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surroundings. Thus, the transition catalyst returns to the

15 origin state. Processes that require collisions are common. For
example, the exothermic chemical reaction of H+H to form H,
requires a collision with a third body, M, to remove the bond
energy-H+H+M->H,+M. The third body distributes the
energy from the exothermic reaction, and the end result is the

20 H, molecule and an increase in the temperature of the system.
Similarly, the transition from the n=1 state of hydrogen to the

n= states of hydrogen is possible via a resonant

integer

collision, say n=1to n=1/2. In these cases, during the

collision the electron(s) couples to another electron transition
25 or electron transfer reaction, for example, which can absorb

the exact amount of energy that must be removed from the

hydrogen atom (molecule), a resonant energy sink. The end

result is a lower-energy state for the hydrogen and increase in

temperature of the system. Each of such reactions is hereafter

. 30 referred to as a shrinkage reaction; each transition is hereafter
- referred to as a shrinkage transition; each energy sink or
. means to remove energy resonant with the hydrogen
electronic energy released to effect each transition is hereafter
referred to as an energy hole, and the electronic energy
35 removed by the energy hole to effect or stimulate the
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15 molten, liquid, and gaseous source of emergy holes; a vessel
containing hydrogen and the source of energy holes wherein
the shrinkage reaction occurs by contact of the hydrogen with
the source of energy holes; and a means for removing the
(molecular) lower-energy hydrogen so as to prevent an
20 exothermic shrinkage reaction from coming to equilibrium.
" The present invention further comprises methods and
structures for repeating this shrinkage reaction to produce
shrunken atoms (molecules) to provide new materials with

novel properties such as high thermal stability.

25
Existing atomic models and theories are unable to

explain certain observed. physical phenomena. The
Schrédinger wavefunctions of the hydrogen atom, for example,

30 do not explain the extreme ultraviolet emission spectrum of
the interstellar medium or that of the Sunm, as well as the
phenomenon of anomalous heat release from hydrogen in
certain electrolytic cells having a potassium carbonate
electrolyte or certain gas energy cells having a hydrogen

35 spillover catalyst comprising potassium nitrate with the
production of lower-energy hydrogen atoms and molecules,
which is part of the present invention. Thus, advances in



Exi sting atom c nodels and theories are unable to explain certain

observed physical phenonmena. The Schr odi nger wavefunctions of the
hydrogen atom for exanpl e, 30 do not explain the extrenme ultraviol et
em ssi on.spectrum of - the interstellar nediumor that of the Sun,
as well as the WO9/42085 phenonenon of anomal ous heat rel ease mmgen
.in certain electrolytic cells having a potassium carbonate
~electrolyte or certain gas energy cells havigg a hydrogen 35

spil l over catal yst conprisi ng potassium nitrate with the o eh
production of | ower-ener en_.atons and mpl.ec ichis
part of the present invgﬂgf%y pr?ﬁggtloadgaqc&atqrﬁals ﬂave been largely limited to
3 latmumionyy discoveriesT IHaving Alinritedl ray tsabtéystimayent i on

in a first aspect, ther@ohimefciyi Redifdd. for extracting energy from
hydrogen atons conprising: a reaction vessel containing gaseous hydrogen

atons and a gaseous catal yst having a net ent haI py of reactlon of about 27
* (p/2) eV, where p3s an integer greS8K Y OF T3 - \ hydrogen

MLV ENTION
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electron transfer reactions of reactants including

electrochemical reactant(s) (electrocatalytic ion(s) or couple(s))

which remove energy from the hydrogen atoms (molecules) to

stimulate these transitions. In addition, this application

includes methods and apparatuses to enhance the power

15 output by enhancing the reaction rate- the rate of the
formation of the lower-energy hydrogen. The present

. invention further comprises a2 hydrogen spillover catalyst, a
multifunctionality material having a functionality which
dissociates molecular hydrogen to provide free hydrogen

20 atoms which spill over to a functionality which supports
mobile free hydrogen atoms and a functionality which can be
a source of the emergy holes. The energy reactor includes one
of an electrolytic cell, a pressurized hydrogen gas cell, and a
hydrogen gas discharge cell.

25 A preferred pressurized hydrogen gas energy reactor
comprises ‘a vessel; a source of hydrogen; a means to control
the pressure and flow of hydrogen into the vessel; a material
to dissociate the molecular hydrogen into atomic hydrogen,
and a material which can be a source of energy holes in the

30 gas phase. The gaseous source of energy holes includes those
that sublime, boil, and/or are volatile at the elevated

. operating temperature of the gas energy reactor wherein the
shrinkage reaction occurs in the gas phase.
- The present invention further comprises methods and

35 apparatuses for repeating a shrinkage reaction according to
the present invention to cause energy release and to provide
shrunken atoms and molecules with novel properties such as
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provi ding a gaseous catal yst having a net enthal py of reaction of about 27
* (p/2) eV, where p is an integer greater than 1; providi ng gaseous
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pressure | ess than atnospheric pressure. 4
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the pressure and fl ow of Hmdho&jmiy\sn‘t Powrer Gm’pen‘anoa, n@reati Yalley Corporate
Center, 41 Great Valley Parkway, Malvern, PA 19355; The

15 [Unification of Spacetime. the Forces, Matter, and Energy, Mills,
R., Technomic Publishing Company, Lancaster, PA, (1992); The

Grand Unified Theory, Mills, R. and Farrell, J., Science Press,
Ephrata, PA, (1990); Mills, R., Kneizys, S., Fusion Technology,
210, (1991), pp. 65-81; Mills, R., Good, W., Shaubach, R.,

20 "Dihydrino Molecule Identification", Fusion Technology, 25,
103 (1994); Mills, R., Good, W., "Fractional Quantum Energy
Levels of Hydrogen”, Fusion Technology, Vol. 28, No. 4,
November, (1995), pp. 1697-1719, and in my previous U.S.
patent applications entitled "Energy/Matter Conversion

25 Methods and Structures", Serial No. 08/467,051 filed on June
6, 1995 which is a continuation-in-part application of Serial
No. 08/416,040 filed on April 3, 1995 which is a continuation-
in-part application of Serial No. 08/107,357 filed on August
16, 1993, which is a continuation-in-part application of Serial

30 No. 08/075,102 (Dkt. 99437) filed on June 11, 1993, which is a
continuation-in-part application of Serial No. 07/626,496 filed
on December 12,1990 which is a continnation-in-part
application of Serial No. 07/345,628 filed April 28, 1989
which is a continuation-in-part application of Serial No.

35 07/341,733 filed April 21, 1989 which are all incorporated
herein by this reference.
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I dentification", Fusi OTAstespHyiOdly Jowmal, Vol. 181, (1973), pp. 1009-1030; Noyes,
15 R., The Sun, Our Star, Harvard University Press, Cambridge,
MA, (1982), p.172; Phillips, J. H., Guide to the Sun, Cambridge
University Press, Cambridge, Great Britain, (1992), pp 118-
119; 120-121; 144-145].
J. J. Balmer showed in 1885 that the frequencles for
20 some of the lines observed in the emission spectrum of atomic
hydrogen could be expressed with a completely empirical
relationship. This approach was later extended by J. R.
Rydberg, who showed that all of the spectral lines of atomic
hydrogen were given by the equation:

25 veRL-L | (1)
nf n.

where R=109,677 cm™ ,n,=l,2,3,..., n,=234,..., andn; >n,. Niels
Bohr, in 1913, developed a theory for atomic hydrogen that _
gave energy levels in agreement with Rydberg's equation. An
identical equation, based on a totally different theory for the

e

. 30 hydrogen atom, was developed by E. Schrddinger, and
' independently by W. Heisenberg, in 1926.
_ _ e _13598eV | . (2a)
" n’8meae, N _
n=12,3,.. (2b)

where a, is the Bohr radius for the hydrogen atom (52.947 pm),.
35 e is the magnitude of the charge of the electron, and ¢, is the
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- . Processes that occur without photons and that
integer -

require collisions are common. For example, the exothermic
chemical reaction of H+H to form H, does not occur with the
emission of a photon. Rather, the reaction requires a collision
20 with a third body, M, to remove the bond energy-
H+H+M—H,+M. The third body distributes the energy from
the exothermic reaction, and the end result is the H, molecule
and an increase in the temperature of the system. Similarly,

the n=1 state of hydrogen and the n=- states of

integer

25 hydrogen are nonradiative, but a transition between two
nonradiative states is possible via a resonant collision, say n=1
to n=1/2. In these cases, during the collision the electron
couples to another electron transition or electron transfer

reaction which can absorb the exact amount of energy that

30 must be removed from the hydrogen atom, a resonant energy
sink called an epergy hole. The end result is a lower-energy
state for the hydrogen and increase in temperature of the
system. '

35 ave ati oluti the drog At
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15 R, The Sun, Qur Star, Harvard University Press, Canbridge,
MA . (1982), p.172; Phillips, J. H, Qide to the Sun, Canbridge

University Press, Canbridge, Geat Britain, (1992), pp. 118- 119;
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who showed that all of the spectral |ines of torri C hydr ogen were

given by the equation: 25 _ LI where R = 109, 677
crierr], nlerr] =1,2,3,.."., R.Fwnt}y,:lvmls[ ills, R.addenGsand Unified, Theom of s

Bohr, i In 19|13 devel opedCaadsi@r €h §09F995)h31‘echnonuc PPBM?hmg
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equati en, based on a tot g‘ﬂ"%yﬁf ?’é‘?ﬂsgqrhe@gyatf%r ?’Pﬂé on thg ‘H?’E}f ail'? Hm

was devel oped by E. Schrkioowgeas quantum mechamdemy]cﬂanvmgbg eéw atomic
Hei senberg, - in 1926

: err
[err] rs the Bohr ra usﬂ} 4 Raseﬁl (? :Zélfrslénnmt)gf ovel th g\“f'eﬁéareafter
t he magni tude of the chafﬁ&"@ﬂ F‘Pleasel § 505)‘10'"[1&"'?] welks quanonsv\o
96/ 42085 Newton's Laws, and Einstein's GPASralSd Gpeéfal Relativity.
6 vacuum permt p t , g
shoul d be repl aced by eqlil%zzzgntr!a\f b sturd HHOMis ﬁﬁﬁk’ﬁ lj§ i al?oparﬁx%ms {atomic
quant um number n=1 is roSkZenang MASEPSCOPife Partigles obyy the, samer plysical laws.
el ectronic state of jtipe WhHéreasn Sehfodinktt |postulated a boundary condition: ¥ —0
as r— oo, the boundary condition in Mills’' theory was derived
from Maxwell's equations {Haus, H. A., "On the radiation from
point charges”, American Journal of Physics, 54, (1986), pp.

1126-1129.]:

15 For non-radiative states, the current-density function
must not possess space-time Fourier components that
are synchronous with waves traveling at the speed of
light.

Application of this boundary condition leads to a physical
20 model of particles, atoms, molecules, and, in the final analysis,
cosmology. The closed-form mathematical solutions contain
fundamental constants only, and the calculated values for
physical quantities agree with experimental observations. In
addition, the theory predicts that Eq. (2b), should be replaced
25 by Eq. (2c).

Bound electrons are described by a charge-density
(mass-density) function which is the product of a radial delta
function (f(r)=6(r-r,)), two angular functions (spherical
harmonic functions), and a time harmonic function. Thus, an

30 electron is a spinning, two-dimensional spherical surface,
hereafter called an electron orbitsphere, that can exist in a
bound state at only specified distances from the nucleus.
More explicitly, the orbitsphere comprises a two dimensional
spherical shell of moving charge. The corresponding current

35 pattern of the orbitsphere comprises an infinite series of
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Mechani cs, (1995), Technom c Publi shi ng Conpany, Lancaster, PA] in
a recent advancenent of quantum nechanics has shown that the n=1
state is the "ground” state for "pure" 10 photon transitions (the n=1
state can absor kwaegaaggson and go to an excited el ectropCTIUSH6AYA9
but it cannot rel ease a photon and go to a |l ower-energy el ectronic
.state). However, an el ectron transitigon fromthe ground state to a
| ower - ener gy state is possible by a "resonant collision" nechani sm
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15 The total function that describes the spinning motion of
each electron orbitsphere is composed of two functions. One
function, the spin function, is spatially uniform over the
orbitsphere, spins with a quantized angular velocity, and gives
rise to spin angular momentum. The other function, the

20 modulation function, can be spatially uniform—in which case

- there is no orbital angular momentum and the magnetic
moment of the electron orbitsphere is one Bohr magneton—or
not spatially uniform—in which case there is orbital angular
momentum. The. modulation function also rotates with a

25 quantized angular velocity. Numerical values for the angular
velocity, radii of allowed orbitspheres. energies, and associated
quantities are calculated by Mills.

' Orbitsphere radii are calculated by setting the
centripetal force equal to the electric and magnetic forces.

30 The orbitsphere is a resonator cavity which traps
photons of discrete frequencies. The radius of an orbitsphere
increases with the absorption of electromagnetic energy. The
solutions to Maxwell's equations for modes that can be excited
in the orbitsphere resonator cavity give rise to four quantum

35 numbers, and the energies of the modes are the
experimentally known hydrogen spectrum.



7 Recently, MIls [MIls, R, The Grand Unified Theory of
Cl assi cal Quantum Mechani cs, (1995), Technom c Publi shing

~Conpany, Lancaster, PA] has built on the work generally known as
" quant um nmechani cs by deriving a new atom c 5 theory based on first
“principles. Theyowgubsst heory hereafter referred to BETSHATH4
“theory unifies Maxwel |'s Equati ons, Newt on's Laws, and Einstein's
General and Special Relativity. . The _central feature of this
theory is that all particles (atomc- si ze and macroscopi c
particles) obey the sane physical |aws. 1 0 Wereas Schrodi nger

postul ated a boundary conditi @xcitedr sfatestCare unstable becduser the tdirargedensity

ditionin MII h '
e Er M n e ot G ecnon pivg bEGBRLBKIE L g il

Journak of Physics, 54, fameEon wponent which 19%8%11315] oar elegric dipole.

For non-radiative stat esTHeh@oublétePossesses t ¥pddetizhe OFourier components
must not pOSSGSS Spa

ce-time [Fouri er onent .
synchronous with vvavei tF&Velfmr‘? uﬁt‘”ttﬁ‘ 88d&37'&mg at the speed of Ilt%‘i thus it
Application of this boun@&rtydl;ainm t i The| chargetdensityhfunction of thep @leatraie Iplus

of particles, atons, nol ?ﬁb&fﬁ foRNfie hr-‘-lt *iﬁn{dlﬁfé' q¥aatuf! State of the hydrogen
cosnol ogy. The cl osed-fof m mat heratical sol utions ‘cont agn

fundamental constants onkiomaasi wWelk ag ofor sagheof ¢he yes—for— states mathematically
physi cal quantities agree with experinental observati gﬁgger In

addi tion, the theory pre&h qurelyhat ritjal @eltp, fsotiond UEhe ajeftac fuhction ddbs mot
Egq. (2c). gg‘thgg n d | Ve - ity
(mass-density) functlon Rﬁ s%ﬁéeﬁ%rgo O?ti-&gf Eéﬁ{rﬂogféﬂsb ﬁcﬁ?@dcﬁ?s Vit
function (f(r) = [err] (rwﬂ"’[eérﬁﬁﬁ ling @8 thegspegd ﬂfnﬁghbng‘“@s;ﬂ%hl’éal

har nmoni ¢ functi ons) andpaniradgatigeoni c funct i on. Thus, an

el ectron is a spinning, two-dinensional spherical surface,

hereafter called an el ectron orbitsphere, that can exist in a it

bound state at only specliatalyiii J:OWQEENEeTS : LIanStIORS o

explicitly, the orbitsphere cQgumpaing anﬁmtmngebatwe@ﬁ be]ow "gmuﬁ@'herl cal
STl O TOVI0 o 0°. ThReRRRRE MDY, AT ates o7 cbpehB S b

between excited (integer quantum) energy states, it can be
appreciated that the former are not effected by photons;
whereas, the latter are. Transitions are symmetric with

20 respect to time. Current density functions which give rise to
photons according to the nonradiative boundary condition of
Mills [Mills, R., The Grand Unified Theory of Classical Quantum
Mechanics, (1995), Technomic Publishing Company, Lancaster,
PA] are created by photons in the reverse process. Excited

25 (integer quantum) energy states correspond to this case. And,
current dénsity functions which do not give rise to photons
according to the nonradiative boundary condition are not
created by photons in the reverse process. Below "ground"
(fractional quantum) energy states correspond to this case.

30 But, atomic collisions can cause a stable state 10 undergo a
transition to the next stable state. The transition between two
"stable nonradiative states effected by a collision with an
resonant energy sink is analogous to the reaction of two atoms
to form a diatomic molecule which requires a third-body

35 collision to remove the bond energy [N. V. Sidgwick, The
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8 correl ated orthogonal great circle current |oops. The current
pattern(shovvnrn Figure 1.4 of MIls [MIls, R, The G and

Unified Theory-of C assical Quantum Mechanics, (1995), Technom ¢
Publ i shi ng Conpavyee/dresscaster, PA]) is generated 5 over PCIISSa/n7$4aC e
by two orthogonal sets of an infinite series of nested rotations
of two orthogonal great circle current |oops where the coordinate
axes rotate with the two orthogonal 0 great circles. Each
infinitesiml rotation of the |nf|n|te serres I s about the new
X-axi s and new y-axis ,L,,:, gerit Ehe dpopnés, eVWiohgms Uk; "Oxford,
rotation. For each of thg, f Lﬁd rotations, the

angul ar sum of the rot at | ons ?th&ée)ag 3f% 172; X-axi s and y-axis
totals [err] radians. The current pattern gives rise to the
phenonmenon correspondi quant um nunber .

The total function ghat des n ti

el ectron orbi tspherge S corrrc)lf)ﬂseegl%g}pf\ﬁﬁ% ﬁé{‘]ﬁq%#g cgﬂg%m of Mlnﬁu ‘? 8}?

the spin function, is gglationship Jbetweem thareleptgon and the photomsgive ethe

spi nls with a ?uant 'T ﬁed "a%lawef@" gt:wgénvenefgy taeS which are h@ﬁli@ B B

angul ar nonment um e u on uncti o can

be spatially uniformi &tu ‘rl}; © parameter {"ne%@c“s‘"ﬁﬁe 1!bptﬁ d;r

monent um and t he magneta‘lbwed transmonneffectcﬁ biye aeresomant) phdtron swihmhe éxcites

one Bohr magneton-pp . the etecutsaicipgr: Y ! hadifton’ thineh rtéieiﬁegér
et 9?31 v

orbital angul ar mgit a fion gqnct I on a at es
with a 25 quanti zd@UER{la ac'ilﬁ’l‘sué@f W%W ich

angul ar vel ocrdu;respaﬂdr toftrasittors] withi atspim:rme imehgi eentrélndield

associ at ed
Orbitsphere radii are gg{’é'{%e%;@v %eﬁf’éaf@, %l ri] %QYZCM& the h¥drolgren gf ’ fgpf:se
equal to the electric &¢Uag tﬁémﬂ%eg’ en thes electron coupjgs é?bﬂ@bﬂfere

|rs] a rgeonat?r cavl g_y whecthorticamansition or epduttom traxisfer &eg@ﬁmfwnmher&he&
Ot " oty HRAE enersy. an RS IGE. rshy DNEORROA O .,
nmodes that can be exci te®grgy hole. The absorption of an energy hole destroys the
balance between the centrifugal force and the increased
central electric force. As a result, the electron undergoes a
20 transition to a lower energy nonradiative state.
From energy conservation, the resonance emergy hole of
a hydrogen atom which excites resonator modes of radial

dimensions -2 is
m+1
mX21.2 eV (3)
25 where m=1,2,3,4,...

After resonant absorption of the energy hole, the radius of the
orbitsphere, a,, shrinks to -"-:‘-_'-L} and after p cycles of resonant

shrinkage, the radius

is -r;;{'ﬁ' In other words, the radial ground state field can be .

30 considered as the superposition of Fourier components. The
removal of negative Fourier components of energy mX 27.2 eV,
where m is an integer increases the positive central electric
field inside the spherical shell by. m times the charge of a
proton. The resultant electric field is a time-harmonic solution

35 of Laplace's Equations in spherical coordinates. In this case,
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in the orbitsphere resonator cavity give rise to four gquantum 35

nunbers, and the energies of the nodes are the experinental |y
known hydrogen spectrum WO 96/ 42085

PCT/ US96/ 07949 9

Excited states awoosM2e8s2bl e because the charge-density PCTIUSOG0794
~of the electron plus photon have a radial doubl et function
conponent whi ch corresponds to an electric dipole. The doubl et
possesses spacetinme Fourier conponents 115 synchronous w th waves
traveling at the speed of light; thus it is radiative. The

charge-density functi ong@f 'r%%?sﬁbgqgggﬂl %H,% balancgt gﬂ]dgggﬁv\%gﬁﬁn td}g n=1

princi pl e quantum st ate of as for each
of the [err] st at es nacttieved iisat—é?— where m is an integer. In decaying to this
i nt eger is purely a radif*delta function. The delta function
does not 10 possesadiysdeommthe-diground't staten@antetal yenengyrafus wit h

waves traveling at the gpeef? af?i¥196tev tiSUfeleARED iThe transition between two
nonr adi*at i ve. C@gal t1 ¢ Lower - Ene&ggecls—%{i\rlﬁgen El ectroni ¢
Transitions 155  stab ﬂﬂﬁ?&?&nﬁ’f‘“’aﬁ@ﬁﬁ i ellasion with, aar
E)f racti onal qugnzurr) eremeygy sholecis analugousetd ithe treactiod iofnwo atoms to form a
et ween excite I nt eges; ' c . .
Hiathialt %le%ﬁg %Wh@h A taoggi_rtp %ody colh.s% ef®as,
i me

a o dd
appreci ated that the fornmer are not ected %i 1{)%18 )
the latter are. Transi ticgvethe hondeenergyn[Nn V. Sidgwick, .
Current density functi GBfennétitshagd VEhéirSCotthounds, Volumithd! @WoRs,CO1AHeRdoh O
the nonradiative b d ongdhiA0n MIls [My] ]S R he
Grand Unified Theowj1 ofals %sgfsgféc%(?)’ qi!_rjﬁ!-um“e total ene’@'ch’aﬁ]li coi %93&5‘,’33“
Technoni ¢ Publ i shing Catpanys shemoudnceFIGURE 1. Thepakothermio eeaatibnbynvolving

photons in the reverse pinGasss fFofl i potentfd e!(ér??eﬂﬁél 28 1oRert Vel Vis
states correspond to tf}lts cAse. Andd d CC‘L:J ept density functions
whi ch do not give rise 1Gepiet Jrferred to as HydroCatalysis.
A hydrogen atom with its electron in a lower than
15 T“ground state” energy level corresponding to a fractional

quantum number is hereafter referred to as a hydrino atom.
The designation for a hydrino atom of radius Ze where p is an

integer is H[a—"].
P

The size of the electron orbitsphere as a function of
20 potential energy is given in FIGURE 2.

An efficient catalytic system that hinges on the coupling
of three resonator cavities involves pmassiuin. For example,
the second ionization energy of potassium is 31.63eV. This
energy hole is obviously too high for resonant absorption.

25 However, K* releases 4.34 ¢V when it is reduced to X. The
combination of X* to X** and K* to X, then, has a net energy
change of 27.28 eV.

27.28 eV+K* +K* +H[3;L]—> K+K* +H[?ff_l—)]+[(p+ 1)’ - p*1X13.6 eV
- 4)
. 30 K+K* > K*+K*'+27.28 eV (5)
And, the overall reaction is .
2| —“ﬂ-—]+ +1)? = PPIX13.6 eV
H[p] +D (p+1)"-p’] eV (6)
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according to the nonradiative boundary condition are not created

by photons in the reverse process. Below "ground” (fractional
guantum energy states correspond to this case. 30 But, atomc
col'lisions can cause a stable state to undergo a transition to

t he next stabl e woaé/azoss The transition between two PCTIVISL6/07949
nonradi ati ve states effected by a collision with an r esonant
energy sink is analogous to the reaction of two atons to forma
di atom ¢ nol ecul e vhich requires a third-ba@y 35 collision to renove
the bond energy [N V. Sidgw ck, The WO 96/ 42085

PCT/ US96/ 07949 )

El ements and Their Conpool}edtshat\}hle enerlgy 8(‘%“ (?ﬁlqm the “°6P en onﬁr’gg%h
(1950), p.17]. greater ghanthe Wpiost to the energy hnle. nédsedthe i ve
boundary condition of Wnetgy %@bﬂsb& is large ddiﬁﬁdrb@nwldbnbéh%ﬁﬂ dh8mical

el ectron and the photon gltve | oned” hydrogen energy states
whi ch are quanti zed asT xons function of t he paraneter n. Each val ue of
n corresporids to ard al | owed tranS|t|on effected by a resonant
phot on whi ch excites QMM" r né n. In addition to the
traditional integer val ues al ues of fractions
are all owed which c LOWRIERRIEY o Bydzogen | §1SW| EABARL 3nat he
central field éotroegof emergye hobess ¢hatn cahecaisee resonahe dh)‘iimi@en
atom This OCCBEEauJeorthéxé‘iEB't&xoﬂ"“ Peiigat norlan gﬁ%

anot her 15 electronic tranS| Lon _Qr electron tran [ e mhlch
can absor bt @nem¥ 27she ¥ ndigy(3)p.nkForrgxample an

energy hol e. The absor pbsanptm‘n ofl anengygy) dote dﬁSQVQ)I&VE hﬁ:l in Eq (@@I

bet ween the centrifuga o
force. As a result, th(kahéelc%lgl g&raé%eg&g%gzglud cry§¥1e5| @cggé%’\l‘)\gype
, thh the thmogeﬁxtgpecmnﬁr &a thahgs

0
energy nonradiative statom, H|Z&
resonance energy hol e of 3

ionized as the source of energy holes that cause resonant
15 shrinkage is represented by

2721eV+H[ ] H[—"—]—-)H*+e +H[—’i]+[42 3’]X1363V 272leV

, )
H* +e'—>H[ﬂli]+13.6 eV | (8)

And, the overall reaction is

20 H[fzﬂ-]+ H[E;‘-]—) H[fi’i]+ H[ﬂf]-:-w —3?-4X13.6eV+13.66V  (9)

The general equation for the absorption of an energy hole of
27.21eV, m=1 in Eq. (3), during the shrinkage cascade for the

pth cycle of the hydrogen-type atom, H[%’-], with the

hydrogen-type atom, H[-:fn!{-], that is ionized as the soufce of

25 energy holes that cause resonant shrinkage is represented by

27.21 eV + ]+H[ ]
n P

> H*+e” +H[( })]+[(p+l)‘-’ _p2]X13.6 eV"('""-z)Xls.s eV
(10)
H*+e’-—>-H[—“ll]+13.6 eV (11)
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a hydrogen atom whi ch excites resonator nodes of radial di nensi ons

[err] , nmx27. 2 eV

(3) 25 After resonant absorption of the energy hole, the radius
of the orbitsphere, [err] shrinks to [err] and after p cycles of

r esonant wo sshiesgkage, the radius is [err] | npOT/0896/008M9 S,
~the radial ground state field can be 3 0 considered as the
superposition of Fourier conponents. The renoval of negative
Fourier conponents of energy nX 27.2 eV, 3 where mis an integer

I ncreases the positive central electric field inside the spherical

shell by mtinmes the charge,of a " _proton. The resultant electric
field is a tinme-har m)nfr&émgoﬁh?t P¥frall ggacmgq apl ace's Equations in  (12)
spherical coordi nates. Jm,thi siegase, .,la 96/ 4208 42 e

PCT/ US96/ 07949 ’J[;f-"t]h* ‘f}"’ H[",'L]‘“H —v%r(p ) 5 r - 13,6 6V 134 oV

whi ch force bal ance and nonradratlon are achi eved is err] where m
is an integer. |n decaying Ttansifions to nonconsecutive renergyelevels uimvolvingt e,

a total energy of the abgéPptidieof] ad [@ierk) Bsleto¥ ds iﬁﬁ?@ﬁ%ﬁﬂl&i{é@eof
transition _betweenstwoz.,21 ? stable.&cﬁmr:ﬂl ative states, effecte y a
collision with an < Efe ™y MUSPs anQFEL50E 8% hydrogen AtOBIS. of t wo

atons to forma hydrinos; canract @s| @ soircs of cepergy sholes (thatl candgause
col lision to " fiERkEnt NhrfikageCOAHH the NabsorpiRbfl 9¥f G zg@gg,ﬂgmca&
El enents and Their Conpo ol ur ord, Carendon ress,
(1950), p.17]. The tot"%i‘gﬂ%‘g @-l(?’b)' ?ﬁﬁuﬁymeoa%wnﬁase cascage far; thes ptiwn

in FIGQURE 1. The exoth 1.C ti W\e) RYA aylr | thong f,romone
potential energy |evel gféoi]eaorgﬁv\'feér h%{/‘g@fﬁ'{yﬂenqmm’ H['pi]’ Wit 'the ﬁydrogen-

10 type atom, H[%f—], that is ionized as the source of energy holes

that cause resonant shrinkage is represented by

mX 27.21 eV + H[-‘i%]+ H[ﬁ]
m P

(13)
S H' +e +H[—(;—‘i”;)—:|+[(p+mf -p* —(m'z—2m)]Xl3.6 ev

H++e‘-—>H[gllf-]f13,6 eV (14)

And, the overall reaction is

15 H[“—'j]+H|:-‘i¢]-+ H[ﬂi]+H[—-9L]+[2pm+m2 —mi?]X13.6 eV +13.6 eV
m P 1 (pt+m)

(15)

Hydrogen is a source of energy holes. The ionization
energy of hydrogen is 13.6eV. Disproportionation can occur
between three hydrogen atoms whereby two atoms provide

20 an energy hole of 27.21 ¢V for the third hydrogen atom. Thus,
the shrinkage cascade for the pth cycle of the hydrogen-type

‘atom, H[E;'- , with two hydrogen atoms, H[Eli], as the source of
energy holes that cause resonant shrinkage is represented by
$27.21eV 2H-£5-]+ %8 |20 +2¢ + H| 21|+ 2 - p*IX13,
ev + & H[p - e +1) p+1) - p*1X13.6 eV
25 (16)

2H* +2¢” — ZH[fli]+ 27.21 eV (17)

And, the overall reaction is
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hereafter referred to as HydroCatal ysi s. A hydrogen atomw th

its.electron in a | ower than 15 "ground state" energy | evel
corresponding to a fractional guantum nunber is hereafter referred
to as a hydrino atom The designation for a hydrino atom of radius
[err] where p i wost/azess integer is [err] Thecwusss/nowiss t he
el ectron orbitsphere as a function of 20 potential energy is given in

FI GURE 2. An efficient catalytic systemthat hinges on the
coupling of three resonator cavitik4 involves potassium For

exanpl e, the second ionization energy of potassiumis 31,63eV. This
energy hole is obviously too high ndant absorptlon 25 However,
[err] rel eases 4.34 eV when it |HF % +[pe1)? - pIX13.6celirbi nat i on 0(18)
Klerr] to Klerr] and Klerr] to K et energy change of
27.28 eV. [err] The spectral lmes from dark mterstellar medlé%r/: 432%% 5the

(4) And, the gverall
PCT/ US96/ 07949 fafdty of°fiic 'sdlar P°1‘LF can be I%?@“X%tmt he energy
given off as the atom disproportionationhreactionsgas given t imathe RSpeoteal gPako<of t 0

the energy hole. Asso, H‘yﬁ?inos fron‘?“ﬂfegbirﬁl efefdelisr MEGRnT AP B’ the Sun
conventional chem cal
Section of Mills’ [Mills, R, The Grand Unified Theory of Classical
Quantum Mechanics, (1995), Technomic Publishing Company,
Lancaster, PA]. This assignment resolves the mystery of dark
matter, the solar neutrino problem, and the mystery of the
10 cause of sunspots and other solar activity and why the Sun
emits X-rays. It also provides the reason for the abrupt
change in the speed of sound and transition from “radiation
zone" to "convection zone" at a radius of 0.7 the solar radius,
0.7R; as summanzed in Example 4 below.
15
Energy Hole (Atomic Hydrogen)

In a preferred embodiment, energy holes, each of
approximately 27.21eV, are provided by electron transfer
reactions of reactants including electrochemical reactant(s)

20 (electrocatalytic ion(s) or couple(s)) which cause heat to be
released from hydrogen atoms as their electrons are
stimulated to relax to quantized potential energy levels below

_that of the "ground state". The energy removed by an electron
transfer reaction, energy hole, is resonant with the hydrogen

25 energy released to stimulate this transition. The source of
hydrogen atoms can be the production on the surface of a
cathode during electrolysis of water in the case of an
electrolytic energy reactor and hydrogen gas or a hydride in
the case of a pressurized gas energy reactor or 'gas discharge

30 energy reactor.

w__"Grou " _Transitions =T lec
d- ec
Two hydrogen atoms react to form a diatomic molecule,
35 the hydrogen molecule.

SUBSTITUTE SHEET (RULE 26)



Di sproportionation of Energy States Lower - ener gy hydrogen at ons,

hydri nos, can act as a source of energy holes that can cause resonant
shri nkage because the excitation and/or ionization energies are 10
mX27.2 eV (Egq. (3)). For exanple, the equation for the absorption of

an energy hole ovo2#48s eV, m= 1 in Eq. (3), during t he ROTVYSIVATHES
cascade for the third cycle of the hydrogen-type atom J[err], with.

t he hydrogen-type atom J[err], that is ioni zed as the source of

energy hol es that cause resonant 1 5 shrifkage is represented by [err]

(7) And, the overall reaction is [err] The general equation
for the absorption of an energy hole m=11in Eq. (3),
“during the shrinkage cascade for the OiH[a”]_fﬁZ[:ycT the hydr ogen-type (19)

atom [err], with the where wdfs)wqhmﬁueleamdlkamb Alsd, itwol hpdEnd as

TSy o R g e N s

PCT/ US96/ 07949
) V24

5 ZH[ ] Hz[2c' —a] (20)
P p

where p is an integer.

The central force equation for hydrogen-type molecules
has orbital solutions which are circular, elliptic, parabolic, or
hyperbolic. The former two types of solutions are associated

10 with atomic and molecular orbitals. These solutions are
nonradiative if the boundary ‘condition for nonradiation given
in the One Electron Atom Section of The Unification of
Spacetime, the Forces. Matter, and Energy, Mills, R., Technomic
Publishing Company, Lancaster, PA, (1992), is met. The

15 mathematical formulation for zero radiation is that the
function that describes the motion of the electron must not
possess space-time Fourier components that are synchronous
with ‘waves traveling at the speed of light. The boundary
condition for the orbitsphere is met when the angular

20 frequencies are

R., Technomlc Pubhshmg Company, Lancaster, PA (1992), thxs
25 condition is met for the product function of a radial Dirac delta
function and a time harmonic function where the angular

frequency, ®, is constant and given by Eq. (21).
zL

()] -—h—--'—n‘— (22)

" mrt A
‘'where L is the angular momentum and A is the area of the
30 closed geodesic orbit. Consider the solution of the-central force
| equation comprising the product of a two dimensional ellipsoid
and a time harmonic function. The spatial part of the product
function is the convolution of a radial Dirac delta function with
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And, the overall reaction is [err] Transitions to
nonconsecutive energy |evels involving t he absorption of an energy
hol e of an integer multiple of 5 27.21 eV are possible. Lower-energy
hydr ogen at ons, hydri nos, can act as a source of energy hol es that
can cause wosaess shrinkage wth the absorption of an eRETHIS96iey949 of
mX 27.2 eV (Eg. (3)). Thus, the shrinkage cascade for the pth cycle
of the hydrogen-type atom [err], with the hydrogen- 10 type atom
[err], that is ionized -as the source of. endgy hol es ~ that cause
resonant shrinkage is represent ed by | [err] And, the overaII

reaction is [err] @ rdgrveroa?remﬁscﬁdsowmhnepe&&ysfaﬁhe

i oni zati on energy 6eV. Di sproportionatlon,can occur
- between three hydrogen “28% %%&E nﬁ’(%‘é Hr&&‘rr&o uglyof th h@ﬁy udl e

iof 27.21 eV for the thll"r“dilrfqrdrtmeformg)rof Te:sfunctions; thnes,skdié rboapriagpscade
for the pth cycle of t n p _

hydrogen atons, [err], %“B? I?glgurx%:éef ﬁ?r an ell?ﬁséﬁ?}ﬁéa}lg{ll o%‘ ?ﬁ‘aﬁ t}gh{%@%ﬂ
resonant shri nkage #s ™ebeBsented by [err]

h
w"-ﬂ'm,ab (23)

where the area of an ellipse is
A = stab (24)

where 2b is the length of the semiminor axis and 2a is the

10 length of the semimajor axis. The geometry of molecular
hydrogen is elliptic with the internuclear axis as the principle
axis; thus, the electron orbital is a two dimensional ellipsoidal-
time harmonic function. The mass follows geodesics time
harmonically as determined by the central field of the protons

15 at the foci. Rotational symmetry about the internuclear axis
further determines. that the orbital is a prolate spheroid. In
general, ellipsoidal orbits of molecular bonding, hereafter
referred to as ellipsoidal molecular érbitals (M. O. ‘s), have the
general equation

]

20 %2- if %,-=1 | ' (25)

The semiprinciple axes of the ellipsoid are a, b, c.
In elhpsoxdal coordmates the Laplacxan 1s

(n-OR, &,(Rg ‘ngc R ‘R"a 1+(E-mR Cag ‘;Zi) 0 (26)

An ellipsoidal M. O. is equivalent to a charged conductor whose
25 surface is given by Eq. (25). It carries a total charge q, and it's
potential is a solution of the Laplacian in ellipsoidal
coordinates, Eq. (26).
Excited states of orbitspheres are discussed in the
Excited States of the One Electron Atom (Quantization) Section
30 of The Unification of Spacetime. the Forces. Matter. and
Energy, Mills, R., Technomic Publishing Company, Lancaster,
PA, (1992). In the case of ellipsoidal M. O. s, excited electronic
states are created when photons of discrete frequencies are
trapped in the ellipsoidal resonator cavity of the M. O. The
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And, the overall reaction is WO 96/ 42085

PCT/ US96/ 07949 14 [err] The
spectral lines fromdark interstellar nediumand the majority of the
sol ar power can be attributed to di sproportionation reactions as
given in the Sp¥Q9642085at a of 5 Hydrinos fromthe Dark | nPEFEIS2ATIHO
~Medi um and from the Sun Section of MIls [MIIls, R, The G and

Uni fied Theory of d assi cal Quant um Mechani cs, (1995), Technom c

Publ i shi ng Conpany, Lancaster, PA].1This assignnent resolves the
nystery of dark matter, the solar neutrino problem and the nystery

f th 10 f ' Vi :
gm’ tseX-rays. C?;J S:I go E}Fg%tggatﬁ (i gﬁfelggéfgéﬁgltcﬁﬁ}%%'rartyth%”ﬂ/l.""@{ g'ﬂ%@%lﬁem
i

. " change
the speed of sound and¢ &FEHA} r P39iCal; of'orce Li’llg‘tlmk“ti’nb‘” apbleveg at a
"convection zone" at aseries wf @llifisoidabeequipatentiali two dimensiofial” Rhefacksas

summari zed in Exanpl e arithl : ( Aty dr n
In a preferred enmbadi né?l , gy,e"r"b‘{z‘ ﬁ(‘ﬁ egsmule'lg(%%g E)eg)émp%&d: a;ﬁgbif%eglo 3%020115
27.21eV, are provi ded B¢ SpHHioNs, of r thes Laplacian in eHipsoidal scoordinates,aEqgs
i ncl udi ng el ectrochem ¢26).r eact ant ('s) 20 (el ectrocatal ytic ion(s) or

coupl e(s)) which cause heat ,to.b el eased,.from hydr.ogen ato as
their electrons are ifﬁﬁ'&? e%PsFowrlgT gg?t%tbd{mﬂ]ﬂ’%g@ggﬁf And gq‘;wer
energy |evels bel ow energyt Statenfarehequally vakidst aTbe . plidtonestanding emmwweedn
by an el ectron b6 She¥s i€ sbRitiorS OF e nat;ﬁcidnsmee‘iﬁa faf th the
hydr ogen 25 eﬁeq)gy r el gased t(i:stl rrulﬁle H}#s ransition. e source of
hydr ogen at oms cart be ??l%td&’ﬂaﬁ'ct it 8R ERPSOlfal jrasopptog cavity, t hode
during el ectrol ysi s of relatienship tetweeneanf aowed circunifersncel y44E, andr the
reactor and hydrogen gpRoton tdhdibgdwdvelength, A, is _
4qE=nA ' 27
where n is an integer and where

15 ke=— (28)
is used in the elliptic integral E of Eq. (27). Applying Egs. (27)
and (28), the relationship between an allowed angular
frequency given by Eq. (23) and the photon standing wave
angular frequency, o, is:
- mh_ R _ A 1 -
mA mnank, mab, n D=0, | (29)

where n=12,34,...
111
T 2'3%8"
@, is the allowed angular frequency for n=1
a, and b, are the allowed semimajor and semiminor axes for
25 n=1
From Eq. (29), the magnitude of the elliptic field
corresponding to a below "ground state” transition of the
hydrogen molecule is an integer. The potential energy
equations of hydrogen-type molecules are
30 V= ~2pe’ lna+\/a’—b2
© 8me,Na®-b* a-va*-b?

2

V,=-f 2

20

(30)

where
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the case of a pressurized gas energy reactor or gas discharge 30 energy

react or. Bel ow "Ground State" Transitions of Hydrogen-Type

Mol ecul es and Mol ecul ar 1ons Two hydrogen at ons react

to forma diatom c nol ecul e, 35 the hydrogen nol ecul e. WO

96/ 42085 WO 96/42085 | PCT/ US96/ 0794BCT/US96/07949

15 [err] where 2c¢' is the internuclear distance. Al so, two

hydri no ~ atons react.to forma diat qr’g c nol ecule, hereafter called a
di hydrino nol ecul e. 5 [err] where p is an

I nt eger. The central force equation for hydrogen-type .
mol ecul es has orbital solutions whighfre circular, elliptic, (32)
par abolic, or hyperbolic. The former tpo types of solutions are

associ at ed 10 with atomic and nol ecul ar oorbiitals. These solutions are

nonradi ative if the boundary condition for WGt 'aation gi ven in {(33)
the One El ectron Atom Section of The Unificati8 Spacetine, the
Forces, Matter, and Energy, MIls, R, Tecth_r;q;p_‘— w/—a Publ i shi ng 4)
Company, Lancaster, PA, (1992) s met. The 5b rratﬁ matical fornulati %

for zeroradlatlonlstht t.h that descrlbesth.ermlon

N nct | Orlf
of the electron nust ndR¢ ¥ Ere ppﬁs%s’é‘ TORL SASEEY FORSEINANDn et hat
are synchronous 5 resémnanogaenergy dhalei of &thydregspdm!e omoll¢cyie . which

boundary condi tdaqdef Ofhel NPar¥ilbhsphere i s nmet when the angul ar
20 frequencies are \Za \/_a
: H;|2¢ =——2|— H.
o e 2]
is .
mp*X 48.6 eV (36)

10 where m and p are integers: During the transition, the elliptic
field is increased from magnitude p to magnitude p+m. The
corresponding potential energy change equals the energy
absorbed by the energy hole.

Energy hole=-V, -V, =mp®X 48.6 eV (37

15 Further energy is released by the hydrogen-type molecule as
the internuclear distance "shrinks". The total energy, E,,
released during the transition is

2
E =-136 eV[(Z(m+ PYE —(m+ pyi2 + 2 E) ﬁ)ln‘[i‘“: ~(m+ p)’ﬁ}

2 N

+13.6eV[(2b2w/§-—p2w/§ ;/— ) §+; p'v’f]

20 ' (38)

A schematic drawing of the total energy well of
hydrogen-type molecules and molecular ions is given in
FIGURE 3. The exothermic reaction involving transitions from
one potential energy level to a lower level below the "ground

25 state" is also hereafter referred to as HydroCatalysis.

A hydrogen-type molecule with its electrons in a lower
than "ground state" energy level corresponding to "a fractional
quantum number is hereafter referred to as a dihydrino
molecule. The designation for a dihydrino molecule of
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[err] (21) As denonstrated in the One

El'ectron Atom Section of The Uni fication of Spacetine. the Forces,
Matter, and Energy, MIls, R., Technom ¢ Publishi ng Conpany,
- Lancaster, PA, (1992), this . 25 condition is nmet for the product
~function of a rwbss2alisrac delta function and a time hBCHURINTIY
function where the angul ar frequency, [err], is constant and given
by Eq. (21). . g[err] (22)
where L is the angul ar nmonmentumand A is t A€ area of the 30 closed
geodesic orbit. Consider the solution of the-central force equation
conprising the product ,of 'a two dIIT'EhSI onal e{/fd.opsm and a tine
har noni ¢ functi on. The‘%ﬁ%’c’?%l‘leabaﬁi’ts %ﬂcet'h@‘p'ro Tctwhere p is an, infeggh 155 t he
convol ution of a radial rac 2eI ta function th WO 96/ 42085
PCT/ US96/ 07949 Hy2¢=Y=%| A schematic ﬁ?awx of thk hﬁ h#r
el l'ipsoid. The Fourier thansf opm of “the Conval Ution of ons
is the product of the indivi rier transforns .of
functions; thus, the b&ﬁf’dé’? e3ules as (Jaoﬁmc?qo(pn of fo %@t CRELEY I8 ngen in FIGURE
eIIipsoidaI-tirre har no#di.c functlon 5 when [err]
(23) wher e 4 he ar ea llidcﬁs‘éf the ellertlc field co s?ondm% {oertﬁ%
or axl s a h 0

(24) where 2 eng

l ength of the semi maj oin' ?@“fheg@é’ﬁ‘ﬁ‘etswe rB pgeRrfype mo °°“f‘°ny§lr%ge From
el liptic with the inteenergyadonservation,t the yesomincbeenergy hodicf a hydrogdie
electron orbital s a iyGeHneRGHih2bx&itdd i ifhsition of the hydrogen

molecule with internuclear distance 2¢'=4/2 2a, to the first below

10 “ground state" with internuclear distance 2c'=71_5-a, is given by

Egs. (30) and (31) where the elliptic field is increased from
magnitude one to magnitude two:

—2¢* a+va® b2

V,-= In =-67.813 eV 39
- 8me,Na’~-b a-va*- (39)
e .
V = =19.23 eV ' 40
. P 8meNa® -b? (40)
15 Energy hole=-V,-V,=mX 48.6 eV - (41)

In other words, the ellipsoidal "ground state" field of the
hydrogen molecule can be considered as the superposition of
Fourier components. The removal of negative Fourier

~components of energy

20 mX48.6 eV (42)
where m is an integer, increases the positive electric field
inside the ellipsoidal shell by m times the charge of a proton
at each-focus. The resultant electric field is a time harmonic
solution of the Laplacian in ellipsoidal coordinates. The

25 hydrogen molecule with internuclear distance 2¢'=+/2q, is
caused to undergo a transition to a below "ground state" level,
and the internuclear distance for which force balance and

V2a

‘nonradiation are achieved is 26=1—;-';—;. In decaying to this

internuclear distance from the " round state”, a total energy of
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time harnonic function. The mass foll ows geodesics tine har noni cal | y
as determned by the central field of the protons 15 at the foci.

Rot ati onal synmetry about the internuclear axis further determ nes
that the orbital is a prolate spheroid. In general, ellipsoidal
orbits of nol ecuwamnsizessi ng, her eaft er _ referred to as elHAT{1IS96/07849
nol ecul ar orbitals (M O 's), have the general equation

[err] 20 The sem principl e axes 30 the ellipsoid are a, b, c.

In ellipsoidal coordinates the Laplacian is [err] An el lipsoidal M
O is equivalent to a charged conductqr whose 25 surface is given by
Eq. (25). It carriesatotaIErc"harge g, and it's - potenti al isa
solution of the Laplacian in ellifpsoidal coor i_pat)p‘?-

Excited states of orbi tsphenasaigz(d%ﬂ)ﬁd_edll-m)%@q-_miim Sf(la..t.%zf
of the One Electron Atom (Quanti z&tion) Section & Th +1cation
of Spacetine. the Forces, Matter, and Ener & , Technom C
_Publ i shi ng Conmpany, Lancaster, Jd A< Q

‘ellipsoidal M QO s, excited el e-*é%ar?)ﬁl Gl % @s\/'zuse cre ted when
photons of discrete fr&yUeicased- are trapped in the el |7 psoi dal

resonator cavity of the M QO The WO 96/ 42085 (43)
PCT/ US96/ 07949 5 o aomla 4 phot on changes

the effective charge a | N the central field is
el | i psoi dal . Force bal ance oxment epsrgy sheleselearhsef dal

equi potential two di meap'pmnimawetyices confocal wt h the ground-

state el lipsoid. The tn?P&eéj Vhoﬁrgnfsrowdgd Q{reelggllr%' 898sft }eggutliggloaf' an

in ellipsoidal coordina
reactants mcludmg electrochemical reactant(s)

10 (electrocatalytic ion(s) or couple(s)) which cause heat to be
released from hydrogen molecules as- their electrons are
stimulated to relax to quantized potential energy levels below
_that of the "ground state”. The emergy removed by an electron
transfer reaction, .energy hole, is resonant with the hydrogen

15 energy released to stimulate this transition. The source of
hydrogen molecules can be the production on the surface of a
. cathode during electrolysis of water in the case of an
electrolytic energy reactor and hydrogen gas or a hydride in
the case of a pressurized gas energy reactor or gas discharge

20 energy reactor.

Energy Reactor
The present invention of an electrolytic cell energy
reactor, pressurized gas energy reactor, and a -gas discharge
25 energy reactor, comprises: a source of hydrogen; one of a solid,
molten, liquid, and gaseous source of energy holes; a vessel
containing hydrogen and the source of energy holes wherein
the shrinkage reaction occurs by contact of the hydrogen with
the source of energy holes; and a means for removing the
30 (molecular) lower-energy hydrogen so.as to prevent the
exothermic shrinkage reaction from coming to equilibrium.
The shrinkage reaction rate and .aet power output are
increased by conforming the energy hole to match the
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(26). As is the case with the orbitsphere, higher and | ower

efergy states are equally valid. The photon standing wave in bot h
cases is a solution of the Laplacian in ellipsoidal 1 0 coordinates.
For an ellipsoidal resonator cavity, the rel ati onshi p between an
al | owed ci r cunf wo®sd2085 4aE, and t he phot on st andi ng waPSIT8IS96/47949
[err], iIs [err] where n is an integer
and where 15 [err] 21

(28) is used in the elliptic integral E of Eq. (27). Applying Egs.
(27) and (28), a n u

frequency given by Eq. ‘J"F‘S‘%‘F& &hﬁﬁﬂ%‘g %%&Eg Iﬁ ﬁ@,érm"’eﬂ oWef A'ﬂ? ‘b 20 be
frequency, [err], is: optimigzed by controlh{lgr e temperature pressure o

(29) where n= liydtoger gas, the source bEthé¢ érergycholel mmumggui@r

Semm ot axes. for féec&ﬁﬁfhﬂﬁd ioff & RIS WihiEh § Wdﬁi B yRredflols
the elliptic field5 the countesoponfiithy lecaogttalymc d¢B 07 couplecand the
transition of the area NOfl1the esurfdtlec ol Which aliei shrdfltige FélRtidA! BBERMA!
energy equati Cmlgheo f @ég{lp qg\r}eﬁt\{gf f{ﬂ'kl?ecru lcsﬁlpns%s a hych[ogen] spillover
catalyst, a multifunctionality material having a functionality
which dissociates molecular hydrogen to provide free
10 hydrogen atoms which spill over to a functionality which
| supports mobile free hydrogen atoms and a functionality
which can be a source of the energy holes.

A preferred pressurized hydrogen gas energy reactor
comprises a vessel; a source of hydrogen; a means to control

15 the pressure and flow of hydrogen into the vessel; a material
to dissociate the molecular hydrogen into atomic hydrogen,
and a material which can be a source of energy holes in the
gas phase. The gaseous source of enmergy holes includes those
that sublime, boil, and/or are volatile at the elevated

20 operating temperature of the gas energy reactor wherein the
shrinkage reaction occurs in the gas phase.

Other objects, features, and characteristics of the present
invention, as well as the methods of operation and the
functions of the related elements, will become apparent upon

25 consideration of the following description and the appended
claims with reference to the accompanying drawings, all of
which form a part of this specification, wherein like reference
numerals designate corresponding parts in the various figures.

30 BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a schematic drawing of the total energy well of
. , the hydrogen atom;
FIGURE 2 is a schematic drawing of the size of electron
orbitspheres as a function of potential energy;
35 FIGURE 3 is a schematic drawing of the total energy wells of .
the hydrogen molecule,
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1-8 [err] and where p is an integer. From energy conservation,
t he 5 resonance energy hole of a hydrogen-type nol ecul e which
causes the transition [err] IS 1 0 where mand p are integers.
During the trangiodgaruest he el liptic field is increasedPETYRIENO7M4

. magnitude p to magni tude p+ m The cortespondi ng potential energy
change equal s t he energy absor bed 9y the energy hole.
Energy hole=-V[err]-V[err] np[err] X 48. 6eV (37) 15

Furth | d 4h

i g'[ er ﬁchgg gél Istsa:lgee?lsﬁct?ﬁ%s‘?fa ’Tﬁg‘r ?‘g'?g‘?g qjgcuelﬁ é??’] [2"'=2“a]r'eﬁ!$ased
d the t t .

(35" 1" 1AM 00 et Cholgohlenofty P g}l an) b dfiydring. molecular

" hydrogen-type nol ecul es and nol eqular ions is dglven in -- FI GURE 3. The
exothernmic reaction i iR & R@"t‘i nS| tions from one pot ent i al energy

level to a lower |evel BEPURENE jsJ5 QeRE t135 eof e &
referred to as HydroCatal ysis. 1% ScHema ydro en- typez?m zﬁfg%ﬁt
[quant Wrn}z

its electrons in a5l owfse moleculdsham;|2e" tagt 8" fuRBR6H Yof! ﬁ)tﬂ energy;
corresponding to a fracti onal umber is hereafter reférred

t]? as a dihydrino FIGUREUSCis 4 \@hefatidNdlawiig (@t aft elyyreal@oFghecy! e
° accordance with the invention;
FIGURE 6 is a schematic drawing of an electrolytic cell
energy reactor in accordance with the present invention;
10 FIGURE 7 is a schematic drawing of a pressurized gas
energy reactor in accordance with the present invention;
FIGURE 8 is a schematic drawing of a gas discharge energy
reactor in accordance with the invention; and
FIGURE 9 is a plot of the excess heat release from flowing
15 hydrogen in the presence of nickel oxide powder containing
strontium niobium: oxide (Nb™/Sr** electrocatalytic couple) by
the very accurate and reliable method of heat measurement,
.thermopile conversion of heat into an electrical output signal.

20

25 Single it ate
An energy hole is provided by the transition of an

electron of a species to an excited state species including a
continuum excited state(s) of atoms, ions, molecules, and ionic
and molecular compounds. In one embodiment, the energy

30 hole comprises the excited state transition of an electron of
one species whereby the transition enmergy of the accepting
species equals approximately mX27.21 eV where m is an
integer. '
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PCT/ US96/ 07949 19 I nt er nucl ear

di stance, 2c' = [err] where p is an integer, is [err]. A schematic
drawi ng of the size of hydrogen- type nol ecules as a function of
total energy is WO9eM20BH Fl GURE 4. 5 The rrag‘?ﬁ'i"ﬂﬁ?

the elliptic field corresponding to the first bel ow "ground state"
hydr ogen-type nolecule is 2. From eaﬁ?rbgy conservation, the
resonance energy hole of a hydrogen | ecul e which excites the

transrtron of the hydrogen nol, ecul e with i nternucl ear distance 2c'
[err] to the first be wi th internuclear distance

20 ~err] 1S given by g enk oggma@rorxaaa »?temgemﬁsﬁrlw .

freldrsrncreasedfrom e.oné to m ]
15 . Energy RMr m\}f"é Perticipatin gn’RP e g\qlu Ing atoms, (igns,
I n other words, the ell npolecales, aydownicsandeiholeaﬂat cbmipoands. In one

hydr ogen ol ecul e cag be trfﬁﬁigihgﬁi,\e/ eﬁé}gf%% p&ﬁhﬁh?& Ue tr trapsfer gf;%:

conponénts. The renoval mponent S
electron from one species to another species whereby the sum

of the ionization emergy of the electron donating species minus

the ionization energy or electron affinity of the electron

accepting species equals approximately mX27.21¢V where m is
10 an integer.

lec o_Specie
An efficient catalytic system that hinges on the coupling

of three resonator cavities involves potassium. For example,
15 the second ionization energy of potassium is 31.63eV. This

energy hole is obviously too high for resonant absorption.

However, K* releases 4.34 ¢V when it is reduced to K. The

combination of K* to X** and K* to K, then, has a net energy

change of 27.28 eV; m=1 in Eq. (3).

20 27.28 eV+K*+K++H[3'L]—>K+K’f+H[ %
: ' j4 (p+1)

]+[(p+1)2 - p*1X13.6 eV

(44)
K+KE* = K*+K*+27.28¢eV (45)
And, the overall reaction is
HI:E:—]-—)H[( l)]+[(p+l) -p'IX13.6eV  (46)
25 Note that the energy given off as the atom shrinks is much
greater than the energy lost to the energy hole. And, the
energy released is large compared to conventional chemical
reactions.
For sodium or sodium ions no electrocatalytic reaction of
30 approximately 27.21eV is possible. For example, 42.15 eV of
energy is absorbed by the reverse of the reaction given in Eq.
(45) where Na* replaces K*:
Na* + Na* +42.15 eV — Na + Na** (47)
Other less efficient catalytic systems hinge on the
35 coupling of three resonator cavities. For example, the third
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20 m X48. 6 eV (42)

where mis an integer, increases the positive electric field I nsi de
the ellipsoidal shell by mtimes the charge of a proton at each
focus. The resultant electric field is a tine harnonic sol ution of
t he Lapl aci an | woe9dei42¢850i dal coordi nates. The 25 . hydrogen PCA/G896/I07949i t h
I nternucl ear distance 2c'= [err] is caused to undergo a transition
to a below "ground state" |evel, ag t he internucl ear distance for
whi ch force bal ance and nonr adi at i are achieved is 2¢c' = [err]
In decaying to this : I nt er nuc| ear _di stance fromthe " round state"
a total energy of ionizgigpn cenergysof palladium is 32.93eV. This energy hole is’

PCIT / USQS/ 07949 obviously too high for resordht absorbﬁbﬁ] However, LI*S

rel ease

(43) 5 Energy Hol eril%f cut %9rz %d‘mﬁgﬁ 1s reduced to Lj., The, combhipation of
enbodi ment, energy hol &d* sacPd’diand Li* to diprtben,vhas|a net energynéhange \of are
provi ded by el ectran tmasafsr reactions of reactants including

el ectrochem cal reactant(s) 10 (electrpcajalytic ion(s) or couple(s))

whi ch cause heat to be27.54eV+Le|+em’ed-ﬂr hyDiopgr nol ecul es as their

el ectrons are stinulated to rel ax quantl eg pgtential energy
| evel s bel ow that of the "ground state" F—eﬁsr (pemﬁqu]m,eev
el ectron
Li+ Pd** — Li* + Pd** +27.54 eV (48)
(49)

10 And, the overall reaction is-

Hﬂli.] H[—E.L-] 2_ p1x13,
[p - D) +[(p+1) p]X}36eV (50)

e e
An energy hole is provided by the ionization of an

15 electron from a participating species including an atom, an jon,
a molecule, and an jonic or molecular compound to a vacuum
energy level. In one embodiment, the energy hole comprises
the ionization of an electron from one species to a vacuum
energy level whereby the ionization energy of the electron

20 donating species equals approximately mX27.21eV where m is
an integer. ,

Titanium is one of the catalysts (electrocatalytic ion) that
can cause resonant shrinkage because the third ionization
energy is 27.49eV, m=1 in Eq. (3). Thus, the shrinkage cascade

25 for the pth cycle is represented by

27.491 eV + Ti** +H[£H-]—> Ti** +e + H[ o ]+ [(p+1)* - p?}X13.6 eV
Ti** +e” — Ti** +27.491 ¢V
And, the overall reaction is (52)
H[ ] [ l)]+[(p+l)' p°1X13.6 eV
, (53)
30 Rubldmm is also a catalyst (electrocatalytic ion). The
second ionization energy is 27.28 eV.
27.28 eV + Rb* +H[£;’-]—> RV +e + H[( l)]-i-[(p +1)° - p?1X13.6 eV

(54)
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transfer reaction, energy hole, is resonant with the hydrogen 1 5 energy

rél eased to stinulate this transition. The source of hydr ogen

nol ecul es can be the production on the surface of a cat hode during
el ectrolysis of water in the case of an el ectrolytic energy reactor
and hydrogen gawoveoss/dri de in the case of a pressuri zaCTHIN6IIA g
reactor or gas discharge 20 energy reactor. Ener gy React or -
The present invention of an electrolytic cell energy react or,
pressurized gas energy reactor, and a gas #8charge 25 energy reactor,
conprises: a source of hydrogen; one of a solid, nmolten, liquid, and

gaseous source of energy holes; a vesgpM +e¢ —> REOPDADROEWY hydrogen and thqss)

source of energy holes regn . the.shri.nkage reaction occurs by
contact of the hydr ogenxaﬁt ﬁhe overaphée < ép[f energy holes; and a neans

for removing the 30 (nolecular) |owegr@nergyl hdr gp%_gf?lzlgl zﬁflg%gvent_ (56)

- the exot herm ¢ shrinkage reaction] for m cp(@al) Ium

The shrinkage reaction rate d et power t put age . increased,by
conforring the ener gy hol e t@ElTﬁ{t éwg{iﬁ\gglec&%n %Mﬁdﬁ%’é@s 0 provide
PCT/ US96/ 07949 energy holes of approximately1mX27.21 eV wherermnis an
shrinkage energy. |In ggpe&dtr W iRu PukcU.S. (o] ¢ \ W ¢ y
source of the energy h g t y :
coupl e which provides tSerialnNoyy08/d462,051 filed arhduneubt ¢99% whicht e a

el ectrocatal ytic ion or | -ptaP@ s vati andz¢aeQf: S .
whi ch the shri nkagi rea%‘?ﬁ%ﬂrta}%%nagg aPphc.:a%)xel gfeggﬁfai ?ﬁeémélgggfﬁﬂrbt Hfélred
conprises a hydrogh® sf% 1ApEl 3. 1995 which,is 2 continpationsin-pam application of
materi al having a functSeriall No¢ 08/107,35%/iled oh sAugusit b6, 4993 Ccwiich is a

hydr ogen ! o de 1T SContintthrichtH-BAR" appliehbh' 6F SBiihl 19¥.°108/675,102 (Dke.
99437) filed on June 11, 1993, which is a continnation-in-part
application of Serial No. 07/626,496 filed on December
15 12,1990 which is a-continuation-in-part application of Serial
No. 07/345,628 filed April 28, 1989 which is a continuation-
in-part application of Serial No. 07/341,733 filed April 21,
1989, which are incorporated herein by reference.

20 ultiple Electro n

An energy hole is provided by the transfer of multiple
electrons between participating species including atoms, ions,
molecules, and iomic and molecular compounds. In one
embodiment, the energy hole comprises the transfer of t

25 electrons from one or more species to one or more species
whereby the sum of the ionization energies and/or electron
affinities of the electron donating species minus the sum of the
ionization energies and/or electron affinities of the electron
acceptor species equals approximately mX27.21eV where m

30 and t are integers.

An energy hole is provided by the transfer of multiple
electrons between participating species including atoms, ionms,
molecules, and ionic and molecular compounds. In one
embodiment, the energy hole comprises the transfer of t

35 electrons from one species to another whereby the t
consecutive electron affinities and/or ionization energies of
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supports nobile free hydrogen atons and a functionality whi ch can

be a source of the energy hol es. A preferred pressurized

hydr ogen gas energy reactor conprises a vessel; a source of

hydr ogen; a neans to control 15 the pressure and flow of hydrogen into
the vessel; a newerssa0ss to di ssociate the nol ecul ar hydrraparnss/onod
at om ¢ hydr ogen, and a material which can be a source of energy
holes in the gas phase. The gaseous source of energy hol es includes
t hose that subline, boil, and/or ar@®olatile at the elevated 20

operating tenperature of the gas energy reactor wherein the

shrinkage reaction occurtgei Bldch%lﬂ@%nﬁﬂﬁg ecies minus the pc@ﬂﬁedﬂii\?e‘:ts
f eatures, and characterl sth I 1

?{ energ:%s a 0 a?ﬁ Q*,e' Oof fhe
the methods of oper ati ofCHERHM: 'F 9%+ FlsKtrog; of otheg ‘k
wi Il becone apparent upmceptcn’S equelssiappraximately viX27123 leVowrirege dms and [t aes

and t he appended m\/\#gﬂ:ﬁs with reference to the acconpanying

drawi ngs, all of form t of t.his specification, wherein

|i ke reference nuner Psadgg?%ﬁ%%re empPodimedt qthey elegtran  acoepeor species
various figures. 30 is an oxide such aBRMgD, DEELRSIOTI OM refefre DRAMSSGEr
FIGURE 1 is a schematic ' e n y well of t he
hydr ogen at om &é&r%ga& Pilds} f’f ?&ﬁgﬁgt %gdravvl ng of the size of

el ectron orbi tspheres as a functlon of potential energy; 35

FIGURE 3 is a schenati c TiwavElerton Trapifet 0w Spaviesy! | s of . t he
hydrogen nol ecule, §g

PCT/ US96/ 07949 V\?ngﬁﬂélgﬁ%gdlment a %atalytlc system tgp.} proyﬁiéﬂ,s an

“hydrogen nol ecul ar i on, SREFgY holenkinges on the; ippigation MIMIO&@M{‘@& From an
“and the dihydrino nol ecuk@m ion, or molecule to a vacuum energy level such that the

sum of two ionization energies is approximately 27.21eV. Zinc
is one of the catalysts (electrocatalytic atom) that can cause
15 resonant shrinkage because the sum of the first and second
_ ionization energies is 27.358 eV, m=1 in Eq. (3). Thus, the
shrinkage cascade for the p th cycle is represented by

27.358 eV+Zn+H[—]—-)Zn2*+2e +H[( )] +[(p+1)* - p*]X13.6 eV

(57
Zn* +2¢~ — Zn+27.358 eV
20 And, the overall reaction is (58)
H[ ] [ ]+[(p+l)2 z]XIS.G eV
(59)

" Two sfer (Two Species
In another embodiment, a catalytic system that provides
25 an energy hole hinges on the transfer of two electrons from an
atom, ion, or molecule to another atom or molecule such that
the sum of two ionization energies minus the sum of two
electron affinities of the participating atoms, ions, and/or
molecules is approximately 27.21eV. A catalytic system that
30 hinges on the transfer of two electrons from an atom to a
molecule involves palladium and oxygen. For example, the
first and second ionization energies of palladium are 8.34 ¢V
and 19.43 eV, respectively. And, the first and second electron
affinities of the oxygen molecule are 0.45eV and 0.11eV,
35 respectively. The energy hole resulting from a two electron
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ion, [err]; FIGURE 4 is a schematic draw ng of the size of

hydr ogen- 5 type nolecules, [err], as a function of total energy;
FIGURE 5 is a schematic drawi ng of an energy reactor in accordance
wi th the invention; FIGURE 6 is a schematic draw ng of an

el ectrol yti c cewoosi42088 energy reactor in accordance wth theporasssu7949

I nvention; 10 FIGURE 7 is a schematic drawi ng of a pressurized gas
energy reactor in accordance with the present invention; FI GURE 8
Is a schematic drawi ng of a gas di scharge grgergy reactor in
accordance with the invention; and FIGURE 9 is a plot of the

excess heat rel ease fr&%Qe?%pgﬂppgﬁgateh%foﬁ%angﬁ %@g‘r@gﬁ%nc h%f ni ckel

oxi de powder cont ai ni ng R um nlzp%gm Oxi de,”

el ectrocatal yti c coupl €9mijnation of Adutq,&id) uPat@ Gne theh; has & et (Rnersy
heat neasurenent, chaﬁgdeewnm'_jzpevpnversi on of heat into an electrical

out put signal . 20 DETAI LED | PTION OF TH PEE NTLY PREFERRED
EVBODI MENTS CAZARY EVG PHNERY- -8%0%&51{5 p + 1Y25pxngleev
El ectron Excited State AnL &der gy hol e is LPddddled by the
transition of an g el ectron of a species to an excited state species

I ncl udi ng a conti nuumexcited state(s) of atons, ions, nolecules,

and ionic and nol ecul ar conpounds. I n one enbodi nent, the energy (60)
30 hole conprises the excited statePdt'an@t+ofd b0, #2731 e¥t r on of (61)

one species whereby thgny 4l bveraleeaétiofist he accepting © species
equal s approxi mately mX27.21 eV where r[‘r i] an I nt eger. WO
qo

96/ 42085 S |5 H 84 X13.6 eV '
=~ (pH)-lL!‘(SP PEPFIX13.6 € (62)

10 Additional atoms, molecules, or compounds which could be
substituted for O, are those with first and second electron
affinities of approximately 0.45eV and 0.11 eV, respectively,
such as a mixed oxide (MnO,, AlO,, Si0.) containing O to form
O* or 0O, to form OF.

15

w lec (Two .

_In another embodiment, a catalytic system that provides

an energy hole hinges on the transfer of two electrons from an
atom, ion, or molecule to another atom, ion, or molecule such

20 that the sum of two ionization energies minus the sum of one
ionization energy and one electron affinity of the participating
atoms, ions, and/of molecules is approximately 27.21eV. A
catalytic system that hinges on the transfer of two electrons
from an atom to an ion involves xenon and lithium. For

25 example, the first and second ionization energies of xenon are
12.13 ¢V and 21.21eV, respectively. And, the first ionization
energy and the first electron affinity oflithium are 5.39¢V and
0.62 eV, respectively. The energy hole resulting from a two
electron transfer is appropriate for resonant absorption. The

30 combination of Xe to Xe** and Li* to Li, then, has a net energy
change of 27.33eV.

27.33 eV + Xe+ Li* +H[9&]—> Xe** + Li- +H[ 2.
P (p+1)

]ﬂ(p-é 1Y - p’1X13.6 eV

(63)
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23 Single Electron Transfer An energy hole is
provi ded by the transfer of an el ectron between participating
speci es including atons, ions, nol ecul es, and ionic and nol ecul ar
conpounds. | n one 5 enbodi ment, the energy hole conprises the transfer
of an ewoobmmes f rom one species to anot her speci es WhBEHUSI6OFR4? sum
~of the ionization energy of the electron donating species mnus t he
- ionization energy or electron affinity of the electron accepting
speci es equal s approximately nmX27.21 eV W#fre mis 10 an integer.
Single Electron Transfer (Two Species) - An efficient catalytic

systemthat hinges on the 'coupling Xe*+Li ofXéhree rresgpiator cavities (64) .
i nvol ves pot assi um F%ﬂeﬁm$$eraﬂ 5 ﬁ tige second ioni zation energy of
ts

- potassiumis 31.63eV. ol e is,obviously too high for

. resonant absorption. - Howevergi 9 Ly Al L&t e 43234 it is

" reduced to K. The conmbi nati on of} K[ er(pH+BH ﬁ?é'-r?] gﬁﬂ?%ﬂ] to(g,s)
t hen, has a net energy change of 27.28 eV, m=1in Eq. (3). [err]
(44) And, the overall reaction is [err]

25 Note that thé& enbwgyE] Ppacies)i nks i s much

greater than the energy | gul anetlerceftitditen) 8. cAbytid "Wstem that BRSVidYs
rel eased is |arge conpared to cgnventlonal tﬁh n cil 1L actiQns.
For sodium or sodi um bRy ol higgss an, the tF%%f & 86 Byo eecgtrqps rom an
approxi mately 27.21 atom,siomeosari madectlertoeanothier atam, 1i6ne vr anolecule such

energy is absorbed byhaPGhEeyfthSEf ol Rhiz e iedrg@ey Shidd MR sum of twd 45)

where Na[err] reﬁplgace.s K%ﬂ%iﬂr’}: . £ L S[errh:b‘_

Cther less efficfent 'O FISEFEND HhgoBagicipating atoms andiRfi i ng of

three resonator cavitmelecules iexspproximatedyt 27.2HeV. A catalytic system that
hinges on the transfer of two electrons from a first ion to a
second ion involves silver( Ag*) and silver (Ag**). For
example, the second and third ionization emergies of silver are

15 2149V and 34.83 eV, respectively. And, the second and first

ionization energies of silver are 21.49¢V and 7.58 eV,
respectively. The energy hole resulting from a two electron
transfer is appropriate for resonant absorption. The
combination of Ag* to Ag** and Ag®* to Ag, then, has a net

- 20 energy change of 27.25eV.

| 27.25eV+Ag"+Ag* + H[“—] —~ Ag™ +Ag+ H[ 2 ]+[(p+ 1)’ - p*1X13.6 eV
4 (p+1) '
. (66)
25 Ag¥ +Ag— Agt +AgT +27.25eV (67)

And, the overall reaction is

a a
H|-2 | > Hl —2— |+[(p+1)’ - p*1X13.6 eV
[p] (p+l)] ((p+1) - p] e (68)
WO ies)
30 In another embodiment, a catalytic system that provides

an energy hole hinges on the transfer of three electrons from
an ion to another ion such that the sum of the electron affinity
and two ionization energies of the first ion minus the sum of
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24 . I oni zation energy of palladiumis 32.93 eV. This energy hole is
obvi ously too high for resonant absorption. However, [err] rel eases
5.392 eV when it is reduced to Li. The conbi nati on of Pd[err] to
Pd[err] and Li[ &¥0%6/42085Li , t hen, has a net energy change. of POTrUSH60T949 € V.
Jerr] 1 0 And, the overall reactionis [err] Si ngl e El ectron
Transfer (One Species) - An energy hole is provided by the

i oni zation of an 15 electron froma pamticipating species including an
atom an ion, a nol ecule, and an ionic or nolecular conpound to a

vacuum energy | FYNn ephad; , e hol e comri s

the ionization of an Eet}‘g‘lbet rlgﬁlzﬁgg% onéei%gpec%ffegﬁe{%egg%géﬂnfs appro%gg,téls'

| evel whereby the ioniZ=iefh efercgialpic system dbat dingeso ondtheatiansfespefi es
equal s -approxi mat el y e elecednshfrom @ni fon to a seBondiiBfCinvolves Li- and

Calise resonant  shrinkede bek Sk ibiEy phe APy SN Ant igpizagion; cnecgy,
27.49eV, nel in Eq? (#Ppd secend derizatien nngygycef dithinm ogre 02 dWheS.pae¥ycl e
is represented by [erahll 75.638 eV/Aéspddiivedy.er Alrld, "@BCHIIRAY) $etond, and first
(52) ionization energies of Cr** are 30.96 eV, 16.50 ¢V, and 6.766 eV,

respectively. The energy hole resulting from a three electron

transfer is appropriate for resonant absorption. The

10 combination of Li to Li** and Cr* to Cr, then, has a net
energy change of 27.42 eV. )

27.42 eV+Li +Cr** + H[%"-] - Li* +Cr

a
+ 2— (+[(p+1)* - p?
H[(p+l)] [(p+1)* - p*1X13.6 eV
_ - (69)
15 L4 Cr—> Li+Cr*t +27.42 eV (70)
And, the overall reaction is

Hl % ay 2_ 2
[ » ]—)H[(p+1).]+[(p+l) P 1X13.6 eV (71)

nsfer (Tw cies _

20 In another embodiment, a catalytic system that provides
an energy hole hinges on the transfer of three electrons from
an atom, ion, or molecule to another atom, ion, or molecule
such that the sum of three consecutive ionization energies of
the electron donating species minus the sum of three

25 consecutive ionization energies of the electron accepting
species is approximately 27.21eV. A catalytic system that
hinges on the transfer of three electrons from an atom to an
ion involves Ag and Ce™. For example, the first, second, and
third ionization energies of silver are 7.58 eV, 21.49 eV, and

30 34.83eV, respectively. And, the third, second, and first
ionization energies of Ce™ are 20.20 eV, 10.85¢V, and 5.47 eV,
respectively. The energy hole resulting from a thiee electron
transfer is appropriate for resonant absorption. The
combination of Ag to Ag** and Ce* to Ce, then, has a net

35 energy change of 27.38eV.

SUBSTITUTE SHEET (RULE 26)



[err] 30 Rubidiumis also a catalyst (electrocatalytic ion). The
segond ionization energy is 27.28 eV. [err] WO 96/ 42085

PCT/ US6/ 07949 . 25 '

[err] And, the overall reaction is [err]
O her single el wigsmzossr ansfer reactions to provide 5  eRETPgoand9¥s of
approxi mately nX27.21 eV where mis an | nt eger appear in ny
previous U S. Patent Applications entitled "Energy/ Matter

Conver si on Met hods and Structures", 30 Serial No. 08/467,051 filed on
June 6, 1995 which is a conti nuation in-part application of Serial.

No. 08/416,040 filed on Apr 3[aIP95 ich is a
conti nuation-in-part %éﬁle(‘,’a'tﬂ&ﬂr@ —= &9 4 No. 08/107,357 filed on
co

August 16, 1993, which is a uation-fngpaft application of
Serial No. 08/075,102 (Dkt. 99437) fil eUHWdrmnﬂ)iwﬂXM eV is
a continuation-in-part application of Ser 07/ 626, 496 fi l ?z )
on Decenber 15 12,1990 which is %.C0R tin ar application 1‘Z
Seri al No. 07/345,628 filed I‘I+| gl'bgg) Wr?péﬁ §%s a conti nuat (48)
i n-part applicatidn oﬂnfaerlihal oMbralD?é&tilqn?&Q filed April 21, 1989,

which are incorporated herein by refefgn e a20] Multiple,El ectron
Tr ansf er An energy hol ;!'[(tm*el) T 8NK13:6 ¥ (74)
pa ng

mul tiple el ectrons bet ween |pa peci es including atons,
I ons,

ADDITIO

10 Si ctron e
In a further embodiment, an energy hole of energy -

equal to the total energy released for a below "ground state"
electronic transition of the hydrogen atom is provided by the
-transfer of an electron between participating species including

15 atoms, ions, molecules, and ionic and molecular compounds. In
one embodiment, the energy hole comprises the transfer of an
electron from one species to another species whereby the sum
of the ionization energy of the electron donating species minus
the ionization energy or electron affinity of the electron

20 accepting species equals approximately 5;-27.21 eV; where m is

an integer. _

For m=3 corresponding to the n=1to n=1/2 transition,
an efficient catalytic system that hinges on the coupling of
three resonator cavities involves arsenic and calcium. For

25 example, the third ionization energy of caicium is 50.908 eV.
This energy hole is obviously too high for resonant absorption.
However, As* releases 9.81eV when it is reduced to -As. The
combination of Ca* to Ca* and As* to As, then, has a net
energy change of 4lLleV. '

30 _411eV+As*+Ca"+H[p]-—>As+Ca "H[Z_ﬁ] Kp+1-p’IX13.6 eV .

_ (75)
As+Ca™ — As* + Ca™ +41.) eV (76)
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o} ecul es, and ionic and nol ecul ar conpounds. In one enbodi nent ,

the energy hole conprises the transfer of t 25 el ectrons from one or
nore species to one Or nore species whereby the sum of the

| omi zation energi es and/ or el ectron affinities of the electron
“donating speci eNOw9%42085 t he sum of the I oni zati on ener GCTAISIWNAIAIr
electron affinities of the electron acceptor species equals

approxi mately nX27.21 eV where m 30 and t are integers. An
energy hole is provided by the transfer @i1nultiple el ectrons

bet ween participating species including atons, ions, : nol ecul es, and
I oni ¢ and nol ecul ar o] S . enbodlnent the energy hole
conprises the transf68g§ %Bg ov c%ﬁﬁ(ﬂ] f rom one species to another
whereby the t consecutive el anLl tion
ener gi es of WO 96/ 42085 ‘ ( +1) it AL NS 77
PCT/ US96/ 07949 the el ectron
donati ng species mnus the t consecutive i oni zation energi es and/ or
electron affinities acceptor equal s approxi mately

forr). Torr] . A prof chpgent beretl peffcipating, sprGe ElidRa oy soft.

MX27.21 eV where mand t 3Afi energy holétisgprovided byd the transfém of ﬁmﬁzrer ed
S
[err]. Two Bmeleoudes, Tand sippic (ande miecylas )componngs. In ope” an

-enbodi nent, a catal ytémbadihem, tﬁaahnefgynﬁﬂs étﬁlnpnses theeﬁﬁﬁﬁ‘érWQ hi nges:

on the |on|zat|on of twmo elehttrons t ion nol ecul e
to a vacuum ener gy Ie?/lgfm?ﬂﬁ ?Watothgr miore specgﬁ% 8f 013 T Wﬁaﬁﬂeﬁf‘f’
energies is apprd0 nawbesely7.the swum Bifnthe ionizationsenergies anﬁéorc@ﬂmt;mt S

(electrocatal ytic at Oﬂflﬂltieg SR RhE %186tron doxﬁmfge%peaei hiitiusN RO Suhf GTUER
the sumof the first and second d} fttrona%f]ertﬁalesfﬁ-xﬂ?’sev m
=1 in Eq. (3). Thus, lcorpézauon energxes and/or electron 1ites o e electron

acceptor species equals approximately 3-27.21 eV where m and

t are integers.

15

ectron ited e _
An energy hole is provided by the transition of an
20 electron of a species to an excited state species including
atoms, ions, molecules, and ionic and molecular compounds. In
one embodiment, the energy hole comprises the excited state
transition of an electron of one species whereby the transition
energy of the accepting species is mp®X48.6 ¢V where m and p
25 are integers. '

e ctron
An energy hole is provided by the transfer of an
electron between participating species including atoms, ions,
30 molecnles, and ionic and molecular compounds. In one
embodiment, the energy hole comprises the transfer of an
electron from one species to another species whereby the sum
of the ionization energy of the electron donating species minus
the ionization energy or electron affinity of the electron
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shrinkage cascade for the p th cycle is represented by [err] 20

And, the overall reaction is (58) [err]

Two El ectron Transfer (Two Speci es) I n anot her enbodi nent, a
catal ytic system that provides 25 an energy hol e hinges on the
transfer of twowogsskessns from an atom ion, or nol ecUACEFUSHETMIt her
atom or nol ecul e such that the sum of two ionization energies m nus
the sum of two el ectron affi nltl%ﬁ%of the participating atons,

i ons, and/ or nol'ecul es is approxi‘mately 27.21 eV. A catalytic
systemthat 30 hi nges on the transfer of two electrgns froman atomto
a nol ecul e i naQsIePHNgy SPEGISs uBQBRS 8RpIRXIMaely &P XA8.6 eVi rfghere m
first and second ioniggi iprarengitegas. of palladiumare 8.34 eV and
19. 43eV, respectively. And, the first and second el ectron

affinities of the oxygen rml ecule are 0 45 eV and 0.11 eV, 35
respectively. i eatese| ect ron WO

96/ 42085 . An efficient catalyt;c S\'StéDIET 4B 394&1 the coupling

27 transfer IS l&e riat sorpti

conbi nation of Pd to ‘P‘a[ maarepp}uqeé 5[" YTS 159he A0 h]dg’“&%etF%ergy

change of 27.21 eV. @Jeamj:le, the fourth ionization energy of iron is 54.8eV. This
energy hole is obviously too high for resonant absorption.
However, Li* releases 5.392 ¢V when it is reduced to Li. The

10 combination of Fe* to Fe** and Li* to Li, then, has a net

energy change of 49.4¢V.

49.4 eV + Fe** + Li* + H2[2c’= «/Ea‘,] - Fe* +Li+ H,'[Zc' = V2a, ]+95 7 eV
' (78)
Li+Fe** = Li* + Fe'" +49.4 eV (79)
15 And, the overall reaction is
H,[2¢ =2a,] - H;[zc' X2 22“ ]+95 7€V (80)

Note that the energy given off as the molecule shrinks is much

greater than the energy lost to the emergy hole. And, the

energy released is large compared to conventmnal chemical
20 reactions.

An efficient catalytic system that hinges on the coupling
of three resonator cavities involves scandium. For example,
the fourth ionization energy of scandium is 73.47 eV. This
energy hole is obviously too high for resonant absorption.

25 However, Sc** releases 24.76 ¢V when it is reduced to Sc**. The
combination of Sc* to Sc** and Sc** 10 Sc**, then, has a net
energy change of 48.7 V.

48.7 eV + Sc™ +Sc** + H,[2c‘ = -\/ia,] — Sc* + Sc** +Hz'[2c' = J;a ]+95 7 eV
(81)
30 Sc*t +8c** — Sc* + 5S¢t +48.7 eV (82)
And, the overall reaction is
2,
H[2¢=+24,]— H;l:2c"= ‘;""]+95.7 eV : (83)
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And, the overall reaction is [err] 10 Addi ti onal atoms, nolecules, or
corrpounds whi ch coul d be substituted for Jerr] are those with first
and second el ectron affinities of approximtely 0.45 eV and 0. 11 eV,
respectively, such as a m xed oxide (Mferr], [err], [err])

cont ai ni ng O t owWDXGAR085 [err] or [err] to form[err]. 1 PCT/USIE/07TINO
.Electron Transfer (Two Speci es) I n anot her enbodi nent, a
‘catalytic system that provides . an energy hole hinges on the
transfer of two electrons froman 3@ om ion, or nolecule to another
atom ion, or nolecule such 20 that the sumof two ionization energies

m nus the sumof one Anl &fficiéie ea:a@y&é%yswm e mhgs; col tﬁéfédu;mh f
t he participating

s 1 r oxi ma
27.21 eV. A c W&%%@p@ﬁ@% Fﬂ‘é{heﬁl Hbvgogv%% YR, a?ﬁ‘os&e pﬁ%ﬁme
el ectrons f r orfionthaienizatomrenergy i of @allisyn xisn 64.08re¥ .| i Thisuenergyr

25 exanple, the fi rﬁdleaﬁdoﬁﬁf&ﬁ 'tBB'E ?Gr QE§IrAne b3 N Bowever,

12. 13eV and 21.21_eV, _rgspectivel I rst |za on ener gy
and the first el eétroﬁLaf&Ei o?éph?v&ﬁpa‘rtésif QBE“UP The ¢, g2ev,
respectively. The enemmbhahenreﬁuGﬁ“rIp Gatfmand tRiS* to Pb*, thbm,chaﬂra heansf er

IS appropriate for %E lﬂﬁtﬂ rﬁ yhe 30 conbi nation of Xe to
Xe[err] and Li[err] t #er en, as a net energy change of

-!

27.33 eV. [err] 48,97 eV+Ga3++Pb’++H[2c' =+2a,]- Ga* + Pp*
(63) WO 96/ 42085 PCT/f559p/ 07949
| +H [26-—2—:- +95.7 eV
10 | (84)
Ga** + Pb* — Ga™ + Pb** +48.97 eV (85)

And, the overall reaction is

H[2¢=22,]- H;[z'd _V2a,

]+95 7eV (86)

15 Single Electron Transfer (One Species)
An energy hole is provided by the ionization of an

electron from a participating species including an atom, an ion,
a molecule, and an ionic or molecular compound to a vacuum
energy level. In one embodiment, the energy hole comprises

20 the ionization of an electron from one species to a vacuum
energy level 'whereby the ionization energy of the electron
donating species equals approximately mp?X48.6 eV where m
and p are integers.

25 1ti lect sfe

An energy hole is provided by the transfer of multiple
electrons between participating species including atoms, ions,
molecules, and ionic and molecular compounds. In one
embodiment, the energy hole comprises the transfer of t

30 electrons from one or more species to one or more species

whereby the sum of the ionization energies and/or electron
affinities of the electron donating species minus the sum of the

ionization energies and/or electron affinities of the electron
acceptor species equals approximately mp’X48.6 eV where m, p,

35 and t are integers.
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28 [err] And, the overall reactionis [err]
5:Two Electron Transfer (Two Speci es) I n anot her enbodi nent, a
catal ytic systemthat provides an energy hol e hinges on the transfer
of stwo el ectrons from an atom ion, or nolecule to another atom ion,
or nol ecul e sucCRygegmzesst Nat. the sumof two ionization energi escihidysiordsne
~sumof two 1 O I oni zat ion energies of the participating atons and/or

_nol ecul es is approximately 27.21 eV. A cat§\4yt i c systemthat hi nges on
"the transfer of two electrons froma first?ifon to a second ion

invol ves silver( Aglerr]) and silver (Ag[err]). For exanpl e, the
second and third ionizationAshengrgs holesis| provided byl the trarsfan Qf\/nmitiple

3? 83| ev, respg(llt |4\9/el {’/eléiﬁfbnst f&tﬁé@ﬂnﬁhﬁi&i’pﬁﬁ% ;fsvgclcs ifthdia Ao §'er19h§5
of silver are eV a S
resulting froma two elné‘rg]%f’ﬁ s afid H”éﬁs’ﬂ‘f 'ﬁ@ o%ﬁ‘?%ﬂ‘@dgor Iﬂe%ﬁant

absorption. The cembodiment, dlhie /grergy | hole og{npus]:s adhd trahsfer]of a Ag,
then, has a net 205 eRf&do h?ﬂﬂﬁ She Spe 3§se\6 notherl Whre}r%bry e t

(66) 25 And, the overal] cti1on | é | ectron
Transfer (Two Species) cogs?punve FFUEQR t HLinides, q@htmm&aélﬂpapyﬂgéessﬁft em

t hat provides an ¢herejgctnoh eddnatiygs speciesentinasithert eonsédmiveel ect r ons
from an ion to angbiighibANendigies /S eletifBr Tafiflfiics' OF! iR efddtid 1Y
acceptor equals approximately mp*X48.6 eV where m, p, and t
10 are integers.

In a preferred embodiment the electron acceptor species
is an oxide such as MnO,, AlO,, §i0,. A preferred molecular .

electron acceptor is oxygen, O,.

15 W e e S
In an embodiment, a catalytic system that provides an
energy hole hinges on the ionization of two electrons from an
atom, ion, or molecule to a vacuum energy level such that the
sum of two ionization energies is approximately mp®X48.6 eV
20 where m, and p are integers.

Iwo Electron Transfer (Two Species)

In another embodiment, a catalytic system-that provides
an energy hole hinges on the transfer of two electrons from an
25 atom, ion, or molecule to another atom or molecule such that
the sum of two ionization energies minus the sum of two
electron affinities of the participating atoms, ions, and/or
molecules is approximately mp?X48.6eV where m and p are
integers.
30 .
w tr a ecie
In another embodiment, a catalytic system that provides
an energy hole hinges on the transfer of two electrons from an
atom, ion, or molecule to another atom, ion, or molecule such
35 that the sum of two ionization energies minus the sum of one
ionization energy and one electron affinity of the participating



%

and two ionization energies of the first ion mnus the sum of WO

96742085 PCT/ US96/ 07949

129 three ionization energies of the second ion is approxinmately
27.21eV. A catalytic systemthat hinges on the transfer of t hree

el ectrons fromwa9/4pe88 o a second ion involves Li[err] and  PCT/USRQ749( ]
For exanple, the electron affinity, first ionization energy, 5 and
second ioni zation energy of lithium are 0.62 eV, 5.392 eV, and
75.638 eV, respectively. And, the third, 3tcond, and first i oni zati on

energies of Cr[err] are 30.96 eV, 16.50 eV, and 6.766 eV,
respectively. The enedtgynd)oidhs] emid/ot ngoleculesa is rapprogineatelyormp®X48.6 eV
transfer is approprlat f or res nant aﬁﬁgggllsl on. The 10 conbi nati on of

Li[err] to Li[err] an?f B9 é?rim P &F* has a net energy change
of 27.42 eV. [err] And, the overall reaction is
[err] Thr ee El ogiéd; &F (Two Speci es) 20 I n anot her

enbodi ment, a catalytic sy tem i ne | e hinges
on the-transfer o% three Bl"fa P@’rﬂ ttnekir gﬂerﬁyoﬁglﬁes éac‘%lr rEBxol ecule to
anot her atom i on, orappﬂoemma&ely mX6tBel ginen byEGUEBMDf t hree consecutive

ioni zati on energies of the el ectron donaLgéﬂg spegl.,.e,gzmmus t he sum of
three 25 consecutive ioni zati orm¥VaryimX W epting
=mX67.813 eV (87)

are provided by electron transfer reactions of reactants
10 including electrochemical reactant(s) (electrocatalytic ion(s) or
couple(s)) which cause heat to be released from hydrogen
molecules as their electrons are stimulated to relax to
quantized potential energy levels below that of the "ground
state”. The energy removed by an electron transfer reaction,
15 energy hole, is resonant with the hydrogen energy released to
stimulate this transition. The source of hydrogen molecules is
the production on the surface of a cathode during electrolysis
of water in the case of an electrolytic energy reactor and
hydrogen gas or a hydride in the case of a pressuriied gas
20 energy reactor or gas discharge energy reactor.
| An energy hole is provided by the transfer of one or
more electrons between participating species including atoms,
ions, molecules, and-ionic and molecular compounds. ‘In one
- embodiment, the energy hole comprises the transfer of t
25 electrons from one or more species to one or more species
whereby the sum of the ionization energies and/or electron
affinities of the electron donating species minus the sum of the
ionization energies and/or electron .affinities of the electron
acceptor species equals approximately mX67.8 eV where m and
30 t are integers.
An efficient catalytic system that hinges on the coupling
of three resonator cavities involves magnesium and strontium.
For example, the third ionization energy of magnesium is
80.143 ¢V. This energy hole is obviously too high for resonant
35 absorption. However, Sr** releases 11.03eV when it is reduced

SUBSTITUTE SHEET (RULE 26)



species is approximately 27.21 eV. A catalytic systemthat hi nges on

the transfer of three electrons froman atomto an I on involves Ag
and Ce[err]. For exanple, the first, second, and third ionization
energies of silver are 7.58 eV, 21.49 eV, and 30 34.83 eV, respectively.
And, the third, woeasaess and first I oni zati on energi es ofPCTA[Se6/47p4%r e
. 20.20 eV, 10.85 eV, and 5.47 eV, respectively. The energy hole
‘resulting froma three electron transfer is appropriate for resonant
“absorption. The conbi nation of Ag 88 Ag[err] and Ce[err] to Ce,

then, has a net 3 5 ener gy change of 27.38 eV.
SUBSTI TUTE SHEET (RULEOZ&) The combihatioh46D Me** to Mg’* and $r** to Sr* , then,

PCT/ US96/ 07949 [&rr]
(72) 5 And, the ovesal PSSy change &96]9" Y. DD TI ONAL CATALYTI C
ENERGY HOLE STRUCTURES9.1 A9+ 2ﬂg|s§2+|_:|l fzgaq_ Al RLS In a
further enbodi nent, an energy hole of e ergy2 ]a‘r“;’g;*s( t,ﬁ% ot al
energy released for a below "ground st at-e" el ec+iHy t-ﬁa-ﬁ}-i-BB.dreVof
t he hydrogen atomgs provi ded by the 2
(88)
Mg* + Sr* — Mg* +5r** +69.1 eV (89)
And, the overall reaction is
_ ._V2a, o
Hz[Zd—ﬁa,]4H5[2c= 5 +95.7 eV (90)

Another efficient catalytic system that hinges on the
10 -coupling of three resonator cavities involves magnesium and
calcium. In this case, Ca** releases 11.871eV when it is reduced
to Ca*. The combination of Mg to Mg* and Ca®* to Ca*, then,

has a net energy change of 68.2 ev.
682eV+Mg’*+Ca’*+Hz[2c' =23, - Mg~ + Ca*

15 | | +H‘[2d_‘/;“ ]+957 eV
- (91)
Mg* + Ca* — Mg** +Ca™* +68.2 eV (92)
And, the overall reaction is
H)[2¢=2a,]- H;[Zc'— V2a, ]+9s 7 eV (93)
20 In four other embodiments wherein the theory is given

in my previous U. S. patent application, Serial No.. 08/107,357

filed on August 16, 1993 which is incorporated herein by this

reference, energy holes, each of approximately:

nXE, eV with zero order vibration where E, is given by Eq. (38);
25 mX31.94 eV where 31.94 ¢V is given by Eq. (222) of the U.

S. patent application Serial No. 08/107,357 where n and m are

integers, '

E,=EQH[a,))- Er_ _Ewh =-21.21+31.94 = 4.73eV (222)

and
30 95.7 eV (corresponding to m=1 in Eq. (43) with zero order
vibration which is given by the difference in -E, e E:;’" of

SUBSTITUTE SHEET (RULE 26)



transfer of an el ectron between participating species including 15

atons, ions, nolecules, and ionic and nol ecul ar conpounds. In one

- enbodi ment, the-energy hole conprises the transfer of an el ectron

- fromone species to another species whereby the sum of the ionization
- energy of the eveeé642085 donati ng speci es m nus t he i oni zBCTHRYAIMIgy

- or electron affinity of the electron 20 accepting species equals

approxi mat el y [err] 27.21 eV; where mis an integer.

For m=3 corresponding to the n =1 to n 3% 2 transition, an efficient
catal ytic systemthat hinges on t he coupling of three r esonat or

cavities involves ar am c(264§l and (220) of-ahe W5S. Patem! spplidatioh "Sérial No.
i oni zati on energy of 50 908 eV. This energy hol.e is

obvi ously too high for resdnan ats ptlon ' However, As[err] rel eases

9.81 eV when it is reducedeys E -c&bd-nmsjmzqfﬁsea][sﬂrﬁrdvtoas@
Ca[err] and As[err] to As, then, energy change of 41.1 eV.

[err] are provided by electron transfer reactions of reactarity )
WO 96/ 42085

31 po, e 78ipg plgierbpmicsl pasipyie) (cleckogaRafclaned ooy
Tr ansf er 5 canpla(e))gwhich ecausephest dedbeyreleased rfranr drydodgenl ti pl e

el ectrons between pamhéleciiRisi B9 MRHCieRctidhE! Wl RENMIARRD tb Fedax to

quantized potential energy levels below that of the "ground
state". The energy removed by an electron transfer reaction,

10 energy hole, is resonant with the hydrogen energy released to
stimulate this transition. The source of hydrogen molecules is
the production on the surface of a cathode during electrolysis
of water in the case of an electrolytic energy reactor and
hydrogen gas or a hydride in the case of a pressurized gas

15 energy reactor or gas discharge energy reactor. :

An energy hole is provided by the transfer of one or
more electrons between participating species including atoms,
ions, molecules, and ionic and molecular compounds. In one
embodiment, the energy hole comprises the transfer of t

20 electrons from one or more species to one or more species
whereby the sum of the ionization energies and/or . electron
affinities of the electron donating species minus the sum of the
ionization energies and/or electron affinities of the electron
acceptor species equals approximately mX31.94eV (Eq. (222))

25 where m and t are integers.

An energy hole is provided by the transfer of one or
more electrons between participating species including atoms,
ions, molecules, and ionic and molecular compounds. In one
embodiment, the energy hole comprises the -transfer of t

30 electrons from one or more species to one or more species

' whereby the sum of the iomization energies and/or electron
affinities of the electron donating species minus the sum of the
ionization energies and/or electron affinities of the electron
acceptor species equals approxim:-ely mX95.7eV where m and
" 35 t are integers. ' '

SUBSTITUTE SHEET (RULE 26)



mol ecul es, and ionic and nol ecul ar conpounds. |In one enbodi ment, the

energy hole conprises the transfer of t el ectrons fromone or nore
species to one or nore species 10 whereby the sum of the ionization
energi es and/or el ectron affinities of the electron donating species
m nus the sum oWaQ 96442085 i oni zati on energi es and/ or el ect r METASPGTI4S es
of the electron acceptor species equals approximately [err] 27.21 eV
~where m and t are integers. 15 33 CATALYTI C ENERGY HOLE
STRUCTURES FOR MOLECULES Single Electron Excited State

An energy hole is provi nsition of an 20 electron of a
species to an excited ncluding atoms, ions,
nmol ecul es, and ionic and noAscenargycseaetond), im accordancenwithntipediimeention,he

energy hol e compri ses {dgngwa ine‘]'-'IQURE’ 5 and corhf»ﬂ?%‘ hi sl 58MwhicRCL ron of
one speci es whereby the tran5|t| gé t e a ceptin speC|es

is nmp[err] X48.6 eV whefFgRi %@npenerzgyS rﬁ?"é“?’ht R 5 eat gxchpnger 60,
Electron Transfer 5 and a steamngm&mmr 62! e The heamaieliaﬂgertﬁ@ dbsortss er

of an ~ electron ReiiGefap 'ﬂaat bRn 'r@?cﬁ&?' WHeRd o C}%c%&rgg
30 nol ecules, and ionig and no ec eg 03 % i &5

the energy hol e conpri SUEtUrRe GOMPS f8 e maggrialy shrinksom Thee heat
speci es to-anot her speexelsangeer exchanges sheat with thef stehm igenermtér G2 avigicHY
of the electron donati Egsog-p ltié'asc ol She e%ag%?ﬁ%%%aﬁﬁﬁcg?e{t%f)r The

electron affinity of t ron : . .
PCT/ US96/ 07949 energy reactor 50 further compriges ¢pitnrhine p2@ i whichqual s

approxi mately np[er r] XédtefvesV semi efron the steam generator 62 and supplies
mechanical power to a power generator 80 which converts the
steam energy into electrical energy, which can be received by
a load 90 to produce work or for dissipation.

15 The energy reaction mixture 54 comprises an energy
releasing material 56 including a source of hydrogen isotope
atoms or a source of molecular hydrogen isotope, and a source
of energy holes 58 which resonantly remove approximately
mX27.21eV to cause atomic hydrogen "shrinkage" and

20 approximately mX48.6eV to cause molecular hydrogen
"shrinkage” where m is an integer wherein the shrinkage
reaction occurs by contact of the hydrogen with the source of
energy holes. The shrinkage reaction releases heat and
shrunken atoms and/or molecules.

25 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 all embodiments, the
source of energy holes can be one or more of an

30 electrochemical, chemical, photochemical, thermal, free radical,
sonic, or nuclear reaction(s) or inelastic photon or particle
scattering reaction(s). In the latter two cases, the present
invention of an energy reactor comprises a particle source 75b
and/or photon source 75a to supply the said energy holes. In

35 these cases, the energy hole co'responds to stimulated
emission by the photon or particle. In preferred embodiments
of the pressurized gas energy and gas discharge reactors



and p are integers. S ngl e El ectron Transfer (Two Speci es) 5

An efficient catalytic systemthat hinges on the coupling of three
resonator cavities involves iron and lithium For exanple, the fourth
i oni zation energy of ironis 54.8 eV. This energy hole is obviously
too high for rewownessbsorption. However, Li[err] rel easRCI/GS9g04%LV
“when it is reduced to Li. The 1 O conbination of Fe[err] to Fe[err] and
Liferr] to Li, then, has a net ener gygghange of 49.4 eV. [err]

(78) 15 And, the overall reaction is [err] Not e that the energy

gi ven off as the nolecul e shrinks_ i h reater than the ene t
to the energy hole. Anchowiein ﬁGQﬁ@S;& and egas’%ap?%meg’g% E‘Eﬂfﬂﬁr%ﬂ‘r’g% JS%S
convent i (ﬁnal h_(:hem' cal dbsocigest hpdrogen molecules Ao bjfirogeantatams.al thec
systemthat hinges on t ud,d f r a |t

I nvol ves scandi um For l:gioéﬁpl %!drﬂg prothgﬂﬂgog)?B |so§?gd§t ?e%%t gﬁ)\gr ggé?ly of

“scandiumis 73.47eV. Thipproximatelyr gnX22keV s—o¥¥i. 2LeV yor 40.8tvVyleanses
resonant absorption. 25 However, Sc[err releases 24.76eV when it is
reduced to Sc[err]. SThestimulated rdmisstiarorofoenexgyeas] theo hydregen atamssapdergo

to Scferr], then, has ath@%hriﬂca%dari’éﬁét‘fo&ha”gﬁ ghoth8r /preYerred Sthbodiment, a
(81) 30 And, thephoo\{grrl %Source a"/ga' %r}ofi&cin elr)ﬂcltons of at least one energy of

approximately mX48.6 eV, 95.7 ¢V, or mX31.94 eV causes
stimulated emission of energy as the hydrogen molecules

10 undergo the shrinkage reaction. In all .reaction mixtures, a
selected external energy device 75, such as an electrode may
be used to supply an electrostatic potential or a current
(magnetic field) to decrease the activation energy of the
resonant absorption of an energy hole. In another

15 embodiment, the mixture 54, further comprises a surface or
material to dissociate and/or absorb atoms and/or molecules
-of the energy releasing material 56. Such surfaces or
materials to dissociate and/or absorb hydrogen, deuterium, or -
tritiam comprise an element, compound, alloy, or mixture of

20 transition elements and inner tramsition elements, iron,
platinum, palladium, zirconium, vanadium, nickel, titanium, Sc,
Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W,
Re, Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Vb, Lu, Th, Pa, U, activated charcoal (carbon), and intercalated

25 Cs carbon (graphite). In a preferred embodiment, a source of
energy holes to shrink hydrogen atoms comprises a catalytic
energy- hole material 58, typically comprising electrocatalytic
jons and couples that provide an energy hole of approximately
mX27.21 eV plus or minus 1eV. In a preferred embodiment, a

30 source of energy holes to shrink hydrogen molecules
comprises a catalytic energy hole material 58, typically
comprising electrocatalytic ions and couple(s) including those
that provide an energy hole of approximately mX48.6 eV plus
or minus 5eV. The electrocatalytic ions and couple(s) include

35 the electrocatalytic ions and couples described in my previous
U.S. Patent Applications entitled "Energy/Matter Conversion
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33° An efficient catalytic systemthat hinges on the coupling

of three resonator cavities involves yttrium For exanple, the fourth
i oni zation energy of galliumis 64.00eV. This energy hole is

obvi ously t00 hwphlehzs r esonant absorption. However, 5  PbPEFPHEPEMR ses
- 15.03eV when it is reduced to Pb[err]. The conbi nation of Ga[err] to
~Ga[err] and Pb[err] to Pb[err], then, has ggnet ener gy change of
48.97 eV. Jerr] 10 And, the overall reactionis J[err] 15

or ovi ded by t he i oni zacsthas 280 Sirabmees, Sepiale Mo, VA5, led op Yume
speci es including an at@ml99h imhich is a continvationtis-parhrpplicatigncobrSerial
e oy SoTboun L0 MBI 0t0 ARG MRS, 19950RmIartod Eunlimidie:
to agzacuum " energiy'l’%\‘/eﬂpﬂk%@?‘éﬂyo?h%e’iiﬂn' tﬁg}d@&é”é?ﬁ]ﬁ ?rhegugus
el ectron donaisi ng14,0¢9985 weliich| is appontinuatics-yn-ppfteappliciBion of Serak -
ener gy hol'e s provi deciy BT PIGB DL spasry Bkl ol RS £, 1993, 2 aE! i,
partici pating speci es iGRitinNatipninspart application °Frﬁﬂr@&u@s,8yﬁ§gi ﬁ@ﬁd
nol ecul ar conpounds. | nowrBecember E¥)p990rewhich lie ®nendinuatioa-inepanti ses t he
Speci cs whereby CIAPIEHoR; OF S NI ORIABRST LGP af;{a‘f‘o?% Geb on
affinities of the di®tctwbichidnaa icoatingatordnrpasy, apphisauon, of; Seral No.
i oni zation energi es andyp34el733 rfledaiaprili Riles1989,t ivbicH eartr imtorporated
acceptor species equal aRpr %§npé£}gndgp[err]x48. 6 eV where m p,
‘A further embodiment is the vessel 52 containing a
source of energy holes including an electrocatalytic ion or
15 couple(s) (source of emergy holes) in' the molten, liquid,
gaseous, or solid state and a source of hydrogen including
hydrides and gaseous hydrogen. In the case of a reactor
which shrinks hydrogen atoms, the embodiment further
comprises a means to dissociate the molecular hydrogen into
20 atomic hydrogen including an element, compound, alloy, or
mixture of transition elements, inner transition elements, iron,
platinum, palladium, zirconium, vanadium, nickel, titanium, Sc.
Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W,
Re, Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
25 Vb, Lu, Th, Pa, U, activated charcoal (carbon), and intercalated
Cs carbon (graphite) or electromagnetic radiation including UV
light provided by photon source 75.
The present invention of an electrolytic cell energy
reactor, pressurized gas energy reactor, and a gas discharge
30 energy reactor, comprises: a source of hydrogen; one of a solid,
molten, liquid, and gaseous source of energy holes; a vessel
containing hydrogen and the source of energy holes wherein
the shrinkage reaction occurs by contact of the hydrogen with
the source of energy holes; and a means for removing the
35 (molecular) lower-energy hydrogen so as to prevent an
exothermic shrinkage reaction from coming to equilibrium.
The present energy invention is further described in my



35 and t are integers. WD 96/ 42085

PGT/ US96/ 07949 34 An ener gy
hole is provided by the transfer of nmultiple el ectrons between
partici pating species including atons, ions, nol ecul es, and ionic
~and nol ecul ar covpesMoss. | n one enbodi nent, the ener gyPCKUIN6ANTI4

- conprises the transfer of t 5 el ectrons from one species to another
whereby the t consecutive electrongffinities and/or ionization
ener gi es of the el ectron donating species mnus the t consecutive
I oni zation energies and/or .ele natfinities of the elect

accept or equal s appr oxi Pt dpys ﬁg[i el gsranBtleénglg{:ergyMattear e
i nt egers. CbnversmmeeﬂmﬂserdnddlSnmﬂuneb'e Serial r Np. 1R7467051

speci es IS an opjdle o?a“q{ln@SG Migbs" Gv]huchb‘llg £' ddntinia ﬂfjnlparf‘

referred nol ecul ar ectr.o C o)
‘FI)'V\D El ectron Tr ;nsfer ( tpRiicgtion; Qg)ge 1 Re. 68/4?6%92““"% d‘{ i3 ’39]95

catal ytic systemthdt pwhicldds arcontinuationeimepayy dpplirationgef SeridlhNo.
| oni zat'i on of two el eCth’ﬂ?ﬂfs"ﬂ“fﬁEd on Aug uéf ‘i@tim hidlp'isC4! Cordtl ‘“auon-

vacuum ener gy | evel such that WO 'oni zatjion enerqgies I s
appr oxi mat el y np2x48. 6 igpart QDPI‘C%R!? é’fmseﬂﬁh No.5 08/075, 18%  Dkt. 99437) fitedy
El ectron Transfer (Two éwehims)il, 1993, which isl a eowtimetionstreganeapplication

catalytic systemthat pge ‘§fegf'a§ No. 075%2@39?%1@0@%&%9??%2?@ d]%vhxc is a

transfer of two el ectrons her

atom or nol ecul e sddh mnnuanon-m-pqu Applica Pﬂoofo ‘Ffiﬁltl 3 niidesd
the sum of two Alpeitt 28 19801 wHick sisofa t:bmmmiomixpphrtna plicmon of
i ons, and/ or MOSESH No.! §7A4K P39 Hikd! Xpmi’[ff 1949 Gnd m\ghere m and

p are i nt egers.
publications, Mills, R., Kneizys, S., Fusion Technology, 210,

(1991), pp. 65-81; Mills, R., Good, W., Shaubach, R., "Dihydrino

15 Molecule Identification", Fusion Technology, 25, 103 (1994);
Mills, R., Good, W., "Fractional Quantum Energy Levels of
‘Hydrogen", Fusion Technology, Vol. 28, No. 4, November,
(1995), pp. 1697-1719 which are incorporated herein by
reference.

20

e eactor
An electrolytic energy reactor is described in my

previous U.S. patent applications entitled "Energy/Matter
Conversion Methods and Structures”, Serial No. 08/467,051

25 filed on June 6, 1995 which is a continuation-in-part
application of Serial No. 08/416,040 filed on April 3, 1995
which is a continuation-in-part application of Serial No.
08/107,357 filed on August 16, 1993, which is a continuation-
in-part application of Serial No. 08/075,102 (Dkt. 99437) filed

‘30 on June 11, 1993, which is a continuation-in-part application
of Serial No. 07/626,496 filed on December 12,1990 which is a
continuation-in-part application of Serial No. 07/345,628 filed
April 28, 1989 which is a continuation-in-part application of
Serial No. 07/341,733 filed April 21, 1989 which are

35 incorporated herein by reference. A preferred embodiment of
the energy reactor of the present invention comprises an
electrolytic cell forming the reaction vessel 52 of FIGURE 5



30 . Two El ectron Transfer (Two Speci es) I n anot her

enbodi nent, a catalytic system that provides an energy hol e hinges
on the transfer of two electrons from an atom ion, or nolecule to
anot her atom ion, or nolecule such 3 5 that the sumof two ionization
energi es m nuswoi9e/42088 of one i oni zation energy and BREUSISOIMIon
affinity of the participating WO 96/ 42085

PCT/ US96/ 07949 42 35 atons, ions,

and/ or nol ecules is approximately np2X48.6 eV where mand p are

i nt eger rs] | hOt PQﬁclEﬂﬁigJ)a Hlem elechrolytic 7cen. | 'THen elebtrolyit @dilmeo0 .is
energy holes, each o X R ve

[err] are prsé'ﬂ”&eée‘@é}gfe‘?eic‘%%ﬁ%%f egnrée{gt%coﬁgﬁ%?ﬁ?segﬁ%& S

1 0 including el ectrdbraughc ahe r elgetralytics )soletion t ko having & gleciregatalytic

coupl e(s)) which causgoheadr tupRs' ficRading ehergynhelR08qual to the "RisBRIMEAS
as their electrons.are,stinul ated to

energy | evel s bel ow t REFREASE h%nﬂ§yo&{{%5‘?&in%0m%tﬂ??&u%k%ﬁgqgt & H)\?led
by an el ectron transf eouplescdeseribed insmyeprevipusidUs. PatentsApplicationsh t he
hydrogen energy rel eageodpdrated hereth | Byl Riferehbef by’ IS | dpplitatidhCof Gy ce Of
hydr ogen nol ecules is t he productj,on gn the:s € qf a cathode
during electrolysis Vvoltageqto gn EPoéiﬁcltqﬁ‘e aeas%atgf’d%ﬁ(&a ot &tﬁ PO®ETener gy
react or and hy arongrelleg at0® rpaweredr byietlien power csupplyf 1 ¥).pr Etrasonied
gas 20 energy f@actyr nfich@fival eteb@y HRaf Bs8YbeE Gitatled to the cathode
106 and electrolytic solution 102 by vibrating means 112.
Heat can be supplied to the electrolytic solution 102 by heater
114. The pressure of the electrolytic cell 100 can be
controlled by pressure regulator means 116 where the cell can
15 be closed. The reactor further comprises a means 101 that
removes the (molecular) lower-energy hydrogen such as a
selective venting valve to prevent the exothermic shrinkage
reaction from coming to equilibrium.
In a preferred embodiment, the electrolytic cell is
20 operated at zero voltage gap by applying an overpressure of
hydrogen with hydrogen source 121 where the overpressure
can be controlled by pressure control means 122 and 116.
Water can be reduced to hydrogen and hydroxide at the
cathode 106, and the hydrogen can be oxidized to protons at
25 the anode 104. An embodiment of the electrolytic cell energy
reactor, comprises a reverse fuel cell geometry which removes
the lower-energy hydrogen under vacuum. A preferred
cathode 106 of this embodiment has a modified gas diffusion
layer and comprises a gas route means including a first Teflon
30 membrane filter and a second carbon paper/Teflon membrane
filter composite layer. A further embodiment comprises a
reaction vessel that can be closed except for a connection to a
condensor 140 on the top of the vessel 100. The cell can be
operated at a boil such that the steam evolving from the
35 boiling electrolyte 102 can be condensed in the condensor 140,
and the condensed water can be returned to the vessel 100.
The lower-energy state hydrogen can be vented through the



An energy hole is provided by the transfer of one or nore el ectrons
bet ween partici pating species including at ons, I ons, nol ecul es, and
~ionic and nol ecul ar conpounds. I'n one enbodinent, t he energy hol e
conprises the transfer of t 25 el ectrons fromone or nore species to
.one or nore Spe\igVE/4208s wher eby the sum of the ionization eTINge67949

tand/ or el ectron affinities of the electron donating species m nus
the sum of the i oni zation energies Y /or electron affinities of the
el ectron acceptor species equal s approxi mately nmx67. 8eV where m and
30 t are integers. An efficjent catalyt stem t hat hi_nges
on the coupling topy - of hthee cpadenser o;‘&gavi@ e ﬁ?&?ﬂdg%nhagwe§%ﬁ?m
strontium For eomtainse.a thyairogen/dxygen zedcombineer 45 cthatreginacismhes
80. 143eV. This energy h h|

absor pti on. However, g& %%%{étgélﬁhg é%& egﬂll{ ‘i{yg}r g 0]{9?811 THo
96/ 42085 recombmed and the repultingsovater; 8o e returned to the
36 to Srerrks. Ti?&sepnmmat The héatMpdlesseld frondbiber Ekothesmiy [rehétiord O

Sr[err], then, [ n

And, the overall reactl Hgfe%%; "F P%\étr%% of ﬁleA%g?c#roﬁlygf:?lﬁgl l}ﬂdugﬁflal ytic
system that hinges on hydrogeg atqmblﬁmgleén eshrae induses: 40 wndergpes

i nvol ves magnesi um andiransitions to energy levels below the "ground state” and the

heat released due to the recombination of the electrolytically
10 generated niormal hydrogen and oxygen can be removed by a
heat exchanger 60 of FIGURE 5 which can be connected to the
condensor 140.
In vacuum, in the absence of external fields, the energy
hole to stimulate a hydrogen atom (molecule) to undergo a
15 shrinkage transition is mX27.21eV (mX48.6 eV) where m is an
integer. This resonance shrinkage energy can be altered when
the atom (molecule) is in a media different from vacuum. An
example is a hydrogen' atom (molecule) absorbed to the
cathode 106 present in the aqueous electrolytic solution 102
20 having an applied electric field and an intrinsic or applied
magnetic field provided by external magnetic field generator
75. Under these conditions the energy hole required can be
slightly different from mX27.21eV (mX48.6 eV). Thus, a source
of energy holes including electrocatalytic ion and couple
25 reactants can be selected which has a redox (electron transfer)
energy resonant with the resonance shrinkage energy when
operating under these conditions. In the case where a nickel
cathode 106 is used to electrolyze an aqueous solution 102
where the cell is operating within a voltage range of 1.4 to 5
30 volts, the K¥/K+ and Rb* (Fe3+/Li+ and Sc3+/Sc3+)
electrocatalytic ions and couples are preferred embodiments
to shrink hydrogen atoms (molecules).
The cathode provides hydrogen atoms (molecules), and
the shrinkage reaction occurs at the surface of the cathode
35 where hydrogen atoms (molecules) and the source of energy
holes (electrocatalytic ion or couple) are in contact. Thus, the
shrinkage reaction can be dependent on the surface area of



calcium In this case, Ca[err] releases 11.871 eV when it is reduced
to Ca[err]. The conbination of My[err] to My[err] and Ca[err] to Caferr],

t hen, has a net energy change of 68.2 eV. [err] And, the
overall reaction is [err] 20 ‘In four
ot her enbodi menyg dsfaggssi N the theory is given i n my -previpCEAISH/OTHII
patent application, Serial No.. 08/107, 357 filed on August 16, 1993
which is incorporated herein by this 144 erence, energy holes, each of
approxi mat el y: nXE[err] eV with zero order vibration where E, is given
by Eq. (38); 25 2

the U. S. patent app |c§}|on \éﬁe}ﬁal é@)sgé‘g%/di%#g??ﬂ%ﬁ gﬂ'mé %Zgon%tant
i ntegers, [err] afencengration ofghydragen ém%s(é%ﬂﬂ? 8} Pefn Bnit| Are@g . an

(43) with zero order  jncrgas¥y Qﬁl surfady cdtea Singreases bthet Feactinits edwiildlé Nto-
[err] [err] of 96/,4

PCT/ US96/ 07949 undergo the sﬁ?inkage reacggn Also, Eﬁ Slncfezqgg) “hr?&“ﬂdfz)
of the U. S. patentS apguifses iasea Slscreasesiothe resistapge 10f7 ths @lectrolytic cell

[err] are provi dgmidly idproved ther 8RetRlydi®atichtityO! ACpréfeiied
cathode of the electrolytic cell including a nickel cathode has
the properties of a high surface area, a highly stressed and
hardened surface such as a cold drawn or cold worked surface,

10 and a large number of grain boundaries.

In a preferred embodiment of the electrolytic cell
energy reactor, the source of energy holes can be incorporated
into the cathode, mechanically by methods including cold
working the source of energy holes into the surface of the

15 cathode; thermally by methods including melting the source of
energy holes into the surface of the cathode and evaporation
of a solvent of a solution of the source of energy holes in
contact with the surface of the cathode, and electrostatically
by methods including electrolytic deposition, ion

20 bombardment, and vacuum deposition.

The shrinkage reaction rate can be dependent upon the
composition of the cathode 106. Hydrogen atoms (molecules)
are reactants to produce energy via the shrinkage reaction.
Thus, the cathode must efficiently provide a high

25 concentration of hydrogen atoms (molecules). The cathode
106 can be comprised of any element. compound, alloy, or
mixture of a conductor or semiconductor including transition
elements and compounds, actinide and lanthanide elements
and compounds, and group IIIB and IVB elements and

30 compounds. Transition metals dissociate hydrogen gas into
atoms to a more or lesser extent depending on the metal.
Nickel and titanium readily dissociate hydrogen molecules and
are preferred embodiments for shrinking hydrogen atoms.
The cathode can alter the energy of the absorbed hydrogen

35 atoms (molecules) and affect the energy of the shrinkage
reaction. A cathode material can be selected which provides
resonance between the energy hole and the resonance



5 including el ectrochem cal reactant(s) (electrocatalytic ion(s) or

coupl e(s)) which cause heat to be released from hydrogen nol ecul es as
their electrons are stinulated to relax to guanti zed potential energy
| evel s bel ow t hat of the "ground state". The energy renoved by an

el ectron transfwoosmnssi on, 10 energy hole, is resonant w t RCFNISGHIMI0gen
energy released to stinulate this transition. The source of hydrogen
mol ecul es is the production on the s44face of a cathode during

el ectrolysis: of water in the case of an electrolytic energy reactor

and hydrogen gas or, a hydride in the case of a_pr urjzed gag 15
energy reactor or gas SRERKASS)ENEREYr g nr‘gﬁc?‘f?f"'.(’fothe KHKF ei&ﬁ“@ﬁg@ij’,nﬁol e
is provided by the trapshple &fitlorcarbonate as ther eowniterionofor batalyzing the
participating species | | LO m ; I Q43 nd
nol ecul-ar conpounds. I%\ngnggé&%fahgﬁg%ﬁnngﬁ??kt E@celﬁlggértgy h?eoegﬁr%r%ggdghe
transfer of t 20 el Gatedak torthe seACtOn FRleccab8es to one or nore

speci es wher ey the sum of the ionizpt4 P <eITRFei<c¥i and/ or el ectron

af11 11 o5 of the el ectron 4RALLg0naRES! pdIBrbd o pObadfl rlcased
acceptor speci es equal wheppthssenmasesialsxabsabehydragen atoms.  Thus,fer cthis
S oneer ™ *rar oflscuocaulyll caples e abiod: ot ok \agsisa e
gt o(r)ns, i ons, nol 88 N& & 3 qeog'frl}vig@nye egh?%;bi@%i@ﬁ&@ﬁéx{ gatgﬂjg
enbodi nent, the erk®gywith diglenperswbatioe of dheireelestronic Fmprgiesct rons from
o S Ton onie o153 o, S SRR 6P oo okl ke Simebnet o
:jgmatzﬁnlgospeci eg i nus%%etr‘?!%%foc%?ﬁgergy betygen z@?ﬁbrfagngf’g}%?%ﬁ‘fg/ S¢hen
el ectron affinities of thenamediacis @nnonlinears saaskia uchpas ise nagnetized
approxi mately mX95.7 eYepbfla@nBtieNthedd® ThsE d $§%E$netic or_ferrdfagnetic
96/ 42085 15 cathode, a nonlinear magnetized mefl)la /Hn%:?gi{sgz géxge reaction
38 > ’
rate by increasing the coupling of the resonance shrinkage
energy of the hydrogen atom and energy hole comprising an
electrocatalytic ion or couple. Alternatively, a magnetic field
can be applied with the magnetic field generator 75. Magnetic
20 fields at the cathode alter the energy of absorbed hydrogen
and concomitantly alter the resonance shrinkage energy.
Magnetic fields also perturb the energy of the electrocatalytic
reactions (energy hole) by altering the energy levels of the
electrons involved in the reactions. The magnetic properties
25 of the cathode are selected as well as the strength of the
magnetic field which is applied by magnetic field generator 75
to optimize shrinkage reaction rate-the power output. A
preferred ferromagnetic cathode is nickel. _
A preferred ‘method to clean the cathode of the
30 electrolytic cell including a nickel cathode is to anodize the
: cathode in a basic electrolytic solution including approximately
' 0.57 M X2C03 (X is the alkali cation of the electrolyte including
K*) and to immerse the cathode in a dilute solution of H202
such as approximately 3% H202. In a further embodiment of
35 the cleaning method, cyclic voltametry with a second electrode
of the same material as the first cathode is performed. The
cathode can be then thoroughly rinsed with distilled water.



ENERGY REACTOR An energy reactor 50, in accordance with the

I nvention, I's shown in FIGURE 5 and conprises a vessel 52 which
contains an energy reaction mxture 54, a heat exchanger 60, 5 and a

. steam generator 62. The heat exchanger 60 absorbs heat rel eased by -
' the shrinkage r easégao8s When the reaction m xt ure, corRSIVUSSE07949

* shrinkable material, shrinks. The heat exchanger exchanges heat
with the steam generator 62 which alysorbs heat from the exchanger
60 and produces steam The 10 energy react or 50 further conprises a

turbine 70 which recei ves eam he s r,at

suppl i es rrechanpﬁ%ﬂmf)omérer’( Urdste© tﬁﬁﬁ gﬁt?‘\mrscwli’&@i%/zﬂ?s

t he st eam ener ggatalyltm: etaction (,\uhembgr the cledtronscod the redectrolyticblly
a | oad 90 to produce &Oﬁyﬂ‘ogﬁhpiidxﬁQ (molee§les) are indifefN8S Wndergo

reaction m xture 54 co rrses an Si, terigl 5
i'ncluding a source of hifeRHHens |t9098$f%¥' levels be&?‘ﬁn&’ g&’ uPRte of éleamng
mol ecul ar hydr ogen iSSOtDpethxﬁrIdemodommeves the orgamcermat;yialhdrem %Be wrthdde

tl I d
resonantly remove appr O] rPReE *f‘e?ddsm?i‘g@gﬁ\ﬂ%se%“t‘& t‘fx@“éﬁh r?ﬂgfro rogen

"shrinkage" and 20 a proxrna t o cause en
"shrinkage" where mis Repmg é@"ermmerséﬁrfﬁcﬁ‘hénglr\‘rdm&é’g&wk “sur acfe

occurs by contact of thexygel agsmns by harddézinguthee cathode and clemmgytlieol es
The shri ”kage reaCt'O” ¢4th68e Gn O%ar%reases the BWP ar;ogsde&%ﬁhg

nmol ecul es. e sourc ¥ ro %R rii%_o
di ssoci ati on of watld} i hydaogengreqombinatigns 19 ar nydrogen eﬂ ol ysi s

of I wat er, hydr Olglen L{)Ondweas:ﬁgsmwrbdmdenegy betwet]:,n the omenalt ahd hitsr ogen
SO utions In a enbo r e
dr,g&agr obfifins (olecnfidy &ﬁxa, gp%rgrrs 8k Fesiinde

one or nore of an q%
free radical, shriekager enexaYe o thea@bs Gﬂleé) ¥Arages) 1 tthe BAYFEYN Bk

particle scatt epm@dédaw ten 66urcel of tehergyahbles inctudingethe KHeK+

pr esent in | ses a part icle sour ce
75b and/or\ip ot$C source) %g%oagﬁgﬁ?y e said gﬁ: hol es.
35 these cases, the energy Riffereap aredp gtqrya 1 hayg Ai rent’ OVETP@ﬁP§§1son

by the photon or parti cfd. the bxidationr of dvatshowhivhntan affect ohmit Idsses. An
pressurized gas energy anch03g fiw PALSGehGAC WillSincrease the efficiency. Nickel,
platinum, and dimensionally stable anodes including platinized
20 titanium are preferred anodes. In the case of the K*+/K+
electrocatalytic couple where carbonate is used as the
counterion, nickel is a preferred anode. Nickel is also a
preferred anode for use in basic solutions with a nickel
cathode. Nickel is inexpensive relative to platinum, and fresh
25 nickel can be electroplated onto the cathode dunng
electrolysis.

A preferred method ‘to clean a dimensionally stable
anode including a platinized titanium anode is to place the
anode in approximately 3 M HCI for approximately 5 minutes

30 and then to rinse it with distilled water.

In the case of hydrogen atom shrinkage, hydrogen atoms
at the surface of the cathode 106 form hydrogen gas which
can form bubbles on the surface of the cathode. These
bubbles act as an boundary layer between the 'hydrogen

35 atoms and the electrocatalytic ion or couple. The boundary
can be ameliorated by vibrating the cathode and/or the
electrolytic solution 102 or by applying ultrasound with
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39 shown in FIGQURES 7 and 8, respectively, a photon source 75a
di ssoci ates hydrogen nol ecul es to hydrogen atons. ‘The phot on

. source produci ng photons of at |east one energy of approxi mat el y
MX27.21 eV, [erwposds2l eV, or 40.8 eV causes 5  sti nﬂhﬂ@&‘m’”
~em ssion of energy as the hydrogen atons undergo - t he shri nkage
reaction. I n anot her preferred enbodi nengy a phot on source 75a
produci ng photons of at |east one energy of approxi mately nX48. 6

eV, 95.7 eV, or mX31l.94.eV . .cause an. ' 1:SSi ) y as
t he hydrogen nol ecul es Vlgmﬂpg.rﬂ%ﬂgr éc}zt h%ndzt#ﬂbgg@dr‘g%}:l?‘éoggeﬂ% n&ﬁaﬁ"EJ
reaction nixtures, a electrolyticeselntion dQ2cttdrdusrerthy sHIiacse tension ok, the
an el ectrode may watePCath GitevéntS biibble formedtiwi.r oThat use pft £nddthbdeor a

current (magnetic field) t S hg.act.i 1,0 : f the
resonant absorption of 53 g@ﬁﬂ%ﬁeg‘?ﬁg%r? t %e?lu% th’%?? gﬁéﬁf%@ t he
m xture 54, further Scongihiesences sAnda@n imtermittent cusrgnier pravided by Atian-e

and/ or *absorb atoms an I citOhitCof Power controlléf lmeg%'ﬁﬁey gHigliei ng
materi al 56. Such surfgcc‘:fg ¢ Po ' ' S P

Qr, . material s t | Ci 8
absorb hydrogen, deut errleafﬁmﬁli‘mg of hydrogef P&W%o‘%’r‘#‘s&g nﬁéﬁgﬁge% &’y .
conpound, alloy, or nixiaydregeh gas fafmationnfollawed diyediffusionndntontize solution

transition el enents, irgg; inoP! ek Eiive rodeh Ughs ZorfifdtionMwhich
vanadi um ni ckel, titan‘?i&lle geventmgp Cr Nlr!?dCo Cugi,l Zn, Y, No, M, Tc,

Ru, Rh, Ag, Cd, LalO+ ¢ d form aboundaﬁg,l’a&g{.’lr,’Au,_ Hg, Ce. Pr. Nd. Pm
Sm Eu, Gd, Th, Dy, Ho, Er, The shrinkage reactian,canh bepdemperatyre depamdent.

charcoal (carbon), and M&Ff&%mFWremﬁ& dodBle CheltOPate ' foR Nédch) 10! *C arise
preferred enbodi nent, a source O

ener holes to shrink h Qgen
atons conprises a cat al ijx jtemperature. MFW’%I'ggrrﬁ?@l’?@lttu@&mf%ﬁ%%
conprising el ectrocat al yéllision rate betweems thedhydrogens atoms (moleculeshrand the

energy hole of appraxi n@fe@iﬂsgat@lytic ion”&?co%klé‘\(v cHS wall Hcrbdsel uee shifhkdge
preferred enbodi nent, a . SO

nol ecul es conpYaagHen, ratgy amﬁbqé’?ér Séfgﬁﬁﬁaglll‘%;géf?\'%%@g?“{}ég%% eIny
conpri sing el ectrocat al emperacure, athe &ingtic (energycdistiibytiomogf the reactants
that provide an energy gl §OfuffpEientiy Ritéled f9<%8ue GePénttgy hole and the
resonance shrinkage energy to conform to a more or lesser
20 extent. The rate can be proportional to the extent of the
conformation or resonance of these energies. The temperature
can be adjusted to optimize the shrinkage reaction rate-energy
" production rate. In the case of the K*/K+ electro_catalytic
couple, a preferred embodiment can be to run the reaction at a
25 temperature above room temperature by applying heat with
heater 114.

The shrinkage reaction can be dependent on the current
density. An increase in current density can be equivalent, in
some aspects, to an increase in temperature. The collision rate

30 increases, and the energy of the reactants increases with
current density. Thus, the rate can be increased by increasing
the collision rate of the reactants; however, the rate may be
increased or decreased depending on the effect of the
increased reactant energies on the conformation qf' the energy

35 hole and the resonance shrinkagr: energy. Also, increased
current dissipates more energy oy ohmic.heating ‘and may
cause hydrogen bubble formation, in the case of the shrinkage




or minus 5 eV. The el ectrocatal ytic ions and couple(s) include 35 the

el.ectrocatal ytic ions and coupl es described in ny previous uU. S
Pat ent Applications entitled "Energy/ Matter Conversion WO 96/ 42085
PC¥/ US96/ 07949 40 Met hods and
Structures", Sewnypbe/doss 08/ 467,051 filed on June 6, IFETRISIEN74P | S
a continuation-in-part application of Serial No. 08/416,040 filed
on April -3, 1995 which is a continuation- 48 i n-part application of
Serial No. 08/107,357 filed on August 5 16, 1993, which is a

conti nuati on-in-part apr f@@%"% %rﬁ'?“ﬁht a high flowlf g§£ Qﬂa}nﬁﬁ’ﬁoé

99437) filed on June 11 3 uatl
application of Serial Nb“bblFFGZ‘@"gf@GdW!néﬂ‘es any hy E?rge}begé UI@EIXQWCY
which is a continuationThs- pafrent density capfbe cajusied oﬁmﬁepowbr Nsbntroller 108

appli cation of Ser.al N optinice they bxiess"3hfky prfacith " W)t

‘are incorporated 3 embpdiment, bie; spEeBh dlensity can be in ‘the mnggrlh@r
enbodi nent is the vesselpd@ ﬁﬁﬂﬁﬁhﬁsnﬁeﬁs uare centiffgtege of energy hol es

ol e) 1 the mol ten. | a'&ﬁf (bt Pt the J@%ﬂi%*geféliilfﬁ@ﬁéﬁ fi, 8

source of hydrogen incl affeel the shrinkage hiegctionsratid imsbocashythabdtbe. | n

the case of a reactor electrocatal anSBf'dUﬁial@Mﬁirﬁwﬂvél Oeﬁar ehe an mcrease
enmbodi nent further ans to OCI h he’ nol eCHl ar
hydr ogen i nto P aimyithe ﬁﬁ Be}'Fq“ﬁE i fERCER Yoy £t

al l oy, or m xnegative dathods;t thus, emenemogntnannar of rthesi t i on

el enments, iron, I I iu
RO el&c%%%ta‘i&tcg@ i8 br;%u@e éaﬁ&ﬁl\yﬂ% HID m/&é\@s@Rh %é é&h@

La, H, Ta, W in ggactagt qancshyafipp ifegeass {hireapfionsypios, Hche

Tb, Dy, Ho, Er, Tm c&® of Ve Rbi of KK (853+48 ¢ tatondor caupleala preferred
(carbon), and_ i nt erl_c51I agﬂdcan be basic @; lcp4)bon (graphite) or
gloﬁfg(rao;rggnet ¢ radiation | n"l“ e c'or{ﬂxtenon of the electro%atal}pt{co%bxgetg' chlg)lhOt
electrolytic solution 102 can affect the shrinkage reaction rate
by altering the energy of the transition state. For example, the
transition state complex of the K+/K¥ electrocatalytic couple
20 with the hydrogen atom has a plus two charge and involves a
three body collision which can be unfavorable. A negative two
charged oxyanion can bind the two potassium ions; thus, it '
provides a neutral transition state complex of lower energy
whose formation depends on a binary collision which can be
25 greatly favored. The rate can be dependent on the separation
distance of the potassium ions as part of the complex with the
oxyanion. The greater the separation distance, the less
favorable can be the transfer of an electron between them. A
close juxtaposition of the potassium ions will increase the rate.
30 The relationship of the reaction rate to the counterion in the
case where the K*/K+ couple is used can be :
OH™ < PO}, HPO;” <50 << CO}~
Thus, a planar negative two charged oxyanion including
carbonate with at least two binding sites for K* which provides
35 close juxtaposition of the K* ions can be preferred as the
counterion of the K+/K+ electrc:atalytic couple. The carbonate



The present invention of an electrolytic cell energy reactor,

pr-essuri zed gas energy reactor, and a gas di scharge 30 energy reactor,

conprises: a source of hydrogen; one of a solid, nol ten, |iquid,

and .gaseous source of energy holes; a vessel cont ai ni ng hydr ogen
~and the source wbosazmsgy hol es wherein _ t he shri nkagd®OTAIS369749
~occurs by contact of the hydrogen with the source of energy

hol es; and a neans for renoving the 3 89 (nol ecul ar) | ower-energy

hydrogen so as to prevent an exot herm ¢ shrinkage reaction from
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PCT/ US96/ 07949 electrocatalytic ion. 41 previous U. S

Pat ent Appl i cations entitleqk ePYédREd18er 108 comprmﬂgeaﬁ m@emt&iws and
Structures", Serial No. 08/

une |ch
a continuation-in-part curent dn'ﬂépl?l%\rpg’ﬁl%f‘:’@élﬁ ( iﬂl\l&“"ﬁ%?%%g OWEFCP?I
on April 3, 1995 5 Dy providing optumizationadf dhei elegtmict fahblascatfumtmh of

Seri al *No. 08/ tirgz hich | 18& %Qﬁdﬁﬁuﬂ@ 10011?&311 tidH C& 'réa&a

conti nuati on- : rt a at I on eri al 08/ ﬁ a-FP

99437) filed . cﬁ’ileﬁ 3aanP canmmmatq tatOmS
application of(n@ecﬂles)\kwhi]é/ ﬁﬁmmﬁﬁng d>lnﬂ1mranﬁeelm:lmﬂy§12 po@er
which is a cont r t

07/ 345, 628 fi ed lb&égfhﬂﬁ?’{gg Ly éagsawfq 8 diftthilpo Sf I a r?f AT
appl i cation of 10 migipizes @FFSP&‘P“? f‘l E&‘oﬂﬁPl gy o ou oy &Mﬁ‘ my

publications, MIIs, R'I‘hd<rfeequamy$ dutEusycﬁe Tpnnlknabhgge. Eth(p waveform, peak

(1991), pp. 65-81; MII ,
Mol ecul e I dentificati on %t ion ecshn F%éb i%wm% the ojptﬁnal
MIls, R, Good, W, " FShiiBgR o FERSEIOR A rmgysh mac ion power while
Hydrogen", Fusion TeChrmirﬁauzm‘gObhnﬁB ad. eléctrcb]gmnpewcr losses. In(@igObhse

pp. 1697- 1719 whi Ch 527 Qyh&YEOHRC 1R A+ NEIEELBeMlytic couple EAf PeClS&R with 20
carbonate as the counterion; nickel as the cathode; and
platinum as. the anode, a preferred embodiment can be to use
an intermittent square-wave having an offset voltage of
approximately 1.4 volts. to 2.2 volts; a peak voltage of

20 approximately 1.5 volts to 3.75 volts; a peak current of
approximately 1 mA to 100 mA per square centimeter of
cathode surface area; approximately a 5%-90% duty cycle; and
a frequency in the range of 1 Hz to 1500 Hz.

Further energy can be released by repeating the |

25 shrinkage reaction. The atoms (molecules) which have
undergone shrinkage diffuse into the cathode lattice. A
cathode 106 can be used which will facilitates multiple
shrinkage reactions of hydrogen atoms (molecules). One

_ embodiment is to use a cathode which can be fissured and

30 porous to the electrocétalytic jon or couple such that it can
contact shrunken atoms (molegules) which have diffused into
a lattice, including a metal lattice. A further embodiment is to
use a cathode of alternating layers of a material which
provides hydrogen atoms (molecules) during electrolysis

35 including a transition metal and an electrocatalytic ion or
couple such that shrunken hydrogen atoms (molecules)




Electrolytrc Energy React or An el ectrolytic energy reactor
|s described in ny previous U. S. patent applications entitled
"Energy/ Matter Conver si on Methods and Structures", Serial No.
08/-467, 051 25 filed on June 6, 1995 which is a continuation-in-part
application of H@dembosslo. 08/ 416,040 filed on April 3, 1995 PpCT/US96/0794% Ch
Is a continuation-in-part application of Serial No. 08/ 107, 357
filed on August 16, 1993, which is a contiggation- i n-part
application of Serial No. 08/075,102 (Dkt. 99437) filed on June 11,
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herein by reference. éplrgg?-err((a’éséi]'n%) oir rrenm(ﬁg The dlekﬁila w‘? &%iﬂ%r
of the present invedti sedianphersetheaglectric ficld @t dber cathode mﬂ | formng

the reaction vessel 52 cghcomitabflySalters the eMErgip/ot2BR react
PCT/ US96/ 07949 y 3%5 reactants. So yents of

42
molten el ectrol ytic cediffessnt dieleetri \romstanis hayg, different SOR’%‘H’B gergles,
general ly in FI GURE 6. and Sieedielectricuconstant of ptheseolvent can alsor lnwepr thee

el ectrol ytic solution %Q@rﬁtﬁ&hﬁﬁl Fop! 8%&%‘1?41@' ¥d C1mprove eléc‘?ﬂﬁ g6 couples
provi di ng energy h shri nka

(i ncluding the el ejc)br of ':?Ie?ﬂt'g H;%gfv incliding E’&Eﬁ{ré’é dgg%eieﬁé?f; %ﬁr e

previous U.S. Patent Agpgdtralytionsolution 102 which @paimites cthei nomformatiencofe)
by the application of ghe ener§ Helel %ﬁﬁ i’é&‘o%'ﬁné‘é‘oﬂﬂlﬂl&gea@ﬁe&?t gﬁﬂe 106 by

the power controller o] upp
U trasonic 10  or %hg tfﬁi’y il 618@88 X%arted to the cathode
106 and el ectrol ytic soI ut i a‘hem@lub;htyr of ahyldmgemansthtl&actmn solutiohlecdn dben

be supplied to theg sl egjfeetiyt b?o iéh'aprtolQl?e PrefRRe €6f hydrogen abbte fHE

pressure of the el ectroli/trc e& 100. ¢ @h
tion. ncreasmg e pressure increases the concentration

of reactant hydrogen atoms (molecules) at the cathode 106
and . thereby -increases :the rate. But, in the case of the
shrinkage of hydrogen atoms this also favors the development
20 of a hydrogen gas boundary layer. The hydrogen pressure can
" be controlled by pressure regulator means 116 to optimize the
shrinkage reaction rate.

In a preferred embodiment, the cathode 106 of the
electrolytic cell comprises the catalytic material including a

25 hydrogen spillover catalyst described in the Pressurized Gas
Energy Reactor Section below. In another embodiment, the
cathode comprises multiple - hollow vessels comprising a thin
film conductive shell whereby lower-energy hydrogen
diffuses through the thin film and collects inside each vessel

30 and undergoes disproportionation reactions therein.

The heat output can be monitored with thermocouples
present in at least the vessel 100 and the condensor 140 of
FIGURE 6 and the heat exchanger 60 of FIGURE 5. The output
power can be controlled by a computerized monitering and

35 control system which monitors the thermistors and controls
the means to alter the power output.



controlled by pressure regul ator neans 116 where the cell can 15 be
closed. The reactor further conprises a neans 101 that renoves the
(ol ecul ar) | ower-energy hydrogen such as a sel ective venting val ve
to-prevent the exotherm c shrinkage reaction fromcomng to
equilibrium  wo 96/42085 In a preferred enbodi nent, the el eRGTNSPNPE4% el |
S 20 operated at zero voltage gap by applying an overpressure of
hydrogen wi t h hydrogen source 121 where thgjoverpressure can be
controll ed by pressure control neans 122 and 116. Wat er can be
reduced to hydrogen and, hydroxi t 0 c cat hode 106, and the

hydr ogen can be oxidiz € = e anode 104. An enbodi nent
of the electrolytic cell enékgpressurized gascgBEZY, reantpr |qmpraserSe\tb¢ sﬁrsﬁuel

cell geometry which rerpgges 200 of Flamlw%htaem ON Soneée @Ehydid

: A f d t hod 10 ed
vac it rusi one o1 inglding D BYARGRN rbstah@@?é%ﬂ@upﬁifu&%gé
first Teflon 3 05 nﬁMaMdﬂdeSerhyahdgql sf@@mdh@adlasnclpummfrewsn

menbr ane filtg ﬁﬂmgsme?n-la@yafssoaah@ht hgrdregb@dfmtmeo BRICtES§sis

reacti on vessel that ca oseg &'éﬁ h@ nnectlg a% hich
condensor 140 on the t &) WAL, BYRAECRHGAS. T Fae R baereac or wihic
operated at a boil suctshrinks hydregemmtoms| vihegréacton tfucther G¥mptises i ag

el ectrolyte 102 can be rﬁ@ﬂﬁe%eﬂmhﬂc b tﬁ@”ﬁﬁléﬁﬂarl‘iﬁﬁdrogen into A6 he

condensed wat er can be ééurne lhe vessel,

| over - ener gy st at el B driygEASER \?én?e s??ﬁ‘ﬁﬁﬁﬁ gterial mcluctll% a8, glsment,

PCT/ US96/ 07949 compound alloy, or mixture ofi3ransition elemeafs aindt imner
condensor 140. In one 111 gg" exﬁaﬁscqwﬁnwunum, palladifil, 3itorium,
hydr ogen/ oxygen reconbi ner 145 t

cont, acts
el ectrolytic gases. TheVangdide gﬁ’d gﬁ' Mn, Co, %%%& Mg, Tc,
the resulting water carRrh,eRh,eAg;mddDaona'a W, R§ Os,dssAn, B0 CeTPe, NdaPm
el eased Trom the §501 "GRG, GRECFS, By, Ho, Er, THiP6. DY, THePE! BF bb@Viea’ ! he

| ectrol yt | d
electrolytically pr oaue charcoal (carbon), and intercalated Cs carbon (graphite) or

electromagnetic radiation including UV light provided by
photon source 205 such that the dissociated hydrogen atoms
(molecules) contact a source of energy holes including a

20 molten, liquid, gaseous, or solid source of the energy holes
including the electrocatalytic ions and couples described in my
previous U.S. Patent Applications entitled "Energy/Matter
Conversion Methods and Structures”, Serial No. 08/467,051
filed on June 6, 1995 which is a continuation-in-part

25 application of Serial No. 08/416,040 filed on April 3, 1995
which is a continuation-in-part application of Serial No.
08/107,357 filed on August 16, 1993, which is a continuation-
in-part application of Serial No. 08/075,102 (Dkt. 99437) filed
on June 11, 1993, which is a continuation-in-part application

30 of Serial No. 07/626,496 filed on December 12,1990 which is a
continuation-in-part application of Serial No. 07/345,628 filed
April 28, 1989 which is a continuation-in-part application of
Serial No. 07/341,733 filed April 21, 1989, which are
incorporated herein by reference. The pressurized gas energy

35 reactor further comprises a means 201 to remove the
(molecular) lower-energy hydrogen such as a selective venting
valve to prevent the exothermic shrinkage reaction from



hydrogen atons (nol ecul es) are induced to undergo transitions to

energy | evels below the "ground state" and the heat rel eased due
to the reconbination of the electrolytically 10 gener at ed nor mal

hydr ogen and oxygen can be renpved by a heat exchanger 60 of

FI GURE 5 whi ch wershzessonnected to the condensor 140PCT/US96/07949
In vacuum in the absence of external fields, the energy hole to
stinmulate a hydrogen atom (nol ecule) to ung@rgo a 15 shrinkage
transition is mMX27.21 eV (nX48.6 eV) where mis an i nteger. This

resonance shinkage encicliufefo beilibghs! O embodiment MonBies (HELCBI)

Isin anediadfferent f S
(mol ecul e) absorbed to & éeat exghangeE weF%%IR&egag‘ﬁk‘&T haveca d&ﬂ’@&lﬁ%‘ergy
el ectrolytic sol ution IDalrogen 2&ntingvivalyeaat spmiolddspat.ectric field and an

intrinsic or applied iy Cado ied By £X1-£al c
field generator 75Aﬁ%%geg@b§gﬂag{‘f\§r{s% “ener § §Fga&p§%&
requi red can be 5 reagtor gpf | the jpresent invention M@%Sev ? g4 seaption .

Thus, a source vesbele2000witholifgeri Baifuce 0e |cOfipt ﬁ@dtéf)ét intateAR] 394

oL, 20 1L G SR, S ARSI, e
operating under these dBfdingran element cempoupd  allgyniorkmixture of tramsition
Cﬁt h0d|e| 106 is used to elemenislande xﬂﬂelaqmusoxsoauinem 1§¥én, %latmuml \tNhefteh
the cell is operat Vv e
Klerr]/Klerr] and E&b%?ema?ﬂ‘gbi:’lzg })ﬁﬁ’ ﬁgg “écf"é:rkF é@["é‘?‘?‘n e ﬁd

el ectrocatal ytic ions Riue &he Aigo dnbﬂIHfTa,W Re, Os, I,
shrink hydrogen atonms (A®|Hg UCESPI, Nd Pm, Sm, Eu,GdT'hs b tHBdErprﬁV'viﬁiu,

hydr ogen at ons (nol ecul ) hy i action s at
the surface of the catﬁ@h Pa;’ ’33“"(/%3‘? CW%‘?% r‘?ﬁrg ‘%‘é‘alagg‘f d the

"l

source of energy carbem| (graphitect r br a {nsther embotbmemauﬂiee)mnc:e surface
contact. Thus, thel5 240 cafilbé Woadftisedast iPr6n BondiRBSIICIHe st Paction
surface area of vedf1°9906208° be sealed in a sgrond reacti 1 220 and
PCT/ USO6/ 07949 an” be s in a sepond reaction vesse an

receives hydrogen from source 221 under pressure which can
be controlled by pressure measurement and control means
222 and 223. In a preferred embodiment the hydrogen

20 pressure can be in the range of 10 atmospheres to 100
atmospheres. The wall 250 of the first vessel 200 can be
permeable to hydrogen. The outer surface 245 and/or outer
vessel 220 has a source of energy holes equal to the resonance -
shrinkage energy. In one embodiment the source of energy

25 holes can be a mixture or solution containing energy holes in
the molten, liquid, or solid state. In another embodiment an
electric current can be passed through the material having a
source of energy holes. The reactor further comprises a2 means
to control the reaction rate such as current source 225 and

30 heating means 230 which heat the first reaction vessel 200
and the second reaction vessel 220. In a preferred
embodiment the outer reaction vessel 220 contains oxygen,
the inner surface 240 comprises one or more of a coat of
nickel, platinum, or palladium. The outer surface 245 can be

35 coated with one or more of copper, tellurium, arsenic, cesium,

platinum, or palladium and an oxide such as
Cu0,, PtO,, PdO,, MnO,, AlO,, Si0,. The electrocatalytic ion or



the cathode. For a constant current density, giving a constant
concentration of hydrogen atons (nol ecul es) per unit area, an

increase in surface area increases the reactants available to

undergo the shrinkage reaction. Al so, an increase in cathode 5
surface area dewoasazmst he resistance of the electrol ytic cel |PCTAUS96/07949

~which inproves the electrolysis efficiency. A preferred cat hode of
the electrolytic cell including a nickel cathode has t he
properties of a high surface area, a highly stressed and har dened
surface such as a cold gy @‘1‘@ &in W q‘e“@ﬁéﬁfkcﬁ% Bﬁ%eous]ylgr vﬁ”q Fegdlidition
nunber of grain boundarie @gb g nbodi nen he
electrolytic cell mean%deﬁbsd%a’émmg tfﬂﬁa@o ag EVEF@'y SQYF s <4an
be incor porat ed i ntla tahotheat bndmdlmhamh@apﬂegsmmbtgasdsnergy
i ncluding cold | e I t ugface
- of the 15 cat hode ogr@n%]pﬁﬁ%é%ﬂlf 3 %F d’(’)‘ﬁ %é de!l‘é%{)(}[ %tgource
of ener gy Hol Mdfﬁgéntmm@’e & 573N

of a solvent of a sol utwhithokhtifiks Slopdrogenf atonss; gyneh@iremara of a hydrogen
contact with the surfac C 0 t C

met hods i ncl uding el ect‘?S?‘éﬁl Qﬁgeﬁ%agt {iﬁls ?Hgluﬂlir?gc &%&%ﬁbg %L‘J'Iﬂ?ts ?nd mdm
vacuum deposition. transition elemqnfé sllﬁﬁll,n mig'é“?@acmuﬁdlpﬁ'b eZigoniyam,
dependent upon the vanadivif"Riekel, i titanivin t $€ CHtMagdCol T, Zi, Y o¥bn Mb,oTs,

nmol ecul es ar rgac C r [ KR Pm
geact i on. ) ﬁ ﬁ'ﬁ é&r@d%%ﬁ’?@ ﬂ’p‘?‘(‘)’i/?@éwﬁ ﬁg 2
5 concentration of hdemg@u L& rEb,( Pyl 8o, Ers Tm. Vb FbgPa, U, aCtl"ateS!OG
candbetcorrprl sed of gnyﬁlﬂreaan:'(cm%ﬁpouad nfthl'dﬂate@rCs carbon (gfaphitep @& a
conduct or or senmi conductor _inc ransptio
conpounds, acti ni de andcqaé Ltggn%ngﬁesrﬁtace 210 w'tha?ﬁosog%ﬁpoun%n&ggngdes
group |11B and [ VB el enincludingdone or3ngorecefiroppes. tellnriym, arseRigrecesiym,
di ssoci ate hydrogen g)asplafinim, or palladiEnd Car? oXide suth! @sser extent
dependi ng on the netal . Cu0,, P1O,, Pﬁ ambtlsgoﬂnl Qﬁé’lﬂbtyerﬂbﬁﬁ?tféklﬁ‘t 8he

ren

‘hydr ogen nol ecul es and érre‘d ertbodi nents for s
hydr ogen at oms. sourbe Qfaehm bale gan e ope anérlgiﬁl%‘ﬂcth@tabs@r bed

hydr ogen R 35h datoms £ﬁRJ|1€CéEaQ%h ﬁe@éd&i(k thheﬂepm’eﬁédtmbahrmmame
reaction . cathode, mtLhel Salls 08 Sibfiiel b ea) ABts where the enersy
20 hole corresponds to stlmulated emission by the photon. In the
case of a reactor which shrinks hydrogen atoms the photon
source 205 dissociates hydrogen molecules into hydrogen
atoms. The photon source producing photons of at least one

energy of approxlmately mX21.21 eV, —2-X27 .21V, or 40.8 eV

25 causes stimulated emission of energy as the hydrogen atoms
undergo the shrinkage reaction. In another preferred
embodiment, a photon source 205 producing photons of at
least one energy of approximately mX48.6 eV, 95.7 eV, or
mX31.94 ¢V causes stimulated emission of energy as the

30 hydrogen molecules undergo the shrinkage reaction.

A preferred inner surface, 240, and outer surface, 245,
.of the pressurized gas energy reactor including a nickel
surface has the properties of a high surface area, a highly .
stressed and hardened surface such as a cold drawn or cold

35 worked surface, and a large number of grain boundaries.
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45- shrinkage energy. In the case of the K err]/K[err]

el ectrocatal ytic couple with carbonate as the counterion for

catal yzing the shri nkage of hydrogen atons, the relationship of the
cat hode wower2083l to the reaction rate can be: 5  PCT/US96/07949
[err] This can be the opposite order of the energy rel eased

- when these materials absorb hydrogen atons.54&hus, for this
el ectrocatal ytic couple, the reaction rate can be increased by

using a cathode which weakl ypahgsorhshddielY bR ﬁfe?ﬁﬁ'ize& gas erv&r%%au £

perturbation of their electronic .coupfi ng 0
ikner

nergi es SO 0

resonator cavities and BihARBESFRF Siergy holes cam,be; jngorporated itge
bet ween t hem can be incswfaes] 248 and outer stifeceje@45, imechanicullyndyr nrethods
such as a magneti zed : e of mﬁ{' Lregdy u ' t4c or
ferromagnetic . 1 5 Cg%c%%%lg,g géfr"]ign I ne thagne |ez§§ ?rne%gg?ﬁél%gﬁg‘g(getggt he

reaction rat e BYITRcR  wmaterial and thermallyy byr mefbodginglnding melting
shri nkage ener ghe @gbuidee off yehergy nheles ninté dthen surface ghAtefial {fusiony

an el ectrocat a hC | CQup at.| , tic.field
can be applied with thehﬁétaﬁlét_&gﬂﬁdé 3’%%‘%&‘@%’%“?{ .lh%(@é%em nﬁ‘qlg%gt}?“g“’
fields at the cathode afvaporatiencofeeggolbtionhebthe soues ofcsnergy holes iand
conconmitantly alter thecomacnawith Hy isuefage Biweérdd) (precipitatiodypdoat i c

(eneray hol e) by alri REREREdmSnt.  JapRol degpiiutn!' idipregnation, feRffine’"and
i nvol ved in the reacti oplectrpstaticagneerporptioneincleding eletrolytict Hepesitinndend
e sl e o el aSrlgoplam i method mang 1 i
IrZagltOPolner at g-t hg power fzéﬁt?mf he futer surfaczﬁi;dé é??lé'ai’férar Bf?é‘&he‘&’?@cﬁggh%e
i s nickel . fill therisher vesseleand dhe ower ygssehewight ackhsiof t he
cathode i n o basi ¢ 61 eoit oLy LR SaL L o e APEL Ty 2603 (X
gét57OMeX|[ err]CJerr] (Xlﬁ gh‘%/ﬁgkaﬁ I?&F‘fmc |ﬂbeh € qct&oﬂ%tegfné:iqc*igg J(|a.¥iaff(‘,il ‘i?dﬁ”g
Klerr]) and to inmerse the inremuyessel and dhe ousers yessel owithf a Hfidute] Splution of
such as approximately 3#3®e! r Eabkrof the inrerf veskéleand the Gutérnvesttl can be
then thoroughly rinsed with distilled water. In one _

20 embodiment, at least one of the vessel 200 or the vessel 220
can be then filled with a solution of the energy hole including
an approximately 0.57 M K2CO3 solution.

In a further embodiment, textural and/or.structural
promoters are incorporated with the source of energy holes to

25 increase the shrinkage reaction rate.

In one embodiment of the method of operation of the
pressurized gas energy reactor, hydrogen can be introduced
inside- of the first vessel from source 221 under pressure
which can be controlled by pressure control means 222. In

30 the case of a reactor which shrinks hydrogen atoms, the
molecular hydrogen can be dissociated into atomic hydrogen
by a dissociating material or electromagnetic radiation
"including UV light provided by photon source 205 such that
the dissociated hydrogen atoms contact a source of energy

35 holes including a molten, liquid, gaseous, or solid source of the
energy holes. The atomic (molecular) hydrogen releases
energy as its electrons are stimulated to undergo transitions to



35 the cleaning nethod, cyclic voltametry with a second el ectrode
of 'the sane material as the first cathode is perfornmed. The

cat hode can be then thoroughly rinsed with distilled water. WO
96442085 ' : PCT/ US96/ 07949
46 O orberiotgdt €ri al on the surface of the cathode i NCIRISISOTIHE

catalytic reaction whereby the electrons of the electrolytically
produced hydrogen atons (nol ecules) are i mglgced to undergo
~transitions'to energy |levels below the "ground state". C eaning 5 by

this method renoves the organic terd atl fro de . urface
and adds oxygen atons g?'n 8 ﬁ?gr%%nﬁﬁgﬁfg é@rihfrggpgﬁgyc%w&' Iﬁltleﬁn?tf‘f%irre gl
surface, including a nhydeogen dissosiates ton the inner syrfaem ngxfﬁgses though
anodi zi ng Eﬂe cat hode ?mtwégfmm@ftme first vessel Q00hasd dontddterd Jsohsve bf t

i ncreases ‘'t he power outpu ecreagin r 0 o
nol ecul ar hydrogen and*B{*8Y hofk °nd§£°r ggﬁrné‘%&% _@%ﬁ.d&g%@%@?bmgt# 3ﬁe
metal and the 5 enorgyodelesainciudingolacmolion) liquidh gaseous; ner splid
resonance shrig {iﬁﬁeo?“&fe%nef%yt %wéoierbf&ogﬁﬂrm o? férontbifedy
hol e provi ded by the souyce, O e,gﬁrg%/ hal e ']ndf'dé) %‘_he
Klerr]/K[err] 1 5 hydrogsn ]fﬂéf@fg}qs}) & ctPBuSG: HrOEcHaE 335! Qgen
Different anode nateri atleabes eneffy easeits elentyomsenrd atisnulated to undergohe
oxi dation of water, V‘h'tﬁl.'ﬁsﬁf’(ﬂ}]safté ?Piwe?hé‘ii&g&()&%l%- b§Nthe energy hdl&de Phe | ow

overpotential wll_ increase t efficiency. ckel , atinum and
di mensi onal |y stabl@ aﬁ!ﬁfé&"qaﬁéﬁmﬁi Rp Fﬂ_raFPHB“fe&an b%oregﬂl?rg]lé)ctm are
preferred anodes. |n 't sgponesmeouslyt lor Wjera regémeration means including heating

el ectrocatalytic coup! gublfr 9363hRe Girferss stied 235! NThe (moleculduitivér.on,
nickel is a preferred anode. N ckel 1s also a prefe'{r@an%ie for
use in basic sol utions eReF8Y Dyfregep can be remayed, from \yesse ana/or

i nexpensi ve relative toesselt 280nby amdmeéamsito rem@% the dimélecularbdower-
el ectropl at ed ont o, khe L4Ag . he-
1? Cﬁ%gégf gﬁm}#géﬂ such as a seg{:tgﬁ;er QeYifihg valve means 201

A preferred nethod To nsi onal I'y st . : .
P which prevents the exo¥hermaic shrinkage reaction from

coming to equilibrium. To control the reaction rate (the power
output), an electric current can be passed through the material
having a source of energy holes equal to the resonance

20 shrinkage energy with current source 225, and/or the first
reaction vessel 200 and the second reaction vessel 220 are
heated by heating means 230. The heat output can be
‘monitored with thermocouples present in at least the first
vessel 200, the second vessel 220, and the heat exchanger 60

25 of FIGURE 5. The output power can be controlled by a
computerized monitoring and control system which monitors
the thermistors and controls the means to alter the power
output. The (molecular) lower-energy hydrogen can be
removed by a means 201 to prevent the exothermic shrinkage

30 reaction from coming to equilibrium.

A method of preparation of the catalytic material of the
present invention of catalytic systems that hinge on the
transfer of an electron from a cation to another capable of
producing energy holes for shrinking hydrogen atems includes

35 the steps of:
e Mixing the oxides of the cations with the hydrogen
dissociating material. '




anode including a platinized titaniumanode is to place the anode

i n“approximately 3 MHC for approxinmately 5 m nutes 30 and then to
rinse it with distilled water. In the case of hydrogen atom
~shrinkage, hydrogen atons at the surface of the cathode 106 form
hydrogen gas Whiywdiog/s208s can form bubbl es on the surface ofpdinsssamvhsode.
These bubbl es act as an boundary | ayer between the hydrogen 35
atons and the electrocatalytic ion or coupl The boundary can be
anel iorated by vibrating the cathode and/ or he el ect roI ytic

solution 102 or by applyi ul t rgsound. w WO, 96/.4
PCT/ US96/ 07949 y appiy ‘?‘-ﬂorough?y mlxxng by repeatedly smtenng gpgrgﬂvrq&zmg

means 112; and by adding wetting agents to the el ectrol ytic

solution 102 to reduce g 6 fGHce g hi@n Whe ial- b bi
prevent bubble formatio Slilﬁ 86 Eﬁl el avi ng a Ssmoo

surface or a wire catho dherence. And an
intermttent current§ provid¥d byepmeothe ceramic catdliftici mavérialof stpentium

control | er 108 provides nﬁf’cﬁhﬁxd'oﬁl%e SrNb O'%§ RnENi Mno? 5%%5?%@@6@:3

whi ch are di ssipated by ro as for
di ffusion into the sol ugfded to 1.5 kg 9ﬁ°~3@ FResis A3 ngéﬁbes'gﬁl@/énﬁfﬂﬂhgéﬁ

gas formation which hﬁxedcmlhfhﬂeoaﬂhmnbgamsymnme The powder can bdhe
shrinkage reaction can ?&t% aéa‘]'é a%gipﬁig” aven at 1600°¢0! aﬁﬁ&ﬁh%?ilc air

reactions double their eac
temperature. |ncreakfngfema4t bﬁ%fér atihtee materiak san tlﬁné‘mk’d and gremd it8i on

r?t et bet wteeln Ehe hydrogeémawnm&[ l'b:mé Eﬁhteﬁi&ﬂi metebf; re-égm&rgd at 1600°C in
el ecirocatalytic 1on or Cofcgrngg g 4’\21 rs nc'i'ﬁ@%'ﬁat 41 Tah' DEddoled to room
XC

reaction rate. Wth Iar ursions tTromro
t enperature, the kineti teraperajyprel Stlﬂl pomdarized. t he react ant S can
be sufficiently altered to causgethb@ eNgirgparatbst 6 dhé heatalytic materidlsenanee

shri nkage ener gy | oy ONoLli AudcBR ff daEASRE systedd it Rlhe Rl ©

transfer of an electron from a cation to another capable of
producing energy holes for shrinking hydrogen atoms includes
the steps of: |
 Dissolving ionic salts of the cations into a solvent. In a

20 preferred embodiment, the ionic salts are dissolved in
deionized  demineralized water to concentration of 0.3 to 0.5
molar.
e Uniformly wetting a dissociation material with the dissolved
salt solution. _

25 e« Draining the excess solution.
» Drying the wetted dissociation material in an oven
preferably at a temperature of 220 °C.
» Pulverizing the dried catalytic material into a powder.-

30 Example o onic Catalytic ial: ssium
(KoCO3) on Ni Powder: \
To prepare the ionic catalytic material: potassium
carbonate (K,CO3) on Ni powder, a 1 liter solution of 0.5 M
K2CO3 in water is poured over 500 grams of -300 mesh Ni
35 powder. The materials are stirred to remove air pockets
around the grains of Ni. The excess solution can be drained



conformation or resonance of these energies. The terrperature can
be“adj usted to optinize the shrinkage reaction rate-energy
production rate. In the case of the Klerr]/Klerr] electrocatal ytic

couple, a preferred enbodinent can be to run the reaction at a 25

. tenperature abowoddsagess tenperature by applying heat with PCT/US96/0m94% er
114. The shrinkage reaction can be dependent on the current
density. An increase in current density cage~ be equivalent, in

sone aspects, to an increase in tenperature. The col I|S|on rate 30

I ncreases, and the enerc}l of the reactants increases with current
density. Thus, the rat @banThe ROwdes £anybeydris: in 2l pyen at 200°C. {Ifio

collision rate of the rmetmysmdwmuﬁal dalne beagroumly tberemove lumps.

i ncreased or decreased depending on the effect of the i ncreased
reactant energies on the confornatlon of the ener gy 3 5 hole and the
resonance shrinkage endi¥SL0gt - > £

P : 8K current dissi pat es
nore energy by ohni§ heati nanaad i‘ﬁﬁrred embodlmeﬂusﬁxd”l)sduﬁ&emfbh?bf@en

Lg;.%tsbg? 07 |929t he case a%mts h?orS %é ngaqgﬁfnc shrmka%%) r%géé&? 8¢,50m81f'1s?1s

& ogen
atoms. But, a high flokysrogen spillayes| satdyst. bubbl es whi ch
di m ni shes any hydrogen gas Adkyutogen! spillover catalyst aBoording! nitheeprosbit
can be adjusted W|th power ﬁg r§ errlse]s08 to optimze the excess
ener gy production. d“ﬁ?’é r & 5 _enbodi rrent the current densi t
can be in the rangéﬂl t*0A 1 gen _digsociation Jnate: nforses free
The pH of the aqueous q{ﬁﬁbggﬁyﬂognss@rutw@mn},OZ can affect the

shrinkage reaction rate. e, case t.hat the ectrocatal ytiG |
or coupie is positively émmf ot “which, free, r‘?yfl agﬁq’? %Péﬁu%’é‘y
t he concentration of hywhichi snpports hfree, mobile h)@gggq:meatomshgné pravides tahe

concentration of the path or cehaﬁftrftﬁaﬂf& fldve dfOB efogéauaim%trlﬁf& ng;! |
i ncrease. An |ncr 6?§e A |n reactant concen ratta?yze gL %mﬁcat he
reaction rate.
reaction, and optionally
e A support material into which the former materials are
embedded as .a mixture, compound, or solution.
Such hydrogen dissociation materials include surfaces or
20 materials to dissociate hydrogen, deuterium, or tritium,
comprise an element, compound, alloy, or mixture of transition
elements and inner transition elements, iron, platinum,
palladium, zirconium, vanadium, nickel, titanium, Sc, Cr, Mn,
Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W, Re, Os, Ir,
25 Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Vb, Lu,
Th, Pa, U, activated charcoal (carbon), and intercalated Cs
carbon (graphite). Such conduit materials onto which free
hydrogen atoms spill and which supports free, mobile
hydrogen atoms and which provides a path or conduit for the
30 flow of hydrogen atoms include nickel, platinum, carbon, tin,
iron, aluminum, and copper and their compounds, mixtures, or
alloys. In an embodiment, such support materials into which
the former materials are embedded as a mixture, compound,
or solution includes carbon, silica, nickel, copper, titania, zinc
35 oxide, chromia, magnesia, zirconia, alumina, silica-alumina, and
zeolites. In an embodiment, one or more of the other
components are deposited on the support material by




case of the Rb+ or Klerr]/Klerr] (Sc[err]/Sc[err]) lon or couple, a

préferred 1 5 pH can be basic (7.1-14). The counterion
of the electrocatalytic ion or couple of the el ectrolytic solution
102 can affect the shrinkage reaction rate by altering the energy
of the transiti Qpoésgaée. For exanple, the transiti on POTAISA6ATHMI| ex
of the K+/ K+ el ectrocatal ytic couple 20 with the hydrogen atom has a
plus two charge and involves a t hree body col lision which can be
unfavorable. A negative two chargé§ oxyani on can bind the two

potassiumions; thus, it provides a neutral transition state
conpl ex of | ower energyelectroplatlngv\,hdﬁtﬁ fsonraet of renesgy hples 10 aCa3sH a2tpmic

collision which can be " of r i endent
on the separation hydrogen sliﬁﬁk&ge e beferam;a oft ﬁ)gﬁ'@ﬂllﬁ@te@ﬁp

conplex with the mX23 IS %/3‘{1&585% ﬁg‘%ﬁgfﬁf%f?é's aﬁﬁt@l

t Ee | ess f avor ael ef cappmaunhtelyrmséreVofWhmeemem raomm:gm‘/een
them A cl i S t [ I €m
the rate. 30 T(hsz rie at |og H{ @il?&F%éali'ﬁ ﬁgt?%ﬁ ?g? lé‘! desbfﬁé&?ﬁon
in the case whBre¥iewe WS-k aE"(iﬁplAé’ icagony %“atﬁl nergy at

[err] Th@enverspom rivietiroadsa tand e Strwoturbstt, gSelrmk;b&w 08/46%,05Hi ng

carbonate with at | east{-?]é/‘\p@ Iljggggssqg %tsml&huaﬁmbﬂ_@ﬁ part 35

cl ose juxtaposition of an g g
counterion of the K[errfpﬂl[‘@r"ﬂn 9 fl‘%lc E: @ fph ?Ee Phe APE hin 4085
X\g 96/ 42085 t 10 which % alconnnuatxoftlll-m-part a%;;l;tcaumct?mﬁiagm%a

count er i onggARy P'ffddSol’ & gﬁ& 37 whith! % d R®nHtiation-
el ectrocatal ytic ion.
intermttent cm'Péﬂt apghcag;qn Qf\AEEFF i 08 7#@19% (garﬁ) 93'(’(592&%‘?“
the excess heat oﬁyhmsavmdl mps;pwtﬁtlzam mncmftmdaaoal-mepart caffplidations
a function of I,t et R0 Fﬁﬁ&i@'ﬁésf@;&hﬂu PetdhbdP 1 AYol witdridnd

concentration o

energi es, provides an a$?
15 contmuauon-m-part apphcatxon o genal o. 07/345,628 filed

~ April 28, 1989 which is a continuation-in-part application of
Serial No. 07/341,733 filed April 21, 1989, which are
incorporated herein by reference. The counterion of the
energy hole of the spillover catalyst includes those given in

20 the Handbook of Chemistry and Physics, Robert C. Weast,

- Editor, 58 th Edition, CRC Press, West Palm Beach, Florida,
(1974) pp. B61-B178 which is incorporated. by reference
herein, organic ions including benzoic acid, phthalate,
salicylate, 'aryl sulfonate, alky sulfate, alkyl sulfonate, and

25 alkyl carboxylate, and the anion of an acid which forms an
acid anhydride including sulfite, sulfate, carbonate,
bicarbonate, nitrite, nitrate, perchlorate, phosphite, hydrogen
phosphite, dihydrogen phosphite, phosphate, hydrogen
phosphate, and dihydrogen phosphate. In another

30 embodiment the anion can be in equilibrium with its acid and
its acid anhydride.

The functionalities of the hydrogen spillover catalyst are
combined with the other functionalities as separate species or
as combinations comprising a mixture, solution, compound. or

35 alloy of more than one functionality. For example, in one
embodiment, the hydrogen dissociation material and the
source of energy holes each comprise homogeneous crystals-



(ol ecul es) while m nimzing ohmc and el ectrol ysis power | osses

and, in the case of the shrinkage of hydrogen atons, 10 mnimzes the
formati on of a hydrogen gas boundary | ayer. The frequency, duty
cyel e, peak voltage, step waveform peak current, and offset

vol tage are adj ywid éfizésd achi eve the opti nal shr i nkagepamesysomm
~rate and shrinkage reaction power while mnimzing ohmc and

. electrolysis power |osses. In the case 5 where the K+/ K+

. el ectrocatal ytic couple can be used with 5 carbonate as the

. counterion; nickel as the cathode; and : pl ati num as the anode, a

- preferred enbodi ment caachectystalseontains one aoniponenti andnthesqufmsctionadities
- having an offset volta : ; [ : 't t volts;
, %ﬁ"e %hixed with F?@Woﬂﬁh@hfdtéhi%%x?%%ﬁs as;Quépc?rt

. a peak voltage of 2 appr oxi_pmat e 1.5 volts to vol t eak
“current of apﬁ!‘%}?gﬁ&tel\&gir‘#g’t’& 250thes pmbodimert thenhydsessn of
cathode surface area; akbssociation ahyteniad%amd %hdusourcycoéf enengly holes comprise
frequency in the raage - 4 . e rgy
can be-rel eased by ?epgghrrlfgkﬁﬁse& @98#%?}? n?(rgatealrce:%%t? }%{%ﬂ‘#ﬂe?%ﬁg‘%.
(nol ecul es) whi ch™ have components, and, ths dieteragspeeus Frystalse aret mixed with

cathode lattice. A the concaithegistefiab whichbeoatsedl suppoft mditridlaci in @at es

mul tiple shri e Wely) aydrog e
enbodi nent is to use aq@ghg%gﬁ%ﬁhaggjﬁ)%gﬂ’sg{t}r gégg%d%qco%ﬁ%g& agﬂe(f%g?o
the electrocatal ytic i &€ 6mheddedeins the eemrduitimatesial. and thisc ined

shrunken atons (noj@culspegieshtan Beavfixbd witledthenhpdrogen dissodiatioht nfakerial

including a netal lattige. . A funther .e [ [ 0 . se a, .
cat hode of alternating mgr g;%f.bea%%l?egﬁ% I{Emﬂb%hssafﬁe or a dﬁetgg#dggndun
hydr ogen at ons ( nol eculmeatprialr without cgt seppertsmaterigds i ncl udi ng a

transition netal and an el e® riaediod Wi 9réph@at@d§n of the hyd@ggéﬂ egpsugi,’ert hat
shrunken hydrogen at ons

PCT/ US96/ 07949 cagaq?{iscynla%sx)ial of the p\QQse /Of'n%loe%lsion incdlég?so cﬂ‘ﬁ aﬂ:ys or
repetitively diffubk® i #fb contact with the
* Mixing the components of the spillover catalyst by the
method of incipient wetness impregnation.
* Thoroughly mixing: the components by sintering.
A further method of preparation of the hydrogen

20 spillover catalytic material of the present invention includes
the steps of: '

* Dissolving or dispersing the components to be mixed in a
suitable solvent such as water and dryving the solution or
mixture.

25 « Removing the solvent by drving, or the wet mixture,
suspension, or solution can be frozen and the solvent can be
sublimed.

» Thoroughly mixing the components by sintering.
An incipient wetness method of preparation of the

30 hydrogen spillover catalytic material of the present invention
comprising a source of energy holes for shrinking hydrogen
atoms that hinge on the transfer of an electron from a cation
to another includes the steps of:

» Dissolving a desired weight of the ionic salts of the cations

35 into a desired volume of solvent. In a preferred embodiment,
the ionic salts are dissolved in deionized demineralized water.




el ect rocat alytic ion or couple. The shrinkage reaction can be
dependent on the dielectric constant of the nedia. The dielectric
constant of the 5 nedia alters the electric field at the cathode and
concomtantly alters the energy of the reactants. Solvents of

different diel eglgdgagg@nstants have different sol vation ener gipesus9607949
~and the dielectric constant of the solvent can also | ower the

overpotential for electrolysis and inprove 8Iectro|ysis 1 0 efficiency.
A sol vent, including water, can be sel ect e®% or the el ectrolytic
sol ution 102 which optim zes the conformation of the energy hole
and resonance shrinkage @reparingnan incipientlynyveti zenduiichysirpgen emsyogauon
el Iec:_rol ysis. ] mal;enaT{‘B Sﬁh&wriiitl&y“@tnit@gfdghﬁg%ddmﬁ-h?d fit Id on

sol ution can be | rec 1 O 0 ure r n
above the sol utq‘ﬁ?C‘aWQ%HE%@ ¢ Hf%éiéiﬁf’z ‘?‘L E‘ §8l§R't°He¥’° firat
concentration the rsores aoft they dnatgrial arejest( fitledcuTbe) tasal vhlmmetdfode
106 and thegeby, | e a L ﬁ:&semm‘ bew

shri nkage of hydr ogén at I(l)%%{tt ﬁtd aégrgﬁt‘ﬁem eve o [% elogfh

hydrogen gas boundary |Rgyegnt oﬁ-ﬁbe Hyg;cbg sme fatl %gnm t?le fmalbglatenal
control | ed by pressure gaggbkadetermineds by 1thet desipgd weight lof the ionic salts of

shrinkage reaction rat She caeqoncst Fhﬁso%vedl E‘naﬁh@ ﬁés‘?féde@oﬂ]ﬂedbﬁﬁfve nthe

cat hode 106 of the | ses tic
material including a *® echquaib@rmygnm HreWet W“&bs‘@ri‘ e pniform
Pressuri zed Gas 10 wéndigy Reactor Section below. In another

enbodi nment, the cijé h 0 !;m‘!" I S

conprising a thin ﬁ% tchf)\engﬁé;lp?@é] she% @mﬁdhﬂ Wo 2 &ﬂs%gé:atlon
hydrogen di 1 1 ugssteriel dogan tgen; preferably, aing @m%&@& |°rfs YoGchln
vessel 30 and undergpembbdiffenpothici aratriah cagrabt i hewed hentdli the

The heat output can be éf?(;‘ﬁg vgft b %@%Ow‘lﬁﬁmuypf]mﬁé%ﬁgt in at

| east the vessel 100 an ensor t he heat
exchanger 60 of FI &GIRE pefemablyuppides. power can be controlled by a
conputeri zed nonitoring Mfveriziagd the adried | matesiab ncomypuised rafnithieorcontini-

therm stors and Contro'!%‘ydrogen dish O aflbARIukE: V! Eherg)C nBRLC mAiR into a
powder
» Optionally, mechanically mixing the dried and powdered
20 material with further hydrogen dissociation material including
a powder mixed with a conduit material and a support
material.

25

To prepare one kilogram of the ijomic hydrogen spillover
catalytic material: 40% by weight potassium nitrate (KNOj3) on
1%-Pd-on-graphitic carbon powder, 0.40 kg of KNOj are

30 dissolved in 1 liter of H,O. Incipient wetness requires 1 ml of
H,O per gram of -300 mesh graphite powder, and 0.67 grams
of KNO3 are required per gram of graphitic carbon powder to
achieve a 40% by weight KNO3 content in the final material.
The aqueous KNOj solution can be slowly added to 0.6 kg of

35 1%-Pd-on--300-mesh-graphitic carbon powder as the slurry
can be mixed. The slurry can be then placed on an
evaporation dish which can be inserted into an oven at 150°C
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51 . ) Pressurized Gas Energy Reactor A pressurized
~gas energy reactor conprises the first vessel 200 of FIGURE 7
~contai-ning a source of hydrogen i ncl udi ng hydrogen from

met al - hydr ogen ww8bgiideg1s, hydrogen 5 from hydrides, hydragyﬁsﬁm?#t he
di ssoci ati on of water I ncl udi ng thermal di ssoci ation, hydrogen
fromthe electrolysis of water, hydrogen gas. In the case of a
react or which shrinks hydrogen at olms the reactor further
conprises a nmeans to dissociate the rml ecul ar hydrogen |nto atom c
1 0 hydrogen such as fordoseochour: i nijeating: rqagses ¢ UWAtey tAncEARArate from the
conmpound, alloy, or m xupye Ofhe m@gtt@a"tedl e7ePd-onagriphitiercarbon can be
transition el enents, i ron, dpI altl nu | I adi um zirconium

vanadi um ni ckel , titaBfQHRd &1 “I'co, cu, zn, Y, Nb, Mo,

Ru, Rh, Ag, Cd, La, Hf, Ta, Aupthee 1mp1em|t wagnesgigmethod rof nmparpﬁpn of 1the
SL” Eual G‘(j TE )D)”S th Jﬁ{o e]imls i[\modvdrucat'ﬁ tiamatériic bf Véee Present invention
charco car bon and Intercalate g

el ectromagnetic radi at FYRPFSEI&E AGUESF O gHE rg& b&%gdh%) shifinking hygﬁ?ﬁ%’h
source 205 such that tatems dhatc hinged ony the deansfaront an eectron fresn ea gation

contact a source of eng H@ﬁeﬁxdlﬁ&ééﬂih@%téps of20 m)l ten I|qU| d,
gaseous, or solid sourc P

e en n
el ectrocatal ytic ions & sEBWﬂJ‘F%@ &%?&b%ﬁ‘gph the ionif Salf§ @e t%ﬁscaﬂogs
Patent Appl i cati oris0 enfritb| addésiredr yplimet of solvent InCanprefesired evabodicienind

Structures”, Seri al Notheo%gfy sgﬁé are dissolved ifddé&iBnikéne démiddlafizedi whters

a conti nuatlon I n-part |catlo eri al 8416, 040.

on April 3, 1995 * Pr ‘?B?F’(‘,‘Ig An%‘B}Fﬂ a‘ﬁ?‘or‘PFﬂ“’tSaﬂaQ ?%é'atul Eﬁ?rﬂ’ﬁy
Serial No. 08ivEBingS Sthef condnmnmmgwt with theddissolmed Hsals sglution so
~conti nuati on- et boféRPbE afie! Macfal S flst e d! 766, A (Bloime
99437) filed onJ (g é |sac?ﬁ1t|nuat|omér%g h
appl i cation 30 3 of 0659 &?nmeq'ﬁw 580,86 the dgsised SERONRfe he gerght
which is a COpErdenatofoma lilemarSalquplflllhat ¢ationsf inSehe dinalomaterial
07/ 345,628 filed t [ r
application of caléer qelt 8% 41'}@ il'elaea’ féggf'l{ﬁé %?"géé r!ﬂiﬁ'@l‘?.h
are i ncor por athsd qqé‘P&F §°]1” "ur‘? 7 8AVERL ener gy
3 5 reactor further corrMechamcallryemﬂ@]lhbowmdvmatmal to insure uniform
(ol ecul ar) | ower ?6 ‘ogen such as a selecti ve venting

val ve to prevent the exot

c, shrinkage reaction
rymg the r}nc:ir}]n rﬂfy wet condult "Material in an oven

preferably at a temperature of 150 °C. In an embodiment, the
material can be heated until the counterion(s) of the cations
chemically decompose to preferably oxides.

25 « Pulverizing the dried material comprised of the conduit
material and the source of energy holes into a powder.
e Mechanically mixing the dried and powdered material with
a hydrogen dissociation material including a powder mixed
with a conduit material and a support material.

30
xample of a Ionic Hydroge illover C ic Material: 40%
by Weight Potassium Nitrate (KNO3) on Graphitic Carbon
Powder with 5% by Weight 1%:-Pd-on-Graphitic Carbon
Powder:
35 To prepare one kilogram of the ionic hydrogen spillover

catalytic material: 40% by weight potassium nitrate (KNO3) on
graphitic carbon powder with 5% by weight 1%-Pd-on-
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52 comng to equilibrium One enbodi nent conprises heat pipes

as vheat exchanger 60 of FIGURE 5 which have a | ower-energy

hydr ogen venting vaI ve at a cold spot. A preferred

embodi ment of t{e ?urized gas ener gy 5 reactor of tPEeTMSIEOTINM

I nvention corrprr ses a I rst reaction vessel 200 with inner surface
240 conprised of a material to d|6s§ocr ate the nol ecul ar hydrogen
~into atom c hydrogen i ncluding an” €l ement, conpound, alloy, or

m xture of transition el enent s _and_inner tr tion elenents,
iron, platinum 10 gl‘%ﬂﬂﬂﬁd‘r’ﬂ!h?“zl?‘?‘ﬂ@?ﬁtﬁrp vi& i &ﬁbmaékéi‘ssotlﬁdamdm
\?\?, RCr, @'Vh, | CoiterCof HJ0 Ylndibl.ent\/hvetiess Raquires, 1 Aql OCCH Oape; rarga
e, , b, r

Tm Vb, Lu, Tﬁf ggo'*%iesgegm{;;h ardoﬁfap?ab . 3@4 03 e

i ntercal ated Cs reqlnwdaqrer(gﬂaapmft gyaplute @omiemora U@Irarélfﬂ% bye
}_nne[ Surf?_ce 155 vr?e‘l qucN e6ntent secth@ffuﬁtlrmereﬁalcorwd ﬁﬁ@éotusTKNO

irst reaction se ecpnd reéaction
vessel 220 and SOMP& far ?‘bﬁg' aﬁﬁﬁ‘hﬁ hgéa kgoof graphite, powder cas
whi ch can . be ¢letsiurry ecanbbe pmaxedir eThe sdunry neamt bartlienoplaced oreans

222 and 223. In a pref %btﬁat Bﬁoaisrree}méﬁtecdﬂywﬁeemd 1%90 A eveH! <i90°¢

in the range of 10[err}‘r eres

3
250 of the first vesse 01261930 ftbhe Hteaung cayses n‘BﬁbW@tefotonﬁH?Hﬁ'éW e the
out er surface 245 h@d/ shuroyit eThe KNO; coa@dsgtaphﬂe ¢ansba ground dntd acner gy

hol es equal to the resgraggfee réd;lkq)ge aY - A OREmE dgrent
t he source of ener e u r solytion, co I pin

energy holes in V graxpﬁé}g% °§e‘§e Wﬂﬁ!ﬁto"r}] ﬁ’re c??‘ cBraphitg @?hﬂ%'g
enbodi nent an Pd-614-800-mesh egrB,phlm: hmrbmspdwdelr wagh beheined eintal

havi ng a sour ¢ er, t rther conprises a
| e m BYrelaO! mﬁeecarrsaﬁ powddt!

means to contr eactro ate such as current source 225 and
30 heating nmeans b30 whi ch heat the frrst reactron vessel 200

The catalytic. material can be placed into the
pressurizable vessel 200. The vessel can be flushed with an
20 inert gas such as He, Ar, or Ne to remove air contaminants in
the vessel. The vessel and its contents are heated to the

operational temperature, typically 100 °C to 400 °C, before the
vessel can be pressurized with hydrogen, typically 20 to 140
PSIG. _

25 In an embodiment, the source of energy holes is
potassium ions (K+/K+*) or rubidium ions (Rb+*) intercalated into
carbon. In another embodiment, the source of energy holes is
an amalgam of the electrocatalytic ion or couple and its
reduced metallic form such as rubidium ions (Rb*) and

30 rubidium metal or potassium ions (K+/K+) and potassium
metal.

In an embodiment, the source of hydrogen atoms is a
hydrogen dissociation means including a hydrogen gas stream
blown over a hot filament or grid such as a hot réfractory

35 metal including a filament or grid of Ti, Ni, Fe, W, Au, Pt, or Pd
at an elevated temperature such as 1800°C. The dissociation
means provides hydrogen atoms as well as hydrogen ions, and



and the second reaction vessel 220. In a preferred enbodi nent the

outer reaction vessel 220 contains oxygen, the i nner surface 240
~conprises one or nore of a coat of ni ckel, platinum or palladium
The outer surface 245 can be 35 coated with one or nore of copper,
tellurium arsegigoenssesi UM pl ati num or pall adi um arRCTAISGRI¢R
such as Cuderr], Prgerr], Pdderr], M(Jerr], AlJerr],
Sigerr]. The electrocatalytic ion or WO 96/ 42085

PCT/ US96/ 07949 63 53 coupl e can be
regener at ed spontaneously or via a regeneration means i ncludin

heati ng neans 230 and cther mmmenture of2flfe atoms brings them jim condagtewith the

~enbodi nent, the pressuriggde 4FS ef&@yIKoles. Or, théCREdrotes MiBisSaRd dohy 2

single reaction vessel 200 with a .o __hydrogen 1 npéerneabl e. wall 250.
In the.case of a react giputter onto %i%ﬂ?ﬁ?w{rﬁ@ggﬂffdro PRg Brefe or nore

of a hydrogen cimbodiment of thet préssisized cgasdiraactor,anasiaw opressunee can
and i nner ransd ti S mrd ' Bl

21 r conirum S ar BRELEEEDY® pridslfe Selidit et B8 4t o, pumy
b, Nb, Te, 10 Ry, meAmS 23 (0 migimige hyfroggn pgfomysetombingfion ity
Pr, Nd, Pm Snimofeculérl, hydrogen, and, rEmovém(mdiecular) ToweRenekgy
activated charﬁﬂal_oé&?r bon), and intercal ated Cs carbon (graphite)
are coated on |

ner surface 240 with a so bca of ene&g hol es
i ncl udi ng one or nore of copifedn embodimgnt theswafiree QlBydrpeen at 1s

platinum or pal |l adigim waterawhich ddissocistessto hydrogen at@n} eand oxiygeheon]a
PdQerr] Mderr], AJg) EJb d%sgc‘r;%!f&n .&%EQFFMB ﬁ?bﬁg'mtent,t BSmpound,
source of energy hole caf Be “One ‘of a inelastic photon or ] ..
particle scattering readdeyn©s) miktrg of dransitian «¢SEN And; faner transition

phot on source 205 suppl éRgndnts, dfen,gpldtohen, Welladitme zHrcomiym, vadfdinhgl e
Feact of whi ch shri nks- niikeh kR, 86 CIPM 06TCn, 2, #7Np, Mo, Te, Re-RnPhs?
di ssoci at es hydr ogdr rmédc!l-{aeri FaoWhyRe.dde dr. Au, Hg, Cea?brﬁ‘i Bme Sgh iy Gd,
source produci ng phot on¥boDytHbELES! TANEVD, Lu, Th, Pa, U, activated charcoal
(carbon), and intercalated Cs carbon (graphite). In a further
embodiment, the water dissociation material can be
maintained at an elevated temperature by a heat source and
20 temperature control means 230. In an embodiment including
one comprising a hydrogen spillover catalyst, the source of
hydrogen can be from hydrocarbons including natural gas
which can be reformed on a reforming a material such as
nickel, cobalt, irop, or a platinum-group metal to hydrogen
25 atoms and carbon dioxide. In a further embodiinent, the
reforming material can be maintained at an elevated
temperature by a heat source and a temperature control
means 230. In another embodiment, the source of hydrogen
atoms can be from the decomposition of a metal hydride
30 where the decomposition can be controlled by controlling the
temperature of the metal hydride with the heat source and
temperature control means 230. In another embodiment, the
hydride can be coated by methods including electroplating
with another material sunch as the hydrogen dissociation
35 material. _
In a preferred embodiment a product of the shrinkage
reaction, (molecular) lower-energy hydrogen, can be removed




energy of approximately mX27.21 eV, [err] X27.21 eV, or 40.8 eV 25
causes stinmul ated em ssion of energy as the hydrogen atons .

undérgo the shrinkage reaction. In another preferred enbodi nment ,
a photon source 205 producing phot ons of at | east one energy of
approxi mately nmxwe dagdgs 95.7 eV, or mX31. 94eV causePCTUSHIMNTMed
‘em ssion of energy as the 30 hydrogen nol ecul es undergo the shrinkage
reaction. A preferred inner_gurface, 240, and outer
!surface, 245, of the pressurized g?a energy reactor including a

ni ckel surface has the properties _of a hi surface area, a highly
stressed and hardened suefpreaesti@rodyct mbubatanamﬂ%ms dbe dforwardsenexgyked -
surface, and a |arge nuRkadif¥ réadich hatedani bs- mcreased MQe9§{e4398t5 remove
"PCT/ US96/ 07949

embodi nent of the press&?WE’é&nﬁﬁg émlﬁgu\aé)a&y&rogen is to sypply sthe, 5%aq_1,rfon
energy hol es can be |nca|n1|xmmt adth & scamengernfor lower-energyuhiydreger240Thend
outer surface, 245, &%&yaﬁé’oﬂ?t Bp%acts w1th th'en?i-bl&“&,g 16Q/ef- e‘fﬁ’f:% v

t he source of energy hob‘b’ﬁ surface materi al and
by nmethods includi ng mehddrgen, and the Ff'e‘“;%g cPeGIeSe 2R HGF@é’eF’n rom
surface material (fusiomgaction mixturé:ur tlnerancthéroembudimentr jowerténergy

i nclude dry i”pr_egnatio'i';ydro%en which" P ﬁﬂb 1523 ep ﬁles‘&'aﬂfl*éiﬁ' &in Wi r&RLYES

of energy holes in e sur

ac
(precipitation), ion Vipd B‘Gﬁﬁ@PEﬁé’H’c  dDeth “"&g?fg&?t?roﬁwmnfﬂ@gﬁﬁt i on,

| eachi ng, and 10 detiant chhatfiews nﬂmowgh ameonessnl:lm ng el ect rolytic
deposition and : el ec A

i nner surface 240 E%H@L%tb %’qsé’r e%%?féa Jn?i ds}ti% a ni ckﬂf of
surface is to P?FﬂIYQlﬁea$ el %@%Im&%’dﬁhﬁ cﬂ!FE?"a\V@%é?PW‘ﬂ‘PF aand
basi c 1 5 el ectrol yhe¢ cfunctiohs oof ithel rediated elepremss, nas alescfibeéd By

XerrjCerr] (X Satde?ﬁ{el@e [éhﬁf’]leé ﬁatS#&rﬂg‘ldt hﬁe%?%&e%h¥ téﬁa&ﬂgﬁ%”g

Klerr]) and to fill nner yesse
dilute solution of 15 Industﬂgb;l?ragé% Secondk Bditien, raw-Eil, dpe. New,

vessel can be York, (1991)] are applied to the present invention and are

' incorporated by reference herein. Application of the art of
catalysis to the present invention of a pressurized gas energy
reactor for the release of energy by the catalytic reaction

20 wherein the electrons of hydrogen atoms undergo transitions
to lower energy states include the use of an adiabatic reactor,
fluidized-bed reactor, transport line reactor, multitube reactor,
reverse multitube reactor having the heat exchange means
including a fluid in the tubes and the catalytic material

25 surrounding the tubes, and a multitube reactor or reverse
multitube reactor comprising a fluidized bed of the catalytic
material. Furthermore, in an embodiment comprising a
solvated source of energy holes, a suspended hydrogen
dissociation material including a hydrogen -spillover catalyst,

30 and hydrogen gaé, the reactor comprises a trickle-bed reactor,
a bubble-column reactor, or a slurry reactor.

For example, in a preferred embodiment, the fluidized
bed reactor 200 comprises the hydrogen spillover catalytic
material: 40% by weight potassium nitrate (KNO3) on graphitic

35 carbon powder with 5% by weight 1%-Pd-on-graphitic carbon
powder. The reacting hydrogen gas can be passed up through
a bed of the finely divided solid catalytic material, preferably




t hen thoroughly rinsed with distilled water. In one 20  enbodi nent, at

| east one of the vessel 200 or the vessel 220 can be then filled
wi tsh a solution of the energy hol e including an approxi mately 0.57
MKlerr]CJerr] solution. In a further enbodi ment, textural
and/ or struct ur @lo 96/42085 pronoters are incorporated w th thecrusseeroes
energy holes to 25 increase the shrinkage reaction rate.
I n one enbodi nent of the method of operati of the pressuri zed
gas energy reactor, hydrogen can be intro ed i nside of the first
. vessel from source 221 under pressure ~ which can be controlled by

pressure control neanshaeifg anparticle38izet ire thmsange of abeat 120 tehl Ofh psing i nks
hydrogen atons, the  which cdil bECHighly WAIALE arftf hsHimEl SRRAY L d Nt O
y a_ di'ssoct ati mat er1 al

- atom ¢ hydrogen _di ) ?
“radi ation i nceheragteristics ghia fhdi ded wicloms SERARN 2do20Iumns: the
- that the di sséigest®d tiy bedgeThs diydirogen aressars candc flowf rateeagy

or el ectraomagnetic

35 ot es Lncl uding actniehRe bl Welewd? 368 Aos Tad0 doludPUhsing p2A®

ener gy "hol es. The atom rogen rel eases
its el ectrons are sti nBrefesablyo atinatmappherisn or t slightly chigher pressymess/the0ss

PCT/ US96/ 07949 corresponding maximum linear SPelocity can BeOVBEs thai 960 _
| evel s by the energy holes.” Alternatively, the hydr ogen di ssoci at es
on the inner surface 288/5diffuses though the wall 250 of the first
vessel 200 and contacts a source of energy holes on the outer
~surface 245 or cont@ct (Fhsé Youtde of FRerg@NHols hol es including a nolten,

| i qui d, gaseous, or solid SOUnRCE 0 e ener hol hydr ogen
atons or reconbi ned Ah?d?%eéé#m%égﬁ %sga%ﬁge%oﬁﬁﬁéﬁzﬁ%éc “a ?leease

hydr ogen r el eao€serergygpyaan elecitasatalpic and/ort andisprepprtinatiotier go
transitions to | ower ep@iciibr, cvdlefeiny thé)eleaesssy df0h§arogeit atoh8 undergo

el ectrocatal ytic ion or_ couple ¢ be re energtta(teéjs in the agp%rgsgnecous sed"
via a regeneration maﬁénﬁﬁ&ﬂ}dl%g%ﬁt Fﬂ gy gas "phasc, comprise

15 a vessel 200 of FIGURE 7 capable of containing a vacuum or
pressures greater than atmospheric; a source of hydrogen 221;
a means 222 to control the pressure and flow of hydrogen into
the vessel; a source of atomic hydrogen in the gas phase, and a
source of energy holes in the gas phase.

20 The reaction vessel 200 comprises a vacuum or pressure
vessel comprised of a temperature resistance material such as
ceramic, stainless steel, tungsten, alumina, Incoloy, and
Inconel.

In an embodiment, the source of hydrogen atoms in the

25 gas phase is a hydrogen dissociation means including a
hydrogen gas stream blown over a hot filament or grid 280
such as a hot refractory metal including a filament or grid of
Ti, Ni, Fe, W, Au, Pt, or Pd at an elevated temperature such as
1800°C. The dissociation means provides hydrogen atoms as

30 well as hydrogen ions, and the momentum of the atoms brings
them in contact with the source of energy holes. In a
preferred embodiment of the gaseous-source-of-energy-holes
gas reactor, a low pressure can be maintained by pressure
regulator means 222 and a pressure measurement and pump

35 means 223 to minimize hydrog 2 atom recombination into
molecular hydrogen. The pressure can bé measured by
measuring the power dissipated in the hot filament or grid



means 230 and current source 225. The (nol ecul ar) | ower- ener gy
hydr ogen can be renoved from vessel 200 and/or vessel 220 by a
nmeans to renove the (nolecular) |ower- 1 5 energy hydrogen such as a
sel ective venting val ve neans 201 whi ch prevents the exothermc
shri nkage react {fbslssiRE comng to equilibrium To contrcwlusednyo49
reaction rate (the power output), an electric current can be passed
t hrough the materi al havi ng a sour & of energy holes equal to the
resonance 20 shrinkage energy with current source 225, and/or the first
reaction vessel 200 and the second reactjon vessel 220 are heat ed
by heating means 230. Wwhiclhecan bst pperated, ateconstant resigianqeo bygayperyo loop

thermocoupl es present pg5atompaising he vdlt and currene Inedsupéifient heeses; ond

vessel 220, and the heat_ exchanger 6 f : ' t oxer
can be controlled by aPOWer SUPPHy, fG: & iv?gtag??oﬂﬁ gﬁﬁ%&?a‘%\%ﬂ@ﬁ%q °§§s &m
whi ch nonitors hydiagenh@resssirer versnsl power slissipatéiomeein she ofilgment ofe

powver out pait . o af 'MeCEPerAtihg PMEERACTAY Dadl @alibrftéd. bdn
.rermved by a neans 201 to reve%to t he £X theromc SBI‘I YRge é%é)e LT Nel))
from conming to equili bARAfer embodiment, the soyrce, of g l%ﬁe&gflﬁ h o?gﬁéﬁe
catalytic material of bhe or more hydrogemtdissecintionnmaterisls awhich pro¥idens
(netnLrge on (NS nyimdd BN BY, Beaiasid af wasaet ycsagan oSutber
i ngl udes 35 thepsg'é’g@ﬁ%. (ﬂsso%){ation*m,gfgﬁq}g h‘i@“‘%‘x%&‘éﬁ”@? gfe’ﬂe'%'&‘%lrrr?a&ﬁs
with the hydrogen 10 to dissociatechydrogemudeunterium, or tritiunviOinendingss
PCT/ US96/ 07949 hydrogen spillover material such a6 palladium or platinum on
Thoroughly m xi ng by reg a%gﬂ\é st nteering and pul yeri.zing. .
Exanpl e of a Ceramic C&P&?‘Sﬁl VAR oS iEment.sEpmpopnd, ml1gks B, mixture of o g
(SrNb[err]J err]) on Ntradsitikan : elements and inner transition elements, iron, '
platinum, palladium, zirconium, vanadium, nickel, titanium, Sc,
15 Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W,
Re, Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Vb, Lu, Th, Pa, U, activated charcoal (carbon), and intercalated
Cs carbon (graphite). ‘In one embodiment, nonequilibrium
conditions of the hydrogen and. hydride are maintained by
20 controlling the temperature and hydrogen pressure to provide
atomic hydrogen in the gas phase. In another embodiment,
the source of atomic hydrogen comprises a tungsten capillary
which on the outlet can be heated by electron bombardment
to 1800-2000 K such as the ,atomic hydrogen source described
25 by Bischler [Bischler, U.; Bertel, E., J. Vac. Sci. Technol., A.
(1993), 11(2), 458-60] which is incorporated herein by
reference. In a further embodiment, the tungsten capillary
can be ‘heated by the energy released by the hydrogen
shrinkage reaction. In another embodiment, the source of
30 atomic hydrogen comprises an inductively coupled plasma
flow tube such as that described by Gardner [Gardner, W. L., J.
Vac. Sci. Technol., A. (1995), 13(3, Pt. 1), 763-6] which is
incorporated herein by reference, and the hydrogen
dissociation fraction can be measured with the sensor of
35 Gardner.
The source of energy holes can be placed in a chemically
resistant open container such as a ceramic boat 290 inside the



5 ° To prepare the ceramic catalytic material: strontium '
ni obi um oxide (SrNb[err]derr]) on N powder, 2.5 kg of SrNb[err](Jerr] are

added to 1.5 kg of -300 nmesh N powder. The materials are m xed to
make a honbgeneous m xture. The powder can be sintered or
calcinated in awoxseosat 1600[err] C in atnospheric air 10 PEEIYSISNTI49
‘hours. The material can be cooled and ground to renove | unps. The
~material can be re-sintered at 1600[err] C jgm air for another 24
“hours. The material can be cooled to room t enperature and

powder i zed. Arreth preparation of th atal ytic .
Taterial of the 1 geachehcimssiin &b BR SEe S SRereY yaRh b he plaps dn
on the transf er vekselnwhiclr thasna fcommeationtfosntheopassageienf thep gaseousf
producing energy ol es doiree e Biefy BOUoReMha! RaBLbACIUdER t he
steps o

ving 10 salts of ions, | a_.sol ven
In a 20 preferred emom&ase?% SPBFG: °£a?‘!¥g§ 018?5‘518&}%8 se fiat
dei oni zed dem ner al 5zecsubdinee, boil; omud/of rarei solatile Oat3 tho dlevated operatmg
mol ar. - " Uni f%mﬁ’er%ﬁtré 6 ﬁ:ed'g§§o§ﬁ? ORedBibE Whereth !fhet Qﬁnnk
di ssol ved | ce t
* Drying the vvetted di STeBEHOR | YHFURS AR B35, P, g elﬁ‘% Eyamﬁfe, E%Y@%Ba 6@@
at a tenperature of 22CareeesadlC volatile at a témiperataré znuch tless dharedthantaal ytic

material into a powder. .. eg’c(ﬁ C{b 'I-ﬂﬂh%l ﬁawucp IV 8oc.,

Pot assi um Car bonat e aJ])o
To prepare the ionild cakl63di @Prrai Q‘ ot&kﬁ‘ﬁm"mb"dlmem ther kRSt e
(KlerrJCJerr]) on N ppydiegenas dﬁllldvbﬁrcmlylﬂicl omatefial). 80% by weight

Klerr]CJ err] in water is our S
powder.  The material s th ¥ éldﬁg%n \%{elﬁgfer %n &‘zkgphl'irﬁ RaMon pov@éer
the grains of Ni. The eth@s.{)%ob!rtW%f%ah%oB mgrwbmc carbon \M?V!«)@MEBBS ¢

PCT/ US96/ 07949 operated at a temperate at which the potassium or rubidium

15 nitrate can be volatile. Further disproportionation reactions of
the product, lower-energy hydrogen atoms, release additional
heat energy.

In a preferred embodiment, the source of energy holes is
a thermally stable salt of rubidium or potassium such as

20  RbF, RbCl, RbBr, Rbl, Rb,S,, RbOH, Rb,SO,, Rb,CO,, Rb,PO,, and
KF, XCl, KBr, KI, K,S,, KOH, K,SO,, K,CO,, K,PO,.K,GeF,. Further
preferred sources of energy holes of approximately mX27.21eV
to cause atomic hydrogen "shrinkage" and/or approximately
mX48.6 eV to cause molecular hydrogen “shrinkage” where m is

25 an integer include the electrocatalytic ions and couples
described in my previous U.S. Patent Applications entitled
"Energy/Matter Conversion Methods and Structures”, Serial No.
08/467,051 filed on June 6, 1995 which is a continuation-in-
part application of Serial No. 08/416,040 filed on April 3,

30 1995 which is a continuation-in-part application of Serial No.
08/107,357 filed on August 16, 1993, which is a continuation-
in-part application of Serial No. 08/075.102 (Dkt. 99437) filed
on June 11, 1993, which is a continuation-in-part application
of Serial No. 07/626,496 filed on December 12,1990 which is a

35 continuation-in-part application of Serial No. 07/345,628 filed
April 28, 1989 which is a continuation-in-part application of
Serial No. 07/341,733 filed April 21, 1989, which are



57 ° off. - The powder can be dried in an oven at 200[err]C |If

ne- cessary the material can be ground to renove | unps. Hydr ogen
Spisl | over Catal ysts 5 In a preferred enbodi ment, the source of
hydr ogen atons for the catalytic shrinkage reaction conprises a

. hydrogen spi | | oy osi2ésd! ySt . A hydrogen spil | oRET/AUSE/TP4Ps t

i according to the present I nvention conpri ses: 10 * A hydrogen

dissociation material or neans which for'mséfsr ee hydr ogen at ons or
pr ot ons; * A conduit material onto which free hydrogen atons spill

and whi ch supports free, .nohile hydrogen at and pr.ovi de
path or conduit for thénFPWYGFthFﬁgeﬁ'yaf%'{?EgQﬁe' pr'gggn%guntgn?nynciu&s
~source of energy hol es thase given ainy tiee tHendbooknbfidehemistry and rBlysics)nRobent

~optionally * S t rdealey igd: tﬁq f r =" S
-are enbedded Qg' y%%i’t %’Ec%gt%tﬁ\&dgoﬁfr] SO E‘{??sghwgﬁ: Pt géégicl:h
hydrogen di ssoci ati on nBlogidaal @974} IpRieBSIrBAER swhich is dpcorpegatedi Bys to
ool oy o T e e
und, al Toy, of “miurg o LLANRCh ifioA"dnd "B be
transition el ements, iroffrogFa:T on and thermal, ¢ |°§ e PContum
vanadi um ni ckel’, titanvelatilesat the aperating tempergyre (f the energipreagor. Tc,
gu, Eh ég _Cl_:g '[—)3’ ||:I“o Ta, 1;'I_ﬂe Fi%llo@ﬁngl tompounds Taﬁéugrdﬁrlje@ega_ROﬁsNgouﬁ%
m Eu, , , , = u, rs vat e
charcoal (carbon), and ?ﬁ@@?’iﬁrﬁ Q\E{E‘}' Py 'the gas -energxr{%ﬁ?d(gr;{}%ﬁ%fe)_ Such
conduit materials drio temiperafures result in a thighergaapex ressuse| of dhe souree
supports free, nobile ¢ ﬁngﬁyopyﬂéé)gﬁﬁi&t Gedidd MY hadlicl) irdRS Rowevet, Or

conduit for the 30 . ydrogen atons L nclude ni ckel l atinu
carbon, tin, i then Ingreasg rmnfo'gﬁdpr(‘?éﬂff@r 1%{aa§eﬁeﬂ}e Jﬁﬁ%gmm Thte
m xtures, or abf dyyelrogen anomsbtulihyerogens molesulepor tinneaddr iexemplanyo
or <ol uti on | ncl udes, caren i [MGws! Tnf Lisitddfs MEniperhtit 61 160 ORUEY,

: op. N i i Zi
oxi de, chromia, madnesiEeactor cam;be tg?‘hrﬁ’kﬁﬁ? BFF‘&&%S éll‘uﬂPﬁg',ala‘Ff‘&‘:&on rate.

zeolites. In an enbodi nEmtan embodiment,cthef celetamprrature can be gbapodORECs
are deposited on the suppgiel hahCte?(highest) melting point of the source of emergy
holes (in the case that the source of energy holes comprises an
electron transfer between two cations--an electrocatalytic
20 couple). The hydrogen pressure can be maintained at about
200 millitorr, and molecular hydrogen can be dissociated with
a hot filament or grid 280 of FIGURE 7.

Single lon Catalysts (Electrocatalytic lons):

25 Single-ion catalysts (electrocatalytic ions) capable of
producing energy holes for shrinking hydrogen atoms. The
number following the atomic symbol (n) is the nth ionization
énergy of the atom. That is for example, Rb+ + 27.28 eV = Rb2+
+ e~. (melting point=(MP); boiling point=(BP)) '

30
Catalytic lon n nth ionization energy
Mo2+ 3 27.16
Mol,
35 Ti2+ 3 27.49

TiCL(MP = subl H,, BP = d 475°C vac)
(TiCl, I Tip)
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58: el ectropl ating. The source of energy holes to cause atomc
hydrogen "shrinkage" are preferably of approximtely mx27. 21 eV
and/ or to cause nol ecul ar hydrogen "shrinkage" are of
approxi mat el y m¥gheasodsWwhere mis an integer 5 i ncl udi n@PATNES96/07949
el ectrocatal ytic ions and coupl es described- in ny previous U. S
Pat ent Applications entitled "Energy/ Matt €9 Conver si on Met hods and
Structures”, Serial No. 08/467,051 filed on June 6, 1995 which is
a continuation-in-part application of Serial No. 08/416,040 filed
~on April 3, 1995 1 0 whichis a continuation-in-part appiication of
- Serial No. 08/ 107,357 fil ed gplAugust 216, 1993, 2%@&h is a
conti nuati on- in-part appli cxpNOYME =3¢09@BPNOgbAB/ 075, 102 ( Dkt .
99437) :fil ed on June 11, 1993 ich | ontinuation-in-part
appl i cation of Serial No. 07R§252{1M§6’4?5T€§ ohvasce$a98r 12, 1990
which is a 1 5 continuation-in- pReIMPRGITT,BPR- 1800y i al No.
07/ 345,628 fil ed April 28, 1989 which is a continuation-in-part
application of Serial No. 07/341,733 filed April 21, 1989, which
are i ncor phr affano hlkereiCatiiyts e(Eleetroeatalytic cOauples)on of t he

ener hol e of the spillo _ itacl igi i the
Handbook of Chenistry and °§?’I‘;§1}a§5 43° (feRfocaratie’ Eslpled) capable die,

) ert 'C. \\ast.
Edition, CRC Press, Wedfrogid¢iRgsenewy P[ﬁﬁ g%!' \s/\ﬁrlnkmg hydrogen) atams.gEheg: 79
which is incorporated mumisédreirethe column folldwingi the dsrgafn)c is the nthcl udi ng
benzoic acid, phthal at ‘?oniigtionl?(r)\ﬁ@g'b W eom? Marsiél {di"ekamod, kic 43168

al kyl sul fonate, and rhoxyl ate,, and the, aniop. of an.a

whi ch forms an 10 eVg ﬁzgrﬂ‘lﬁaﬁ"ﬁ ?ﬁ%?uéﬁ Kg"'é‘lﬁ#iet%e, ?E'&Ptm 99'"t=6‘h|g);
car bonat e, bi kilwyapeinta(BP))t e, nitrate, perchlorate, phosphite,
hydr ogen phosphite, dihydrogen phosphite, phosphate, hydrogen
phosphat e, and di hydrogen phosphate. |n another 30 enbodi nent the

“anion can be in equilibriumAtMm itB aci ditAnépn- Atom s aBid thylen-de.
-The functionalities of the IBnbrggen spillover catalyst are

15 Oxidiz- ization Reduced ization
Hole
ed Energy Energy
(ev)
(ev) (ev)
20 - 8n4+ b 72.28 Si4+ 4 45.14
27.14

SnCl,(MP = -33°C,BP=114.1°C) SiCl,(MP=-10°C,BP = 57.57°C)

Pr3a+ 4 38.98 Ca2+ 2  11.87

25 27.11
PrBr,(MP = 691°C,BP =1547°C) CaBr.,(MP =730°C sl d,BP =806-812°C)

Sr2+ 3 43.60 Cr2z+ 2 16.50

30 27.10 :
SrCL(MP =875°C,BP =1250°C) Crl,(MP = 856°C,BP =800 sub vac°C)

Cr3+ 4 49.10 Tb3+ 3 21.91
35 27.19 '



corbined with the other functionalities as separate species or as
conbi nations conprising a m xture, solution, conpound. or 35 alloy of
norie than one functionality. For exanple, in one enbodi nent, the
hydr ogen di ssociation material and the source of energy hol es each
conpri se honogeprPekpaeesy st al s- WO 96/ 42085 PCT/US96/07949
PCT/ US96/ 07949 . 59 each crystal
cont ai ns one conponent. and these functionalities are mxed with
the conduit material wthout a support 70 material. Whereas, in

anot her enbodi nent, the hydrogen ) di ssoci ation material and the
source of energy hol es coGHf,(MP =>1000°C,BFt-1100e1200PC wbl)st al s- each crystal
contai ns both of the conmponents, and the het eQus, Srystals are
m xed with the conduit material which coats gi]g@%ﬁ%g rT 1300 E‘)r‘u
a third exenplary enbodi nent, the source of energy hol es can

be enbedded in the conduit i alg, and bg conbi 10 spqe can
be m xed with the %drogenzdfgg)ci lg'ti on rfét[]g?i al r@gz"'whlzch cg?'gg
enbedded in the sare or a A8 ent condui t material w thout a
support material . SbCL(MP 2734t GP o28BGpar ati on of the hydrogen

spi |l | over catalytic material of the present invention includes the
steps . 15 of: * Mxing the conp MFs5r RAE indiCligas. 8P = M Ght
by the met hod of incipient wetness inpregnation. *
Thoroughly m xi ng the conp®iedts b4 sint &5.80. Ni2+ 2 A Tfygtiier

met hod of preparajjgon of t@e/li dr ogen 20 spillover catalytic materi al

of the present invention Lvudes e eps of: *
Di ssol ving or dispersing H@( rf’b%??e’?ﬁ?‘;z"poég?‘é‘% d in a suitabl e

sol vent such as water and drying the sol uti oMt = o XL 25
Renovi ng the solvent by drying, or the wet mnﬁl‘i}pg,, 1001°CIBFLY75C subl)

Pd2+ 3 32.93 N1+ 1 5.79
15 27.14
PdF,(MP = volat) InCi(MP =225°C,BP =608°C)

La3+ 4 49.95 Dy3+ 83 22.80

27.15
20 LaCl,(MP =860°C, BP > 1000°C) DyCl,(MP =718°C,BP=1500°C)
La3+ 4 49.95 Ho3+ 3  22.84
27.11 | " :
Lal,(MP=T772°C) .Hol,(MP = 989°C, BP = 1300°C)
25 .
K1+ 2 31.63 K1+ 1 4.34
27.28 | |
KNO,(MP =334°C, BP = subl) KNO,(MP =334°C,BP = subl)
K,S,(MP=410°C) K,S,(MP=470°C)
KI(MP =681°C,BP=1330°C) KI(MP = 681°C,BP=1330°C)
30 V3+ 4 46.71 Pd2+ 2  19.43

27.28
VF,(MP >800°C,BP Subl) PbF,(MP =855°C,BP =1290°C)

VOCI(BP =127°C) Pbl,(MP = 402°C, BP = 954°C)

SUBSTITUTE SHEET (RULE 26)



suspensi on, or solution can be frozen and the solvent can be

subl i nmed. * Thoroughly m xi ng the conponents by sintering.
Ansi nci pi ent wetness net hod of preparation of the 3 0 hydrogen
spillover catalytic material of the present invention conprising a
source of ener gywdeyQassf or shrinki ng hydrogen at ons tPEWUSEMATHS ON
the transfer of an electron froma cation to anot her includes the

. steps of: . * Dissolving a desired wgight of the ionic salts of the
cations 35 into a desired volune of solvent. 1In a preferred
enbodi nent, the ionpic,saltsg are dj | ved i1 n,degi oni zed
dem neralized water. ’ ?'% 6/ 22085 %5'5'?8 zig's 2 17.96

PCT/ US96/ 07949 27.23 60 * Preparing an
incipiently wet conduit-hyd@iéMPc: 8655 CL BP =anbl 750°C) PbCIjEMPI= 283° O\BP = 732°C)
uniformy wetting the conduit-hydrogen di ssoci ation material with
t he dissolved salt solution so that the pores of the naterial are
just filled. The tofal voluks 8f+ 4 5 &0.98nt requdo8dtcad be 21284
desired amount, and the wei 29 percent of the ionic salts of the
cations in the final materi

wei ght of the ionic salts 3(.MP=146° Q%‘ﬁeé'gfa@? d%ﬁg Tﬂ:g(ﬂ:‘ggl red

vol une of solvent. * Mechani caI I y m xing the vvetted material to

i nsure uniform 10 NOS+ 6 G’BQOyl ng t hey, gnet pi entluwyé

condui t - hydr ogen d| soci at| material in an oven pref erably at a
t enper at ure of 1501 err] C. | 27 an enbodi nent the material can be
heated until the dbe@ (MP 5184)C. 8P = 18° ChiSnChMPrrerd3R QI BR=dtt Hifose
to 15 pref erably oxi des. * Pul verizing the dried materi al
conprised of the conduit- ydrogen |5500|at n- source of energy
hol es material into a . Sb3 vvdgT 44 * Opt¢‘gﬁaﬂ'l y! mecﬂ§n?§al Iy
m xi ng the dried and powder &¥.29

15 | SbI,(MP =170°C,BP = 401°C) Cdl,(MP =387°C,BP=796°C)

Ag2+ 3 34.83 Agl+ 1 7.58
27.25 .
AgF,(MP =690°C,BP =700°C d) AgF(MP =435°C,BP=1159°C)
20
La3+ 4 49.95 Er3+ 3 2274

27.21
Lal,(MP =772°C,BP =1000°C) Erl,(MP=1020°C,BP=1280°C)

25 . V4+ B 65.23 B3+ 3 37.93

27.30
VCI,(MP = -28°C,BP =148.5°C) BCl,(MP=-107.3°C,BP=12.5°C)

Fe3+ 4 54.80 Ti3+ 3 27.49

30 27.31
FeClL{MP =306°C,BP=315°Cd) TiCl,(MP=440°C d,BP =660°C)

Co2+ 3 33.50 1+ 1 6.11

27.39
Col,(MP = 515 vac®C,BP = 570°C vac) TII(MP =440°C d,BP =823°C)

35
CoF,(MP =1200°C,BP =1400°C) TIF(MP =327°Cd,BP=655°C)



20 material with further hydrogen di ssociation material including

a powder m xed with a conduit material and a support mat eri al .
Exanpl e of a lonic Hydrogen Spillover Catalytic Material: 40% .25 by
Wei ght Potassium Nitrate (KN(Jerr]) on 1% Pd-on-G aphitic Car bon
Powder : WO 96/4208510 prepare one kil ogram of the ionic hymragsen7949
spil | over ' catalytic material: 40% by wei ght potassiumnitrate
(KNG3) on 1% Pd- on- graphi tic carbgr powder, 0.40 kg of KNGB are
30 dissolved in 1 liter of Herr]O Incipient wetness requires 1 m of
H err] O per gramof -300 nesh graphite powder, and 0.67 grans of

KNJ err] are required per gramof graphitic carbon powder to
achi eve a 40% by wei ght KNOBicdrt en? in t 46.30nal nutZn a . 2 17.96The
aqueous KNOB sol ution can bepshkaw y added to 0.6 kg of

1% Pd- on- - 300- nesh- gr aphi tig,C o) J e 0 can b
m(;ed The slurry can be t @Vg 2%]% ﬁd@; %33 ‘B Zf?éfe@&%oﬁai 1GfBR 5%E) ch

can be inserted inté an oven at 150[err]C WO 96/ 42085
PCT/ US96/ 07949 61 or o ur.
Heating causes the water to evgﬁor ate fror%ot ?lg Dygl urré Thgﬁlﬁ%&%
coated 1% Pd-on-graphitic c&hb can be ground into a powder.
Anot her inci pi ent wet ness nblglﬁud’-cﬁ%bfﬁ!iﬂ#:&()ﬁﬂ) BylL,(MB = 955° Gd, BR<l1320e0)
spillover catalytic material of the present invention conprising a
source of energy hoI es for shrl nki ng hydr o e . atons that hinge on
the transfer of anl® ectronHe8mra #ation42. t M@Rok he? i nc1add® t he
steps of: * Di ssol gmg7a desired wei ght of the ionic salts of the
cations 10 into a desH{, MPLYTE @ fppsO| 0 3 =1412°
enbodi nent, t he i onlg( salts are di sson{'? yét?f I_gilllqze 1412°C)
dem neral i zed water. * Preparing an incipiently wet conduit
material by uniformy K1+ 2 31.63 Rb1+ 1 4.18

15 27.45

KI(MP = 618°C,BP =1330°C) RbI(MP 647°C,BP =1300°C)

Cr3+ 4 49.10 Pr3+ 3 21.62

27.48
20 CrClL(MP=1150°C, BP =1300°C subl) PrCl(MP =786°C, BP =1700°C)
Sr2+ 83 43.60 Fe2+ 2  16.18
27.42 _ :
25 - SrClL,(MP =875°C,BP = 1250°C) FeCL(MP =670°C,BP subl)
Ni2+ 3 35.17 Cut+ 1 7.73
27.44
NiCL(MP =1001°C, BP = 973°C subl) CuCl(MP =430°C, BP =1490°C)
30 '
Sr2+ -3 - 43.60 Mo2+ 2  16.15
27.45
. SrCL(MP =875°C, BP =1250°C) MoCl,
35 Y3+ 4 61.80  Zr4+ 4  34.34

27.46
YCIL(MP=721°C.BP=1507°C) ZrCl,(MP = 437°C,BP = 331°C subl)



wetting the conduit material with the dissolved salt solution so

that the pores of the material are just filled. The total volune 15 of
sokvent required can be the desired anount, and the wei ght per cent
of the ionic salts of the cations in the f.inal material can be
determ ned by twesgssmes ed wei ght of the ionic salts of PCTAUSSS/079421 Ons
.dissolved in the desired volune of solvent. * Mechanically m xing
"the wetted material to insure uniform 203 wetting. * Drying the
incipiently wet conduit material in an oven preferably at a
tenperature of 150 [err]C. In an enbodi nent, the mat eri al can be
heated until the counteri ogés) of the cations chem cal |l y deconpose
to preferably oxides. a2 Pul \eri zi n7:48 driedBaR eri & con®i0led of

t he conduit mat erigy gd the source of energy holes into a powder.

* Mechanically m xing the er, a

hydr ogen di ssoci ati on nmat g%f Sﬁg’l ra]%c} EO#P gs%é%é?[w&"\c%bbc) with a
conduit material ardd a support rraterl al . Exanpl e of a Ionl C
Hydrogen Spil | over Cat al ytig erigl: 4Q ig Pot

Nitrate (KN err]) on C;raphé;:\?;Car on &2.50 Pomgpév/\n%th % by |ght
1% Pd- on- Graphi tic Carbon Powder : 35 To prepare one

ki | ogram of the ionic hydHogéMPsp989° GuBP =1300°C) PhigMBF@#ORYC, BR=e9548C) 40%
by wei ght potassiumnitrate (KNJerr]) on graphitic carbon powder
with 5% by wei ght 1% Pd on- WD 96/ 42085 )

PCT/ US96/ 07949 10 Pd2+ 3 32893 g2 Lit+ Yraphibi39
carbon powder, 0.67 kg of KdO®B4re dissolved in 1 liter of Herr]QO
| nci pi ent wetness require 0 o of -300 nesh
-graphite powder, and O. 4o?§§émp %Mmﬂppegﬁgbwrégﬁﬂg d per gram of
graphite powder to achieve a 40% by 5 weight KNG3 content in the final
material. The aqueous KNOB Eu3+ 4 42.60 Mg2+ 2 15.03

15 27.56
EuCL(MP =850°C) MgCL(MP=714°C,BP =1412°C)

Er3+ 4  42.60 Mg2+ 2 15.03
27.56 |
20 ErClL,(MP =774°C,BP =1500°C) MgCL(MP=714°C,BP =1412°C)
Bid+ 5 56.00 Al3+ 3 28.45
27.55 -
BiCl,(MP = 226°C) AICL(MP =190°C,BP=1T. 8°Csubl)
25
Ca2+ 3. 50.91 Sm3+ 3  23.40
27.51
CaBr,(MP =1730°C sl d,BP =806 — 812°C) SmBr,(MP subl>1000°C)
30 V3+ 4 46.71 La3+ 3 19.18
27.53
VaF,(MP >800°C,subl) LaCL(MP =860°C,BP>1000°C)
Gd3+ 4 44.00 Cr2+ 2 -16.50
35 27.50

Gdl,(MP =926°C,BP =1340°C) Crl,(MP =856°C,BP =800°C subl vac)



sol'ution can be slowy added to 0.55 kg of graphite powder as t he
slurry can be m xed. The slurry can be then placed on an

evaporation dish which can be inserted into an oven at 150[err]C

for one hour. Heating causes the water to evaporate fromthe 10 slurry.
The KNJ err] cogpsébgosgaphi te can be ground into a P OWCREIT/USH$/107949
powder can be wei ghed. Approximately 50 granms (5% of the weight of
"the KNO3 coated graphite) of 1% Pg-on--SOO- mesh graphitic carbon
powder can be m xed into t he KNO3 gat ed graphitic carbon powder.
15 Exanpl e of the Mdde of (peration of the Exenplary Catal ytic
Mat eri al s: The catalytic material can be placed into the
pressuri zabl e vessel 200. ThgneepseB can g glushed wWith4an 1 20 g.qpert
gas such as He, Ar, or Ne t%tj?.)gove air contamnants in t he
vessel . The vessel and its ntents are heated to the Of%r ational
tenperature, typically 100Mnb{MP=$38°Goac.BET $08° Cyublype) THYMP =327°C,BE 46561C)
can be pressurized with hydrogen, typically 20 to 140 PSI G 25
In an enbodi ment, the source of energy holes is pot assi um i ons
(K[err]/K[err]) or rubidiumions (Rb[err]) intercalated into _

carbon. I n another enbodi nerth 3tthe dour ce 4F.76ner gy He Bx i s2 16.18an

anmal gam of the el ectrocatal \g7 gd on or couple and its , reduced
metallic formsuch as rubigitmion a _ryhi di.um netal or
pot assi umions (K+/ K+) and%mrgﬁﬁ%ﬁ"adpﬁ%@éa%p'&? gd}’ In an
enbodi nent, the so@ice of hydrogen atons is a hydr ogen
di ssoci ati on nmeans i ncl udi ngy; dragen g ream | own a
hot filament or grid such agwl?%t ?’gfrac?%r'?/? 35 Arﬁa?aT i.ﬁcl udi ?é@%
filament or grid of Ti, N, 499 Au, Pt, or Pd at an el evat ed
t enperature such as 1800[ eNiUEMPrHEOQN EsBR+=AT3°Ehubl) AgCl(MP reABA3C AR 15565C)
hydrogen atons as well as hydrogen ions, and WO 96/ 42085
PCT/ US96/ 07949

15 ZIn2+ 3 39.72 Yb2+ 2 12.18

27.54

ZnCl(MP =283°C,BP = 732°C subl) YbClL(MP =1702°C,BP =1900°C)

Se4+ 5 68.30 Snd4+ 4 40.73

20 27.57
SeF,(MP =-13.8°C,BP >100°C) SnCl,(MP=-33°C,BP=114.1°C)

SnF,(MP =705°C subl)

Sb3+ 4 4420 Bi2+ 2  16.69
27.51 : '
25 SbI,(MP =170°C, BP = 401°C) Bil,(MP = 400°C,BP = subl vac)
Eu3+ 4 42.60 Pb2+ 2 15.03
27.57
EuF,(MP =1390°C,BP =2280°C) PbCL(MP=1501°C,BP =950°C)
30 In an embodiment wherein the anion can be reduced by

hydrogen, the anion is chemically stabilized. For example, the
product of the reduction is added to the gas cell to stabilize the
anion. In a further embodiment, the anion can be replaced
continuously or intermittently. In the case of the nitrate ion,

35 the product ammonia can be removed from the vessel,
oxidized to nitrate, and returned to the cell. In one



63° the nonentum of the atons brings themin contact with the
source of energy holes. O, the hydrogen atons and ions sputter
onto the spillover catalyst. In one preferred enbodi nent of the
“pressurized gas _reactor, a | ow pressure can 5 be maintained b

" pressure regul a¥V8PR08hs 222 and a punp means 223 toPﬁrﬁﬁsﬁ‘fa‘”
hydrogen at om reconbi nation into nol ecul ar hydrogen and renove
(ol ecul ar) | ower - ener gy hydr ogen.75 I n an enbodi nment
t he source of hydrogen atons is 10 water which dissociates to hydrogen

atoms and oxygen on a embodimeN@!fe Prode& AhiROniXBCEL! BL & f£0n 5he
el enent, conpound, n an

L1 ot m.xture qf -transition ele t
i nner transition V?SSE‘ Z’#eﬁ%‘g?cq%ﬂ{l ?)I‘%ﬂ"ﬁﬁ’@ﬁﬂr ﬁ%‘# | G2, B?no’gﬁ’r"’@ nfUm
vanadi um ni ckaitrate i emrd yplatiBum ©r, ifdinnCoscrédn afnelevatelb, M, Tc,
Ru, Rh,; Ag, 15 Cd, ' o Ir . ,
S Ea o et e R, b e el o
char coal ( Car AL JQR 10, AMMONIA Jgaetion £an, he( Biaimized) by | n a
further enbodi deoreasingethetleydrdges oprestaren witlero mﬂﬁﬁibﬂle vapor
mai nt ai ned at an el evat egpﬁj r h r
t enperature contr ol meaﬁg‘s%% ) ﬁ?}ya@dgégg%ianﬁﬁl&gécfﬁa&?%g’ In Za one
conprising a hydrogen sgpbe nte A JPYs Pressyze fyhydrogen atoms camybgr ogen
caP be L rom hydr]?car bongeriepsteddbpgdissbciationgdf molecular lklyllitdééngéfi Rehot
reformed on a refoRmEn e - 2S alt, iron
or a platinumgr ouérarre?%ﬁn[%&héfd?()ldegga &GEEGL%EO%S 2*130 apﬁ’% e 8&%%1@(:111,&5
a further enbodi ment, thydrogen’can q?fefféﬂmtﬁgeﬁm"@r ithe hydrogen nuupplyi 224 she
an el evat ed t cigdrogen floby contlt nfears C222N4nd  HRMBIAROEEE preSie!
means 230. I n anot her ea‘gg& ht & 35)%%2 &%ag%? en d at'ons can
be fromthe deconposition of a netal hydrr, e;ré'et H@ rogen
deconposi tion can be cd¥ePBIEegamybe gnaintpingdgat gelow pressure: bypediusting the

t he rret2 gg hyldri de \Mﬁt h supplyetirosghirthe alédt with flow icorBellRE l{)zza Q&?&%&Ehe
g?ﬂgds i hcl ugi ﬁgogl 2(r:t rop lgtl[ ﬁ’gﬁpe& hﬁ”ay %’ f‘he f%ﬁhggﬁnﬁ%gﬂ%sggﬁaiﬁ asyt he
hydrogen dissoci ati on Mmeaspremeni candyjpump means 223. The pressuseecandbe
embodi nent a product ofadjbstedhto nkaginize ' the -outputc PoWep "whiRD hfifitthf¥ing the
lower - energy hydrogen, £a0,88:f B} Gikrate. - The optimal hydrogen pressure can be
20 less than about one torr. In an embodiment, the source of
hydrogen atoms in the gas phase can be a hydrogen
dissociation means including a hydrogen gas stream blown
over a hot filament or grid 280 such as a hot refractory metal
including a filament or grid of Ti, Ni, Fe, W, Au, Pt, or Pd at an
25 elevated temperature such as 1800°C. The hydrogen
molecular source can be directed over the filament or grid and
onto the gaseous source of emergy holes. The pressure and
flow of the hydrogen atoms prohibits the collision of the
counterion of the source of energy holes (such as the nitrate
30 ion) from contacting the hot filament or grid. Thus, the
thermal decomposition or reduction of the anion on the
filament or grid can be prevented. In another embodiment, a
negative potential can be maintained as a grid electrode 287
surrounding the filament or grid. The grid electrode permits
35 the passage of hydrogen atoms ‘rom the filament or grid and
repels the anion from contacting the hot filament or grid.




WD" 96/ 42085 , : PCT/ US96/ 07949

64 to prevent product inhibition. Thus, the forward energy
yielding reaction rate can be jincreased. One neans to renove

' | oner -energy (nol ecular) hydrogen is to supply the reaction m xture
Wi th a scavengewd swsz083\er - ener gy hydrogen. The 5  scaverREEUSAHE8# s
or reacts with the product, | ower-energy, hydr ogen, and the
resulting species can be renoved fromthe reaction mxture. In
anot her enbodi nent | ower - ener gy c?rogen whi ch i s absorbed on the

catal ysts can be rermve |spl cemne mol ecul e or
at om such as heﬁ?‘b‘ﬁﬁ tth%tthﬁ ’Mg q’hF@ﬂBﬁ“@ 9%%%“2? %Sﬁé 4ot
Ot her obj ect s, feat ur es (coutdrion)r can e prevented. t he art of

catalysis as well as the netfjpds ehbyd ?ﬂéﬁ?ttﬂé“soﬁ%r 'eﬁérg'&“ﬁoles ijs an the
functions of the rel ated_ el emeﬁ?é&ﬁﬁ escr Satterfjeld
0

[Charles N. Satterfiel d elagiraca 1 @4 &h%@amync qouple | comprising
Practice, Second Edi§i osatibh@nion Hpdits ihnthe gaswphase wheremortke :(amﬁ&m)mare

applied to the present PE‘*‘EQ#'JFO&?M&I%Y extcrqalSI : to%)%e FGER S

herein. Application of ent

i nvention of a pressuri Muchincliesg for exam;?le, r%zﬁ?f’d?lef HPUIC jg'él%@" of

energy by the catal yti cpheto isoarce 788 amdfer ea rsouice @feheatpraconstidyeaieogyen

atoms undergo transitl Ofectric fields, 'dt @Qgﬁg iENARERY, SUR' R preflrtl Serhbbdilthe,
of an adi abatic reactor, ?ransp

reactor, multitube ¥@acthe, catlon-amon PéVér&’ée F‘Em edlﬁgli-'é%GF‘ gé(v#‘ﬁﬁt t he

heat exchange means . source 280! ofliphetedissediatednby hphétohesowroe 208 of

catal ytic materi al E_E ﬁ:ﬂeézundl ng the tubes, and a nultitube reactor or
reverse mul tit g tor_ conprising afIU|d|zed bed of the
catal ytic mat eri al . IFianathersmbodimen, frthe)i gasn enewgyp reagtay having

sol vated source of ener gyghedons, sourse fcenagy hiolesgeie source of edleggohokdsi i

material including gs hyq 78, SWb{H %\ﬁeﬁufiﬁfz%l-yﬁkans 2930%3%%' i;g}éd'éogﬁéko‘&ils

the reactor conprises a
reactor, or a slurry reé@lili'isile of energy holes. Inrg Pé?(f&ﬁﬁﬁdeem rdimente pg rthed

enbodi ment, the flui di zatbmizer, atombester boiledy s@limed,or i wayorized bydaogen
spillover qat alytic heating means such as the boat heating means 299, and the

gaseous atoms are ionized to form a source of energy holes

20 including the electrocatalytic ions or electrocatalytic couples of
my previous patent applications incorporated herein by
reference. In one embodiment, the atoms are thermally
ionized by the heating means 230, by the hydrogen atom
source 280 including a hot filament or grid, or by an

25 inductively coupled plasma flow tube. For example, the gas
energy cell shown in Figure 7 comprises rubidium or
potassium metal in the boat 290 which has a vapor pressure
that can be controlled by controlling the temperature of the
boat by heating means 230 and or 299. Hydrogen molecules

30 are dissociated to atoms on the hot filament or grid 280. The
rubidium (potassium) metal in the gas phase can be ionized to
Rb+ (K+) by the same or different hot filament or grid 280.
The Rb+ (K+/K+) electrocatalytic ion (couple) serves as a source
of energy holes to shrink the hydrogen atoms. In another

35 embodiment, the hot filament ¢ grid 280 comprises a metal(s)
or can be electroplated with a metal(s) which boils off as a
cation(s) that are a source of energy holés. For example, Mo2+




material: 40% by wei ght potassiumnitrate (KNOJerr]) on graphitic 35

carbon powder with 5% by wei ght 1% Pd-on-graphitic carbon ~ powder .
- The reacting hydrogen gas can be passed up through a bed of the
finely divided solid catalytic material, preferably WD 96/ 42085

| PCT/ US96/ 07949 WO 96/42085 65 hav PREUSEE/749
particle size in the range of about 20 to 100 [err]m whi ch can be
"highly agitated and assunes many of the 77 characteristics of a fluid.
A cycl one separator 275 retur ns the fines to the bed. The hydrogen
pressure and flow rate

control neans 222. RS Fg ﬁ&ﬁ Ja?i ﬁgﬁ{é’ﬁ‘%%ﬁ&;ﬁgl% \Hs% Ofﬁé?
pressures, the EB?Fgé’s;‘}S dr b &aelybdeppum %@ﬁnbé’rl ged

t han 60 cm's. 2800 Tlféaslmbmoﬁd:ﬁenurmﬁlﬁmngwrl—ighdszso also
A preferred hydrogen gaalsgtzaaws 5@?&6 n fbleklifes’ & $Fogen atomsOf FRLcLIY

by an el ectrocatal yt rt| na on, "Wherein
the el ectrons of hyoé og §lo fEAMpde tlpaﬁs(w%'ﬂ@"t ¢lectypoatalyticgy

states “in the gas phasecouplk)rémes the §a35phase/©$'sﬁie aﬂ&ggvf céll @HRE ffomagrb! e

of containing a vacuum r a
source of hydrogen 221; Hbt nickel anﬁ ﬁéélé?ﬁéeltg(??céﬁ BC%tpgnggs{iﬁ)rye%yﬁﬁlem
fl ow of hydrogen into ©Or grid 3% vinsanother emhadimen OfSIH IsoyLge i79a

the gas phase, and a and thespanticle Goussee79b dleHGUREtﬁeuﬂ:NdlﬁQaﬁE electrot

The reaction vessely g00,canpr bﬁ.&;é %gﬁgygﬂbgrqspg&ﬁﬁyéﬁ’ the gas Ph(%%% Z% {grm

conprised of a terrperature t
stainl ess steel, tungst&t soptea of energy dplesyincluding the eleesreqatalytic ions

In an enbodi ment, the Ssetir elecbeilitixd soupl &y rofi Eh;t ftﬁevmu35 a&%ﬁ iﬁ}ﬁi&tﬂoﬁsa
hydrogen di ssoci ati on bipbibd ‘hakifl by refereddd”" e eh SR
t e atoms or ions are ionized chemically by a volauhzed

15 reactant such as an ionic species which oxidizes or reduces the
atoms or ions to form a source of energy holes.

The power of the gas emergy reactor can be controlled by
controlling the .amount: of the source of energy holes
(electrocatalytic ion or couple) in the gas phase and/or by

20 controlling the concentration of atomic or lower-energy
hydrogen. The concentration of the gaseous source of energy
holes (electrocatalytic ion or couple) can be controlled by
controlling the initial amount of the volatile source of energy
holes (electrocatalytic ion or couple) present in the reactor,

25 and/or by controlling the temperature of the reactor with
temperature control means 230 which determines the vapor
pressure of the volatile source of energy holes (electrocatalytic
ion or couple). The reactor temperature further controls the
power by changing the rate of the catalytic hydrogen

30 shrinkage reaction. The concentration of atomic hydrogen can
be controlled by controlling the amount of atomic hydrogen
provided by the atomic hydrogen source 280. For example,
the amount of hydrogen atoms in the gas phase can be
controlled by controlling the flow of hydrogen over or through

35 the hot filament or grid, the tungsten capillary heated by
electron bombardment, or the inductively coupled plasma flow
tube; by controlling the power dissipated in the inductively



such as a hot refractory netal including a filament or grid of Ti,
Nis Fe, W Au, Pt, or Pd at an el evated tenperature such as

1800[err] C. The di ssoci ation neans provi des hydrogen atons as 30 well
as hydrogen ion he nmonmentum of the atons brings

- .
contact with thgv%%@g of energy holes. In a preferrpgh%%g{&rrent

of the gaseous-source-of - energy-hol es gas reactor, a | ow pressure
- can be nmaintained by pressure regiél8at or means 222 and a pressure
~nmeasurenent and punp 35 neans 223 to mnimze hydrogen atom

reconmbi nation into cou ]e@%lﬁQﬁhaﬂoWdﬁBSerby Ebﬁtrbllﬁfg; @aipdi8ture of
(measured bY 1 o6/ 420 TR b0 a4 et 5 A5 Snfeh Sy AL by
" PCT/ US96/ 07949 electron bombardment by comeolling the prgpsurt ofinthee

operated at constant reﬁy@rbgeﬁeaﬁa ?e:ﬁﬁéféﬁlﬂeo‘lﬂ’ the hydn@@%ﬁﬁﬂfdeﬁ' Wader
vol tage and current _neasur

vol tage and current corﬂ‘?‘lﬁqlngﬂ’%@r é:opﬂglons, and qg’yd’PBH@ﬂP‘& é@guﬁ’aéev%# sus
power di ssipation of theniovakneftrecombineds hydrogenaifram ethepeeHt bygpump

resi stance has been calm@éﬁ’é e3. | NAnother meﬁﬂ@ttﬁeboﬁﬁgp%g‘éfﬂs%om <, ) on

of atom c hydrogen conpr

material s whi ch providé ate ‘can beh%r"é’&é‘??“é’?%ﬁg e§§ ét ngR 'E?PCHBF&?H‘I ar
hydr ogen. Such Withr por rredcive gast smncera299,| nbn renuﬂlwlegasuﬂbwceenn-bl

terial 10 t t t Lot
md(ra(rjlggnsspl |1 over(?djl e?&?gﬁlés%cﬂy%eggﬁssﬁnqﬁ%drgﬁmmeﬁt dnd :EMEBP Iﬁ%ﬁ%a on
n

and an el enent, conpountf® aanoyea%wens&st @F%h fo; 10 aie 843r ﬁﬂ%‘PﬂeénWéﬂ’enents
and inner transition elcoltisions between the sour¢d adfi enengyphblesdi(electrocatalytic

ﬁllbr CR’/B' u_rPC V%Eadkﬁm An'lﬁédl)r édutpﬁ)' Hip! %rogen latgmscﬁr J@npq@s \iﬂh é’ghs@ls

Pr. Nd, Pm Sm Eu, Gd th#p y{g}d lgwer-energy hydrogen gbsprggortqqpatm U,
activated charcoal 1 (Scarxbactionsand\loblbegmb dnelide He, Ne, Gmdc ArboFuftheapshche) .

In one enbodi ment, nongQYLEbAT Ao reactive " TEAIdH YrenSling™Cgdbid’ MRRuANT
hydride are maintained tRll'bon dioxide and nitrogen.
The hydrogen. partial pressure can be further controlled
by throttling hydrogen into the cell by a hydrogen value
20 control means 222 while monitoring the pressure with a
pressure measurement means 222 and 223. In a preferred
embodiment, the hydrogen' pressure can be controlled by
controlling the temperature with heating means 230 of the gas
energy reactor which further comprises a hydrogen storage
25 means such as a metal hydride or other hydride including
saline hydrides, titaniom hydride, vanadium, niobium, and
tantalum hydrides, zirconium and hafnium hydrides, rare
earth hydrides, yttrivm and scandium hydrides, transition
element hydrides, intermetalic hydrides, and their alloys
30 known in the art as given by W. M. Mueller, J. P. Blackledge,
and G. G. Libowitz, M_Mm, Academic Press, New York,

(1968), Hydrogen i alic Compounds ], Edited by L.
Schlapbach, Spnnger—Verlag, Berlin, and Hydrogen in

qu_mm_u Edited by L. Schlapbach, Springer-
35 Verlag, Berlin, which are incorporated by reference herein.

The temperature of the cell can be controlled by a

temperature control and measurement means 230 such that




2 0 controlling the tenperature and'hydrogen pressure to provide

atom ¢ hydrogen in the gas phase. In another enbodi nent, t he
source of atom c hydrogen conprises a tungsten capillary whi ch on
the outlet can be heated by el ectron bonbardnent to 1800-2000 K
such as the at owD®6M308% ogen source descri bed 25 by Bi schl ACTUSPEYP%
U ; Bertel, E., J. Vac. Sci. Technol., A (1993), 11(2), 458-60]
whi ch is incorporated herein by rgfgerence. |In a further

enbodi nent, the tungsten capillary can be heated by the energy

rel eased by the hydrog hr|n

enbodi nent, the sourceetglF vapoyr d:reg §P%‘5r g '*ne@nﬁéﬂsf’hc}"u%{] % y
coupl ed pl asma hydregen uﬁ@ragmmagrua Lang b é’@sb' pregsere. In one

[YSSV g]”e\r,\h V\L L., J. embodinyét, x?@iae ui HbFiveh - con‘\ixnbﬁ@%f thégh?ﬁrdf%endlénd
-6] *which is or por at e £ enc n en
di ssociation fraction ctb)ﬁirb n% sﬁ?%‘&tﬂﬁfﬁ ﬁxe}éggﬁ%@}n%fﬁlb ?%mgera&;eyr@%g
The source of energp hdiydrogam prespurecdd providehatomigl hydrogen. In rseveralant

open contai ner such as b i 96/ 3
PCT/ US96/ 07949 émb6didkiiisPIRE BY&rogehl §Rrage means can"Be 98/ Al8earth

react] on
vessel . O, the source ledréq'f'erwhhﬁ?egp?,réﬂnget%?%?éﬂ"r?’n"f about f&g \fgssel
whi ch has a connecti on Yanthanum phydride wsfith han cepaseting temperatureo of c abont

energy holes to the re h u (o]
ZEO ) 0 &ggiaﬁmmm hydnde with aﬂ- Spéﬁﬁgg ?eﬁﬁéﬁaﬁﬁ-e br

energy hol es |nclu or a

oi.l an
volatile at the eI nS neo ymlum( J’rygadﬁ AN ORETAHIRE cner gy

reactor wherein the shruenipngaure of about €733 i W0y yttrinns hydridtevgﬂh mhase.

For exanple, Rb err e h I I t
mp NOerr] Gida Eﬁlggtemerature RF Cabidifi "8 Oﬁ@ 5’%‘ s?:aﬁ‘&ﬂgn dé ‘Hftﬁ

much | ess than that at G,
Field, J. Chem Soc., &B qpqsaupggmyeraﬁlrew ® TG oritete mfle

the ionic hydrwithn anpoperating cempleydture ruft abow .85099003y°®vemhmum
potassium or rubi diyum rydRiE With95RPEpArating 2 iiPerBANECEE 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
20 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/BaH; with an
operating temperature of about 900-1000 °C.
The heat output can be monitored with thermocouples
25 present in at least the vessel 200 and the heat exchanger 60 of
FIGURE 5. The rate of the shrinkage reaction rate can be
monitored by ultraviolet or electron spectroscopy of the
photons or electrons emitted via lower-energy hydrogen
transitions, by X-ray photoelectron spectroscopy (XPS) of
30 lower-energy hydrogen, and by mass spectroscopy, Raman or
infrared spectroscopy, and gas chromatography of the
molecular lower-energy hydrogen (dihydrino). Lower-energy
hydrogen atoms and molecules are identified by XPS as higher
binding energy species than normal hydrogen. The dihydrino
35 can be identified by mass spectroscopy as a species with a
mass to charge ratio of two (m/e=2) that has a higher
ionization potential than that of normal hydrogen by recording



wit'h 5% by wei ght 1% Pd-on-graphitic carbon powder can be

operated at a tenperate at which the potassium or rubidium 15 nitrate
can be volatile. Further disproportionation reactions of t he
product, | ower-energy hydrogen atons, rel ease additional heat

ener gy. w0 96/42085l n a preferred enbodi ment, the source CICRAIRIG/PRI4D
“holes-is . a thermally stable salt of rubidiumor potassium such as
20 RbF, RbCl, RbBr, Rbl, Rb[err]S[err], RpOH Rb[err]SJerr],
Ro[err]CJerr], Rb[err]PdJerr], and KF, KO, KBr, KiI,
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and Structures", Seri alsd}gg as an Rt-Alunﬁ%Af@c?luﬂ:ﬁxl & 'aeﬁagfﬁeéd‘%h 1ﬁgﬁquid
which is a contlnuatlon- - %9 Qﬁpgﬁl catli eria

08/ 416, 040 filed on Apr'PF"{ge“ temperatyisy whereiy, permal, hydrogen can ibe part
application of Serial MNetained to a gré&8ed GXiam than eiihpdnﬂhtguﬂ’dxelﬁ;h)ﬂ:ﬁﬁﬂ:

which is a continuatio a laa
08/ 075. 102 ( Dkt . tan be identified" by ﬁanﬁﬁpah idf?%g % 0&&)@5’ as a

37)
conti nuati on-in- paifb adﬁpie&é‘g‘? oWith hlgher VIQ?PUSB? an N5°t36‘?}18126‘1’@98y flevels
on Decenber 12,1990 whiashcompared to3thoseoof inowaial diydroggmar t Thepbutpat ippwerf

Serial No. 07/345,628 fig.e rg ! o%@ggl

continuation-in-part ap | g’gt contro]fled Byrdle téﬁé?d ngﬁgﬁgﬁ?%s’:@t’f
April 21, 1989, which HYstem which Vigoaitors othe thermxstors, spectrometers, and
PCT/ US96/ 07949 gas chromatograph and controBS the means tonaleemehatmsiver

oo “Chor 51, SHOBLISE Wil e oy
Edi tion, CRC Press, V\ésﬁeweﬁl\ @aaehmeans 201 19 geevent theyexpthpymipsshrinkege
which is incorporat ed lxgaction Sfronefoontinge tdegquilibriufhe preferred ani on can
be stable to In another embodiment of the gas energy reactor having
a gaseous source of energy holes, hydrogen atoms are
20 produced by a pyrolysis reaction such as the combustion of a
hydrocarbon wherein the catalytic source of energy holes can
be in the gas phase with the hydrogen atoms. In a preferred
mode, the pyrolysis reaction occurs in an internal combustion
engine whereby the hydrocarbon or hydrogen containing fuel
25 comprises a source of energy holes that are vaporized (become
gaseous) during the combustion. In a preferred mode, the
source of energy holes (electrocatalytic ion or couple) is a
thermally stable salt of rubidium or potassium such as
RbF, RbCl, RbBr, Rbl, Rb,S,, RbOH, Rb,SO,, Rb,CO,, Rb,PO,, and-
30 KF,KCl, KBr, KI, K,S,, KOH, K,S0,, K,CO,, K,PO,,K,GeF,.
Additional counterions of the electrocatalytic ion or couple
include organic anions including wetting or emulsifying agents.
In another embodiment, the hydrocarbon or hydrogen
containing fuel further comprises water as a mixture and a
35 solvated source of energy holes including emulsified
electrocatalytic ions or couples. During the pyrolysis reaction,
water serves as a further source of hydrogen atoms which




hydrogen reduction and thernmal deconposition and can be vol atil e at

the operating tenperature of the energy reactor. The

foll owi ng conpounds are preferred gaseous sources of energy hol es
in the gas energy reactor. Higher 10 tenperatures result in a higher
;vapor pressure OWO94M20850ur ce of energy hol es whi ch i NECHESH7HMYe
"reaction rate; however, the increase in total pressure increases
the reconbination rate of hydrogeglatoms to hydrogen nol ecules. In
each exenpl ary case that follows, "the operating tenperature of the
ener gy 15 react or can be thﬁ &gl ch prqvides an optinmal reaction rate.
In an enbodi ment, the SBOETERH §°%cﬁena%61Y%§[ byrthe source of

hi gher than the (h| gheshgrgwelloley wherein ahet Mta'ouaﬁeb@fdlﬁﬁwiwd to
holes (in the case thahghpcﬁ%\%lo%?ﬁsoihe?ﬁ% y opoé&gla?%gﬁp §ﬁs ag}gfa% LF{B'FB) as

el ectren transfer betwe | ectr.o
The hydrogen pressure & 9% l%’&ﬂ'n‘t’l'aipllriiiﬁnalil agh gthich can be conprised| of orr ,

and nol ecul ar hydr yennsateribb whivhodisgbeidted twater to hydrozefOhn dlduév?éﬁ

iy 50 T e o RO 1 B o

produci ng energy hol esall QN,SCPIHMWR} dHGg&lﬁloat entneand 1nner transﬂmn
follow ng the atom c sgndiféntsh)irbf, tﬂlﬁuﬂﬁﬁ é’dihhpn zxrcomum, VRABYmOf

F1 11
the atom That is for ex =) b +
e[err]. (melting pomtgﬁ%ggu B Eﬁ‘; , Za, ENbMo,Tc,P@,,,l}h,Ag,
10 Cd, La, Hf, Ta, e, 0 , Al, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Vb, Lu, Th, Pa, U, activated charcoal
(carbon), and intercalated Cs carbon (graphite).

POWER DENSITY OF GAS ENERGY REACTOR (GAS PHASE
15 HYDROGEN SHRINKAGE REACTION)
The equations numbers which follow referred to those

given by Mills [Mills, R., . i ical
Quantum Mechanics, (1995),: Technomic Publishing Company,

Lancaster, PA]. The rate of the disproportionation reaction,
20 7., to cause resonant shrinkage, Eqgs. (5.22-5.30), is
dependent on the collision rate between the reactants and the

efficiency of resonant energy transfer It is given by the
product of the rate constant, k,, ,.(Eq. (5.47)), the total

number of hydrogen or hydrino atoms, N,, and .the efficiency,

25 E (Eq. (6.33)), of the transfer of the resonance shrinkage
energy from the donor hydrino atom to the energy hole
provided by the acceptm; liydrino atom,

1+ =

R,
R} =(8.8 X 107%) g5
where r is the distance between the donor and the acceptor, J
30 is the overlap integral between the resonance shrinkage
energy distribution of the donor hydrino atom and the

distribution of the energy hole provided by the acceptor
hydrino atom, 7 is the dielectric constant, and x? is a function

of the mutual orientation of the donor and acceptor transition

[ ] (6.37)
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69 [err] 5 Two lon Catalyts (Electrocatal ytic Couples):

Two-ion catalysts (electrocatal ytic coupl es) capabl e of pr oduci ng

energy holes for shrinking hydrogen atons. The nunber in the col um
~following the i w9205 is the nth i oni zati on ener gy BETAURSOIMIM

That is for exanple, Klerr] + 31.63 10 [err] (nelting point=(M);

boi | i ng poi nt=(BP)) . At om Ry nth | on- At om n

nth |on- Ener gy 15 i di z- " ization Reduced
B : o

Eﬁg |g§n lpg%ents Electronic tradnsmons of ]ower-eg%y hydrogen

(ev) 20 Sn4+atonfs occur oiily2By nonradfitive -enefigy traifsfér} thus, the

27.14 Snd [ 3 cé{&r of the i ré) (

A caP = 57,570 ci—‘dardt&ﬁipyreld éﬁtﬁé’ fTudred Ghe %re <i>}|l M;Eq

11. 87 25 27 .(£137) is equal to qur [m]mﬁgm dispreporipnation

CaBr[err] (MP=730C §I dreBRtions-73),25)to cause resonant shsinkage is3 43. 60

o 2+ 2 16.50 30 27.10 rr](MP = 875 CBP =
1250[err]C) Crlf[err] (MP = 856[er,ru]m.g,=BBN§,48ﬂ2b\/§q}{Si§lc 10 (6.38)
) 4 my

The factor of one half in Eq. (6.38) corrects for double counting

of collisions [Levine, 1., Physical Chemistry, McGraw-Hill Book
Company, New York, (1978), pp. 420-421]. The power, P

m,m,p*
10 is given by the product of .the rate of the transition, Eq. (6.38),
and the energy of the disproportination reaction (Eq. (5.27)).

P =gNigp L [_ﬂ.) 13"7[2pm+m —m? +1]X2.2X10° W
WP . V Jz- p m” (6-39)

where V is the volume. For a disproportionation reaction in
the gas phase, the energy transfer efficiency is one. The
15 power given by substitution of
E=Lp=2,m=1,m=2, V=1m*>, N=3X10", T=675K (6.40)
into Eq. (6.39) is. _
' Py =1 GW (A KW/ cm) (6.41)
In the case that the reaction of hydrogen to lower-
20 energy states occurs by the reaction of a catalytic source of
energy holes with hydrogen or hydrino atoms, the reaction
rate is dependent on the collision rate between the reactants
and the efficiency of resonant energy transfer. The hydrogen-

or-hydrino-atom/electrocatalytic-ion collision rate per unit

25 volume, Z , for a gas containing n, hydrogen or
H[-%] Catalyst

hydrino atoms per unit volume, each with radius %4 and
' p

velocity v, and n. electrocatalytic ions per unit volume, each
with radius rc,,,, and velocity v. is given by Levine [Levine, I,
Physical Chemistry, McGraw-Hill Book Company, New York,

30 (1978), pp. 420- 421]

23172

z H[-‘fﬂ-] o ’{%""wya):[("n)z +(ve) ] Ry (6.42)
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Cr*3 + 4 49. 10
96/ 42085

70, [err]

PCT/ US96/ 07949

Th3 + 3 21.91 35 27.19 WO
PCT/ US96/ 07949
WD 96/ 42085

71 [err]

WO 96/42085 PCT/US96/07949

10

15

20

25

83

The .average velocity, v,,, can be calculated from the

temperature, 7, [Bueche, F. J., Introduction to Physics for
Scientists and Engineers, McGraw-Hill Book Company, New
York, (1986), p p 261-265].

1 3
Em,, m =§kT (643)

where k& is Boltzmann's constant. Substitution of Eq. (5.44)

into Eq. (5.42) gives the collision rate per unit volume,
VA , in terms of the temperature, 7.
n[-!i] Catslyst

2 172
1 1
z =l Sty 3kT| — 4 — .
"[:f'] Gty ”( p rmw)[ ("’H ”’c)] e (044)
The rate of the catalytic reaction, r,,, to cause resonant

shrinkage is given by the product of the collision rate per unit

volume, Z[ ] , the volume, V, and the efficiency, E, of
Caniyss,

- resonant emergy transfer given by Eg. (6.37).

2 172
ro,=E x[g;’-+rm,,) [3 -L+L)] Hulle (6.45)

The power, P, ,, is given by the product of the rate of the

transition, Eq. (6.45), and the energy of the transition, Eq.
(5.8).

172
=E 1![——+ rm,,,] [3]:1‘ [—L + i)] -]%C-[Zmp + mz]X2.2X 107% w

my Me
(6.46)

In the case of a gas phase catalytic shrinkage reaction wherein
the source of energy holes is a single cation having an
ionization energy of 27.21eV with hydrogen or hydrino atoms,
the energy transfer efficiency is one. Rubidium (Rb*) is an
electrocatalytic ion with a second ionization energy of 27.28 V.
The power for the reaction given by Eqgs. (5.9), (5.10), and

(5.8) with the substitution of
E=lp=l,m=1V=1m’, N,=3X10% )V, —3x102'

6.47
m.=1.4X10%kg, r,=216X10" m, T=675K ( )

into Eq. (6.46) is
P,,=55GW (S5 KW/ cm®) (6.48)
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72 Bi 3+ 4 45. 30 Zn2+ 2 17. 96
27. 34 BiBrierr}(MP =218C BP = 453C) ZnBr[err](MP = 394Cd, BP
. = 650[err] C As3+ 4 50. 13 Dy3+ 3 22. 80
. 27.33 WO096/42085 | [ err] (MP =146C, BP = 403[err] C) Dyl [ er PFEAE96/07949
955[err] Cd, BP =13200) 10 Ho3+ 4 42.50 My2+ 2
15. 03 27. 47 H%q[err](lvp 718C, BP = 1500 C)
|vgc| [ err] (MP=714C, BP=14120C) K 1+ 2 31.63 Rb1
1 4.18 15 Ki. ( 8 errlC BP =
1330[ err]C) Rbl (MP= 64l tBP-“P&O@B‘ the catalytic reactlofer% ydrogen to lgyerg
Pr3+ 3 21.62 energy states Décdfs on 20 surface, €heClenergy (théhsferl150C, BP

= 1300C subl) Prd[er rleffllégexicégﬁg: 1265 thadOb&E délg) o, differential surface [Sr 2+ 3

43. 60 Fe2+ err|
=875[err] C BP = 125oqntmetlpasrpf Nhe=absabedrhydaagen or hydrino atoms mp 2+

3 35. 17 5 Ghel elbctrol:atal}{nc ién.’3 The power given bﬂﬁqgﬂ (6. 462: and
NiCl[err] (M =1001 C, 8&47?73(% subl) Cud (MP = 430C,~  BP =71490[err] O '

E =0.001 (6.49)
is _
_ P,,=55MW (55 W/cm®) (6.50)
10 Less efficient catalytic systems hinge on the coupling of

three resonator cavities. For example, an electron transfer
occurs between two cations which comprises an energy hole
for a hydrogen or hydrino atom. The reaction rate is
dependent on the collision rate between catalytic cations and
15 Thydrogen or hydrino atoms and the efficiency of resonant
energy transfer with a concomitant electron transfer with each
shrinkage reaction. The rate of the catalytic reaction, r,,, to

cause: resonant shrinkage is given by the product of the
collision rate per unit: volume, Z . - , the volume, V, and
[t oo

a
s
P

20 the efficiency, E,, of resonant energy transfer given by Egq.
(6.37) where r is given by the average distance between

cations in the reaction vessel.

2 172 '
,=E, vr(—l’--'-rm) [31: L -l—)] Bele  (6.51)

my me

The power, P

25 transition, Eq. (6.51), and the energy of the transition, Eq.
(5.8).

,» 18 given by the product of the rate of the

> 32 '
P,,=E, lr(—l-i-rwp] [3/: R L)] NeNelomp + m?|X2.2X107 W
m, mc 14
(6.52) :
" A catalytic system that hinges on the coupling of three
30 resonator cavities involves potassium. For example, the
second ionization energy of potassium is 31.63 eV. This energy
hole is obviously too high for resonant absorption. However,
K* releases 4.34 eV when it is reduced to XK. The combination
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27.. 45 SrC[err](MP= 875C BP = 1250C) M [err] 35 Y
3+ 4 61. 80 Zrd+ 4 34. 34 27. 46

- YC[err](MP = 721[err] C.BP= 1507C) Zrd[err] (MP = 437C, BP =331Csubl)

- WD 96/ 42085 WO 96/42085 PCTRGRIRS67P4% 9

. 73 Cd2+ 3 37.48 Ba 2 + 2 10. 00

1 27.48 Cdl[err] (M = 387C, BP= §%6[err] C Bal[err](M =
740[ err] O 5 _Ho3+ 4 42.50 Pb2+ 2 - 15.03
27. 47 Hol [err] (MP = 989C, BP =1300C) Pbl[err] (M =402C BP =
954[ err] Q) 10 of Kptp.K*3and K togk,othen, has 3 jnel energy change of
27.54 PdF[ 27.28 ¢éWP €onsider) tHe E4ddPof B4k ephidse, ghtink4geC)

Eu3+ 4 42. 60 My2:+4 Q3¢ 1. 7.56. .
EuC [err] (MP= 850[err] 6§aﬁﬁl§ ?afr L‘?ﬁf[}ﬁéﬁlogc,hﬁﬂg;}éﬂﬂmesr rlﬁycim g’s um ions as
Er 3+ 4 42. 60 the electygoatalytic coupleyhaving an energy hode of; 27.282%.
ErC [err] (MP=774C, BR=150KM einelsy) tidifsfdcerfitivicy lid[ pivehCopPE44 18137 Whire -
Bi 4 +- 5 56.00 . . A 3 +. 3 28 48 .

is given by the average distance between cations in the

+

reaction vessel. When the K* concentration is 3 X102 %, r is

approximately 5X10° m. For J=1, ®,=1, k2 =1, 7,=10" sec

(based on the vibrational frequency of KH*), and m=1 in Eq
10 (5.8), the energy transfer efficiency, E,, is approximately 0.001.

The power for the reaction given by Egs. (5.13), (5;14), and

(5.8) with the substitution of
E=0.00, p=1, m=1, V=1m?, N, =3 X 102, N, =3 X 10?,

6.53
m.=65X10"%kg, r,=138X10" m, T=675K ¢ )
into Eq. (6.52) is
15 P, =300 MW (300 W/ cm®) (6.54)

sc Ener
A pgas discharge energy reactor comprises a hydrogen
isotope gas filled glow discharge vacuum chamber 300 of
20 FIGURE 8 including an ozonizer-type capacitor, a hydrogen
source 322 which supplies hydrogen to the chamber 300
through control valve 325, and a voltage and current source
330 to cause current to pass between a cathode 305 and an
- anode 320. In one embodiment comprising an ozonizer-type
25 capacitor gas discharge cell, one of the electrodes can be
shielded by a dielectric barrier such as glass or a ceramic
moiety. In a preferred embodiment, the cathode further
‘comprises a source of energy holes of approximately
mX27.21 eV to cause atomic hydrogen “"shrinkage" and/or
30 approximately mX48.6 eV 1o cause molecular hydrogen
"shrinkage"” where m is an integer (including the
electrocatalytic ions and couples described in my previous U.S.
patent applications entitled “Energy/Matter Conversion
Methods and Structures”, Serial No. 08/467,051 filed on June
35 6, 1995 which is a continuation-in-part application of Serial
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27.55 Bi Ol [err] (MP= 226C) AlC [err] (M = 190C BP = 177, 8Csubl )

25- Ca2+ 3 50. Sn8+ 3 23. 40

27..51 CaBr 2(MP = 730Csl| d BP = 806- 812C) SmBr[err] (M subl >
. 1000 O 30 . -V 3+ 4 46. 71 La3+ 3 19.18
27.53 wo osMaggs( MP > 800[err] C subl) LaC [err] (M = 8epeTushcro49
11000[ err] C) - 3+ 4 44. 00 o 2+ 2 16. 50
'35 27. 50 Gdl [err] (MP = 926 C BP= 1340[err]C)
Criferr](MP = 856C,BP = 800[ err] C subl vac§ V\D 96/ 42085

PCT/ US96/ 07949 Vh2+
'3 33. 67 No. 084416,040 filedsoniApril 3, 1995 whxchzrs BG continuation-

g/h| 2(MP = 638[err] $b\éaQnJ?;ﬁrr ﬁﬁ@ﬁ%ﬁbh ¥R Serfdl NP 08/387 358 fifed oMl eAhdisk

27.52 YbBrWerl??%PW@SédsBﬁ Q%‘)m‘f—aé’]ér“[’é‘r PT‘?l\ﬁﬂPlb‘%&’lﬁ% of Seyjal

N 2+ 3 35. 17 No. 08/074g102- (Dkt. 99437) file® on June 11, 1993, #hidpis a
NNCl[err] (M =1001CgBP _ I r %ghC, I

M C [err] (WP ~1001Cs cnn%@gﬁb}?lﬁ it Lg;gﬁéat{dw o Sefiaf! NoC 6762866 e
27 54 on Decem er 12,1990 Wthh is a conunuatmn-m-part

application of Serial No. 07/345,628 filed April 28, 1989
which is a continuation-in-part application of Serial No.
07/341,733 filed April 21, 1989 which are incorporated by

10 reference). A preferred cathode 305 for shrinking hydrogen
atoms is a palladium cathode whereby a resonant energy hole
can be provided by the ionization of electrons from palladium
to the discharge current. A second preferred cathode 305 for
shrinking hydrogen atoms comprises a source of energy holes-

15 via electron transfer to the discharge current including at least
one of beryllium, copper, platinum, zinc, and tellurium and a
hydrogen - dissociating . means such as a source of
electromagnetic radiation including UV light provided by
photon source 350 or a hydrogen dissociating material

20 including the transition elements and inner transition
elements, iron, platinum, palladium, zirconium, vanadium,
nickel, titanium, Sc, Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag,
Cd, La, Hf, Ta, W, Re, Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Vb, Lu, Th, Pa, U, activated charcoal

25 (carbon), and intercalated Cs carbon (graphite). The reactor
further comprises a means to control the energy dissipated in
the discharge current when electrons are transferred from an
electron donating species to provide an energy hole for
hydrogen atoms (molecules) including pressure controller

30 means 325 and current (voltage) source 330. The gas
discharge energy reactor further comprises a means 301 to
remove the (molecular) lower-energy hydrogen such as a
selective venting valve to prevent the exothermic shrinkage
reaction from coming to equilibrium.

35 In another embodiment of the gas discharge energy
reactor, the source of energy hole can be one of a inelastic
photon or particle scattering reaction(s). In a preferred
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SnF[err] (MP= 705 C subl) Sb3+ 4 - 44,20 Bi
2 + 2 16. 6WO 96/42085 27.51 25 Sbl [ er r] ( MRCFAOSYe/@7 98—
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42. 60 Pb2+ 2 15. 03 8 27.57
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returned to the cell5 | inndydrogen a¥ém9S/ 4HeSphoton source producmg photons of
PCT/ US96/ 07949 nt,

75
the product anmonia can 3deAsiOREJICREIEN pf,eapproxlmatelx,gglgyzwc X%Zl ¥, or
I n a condensor and can be oxi di zed t frate on a platinum or
i ridiumscreen at el evat®p eV causes %%mﬂhtaéu?@ssssq}wfasn@zy perthpchydrogen
further enbodi nent, the atoms ﬁndengbathae | shritkaganmeactiont eacln Qo peeferred

S e u Z t he
\r/nagl);n. zed by phasge catlj ){tIC grgoggéwsng%:aﬁfﬁage D ?ﬁgd’iﬂ:&ﬁf [ﬁﬁﬁbﬂl of 4t
enbodi ment, a | ow pt @sslieas 9n‘hygdl}et§§lén° brappEoximately mX48.6 €V, 883 €Vatad by
di ssoci ation of nol ecul anX3y94 e¥ecauses astimulated emission of energy as the
hydrogen molecules undergo the shrinkage reaction.
In another embodiment, a magnetic field can be applied
by magnetic field generator 75 of FIGURE 5 to produce a
15 magnetized plasma of the gaseous ions which can be a
nonlinear media. Coupling of resonator cavities and
enhancement. of the transfer of energy between them can be
increased when the media. is nonlinear. Thus, the reaction rate
(transfer of the resonance shrinkage energy of the hydrogen
20 atoms to the energy holes, the electrocatalytic ions or couples)
can be increased and controlled by providing and adjusting
the applied magnetic field strength.
In one embodiment of the method of operation of the
gas discharge energy reactor, hydrogen from source 322 can
25 be introduced inside of the chamber 300 through control valve
325. A current source 330 causes current to pass between a
cathode 305 and an anode 320. The hydrogen contacts the
cathode which comprises a source of energy holes of
approximately mX27.21eV to cause atomic hydrogen
30 ‘"shrinkage" and approximately mX48.6 eV to cause molecular
hydrogen "shrinkage"” where m is an integer. In a preferred
embodiment, electrons are transferred from an electron
donating species present on the cathode 305 to the discharge
current to provide energy holes for hydrogen atoms
35 (molecules). In the case of a reactor which shrinks hydrogen
atoms, the molecular hydrogen can be dissociated into atomic



10+ filament or grid 280 of FIGURE 7. A | ow pressure of nol ecul ar

hy:dr ogen can be mai ntained via the hydrogen supply 221, the

hydrogen fl ow control neans 222, and the hydrogen pressure

measur enent and vacuum neans 223. The hydrogen pressure can be
' mai ntai ned at awbwesmeEssure by adjusting the 15 supply PRFUSSHMAe
"inlet with flow controller 222 versus the anount punped away at
the outlet by the pressure measur eggnt and punp nmeans 223. . The
pressure can be adjusted to nmaxim ze the output power while

m ni m zing the degr adation af nitrate. The optipal hydrog
pressure can be 20 Mg@ogm,l)yagomssgﬁg% F.'Jf ?Q%Feﬁoﬁﬁw, gpﬂeor by
source of hydr @ysoureeo0f ¢lactromagnetip eadiatiom ineudingy dF¥glight

di ssoci ati on means i ncl ugbVflied 'erdbﬁgﬁih gRardéd 350MstPVhat the dissofiufdd @
hot filament or grid 28Q such as”a hot refractor

met al .1 ncl.udi ng
a filament or grid of TiNYOPEET-QOMs coptagh a 3?")15/"8 3{. cnfrey holes éP&?g{%a
tenperature such as 380Ghelted,Cligiits gaseouseor solid sourcendf ¢he anesgy rhodes;an
be directed over the filpmeniofic AnhéledRr) fﬁyc?\fvo%?n ?J%i&ﬁég(;ee Qs jour ce

of energy holes. The pregsure and ] e ﬂé r.g:%#g%ea ons
prohi bits the collision S¢coms are stimulated .t yndergg trayisidous de loWeher gy
hol es (such as the nitranergy leéls bprthef enengyoholest i rthet lerermyt dissipateditinor

rid. Thus, the h e I ) CLJ |
The’ M TP anep orfhl, BifdHargto CERAY, bhed Qtr?h?%gt 5 lssiiiea ot &
negative potential &8n tfée?Fﬁ?’ht‘g?mga§P%F‘§$i‘i?“e EcE? eshfo provide an

surroundi ng the fil anentenergyrhcle &ipealgte cthel essonanee shrimkhge energp fdrhe

passage of hydrogen ato t i i . he
anion fromcontacting t @d&ég&} i#lgdsnlt(ﬁ%;?g%url?%s%& goﬁf}gll% E%? 45 ‘;HEJ;s%ré
PCT/ US96/ 07949 from source 159" with pressure sgpntroller meang3dS ik the
thermal or chem cal brealoltage eofith hike ourrent (voltage) souecet 3300n)Thearheae
g;e"e”t ed. 15 outpllt Tan®BROHIMMred  WithS UkrifocBhpfede piselP! 7S at S

least the cathode 305, the anode 320, and the heat exchanger
" 60 of FIGURE 5. The output power can be controlled by a
computerized monitoring and control system which monitors
the thermistors and controls the means to alter the power
20 output. The (molecular) lower-energy hydrogen can be
" removed by a means 301 to prevent the exothermic shrinkage
reaction from coming to equilibrium.

In another embodiment of the gas discharge energy
reactor, a preferred cathode 305 comprises the catalytic

25 material including a spillover catalyst described in the
Pressurized Gas Energy Reactor Section.

Another embodiment of the gas discharge energy reactor
comprises a gaseous source of energy holes wherein the
shrinkage reaction occurs in the gas phase, and the gaseous

30 hydrogen atoms are 'provided by a discharge of molecular
hydrogen gas. In a further embodiment the gaseous source of
energy holes can be provided by a discharge current which
produces the gaseous source of energy holes (electrocatalytic
ion or couple) such as a discharge in potassium metal to form

35 K+*+/K+, rubidium metal to form Rb*, or titanium metal to form
Ti2+. The embodiment comprises a hydrogen isotope gas filled
glow discharge chamber 300. The glow discharge cell can be



el €ctrocatal ytic ion or electrocatal ytic couple conprising 5

cati-on-anion pairs in the gas phase wherein the cation-anion pairs
are dissoci ated by external source nmeans 75 of FIGURE 5 whi ch

i ncludes, for exanple, a particle source 75b and/or phot on source
75a and/ or a sowdsysedgsheat, acoustic energy, : el ect r i mcrigsebni®ge9 or
magnetic fields. In a preferred enbodi nent, 10 the cation-anion pairs
are thermally dissociated by heat source 230 or photodi ssoci at ed
by photon source 205 of FIGURE 7. 89 : | n anot her

enbodi mrent of the gas energy reactor having a gaseous source of

“energy hol es, the sourceopératitbrayy aliotlevaied tempérabureatsach zehis whehseurce of
o pret orred enbodi ment " opigrgy Bof>(lEbpcatalytic G b Solple Ehiiibe  Suflimel”
subl i med, or vaporized bhoided, or volatilized jintp thergassphaseas Inhan pembodisantng
means Zﬁ9i and thg 0 thle gﬁaﬁ&?ﬂﬁl a:ltfomie %bﬁfd@@f?@ﬁbr@ heled eletrwbcatalytic
o o Syt 1o 2o el O o) EhFOLE 6P MM a3 BF) smen py rbiciom
i ncorporated herein by hydride (Rbtfeelesteocatalytinelambendfarnpotashinimt bydride e
thermally i oni zegl+pr+t g&cmﬁﬁ[@mﬁﬂe’;so, by the hydrogen atom
source 280 including a hot f|f arrent‘ng’ro‘_1 .'lquf tglré Ea/m%g of 25 lhngqusCE:I Vel:),%an
coupl ed plasma flow tube. ForfefBnBFEPHREN YA _ OF ERETRYy 0 C8ho

in Figure 7 conprises rublegtrogatalytic ion or plectrocatalyvietcouple comphising 290
whi ch has a vapor prgpsugfion-anion a;%atif‘satincﬁi% fggs CHRAse0 hliRfe Y thé NddtRinamidn

the tenperature of the mﬁg?@%ﬁpsgwgﬁ%o% fqztfagﬂgﬁm%é

Hydr ogen mol ecul es 3PHIS Are @%%gﬁég‘[lggt;t’a

-grid 280. The whichdiincludes; £o5iexampie: & panticleesourse phidls candior be
-ionized to RO[ shéton( Kbefce! ¥5RYaidIer SAEBufde Gff h&dtEHcoliftic fdregRnt
or grid 280. Rb+ﬁ§+/ K@_ el ect 'Oﬁfatlﬁl yti,c ion gcou I el% ﬁi&;rvest
as a source of elefiie) fieldse OF  Magneticy figlds: 1 J, B Ragterredembodiment,
anot her 35 enbddi netite, catienkaniofi pairsnareothepmally adissaviptedsby aeat
metal (s) O Cafoie S U PRGBRE! $Vlor MptfbrdBisgodiated By Phoibh | soupéd
as a cation(s) atf I?IquJl%Esé)urce of energy hol es. For exanpl e,
Mo[ err] WD 96/ 42088V © .
PCT/ US96/ 07949
efrigerati
20 A further embodiment of the present invention

comprises a refrigeration means which comprises the
electrolytic cell of FIGURE 6, the pressurized hydrogen gas cell
of FIGURE 7, and the hydrogen gas discharge cell of FIGURE 8
‘of the present invention wherein a source of lower-energy

25 atomic (molecular) hydrogen is supplied rather than a source
of normal hydrogen. The lower-energy hydrogen atoms are
reacted to a higher energy state with the absorption of heat
energy according to the reverse of the catalytic shrinkage
reaction such as those given by Egs. (4-6); (7-9); (10-12); (13-

30 15); (16-18); (48-50); (51-53); (54-56); (57-59); (60-62), (63-
65), (66-68), (69-71), (72-74), and (75-77). The lower-energy
hydrogen molecules are reacted to a higher energy state with
the absorption of heat energy according to the reverse of the
catalytic shrinkage reaction such as that given by Egs. (78-80);

35 (81-83); (84-86); (88-90), and (91-93). In.this embodiment,
means 101, 201 and 301 of FIGURES 6, 7, and 8, respectively,
serve to remove the normal hydrogen such as a selective



77" ilons (Mo[err] electrocatalytic ion) enter the gas phase of the

energy cell 200 fromthe hot nolybdenumfilanent or grid 280. The
hot nol ybdenum filament or grid 280 al so di ssoci at es hydrogen

nol ecul es to hydrogen atons. For a 5 further exanple, Ni[err] and
Cu[err] ions (Nacyeisbdssu[ err] el ectrocatal ytic coupl ecTaishenTodhe
gas phase of the energy cell 200 fromthe hot ni ckel and hot
copper or hot nickel-copper alloy fil anent or grid 280. In another
enbodi nent, the photon source 75a _ 9a9|d the particle source 75b of
FI GURE 5, including an el ectron 10 beam ionize species such as atons

in the gas phase to forwenting valves hto sprevent dhe eemdqhetmice seactidnidrom t he
el ectrocatal ytic ions commg tP'e ﬁgﬁﬁ atal ytic couples of ny previous

pat ent applications i ncorpor ate her ein by reference. In another
enbodi nent, the atoms or |ons are ionized chem cal ly by a
vol atilized 15 s aof Matig serzR e

reduces the 5 '{g‘; ar
The power of the gas eng ov ' T 1 '
controlling the anpbunt &2Q W8dr ce of energy hol es

(el ectrocatal ytic ion or cou'phe) presehbeinyeatiphaserthad/ mprises mélecules

controlling the concent égﬁgg@&%f l%%?‘egiegéylﬁﬁg"{%gﬂeré%s Ho?‘ggr exéjrrgo en.

The concentration of th 8
(el ectrocatal ytic i on ohydemgeneyan be reaetedt Wé‘lhl anybgtom of the pesiodicoichartg

the initial amount ph tBe Mﬁvﬁﬁldr@aﬁkubﬁeuﬁf%ﬁﬁ@rﬁblecule or coxﬁﬁb@ﬁd or metal,
(el ectrocatal ytic ion or

e) presen r 25 _and/ or_.by
control l'ing the tenperaff -negq;l HeS ?%éél“é#“cwf o 'f6RA 8o epgtmoggamc
control neans 230 whi chmfleeulgi pescamponathr metal, nonmetads or esesniconductor
vol atile source of eneraunmhﬁg ﬂ@h@ﬁbﬁ@@@t a:lyuhbg‘en atoms -and GloR¥cufed\'P! The

The reactor tenperature r y_ch [ t he
‘rate of the catalytic h J’ % “ﬁﬂg i?%%rh%'F EEX gyggoag:ep %@ﬁ’?ﬁ neufraf’ ar}%ms,
concentration of atloi cnﬁg%ﬁ ¥ not ppsitively Chalfﬁédcémmlél red mplecwlar dons,ng
the anount of atom c hygfidofBe radicals. [RopVéxiaapley lbmr-éhﬁ‘gyc hpdfdgenctan be

SRS ™ ™ Cor i ARG i PSHHCL A B

or through 35 the hlﬂqur-pam hydrgzm ameoxwﬂystend lgén-ensrgheat ed
by el ectron bohpdfchEantan e rBscted Owithi siagly donizke chalhifin® Fom/ a

tube; by controllingythg Aoufe dhatdiRftle® heifhrh "fnd "W etRrYy hydrogen.
Lower-energy hydrogen can be also reacted with metals. In
one embodiment of the clectrolytic cell energy reactor, lower-
‘energy hydrogen produced during operation at the cathode
can be incorporated into the cathode by reacting with it; thus,
25 a metal-lower-energy hydrogen material can be produced. In
all such reactions, the reaction rate and product yield are
increased by applying heat, and/or pressure.
Lower-energy hydrogen -molecules (dihydrinos) are
purified from hydrogen gas by combustion of the normal
30 hydrogen. Oxygen can be mixed with the sample to be
purified, and the sample can be ignited. In a second
embodiment of the method of dihydrino purification, the
sample can be flowed over a hydrogen recombiner which
" reacts with the normal hydrogen in the gas stream to form
35 'water. In a third embodiment, lower-energy hydrogen
molecules (dihydrinos) are collected in a cathode of an
electrolytic energy reactor of the present invention such as a

(

-
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78 7 coupl ed plasma fl ow tube; by controlling the tenperature of

the hot filament or grid, or the tungsten capillary heated by

el ectron bonmbardnent; by controlling the pressure of the hydr ogen
noneqm/pwmg

and tenper at ur e wap og/d2e8shydr i de mai nt ai ned under 5

conditions, and by controlling the rate of renmoval of reconbined
hydrogen fromthe cell by punp mean 23. Anot her nmeans to control
t he shri nkage reaction rate can be by controlling the pressure of a
non reactive gas ' wi th ngon reactive gas squrce 299, non reactive, gas
fl ow control 10 meametabrathade mcludinge anﬁ&‘giﬂ e‘f?éh?dgedr?él %Lﬁ?ﬁgﬁﬁa?%‘mde-
223. The non r eaQhev eathode scarh bes heatedbire aaessednpetacfirst témperature
col lisions between the sQul: e 0 ectr i j,on
~or coupl e) and hydrogen .%gg gérusggrr%%%‘%g ﬁﬁégg)’l ﬁ%sﬁ%ﬁ%ﬁhﬁml? Offt ﬁaaf bi’

yi el d | ower-energy hydr o§¥teraak heating: poru ifdowing a curreph thropgh thepeathode.
gasetS_ i ncl ude Ee Ne,5 an@her nloﬁual heidrogeh canbbe %ump_a@téﬁfn éliﬂ_ﬂ theagithvde "can
reacti on quenchi ng" gasesg i ncl ude a | Ni_t.r-0Qen. .
The hydrogen parti al prez’guﬂsatggnt%ea fﬁff?ﬂérﬁ’c@%fr%%%%&ﬂg at V}IB§H H}hydnno
throttling hydrogen intogefecaneibe tgleasedyandgeollegiedie In 2 fourth embodiments
222 whil e nonitoring theyps apsusmpld s Spurified by Rirgofilttidie dnCTAIES {gd¥eans

222 and 223. In a preferred embodi ment . 't he hydrogen pressure can
be controlled by CREmAInSTRRRY fﬁﬁ?‘@@%‘?‘&,?‘[ﬁ%’%sﬁﬁh@%ﬁ% means 230
of the gas eh@r gghramatography cwithuanhaectivategr catbona (bhatcoghncolumn at

storage 25 neans suclg$d apiiRdgdh BMpbeure afll hestidcbRAnh Nehith Reil
saline hydrides, titanium'hydride, v ant.al um

nadi u | obi u an

v des. i rooni um and. ASPHIALBARr FOBL Oifbe chydtogth SiD, ap pan, Ri-AfigHRa
yttrium and scandi um hydcoligen, taraasHayeSep column agl Eqnidt nityogend éemperature
internetalic hydrides, aRthdrBfi moMraPYRydrogél chi refhifdlf B b gfeaﬂéf/%ém
W M Mieller, J. P. gla%ﬁlem. afangdllevm z,l\/leall .
Hydri des, Acadenic Prasshagfilpgdsno. In a Tifth, el ‘?—Vﬁ’r &glgqsnsampe 1s
Internmetal i c Conpounds | puBifiadedybicryodistillation vdigreip imarmal hydrogen can be
Springer-Verlag, Berlin, 1ppdfidddiadd®teprated from gaseous lower-energy hydrogen

(dihydrino). The dihydrino can be concentrated by

liquefaction  in liquid helium.

20
EXPERIMENTAIL VERIFICATION OF THE PRESENT THEORY

Example ] .
The article by Mills and Good [Mills, R., Good, W,

25 "Fractional Quantum Energy Levels of Hydrogen", Fusion
Technology, Vol. 28, No. 4, November, (1995), pp. 1697-1719]
describes the determination of excess heat release during the
electrolysis of aqueous potassinum carbonate by the very
accurate and reliable method of heat measurement, flow

30 calorimetry; describes the experimental identification of
hydrogen atoms in fractional quantum energy levels—
hydrinos—by X-ray Photoelectron Spectroscopy (XPS);
describes the experimental identification of hydrogen atoms in

’ fractional quantum energy levels—hydrinos—by emissions of

35 soft x-rays from dark matter; describes the experimental
identification of hydrogen molecules in fractional quantum
energy levels—dihydrino molecules by high resolution



I ntermetalic Corrpounds 1, Edited by L. Schl apbath, Springer- 35

Verlag, Berlin, which are I ncorporated by reference herein. The
~tenperature of the cell can be controlled by a t enperature contr ol
and neasurenment nmeans 230 such that WO 96/ 42085
- PCT/ US96/ 07949 wo 96/42085 79 PIOF/USIG0T7H49
“pressure of the hydrogen in equilibriumwth the hydr ogen storage
material can be the desired pressure. In oqﬁ enbodi nment ,
nonequi | i brium conditions of the hydrogen a a hydri de are
mai nt ai ned by controlling the tenperature and hydrogen pressure to
provi de atom ¢ hydr ogenmagneticeseet@r mass specteasgepy n’%’tﬁi/ls ionizating denergy

storage neans can be a idetednfifhtibn, and givéwd |sdﬁ,mrtyh an operating

tenperature of about 800 [err]C | ant hanum hydride with an
operating tenperature of about 700 [err] C gadoliniumhydride with
an operating tenperaturdnofsummarcy: about 750 [err]C, neodym um hydride
with an operating 5 { TRRCeaplaeOthdYuiwiiel PRI feafchbgurnrﬁr»a%ﬁﬂe
with an operatln eratut axﬁtg err|C scan

hydride with Y‘h‘ﬁ P M’Qﬁﬁ?e §oExo SETI{%FFT‘EEWH |
ytterbi um hydri de wheraby hlwmetemrgyr hydregenerist produced aixogivé0- 900

1S el » P &
450 G d i ] t
950 Lerrl [err] C pr Mec WI naﬁ?ﬁr Ffl’n t PRBliskipge Ol;’of

about 700 [err]C, 2zl 6codiancastet aMrprbSﬁ!chm% HydtoCedtalysis hPower Corporation,

operati ng tenmperature o Kk a a 20
metal hydride m xture sﬁﬁpwﬁggﬁm}ﬁ EQHQM;C&
tenperature of about 45&"#¥F M%lsn

met al / al kal i ne earth hy Horgks attex. cargd) Eneggy Ba(Teahfiemid Rulilishimg Company,
operating tenperature Of]‘aﬁgﬁﬁgﬂgw 199@# err] C. The heat
e

out put can be nonitpred wt rrmco r sent | east the
vessel 200 and the ﬁéat exchgﬁﬁﬁs 6’0 82 heat” wp; "'dTH@nl“&t eyt the
shrinkage reaction rateebetrdlgsis of aqueous potassium carbonate Flow calorimetry

of pulsed current electrolysis of aqueous potassium carbonate
at a nickel cathode was performed in a single-cell dewar. The
average power out of 24.6 watts exceeded the average input
20 power (voltage times current) of 4.73 watts by a factor greater
than 5. The total input energy (integration of voltage times
current) over the entire duration of the experiment was 5.72
MJ; whereas, the total output energy was 29.8 MJ. No excess
heat was observed when the electrolyte was changed from
25 potassium carbonate to sodium carbonate. The source of heat
is assigned to ‘the electrocatalytic, exothermic reaction
whereby the electrons of hydrogen atoms are induced to
undergo transitions to quantized energy levels below the
conventional “"ground state”. These lower energy states
30 correspond to fractional quantum numbers: n = 1/2, 1/3, 1/4,
Transitions to these lower energy states are stimulated in
the presence of pairs of potassium ions (K+/K* electrocatalytic
couple) which provide 27.2 eV energy sinks.
The identification of the n = 1/2 hydrogen atom , H(n =
35 1/2) is reported. Samples of the nickel cathodes of aqueous
potassium carbonate electrolytic cells and aqueous sodium
carbonate electrolytic cells were analyzed by XPS. A broad




¥

nonitored by ultraviolet or electron spectroscopy of the phot ons
or<el ectrons emtted via | ower-energy hydrogen transitions, by
X-ray phot oel ectron spectroscopy (XPS) of 30 | ower-energy hydrogen,
and by mass spectroscopy, Raman or i nfrared spectroscopy, and gas
chr omat ogr aphy efo dsla2oss mol ecul ar | ower - ener gy hydr ogerPGRNISIGETHNO) .
Lower - ener gy hydr ogen atons and nol ecul es are identified by XPS as
hi gher bi ndi ng energy species than_normal hydrogen. The di hydri no
35 can be identified by nass spectroscopy 83 a species wth a

mass to charge ratio of two (me=2) that has a higher I oni zati on
potential than that of rpedkatentgrboaerS4é e¥cwadi ppsent only iW(Qbe6t#42@86f the

- PCT/ US96/ 07949 carbonate cells. THY bi nding energS'h cuum) of

potﬁssmﬁn bin ?’“h

current as a function of ctro en

can be-identified by gasI'I aﬁn@ nY 5&’%3 the theOfFBﬁﬁ'e.aa uF’Ga%'-HE as
gas chromat ography with bmdmg lenatgids for H(n =Cchi2) care( haxceHent agresmentt

liquid nitrogen tempgrature Guher Sxpltiffinfalc LBt Hn Wt 'hya?gg;sél&oaﬁr

from or'tho hydrogen ci .
colum at liquid H(m ;= rldﬁb'rrcﬂﬁ ré’PHfie“W@Feq FFWYF&I"W ¥an
be retained to Mills eat it foxtthet softaX-hyhgnissions oficthdi 821k imerstellar

can be identified by Rargpyq &{;L@ﬁ%f%;ﬁﬂﬁﬁ&&f@%@wfua[s ﬂbov%ﬁed

wi t h hi gher vibrational ‘and rota
to those of normal hydr dRWYyernhAsgephysicab firnal, 371 (1221 840t of the| ed by

a conputerized noni §or i IBxea¢ile CUM ICinter of the Usiyvdrsity Wi Califériiid, 0Beridley

therm stors, spectronet r t he
nmeans to alter the powe?ﬁ?e gé}gemgaf ?twe%?hetﬁ%ngiﬁécr%%ﬁm gﬁ%’&gﬁ Pﬁb th
hydr ogen can be enengy evaly 9SaP bar tthe ppropesed  wansitionpeisni ¢
shri nkage react ir@markableom ng to eqw l'ibrium I n

anot her enbodi nent of the ga? en?é%é\e}&éﬁﬁclh% faleR H(n=1/2) a?mﬂgs?ﬂé’s

source of energy holes, ¥1
15 di ydnno molecule, was identified by mass spectroscopy
_ (Shrader Analytical & Consulting Laboratories). The mass
spectrum of the cryofiltered gases evolved during the
electrolysis of a light water K;CO3 electrolyte with a nickel
cathode demonstrated .that the dihydrino molecule, Ha(n =
20 1/2), has a higher ionization energy, about 63 eV, than normal
molecular hydrogen, Ha(n = 1), 15.46 eV. The high resolution
(0.001 AMU) magnetic sector mass spectroscopic analysis of
the postcombustion gases indicated the presence of two peaks
of nominal mass two at 70 eV and one peak at 25 eV. The
25 same analysis of molecular hydrogen indicates ohly one peak
at 25 eV and one peak at 70 eV. In the case of the
postcombustion sample at 70 eV, one peak was assigned as the
hydrogen molecular ion peak, H3 (n = 1), and one peak was
assigned as the .dihydrino molecular peak, Hi" (n = 1/2) which
30 has a slightly larger magnetic moment.

Example 2.
In the January 1994 edition of Fusion Technology, [Mills,
R., Good, W., Shaubach, R., "Dihydrino Molecule Identification",
35 Fusion Technology, 25, 103 (1..34)] Mills et al. review and
present three sets of data of heat production and “ash”
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20_ produced by a pyrolysis reaction such as the conbustion of a

hydr ocar bon wherei-n the catal ytic source of energy holes can be in

t he gas phase with the hydrogen atons. In a preferred node, the

pyyolysis reaction occurs in an internal conbustion engi ne wher eby
- the hydrocar boRy@beidgsh 0gen containi ng fuel 25 conprises BCHOSWEABM4DS

energy holes that are vaporized (becone gaseous) during the

conmbustion. In a preferred node, the g4 SOurce of energy hol es

(el ectrocatalytic ion or couple) is a thernally stable salt of

rubi di um or potassium such as RbF, Rbd , RbBr, Rb[ err] [rerr],
RoOH, Ro[err]Sderr], Rignsifi¢atigmeinpluding fbeemork %Jiydm@@ta ygis Prwer pr
KI, Klerr]S[err], KO, bfdtid (Bxperithets] SO#3)r hnd Thermacore, Inc.
Klerr]Pg err],Klerr] GeF e &% 4 4#156d| tional counterions of the

el ectrocatal ytic ion of ments hcl ude organi ¢ anions incl uding
wetting or enulsifying agent S. I n anot her enbodi nent, the

hydr ocar bon or hydr%ge .contai ning fuel further conprises water as

; n

a mxture and a solv éssource of en g hal es .incl u errul L.fied
el ectrocatal ytic ions or co%ﬁ t il i 559 f‘h S t?]g ‘??ﬂf% Stpportng
wat er serves as a furthhe¢ Mills ctheofy h:hdtcn;erexathnmm\/rﬂeannon occurs \wherein

96/ 42085 the electrons of hydrogen gtoms aEﬂdéﬁ‘i@ﬁﬁﬁV‘%@ms are
81 undergo a shri nkage reaqitl on Q%%‘ﬁ Rq}Xnuae sour ¢

energy hol es wherein t#timplated tanrelax gios ener%ﬁpg nPeloShs
thermal |y or catal yQi cahbty ofnthe $grdumde state’h vis electrochentibal ceddtamtsr Kdr and

pi ston head which can ti@""c Tﬁﬁdlﬁf or P& anﬂBOErdtabdQﬁ' Sﬁbﬁéysﬁﬁéhﬁteﬁuth
wat er to hydrogen and oXxygen.

socl atl.on nate
i ncl udes an el enent, cdhpoeRedgy hole Whl%ﬂlsé‘}“‘ﬁﬂ nallf Jransifio ¥ransdq?gﬁmetw
el ements and inner trangi puised current @iderventianous wiectpolysisnofi aqueduadi um

ZN io rC(I\)/BI u_rlr_1C vgﬂadkﬁm Ag potaﬁsu{ﬁ' %E?Aq_narté }_?f“"lﬁ%: eﬁbtm@ﬁtal \ QﬁplQJatZd"nééekel
Pr. Nd Pm Sm Eul SGd ‘cathode wasmerfg;me equﬁss \BPWSI, ouﬁ-rppfuﬁ,ygietts
activated charcoal exceeded ithe njotalaimputnpewen| given tgs ther productyrafptiiet e) .
electrolysis voltage and current by a factor greater than 8.
The "ash" of the exothermic reaction is atoms having electrons
of energy below the "ground state" which are predicted to
20 form molecules. The predicted molecules were identified by
' lack of reactivity with oxygen, by separation from molecular
deuterium by cryofiltration, and by mass spectroscopic
analysis.
The combustion of the gases evolved during the
25 electrolysis of a light water K2CO3 electrolyte (K+/K+
electrocatalytic couple) with a nickel cathode was incomplete.
The mass spectroscopic analysis (Air Products & Chemicals,
Inc.) of uncombusted gases demonstrated that the species
predominantly giving rise to the m/e = 2 peak must have a
30 different m/e = 1 to m/e = 2 production efficiency than
hydrogen. And, the further mass spectroscopic. analysis of the
m/e = 2 peak of the uncombusted gas demonstrated that the
dihydrino molecule, Ha(n = 1/2), has a higher ionization
energy than Hj. '
35 According to the analysis 1 v Mills et al. of the raw data,
Miles of the China Lake Naval Air Warfare Center Weapons
Division observed the dideutrino molecule as a species with a



PONER DENSI TY OF GAS ENERGY REACTOR (GAS PHASE 1 5 HYDROGEN
SHRI NKAGEREACT] ON) The equations nunbers which follow referred
to those given by MIls [MIls, R, The Grand Unified Theory of

d assi cal Quantum Mechani cs, (1995) , Technom c Publ i %8&6%), any,
Lancaster, PA].wOl9¢/4208%8¢c of the di sproportionat I'on reaction, F‘Brr]

to cause resonant shrinkage, Eqs. (5.22-5.30), is dependent on the
collision rate between the reactants and t hes efficiency of resonant
energy transfer. It is given by the product of the rate constant,

E 5. 47 t he total d s )
g\f;]r] ( gnd(t he 2312 fici Smfﬁsam fhgrgeErfEﬁ *(egogg) 4 gg%ﬁe l?lgxg#é ?{lﬁﬁz
resonance shrinkage potentialethan mosmal hmolesvdar ideytariimat dViles wae using

energy hole proyhgledg Qé’cﬁ'&% Cept Qﬁal?ié”ﬂh'&o cﬁ}tdmlered ases evolved
[err] - where r Is th

di st bet t
J 30 is the overlap ’F‘?ﬂ’eﬁ?‘%‘?slszé’gmgn ?‘Pfﬁ‘l‘ecrl%% ﬂ&ﬁ&g yéf'ﬁ' %ﬁ%ﬁ gpalflcdi&ﬁ)‘ o
energy distribution Hf tchthaienend hy dsiiOTY/RyQnelgaolyie; an electroeatsm%@ppak

of the’energy hole provig % el e[gcpeBUgH 1.1 LAGd)WHKPMaHOMIIJEN ahdiG.

the dielectric constant, el ] " tua

orientation of the donorS a@ﬁ hselwnaﬂﬁ&%wn During mﬁ[ﬁgﬁ D20
PCT/ US96/ 07949 in Cold Fus1on ExperimentsS? J. Electroanadméiem., BIDéthﬂdm c

nonr adi ;?.”Se"fenlafé‘irt?QﬁWP““?%ﬁ m}ﬁs B. . B0, O SO nd 1)
fl uorescence of thel @ondFAGQaW Hegt and Helm{q;%gq#uq nemjgl% uéf'f@‘ The
rate of the disproporti %é}ielrﬁﬂents", Proc Conf. The Science of Cold Fusion -, Como,
Italy, June 29-July 4, 1991, p. 363, T. BRESSANI, E. DEL
GIUDICE, and G. PREPARATA, Eds., SIF (1991); M. H. MILES, R.
A. HOLLINS, B. F. BUSH, I. J. LAGOWSK]I, and R. E. J. MILES,
15 “"Correlation of Excess Power and Helium Production During
D20 and HyO Electrolysis Using Palladium Cathodes”, J.
Electroanal. Chem., 346, 99 (1993); M. H. MILES and B. F. BUSH,
"Search for Anomalous Effects Involving Excess Power and
Helium During D20 Electrolysis Using Palladium Cathodes,"
20 Proc. 3rd Int. Conf. Cold Fusion, Nagoya, Japan, October 21-25,
1992, p. 189]. _
Palladium sheets coated on one side wnh a hydrogen
impermeant gold layer and coated on the other surface with
an oxide coat (MnOx, AlOx, SiOx) were deuterium or hydrogen
25 loaded at NTT Laboratories. Heat was observed from light and
heavy hydrogen only when the mixed oxide coat was present
(Pd/O, electrocatalytic couple). The high resolution (.001
AMU) quadrapole mass spectroscopic analysis of the gases

released when a current was applied to a deuterium (99.9%)
30 loaded MnOx coated palladium sheet indicate the presence of a

large shoulder on the D, peak which Mills et al. assign to the
. dideutrino molecule, Dy(n = 1/2). [E. YAMAGUCHI and T.
NISHIOKA, "Direct Evidence for Nuclear Fusion Reactions in
- Deuterated Palladium,"” Proc. 3rd Int. Conf. Cold Fusion,,
35 Nagoya, Japan, October 21-25, 1992, p. 179; E. YAMAGUCHI
and T. NISHIOKA, "Helium-4 Production from Deuterated .
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5 _reaction, [err], to cause resonant shrinkage is [err]
The factor of one half in Eq. (6.38) corrects for double counting of
collisions [Levine, |I., Physical Chem stry, MG aw H || Book _ _
Conpany, New York, (1978), pp. 420-421]. The power, Plerr] 10 I's given
by the product ofod¢dmmessate of the transition, Eg. (6.38), PCT/ZS96/07945%

. energy of the disproportination reaction (Eq. (5.27)). . [err]
where V is the volunme. For a disproportionab%pn reaction in ~ the gas
phase, the energy transfer efficiency is one.” The 1 5 power given by

' ' f =.1, p=2, nmxl, =2, V=1 nferr], N=3Xl0[err],
?ig%kt o On(g. 40) Palﬁ#wneé’t. i(Q?V 3‘%173%1565’2" NTT Basic 1]’~¢S°%mh La OTﬂ%meB]
=1 GNI kWcnferr]) and IMRA Europé. 81)A., Personal Comunidioin$E992)pt
the reaction of hydrogen to | ower- 20 energy states occurs by the

reaction-of a'catal ytic source of energy holes w th hydrogen or
' hydrino atons, the react £ rate i s dependent on the collision rate

bet ween the reactant§ Fendsylanid fS@ite OnivirsiteSREAdetBRIfEd excess
transfer. The hydrogen-

- R - | ectrocatal ytic-10n \
collision rate per unit hea&gelez@rgl \ng If?“f)vgﬁiqofﬂyﬁﬁgceil dﬁstthfoﬁf%ﬁeﬁf’ﬁg"fnf’b?l?e]]
hydr ogen or ' hydraxide apemdern eontaining, strontinme aubbium hoxidei (Nb3-eisr?+
and velocity [erdléct?é%tﬁlgﬁlt] cBuple)’ By attR! Wekf i&%ﬁ%teeﬁna'.“féliab?é ume,
each wi th radi us#e@%]d ag vel OCqut% er r‘L_ | Ser%lgvilg %B evione
[Levine, I., phy SPEREdoRL hest. g eGPt therBoprlechpusrsioned heak,
30 (1978), pp. 4201821)into [apr electrical output signal [Phillips, J., "A Calorimetric

Investigation of the -Reaction of Hydrogen with Sample PSU
#1", September 11, 1994, A Confidential Report submitted to
HydroCatalysis Power Corporation provided by HydroCatalysis
Power Corporation, Great Valley Corporate Center, 41 Great

15 Valley Parkway, Malvern, PA 19355]. Excess power and heat
were observed with flowing hydrogen over the catalyst which
increased with increasing flow rate. However, no excess
power was observed with flowing helium over the
catalyst/nickel oxide mixture or flowing hydrogen over nickel

20 oxide alone. As shown in FIGURE 9, approximately 10 cc of
nickel oxide powder containing strontium niobium oxide
immediately produced 0.55 W of steady state output power at
523 °K. ‘When the gas was switched from hydrogen to helium,
the power immediately dropped. The switch back to hydrogen

25 restored the excess power output which continued to increase
until the hydrogen source cylinder emptied at about the
40,000 second time point. With no hydrogen flow the output
power fell to zero.

The source of heat is assigned to the electrocatalytic,

30 exothermic reaction whereby the electrons of hydrogen atoms
are induced to undergo tramsitions to quantized energy levels
below the conventional "ground state". These lower energy
states cofrespbnd to fractional quantum numbers: n = 1/2,
1/3, 1/4, ... . Transitions to these lower energy states are

35 stimulated in the presence of pairs of niobium and strontium
ions (Nb3+/Sr2+ electrocatalytic couple) which provide 27.2 eV
energy sinks. '




WD_96/ 42085 PCT/ US96/ 07949

83 The average velocity, [err], can be calculated fromthe
tenperature, T, [Bueche, F. J., Introduction to Physics for

Scjentists and Engi neers, McGaw Hi || Book Conpany, New Yor k,
(1986), "pp. 261wkHéuls2085 [err] 5 PCT/US96/07949
(6.43) 2 2 where k is Boltzmann's
constant. Substitution of Eq. (5.44) 9.} nto Eq. (5.42) gives the
collision rate per unit vol une, Z [érr], in ternms of the
tenperature, T. [err] 10 The rate of the catalytic reaction, [err],
to cause resonant 'shrinkage is given by the product of the

collision rate per unit Example 4olune, Z[err], the volune, VE and6t gs
erfioienoy, E of " opqBalic'S U SARTE" DRl BF By g i
product of the rate of tRark IntefStellaFamdﬂI@n,antcf.l‘OIPG.thEBﬁ],unaﬁGctihn efh Mijls
of the transition, E¢ [Mills, R(3H® Grand Unifi EIClassi n
wherern - the sour MesnleSr TSNS Créfiibmli RupLshiRE Companin oLampaster,
i oni zation energy of 27.PAleqesgribeshhe ogxperunentaliridentification of hydrogehe
T ECEY ooy o b e M elRes IRk oo e ynoe—y
'el'hg power fo)r/ the reacti G HIUEN %ys@gf'f(% %;m( ggﬁb)‘?" §¥qand the Supg, g)
with the substitutidrfofprovides a resqlutiop=tp, ,Solar feutrinp Problem, the
Nerr]=3X10[err], V{err]Témpeiftnrd of the Solar Co¥bfi 'Brobidht, 1RE Mfdai¥ning of
rlerr]=2.16X10[err] m Tt%ZeS I-igrdrogen 911.8A Line Problem, the Temperature of the
Transition from "Radiation Zone" to "Convection Zone" Problem,
the Cool Carbon Monoxide Clouds Problem, the Stellar Age
15 Problem, the Solar Rotation Problem, the Solar Flare Problem,
and the problem of the ionizing energy source of hydrogen
planets, and describes the experimental identification of
hydrogen atoms in fractional quantum energy levels—
hydrinos—by spin/nuclear hyperfine structure transition
20 energies obtained by COBE for which no other satisfactory
assignment exists.

In summary:
As shown in Table 1 Mills [Mills, R., The Grand Unified

25 Th ic ua chanics, (1995), Technomic
Publishing Company, Lancaster, PA], hydrogen transitions to
electronic energy levels below the "ground" state
corresponding to fractional quantum numbers predicted by
Mills' - theory match the spectral lines of the extreme

30 ultraviolet background of inmterstellar space. And, hydrogen
disproportionation reactions yield ionized hydrogen, -energetic
electrons, and hydrogen ionizing radiation. This assignment
resolves the paradox of the identity of dark matter and
accounts for many celestial observations such as: diffuse Ho

35 emission is ubiguitous throughout the Galaxy, and widespread
sources of flux shortward of 9124 are required [Labov, S.,
Bowyer, S., "Spectral observations of the extreme ultraviolet



i

into Eq. (6.46) is [err] = 55 GW (55 kW /cnferr])
(6. 48) WD 96/ 42085

PCT/ US96/ 07949 84 In the case that
the catalytic reaction of hydrogen to | ower- energy states occurs on
a surface, the gdssr ansfer efficiency is |ess thanPOTUSH®e4® o
~differential surface I nteractions of the absorbed hydrogen or

hydri no atons and 5 the el ectrocatal ytic ion. The power given by Egs.
(6. 46) and (6.47) with 98 E=0. 001

(6.49) S Plerr]= 55 MA(55 Wcnierr]) 10

Less efficient catalytisackgsownd’, "ThegeAstrophysicaldburmplof371, (1991),hppe 810-
resonat or cavities. For e]:npl e, an electron transfer occurs between
two cations which corrprl S

an energy hol e rpfgtor'a h en or dr| no
atom The reaction rate is Further gxperimentalyidenification s‘% YAgings %nm
catalytic cations and Hin 5= 173 nberfoundr i ahatalrernative telxplanfationi bpcy

o th each o i dRES [t b -y BRAGLRE Ut e l?gn{reré'g‘c@f‘. or
r[err], to causemcdmmhsesvnd hyadabpy @d/@?%jﬁftfﬁ: Erbey, andy S

fﬁ' i fS}Pn_ rate per uni t BY@lyerE Astiophikical JourndlDe3MoI(1991) B10Rref the 20
et erey Elorr) STLEES a@sl?a’?y@% B o bl B,
the reaction vessel. The agreemen etweegnethp expenmentnl.esmm ppdr the
IS given by the prq(UJCtexigrgthar&%epfgdléﬁﬂ foPthe proposed | @ansifiens (& 51),
and the energy of the tlreanr;arltcagpe
The paradox of the paucity of solar neutrinos to account
for the solar energy output by the pp chain is resolved by
assigning a major portion of the solar output to lower-energy
15 hydrogen transitions. The photosphere of the Sun is 6000 K;
_whereas, the temperature of the corona based on the
assignment of the. emitted X-rays to highly ionized heavy
elements is in excess of 10° K. No satisfactory power transfer
mechanism is known which explains the excessive
20 temperature of the corona relative to that of the photosphere.
The paradox is resolved by the existence of a power source
associated .with the corona. The energy which maintains the
corona at a temperature in excess of 10°K is that released by
disproportionation. reactions of lower-energy hyc}rogen as
25 given by Egs. (13-15). In Table 2 of Mills, the energy released
by the transition of the hydrino atom with the initial lower-

. a
energy state quantum number p and radius -pi to the state

with lower-energy state quantum number (p+m) and radius

(—”—) catalyzed by a hydrino atom with the initial lower-
p+m

a
30 energy state quantum number m', initial radius -;:—f—, and final

radius a, are given in consecutive order of energy from the

1-»17/2 H transition to the 1/9—1/10 H transition. The

agreement between the calculated and the experimental

values is remarkable. Furthermore, many of the lines of Table
35 2 had no previous assignment, or the assignment was



(5.8). [err] (6.52) A catal ytic systemthat hinges on
the coupling of three 30 resonator cavities involves potassium For

. exanpl e, the ol second ioni zation energy of potassiumis 31.63eV. This
ener gy ole is obviously too high for resonant absorptj Jdwsver
Klerr] rel easeswasg®o¥p/ when it is reduced to K The conbi nat P’gir)\’ﬂsg WO .
96/ 42085 . PCT/ US96/ 07949
85 of Klerr] to Klerr] and Klerr] g K then, has a net energy
change of 27.28 eV. Consider the case.of a gas phase catalytic

shri nkage reacti on of hydr n or dri at o t ' s

as " the el ect r ocHPsAYsER °%ﬁ%ﬁ9%i gjaggﬁlﬁ%?g;vﬁ%l@go?%??%%hgy

5 The Ene{ %y transferd_eﬂéimiaermypplsngmeﬁerbgs,afpl.( 813719%Abr ppr 461-482; s

gi ven by e average di t wgen | [ i '

vessel: \Wen the Kerr] i%%;\}%(gvﬁtkgé\m" HE%ﬂS’Qn%ﬁ QSﬁ?ﬁh}esrlcal {ourf;@l@CVbDnlSl,
(1973 ,(nrasia‘ﬁgﬁ 30 NASE o o Harvard

approximately J[err]
KH err]), and m =1 i$ E@nivéRity Pfess) CanibridgemrMA.t (10820)ep.EiZ%;i Bhidlips;, J. H.,

E[err]. Is approxi mte';ﬁﬁ&hh&rgyg CatibriRB¥eUn{Wirsity CPfe38.C Catibiddge&n by
Egs. (5.13), (5.14), ; Liutign :
[gfr]( ) i n% 0 Eg.GfFBt. Prjtain, ( 3qﬂétl’l’-t %‘is’sﬁ ¥ Pé&.ﬁiﬁ? fda-145). The

calculated power of 4X10*® W matches the observed power
output of 4X10*® W.

10 The broadening of the solar H1911.8 4 line
(911841 =6004 ) is six times that. predicted based on the
thermal electron energy at the surface of the photosphere
(T=6,000 K) where the HI 911.8 A continuum originates, and
based on the relative width of the helium continuum lines,

15 Hel50434 (He15043A10 =5304) and HeIl227.94
(Hell 227.9 A 10 =225 A) [Thomas, R. J.. Neupert, W., M.,
Astrophysical Journal Supplement Series, Vol. 91, (1994), pp.
461-482; Stix, M., The Sup, Springer-Verlag, Berlin, (1991), pp.
351-356; Malinovsky, M., Heroux, L.. Astrophysical Jouinal,

20 Vol. 181, (1973), pp. 1009-1030; Noyes. R., The Sun. Our Star,
Harvard University Press, Cambridge. MA, (1982), p.172;
Phillips, J. H., Guide to the Sun, Cambridge University Press,
Cambridge, Great Britain, (1992), pp. 118-119; 120-121; 144-
145]. The latter. lines are proportionally much narrower; yet,

25 the corresponding temperatures of origin must be higher
because the transitions are more energetic. Furthermore, the
H911.84 continwum line of the spectrum of a prominence is
about one half the width of the same line of the quiet Sun
spectrum. Yet, the temperature rises to greater than 10,000 X

30 in a prominence. The problem of the anomalous spectral
feature of the excessive broadening of the continuum line of
hydrogen to higher energies can be resolved by assignment of
the broadening mechanism to energetic disproportionation

. reactions involving hydrogen atoms as reactants. -

35 The reaction product, lower-energy hydrogen, can be
reionized as it is diffuses towards the center of the Sun. The
abrupt change in the speed of sound and transition from |



Gas Di scharge Energy Reactor A gas di scharge energy reactor
conpri ses a hydrogen | sotope gas filled gl ow.di scharge vacuum
chanber 300 of 20 FI GURE 8 including an ozoni zer-type capacitor, a
hydr ogen source 322 which supplies hydrogen to the chanber 300

t hrough control wiéeygess25, and a voltage and current source PCT/USIS/GIO t 0
cause current to pass between a cathode 305 and an anode 320. In
one enbodi nent conprising an ozoni zer-type 25 capaci tor gas di scharge
cell, one of the electrodes can be 1Q8; el ded by a dielectric barrier
such as glass or a ceramc nmoiety. In a preferred enbodi nent, the
cat hode further "rasdiption gong” JoureANVECLER A" hefl @sradiusapbrb%i thet el vy
mX27.21 eV to cause at osblarhyatliogie 0.7 hwith aayetmperhtore of B 10° X matches the

approximately mX48.6 eV to cause nol Lar hydroge "shrinkage"
where mis an integer (F%zaﬁpﬁg(??wgef"ftﬂrea oﬁefé’g&c)%F%ﬁegggll hYRO8 s and
coupl es described in ny previAneshes Spectroscopicpmysieryasoncensi ans infrared ed
"Ener gy/ Matter Convessi ‘ABsorpcg)ion El})a%"ghf’%e%ﬂr(ﬁ;é?h@% % a ﬁ_ﬁ%ﬁhﬁﬁpg}f

08/ 467,051 filed on June . 1995 whi.ch ,i .contlnuatjon-l
application of Serial 4.7 um cg6yvﬁoggev1ously asszgnergit 1o "Earbon monoxide
PCT/ US96/ 07949 despite the implausibility of iBGexistence in thee. obseirvdd, 040

filed on April 3, 1995 ' kaShidh C iN ] hi -9 Ak bh:
application of Serial N\(g@g%@/@e%'s?% iﬁ géarhggfh}ugugove ﬁ,lhp & gvz»mhlgcgébon
which is a continuati oninonqxide Wepld break Mpintd s, constituent cagpon and
08/ 075, 102 (Dkt. 99#87) oxygen somiuncTHis, pridhdém vdn de resolved by assignment of

conti nuation-in-part ap%é‘caro'han_“gftfg?eféﬁhré\lgg ?7/@3581419&3;@5??&“5 on

Decenber 12,1990 which is a_contindation-| n-par . cation of
Serial No. 07/345, 628 firptationg]transitiongeh a molecular,)jgn. of; lower-energy
continuation-in-part aphydeagemn The Sssigamexit. of the 4.7 umOabSerptiod3libel wd the

April 21, 1989 which are; ipeQy pURigGsition rogétﬁonai ?tfrﬁ{s’i‘ii‘&ﬁ)of .Ig[ni’c“—a%‘ﬁ,gf ed

cat hode 305 for shrinking hydrogen ons IS a Pa adi cat hode
wher eby a resonant kfer gyovidlee a resolution of the problem of cool cartbon monoxide

clouds.

Modeling how stars evolve leads to age estimates for
some stars that are greater than the age of the universe. Mills'
theory predicts that presently, stars exist which are older than

20 the elapsed time of the present expansion as stellar evolution
occurred during the contraction phase.

General Relativity provides a resolution to the problem
of the loss of angular momentum of the core which is in
agreement with the current Solar models and helioseismology

25 data. The photon transfer of momentum to expanding
spacetime mechanism provides a resolution to the solar
rotation problem of the slowly rotating Solar core.

Further stellar evidence of disproportionation reactions
is the emission of extreme ultraviolet radiation by young stars

30 called A stars. They appear to have energetic, ultraviolet-
emitting upper atmospheres, or coronas, even though
astronomers believe such stars lack the ability to heat these
regions.

Numerous late-type stars, particularly dM stars, are

35 known to flare from time to time at visible and X-ray
wavelengths. An extremely pronounced flare was observed
by the Extreme Ultraviolet Explorer (EUVE) Deep Survey



can be provided by the ionization of electrons from pall adi um - to
t he discharge current. A second preferred cathode 305 for

shrinki ng hydrogen atons conprises a source of energy hol es 1 5via

el ectron transfer to the discharge current including at |east one
~of beryllium o@p@emzesd! ati num zinc, and telluriumand a PCT/USYTMP0gen
- di ssoci ating neans such as a source of - el ectromagneti c radiation
including W |ight provided by phqiggn source 350 or a hydrogen

di ssociating materi al 20 including the transition elenents and inner
transition elerrents |ron Iat| IIadlu zi rconi .
vanadi um ni ckeeleseppe anth &WMEF“’?SEPP‘ gt aygougt °K|Ba,0 \gnesrc
Ru, Rh, ég Cd rbaterl-ﬂl.anTehatWt RaiesCencel [Boﬂyﬁr,l—g,, Beiency, Vil 268
Sm Eu, , R

char coal 2 5 (car bon)(l n&‘%ﬁferscsgg]t e?ﬂﬁhﬁn Hes lﬁ ﬂg) eigeiﬁ@h?ﬁiavmlet
react or furt herWEEﬁrﬁ?hS%‘éeda REaWaIg ﬁ?fﬁt iH|B qg léhaéfév &S%PH%ﬁ”éd
in the di scisar gEhese rspettrahdines| asdtchnhydrogenr trantitionsdtd relecizonic

el ectron donating speci O%%g% Le%%ig%quwe@ﬁfg S & fsgée corre%qgldiﬂgrﬂge”

atons (nol ecules) inclu Ssure cont

current (vol tage) sour cefraciionathquaptym numbers 2s; §WFg’é‘ inﬁgkgﬁ P&Mﬂ%‘# The
}‘Uft her conpr IhSSS a rTeanl‘iné’si)1astsiJgned to low&ﬁ-lm&tg)i leydrogérciransitions increased
ower - ener gy hydrogen su eqVe alve vent
the exotherm c shri nkag 1gma}scantly rnéal@ﬁlﬁi ?gﬁhgotr%’enﬁ éc:gee‘)c/ l[‘I [ [)Itrhlgua&e‘ll ?{'
5 I n anot her ldhboconsistendf withe @anrqnomnaa@@newns of lower-energy
reactor, the source of epgd@pefiohe Bhénnﬁ%hﬁﬂi%npfofamMﬂﬂsid @ctivity.
82?2888? particle scatteri ngPlra%%tCafr'yog(us enct "oft &sﬁ%ﬁé&%t]xgl}giﬁcﬁgns is the
87 enbodi nent emssmtafnenengycbysbmmppﬂamw.tamd &frepyy inoexaess of
\Aﬂe{e thle e?ﬁrgy hol e Coﬁ{aﬁsét%%%ed Q'n%h' i guad gﬁpﬁéﬂ @% giFantic ball of tg¥eous
photon. In the case g actor which shri nks e
phot on source 350 dllsioghﬁf%eﬂyd BH r'mdeyi %ro WMo Targely coipfifa df"

hydrogen. H; is detected from all three planets by infrared

emission spectroscopy [J. Tennyson, Physics World, July,
(1995), pp- 33-36]. Disproportionation reactions of hydrogen
yield ionizing electrons, energy, and ionized hydrogen atoms.

20 Ionizing electrons and protons can both react with molecular
hydrogen to produce Hj.

The spin/nuclear hyperfine structure transition energies
of lower-energy hydrogen match closely certain spectral lines
obtained by COBE [E. L. Wright, et. al., The Astrophysical

25 Journal, 381, (1991), pp. 200-209; J. C. Mather, et. al., The
Astrophysical Journal, 420, (1994), pp. 439-444] for which no
other satisfactory assignment exists.

Example 5.

30 Pennsylvania State University has determined excess
heat release from flowing hydrogen in the presence of ionic
hydrogen spillover catalytic material: 40% by weight
potassium nitrate (KNO3) on graphitic carbon powder with 5%
by weight 1%-Pd-on-graphitic carbon (K+/K+ electrocatalytic

35 couple) by the very accurate and reliable method of heat
measurement, thermopile conversion of heat into an electrical
output signal [Phillips, J., Shim, H., "Additional Calorimetric



5 I nto hydrogen atons. The photon source produci ng photons of at
| edst one energy of approxi mately mX27.21 eV, [err]X27.21 eV, or

40. 8eV causes stinul ated em ssion of energy as the hydrogen at ons
undergo the shrinkage reaction. I n anot her preferred enbodi nent ,
a phot on sour cewipékdaigaduci ng photons of at 10 | east one REGFAISIGOI84°
approxi mately nX48.6 eV, 95.7eV, or nmMX31. 94 eV causes stinul ated
em ssion of energy as the hydr ogqrpgrol ecul es undergo the shrinkage
reaction. I n anot her enbodi nent, a magnetic field can be

appl i ed by magpetic,field eneator? f F duge a
15 magneti zed pl asna EF Tfﬂgl?ée ggge‘éﬂ iht?grg i’ggﬁgals ﬂl%tﬂ)re% of

nonl i near medi a. Coupl |KgCatbm1egndanlCar§on’f.i danuasy 1, 1996, A cGpnfidemtialt of
the transfer of energy R@b&ﬁe@ubﬁxﬂié&% lH’ydroCatalyms' mmase@rpmﬂohhe
media is nonlinear. Thus, e reaclh R P Qntran fer @e@:ﬁ
resonance shrinkage eneP{ﬂ)’l gd By gwg*’zﬁysm axyer real o Ygljey
hol es, the el ectrocéd al CorporatsCenter;odb| Gegat Valley Parkmybd\dahmnaslyd and
control | ed by provi di ngi16; ]adJ E'fr%sgg?ower and hEH‘levPéw'él%irV@cﬂ'WfthCﬂBbﬁ#

st rengt h. one e of e nmethod of o eratlon
t he gas di schah!j@'ofgﬁér gyen él&%t‘i?rmlyﬁgrdr ESEVEL RO SBfeER
25 be introduced insi debsn‘rvedhewuhaﬂowmgOhehtmooghr ahemtcmalysalmmture Rates

325. A current sourcegy a t WS

cat hode 305 and an anode{!;?gpdi(i r“g?g’%fe 9r#a fb@% w¥ed which w%fe
whi ch conprises a dd@rc lgheremg 3{50?&“6? fom' the CSBBWG}HerPﬁ sz? 21
eV to cause atonic hydrhgdrogen efifering' the i celhge" wated, amgdr the rtatad| gnery8. 6

eV to cause nol ecul ar obsrr%vad ngl &\qﬁ.ec?lﬁh%ﬁg%agﬁgr ans?ﬁ i %@gc{egt oSl

In a preferred fons ar erred Th
el ectron donat theg caplitie smatesialntn dhe (gedl arpotRRVSDd; o (the lowest
di scharge cur r eférglyo sﬂlt@\b)de'kﬁbwngychmhml freactiomt oJElmsat ons

35 (nol ecul es). |5t he, cangake a%éa‘?a%ﬁf (thhcgmgﬂﬁhﬂgsaﬂW‘Hu?%& whigh

atons, the nol ecul ar hydro en can di ss 80{’ 0
96/ 42085 could not be explaine y conventlpegll nggg)/lmélgva

reproducibly observed.

Example 6. .

20 Excess heat from a pressurized gas energy cell having a
gaseous source of energy holes has been observed by
HydroCatalysis Power Corporation [manuscript in progress]
with low pressure hydrogen in the presence of molybdenum
iodide (Mol2) (Mq2"' electrocatalytic ion) which was volatilized

25 at the operating temperature of the cell, 210 °C. The
calorimeter was placed inside a large convection oven that
maintained the ambient temperature of the cell at the
operating temperature. The cell comprised a 40 cc stainless
steel pressure vessel that was surrounded by a 2 inch thick

30 molded ceramic thermal insulator. The cell was sealed with a
vacuum tight ﬂahge that had a two hole Buffalo gland for a
tungsten wire to dissociate molecular hydrogen, a perforation
for a Type K thermocouple, a 1/16 inch inlet for hydrogen
which was connected to a 1/4 inch stainless steel tube which

35 connected to the hydrogen supply. The flange was sealed with
a copper gasket. The bottom of the vessel had a 1/4" vacuum
port connected to a stainless steel tube with a valve between



88 hydrogen by a dissociating material on the cathode 305 or by

a Source of electromagnetic radiation including U |ight provi ded
by photon. source 350 such that the dissociated hydr ogen atons
contact a source of energy holes including a 5 nolten, liquid,
gaseous, or solyslegfedsce of the energy hol es. The aPOMIS6/07949
(nol ecul ar) hydrogen rel eases energy as its el ectrons are
stinmulated to undergo transitions to Iowerl03 energy |levels by the
energy hol es. The energy dissipated in t he di scharge current when
el ectrons are transferred from an 10 electron donating species can be

controlled to provide athe cell and 2 yaewey RBMP @ndayaquym (gauges odese chan
shrinkage energy for  ope gram oY AMRAS "cARAIFRE W4 phivedeRn) ab¥eraftiié 'wddti iiBide

th 322 h trall
(50 9o PRt e, 2R £ St el S HE R0 SRR
heat 1 5 output ctn biecahout 56r millitorn aththeroperatings temperaturei 216t °C.

I east the cathode 3G5, the B‘ikﬁ‘égeﬁzﬁresﬁﬂfé 'ofeabSitt 208CRAPSY millitorr was 60
of FIGJRE 5. The out put OV\glﬁ n _be con rolé.ed .bz &1 cogg}t)uf]eri{ﬁed
noni toring and control %@%’f mﬂu#ﬁxi Yy adjusting the sppply thrqpeh dhe inlet
controls the neans to aveémsnstthe aoveant pumped awaypat .the Thwtiétrovheral the

| ower - ener gy hydrogen gg&sgﬁ‘re was monitdixféﬂ‘)}’xfC&h@’oﬁtl_@iﬁtﬁﬁe3!99L tlhe_ VA t

t he exotherm c shrinka rﬁactlo romcomng to €qu IZ{JP@
In another enbodi ment oE3U&fe gEQr $RCh HD,the, tgijpfess € was E‘Eﬁiﬁ cluding
preferred cathode 305 ctieprMeEs pressueaimithei case of theSexpemimerital runkl udi ng

a spillover catalyst de '- hROt itorr. Pressuri zed Gas Ener gy
React or Secti on. ﬁ&rdm9 QBg\n(li)itﬁfl1létr0nérrbodi nt of %&g}gas di schar ge
energy reactor conpPe sRUIPHt gROWET Was | deterin YRR Eher ei n
t he shri nkagediffaehtenbetwsaens the ¢¢lé waperatse, amd dthehanddero wven

30 hydrogen atoms are ¢ Mé{ég%&?%ﬁt Q?ﬁ%ﬁg&gg(ﬁ RRLRCHY gd; calibration curve

hydrogen gas. In a further®e ource ]
energy holes can bd rogerrratad, by applying Rower (@ thepside of the cell with the
produces the gaseous sotundsterl filamiepy. hBxeess poserrof 4.3 waits was observed on

or couple) such as a di ﬁ%eﬂ?;t?g vy &pts@ﬁé'éeﬁrg} 1Eg|r1'e%cfi%<{195!€§sel %orﬁéin(i)n less

Klerr]/Klerr], rubidium to form anj um a orm
Ti[err]. The enbodi ment thédnprg LfsMelpyeh #%&%ﬁ@sggbwqﬁ%af the hot
gl ow di schar ge chanber fi{gstehewireo{=2060 P@).geHostdver,ano excess power was

20 observed when helium was flowed over the hot tungsten wire
or when hydrogen was flowed over the hot tungsten wire with
no Mol present in the cell. Rates of heat production were
reproducibly observed which were higher than that expected
from the conversion of all the hydrogen inside the cell to

25 water, and the total energy observed was over 30 times larger
than that expected if all the catalytic material in the cell were
converted to the lowest energy state by "known" chemical
reactions. Thus, "anomalous" heat, heat of a magnitude and
duration which could not be explained by conventional

30 chemistry, was reproducibly observed.

The gaseous contents of the reactor were monitored with
a mass spectrometer. At the time that excess energy was
produced corresponding to the case wherein hydrogen was
- flowed over the hot filament, a higher ionizing mass two

35 species was observable; wherez . during the control run
wherein hydrogen was flowed over the hot tungsten wire with
no Mol present in the cell, a higher ionizing mass two species
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89 operated at an el evated tenperature such this the source of
energy holes (electrocatalytic ion or couple) can be subli ned,

boiled, or volatilized into the gas phase. In an enbodi nent, t he
counterion of tRgosPisedee of energy holes (electrocatal ytic PCT/O596/0049 Of
couple) can be the hydride anion (H) such as rubidium hydri de
(Rb[err] electrocatalytic ion) and/or potafaiun1hydride
(K[err]/Klerr] electrocatal ytic couple). 4 In an enbodi nent,
the source of energy holes can be an el ectrocatal ytic ion or

el ectrocatal ytic coupl e Wasgol whsgrved. Thep higheri innizingomags.itvo ispedibe igas
phase wherein the cation-anion pairs are diss y e&ﬁgr a
source means 75 of FI GURssigned to the dx}wplano, malegide, 2 fi‘ rﬁzr&"‘ I
particle source 75b and/ or phot on source 75a Bior alsourdt
heat, acoustic energy, electric fields, or magnetic fields. In a
~preferred enbodi nent, 15 the cation-anion pairs are thermally

di ssoci ated by heat source 75 of FIGURE 5 or photodi ssoci ated by
phot on source 350 of FI GURE 8. Refrigerati on Means

20 A further enbodi nent of the present invention

conprises a refrigeration means which conprises the electrolytic
cell of FIGURE 6, the pressurized hydrogen gas cell of FI GURE 7,
and the hydrogen gas discharge cell of FIGURE 8 of the present

i nvention wherein a source of | ower-energy 25 atom c (nolecular)
hydrogen is supplied rather than a source of normal hydrogen. The
| ower - ener gy hydrogen atons are reacted to a higher energy state
wi th the absorption of heat -energy according to the reverse of
the catal ytic shrinkage reaction such as those given by Egs.
(4-6); (7-9); (10-12); (13- 30 15); (16-18); (48-50); (51-53);
(54-56); (57-59); (60-62), (63- 65), (66-68), (69-71), (72-74),.
and (75-77). The | ower-energy hydr ogen nol ecul es are reacted to
a higher energy state with



t he absorption of heat energy i ' it reverse of the
catal ytic shrinkage reaction Hmﬂﬂugmm&mﬂm@n by Egs. (78-80); 35
(81-83); (84-86); (88-90), anas - & bn this enbodinent,
means 101, 201 and 301 of FIGURES 6, 7, and 8, respectively,

serve to renpvavo be2ess nal hydrogen such as a sel ective PCT/YRI68EHA 2085

PCT/ US96/ 07949 ' 90 : venting val ves
. to prevent the endothermi c reaction from 105 conming to equilibrium

Conposi tions of Matter Conprising at Least Lower-Energy - 5 Hydrogen

At on(s) and/or Lower- E@Q@—Sﬁydrogen i Mol ecul e('s)

The present invention further conprises nol ecul es cont ai ni ng

| ower - ener gy hydrogen at ons - . hydr ogen can be reacted

with any atom of the pglr'i odlp‘cc%zgre%mﬁﬂfﬁgyngbr known organi ¢ or inorganic

mol ecut e or conpound or netal, & vessel eapahks ofpconsainbndut vaCYWN f or m
an organic or Inorganic or preSBu£Es| grédt&OHRANNAtAbsPRERLe; NONMEL Al |

or sem conduct or cont ai pi.n ower - ener hydr ogen, aL o nd -
nol ecul es. The react ant ?nvﬁfhe%,\%ﬁ%? -ﬂ?gﬁﬁy%%yar %‘éﬁr?‘%il ﬁ%‘é

neutral atons, 1 5 negdcrméng argpeedus tanaditdogedabadyst toxl

nol ecul ar i ons, an@aEEQ?ziﬁﬂ'Qﬁéstrékﬂiﬁiﬁﬁﬂbkea hpaBEgER S M
hydr ogen can be reacted wt matgr or. 0X %% to f&rn1ﬁ nol ecul e -
cont ai ni ng | over - e §9 FPRF Y FEAHT ]@?Sfé:g SN BT oWEPEER R AP

hydrogen can be rddcted wit thei egeygyostate ofldnimlegtironnin said 2free
nol ecul e containing helium pgRtteckancse8mer 9y hydrogen.

Lower - energy hydrogen can be“al sO reacted with netals. In . . ohe
enbodi ment of the electrolytic c8l F°B’ﬁ§?g?/¥mr%‘iﬁe,n RYQEE. in the gas o 4y
hydr ogen produced during op@hageen at the cathode can be

incorporated into the cathode by reachbffsVdd fdrmindUsaid gadeousd
nmet al - | ower - ener gy._hydrogen nmaterial c¢ap be grqpuce%. In )
_ 18 transition catalyst from said material;

and

means for contacting said gaseous
transition catalyst with said hydrogen atoms
in said vessel under conditions whereby said

20 hydrogen atoms undergo a transition to an
energy state lower than n=1 and releases
energy. '

2. A cell according to claim 1, wherein said
25 gaseous transition catalyst is adapted to
absorb a multiple of about 27 eV from said
hydrbgen atom when said hydrogen atom
undergoes said transition toc a lower energy
. state.
30
3. A cell according to claim 1, wherein said
gaseous transition catalyst is adapted to
have a resonant absorption with the energy
released by said hydrogen atom when said
35 hydrogen atom undergoes said transition to a
' lower energy state.
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all such reactions, the react| uct vyi eld are
i ncreased by appl yi ng heat, mﬂil lm Ili" Lower - ener gy
hydr ogen nol ecul es (- di hydr| no r| fied from hydrogen gas by

conbustion of the nornal 30 hydrogen Oxygen can be m xed with the
sanple to be 0 96/4208pUr i f1ed, and the sanple can be ignitedrcrusso3seond
~enbodi nent of the nethod of di hydr| no purification, the sanpl e can
be fl owed over a hydrogen reconbi ner which 106 . reacts with the nornal
hydrogen in the gas streamto form 35 water. 1In a third enbodi nent,

| ower - energy hydrogen 4. A celll ecgbvdipdi bgdriaiss)l,awbereihesaidl in a

cat hode of an el éct, | ©FCROASYqER oSt sHs e tion
cat hode o O 96 uoe 8%%% eECRPESYg s Honiphq sBECE CRYar SHET

PCT/ US96/ 07949 containing gas and meang for disassocjating

cat hode including a ni ckel catilko tydrogenc eohbai mixich qis.. The

cat hode can be heatgd in a vessel to a first terrperature whi ch
causes normal hydrogen to preferentially off gas ext er nal
heating or by flow ng & cur PeeldnpeGgreing E%t‘F?fﬂ]I’@ 4, whersinTggidior mal
hydrogen can be punped of f, ddiaicet BE hgtibogencatoms comprisebBeatiehésst to a

second hi gher tenperature at (S&'had%xQWﬂTQment %rhd a h%ﬁ? ﬁpgﬁebe rel eased

and collected. In a fourth om is purified
by cryofiltration including %ammg gas shremmu c?grh&%hﬁr& g #B% Renperature
such as gas 1010 chr omat@rapen Wohbaaﬁmgtgamteaﬂ.—emr bant(sgetewal )

col um at. liquid nitr, t |t | ch
Wil separate paraalpr’lg'%%gyt ﬁgaﬁég H%en sSuc ag’oglﬁg‘%{i&{%muna

col um, or. a HayeSep col um léOQ-l%G@dKnPFﬂogehYQ@m &3gr eontaining
wherein normal hydrogen can gie-dagi, abnasidwda ﬂéﬂﬁiﬂneﬁxhﬁabr 15 than

dihydrino. In a fifth enbodl rrent as sa by
cryodistillation wherein nor5E qilily 1%r9um an" &&ns’ and i 1n8\%éldveelrd}ﬁ

separat ed from gast®us | omercqamegypﬂyamagéﬁow “tube and edmr?a%%)gasrhe
di hydrino can be concentr at esbrdtaining stream.

6. A cell according to claim 1, wherein said
source of hydrogen atoms comprises a hydrogen
20 containing gas stream and a second catalyst
for disassociating said hydrogen containing
gas stream into free hydrogen atoms.

7. A cell according to claim 6, wherein said
25 hydrogen disassociation catalyst comprises at
least one element selected from the group of
the transition elements, lanthanides, and
activated charcoal.

30 8. A cell according to claim 1, further
comprising means for absorbing energy from
said hydrogen atom undergoing said
transitions.

35 9. A cell according to claim 1, further
comprising means for removing molecular
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l'i quefaction in |iquid hel 1 "ll ﬁﬁlllal”l EXPERI MENTAL VERI FI CATI ON
OF THE PRESENT THEORY U The article by
MIls and Good [MI s, M H“ "Fractional Quantum Energy

Level s of Hydrogen"”, Fu3| on Technol ogy, Vol. 28, No. 4, Novenber,
(1995), pp. 16S%odbéikks - describes the determ nati on ®CTAI888784%heat
rel ease during the el ectrolysis of aqueous potassi um carbonate by
the very accurate and reliable nmethabnof heat neasurenent, flow

30 calorinetry; describes the experinmental identification of
hydrogen atoms in fracti onahyfesgennhevingyaneerexgy state lowepythanos- by

X-ray Photoel ectron Spectroggapy (XPS) : . descri bes the
experinmental identification of hydrogen atons in fractional
guantum ener gy | evel s-hydrinos-by em ssions of 35 soft x-rays from

dark matter; describes tthe épedilnercarding to claim dentfufritberi on of

hydrogen ol ecul es gn fractiQpphri@4aB! HMboat or contHRII¥okC¥8hEadhingri no
nol ecul es by high resol ution 96/ 42085

PCT/ US96/ 07949 said material, and means for connectﬁﬁgngﬁ.g
sector mass spectroscopy w tﬁoatomzabnbaiaeergg said vessedet erm nation, and

gives a summary. In summary: The conpl ete theory
whi ch predicts fractional quantum er | evel s of hydrogen and

the exothernic reactiontl- & cel]«AﬁSF@E?’-P%\AE? i\ Qyy #RETEAD| 831 0duced
is given Eb sewher e Hodt lox, cBntaTher FarchdinidongpadiBesomgans for

d assi cal Quant um wa[@gﬂgg 2181 HdPer | JP AL nddbbiesBifg Company,

10 Lancaster, PA provided b tal ysi's Power porati on,
G eat VaI | ey Oor porate Center, 41 Geat Valley Par kway,
12. A cell according to claim 1, wherein said

gaseous transition catalyst is an ionic
15 compound which is resistant to hydrogen
reduction.

- 13. A cell according to. claim 1, wherein said
material is adapted to sublime, boil, or
20 become volatile when heated.

14. A cell according to claim 1, wherein said
material comprises a salt of rubidium or
potassium.

, 25

15. A cell according to claim 1, wherein said
material comprises a salt of rubidium which
is selected from the group comsisting of RDbF,

~ RbCl, RbBr, Rbl, Rb,S,, RbOH, Rb,SO,, Rb,CO;,
30 * and R b,PO,.

16. The cell according to claim 1, wherein said
material comprises a salt of potassium which
is selected from the group consisting qf KF,

35 KCl, KBr, KI, K,S,, KOH, K,S0,, K,CO,, K,PO,,
and K,GeF,.
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Mal vern, PA 19355, R MIIs; Uniti | cetinme. the For ces,
Matter, and Energy (Technom c i wa umﬂ ik Lancaster, PA,
1992)]. 15 Excess p c s W observed during the

el ectrol ysis of aqueous potassium carbonate. Flow calorinetry of
pul sed current e§¢odidzpdsysi S of aqueous potassi um carbonate PCT/US96/0U94%
ni ckel cathode was performed in a single-cell dewar. The aver age
power out of 24.6 watts exceeded the average i npsgit 20. power (voltage
times.current) of 4.73 watts by a factor greater than 5. The total
i nput energy (integrati®-of The|cekje adasyding to clatmry.emhersior sahd
entire duration of the experpied¥iawsHaldpted to prMidéM&eR;%.%r t he total
out put energy was 29.8 M. observed f?Hr:leéhe

No_excess ¢ hea{(gl V\%S
el ectrol yte was changed fronPXes5uke greater than 8 QF & Satiens sate
carbonate. The source of heafrom the group geossdating oof hiRbs) eciMafthy al yti c,

exothermic reactiong ad@e(RRY) ! Rehetl %%tiaomtehgyd{&qga:ghm are
i nduced to undergo transitions to quantized energy |evels bel ow
t he . conventional "ground state". These |ower energy states 30

correspond to fractional8qudibeceillreecording to2clding,1,lherein said

Transitions to these | ower SRSt iy 2SIt Ztl?egdaff Et {;8‘}%&?‘?{&& 3 gtag{ry?ffc the
| h

: . e
presence of pairs of potassium)ons rr]/Klerr]” el ectroc
coupl ) which provide 27.2 eSReHRR)P s@ Vapor pressure grgater than

identification of the n = 1/@ wiysh czid ateriali bs-heated35saidl/ pait Sof
reported. Sanples of the ni cggéna&?é *ﬂé‘i@x? ab188HEQYSrom the v Bﬁt assi um
a u soél u carBo

carbonate electrolytic cells an ueo mo_... lat e
electrolytic cells were anal SORRLGRANIPSL A KEBEe S1i%) . (PXAD R 4L0SS
PCT/ US96/ 07949 - (sx*, cr?*), (cx*, TH*)93 (8b*, Co*'), [Bgk,

centered at 54.6 eV was preﬁ_‘g&{)?w @+ N ihe cq ﬁlog%&pg (I(')%h' Ho™),

pot assi um car bopate_cel I s. . bl ndi ng_ener gy. yacuum . _
= 1/2) is 54.4 eV.¥hus, the“fhe&)e'tl&aff BH heddi ed 20™) ,  (As*, pHAY) ng
energies for H(n = 1/2) are {MoPexcsi'rent(shirecar@@nt, (Ag®*, Ag*), (La%,
: 'Er”), (v4+' B"), (Fe:u' Tia’), {c°z+' TiY),
(Bi%*, zn*), (as®*, Dy™), (Ho*,.Mg*), (K*,
Rb*), (cr®*, pr*), (sr*, Fe®), (Ni?*', cu*),
20 (sx*, Mo*), (Y, Zr*), (Ccd*, Ba®*), (Ho*,
sz.,)’ (szo‘ Li*), (Eu”,. Mg"'), (Bx3*, Mg’*),
(Bi", A13+,)'- (Ca”, Sm3*), (v3o’ La:h)' (Gda',
cr?), (Mn*, Ti*), (¥Yb*, Fe®), Ni**, Ag"),
(Z2n*, Yb*), (Se*, sn*), (Sb*, Bi?*}, and
25 (Bu®*, Pb*).

H(n

19. A cell according to claim 1, wherein said
material comprises a salt which can be
vaporized or volatized into ions.

30
20. A cell according to claim 19, wherein said
. salt comprises one or more cations and at
least one anion selected from the ‘group
consisting of halides, sulfates, phosphates,
35 carbonates, hydroxide, and sulfides.
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5 Furt her experinental ydri nos-down to |
Hih = 1/8)-can be found in the afu“m“lmn)wmu ation by ~Mlls
et. al. for the soft X-ray emissiofis 6f thd ddrk”interstellar

medi um observed by Labov and Bowyer [S. Labov and S. Bowyer,

Ast rophysi cal dggbgiadess 371 (1991) 810] of the 10 Ext r e PETIS9EATMOer
of the University of California, Berkeley. The agreenent bet ween
t he experinental spectrum and the engpgy val ues predicted for the
proposed transitions is remar kabl e. The reaction

product of two H(n=1/2)2atong, cele accoxilinglitioydladm Avl wivetetin veesid
identified by mass spectroscQE¥ns for form:. rszaqgr g\gg&yélgfén Gygsul ting
Laboratories). The mass ectrumqg he crg&ﬂl | tered gases

evol ved during the C%F%Bﬁ‘g %C/@?‘% %?flda“ﬁt&ﬁf‘ ‘F‘é‘FP’F@f%‘?sr 13 err]
electrolyte with a ni ckel least one:admmaujemmtmhehleadnaéném di hydri no

nol ecul e, H[err](n E 0 ﬁ%g_r Vs about
63 eV, than nornal ecu ar d:Hé'gg%rtlEZ?hégé%')% 4%'ev The
hi gh resol ution . (Of%ldAl\m; wagneticc fdedfor nmss spectroscopic
anal ysi s of the postconbustion gases indicated the presence of
two peaks m nal e n t eV. The
2 5 sanme anal ysis of m)?gculgrc%f%rogen %.Tng(?:o \éﬁgﬂ@ er?&aé&rg sa%.%

at 25 eV and one peak at 70 %@teti\al Hes @dapted tReprovide gasﬁma @&emgst i on
sanple at 70 eV, one peak Vaga 88 shetiesl fisr iftrming said tFasngiesn nol ecul ar

I on peak, Herr] (n = and_on e SSI as t he
di hydrino nol ecul ar peak H[%?E f’(& %ermﬁoq?nsmg %és 251 ghtly

| ar ger magnetic nonent. 10111211195)@%1 @aseous atoms to form |saidhe
January 1994 edition of Fumggsggggmgﬂ-gg%t,[dﬂ |da$.alyst. R, Good, W,
Shaubach, R, "D hydrino Ml ecule Identification' 35 Fusion

Technol ogy, 25, 103 (1994)] MIls et al. review and present three

sets of data of hedB pr @duct Aorebhdrceestting to claim 1, further
PCT/ US96/ 07949 WO 96/ 42085 comprising means for heating said material,
wherein said material is adapted to provide
gaseous atom when ‘said material is heated,
and said means for forming said transition
20 catalyst comprising means for ionizing said
gaseous atoms.

24. A cell according to claim 1, wherein said
material comprises a filament which when
25 active forms said gaseous transition
catalyst.

25. A cell according to claim 1, wherein said
means for forming said gaseous transition
30 catalyst comprises a filament and said
material is coated on said filament.

26. A cell according to claim 11, wherein said
material is adapted to provide gaseous atoms
35 when heated, and said means for forming said
transition catalyst comprising means for
ionizing said gaseous atoms.
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94 I dentifi cét i on i ncl ydi rk of HydroCat al ysi s Power
Cor poration (Experinments #1-#3) Hﬁﬂﬂh mmﬁ (Experinents
# 4-#14). 5 In summary: g Is et al. report the

experinmental evidence supporting the MIls theory that an

exot herm ¢ reaGyhQEsfagsUr s wherein the el ectrons of kgwsesemat ons
and deuterium atons are stinulated to relax to quantized potenti al
energy | evel s bel ow 10 that of the "groygpg state" via el ectrochem cal
reactants Klerr] and -Klerr]; Pd[err] and Li[err], or Pd and Jerr]
of redox energy resonazt.w hhcell according ewecdgpiliole, wihedteist isaildat es
this transition. Cal or i'nRLE¥rial compncgest)lél $89¢CYRE é)OﬂtI nuous
el ectrol ysis of aqueous ot assi u car ate (gigrr Klerr]

el ectrocatal ytic couple) at VEPAFL or v FrBEI% Sperforned. The

excess power out of 41 watts exceeded the total input power given
DY e Product of W1 a5, n cefl SLAIIBIS ORAAIR #)deaunhgn! by o Tactor
havi ng el ectrons F°@B§?~§§'n$)e4 denneactdveyaas svagxeinytihen are
predicted to 20 form ﬁaheeuieSconﬂtﬁwdewycbeﬁtﬂalmg &he/\&imdunt

I dentified by I ackogf séggcﬁ‘%ﬁlﬁ vte ggéygen by separation from
nol ecul ar deut eri um by CFyo | on,°> and by nass spectroscopic

anal ysi s. The conbustion of t he gases evol ved during the

2I 5 elect rlol ysi s 1af thl)gi_g_hh wura&{:@fdﬂr@qtgf cllaghet| rwhestein iagmr] / Kl err]
el ectrocatal ytic couple) wi et e,

The mass spectroscopi ¢ anal gcgmgfe%&%i%% %cﬁ%e cﬁﬁéeé% means | e, )
of unconbusted gases dermnsipﬁt pyrolysis inf §p’é‘é’9§§l’b°ns or wat@redoni nant ly
giving rise to the me = 2 peak nust have a .30 different mMe =1 to

e = 2 production effl | e Al thefurther
mass spectroscopi ¢ anal §9§| S oFeEEeaCCOrdmg torﬂl'g 1% B%e %‘%ﬁ
unconbust ed gas défonstr at egelhacompreises an 1nteéfﬂh9ﬁd¢¢wmcex:mme

Herr](n = 1/2), has a hi ghey1iagezation . energy than Herr].
35 According to the analysis 1 [err] MIls et al. of the raw data,
Mles of the China Lake Naval Air Warfare Center Wapons Di vi si on

observed the di deutrindinol dcgrdlaaceoxding & wlahmal, further
comprising a means for controlling a power
20 output of said cell, said power output
controlling means comprising means for
controlling the amount of said gaseous
transition catalyst or said hydrogen atoms.

25 32. A cell according to claim 31, wherein said
means for controlling the amount of said
. gaseous transition catalyst comprises means
for controlling the temperature of said cell,
wherein said material is adapted to have a
30 vapor pressure dependent upon the temperature
of said cell.

33. A cell according to claim 10, further
comprising means for controlling a power
35 output of said cell, said power output
controlling means comprising means for
controlling the temperature in said boat or

is Sheet Has Been Replaced
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potential than nornmal nol ecul ar deut erl um mass
spectroscopy to analyze the cryofiltered gases evol ved from
excess power prywgugigigs el ectrolysis cells (palladium 5 PCINISLETI4INd a
LiO)Dlerr]O electrolyte; an electrocatal ytic couple of 27.54
eV). [B. F. BUSH J. J. LAGONSKI, M H MLES, 1and G S. OSTROM
"Hel i um Production During the Electrolysis of D20 in Cold Fusion

Experi ments", J. El ectroanalcor@iaimer,3@her2in said materiglods) adepted

'MLES, B. F. BUSH G S. OSTROMaw& ¥a ressfire ééggﬁ@ﬂﬂb tnand
Hel i um Production in CO|dFSIOa pbr ' up%ﬁ

efingnts Prac. "Conf. The
Sci ence of Cold Fusion, Comp-eWperature of g 8 gﬁ%ﬁ % CRANRLReTo9) .

363, T- BRESSANI, E. DEL G UDI CE, and G PREPARATA, Eds., SIF
(1991); M H MLES; Rg3s, a cell %cdégdlibﬁstoBclglmB}iushEreén ltﬁgﬂ/\SKl
and R E. J. MLES, 15 "Correlati,on Excess Powey

Producti on During Uy ot /pig @WF}F@EPeﬁ??‘Fﬁ Vi coptredled

Pal | adi um Cat hodes", J. by conﬂidoa.d.tmgamle fﬂmnbf BAodeh (at%a) M H
M LES and B. F. BUSH, %%d&%?eﬁn IEé% ects Invol ving
Excess Power and Fumh err olysis Using

Pal | adi um Cat hodes, " 20 Proc. 3rd Int. Conf. Ool d Fusion, Nagoya,
Japan, Cctober 21-2b6, 35. A celllWRorxr@ingB88p. claim 5 further Pall adi um

sheets coated on one side Wé&?arwr%ﬁgféjge%eans for comn g‘g?l;t B&&Lg | ayer

and coated on the other surf err],
Al err], Sigerr]) were de®dRuimad siid 664, saldmowabmuét NTT
Laboratories. Heat was obsera@stddlaing gi&hnandompnsmg meadn@avy hydrogen

only when the m xed oxi de coat Waﬁrs]ozpr%ﬂ%'}olllng BB? ﬂcngdgqu%rlE]

el ectrocatal ytic couple). The hi resol utiron
quadr apol e mass spkBt roscopll@ym%|°§n6ﬁlﬂhégga§§swer at 1ea5tr Qneagéd

when a current was applied tgafd dfitf Fillaient?. BI04 tungstéh clagadiaryho[ err]
coat ed pal | adi um sheet i ndi Cl?t S t&qﬁ}preti%%%%n i:o@ﬁardment or saége shoul der

on the Derr] peak which M assi I'deutri no
mol ecule, Derr](n = 1/2). [@dum@@mpoa@aeﬁ plasma flow tube; or .

for controlling the power dissipated in
20 said inductively coupled plasma flow tube; or
for controlling a temperature of said
hot filament or said tungsten capillary
heated by electron bombardment; or
for controlling the pressure of hydrogen
25 and temperature of said hydride maintained
under nonequilibrium conditions.

36. A cell according to claim 1, further
comprising means for controlling a power
30 output of said cell, said power output
controlling means comprising means for
monitoring the quantity of said released
energy.

35 37. A cell according to claim 1, further

comprising means for controlling a power
output of said cell, said power output

i
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Nagoya, Japan, October 21-25, 1992, GUCHI and T.
NI SHI OKA, "Helium 4 Production from Deuterated - WD 96/ 42085

Nl SHI OKA, "Direct Evidence for Nucl ' [ fons in
Deut erated Pall adium"™ Proc. 3rd Irﬁm Hﬂ"@i I i on,, 35
P. cl/Y; k.
96

- PCT/ US96/ 07949 wo 96/42085 POLUSSOTM at
Low Energies," NIT Basic Research Laboratories and | MRA Europe S.
A., Personal Communication (1992)]. Baanpl e 3. 5
Pennsyl vania State University has get erm ned excess . heat rel ease
fromflowi ng hydrogen in t hEOBESLALBI RS (PIPTising a GompUteBifRT

containing strontium ni obi'umomiitdei(xglband&éhtrol- systemelwhdthomeh bl ots C
couple) by the very accurat Pata'i_@aéﬁl ?ﬂﬁlegf a thelxgnisr&rrbogg%&é?ec ter,

measur enent, thernopile conversion o t into rical
output signal [Phillips, J.°¥ Sa@aFBrPRategEaph. | nvestigation of the
Reacti on of Hydrogem with Sanple PSU #1", Septenber 11, 1994, A

Confidential Report subygtted t |,s we. r poration
provi ded by HydroCat al %‘s ' nkhoa Bgm%:ft%%%%%t%#&&ggy {%%)%ien
Corporate Center, 41 G eat atomg sopprisingsthevgtepshiofern, PA 19355].

Excess power and heat Webgabhaehy esl whtdrild10¢onGobids Ogeseier the
cat al yst which I ncreased \£/| th iagc%ﬁ?aﬁj ng flow rate. However, no
excess pover was ofFEPTAERP ReFR f helium over the

cat al yst/ ni ckel ox3@e ni xture or prpvhiibng hyyixogen atomsni akél 20 oxide
al one. As shown in FIGURE 9, appcextdBtehy ddid Gadleous transifi&kel oxide
powder containing strontiumni ogi%é oxpde ... i mredi at el roduced
0.55 Wof steady state out pfH E]ﬂi"{"g said hydé’?\?e[ne?‘g?ﬁs V%%%the gas
was swi tched from hydrogen tepnddrions whereby saide hydwegennaeahnat el y
dropped. The switch back to n4d+88CR trandPtidfHP el ehBSgP*EESEe PONRIT
out put whi ch contlféued to ingrease a untj | trie hggrggen so,u({ce
cylinder enptied at>about t n n=1 and energy is releas om sai

hydrogen atoms, wherein n is the energy state

of an electron in a free hydrogen atom and

- said gaseous transition catalyst is a
catalyst for catalyzing the transition of
20 hydrogen to an energy state lower than n=1.

39. A method according to claim 38, wherein said
step of providing hydrogen atoms comprises
the step of disassociating a hydrogen

25 containing.gas intoc hydrogen atoms.

40. A method according to claim 38, wherein said
step of providing hydrogen atoms comprises at
least one of passing a hydrogen containing

30 gas over a hot filament, passing a hydrogen

' containing gas over a hot grid, passing a

hydrogen containing gas through a tungsten
capillary heated by electron bombardment to
'1800-2000 K, or maintaining a hydride under

35 nonequilibrium conditions, or passing a
hydrogen containing gas through an
inductively coupled plasma flow tube.



40, 000 second tinme point. Wth no h ut put power
fell to zero. The soﬂ ﬂﬂaﬂu yLe ﬂy25|gned to the
r eby

el ectrocatal yti c, 30 exotherm c *redactronm t he el ectrons of
hydr ogen at ons are induced to undergo transitions to quant i zed
energy |levels WO09%/42085bel ow t he conventional "ground state". r
ener gy states correspond to fractional quantum nunbers: n = 1/2,
/3, 1/4, ... Transitions to these | ower enefdy states are 35

stinulated in the prese s.of _niohi umand.stro u . j ons
(Nb[err]/Sr[err] elect rggat a%‘yﬁ%%ﬁ%%u?ﬁ’c 19‘%1 %r‘%%F&?f-ﬂeQ% @’%’(}nn said
energy si nks. WO 96/ abepsof prov1d1ng hydrogen atoms comprlses

PCT/ US96/ 07949 cont:act:. g hydro en cgﬁta:.m.ng gas wz@ﬁ?‘@' e 4.

The article in the Spectral Data
Interstel l ar Medi um and fronPEHE® u?]a Efq:o% Bt %IWFﬁgoc"atm% Sa% Ils, R,

The Grand Unified Theory of hkydzegem|carkaining gas streawemmmme(w%),
Technomi ¢ Publ i shing Conpanypy8a88&st&oms. PA] describes the
experinental identification o¥ hydr ogen atons in fractional
guantum ener gy | evel s- hydri nos- by ' em ssions of soft X-rays from
dark matter and the Sung2. A dethodrascaoting ltesclaiinomatonhéneeﬁolmd

Neutrino Problem the segﬁgpﬂﬁﬂﬁdﬁ dalta1 g %‘&Lﬂg Probl em

t he Broadeni ng of {gdro en 911.8A Lin
Tenperature of thel® ““ﬁ“é ahaith 218V FB'H ﬁﬂf@" X‘Bmgen

"Convection Zone" Problem when said tlysd¥dyen Gavhenuhiesys deaid ouds

Problem the Stellar Age tr&néhtfﬁwg t&grs%b% Q_Fo;@é&é)n Probl em the

Sol ar Fl are Probl em e problem of ONrzrng energy

source of hydrogen pl anets, and describes the experinental
i dentification of 23. RAydeensd adesEdiny ftba@ubﬂﬁaia AU £ R Y
evel's- yr i nos- by 3BLAL MELSH e P FaklalGat! LH ALK A LT 0N

have a resonant absorption with the energy
released by said hydrogen atoms when said
hydrogen atoms undergo said transition to a
. lower energy state.
20
: 44. A method according to claim 38, further
comprising the steps of conducting said
method in a cell comprising a vessel having
the capability of containing a vacuum or
25 pressure greater than atmospheric.

45. A method according to claim 38, further
comprising the step of controlling a power
output of said cell.

30
) 46. A method according to claim 45, wherein said
step of controlling a power output of said
cell includes controlling a flow of hydrogen
atoms into said cell.
35



20 energies obtained by COBE for atlsfactory
assi gnnment exi sts. l ’Inlﬁﬂ m" As shown in Table

1 MIls [MIls, R, The Gand Un|P1ed L B#5 s Theory of Cassical Quantum

Mechani cs, (1995), Technom c ' Publ i shi ng Conpany, Lancaster, PA),
hydr ogen transi igvefazds® el ectronic energy levels be [PET/USHR07949
"ground" state corresponding to fractional quantum nunbers

predi cted by MIls'" theory match thaiapectral |ines of the
extrene 30 ultraviolet background of interstellar space. And,

hydr ogen di sg7epodt merhed orceRERIND P Flain B8ni F@EEhRAr ogen,
energetic el ect r'opsmpa08ihy 0f N6 ast 0 2 abgorBihat s24a Thi s

assi gnnent resol ves the $ %@%%iVOf the identity of dark nmatter
and accounts for ﬁ“ﬁﬂl e observations such as: diffuse
Herr] 35 emssionis ub| qwtous t hroughout the Gal axy, and

wi despr ead 5 S%rceﬁ ﬂ&tﬁbaxaéé@faw dcd)fclai& Aaar fuFExuy r ed

[ Labov, S., Bowyer 8 ctral q{vatlons of 1he .extrene

ul travi ol et WO 96/4§8§8r151n the step of removing molecular

PCT/ US96/ 07949 hydrogen having an energ¥ state lowepaddlegy ound",
The Astrophysical Journal, ? (1991), pp. 810- 819] .

Furt her experinental identi i cation of hydri nos-down to ' Hn =
1/8)-can be found in the alternative explanation by 5 MIls for the

soft X-ray em ssi a ofsad.headmekhodt acstordimg to claim 3Rpdwhersisdtheed by
Labov and Bowyer [S. Labov %Qgp %f( volat;zz@%%ateéih&oi?ayﬁéﬁﬁ“ aJournal,

371 (1991) 810] of the nt er versity of
Cal i fornia, Berkeley. gasepng Eﬁ?%%hiﬁﬁntﬁiqﬂégﬁttﬁ@mgiﬁ@??
spectrum and the 10 enetgpsvafueel@tmm exhifdomatkeipl opo Simkm
transitions iIs 2K3BLE atoms and iocnizinl18aRa’ §égEce the
paucity of sol ar qﬁgtrlnos % account

atoms.

50. A method of making hydrihos comprising the
steps of:
volatizing a material to form a gaseous
20 transition catalyst;
forming hydrogen atoms; and
contacting said gaseous transition
catalyst with said hydrogen atoms under
conditions whereby said hydrogen atoms
25 undergo a transition to an energy state lower
than n=1 and energy is released from said
hydrogen atoms to thereby form said hydrinos,
wherein n is the energy state of an electron
in a free hydrogen atom and said gaseous
30 transition catalyst is a catalyst for
catalyzing the transition of hydrogen to an
energy state lower than n=1.

51. A method according to claim 50, further
35 comprising the steps of collecting and
purifying said hydrinos.



for the solar energy output by the pp chain is resolved by
assigning a major portion of the solar output to | ower-energy 15
hydrogen transitions. The photosphere of the Sun is 6000 K;

whereas, the tenperature of the corona based on the assi gnnment of
the enitted X‘kg Jogs hi ghl'y ionized heavy el enent sSPECHUSROBR o5
of 10[err] K satlsfactory pomer transfer mechani smis known
whi ch expl ains the excessive gygrature of the corona relative to
t hat of the photosphere. The parddox is resolved by the existence
of a power source aSSOCIated with the corona. The energy which
mai nt ai ns the corona at a tenperature in excess of 10[err] Kis
that rel eased by g%spkoportlonatlon reactions of | ower-energy
hydr ogen as 25 gi ven (13-15). In Table 2 of MIIs, the energy
rel eased by the transition of the hydrino atomwith the initia
| owner - energy state quantum nunber p and radius [err] to the
state wi th | ower-energy st%; v;}uantum nunber (p+m and radi us
[err] - catalyzed by a hydrino aton1mnﬂh he initial |lowlBr- ¥ 30
energy state quantum number —=—+f+t+ad —fadi us  [err],r end i Redm——
radius [err] are given in consecutive_gggqrof_anergy frgn1th

1-> 1/2H transition to the 1/9->1/10 H % sition The agr eement
bet ween the cal cul ated and the experi rrental \/aPueg %9s renarkabl e.
Furthermore, many of the |ines of Table4 35 Z'had‘nozprgvbous

assi gnnent, or the aSS|gnnent was WO 96/ 42085

PCT/ US96/ 07949 : 99

unsati sfactory [Thomas, R J., Neupert. W], M, Astrophysi cal
Jour nal Supplement Series, Vol. 91, (1994)], pp. 461-483;
Mal i novsky, M, Heroux, L., Astrophysical (Journal, Vol .} 181,
(1973), pp. 1009-1030; Noyes. R, The Sun,} Qur Star, Hgrvard

-13.6 1 2,
V% ~
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5 University Press, Canbridge, MA, (1982), p.172: Phillips, J. H.,

Quide to the Sun, Canbridge University Press, Canbridge, G eat
Britain, (1992), pp. 118-119; 120-121; 144-145]. The cal cul at ed
power of 4X10[ err] Wmat ches the observed power out put of 4 X
1026W 10 942085 The broadening of the solar H 911.8A | {PRENUSICNTI4I (
911.8 Ato = 68’(?/&’? I's six times that. predicted based on the

thermal el ectron energy at the surface o2/%he photosphere (T=
6,000 K) where the HI 911.8 A continuum origi nates, and based on
the relative width of the heliumcontinuumlines, 15 Hel 504. 3A (He |
504. 3Ato =530A) and He.ll  227.9A (He Il 227.9 A to =225 A)

[ Thomas, R J. Neupert, W, M, Ast r ophysi cal Journal Suppl enent

Series, Vol. 91, (1994), pp. FI 2 461-482; Stix, M, The Sun,
Springer-Verlag, Berlin, (1991), Gp%RE 351 356 Mal m@a&ky, M,
Her oux, L.. Astrophysical Journal, (197 3) Nudbgar
1009-1030; Noyes. R, The Sun, Qur St ar, Qrvard ©hArgersity
Press,+« Canbri dge. MA, (1982), p. 174 s, J. H, Quide to
t he Sun, Canbridge Unidversity Presj, Canbri dye, Geat Britain,

(1992), pp. 118-119; 9020-121; 144- 145]. Thellatter, |iney are
proportionally nmuch narrower; yet, 25 the correspgndi ng "té?’rperctures
of origin nust be higlger bechuse the transitifons are nore
energetic. FurthernoRe, the i mline of th
spectrum of a prom nefice is abQut one hal f/the width of tRe sane
line of the quiet Sun'r: Absorptios pect r um e tenperature risgs to
greater than 10, 000 K~I"= 3®f inja prominence. The problem of the
anomal ous spectral ' Phatemt Bre of the i ve broadening of {thg,
conti nuum | ine of S5 hydr ogen to hi her eneNgi es can be resoljved by
assi gnnment of %|> the broadgning hani sm to\energetic
di sproportionation < reacfi ons invol ving hydrogen atem as
reactants. 35 . The refction pyoduct, |oyer-energy hydrogen,
can be rendit zed as it fs diffudes to'war the center of fihe
Sun. The abrupt change §n the spe®d ound and transitTon from
WO 96/ 42085 N PCT/ US96/ 07949
Normal
> Ground mwsss—) +1
- State
o
]
,‘ —_
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|
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100 "radi ati on zone" to "convection zone" at a radius of 0.7 the
solar radius, O0.7Rlerr], with a tenperature of 2 X 10[err] K matches the
ioni zation tenperature of |ower-energy hydrogen. Anot her
spectroscopi c nystery concerns an infrared 5 absorptign &s@qv% t he
chronosphere afyoehsoss! ength of 4.7 [err]n1mh|ch ously
assi gned to carbon nonoxi de. " dogpite the inplausibility of its

exi stence in the observed region which has a tenperature above
that at which carbon nonoxi de woul d break up into its constituent
carbon and 10 oxygen atons. This problem can be resol ved by assignnent
of the broad 4.7 [err]n1feature to a tenperature broadened
rotational transition of a nolecular ion of |ower-energy

hydrogen. The assFHRURE 2of the 4.7 [err]mabsorption line to the

J=0 tqQ J=1 transition rotational transition of Herr][2c' =3[err]][err]

1 5 provides a resolutipmof—the proprent of Ccoot—car bonm nonoxr de

cl ouds. Mpdel i ng how stars evol ve | eads to age estirates for
sone stars that are greafjer than the age of the universe. MIIs'

theory predicts that pr@pentl stars exi st which are ol der than 20

the el apsed tinme of the present nsion as stellar evol utHeH* :
occurred during the dét [ract g pitase: -1 M?\ﬁ%
provi des a resolution to thew | of the | osg BfrHngullar
nmonent um of the core 3 ph=rs\ri— —mgeeent. W che car rgrt 891 ar

nodel s and hel i osgj snol opy 25 data] The jphoton transfer of, njmentum

t o expandi ng % -5®&pacet i mechanism prdvi des a resaol T _t he

sol ar rgfati on} proble ating Solar corej{11.0
Further stellar eBddd®e|of o SPT Tt T ot rEacrrons T 's t he
.em ssion of extred ultrhviolet radfatidn by joung stars 30 cqlled A
stars. They appeagito hajye energetik, ultravidlet- emttijng upper
at nospheres, or coronas,{even though | | astrononers believelsuch
stars lack the abilityoep heat thesp | | regions.  pgeope

Nurmer ous | ate-type stars|{ pagticulally dMs > F—SremperroT-it O
flare fromtinme to tinme ht vigible hn ay wavel engt hs.| { 1819
extrenmel y pronounceds z?lga-_e - edl L __ by the Fxtreme. il

U

I

L
U traviol et Explorer VE) Deepl Sulveyl +|

2

-150 . ! .
o T 1 T

v2a, V2 aq

2 - Internuclear Distance (a o)




WO 96/ 42085 PCT/ US96/ 07949
101 tel escope on the star AU M croscopii at a count of 20 tines
greater than that at quiescence [Bower, S., Science, Vol. 263,
(1994), pp. 55-59]. Emission lines in the extreme ultraviol et
wer e observed fwwooedr2083 there is no satisfactory assignnent. PCI/US9&07949
These spectral |lines match hydrogen transitions to electronic
energy | evels below the "ground" state coﬁ/gspondLng to
fracti onal quantum nunbers as shown in Table 3 of M:lls. The
| i nes assigned to | ower-energy hydrogen transitions increased
significantly in i ntFIGURE 4uring the flare event.. The data is 10
consistent with disproportionation reactions of |ower-energy
hydrogen as the nechani gm solar flare activity.
Pl anet &ry evi dence of digb oportionation reactions is the
em ssion of energy by guepjter, Saturn, and Uranus in excess of n .
t hat absorbed fromthe g:k Jupiter is gigantic ball of gaseous(:; %CS
hydrogen. Saturn and Urahus are also | aLge hae
hydrogen. . Herr] is detected fromag t hree pl ané
em ssion spectroscopy [J.] Tennysopr Physics Wrld, Ju
pp. 33-36]. Disproportionjation rgacti ons of hydrogen
ionizing el ectrons, enerqy, andf/ionized hydrogen atons.
el ectrons and protonsgdZarf=both [{eacg w th nol ecul ar ° ﬁdrogqik
produce Herr]. The spin/ nucl ear hypérfjne stTjuét uret< o
‘transition energies | ower - ener gy hydrogen /mat ch %Iosely

H

onpri sed of
by infrarep

(1995),
yield
201 lonizing

t, et. al.,

~certain spectral lines pbt ai ned by COBE [E. /L. Wig
The Astrophysi cal 45 Journal N\381, (1991) p~~ 200- 209; J. C.
Mat her, et. al., The Ast r opNySi-¢ ; 420, (1994), pp.
439-444] for which no ,J/' ot her satlsfactory assi gnment Jexi sts.
Exanpl e 5. 30 Pennsyl vani a State Uni versity has\égéernlned
excess heat | ease from flowi ng hydrogen in the phesence of
i onic hydr ogeg spillover cata mat eri al : 40@6byrhe|ght
129 J1/2 2 a,
) 2
\
N\

Yoo N 3
' NN
512 @ __\1/4 \Z a,
4
v
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800 - @ U5 2 a,




potassiumnitrate (KN(Jerr]) on graphitic carbon powder with 5%
by wei ght 1% Pd-on-graphitic carbon (Klerr]/Klerr] electrocatal ytic

35

measur enent, thernopile conversion o

f heat

couple) by the very accurate and reliable nmethod of heat

into an el ectrical

out put signal [Wibodddedss, J., Shim H., "Additional Cal orimetrPEI/USS6NT4 WO
96/ 42085 5/9 PCT/ US96/ 07949
102 Exanpl es of Anonal ous Heat 1/rom Physi cal M xtures of
K/ Car bon and Pd/ Carbon", January 1, 1996, A Confidenti al Repor t
submtted to HydroCatal ysis Power Corporation provi ded by
Hydr oCat al ysi s Power Corporation, Geat Valley 5 Corporate Center, 41
Great Valley Parkway, Ml vern, PA 19355] . Excess power and heat
were observed with fllowhng drogen over the catal yst. However, no
excess: power was 2 1 ops d i, flowing heliumover the catalyst
m xture. Rates s he r tton were reproddci bly observed which
wer e 10 hi gher th& t&%at e frop-t-he—coepver®i on of all the
hydrogén entering th¢ €elfid]q e d He tot observed
was over four tines Iaﬂgem H h pedgtjed i I the catal ytic
material in the cell jwerdquepr eog energy state by
"known" chemi cal rea :t.ig'ors}' T a heat of a
‘magni tude and durati ¢n i<h 8- ai ngd by
conventional chemi st v% » _ : w
Exanpl e 6. 20 K geat fromfja pr i ged/gqs ener cel |
havi ng a gasko SQOur'c.e f gnergy ee bservexd by
Hydr oCat al ysi s Power gpor ati on Huscri pt—TTmprogress] with | ow
pressure hydrogen in|the presekke nmol ybdenum i odi de (ll'%‘bl [err])
(Mo[err] electrocatalytic 'ion) whisah {was volatilizé) 25 at the
operating tenperaturé¢ of the cel I?:uglro [err]C. The -
ag T~ &
o a a0 : s b
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calorineter was placed inside a | arge convection oven that

mat nt ai ned the anbient tenperature of the cell at the operating
tenperature. The cell conprised a 40 cc stainless steel pressure
vessel that was surrounded by a 2 inch thick 30 nol ded ceram c therna
i nsul ator. The &wb96/42088 sealed with a vacuum ti ght f|srgesokrdls had
a two hole Buffalo gland for a tungsten wire to dissociate

nol ecul ar hydrogen, a perforation - 6/8 a Type K thernocouple, a -

1/ 16 inch inlet Rigr&hydr ogen whi ch was connected to a 1/4 inch
stai nl ess steel tube which 35 connected to the hydrogen supply. The
fl ange was sealed with ' a copper gasket. .The bottom of the vesse
had a 1/4" vacuum port connected to a stainless steel tube with a
val ve between WD 96/ 42085

PCT/ US96/ 07949 103 and

a vacuum punp and vacuum gauge. Less than one gram of

catal yst was pl aced ) c_boat inside {he vess

vapor pressure ¢f Hqg t s eqti mated to be 145
mllitorr at thg i nﬂﬁ?ature 210 [err] C 5 TH¢ P
pressure of abogt 200 i tonfr wWas M2controll (5 ally by
adj usting the sqppl =t=tre i n| 4801 ersus the ar

away at the outllet wher pr } .

tube by the vacfum gaug ach fu the total pn

made (i ncl udi ng the Mol [ gssueli he case of tlhe

milji r. The

di fference jbet ween fhe
’ ""'-"wstre-mp.e#-a,t.-u-n.e,a.u_dlc r{ng

14215 generpted by applylﬁb powe}j to

experimental run) . preci e
out put power was determ ned by measyiri ng
‘cell tenperature and the anbi ent ovén
the result to a calibration curve

the inside of the cell with the 121 tungstep filament. HExceds pojer
of 0.3 watts was observed fromjt he YO cg stainless gteel reaEtion
vessel containing |ess than 1 g of | [Erri02vhen hydr oggn wa

fl owed over the hot

|

114 \\\JOO
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tungsten wire (= 2000 [err]C). However, no excess power was 20
opserved when heliumwas flowed over the hot tungsten wire or
when hydrogen was fl owed over the hot tungsten wire with no

Mol [err] present in the cell. Rates of heat production were

reproduci bl y oRgekxses Whi ch were higher than that expected PCT/USIO®, om,
the conversion of all the hydrogen insi? the cell to 25 water, and
the total energy observed was over 30 { s larger t han t hat
expected if all the catalytic material in the cell were converted
to the | owest energy state by "known" chemi cal reactions. Thus,
"anomal ous" heat,g@eg? of " a magni tude and duration which could
not be expl ai ned by“conventi onal 3 0 chemstry, was reproducibly
observed. The gaseous contents of the reactor were -
monitored with a mass spectroneterf AT The tTTE TAat —eXjcess

ener gy was produced corresponding fo the case wherein ﬂydrogen
was fl oned over the hot filanent, hi gher ionizing mags two

3 5 species was observabl e; whereas, dupggg} €88 control run
wher ei n hydrogen was fl owed over the hot tungsten wire with no
Mol [err] present in the cell, a higher ioni\z} ngt nass two species
105 . A cmé for gxtracting
energy from hydrogen atong g cont ai nijng gaseous
hydrogen atons and a gase al.py of rgact.ion of
about 27 * (p/2) eR4vnerg an 1 nteger greal han<f) wherel}y said
hydrogen atons react W j4 d catal yst in said sl at a presqure |ess

t han at nospheric, there

havi ng a bi ndi ng. energy of

Pasi ng energy and ¥ ng hydrogerj at ons
put E[err] = 13.6/rj@erf] eV, where nis a

fracti on whose nunerat or

2. A cell according2b®

A I
pri sing: a réﬂc%ﬁ
at al yst havi ng a

and denom nator i J@antinteger greatler than 1.
wherein said gag catal yst|is adppted to

sublinme, boil, or volatgiéz en heat ed. — 225
33 230
200
220
223
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3. Acell according to claim1 or claim2, wherein said gaseous catalyst is
formed froma salt of rubidiumor potassium 4. A cell according to claim
3, wherein said salt of potassiumis KF, KCI, KBr, KI, Kl err]S[err], KOCH,
Klerr]SOerr], Klerr]CJerr], K err]PJerr], and Kl err]GeF[err]. 5. A
cell according wossas% 1 or claim?2, wherein said gaseous catedtyissos/o7949
conprises a cation having a vapor pressure greater than zero when said
gaseous catal yst is heated, said cation being (K err]), (Rb[err]),
(Mo[err]), or (Ti[err]). 8/9

106 6. A cell according to claim1l1 or claim2, wherein said gaseous

catal yst conprises a pair of cations having a vapor pressure greater than
zero when sai d gaseous catalyst is heated, said pair of cations being:
(Sn[err], Si[err]), %%[grr], Calerr]), (Sr[err], Cferr]), (Cferr],
Tb[err]t), (Sb[err], ‘err]) (Bi[err], N[err]), (Pd[err], In[err]),
(Laf[err], Dy[err]), (LaJerr], Ho[err]), (Klerr], Kerr]), (Vferr],

Pd[err]), (Lu[err], Zn[err]), (As[err], Ho[err]), (Mf[err], Sn[err]),
(Sb[err], Cd[err]), (Ag[err], Ag[err]), (La[err], Er[err]), (Verr],
Blerr]), (Fe[err], Ti[err]), (Co[err], Ti[err]), (Bi[err], Zn[err]),
(As[err], Dy[err]), (Herr], MJ[err]), (K err], Ro[err]), (Clerr],
Pr[err]), (Sr[err], Fe[err]), (Ni[err], Cu[err]), (Sr[err], MJerr]),
(Y[err], Zr[err]), (Cd[err], Ba[err]), (Ho[err], Pb[err]), (Pd[err],
Liferr]), (Eu[err], My[err]), (Er[err], Myerr]), (Bi[err], Aferr]),
(Ca[err], Smerr]), (Verr], Laferr]), (&d[err], C2+), (M2+, Ti[err]),
(Yb[err], Fe[err]), (N [err], Ag[err]), (Zn[err], Yb[err]), (Se[err],
Sn[err]), (Sb[err], Bi[err]), and (Eu[err], Pb[err]). 7. A cell according
to claim1, wherein said gaseous catal y$00cg i tons having a
bi ndi ng energy of about E[err] = 13.6/n[¢rr} eV, where nis fraction
whose nunerator is 1 and denonminator.is gn f§ntegep, areajar than 1. 8. A
cell according to any one of clainms 1 tj0e7, ere sai U celf~Tmi nt ai ns t he
reacti on, ’ -

- 305
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[err] 107 where m and p
are positive non-zero integers, mis an integer greater than 1, and aferr]
is the Bohr radius. 9. Acell according to any one of clains 1 to 8,
wher eby sai d gaseous hydrogen atons are fornmed in the cell by reacting

ol ecul es containiﬂﬂﬁ%ydrogen atons, and a second cat al yst fBET/USI607949
disassociatind”ggﬂ | ecul es to produce hydrogen atons. 10. A cel
according to any one of claims 1 to 9, ghereby said vessel nmintains a
hydrogen partial pressure of |ess t har?/2bout one torr. 11. A cel
according to any one of]&bgbiggfééo 10, wherein said vessel nmaintains a
catal yst partial press&r® en about 50 and 250 mllitorr. 12. A
cell according to any one of clainms 1 to 11, wherein said vessel further
contains a non-reactive gas, such that the rate of reaction of said gaseous
hydrogen atons with said gaseous catalyst is controlled by regulating the

anmount of said non-reactive gas in said vessel. 13. A cell according to
any one of clains 1 to 12, further conprising a valve for selectively
rel easing said catalyst fromsaid vessel. 14. A cell according to any one

of clainms 1 to 13, further conprising a valve for

Fifih Daia Set at 523 K - DATAS.QUT
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Lor

sG '
baut

sél ect’ivel y rel easing said hydrogen atons ha/h§%§gﬂﬁﬁ§§ﬁ§é§_ R of )
E[err] = 13.6/n[err] eV, where n is a fractipn gap dlagt gaaélgﬁg@ap
“denominator is an integer greater than 1. B Claim(s) :paged %= 0 pagedl ws

108 15. A cell according to. any one of cl alnB Drawing(s) : Bge¢ i Ot FRE apor
“partial pressure of said gaseous catal yst vali BsAbsttabt t enpaget-urte. P8¢6A
-cell according to any one of clains 1 to 18, {further conprising a heater
for heating said vessel. 17. A cel| accordiing i ¥ RECEPT AR 1o
16, further conprising a catal yst reservoir cefdnrcatimg W ih said
. reaction vessel, said reservoir N JNVEINGLN s catal yst or a
ﬁource ;herﬁof. 18. A cell according to claim17, further conprising a
eater for heating, said catalyst. ,19., A cel|l according to, claim17 or
claim 18, wh§<q %EﬁcF?eé%?vﬁ?Ye?El%&t%?h%I£%Bs§a?ﬂp?€gctFBﬁr9e%§el. 20.
A cel | accorghidigided cl&i celD, £ourékeracoing i eheggp frow hpdtogénvatems f or
controlling the fl ow of said catalyst fromsaid reservoir into said vessel
21. A cell &VTETTYId any one of claims 1 to 20, further conprising a.
~chanber for sadadticg Wsselecontaising gaseouschpfirbganogtomat angd a

%connuniCatHE%Q@&J%%&égaiﬁggtﬁgpiﬂssgeﬁet enthalpy of reaction of about.

27 * (p/2) eV, where p is an integer greater than 1, whereby

said hydrogen atoms react with said catalyst in said vessel
at a pressure less than atmospheric, thereby releasing energy
and produciné hydrogen atoms having a binding energy of about
E, = 13.6/n® eV, where n is a fraction whose numerator is 1
and denominator is an integer greater than 1.

According to the invention in a second aspect, there is
provided a method for extracting energy from hydrogen
comprising the steps of: .

providing a gaseous catalyst having.a net enthalpy of
reaction of about 27 * (p/2) eV, where p is an integer
greater than 1; providing gaseous hydrogen atoms; and
reacting said gaseous catalyst with said gaseous hydrogen
atoms, thereby producing hydrogen atoms having a binding
energy of about E, = 13.6/n* eV, where n is a fraction whose
numerator is 1 and denominator is an integer greater than
1,said reaction occurring at a pressure 1ess.than atmospheric

pressure.
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22, A cell according to claim?21, further conprising a flow control valve
for controlling the flow of hydrogen atons from said chanber into said

vessel . - 109 23. A cell
,according to claim2l1 or claim22, wherein said source of "hydrogen atons
‘conprises an internal conbustion engine. 24. A cell according to claim?21

lor claim22, wherein said source of hydrogen atons conprises a gas turbine.
'25. A cell for extracting energy from3adrogen atons, substantially as
herei nbefor@ described with reference to any one of the exanples. 26. A

nethod for extracti nTienep@geht omvetticyecomprivessimetidds sigds of :
provi di ng a gaseous catalyst hayin pg ?@t ent hal rgfg’ﬁtion of about 27
a

y.. of
* (p/2) eV, whefBPRF3INSes fOf dGdta ALt eRETEY {5080 BYREO8ER ealamS
Eygr ogen atorrs;(x?gqieaﬂegslbg §ﬁhﬁﬂﬁﬁgg0@§ei¢atbpédﬁénw¢d1 edafl gﬁsgpmized f
ydr ogen at ons, er eRy producjn y,dr.ogen,at o avi,ng a binding energy o
about E[err] = EQ?@/‘%ﬁquPFréX/, i%%é$ ebtﬂ°|%’s that r(ggttﬂénl'&g%@égnm at8e is 1
and d_enorr} na O[EI'efi:lﬁ{h | ﬂta%@%r Ge@ationst Mnr%a?aﬁgﬁb ri?%qgamgocgwri {lg alt a
pressure | ess n a S erl c ressure. . od accoraing to clalm
26, wherein sai GF%E%gE@B%r éﬁgﬁta@t‘é}s (electppcaia bip%ﬁs_ga%oépupig{g))“
mol ecul es cont ailigR Paﬁwe%x@trggsfmm?aae% oMl (Molutedy 126,

wher ei n gaseous hydr.ogen_atons a provi ded by, c¢ontacting nplecul es -
cont ai ni ng hydr SigBlatenheset Franseaens.ysting @%déﬁlgass SaBpRYCalPa nol ecul es
to produce hydrjgqgdas OffethddsN@ndaappadseses to enhance the power
15 output by enhancing the reaction rate- the rate of the
formation of the loWer—enérgy hydrogen. The present
invention further comprises a hydrogen spillover catalyst, a
multifunctionality material having- a functionality which
dissociates molecular hydrogen to provide free- hydrogen
20 atoms which spill over to a functionality which supports
mobile free hydrogen atoms and a functionality which can be
a source of the energy holes. The energy reactor includes one
of an electrolytic cell, a pressurized hydrogen gas cell, and a
" hydrogen gas discharge cell. '

A preferred pressurized hydrogen gas energy reactor
comprises a vessel; a source of hydrogen; a means to control
the pressure and flow of hydrogen into the vessel; a material
to dissociate the molecular hydrogen into atomic hydrogen,'
“and a material which can be a source of energy holes in the
30 gas phase. The gaseous source of energy holes includes those

that sublime, boil, and/or are volatile at the elevated
operating temperature of the gas energy reactor wherein the
shrinkage reaction occurs in the gas phase.
- The present invention further comprises methods and
35 apparatuses for repeating a shrinkage reaction according to
~ the present invention to cause energy release and to provide
shrunken atoms and molecules with novel properties such as

to
(4]
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110 met hod according to any one of clainms 26 to 28, wherein said
gaseous ci Hm mummﬂ gaseous hydrogen atoms having a binding energy
of about eV, where n is a fraction whose nunerator is

1 and denom nat of i's an |nt eger greater than 1. 30. A nethod according to
any one of clainms 26 to 29, wherein sai d0§aseous catal yst is provided
according to the reaction, [err] where mand p are integers

greater than zero, mis an integer gr&!t‘-éMtshan 1 ~and aferr] is the Bohr

e
el eact; b & FR AP GREER Sy ! Rud B Rln lonkd Gty 0 S0 wherern

sai d reactioh BEEUrS ne torr.
a reaction vessel containing gaseous hydrogen atoms and a gaseous catalyst having a net

enthalpy of reaction of about 27 * (p/2) eV, where p is an integer greater than 1,
whereby said hydrogen atoms react with said catalyst in said vessel at a pressure less
than atmospheric, thereby releasing energy and producing hydrogen atoms having a
binding energy of about E, = 13.6/n* eV, where n is a fraction whose numerator is 1

and denominator is an integer greater than 1.

2. A cell according to claim 1, wherein said gaseous catalyst is adapted to sublime,

boil, or volatilize when heated.

3. A cell according to claim 1 or claim 2, wherein said gaseous caialyst is formed from

a salt of rubidium or potassium.

4. A cell according to claim 3, wherein said salt of potassium is KF, KCI, KBr, KI,
K,S,, KOH, K,S0,, K,CO;, K,PO,, and K,GeF,.

5. A cell according to claim 1 or claim 2, wherein said gascous catalyst comprises a
cation having a vapor pressure greater than zero when said gaseous catalyst is heated,
said cation being (K*), (Rb*), (Mo?*), or (T*).

REPLACEMENT SHEET
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32. A'nethod accor di ng to any one of clains 26 to 31, wherein the partial

E)(r)traf.sure |mmﬁm1mnm|(ﬂ1mgen atons in the reaction is llﬁs tggn Zb(r)r;:i hgge

according to any ofle df Claims 26 to 31, wherein the partial pressure of

t he gaseous catalyst in the reaction is 186tween about 50 and 250 millitorr.
34. A nethod according to any one of clains 26 to 33, wherein the vapor
partial pressure of said gaseous catalyst is controlled by varying the

From hydr ogSn, ACBLHEBRARE fo B 1R daip, P whebeBRalefastlls, QSR phinplsane' 9
any one of pbm oﬁmmﬂsdmvmg B eapoEpessgyre greatercthanl zéro ovhemysdidogpseousycatalyst et hod
O Ay one  Bhaysd,Sal¥ par of cations being: (su*Y\ 5, (BEY: cath, (set, Ct), (G,
cont ai ner, %w)ekgbssacgzﬂja(mn Nizhys (pd:iaphpgi (La**, Dy**), (La**, Ho**), (K*, K*),
(V3+ d2+), (Lu3+ Zl'l2+), (ASS+’ H03+), (M05+ Sn‘“’), (Sb3+ d2+), (Ag2+, Ag+),
(La3+, EI'3+), (V4+, B3+)’ (F33+, 13+)’ (C02+, Tl+), (Bl3+, Zn2+), (As3+, Dy3+), (H03+,
Mg**), (K*, Rb*), (Cr**, Pr*%), (S2*, Fe?), (Ni**, Cu*), (Sr2*, Mo*"), (Y**, Zr*Y),
(Cd2+, Ba*+), (Ho3+, Pb2+), (P&, Li%), (Eu’*, Mg“), (Er“, Mg"*), Bi**, APY),
(Ca“, Sm3+), (V3+, La3+), (Gd3+, Cr“), (Mn“, TI*), (Yb3+, Fez+)’ (Ni2+, Ag""),

(Zn*t, YB*Y), (Se*t, Sn**), (Sb**, Bi*), and (Eu®*, Pb?**).

7. A cell according to claim 1, wherein said gaseous catalyst comprises hydrogen
atoms having a binding energy of about E, = 13.6/n* eV, where n is a fraction whose

numerator is 1 and denominator is an integer greater than 1.

8. A cell according to any one of claims 1 to 7, wherein said cell maintains the

reaction,

mX2121eV + H[—a—H—] . H[i'-‘i] LHY4e + H[ %n ] + [(p+my—p*~(m"-2m)] X 1.
m’ p (p+m)

- ay
H' + e -HT + 13.6 eV

] + 2pm+m?-m?1X13.6eV + 13.6eV

oo

ay
(p+m)
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to have a v k ndent upon the t enper at u're of
sai d boat oTﬂmHﬂmfmmml mle ‘5 34. A cell according to claim 31,
* [ S

" wherein the

. L oM arount of said hydrogen atons is controlled

. by controlling the flow of hydrogen atons from sai d hydrogen

~atom source. 10 35. A cell accorld/ng to claim5, further
conprising a neans for controlling a power out put of said
cell, said power output controlling neans conprising neans:
for control Lj f s Q| : : laRi1n sover
a1 cast ondBfe Ay 8¢ NG sy rprciiiespre, m s MMRAR B EAS) Bl 11 Sn SRR 0
heat ed by ellecBolxralliimsbar dnent, or said i nductively coupl ed
pl asma fl ow tube; or : for controlling the power dissipated
in 20 said inductively coupled plasnma fl ow tube; or '

for control ki f]?gé’iila@d&(ﬁh@w&ﬁy Gﬂehéleélﬁms 1to 8|, whereby éﬁﬂn%iséélﬁ@ﬂi’ogéﬁ afgthg!

tungsten capi | eated by el ectron bonbardnent; or
for contr ol htenfprinbeé ipthescelirby xehctingnimolyeules comaining hydrogen atamsysad at secendf

said hydride maingaiped ., . . nder _nqnequiJ i briym conditions.
36. A cell %tgl(yﬁtdqu fagsacjatipg,sqid ‘Pﬁhef"#ﬁsr to pmauce%‘y&mgenc%%?’i sing neans for

controlling a power 30 out put of said cell, said power output
controlling neans conprising nmeans for m)ni.tori&? the quantity
of said rel désed cell according to amynenegwf claims 13® 9, Whereby said| vessel guainiaing a o

claim1, further ) - risi ans for controlling a power
out put of shydrogen P?“%P@S%ﬁé’& ?‘gg[dﬂﬁ}‘[ abbut ofie tort.

11. A cell according to any one of claims 1 to 10, wherein said vessel maintains a

catalyst partial pressure of between about 50 and 250 millitorr.

12. A cell according to any one of claims 1 to 11, wherein said vessel further contains
a non-reactive gas, such that the rate of reaction of said gaseous hydrogen atoms with
said gaseous catalyst is controlled by regulating the amount of said non-reactive gas in

said vessel.

13. A cell according to any one of claims 1 to 12, further comprising a valve for

selectively releasing said catalyst from said vessel.

14. A cell according to any one of claims 1 to 13, further comprising a valve for
selectively releasing said hydrogen atoms having a binding energy of about £, = 13. 6/n’
eV, where n is a fraction whose numerator is 1 and denominator is an integer greater

than 1.
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PCT/ US96/ 07949

112 EUllll (ml I Mm I“E} means conprising a conputerized
noni toring Whl ch nonitors at | east one of a

. therm stor, spectrorret er, or gas chromat ogr aph. 5

. 38. A net hod of extracting energy from HY8r ogen at ons

i conprising the steps of: vol atizing a material to forma
gaseous transition catal yst; 10 provi di ng

hydr ogen at ; Algstedsutedn
?ﬁBSA %ﬂjﬁccgr og to any one ofclaﬁﬂé‘l@&ﬁ#“ﬁh&%hﬁth@%ﬁ&‘-ﬁarﬁ ireds

catal yst w ai n atons under condi tions whereby
sai d hydrogeflsad(gaseous catalyst varies withitempgrature: ansi ti on to an energy state
| ower 15 than n=1 and energy is released fromsaid

hydrogen atoms, wherein n is the energy state of an el ectron

in a free hygrogen.P4@BdAgl o any one of claim§di @ FIRAHE SmpKisg ﬁfheﬁ@f goy/st
Is a catal yst™ for cataly2|ngthetran3|t|on of

hydr ogen t oheatingrsaidjyesselat e | ower t han n=1. 39. A net hod
according to claim 38, wherein said step of providing hydrogen
atons conpri ses the step of disassociating a hydrogen 25

containi ng qas iAtelMeesAadtcrilBae of claims 1 t¢ 06, furiirthprisampr 8licalysd

claim 38, wherein said step of ﬁr ovi di ng _hydrQgen at ons

conpri ses ateservoir communicating:ysith Qanbregcpthga@g,ﬁe §aid respavQiRORtaiding said gasgous

catalyst or a source thereof.

18. A cell according to claim 17, further comprising a heater for heating said catalyst.

19. A cell according to claim 17 or claim 18, wherein said reservoir is external to said

reaction vessel.

20. A cell according to claim 19, further comprising a flow control valve for

controlling the flow of said catalyst from said reservoir into said vessel.

21. A cell according to any one of claims 1 to 20, further comprising a chamber for

containing hydrogen atoms or a source of hydrogen atoms communicating with said

reaction vessel.

22. A cell according to claim 21, further comprising a flow control valve for

controlling the flow of hydrogen atoms from said chamber into said vessel.

'R;,agLAcsMﬁm SHEET
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30 ga ) | kament, passing a hydrogen
cont ai ni ng gEmm@!lrglﬂ:ﬂﬂi“;“ﬂd passi ng a hydr ogen cont ai ni ng
~gas through ax s x . capillary heated by el ectron

- bonbardnent to 1800- 2000 K, or maintaining a hydride under

- 35 nonequi | i brium condi tions, or 188ssing a hydr ogen
contai ni ng gas through an I nductively coupled plasma fl ow

t ube. WO 96/ 42085 - 113 41, A
net hod accogﬁjs r}g Sﬁg?&gg@ﬁk %@claﬁﬁ%%rrbéa‘iﬁfﬁ wherein said soufte ¥t H9lirdeR uidhd9

hydr ogen at ontadting a hydrogen contalning gas
wth a comprises €iatermal catrbuytion énginedi sassoci ating said 5 _
hydrogen contalining gas streaminto free hydr ogen at ons.
42. A nethod according to claim 38, wherein said gaseous

transition satal Ysi 280580 %o @lgnﬁég or claim 72! |\WheRéift sald sdBfielofhfdfogeh atdimsai d

hydr ogen en-sal rogen atons undergo said

transition tomprisesvaegascinebing. St at e. 43. A nethod according to
claim 38, wherein said 15 gaseous transition catalyst is adapted to
. have a resonant absorption with the energy rel eased by said

~hydrogen at 945 )("Q:ﬁﬁ ﬁf‘iegtracting egfléﬁyéﬁoﬁy%d?éﬁﬁ ASAEBsubBERIAR schdteinbafase t i on

to a ower energ
described with reference to any one of the examples.

26. A method for extracting energy from hydrogen comprising the steps of:

providing a gaseous catalyst having a net enthalpy of reaction of about 27 * (p/2) eV,
where p is an integer greater than 1; providing gaseous hydrogen atoms; and reacting
said gaseous catalyst with said gaseous hydrogen atoms, thereby producing hydrogen
atoms having a binding energy of about E, = 13. 6/n’ eV, where n is a fraction whose
numerator is 1 and denominator is an integer greater than 1,said reaction occurring at

a pressure less than atmospheric pressure.

27. A method according to claim 26, wherein said gaseous hydrogen atoms are

provided by disassociating molecules containing hydrogen atoms.

28. A method according to claim 26, wherein gaseous hydrogen atoms are provided by
contacting molecules containing hydrogen atoms with a catalyst for disassociating said
molecules to produce hydrogen atoms in the gas phase.
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44. 'A'nethod according to craim 38, further conpri sing the
steps of co m i i nmethod in a cell conprising a vessel
havi ng rl ml "[Iﬂtlm "'I”Hm lity of containing a vacuum or 25

pressure gredtert than"atfrospheri c. 45. A nmethod according to claim
38, further conprising the diep of controlling a power
out put of said cell. 30 46. A nmethod according to claim45,

- wherein said step of controlling a power output of said

cell includ con |d ] oW O : | j d

col || 35 59. & n}e%%cggr/ditﬁ){é)sﬂy Sne D UIARE 6 to 28, wherein satfl @a8eous caafyR

PCT/ US96/ 07 dfprises gaseous hydrogen atoms having a binding ehérgy of about E,4%. 136/mbeVod
according to C?ai m 38, further L onl)ri,si ng,the, step of absorbing
sai d where 7 jiss3 &astien wheseggumerator is;1 amigg Omﬂ@?%ﬂl geest SFRETRAY: | ai m
38, further conprising the step of renoving nol ecul ar

hydr ogen ha\}l ng an energy state | ower than n=1. 10 49. A
nmet hod according to claim 38, wherein the step of volatizing a

TR ML 050 X method according to an one of claims 26 fo 29, viieréin ¥ gaSeTRs caEyst "°

is provided according to the reaction,

mX2721eV + H[fﬁ_] + H[E] ~H*+e + H[ % ] +[(p+m)*-p?-(m?-2m)] X 13.
m’ p (p+m)

a
H* +e - H[T”] + 13.6 eV

a2 .5 . H ﬁ] + H|-2E l + [2pm+m?-m?]X13.6¢V + 13.6eV
! pl |1 (p+m)

m

where m and p are integers greater than zero, m is an integer greater than 1, and ay is
the Bohr radius.

31. A method according to any one of claims 26 to 30, wherein said reaction occurs

at a pressure less than about one torr.

32. A method according to any one of claims 26 to 31, wherein the partial pressure of

gaseous hydrogen atoms in the reaction is less than about one torr.
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st eps of VOl &bikgi ' erial to form gaseous at ons and

I oni zi ng sa‘mlmmgmﬂnﬂlﬁii, at ons. 50. A nethod of maki ng
hydri nos conpris s x steps of: vol ati zi ng
a material to forma gaseous =~ 20 transition catal yst;

form ng hydrogen atons; and 111 contacting sai d gaseous
transition catalyst with said hydrogen atons under

condi ti ons whereby said hydrogen atons 25 undergo a transition to
an energy sgat eyl Iﬁﬁﬁxgd according to an oh&BP dlaitsPE oSS Whkrditt tHeSpaRAMGtedsuf

sai d ydrogen atons 10 thereby form said hydrinos,

wher ei n n i of thecgasemusgoatalysh tie thef reactionl is detveaen about 50 and 250 millitorty ee

hydr ogen at om and sai d gaseous 30 transition catalyst is a

catal yst for catalyzing the transition of hydrogen to an
energy stat 34.' OV imdihisi aétoiding to any one oF klaifhs ¥ 03B, aWREER the vaPor partial 50,
further 5 conprising the steps of collecting and )

purifying sparessurgdf said gaseous catalyst is controlled by varying the temperature of said gaseous

catalyst.

35. A method for extracting energy from hydrogen, substantially as hereinbefore

described with reference to any one of the examples.

36. Energy extracted from hydrogen by the method of any one of claims 26 to 35.
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Methods and apparatus for releasing energy from hydrogen atoms (molecules) by stimulating their electrons to relax to quantized
lower energy levels and smaller radii (smaller semimajor and semiminor axes) than the "ground state” by providing energy sinks or means
to remove energy resonant with the hydrogen energy released to stimulate these transitions. An energy sink, energy hole, can be provided
by the trensfer of at Ieast onc electron between participating species including atoms, jons, molecules, and ionic and molecular compounds.
Tn one embodiment, the energy hole comprises the transfer of t electrons from one or more donating species to one or more accepting
species whereby the sum of the ionization energies and/or electron affinities of the electron donating species minus the sum of the ionization
energies and/or electron affinities of the electron accepting species equals approximately mX27.21 eV (mX48.6 eV) for atomic (molecular)
hydrogen below “ground state" transitions where m and t are integess. The present invention further comprises a hydrogen spillover catalyst,
2 multifimctionality material having a functionality which dissociates molecutar hydrogen to provide free hydrogen atoms which spill over
to a functionality which supports mobile free hydrogen atoms and a functionality which can be a source of the energy holes. The energy
reactor includes one of an electrolytic cell, a pressurized hydrogen gas cell, and a hydrogen gas discharge cell. A preferred pressurized
hydrogengasenergyreacmrcomprisesaveml;asourceofhydrogen;nmeansmoonuolthepresmandﬂowofhydxogeninmthevessel;
2 material to dissociate the molecular hydrogen into atomic hydrogen, and 2 material which can be a source of energy holes in the gas
phase. Thegamsomceofenergyholesincmdesmoseﬂmtmmﬁme.boﬂ,andlormvolaﬁleatmeelevamdopmﬁngwmpemmreof
ﬂngasmagYmorwhmhﬁeexoﬁmkmacﬁmofehcﬁmkﬂnsﬁmofhy&ogmmemsmwsocwrsinthegasphase.




