (-

179.5-184.9) ki/mole = -364.4 kl/mole (3.78 eV). Thus, the net enthalpy that may be
accepted by alkali amides MNH:2 (M = K, Na, Li) serving as H catalysts to form hydfinos are
about 82.03 eV, 81.98 eV, and 82.56 ¢V (m=3 in Eq. (5)), respectively, correé}onding to the
sum of the potential energy of the amide group and the energy to form the amide from the
amide group. The presence of a large Hy(1/4) NMR peak at 1.25 ppm from MNH; following
extraction in ADMF supports this mechanism. In an embodiment, NH, may be the source of
NH,. An exemplary cell wherein H” is reduced at the cathode, and H is oxidized at the anode
is [LaNisHg or Ni(Hz)/CF3CO,NH4/PtC].

Similarly to H,O, the potential energy of the H»S functional group given in Mills
GUTCP is -72.81 eV, The cancellation of this potential energy also eliminates the energy
associated with the hybridization of the 3p shell. This hybridization energy of 7.49 eV ig
given by the ratio of the hydride orbital radius and the initial atomic orbital radius times the
total energy of the shell. Additionally, the energy change of the $3p shell due to forming the
two 5-H bonds of 1.10 eV is included in the catalyst energy. Thus, the net enthalpy of HaS
catalyst is 81.40 eV (m=3 in Eq. (5)). HS catalyst may be formed from MHS (M = alkali)
by the reaction

2MHS to MaS + HaS (392)
This reversible reaction may form H,S in an active catalytic state in the transition state to
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product HaS that may catalyze H to hydrino. The reaction mixture may comprise reactants
that form H2S and a source of atomic H. The presence of a large H'(1/4) NMR peak at —3.86
ppm from MHS following extraction in dDMF supports this mechanism.

The cell or reactor may comprise a catalyst such as HO, MNH,, or HiS, or a source
thereof, a source of H, and a means to cause H0, MNHa, or H;8, or a source thereof to serve
as catalyst to form hydrinos. In an embodiment, the catalyst such as HpO, MNH,, or HaS is
activated by an externai excitation. The suitable exemplary external excitation comprises
application of ultrasound, heat, light, RF radiation, or microwaves. The applied excitation
may cause rotational, vibrational, or electronic excitation of the catalyst such as H20. The
microwave or RF excitation may be that of an aqueous electrolyte such as an aqueous base
such as MOH or an aqueous alkali halide such as NaCl. The RF excitation frequency may be
about 13.56 MHz and may comprise polarized RF radiation. The solution may be any
concentration. A suitable exemplary concentration is about 1 M to saturated. The external
excitation may also form H from a source such as H» or HO. H may also be a product of
H-O serving as a cafalyst wherein the H;O molecule is ionized in the process of accepting
energy from H. H may also be formed by other systems and methods of the disclosure such
as H formation from H; and a dissociator.

The continuous or pulsed DC or other frequency plasma comprising H,O, HgS, or
MNH; (M = alkali metal} may have any desired waveform, frequency range, peak voltage,
peak power, peak current, duty cycle, and offset voitage. The plasma may be DC, or the
applied voltage may have be alternating or have a waveform. The application may be pulsed
at a desired frequency and the waveform may have a desired frequency. Suitable pulsed
frequencies are within the range of about 1 to about 1000 Hz and the duty cycle may be about
0.001% to about 95%. The peak voltage may be within the range of at least one of about 0.1
V to 10 V. In another, embodiment a high voltage pulse is applied that may in the range of
about 10 V to 100 kV, but may be within narrower ranges of order magnitude increments
within this range. The waveform may have a frequency within the range of at least one of
about 0.1 Hz to about 100 MHz, about 100 MHz to 10 GHz, and about 10 GHz to 100 GHz.
The duty cycle may be in the range of about 0.001% to about 95%, and about 0.1% to about
10%, but may be within narrower ranges of factors of 2 increments within this range. In an
embodiment, the frequency disrupts the H bonding or causes a dispersion of the H20
permittivity. The frequency is within a range that causes the real part of the permittivity of
water to be decreased. A suitable value is within a factor of 2 of the minimum permittivity.
The frequency may be in the range of 1 GHz to 50 GHz. The peak power density of the
pulses may be in the range of about 0.001 W/em® to 1000 W/ cm’, but may be within
narrower ranges of order magnitude increments within this range. The average power density
of the pulses may be in the range of about 0.0001 W/cm® to 100 W/ cm®, but may be within
narrower ranges of order magnitude increments within this range. The gas pressure may be
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in the range of about 1 microTorr to 10 atm, but may be within narrower ranges of order
magnitude increments within this range such as within the range of about 1 mTorr to 10
mTorr.

In an embodiment, the concerted reaction between the anode and cathode half-cell
reactants cause at least one of a match of the energy between H and the HxO catalyst such
that hydrinos form and provide the activation energy for the hydrino catalysis reaction. In an
exemplary embodiment, the CIHT comprising [M /KOH (saturated aq)/H,O or O, reduction
catalyst + air]; M = Zn, Co, Pb, LaNisHg, Cd, Sn, Sb, In, or Ge, the H,O or O, reduction
catalyst such as steam carbon (SC) or carbon black (CB) serves the function of at least one of
causing the energy match and providing the activation emergy. In an embodiment, the
reactants that form H,0O in an active catalytic state and H may serve to generate thermal
energy, The half-cell reactant may be mixed to directly cause the release of thermal energy.
The exemplary reactants may be a mixture of M + KOH (sat aq) + H;O or O reduction
catalyst + air; M may be Zn, Co, Pb, LaNisHs, Cd, Sn, Sb, In, or Ge and the HO or 0,
reduction catalyst may be carbon, a carbide, boride, or nitrile. In another embodiment, the
anode may be a metal M’ such as Zn and the cathode may be a metal hydride MHy such as
LaNisHs. The exemplary CIHT cell may comprise [Zn/KOH (saturated aq)/LaNisHs, R-Ni,
or PtC + air or O;]. Exemplary general electrode reactions are

Cathode:

MH, + 1/20, 4 " to MH,; + OH (393)
Anode:

2M’® + 30H to 2M°O + H + HyO + 3¢7; H to H(1/p) (394)

Suitable exemplary thermal reaction mixtures are Sn +— KOH (sat aq) + CB or SC + air and
Zn + KOH (sat aq) + LaNisHg, R-Ni, or PiC + air.

In addition to the oxidation of OH and reaction with H, the reaction to form H,O
catalyst may be a dehydration reaction. A suitable exemplary reaction is the dehydration of a
metal hydroxide to a metal oxide such as Zn(OH), to ZnO + H,O, Co(OH); to CoO + H0,
Sn(OH): to SnO + H,0, or Pb{OH), to ZnO + HxO. Another example is AI(OH); to ALO; +
H»O wherein R-Ni may comprise AI(OH); and also serve as a source of H that may be
catalyzed to form hydrinos with at least one of OH and HyO acting as the catalyst. The
reaction may be initiated and propagated by heating.

In an embodiment, the cell comprises a molten salt clectrolyte that comprises a
hydroxide. The electrolyte may comprise a salt mixture. In an embodiment, the salt mixture
may comprise a metal hydroxide and the same metal with another anion of the disclosure
such as halide, nitrate, sulfate, carbonate, and phosphate. Suitable salt mixtures are CsNO;-
CsOH, CsOH-KOH, CsOH-LiOH, CsOH-NaQH, CsOH-RbOH, K,CO3;-KOH, KBr-KOH,
KCI-KOH, KF-KOH, KI-KOH, KNO;-KOH, KOH-K2804, KOH-LiOH, KOH-NaOH, KOH-
RbOH, LirCOs-LiOH, LiBr-LiOH, LiCI-LiOH, LiF-LiOH, Lil-LiOH, LiNO;-LiOH, LiOH-
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NaOH, LiOH-RbOH, NayCO;-NaOH, NaBr-NaOH, NaCl-NaOH, NaF-NaOH, Nal-NaOH,
NaNO;-NaOH, NaOH-Na,80s, NaOH-RbOH, RbCI-RbOH, and RbNG;-RbOH.  The
mixture may be a eutectic mixture. The cell may be operated at a temperature of about that
of the melting point of the eutectic mixture but may be operated at higher temperatures, The
catalyst H;O may be formed by the oxidation of OH™ at the anode and the reaction with H
from a source such as H; gas permeated through a metal membrane such as Ni, V, Ti, Nb, Pd,
PdAg, or Fe designated by Ni(Hz), V(Hz), Ti(Hz), Nb(Hz), Pd(Hz), PdAg(Hs), or Fe(Hz). The
metal of the hydroxide, the cation of the hydroxide such as a metal, or another cation M may
be reduced at the cathode. Exemplary reactions are

Anode

1/2H: + OH to HoO + ¢ or Hy + OH to Ho O + ¢ + H{l/p) (395)
Cathode

Mr+etoM (396)

M may be a metal such as an alkali, alkaline earth, transition, inner transition, or rare earth
metal, Al, Ga, In, Ge, Sn, Pb, Sb, Bi, Se, and Te and be another element such as S or P. The
reduction of a cation other than that of the hydroxide may result in an anion exchange
between the salt cations. Exemplary cells are {M’(Hx)/MOH M X/M™’] wherein M, M,
M*’, and M?>** are cations such as metals, X is an anion that may be hydroxide or another
anion such as halide, nitrate, sulfate, carbonate, and phosphate, and M’ is Hy permeable.
Another example is [Ni(H;)/M(OH),-M’X/Ni} wherein M = alkaline earth metal, M’ = alkali
metal, and X = halide such as [Ni(H;Mg(OH),-NaCI/Ni], [Ni(H)/Mg(OH)-MgCl;-
NaCUNi], [Ni(H2¥Mg(OH),-MgO-MgCI/Ni], and [Ni(Ho)/Mg(OH);-NaF/Ni]. H:0 and H
form and react at the anode to further form hydrinos, and Mg metal is the thermodynamically
the most stable product from the cathode reaction. Other suitable exemplary cells are
Ni(H,YMOH-M’halide/Ni], [Ni{Hz)/M(OH).-M’halide/Ni}, [M**(H;)/MOH-M’halide/M"’],
and [M*(H;)/M(OH),-M’halide/M™’] where M = alkali or alkaline earth metal, M” = metal
having hydroxides and oxides that are at least one of less stable than those of alkali or
alkaline earth metals or have a low reactivity with water such as one from the group of Cu,
Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T, Sn,
and W, and M*® is a hydrogen permeable metal. Alternatively, M’ may be electropositive
metal such as one or more of the group of AL, V, Zr, Ti, Mn, Se, Zn, Cr, Fe, Cd, Co, Ni, Sn,
In, and Pb. In another embodiment, at least one of M and M’ may comprise one from the
group of Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, AL, V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb,
Bi, Co, Cd, Ge, Au, Ir, Fe, Tg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Ti, and W. In an
embodiment, the cation may be common to the anions of the salt mixture electrolyte, or the
anion may be common to the cations. Alternatively, the hydroxide may be stable to the other
salts of the mixture. Exemplary cells are [Ni(Hz), V(Hz), Ti(Hsz), Nb(Hz), Pd(H>), PdAg(Hz),
or Fe(H;)/LiOH-LiX, NaGH-NaX, KOH-KX, RbOH-RbX, CsOH-CsX, Mg(OH),-MgX,,

280



WO 2011/116236 PCT/US20611/028889

Ca(OH}-CaX,, Sr(OH)-5rXs, or Ba(OH);-BaX, wherein X =F, Cl, Br, or I/Ni], [Ni(H),
V(Ha,), Ti(Ha), Nb(H,), Pd(H,), PdAg(H,), or Fe(H:)/CsNO3;-CsOH, CsOH-KOH, CsOH-
LiOH, CsOH-NaOH, CsOH-RbOH, K,CO3-KOH, KBr-KOH, KCI-KOH, KF-KOH, KI-
KOH, KNO+-KOH, KOH-K,80,, KOH-LiOH, KOH-NaOH, KOH-RbOH, Li;COs-LiOH,
LiBr-LiOH, LiCI-LiOH, LiF-LiOH, Lil-LiOH, LiNO;-LiOH, LiOH-NaOH, LiOH-RbOH,
Naz;CO3-NaOH, NaBr-NaOH, NaCl-NaOH, NaF-NaOH, Nal-NaOH, NaNQOs-NaQOH, NaOH-
Na;S$04, NaOH-RbOH, RbCI-RbOH, and RbNO;-RbOH/Ni], and {Ni(H,), V(H,), Ti(H>),
Nb(Hz), Pd(Hz), PdAg(Hz). or Fe(H;)/LiOH, NaOH, KOH, RbOH, CsOH, Mg(OH),,
Ca(OH),, Sr(OH),, or Ba{OH), + one or more of AlXs, VX5, ZrX,, TiX;, MnX,, ZnX,, CrXo,
SnX,, InX;, CuX,, NiXa, PbXs, ShX;, BiXs, CoX,, CdX,, GeXs, AuXs, IrXs, FeX;, HgXa,
MoX,, OsXy, PdXs, ReX;, RhXs, RuXs, SeXo, AgXs, TeXy, TeXy, TIX, and WX, wherein X
=F, Cl, Br, or I/Ni]. Other suitably H; permeable metals may replace the Ni anode and stable
cathode electrodes may replace Ni. In an embodiment, the electrolyte may comprise an
oxyhydroxide or a mixture of salts such as one or more of hydroxide, halide, nitrate,
carbonate, sulfate, phosphate, and oxyhydroxide, In an embodiment, the cell may comprise a
salt bridge such as BASE or NASICON.

In an embodiment, a source of at least one of oxygen and H,O is supplied to the cell
and may be selectively supplied to the cathode. In an embodiment, H, may be selectively
supplied to the anode such that the anode reaction is given by Eq. (395). In an embodiment,
at least one of Oy and HoO may be supplied to the cell. In an embodiment, O, or H20O may be
added to the cathode half-cell such that the reactions are

Cathode
M* + e + HoO to MOH + 1/2H; (397)
M" +2¢" + 1/20; to MO (398)
Then, H2O may be added such that the reaction is
M0+ Ho0 to 2MOH (399

In the case that O, is supplied, the overall balanced reaction may be combustion of H, that is
regenerated by separate clectrolysis of HyO. In an embodiment, H; is supplied at the anode
and H,O and optionally O, is supplied at the cathode. The H; may be selectively applied by
permeation through a membrane and H,O may be sclectively applied by bubbling steam, In
an embodiment, a controlled H,O vapor pressure is maintained over the molten electrolyte.
A H,O sensor may be used to monitor the vapor pressure and control the vapor pressure. The
H,O vapor pressure may be supplied from a heated water reservoir carried by an inert carrier
gas such as N, or Ar wherein the reservoir temperature and the flow rate determine the vapor
pressure monitored by the sensor. The cell may run continuously by collecting steam and H,
from the cell such as the unreacted supplies and the gases that form at the anode and cathode,
respectively, separating the gases by means such as condensation of H,0, and re-supplying
the anode with the H; and the cathode with H,O. In an embodiment, the cation may be
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commeon to the anions of the salt mixture electrolyte, or the anion may be common to the
cations. Alternatively, the hydroxide may be stable to the other salts of the mixture. The
electrodes may comprise high-surface area electrodes such as porous or sintered metal
powders such as Ni powder, Exemplary cells are [Ni(Ha)/Mg(OH),-NaCi/Ni wick (H,O and
optionally 03], [Ni(H)/Mg(OH),-MgCl-NaCI/Ni  wick (H:O and optionally O)],
[Ni(H;)Mg(OH),-MgO-MgChL/Ni wick (H0 and optionally Oy)], [Ni(H,)/Mg(OH),-NaF/Ni
wick (H.O and optionally Oy)], [Ni(H;), V(Hz), Ti(Hz), Nb(H,), Pd(H:), PdAg(Hz), or
Fe(H,)/LiOH-LiX, NaOH-NaX, KOH-KX, RbOH-RbX, CsOH-CsX, Mg(OH),-MgX,,
Ca(OH),-CaX,, Sr(OH),-5rXs, or Ba(OH);-BaX,; wherein X =F, Cl, Br, or INi wick (H;0
and optionally O2)], [Ni(Hz), V(Hz), Ti(th), Nb(H,), Pd(H;), PdAg(H,), or Fe(H)/CsNO;-
CsOH, CsOH-KOH, CsOH-LiOH, CsOH-NaOH, CsOH-RbOH, K;CG;-KOH, KBr-KOH,
KCI-KOH, KF-KOH, KI-KOH, KNO;-KOH, KOH-K;804, KOH-LiOH, KOH-NaOH, KOH-
RbOH, Li;CO:-LiOH, LiBr-LiOH, LiCI-LiOH, LiF-LiOH, Lil-LiOH, LiNO:-LiOH, LiOH-
NaOH, LiOH-RbOH, NaxCQO;-NaOH, NaBr-NaOH, NaCl-NaOH, NaF-NaOH, Nal-NaOH,
NaNQ;-NaOH, NaOH-Na;SO4, NaOH-RbOH, RbCI-RbOH, and RbNO;-RbOH/Ni wick
(H;0O and optionally O)], and [Ni(H;)., V(Hz), Ti(H:), Nb{(H,), Pd(H;), PdAg(Hy), or
Fe(H,)/LiOH, NaOH, KOH, RbGOH, CsOH, Mg(OH),, Ca(OH),, Sr{OH)s, or Ba(OH), + one
or more of AlXs5, VXo, ZrXa, TiXs, MnXs, ZnX,, CrX;, SnX,, InXs, CuXs, NiXs, PbXs,
SbXs, BiXs, CoX,, CdXy, GeXs, AuXs, IrX,, FeX;, HgXy, MoXy, OsXa, PdXs, ReXs, RhX;,
RuX;, SeXa, AgXy, TeXy, TeXy, TIX, and WX, wherein X =F, Cl, Br, or I/Ni wick (H;0 and
optionally Oy)]. Cells such as [Ni (H2)/MOH (M =alkali) M’X, (M’ = alkaline earth) and
optionaily MX (X = halide) /Ni] may be run at an elevated temperature such that the reactants
are thermodynamically stable to hydroxide-halide exchange.

In an embodiment, the cell may comprise a salt bridge such as BASE or NASICON.
The cathode may comprise an H,O or O, reduction catalyst. The H>O and optionally O; may
be supplied by sparging through a porous electrode such as porous electrode consisting of a
tightly bound assembly of a Ni porous body (Celmet #6, Sumitomo Electric Industries, Ltd.)
within an outer alumina tube. In another embodiment, H;O is injected or dripped into the
bulk of the electrolyte and is retained for sufficient time to maintain a cell voltage before it
evaporates due to solvation of the electrolyte. H»O may be added back periodically or
continuously. In an embodiment, the anode such as a hydrogen permeable anode is cleaned.
The exemplary Ni(H;) anode may be clean by abrasion or by soaking in 3% H;0,/0.6 M
K,CO; followed by rinsing with distilled H,O. The abrasion will also increase the surface
area. Separately, at lest one of the morphology and geometry of the anode is selected to
increase the anode surface area.

In an embodiment, the anode of the molten salt elecirolvte cell comprises at least a
hydride such as LaNisHg and others from the disclosure such as those of aqueous alkaline
ceils, and a metal such as one from the groﬁp of Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, ALV, Zr,
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Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh,
Ru, Se, Ag, Tc, Te, T, and W. Exemplary cells are [M or MH/Mg(OH})-NaCl/Ni wick (H20
and optionally Go)], M or MH/Mg(OH):-MgClx-NaCINi wick (H,0O and optionally 03], [M
or MH/Mg(OH),-MgO-MgCly/Ni wick (H2O and optionally O3)], [M or MH/Mg(OH}),-
NaF/Ni wick (H,O and optionally O2)], [M or MH/LIOH-LiX, NaOH-NaX, KOH-KX,
RbOH-RbX, CsOH-CsX, Mg(OH),-MgX;, Ca(OH)-CaX;, Sr(OH)»-8rXs, or Ba(OH)-BaX;
wherein X =F, Cl, Br, or I/Ni wick (H,O and optionally O,)], [M or MH/CsNG;-CsOH,
CsOH-KOH, CsOH-LiOH, CsOH-NaOH, CsOH-RbOH, K,CO;-KOH, KBr-KOH, KCl-
KOH, KF-KOH, KI-KOH, KNO;-KCH, KOH-K;380,, KOH-LIiOH, KOH-NaOH, KOH-
RbOH, Li»COs-LiOH, LiBr-LiOH, LiCI-LiOH, LiF-LiOH, Lil-LiOH, LiNO;-LiOH, LiOH-
NaOH, LiOH-RbOH, Na,C0;-NaOH, NaBr-NaOH, NaCl-NaOH, NaF-NaOH, Nal-NaOH,
NaNQO3y-NaOH, NaOH-Na,S0. NaOH-RbOH, RbCI-RbOH, and RbNO;-RbOH/Ni wick
(H-0 and optionally O3)], and {M or MH/LiOH, NaOH, KOH, RbOH, CsOH, Mg(OH),
Ca(OH)a, St{OH),, or Ba(OH), + one or more of AlX3, VXy, ZrXs, TiXs, MnX,, ZnX,, CrX,,
SnXs,, InX;, CuXy, NiXp, PbXs, SbX;, BiXs, CoXo, CdXy, GeXs, AuXs, IrXs, FeXs, HgXo,
MoX,, OsXs, PdXs, ReX,, RhX;, RuX;, SeXs, AgX,, TeXs, TeXy, TIX, and WX,y wherein X
=F, Cl, Br, or INi wick (H,0 and optionally O3)] wherein MH = LaNisHg and others from
the disclosure; M = one from the group of Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, AL V, Zr, Ti,
Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru,
Se, Ag, Tc, Te, T, and W. The gas pressures such as that of Hy, O, and air such as those
applied to the cell, the H, permeation pressure, or the pressure of any gas sparged into the cell
may be any desired pressure. Suitable pressures are in the ranges of about 0.001 Torr to
200,000 Torr, about 1 Torr to 50,000 Torr, and about 700 Torr to 10,000 Torr. The reactant
concentration ratios may be any desired. Suitable concentration ratios are those that
maximize power, minimize cost, increase the durability, increase the regencration capability,
and enhance other operational characteristics known by those skilled in the Art. These
criteria also apply to other embodiments of the disclosure. Suitable exemplary concentration
ratios for the electrolyte are about those of a eutectic mixture. In another embodiment, the
cell is operated in batch mode being closed to the addition of O, or HyO for the duration. H;
may be added to the cell, or it may also be closed to H; addition during the batch. H.O and
H, formed at the anode may react at the cathode in an internal circulation, or anode gaseous
products may be dynamically removed. The reaction mixture may be regenerated after the
batch.

Another form of the reactions represented by Egs. (355) and (217) involving the
exemplary cell [Na/BASE/NaOH] and may also be operative in electrolysis cells that follows
the simifar mechanism as those of Eqgs. (322-325) and (334) is

Na -+ 3NaOH to 2Na;O + H,0 + 1/2H»; H to H(1/p) (400)
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At least one of OH and H,O may serve as the caialyst. In an embodiment, the cell
comprising a hydroxide that may form H.0 such as [Na/BASE/NaOH] may further comprise
a hydrate such as Bal; 2H>0, or H,O may be added to the cathode. The cell may further
comprise a source of H such as a hydride or H» gas supplied through a permeable membrane
such as Ni(Hy).

in an embodiment, the cathode comprises at least one of a source of water and
oxygen. The cathode may be a hydrate, an oxide, a peroxide, a superoxide, an oxyhydroxide,
and a hydroxide. The cathode may be a metal oxide that is insoluble in the electrofyte such
as a molten salt electrolyte. Suitable exemplary metal oxides are Pb(,, Ag,O,, RuO;, AgO,
MnQO,, and those of the group of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd,
Ge, Ay, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Te, Te, Tl, and W. Suitable exemplary
metal oxyhydroxides are AIO(OH), ScO(OH), YO(OH), VO(CH), CrO(OH), MnO(OH) (« -
MnO(OH) groutite and ¥ -MnG(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(CH),
GaO(OH),  InO(CH), NijpCo1n0(0H), and NijsCoisMnisO(OH).  Suitable exemplary
hydroxides are those of Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, AL, V, Zr, Ti, Mn, Zn, Cr, Sn, In,
Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T,
and W. In an embodiment, the anode of the moiten salt electrolyie cell comprises at least a
hydride such as LaNisHg and others from the disclosure such as those of aqueous alkaline
cells, and a metal such as one from the group of Li, Na, K, Rb, Cs, Mg, Cg, Sr, Ba, Al V, Zr,
Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh,
Ru, Se, Ag, Tc, Te, Ti, and W. A suitable hydride or metal is suitably insoluble in the molten
electrolyte. Exemplary cells are [a hydride such as LaNisH¢/molten salt electrolyte
comprising a hydroxide/Ni or Ni wick (H,O and optionally O)], [a hydride such as [.aNisHg
or M(H,)/molten salt electrolyte comprising a hydroxide/an oxide such as one of the group of
Pb0y, AgaOs, RuOs, Ag0, MnO,, and those of the group of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu,
Ni, Pb, Sh, Bi, Co, Cd, Ge, Auy, Ir, Fe, Hg, Mo, Os, Bd, Re, Rh, Ru, Se, Ag, T¢, Te, Tl, and
W] wherein M is an H, permeable metal such as Ni, Ti, Nb, V, or Fe, [a hydride such as
LaNisHg or M{H;)/molten sait electrolyte comprising a hydroxide/an oxyhydroxide such as
one of the group of AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnG(OH) («a -
MnO(OH) groutite and y -MnG(OH) manganite), FeO(OH), CoO(OH), NiO(OH}, RhO(OH),
GaO(OH), InO(OH), Ni;j2C0»0(0H), and Ni;jsCoiaMnzO(0H)] wherein M is an Hs
permeable metal such as Ni, Ti, Nb, V, or Fe, and [a hydride such as LaNisHg or
M(H;)ymolten salt electrolyte comprising a hydroxide/a hydroxide such as one of those
comprising a cation from the group of Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Al, V, Zr, Ti, Mn,
Zn, Cr, Sn, In, Cu, Ni, Pb, Sh, Bi, Co, Cd, Ge, Ay, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se,
Ag, Tc, Te, Tl and W] wherein M is an H; permeable metal such as Ni, Ti, Nb, V, or Fe.

In an embodiment, the electrolyte such as a molten salt or an agueous alkaline
solution may comprise an ionic compound such as salt having a cation that may exist in more
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than one oxidation state. Suitable exemplary cations capable of being multivalent are Fe**
(Fe*), CF (Cr?h), Mn™ (Mn®)), Co™ (Co*), Ni** (Ni*"), Cu** (Cu"), and Sn*™* (Sn™"),
transition, inner transition, and rare earth cations such as Eu’" (Eu®). The anion may be
halide, hydroxide, oxide, carbonate, sulfate, or another of the disclosure. In an embodiment,
OH™ may be oxidized and reacted with H at the anode to form H,O. At least one of OH and
H20 may serve as the catalyst. The hydride anode reaction may be given by Eq. (313). The
cation capable of being multivalent may be reduced at the cathode. An exemplary net
reaction is

LaNisHg + KOH + FeCl; or Fe(OH); to KCl or

KOH + FeClp or Fe(OH); + LaNisH; + HyO (401)
In the case that the compound comprising a cation capable of being multivalent is insoluble,
it may comprise a cathode haif-cell reactant. It may be mixed with a conductive support such
as carbon, a carbide, a boride, or a nitrile. Another hydride of the disclosure or a metal may
serve as the anode such as one of the group of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb,
Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, and W wherein
the anode reaction may be given by Eq. (337). The metal may react with the electrolyte such
as hydroxide to form hydrogen and catalyst such as at least one of OH and H,O. Other
hydroxides that may serve as the electrolyte such as those of the disclosure and may replace
KOH. Other salts having a cation capable of being multivalent such as K,Sn{OH); or
Fe(OH); may replace FeCls. In an embodiment, the reduction potential of the compound is
greater that that of H,O. Exemplary celis are [an oxidizable metal such as one of V, Zr, Ti,
Mn, Zn, Cr, 8n, In, Cu, Ni, Pb, 8b, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ry,
Se, Ag, Te, Te, T1, and W, a metal hydride such as LaNisHg, or Hy and a hydrogen permeable
membrane such as one of V, Nb, Fe, Fe-Mo alloy, W, Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd,
Pd-coated Ag, Pd-coated V, and Pd-coated TV/KOH (sat ag) + salt having a cation capabie of
being multivalent such as K,Sn(OH)s, Fe(OH)s, or FeClyconductor such as carbon or
powdered metal], {an oxidizable metal such as one of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Nj,
Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, and W, a
metal hydride such as LaNisHe, or Hy and a hydrogen permeable membrane such as one of V,
Nb, Fe, Fe-Mo alloy, W, Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, Pd-coated V,
and Pd-coated Ti/KOH (sat aq)/ salt having a cation capable of being multivalent such as
Fe(GH)s, Co{OH);, Mn(OH), NiyOs, or Cu(OH), mixed with a conductor such as carbon or
powdered metal], [Ni(H), V(Hy), Ti(Hy), Nb(Hs), Pd(H,), PdAg(Hy), or Fe(HLiOH-LiX,
NaOH-NaX, KOH-KX, RbOH-RbX, CsOH-CsX, Mg(OH)z-MgX,, Ca(OH)-CaXy, Sr(OH)-
Si¥,, or Ba(OH),-BaX, wherein X =F, Ci, Br, or | and salt having a cation capable of being
multivalent such as K,5n(OH)s, Fe(OH)s, or FeCly/Ni], [Ni(Hy), V(Hy), Ti(H;), Nb{H.),
Pd(H,;), PdAg(H.), or Fe(H;)/CsNO;-CsOH, CsOH-KOH, CsOH-LiOH, CsOH-NaOH,
CsOH-RbOH, K;CO;-KOH, KBr-KOH, KCI-KOH, KF-KOH, KI-KOH, KNO;-KOH, KOH-
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K2804, KOH-LIOH, KGOH-NaOH, KOH-RbOH, LiCOs-LiOH, LiBr-LiOH, LiCI-LiOH,
LiF-LiOH, Lil-LiOH, LiNOs-LiOH, LiOH-NaOH, LiOH-RbOH, Na,CO;-NaOH, NaBr-
NaOH, NaCl-NaOH, NaF-NaOH, Nal-NaOH, NaNO;-NaOH, NaOH-Na;SO4, NaOH-RbOH,
RbCI-RbOH, and RbNO3;-RbOH + salt having a cation capable of being multivalent such as
K28n(OH)s, Fe{OH)s, or FeCli/Ni], [Ni(H), V(H;), Ti(Hz), Nb(H), Pd(H,), PdAg(H), or
Fe(H,)/LiOH, NaOH, KOH, RbOH, CsOH, Mg(OH),, Ca{OH),, Sr(OH),, or Ba(OH), + one
or more of AlXs, VXs, ZrX,, TiXs, MnX,, ZnXo, CrXs, SnX,, InXs, CuX,, NiXs, PbX,,
SbX;, BiXs, CoXa, CdX,, GeXs, AuXs, IrXs, FeXs, HgXs, MoX,, OsXy, PdX;, ReX;, RhX;,
RuXs, SeXs, AgXs, TeXy, TeXy, TiX, and WX, wherein X =F, Cl, Br, or I + salt having a
cation capable of being multivalent such as KoSn{OH)s, Fe(OH)s;, or FeCla/Ni],
[LaNiSH/KOH (sat aq)/organometallic such as ferrecenium SCJ, and [LaNisHg/KOH (sat aq)/
organometallic such as ferrocenium]. The cell may regenerated by clecirolysis or
mechanically.

In an embodiment, the hydrogen source at an electrode of the CIHT cell such as a H;
permeable membrane and H; gas such as Ni(H,) or a hydride such as LaNisHg may be
replaced by & source of hydrogen gas such as a H; bubbling metal tube wherein the metal
may be porous such as a Hy porous tube comprised of scintered metal powder such as Ni
powder. The H, bubbling electrode may replace the anode or cathode of cells having
hydrogen as a reactant at the corresponding electrode or in the corresponding halficell. For
example, the H, bubbling electrode may replace electrodes of cell of the disclosure such as
the anode of aqueous base cells, the anode of cells comprising a molten salt comprising a
hydroxide, or the cathode of cells comoprising a molien salt having a H migrating ion.
Exemplary cells are [conductor (bubbling H;)/KOH (sat aq)/SC -+ air] and [conductor
{pubbling Hy)/eutectic salt electrolyte comprising an alkali hydroxide such as LiOH-NaOH,
LiOH-LiX, NaOH-NaX (X = halide or nitrate) or LIiOH-Li; X or NaOH-Na,X (X = sulfate or
carbonaie) /conductor + air that may be an O; reduction catalyst].

In an embodiment, the hydrino reaction is propagated by a source of activation
energy. The activation energy may be provided by at least one of heating and a chemical
reaction. In an embodiment comprising an aqueous cell or solvent or reactant that is volatile
at the elevated operating temperature of the cell, the cell is pressurized wherein the cell
housing or at least one half-cell compartment comprises a pressure vessel. The chemical
reaction to provide the activation energy may be an oxidation or reduction reaction such as
the reduction of oxygen at the cathode or the oxidation of OH™ and reaction with H to H;QO at
the anode. The source of h may be a hydride such as LaNisHg. The anode reaction may also
comprise the oxidation of a metal such as Zn, Co, Sn, Pb, S, In, Ge, and others of the
disclosure. The reduction of a cation capable of being multivalent such as one of Fe** (ch),
Cr* (G, Ma™™ (Mn®), Co™ (Co™), Ni*™ (N1, Cu?* (Cu™), and Sn** (Sn®") may provide
the activation energy. The permeation of H formed at the cathode that permeates through a
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hydrogen permeable membrane and forms a compound such as a metal hydride such as LiH
may provide the activation energy. In an embodiment, the reactions of the CIHT cell are also
used to produce heat for purposes such as maintaining the operation of the cell such as
supplying the activation energy of the reactions or maintaining the molten electrolyte where
used. The thermal output may also be used for heating an external load. Alternatively, the
reactions may be performed without electrodes to generate heat to maintain the hydrino

reaction and supply heat to an external load,
In an embodiment, an oxygen species such as at least one of Oy, O3, O], O], O, 0",

H,0, H;0", OH, OH", OH", HOOH, OOH, 0, 0%, O;, and 0¥ may undergo an oxidative
reaction with a H species such as at least one of Hy, H, H', H,0, H;0%, OH, OH", OH,
HOOH, and OOH" to form at least one of OH and HoO that serves as the catalyst to form
hydrinos. The source of the H species may be at least one of a compound such as a hydride
such as LaNisHg, hydroxide, or oxyhydroxide compound, H, or a source of Hj, and a
hydrogen permeable membrane such as Ni(Hy), V(Ha), Ti(Hy), Fe(Hs), or Nb(H.). The O
species may be provided by a reduction reaction of HyO or O, at the cathode. The source of
O, of the O species may be from air. Alternatively, the O species may be supplied to the cell.
Suitable sources of the O species such as OH, HOOH, OOH, O, 0%, O, and O are
oxides, peroxides such as those of alkali metals, superoxides such as those of alkali and
alkaline earth metals, hydroxides, and oxyhydroxides such as those of the disclosure,
Exemplary oxides are those of transition metals such as NiO and CoO and Sn such as SnQO,
alkali metals such as Li>O, NayO, and K50, and alkaline earth metal such as MgO, CaO, SrQ,
and BaO. The source oxide such as NiO or CoO may be added to a molten salt electrolyte.
Further exemplary oxides are one from the group of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir,
Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, Tl, Sn, and W. Exemplary cells are [Ni(Il),
V(H;), Ti(Hz), Fe(H2), or Nb(Hz) or a hydride such as LaNisHe/eutectic salt electrolyte
comprising an alkali hydroxide such as LIOH-NaOH, LiOH-LiX, NaOH-NaX (X = halide or
nitrate) or LiOH-LihX or NaOH-NapX (X = sulfate or carbonate) and L0, NayO, Ky0,
MgO, Ca0, SrO, or BaO, or an oxide of, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Ay, Ir, Fe, Hg, Mo,
Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T, Sn, or W, a peroxide such as those of alkali metals, or
a superoxide such as those of alkali and alkaline earth metals/Ni or other metal that may be
the same as that of the anode].

In an embodiment,OH" imay be oxidized and reacted with H at the anode to form H,O
that may serve as the catalyst for H to form hydrinos. In both cases, the H may be from a
source such as a hydride such as LaNisHg or H, that may permeate through a membrane such
as Ni, Ti, V, Nb, Pd, PdAg, or Fe from a hydrogen source such as a tank or supply 640
flowed through a line 642 and a regulator 644 (FIGURE 22). The source may be an aqueous
electrolysis cell 640 with a H; and O separator to supply substantially pure Hy. H;O may be
reduced to H; and OH at the cathode, In an embodiment shown in FIGURE 22, the CIHT
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cell comprises HyO and H; collection and recyeling systems. The CIHT 650 cell comprises a
vessel 651, a cathode 652, an anode 653, a load 654, an electrolyte 655, and a system 657 to
collect HyO vapor from the CIHT cell such as that formed at the anode. The HxO collection
system comprises a first chamber 658 connected to the cell to receive HyO vapor through a
vapor passage 659 from the cell to the HO collection chamber 658, The collection system
comprises at least one of an HpO absorber and a H>O condensor 660. The collected water
may be returned to the CIHT cell as H,O vapor or liquid water through a passage 661 assisted
by pump 663 or by the pressure created by heating the collected water with heater 665. The
flow of water and the pressure of any vapor may be controlled in the chamber by valves 666,
667, and 668, monitored by a gange 669. The water may be returned to the cathode 652
which may be porous to the returned H,O. The CIHT cell further comprises a system 671 to
collect Hy from the CIHT cell. The H; collection system comprises a second chamber 672
containing a H; getter 673 wherein un-reacted H; from the anode source and H; formed at the
cathode may be collected by the H, getter. The H, having water at least partially removed by
the H,O collection system flows from the first chamber to the second through gas passage
675. In an embodiment, a Hj selective membrane exists between the chambers to prevent
H,O from entering the second chamber and reacting with the getter. The getter may comprise
a transition metal, alkali metal, alkaline earth metal, inner transition metal, rare earth metal, a
combination of metals, alloys, and hydrogen storage materials such as those of the disclosure,
The collected H, may be returned to the CIHT cell through a passage 676 assisted by pump
678 or by the pressure created by heating the getter or collected H; with heater 680. The flow
of H; and the pressure may be controlled in the chamber by valves 681 and 682, monitored
by a gauge 684. The getter may collect hydrogen with the value 681 open and valve 682
closed to the cell wherein the heater maintains it at one temperature suitable for reabsorbing
H,. Then, the value 681 may be closed and the temperature increased to a temperature that
causes the hydrogen to be release to a desired pressure measured with gauge 684. Valve 682
may be opened to allow the pressurized hydrogen to flow to the cell. The flow may be to the
anode 653 comprising a H, permeable wall. Valve 682 may be closed, the heater 680
reduced in temperature, and the valve 681 opened to collect Hy with the getter 673 in a
repeated cycle. In an embodiment, the power to the heater, valves, and gauges may be
provided by the CIHT cell. In an embodiment, the temperature difference between the
collection systems and cells may be used to achieve the desired pressures when introducing
H; or HO into the cell. For example, H, may be at a first temperature and pressure in a
sealed chamber that is immersed in the hot salt to achieve a second higher pressure at the
higher salt temperature. In an embodiment, the CIHT cell comprises a plurality of hydrogen
permeable anodes that may be supplied hydrogen through a common gas manifold.

In another embodiment of the system shown in FIGURE 22, an O, source is supplied
at the cathode 651 such as at least one of air, O, oxide, Hy0, HOOH, hydroxide, and
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oxyhydroxide. The source of oxygen may also be supplied to the cell through selective valve
or membrane 646 that may be a plurality wherein the membrane is O; permeable such as a
Teflon membrane. Then, system 657 comprises a separator of Hj and other cell gases such as
at least one of nitrogen, water vapor, and oxygen wherein system 671 collects the unused
hydrogen and returns it to the cell such as through the H; permeable anode 653. The system
657 may condense water. System 667 may in addition or optionally comprise a selective Hp
permeable membrane and valve 668 that may be at the outlet of system 657 that retains Ox,
N, and possibly water and permits Ha to selectively pass to system 671.

In an embodiment, the H; permeable electrode is replaced with a H; bubbling anode
653. Ha may be recycled without removing H;O using at least one pump such as 678. If
oxygen is supplied to the cell such as through selective valve or membrane 646 or at the O;
porous cathode 652, then it may be removed from the Hy by system 657. An exemplary
porous electrode to supply at least one of Hy, HyO, air, and O, by sparging comprises a tightly
bound assembly of a Ni porous body (Celmet #6, Sumitomo Electric Industries, Ltd.) within
an outer alumina tube. If air is supplied to the cell than N; is optionally removed from the re-
circulated H; gas. Any H; consumed to form hydrines or lost from the system may be
replaced. The Hp may be replaced from the electrolysis of HpO. The power for the
electrolysis may be from the CIHT cell.

In an embodiment to produce thermal energy, the cell shown in FIGURE 22 may
comprise a hydrogen permeable membrane 653 to supply H and may be absent the cathode
652. The solution may comprise a base such as at least one of the group of MOH, MyCO;,
(M is alkali) M*(OH),, M’CO3, (M’ is alkaline earth), M**(OH),, MCO;3, (M’ is a transition
metal), rare earth hydroxides, AOH);, Sn(OH)., In(OH})s, Ga(OH)s, Bi(OH);, and other
hydroxides and oxyhydroxides of the disclosure. The solvent may be aqueous or others of
the disclosure. The hydrogen may permeate through the membrane and react with OH to
form at least one of OH and HyO that may serve as the catalyst to form hydrinos. The
reaction mixture may further comprise an oxidant to facilitate the reaction to form at least one
of OH and H,O catalyst. The oxidant may comprise H2Oz, Oa, CO2, 8O3, N2O, NO, NO;, Os,
or another compounds or gases that serve as a source of O or as an oxidant as given in the
disclosure or known to those skilled in the Art. Other suitable exemplary oxidants are
M28:05, MNO;, MMnO4, MOCL, MCIO,, MCIO;, MCIO4 (M is an alkali metal), and
oxyhydroxides such as WO(OH), WO(OH),, VO(OF), VO(OH)2, VO(OH)s, V20:(CH);,
VaOu(OH)s,  V202(0H)s, V203(OH),, VoO03(OH)s,V204(OH);, FeO(OH), MnO(OH),
MnO(OH)z, MnyO3(OH), MnyOx(OH)s, MnG(OH)s, MnO3(OH), MnOz(OH)s, MnO(OH)s,
MnyOxOH)s, MnaOs(OH);, MmpO«{OH)s, NiO(OH), TiO(OH), TiO(OH)z, Ti;O5(OH),
Ti:03(OH),, Ti202(OH)s, Tiz0x(OH)s, and NiO(OH). The cell may be operated at elevated
temperature such as in the temperature range of about 25° C to 1000°C, or about 200°C to
500°C. The vessel 651 may be a pressure vessel. The hydrogen may be supplied at high
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pressure such as in the range of about 2 to 800 atm or about 2 to 150 atm. An inert gas cover
such as about 0.1 to 10 atm of N; or Ar may be added to prevent boiling of the solution such
as an aqueous solution. The reactants may be in any desired molar concentration ratio. An
exemplary cell is Ni(Hz 50-100 atm) KOH + K,CO3 wherein the KOH concentration is in the
molar range of 0.1 M to saturated an the K,COj3 concentration is in the molar range of 0.1 M
to saturated with the vessel at an operating temperature of about 200-400°C.

In an embodiment, the aqueous alkaline cell comprises a one-membrane, two-
compartment cell shown in FIGURE 20 with the alteration that the anode membrane and
compartment 475 may be absence. The anode may comprise a metal that is oxidized in the
reaction with OH" to H,O as given by Eq. (337). At least one of OH and H,O may serve as
the catalyst. The anode metal may be one of the group of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu,
Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T, and
W. Alternatively, the anode may comprise a hydride such as LaNisHs and others of the
disclosure that provides H and oxidizes OH to H,O as given by Eq. (313). The anode may
also comprise a H, permeabie membrane 472 and a source of hydrogen such as H, gas that
may be in compartment 475 that provides H and oxidizes OH™ o H3O as given by Eq. (346).
At the cathode, HoO may be reduced to H, and OH as given by Eq. (315). The cathode 473
may comprise a metal that has a high permeability to hydrogen. The electrode may comprise
a geometry that provides a higher surface area such as a tube electrode, or it may comprise a
porous electrode. To increase at least one of the rate and yield of the reduction of water, a
water reduction catalyst may be used. In another embodiment, the cathode half cell reactants
comprise a H reactant that forms a compound with H that releases energy to increase at least
one of the rate and vield of H,O reduction. The H reactant may be contained in the cathode
compartment 474. The H formed by the reduction of water may permeate the hydrogen
permeable membrane 473 and react with the H reactant. The H permeable electrode may
comprise V, Nb, Fe, Fe-Mo alloy, W, Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag,
Pd-coated V, Pd-coated Ti, rare earths, other refractory metals, and others such metals known
to those skilled in the Arf. The H reactant may be an element or compound that forms a
hydride such as an alkali, alkaline earth, transition, inner transition, and rare earth metal,
alloy, or mixtures thereof, and hydrogen storage materials such as those of the disclosure.

Exemplary reactions are

Cathode Qutside Wall

HoO + e- to 1/2H, + OH (402)
Cathode Inside Wall

1/2H, + M to MH (403)

The chemicals may be regenerated thermally by heating any hydride formed in the cathode
compartment to thermally decompose it. The hydrogen may be flowed or pumped to the
anode compartment to regenerate the initial anode reactants. The regeneration reactions may
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occur in the cathode and anode compartments, or the chemicals in one or both of the
compartments may be transported to one or more reaction vessels to perform the
regeneration. Alternatively, the initial anode metal or hydride and cathode reactant such as a
metal may be regenerated by electrolysis in situ or remotely. Exemplary cells are an
oxidizable metal such as one of V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge,
Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tc, Te, T, and W, a metal hydride such as
LaNisHg, or Fl; and a hydrogen permeable membrane such as one of V, Nb, Fe, Fe-Mo alloy,
W, Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, Pd-coated V, and Pd-coated
Ti/KOH (sat ag)/M(M?*)] wherein M = a hydrogen permeable membrane such as one of V,
Nb, Fe, Fe-Mo alloy, W, Mo, Rh, Ni, Zr, Be, Ta, Rh, Ti, Th, Pd, Pd-coated Ag, Pd-coated V,
and Pd-coated Ti and M’ is a metal that forms a hydride such as one of an alkali, alkaline
carth, transition, inner transition, and rare earth metal, alloy, or mixtures thereof, or a
hydrogen storage material. The cell may be run at elevated temperature and pressure.

In an embodiment, the migrating ion is an oxide ion that reacts with a source of H to
form at least one of OH and H,O that may serve as the catalyst with the source of H. The
cathode may comprise a source of oxide fon such as oxygen or a compound comprising O
such as an oxide. The cell may comprise at least one of an electrolyte and a salt bridge. The
electrolyte may be a hydroxide such as an alkali hydroxide such as KOH that may have a
high concentration such as in the range of about 12 M to saturated. The salt bridge may be
selective for oxide ion. Suitable salt bridges are yitria-stabilized zirconia (YSZ), gadolinia
doped ceria (CGO), lanthanum gallate, and bismuth copper vanadium oxide such as
BiCuVO,). Some perovskite materials such as La;.xSryCoyOQar; also show mixed oxide and
electron conductivity. The source of H may be hydrogen gas and a dissociator, a hydrogen
permeable membrane, or a hydride. Exemplary cells are [PtC(H,), Ni(Hz), CeHy, Laky, ZrH,
or LIH/YSZ/O, or oxide].

In an embodiment, the CIHT cell comprises a cogeneration system wherein electricity
and thermal energy are generated for a load. At least one of the electrical and thermal loads
may be at least one of internal and external. For example, at least part of the thermal or
electrical energy generated by forming hydrinos may maintain the cell temperature such as
that of a molten salt of a CIHT cell comprising a molten salt electrolyte or molten reactants.
The electrical energy may at least partially supply the electrolysis power to regenerate the
initial cell reactants from the products. In an embodiment, the electrolyte such as the aqueous
or molten salt electrolyte may be pumped through or over a heat exchanger that removes heat
and transfers it ultimately to a load.

In an embodiment, an oxyhydroxide cathode reactant is stable in acidic solution such
as an acidic aqueous, organic acidic, or inorganic acidic electrolytic solution. Exemplary
acids are acetic, acrylic, benzoic, or propionic acid, or an acidic organic solvent. The salt
may be one of the disclosure such as an alkali halide, nitrate, perchlorate, dihydrogen
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phosphate, hydrogen phosphate, phosphate, hydrogen sulfate or sulfate. Protons are formed
by oxidation at the anode, and hydrogen is formed at the cathode wherein at least some of the
hydrogen reacts to form hydrinos. Exemplary reactions are

Cathode

H* + MO(OH) + ¢ 10 MO; + Ha(1/p) (404)
Anode

MHtoM +H +¢ (405)

M is a metal such as a {ransition metal or Al, M’ is a metal of a metal hydride. The cathode
may comprise an oxyhydroxide, and the anode may comprise a source of H" such as at least
one of a metal hydride, and hydrogen, and either with a dissociator such as Pt/C, Pd/C, Ir/C,
RK/C, or Rw/C. The hydrogen source may also be a hydrogen permeable membrane and Hs
gas such as Ti(Hy), Pd-Ag alloy (H2), V(Ha), Ta (Hy), Ni(Hz), or Nb(H,). At least one half-
cell reactant may further comprise a support such carbon, a carbide, or boride. The cell
comprising a cathode having an intercalated H material and H' as the migrating ion may be
continuously regenerative wherein at least some of the migrating H is intercalated into the
cathode material as other intercalated H is consumed to form at least hydrogen and hydrino.
The cathode material may also comprise H' in a matrix such as H' doped zeolite such as HY.
In other embodiements, the zeolite may be doped with a metal cation such as Na in NaY
wherein the metal cation is displaced by the migrating H or reacts with the migrating H.
Exemplary cells are [Ha and Pd/C, PU/C, Ir/C, RWC, or Rw/C or metal hydride such as an
alkali, alkaline ecarth, transition metal, inner transition metal, or rare earth hydride/H"
conductor such as an agueous electrolyte, ionic liquid, Nafion, or solid proton conductor/
MO(OH) (M = metal such as Co, Ni, Fe, Mn, Al), HY, or NaY CB] and [proton source such
as PtC(H;)proton conductor such as HCI-LiCI-KCl molten salt/oxyhydroxide such as
CoO(0H)].

In an embodiment, the source of H comprises hydrogen. Atomic hydrogen may be
formed on a dissociator such as and Pd/C, PYC, Ir/C, RWC, or Rw/C. The hydrogen source
may also be a hydrogen permeable membrane and H; gas such as Ti(Hz), Pd-Ag alloy (Hz),
V(Hz), Ta (Hy), Ni(Hy), or Nb{Hy). The cell may comprise an aqueous cation exchange
membrane such as a H' ion conducting membrane such Nafion and an acidic aqueous
solution. The acidic electrolyte may be aqueous acid solution such as aqueous HX (X =
halide), HNQ; or organic acid such as acetic acid. The anode may be an oxyhydroxide such
as AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(CH}, MnO(CH)} { & -MnO(OH) groutite and
y -MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO{OH),
Ni;2C01,0(0H), and NiysCo13Mn;sO{OH). In acidic solution, the reactions are
anode

Ha +to 2H" + 2e (406)
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The cathode reaction of Eq. (404) or alternative the cathode reaction from any source of H
may be

CoQOOH + 2¢ + 2H" to Co(OH), + H(1/p) (407)
Exemplary cells are [Hy and Pd/C, PY/C, Ir/C, RWC, or Ru/C or metal hydride such as an
alkali, alkaline earth, transition metal, inner transition metal, or rare earth hydride/agueous
acid such as HX (X = halide) or HNOj, H' conductor such as Nafion, ionic fiquid, solid H®
conductor, or HCI-LiCI-KCl molten salt/ MO(OH) (M = metal such as Co, Ni, Fe, Mn, Al},
such as AIQ(OH), ScO(OH), YO(OH), VO(OH), CrC{CH), MnO(OH) (a-MnO(OH)
groutite and y -MnO(OH) manganite), FeO(OH), CoO(CH), NiO(OH), RhO(GH), GaO(OH),
InO(OH), Nij»pConO(OH), and NijsCoiaMnysO(0OH), or other H intercalated chaicogenide,
HY, or NaY]. In other embodiments, the electrolyte may be an ionic liquid or salt in an
organic solvent. The cell may be regenerated by charging or by chemical processing.

In another embodiment H', may migrate from the anode to cathode to form H by
reduction at the cathode. The H may bind to a hydride acceptor or sink such as a metal to
from a hydride, or it may bind to form a hydrogenated compound. The H atoms may interact
in a suitable environment to form hydrinos. The environment may comprise a sink for the H
atoms such as a metal such as an alkali, alkaline earth, transition, inner transition, noble, or
rare earth metal that forms a hydride. Alternatively, the H sink may be a compound that is
hydrogenated such as a compound of the M-N-H system such as LizN or LizNH. The H sink
may be an intercalation eompound that may be deficient in metal. The H may substitute at
metal sites such as Li site or may displace the metal such as Li. Suitable exemplary
intercalation compounds are Li graphite, Li,\WQO;, LiyV20s, LiCoOs, LiFePOs, LiMnyO,,
LiNiO,, LiyFePO,F, LiMnPOys, VOPOQ; system, LiVoOs, LiIMgSO4F, LIMSO4F (M=Fe, Co,
Ni, transition metal), LIMPOF (M=Fe, Ti), LiJfLio3;Tii6704], or LisTisOya, layered
transition metal oxides such as Ni-Mn-Co oxides such as LiNijsCosMnaQs, and
Li(Li,NixCoyMn,)Os, LiTi204, and other Li layered chalcogenides and at least one of these
compounds with some H replacing Li or ones deficient in Li. The electrolyte may be an
inorganic liquid proton conductor. The source of H may be Pt/C and H: gas and other
negative electrodes of PEM fuel cells such as Hy and Pd/C, PY/C, Ir/C, RW/C, and Ru/C. The
hydrogen source may alse be a hydrogen permeable membrane and H; gas such as Ti(Ha),
Pd-Ag alloy (Ha), V(Hy), Ta (Hz), Ni(Hy), or Nb(Hz). The source of H; that forms H' may be
a hydride such as an alkali hydride, an alkaline earth hydride such as MgHs,, a transition metal
hydride, an inner transition metal hydride, and a rare earth hydride that may contact the anode
half-cell reactants such as Pd/C, PUC, Ir/C, Rh/C, and Ru/C. Exemplary cells are [Pt(H,),
Pt/C(H,), borane, amino boranes and borane amines, AlH;, or H'X compound X=Group
V., VI, or VII element)/inorganic salt mixture comprising a liquid electrolyie such as
ammonium nitrate-trifluoractetate/LisN, Li;NH, or M (M=metal such as a transition, inner
transition, or rare earth metal), Li deficient compound comprising at least one of the group of
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LixWOs, Li,V,0s, LiCoO,, LiFePQO,, LiMnyO, LiNiO,;, Li;FePOsF, LiMnPOs, VOPO,
system, LiV,0s, LiMgSO4F, LIMSO4F (M=Fe, Co, Ni, transition metal), LIMPO.F (M=Fe,
T, Lix[Lio33Ti1 6704}, or LigTisO,, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNijsCoysMnys0,, and Li(LiNixCo,Mng)Os, and LiTi;O4, and other Li layered
chalcogenides].

In another embodiment H', may migrate from the anode to cathode to form an H
intercalated compound by reduction at the cathode. A source of H such as H»> gas and a
dissociator such as Pt, Re, Rh, Ir, or Pd on 2 support such as carbon may be oxidized at the
anode to H' that migrates through a H™ conducting electrolyte such as Nafion, an ionic liquid,
a solid proton conductor, or an aqueous electrolyte to the cathode half-cell wherein it is
reduced to H as it intercalates. The cathode material is an intercalation compound capable of
intercalating H. In an embodiment, H replaces Li" or Na' as the migrating ion that
intercalates and is reduced. The product compound may comprise intercalated H. The
cathode compound may comprise a chalcogenide such as a layered oxide compound such as
CoQ or NiO that forms the corresponding H intercalated product such as CoO(OH) also
designated HCoQO, and NiO(OH), respectively. The cathode material may comprise an
alkali-intercalated chalcogenide with at least some and possibly all of the alkali removed.
The cathode half-cell compound may be a layered compound such as an a alkali metal
deficient or depleted layered chalcogenide such as a layered oxide such as LiCoQ; or LiNIO;
with at least some intercalated alkali metal such as Li removed. In an embodiment, at least
some H and possibly some alkali metal such as Li intercalates during discharge. Suitable
intercalation compounds with at least some of the Li removed are those that comprise the
anode or cathode of a Li or Na ion battery such as those of the disclosure. Suitable
exemplary intercalation compounds comprise at least one of the group of Li-graphite,
LiyWQs, LiyV20s, LiCoQO;, LiFePOs;, LiMnpQs4, LiNiO;, LiFePOF, LiMnPO,, VOPO,
system, LiV,0s, LiMgSO4F, LIMSO4F (M=Fe, Co, Ni, transition metal), LIMPO,F (M=Fe,
Ti), Lix[Lio33Tiy 6704}, or LisTisO, layered transition metal oxides such as Ni-Mn-~Co oxides
such as LiNijsCoaMnys0y, and Li(LiNiCoyMn,)O,, and LiTi04, other Li layered
chalcogenides having with at least some and possibly all of the Li removed. Exemplary cells
are [PYC(H;), Pd/C(Hy), alkali hydride, R-Ni/proton conductor such as Nafion, eutectic such
as LiCI-KCl, ionic liquid, aqueous electrolyte/H intercalation compound such as at least one
of Co0s, NiQ,, and at least one of the group of Li-graphite, LiuWO3, LiV20s, LiCoO,,
LiFePQO,, LiMn,O4, LiNIO,, LipFePO4F, LiMnPO,, VOPO4 system, LiV,0s LiMgSO4F,
LiMSO4F (M=Fe, Co, Ni, transition metal), LIMPO,F (M=Fe, Ti), Liy[Lio33Ti; 604}, or
LisTisOy;, layered tramsition metal oxides such as Ni-Mn-Co oxides such as
LiNi;5CoysMm 507, and Li(LiNixCo,Mn,)O,, and LiTi;0s, other Li layered chalcogenides
having with at Jeast some and possibly afl of the Li removed]. In other embodiments, the
alkali metal is replaced by another.
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In another embodiment, the cathode material may comprise an alkali-intercalated
chalcogenide. The cathode half-cell compound may be a layered compound such as an alkali
metal chalcogenide such as a layered oxide such as LiCoQ; or LiNiQ,. In an embodiment, at
least some H and possibly some alkali metal such as Li intercalates during discharge wherein
H replaces Li, and Li may optionally form LiH. Suitable intercalation compounds are those
that comprise the anode or cathode of a Li or Na ion battery such as those of the disclosure.
Suitable excmplary intercalation compounds comprise at least one of the group of Li-
graphite, LiyWOs, LixV20s, LiCoOs, LiFePO4, LiMnyOs, LiNiO, LiFePO4F, LiMnPOy4,
VOPO, system, LiV,0s, LIMgSO4F, LIMSOF (M=Fe, Co, Ni, transition metal), LIMPO.F
(M=Fe, Ti), LixfLio31Ti; 6704], or LiTisO12, layered transition metal oxides such as Ni-Mn-
Co oxides such as LiNii5Co1sMni304, and Li(Li;NixCo,Mn,)0,, and LiTi;Os, and other Li
fayered chalcogenides. Exemplary cells are [PYC(H,), Pd/C(Hy), alkaii hydride, R-Ni/proton
conductor such as Nafion, eutectic such as LiCI-KCl, ionic liquid, aqueous electrolyte/H
intercalation compound such as at least one of CoOj, NiO,, and at least one of the group of
Li-graphite, Li, WO, LixV20s, LiCoOs, LiFePOy, LiMnyOq, LiNIO2, LioFePOLF, LiMnPO;,
VOPO; system, LiV,0s, LiMgSOsF, LIMSOF (M=Fe, Co, Ni, transition metal), LiMPO.F
(M=Fe, Ti), Lix[Lig33T11 6704], or LisTisO12, layered transition metai oxides such as Ni-Mn-
Co oxides such as LiNi;3Co1sMnys0,, and Li(LiNi,CoyMn,)O3, and LiTi>Os, and other Li
layered chalcogenides]. In other embodiments, the alkali metal is replaced by another.

in an embodiment, the H acceptor is a metal that forms a hydride such as a transition,
inner transition, rare carth, or noble metal. In other embodiments, the H acceptor is a
compound comprising a basic salt or having an anion of an acid. Exemplary compounds that
may comprise cathode half-cell reactants wherein H" is the migrating ion, or the anode half-
cell reactants wherein H is the migrating ion, are one or more of the group of MNO;, MNO,
MNO,, MsN, MaNH, MNH;, MX, NH;z, MBH,, MAIH,, MaAlHs, MOH, MyS, MHS, MFeSi,
M,COs, MHCO;, M2SO4, MHSO4, MaPO4, MoHPO4, MHPOs, M;MoOg, MNDO;, MaB4O;
(M tetraborate), MBO,;, MaWO,, MAICls, MGaCly, MaCrQs, MpCr207, M2Ti0s3, MZrG;,
MAIQ;, MCoO2, MGaO,, MaGeOs, MMnyO4, MiSiOs, MaSiOs, MTa0;, MCuCly, MPdCly,
MVOs, MIO;, MFeQa, MIO4, MCIOs, MScO,, MTIO,,, MVO,, MCrOy, MCr20n, MMz G,
MFeQ,, MCo0,, MNiG,, MNi0y, MCuO;, and MZnO,, where M is a cation such as a metal
such as Li, Na or K and n=1, 2,3, or 4, an oxyanion, an oxyanion of a strong acid, an oxidant,
a molecular oxidant such as V,0s, 105, MnO,, Re O, CrO;, RuO;, AgO, PO, PdO,, PIO,
PtOs, 1504, 1:0s, 1:00, SO2, SO, CO2, N20, NO, NOz, NaOs, NaOy, NoUs, Chz0, ClOs, ClOs,
CLO, CLO;, PO, Po0s, and P20s, NH4X wherein X is a nitrate or other suitable anjon
known to those skilled in the art, and a compound having an anion that can form an H
compound such as one of the group comprising F, CI', Br, I, NOs°, NGy, S04, HSO,
Co0y., 105, 10,7, TiOs, CrO4, FeOy, PO;”, HPO,Y, HPOy, VO3, CIO; and Cr0;” and
other such anions. The cell may further comprise a negative electrode that is a source of
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protons such as a hydrogen source such as a hydride such as a metal hydride or hydrogen gas
and a dissociator such as PYC or Pd/C, a separator or salt bridge, and an electrolyte such as a
proton conducting electrolyte such as Nafion or an ionic liquid. The hydrogen source may
also be a hydrogen permeable membrane and Hy gas such as Ti(H,), Pd-Ag alloy (Ha), V(Ha),
Ta (Ha), Ni(Hy), or Nb(H;). Exemplary cells are [PYC(H,), Pd/C(Hy), alkali hydride, R-
Ni/proton conductor such as Nafion, eutectic such as LiCI-KCl, ionic liquid/rare earth metal
such as La, basic salt such as Li;SOs, a metal that forms a hydride such as a transition, inner
transition, rare earth, or noble metal, one or more of the group of MNO;, MNG, MNO», M3N,
M,NH, MNH,, MX, NHa, MBHs, MAIH:, M3AlHg, MOH, M;S, MHS, MFeSi, MaCOs,
MHCOs, M3SCs, MHSO4, MsPQs MpHPOs, MHzPO4 MaMoOs, MNBOs, MaBlGs M
tetraborate), MBO,, MaWO4, MAICl, MGaCly, MaCrOs, M1Cr07, Mo TiOs, MZrOs, MAIO,,
MC00,, MGaOs, M2GeOs, MMnaOy, MaSiOs, MpSiOs, MTa0s;, MCuCls, MPACL, MV,
MIOs, MFeQ,, MIO4, MCIOy, MScO,, MTiO,, MVOy, MCrOq, MCrOn, MMny Oy, MFeO,,
MCo0,, MNIiQ,, MNi;O,, MCuOy, and MZnO,, where M is a cation such as a metal such as
Li, Na or K and n=1, 2,3, or 4, an oxyanion, an oxyanion of a strong acid, an oxidant, a
molecular oxidant such as Vo0, 130s, MnQs, Rex0s, CrOs, RuOs, AgO, PdO, PdO,, PO,
PtOs, 1,04, 1LOs, 1209, $O,, $03, COa, N2O, NO, NOy, N203, N2Os, NaOs, ChO, Ci0s,, CLOs,
ClOgs, ChOs, PO,, P20s, and P,0s, NH4X wherein X is a nitrate or other suitable anion
known to those skilled in the art, and a compound having an anion that can form an H
compound such as one of the group comprising F, Cl, Br, I', NO3, NO7, S04%, HSOy,
CoOy, 107, 104, TiOy, CrOy, FeOy, PO, HPO,S, HyPOy, VO, ClO4” and Cr,07” and
other such anions].

Suitable compounds are salts of acids such as Li,804 that can form LiHSO4 or LizPO,
that can form Li;HPOs, for example. Exemplary reactions are

Cathode Reaction

2H" + L3S0, + 2e" to Li + H{1/p) + LiHSO4 (408)
anode Reaction

H, +to 2H" + 2¢ (409)
Regeneration

Li + LIHSOu+ to 1/2H; + LizS04 (410)
Net

H to H(1/p) + energy at least partially as electricity (411)

In another embodiment, & meta! hydride may be decomposed or formed in at Jeast one
of the half-cell reactions wherein the formation of H or H vacancies due to the half-cell
reactions forms H atoms that react to form hydrinos. For example, a hydride such as a metal
hydride at the cathode may undergo reduction to form H with the formation of vacancies at
lattice positions of the hydride that give rise to H interaction to form hydrinos. In addition or
alternatively, the H migrates to the anode, and undergoes oxidation to H. The H atoms may
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interact in a suitable environment to form hydrinos. The environment may comprise a sink
for the H atoms such as a metal such as an alkali, alkaline earth, transition, inner transition,
noble, or rare earth meta! that forms a hydride. Alternatively, the H sink may be a compound
that is hydrogenated such as a compound of the M-N-H system such as Li;N or Li;NH. The
H sink may be an intercalation compound that may be deficient in metal. The H may
substitute at metal sites such as Li sites or may displace the metal such as Li. Suitable
exemplary intercalation compounds are Li graphite, LixWOs, LixV20s, LiCoO,, LiFePQy,
LiMn;Os, LiNiO,y, LiFePOsF, LiMnPOs, VOPOq system, LiVyOs, LiMgSO.F, LiIMSOF
(M=Fe, Co, Ni, transition metal), LIMPOF (M=Fe, Ti), LiJLiossTi 670s], or LigTisOya,
layered transition metal oxides such as Ni-Mn-Co oxides such as LiNijsCo;sMn;50,, and
Li(LizNi,CoyMn;)O,, and LiTi204 and at least one of these compounds with some H
replacing Li or ones deficient in Li. Further anode materials are chalcogenides that
intercalate H or form hydrogenated chalcogenides such as layered transition metal oxides
such as CoO, and NiO; that form CoO(OH) and NiO(OH), respectively. Exemplary cell are
[LisN, LizNH, or M (M=metal such as an alkali, alkaline earth, transition, inner transition, or
rare carth metal), Li deficient Li,WOs, LixV20s, LiCoO;, LiFePQO,, LiMnyO4 LINIO;,
Li;FePO4F, LiMnPQy, VOPOs system, LiV,Os, LiMgSO4F, LiIMSOF (M=Fe, Co, Ni,
transition metal), LiIMPOsF (M=Fe, Ti), Lis[Lic13Ti1 6704}, or LisTisOy3, layered transition
metal oxides such as Ni-Mn-Co oxides such as LiNijsCoisMnis02,  and
Li(Li;Ni,Co,Mn,)O;, and LiTi;04 LiMgSOsF, LIMSO.F (M=Fe, Co, Ni, transition metal),
LiMPO.F (M=Fe, Ti), and other Li layered chalcogenides and layered oxides such as Co()
and NiOy/H conducting electrolyte such as a molten eutectic salt such a LiCI-KCI/H
permeable cathode and Hy such as Ni(Ho) and Fe(H.), hydride such as an alkali, alkaline
earth, transition, inner transition, or rare earth metal hydride, the latter being for example,
CeH,, DyHa, ErHz, GdH3, HoHs, LaH,, LuH,, NdH,, PrH,, ScHy, ThH,, TmHoz, and YH,, and
a M-N-H compound such as Li;NH or LiNH,]. In another embodiment, the anode reactant
may comprise an oxyhydroxide or the corresponding oxide or partially alkali-intercalated
chalcogenide.  Suitable exemplary oxyhydroxides are AIO(OH), ScO(OH), YO(OH),
VO(OH), CrO(OH), MnO(CH) (& -MnO(OH) groutite and y-MnQ(OH) manganite),
FeO(OH), CoO(CH), NiO(OH), RhO(OH), GaG(OH), InO(OH), NijCo12O(0CH), and
Ni;sCorsMnsO(OH). Exemplary celt are [at least one of the group of oxyhydroxides such
as AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) ( & -MnO(OH) groutite and
7 -MaO(OH) manganite), FeO(OH), CoO(OH), NiG(OH), RhO(OH), GaO(OH), InO(OH),
Nii2Co12O(0H), and NijsCoisMnzO(OH), other layered chalcogenides , H intercaiated
layered chalcogenides, and layered oxides such as CoO; and NiOy/H conducting electrolyte
such as a molten eutectic salt such a LiCI-KCI/H permeable cathode and Ha such as Ni(H)
and Fe(H,), hydride such as an alkali, alkaline parth, transition, inner transition, or rare earth
metal hydride, the latter being for example, CeHa, DyHo, ErH,, GdH,, HoH», LaH;, LuH,,
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NdH., PrH;, ScH,, TbH;, TmHa, and YHa, and a M-N-H compound such as Li;NH or
LiNH3].

Thus, the cell comprises a source of hydrogen wherein hydrogen serves as the catalyst
and the reactant to form hydrinos. The source of hydrogen may be hydrogen gas or a
hydride. The hydrogen may permeate through a membrane. The cell reaction may involve
the oxidation of H' to from H or the reduction of H' to form H. Exemplary cell reactions are

Cathode Reaction

H+e toH (412)
Anode Reaction

nH to n-1H + H(1/p) + ne’ (413)
Net

H to H(1/p} (414)
Cathode Reaction

nH™ + ne” ton-1H + H(l/p) (415)
Anode Reaction

HtoH +¢ (416)
Net

H to H(1/p) (417)

The cell may further comprise an electrolyte such as a molten salt such as a eutectic alkali
halide mixture. At least one of the half-cell reactants may comprise a support such a high-
surface-area electrically conductive support such as a carbide, boride, or carbon. In an
embodiment, the anode reactants may comprise a reductant other than Hor H such as a metal
such as Li or a Li alloy. The cathode reactants may comprise a source of H such as a hydride
such as an electrically conducting hydride that is about as stable or more stable than LiH such
as at least one of CeHay, DyH,, ErH,, GdH,, HoHs, LaHs, LuHy, NdH,, PrH,, ScH,, TbH,,
TmH,, and YH,. An exemplary cell is [LI/KCI-LiCl/LaH, TiC]. At least one half-cell
reaction mixture comprises at least one of a mixture of hydrides, metals, metal hydrides and 2
source of hydrogen such as hydrogen gas or hydrogen supplied by permeation such through a
metal membrane. The hydrogen source or hydride may-also be a component of an electrolyte
or salt bridge. Exemplary cells are [Li/KCI-LiCl LiH/LaH; TiC], [Li/KCI-LiCl/LaH: Mg
TiC), [L¥/KCI-LICH Lit/LaH; Mg TiCl, [LVKCI-LiCl /LaH; ZrH; TiC), [Li/KCLLiCl
LiH/LaH, ZrH, TiC), [LiM/LiX-LiH/M,;H, MpH, support] wherein LiM is Li, a Li alloy, or
compound of Li, LiX-LiH is a eutectic mixture of a lithium halide (X) wherein other eutectic
salt electrolytes may substitute, M{H; and MyH; are a first and second hydride wherein each
may be from the group of CeHy, DyHy, ErH,, GdHs, HoH,, LaH», LuH,, NdH,, PrH,, ScHa,
Tng, TmHg, and YHz, Tin, VH, VH|‘5, LaNing, ZrCrgHg_g, L&NilssMnggAleCOgjs,
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ZrMng sCrgaVo, Niy 2, CrH, CrH,, NiH, CuH, YH,, YHs, ZrH,, NbH, NbH,, PdHes, LaHz,
Lak;, TaH, the lanthanide hydrides: MH; (fluorite) M = Ce, Pr, Nb, Sm, Gd, Tb, Dy, Ho, Er,
Tm, Lu; MH; (cubic} M = Ce, Pr, Nd, Yb; MH; (hexagonal) M = Sm, Gd, Tb, Dy, Ho, Er,
Tm, Lu; actinide hydrides: MH; (fluorite} M = Th, Np, Pu, Am; MH; (hexagonal) M = Np,
Pu, Am, and MH; (cubic, complex structure} M = Pa, U, alkali hydrides, alkaline earth
hydrides, transition metal hydrides, inner transition metal hydrides, rare earth hydrides, noble
metal hydrides, LiAlM,, LiBH4, and similar hydrides. At least one hydride or metal such as
LiH, Li, NaH, Na, KH, K, RbH, Rb, CsH, or Cs may serve as the catalyst or source of
catalyst. The catalyst or H that react to form hydrinos may be formed during the cell
operation. Alternatively, the reduced migrating ion or its hydride may serve as the catalyst or
source of catalyst.

In an embodiment, an integer number of H atoms serve as a catalyst for at least one
other. Alternatively, the reduced migrating ion or its hydride may serve as the catalyst or
source of catalyst. The cell may comprise a source of H that may form hydride ions at the
cathode. The H source may be a hydride, hydrogen that may be from the permeation through
a metal such as a metal fube or membrane cathode, a hydrogen storage material, a
hydrogenated material such as hydrogenated carbon, and 2 M-N-H system compound. The
cell may comprise an electrolyte for the migration of H ions. Suitable electrolytes are
cutectic molten salts such as those comprising mixtures of alkali metal halides such as LiCl-
KCl or LiF-LiCl, NaH NaAlEt;, and KH-KOH. The anode may comprise a sink for at least
one of hydride ions, hydrogen, and protons. The hydride ion may be oxidized to H at the
anode. The H may serve as a reactant and catalyst to form hydrinos. The sink for H may be
at least one of a metal that forms a hydride, a hydrogen storage material such as those of the
present disclosure, M-N-H system compounds, a nitride or imide that forms at least one of an
imide or amide, and intercalation compounds such as carbon, a chalcogenide, and other
compounds of the present disclosure such as those of lithium ion batteries. An exemplary
cell comprises a metal hydride at the cathode such as a rare earth hydride, TiH,, or ZrH; and
a metal at the anode that can form a hydride such as a rare earth, Ti, or Nb metal powder or
an alkaline earth or alkaline metal. Alternatively, the anode reactants comprise a compound
such as LisN or activated carbon that is a H sink. The cell may further comprise a support in
either half-cell such as a carbon, a carbide, or a boride such as carbon black, TiC, WC, YC,,
TiB,, or MgB,. Specific exemplary cells are [Mg, Ca, Sr, Ba, rare earth metal powder,
hydrogen storage material, R-Ni, Ti, Nb, Pd, Pt, carbon, LizN, Li:NH/molten eutectic salt H’
conductor such as LiCI-KCVTiH;, ZrH,, MgH», LaH,, CeHa,, R-Ni, hydrogen permeable tube
H source such as Ni(Hy) or other metals including rare earth coated Fel.

In an embodiment, an integer number of H atoms serve as a catalyst for at least one
other. Alternatively, the reduced migrating ion or its hydride may serve as the catalyst or
source of catalyst. The cell may comprise a source of H that may form protons at the anode.
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The H source may be a hydride, hydrogen that may be from the permeation through a metal
such as a metal tube or membrane cathode, a hydrogen storage material, a hydrogenated
material such as hydrogenated carbon, and a2 M-N-H system compound. The cell may
comprise an electrolyte for the migration of H' ions. The electrolyte may comprise a proton
conductor. The system may be aqueous or non-aqueous. The cathode may comprise a sink
for at least one of hydride ions, hydrogen, and protons. The migrating proton may be reduced
to H or H™ at the cathode. The H may serve as a reactant and catalyst to form hydrinos. The
sink for H may be at least one of a metal that forms a hydride, a hydrogen storage material
such as those of the present disclosure M-N-H system compounds, a nitride or imide that
forms at least one of an imide or amide, and intercalation compounds such as carbon, a
chalcogenide, and other compounds of the present disclosure such as those of lithium ion
batteries. An exemplary cell comprises a metal hydride at the anode such as a rare carth
hydride, TiH3, or ZrH, and a metal at the cathode that can form a hydride such as a rare earth,
Ti, or Nb metal powder or an alkaline earth or alkaline metal. Alternatively, the cathode
reactants comprise a compound such as Li3N or activated carbon that is a H sink. The cell
may further comprise a support in either half-cell such as a carbon, a carbide, or a boride such
as carbon black, TiC, WC, YC,, TiB,, or MgB,. Specific exemplary cells are {TiH, ZrHs,
MgH;, LaHs, CeHa, R-Ni, hydrogen permeable tube H source such as Ni(Ha) or other metals
including rare earth coated Fe / H' conductor/ Mg, Ca, Sr, Ba, rare earth metal powder,
hydrogen storage material, R-Ni, Ti, Nb, Pd, Pt, carbon, LisN, LizNH].

For systems that use H as the catalyst wherein the system may be absent an alkali
metal or alkali metal hydride as the catalyst or source of catalyst, electrolytes such as MAICI,
(M is an alkali metal) that are reactive with these species can be used. Exemplary cells are
[Li/LIAICLY/TiH; or ZrHa), [K/KAICL/TiH: or ZrH,], {Na/NaAlICl/TiH; or ZrH], [Ti or
Nb/NaAlICL/Ni(Hy), TiHy, ZrHa, or LaH,! and {Ni(Hz), TiHy, ZrHa, or LaH; /NaAICly/ Ti or
Nb]. The H catalyst cells may be regenerated thermally by decomposition and addition of H;
to the hydride and metal products respectively. Alternatively, the reduced migrating ion or its
hydride may serve as the catalyst or source of catalyst.

In an embodiment, the cell comprises an electrolyte such as a molten eutectic salt
electrolyte, the electrolyte further comprising a hydride such as LiH. The molten eutectic salt
electrolyte may comprise a mixture of alkali metal halides such as LiCI-KCI, LiF-LiCl, LiCl-
CsCi, or LICI-KCI-CsCl with LiH dissolved in the range of 0.0001 mol% to saturation, or the
molten eutectic salt electrolyte may comprise a mixture of LiH and one or more alkali halides
such as LiCl, LiBr, and Lil. The electrolyte may be selected to achieve a desired temperature
of operation wherein the reaction to form hydrinos is favored. The temperature may be
controlled to control the activity of one or more species, the thermodynamic equilibrium
between species such as a mixture of hydrides, or the solubility of a species such as the
solubility of LiH in the electrolyte. The cell cathode and anode may comprise two different
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materials, compounds, or metals. [n an embodiment, the cathode metal may form a more
stable hydride than the hydride of the electrolyte; whereas, the anode metal may form a less
stable hydride. The cathode may comprise, for example, one or more of Ce, Dy, Er, Gd, Ho,
La, Lu, Nd, Pr, Sc, Th, Tm, and Y. The anode may comprise a transition metal such as Cu,
Ni, Cr, or Fe or stainless steel. Hydrogen may be supplied as H; gas, by permeation such as
through a membrane wherein the membrane may comprise the cathode or anode, or by
sparging such as through a porous electrode such as porous electrode consisting of a tightly
bound assembly of 2 Ni porous body (Celmet #6, Sumitomo Electric Industries, Ltd.) within
an outer alumina tube.

In other embodiments, the electrolyte may comprise the ion of the migrating ion such
as a Li" electrolyte such as a lithium salt such as lithium hexafluorophosphate in an organic
solvent such as dimethyl or diethyl carbonate and ethylene carbonate for the case that the
migrating ion is Li". Then, the salt bridge may be a glass such as borosilicate glass saturated
with Li" electrolyte or a ceramic such as Li" impregnated beta alumina. The electrolyte may
also comprise at least one or more ceramics, polymers, and gels. Exemplary cells comprise
(1) a 1 em?, 75 um-thick disc of composite positive electrode containing 7-10 mg of metal
hydride such as LaH; mixed with TiC, or LaH, mixed with 15% carbon SP (black carbon
from MM), (2} a | em” Li metal disc as the negative electrode, and (3) a Whatman GF/D
borosilicate glass-fiber sheet saturated with a 1 M LiPF¢ electrolyte solution in 1:1 dimethyl
carbonate/ethylene carbonate as the separator/electrolyte. Other suitable electrolytes are
lithium hexafluorophosphate (LiPFg), lithium hexafluoroarsenate monohydrate (LiAsFg),
lithium perchlorate (LiClOy), lithium tetrafluoroborate (LiBFs), and lithium triflate
(LiCF3803) in an organic solvent such as ethylene carbonate. Additionally, Hp gas may be
added to the cell such as to the cathode compartment.

The cell may comprise an ion that is a catalyst or source of the catalyst such as an
alkaii metal ion such as Li" that is a source of Li catalyst. The source of the ion may be the
corresponding metal, alkali alloy, or alkali compound. The cell may comprise a salt bridge or
a separator and may further comprise an electrolyte and possibly a support such as a carbide,
boride, or carbon all as given in the present disclosure. In an embodiment, m H atoms (m is
an integer) serve as the catalyst for other H atoms. The H atoms may be maintained on the
support such as a carbide, boride, or carbon. The source of H may be H gas, H permeated
through a membrane, a hydride, or a compound such as an amide or imide. In an
embodiment, the support has a large surface area and is in molar excess relative to the source
of H such as a hydride or compound. Exemplary cell are [Li/borosilicate glass-fiber sheet
saturated with a 1 M LiPFs electrolyte solution in 1:1 dimethyl carbonate/ethylene
carbonate/TiC], [Li/borosilicate glass-fiber sheet saturated with a ¥ M LiPF¢ electrolyte
solution in 1:1 dimethy! carbonate/ethylene carbonate/Fe powder], [Li/polyolefin sheet
saturated with a | M LiPFs electrolyie solution in 1:1 dimethyl carbonate/ethylene
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carbonate/TiC 10mol% LaH2], {Li/polyolefin sheet saturated with a 1 M LiPF¢ electrolyte
solution in 1:1 dimethyl carbonate/ethylene carbonate/WC 10mol% LaH2], [Li/
polypropylene membrane saturated with a 1 M LiPFs electrolyte solution in 1:1 dimethyl
carbonate/ethylene carbonate/TiC 10mol% LaH,], [Li/ polypropylene membrane saturated
with a 1 M LiPFs electrolyte solution in 1:1 dimethyl carbonate/ethylene carbonate/WC
10mol% LaH,], and [Li source/ salt bridge or separator-electrolyte/support and H source].

In an embodiment, the cell forms a mixed metal M-N-H system compound such as an
amide, imide, or nitride during discharge or charge wherein M is at least two metals in any
ratio. Suitable metals are alkali metals such as Li, Na, and K, and alkaline earth metals such
as Mg. Alternatively, a mixed metal M-N-H system compound is a starting material of at
least one half-cell. During charge or discharge the compound reacts to gain or loose H. In an
embodiment, at least one of the creation of H and catalyst, vacancies by means such as
substitution, reaction, or displacement, and H addition causes the formation of hydrinos to
create electrical power. In the latter case, one or more H may serve as a catalyst for another.
In embodiments, a metal ion such as an alkali metal ion may be the migrating ion. In other
embodiments, H or H may be the migrating ion. The cells may comprise the anodes,
cathodes, salt bridges, supports, matrices, and electrolytes of the disclosure with the
additional feature that the metals are a mixture. In other embodiments, a half cell reactants or
product comprises a mixture of at least two of a M-N-H system compound, a borane, amino
boranes and borane amines, aluminum hydride, alkali aluminum hydride, alkali borohydride,
alkali metal hydride, alkaline earth metal hydride, transition metal hydride, inner transition
metal hydride, and rare earth metal hydride. The cell may comprise an electrolyte and
optionally a salt bridge that confines the electrolyte to at least one half-cell. The electrolyte
may be a eutectic salt. The electrolyte may be an ionic liquid that may be in at Ieast one half-
cell. The ionic liquid may be at least one of the disclosure such as ethylammonium nitrate,
ethylammonium nitrate doped with dihydrogen phosphate such as about 1% doped,
hydrazinium nitrate, NHPO5-TiP20, and a eutectic salt of LINO3-NH4NO3. Other suitable
electrolytes may comprise at least one salt of the group of LiNO;, ammonium triflate (T =
CF3S0s5 ), ammonium trifluoroacetate (TFAc =CFCOQ ) ammonium tetrafluorobarate (BF,
}, ammonium methanesulfonate (CHsS0O3 ), ammonium nitrate (NO;), ammonium
thiocyanate (SCN_), ammonium sulfamate (SOsNH, ), ammonium bifluoride (HF{)
ammonium hydrogen sulfate (HSO; ) ammonium bis(trifluoromethanesulfonyl)imide (TFSE
= CF380,)1N ), ammonium bis(perfluorochtanesulfonyl)imide (BETI = CF;CE,802),N ),
hydrazinium nitrate and may further comprise a mixture such as a eutectic mixture further
comprising at least one of NHsNOs3, NH4TT, and NH;TFAc. Other suitable solvents comprise
acids such as phosphoric acid. Exemplary cells are [M=Li, Na, K/olefin separator M=Li, Na,
K PF¢ EC DEC mixture, BASE, or eutectic salt/M’NH,, M’;NH M’=Li, Na, K wherein M is
different from M’ and optionally an electrolyte such as an jonic liquid or a eutectic salt such
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as an atkali halide salt mixture, a hydride such as M or M’ AlH; or M or M'BHy, M or M"H or
M or M'H, wherein M and M’ = alkali, alkaline earth, transition, inner fransition, or rare
earth metal, and a support such as carbon, a carbide, or boride] and [at least a mixture of two
of the group of MsN, MoNH, M’;N, and M";NH M, M’=Li, Na, K wherein M is different
from M’/eutectic salt such as LiCI-KCV/, a hydride such as M or M"H or M or M"H» wherein
M and M’ = alkali, alkaline earth, transition, irner transition, or rare earth metal, M or
M’ AlH; or M or M’BH4, and a support such as carbon, a carbide, or boride]. Since one or
more H serve as the catalyst, the product is at least one of H(1/p), Ha(1/p), and H'(/1/p) where
p depends on the number of H atoms that serve as a catalyst for the other H undergoing a
transition to form a hydrino (Egs. (6-9) and (10)). The product such as Hy(1/p), and H(/1/p)
may be identified by proton NMR according to Egs. (20) and (12), respectively.

Other suitable intercalation compounds of the disclosure are LiNijaAlisMns0;,
LiAl 5xCoxNi5C01502 (02x<51/3), LiNiCoaMn0, (0<x<1/3), LixAlCoiyOn,
LixAlMnyyO, LixALCoMnyy.:00, LiNi;pMum 20, and other combinations and mixtures of
metals that form intercalation compounds. Li may be at least partially replaced by H or may
be at least partially to completely removed in embodiments as described in the disclosure for
other such compounds. Another alkali metal such as Na may substitute for Li.

Suitable oxyhydroxides of the disclosure have octahedrally coordinated M ion such as
M = Al Sc, Y, V, Cr, Mn, Fe, Co, Ni, Rh, Ga, and In, and alioys and mixtures thereof such
as NijnCoip and NijsCosMnys. Corresponding exemplary oxyhydroxides are AIO(OH),
ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (a-MnO(OH) groutite and y-
MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(OH),
NiyaCo12O0(0H), and Nij3Co13Mn30(0H). The oxyhydroxides méy comprise intercalated
H. The oxyhydroxides may have strong hydrogen bonding. Suitable oxyhydroxides having
strong H bonding are those of the group comprising Al, S¢, Y, V, Cr, Mn, Fe, Co, Ni, Rh, Ga,
and In, and alloys and mixtures thereof such as NijpCoys and NigsCopsMns.  The
corresponding exemplary oxyhydroxides are AIO(OH), ScO(OH), YO(OH), VO(OH),
CrO(CH), MnO(OH) (a-MnO(OH) groutite and y-MnO(OH) manganite), FeO(OH),
CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(CH), Ni;pCo;»O(0H), and
NiaCoiaMn sO(0H). Exemplary cell are [Li, Li alloy, K, K alloy, Na, or Na alloy/Ceigard
LP 30/at least one of the group of AIO(OH), ScO(OH), YO{OH), VO(OH), CrO(CH),
MnO(OH) (o -MnO(OH) groutite and »-MnO{OH) manganite), FeO(OH), CoO(OH),
NiO(OH), RhG(OH), GaO(OH), InO(OH), NijpCoinO(OH), and NijsCosMnzO(CH)]
The anode may comprise a reactant such as a metal that reacts with water to form a hydroxide
during discharge. Exemplary CIHT cells comprising an aqueous eiectrolyte and an
oxyhydroxide cathode are [PtC(I1:), PdC(H,), or R-N/KOH (6 M to saturated aq) wherein
the base may serve as a catalyst or source of catalyst such as K or 2K*, or ammonium
hydroxide/ MO(GH) (M = metal such as Co, Ni, Fe, Mn, Al), such as oxyhydroxide such as
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AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (a -MnO(OH) groutite and
y -MnO(OH) manganite), FeO(OH), CoO(OH), NiO{OH), RhO{OH), GaO(OH), InO(OH),
NijpCo12O(OH), and NijCoisMnz0(OH) and also HY], [NIAVKOH/CoOOH], [R-
Ni/K2CO3 (ag)/CoOOH], and {metal that forms a hydroxide or an coxide with water during
discharge such as Al Co, Ni, Fe, or Ag metal/aquecus KOH (6 M to saturated}, or
ammonium hydroxide/ MO(OH) (M = metal such as Co, Ni, Fe, Mn, Al}, such as AIO(OH),
ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (a-MnO{OH) groutite and y-
MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO{OH),
NiyaC0120(0OH), and NiysCosMn; s0(0OH) or HY]. In embodiments, the intercalated H in
compounds such as oxyhydroxides and metal chalcogenides comprises at least one of H' and
covalent O-H hydrogen bonded to O. The neutrality of the cathode material is achieved by at
least by one of reduction of the migrating ion or reduction of the metal ion such as the
reduction of metal ion M>* to M*". In other embodiments, another chalcogenide substitutes
for O. In an embodiment, the O/ --- H distance may be in the range of about 2 to 3 A and
preferably in the range of about 2.2 to 2.7 A. In an embodiment, the H bonded cathode
reactants such as oxyhydroxides or metal chalcogenides further comprises some crystailine
water that provides for at least one of participates in the H bonding, alters the crystal structure
wherein the alteration may increase the H bonding in the crystal, and increases the rate to
form hydrinos. H bonding is temperature sensitive; thus, in an embodiment, the temperature
of the H-bonded reactants is controlled to control the rate of the hydrino reaction and
consequently, one of the voltage, current, power, and energy of the CIHT cell. The cell
having an oxyhydroxide cathode may be operated at elevated temperature controlled by a
heater,

in an embodiment, H intercalates into a chalcogenide wherein the reaction causes the
formation of hydrinos and the energy released in turn contributes to the cell energy.
Alternatively, the migrating ion reacts with an H intercalated chalcogenide wherein the
reaction causes the formation of hydrinos, and the energy released in turn contributes to the
cell energy. The migrating ion may be at least one of OH', H', M" (M = alkali metal), and H".
Permutations of chalcogenide reactants that are capable of, and undergo intercalation of H
during discharge and chalcogenide reactants that are at least partially H intercalated and
undergo reaction such as H displacement during discharge are embodiments of the present
disclosure wherein the chalcogenide reactants and other reactants such as those involved in
the intercalation or displacement reactions are those of the present disclosure that can be
determined by one skilled in the Art.

Specifically, the migrating ion may be OH wherein the anode comprises a source of
H such as hydride such as at least one of an alkkali, alkaline earth, transition metal, inner
transition metal, and rare earth hydride and R-Ni, the cathode comprises a layered
chalcogenide capable of intercalating H, and electrolyte is an OH™ conductor such as a basic
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aqueous solution such as aqueous KOH wherein the base may serve as a catalyst or source of
catalyst such as K or 2K*. The cell may further comprise a OH" permeable separator such as
CG3401. Exemplary cells are [hydride such as R-Ni such as (4200#, slurry) or hydrogen
source such as PiC(H,) or PAC(Hz)/ KOH (6 M to saturated) + CG3401 / layered
chalcogenide capable of intercalating H such as CoOa, NiO;, TiSs, ZrSs, HIS,, TaSs, TeS,,
ReS,, PtSs, SnS,, SnSSe, TiSez, ZrSe,, HfSes, TaSep, TeSe;, ReSe, PtSe;, SnSey, TiTes,
ZtrTe,, VTes, NbTey, TaTe;, MoTey, WTes, CoTes, RhTey, IrTes, NiTe, PdTe,, PtTe,, SiTesy,
NbS,, TaS,;, MoS,, WS, NbSe, NbSe;, TaSe;, MoSez, VSe, WSe,;, and MoTes].
Alternatively, the cathode reactant comprises an H intercalated fayered chalcogenide.
Exemplary cells are [hydride such as R-Ni (4200#, slurry) or hydrogen source such as
PtC(Hy) or PAC(Hy) KOH (6 M to saturated) + CG3401 { an H intercalated layered
chalcogenide such as CoOOH, NiOOH, HTiS,, HZrS,, HHIS,;, HTaS;, HTeS; HReS,
HPtS,, HSnS,, HSnSSe, HTiSes, HZrSe;, HHfSes, HTaSe,, HTeSe;, HReSes, HPtSe,
HSnSe;, HTiTes, HZtTes, HVTe,, HNbTe,, HTaTe, HMoTe;, HWTey, HCoTe,, HRhTe,,
HIrTe,, HNiTe; HPdTe; HPtTe,, HSiTe;, HNbS;, HTaS; HMoS; HWS; HNbSe,
HINbSe;, HTaSe;, HMoSe;, HV Se;, HWSes, and HMoTes].

The migrating ion may be H' wherein the anode comprises a source of H such as
hydrogen gas and a dissociator such as Pd/C, Pt/C, Ir/C, Rh/C, or Ru/C, the cathode
comprises a layered chalcogenide capable of intercalating H, and the electrolyte is an H'
conductor. Exemplary cells are [H; and Pd/C, PVC, Ir/C, RWC, or RwC/H" conductor such
as an acidic aqueous electrolyte, ionic liquid, Nafion, or solid proton conductor/ fayered
chalcogenide capable of intercalating H such as CoOa, NiO,, TiSy, ZrSs, HIS,, TaS,, TeS,,
ReS,, PtSs, SnS,, SnSSe, TiSes, ZrSez, HiSes, TaSe;, TeSes ReSes, PtSe SnSea, TiTey,
7tTes, VTes, NbTey, TaTez, MoTes, WTes, CoTey, RhTey, IrTes, NiTe,, PdTe;, PtTes, SiTes,
NbS;, TaS,, MoS; WSy, NbSe; NbSes;, TaSe;, MoSe;, VSes, WSes, and MoTey].
Alternatively, the cathode reactant comprises an H intercalated layered chalcogenide.
Exemplary cells are [H> and Pd/C, Pt/C, Ir/C, Rh/C, or Ruw/C/H" conductor such as an acidic
aqueous electrolyte, ionic liquid, Nafion, or solid proton conductor/ H intercalated layered
chalcogenide such as CoOOH, NiOOH, HTiS,, HZrS;, HHfS,, HTaS;, HTeS,, HReSs,
HPtS;, HSnS;, HSnSSe, HTiSe;, HZrSe;, HHfSe;, HTaSe;, HTeSe; HReSez HPtSes,
HSnSe,, HTiTe, HZrTe,, HVTe; HNbTe;, HTaTe,, HMoTe;, HWTe;, HCoTe,, HRhTe,,
HirTe,, HNiTes, HPdTes;, HPtTe, HSiTe;, HNbS; HTaS;, HMoS; HWS; HNbSe,
HNbSes, HTaSe,, HMoSe,, HVSe), HWSe,, and HMoTe:].

The migrating ion may be H wherein the cathode comprises a source of H such as at
least one of a hydride such as at least one of an alkali, alkaline earth, transition metal, inner
transition metal, and rare earth hydride and R-Ni, and hydrogen gas and a dissociator such as
Pd/C, PY/C, Ir/C, RW/C, or Ru/C, and hydrogen gas and a hydrogen permeable membrane, the
cathode comprises a layered chalcogenide capable of intercalating H, and the electrolyte is an
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M conductor such as a molten eutectic salt such as a mixture of alkali halides. Exemplary
cells are [layered chalcogenide capable of intercalating H such as CoO,, NiOz, TiSs, ZrSs,
HFS,, TaS,, TeS,, ReS,, PtS,, SnSy, SnSSe, TiSe, ZrSe,, HfSe,, TaSe;, TeSea, ReSes, PtSes,
SnSes, TiTes, ZrTe;, VTey, NbTes, TaTes, MoTes, WTe,, CoTes, RhTes, IrTes, NiTes, PdTes,
PtTes, SiTes, NbS;, TaS;, MoS,, WS, NbSez, NbSes, TaSe,, MoSe,, VSes, WSe,, and
MoTes/ hydride conduction molten salt such as LiCl-KCV/ H source such as a hydride such as
TiH,, ZrH,, LaHs, or CeH; or a H; permeable cathode and H; such as Fe(H,), Ta(th) or
Ni(Hs)]. Alternatively, the anode reactant comprises an H intercalated layered chalcogenide.
Exemplary cells are [H intercalated layered chalcogenide such as CoOOH, NiOCH, HTiS,,
HZrS,, HHfS,;, HTaS;, HTeSa, HReS;, HPtS;, HSnS,, HSnSSe, HTiSes, HZrSey, HHfSes,
HTaSes, HTeSes, HReSe;, HPiSe;, HSnSe,, HTiTes, HZrTe;, HVTe;, HNbTez, HTaTes,
HMoTe,, HWTe,, HCoTe;, HRhTe;, HirTe,, HNiTes, HPdTe, HPiTe,, HSiTes, HNDBS,
HTaS,;, HMoS,, HWS,, HNbSea, HNbSe;, HTaSe;, HMoSe,, HVSe;, HWSe,, and HMoTey/
hydride conduction molten salt such as LiCI-KCV H source such as a hydride such as TiHa,
ZrH,, LaHy, or CeHs or a Hz permeéble cathode and Hy such as Fe(H3), Ta(Ha) or Ni(Ha)l.

The migrating ion may be M™ (M = alkali metal) wherein the anode comprises a
source of M~ such M metal or alloy such as Li, Na, K, or an alioy such as LiC, LizMg or
LiAl, the cathode comprises an H intercalated layered chalcogenide, and the electrolyte is an
M conductor. Exemplary cells are [alkali metal or source of alkali metal M such as Li, LiC,
or Li;Mg/M™ conductor such Celgard with organic soivent and M salt such as LP 30/ H
intercalated layered chalcogenide such as CoOOH, NiOOH, HTiS,, HZrSs, HHfS,, HTaS,,
HTeS,, HReS,, HPtS,, HSnS,, HSnSSe, HTiSe,, HZrSe,, HHfSe,, HTaSe,, HTeSe;, HReSen,
HPtSe,, HSnSe,, HTiTe,, HZrTe;, HVTe;, HNbTe,, HTaTe, HMoTes, HWTes, HCoTe,,
HRhTez, HirTe,, HNiTeo, HPdTCg, HPtTes, HSiTes, HNsz, HTaS,, HMoS,, HWSQ,
HNbSe,, HNbSe;, HTaSe,, HMoSe,, HVSez, HWSes, and HMoTes].

In other embodiments, H or H may migrate and become oxidized or reduced,
respectively, with the H incorporated into an chalcogenide , not necessarily as an intercalated
H. The H may reduce an oxide for example. Exemplary celis are [hydride such as R-Ni
(4200#, siurry) or hydrogen source such as PtC(Hz) or PAC(H,)/ KOH (6 M to saturated) +
CG3401 / Se0s, TeOs, or P20s], [H; and Pd/C, PYC, Ir/C, RW/C, or Ru/C/H" conductor such
as an acidic aqueous electrolyte, ionic liquid, Nafion, or solid proton conductor/ S$eO,, TeO,,
or P»0Os], and [SeOs, TeOs, or P20s/H conducting electrolyte such as a molten eutectic salt
such a LiCl-KCl/hydride such as ZrHa, TiHs, LaHz, or CeH; or H permeable cathode and Hy
such as Ni(H;) and Fe(Hz)].

In embodiments, at least one of (i) the OH bond of the hydroxyl group or the OH
bond of the hydride ion (OH") is broken to form H such that some further reacts to form
hydrinos, (ii) an H reacts with O of a compound to form an OH or OH" group such that some
of the H reacts to form hydrinos in the transition state rather than form the OH or OH group,
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and (iii) H is formed from a source of H as well as OH or OH wherein the latter reacts with
an element or compound and at least some of the H further reacts to form hydrinos. The
anode and electrolytes comprise those of the disclosure. The migrating ion may be a metal
jon (M) such as an alkali metal ion or a species of H such as OH, H, or H* wherein at least
one of the cathode and anode reactions involves one of these species. The source of OH', H,
or H as well as H may be water, and the source of H or H™ may be a hydride wherein at least
one of the anode ot cathode reactants may be a hydride. The anode reaction may form H',
comprise a reaction of H or H and OH’ to form H;O, comprise a reaction of H™ to H, or
comprise the oxidation of an element such as a metal. The cathode reaction may comprise
the reaction of M' to M, H' to H, or H»0 to OH". The anode may be a source of metal such
as alkali metal or a metal that forms a hydroxide, or a source of H such as a hydride. The
electrolyte such as an aqueous electrolyte that may be a source of af least one of H, H, H20,
and OH". The electrolyte may be a salt and an organic solvent, aqueous such as an aqueous
base, or a molten salt such as a eutectic salt such as a mixture of alkali halides.

The case (i) supra involving the breaking of the H-O bond, H may be broken away by
reaction with a metal formed at the cathode from reduction of the corresponding migrating
ion. The metaf atom may be a catalyst or source of catalyst such as Li, Na, or K. The oxygen
of the OH or OH may then form a very stable compound with the source of the OH or OH’
group. The very stable compound may be an oxide such as a transition metal, inner transition
metal, alkali metal, alkaline earth metal, or rare earth metal as well as another stable oxide
such as one of Al, B, Si, and Te. Exemplary cells are [Li, Na, or K or a source thereof such
as an alloy/Celgard LP 30/ rare earth or alkaline earth hydroxide such as La(OH);, Ho(OH);,
Tb(OH)s, Yb(OH);, Lu{OH);, Er(OH);, Mg(OH);, Ca{OH);, Sr(OH);, Ba(OH), or
oxyhydroxide such as HoO(OH), TbO(OH), YbO(OH), LuO(OH), ErO(CH), YO(OH),
AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (a -MnO(OH) groutite and
¥ -MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(OH),
Nii2Co120(0OH), and NiisCoisMnisO(OH)]. In the case (ii) supra, H sources such as H',
H', or H;O may undergo reduction or oxidation at an electrode to form an OH group from an
O group of a compound or directly form an OH or OH group from 2 source such as H;O.
The compound comprising a reactant that forms at least one of a hydroxy! or hydroxide group
may be an oxide or oxyhydroxide. The oxide may be at least one of an alkali metal
intercalated layered oxide, the alkali metal intercalated layered oxide deficient in alkali metal,
and the corresponding layered oxide absent the alkali metal. Suitable layered oxides or metal
intercalated oxides are those of the disclosure such as those of Li ion batteries such as CoOy,
NiQ,;, LiyWO;, LixV20s, LiCoO,, LiFePOs LiMnyO4, LiNiO,;, LiFePO4F, LiMnPOs,
VOPO, system, LiVaOs, LiMgSO4F, LIMSO4F (M=Fe, Co, Ni, transition metal), LIMPO.F
(M=Fe, Ti), Liy[Lio 3371 670s], or LisTisOy3, layered transition metal oxides such as Ni-Mn-
Co oxides such as LiNijsCoysMny;30,, and LHLiNixCoyMn)O,, and LiTi;O4 wherein the
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compound may be deficient in at least some or all Li. In other embodiments, another Jayered
chalcogenide may substitute for an oxide, and another alkali metal may substitute for a given
one. Exemplary cells are [hydride such as R-Ni/aqueous base such as KOH (6 M to
saturated) wherein the base may serve as a catalyst or source of catalyst such as K or
2K */oxyhydroxide such as HoO(OH), THO(OH), YbO(CH), LuO(OH), ErO(OH), YO(OH)],
[hydride such as R-Ni/aqueous base such as KOH (6 M to saturated)/oxyhydroxide such as
AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (e -MnO(OH) groutite and
¥ -MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(GH),
NijpCoi20(CH), and Ni zCoisMnsO(0H)], [hydride such as R-Ni/aqueous base such as
KOH (6 M to saturated)/ oxide such as MgO, CaO, SrO, BaO, TiOz, SnQO,, Na,(, K0,
MNiO, (M = alkali such as Li or Na) and CoO3, NiOy, LixWOs, LixV,0s, LiCoQ4, LiFePQs,
LiMn,Oy, LiNiO,, LisFePO4F, LiMnPQOs, VOPO, system, LiV,0s, LiMgSO4F, LIMSO4F
(M=Fe, Co, Ni, transition metal), LIMPO,F (M=Fe, Ti), Lix{Lio33Ti;e704], or LigTisOs0,
layered transition metal oxides such as Ni-Mn-Co oxides such as LiNijsCo1sMn;50,, and
Li(Li;NiCo,Mn,)O;, and LiTi,O4 wherein the compound may be deficient in at least some or
all Li, or a Fe(VI) ferrate salt such as K,FeQ, or BaFeOy], [PtC(Hz), PdC(H>), or R-Ni/proton
conductor such as H ' Al,Os/rare earth or alkaline earth hydroxide such as La{OH)s, Ho(OH}s,
Tb(OH);, Yb(OH)s;, Lu(OH)s, Er(OH)s, Mg(OH);, Ca(OH);, St(OH);, Ba(OH); or
oxyhydroxide such as HoO(OH), TbO(OH), YbO(OH), LuO(OH), ErO(OH), YO(OH),
AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) ( & -MnO(OH) groutite and
¥ -MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO({OH), GaO(OH), InO{OH),
NiipCoi20(0H), and Nij;3CoysMn;sO(0H) or oxide such as MgO, Ca0, SrO, Ba0, TiO,,
SnO,, Nay0, K20, MNiO, (M = alkali such as Li or Na), and CoO;, NiO;, LixW0Os, LixV20s,
LiCo0,, LiFePQOs LiMnyOs LiNiOs, LioFePOJF, LiMnPO4, VOPOs system, LiV,0s,
LiMgSO.F, LIMSOsF (M=Fe, Co, Ni, transition metal), LIMPOF (M=Fe, Ti),
Liy[Lios3Tiy 6704], or LisTisOys, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNijsCosMr 40y, and Li(LiNiCo,Mnz)Os, and LiTi;O4 wherein the compound
may be deficient in at least some or all Li, or a Fe(VI) ferrate salt such as KoFeO4 or
BaFeQq), and [rare carth or alkaline earth hydroxide such as La(OH)s, Ho(OH)s, To(OH)s,
Yb(OH)s, Lu(OH)3, Er(OH);, Mg(OH),, Ca(OH),, Sr(OH)z, Ba(OH), or oxyhydroxide such
as HoO(OH), TbO(OH), YbO(OH), LuO(OH), ErO(OH), YO(OH), AIO(OH), ScO(OH),
YO(OH), VO(OH), CrO(CH), MnO(OH) (a-MnO(OH) groutite and y-MnO(OH)
manganite), FeG(OH), CoO(OH), NiO(OH), RhO(CH), GaO(OH), InO(OH),
NiyC0120(0H), and NijsCoisMnsO(0H) or oxide such as MgO, Ca0O, SrO, Ba0, TiGa,
$n0,, Na0, K0, MNiIO; (M = alkali such as Li or Na) and CoOg, NiOs, LiyWO;, LiV20s,
LiCoO,, LiFePO,, LiMnyOu LiNiQ;, LiFePOsF, LiMnPOs, VOPOs system, LiVa0Os,
LiMgSOsF, LiMSOsF (M=Fe, Co, Ni, transition metal), LiMPO,F (M=Fe, Ti),
Liy[Lin33Tii670Q4], or LisTisOya, layered transition metal oxides such as Ni-Mn-Co oxides
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such as LiNi;5Co,sMn;50y, and Li(LiNiyCoyMn,}Os, and LiTi,04 wherein the compound
may be deficient in at least some or ali Li, or a2 Fe(VI) ferrate salt such as KyFeOy4 or
BaFeOQ,/LiCl-KCl/hydride such as TiHj, ZrH;, LaH;, or CeH). Alternatively, in the case
(iii) supra, the OH" group may form a hydroxide with an element such as a metal such as a
transition, inner transition, alkali, alkaline earth, and rare ecarth metal, and Al. Exemplary
celis are [Al, Co, Ni, Fe, Ag/aqueous base such as KOH (6 M to saturated) wherein the base
may serve as a catalyst or source of catalyst such as K or 2K'/ oxide such as MgO, Ca0, StO,
Ba0, TiO,;, Sn0,, NayO, K20, MNiO, (M = alkali such as Li or Na) and CoO,, NiO,,
LixWO;, LiyV20s, LiCoQ,, LiFePOs LiMnyOs, LINIO,, LisFePOsF, LiMnPOs; VOPO,
system, LiV20s, LiMgSO4F, LIMSO4F (M=Fe, Co, Ni, transition metal), LIMPOsF (M=Fe,
Ti), Lix[Lio33Ti 6704], or LisTisO2, layered transition metal oxides such as Ni-Mn-Co oxides
such as LiNiisCoisMn50,, and Li(LiuNixCoyMn,)O,, and LiTi;Os wherein the compound
may be deficient in at least some or all Li, or a2 Fe(VI) ferrate salt such as KoFeO, or BaFeQy,
or oxyhydroxide such as HoO(OH), TbO(CH), YbO(OH), LuO(OH), ErO(OH), YO(OH),
AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH}, MnO(OH) (@ -MnO(OH) groutite and
¥ -MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(OH),
NiipCo120(0H), and NijsCoaMnsO(0H)]. In the reaction of the oxyhydroxide io
hydroxide, hydrino formation mechanism (ii) supra may occur as well,

In an embodiment, the reactants of at least one half-cell are magnetized. Magnetic
material such as magnetized particles such as iron, Alnico, rare earth such as neodymium or
samarium-cobalt, or other such magnetic particles may be mixed with the reactants. In an
embodiment, the magnetic particles do not particpate in the half-cell reaction, but provide a
source of magnetic field. In another embodiment, the reactants are magnetized with a magnet
external to the reactants. The magnetization may increase the rate of the hydrino reaction.

Reactant H and catalyst (H is included in the term catalyst of the disclosure) are
formed by the migration of ions and electrons of the CIHT cell to cause the formation of
hydrinos. The transition of H to lower states than n=1 results in the emission of continuum
radiation, In an embodiment, the emission is converted to the flow of electrons at the anode,
The positive anode can oxidize an anode half-cell reactant, and the clectrons can reduce a
cathode half-cell reactant. Exemplary cells are those of the disclosure having the anode in
contact with a photo-assisted electrolysis material such as a semiconductor such as SrTiO;
such as [Na SrTiO+/BASE/NaOH], {Li SrTiOs/olefin separator LP 40/CoO(OH)], [at least
one of CNa and CyNaH, SrTiOs/aqueous Na salt/at least one of CNa, CyNaHy, HY, R-Ni,
and NasMngOyg + carbon(Ho)], [LiV20s CB(Hz) or R-Ni SrTiOs/aqueous LiNOs/CB(Hz)
LiMn2Q¢] and [LiV,0s SrTiOy/aqueous LiIOH/R-Ni].

In an embodiment, hydrinos formed from the disclosed hydrino reaction mixtures by

the catalysis of hydrogen serve as the oxidant. Hydrinos, H [fi} react with electrons at the
4
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cathode 405 of the fuel cell to form hydrino hydride ions, H™(1/ p) . A reductant reacts with

the anode 410 to supply electrons to flow through the load 425 to the cathode 405, and a
suitable cation completes the circuit by migrating from the anode compartment 402 to the
cathode compartment 401 through the salt bridge 420. Alternatively, a suitable anion such as
a hydrino hydride ion completes the circuit by migrating from the cathode compartment 401
to the anode compartment 402 through the salt bridge 420.

The cathode half reaction of the cell is:

H{—ai:l-f-e_ > H (1/p) (418)
p

The anode half reaction is:

reductant —> reductant” +e” (419)
The overal! cell reaction is:

H [%’J +reductant —> reductant” + H~ (1/ p) (420)

The reductant may be any electrochemical reductant, such as zinc. In one
embodiment, the reductant has a high oxidation potential and the cathode may be copper. In
an embodiment, the reductant includes a source of protons wherein the protons may complete
the circuit by migrating from the anode compartment 402 to the cathode compartment 401
through the salt bridge 420, or hydride ions may migrate in the reverse direction. Sources of
protons include hydrogen, compounds comprising hydrogen atoms, molecules, and/or protons
such as the increased binding energy hydrogen compounds, water, molecular hydrogen,
hydroxide, ordinary hydride ion, ammonium hydroxide, and HX wherein X~ is a halogen
jon. In an embodiment, oxidation of the reductant comprising a source of protons generates
protons and a gas that may be vented while operating the fuel cell.

In another fuel cell embodiment, a hydrino source 430 communicates with vessel 400
via a hydrino passage 460. Hydrino source 430 is 2 hydrino-producing cell according to the
present invention. In an embodiment, the cathode compartment is supplied with hydrinos or
increased binding energy compounds produced by the hydrino reactions from reactants
disclosed herein. The hydrinos may also be supplied to the cathode from the oxidant source

by thermally or chemically decomposing increased binding energy hydrogen compounds. An

exemplary source of oxidant 430 produced by the hydrino reactants comprises M™ H~ [}*J

r

having a cation M™ (where # is an integer) bound to a hydrino hydride ion such that the
n-ky+

binding energy of the cation or atom M is less than the binding energy of the hydrino

hydride ion A~ [—m Other suitable oxidants undergo reduction or reaction fo produce at
2

least one of (a) increased binding energy hydrogen compound with a different stoichiometry
than the reactants, (b) an increased binding energy hydrogen compound having the same
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stoichiometry comprising one or more increased binding energy species that have a higher
binding energy than the corresponding species of the reactant(s}, (¢} hydrino or hydrino
hydride, (d) dihydrino having a higher binding energy than the reactant dihydrino, or (e)
hydrino having a higher binding energy than the reactant hydrino.

In certain embodiments, the power, chemical, battery and fuel cell systems disclosed
herein that regenerate the reactants and maintain the reaction to form lower-energy hydrogen
can be closed except that only hydrogen consumed in forming hydrinos need be replaced
wherein the consumed hydrogen fuel may be obtained from the electrolysis of water. The
fuel cell may be used for broad applications such as electric power generation such as utility
power, cogeneration, motive power, marine power, and aviation. In the latter case, the CIHT
cell may charge a battery as power storage for an electric vehicle.

The power may be controlled by controlling the cathode and anode half-cell reactants
and reaction conditions. Suitable controlled parameters are the hydrogen pressure and
operating temperature. The fuel cell may be a member of a plurality of cells comprising a
stack. The fuel cell members may be stacked and may be interconnected in series by an
interconnect at each junction. The interconnect may be metallic or ceramic. Suitable
interconnects are electrically conducting metals, ceramics, and metal-ceramic composites.

In an embodiment, the cell is periodically reversed in polarity with an optional appiied
voltage 1o cause at least one of oxidation-reduction reaction products and hydrino products to
be removed to eliminate product inhibition. The products may also be removed by physical
and thermal methods such as ultrasound and heating, respectively.

X. Chemical Reactor
The present disclosure is also directed fo other reactors for producing increased

binding energy hydrogen compounds of the present disclosure, such as dihydrino molecules
and hydrino hydride compounds. Further products of the catalysis are power and optionally
plasma and light depending on the cell type. Such a reactor is hereinafter referred to as a
"hydrogen reactor” or "hydrogen cell.” The hydrogen reactor comprises a cell for making
hydrinos. The cell for making hydrinos may take the form of a chemical reactor or gas fuel
cell such as a gas discharge cell, a plasma torch cell, or microwave power cell, and an
etectrochemical cell. Exemplary embodiments of the cell for making hydrinos may take the
form of a liquid-fuel cell, a solid-fuel cell, a heterogeneous-fuel cell, and a CIHT cell. Each
of these cells comprises: (i) a source of atomic hydrogen; (ii) at least one catalyst chosen
from a solid catalyst, a molten catalyst, a liquid catalyst, a gaseous catalyst, or mixtures
thereof for making hydrinos; and (iii) a vessel for reacting hydrogen and the catalyst for
making hydrinos. As used herein and as contemplated by the present disclosure, the term
"hydrogen,” unless specified otherwise, includes not only proteum ('H ), but also deuterium
(*H ) and tritium (CH ). In the case of the use of deuterium as a reactant of the hydrino
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reaction, relatively trace amounts of fritium or helium products of the heterogeneous fuels
and solid fuels are expected.

Since alkali metals are covalent diatomic molecules in the gas phase, in an
embodiment, the catalyst to form increased-binding-energy hydrogen compounds is formed
from a source by a reaction with at least one other element. The catalyst such as K or Li may
be generated by the dispersion of K or Li metal in an alkali halide such as the KX or LiX to
form KHX LiHX wherein X is halide. The catalyst K or Li may also be generated by the
reaction of vaporized K or Liy with atomic H to form KH and K or LiH and Li, respectively.
The increased-binding-energy hydrogen compounds may be MHX wherein M is an alkali
metal, H is hydrino hydride, and X is a singly negatively charged ion, preferably X is one of a
halide and HCO;. In an embodiment, the reaction mixture to form KHI or KHCI wherein H
is hydrino hydride comprises K metal covered with the KX (X=CI, 1) and a dissociator,
preferably nickel metal such as nickel screen and R-Ni, respectively. The reaction is carried
out by maintaining the reaction mixture at an elevated temperature preferably in the range of
400-700 °C with the addition of hydrogen. Preferably the hydrogen pressure is maintained at
a gauge pressure of about 5 PSI. Thus, MX is placed over the K such that K atoms migrate
through the halide lattice and the halide serves to disperse K and act as a dissociator for K
that reacts at the interface with H from the dissociator such as nickel screen or R-Ni to form
KHX.

A suitable reaction mixture for the synthesis of hydrino hydride compounds
comprises at least two species of the group of a catalyst, a source of hydrogen, an oxidant, a
reductant, and a support wherein the oxidant is a source of at least one of suifur,
phosphorous, and oxygen such as SF,, §, SO,, SOs, $,05Ch,, FsSOF, M,5,0;, SiXy such
as SoCly, SCly, §;Bra, SoF2, CSa, $5:8s, SOXy such as SOCl,, SOF;, SOaF2, SOBr, P, P20,
P,Ss, PyXy such as PFa, PCl;, PBr;, Pls, PFs, PCls, PBrF, or PCLE, POX, such as POBr;,
POILs, PGCly or POF;, PSX, such as PSBri, PSF;, PSCls, a phosphorous-nitrogen compound
such as PsNs, (ClaPN)s, or (C1pPN)s, (BroPN), (M is an alkali metal, x and y are integers, X
is halogen), Oy, N0, and TeO,. The oxidant may further comprise a source of a halide,
preferable fluorine, such as CFy, NFs, or CrF,. The mixture may also comprise a getter as a
source of phosphorous or sulfur such as MgS, and MHS (M is an alkali metal). A suitable
getter is an atom or compound that gives rise to an upfield shifted NMR peak with ordinary H
and a hydrino hydride peak that is upfield of the ordinary H peak. Suitable getters comprise
elemental S, P, O, Se, and Te or comprise compounds comprising S, P, O, Se, and Te. A
general property of a suitable getter for hydrino hydride ions is that it forms chains, cages, or
rings in elemental form, in doped elemental form, or with other elements that traps and
stabilizes hvdrino hydride ions. Preferably, the H(1/p) can be observed in solid or solution
NMR. In another, embodiment, either NaH, BaH, or HCI serves as the catalyst. A suitable
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reaction mixture comprises MX and M"HSO4 wherein M and M’ are alkali metals, preferably
Na and K, respectively, and X is a halogen, preferably Cl.

The reaction mixtures comprising at least one of (1) NaH catalyst, MgHa, SF¢, and
activated carbon (AC), (2) NaH catalyst, MgH;, S, and activated carbon (AC), (3) NaH
catalyst, MgHa, K78:05, Ag, and AC, (4) KH catalyst, MgHa, K28:0g, and AC, (5) MH
catalyst (M=Li, Na, K), Al or MgHy, O3, K28;04, and AC, (6} KH catalyst, Al, CF4, and AC,
(7) NaH catalyst, Al, NFs, and AC, (8) KH catalyst, MgHa, N2O, and AC, (8) Nali catalyst,
MghH, O, and activated carbon (AC), (10) Nal catalyst, MgHs, CF4, and AC, (11) MH
catalyst, MgH,, (M=Li, Na, or K) P05 (PsO0), and AC, (12) MH catalyst, MgHa, MNO;,
(M=Li, Na, or K) and AC, (13) NaH or KH catalyst, Mg, Ca, or Sr, a transition metal halide,
preferably, FeCly, FeBry, NiBr,, Mnly, or a rare earth halide such as EuBr, and AC, and (14)
NaH catalyst, Al, CS,, and AC are suitable systems for generating power and also for
producing iower-energy hydrogen compounds. In other embodiments of the exemplary
reaction mixtures given supra, the catalyst cation comprises one of Li, Na, K, Rb, or Cs and
the other species of the reaction mixture are chosen from those of reactions 1 through 14.
The reactants may be in any desired ratios.

The hydrino reaction product is at least one of a hydrogen molecule and a hydride ion
having a proton NMR peak shifted upfield of that or ordinary molecular hydrogen or
hydrogen hydride, respectively. In an embodiment, the hydrogen product is bound to an
element other than hydrogen wherein the proton NMR peak is shifted upfield of that of the
ordinary molecule, species, or compound that has the same molecular formula as the product,
or the ordinary molecule, species, or compound is not stable at room temperature.

The product molecular hydrino and hydrino hydride ion having a preferred 1/4 state
may be observed using liquid NMR at about 1.22 ppm and -3.86 ppm, respectively,
following extraction of the product mixture with an NMR solvent, preferably deuterated
DMF.

In another embodiment, power and increased binding energy hydrogen compounds
are produced by a reaction mixture comprising two or more of the following species; LiH,
NaH, KH, Li, Na, K, Hj, a metal or metal hydride reductant, preferably MgH, or Al powder,
a support such as carbon, preferably activated carbon, and a source of at least one of sulfur,
phosphorous, and oxygen, preferably S or P powder, SFs, CSs, P2Os, and MNQOs; (M is an
alkali metal). The reactants can be in any molar ratio. Preferably the reaction mixture
comprises 8.1 mole % MH, 7.5 mole % MgH> or Al powder, 65 mole % AC, and 19.5 mole
% S (M is Li, Na, or K) wherein the molar % of each species can be varied within a range of
plus or minus a factor of 10 of that given for cach species. A suitable reaction mixture
comprises NaH, MgH, or Mg, AC, and § powder in these molar ratios. The product
molecular hydrino and hydrino hydride ion having a preferred 1/4 state may be observed
using liquid NMR at about 1.22 ppm and —3.86 ppm, respectively, following extraction of the

313



WO 2611/116236 PCT/US2011/028889

product mixture with an NMR solvent, preferably deuterated DMF,

In another embodiment, power and increased binding energy hydrogen compounds
are produced by a reaction mixture comprising NaHS. The hydrino hydride ion may be
isolated from NaHS. in an embodiment, a solid state reaction occurs within NaHS to form H’
(1/4) that may be further reacted with a source of protons such as a solvent, preferably H,O,
to form Ha(1/4).

Exemplary reaction mixtures to form molecular hydrinoare 8 gNaH +8 gMg+3.4 ¢
LiCl,8gNaH +8gMg+34gLiCI+32g WC,4g AC+ 1 gMgH;+1 g NaH +0.01 mol
SFe, 5gMg +83gKH+213gLiCL20gTiC+35gNaH, 3 gNaH+3gMg+10gC
nano, S g NaH+20 g Ni;B, 8g TiC+2gMg+ 001 gLiH+25gLiCI+3.07gKC}, 498 ¢
KH+10gCnano, 20g TIC+83 gKH+35gMg+035gLi,5gMg+5gNaH+13¢g
LiF,5gMg+5gNaH+515gNaBr, 8§ gTiC+2gMg+ 001 gNaH+25gLiCi +3.07 g
KCL20gKI+1gK+15gR-Ni, 8 gNaH + 8 g Mg + 16.64 g BaCl, + 32 g WC, § gNaH +
8gMg+19.8gSrBr,+32 g WC,2.13 g LiCI+8.3 g KH+5 gMg+20gMgB,, 8 gNaH +
8gMg+12.7gSICL+32gWC, 8gTiC+2gMg+0.01 gLiH+522gLiBr+476¢
KBr,20 gWC+5gMg+83gKH+2.13gLiC,124gSBr +83 gKH+5gMg+20g
WC, 2 g NaH + 8 g TiC + 10 g K1, 3.32g + KH + 2g Mg + 8g TiC 2.13g + LiClL, 83 gKH +
12gPd/C,20gTiIC+25gCa+25¢gCaH2,20g TiC +5g Mg, 20 g TiC + 8.3 g KH, 20
gTiIC+5gMg+5gNal, 20gTiC+5gMg+83gKH+2.13gLiCL20gTiC+5gMg
+5gNaH+2.1gLIiCL 12¢gTiC+0.1gLi+498gKH, 20gTiC+35gMg+1.66 g LiH,
498 g KH+3gNaH+12g TiC, 166 gKH+1 gMg +4 g AC+3.92 g EuBr3;, 1.66 g KH +
10 g KCl+1gMg+3.92gEuBr;, 5gNaH+5gCa+20gCAIL-300+ 1545 gMnlp, 20 g
TiC+5gMg+5gNaH +5 g PUTi, 3.32 g KH +2 g Mg + 8 g TiC + 4.95 g StBry, and 8.3 g
KH +5 g Mg + 20 g TiC + 10.4 g BaCl.. The reaction may be run in the temperature range
100 °C to 1000 °C for I minutes to 24 hours. Exemplary temperature and time are 500 °C or
24 hours.

In an embodiment, hydrino hydride compounds may be purified. The purification
method may comprise at least one of extraction and recrystallization using a suitable solvent.
The method may further comprise chromatography and other techniques for separation of
inorganic compounds known to those skilled in the art.

In an embodiment, the product molecular hydrino is trapped and stored in a
cryogenically cooled membrane such as liquid-nitrogen cooled Mylar. In an embodiment,
molecular hydrino Ha(1/p), preferably Hy(1/4), is a product that is further reduced to form the
carresponding hydrides ions that may be used in applications such as hydride batteries and
surface coatings. The molecular hydrino bond may be broken by a collisional method.
H,(1/p) may be dissociated via energetic collisions with ions or electrons in a plasma or
beam. The dissociated hydrino atoms may then react to form the desired hydride ions.
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In a molten salt embodiment, power and increased binding energy hydrogen
compounds are produced by a reaction mixture comprising an M-N-H system wherein M
may be an alkali metal. Suitable metals are Li, Na, and K. For example, the reaction mixture
may comprise at least one of LiNHa,, Li;NH, LisN, and H, in a molien sait such as a molten
eutectic salt such as a LiCI-KCl eutectic mixture. An exemplary reaction mixture is LiNH; in
a molten eutectic sait such as LiCI-KCl (400-500C). Molecular hydrinc and hydrino hydride
product may be extracted with a solvent such as d-DMF and analyzed by proton NMR to
identify the hydrino species products.

In an embodiment, hydrino hydride compounds are formed by a CIHT cell or a
reaction mixture of the cathode and anode half-cell reactants. Exemplary CIHT cells or
reaction mixtures of the cathode and anode haif-cell reactants for forming hydrinos and
hydrino hydride compounds are [M / KOH (saturated ag) + CG3401 / steam carbon + air or
0;] M = R-Ni, Zn, Sn, Co, Sb, Pb, In, Ge, [NaOH Ni(H;/BASE/NaCl MgCh],
[Na/BASE/NaOH], [LaNisHs KOH (saturated aq) + CG3401 / steam carbon + air or Os],
[Li/Celgard LP 30/CoO(OH)], [LisMg/LICI-KCV/TiH, or ZrH,], [LisN TiC/LiCI-KCl/CeH;
CB], and [Li/LiCI-KCVLaH2]. The product molecular hydrino and hydrino hydride ion
having a preferred 1/4 state may be observed using liquid NMR at about 1.22 ppm and -3.86
ppm, respectively, following extraction of the product mixture with an NMR solvent,
preferably deuterated DMF.

The anode may be a getter and a source of a migrating ion such as Li*. A suitable
anode is LisMg, The cathode may be a modified carbon such as HNQO; intercalated carbon
and may further comprise hydrogen. The HNO; may react with hydrino hydride ions at a
slower rate according to their stability to select for those with high p quantum number such as
the hydrino hydride ion H'(1/9).

In an embodiment, 2 hydrino species such as molecular hydrino or hydrino hydride
ion is synthesized by the reaction of H and at least one of OH and H,O catalyst. The hydrino
species may be produced by at least two of the group of a metal such as an alkali, alkaline
earth, transition, inner transition, and rare earth metal, AL, Ga, In, Ge, Sn, Pb, As, Sb, and Te,
a metal hydride such as LaNisHg and others of the disclosure, an aqueous hydroxide such as
an alkaline hydroxide such as KOH at 0.1 M up to saturated concentration, a support such as
carbon, PY/C, steam carbon, carbon biack, a carbide, a boride, or a nitrile, and oxygen.
Suitable reaction mixtures to form hydrino species such as molecular hydrino are (1) Co PiC
KOH (sat) with and without O,; (2) Zn or Sn + LaNisHg + KOH (sat), (3) Co, Sn, Sb, or Zn +
0, + CB + KOH (sat), (4) Al CB KOH (sat), (5) Sn Ni-coated graphite KOH (sat) with and
without O,, (6) Sn + SC or CB + KOH (sat) + Os, (7) Zn Pt/C KOH (sat) Os, (8) Zn R-Ni
KOH (saty Os, (9) Sn LaNisHg KOH (sat) O,, (10) Sb LaNisHg KOH (sat} O,, and (11) Co,
Sn, Zn, Ph, or St + KOH (Sat ag) + KoCOy + CB-SA. The production of Ha(1/4) was
confirmed by the large 1.23 ppm peak in dDMF from these reaction mixtures. In an
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embodiment, the reaction mixture comprises and oxidant such as at least one of PiOs, Ag20;,
RuO,, Li0;, YOOH, LaOOH, GaOOH, ImOOH, MnOOH, AgO, and K;CO;. In an
embodiment, the gas collection may occur after any H, and HyO evolution occur wherein
Ha(1/p) gas is still being evolved from the reactants. The evolution may be due to the slow
reaction of H'(1/p) with water to form Ha(/p) such as the reaction H(1/4) + H,O to Hy(1/4).

In an embodiment, a hydrino species such as molecular hydrino or hydrino hydride
ion is synthesized by the reaction of H and at least one of MNH; (M =alkali) or SH; catalyst.
The hydrino species may be produced by at least two of the group of a metal such as an
alkali, alkaline earth, transition, inner transition, and rare earth metal, Al, Ga, In, Ge, Sn, Pb,
As, Sb, and Te, a source of hydrogen such as a metal hydride such as an alkali hydride such
as LiH, NaH, or KH and others of the disclosure or H; gas, a source of sulfur such as SF, S,
K15S;0s, €8s, SO, MS, MS, (M is a metal such as alkali or transition metal), Sb.Ss, or P28s,
a source of N such as N; gas, urea, NF3, N;O, LiNG;, NO, NG,, Mg(NHa)s, MgaN3, CazNs,
M;N, MaNH, or MNH, (M is an alkali metal), a support such as carbon, Pt/C, steam carbon,
carbon black, a carbide, a boride, or a nitrile. Suitable reaction mixtures to form hydrino
species such as molecular hydrino are LiH, KH, or NaH, one of SFs, S, K38,03, CS;, SO,
M3S, MS, (M is a metal such as alkali or transition metal), SbySs, P2S;, N, gas, urea, NF;,
N0, LINO3, NO, NO;, Mg(NH:z),, MgzNa, CazNa, MsN, MoNH, and MNH; (M is an alkali
metal), and a support such as carbon, Pt/C, steam carbon, carbon black, a carbide, a boride, or
a nitrile.

In an embodiment the hydrino gas is released from a solid or liquid containing
hydrinos such & hydrino reaction product by heating. Any gas other than molecular hydrino
such as solvent such as H,O may be condensed using for example a condensor. The
condensate may be refluxed. The molecular hydrino gas may be collected free of other gases
by fractional distillation. Also, ordinary hydrogen may be removed with a recombiner or by
combustion and removal of H,O by distillation. Hydrino species such as molecular hydrino
may be extracted in a solvent such as an organic solvent such as DMF and purified from the
solvent by means such as heating and optionally distillation of the molecular hydrino gas
from the solvent. In an embodiment, the hydrino species-containing product is exiracted with
a solvent such as an organic solvent such as DMF, and the solvent is heated and optionally
refluxed to release hydrino gas that is collected. The hydrino gas may also be obtained by
using a reaction mixture comprising a support or additive that does not absorb the gas
extensively such as a carbide such as TiC or TaC or LaN.

The transfer of an integer of 27.2 eV from atomic H or hydrino to another H or
hydrino causes the formation of fast protons in order to conserve kinetic energy, In an
embodiment, the hydrino reaction is used to create fast H', D', or T" in order to cause fusion
of the high-energy nuciei. The reaction system may be a solid fuel of the disclosure that may
further comprise hydrinos such as at least one of molecular hydrino, hydrino hydride
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compounds, and hydrino atoms that undergo further catalysis to form fast H when the
hydrino reaction is initiated. The initiation may be by heating, or by particle, plasma, or
photon bombardment. An exemplary reaction is a solid fuel of potassium-doped iron oxide
in a chamber of low-pressure deuterium gas wherein the hydrino reaction involving some
inherent hydrino species is initiated by a high-power laser pulse. An exemplary pressure
range is about 107 to 1 mbar. An exemplary laser is a Nd:YAG laser with a power of about
100 mJ at 10 Hz, 564 nm light, with a lens with = 400 mm. Other high power density lasers
are sufficient as known by those skilled in the Art,

XI. Experimental
A. Water-Flow, Batch Calorimetry
The energy and power balance of the catalyst reaction mixtures listed on the right-

hand side of each entry infra was obtained using cylindrical stainless steel reactors of
approximately 130.3 cm’ volume (1.5” inside diameter (ID), 4.5” length, and 0.2” wall
thickness) or 1988 e’ volume (3.75” inside diameter (ID), 11” length, and 0.375” wall
thickness) and a water flow calorimeter comprising a vacuum chamber containing each cell
and an external water coolant coil that collected 99+% of the energy reicased in the cell to

achieved an error <+1%. The energy recovery was determined by integrating the total
output power £ over time. The power was given by

B =mC AT (421)
where # was the mass flow rate, C, was the specific heat of water, and AT was the
absolute change in temperature between the inlet and outlet, The reaction was initiated by
applying precision power to external heaters. Specially, 100-200 W of power (130.3 em’
cell) or 800-1000 W (1988 cm’ cell) was supplied to the heater. During this heating period,
the reagents reached a hydrino reaction threshold temperature wherein the onset of reaction
was typically confirmed by a rapid rise in cell temperature. Once the cell temperature
reached about 400-500 °C the input power was set to zero. After 50 minutes, the program
directed the power to zero. To increase the rate of heat transfer to the coolant, the chamber
was re-pressurized with 1000 Torr of helium, and the maximum change in water temperature
(outlet minus inlet) was approximately 1.2 °C, The assembly was allowed to fully reach
equilibrium over a 24-hour period as confirmed by the observation of full equilibrium in the
flow thermistors.

In each test, the energy input and energy output were calculated by integration of the
corresponding power. The thermal energy in the coolant flow in each time increment was
calculated using Eq. (421) by multiplying volume flow rate of water by the water density at
19 °C (0.998 kg/liter), the specific heat of water (4.181 kl/kg °C), the corrected temperature
difference, and the time interval. Values were summed over the entire experiment to obtain
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the total energy output. The total energy from the cell £, must equal the energy input E,
and any net energy E_,. Thus, the net energy was given by

E, =E. -E,. (422)
From the energy balance, any excess heat E, was determined relative to the maximum
theoretical £, by

E =E ~E_. (423)

The calibration test results demonstrated a heat coupling of better than 98% of the
resistive input to the output coolant, and zero excess heat controls demonstrated that the with
calibration correction applied, the calorimeter was accurate to within less than 1% error. The
results are given as follows where Tmax is the maximum cell temperature, Ein is the input
energy, and dE is the measured output energy in excess of the input energy. All energies are
exothermic. Positive values where given represent the magnitude of the energy. In
experiments with bulk catalysts such as Mg with a support such as TiC, Hz was present from
dehydriding of the metal of the vessel as confirmed by mass spectroscopy and gas
chromatography.

Calorimetry Results

Cell#4056-092310WFCKA4: 1.5" LDC; 5.0g NaH-16+5.0g Mg-17+19.6g Bal2-6+20.0g
TiC-141; TSC: No; Tmax: 459 C; Ein: 193 kJ; dE: 7k]; Theoretical Energy: 1.99 kJ; Energy
Gain: 1.5

Cell#3017-080210WFCKAZ2: 1.5" LDC; 5.0g NaH-16+5.0g Mg-16+10.45g EuF3-1+20.0g
TiC-135; TSC: Small; Tmax: 474 C; Ein: 179 kI; dE: 16 kJ; Theoretical Energy: 8.47 ki;
Energy Gain: 1.9

Cell#3004-072810WFCKAT1: 1.5" LDC; 8.0g NaH-17+8.0g Mg-2+3.4g LiCl-3+32.0g TiC-
133 1g of mixture for XRD; TSC: No; Tmax: 408 C; Ein: 174 kI; dE: 10 kJ; Theoretical
Energy: 2.9 kJ; Energy Gain: 3.4

Cell#2088-072310WFCKA2: 1.5" LDC; 5.0g NaH-16+5.0g Mg-16+15.6g EuBr2-3+20.0g
TiC-137; TSC: No; Tmax: 444 C; Ein: 179 kI; dE: 12 kJ; Theoretical Energy: 1.48 ki,
Energy Gain: 8.1

Celi#2087-072310WFCKA3: 1.5" LDC; 5.0g NaH-16+5.0g Mg-16+15.6g EuBr2-3+20.0g
TiC-137; TSC: No; Tmax: 449 C; Ein: 179 kI; dE: 10 kJ; Theoretical Energy: 1.48 kI;
Energy Gain: 6.7
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Cell#2005-062916WFCKA1: 1.5" LDC; 8.3g KH-32+5.0g Mg-15+7.2g AgCl-AD-6+20.0g
TiC-132; TSC:200-430C; Tmax: 481 C; Ein: 177kJ; dE: 21 kJ; Theoretical Energy: 14.3 kJ;
Energy Gain: 1.5

Cell# 4870-062410WFIL3 (1.5” HDC): 20g TiC#129 + 8.3g KH#32 + 2.13g LiCK6;0TSC:
No.; Tmax: 434C; Ein: 244.2 kJ; dE: 5.36 kJ; Theoretical: -3.03 kJ; Gain: 1.77.

Cell#1885-62310WFCKA4: 1.5" LDC; 8.3g KH-32+5.0g Mg-15+10.4g BaCl2-7+20.0g TiC-
129; TSC: No; Tmax: 476 C; Ein: 203 kJ; dE: 8 kJ; Theoretical Energy: 4.1 kJ; Energy Gain:
1.95

Cell#1860-061610WFCKA3: 1.0" HDC; 3.0g NaH-19+3.0g Mg-14+7.42g SrBr2-3+12.0g
TiC-128; TSC: No; Tmax: 404 C; Ein: 137 kJ; dE: 4 kl; Theoretical Energy: 2.1 kJ; Energy
Gain: 2.0

Cell# 579-061110WFRC1: (< 500 C) 8.3 g KH-32 + 5 g KOH-1 + 20 g TiC-127; TSC: no;
Tmax: 534 C ; Ein: 292.4 kJ; dE: 8 kJ; Theoretical Energy: 0 kJ; Energy gain, infinity.

Cell#1831-060810WFCKA4: 1.5" LDC; 8.3g KH-31+5.0g Mg-13+12.37g SrBr2-4+ 20.0g
TiC-126; TSC: No; Tmax: 543 C; Ein: 229 kJ; dE: 17 kJ; Theoretical Energy: 6.7 kJ; Energy
Gain: 2.5

Cell#1763-051410WFCKA2: 1.5" HDC; 13.2g KH-24+8.0g Mg-9+16.64g BaCl2-SD-
7Testing+32.0g TiC-105 ; TSC: No; Tmax: 544 C; Ein: 257 kJ; dE: 17 kI, Theoretical
Energy: 6.56 kJ; Energy Gain: 2.6

Cell# 4650-051310WFGH2 (1.5" HDC): 20g MgB2#4 + 8.3g KH#28 + 0.83g KOH#1; TSC:
No.; Tmax; 544C; Ein: 311.0 kJ; dE: 9.31 kJ; Theoretical: 0.00 kJ; Gain: ~.

Cell# 4652-051310WFGHS (1.5" HDC): 20g TiC#120 + Sg Mg#l2 + 1g LiH#2 + 2.5g
LiCl#4 +3.07g KCl#2; TSC: No.; Tmax: 589C; Ein: 355.0 kJ; dE: 8.15 kI; Theoretical: 0.00
kJ; Gain: ~.

Cell#1762-051310WFCKA1: 1.5" HDC; 13.2g KH-24+8.0g Mg-9+19.8g 5rBr2-AD-

3+32.0g TiC-124 testing; TSC: No; Tmax: 606 C; Ein: 239 kJ; dE: 20 kJ; Theoretical
Energy: 10.7 kJ; Energy Gain: 1.87
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Cell# 504-043010WFRC4: 0.83 g KOH-1 + 8.3 g KH-27 + 20 g CB-8-1; TSC: no; Tmax:
589 C; Ein: 365.4 kJ; dE: 5 kJ; Theoretical Energy: 0 kJ; Energy Gain: infinity.

Cell# 4513-041210WFGHS (1.5" HDC): 20g B4C#1 + 8.3g KH#26 + 0.83g KOH#L; TSC:
not observed; Tmax: 562C; Ein: 349.2 kJ; dE: 8.85 ki; Theoretical: 0.00 kl; Gain: ~.

Cell # 403-032510WFRC3: 8.3 g KH-23 + 5 g KOH-1 + 20 g TiC-112; TSC: no; Tmax: 716
C: Ein: 474.9 kJ; dE: 13 kI; Theoreticai Energy: 0 ki; Energy Gain: infinity.

B. Fuels Solution NMR
Representative reaction mixtures for forming hydrino comprise (i) at least one catalyst

or source of catalyst and hydrogen such as one chosen from Li, Na, K, LiH, NaH, and KH,
(ii) at least one oxidant such as one chosen from SrClo, SrBrs, Srly, BaCl,, BaBrs, MgFs,
MgCly, CaF,, Mgl,, CaF,, Caly, EuBry, EuBrs, FeBry, Mnly, Snl,, Pdl,, inCl, AgCl, Y20s,
KCl, LiCl, LiBr, LiF, KI, RbCl, Ca;P,, SFs, MgsAsy, and AN, (jii) at least one reductant
such as one chosen from Mg, Sr, Ca, CaHz, Li, Na, K, KBHq, and NaBH,, and (iv) at least
one support such as one chosen from TiC, TiCN, Ti3SiCy, YCs, CrBa, CrC;, GdBe, PUTI,
Pd/C, PY/C, AC, Cr, Co, Mn, Si nanopowder (NP), MgO, and TiC. In other embodiments, the
electrolyte of CIHT cell comprised the reaction product. 50 mg of reaction product of the
reaction mixtures were added to 1.5 ml of deuterated N,N-dimethylformamide-d7
(DCON (CD3 )2) DME-d7, (99.5% Cambridge Isotope Laboratories, Inc.} in a vial that was
sealed with a glass TEFLONT™ valve, agitated, and aliowed to dissolve over a 12 hour-period
in a glove box under an argon atmosphere. The solution in the absence of any solid was
transferred to an NMR tube (5 mm OD, 23 cm length, Wilmad) by a gas-tight connection,
followed by flame-sealing of the tube. The NMR spectra were recorded with a 500 MHz
Bruker NMR spectrometer that was deuterium locked. The chemical shifts were referenced
10 the solvent frequency such as DMF-d7 at 8.03 ppm relative to tetramethylsilane (TMS).
The hydrino hydride ton H'(1/4) was predicted to be observed at about -3.86 ppm, and
molecular hydrino Ha(1/4) was predicted to be observed at 1.21 ppm relative to TMS. The
position of occurrence of these peaks with the shift and intensity for a specific reaction

mixture are given in TABLE 6.

TABLE 6. The 'H solution NMR following DMF-d7 solvent extraction of the products of

the hydrino catalyst systems.
Ha(1/4) or F(1/4) Peak Position and
Reactants Intensity

20 TIC+5gMg +5 gNall +2.13 g LiCl 1.21 ppm medium
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795g8:CL +83gKH +5gMg + 25 g TiC 1.21 ppm medium
20gTiIC+83gKH+5gMg+124¢gSrBry 1.20 ppm medium
1.66 gKH+ 15 g KCl + 1 g Mg +3.92 g EuBr3 1.22 ppm strong
332gKH+8gAC 1.21 ppm very strong
1.66 g KH + I g Mg pow. + 3,92 g EuBry 1.22 ppm strong
1.66 g KH + 1 g Mg pow. + 1g AC + 3.92 EuBryq 1.22 ppm, strong
20g AC+5g Mg+ 83 gKH + 15.6 g EuBr, 1.22 ppra peak
332gKH+2gMg+83 TiC +6.18 g Mnl, 1.24 ppm
3gNaH+11.1g8r+12g AC+ 8.4 g SnBr, 1.22 ppm, clear
1 gNaH +1gMpH,+4gAC+2.2 g NiBr, 1.23 ppm, clear
15ginCl+166gKH+1gMg+4gYC, 1.22 ppm strong
83gKH+5gMg+20g TiC+ 10.4 g BaCl, 1.22 ppm
1 gNaH + 1 g MgH, + 4 g CA + 0.01 mol SF, strong -3.85 ppm
B3gKH+3.0g Mg+20gCA +936g AgCl 1.22 ppm strong and -3.85 ppm weak

C. Exemplary Regeneration Reactions

Alkaline earth or lithium halides were formed by reacting an alkaline earth metal or
lithium hydride (or fithium) with the corresponding alkali halide. The reactant loadings,
reaction conditions, and XRD results are given in TABLE 7. Typically, a two-to-one molar
mixture of alkali halide and alkaline earth metal or a one-to-one molar mixture of alkali
halide and Li or LiH were placed in the bottom of a crucible made with a ~25.4 cm long,
1.27-1.9 ¢m OD stainless steei (88} tube (open at one end) in a 2.54 cm OD vacuum-tight
quartz tube (open at one end). The open end of the S8 tube was placed about ~2.54 cm
outside of the furnace such that any alkali metal formed during the reaction cooled and
condensed outside the heating zone to avoid any corrosion reaction between the alkali metal
and quartz tube. The setup was oriented horizontally to increase the surface area of the
heated chemicals. The reaction was run at 700-850 °C for 30 minutes either under vacuum,
or under 1 atm of Ar gas followed by evacuating the alkali metal for 30 minutes at a similar
temperature. In another setup, the reactants were placed in the S8 crucible, and the melt was
sparged (10 sccm) with dry Ar for mixing. The Ar was supplied through a needle having its
opening at the bottom of the melt. Alkali metal was evaporated from the hot zone. Afier

reaction, the reactor was cooled down to room temperature and transferred to a glove box for
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product collection. XRD was used to identify the product. The sample was prepared in a
glove box by pulverizing the product and loading it into a Panalytical holder that was sealed
with a plastic cover film. The reactant amounts, temperature, duration, and XRD results are
given in TABLE 7 demonstrating that the halide hydride exchange reaction is thermally

reversibie.

TABLE 7. Reactant amounts, temperature, duration, and XRD results of regeneration
reactions. Oxide was from pan XRD holder air leak.

Regeneration Reactants

XRD (wt %)

Notes

atm Ar; 780C, 30 min, vacuumn;

Trace: Unknown {234 A)

CaBr:  87.0% 1.1% (814 A)
Ca 4.5+ 0.1% (308 A)

0.84g Ca + 5.0g KBr, 730°C, 3h, CaBrH 1.8 £0.2% (904 A)

vacuum. KOH 6.7+ 0.1% (922 A) 4.0g white solid, 1.5g K deposit
Major: StBr; (307 A)

1.3g Sr+ 3.5g KBr; 780C, 30 min, I [Minor:

2.8g light purple powder,

7.1g (0.060 mol) KBr + 2.6g (0.030
mole) Srin S8 crucible at 780°C at
under vacuum for 0.5 hour,

Sf’Bl’g
SrO

923 £ 1.4% (>1,000 A)
2.1+ 0.1% (736 A)

SrOBrs  5.6+:0.3%(3324)

2.0 g, purple colored crystalline,

3.68g Ba +4.00g KCI, 780C, | atm
Ar, 30 ming 780C, vacuum, 30 min; 2.8
roduct, white solid

Baciz

KCl
K

815+ 1.2% (446 A)

BaCl(H:0) 1592 0.2% (912 4)

1.5 £0.2% (1,000 A)

1.1 +0.2% (>1,000 A)

2.82 white powder.

2.2g Ba+4.1g KBr+ 1.0g Mg, 3.65g
SS wool, in SS vessel, Ar was bubbled
through the chemical (10 scom)

Major:

BaBr, (741 A)

Unknown {300 A)

Minor:

KBr (305 A)

1.5g product was coliected.

4.00g KC + 0.426g LiH --> LiCl + K
+ H2: 760C, 1 atm Ar for 30 min;
foltowed by 720C, vacuum, 30 min

LiCl
K.Cl

87.5+ 1.2% (611 A)
9.6 £ 0.4% (326 A)

LICI(H20) 2.9+ 0.29% (209A)

1.8z grey powder

0.35g Li+ 5.95g KBr -> LiBr ~K;

730C, 30 min, [ atm Ar; followed by ILiBr  72.9 + 0.4% (7094)

600C, 30 min, evacuation KBr  27.1 £0.2% (652 A) 1.5 g product, white solid.
0.544g LiH + 4.00g NaCl

780C, latm, Ar, 30 min; followed by JLiC! 910+ 1.1% (220 A)

7200, vacuum, 30 min, INaCl 9.0+ 0.2% (361 A) 2.6g white powder, 1.2g Na.

D. Exemplary CIHT Cell Test Results

Molten-salt CIHT cells, each comprising an anode, a eutectic molten salt electrolyte,
and a cathode contained in an inert alumina crucible were assembled in a glove box having
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an oxygen-free argon atmosphere and were heated under an argon atmosphere in a glove box.
Other molten cells assembled and discharged in an argon atmosphere each comprised a
molten Na anode in a BASE tube and 2 NaOH cathode in a Ni crucible with Ni electrodes. In
a third-type of CIHT cell, Na was replaced by NaOH and a H source, Ni(H,), and the cathode
comprised a eutectic mixture such as MgCl,-NaCl or an molten element such as Bi. A fourth
type comprised a saturated aquecus KOH electrolyte, a metal or metal hydride anode and an
oxygen reduction cathode such as steam carbon with the ceil sealed in 2 membrane to retain
H,O but allow O, permeation. A fifth type comprised a hydrogen permeable anode such as
Ni(H,), a molten hydroxide electrolyte such as LiOH-LiBr, and a Ni cathode open to air. The
results from exemplary cells designated {anode/electrolyte/cathode] such as [Ni(H;)MOH or
M(OH)-M’X or M’X,/Ni1 M and M’ are one of Li, Na, K, Rb, Cs, Mg, Ca, Sr, and Ba; X is
one of hydroxide, halide, sulfate, and carbonate, [M/KOH (saturated aq) + CG3401 / steam
carbon air] M is one of R-Ni, Zn, Sn, Co, Cd, Sb, and Pb, [NaOH Ni(H,)YBASE/NaCl
MgClz], [Na/BASE/NaOH], [LaNisH¢/KOH (saturated aq) + CG3401/steam carbon air],
[Li/Celgard LP 30/CoO(OH)}, [LisMg/LiCI-KCV/TiHz}, [LisN TiC/LiCI-KCl/CeH; CB], and
[Li/LIiCI-KCl/LaH,] are given as follows:

0311 1IXY1-421(Ni(H2)/NaOH-Nal/Ni): molten salt cell

-Anode: Ni tube (1/8 inch) flow through H2.

-Cathode: Ni foil

-Electrolyte: 64.14 g NaOH +59.46 g Nal (mol ratio 0.8:0.2)

-Temperature: 500 °C (real T inside the cell 450 °C)

Voltage 0-5h with 499 ohm load = 0.85-0.86 V; >5h on steady voitage = 0.55-0.58 V

031011XY5-420(LaNi5/KOH/SC): Demo cell, fourth unit
-Anode; LaNi5 taken from commercial Ni-MH battery.
~Cathode: Steam carbon mixed with saturated KOH
~Separator: Celgafd 3501

-Electrolyte: saturated KOH

-Discharge functions: constant current 400 mA

Discharge capacity, 7.62 Ah, discharge energy, 4.46Wh.

-031111GZC1-428: NaOH + Ni(H2)/Na-BASE/NaCl + SrCI2(MP=565C)
- 2,75" Alumina Crucible

- Electrolyte Mix: 28.3gNaCl + 82g SrCI2(MP=565)

- Elecirode: H2 in 1/8” Ni tube{anode}, Ni foil{cathode)

- T=650C (real T in the melt: 600C), PH2~1Psig.

(1) OCV=1.44V with H2.
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(2) with 166.5 ohm, CCV=0.2V (stable).

- 030911GZC6-423: Ni(H2)/Sr(OH)2(MP=375C)/Ni

- 2.75" Alumina Crucible

- Electrolyte Mix: 80g Sr(OH)2(MP=375C)

- Electrode: H2 in 1/8” Ni tube(anode), Ni foil(cathode}

- T=600C (rea! T in the melt: 378C), PH2=800torr

(1) OCV=0.96V.

(2) With 100.1 ohm Joad, CCV stabilized at ~0.8V. Added H2O to replace that lost to
dehydration.

030911 XY2-40%TiMn2/KOH/SC): Unsealed

-Anode: TiMn2 powder mixed with saturated KOH, net TiMn2 =0.097 g.

-Cathode: Steam carbon mixed with saturated KOH, net SC =0.132 g

-Separator: Celgard 3501

-Electrolyte: saturated KOH

-Discharge function: constant current

The cell was frequently discharged/charged. The cell was charged at constant current of 1
mA for 2 s, then discharged at constant current of 1 mA for 20 s.

Total Energy = 32.8 I, Specific energy = 93.8 Wh/kg; Specific Capacity = 139.2 mAh/,
Energy gain = 10X,

030811XY1-396(5n+KI/KOH/SC): Unsealed

-Anode: Sn powder and KI powder (90:10 mass ratio) mixed with saturated KOH, net
Sn=0.11 g.

-Cathode: Steam carbon mixed with saturated KOH, net SC=0.182 g

-Separator: Celgard 3501

-Electrolyte: saturated KOH

-Discharge toad:; 1000 ohms

Total Energy = 91.6 J; Specific Energy =231.4 Whkg

030711 XY 1-391(Ni(H2)/LiOH-LiF/Ni}: molten salt cell
-Anode: Ni tube (1/8 inch) flow through H2.

-Cathode: Ni foil

-Electrolyte: 38.40 g LiOH + 10.40 g LiF (0.8:0.2 Mol ratio)
-Temperature: 550 °C {real T inside the cell 500 °C)
Discharge at 499 ohm, the cell voltage is between 0.90-1.0V.
Discharge at 249 ohm, the cell voltage is between 0.80-0.9V.
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Discharge at 100 ohm, the cell voltage is between 0.55-0.65V.
Steady voltage >45h, and running.

HT cell: (Hydroxide molten eutectic system)

- 030911GZC6-423: Ni(H2)/Sr(OH)2(MP=375C)/Ni

- 2.75" Alumina Crucible

- Electrotyie Mix: 80g Sr(OH)2(MP=375C)

- Electrode: H2 in 1/8” Ni tube(anode), Ni foil(cathode)
- T=600C (real T in the melt: 378C), PH2=800torr

(1) OCV=0.96V.

(2) With 100.1 ohm load, CCV stabilized at ~0.8V.

CIHT# 022211JL1: [NaOH + Ni(H2) / Na-BASE / Bi] (E° Theo = -0.6372V)
- Anode: 1.5g NaOH#35 + 1/16 Ni tube @ ~0.8 PSIg H2

- Cathode: 5g Bi

-OCV > 0.8706V

- CCV(1000) -> Stable at 0.2634V

- Data collected >1400 mins and stopped.

Cell# 03041 1RC1-363: [La2CoiNi9Hx (x<2)yKOH+ TBAC/SC+PVDF] sealed in the plastic
bag (Q2 permeable) at RT.

- Electrolyte: Saturated KOH solution + 0.5 wt% TBAC (tetrabutylammonium chloride,
cationic detergents).

- Separator: CG3501.

- Anode: 250 mg wet La2Co1Ni9Hx (containing ~ 200 mg La2CoINi9Hx} with SS disc
current collector.

- Cathode: Pellet of 126 mg SC + 14 mg PVDF with Ni disc current collector.

- Resistor: 499 Ghm.

~Vrange: 0 to 1.37 V.

~Vi0min=09V, VIh=0.9V,V3h=091V, V25h=0.15 V.

- Electrical Energy: 142.4 J.

030711XY35-395(LaNis/KOH/SC): Demo cell, first unit
-Anode: LaNi5 taken from commercial Ni-MH battery.
-Cathode: Steam carbon mixed with saturated KOH
-Separator: Celgard 3501

-Electrolyte: saturated KOH

-Discharge functions: constant current 500 mA 0.72 V
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6.4 Ah capacity, 4.3Wh discharged energy was obtained. The cell is rechargeable at a
constant curreat of 1A.

030611 XY2-390(Ni(H2Z)/LiOH/Ni): molten salt cell

-Anode: Ni tube (1/8 inch) flow through H2.

-Cathode: Ni foil

-Electrolyte: 50,0 g LiOH

-Temperature: 550 °C (real T inside the cell 500°C)

Discharge at 499 ohm, the cell voltage is between 0.90-1.0V for over 100 h.

022711 XY4-348(Zn/KOH/SC): This cell was prepared with newly designed plastic cell with
O-ring at the anode side, but without O-ring at cathode side.

-Anode: Zn paste taken from commercial Zn/air battery, 0.381 g, net Zn=0.201 g.

-Cathode: Steam carbon mixed with saturated KOH, net SC =0.178 g

-Separator: Celgard 3501

-Electrolyte: Saturated KOH

-Discharge load: 1000 ohm

Energy 717.3J; Specific Energy: 991.3Wh kg-1; Energy Efficiency: 75.6%; Specific
Capacity: 827.5mAh g-1; Columbic Efficiency: 106.3 %

030111JH1-400: Ni(H2) [LiOH-NaOH | Ni (H20)

- Anode: H2 in Ni tube

- Cathode: LiOH-NaOH (Ni mesh)

-Temperature at 350C, later increase to 400C (setting point).
OCV: ~1.10V

-500 ohm, the load voltage is still 1.00V after 3 days.

1G0h, Energy: 533J

030211GCI1/H2 (~ 760 Torr) Ni tube / LiBr (99.4 g) + LiOH (20.6 g) / Ni foil wrapped
crucible (open) T = 440 °C; OCV: introduced H2 to 760 Torr, OCV increase gradually to
0.99V, load 499 ohm, loading voltage remained between 0.9 and 1 V for 48 hours and
running steady. Switched load to 249 ohm, V ~ 0.88V >350h still running. Control cells
show no voltage and the H2 permeation rate is significantly too low to support this power.

022811GC1/H2 (~ 1000 Torr) Ni tube / LiBr (99.4 g) + LiOH (20.6 g) / H20 (< 1 ml) in Ni
sheet wrapped/(open) T = 440 °C; resistance = 1K ohm

OCV: Vin = 0.27V, added H2 and 4 drops H20, OCV suddenly increased to Vmax = 1.02V
after 5 min; 1000 ohm loading voltage was .82V that dropped to ~ 0.4 V in 17 hrs, added 3
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drops H20 3 and loading voltage increased to ~0.6 V. added 4 drops water voltage declined
quickly. Stoppedat40hrs V=02V,
Eout=2791]

022411XY8-334(LaNi5/KOH/SC): Intermittent discharge-charge each cycle at constant
current. Unsealed

-Anode: LaNi5 taken from commercial battery, net LaNi5=0.235 ¢.

-Cathode: Steam carbon mixed with saturated KOH, net 5C =0.195 g

-Separator: Celgard 3501

-Electrolyte: Saturated KOH

~Discharge current: { mA

The cell was frequently discharged/charged. The cell was charged at constant current of 1
mA for 20 s, then discharged at constant current of I mA for 2 s.

V (1 min)= 0.951 V; Specific Energy = 310.2 Wh/kg; theoretical specific energy based on
measured composition LaNiSH3 is 227 Whikg.

022211GC3/Co (0.30 g) + LaNisH6 B (B designates battery source) {0.2 g) / KOH (sat’d)
NH3 + CG3561 / SC (paste) (50 mg)/RT cell; resistance = 499 ohm plastic film sealed flat
square cell, run outside

OCV: Vmax = 0.92; load 499 ohm.

Eout = 464.7 I;

Specific energy: 430.2 Wh/Kg for Co

Capacity: 608.3 mAh/g for Co

030111 XY1-357(Ni(H2)/NaOH-NaBr/Ni): moiten salt cell (open)

-Anode: Ni tube (1/8 inch) flow through H2.

-Cathode: Ni foil

-Electrolyte: 65.92 g NaOH + 36.28 g NaBr (0.82:0.18 Mol ratio)

-Temperature: 400 °C (real T inside the cell 350 °C)

OCV of the cell is 0.96V. At 1000 ohm discharge load (without water addition to the
cathode), the voltage plateau was maintained at about 0.75 V for a while, then dropped to
another discharge plateau at about 0.4-0.3 V. After addition of 4 drops of water to the cathode
container, the cell voliage increased to 0.36V and was steady for 17 hour. Added 8 drops of
water an voltage rose to 0.9 V was stable for 3 hours and dropped to 0.55V and remained
stable >30 hrs.

030111XY2-358(Ni(H2)/LiOH-Lil/Ni}: molten salt cell (open)
~Ancde: Ni tube (1/8 inch) flow through H2.
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-Cathode: Ni foil

-Electrolyte: 10.30 g LiOH + 73.03 g Lil (0.45:0.55 Mol ratio)

~Temperature: 350 °C (real T inside the cell 300°C)

OCV of the cell is 0.75V. At 1000 ohm discharge load, the voltage plateau was maintained at
about 0.55 V, for 55h and still running steady.

- 022111GZC3-367: 0.2g Co/G3301-+KOH+Li2CO3/60mg CB-SA (not airtight sealing)

- Separator: CG3501

- Electrolyte Mix: 3g Saturated KOH + 0.1g Li2CO3

~ Electrode: 0.2g Co (anode), 60mg CB-SA (cathode)

- resistor=1k ohms; T=RT

Resuits based on 100% Co consumed: E=329), coulomb=450.8C, capacity=456.9Wh/kg,
Energy efficiency=45.4%, coulomb efficiency=68.9%. LI2ZCO3 significantly enhances the
efficiency of a Co anode. Analysis show 30% Co unreacted.

- 022411GZC5-378: 1g NaOH + 1Psi H2/Na-BASE/42g NaCl+86.7g CaCIl2(MP=504C)
(glove box})
- 2.75" Alumina Crucible
- Electrolyte Mix; 1mm thick Na-BASE tube (newer smaller tube)
- Electrode: NaOH + '4"Ni tube(anode), NaCl+CaCl2 molten salt with nickel foil as current
collector {cathode)
- resistor=100ohms; T=600C (real T in the melt: 550C)
(1) OCV=1.392V.
(2) with load, CCV drops slowly and it is stabilized at 0.49V
(3) 2NaOH + CaCl2 + H2 = 2Na(Cl + Ca + 2H20 dG = +198.5kJ/mol CaCl2 at S50C.
Theoretical energy is 0; E=436.5], coulomb=1043.7C

- 020411GZC5-311: 6g NaOH + 1Psi H2/Na-BASE/49.9g NaCl+61.4g MgCIl2(MP=459C)
(glove box)

~ 2.75" Alumina Crucible

- Electrolyte Mix: 1.3mm thick Na-BASE tube

- Electrode: NaOH + Y"Ni tube(anode), NaCHMgCI2 molten salt with nickel foil as current
collector (cathode)

- resistor=100chms; T=550C (real T in the melt: 500C)

E=8151, coulomb=3143C, capacity=37Wh/kg anode, Energy efficiency=inf., coulomb
efficiency=22%.

020311XY3-186(MH-KOH-SC): Unsealed.
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-Anode: LaNi5 taken from Ni-MH battery, net MH=0.900 g.

-Cathode: Steam carbon mixed with saturated KOH, net SC =0.160 g

-Separator: Ceigard 3501

-Electrolyte: Saturated KOH

-Discharge load: 249 ohm

Results; E=506.4], Specific energy=156.3Wh/kg, Based on measured consumption of
LaNi5H3: Energy efficiency=72%, coulomb efficiency=145%.

6. RT Cell: (not Airtight sealing)

- Q20811GZC6-321: 0.5g Zn paste from Alkaline battery/CG3501+KOH/60mg CB-SA (not
airtight sealing)

- Separator: CG3501

- Electrolyte Mix: Saturated KOH

- Electrode: 0.5g Zn paste (anode), 60mg CB-SA (cathode)

~ resistor=1k ohms; T=RT

Results: E=967.6], coulomb=904C, capacity=1306.7Wh/kg, Energy -cfficiency=74.1%,
coulomb efficiency=115%.

Na-BASE cell:

- 02091 1GZC1-322; 7.62¢g Na in 1.33mm thick BASE tube/Na-BASE/120g NaOH in 2 Ni
crucible {glove box)

- 2.75" Alumina Crucible

- Electrolyte Mix: 1.3mm thick Na-BASE tube

- Electrode: 7.62g Na in 1.33mm thick BASE tube (anode), 120g NaOH in 2" Ni crucible
{cathode)

- resistor=10.20hm; T=500C (real T in the melt: 450C)

Results: Total E=5.9k].

021111XY10-237(Sn+TaC-KOH-SC): Unsealed.

-Anode: Sn powder and TaC powder mixed with saturated KOH (Net Sn:TaC=50:50), net
Sn+TaC=0.601 g.

-Cathode: Steam carbon mixed with saturated KOH, net SC =0.154 g

-Separator: Celgard 3501

-Electrolyte: Saturated KOH

-Discharge load: 499 ohms

Vavg = 0.89 V, E total = 530 J; 491 Wh/kg, 84% encrgy efficiency

020911 XY9-214(Zn+LaN-KOH-SC): Unsealed.
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-Anode: Zn paste (from commercial battery) and LaN powder mixed with saturated KOH
(Net Zn:LaN=50:50), net Zn+LaN=0.664 g.

-Cathode: Steam carbon mixed with saturated KOH, net SC =0.177 g

-Separator: Celgard 3501

-Electrolyte: Saturated KOH

-Discharge load: 499 ohms

Vavg =1.1 V, E total = 974 J; 815 Wh/kg, 62% energy efficiency

012811JH2-357: NaOH+Ni(KH) [BASE! LiCl+CsCl (glove box)
- Anode: NaOH (4.0g) + g KH in Ni tube

- Cathode: 60g LiCl-47 + 172.6g CsCl

-Separator/Electrolyte: Na-BASE

OCV:i1.3-15V

-200 ohm; CCV =0.234 V; Energy = 45.6 ]

Na-BASE-HT cell

- 020111GZC3-294: 6g NaOH + 1Psi H2/Na-BASE/35.1g NaCl+135g NalMpP=573C)
(glove box)

- 2.75" Alumina Crucible

- Electrolyte Mix: 5 Na-BASE tubes

- Blectrode: NaOH + %'Ni tube(anode), NaCl+Nal molten salt with nickel foil as current
collector (cathode)

- resistor=100chms; T=650C (real T in the mel{: 600C)

(1YOCV=0.937V. Day 2 E=35J. Theoretical energy: 0.

011011XY4-103(Zn—KOH-SC}:

- Anode: Zn paste, 1,62 g (include electrolyie) {0.81 g Zn net)

- Cathode: Steam carbon mixed with saturated KOH, net SC=(0.188 g

-Separator: Celgard 3501 -

-Electrolyte: Saturated KGH

~Discharged at 500 ohm

Vimin=1.281V, Vimin=1.201V, V30min=1.091V, V24h=1.026V, V48h=1.169V,
V72h=1.216V, V96h=1.236V, V168h=1.220V, V192h=1.201V, V216h=1.173V,
2350 1, 805 Whikg, 60% encrgy efficiency, 90% Coulomb efficiency

WNa-BASE-HT cell.

- 010611GZC1-233: 36g Na/5 Na-BASE tubes in parallel/50g NaOH (glove box)
- 2.75" Alumina Crucible
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- Electrolyte Mix: 5 Na-BASE tubes

- Electrode: Na(anode), 5*10g NaOH (cathode)
- resistor=10chms; T=500C

(1) CCV~0.1V at with Total E:11.3kJ.

012011JH1-342: NaOH+Ni(KH) |[BASE; LiC!I+BaCl2 (glove box)

- Anode: NaOH (~4g) + 1g KH in Ni tube

- Cathode: 40g LiCl-47 + 64.5g BaCl2-3

-Separator/Electrolyte: Na-BASE

OCV:0.57-0.62V

-200 ohm

- Vimin=0.369V, V10min= 0.301 V, V20min= 0.281 V, V30min= 0.269 V, V1h=0.252V,
V2h=0.253V, V3h=0.261 V. Energy =475.3}

Na-BASE-HT cell.

- 010611GZC1-233: 36g Na/5 Na-BASE tubes in parallel/50g NaOH (glove box)
- 2.75" Alumina Crucible

- Electrolyte Mix: 5 Na-BASE tubes

- Electrode: Na(anode), 5%10g NaOH {cathode})

- resistor=10chms; T=500C

(D Itis running, CCV~0.26V. ~5kJ energy collected.

122010-Rowan Validation-Na-BASE: 1gNa/Na-BASE/3.24g NaOH (glove box)
« 2.75" Alumina Crucible

- Electrolyte Mix: Na-BASE

- Blectrode: Nafanode), 3.24g NaOH (cathode)

- resistor=107ohms; T=500C

- Total E=1071J. energy gain:53

CIMT# 121310JL2: [RNi(4200)/CG3401 + Sat'd KOH/CoOOH+CB+PVDF] (E°
Theo=0.6300V)

- Room Temp; Square cell design -- semi-sealed

- Anode: ~500mg RNi{4200); Used Dry RNi(4200) from glove box and added saturated
KOH as the electrolyte via a syringe and sealed vial

- Cathode: ~80mg CoOOH + 20mg CB#4 + ~15mg PVDF; Pressed with IR press to pellet @
23 kPSI

~QCV: 0.826V and slowly increasing

- CCV(1000):
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- Fairly slow and smooth decay toward OV from full loaded voltage with a slight slope
change at ~1 1000min and ~0.5V
- Total Energy: 327.6 1
- C-SED: 1137.5 Wh/Kg
- A-SED: 182.0 Wh/Kg

CIHT# 122210JL2: [RNi(2400) /CG3501 + Sat'd KOH/PA/C-H1+PVDF] (E® Theo=0V)
- Room Temp; Square cell design -~ sealed; no clamp; Ni electrodes;
- Anode: 150mg RNi(2400)#185 + 10mg PVDF using dry and adding sat'd KOH;
- Cathode: 53mg Pd/C-H1 + 14mg PVDF; Pressed with IR press to pellet @ 23 kPSI
- OCV ~0.9249V and steady
- CCV(1000):
- Dropped to about 0.89 with load and slowly decreasing
- Fairly slow and smooth decay toward 0V from full loaded voltage with a slight siope
change at ~3100min and ~0.6V
- Total Energy: 128.8J
- C-8ED: 675.2 Wh/Kg
- A-SED: 238.6 Wh/Kg

1201 10GZC1-185: 1gNa/Na-BASE/3.3g NaOH + 0.82g MgCI2 + 0.67g NaCl (glove box)
- 2.75" Alumina Crucibie

- Electrolyte Mix: Na-BASE

- Electrode: Na(anode), 3.3g NaOH + 0.82g MgCI2 + 0.67g NaCl {cathode}

- resistor=107ohms; T=500C

(1) Stopped, E=548]J, 46kWhr/kgNaOH.

Sandwich  cell  112910XY1-1-20:  LVLP30-CG2400/CoO0H  theld on Ni
nesh/Nafion/PtC(H2)

- Anode: Li metal (excess capacity)

- Cathode: 75% CoQOOH + 25 CB; net CoOOH 10 mg)

-Separator between Li/CoOOH: Celgard 2400

-Separator between CoOOH/P1C(H): Nafion membrane

-Third layer: PtC(H)

-Discharge at 2000 ohim

- Vimin= 22V, Vih= 1.5V, VZh= 1.18V, VI10h=1.0V, V20b=0.99V, V25h=0.89V,
V30h=0.72V, V35h=0.54V.

measured >1800 Whr/kg capacity.
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110910GZC1-159: 1gNa/Na-BASE/3.24g NaOH#3 + 0.94g NaBr#1 + 1.5g Nal#1 (glove
box)

- 2.75" Alumina Crucibie

- Electrolyte Mix: Na-BASE

- Electrode: Na(anode), .24g NaOH#3 + 0.94g NaBr#1 + 1.5g Nal#1, MP=260C

- resistor=100chms; T=450C

(1) Total energy: 523 J (45 Whr/kg).

1102910JH1-1: Li |IM LiPF6-DEC-EC| CoOOH

- Anode: Li (~25mg)

- Cathode: CoOOH (freshly prepared, oven dried, 150mg)

-Separator: Celgard 2400

-OCVrange =36-3.5V

2000 ohm (when OCV=3.5V); CCV = 1.08V

Total Energy: 520.6 J; Total specific Energy: 964 Wh/kg. The cell was opened and cathode
CoOOH material involved as the cathode was determined to weight less than 125 mg. Thus
the specific energy is 1156 Whikg.

102710GZC1-143: 1gNa3Mg/Na-BASE/3.28¢ NaOH (glove box)
- 2.75" Alumina Crucible

- Electrolyte Mix: Na-BASE

- Electrode: Na3Mg(anode), 3.28g NaOH (cathode), MP=323C

- resistor=100ohms; T=450C(real T in the melt: 400C)

(1} It is stifl running. CCV=0.300V.

(2) checked OCV=0.557V

Total energy is: 0.69kJ. Na-BASE tube is intact.

102110GZC1-138: 1gNa/Na-BASE/1.85g NaBr + 3.28g NaOH (glove box)

- 2.75" Alumina Crucible

- Electrolyte Mix: Na-BASE

- Electrode: Na(anode), 1.85g NaBr + 3.28g NaOH (cathode), MP=260C

- resistor=107ohms; T=450C{real T in the melt: 400C)

(1) Total energy of ~0.83kJ is collected, which corresponds to 37 Whr/kg electrode
materials.

102810JH3-1: Li3Mg |LiCI+KCI-LiH|TiH2

- 2.84" Alumina Cylinder
- Eutectic 96.8 g LiCl + 120.0 g KCI; MP: 352 C
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- Cell Temperature: 415 C

- Anode: Li3Mg(0.5g) in SS mesh wrap

- Cathode: TiH2(0.8g)

-OCVrange=1.51 ~ 198 V

106 ohm load, it is to test Jong duration operation. CCV =0.35 V. Energy =300.4 J.

ID# 102810GH2 Li/KCIHLICI/NaNH2

- 2.75" Alumina Crucible;

- 0.05g Li in 2 mesh S8 cup (anode); 0.1g NaNH2 in another mesh SS cup (cathode);

- Electrolyte Mix: 56.3g LiC! + 69.1g KCI, MP=352C;

- T =400C;

- Resistor = 100 ohm;

- Total loading time: 90min.

OCV=0.6496 V

V10s = 0.6186V, V20s = 0.6104V, V30s = 0.6052V, Vim = 0.5979V, V3m = (0.5815V,
V90m = 0.4975V

102210JH2-2: Li3Mg [LiCIH+KCI-LiH|TiH2

- 2.84" Alumina Cylinder

- Eutectic Mix: continued from 102110JH2-1; (96.8 g LiCI + 120.0 g KC1 + 0.098g LiH;
MP: 352 C)

- Cell Temperature: 440 C

- Anode: Li3Mg(0.3g) in SS mesh wrap

- Cathode: TiH2(0.3g)

-OCVrange=0.51 -0.545V

208 ohm (when OCV= (1L337 V)

-V20s= 0.525V, Vimin= 0.514V, V10min= 0.466V, V20min= 0.449 V, V30min= (.430 V,
V1h=0.405V, V2h=0.380V

-Vrecover=0.410V from 0.377V in about 7 min.

100 ohm (OCV=0.408V)

-V20s= 0.391 V, Vimin= 0.383V, V10min= 0.362V, V20min= 0.357 V, V30min= 0.354V,
V1h=0.349V

Run Time : 5513 min

Load: 100 ohm

Voltage: 0.223 V (appears to stable at this voltage over 2 days)

Energy: 218

Etheory=0.11 V
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CIHT# 102210JL1: [Li/CG2400+4MeDO+LICIO4/RNi(2800)] (E° Theo=~0.7078V)
- Room Temp
- Anode: ~30mg Li Disc
- Cathode: 200mg RNi(2800)#186
- OCV: 2.2912V and slowly decreasing
- CCV(1000):
- V20s = 2.3730V
- Vimin= 22137V
- Vi0min = 2.1048V
- V20min = 2.0445V
- V30min = 2.0005V
- V4146min = 0.1058V
- OCV(9 min recovery) = 0.8943V
- Total Energy = 112.45J
- Theo = 33.7)
- Gain = 3.34X
- Specific Energy Density of Cathode Material = 156 Wh/kg
- Total time of run before voltage approached 0V = ~4000 min

101510GZC1-132: 1gK/K-BASE/KOH + KI (glove box)

- 2.75" Alumina Crucible

- Electrolyte Mix: 57.5g KI#1 + 45.2g KOH#1, MP=240C

- Electrode: K(anode), KOH+KI in S8 crucible(cathode)

- resistor=100ohms; T=450C(real T in the melt: 400C)

(1) up to now, 1.1kJ electrical energy is collected. It is still running and CCV Keeps constant
at 0.6V,

093010GZC1-117: Na/BASE/Nal+NaOH (glove box)

- 2.75" Alumina Crucible

- Electrolyte Mix: 60g WNal#1 + 64g NaOH#2, MP=230C

- Electrode: Na(anode), 60g Nal#1 + 64g NaOH#2(cathode)

- resistor=100ohms; T=500C(real T in the melt: 450C)

Cell is still running. Up to now, 0.975k] electrical energy was collected.
CCV=0(.876V with 100ohm load, now.

100410GZC1-120: 1gNa/BASE/Nal+NaGH/1.5g RNi4200 in SS mesh wrap (glove box)
- 2.75" Alumina Crucible

- Blectrolyte Mix: 60g Nal#1 + 64g NaOH#2, MP=230C

- Electrode: Na(anode), 1.5g RNi4200 in SS mesh wrap(cathode)
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- resistor=100ohms; T=500C(real T in the melt: 450C)
Total electrical energy: 1.67kl, CCV=0.442V, more energy can be obtained
if run longer. Theoretical voltage=0.001V for Na + NaOH = Na20 + NaH

082610GC2; Li3N in wrapped S8 foil/ LiCl + KCl / CeH2 + TiC-}36 in SS wrapped foii
- 2.75" Alumina Crucible

- Electrolyte eutectic mixture: 67.6g LiCl + 82.9g KCi;

- Electrode: anode: Li3N in wrapped SS foil ;

- cathode: CeH2 + TiC-136 (1:1) in wrapped SS foil;

- resistor 100 ohim;

-cell temperature= 460 €

Theoretical calculation:

anode: 4H- + Li3N to LINH2 + 2LiH + 4e-

cathode: 2CeH2 + 4e- 10 2Ce + 4H-

overall: 2CeH2 + Li3N to 2Ce + 2 LiH + LiNH2

DG = 164.4 kJ / mol, endothermic, DE should be zero.

Data:

OCV Vmax = 1.30V; Vicadmax = 0.58V;

Vimin = 0.50V; V10min =0.57V; V20min = 0.57V; V40min = 0.51V; V60min = 0.53V {not
stable); lloadmax = 0.0058A; Ploadmax = 3.4 mW;

Recovery: Vmax = .84V

082410GCI: Li in wrapped SS foil /LiCl + KCi/CeH2 + TiC-136 in SS wrapped foil
- 2.75" Alumina Crucible

- Electrolyte eutectic mixture: 67.6g LiCl + 82.9g KCl,

- Electrode: anode: Li in wrapped SS foil;

- cathode: CeH2 + TiC-136 (1:1) in wrapped SS foil;

- resistor 100 ohm;

-cedl temperature= 460 C

Theoretical calculation:

anode: 2 Li to 2Li+ + 2e-

cathode: CeH2 + 2Li + 2e- to Ce + 2LiH

overall; CeH2 +2 Lito Ce + 2 LiH

DG = 15.6 kJ / mol, endothermic, DE should be zero.

Data: OCV Vmax= 1.94V; Vloadmax = 1,37V; Vimin = 1.23V; V10min = 1.06V; V20min =
0.95V; V40min = 0.86V;

Tloadmax = 0.014A; Ploadmax = 19 mW;

Recovery: Vmax =1.11V
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Cell# 082010RCC2-108: [Li/LiCI-KCI-LiH-NaCl/ZrH2} at 450 C
-2.75" OD x 6" Alumina Crucible
- Eutectic Mix: 56.3 g LiCl-26 + 69.1 g KCI-27 + 0.018 g LiH-4 + 0.13 g NaCl-2
- Anode 0.35 g Li-7 in SS foil crucible wired w/ §8.
- Cathode: 1.9 g ZrH2-1 + 0.9 g TiC-138 in SS foil crucible wired w/ 8S.
- Resistors = 100 Ohm
- Vrange 0.168 to 1.299 V.
-Vmax 1299V @450C,
- 100 Ohm resistor was connected with the cell _
VioadMax = 1.064 V, ILoadMax=0.01064 A, PLoadMax=11.3 mW,
V10s=10.849V, V20s=0.819V, V30s=0.796 V,
Vimin= 0.748 V, VI0min= 0.731V, V21.6h = 0.168 V.
- OCV (Open Circuit Voltage, after 21.6 h Load + 43.4 min Recovery) = 0.265.
- Comments:
The resistor of 100 Ohm was connected with the CIHT cell when the OCV reached 1.299 V.,
For reaction ZrH2 -+ ZLi = 2LiH + Zr,
At 700 K (427 C), DG =DH - TDS =-1,910 J/Areaction, E= -DG/zF=0.01 V.
E=F0+
At 800 K (527 C), DG = DH - TDS = - 835 J/reaction, E = -DG/zF = 0.004 V,
At 500 C (real T of the liquid eutectic sait: 422 C), assuming volume of liquid salt is 100 ml,
[H-]1=0.018/(0.1¥8) =2.25 x10-2 (M). '
E = B0 -R*T*Ln(H-)/(nF) = B0 -8.314* 695* Ln(2.25 x 10-2)/(2*96485) = EO + 0.114 =
001 +0.114=0.124 (V).

Cell# 082010RCC1-107: [LVLiCI-KCI-LiH-NaCl/TiH2] at 450 C
-2.75" OD x 6" Alumina Crucible
- Butectic Mix: 56.3 g LiCI-26 + 69.1 g KCJ-27 + 0.018 g LiH4 + 0.13 g NaCl-2
- Anode 0.35 g Li-7 in SS foil crucible wired w/ 88,
- Cathode: 0.9 g TiH2-1 +0.9 g TiC-136 in SS foil crucible wired w/ §8.
- Resistors = 100 Ohm
- Vrange 0.462 10 0.831V.
-Vmax 0.831V@450C,
- 100 Ohm resistor was connected with the cell
V0ioadMax = 0.868 V, [LoadMax =0.00808 A,
PlLoadMax =65 mW, VI10s=0.594 V, V20s=0.582 V, V30s=0.574 V,Vimin = 0.564
V, V10min=0.539 V, V162min=0.577 V.
- OCV (Open Circuit Voltage, after 162 min Load + 54.2 min Recovery) = 0.908 V.
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- 100 Ohm resistor was connected with the cell again
V'LoadMax = 0.899 V, ['LoadMax = 0.00899 A, P'LoadMax = 8.1 mW, V'Imin= 0.631
V, V'I0min= 0581 V.
- Commegnts:
The resistor of 100 Ohm was connected with the CIHT cell when the OCV
reached 0.818 V., After the resistor of 100 Ohm was taken off, the load of
100 Ohm was connected with the cell again when OCV was 0.907 V.
For reaction TiH2 + 2Li = 2LiH + Ti,
At 700K (427 C), DG = DH - TDS = -28,015 J/reaction, E= ~-DG/ZF=0.15 V.
At 800K (527 C), DG =DH - TDS =- 25,348 J/reaction, E= -DG/zF = 0.13 'V,
At 450 C (real T of the liquid eutectic salt: 388 (), assuming volume of liquid sait is 100 ml,
[H-]=0.018/(0.1*8)=2.25 x10-2 (M).
E = E0 -R*¥*T*La(H-)/(nF) = E0 -8.314* 661* Ln(2.25 x 10-2}/(2¥96485) =E0 + 0.114 =
0.15+0.108 = 0.258 (V).

072210GZC1-40: Libeli(Li in 3/8" SS tube)/LICHKCI/H2 in Ni tube
- 275" Alumina Crucible

- Electrolyte Mix: 56.3g LiCH15 + 69.1g KCI#12, MP=350C

- Electrode: Li bell{anode), H2 in Ni tube(cathode)

- resistor==N/A; T=450C.

Results:

(1) OCV changes with the amount of LiH added into the electrolyte:
LiH, g OCV, V

0 2.1
0.003 2.025
0.006 1.969
0.009 1.88
0.014 1.041
0.021 0.899
0.03 0.672
0.038 0.616
0.06 0.569
0.073 0.551
0.084 0.546
0.144 0.499
0.266 0.457
0.339 0.431
0.418 0428
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0.482 0.424
0.813 0.396
1.182 0.379
1.64 0.372
Comments

(1) V=0.215-0.0571InC(LiH, mol%); Nernst equation siope: -0.0580

(2) Data at the amount of LiH added less than 14mg are obviously off from the line of Nernst
equation, in other words, obvious spurious voltage was observed at LiH concentration
<0.1%{mol) in the electrolyte.

E. CIHT Cell Solution NMR

The hydrino products of the CIHT cells were also identified by liquid NMR showing
peaks given by Egs. (12) and (20) for molecular hydrino and hydrino hydride ion,
respectively. For example, hydrino reaction products following solvent extraction of the
half-cell reaction products in dDMF were observed by proton NMR at about 1.2 ppm and 2.2
ppim relative to TMS corresponding to Hx(1/4) and Hi(1/2) respectively. Specific half-cell
reaction mixtures showing the Hy(1/4) peak and possibly the Hx(1/2) peak are given in
TABLE 8.

TABLE 8. The 'H solution NMR following DM¥F-d7 solvent extraction of the products of
the CIHT cells. H2(1/4) was observed as a broad peak typicafly at 1.2 ppm that may be
shifted by and broadened by excess water in dDMF. H(1/2) was also observed in most cases

as a sharper peak at 2.2 ppm.

Ancde Hydrino Peak
R-Ni/KOH (sat aq)/CoOOH
R-Ni/KOH {sat aq)y/MnOOH
R-NVKOH (sat aq)/InOCH
R-Ni/KOH (sat aq)/GaOOH
R-Ni/KOH (sat aq)/LaOOH
R-Ni/KOH (sat ag)/steam carbon
Co/KOH (sat aq)/CoO SC
Zn/KOH (sat ag)/steam carbon
Pb/KOH (sat aq)/steam carbon
In/KOH (sat aq)/steam carbon
Sb/KOH (sat aq)/steam carbon
LaNisH/KOH(sat ag)/MnOOH CB
Zn/KOH (sat aq)/CoOOH CB
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Zn/KOH (sat aq)/MnOOH CB

CoH/KOH (sat aq)/PdC

Ni nano slurry/KOH (sat aq)/steam carbon

R-Ni/KOH (sat aq)/TiC

R-Ni/KOH (sat ag)/TiCN

R-Ni/KOH (sat aq)/NbC

R-Ni/KOH (sat ag)/TiB2

R-Ni/KOH (sat aq)/MgB2

R-Ni/KOH (sat aq)/B4C

Cd/KOH (sat aq)/PtC

La/KOH (sat aq)/ steam carbon

Cd/KOH (sat ag)/steam carbon

Sn/KOH (sat aqy/MnOOH CB

Co/KOH (sat ag)/ SC

R-Ni + M/KOH (sat ag)/MnOOH (closed) M= Pb, Mo, Zn, Co, Ge CB-SA
HWS2/KOH (sat aq)/ CB

Co/KOH (sat aq)/ MnOOH SC

Sm-Co/KOH (sat aq)/ CB SA

Co/KOH (sat ag) CoO DTPA/ SC

Co/KOH (sat aq) DTPA/Ni SC

Pb/KOH {sat ag)/ CB SC

Zn/KOH (sat ag)/ ZnO SC

Co/KOH (sat aq) CoO DTPA/SC

Ni nano powder/KOH (sat aq)/NiO CB (open, but no energy, direct reaction)
Co/KOH (sat aq)/ CuC CB (open, but no energy, direct reaction)
Ti|CG3501, Sat’d KOH{ SC

Zn-KOH-8CH205

Co/KOH (sat 2q)/CoO + SC (02 sealed, but air leak)

Zn/15M KOH/SC

Ge pow. (0.16 g) / KOH (saturated) + CG3501 / CuO + CB + PVDF
Cell# 012811RC2-290: [Zn/KOHAEDTA/Ag202+CB+PVDF] (glove box)
Cell# 012811RC3-291: [Zn/KOH+EDTA/PtO2+CB+PVDF] (glove box)
Cell# 013111RC1-292: [Co/KOH+EDTA/PtO2-+CB+PVDF] {glove box)
Cd/KOH (sat aq)/CB-SA

Cd/KOH (sat aq)/SC

Zn KOH (sat aq)PtC mixed in glove box

Ni(Hz) NaOH/BASE/MgClI2-NaCl
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Cathode Hydrino Peak
Na/Na-base/Nal + NaOH
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What Is Claimed Is:
L. An electrochemical power system that generates an electromotive force (EMF) and
thermal energy comprising
a cathode;
an anode, and
reactants that constitute hydrino reactants during cell operation with separate electron
flow and ion mass transport, comprising at least two components chosen from:
a) a source of catalyst or a catalyst comprising at least one of the group of nH,
OH, OH’", H;0, H:S, or MNH; wherein n 1s an integer and M is alkali metal;
b) a source of atomic hydrogen or atomic hydrogen;
¢) reactants to form at least one of the source of catalyst, the catalyst, the
source of atomic hydrogen, and the atomic hydrogen; one or more reactants to initiate the
catalysis of atomic hydrogen; and 2 support, wherein at least one of the following conditions
occurs:
d) atomic hydrogen and the hydrogen catalyst is formed by a reaction of the reaction
mixfure;
¢) one reactant that by virtue of it undergoing a reaction causes the catalysis fo be
active; and
{) the reaction to cause the catalysis reaction comprises a reaction chosen from:
(i) exothermic reactions;
(i1) coupled reactions;
(11i) free radical reactions;
(iv) oxidation-reduction reactions;
{v) exchange reactions, and

(vi) getter, support, or matrix-assisted catalysis reactions.

2. The electrochemical power system of Claim 1, wherein at least one of a) different
reactants or b) the same reactants under different states or conditions are provided in different
cell compartments that are connected by separate conduits for electrons and ions to complete

an electrical circuit between the compartments.

3. The electrochemical power system of Claim 2, wherein at least one of an internal
mass flow and an external electron flow provides at least one of the following conditions to
occur:

a) formation of the reaction mixture that reacts to produce hydrinos; and

b) formation of the conditions that permit the hydrino reaction to occur at substantial
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rates.

4. The electrochemical power system of Claim 1, wherein the reactants to form hydrinos

are at least one of thermally or electrolytically regenerative.

5. The electrochemical power system of Claim 4, wherein at least one of electrical and

thermal energy output is over that required to regenerate the reactants from the products.

6. An electrochemical power system that generates an electromotive force (EMF) and
thermal energy comprising

a cathode;

an anode, and

reactants that constitute hydrino reactants during cell operation with separate electron
flow and ion mass transport, comprising at least two components chosen from:

a) a source of catalyst or catalyst comprising at least one oxygen species

chosen from O,, O3, OF, 07, 0, 0%, H,0, H;0", OH, OH", OH’, HOOH, OOH’, O’, 0%, 0;,

and O, that undergoes an oxidative reaction with a H species to form at least one of OH and

H,0O, wherein the H species comprises at least one of Ha, H, H', L0, H:0, OH, OH", O,
HOOQOH, and OOH";

b) a source of atomic hydrogen or atomic hydrogen;

c) reactants to form at least one of the source of catalyst, the catalyst, the source of
atomic hydrogen, and the atomic hydrogen; and one or more reactants to initiate the catalysis
of atomic hydrogen; and a support, wherein at least one of the following conditions occurs:

d) atomic hydrogen and the hydrogen catalyst is formed by a reaction of the reaction
mixture;

e) one reactant that by virtue of it undergoing a reaction causes the catalysis to be
active; and

1) the reaction to cause the catalysis reaction comprises a reaction chosen from:

(1) exothermic reactions;

(i1} coupled reactions;

(1ii) free radical reactions;

(iv) oxidation-reduction reactions;

(v) exchange reactions, and

(vi) getter, support, or matrix-assisted catalysis reactions.

7. The electrochemical power system of Claim 6, wherein the source of the O species
comprises at least one compound or admixture of compounds comprising O, O,, air, oxides,
NiO, CoO, alkali metal oxides, Li;O, Na,O, K,O, alkaline earth metal oxides, MgO, Ca0,
SrO, and BaO, oxides from the group of Cu, Ni, Pb, Sb, Bi, Co, Cd, Ge, Au, Ir, Fe, Hg, Mo,
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Os, P4, Re, Rh, Ru, Se, Ag, Te, Te, Tl, Sn, and W, peroxides, alkali metal peroxides,
superoxide, alkali or alkaline earth metal superoxides, hydroxides, alkali, alkaline earth,

transition metal, inner transition metal, and Group IIL IV, or V, hydroxides, oxyhydroxides,

AIO(OH), ScO(OH), YO(OH), VO(OH), CrO(OH), MnO(OH) (& -MnO(OH) groutite and y

MnO(OH) manganite), FeO(OH), CoO(OH), NiO(OH), RhO(OH), GaO(OH), InO(OH),
Ni12Co12,0(0OH), and Nij;3CoisMn;30(0H).

8. The electrochemical power system of Claim 7, wherein the source of the H species

comprises at least one compound or admixture of compounds comprising H, a metal hydride,

343a



10

5

20-

25

30

35

LaNisHg, hydroxide, oxyhydroxide, H,, a source of H,, H» and a hydrogen permeable
membrane, Ni(H,), V(Hz), Ti(H,), Nb(H»), Pd(H,), PdAg(H>), and Fe(H,).

0. The electrochemical power system of Claim 1 comprising
a hydrogen anode;
a molten salt electrolyte comprising a hydroxide, and

at least one of an O, and a H.O cathode.

10. The electrochemical power system of Claim 9, wherein the hydrogen anode
comprises a hydrogen permeable electrode.

1L The electrochemical power system of Claim 10 comprising

a hydrogen source;

a hydrogen anode capable of forming at least one of OH, OH", and H,O catalyst, and
providing H;

a source of at least one of O, and H,O;

a cathode capable of reducing at least one of H,O or O

an alkaline electrolyte;

an optional system capable of collection and recirculation of at least one of H,O
vapor, Na, and O, and -

a system to collect and recirculate Hs.

12.  The electrochemical power system of Claim 1, comprising
an anode comprising at least one of:

a) a metal chosen from V, Zr, Ti, Mn, Zn, Cr, Sn, In, Cu, Ni, Pb, Sb, Bi,
Co, Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, T¢, Te, Tl, and W;

b) a metal hydride chosen from R-Ni, LaNisHe, La;CoiNigHg, ZrCryHa g,
LaNi3 55Mng 4Alg 3C00 75, ZrMng sCrg2 Vo 1 Nij 2,

c) other alloys capable of storing hydrogen chosen from ABs
{LaCePrNdNiCoMnAl) or AB, (VTiZiNiCrCoMnAlSn) type, where the “AB,” designation
refers to the ratio of the A type elements (LaCePrNd or TiZr) to that of the B type elements
(VNiCrCoMnAlSn), ABs-type, MmNiz 2Co; oMng ¢Alg1:Mogge (Mm = misch metal: 25 wit%
La, 50 wt% Ce, 7 wt% Pr, 18 wt% Nd), ABa-type: Tigs1Zrga9Vo70NipsCroiz alloys,
magnesium-based alloys, Mg sAlg;NiggCop:Mng,; alloy, Mg 7Sco2s(Pdoerz + Rhggro), and
MgsgoTing, MgsoVao, LagsNde2NizsCor 5811, LaNis My (M= Mn, Al}, (M= Al, Si, Cu), (M=
Sn), (M= Al, Mn, Cu) and LaNiCo, MmNij 5sMng41A153C0p 75, LaNiz 5sMng.44A153C0g 75,
MgCu, MgZn;, MgNiy, AB compounds, TiFe, TiCo, and TiNi, AB, compounds {n =35, 2, or
1), AB;4 compounds, AB; (A = La, Ce, Mn, Mg; B = Ni, Mn, Co, Al), ZrFe;, Zry5CsgsFen,
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ZrggScysFer, YNis, LaNis, LaNigsCogs, (Ce, La, Nd, Pr)Nis, Mischmetal-nickel alloy,
Tip.08Zx0.02Vo.43F€0.00Cro.0sMn; 5, LasCoiNig, and TiMny;

13.

a separator;
an aqueous alkaline electrolyte;
at least one of a O, and a H,O reduction cathode, and

at least one of air and O,.

The electrochemical power system of Claim 12, further comprising an electrolysis

system that intermittently charges and discharges the cell such that there is a gain in the net

energy balance.

14.

An electrochemical power system comprising at least one of

a} a cell comprising:
(i) an anode comprising a hydrogen permeable metal and hydrogen gas chosen from
Ni(H), V(Hz), Ti(Hz), Fe(H:), Nb(H;) or a metal hydride chosen from LaNisHs,
TiMn;Hy, and La;NigCoH (x is an integer);
(i1} a molten electrolyte chosen from MOH or M(OH),, or MOH or M(OH); with M’X
or M'X; wherein M and M’ are independently chosen from Li, Na, K, Rb, Cs, Mg, Ca,
Sr, and Ba, and X is chosen from hydroxides, halides, sulfates, and carbonates, and
(1ii) a cathode comprising the metal that is the same as that of the anode and further
comprising air or Or;

b) acell comprising:
(i) an anode comprising at least one metal chosen from R-Ni, Cu, Ni, Pb, Sh, Bi, Co,
Cd, Ge, Au, Ir, Fe, Hg, Mo, Os, Pd, Re, Rh, Ru, Se, Ag, Tec, Te, TI, Sn, W, Al, V, Zr,
Ti, Mn, Zn, Cr, In, and Pb;
(ii) an electrolyte comprising an aqueous alkali hydroxide having the concentration
range of about 10 M to saturated,;
(iii) an olefin separator, and
(iv) a carbon cathode and further comprising air or Oy;

¢) acell comprising:
(1) an anode comprising molten NaOH and Ni as a hydrogen permeable membrane and
hydrogen gas;
(ii) an electrolyte comprising beta alumina solid electrolyte (BASE), and
(iii) a cathode comprising molten as NaCl-MgCl,, NaCl-CaCl,, or MX-M’X," (M is
alkali, M is alkaline earth, and X and X’ are halide);

d) a cell comprising:

(1) an anode comprising molten Na;
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(i) an electrolyte comprising beta alumina solid electrolyte (BASE), and
(1i1) a cathode comprising molten NaOH;
e) acell comprising:
(1) an anode comprising LaNisHs;
(i1} an electrolyte comprising an aqueous alkali hydroxide having the concentration
range of about 10 M to saturated;
(i11) an olefin separator, and
(iv) a carbon cathode and further comprising air or Oy;
f) acell comprising:
(1) an anode comprising Li;
(i1) an olefin separator;
(i1) an electrolyte comprising LP30 and LiPF,, and
(iv) a cathode comprising CoO{OH),
g) acell comprising:
(i) an anode comprising LisMg;
(1i) LiCl-KCl or MX-M’X" (M and M’ are alkali, X and X’ are halide) molten salt
clectrolyte, and
(i) a cathode comprising a metal hydride chosen from CeHs, LaH,, ZrH,, and TiH,,
and further comprising carbon black, and
h} acell compnising:
(1) an anode comprising Li;
(1) LiCI-KCl or MX-M’X" (M and M’ are alkali, X and X’ are halide) molten salt
electrolyte, and
(iii) a cathode comprising a metal hydride chosen from CeH,, LaH,, ZrH,, and TiH,,
and further comprising carbon black, and
wherein at least one of the following conditions occurs:
m) atomic hydrogen and the hydrogen catalyst is formed by a reaction of the reaction
mixture;
n) one reactant that by virtue of it undergoing a reaction causes the catalysis to be
active; and
o) the reaction to cause the catalysis reaction comprises a reaction chosen from:
(1} exothermic reactions;
(11) coupled reactions;
(iii) free radical reactions;
(iv) oxidation-reduction reactions;
(v) exchange reactions, and

{vi} getter, support, or matrix-assisted catalysis reactions.

15. The electrochemical power system of Claim 14, wherein at least one of a) different reactants
or b) the same reactants under different states or conditions are provided in different cell
compartments that are connected by separate conduits for electrons and ions to complete an
electrical circuit between the compartments.
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