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hydrogen, 27.2 eV . Specific predictions based on
cl osed-form equations for energy |levels were tested.

waFmns/edasipl e, two H(I | p) may react to form HZI/US20¢8)061455

that have vibrational and rotational energies that are
p2 tinmes those of H2 conprising uncatal yzed atom c
hydr ogen. Rotational |ineg were observed in the
145-300 nmregion from at mospheri c pressure
el ect ron- beam exci ted argon- hydrogen pl asmas. The
Applsetioree i1 &4 4he filgyd op péarcme) 2008;424)tApmicatibin Mib. &F/xxx,xxx
hydr ogen established the internuclear distance as 1/4
filed @p Msfrch-212 26081 and €39) APpligation fo. 61 /x4, xxx fiféceorphrrili1 €1 2088,
&roducts of alkali catalyst Kare / (1 /4) which form
Pf which are fegiyiasoraerrigr by ieferedies i theinertisaty.i de conpound,
and H2 ( 1 /4) which may be trapped in the crystal.
The 1H MAS NWMR spectrum of novel conpound KH * C

relative to exter %I t hylsi|l ane (TMS) showed a
| arge distinct uﬁv—@ﬁ@ﬁ%ﬁém ppm
1c r{ on|d| n t:o an absol ute resonance shi ft of -35.9
ﬁ%‘%ﬁ&i—@ﬁ%ﬂ the theoretical predicti onfofr{—| gl aﬁd
bt £ dtieirys bfer B Bfilsc Sr'éﬁé?%@- Sk 02
Dﬁgﬁojéﬁam Id%ﬁalyglsgoq Artqe{ﬁfz g(t'jrlgggn thIodﬁ dycfcte)c_;rel'ﬁ| %E:liaé( 1/4).|.h e
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{ t
OB or i 2 MR RHRE R B Bonted W) rSerepde % IpRTORLS
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plRYURHAGELtion ROBIGSS & MBbNant [ nRIREVE Endri\PtriRafd: %ﬁ%nﬂ@e
exotherm ¢ reaction. The energy bal arice was DH =

staBié afAfic kdtbgen t8alcataliiapaBlb @thccdpithgithéBlerb1athe product is

expect ed for the nost energetl ¢ known chemstry of M3
- 3585 over 60 tinmesithe 1
Hiy ok ee RERIRES BT AR EPOaey o Cat 213 mot-e- H 2
due to conbustion
( p £137 is an integer) replaces the well known parameter n = integer in the Rydberg

equation for hydrogen excited states. He™, Ar”, and K are predicted to serve as

catalysts since they meet the catalyst criterion—a chemical or physical process with
an enthalpy change equal to an integer multiple of the potential energy of atomic
hydrogen, 27.2 ¢V. Specific predictions based on closed-form equations for energy

levels were tested. For example, two H(1/p) may reactto form H,(1/ p) that have

vibrational and rotational energies that are p® times those of H, comprising

uncatalyzed atomic hydrogen. Rotational lines were observed in the 145-300 nm

region from atmospheric pressure electron-beam excited argon-hydrogen plasmas.
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wWa moset4es1, pot assi um net al ,

of hydrogen with atnospheric oxygen, assum ng the
maxi mum possible H 2 inventory. The reduction of KNO3

heats of formation only releases -14.2 kcal | nole H 2
whi ch cannot account for the observed heat; nor can
hydr ogen conbustion. But, ,the results are
consistentwith the formation of H (I / 4) and H2(I /
4) having ent hal pies of formation of over 100 tines
Thbahprefedeotet eaéngp8pading of mb dichiedrindt f hiidicyenrdéablishes the
conprises a power source and a reactor to form
intewedeat distayye by diddipt of $Hemidédendficll Fofrpounds. The
invention further conprises catalyst reaction nixtures

to pfh%\ﬁréﬂoect&@mhu&é o@apgn%&@ €k dTP9eN & BFh 891+ x

atom c cat al ysts are pot assi Um and cesi um

rre | ecul ar ¢ NaH., Hvdri nos
aRoRd s abndleg ganhwi#??amgom%av%f‘@ﬁ% R paopes B
eV Bi ndi ng Energ 1) (1/p) where p is an
therfrysipdr Tg JAMINAS KN@ﬁPECtﬂpm ef ravelgompopeink?! 1@ redfive fos
disclosed in R L. MIIls, "The Grand Unified Theory of
exiemakiplamettylsiiene AWBLIaNRE 8 laraedisistuplietiopsEanes aind 4

osted at
&BFB"??P\%W% foRn@bsgMieBRRIBP YT PhaeP PPRJBR: agiehad the
R MIlls, The G and Unified Theory of C assi cal
thegretieal prasistiemel €s(l/ Rhyitb @oB4Ed he p@ﬁ"ctem feegrencistof peher |
Inc., Cranbury, New Jersey, (" '06 MIls G&JT"),
and parhdezdl by vitiraokddrgitat Po4& em ' lang 2012193 @ e highnésuiution
Road, Cranbury, NJ, 08512 (posted at
FWp@Etﬁﬁ# b ﬁht*ﬁqwrng%QmB ppf NMR! dedik addighetpidtnet )sHUﬂ&f i

Theory of C assi cal QJantum Mechani cs,™ Januar
%93/5018“ “%ln ens&y rgp io matcweé the cnarattenstlc ortHo ¥d pall\rlg Vr\J/eé] & Sey.

intensity ratio of 3:1, and the ortho-para splitting of 69 c¢m™' matched that predicted.

5

KH *Cl having H™(1/4) by NMR was incident to the 12.5 keV electron-beam which
excited similar emission of interstitial H,(1/4) as observed in the argon-hydrogen

plasma. KNO, and Raney nickel were used as a source of K catalyst and atomic

hydrogen, respectively, to produce the corresponding exothermic reaction. The

energy balance was AH =-17,925 kcal | mole KNO, , about 300 times that expected
for the most energetic known chemistry of KNO,, and —3585 kcal / mole H, , over 60
times the hypothetical maximum enthalpy of —57.8 kcal / mole H, due to combustion
of hydrogen with atmospheric oxygen, assuming the maximum possible H,
inventory. The reduction of KNO, to water, potassium metal, and NH, calculated
from the heats of formation only releases —14.2 kcal / mole H, which cannot account

for the observed heat; nor can hydrogen combustion. But, the results are consistent

and NH cal cul at ed FaToUS20682061455
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MIlls, The Grand Unified Theory of C assical Quantum

Mechaeh®sdimeae! BERREentdQbnisrids PPowdplagrks hadnh rd2RR fo
Inc., Cranbury, New Jersey, Distributed by Amazon.com
fdrin 16v0ek-difetdyshyBdgén speele@\ahd @mpauntk aThd-ingéHtioPaMdEr
Inc., 493 Ad Trenton Road, Cranbury, NJ, 08512; R
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Mechani cs, January 2000 Edition, BlackLight Power,
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MIls, "Physical Solutions of the Nature of the Atom
Photon, and Their Interactions to Form Excited and
Predi cted Hydrino States,"” Physics Essay, in press; R
Hydrings| | s, "Exact O assical Quantum Mechani cal Sol ution
for Atom c Heliumwhich Predicts Conjugate Paraneters
f r orft WHRACH FPTBFYRY BANFIBY ©PeiBY EVPERY Ti me, " Physi cs
Essays, in press; R L. MIIls, P. Ray, B. Dhandapani,
" EXCR5&h/ BrdRg) - & Li ne Broadening of \ater- Vgpor
Capaci tivel y- Coyplggd RF Di scharge Pl asnas, "
I nternational Journal of Hydrogen Energy, Vol. 33,

e
v o B R Bt oS o P et B e o ™
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Grand Unified Theory of Classical Quantum Mechanics, May 2006 Edition,

BlackLight Power, Inc., Cranbury, New Jersey, (" '06 Mills GUT"), provided by
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www.blacklightpower.com); R. Mills, The Grand Unified Theory of Classical Quantum
Mechanics, January 2004 Edition, BlackLight Power, Inc., Cranbury, New Jersey, ("
'04 Mills GUT"), provided by BlackLight Power, Inc., 493 Old Trenton Road,
Cranbury, NJ, 08512; R. Mills, The Grand Unified Theory of Classical Quantum
Mechanics, September 2003 Edition, BlackLight Power, Inc., Cranbury, New Jersey,
(" '03 Mills GUT"), provided by BlackLight Power, Inc., 493 Old Trenton Road,

Cranbury, NJ, 08512; R. Mills, The Grand Unified Theory of Classical Quantum
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i oni zati on = 2 ) reaction of Cto Cs2+ , then, has a
toyat27erftVhdl 'Eﬁﬁ Reen F@@éﬁhaé ﬁatawstzﬁawsaseewtha'wﬂf £qactian
qu ivalent to m- qg? 27.05135 eV +Cs(n) +H\
W'thTFjWO prgferably 1§%Hofm 2] ZFf‘( quthle foy nTosigpQJ;c@\gnE P J

21. O 135 eV d,
e To6 sPta iR R sRo TR A r?%?ﬁ‘a"’l o Rt af%ﬂf@%%f?@m
Th f hird
d?CE‘*Yﬂ%EZQe ?6%8%@%6@“ et 08 bR cgaales o M 1
Th
Hoisn a1 3} leasse fbaals e tog Merdash ihdus deecé?éhg froms

a net ent haI py of reaction of 81.7767 eV , which is
a ,?tuﬂz-ki@l Aghtalytc systenBisiprovicipd by 2he ionization of ¢ electrons from an

atom each to a continuum energy level such that the sum of the ionization energies
of the ¢ electrons is approximately m-27.2 ¢V where m is an integer.

One such catalytic system involves lithium metal. The first and second
ionization energies of lithium are 5.39172 ¢V and 75.64018 ¢V, respectively [1]. The
double ionization (¢ =2 ) reaction of Li to Li**, then, has a net enthalpy of reaction of

81.0319 eV, which is equivalent to m = 3 in Eq. (2).

+(p+3)7-p'1-136 eV

8103196V+Ll(m)+H'_—"-|—)Ll +2e” +H|_( 3)_'

3)
Li**+2e” — Li(m)+81.0319 eV (4)
And, the overall reaction is

H[fﬁj HL( }+[(p+3) PP 136eV (5)

In another embodiment, the catalytic system involves cesium. The first and

second ionization energies of cesium are 3.89390 ¢V and 23.15745 ¢V, respectively.



81.7767 eV+k [nM] +H K + 3<T + H +[(p +3)2 - p 2]-13.6
eV (p+3 O 3++ 3~ (r) K{m + 81.7426 eV (10)

wOoAudg/ 13l overal |l reaction is H (r)H +[(p +3) 2CT/¥s28(8/061455
3.6 eV ( 11) (p + 3) As a power source, the energy
given off during catalysis is nuch greater than the
energy lost to the catal yst. The energy released is
| arge as conpared to conventional chem cal reactions.
For exanpl e, when hydrogen and oxygen gases undergo
Trerdoubitiianization {:eramrawtion of€s tod)s’ “+ thebRhds ndtidRhalpy of
(12)the known enthal py of formation of water is AH f
re@8i6n k271.05181 & ,ovhich.ig 8quvalgneto hydrioggn2at om By
contrast, each n = 1) ordinary hydrogen atom

%&?E%Ve?r Coif Leﬁl%éif'y??‘se [r;"ti";eh[&ﬁnna@ N 1 1
n

_, occur: , -, and so
on Cnce cataIyS|s begi ns, hydrlnos autocatalyz
further in a process called disproportionation . This

s mechani smi s i qgilar, ¢, fhalspds Hn 1 norganic iogy
catal ysis. But, hydrino catalysis should have a higher

An%a@,glogg;,ar ?Ja%tu&ﬂ"lém that of the inorganic ion catalyst
due to the better match of the enthalpy to m27.2 eV .
Further Catal ypj 5 Prqidldctsrf of the Present Invention

The hydrino h¥ +i(he Dpreskehts ¢avent i of)can
be formed by tﬁnjreagl oﬁjof an electron source with a

hydrAn add|t|onaFcaté¢fyt|c syggm mv%? gs %E)t%:rsrsluqur% \metaq ?he ? rst, secongi

and third ionization energies of potassium are 4.34066 ¢V, 31.63 eV, 45.806 eV,

10  respectively [1]. The triple ionization (¢ =3) reaction of K to K**, then, has a net

enthalpy of reaction of 81.7767 eV, which is equivalent to m =3 in Eq. (2).

81.7767 eV + K (m)+ H[“_H

}—>K3*+3e‘+H
p (p

a:3):|+[(p+3)2 _p*136 eV

9)

K™ +3¢" — K(m)+81.7426 eV (10)

15 And, the overall reaction is

a
Hl 2|5 H +[(p+3)Y - p’l-13.6 eV (11)
[P} [( 3)}

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

20 undergo combustion to form water

H, <g>+%02 (&)= H,0 () (12)



bi ndi ng energy of about -'-.- , wheren - - and pis
an integer greater than 1. n 2 p The hydrino hydride
wa mng/id4siepresented by H~ (n = 1/ p ) or H ~ RAT/¥S2p08/061455

: H\ - \+e (r) H{n = Up) (13) The hydrino hydride
ion is distinguished froman ordinary hydride ion
conprising an ordinary hydsogen nucl eus and two
el ectrons having a binding energy of about 0.8 eV. The
latter is hereafter referred to as "ordinary hydride
theokriowmrenthatpy rof foringtitmi o e/aten is' AThe — 286071/ mole y d14B e/ pepn
conprises a hydrogen nucl eus including proteum
HI8MShEH hdM. EYcohfradti dabh (ADH) SrdPaly MbRbEM S RARIBIng
el ectrons at a binding energy according to Eq.
catblysis Fhigadds acHengf £EE10Y Mafeoren Bk RYhtic@nSNaHsi g, | on
can be represented by the follow ng fornmula: Binding
Energy 1= (115) where p is,an i nteger greater than one,
0geU: §=1 23 I P gha'i‘%swhr@v@esca@gﬁ&b&ﬁmdyﬂﬂn% i s
the perneability of vacuum ne is the mass of the

5 aBtoRstaly O furthBr ih & prdt@sd @éiluaesé?@baausﬁaeieﬁr PRis AReBarfldnY RN by

nme = where np is the mass of the proton, aH is the
sin@Rt tothatfof b BoRYeRIcOGEEntay NN Bl thydaind &alBRIShouRIHNE a
and e is the elenentary charge. The radii are given by
highertehctioafaté than{tBat-of Jhke;in@ganic bl Gatall/bieiuite tHen@ttenasteh s
of the hydrino hydride ion, H-=(n =\ | p) as a
teuerdhalmniook - 26.2,eVwhere p is an integer, are shown in
TABLE 1. TABLE 1. The representative bindi ng energy of
the hydrino hydride ion H-(n = 1/ p) as a function of

, qg. .
10 I-J?thher Catalysis Products of the Present Invention

The hydrino hydride ion of the present invention can be formed by the
reaction of an electron source with a hydrino, that is, a hydrogen atom having a

13.6 eV

binding energy of about >
n

1 . .
,where n=— and p is an integer greater than 1.
p

The hydrino hydride ion is represented by H™ (n=1/p) or H (1/ p):

15 H|%2 +e > H (n=1/p) (13)
L P |

H| 22 |+ > H (1/p) (14)
L P

The hydrino hydride ion is distinguished from an ordinary hydride ion
comprising an ordinary hydrogen nucleus and two electrons having a binding energy
of about 0.8 eV. The latter is hereafter referred to as "ordinary hydride ion" or

20  "normal hydride ion" The hydrino hydride ion comprises a hydrogen nucleus
including proteum, deuterium, or tritium, and two indistinguishable electrons at a

binding energy according to Eq. (15).
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Hydride 1 on Bi nding Wavel ength ( o )a Energy (eV)b
(nm H-(" =1i) 1 8660 0 7542 1644 H -(w =1i/2) 0 9330

wW0O3200817344006 9 H -(n = 1/3) 0 6220 6 610 187 6 HQIMUS2008/061455

|/4) 0 4665 1 1 23 1104 //-("=1/5) 0 3732 16 70 74 23
H-(p=1i/6) 03110 22 8 1 54 35 // (" = 1/7) 0 2666
29 34 42 25 [/ (" =1/8) 2333 36 09 34 46 /-( = 1/9)
0 2073 42 84 28 94 H-(n =1/10) 0 1866 49 38 25 1 1
(" =i/n) 0 1696 55 50 22 34 //-(" = 1/12) 0 1555 60
98 2Mhe3indirg dniergy ot ahdyel BydriHdThyBadetian ¢éh BOreplesénted by the
1/14) 0 1333 69 22 17 9 1 //-(" = 1/15) 0 1244 7 1 55
fdiBwBg férmul@ = 1/16) 0 1166 72 40 17 12 //-(" = 1/17) O
1098 7 1 56 17 33H (n =1 /18) 0.1037 68.83 18.01 //
(" = 1/19) 0.0982 63.98 19.38 (/ (" = 1/20) 0.)0933
56.81 21.82 / QJ@L_: 1/21) 0,0889 47.11 26.32|// (" =
BB Eon848 JAVHEYES 76 el | 2

—+
81 o 1++/s(s+1) i m, ay 5] 1+ 4fs(s+1) ’
Ha, » 4, b

(15)
where p is an integer greater than one, s=1/2, & is pi, # is Planck's constant bar,

U, is the permeability of vacuum, m, is the mass of the electron, u, is the reduced

m.m
electron mass given by u, = - —~— where m, is the mass of the proton, a,, is the

radius of the hydrogen atom, a, is the Bohr radius, and e is the elementary charge.

The radii are given by

r2=n=a0(1+«/s(s+1));s=% (16)

The binding energies of the hydrino hydride ion, H (n=1/ p) as a function of

p,where p is an integer, are shown in TABLE 1.



/[l (" = 1/23) 0.0811 19.26 64.36 // (" 1/24) 0.0778
0.6945 1785 a Egq. (16) b Eq. {15) According to the
woesexdssii nventi on, a hydrino hydride ion (H' PCTes200861455
a binding energy according to Eqs. (15-16) that is
greater than the binding of ordinary hydride ion
(about 0.8 eV) for p =2 up to 23, and less for p =
24 (H" ) is provided. For p =2 to p = 24 of Egs.
(15-16), the hydride ion binding energies are
TABsReCtThe edprestntalivébindidg 2nerdpofthe BytriBo hdida,ioB8. ln=1/p)
42.8, 49.4, 55.5, 61.0, 65.6, 69.2, 71.6, 72.4, 71.6,
a@%f&ctlgﬁofop Bf(%). 47.1, 34.7, 19.3, and 0.69 eV.
Conposi ti ons conprising the novel hydride ion are also

provi ded. The hydrino hydride ion is distinguished
—froman ordinary hydride ion conprising an ordi nary
hy diggennucl eus ;and t waighgCt r gRRih@yi ng a bi ndi ng
energy of about 0.8 eV. The latter is hereafter

s referred to as grﬁlnangﬂ%gplde " or "normal
hydri de ion" The ‘hydrino hydride ion conprises a
hydr ogen nucl eus i ncl udi ng proteum deuterium or
tritium and two indistinguishable electrons at a
bi #dimgllener gy aceesndi ng 0.T4EQs.16¢4L5- 16) . Novel
conpounds are provided conprising one or nore hydrino
hydride1ixns andoesse or noee ot heos.®l enents. Such a
conpound is referred to as a hvdrino hydri de conmpound.

O di-paky 3)ydr ogegespeci ess@pbe chasascterized by the
fO||OMAng bi ndi ng energies (a) hydride ion, 0.754 eV

0 ("er ,&Qﬁﬂgt hydri ggsebOn”) 11440) hydipgen at om (" or di nary

hydr ogen onm), 13.6 eV, (c) diatom c hydrogen
ol Ghn 1|5e§u|e§?*3}'8rn,‘" 1% oV (PG nary e Y
H (n=1/6) 0.3110 22.81 54.35
H (n=1/7) 0.2666 29.34 42.25
H (n=1/8) 0.2333 36.09 34.46
15 H (n=1/9) 0.2073 42.84 28.94
H (n=1/10) 0.1866 49.38 25.11
H (n=1/11) 0.1696 55.50 22.34
H (n=1/12) 0.1555 60.98 20.33
H (n=1/13) 0.1435 65.63 18.89
20 H (n=1/14) 0.1333 69.22 17.91
H (n=1/15) 0.1244 71.55 17.33
H (n=1/16) 0.1166 72.40 17.12

H (n=1/17) 0.1098 71.56 17.33



10

15

20

hydrogen nol ecular ion"); and (e) H3 + , 22.6 eV
("ordinary trihydrogen nolecular ion"). Herein, wth

wambgramiae to fornms of hydrogen, "normal" and PCT/US2008/061455

"ordi nary" are synonynous. According to a further
enbodi nent of the invention, a conpound is provided
conprising at |east one i @reased bi ndi ng ener gy

hydr ogen speci es such as ?a) a 13 6 eV hydrogen at om
having a binding energy of about 2 , preferably within
10% (nP1/18)or e preber abl w89 whengop is an integer,
preferably an integer from2 to 137; (b) a hydride ion

(HR (havimy a bi ndbsag enesgy of abest / z2 0 + 1)
pmQe2h2 22 Binding Energy =, preferably m 1+Js(s +1)

8 g2 (mLthgy 10% oopmre prggerabl y,pgop, where p is an
integer, preferably an integer from2 to 24; (c) H (I

[ p)H_igréLa ?bI?nt ri hydgd,no rrglf7 ecul atr e@{}prs +( 1 p)

havi di ng energy ot abou eferably within

10%-,mo refer 5%, where IS an integer,
ﬁé’r‘ééf% an in?géfér f?&ﬁ?sz to 1§ 76 (e) a dihydrino
haV| rag a bb ndi nng 3 enegg%/%/of about eV preferably

thild=16%, nor&%Wef er 5%, %4dfere pisj _ P
H (n=1/24) 0.0778 0.6945 1785
a Eq. (16)
b Eq. (15)

According to the present invention, a hydrino hydride ion (H") having a binding

energy according to Egs. (15-16) that is greater than the binding of ordinary hydride

ion (about 0.8 eV) for p=2 upto 23, and less for p=24 (H") is provided. For p=2
to p =24 of Egs. (15-16), the hydride ion binding energies are respectively 3, 6.6,
11.2,16.7, 22.8, 29.3, 36.1, 42.8, 49.4, 55.5, 61.0, 65.6, 69.2, 71.6, 72.4, 71.6, 68.8,
64.0,56.8, 47.1, 34.7, 19.3, and 0.69 eV. Compositions comprising the novel
hydride ion are also provided.

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

binding energy according to Egs. (15-16).



an integer, preferably and integer from2 to 137; (f)
a di hydrino nolecular ion with a 16.3 bi ndi ng energy

woofoosimauil eV preferably within 10%, nore preframaid2gosad 455
, P where pis an integer, preferably an integer from
2 to 137. According to a further preferred enbodi nent
of the invention, a conpoynd is provided conprising at
| east one increased binding energy hydrogen species
such as (a) a di hydrino nol ecul ar ion having a total
ener Ygvedforipounds ar [RovidetiGzoffPBSIRg ene omare hydriBb3tydedé ions
preferably within 10%, nore preferably 5%, where p
dng oan of mpesgsher elesnepkearfisich @ coometrahis réfered tyes ashydfimo
mass of the electron, c is the speed of light in

hyddde gempeund; t he reduced nucl ear mass, and k is the

har npni ¢ force constant sol ved previ ously [2%, and (b)
a di Hifinannbydiraes saedesl chyagtetizeddly tamioliqyingbinding 1. 351
- /. 30.326469 e«\//éfé'?% referably within 10% nore

5 eppries@ygindaien \8 (prglingry hYHf"éeg'@P dRbspaes alam

(R Pirodinatern (8% R\ A0Rn duimers B eRune o el y
<@5ﬁ%%§ﬁ@r$§eﬁfrﬁ%?c%e“m' Rk ﬁérd?"%trcﬁhe
ﬁroa?@ R T e S
|on Iﬁerem with reference to forms of hydrogen, "normal" and "ordinary" are

10  synonymous.
According to a further embodiment of the invention, a compound is provided

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

hydrogen atom having a binding energy of about 1-3'—6—%!/—, preferably within £10%,
1
P

more preferably +5%, where p is an integer, preferably an integer from 2 to 137; (b)

15 a hydride ion ( H™) having a binding energy of about

2 242 2
noys(s+1) mueh” | 1 2 _ |, preferably

Binding Energy = == 5 —+
2[1+,/s(s+1)} m; | ay, 3[1+\/s(s+1)}
8u | —Y" T P A R
p p

(4

within £10% , more preferably +5%, where p is an integer, preferably an integer from

2 to 24; (c) H](1/p); (d) a trihydrino molecular ion, H;(1/ p), having a binding

energy of about 22 62 eV preferably within £10%, more preferably 5%, where p is

p

20  an integer, preferably an integer from 2 to 137; (e) a dihydrino having a binding



i ncreased binding energy hydride ion. Such conpounds
are hereinafter referred to as "hydrino hydride
wampodmtis” . The met hod conprises reacti ng at @ATUS2008/061455
hydrogen with a catal yst having a net enthal py of
reaction of about - 27 eV, where mis an integer
greater than 1, preferably,an integer |ess than 400,
to produce an increased binding energy hydrogen atom
havi ng a bi ndi ng energy of about where p is an
' ri8fer ' r 0,137 . A :
PFRE ok e drbeRBvaiPSlor RO By basrewnere pis
i ncreased Ekading ener gy hydrogen atom can be reacted
with an el eéétron source, to produce an increased

bi.ndi ng ener hydri de i o e i ncreased binding .
B Py SR Pt roB S oelhds B SRS Metsshier g a
cations to pr odulc6% a compound conprising at | east one
biraithgesme ey db ablit Rg—e RET wyfekaptirwithin 0%, Mere reféryibly agen
speci es and conpdsjiti ons of matter conprising new
fornms of hydrogem forned by the catalysis of atomc
hydrogen are disclosed in "MIIls Prior Publications".
whaes PR\ER!intBydH SrerRFabbARIARLE fRs2 @f 13vat t er conpri se:
(a) at |east one neutral, positive, or negative

5  hydr agenirgye aiféshel befeiddaintimdnnef th@meéehtidh dlédhgpound is
ener gy hydrogen species”) having a binding energy(i)
pgovitiat] ebmphising dtheash omedincrgassadtigiingodnetdyehydige e sipseiedi sagh
ordi nary hydrogen species, or (ii) greater than the
abi(@di dilydene mglecalfr iamhavtiygla g enegeof es f or which the
correspondi ng ordi nary hydrogen species is unstable or

is not dbserved because]|t he [or 5y iy dr oger speci es'
bi ndi ng lenergy is | ess than thEi%%%%%?ergies at

anbi ent |conditions (standar %ﬁv efatlure and pressure,
STP), off i& n ive: at Ilreast |one [at her

el ‘ﬁf.gxﬁgHgaﬁ%bhﬁagg £+§ e |nygmt|or_534£. (17)

herei nafiter’ referred to|as "increased binding enéergy
hydr ogen conpounds". By|"other elenent" in this
context |is meant an el efrent other than an

=—p?16.13392 eV — p0.118755 eV

preferably within £10%, more preferably +5%, where p is an integer, # is Planck's
10  constant bar, m, is the mass of the electron, ¢ is the speed of light in vacuum, u is

the reduced nuclear mass, and % is the harmonic force constant solved previously

[2] and (b) a dihydrino molecule having a total energy of

n—
87e a, 2 ) 2-1

E =-p’ ¢ {[2\/5—\/5+£J1 ‘EH—\/E}

=-p?31.351 eV — p’0.326469 eV
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i ncreased bi nding energy hydrogen species. Thus, the
ot her el enment can be an ordi nary hydrogen species, or

waoays/eddesrent ot her than hydrogen. I n one grouPafus2008/061455

conpounds, the other elenment and the increased binding
energy hydrogen species are neutral. In another group
of conpounds, the other ejgnment and increased binding
ener gy hydrogen species are charged such that the
ot her el enent provides the balancing charge to forma
neutral conpound. The fornmer group of conpoundg&8)s
characterized by nol ecul ar and coordi nate bondi ng; the
prefarakly wiihin dp0% smetsarefetablyi #56d vihere oris en integsr atd oAl $he
provi ded are novel conpounds and nol ecul ar ions
Bolmmpdiusi ng (a) at | east one neutral, positive, or
negati ve hydrogen species (hereinafter "increased
bi ndicagdiaads gfje ¢mlhdigent obthe divestion whevéinthezcomppand
energy (i) greater than the total energy of the
CIBRTISES B HRGRINGY sharpehingrensrst Riding efjnsey lslrogep spedigs, the
greater than the total energy of any hydrogen species
CarpROURA further ¢panprises epmanra gatondi svah ws Bypdrtoy erdingse di e or
is unstable or is not observed because the ordinary
ofaydrnogen species' total energy is |ess than thermal
energi es at anbientconditions, or is negative; and (b)
at  lreastho®RPrévideIforpresariAg comhpeurid® tathprisiney & Yeaef orlhe
hydr ogen species is the sumof the energies to renove
inadebseaf bitidiey @leept Hiyaride ibh 0Butthenipedhag®Es he patiftesrefefiag to
hydr ogen speci es according to the present invention
adhdgdrinothytidde engurogydg)r &a¢ eethiod @nmpiisestredddihg etoetiqiyydafgen
the correspondi ng ordi nary hydrogen species. The

Y SER450 15085 R SPMRL B LRSSl B, SRR Rean,

accor rnven €0’ Yererre
as an increased binding ener gy hydrogen species" even
intelgegrbatecthen ¢ drefdrapvyrdnsnteger less than 400, to produce an increased

binding energy hydrogen atom having a binding energy of about 13'6—6’2‘/ where p is
1

p
an integer, preferably an integer from 2 to 137. A further product of the catalysis is
energy. The increased binding energy hydrogen atom can be reacted with an
electron source, to produce an increased binding energy hydride ion. The increased
binding energy hydride ion can be reacted with one or more cations to produce a
compound comprising at least one increased binding energy hydride ion.

Novel hydrogen species and compositions of matter comprising new forms of
hydrogen formed by the catalysis of atomic hydrogen are disclosed in "Milis Prior
Publications". The novel hydrogen compositions of matter comprise:

(a) at least one neutral, positive, or negative hydrogen species (hereinafter

"increased binding energy hydrogen species") having a binding energy
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t he hydrogen species having an increased total energy
may have a first electron binding energy |less that the

wd 100&134ed1ect ron bi ndi ng energy of the corresp@wi/vg008/061455

ordi nary hydrogen species. For exanple, the hydride
ion of Egs. (15-16) for p = 24 has a first binding
energy that is less than phe first binding energy of
ordinary hydride ion, while the total energy of the
hydride ion of Egs. (15-16) for p - 24 is nuch greater
t han t he (i} eteater theathpbieding erergyoef thesgroredpongingraddineny y
hydride ion. Also provided are novel conpounds and
M€FE€®P%¥“¥OWS conprising (a) a plurality of neutra
positive, or gatlve hydr ogen S&wyles (hereinafter

"i ncr easdl gfﬁaltﬁt! hay tae Ripgipg ﬁSﬁf g%g é‘ﬁ@@g@%seecﬁéwrﬁ@'c@
e
B EAPEY IPSan Plreeahdt: TR h 4 Bl e Bgen
a?)r&c'?fe%iﬁ gc?nfiitﬁgéé {l%%n%g detergéeﬂaﬁué’]%&d n;g'ggsul}ev %qu eo(r: ?sunseggttlvee?rh

I'ng ener
th i t
and Phf! '2%5%%%25‘*?@@'%%%?#3%?&@ A T e
BB B e M A S

| ncrga%@thr Biehthiith ARYANKXNY HeBBGIH JaR&It Sthef #8n BR
formed by reacting one or nore hydrino atons with one

ifred¥d BinBing Aer@l AFArbgh, spaYigs.i THuUsahe BtheR el MEROsAAGDe an
contai ning at |east one of said increased binding

oediedrg Wydiyghnapecies [pe ahyedemantadttal tHadagtrogae latohe group@m
nol ecul e, or ion other than an increased binding

cempowds hivie bihgeelemprtcind she iAbrsasqarbindirdesheagyehydmgeh species
compounds and nol ecul ar ions conprising (a) a
apg vaudrial. tly aodtheraanoupadf coppsunds\tbe other elemattiand itvyehseden
speci es (hereinafter
binding energy hydrogen species are charged such that the other element provides
the balancing charge to form a neutral compound. The former group of compounds
is characterized by molecular and coordinate bonding; the latter group is
characterized by ionic bonding.
Also provided are novel compounds and molecular ions comprising
(a) at least one neutral, positive, or negative hydrogen species (hereinafter
"increased binding energy hydrogen species") having a total energy
(i) greater than the total energy of the corresponding ordinary hydrogen
species, or
(i) greater than the total energy of any hydrogen species for which the

corresponding ordinary hydrogen species is unstable or is not observed because the

ordinary hydrogen species' total energy is less than thermal energies at ambient
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"increased binding energy hydrogen species”) having a
total energy (i) greater than the total energy of

waoorods/manyt ol ecul ar hydrogen, or (ii) greater RATAVS20082061455

total energy of any hydrogen species for which the
correspondi ng ordi nary hydrogen species is unstable or
IS not observed because t ordi nary hydrogen speci es'
total energy is less than thernal energies at ambi ent
conditions or is negative; and (b) optionally one
condifions gdr émmagativeT hed conpounds of the invention are
hereinafter referred to as "increased bi ndi ng energy
hy dr(biiteasbensortheislemant an enbodi ment, a conpound is
ErOV|ded conprising at |east one i ncr eased bi ndi ng
Tae ity ¢nergy Pb‘@é ﬁy@f pa’N Wwecied isde a¢m Pt Haenergiegteigmove all of
consisting of (a) hydride ion having a binding energy
"&E‘é%ﬁfranﬁaom H‘eétygroge&sp%)s tTREhY§reaet ecies aﬁ%%ns foethe
bi n of ordina drlde ion (about 0.8 eV) for p =
PESh Vg”tf?:“ hasﬁrﬂi a[ Qf?atﬁr tha'?ﬂ-‘g(mt?’rf’é‘re@é(soéﬁ“ebl ndi ng

PR SRS O Rae s h§ ﬁgﬂ de&{f%gwéaﬁa& i44n ¢ he
|n%<?)gg% ta? nﬁé'r %CCBrC]‘Pn&qu r}‘l%eyr |nV glon %t acfso r(e Hg? %338n6

I NCrease rogen at

".BM%%H %%gn re(’m‘épgél?»}ggrrog&?%h] g%g'a%@h?hd%gx grggl% (nbbé ﬁ'ltents of

ncreased

}%Aﬂgﬂoﬁgn %b(%feg)ﬁatﬁxg LR Gera8Rd ﬁfalﬂ leﬁ‘erg)plrnay HaydfikiQedron@nd

nol ecul ar hydrogen 1 on having a bl nding enerqgy

bﬂﬂiﬁ@teﬁérg§/ Rag tr%bfhﬁtflrslélegtr&l\/élndlﬁtﬁérﬁé?w thd &ﬁl‘egﬁon%ﬂ%r gy

nol ecul ar hydrogen i on ydri'no nol ecu ion"

Qﬁﬁfdﬂfgeﬁ sh&dles2 IFdr b, ftheCdriadionlof ERS I e81$@dor p = 24
B|n i ng Energy Species A new chenically generated or

h&SS fidl BAdiIRY SRITGy HAUS 8s BRARE M5t BndiRPERAGY of REHBY hydride
transfer mechanism (rt-plasm) between atom c hydrogen

ioAN@hikaRd Bt ef@bRbYEE RydiRs ided Eqd Y818l pttratis Fh be a
new power source. The products are nore stable hydride

gRB&r tHah SRl ehbiEY FIRNHREFI R IGRard Pydride idn./ 4) and
Also provided are novel compounds and molecular ions comprising
(a) a plurality of neutral, positive, or negative hydrogen species (hereinafter
"increased binding energy hydrogen species”") having a binding energy
(i) greater than the binding energy of the corresponding ordinary
hydrogen species, or
(i) greater than the binding energy of any hydrogen species for which
the corresponding ordinary hydrogen species is unstable or is not observed because
the ordinary hydrogen species' binding energy is less than thermal energies at
ambient conditions or is negative; and
(b) optionally one other element. The compounds of the invention are

hereinafter referred to as "increased binding energy hydrogen compounds”.



10

15

20

25

H2(1/4) . One such source operates by incandescently
heating a hydrogen di ssociator and a catal yst to

wQoosriddesiat om ¢ hydrogen and gaseous cat al yst ,PCT/US2008/061455

respectively, such that the catalyst reacts with the
atom ¢ hydrogen to produce a plasma. It was
extraordinary that inten extrene ultraviolet (EW)
em ssi on was observed by lls et al. [3-10] at |ow
tenperatures (e.g. ~ 10 3 K ) and an extraordi nary | ow
f i elThednoreasgd hinding @bergy hyldrogew/ spatiés cam bzt formerl yyrdadipgn
and certain atom zed el enents or certain gaseous ions
oRgheranors inkdiing atemswith enel o7 masepkan electiont kyglsino atet, apl es
of the potential energy of atom c hydrogen, 27.2 eV .
CompAYRE epntaining gtlepetvae P?%l sqitk i@éﬁeamh@gngamwmdrmg
confirmthat the rt-plasma is due to a novel reaction
SRR B Iq@ymr@ggmerﬂfﬂnb ool egn sBegHaRPB Horeased

i nternediates, drogen in fractional quantum states
b@ﬂﬁﬁe%ﬁay W“?%Né%e@ﬁ%rgles t han the tradltlona

eased

.1 ;pr%%%edt%%?Yeig?mQO@aﬁf IR P
y :(éc) ae r%@?y rpef.lﬁrgl §OSItIV8r?r Jﬁggtdlgthg rorﬁgne gp%g%ﬁrel
lﬁzﬁgé%'éa ﬁﬁf?\ %nél%é n?droge% sp%aeg ha\grgq ?o?al %ﬁ(lr y

arac erl tlc ysts "and’ t he hydri de

| on Pr odyGsadrnariine fotal 2herdg of gr%mg@]moié& PyEBELEY,

hydr ogen ‘em ssion | 12-13, hem ca rmed

pl asmas E)?’grel,Q(er than @1% totgl7e'n%§y1of §P7f§ ﬁy%%d@h'%ﬁédﬂes( fBll\Qicﬁme

Bal mer a 11 ne broadening

cotrespeting&drdint9 Ihydjraéérﬂé'beblﬁy %ﬂﬁn‘s&BIler .shhdt bﬂé»é‘ive[denecgusb the
27-29], elevatedelectron tenperature [19, 23-25],

oramewmyamge@bm tafal eiegyyoiw/iadi tadnithermaBeneBdies #tewiient
generation [3, 9, 11-13], and anal ysis of novel

caddioh<al is ceggtioajadd [ 3, 14- 16]. The theory given
previously [6, 18-20, 30] is based on Maxwell's
equéb)ioptionallyp omodtheraernérd. $he caropaupdeéf thédmvenitiootareon.
The fam liar Rydberg equation (Eq. (19)) arises for
herpiaaftey tefergrintoas Cineredsesk inding ¢nsrgymysirogen formpeundgd) . E
13 -598 e V
In an embodiment, a compound is provided, comprising at least one
increased binding energy hydrogen species selected from the group consisting of (a)
hydride ion having a binding energy according to Egs. (15-16) that is greater than
the binding of ordinary hydride ion (about 0.8 eV) for p=2 up to 23, and less for
p =24 ("increased binding energy hydride ion" or "hydrino hydride ion"); (b)
hydrogen atom having a binding energy greater than the binding energy of ordinary
hydrogen atom (about 13.6 eV) ("increased binding energy hydrogen atom" or
"hydrino"); (c) hydrogen molecule having a first binding energy greater than about

15.3 eV ("increased binding energy hydrogen molecule” or "dihydrino"); and (d)

molecular hydrogen ion having a binding energy greater than about 16.3 eV
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(19) 1/4 Hn =1,2,3,... (20) An additional result is
that atom c hydrogen may undergo a catalytic reaction

WOn0D$1133e51t ai N at ons, exciners, and i ons whi ch ROTOUS20e8/061455

reaction with a net enthal py of an integer nultiple of
the potential energy of atom c hydrogen, m 27.2 eV
wherein mis an integer. %%e reaction involves a
nonradi ati ve energy transfer to forma hydrogen atom
called a hydrino atomthat is lower in energy than
('ingreaged kitding endroy mylecidadydtdgan iand pr 'difydirdsmelecuar ion”).
fractional principal quantum nunber. That is n =

-, ,- ; pis aninteger (21) 2 3 4 p repl aces
the mell knovn oarane%er n = Enteger |n the Rydberg

of h dro en andthe n st at esof hydrogen| nt eger are
nonrfatgvhthepically genefated Bhétstﬁt‘%ﬁP't%‘tmfPet%ed on a resonant
nonrf'ﬂdlS tive stat

gL FgTster e aB AT BarRe § %W%%e%t@fy'cmrﬁg%?nd S, a
at al yst i des net positive ent hal y action
RV 4% ageé\}’ve(?'ogedath?t PaliRanet fotedee TRepfodfis ofe
nonr,adi ener fer fragm H e ato and
oG] Ha8s BdE oB cIRpeh PieResee PP SRRIEngS 1 01 L PR
el ectronic transitions to fractional quant um ener gy
H,éWd) s Pne agchasasnesngriercy ingandprcentbnieatinge hydsogster gy
transfer, the hydrogen atom becones unstable and enits
dissadicterand rReatysutotprovide atamici hguregermandgaseo enatajyst,
nonradi ative statehaving a principal energy |evel
regheativelipysupiy that heSptalysreacty With fhegdensis dydregerhtogsoduce a
hydr ogen nol ecul ar bond formation that occur w thout
PlgpBa-ot wag gytraoidipary @@B!”Feé'sé gxtramg 'dtﬁ%v'(é‘?téEEMhﬂfﬁﬁs'P'Bl’ﬁ
Al so, sone commerci al phosphors are based on
observed by Mills et al. [3-10] at low temperatures (e.g. =10’ K ) and an
extraordinary low field strength of about 1-2 V/cm from atomic hydrogen and certain
atomized elements or certain gaseous ions which singly or muitiply ionize at integer
multiples of the potential energy of atomic hydrogen, 27.2 ¢V. A number of
independent experimental observations confirm that the rt-plasma is due to a novel
reaction of atomic hydrogen which produces as chemical intermediates, hydrogen in
fractional quantum states that are at lower energies than the traditional "ground”
(n=1) state. Power is released [3, 9, 11-13], and the final reaction products are
novel hydride compounds [3, 14-16] or lower-energy molecular hydrogen [17]. The
supporting data include EUV spectroscopy [3-10, 13, 17-22, 25, 27-28],
characteristic emission from catalysts and the hydride ion products [3, 5, 7, 21-22,
27-28], lower-energy hydrogen emission [12-13, 18-20], chemically formed plasmas

[3-10, 21-22, 27-28], extraordinary (>100 eV) Balmer « line broadening [3-5, 7, 9-

10, 12, 18-19, 21, 23-28], population inversion of H lines [3, 21, 27-29], elevated



10

15

20

WOHD$/134451)

resonant nonradi ati ve energy transfer involving
mul tipole coupling [32]. Two H{\| p) may react to form

charge and current density functions, bond distances,
and energies were exactly solved pr evi ousl| y wth
remar kabl e accuracy [30, 38]. Using the Laplacian in
el li psoidal coordinates wth the constraint of
nonradi ation, the total energy of the hydrogen
elesirer temperedwe 1P, 238k anehalbussplabnudf aftepgiow duratiorh[3f 8]c pewer
of the prolate spheroid nolecular orbital is = -/? 23
gengsgtion [339 13764 @0d enalysoyf nemel ichempicalscoapoimdsdgetd; 1616 s
Pl anck's constant bar, nme is the nmass of the el ectron,
c i sTheBeqpgan Q'feVloiiﬂth 1820 a3 isrhased P Makeeliscetiygiens to
nucl ear mass, k is the harnonic force constant sol ved
SBW@euﬂaﬁﬁWurenoféh%Plsgt@@ fTGﬁM@Eﬂfﬁmewg\ﬁﬁwwméh@h%ﬁes

stants onl g a is the Bohr radius. The
1 DRl SREBr bRl Rl e of
fractional - Rydber g-state nol ecul ar hydrogen H2(1 1p)
are p2_thofe of 598*1*F1us, the vibrational eneggjes,

, Tornt8meay = 0 to u = 1 transition of
hydrogen type nol ecules H2(lIl p) are [30, 33] E
/0.545903,.eV (23)where the experinental vibratzmal
energy for the u =0 to u =1 transition of H2,
Apuraitional rek)lt js that agorivie Rydrygddauay @idefddd canmgtichiesdibe with
[35]. The rotational energies, EmM , for the J to + 1
centam siotrispexcoherk,yaohid dgsiwhighgeovidd 2 calctim with 4 het/ehtPialpgioéan
[30, 33] Erot = BJ+X - E = J[J +1] = p2(J + 1)0.01509
irdagef pijtiplelnd the poténtiakanergymietemioliydragent ina27.2aekd \Mhla@in m is
experinental rotational energy for the | =o to J =1
ap indeasrt i eregetiondnyolveg ia\eRragiptive nergy t[@@ﬁef torfaen g Pydrogen
dependence of the rotational energies results from an
a;om,@qllgga@y@fg}g@ﬁggﬁ@élsd@wqrwéenqqg)ét,hﬁ@ gnregeted atomic hydrogen

that corresponds to a fractional principal quantum number. That is

n= l p is an integer (21)
P

i1
2°3°4

replaces the well known parameter n = integer in the Rydberg equation for hydrogen

excited states. The n=1 state of hydrogen and the n= states of hydrogen

integer

are nonradiative, but a transition between two nonradiative states, say n=1 to
n=1/2, is possible via a nonradiative energy transfer. Thus, a catalyst provides a
net positive enthalpy of reaction of m-27.2 ¢V (i.e. it resonantly accepts the
nonradiative energy transfer from hydrogen atoms and releases the energy to the
surroundings to affect electronic transitions to fractional quantum energy levels). As
a consequence of the nonradiative energy transfer, the hydrogen atom becomes

unstable and emits further energy until it achieves a lower-energy nonradiative state

The hydrogen nol ecul ar i on and nmAGECUR2808/061455



di stance and the correspondi ng i npact on / . The
predi cted internucl ear distance 2c' for H2(I1Zp) is 2c'
wo=2008/(33%31 P The rotational energies provide a REIVYS2008/061455
preci se nmeasure of / and the internucl ear distance
using well established theory [37]. Ar may serve as a
catal yst since its ioni za%éon energy i s about 27.2 eV
The catal yst reaction of Ar+ to Ar 2+ forns H(1 12)
whi ch may further serve as both a catal yst and a
hewing 8 arincipad eheygyriemgligiven oy [Eus-(29) ar@d?1). Phesesseastsech as
observation of H§I /4) is predicted to be flow
hydeeetm@alecyarhoad foymatiery that acewr withopphotona pnd thgtifeqeise t he
bui | dup of internediates. The nechani sm was tested by
cahigiens 3@ ReEMAN {H 1. A5y ﬁ@g’e;ﬂoﬁ@iﬁéﬂ@&@é@hoﬁeﬂj@ paged on
nol ecul ar em ssion was antici pated for high ressure
regoq8M- ’ﬁ?@ﬁ*@@éhe’]ﬂr%i/ F?é‘§feé$E‘<YP't"8€I mfirgle fouming &37l-e| ect r on
beam Rotational |ines 1) were antici pated and
5 soughti Al&ﬂ%éﬂassr@a%é@f%%lﬂéwn hethudroger fpigeulpr ipg and
were conpared to those predicted by Egs. (23-24)
W@é plsiar Ay ‘t%reﬂ?@”iswféﬁﬁ@w ®andiNisteasrse and engrgies ware
gi ven by Eq = 4 in Eqs. (23-24),
ef‘?f‘é'y ﬁP'é%‘i' @F@H“%WF'@;@@?”@@P %Cﬁ@raay [30 ﬁq]) siag (e '—ap'ac'a" in
rati on-rotational seri o,
empplc@l gocgdm@te@m@tc fr)ed;opﬁtralrp o{ gon_pa@atgn tBe trg.t@ energy 0 of the
4 eV (J 1)0. 24144 eV, He+
BT oy 6ineea carfa fi@f (Ghe B epE PR HTalh B,
physi cal process with an enthal py change equal to an
10 SP?ﬁ’%‘Sé’PO'?FHlafP'i?I't@ IDf 27.2 eV since it ionizes at 54.417
eV which is 2 27.2 eV . The product of the catalysis
reactijon of H, H(\ 13) , may further
catalyst to formH (I / 4) and H

whi ch capl ad to transitdons t
m)=-p*k [ /Bsi/pn jm#iﬂfuﬁ}
8me a, 2-1

=-p*31.351 ¢V~ p’0.326469 eV

(22)

where p is an integer, % is Planck's constant bar, m, is the mass of the electron, ¢
is the speed of light in vacuum, u is the reduced nuclear mass, k is the harmonic

15 force constant solved previously in a closed-form equation with fundamental

constants only [30, 33] and «a, is the Bohr radius. The vibrational and rotational
energies of fractional-Rydberg-state molecular hydrogen H,(1/ p) are p* those of
H,. Thus, the vibrational energies, E,, , forthe v=0 to v =1 transition of
hydrogen-type molecules H,(1/ p) are [30, 33]

20 E,, = p*0.515902 eV (23)
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13.6 eV where 9= 1,2,3,4,6,7,8,9, or 1 1 were
previ ously observed by extrene ultraviolet (EW)

woespeiedcopy recorded on mcrowave di schar gesafus2008/061455

hel iumw th 2% hydrogen [18-20]. These |lines matched H
(I / p), fractional Rydberg states of atomc

hydr ogen gi ven by Egs. and (21). Rotational I|ines
wer e observed in the 145 00 nmregion from

at nospheric pressure el ectron-beam excited

whegdhe hyrbriogetal ybratioresenetgnefouthpriee e de nt=ddrapnitiogyf H,,
spacing of 42 times that of hydrogen established the
A.0igr,nud gheen Ly Beutlerd4]amd HedzbehpB510 fThelZotatiwthai sherdied, ild
Hé(1/4) (Egs. (23-26)). H2(1 Zp) gas was isolated by

e ST T

cryotrap and vva§ characterized by mass spectroscopy
(M5 g, The c@q Né%fggﬁm@dlmuvgher i oni zat {zap
energy than H2(I / 4) gas from chem cal
deconp05|t|on of ydrldes contai ning the correspondi ng
wWheEr § tsdhe Byemeni of inertiey apdthgexperimental ratefisaplanerayriordhe t he
cat al ysi s-plasna gas was also identified by 1H NWR as
Jard tpf Félte@nsitiorf efeld, Sigughdy Atersd36l The 18 dependeatari the
to H2 at 4.63 thatmatched theoretical predictions 113,
rdtatjonaldderdies/rdjultadonfairitveese phiepandearce gighe yersdalkdires on
the vibration-rotational em ssion from el ectron-beam
diseinod andited carrespohyiny dgant @l AS Mas predidtetinaemnuclear distance
Fourier-transforminfrared (FTIR) spectroscopy of

28'0for @/, Slapplises containing H (\IA) with interstitial H2
(1/4) . Water bath calorinmetry was used to determ ne
that megsyy abl e power was developed in rt-plasmas due
to thé=rkaction to formstates given by Egs. (@) and
(21). Spécifically, H/ H2(10% (500 niforr), Ar/ H2

500 nmflorr and H2 500 mror r
é‘? 5&%&9 ge@ﬁfé?feétpé%:‘/%%}‘ﬁ%ﬂ%éégﬁk%ﬁ“rﬁio &Rég@ ipte(uclpar
nsi st.ent | order of 50% nore heat
d'tsg? AF° WP W?IV?#%PE égfs) such as Heo Kr , W
pr((i* u/?néa us%ﬂv%rasl adceantlys? smcg snl(cj)lnltzét%ﬂsenglfgy & oul 8¥v2 eV. The

catalyst reaction of Ar* to Ar** forms H(1/2) which may further serve as both a
catalyst and a reactant to form H(1/4) [19-20, 30]. Thus, the observation of
H(1/4) is predicted to be flow dependent since the formation of H,(1/4) requires

the buildup of intermediates. The mechanism was tested by experiments with
flowing plasma gases. Neutral molecular emission was anticipated for high pressure
argon-hydrogen plasmas excited by a 12.5 keV electron beam. Rotational lines for

H,(1/4) were anticipated and sought in the 150-250 nm region. The spectral lines

were compared to those predicted by Egs. (23-24) corresponding to the internuclear
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m crowave operating conditions. The excess power
density of rt-plasmas was of the order 10 Wcm. In

earlier studies with these sane rt-pl asnmas
denonstrated that other unusual features were present
i ncl udi ng dramati c broadegy ng of the hydrogen Bal ner
series lines [3-5, 7, 9- 10, 12, 18-19, 21, 23-28],
and in the case of water plasnas, popul ation inversion
disfantéef H4 thabgfeH, given beBqsRa) éor [p3; 4 b Hgs. @ZB-29]the RBetlisted
the current results and the earlier results are

efegiek &dréey v €QNS) Sloevitbravdntlatatibeal exricstor 7L.€1 /af) afe hitherto
unknown predicted exotherm c chem cal reaction

occugring in rt-pla 4 1$pnce the ionization energy
of Sé”'”?-‘” tgg %f”#”hﬁ%%ga@gtl%ﬁflhm=p()(1,g,f3mr eacti on(gj 2
27.2 eV = 8854432 piay (5eh0841d4 eFat al yst al one or with Ar+
catalyst. It was reported previously that an rt-plasm
for ngg akd flfis theWatalysl dlitdrioh \aCdhbmical or ihYsitR BRRESY WitHesn
(e.g. 10 3 K) , fromatomc hydrogen generated at a
ehthaige tiemgé ieh@amedndn Aardeshulaple ofiD1. 0BV Gihcw@sorie et 5z dw
heating the netal [4-5, 7, 9-10]. Strong VUV eni ssion

WhHRE iob3enwed THedrod RESARS Ealydié Reabith a { HIIY N may
argon, but not when sodi um magnesi um or barium

B! SRS Lfagél étkﬁg?% 15(13‘("{195‘) 5\%’00'?1?%/%? 11 éﬁ@%\fz}awr% can lead

stronti1 um al one. aracteristic s1 on S observed
from.a continuumstate, of Ar 2+ at 45.6_nm w.t hout the
QYARSEGDS § éPtG{Qée’tF 114&) oF‘mﬁ‘ efnisgion ags With $19REES Shi ch
confirned the resonant nonradi ative energy transfer of
q9213.52VeWhere aimt 3-8 &7 By dir dg &ere Breppusly abseved pyextreme
Predicted r 3+ em ssion |ines were al so observed from
ulrayiglat (EWYY BRasirogpeny [scakied onMEcrowave dignhargep pbhelicah withe?%
rt-plasma mechani sm Ti me-dependent |ine broadeni ng of
hydieger [ExPPke Thesd linge matehed H@/ b dractnneERysthacd siefes of atomic
extraordinarily fast H (25 eV). An excess power of 20
hyd/dgem givees byesys U1 8dardgPox i netrically on rt-pl asmas
formed when Ar+ was added to Sr + as an additi onal
cat dlojational Shemwvére ohserveshin itiea 140-300men tegimadeom atgospheric
corresPonding to an average hydrogen
pressure electron-beam excited argon-hydrogen plasmas. The unprecedented
energy spacing of 4° times that of hydrogen established the internuclear distance as

1/4 that of H, and identified H,(1/4) (Egs. (23-26)). H,(1/p) gas was isolated by

liquefaction of helium-hydrogen plasma gas using an high-vacuum (107 Torr)

capable, liquid nitrogen cryotrap and was characterized by mass spectroscopy (MS).

The condensable gas had a higher ionization energy than H, by MS [17]. H,(1/4)
gas from chemical decomposition of hydrides containing the corresponding hydride

ion H™(1/4) as well from liquefaction of the catalysis-plasma gas was also identified

by 'H NMR as an upfield-shifted singlet peak at 2.18 ppm relative to H, at 4.63 that

| RAT218S2008/061455
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atom tenperature of 14, 24 eV, and 23-45 eV was
observed for strontium and argonstrontiumrt-pl asnas

waoads/ti4ssihar ges of stronti um hydrogen, hel i umBGUS20EM61455

ar gon- hydrogen, strontium helium hydrogen, and
strontium argon- hydrogen, respectively, conpared to ~
3 eV for pure hydrogen, Xﬁgon-hydrogen, and
magnesi um hydrogen. To achieve that sane optically
nmeasured |ight output power, hydrogen-sodi um

niayched dresoratiag peadiations EA1 Ry df, Olg e waa further chaxddterized by
requi red 4000, 7000, and 6500 tinmes the power of the

stidds @ et FbraBdH-lotdlibRa| $kisRn floRSEEGioh\b_h maREinkd8rgon-
addi tion of argon increased these ratios by a factor

h@drogdroplésniastandArog Pourigi-saisedraanfrdrés (F I K )apB&ebsESHy of solid

hydr ogen-strontium m xtures at an extrenely | ow

s¥ipleaentahing Pyt / 4 WinGesras£e,{04350 V for hydrogen
al one and sodi um hydrogen m xtures, and 140-150 V for

g]yérwgﬁpbaﬁg@s%&w wad s {i’&@rﬂﬁﬁé e'g%é% &éﬁ@fm&eﬁés

These voltages are too [ow to be explicable by

deRIHRAtH APRESMAE DA thEFea b YorRtAES S N
B B e e et piddiess tgige&{E%g%ng@%nd

() S Bpédiriching e / 8011098 (56d headl Al erl36%) LS’OO%F%%‘),aAnd t he

energy transfer 'of m27.2 eV fromthe hydrogen atomto

gngg)g‘%bagxé&o&mﬁﬁpg%&g@%ﬂgJgﬁég-vl&i{hgnggdgnéo%ﬁl%we eévi%

atomto I ncreas ctron to drop

coey vl o DO BB s e R T PSSR Fiel
st st &1 1P, S ReBlcel oot yB ioeb ol Biuly. 3RS
b A B e el Db Bt g
A T R ARG LR N T T
st%glteg |w¥tF1 kh%scta ES‘nQS’ irtEpiIaosrr]nSés %%ogschcaltjécf that other unusual features were
present including dramatic broadening of the hydrogen Balmer series lines [3-5, 7, 9-
10, 12, 18-19, 21, 23-28], and in the case of water plasmas, population inversion of
the hydrogen excited states [3, 21, 27-29]. Both the current results and the earlier
results are completely consistent with the existence of a hitherto unknown predicted
exothermic chemical reaction occurring in rt-plasmas.

Since the ionization energy of Sr* to Sr** has a net enthalpy of reaction of
2-27.2 eV, S may serve as catalyst alone or with Ar™ catalyst. It was reported
previously that an rt-plasma formed with a low field (1V/cm), at low temperatures
(e.g. =10° K), from atomic hydrogen generated at a tungsten filament and strontium

which was vaporized by heating the metal [4-5, 7, 9-10]. Strong VUV emission was

observed that increased with the addition of argon, but not when sodium,
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>1, - 1> 1, - 1> 1, and. so, .invol.v.ing on,
Iy hydr-inos - in a process callled 4 556 6 7 H

net ast abl e resonant states of hydrinos due
corresponding to the nmultipol e expansion of the
potential energy are m 27 eV (Egs. (19) and (21)) as
gi ven previously [19-20, ?3 ] once catal ysis begins,
hydri nos autocatal yze further transitions to | ower
meigaesen, of hasumeaptescad stnortiemsar mith &ydrogert, egonpdr stmntium
inorganic ion catalysis. An energy transfer of m27.2
ak¥ef Coanaetefistic midsjctiniasmbatoad from alentreconsdate wel Ui nat
atom causes the central field of the first atomto

45 sermeaieubthenymoat Rydisresaries odAr ltamddyr digines Wiicle Eenfirroedtthe
froma radius of - Pto aradius of - - . p + mThe
rasahait ysbrapiatheusiergyHankfepdf 27.2n@l framnsatontie apdrogéntth &h [5, 7,
electron to forma novel hydride ion H(l /p) with a
2bj. rledigie® BET @hissBn[lides dre aldd,ob2drveBidm cRantiukIBdeogeni s
an integer greater than one, =1/ 2, his Planck's
plaemas 7] thatrsuppmtedshd Hlapmamehanismhy Tiode-depeadant lime | s
the mass of the electron, ne is the reduced mm
bedadeningof theld Batynaren liby wae obsenedroerregponding treextragslinafily
the proton, aH is the radius of the hydrogen atom ao
fdssHi(PRee\BO h axackisymweaof0emivs ct i avasl nesagntedrcglodinatrigally on
The ionic radius isr, =- (I +Js(s +\) vy, s=- .
rtfpl@Makdormied When tAre wag hadddatb el Bs an additohar&dtalgs. ener gy
of the hydride ion is 0.75418 eV, and the

ex peignifimanhicBalmert adingibwa@dening corresponding to an average hydrogen

atom temperature of 14, 24 eV, and 23-45 eV was observed for strontium and argon-
strontium rt-plasmas and discharges of strontium-hydrogen, helium-hydrogen,
argon-hydrogen, strontium-helium-hydrogen, and strontium-argon-hydrogen,
respectively, compared to = 3 eV for pure hydrogen, xenon-hydrogen, and
magnesium-hydrogen. To achieve that same optically measured light output power,
hydrogen-sodium, hydrogen-magnesium, and hydrogen-barium mixtures required
4000, 7000, and 6500 times the power of the hydrogen-strontium mixture,
respectively, and the addition of argon increased these ratios by a factor of about
two. A glow discharge plasma formed for hydrogen-strontium mixtures at an
extremely low voltage of about 2 V compared to 250 V for hydrogen alone and
sodium-hydrogen mixtures, and 140-150 V for hydrogen-magnesium and hydrogen-
barium mixtures [4-5, 7]. These voltages are too low to be explicable by
conventional mechanisms involving accelerated ions with a high applied field. A low-

voltage EUV and visible light source is feasible [10].

Since the ionization enerrRyiTassS2008M61455
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by Lykke [38] is 6082.99 + 0.15 cm| (0.75418 eV).
Substanti al evidence of an energetic catalytic

WO mag1i4e31 was previously reported [3] invol vi MRECTAIS2008/061455

resonant energy transfer between hydrogen atons and K
to formvery stable novel hydride ions H (lI/ p) called
hydrino hydrides having agpredicted fractional
princi pal quantum nunber p = 4 . Characteristic
em ssi on was observed fromK that confirmed the
r esdnganeralothe aergy itraesfennt gy 27 2 aksffam thefhy@ro@@n atoeo the
fromatom c hydrogen to K. From Eqg. (27), the binding
catalsippusEs the central-figldintaractipmotthe H 10D teceps by-m1ar@Gtss
A) (28) The product hydride ion / / ( 1 /4) was
elsplet PR peeYaoloweniantheyadius afthe hydregsnrasepondithg t o
its predicted binding energy of 11.2 eV [3,

Aok el ds shi peaks. e L eV f
iR et R R e e A
reduced radius relative to ordinary hydride ion and
ebaal tantyreartimes gt entiahercirgynai gtoatic bydsdgeal diaT1Q of, ittrhay
proton. The total theoretical shift - t- for H-( 1/
s@)e as agatalyst dugh thateaahmrdinary hgdregerf stomfuntiergbing cdtalypik us
the contribution B due to the | ower-electronic energy
red¢ambea neltof 209 ¥ -[812 K Mnayl thGehgtpvith (tRDProvdmes rFe(1p4 =to form a
integer > 1. Corresponding al kali hydrides and al kal i
yEOsWdragat& AN | Hes: flreen tabipiidgankitibhd mBy odcuper e
characterized by 1H MAS NVR and conpared to the
theoretical values. A match of the predicted and
Zobsgerye?dgpgak; and $o, inyolyIngednlydwydinesriep prosess called
definite test. The 1H MAS NWVR spectrum of novel

dI%BI[ngMQIgatIW §i.n% th%%n"igaiti&‘? eﬁec?gigé(gr% HQastable resonant states of

hydrinos due corresponding to the multipole expansion of the potential energy are
m - 27.2 eV (Egs. (19) and (21)) as given previously [19-20, 30] once catalysis
begins, hydrinos autocatalyze further transitions to lower states. This mechanism is
similar to that of an inorganic ion catalysis. An energy transfer of m - 27.2 eV from

a first hydrino atom to the second hydrino atom causes the central field of the first

. . . a
atom to increase by m and its electron to drop m levels lower from a radius of —-
P

aH
p+m

to a radius of

The catalyst product, H(1/ p), may also react with an electron to form a novel

hydride ion H™(1/ p) with a binding energy E, [3, 14, 16, 21, 30]:
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tetramet hyl silane (TM5) showed a | arge distinct
upfield resonance at -4.4 ppmcorresponding to an

woedmwolagta resonance shift of -35.9 ppmthat natcmestoesdns145s

theoretical prediction of p =4 [3, 14-16]. This
result confirmed the previous observations fromthe
rt-plasmas of intense hydfgpgen Lyman emi ssion, a
stationary inverted Lyman popul ati on, excessive
aftergl ow duration, highly energetic hydrogen atons,

characteristic al kal i-ion &m ssion due to tatalysis,
predicted np pectral ,ljines, and the measurenent of
a pomer % arfeent chefistry [3] that

hydrogefytq Tormnofe stable hytlf i deions| desi gnated
H-(\ | p) .- Since the conparison-of Fheory and

experinmental shifts of KH* O is direct evi de&ge of
| ower - energy hydrogen with an irrpl icit large e herm

urin |tsfo rratl theN \wer e eat e
WP Byt CPRPOARaA AP 55 1 Ar £ 45 B QR Ry Rt ban 1, s
spectr &y to elimnate an knovvn expl anation [39],
tr@lpéHB‘?ﬂ él'lt HQF%“ Jn.i iy 'T“F%Sé%“[el%ec"%]ﬂt'ﬁg?ée% ounds
as only containing the al kaline netal, hal ogen, and
kntiwh h
S e SR HBER, o e
an upf| el d- shi ft ed ey d¥i de NI\/R peak. Ordinary alkali
hydri des al one or yjxed with alkali halides show
downfield shifted peaks [3, 14-16]. Fromthe
rdalls &F mewyspogémstom st .sqﬁe %ﬁr%a@é bMES it %e'érérv\er'ltm cﬁac-r &
possi bl e source of the upfield NVR peaks was |1 m %
to Ucentered H The intensg and characteristic
Thenbnigradivsiis ma{—"i(bh t;(amdi))at = 3035 remEy. @k theocalduated
substitution of Hfor CV in“KCQ enabled the
el i m nation U centered H as the source
ofieoc el VR 'B%ﬁk%ﬁ[%fv @ e prAggmontal Vaiue given

characteri zati ons X- raé &hot oel ectron spectrum

by baslss [354 'Stfﬁ)éz?ﬁf%l? ?16" h)%lﬁ“d M* | was performed to

det he edi
% g1st ntial evn!]ence% an energetlc cat(alytlc rea)ctlon was previously

matchBedﬁL)% dnqﬁg(sqnjformé atal y{lc,/g(ga t} n of atomic
or

reported [3] involving a resonant energy transfer between hydrogen atoms and K to

form very stable novel hydride ions H™(1/ p) called hydrino hydrides having a
predicted fractional principal quantum number p =4. Characteristic emission was

observed from K* that confirmed the resonant nonradiative energy transfer of

3.27.2 eV from atomic hydrogen to K. From Eq. (27), the binding energy E, of
H(1/4)is

E,=11.232 ¢V (A

vac

=1103.8 A) (28)
The product hydride ion H™(1/4) was observed spectroscopically at 110 nm

corresponding to its predicted binding energy of 11.2 eV [3, 21].
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bi ndi ng energy given by Eq. (28) was observed, and
FTIR analysis of these crystals wwith H( 1/ 4) was

womos/oxmd before and after storage in argon fROT/@2008/061455

days to search for interstitial H2(1/4) having a
predi cted rotational energy given by Eq. (24). The
identification of single gptational peaks at this
energy with ortho-para splitting due to free rotation
of a very small hydrogen nol ecul e woul d represent

def iUrifield-ghifled NMR peaks aesxdiestcbemidense nttbe ekistercs of laveer-

ot her possible assignnment [39]. Since the rotational
epefpy staterhydfogp with A reduced rdiis selativedo prdinaryydatie iopfangH *
/ having a peak assigned to H~(l / 4) and the

hgving ait PeRasen siamngasticehieddingof thg pren1 /Thy taja shashaiisahsbit
from12.5 keV-el ectron- beam mai nt ai ned pl asmas of

S ggn i 1t ) K Dercyase urluinb An ek 1919 Blis oAbl
& H2(1/4) ", (I /4) trapped in the lattice of KH *
A or H2(1/4) formed fromH ( 1 /4) or formed insitu
dee rivxloweaelpetronicofnergy\staieel ect ron bonbar dnent was

i nvestigated by wi ndow ess EUV spectroscopy on

el ecAR,on- beam exeftati o f. the usi ng the

12. 5 keV }éll%tag(gqm}qlg%” Du‘r géy‘%sé?gif)\ﬁﬁ'fzch any gas
coul d produce’ det ect ablfe emi ssion (<10 5 Torr) [39].
The rotational energy of H2(l / 4) was confirned by
this technique as well. Consistent results fr ot he

road spectrumof investi I onal techni ques provi de
WBEB T PP o] GiReRR AR S 208 ARBl e RS
| ower - energy states then previously thought possible
(Gontaining flb&l%pbqunﬁ(:marﬁctar)zeam HoAS NMRypnd cqrppaggd to the
enbodi nent, the products of the Li catal yst reaction
thenctitdd kaloes. a4 metch o thetpresticted andoaktshrved pedks/with naratternative
H2(1/4) and additionally H (1/ 3) and H2( 1/ 3) for
refsadent¥laalefinitesesit i nventi on provides for their
identification and the correspondi ng energetic
exotTher Hi MAS &iMR spettrby dEbwes paopaund 0GPy ¢l relative to external
characteristic em ssion fromcatal ysts and the hydride
tetramethyisitnet(EMS) shamed @renag dishiyal upfipichresonanse ehr4.4 ppm
chem cally forned plasmas, extraordinary Balnmer a line

cosresRREINg{g an BBEAINtA r§s9RaNaRBEItal o1p-DHPPmHythal matched the

theoretical prediction of p =4 [3, 14-16]. This result confirmed the previous

observations from the rt-plasmas of intense hydrogen Lyman emission, a stationary
inverted Lyman population, excessive afterglow duration, highly energetic hydrogen
atoms, characteristic alkali-ion emission due to catalysis, predicted novel spectral

lines, and the measurement of a power beyond any conventional chemistry [3] that

matched predictions for a catalytic reaction of atomic hydrogen to form more stable

hydride ions designated H(1/p). Since the comparison of theory and

experimental shifts of KH * Cl is direct evidence of lower-energy hydrogen with an

implicit large exotherm during its formation, the NMR results were repeated with the



el evated el ectron tenperature, anomal ous plasma
af tergl ow duration, power generation, and anal ysis of
wogli34ediem cal conpounds. Preferred identifi aatTi/ws2008/061455
techni ques for the species H-(\ | p) and H2(I//?) are
NVR of H~(I /p) and H2(l ip), FTIR of H2(I / P )
trapped in a crystal, XPSpof H[M) , ToF-SIMs of H (I
/| p) , electron- beam excitation en ssion spect roscopy
of H2( 1 / p) , electron beam em ssion spectroscopy of
fudber anafysistby afpeet! (FAIR) spegtesedpyitm eliringte iaoe knawmdexXpERStidvis
i dentification of novel conmpounds conprising H (I / p)
[39.Preferred characterization techniques for the
energetic catalysis reaction and the power bal ance are
lin ﬁ”f\@ﬁ@l@nalmgjs lqgntéfcﬁ‘é% dpHhesec®mpanerscas anhi geatainng the
Pr.eferablgl p) and H2(1 Zp) are / / ( 1 /4) and
abkelmeinqtaJ) aloqe@swcwdmpy aoe nekn P opgride icompeyndgfithis
W NGS FI GURE 1A is a schematic drawing of an energy
> C?'B%‘%?tt'BP cgiid bBERHQP ihihg Hieratyre yiaprhaa Re UPig! ﬁh'ft?fjehyﬂf'@%ent

NRIRY fbé%{ea% QHEWQQS%?'%?S%H?'X?%W}%Eﬁ?ﬂ‘iﬁ"ﬂegs 5w down-

regenperatin fuel in accordance with the pres

f'?'ﬁg@ﬁ?q RFigks dﬁ)ﬁ@ Fromdheliteraiyss s st of %W%&V%ft"é’ Ewar
reactor in accordance with the present invention.

aFp ERFIbleouree of t@%MﬁﬁtNMR@edﬁWﬁ} ligyfited talt) sentaredd. pbwer
and plasma cell and reactor in accordance with the

intanes end chiangateristio infrafed yibration basd atri®3exp edienteriteasubstittitiann
conprising a filanment gas cell to formlithiumargon-

10  oh¥dfagen irakd! kenatiedire lelrdinetimnof U capleagthie @is the spurae o2 thes

a schematic of the reaction cell and the cross

ugfietd-shifted| NNR @aakst[3%he wat er fl ow cal ori net er used to
measure the energy bal ance of the NaH cataly
r eadSifgther gharagtangiens, Me=<- raYIﬁ’E""@@'ﬁ‘B‘BWe?H’F%"% P@D S) of the
l-inlet and outlet thermstors;

hydrino hydride KH *I was performed to determine if the predicted H™(1/4)

binding energy given by Eq. (28) was observed, and FTIR analysis of these crystals
15  with H™(1/4) was performed before and after storage in argon for 90 days to search
for interstitial H,(1/4) having a predicted rotational energy given by Eq. (24). The

identification of single rotational peaks at this energy with ortho-para splitting due to
free rotation of a very small hydrogen molecule would represent definite proof of its
existence since there is no other possible assignment [39].

20 Since the rotational emission of H,(1/4) was observed in crystals of KH * I
having a peak assigned to H™(1/4) and the vibration-rotational emission of
H,(1/4) was observed from 12.5 keV-electron-beam-maintained plasmas of argon
with 1% hydrogen due to collisional excitation of H,(1/4), H,(1/4) trapped in the

lattice of KH *CI  or H,(1/4) formed from H™(1/4) or formed insitu from K
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2-hi gh-tenperature val ve; 3-ceram c fiber heater;
4- copper water-coolant coil; 5-reactor; 6-insulation;

3 is a schematic of the water flow calorineter used to
nmeasure the energy bal ance of the NaH catal yst
reaction to form hydri nos, Figure 4 is a schematic of
the stainless steel gas ceq to synthesize LiH* Br ,
LiH*/, NaH * O and NaH * Br conprising the reaction
cafialysiniofH (via) eldtritin podnbardiniehiHiZas, ineastigdteBoy windbwless EV i )
Pt/ Ti dissociator, Na, NaH , and NaC or NaBr as the
specrosepy On elblstsorn:begro exitatsonyed the cridddls gsiag thied2S lsVesddctron
cell; 117-internal cavity of cell; 118-high vacuum
goo af pregsufdsaeipey, whidtDanyedasegulb peotlice detédtable Bmissige (<10~
102-stainl ess steel tube vacuum|line and gas supply
Tbirn[89]. Tharétatibriabertengy di A1 /o) viasmiontnrled toly thris technique as
104- surroundi ng heaters coverer by high tenperature
wiellS Gbadidten reslASfréth Al brea$sieirarh @F invddifatiohakéMdies

110- hi gh vacuum turbo punp; 112-pressure gauge;

piolitie \dafinitive guidepce/abMedrob@d carhbnistin bivér-sridry\estates then
115-regul ator, and 116-hydrogen tank. Figure 5 shows

ptdvmuﬁﬁﬁwoagmrpoaablaﬁfthafdrmrw av(dtd) dnacey(ded . whbh a
hi gh-resolution visible spect romet er on A) the

eianc‘in'(n@ht FRIpPRIULR Plheddi Eét&lgét%%cﬁ&g aha R CRGR5: rbhctBh %?ém

em ssi on at hours of operation. Lithium

t he
oblh19%) ACar dEg(/‘?AC%HaJa&‘aﬁQIQ% 1 arihy ] H%Hhbi neRe

er time corr spo di'ng to’ an aver age
ature of V and fr ctl onal

%%sfaff’%feﬂ%%t%mé kg raersn ot Tie RilEseding Ffere

G%@%%E%g%‘#ﬂoﬁ %¥:@éilq}b gEtgo(‘sgé@ﬁ é@%&g\'lsﬂc Q%w%?nofu e3 cléHI
aﬁﬂh@%&@ﬁhe%n @811%&@ Ié%r—@ﬁgﬂgggg&o%érpé i %]ﬁrlz Sﬁ?rp Q/fBrl'rWe

em ssion at ours of S an

pQEHQQ %Qirzﬂgdlﬁ&ry %hﬂert&" End blob g MBSputeR fn\(/gglo‘ﬂ\b?H hedTe,
dimnished relative to the case having t

e@w@@e@meﬁnqg@.?era@@e GRSHEHs plddiRa BedrgBl dma%rh power

corresponded to an
generation, and analysis of novel chemical compounds. Preferred identification

techniques for the species H™(1/ p) and H,(1/ p) are NMR of H™(1/p) and
H,(1/p), FTIR of H,(1/ p) trapped in a crystal, XPS of H™(1/ p), ToF-SIMs of
H™(1/p), electron-beam excitation emission spectroscopy of H,(1/p), electron
beam emission spectroscopy of H,(1/ p) trapped in a crystalline lattice, and TOF-
SIMS identification of novel compounds comprising H (1/p). Preferred

characterization techniques for the energetic catalysis reaction and the power

balance are line broadening, plasma formation, and calorimetry. Preferably,

H (1/p) and H,(1/p) are H (1/4) and H,(1/4), respectively.

and 8-water flow chanberPCTRISPO082061455
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aver age hydrogen atomtenperature of 6 eV and a 27%
fractional population. Figure 7 shows the results of

wa tves/DIG1( 100- 750 0C) of N H at a scan rate ofPCI/US2008/061455

degree/ m nute. A broad endot herm c peak was observed
at 3500C to 420 OC which corresponds to 47 Ul nole
and mat ches sodi um hydri dg deconposition in this
tenperature range with a correspondi ng ent hal py of 57
kJ I nole . A large exotherm was observed under

condi tions tBRIE BE RIF f DRAWINGSr egi on 640C
to 825 OC which corresponds to at |east -354 kJ |

nol eH2 , greater than that of the npbst exothermc
reaction possible for H, the -241.8 kJ | nole H2
emMGlaRBAM 2 eehiepade AEwinsfof B) @PeTge Feactor gos BOVEr HIHIE t he
results of the DSC (100-750 0C) of MgH2 at a scan rate
agforgenge Withy fedrefeAtifeetieho sharp endot herni c peaks were

E?ff@%%?ﬁa%fa&{e?aééSr%?vin%ﬁo'?teﬁ%ﬁ?@ " 'ﬁ%qs et kR4, 4

| Pt T

yga 9" @%;%%%@35%@%@%#%0@%&3 el
_ SO Al

AR h A= BT TRl oty Bhetif phsdrfartg bR e

- . hehavi or was observed for the deconposition
p%?%%{ggﬂtfo?'bl , honcatal yst hydride. Figure 9 shows the
{ STRFREUAILa YeHeRtic b/t dsBRarGa bl Hhshideltbhd!

an evacuated test cell and resistive heating only.
re%bﬁan%cé&dé&@Wﬁthttlﬁ@%@Qéwfnv&@tfo%!is time for the
calibration run with an evacuated test cell and
I gRufd 1 éehd\@Pletimentaniey up E&ﬁprl%ﬂﬁ%fﬁl&’ﬁéntg% 64N afdrNitkiim-
the input and output power curves yiel ded an out put
agbehgdtogdn atddithiurk-hydrogeramt-piaspeé. ener gy of 303.1 kJ
corresponding to a coupling of flow of 96.4% of the
r Egust 2 ig@ dch@aatictad tHelreadioh peit aretoé arks sédtigoal @iedlof sHeows
the cell tenperature with tinme for the hydrino
wateafidw catonimdtér ushe to measure the energy balance of the NaH catalyst

reaction to form hydrinos. The components were: 1—inlet and outlet thermistors;
2—high-temperature valve; 3—ceramic fiber heater; 4—copper water-coolant coil;
5—reactor; 6—insulation; 7—cell thermocouple, and 8—water flow chamber.

Figure 3 is a schematic of the water flow calorimeter used to measure the energy
balance of the NaH catalyst reaction to form hydrinos.

Figure 4 is a schematic of the stainless steel gas cell to synthesize LiH * Br,
LiH *I, NaH *Cl and NaH * Br comprising the reaction mixture (i) R-Ni, Li, LiNH,,
and LiBr or Lil or (ii) Pt/Ti dissociator, Na, NaH , and NaCl or NaBr as the
reactants. The components were: 101—stainless steel cell; 117—internal cavity of
cell; 118—high vacuum conflat flange; 119—mating blank conflat flange;

102—stainless steel tube vacuum line and gas supply line; 103—lid to the kiln or top



10

15

20

25

cell containing the reagents conprising the catalyst
material, 1g Li, 0.5g LiNH 2 , 10g LiBr, and 15g PdZAl

WRL088/134431e reaction |iberated 19.1 kJ of ener PCT/US20€83081455
than 120 s to devel op a systemresponse-corrected peak
power in excess of 160 W Figure 12 shows the cool ant
power with tinme for the hydrino reaction with the cell
contai ning the reagents conprising the catal yst
material, 1g Li , 0.5g LiNH 2 , 10g LiBr, and 15g
indlptign, 2@B—surmwading heaters govearer kygright teomerature Insulptigiut  and
out put power curves with the calibration correction
1%;:?%@8;?9@%%60%"@9&%& 1 thehighy vaguumpdgrbo pumpand an

i nput energy of 208.1 kJ corresponding to an excess

THebPrgysuse 93uey 1 K-vaspyn Pempyayfolis—tabrecbi4—valve;

eraturep}%th time for the R-Ni control power test

15/\‘%‘ gplplor. @A 1B APIEHE he reagents conprising the

ti ter] f R-Ni, .159. RNi/ Al [ | . powder
R SRR b biReny & fideiecoter i SHehersdten
BT LS BEBAab o o  gg ies

' _ __Nji - Ni. /Al ..al ) . 3.28
oAt E ey oM AP Bl > 20
br%@bérpr{gaéf' ﬂgq}?er Wﬁe@%a@%ﬂ?ér{/&ﬂweﬁ‘ ﬁﬁwgg&%é BHdiﬁg{ tot%eaverage
CAput “and GUt put T power curves yi el'di g an out put

hRIPSJeatth tedfbrdidre@NdaRBY LAPHACLIBRA eYuIRon3Rer dobs. Figure
15 shows the cell tenperature wth tinme for the

hy Ut ®sHRRGhd 655 hiBalhé & 8hd wiriiYeadrBed @it B RighReQRAbLS
conprising the catalyst material, 15g NaOH - doped R-Ni

(D306 nmaNidibR. speatradhetdaon (Ahdeligiat bin@Bioh obg litlarhy@foded rof
energy in less than 90 s to develop a

playsa and (B) siposrsiesiaroati7@dioacs g epdrafamidithium ligxs asdbrobddhiry
KW Figure 16 shows the cool ant power with tine for

oftdméy they df limes wasanbiserved ower timehisut cdahihisioaiveative todhd tese
reagents conprising the catal yst material, 15g NaCOH

haviftggbel aRonihy 89 gasr(85/3%2 8 fheoBaliar wifithecomeapanidedto an
integration of the input and out put power curves with

avefirgedwHiogea aiosnterpeiatice Pdhe\appd @ @d'yiastiatatipepylagon-put

energy_of 185.1 kJ
Figure 7 shows the results of the DSC (100-750 °C) of NaH at a scan rate of 0.1

degree/minute. A broad endothermic peak was observed at 350°C to 420 °C which
corresponds to 47 kJ / mole and matches sodium hydride decomposition in this
temperature range with a corresponding enthalpy of 57 &/ / mole . A large exotherm
was observed under conditions that form NaH catalyst in the region 640°C to 825
°C which corresponds to at least —354 kJ / moleH, , greater than that of the most
exothermic reaction possible for H , the —241.8 kJ/ mole H, enthalpy of combustion of
hydrogen.

Figure 8 shows the results of the DSC (100-750 °C) of MgH, at a scan rate of 0.1

degree/minute. Two sharp endothermic peaks were observed. A first peak centered



and an input energy of 149.1 kJ corresponding to an
excess energy of 36 kJ. Figure 17 shows the cell
wamopexdadiure with tinme for the hydrino reacti ®@CTWS$2008/061455
the cell containing the reagents conprising the
catal yst material, 15g NaOH -doped R-Ni 2400. The cell
tenperature junped from 6POC to 2050C in 60 s wherein
the reaction |iberated 11.7 kJ of energy in less tine
to devel op a systemresponse-corrected peak power in
ab3aleds° Qodor@smdiadito BB.gULJE nb® MiTtdwaatches the gk art / poaVaIEH,
with time for the hydrino reaction with the cell
deamtpmiitiomgndrine  Treageoidspeak P64 B661C tdrespaidaigist
material, 15g NaOH -doped R-Ni 2400. The nuneri cal
60 tke relt MopH, ofatdhlee tHerkpioivn atvetting wopubf EWE lis 630 02sndw t h
the calibration correction applied yielded an out put
ethelpy wf f08iod 858.48 A9J marad1gan) . i Thastthe BRTegied Bkhdidk wiisk J
corresponding to an excess energy of 11.7 kJ. Figure
5  oBseradidwsthé Becoppisitibny 6f alcontrSl Mncafget tiydriid.m / e- 0 -
100 ) of LiBr.Figure 20 shows the positive ToF-SI NS
S frgute 8ahdws the BsmpBratdre Qegsus fime e thd ¢dlibraBon wihydthains .
Figure 2 1 shows the negative ToF-SIMs spectrum (ml
eescuted telsD Cell)andfredistBe heatfiggulye 22 shows t he negati ve
ToF-SIMS spectrum (m1l e= 0 - 100 ) of the LiH* Br
c Hasreal Gshowysdiampeveanversysltimel éor g cafipratiemigin With [4p Brvagqyateids
wer e uni quely observed. Figure 23 shows the positive
tesbeell niBesishive beativg only/ The: n'@me”CED'Oyegrﬁﬂo'llpﬂ the inpuiandeoufpt
shows the POSItlve ToF- SI M5 sgectrum ml e= O 200)
10 peeraqpres yiglded P”@PS%E%{P&V CLIZFIE kJ anq grpigpyt epergy|of 20B{ ki
, and Li6H2I + erved iin the positive ion
capEePding 18 CPH%"”Qﬂ%lf'GW Preg Péih§ Tesistiye, P’@“&B NG ARt he
e tive ToF-SI M5 spectrum(ml e= 0 - 180 ) of LU.
%ﬁre 26 shows the negative ToF-SIM spectrum (m e=

Flgu;‘e ‘P 1 ghows tlliehceelllfemperatlure with time for the hydrino reaction with the

cell containing the reagents comprising the catalyst material, 1g Li, 0.5g LiNH,, 10g
15  LiBr,and 15g Pd/Al,O,. The reaction liberated 19.1 kJ of energy in less than 120 s
to develop a system-response-corrected peak power in excess of 160 W.

Figure 12 shows the coolant power with time for the hydrino reaction with the cell
containing the reagents comprising the catalyst material, 1g Li, 0.5g LiNH,, 10g
LiBr, and 15g Pd/ ALO,. The numerical integration of the input and output power

20 curves with the calibration correction applied yielded an output energy of 227.2 kJ
and an input energy of 208.1 kJ corresponding to an excess energy of 19.1 kJ.

Figure 13 shows the cell temperature with time for the R-Ni control power test
with the cell containing the reagents comprising the starting material for R-Ni, 15g R-

Ni/Al alloy powder, and 3.28g of Na.
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crystals. A dom nant hydride, LiHF , Li2H2F , and NaHF
peaks were uni quely observed. Figure 27 shows the

womgaiasd ToF- SIMS spectrum (m 1 e= 20 - 30 ) RafT/0$2bb8i061455

- coated Pt /Ti followi ng the production of 15 kJ of
excess heat. Hydrino hydride conpounds NaH~ were
observed. Figure 28 showsy4 he positive ToF- Sl M5
spectrum (m e= 0 - 100 ) of RN reacted over a 48
hour period at 50C. The dom nant ion on the surface
wdrigguna 4 gomsitha eanlanhpewer NAIDHM@dpi the corftrot pawes test wike the
The ions of the other major elenents of R-Ni 2400 such
cglkcontaining te reagents - comprigitg the stapingenaieriah fop Rshdiy 1&R-Ni/Al
Fi gure 29 shows the negative ToF-SIM spectrum (ml e=
alipy_poyder, pné8.2fg Rj N3 car@doalanse was o8tajed with élg etjoration-
500C. A dom nant hydride, ./VaH3 and NaH NaOH assi gned
CRrEpCiRSINUMerIFR) dHeH BN fedeP i ABd PHPYt ROWRT FHVRSORIFIRGEM on
s wel | as ot her uni%ue ions assignable to

o@é&%&“&%&ﬁ%ﬁw AR e eRETRY ©F 35¢Inbi nat i ons wi th NaOH

3R e TR B h U R
N T TN T e
2557243 P e o AR 9 AP B9 0

d&eloh LGsR -e@%sg=c§§e&m&%§o%?ﬂ skt b s/kfy. and H2

respectively. Figures 3 1A-B show 1H MAS NVR spectra

I eltd ¥EsHos B &Joltit pddPwith Ane!fbt th&hy FiRE YedelorPwiteih¥ cell
sharp -4.46 ppm upfield-shifted peak corresponding to

céHlaifiRY tHeQBaBRAts doftiptisihg tHealist AbleYiall Y&y NedHaddpeg R-NON.
(B) K% * Ié%ﬁowi ng a %r oad%wzs. 31 ppmrigpfi el d-spﬁi fted

28000 En$ 8.08¢ 8N4, OTHehRin®Ais4! irégrhfidd &F tHdringui dnd birptit Jower

Bot h spectra also had a 1.13 ppm peak assigned to H2(I
cdrveb)with the calibration correction applied yielded an output energy of 185.1 kJ
and an input energy of 149.1 kd corresponding to an excess energy of 36 kJ.

Figure 17 shows the cell temperature with time for the hydrino reaction with the
cell containing the reagents comprising the catalyst material, 15g NaOH -doped R-Ni
2400. The cell temperature jumped from 60°C to 205°C in 60 s wherein the reaction
liberated 11.7 kJ of energy in less time to develop a system-response-corrected
peak power in excess of 0.25 kW.

Figure 18 shows the coolant power with time for the hydrino reaction with the cell
containing the reagents comprising the catalyst material, 159 NaOH -doped R-Ni
2400. The numerical integration of the input and output power curves with the
calibration correction applied yielded an output energy of 195.7 kJ and an input

energy of 184.0 kJ corresponding to an excess energy of 11.7 kJ.

Figure 19 shows the positive ToF-SIMS spectrum (m /e =0-100) of LiBr.
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woxobg34msal ecul ar speci es al one based on the

Fi gures 32A-B show 1H MAS NMR spectra relative to
external TMS showi ng an Hcontent selectivity of ZiH*

nonpol ari zability of the halide and the correspondi ng
nonreactivity towards H (I /4) . (A LiH* F
conprising a nonpol ari zabj£ fluorine show ng peaks at
4.31 ppmassigned to H2 and 1.16 ppm assigned to H2( 1
/4) and the absence of the H (1/4) ion peak. (B) LiH*
CIFigsieengst $hows dgheapasding dPErSIMAIspectrul (@t iere) -stoonbithe derak 8-
at 4.28 ppmassigned to H2 and 1.2 ppm assigned to H2(
crystals) and the absence of the H( 1 /4) ion peak.

Fi gure 33 shows the 1H MAS NWR spectra of NaH * Br

r é:!géifﬁl 2fleshoys éhe ragative TAVESIMISosHieatium (=3¢ 58 —ppin of LiBr.
upfiel d-shifted peak, eak at 1.13 ppm and a peak
afiggre2shewg &g rgqgetﬂvetEFFglMS goegyum (pwi2¢ £ 0/ 1a0) of thend H2

, respectively.Figures 34A-B show the NaH * CI 1H MAS
LNiV/RBs prystalsa Ardsinzinany Bydride e ki #8r n aind TN, Bh owdakg we teeuniquely
ef fect of hydrogen addition on the relative
obsetvedsities of H2 , H2 (1/4) ,and / / ( 1 /4) . The
addi ti on of hydrogen increased the H~ (I /4) peak and
dEguegadieshowh gheHusitive Tal-SIMS beedirbe (K2 ei=ricr 2083 efdLil ( A)
NaH * C synt hesized with hydrogen addition show ng a
- Figurepdth shewb dhedrosiiive T et SPES Rpeptrying med =t00- 240 of the 4)H * 1 a
1. 1 ppm peak assigned to H2 (1/4) , and a dom nant 4
crpgiats pddl” asistignedi, Ho ™ Hand L BB) - Megré SniCbbseywedhie thezeditive
W t hout hydrogen addition showi ng a - ppm
ionppectiuchsdiitiet Bitll pleerystalssi gned to H~ ( 1/ 4) , a

dom nant 1.0 ppm peak assigned to H2( | / 4) , and a
s higlite 26, shopp theasgativecid Ft IMSBpectRing (n: ¢c 36 —s¢0ws Litlhe 1H
MAS NMR spectrumrelative to external TM5S of NaH* C

f Figrera$eahoive thegfeghtivel TokriiMStapestolm On ac+ 0 - K34SOf B LiHe 1
only source of hydrogen showing both the / / ( 1 /4)
crpgal. Aldomthadthyeipae, angr-arLi, upf i, ahdlNaRi fdeaks WedkKinRjuely 3. 15
ppm assigned to / / (1/ 3) . The corresponding H2 ( 1

obfséhvegnd H2 ( 1/ 3)

Figure 27 shows the negative ToF-SIMS spectrum (m /e = 20—-30) of NaH *-
coated Pr/Ti following the production of 15 kJ of excess heat. Hydrino hydride
compounds NaH were observed.

Figure 28 shows the positive TOF-SIMS spectrum (/e =0-100 ) of R-Ni reacted

over a 48 hour period at 50°C. The dominant ion on the surface was Na” consistent

with NaOH doping of the surface. The ions of the other major elements of R-Ni

2400 such as Al", Ni", Cr*, and Fe® were also observed.

Figure 29 shows the negative ToF-SIMS spectrum (m/e=0-180) of R-Ni
reacted over a 48 hour period at 50°C. A dominant hydride, NaH; and NaH,NaOH"~

assigned to sodium hydrino hydride and this ion in combination with NaOH , as well

PCT/US2008/061455



peaks are shown at 1.15 ppmand 1.7 ppm respectively.

Both fractional hydrogen states were present and the
waHdopeaksiwas absent at 4.3 ppm due to the syntHEIBUR0e061455

NaH * C using a solid acid as the H source rather

that addition of hydrogen gas and a di ssoci ator.

(SB=si de band). Figures 36A-B show XPS survey spectra

(Eb = 0to 1200 eV ) . (A) LiBr . (B) LiH* Br

Fi gure 37 shows the 0-85 eV binding energy region of a
afothbr urdpeliors asnigidtie esadiumumddho hydridés BuHamtdcdritgnations

control LiBr (dashed). The XPS spectrumof LiH* Br

wilh 'NeBES NdRoihakd of werdbbdwelavi ng addi tional peaks
at 9.5 eV and 12.3 eV that coul dnot be assigned to

K IR s ORI oW aﬁmA@mmntspgararreﬁm eki@rranymat ?
primary el ement peak. The peaks match / / ( in

LiyvepAdishdvaneabroabenis h1 BidlSPHEB Psk artd & ﬁ(sat3&6
show t he XQFE’S ;urveyc@pel?tﬁra (Eb = rp, 0 ae\/t opﬁzoo e\/)-p%m (A

5  ad¥fdled to EBB]1/WRENd B(1/4) Fﬂe@;&&eﬁvéﬁﬁ @ovs - I BRovdn Qb?‘o\éd

bi ndi ng energy redion of a hi resol ution

ctru H * Br._and rol hed
-f‘rﬁipezbgpg%%aﬁl“ﬁ R arirod o7 GPPHPs kPRl %‘?p bide:
havi ng addi ti onal peaks at 9.5 eV and 12.3 eV that

48%@% ﬁﬁ%}'ﬂ”?ﬁéodééi/g‘He’{ﬂ‘dtIéerﬂ%ﬁﬁ“V@fyenents and do not

correspond to any other prinmary el ement peak. The
p EmkisesiBd AdhsHowT H MAS/NNIR ispedinaueldiivief te ertatnat 81 ¢&) KH * CI

envi ronnents. Figures 40A-B show XPS survey spectra

shiomiing=a Cere shasp $2.46 ppi)upfi¢ldoshifed park corregoniiagite an coat ed

Pt ITi follow ng the production of 15 kJ of excess
10 emvirgemertithal iscessantipjly Babﬁ@/fr% l@h (Be a1 Ut sfmw'r)gmsb@géc2 B

( =01to 100 eV) A) (B) * -coated Pt
PF?”TPPffeﬂﬁ shildrpak ﬁ@”"ﬁf @d%%s@ﬁ’f é#H 187 and é’FH ékc B89 spegifa
Pt 4/ 7/2 , Pt Af 512 ( apnd Ol s peaks were

a'é‘bﬁ%jr%éd3£f’mma'73%‘3ﬁ”eﬁ° &l “é d 23
Figures 32A-B show 'H MAS NMR spectra relative to external TMS showing an
H-content selectivity of LiH * X for molecular species alone based on the
15 nonpolarizability of the halide and the corresponding nonreactivity towards H (1/4).
(A) LiH *F comprising a nonpolarizable fluorine showing peaks at 4.31 ppm
assigned to H, and 1.16 ppm assigned to H,(1/4) and the absence of the
H~(1/4) ion peak. (B) LiH *Cl comprising a nonpolarizable chlorine showing

peaks at 4.28 ppm assigned to H, and 1.2 ppm assigned to H,(1/4) and the

20 absence of the H™(1/4) ion peak.

Figure 33 shows the 'H MAS NMR spectra of NaH * Br relative to external TMS

showing a —3.58 ppm upfield-shifted peak, a peak at 1.13 ppm, and a peak at 4.3

ppm assigned to H™(1/4), H,(1/4), and H,, respectively.
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WaQ 20881tB4a851val ance band was only observed for

eV, respectively. The N1 p and Na 2s peaks were
observed at 3 1 eV and 64 eV on NaH * -coated Pt | Ti

Fi gures 42A-B show hi gh resol ution XPS spectra (Eb = 0
eVto50ev) . (A Pt I Ti . (B) NaH * -coated Pt |

Ti follow ng the producti of 15 kJ of excess heat.
The XPS spectrum of NaH * -coated Pt | Ti differs from
that of Pt | Ti by havi ngiadditional peaks at 6 eV,
10igrres\34/aB dhathe B t Glatd MAH IMRaipetiea rektiveioadttermal TMS
known el enents and do not correspond to any ot her
spewingthe effeetrof hydrpgenladdiihe on eSeletive intedsitled. & &V peaks
match / / (1/4) in tw different chem cal

FeIVA4) amEet ($ 4 4 )arthetdagifioe o HyaRIgeAMcEacsl !By Was4) peak and
assigned to H ~(\ 13) . Thus both fractional hydrogen

/ 4 R q.
%%@%5%%'&“451?@38“*11 e e C%E%&i{l’%@é@t S A
120 evczql * -coated Si. wit primary- eéerre nt
hydragen 3 gﬁf‘ﬁh‘?"é'agaFﬂ@BWépﬂﬁld§H'8ﬁ%P?ﬁk§}§SE@%iou¥| h*Xes
spectrum (Eb = 0 eV to 120 eV ) of NaH * - coated 5/
1Hannrmgeqb@aklgn@ttoaﬂzév 4)1@nda daminamidt e Beak\assigaed ool .d
not be assigned to known el enents and do not
(B)ON&Ie S P Byhthiesizad withd i @ydrpgermaddition lskeowing a pe dlsm upfield-10. 8
eV, and 12.8 eV peaks match H (1/4) in two different

shiRenp&skl as@i@Nédt@WM'E(mI$),, a@ohirfaf€1.6 ppM peekksdigieahedr, and),
was assigned to ~ (I / 3) . Thus, both fractional

ah&'QEHIQFm 1§Jtp?4§s§tgnéé% gnd 1/4, were present as
predi cted by Eq. (27) rratchl ng the results of NaH *

R T ke RS
N+ i (i Haaron ({f?*)l[jf-)ahlj }] e%’oh&; |I@JSBa\éE b degﬁ

assigned to at vvas eatetl to >

h et .
RS aé%‘éi)gﬁét‘ﬁaﬁi‘ 450 Pe38eyd o%?ﬁ?%%w'}"“e@s%?@é&ﬁak
1541 cm land the im de peaks at 3172 (broad), 1953,
abrid1 Sepre assignep tovdt ¢1/8) | Eh eqreaspondings, l kel andeHe( 1Ak

peaks are shown at 1.15 ppm and 1.7 ppm, respectively. Both fractional hydrogen
states were present and the H, peak was absent at 4.3 ppm due to the synthesis of
NaH *Cl using a solid acid as the H source rather that addition of hydrogen gas
and a dissociator. (SB=side band).

Figures 36A-B show XPS survey spectra (E, =0 eVto 1200 eV). (A) LiBr. (B)
LiH * Br .

Figure 37 shows the 0-85 eV binding energy region of a high resolution XPS
spectrum of LiH * Br and the control LiBr (dashed). The XPS spectrum of LiH * Br

differs from that of LiBr by having additional peaks at 9.5 eV and 12.3 eV that could

PtrdT/082008/061455



the source of the -2.5 ppm NVR peak that renmai ned. The
-2.5 ppmpeak in 1H NWMR spectrum was assigned to the H
wq 100¢/#344510n. I n addition, the 1989 cm 1 FTI R mpeakusoes/odi1455
not be assigned to any know conpound, but natched the
predi cted frequency of para H2(l / 4) . Figure 46
shows the 150-350 nm spectg um of el ectron-beam excited
Csd crystals having trapped H2(1/ 4) . A series of
evenly spaced |ines was observed in the 220-300 nm
npldlgi ashignérhio knawe h@meﬂh@nd ﬁa@ph@rr@ﬁ@pndrt@ ensother grimefry | e
of the P branch of H2(I Fi gure 47 shows the
ele0@NEEAKN The peaks matchot élm4 indwo Idifierdné elmaneizal iebebnments.
silicon wafer coated with NaH * C having trapped H2(I
| #)gures/S83eB bitsv e XPEHUNLYySpeted B DS tWeB0 P efay eds) N
the 220-300 nmregion that matched the spaci ng and
B)wanspty profile of the P branch of H2(1 /4) DETAILED
SCRI PTI ON OF THE PREFERRED EMBODI MENTS Hydr ogen

5 Caqaby/sd sHieRehe0-40 e ARG MR radioPb! o RGTicabluRih Xmos
produci ng energy and | ower-energy hydrogen species, in
SiFEGOMbANGE ABrt dhdithe coritree NuBO [Hasheéd) S MEWRPS Bp&diGiREE 1A
and conprises a vessel 52 which contains an energy
Na®fa(tri differsrirariiiae ob #aBabheatingeadeitieng eeakilst 98¢l anp@R8eV
converter such as a steam generator 62 and turbine 70.
thiahcaad matbe dssigned, to kievreeieraénts asd dowaticorgspoed tt anygpther
atom ¢ hydrogen fromthe source 56 with the catal yst
piBarly @leh@nhpdatwdihe @aaisgyattly di gigen in twpdiiffaners chemidal
produce power. The heat exchanger 60 absorbs heat

10 ehdbopasmd by the catalysis reaction, when the reaction
m xture, conprised of hydrogen and a catal yst, reacts
t FiguRsPMoAM\EHowEXRS girvely sHee& £, =They ldeado H%C I(va)ngem (B)
exchanges heat with the steam generator 62 which

A@#ﬁé@éd@%&ﬁﬂtﬁ folenng bR REEltan0sT156Q orBgbeBs Aslices st eam
Figures 41A-B show high resolution XPS spectra (E, =0 eV to 100 eV ). (A)
Pt/Ti. (B) NaH *-coated Pr/Ti following the production of 15 kJ of excess heat.
15 The Pt 4f,,, Pt 4f;,,and O 2s peaks were observed at 70.7 eV, 74 eV, and 23
eV, respectively. The Na 2p and Na 2s peaks were observed at 31 eV and 64 eV
on NaH *-coated Pr/Ti, and a valance band was only observed for Pr/Ti.
Figures 42A-B show high resolution XPS spectra (E, =0 ¢V to 50 ¢V'). (A)
Pt/Ti. (B) NaH *-coated P:/Ti following the production of 15 kJ of excess heat.
20 The XPS spectrum of NaH *-coated P:/Ti differs from that of Pt/ Ti by having

additional peaks at 6 eV, 10.8 eV, and 12.8 eV that could not be assigned to known

elements and do not correspond to any other primary element peak. The 10.8 eV,

and 12.8 eV peaks match H™(1/4) in two different chemical environments, and the
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energy reactor 50 further conprises a turbine 70 which

recei ves steamfromthe steam generator 62 and
wosupplised nechani cal power to a power gener at @CT052008/061455

whi ch converts the steamenergy into electrica

energy, which can be received by a | oad 90 to produce

work or for dissipation. J,n an enbodi ment, the energy

reaction mxture 54 conprises an energy rel easing

material 56 such as a solid fuel supplied through

6Weby natchedgrd Was asdighet ea et (1013) NThusy béth ragtionarididgen a

source of hydrogen isotope atons or a source of

stRserulapd 10y HEeRGREshES fBdictedB EG. @PHr ce of catal yst
58 whi ch resonant|y renpveapproxinately m27.2 eV to

f Figtird 43\8How NETDILry Uiy i, QILSV W ed 8V Mbfl BarR-coated Si
i nteger, preferably an integer |ess than 400 wherein

with thel Rfah)-08mb & de@K‘@uﬂerﬁfﬁSE gy states of hydrogen occurs
by contact of the hydrogen with the catal yst. The

CFqakey 54 sHENS hifh resolltloR XS dpBBtrunh t AU 6oy BASBQUS of RRAH *-
solid state. e catalysis releases energy in a form

cSHED sPSaiiRAIcarSt & &F 7B.5adv, bR@$.8 @U8hATcolig Vel beeék%rggéld to
hydr ogen isotope atons, nolecules, hydride ions, and

khdWHESlerRERE Bid aw%t@a@ésp@ﬁmwd%erﬁhh@ry eﬁéwer@ew Rl |
al so conprises a | ower-energy hydrogen chem ca

16 8RGL M 121818V PEANSGRat HNYOUQ SRR oChrdIR chwrﬁ.e&%vrcgﬁfems
di ssoci ation of water |nclud|ng thermal di ssoci ation,

a%@@?%@%ﬁ?ﬂ Sitonet!anS on PROGTRAEE el Pon e YRl, B5Rsreplna

enbodi ment, nol ecul ar hydrogen of the energy releaﬁlng
! @

hyggeqan; Séﬂte%é/ Janddii4 6es Bieaent o PedisteshyER
w%%k‘z@% SR o LBET R TP 8a8al vet s may al s

b cdied 8 S ieh Gaeohan D st sopra SHfEaBR . (o
L&aﬂ%ﬁ?%@@%ﬁq%ﬁ? NHFheak etpgregeoal 0 By B
neited B-SHF ETEL AR THHUP (SR E] BR et R NG ks
Trr1]e!: gnbnldg rgeglpsdat%Hf C:)’,259 %79 (broad), 1567, and 1541 cm ™' and the imide
peaks at 3172 (broad), 1953, and 1578 cm™' were eliminated; thus, they were not
the source of the —2.5 ppm NMR peak that remained. The —2.5 ppm peak in 'H
NMR spectrum was assigned to the H(1/4) ion. In addition, the 1989 cm™ FTIR
peak could not be assigned to any know compound, but matched the predicted
frequency of para H,(1/4).

Figure 46 shows the 150-350 nm spectrum of electron-beam excited CsCl

crystals having trapped H,(1/4). A series of evenly spaced lines was observed in

the 220-300 nm region that matched the spacing and intensity profile of the P branch

of H(1/4).
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and ot her such materials listed in the Prior MIIs
Publ i cations. Preferably, the dissociator has a high

wosung/saasiar ea such as a noble netal such as PtPCTRIS200061455

Ir, Re, or Rh, or Nl on Al203, Si2 , or conbinations
thereof. In an enbodi nent, a catalyst is provided by
the ionization of t electfpns froman atomor ion to a
conti nuum energy |l evel such that the sum of the
ionization energies of the t electrons is

ahiguox4 Trstiosls\thert 755D reVspdutrum df aarkcnorabeane aditedsilicon
integer. A catalyst may al so be provided by the

wafea nedted with Nel/&cl havisg brepveeie, (3a).t A séneatafl Beenilyospacedlines
transfer of t electrons fromone ion to another ion
wps obsethasl i theet206300 ad reygion that eathed hewdpacindsind in@nsitym of
the ionization energies of the el ectrondonating ion
profileus tHelebriaoct afarlj(iom) energi es of t el ectrons of the

el ectron-accepting ion equals approximately m27.2 eV
where t and mare each an integer. |In another
preferred enbodi nent, the catal yst conprises MH such

as NOETAVED DESCRIRTIONNH THE iPREFERREDEMBODIMENTS €
enthal py of m27.2 eV is provided by the sumof the M

HydiepéroGatalysicReggtoand t he i oni zation energi es of the

el ectrons. In a preferred enbodi nent, a source of
cat & pysirogen epialysiereactorchd: fat produringsgnerdyaind S@veseperdy ed
t hrough catal yst supply passage 41, that tégjl cally
hmf@ﬁlﬂ”c'ﬁwc'as ieAccersianes wih Ge 'ra{SDtF%‘xlsﬁﬁP‘ém ip El ﬁEﬂPeaV'd
plus or mnus 1 eV . The catal ysts include those given
C‘HEW@PFI ayperet Prewhieh ﬁ%‘ta'ﬂ%ﬁée”eﬂiﬁ)\{ e efioB MixtyiecP4h 9 deftnos
d scrl bgd in MIIls Prior Publications s % TABLE 4 _of
99588 WP WeR SO’HEB%%S“?%?% stegpL grpgTatr o2 and turbine 70.

WP%T%? BT AU R eFiBo BT Grod fogbﬁ% PPUEe
R e e S
pépég T % E%at??éﬁanﬁ%&a%%orbs gg?t’rﬁgsgg,b%e, c{t@% |:ea ] n, ’;EB
w_%r: th%?ac@’ méﬁh’reé%mpég?d @?d@g?n %tfd: a %??Iy%aé’?g to f§ﬂn
lower-energy hydrogen. The heat exchanger exchanges heat with the steam
generator 62 which absorbs heat from the exchanger 60 and produces steam. The
energy reactor 50 further comprises a turbine 70 which receives steam from 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.

In an embodiment, the energy reaction mixture 54 comprises an energy
releasing material 56 such as a solid fuel supplied through supply passage 42. The
reaction mixture may comprise a source of hydrogen isotope atoms or a source of

molecular hydrogen isotope, and a source of catalyst 58 which resonantly remove
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He+ , Na+ , Ro, Sr +, Fe3 , M2+, Mo +, In3+ , He
, Ar +, Xe, Ar 2 and H+ , and Ne and H + . Hydrogen

woCabgidssit Reactor and El ectrical Power SystemBAQT/©82008/061455

enbodi nrent of a power system the heat is renoved by a
heat exchanger having a heat exchange nmedium The heat
exchanger nmay be a water Il and the nmedi um nay be
wat er. The heat may be transferred directly for space
and process heating. Alternatively, the heat exchanger
apprdiimatetyus 2 78se Vintat ferm oneeeggsatamgiiydmgeh ahgre /8 Ucén as
conversion to steam This conversion nmayoccur in a
indagen preferakly an dntegeTless Hraa 00 mirgrairethg seagtiorptodewrs eaergy
electricity in a heat engi ne such as a steam turbine
staleg Oéhsgﬂéwacéws bgoriad etihmérdrogen with iy dpialysth Thatcatapst
ener and | ower - ener gy- hydrogen speci es-produci ng
n\aéaeﬂrbthe goltew diayig Jrspe sy 0ot id Bl hatcrial ststeleass|enprgy
accordance with the Invention, is shown in FI GURE 2A

inghgre ssrasdieat apdfgimsat least gig HIPWESIPEIo SYHOSH) iFeioRe el
aéceﬁ%%@%&%%ﬁt%@e# 1% OISR BEMeer cabatitn Taf,Pes

conden e-up

Pl 8@3'i°>°°fapr§8?. e R st Bmia FagBh
hydr 8 d"cﬂ]gn gg’?bgﬁ o tno a 1(%3 o’ﬁ t| c?f rlﬁcrh%lng
gt Yes dissog Rl

sol i r°si ng

th%%l %%s@élat%}{d%&gl% gs%%@%&t@r&‘l dﬁo&émr&éﬂg&rﬂg§ 'ﬂgdro%en ftrom

I"ower - ener gy en prod

mietsfh drégénes%rugGﬁsssiﬁgn(Stﬁerr&nb%H%ny rﬁJ’&uB?h{/c%géhoofttr%

mai ntai n thernmal power generation. The heat generated

ehdigy RRaBiAG hidkeribP5d 8RB tE@Md AtomReyBiocBES bRR thokdcERM
generator 13 that is delivered to the turbine 14 that

hydlodenldissBQaRIgatiysebfaRd fixdiré $4 DBuRONSIOCRBNPCHRVEES RbPT -
At Step 3, the water is condensed by the water

ale® avkAS BYdrdden, dewyerit@d, of tritias atoisyankifor Frtkzulep ahy intlnge, for
wat er source 17 to conplete the cycle to maintain
exdngrierah etement, eotpoundpaliogr orcairtuer finoble mittalSswgh ag,palladium
| ower - ener gy hydrogen
and platinum, refractory metals such as molybdenum and tungsten, transition metals
such as nickel and titanium, inner transition metals such as niobium and zirconium,
and other such materials listed in the Prior Mills Publications. Preferably, the
dissociator has a high surface area such as a noble metal such as Pt, Pd, Ru, Ir, Re,
or Rh, or Ni on Al,O3, SiO;, or combinations thereof.

In an embodiment, a catalyst is provided by the ionization of ¢ electrons from
an atom or ion to a continuum energy level such that the sum of the ionization
energies of the r electrons is approximately m-27.2 ¢V where r and m are each an
integer. A catalyst may also be provided by the transfer of ¢ electrons between

participating ions. The transfer of ¢ electrons from one ion to another ion provides a

net enthalpy of reaction whereby the sum of the ¢ ionization energies of the electron-
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products such as hydrino hydride conpounds and
di hydrino gas may be renoved, and unreacted hydrogen

waomys/isa43iet urned to the fuel recycler 18 or hyrImogsen08/061455

source 12 to be added back to spent fuel to make-up
recycled fuel. The gas products and unreacted hydrogen
may be separated by hydraogen-di hydrino gas separator
19. Any product hydrino hydri de conpounds nay be
separated and renoved using solid-fuel recycler 18.
damasing jopdeingd the iamigptitreensegiéefreatedtmng didhé elettean-amcepting
externally to the boiler with the solid fuel returned.
iontpgyals aprrospatedm 2 dluvberer apemppleskachen findegsr. hranoter
gas and mass transporters to nove the reactants and
PW%@G@E@OFB‘%% Hhecsatalysheorgprises M such asdigH| having an atom

ion dr ogen nmake-up fort hat

% ﬁre”deﬁ%ﬂfvew;gere %ﬂﬁg{qe?ﬁh”%@ et a6l gl Feopinall
2

S8 Bt el SR (OB T

poudi 3B° ?{%e“ea%goﬁd“&' Pyl FrepRoRBrS 4 t%’a@%icﬁiaaena?

5?%%%&‘?%Pou h Qt% s{%‘éélygassa Xgllﬂrtﬁatqypn%llﬁrowdgg ecul ar

can nera eaclant s
cat al yst and atom;c hydrogen that further react to
efitoalpy biyeghprasivsatelard- 27 BeVpplodoeratingpeel eFhd catamgsts mglutibe
generation of cat@alyst and atom c hydrogen can be

vigE OGN B et R aEiins) WBERY EhaynidRs: sPRebeTnoms
RGBE éa%sn@({afqﬁga g%gp&%ﬁegaro15§@ ol Y5 1B8H0-108 of

reactor sec er ern

P&%}étg%tz% g%‘?é Inﬂ&gb'r% o4 or%an hby Pe‘?eré‘r% $ gr‘?\bﬁ({ RS e

are renove regenerate et urned

cAt89G hy- COITI‘BI’I 19RO BIakies tselgcte@ﬁ\@r‘h TI%‘&BQ&’ of ML Qb

product's such as hydrino hydride conpounds or

AM, By ioIM T IRU | NaHERGI! S36 ISl 81, BRR, Eeagt ant car e
regenerated Furt hernore, the hydrino hydrlde i ons nay

Agfifhyngirﬁ@daﬁd%t&n%ﬂ%ﬁs SIATRRURAE 2 Of, \& AIVIRA Ll cbMuiOcu, zn,

r'i no ecul es duri'ng’'the regeneration
As, Se, Kr, Rb, Sr, Nb, Mo, Pd, Sn, Te, Cs, Ce, Pr, Sm, Gd, Dy, Pb, Pt, Kr, 2K™,

He™, Na*, Rb™, Sr*, Fe*", Mo*, Mo*", In>", He*, Ar*, Xe*, Ar’” and H, and

Ne” and H™.

Hvdrogen Catalyst Reactor and Electrical Power System

In an embodiment of a power system, the heat is removed by a heat
exchanger having a heat exchange medium. The heat exchanger may be a water
wall and the medium may be water. The heat may be transferred directly for space
and process heating. Alternatively, the heat exchanger medium such as water

undergoes a phase change such as conversion to steam. This conversion may
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of the reactants. The power system may further
conprise a catal yst condensor neans to maintain the
waabgldsgilt vapor pressure by a tenperature contRCI/USEBENE1455
whi ch controls the tenperature of a surface at a | ower
val ue than that of the reaction cell. The surface
tenperature is naintainedsat a desired val ue which
provi des the desired vapor pressure of the catal yst.
In an enbodi nent, the catal yst condensor neans is a
ot én gsteamiganerhtor.c dhe stehm reay endmeditorgerterate electicihydat
exchanger, the flow rate of the heat transfer nedi um
haahenpise suett ased $teem durbine pad @ gemeratormi nt ai ns t he
condensor at the desired |ower tenperature than the
mai rATIBROdERIH ahgjehydragen gatalysirngraveand lowarenaigly tysiggen
mediumis water, and the flowrate is higher at the
SRRARPATSHICINGHERFIQr e FARERCHFIIRAIOF reggeeratingdhe fuskin@spridasgwith
is the | ower, desired tenperature. The separate
ther IpveRian. &F SRyt R YikarA anksorreispe e GRISM 8 whidh cgatains a
transferred for ace and proce heating or, for
SRR Faction mistiee b YRR FAVER 12 SHRATDPFH VRIS | s
fur%heﬁ3described in Mlls ErLor‘Eublucatigns mﬂ%ch
IZNEPN LD APOIEL CAVRILY SHE $72 PG Lh EVa RN dSPS B t he
' ' ' t i hed pr.evi.ous]
Bl ERE R YRR 1k S LR PR R eI oL,

S Qgrd’gﬁ. ﬁﬁ!@qeps‘y §|}iee£8ﬁd ﬂjefl" Gérﬁﬁgﬁglgé’egogi'%'of Igigllyst and a source

ectrolytic pél ener gy react sma efectrolysis
of IRAFgRA redd@th k& RS Ad fod P RAERY hy%ﬁg%%@%ti SREY 2,
pressuri zed gas energy reactor, gas di Scharge energy

tHe@PEhtOHiel idTeplopderE8 t&RLdupBIP HebilE AL Phaint&iA thefmal power
conmbi nation of a glow discharge cell and a m crowave

géitfatiRh. Tiie Miatgémeratedmttns bAlfer 1R ris e@amtin the\piidkiaRa steam
conprises: a source of hydrogen; one of a solid,

géfdratem 3 thatgsitéliveddo hea3erbing 18 ahbt 0etue gehatatdsysdéctricity by
vessel contai ning hydrogen and the catal yst wherein
pteingecgene@iort at $tepd) theweaterénemgyndeyd dy digeematecamdendoy
contact of the hydrogen with the catal yst or by
16.canyt Watar loss ey batralg gp by thedvager source 17 to complete the cycle to
maintain thermal to electric power conversion. At Step 4, lower-energy hydrogen
products such as hydrino hydride compounds and dihydrino gas may be removed,
and unreacted hydrogen may be returned to the fuel recycler 18 or hydrogen source
12 to be added back to spent fuel to make-up recycled fuel. The gas products and
unreacted hydrogen may be separated by hydrogen-dihydrino gas separator 19.
Any product hydrino hydride compounds may be separated and removed using
solid-fuel recycler 18. The processing may be performed in the boiler or externally to
the boiler with the solid fuel returned. Thus, the system may further comprise at

least one of gas and mass transporters to move the reactants and products to

achieve the spent fuel removal, regeneration, and re-supply. Hydrogen make-up for
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wontobsrniamyn of the converters of thermal

means for renoving the | ower-energy hydrogen product.
For power conversion, each cell type may be interfaced

to mechanical or electrical power described in MIIs
Prior Publications as well as converters known to
those skilled in the Art ch as a heat engine, steam
or gas turbine system Sterling engine, or thermonic
or thernoel ectric converter. Further plasma converters
thed apant inghe feematicgred by drines israsidedrfigm dhtedopdrect®dhaing tuepower
converter, plasmadynam c power converter, gyrotron,
restienessindanttmen fvelve reoviieds upeansumed hydsegesr The enygled fuel
drift power, or photoelectric converter disclosed in
mgintaigs e iperduptia| 9f Eermalpewer te dave BetRoweniatt to gererate| |
conprises at |east one cylinder of an internal
elestisitist i on engine as given in MIls Prior

Publ i cati.ons, Hydrogen Gas Cell and Solid Fuel Reactor
Acodh GPFRISTSS STRPASITReT (e FRoctAn e SATRRTSPR PECies ek cator
f duci h [ d t ak he f f
oo ancigs SL P & ke BB P e gl biiEoss
t t i ti ' in Fl GJ . R !
A RRSSS Bimn e S P2 Brr i o P AR e o

| yst ' ' ]
B BHS o Sl Y R 4 e AR gl
p@ggg% l\nlgtﬁg}«ﬂoéeﬁ@% LRBmYEGREh, %Q?eé@&'cﬂ&gﬁse%%ﬂ&ﬁﬁ 5P

contal nl ng a vacuum or pressSures gredater

rddapptrat ﬁﬁQ? RIMBE} Comphis® QULRReQted ¥ 5898R whérkin the reactants
comuni cating wth chanber 200 delivers hydrogen to

aﬁé&nﬁﬁw]me%;szdgé@H%si&@ﬁ@@%@a@uembvedm& effied arfd

controller Is positioned to control the pressure

rellifled toake Afactay. dihG@&Mmbolintent, it MRESEerdytiyartgen byduegen
supply passage 242. A pressure sensor 223 nonitors

syichessytiend lydtiecamgismiats orAlivaleing Moleonips 2etollsctadsatthé O
evacuate the chanber through a vacuum|ine 257.

reactants are regenerated. Furthermore, the hydrino hydride ions may be formed

into other compounds or converted into dihydrino molecules during the regeneration

of the reactants.

The power system may further comprise a catalyst condensor means to
maintain the catalyst vapor pressure by a temperature control means which controls
the temperature of a surface at a lower value than that of the reaction cell. The
surface temperature is maintained at a desired value which provides the desired
vapor pressure of the catalyst. In an embodiment, the catalyst condensor means is
a tube grid in the cell. In an embodiment with a heat exchanger, the flow rate of the
heat transfer medium may be controlled at a rate that maintains the condensor at the

desired lower temperature than the main heat exchanger. In an embodiment, the

working medium is water, and the flow rate is higher at the condensor than the water

ener gy ROT/Y82068M&1455
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In an enbodi ment, the catalysis occurs in the gas
phase. The catal yst may be nade gaseous by mai ntaini ng

wa fves/cxaldl t enperature at an el evat ed t enper at GI/U92848/061455

in turn, determ nes the vapor pressure of the

catal yst. The atom c and/or nol ecul ar hydrogen
reactant is also maintaingd at a desired pressure that
may be in any pressure range. In an enbodi nent, the
pressure is | ess than atnospheric, preferably in the
wialh gt thatdhng condemsior sithelower, desitediemp@atuieorhe separateot her
enbodi nent, the pressure is determ ned by maintaining
stieam sl wyasking media may befr ecomtbinegide be tramsfereedfonanaag arbur ce
and the correspondi ng hydri de such as a netal hydride
pf"i‘feisrﬂ?aé'ég P iREGORYRISIAB Y HeaPhe desired operating

rml%ﬁature A source of cat alg/st 250 for_ generating
hydrl @f%ﬁeah@ee%n\@@t'w g duter & S&”*&%ﬁ'ﬁl"’i}"sﬁpfr"é%?'\%ﬁ@"S

whiRR apd) 'afsﬁfh SRea tewf a%??’eﬁ%{gcga*e%?%{ﬁfsoiﬁwp%wﬁﬁ%@é]%ge
.24 | f
gl % td?se%@?@%feg R R BRI 3 SR b e
n‘f%L&rgg r?#s%tﬁcy Xnd Fé %aalis%|o¥§éh |¥n tf’ﬁe 8!3@&&%& cell gn r

SNt 0 Boht

emca I esi pen CO ai ner,”’sucnh as a

a@l%hg)%smeeléc% IE 9%0%?%%% r e-ggf Hécg& RE I;})@é&i/ gggd?orcan

rogen the nol ec roge rogeh

p%yur#%@d ghsSSRedyaksor Bésod@éh‘éfﬂe(éngyrr@%? rﬁ%ro@va@@'capm ar

hydr ogen di ssoci ating cat al yst ch di ssoci at i ng

eﬁé@iie)é&tbﬁ afll aGbmBRGIGH A aIdWEisdHRe deftan@ ¥ RBbRave IR
ni c R-Ni ), precious or noble nmetals, and a

RPpRShRUSadisr ommél pRedBnt inber®iBn BoripHBRETd soufdeef BY®EHSNI Bn®bf
noble nmetal may be Pt, Pd, Ru, Ir, and Rh, and the

a Sty oblten)tiyuid eandigateas isowroe ofdatalyst; dN@ssecafiBininGihgdrdgen
and conbi nati ons thereof. Further dissociators are Pt
amdt thPdatalysioehrdoein thelradctioayo foonmwes-enargh igiragearocsyos by over

catal yst, nickel fiber mat, Pd sheet, Ti sponge, Pt or
cordact bEtbe hygrbgenewithahe Tatalyst dkiby sgaotiereofoVH neatalysTiaAd aPt

bl ack, and Pd bl ack, refractory nmetals such as
nﬁgm%,fga@ﬁmﬁng the lower-energy hydrogen product. For power conversion,
each cell type may be interfaced with any of the converters of thermal energy or
plasma to mechanical or electrical power described in Mills Prior Publications as well
as converters known to those skilled in the Art such as a heat engine, steam or gas
turbine system, Sterling engine, or thermionic or thermoelectric converter. Further
plasma converters comprise the magnetic mirror magnetohydrodynamic power
converter, plasmadynamic power converter, gyrotron, photon bunching microwave
power converter, charge drift power, or photoelectric converter disclosed in Mills

Prior Publications. In an embodiment, the cell comprises at least one cylinder of an

internal combustion engine as given in Mills Prior Publications.
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and tungsten, transition netals such as nickel and
titanium inner transition netals such as ni obi um and

waingmdeiim and ot her such nmaterials |isted i rPdIesS2008/061455

Prior MIls Publications. In a preferred enbodi nent,
hydrogen is dissociated on Pt or Pd. The Pt or Pd may
be coated on a support mederial such as titanium or

Al 233. I n another enbodi nent, the dissociator is a
refractory netal such as tungsten or nol ybdenum and
frege HEE ) ol R y be maintai ned at

el evat ed terrperature by tenperature control neans 230,
whi decordingtta e emhedimentraf Hfe iavehtien, iangaataifdr pisdusingmdiines
cross section in FIGURE 3A. The heating coil is
afb‘b?\@’\’%rﬂnad)ﬁa@ the fesm %aﬁmrygms Pef.ef @pabelihydragen reactor of
di ssociating material _is maintained at the operating

tttéétﬁ%%ﬁ&f‘tﬁﬂé%ts shRwn BT ICURFRA. drepstaet Btdgrosarp prayideddy a

oper at ed at a tenperature above the cel

Ci"‘é' PATHoP dvith Sattysle %?’ié%% MRLPsPUrINdEDeFsRNase qhi splikor
|.el.qe a‘ﬁed tenperature mayprevent the catal yst from

! Hasi ng on the dissociator. Hydrogen di ssociator

b h |
ggae éﬁ%ﬁ”?ﬁ%@¥§ﬂ§g% &Pﬁwgggéﬁ%ﬁ%gﬁ%%?ﬁﬂﬁﬁgwﬂ98rogen
Qeln’?osr?gﬁb@& 2B1e%F SRy & &FW ?}p{}gss%re%s oclhatied _hydf ogen

con act gaseous~ca ce hy ri

a@ri1 rrcTh\ 88@:5%# betrodéﬂ%ﬁ cghﬁﬁrﬂﬁgtﬁtg vﬁw%tat%éﬂ ﬂﬁ%eﬁ\;ers > f

esired pressure by contro e tenperature

t
RISy B SR Al Bt s LR

p&ioRbY & confiolGRNbrab1RE ahd il A HrdgBS intethk NEssePRFuUgH -
the catal yst vapor pressure is maintained at the

hyifSden@UpMabadaly 26D N4 prbkbird gertdap22EpRtond preesudd intthe
catal yst boat, by adjusting the boat's power supply.
vesel. eeldculira pp@p ab6liscused o dacosiatheadhbeBeathroubie adeqivhed
operating tenperature by the heating coil 230 that is
lire28@r ed by power supply 225. The cell (called a
perneation cell) may further conprise an inner
r eadn amembodimbrr the 0otalypid oaeurinttee gés/rhresgehhe exdaystoiay
290 such that hydrogen may be supplied to the cell by
belmpde gassruDPY Madtaitrtthe ﬁelﬁt@gﬁeﬁt\@e Akarn elevated temperature

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

A source of catalyst 250 for generating hydrino atoms can be placed in a

catalyst reservoir 295, and gaseous catalyst can be formed by heating. The reaction
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291 separating the two chanbers. The tenperature of
the wall may be controlled with a heater to contro
wa ves/tatd of di ffusion. The rate of diffusion roayus2e08/061455
further controlled by controlling the hydrogen
pressure in the hydrogen reservoir. To maintain the
catal yst pressure at the ggsire | evel , the cell having
perneati on as the hydrogen” source may be seal ed.
Alternatively, the cell further conprises high
Vb SIEPBOTaddrCoay ¥ 8Fppit paR8ade 24nlfetth®pasdeiée 6l gastdly dakkmist
the val ve contacting the reaction gas mxture is
fromi the aatalgst rederidire29d es theeeadtienmpiermaticn 260. Alkenatiedll, thay
further conprise a getter or trap 255 to selectively
calalysteuay hdhadeohie a-chereicglyiTgsistogtemes pedaiesr, sutth/asra hdag
I ncr eased- bi ndi ng- ener gy hydrogen conpounds and nay
ifsigetthereactinmmessat a sel ective val ve 206 for rel easing
di hydrino gas product. The catalyst may be at | east
one Ufe soHEce@f byfsoasm can daihydrogerhgasmndpis melerulan hydrogen.
cesium NaH nol ecul e and hydrino atons wherein
Hydfoger B1ey be GWE‘PQ'aé@é'nHJoﬁt%fmcé‘pi@PE?rb%@ Metecklapidtdregen
Li t hi um cat al yst may gaseous by mai ntai ni ng
disfeciziiop Icatlalé(ﬁb e?“ﬁf‘ Glséoci'%'”ﬁ ﬁéta%‘é o1 G'GWC@Q%H@WQ for
Pref er s mai ntained in the 500-750 0C
cxae. er ke R e i ous %Vb%é“ﬁtﬁtsni‘% HREORYS Prele

i P BaPPdh SRS o” Hane M?E Ve R drEBRy P e Hhean
thés %‘8{9&1 Bﬁggb%g‘h@aé{%b 8‘P'H ltl]lyq{l Eagc?? &nét%ns hereo{

rralnanlh cataly

Fﬁﬁﬁ% hﬂ‘é‘oﬁé}érrs%?é’ Big ﬁb%#%%dnqﬁac}%’%'%a@nlzé 5 E%H%;e%r%.uover

ride, potassium an I um

gbtumcﬁ’é” ﬁbe?%t% %}hégf & onga Pt LRy H%bl%ﬂ?at&@éﬁ #Br Ni

rldelnthe cel mai ntai hed at the desired

39&%@%% hiag) ﬁl—?'ﬁ?%fa%k \ng Pd%k%fr@ét r?trnétéls 5l BasolHAEM

may conprise lithiumatons fromthe netal or a source

afd tunpétbh, URngBdremhetalrsatieashibhel ahd@ahiliihinHEn teatiaby ibtalss
mai ntai ned at the pressure determ ned by a m xture of

slidht 43 figbiure bied ziedddiuh, bid otAedyudn nesrials lisfed irogpe Paibi Mis
tenperature range of 500-1000 OC and nost preferably,
Publiations. In a preferred embodiment, hydrogen is dissociated on Pt or Pd. The
Pt or Pd may be coated on a support material such as titanium or Al;O;. In another
embodiment, the dissociator is a refractory metal such as tungsten or molybdenum,
and the dissociating material may be maintained at elevated temperature by
temperature control means 230, which may take the form of a heating coil as shown
in cross section in FIGURE 3A. The heating coil is powered by a power supply 225.
Preferably, the dissociating material is maintained at the operating temperature of

the cell. The dissociator may further be operated at a temperature above the cell

temperature to more effectively dissociate, and the elevated temperature may
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pressure with the cell at the operating tenperature
range of 500-750 C. In other enbodinents, K Cs, and

woNmwos/eahaice Li wherein the catal yst is atom c BCT/E82008/051455

Cs, and nol ecul ar NaH. In an enbodi ment of the gas
cell reactor conprising a catalyst reservoir or boat,
gaseous Na, NaH catal yst,z0or the gaseous catalyst such
as Li, K, and Cs vapor is maintained in a super-heated
condition in the cell relative to the vapor in the
preyseirthecatalgst fromatonddrisoly anghe Hiese@torc élydfogemdissaeidtor can
vapor. |In one enbodi nent, the superheated vapor

alse ha peayided by edwtidamantisoeh af 2&xaneyest byossuppiy@8hy dr ogen

di ssoci ator or the dissociator of at |east one of

et dn aasErbadimant, lpdwyiigeemdiseasiation oeflusciush dibt thefdissocipied
an enbodi nent conprising Li as the cat altyst froma
hygeganaieThs epntasd geseoph gatalyslde pEidHcahydhpae orn§ Fa¢ Retalypled
at a tenperature at which Li vapori zes,

b
ST AESPHER Tenshe s A mﬂt@'mfh@ &vep%vrmw@h
f t f t f
of B Bt oSy ARG ot Feabel hetesal pcoé"ﬁff‘é’rbé(t%ﬁ’%%er

A o ot h'ﬁfﬁa'r/fﬁé% R G oo 'aﬁéep{hré]u?% LHEE
v:%or'f)%sgurg?ssrﬁg ﬁta}ﬁ%d%gt?ialdbgr a fb@%%fut]ro(?hng mV%P ture of

n an e |nen e"ce anber
LD 5 S R s

cc‘f\ﬁllohéd Kthd sirdl §|§<—9§1 iR tOfnperatife by B YiektrgWol nghtah@

reservoir to the ce to I ncredse the cCatal yst

pbW&B§ BP pbwérabifply E‘JZS’V"I'MH (@fed & PEINMAROrC SIRMAS Further

reservolr to the cell and then out of the cell is a

cHRETES ahnrief FBaRorOHARbBO20D HdUmtoutd? hpdreyéves&VsiF 23such
product inhibition of the reaction. In other

thathyaithgea miay, belsupfied tathd dii by difflisiereofltiydislaen ehirdughhiee wall
catalyst is atomc K, atomc Cs, and nol ecul ar NaH.

2%y shpacating ihe teo ppdmisals.t Ohe tespemiict bhthe ivath mag bs comtcdtled f
hydrogen. Preferably the hydrogen is supplied by

wille 8 treater torcohtrad thearateyad diffgeian.r Exerateodfdiffusion naydsutter of

controlled by controlling the hydrogen pressure in the hydrogen reservoir.

To maintain the catalyst pressure at the desire level, the cell having
permeation as the hydrogen source may be sealed. Alternatively, the cell further
comprises high temperature valves at each inlet or outlet such that the valve
contacting the reaction gas mixture is maintained at the desired temperature. The
cell may further comprise a getter or trap 255 to selectively collect the lower-energy-
hydrogen species and/or the increased-binding-energy hydrogen compounds and
may further comprise a selective valve 206 for releasing dihydrino gas product.

The catalyst may be at least one of the group of atomic lithium, potassium, or

cesium, NaH molecule and hydrino atoms wherein catalysis comprises a
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t he hydrogen reservoir may be in the range of 10
Torrto 10,000 Torr, preferably 100 Torrto 1000 Torr,

waoarvds/masi1t pref erably about atnospheric pressurreT/I32008/061455

cell may be operated in the tenperature of about 100
OC to 3000 C, preferably in the tenperature of about
100 0C to 1500 OC, and nogt preferably in the
tenperature of about 500 OC to 800 OC. The source of
hydrogen may be from deconposition of an added
disprdportienation eesictiord ddthigm catelyst map bk inesle igasdnps g mairdainiog
is one conprising an internal netal hydride placed in
tf@ sk tnengrateredreihefifer1@Ph " Grange c Prfgrablyrdbe edll iv neintinddiigh
enperature. The vessel may conprise Pd, N, Ti, or
”ﬁb50017|50 3R rangso dAenlt pressvee Mvbe Maintaingd aidesd than a
seal ed tube such as a Nb tube containin hydri de and
algRoRPRRIIcaRreISETHNY BRETa099 FPoubA) ke Fp oUEHRRETOAMESE | n
eal ed case,  the Bydrlde coul d be an al kal i ne or

p@f‘?{%@Y Ableashang oh g cPiglyst @ hydrpaem peessiwe fiefsteraunegihy
[ h he hydrid ld b
R RGREBrer 83%'?%9%%@" IR sou R Pa LS e
d. h
s R iRl a”SS'ut a*évtd‘?‘ R wg&gé'um
h%&r@g' b gmsa%ﬂr&g h?ému’e d @(%]aozﬁ tl% ?{Egr

es, |nterrre aI|

t
rgﬁﬁ)}g%ﬁf)%étugén dmégéé" '}ai;{slt ﬁgthfé n'pF[eh%g% lT ra g %%rgg”%mg ased on
fr@rﬁ@t'ib YA b3 AREUTRARN hed. tFﬁ‘rgﬂé?db@I teSitdish htalyS@st oOne
of the list of: a rare earth hydri'de with an Operating

miaRIEERRIdaHt tHeSpredsurD@d e BYG mik@rs Sraitiiith Meel) bR@Iitiuih an

operating tenperature of about 700 C, gadolinium
hytiride atiBe Wpératimtemperaiiré Rhgt @NPED-E100° e adt nif30prefefatly, e,

neodym um hydride with an operating tenperature of
prebaué with heQ€ll aythe bperatinytdmpeaatune tamganf SQ0eT5dtICndn other

tenperature of about 800 OC, scandium hydride with an
empediments,d<, tGsnpmt Ida taplacelLi wherein the catalyst is atomic K, atomic Cs,
and molecular NaH.

In an embodiment of the gas cell reactor comprising a catalyst reservoir or
boat, gaseous Na, NaH catalyst, or the gaseous catalyst such as Li, K, and Cs vapor
is maintained in a super-heated condition in the cell relative to the vapor in the
reservoir or boat which is the source of the cell vapor. In one embodiment, the
superheated vapor reduces the condensation of catalyst on the hydrogen dissociator
or the dissociator of at least one of metal and metal hydride molecules disclosed
infra. In an embodiment comprising Li as the catalyst from a reservoir or boat, the
reservoir or boat is maintained at a temperature at which Li vaporizes. H; may be

maintained at a pressure that is lower than that which forms a significant mole

fraction of LiH at the reservoir temperature. The pressures and temperatures that
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about 800 OC, ytterbium hydride with an operating
tenperature of about 850-900 OC, titanium hydride with

wonwogpanat i ng tenperature of about 450 0C, cermQIMuS2008/061455

hydri de with an operating tenperature of about 950 0C;
praseodym um hydride with an operating tenperature of
about 700 OC; zirconiumtgdani um (50% 50% hydride
with an operating tenperature of about 600 0C, an
al kali nmetal/al kali metal hydride m xture such as
aftii¢ Rithls eenddiaki¢anibe ldetenminpe framitimydate piotsr e Muederch alabaaltas
450 0C, and an alkaline earth netal/al kaline earth
Froyar 6.8 &0hpiitapressarroversus LishmaleHaciipn &t givendysdhreams.nip an
temperature of about 900-1000 OC. Metals in the gas
egpgdimepip lsroel reaglion dhambecennigining a issasiaiords opespied at a
objective of the present Invention is to provide
h@@%’rf?'@p%réfué? ek t%ﬁiéﬂ? ldgoﬁ ol SoRgenpe g3 the wellg otlde Thus,
ur.t he rise a dj ssociator of at

d|S§§%f{ 5o T3 Mg i) B FrepRey ARF et e e
"?%S@O Eﬂgi &S“ﬁﬁas E?fa" Ed%/%g%gﬁgtsf g Eel it ferody
ol BER G Ko b e Qb fock BB B SR Tub e
t}%r}g?({tlgﬁ‘.c ngﬁﬁer%%%gmehgt *‘(O'Cf at18 'Nagé&g&l Iﬁth%bJ tﬁg cgtgsgt is

de source o suse

aiomcge&&ﬂg@gl ﬁﬁo%ol%&!mﬁiaﬂ ure is in the range of the

tenperature that produces the desired vapor pressure

of  thRrdgdh & s(pplied th tﬁeh@a&@ﬁ ﬁ'oﬁlfa EHFJ?Je dr RGdr8QeH. Gfrefefably

hydrogen is pernmeation froma hydrogen reservoir to

tHelHydfogae Isi sappleh dYperfmedab e fremn atyarogen FeeesoRf TEAbrabYFE &f
for continuous operation are Sr and Li netals since

theaybrogén Fd3etvbir ap G. ifpthe $arige@s 1@y rr ke10,000 Twer, grsdrasid 100
range of 0.01 to 100 Torr at the tenperatures for

Todntact00p Slomearid most@eaferably about @trivesphenmdypdssoent Eheadell rfag be
perneation cell, the cell is operated at a high

operated irathe tempeeatiiess abeut 400 e tadP0i°Enprefenahty inittee cel |
tenperature is lowered to a tenperature which

tempieraterie 108 abdud 19 oto 1508 Seand radst preterally tthe tempgradirg of
at the desired pressure.

about 500 °C to 800 °C.

The source of hydrogen may be from decomposition of an added hydride. A
cell design that supplies H, by permeation is one comprising an internal metal
hydride placed in a sealed vessel wherein atomic H permeates out at high
temperature. The vessel may comprise Pd, Ni, Ti, or Nb. In an embodiment, the
hydride is placed in a sealed tube such as a Nb tube containing a hydride and
sealed at both ends with seals such as Swagelocks. In the sealed case, the hydride
could be an alkaline or alkaline earth hydride. Or, in this as well as the internal-

hydride-reagent case, the hydride could be at least one of the group of saline

hydrides, titanium hydride, vanadium, niobium, and tantalum hydrides, zirconium and
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wosmos/cxass1 Surface catal ysts such as Pt on Ti

In an enbodi ment of a gas cell, a dissociator
conprises a neans to generate catalyst and H from

iridium or rhodiumalone or on a substrate such as Ti
may al so serve the role as a dissociator of nolecul es
of conbinations of catalysd and hydrogen atomns.
Preferably, the dissociator has a high surface area
such as Pt/ Al 203 or Pd/ Al 203. The H source can al so be
hgfpiugehydrides, tane sartnkyarides, gttiunesndiscandiam hydridesniransitied
and controlled. This is possible wth catal yst and
eleeal Rysitidesp intasmstaye bysiriges, [ang thecllpstainendoy ¢V LY N¥izeller et al.
respectively, since they are volatile at | ow
%%nperature which is perm ssive of using a
-tenperature valve. LiNH2 also | owers
necé’é §%P9‘b8ﬁ!i%‘f35tttl‘% BYGF idRpad qpsirtingdemperaturg *88@ fC.aheged en
S c rrosive which is permssive of duration
B %ecagﬁpﬂa“% et a4 s f%a?trpnew&h@iégofof bl asm
and fllanent wher ei nt .s

hydr re =l hggr&ci €at’ g}an ﬁpﬁfé{%'ﬂa f i %grer%ﬁﬁ%“\{gﬁo fa(is‘ie gas
Ia%ﬁ%hurﬂ%%r%%% h a%ao%)%%qan %mé)%gat u‘i 9&? gLa %gg %lum

SSOCI a reactor

fcﬁidle wih%n I§ger‘a{”ngt t'aﬁgél%ﬁﬁ% Xf% out @Xe%nﬁdn‘?%ﬁ%dg WiRdh

e reservolr to

oﬁé?Qﬁnrg%rlnSQ'aﬁye &@BBH@Sb“@%ﬁnUﬁ rgﬁﬁ%é‘ \lvﬁﬁ’\éﬁ (%e‘?atlnﬁlz

pressure, and Na vapor pressur l'at't er
terpREdt @k B b 86OH; 5L diung h}td'r‘l@e Witk 8h %Qérﬁtlﬁget%ﬁé@ﬂ}r'é Bf

I'n anot her embodi ment, the hydrino reaction is

abduit BORLCS @tt@rysmhel@tdha@wmh bRopdrstirtbmpéralurdieaibent ss0boanc:
atomic His provided by a dissociator. The invention
titaSiudl Hyaridd wigcdresheraiing tdnegerata@aif absut 460 °@roeeumdihggdride with
i ncreased bi ndi ng energy hydrogen conpounds of the
am operatingdempsatthe afsabdut®sar Cngrasaldgaiinelsydadel witly dn bperating
hydri de conmpounds. A further products of the catalysis
teimpeptas whabdut ¢of °C; aincbnpowtitaniu@u 6000 hydrigle wite an
herei nafter referred to as a "hydrogen reactor" or
opengtihgdefoperaierd of aboqti80 G tarogkali metaliakal matahbydrisiegnixture
cell for makin h_%/dr i nos. The
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.

Metals in the gas state comprise diatomic covalent molecules. An objective of
the present Invention is to provide atomic catalyst such as Li as well as K and Cs.
Thus, the reactor may further comprise a dissociator of at least one of metal
molecules (“MM”) and metal hydride molecules (“MH”). Preferably, the source of
catalyst, the source of Hz, and the dissociator of MM, MH, and HH, wherein M is the
atomic catalyst are matched to operate at the desired cell conditions of temperature

and reactant concentrations for example. In the case that a hydride source of H; is

MCTAR2008/061455
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cell for making hydrinos may take the formof a gas
cell, a gas discharge cell, a plasnma torch cell, or
wanoos/osagse power cell, for exanple. These exemuTarsz008/061455
cells which are not neant to be exhaustive are
disclosed in MIls Prior Publications and are
i ncorporated by referencegg Each of these cells
conprises: a source of atom c hydrogen; at |east one
of a solid, nmolten, liquid, or gaseous catalyst for
uggtk inray WI% its glaeorapasiion @mpentuiedivtthapnag artbgen
and the catal yst for maki ng hydrinos. As used herein
te&?fR?raé%’e é*&ﬂﬁp&ﬁ’ﬁF% they dWefj Népf§ LH’EﬁSéérte o heeatalysh, Inthrecaseom
unl ess speci fied otherw se, i ncl udes not

th 3 "¢ QUMd(OQfPUS p%re??atéané@"uaenf@?s%rfﬁfem'oto H:rj?deactlon
t P Pl
R m@r@e%epu %oﬁ%ﬁaﬂw&?fﬁr : RS SRerle BB
@#anﬁe Faeh e 1ot bt Ron g o rie enet e BoUe
186]gorpgtalﬁ m % Jtur ?goéglgﬁﬁég’: eaftIOIlI: Lc%d%ﬁ Ir‘wl'éthe} Qr%cyodsgntgof

di'sc
*“%ﬁ’%rﬁﬁé‘i“bggﬂg '%V*(ﬁqcfs @gﬁg‘ﬁ%ﬁ""?@@“@%@?ﬁ% ?i@sﬂ%ﬁgeﬁ
p%rﬂmg‘é% Had fell?fgrgpérgﬁj RUE A (3 teMaérgﬁreg\zﬁclY hinthin

rogen supply passage 342. A catalyst 1s contal ne

tHeWab&%ré’é%ue & BRRRAQtalyAt ¥Qhd BESreaRbsSUEr €Nt Sour ce
330 causes current to pass between a cathode 305 and

an angsemBafimedtt® aGHE EENG dBYCIRET ERURESS HhRand 18 gaRerate
enbodi ment, the material of cathode 305 may be a

catayst@ad Giffrcﬁra&_idrc)é‘st Sukfade Eftalfsts s ,asBeon OT orfRY, iridium, or
anot her enbodi nent of the hydrogen gas di scharge power
rredidmpdl@rsenm oa@l dubstrede s @hcEsAl may hsowsalve tiof roleesssedissdt@itdr s
conducting and serves as the cathode which repl aces
ofshdedulesdd c@Obinatamd of trtalpst ade hBR2Qgameatorbe Prefdrably, shech as
a stainless steel hollow anode. The di scharge may
digsgsi@tarhes ehighcatfatearea sunhraséttAtOs at BikOs. Mol ecul ar
hydr ogen may be di ssoci ated by the discharge to form
The H, source can also be H; gas. In this case, the pressure can be
monitored and controlled. This is possible with catalyst and catalyst sources such as
K or Cs metal and LiNH_, respectively, since they are volatile at low temperature
which is permissive of using a high-temperature valve. LiNH; also lowers the
necessary operating temperature of the Li cell and is less corrosive which is
permissive of long-duration operation using a feed through in the case of plasma and
filament cells wherein a filament serves as a hydrogen dissociator.
Further embodiments of the gas cell hydrogen reactor having NaH as the
catalyst comprise a filament with a dissociator in the reactor cell and Na in the

reservoir. Hz may be flowed through the reservoir to main chamber. The power may

be controlled by controlling the gas flow rate, H, pressure, and Na vapor pressure.
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hydrogen atons for generation of hydrinos and energy.
Addi tional dissociation may be provided by a hydrogen
woiess st or in the chanber. Anot her enbodi merfCToiS20088061455
hydr ogen gas di scharge power and plasma cell and
react or where catalysis occurs in the gas phase
utilizes a controllable ggseous catal yst. The gaseous
hydrogen atons for conversion to hydrinos are provided
by a di scharge of nol ecul ar hydrogen gas. The gas
The stthamaebe edntroigizbyveestrellingthe rgsetvois tgmitepatpres dmgrotizer 1
for the passage of the gaseous catal yst 350 from
epRedimest hﬁ@y@mwact@w ipifates By heating iwih theheiigreal heeer and
The catal yst reservoir 395 is heated by a catal yst
ap aloptis/diis Praddetkby 8dissaed'ng a power supply 372 to
provi de the gaseous catal yst to the reaction chanber

300. Th‘?lﬁflé’eeféct”di Fi5p dipegiest to '@éé?ﬂc@;? tor pigArGing inegasgy

b@é@é%ﬁvgzﬁ?qféq%%’éﬁnr%eoi&%ﬁ ot g wﬁﬁ??@f%ﬁﬂﬁér
t t

b e Mg £O%RRTRE Rirutiet hiteles BEPR pRRDS G paiestea. i

a@cg Ecgv%rg %E%ha% i’é%@to?% h%resfljia%'ep e?e%%d‘ct% E?l hydH ﬁ‘i’ea'lto?ror

positioned el |

YoaEQRLA 'i‘hc%1 %‘n%ﬁ&r cogn ﬁse%aaléélﬁértmék‘ihﬁtﬂ}ﬁnr?o%t %XSt

heat er

cé%%éﬂﬁ&@dﬁ%@haﬁéﬂ@ ki bt BY aoddsq:“én té‘&xsgﬁs%ﬁgr‘dé cell a

catalyst” t'o the reaction chanb Alternativeély,

pAbANBEScAll SGhigfodBveE Sdvericall, ‘P&%&%SI@ &hes%rbx%h\%}é%} &ils
t enper at uresuch that the catalyst in the boat

whidh el mebat tb ®d ex@dusing @t dlstidest ih MilR rride Pgﬂﬁzaﬁlﬂ'@%ﬂd
The catal yst vapor pressure is controlled by
aandorsdrated gy tef@eha@BICAbithesedells BEmpPrdas: Dsourdeeof atomic
di scharge cell by adjusting the heater with its power
hydnugeiny at [dast pneeafendolit,eolteat [&juids br Jaseonsomtedysh foir ngpking t he
cell, the tenperature is maintai ned above the
hydzinps: reat arvesss! for Fractinagt lyidyagen sod theesatatyst faf neking bydsinesi r
395 or catalyst boat. In a preferred enbodi nent, the
Ag ased hes¢is ane asieenteémplatae by the syhigsidnventiorithenteing "hydegen”,
catal yst, and a source of atomc lithium such as
uhlessrepecifiedbothérwise, mcludeshiatanly proteum ('H ), but also deuterium (°H)

and tritium CH).

Hydrogen Gas Discharge Power and Plasma Cell and Reactor

A hydrogen gas discharge power and plasma cell and reactor of the present
invention is shown in FIGURE 4A. The hydrogen gas discharge power and plasma
cell and reactor of FIGURE 4A, includes a gas discharge cell 307 comprising a
hydrogen gas-filled glow discharge vacuum vessel 315 having a chamber 300. A
hydrogen source 322 supplies hydrogen to the chamber 300 through control valve

325 via a hydrogen supply passage 342. A catalyst is contained in the cell chamber
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conpound such as LIJNH2 is nmade gaseous by maintaining
the cell tenperature in the range of about 300-1000 C.
woves/13anaf erably, the cell is maintained in tPCTES20e8/061455
of about 500-750 OC. The atom c and/or nol ecul ar
hydr ogen reactant may be maintained at a pressure |ess
than atnospheric, preferapy in the range of about 10
millitorr to about 100 Torr. Most preferably, the
pressure is determ ned by maintaining a m xture of
300.t Aivaltageend lcursend sburcé3(hedupels cudrent to pabebetekben a cathode
mai ntai ned at the desired operating tenperature. The
3epancen anpdedaper bg cireent Ay e reyepsitdd.er ably in the range
of about 300-1000 C and nost preferably, the pressure
i s tIRap eReRdimeBl thei raterish ef cathqde 305 My begesosfdersy catalyst
tenperature range of about 300-750 OC. The cell can be
Sedvs e PecPaer Phe nrnoihee amBerimgttich §rethyioernoes dsypraehe
uch as 380 of FIGURE 4A that i s powered

pE@%ﬁs@%@%ﬁ%%ﬁ%ﬁ%ﬁ@ vl 9f vRRae! $ Lt e reduetigAndse s
i i 300 d d
a3 Bechuiste Whish PerTRtRY BRaroiR o i BB i oy

the cel.l. Lffusi on of drogen through the wall 313
st Hed I Lol TS OB M0 Bt P Blas”

Sy ORI, Bl B GDLABLch o
SO0 D A ARE 5L 08 PSSRt o

bk E%vl%é‘%?ﬁ h?@rbberpcﬁiséo@%to? irPhE Bﬁaﬂwtﬂéﬁe ntion regener ates
the reactants such as Li and LiNH 2. In an enbodi nent,

t he ArReHet bRBodinYRIbf e Hybgek g0 didthatgd PoweE St SadrRa cell
generate the hydrino reactants Li and Hwith a | arge

aRX Raser where BeBYIs beturameane gakptage Diites 8omtranalie basddus
The products are then hydrogenated by a hydrogen
catalystc @he hasdohe hydisgent diahs for Ebrversianrtobgdrinos arer raddedisy a
to regenerate the | ower-energy-hydrogen-catal ysis
diselmegenoftrsoléamilag hydrngdmygasq . Thé @89 disdrargs cetl\30hbana batelystd
with the reactants placed in a reactive region in the
syripdsrassagsl 3414erdhe passage ofiee gagehueieatalys)idon from catalyst
hydrogen plasma cell. The reaction may be
reservoir 395 to the reaction chamber 300. The catalyst reservoir 395 is heated by a
catalyst reservoir heater 392 having a power supply 372 to provide the gaseous
catalyst to the reaction chamber 300. The catalyst vapor pressure is controlled by
controlling the temperature of the catalyst reservoir 395, by adjusting the heater 392
by means of its power supply 372. The reactor further comprises a selective venting
valve 301. A chemically resistant open container, such as a stainless steel, tungsten
or ceramic boat, positioned inside the gas discharge cell may contain the catalyst.
The catalyst in the catalyst boat may be heated with a boat heater using an

associated power supply to provide the gaseous catalyst to the reaction chamber.

Alternatively, the glow gas discharge cell is operated at an elevated temperature
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LiH+ e- to Li and H (30) and then the reaction Li2NH
+ H to Li + LiNH2 (31) may occur to sone extent to
womosiiaisl a steady-state | evel of Li + Li NH2. POTRUS2B08/061455

pressure, electron density, and energy may be
controlled to achi eve the maxi mum or desired extent of
the reaction to regeneratﬁ]hydri no reactants Li +
Li NH2. I n an enbodi nent, e mxture is stirred or
m xed during the plasma reaction. In a further
sectitbali thee catalgst irt the bphtds swblimed emdleditor golatiized @ thadas
nmet hod of the present invention, the cell conprises a
phasgt ddhechiatysb@ppopressuse inlcestwllsd by bontlotisgrthedbmpdreture ¢fi H
and Li 2NH conprise a mxture in nolten Li. Since
thet beiahorde disehasge ¢aY by @djuatingribe heaterwith itsingwietisuppivt e
may be stirred with a stainless-steel-coated stirring
PEYENtdRe CRIAYLfrom copdensingdn thetcsH, tipiempaFatyh is raintained
flat-bottomplasma reactor sits. The Linetal mxture
aﬁ%\‘&‘? tagfemperaiurg of hieraialyst spvEcer ealalystirenenelr 30p ar e35alyst baald
H and the further reaction of H+ Li2NH to Li and

Li N2 @ElerER SRR etk FRirsn e e Ahake. piRbim st
I n_anot her, enbodi pent . of .a system having a reaction
N SeERL 200 RSPYSE Lo emisdtidn SYcH ard g st i Ry

' L3N, i I X X (X.is. a. halide H3,.
clhft U7 Witk SaeesPsedi B b P iGhe Hiun

e . .

o o 8 W0 30T N Bt e R B AP 50,

ofAllAs N °@r.‘G\‘h'é'%tqn?f&‘Sn&{)ﬁ&%d@%y&%gé@?e%&éhﬂﬁ%ew -

situ (1n the reaction ce i n"an externa

nfafETAEY £ atdr@RuM 1L thAlEathR8sHdre bréRldbly ih theGhSY of about 10
enbodi nent's, K, Cs, and Na replace Li" wherein the

niRbiky/Sout FOCEF M MoK preddrably ah& BresanélisttRmiveaby NaH.  To
mai ntain the catal yst pressure at the desire |evel,

malhveaiied & niddire g lithiRmTRethl a0 ligsurh Rgdridy i g sl maintaieedrary
be sealed. Alternatively, the cell further
the desired operating temperature. The operating temperature range is preferably in
the range of about 300-1000 °C and most preferably, the pressure is that achieved
with the cell at the operating temperature range of about 300-750 °C. The cell can
be controlled at the desired operating temperature by the heating coil such as 380 of
FIGURE 4A that is powered by power supply 385. The cell may further comprise an
inner reaction chamber 300 and an outer hydrogen reservoir 390 such that hydrogen
may be supplied to the cell by diffusion of hydrogen through the wall 313 separating
the two chambers. The temperature of the wall may be controlled with a heater to
control the rate of diffusion. The rate of diffusion may be further controlled by
controlling the hydrogen pressure in the hydrogen reservoir.

An embodiment of the plasma cell of the present invention regenerates the

reactants such as Li and LiNH,. In an embodiment, the reaction given by Eqs. (32)
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conprises high tenperature valves at each inlet or
outl et such that the valve contacting the reaction gas

wanoks/1a4es1i s mai nt ai ned at the desired tenper atROTRUS20882061455

pl asma cel |l tenperature can be controlled
i ndependently over a broad range by insulating the
cell and by applying supgkfnental heater power wth
heat er 380. Thus, the catal yst vapor pressure can be
control |l ed |ndependently of the plasma power. The
add &7hacayes togetergte thahydiieo reactants Li andd voth zalb@eatexde®s of o
10,000 volts. The current may be in any desired range
energy reteased dueetd hydfincageduckion.t Her produsts arkéhepl hydregemaigd bie
pul sed as dlsclosed in MIIs Prior Publications such
adydpggy s9gnes. In Beo@se et HiHdsiforped, agl reactigmte regsnerateabiel
and Novel Spectral Lines" which is herein |ncorporated
'%‘SPF'P@‘F@Y BYfB%anr\CaitQ'Sss'Se’ﬁ?‘Ft?@ﬁ .98y FI (66 Heis gy be

rise the feed-throughs of the plasma cell since
a?'H‘? dyehdhe repctarts plaged o et "§agtive jegiRstin they Rlagma ¢ellipuciyps at
tragPBarent alﬁphna ar e othgfﬁ%tabl feed through

ar¢' ‘25‘f'”? EOPRLRAT™S POPPILBIY PRuel s and

n t Reactor Metals in the gas st
QQQ gﬁé ﬁ gbge of

|se c coval ent nol ecul es. An obj ect

S nventlon is to provide atom c catal yst
aﬁ@fﬂﬁﬂrﬂ% EQ&'Oh as K and Cs and nol ecul ar catal yst

I\IaHL|2'Q§J1u,sH lt(lear |§”th d-fuel s enbodi nent, the requ ants
conpri se al loys, cofpl exes, or sources of conple

mtaE)%Ech QY& Bltdnt kOmTnwdird Qs@&&é&te@é\fe%fﬁh LN G he H

ecorrpose or react to provi de gaseous cat al yst such as

plelssuré, lblédr8h BEfsitg NdHIGNERN) mayde doRfdifed @ EcHMvelthemaximum or

catal yst source and atonic hydrogen source further

déshap lekiBAtof #ie fe@@Bh tORYehdraethgdinovea&ants eRCLifHL0 form
at | east one of the catal yst and atom c¢ hydrogen. In

an embodmbaditnent; the nsixturede stirredso tixeiduciogel pteanatrebcias t

one of am des such as LiNhb, imdes such as U2NH
Ima furtheressndiciensisf the pladina saggneration system and method of the
present invention, the cell comprises a heated flat-bottom stainless steel plasma
chamber. LiH and Li;NH comprise a mixture in molten Li. Since stainless steel is
not magnetic, the liquid mixture may be stirred with a stainless-steel-coated stirring
bar driven by a stirring motor upon which the flat-bottom plasma reactor sits. The Li-
metal mixture may serve as a cathode. The reduction of LiH to Li and H™ and the
further reaction of H™ + LioNH to Li and LiNH, can be monitored by XRD and FTIR of
the product.

In another embodiment of a system having a reaction mixture comprising

species of the group of Li, LiNHz, Lio2NH, LisN, LINO3, LiX, NH4X (X is a halide), NH3,

and Ha, at least one of the reactants is regenerated by adding one or more of the

reagents and by a plasma regeneration. The plasma may be one of the gases such
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catal yst nmetal with NH3. Reactions of these species
provi de both Li atons and atom c hydrogen. These and

woniohgr34estbodi ments are given infra., wherein, PCT/US2008/061455

additionally, K, Cs, and Na may replace Li and the
catalyst is atomc K atomc Cs, and nol ecul ar NaH
The present invention congyises an energy reactor
conprising a reaction vessel constructed and arranged
to contain pressures |ower, equal to, and higher than
agNiro gpthEle-i Ehepplasiaamey be maintgines! ip Sitatioiie cednjidn erjear ihan
chem cal |y producing atom ¢ hydrogen in conmmuni cati on
ewietngl ¢aidn Garsgenicatign ¥ih thegreagtiop selh| 1 othes ermpedineptg, 15tCs,
| east one of atomc lithium atom c cesium atomc

apdNa senang L whereidhe ealplyst ineipmicd @i s candi eelestlar Nath e
vess]el, .apd Fnag further comprise. a getter such as
souL Oomptan ihe Ba{plst OEeRSHG RS Sk fee!ntge 61 bt i ng

ith.a | - hydride. T f I
pimre et BRI PSRRI % ol AHARed 1o et
' I hat ch- d
obsg R RSB VARNS o5 B e 36 BRGAF LB}
c@ﬁ%&ﬁﬁ?he%a&%ﬁ%gﬁlixtﬁr@?i%%iﬂ%{n%ﬂ%ﬂh@tdgéretdhgmgg'taﬁﬁ[ré{ st

roma source suc catalysis occurs and

hy drHaQasiate]| RinifRaturERER be %mwémﬂéﬁen%nt}y?ﬁefé Srl%sat

i nvention of hydrino reactants conprise so uel s,

raHad bpirRliRtiRbhe c@l%@ﬁtﬁg@@ﬁﬂ%ﬂn&ﬁaﬁﬁé@%@ p&ReA ithfHéales

that "can be regenerated. Solid fuels can used in many
38QPTAUSathE @BBIysBRPbNTedJuRNtH RN AR HdREe5fEneathd],

el ectricity generation, notive applications,
pRs@pebvant s, and others applicants well known to those
skilled in the Art.A gas cell or plasma cell of the

pr eSidetdischargavoltage snaylbeas thehlrarsge of labout 100 td-1 CRIRBSIt8 AThe
and 4A conprises a neans for the formati on of catalyst
cigrreit Mag be irsarfyrdesirerbrangeat the desiretl ivoltage e Furtieamvordi thent s,
the cell further conprises reactants to provide
plaama mpy tbepytgediag gisplosadi in MilsiRsiar Bebligations sleas or

P%r_llysi cal process. The

US04/10608 entitled “Pulsed Plasma Power Cell and Novel Spectral Lines”
which is herein incorporated by reference in its entirety.
Boron nitride may comprise the feed-throughs of the plasma cell since this

material is stable to Li vapor. Crystalline or transparent alumina are other stable

feed-through materials of the present invention.

Solid Fuels and Hydrogen Catalyst Reactor

Metals in the gas state comprise diatomic covalent molecules. An objective of
the present Invention is to provide atomic catalyst such as Li as well as K and Cs
and molecular catalyst NaH. Thus, in a solid-fuels embodiment, the reactants

comprise alloys, complexes, or sources of complexes that reversibly form with a
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initiation may be by nmeans such as heating or plasnma
reaction. Preferably the external power requirenment to

womosiiaist t he production of hydrinos is | ow orPCaRUS2008/061455

based on the | arge power of the H catal ysis reaction
to formhydrinos. Wth a |large energy gain, the
reactants can be regeneragged with a net rel ease of
energy for each cycle of reaction and regeneration. In
ot her enbodi ments, the reactor shown in FI GURE 3A
metatpatalysiM anddedogtraed e reacide povide gassons gatelgsisutivas Li. In
m xture conprises a source of catalyst and a source of
apgtiersriedimeRk af ieastione §f thiecatalyst soarretpnd aiqyein Bydiogan soyrce
supplying a flow of reactants and by renovi ng products
f‘W‘SW’FO{”IPé'S%So?tH@@b%’?ﬁjﬁeﬁﬂa'ﬁr%hc’?a%? larfaieat lpgst gpe of the
enmbodi gent,, the reaction vessel 207 has a chanmber 200
casiAng afamic BYArageT: rcﬁrga’ée%%%'ﬂ]ﬁﬁ'to'ihe SPYUSE OF 3UIreeq FamPtigs at
or, greater, than at pheric. At |east one source. of
SRR SR AR dNie MREsg e o bERT o PHEs SifhAs s Pesh

| 20 ' s _reagent t.he, chanber
ol AN B Riont BL L Soek 8B Mlge o8l i3 Y

: [ It 0 h essure

=R RGPy e RaPIRE bhBORRhE SRR e
addRRblh, RABS 20 NEiRay BoREE B SERIAL iZdmEN LIRS Cs,
pressure in the vessel. A vacuum puhp 256 Is useo'l to
akyYmeldalisr idie chanber through a vacuum | ine 257.
Alternatively, line 257 represents at | east one out put

pat IThe pedseRSinanBbPEIHErisBaSS a«g&?& teBEtof ConiRRIPYE raBdtiehi al
fromthe reactor. The reactor further conprises a

vé&Rtraastaictdiemt agrdfdedas coanthiaarasurds bwed, dauhirtg, dndeigher
reactants up to a desired tenperature that initiates
thiah etrsasiphelic fresslure; benursé pfatamit Hybegbry thr cimemitaly pravycing
catal ysis reaction. In an enbodi ment, the tenperature
atomnid hydrdgen émepenrodnication withh thetvessed @s00Ce of catblystamprising
isinther a_n?_e_ of about 100-600 OC, and for reactants
atdernd PP plraioraie ithiws atanie cesiyny-aiemig polessivra gnd meleqidas iNal
~tenperature is in the range of about 100-500 OC.
in communication with the vessel, and may further comprise a getter such as source
of an ionic compound for binding or reacting with a lower-energy hydride. The
source of catalyst and reactant atomic hydrogen may comprise a solid fuel that may
be continuously or batch-wise regenerated inside or outside of the cell wherein a
physical process or chemical reaction generates the catalyst and H from a source
such that H catalysis occurs and hydrinos are formed. Thus, embodiments of the
present invention of hydrino reactants comprise solid fuels, and preferable
embodiments comprise those solid fuels that can be regenerated. Solid fuels can
used in many applications ranging from space and process heating, electricity

generation, motive applications, propellants, and others applicants well known to

those skilled in the Art.
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The cell may further conprise a source of hydrogen gas
and di ssociator to form atom ¢ hydrogen. The vesse

wanmys/iaguither conprise a source of hydrogen 22IPATMUS2008/061455

communi cation with the vessel for regenerating at
| east one of the source of atom c catal yst such as
atomc lithiumand the s ce of atom c hydrogen. The
hydrogen source may be hydrogen gas. The H2 gas nay be
suppl i ed by a hydrogen I|ne 242 or by perneation from
a hyigaseet or pleeme gell of Agnpresent swentighspeh astihesreshmmindm
reactions, the source of atomc |ithiumand atomc
Fis\RBP 8 aﬁﬁf}A@eme@?ﬁaéraaﬂ%@sw ths tpraation oAgetplystend H atoms
according to Egs. The first step of an
framSOHFSE | \'ﬂéol"é@‘éﬁ@r"é’lopkﬂ??”?se ﬁ@tquFPW'?ﬁﬁfc‘ﬁ“W'é?ﬁ IggCtapts to
the cell size and materials

péay@%ga@ﬁyswfﬁ* i Rt o dérigeveRphiselretrs” e °

T

it Mgubp By %e%ﬁsawﬁé%@e%w%"dﬁg%%ﬁéméq a!%re%arﬁv"tht °

ext&%ﬁﬁo@&eﬁe w&"ngrn té E%R?JII’? {h% ?oomSl tlo%h f% grmfogﬁ Iow rgeerloI
ni o enper &'ur'e

construct are un1an era

b?réae%' tﬁ‘éﬁarq% er8 RO HAS e :J&%?st ééé gx ttcthfH? Hg@rlﬁ%&e fna"?r e

e an ter na rreta €S not reac

e%r%géh N2 reaPidhts'cgh %@?eng%ngla%l wWithH nef & as@'o@Enerﬂ{/f r each

erat ure. S0, even in the cases that t ride

c@@@&r@&qgﬁ aid ;ege,kérg{td% it can be separated fromthe
reagents such as Li and LiNH2 by placing it in an open

or gh efheFlerBsdaénts, thd REceesHownin FRIUREISA coMprhideata solid-
supplies H2 by perneation is one conprising an

fuertreadied wHendiah réweton ehixtupé acraptised adosrealbechtaes 3/l a source
wherein atom c H perneates out at high tenperature.

ofThyeragea.c Tloe reaetjonf roiktuheecandenpgereeatertbynsupplyingefomeadfe
conmponents of a product m xture such as sieves for
reastahtsr@ind dly Irgmaevineapraductafrdny thei cofrespondieg pradugtnyixtiucsal In an
properties such as size. The reactor may further
ewbeinealethreacion wereplA04thes 8ivbamperAiP captipeirenesingss ed
on a differential phase change or reaction. In an
VRGYBBIT RETSEUTES RaUF s @reateliiorn %Bﬁﬁ?heﬁés%‘éﬁt ORG SAEPRY a
heater, and the
reagent such a gaseous reagent 221 is in communication with chamber 200 and
delivers reagent to the chamber through at least one reagent supply passage 242. A
controller 222 is positioned to control the pressure and flow of reagent into the
vessel through reagent supply passage 242. A pressure sensor 223 monitors
pressure in the vessel. A vacuum pump 256 is used to evacuate the chamber
through a vacuum line 257. Alternatively, line 257 represents at least one output
path such as a product passage line to remove material from the reactor. The
reactor further comprises a source of heat such as a heater 230 to bring the
reactants up to a desired temperature that initiates the solids fuel chemistry and the

hydrino-forming catalysis reaction. In an embodiment, the temperature is in the
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liquid is separated fromthe solid by neans known in
the Art such as gravity filtration, filtration using a

woessdniized gas assist, and centrifugation. THE/US2008/061455

reacti on may conpri se deconposition such as hydride
deconposition or reaction to froma hydride, and the
separations may be achievggl by nelting the
corresponding netal followed by its separation and by
mechani cally separating the hydride, respectively. The
rangetoé abgwh pO 1 AEH Cenreteralyy ikisdythadganderpf abous 1BOE0dEGtand

t he phase change or reaction may produce a desired
fergepatantt camPrisig &f ieatitaa 16/N-lloy SiEeimi the Aegreditepaperature is in
regeneration including any desired separation steps
tm%§”$%@GP°Wﬁ§Pﬁ@Oo?-outside of the reactor. Chenical

R e R RO
SRR o o ieer by Rkl FmyahPeolshab ibisa 2be
S PR BT P

S SRR LTS sl O FATRR s ol

Pty T T gk BRI ok

lih 1240 Ry PeRfeddivn Frefef ARk reBRRoir 290 IRNUXEmBRAPRYEIL-ARK

further serve as a getter in the generation of power

rédétigHse e Rbiidg oP&tofledithide ahdrbtomid IBdrcyer niay GRIyeREHRAY
back reaction or other product inhibition. A preferred

hidrogdneadditiah atgopding toviys. (56171).cOmgfirststsp dfian altevaiRe Li Br

or Lil, and R-Ni in a hydrogen cell run at about 760
régeneratith reaclioalvoaytgived®y EJIC(69A preferred NaH

chem cal -type power cell conprises Na, NaX (X is a

hal ilden eppedienhthe Bl sige and maiedalRiEre sugh dhat pdwahgparating |

run at about 760 Torr H2 and about 700+ OC. The cel
teraperatuetihaichivethpihesce!l aray beapproprirtely Sizr@ 19 the goweMgHipUt IR

preferred K chem_cal -type , .
achieve the desired operating temperature. High-temperature materials for the cell
construction are niobium and a high-temperature stainless steel such as Hastalloy.
The source of H, may be an internal metal hydride that does not react with LiNH,,
but releases H only at very high temperature. Also, even in the cases that the
hydride does react with LiNHo, it can be separated from the reagents such as Li and
LiNH, by placing it in an open or closed vessel in the cell. A cell design that supplies
H. by permeation is one comprising an internal metal hydride placed in a sealed
vessel wherein atomic H permeates out at high temperature.

The reactor may further comprise means to separate components of a

product mixture such as sieves for mechanically separating by differences in

physical properties such as size. The reactor may further comprise means to
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power cell conprises K, Kl, and NI screen or R-N
di ssociator in a hydrogen cell run at about 760 Torr

woHRogmd4:bout 700+ OC. In an enbodi nent, the HZT/US2008/061455

pressure range is about 1 Torr to 105 Torr.

Preferably, the H pressure is maintained in the range
of about 760-1000 Torr. L such as LiHBr and LiH is
typically synthesized in the tenperature range of

about 450-550 0C, but can be run at |ower tenp (-350
seiyraigionp oL Mereprosyenents hegax onacdifferentigbpiRise ghehgearreaction.
typically synthesized in the tenperature range of

I ypemberinensive plasegiRnga eI RiseKmElting usipes Beafp, gnd the
synt hesi zed in the tenperature ran%e of about 450-550
ligietd 'SI%?P@’ﬁ{?Gd’%‘ﬁF Soliskbyt RrANRAPRVA AN AR SHehs %avoﬂy fikgation,
En K are sup ?fflfromas urce such as cataly
AtrELQtt (R i 93rePsEish AN e%@v%ﬁtﬁpefh%f%ﬁﬁwa%ed

h th 1 t f th t
cBeeeipgrogtil et = P PR oR e BRRIoD ShERT A ur e

}(mnrb%ean%fth gé)p%at%gg mag%(e) agrglzevaerc]i meqtlr]ge(ﬁ%rg%r{oesganq(s '29 rﬁ@@l

it Al ned rafiire range o
b1 SOl ORI
The TattEhr%aPBé’gé’rﬁé\)ee By gifewﬂgv‘ﬁlranaéh%odlment the ph ise charF]ge or
i ncr eased- bi ndi ng-'energy hydrogen conpounds suc
ré\&w& rWByebr%ULﬁbe"é a&nb@ Fera@@ats&qmmdme SR RN RS aMEREO BN
and X is a halide. | east one of NaF, NaCl, NaBr,

réfherdBon iBEUARY @ﬁ’,ﬂcﬂésﬁf@djséﬂardtlbﬁ sRba &R ool reletor a6tskdd obr
a nobl e gas/hydrogen m xture such as He/H2 or Ar/H2.

tHeaeedtad Solid Fuels Chemistry A reaction m xture of
the present invention conprises a catalyst or a source
of catal yst and atom c hydrogen or a source of atomc
hydrogen (H) wherein at |eastone of the catal yst and

ChemicalRéagthrogen i s rel eased by a chemcal reaction of
at | east one SP cies of the reaction nixture or

bet veeliemigd resctonptibe peegertiimeniianduiies comprises a source of

inorganic compound such as MX wherein M is an alkali metal and X is a halide.
Additionally to halides, the inorganic compound may be an alkali or alkaline earth
salt such a hydroxide, oxide, carbonate, sulfate, phosphate, borate, and silicate
(other suitable inorganic compounds are given in D. R. Lide, CRC Handbook of
Chemistry and Physics, 86th Edition, CRC Press, Taylor & Francis, Boca Raton,
(2005-6), pp. 4-45 to 4-97 which is herein incorporated by reference). The inorganic
compound may further serve as a getter in the generation of power by preventing
product accumulation and a consequent back reaction or other product inhibition. A
preferred Li chemical-type power cell comprises Li, LiNH,, LiBr or Lil, and R-Ni in a
hydrogen cell run at about 760 Torr H2 and about 700+ °C. A preferred NaH

chemical-type power cell comprises Na, NaX (X is a halide, preferably Br or |) and R-
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species. Preferably, the reaction is reversible.
Preferably, the energy released is greater than the

woenwbsiad4pst of reaction of the formation of cat algEUS2008t61455

reactant hydrogen, and in the case that the reactants
of the reaction m xture are regenerated and recycl ed,
preferably, net energy is,given off over the cycle of
reaction and regeneration due to the | arge energy of
formati on of product H states given by Eq. (1). The
Ni prechysisogenygebhinzt abad 260 dore HoBnchabait épniC. Hielael magr a
conpound such as a nol ecul ar or inorgani c conpound
fuier @qwr@a@hleﬁﬁwne@f NeH pad §eNbn eA grefraddaghamicaltype
product in the reactor. In an enbodi nent, the species

Pﬁ\é{ﬁr qedl camarises K. ) ape Ni sprpRLAIR-NUdipsosiatos ima hysisegesycel run
o AL 20y s S rbout i - 4p 55 Ropdmets bR rp;‘iqséﬂr@aré‘r‘?ge

or fﬁgﬁqﬁﬁ%ﬁ%@er@@vﬁﬁ? BAEref M eeip 478007
L&Yﬁ% OB(?JI'artrltl;,/]l xsDef} sL.PI@??nd Jatis Sy&lecgﬁesgy%ﬁ]eﬁlzeé M&he

OFITH 1on O € reac 1on pro

tegﬂ%?nﬁgr‘éﬁ%@e& b&ﬁl%sp %@(‘ité"ﬁu?céri’beorruﬂ‘é't %%ef"‘te t(‘i"s?’oﬂc A

ormstates wt ener

L Hr@QTrPyNQQX s&é,'h) as Mnlﬁ ra%@ﬂa@iﬂrgst¥&@%1?5yrﬁi¢es%d iP@Ast one

of so liquid ( udi ng and gaseous
tdrfRedtaREnge It abb R ash isemnsc t RHk U ésW%Hﬁ@bﬁa'fé/éEly Hthesized
atom c hydrogen to formstates with energy |evels

irQth¥ Orkéyetﬁfé rafige) of @664 14504580 O € InmBRAIMeerdd ofttheeNSIAX afld
liquid (including nolten), and gaseous phase.
KBExespdtors yNsto hhdlK fateed upplieeifedn @ 86urad sudi aseatanat eiservbinat
are certainly not neant to be Iimting in that other
wheot the nsll temppratuse isgnaiatdined etahighardgyehthan traeofithé batalyst
the scope of the Invention. In an enbodi nent, the
reseaolri Breferaddube celije miaedaines! af theaempgrature camgp oliaibubB0tat
| east one of the catal yst and hydrogen or sources
56h & ard thereseavpirdsringtainadtin a tareparatyietrpege efiakeytde to 200 °C
species is a catalyst hydride and the reaction product
loygec | es is acatalyst alloy or conpound that has a

| ower drogen content. The ener
Anot er embodiment of the hydrogen reacto QXavmg NaH as the catalyst

comprises a plasma torch for the production of power and increased-binding-energy
hydrogen compounds such as NaHX wherein H is increased-binding-energy
hydrogen and X is a halide. At least one of NaF, NaCl, NaBr, Nal may be
aerosolized in the plasma gas such as H; or a noble gas/hydrogen mixture such as

He/H, or Ar/H>.

General Solid Fuels Chemistry

A reaction mixture of the present invention comprises a catalyst or a source of

catalyst and atomic hydrogen or a source of atomic hydrogen (H) wherein at least
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rel ease Hfroma hydride of the catal yst may be
| onered by the formation of an alloy or second
wampodmdtd with the at | east one anot her speci CTHUR008A8 1455
an elenment or first conmpound. In an enbodi nent, the
catalyst is one of Li, K Cs, and NaH nol ecul e and the
hydride is one of LiH KH¢ CsH, NaH(s) and the at
| east one ot her el enent is selected fromthe group of
M (catalyst), Al, B, Si, C N Sn, Te, P, S, N, Ta,
o of %@Pwst anh atofmiG ydroged is releasectyaichantiens teastionsf abe
one of the group of H2, HO NH3, NH X, (X is a
'eé‘%tlﬂné PP%‘?‘P%‘{% e rsgctwa|mlﬂére(%tbﬁt&eeaﬁfv%?rsm%reée@at%mwtwe D.

Sagief]| BrEergh E?Ee%?t?o%%fﬁvsw B relelatl), e adasreed i
2 00

otehb et s Sty o Bedsfer ardte %@?fﬂatmaécaﬁw 9 skt

e A S Y
af/ Rty c‘l’e% éslf'negerf&gg 8tk B6 LR R0t iR the

cata ysf rrent rever

re@@ﬁé?&%‘iﬁsb&é t@'?he SRR AbrgyRf Rorbtidnf Fo%@&tH & t'eg]tg?%h' bfEq.

Specl es may ormone oOr nore reaC I on proau speci eS
(15.UERE dpedies G bRR@leadt dne of 8h BRAENE BRE, &3 &nyptund §uch asa

lowered relative to the case in the absence of the

mbREWE dr didr@inid ddenpoACIh&Binasil kel bé BElehRDne Bf & ARIGEMWR
speci es such as an alloy or conpound may rel ease free

prodiicinthé rdaigtoa Iheanasnsicdingent, @@c$icoies GfaydereroamaBiy b on.

Al so, the free catalyst may be fornmed by a reversible
cangaubd euchafs samslecularer glorgzatcadoypbund with attledsearst ofdvydrogen
ot her species such as an element or first conpound to
arfddhercatalypie Siner s10eholdie epackdntroixtuer spesies maydempenent more
The el enent or all o%/ may conprise at |east one of M
re@@t@pgr%@t PEORY suqh thatjthe gnergyf to reteagq H gifreeTeatalyst isdoweed
Ta, Pt, and Pd. The first and the second conpound may
re!?é'V%Wéh%FasleH’é”ﬁra@ﬁ‘ﬁ‘CSfOf fae forRpaton RihrapritnePradycs sppcies:

In em ogﬁ'r%e%g; osf Hﬁcehregaaﬂs {ol pgjrgwde a catal%\!da%\d atomic hydrogen to form
states with energy levels given by Eq. (1), the reactants comprise at least one of
solid, liquid (including molten), and gaseous reactants. The reactions to form the
catalyst and atomic hydrogen to form states with energy levels given by Eq. (1)
occurs in one or more of the solid, liquid (including molten), and gaseous phase.
Exemplary solid-fuels reactions are given herein that are certainly not meant to be
limiting in that other reactions comprising additional reagents are within the scope of
the Invention.

In an embodiment, the reaction product species is an alloy or compound of at

least one of the catalyst and hydrogen or sources thereof. In an embodiment, the

reaction-mixture species is a catalyst hydride and the reaction product species is a
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MAI H4, MBAI H6, MBH4, M3N, MZNH, and MNH2, wherein Mis
an al kali netal that maybe the catal yst. The catal yst

wamys/a4sine of Li, K, and Cs, and NaH nol ecul eeCTT#82008/061455

source of catalyst nmay be MM such as LiLi, KK, GCsCs,
and NaNa. The source of H may be MH such as LiH KH,
CsH, or NaH(s). Li catalysf may be alloyed or react to
forma conpound with at | east one other el enent or
compound such that the energy barrier for the rel ease
catbly$d afloyoon doimidoand that Has@rowerthyerodeh critentn Tee shergy ios
| onered. The all oy or conpound may al so rel ease H or
rel¢aspy fewe 8 Mpdrisietdf the catalystamey be lpweradbyfthe fdneatianezi @t iabey
species. The alloy or conmpound may be one or nore of
or seaprhconmpogpgl WEh thei asleast arieFmother sidiaies isudvHs arl ¢lotertred
LiNO. The alloy or a conpound may be one or nore of
finst gaqppoupd./ nzan emibopiment,thereatalyst jsneldf LigK, CaradINaHSn
wherein the stoichionetry of Li and any other el enent
metecylif @nd fhediydade ig Rp B Ki, Gkt INabI(®) and iei adlaast ene other
i mal rel H whi ch subsequent |y react

oBRnTE seped B i ertin S (VAL Br o NN, dhcP oS i
TR B o T T ne, Sochbd S pE M Be s af tregroun @ e
SRS A R ST Ty o 0B
LB PndhoR of Encrhisinfancn s, 88 Ehiidr NG prbsd, Ta)ibFa

Fr%ha.é,cégc? Etdny gr(r)bwg-gg‘, %‘QEXAW 4-@? wh EH ?sr“eré*ﬁﬁ"icﬁf&)grel@ o

ratio. I'n an nt x 1si1n the range of 1 to 50

refdtehc) MX, MNG:NRATRRNERIRS MBH, Va0 MARC RS ARNEE AREXinMiiS
in the range of 1 to 10 and y is in the range of 1 to

arl Bikall RetdaNBbtRsy BIRE RS .In bitthé cnbdidfent @MRgaNMd has
the formula MKEyEz wherein Mis the catal yst such as

cdrhprisiig a®lea&itone @ther bleh@niNBan ¢ catailyt éibmsiit relbik H by
element, Ez is a second other elenment, and x , y, and

revedidt dpeatpoditioa. st oi chi ometry. M Ey, and Ey may be in

any desired nolar ratio. In an enbodinment, x is in the

r an@meai nbré of the reaction-mixture species may form one or more reaction
product species such that the energy to release free catalyst is lowered relative to
the case in the absence of the formation of the reaction product species. A reaction
species such as an alloy or compound may release free catalyst by a reversible
reaction or decomposition. Also, the free catalyst may be formed by a reversible
reaction of a source of catalyst with at least one other species such as an element or
first compound to form a species such as an alloy or second compound. The
element or alloy may comprise at least one of M (catalyst atom), H, Al, B, Si, C, N,
Sn, Te, P, S, Ni, Ta, Pt, and Pd. The first and the second compound may be one of
the group of Hz, NH3, NH4X where X is a couterion such as halide, MMX, MNQO3,

MAIH., M3AlHg, MBH4, M3N, MoNH, and MNH,, wherein M is an alkali metal that may
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50, yisinthe range of 1 to 50, and z is in the
range of 1 to 50, and preferably x is in the range of
wal20bg13s@51 y is in the range of 1 to 10, and z RCI/US20a8081455
range of 1 to 10. Inpreferred enbodi nents, Ey and Ez
are selected fromthe group of HH N, C, Si, and Sn.
The all oy or conpound may,pe at | east one of LixCySiz,
Li xSnySi z, LixNySiz, Li xS7n:{/JCz, Li xNySnz, LixCyNz ,
Li xCyHz , LixSnyHz, LixNyHz, and LixSiyHz. In other
be tzaditaiysnt The détalyss magibe oNe of lpK.amd ds, anhR&IR nbldche. The
catalyst is atomc K, atomc Cs, and nolecular NaH |In
sauvce biematatysbimdy be M-M subleasaliLipKKoCs@) apd NaRa h#ike $digce of H
formul a MKEwWEyEz wherein Mis the catal yst such as Li,
midy beMHCsychaas LiH, KHs Osll, oVaH(s).a first other el enent, Ey
is a second other elenent, Eis a third other el enent,
and Lxcatalyst may beraloyedde séaphtatferm heompaindivitbrat teagt. onlother
Ey, Ey, and Ez may be in any desired nolar ratio. In
elgmepis sEMALYRd, sugh that the enkrgy pamigefopthe releasesy H fier &iH o Li
the range of 1 to 50, y is in the range of 1 to 50,
fram ity andLitinqleiasdsigweted. The gliayor cameousdanay aien felease &
inthe range of 1 to 10, wis in the range of 1 to 10,
05/'-' iP¥ dP?P"Epr?é't'P%ﬂbf@a%;P”1"'4“6“'1*19! regatPnsPesies- nThedloy ghge of
1to éo. In preferred enbodi nents, Ew > E¥\1 and Ez
CQlPROUSE MY 1PE PP PH RIS LMot b0 ok By, Lig. LENH, kiltHaghiX,
The, al | conpound e at |east gne. of .
o i, B oy BF T BRERS F vle hiuey Go5e of By e
Ld X z o L X Nz. .1.n other enbodi nents, K
L R pE ol i e o PR AR T Beegittet
K, ] . . r i es.su ,
AL Eofeliina B0 SO 0 DBl PECE e R Ben

o BT iuh P9 o eSS PR RRE Py e o

hydRYGRAL 1PGher dEHRINSHRON, B8 Mtnd N YeplaBRLwHIkif Rl 3t

source of atom c hydrogen and a source of Li catalyst.
atbhR K, @@smhit €8, &RIthabdfarMa@l. O nore species fromthe

group of a hydrogen dissociator, H2, a source of

at Omf &n ByiBsdGE, thk lalloydridombbl¥dthaslthd\Normuls MaBHvherein M is
the catalyst such as Li, K, or Cs, or it is Na, E is the other element, and x and y
designate the stoichiometry. M and E, may be in ant desired molar ratio. In an
embodiment x is in the range of 1 to 50 and y is in the range of 1 to 50, and
preferably x is in the range of 1 to 10 and y is in the range of 1 to 10.

In another embodiment, the alloy or compound has the formula ME,E,
wherein M is the catalyst such as Li, K, or Cs, oritis Na, Ey is a first other element,
E. is a second other element, and x, y, and z designate the stoichiometry. M, Ey,
and E, may be in any desired molar ratio. In an embodiment, x is in the range of 1 to

50, y is in the range of 1 to 50, and z is in the range of 1 to 50, and preferably x is in

the range of 1 to 10, y is in the range of 1 to 10, and z is in the range of 1 to 10. In
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Li 3N, Li X, NH3, LiBH4, LiAlH4, Li3AH6, NH3, and NH4X
wherein X is a counterion such halide and those given

wa w08/4GRC [ 41] . The wei ght % of the react antPCTMES20482061455

in any desired nol ar range. The reagents may be well
m xed using a ball mll.In an enbodi nent, the reaction
m xture conprises a sourci of catal yst and a source of
H In an enbodi nent, the “action mxture further
conpri ses reactants which undergo reaction to formLi
pefdreddyspibodintbnty, BTiafid By SleG@RBted Tiafh the 3Lt B, NBY, Si, and
conprise one or nore of the group of H2, hydrlno
Seathaé gikdy, or bdingounkiidy, be\d NasiNbi2, of ILi, &, SiINEKSh, 6iX ufoys;z,
couterion such as a halide), MNG3, MAI H4, MBAI H6, and
LMBHE ,, LisiNeBrej i OWN; sl_n@szalLkSthz,rte,n\aHz,bh@tlxm h]f:‘othléle
catal yst. The reaction m xture nmay conpri se reagents
embbdiveetd, K.rGaranhba gaptage Lowhérein the égtalyst MGRomiciK\@Gtomic Cs,
Li NO2, Li 3N, Li2NH, LiNH2, LiX, NH3, LiBH4, LiAl H4,
and @alepdar NakOH, Li 2S, Li HS, LiFeSi, Li2C08, LiHCO 3,
Li 2S04, Li HSO4, Li3POX4, Li2HPO4, Li H2PO4, Li 2MoM4,
Li Nooaptheriepmediment. thermaligiror eamrayod sasthe farmBadV«EWEBADA,
LiAICl 4, LiGaCl4, Li2CrO4, Li2Cr207, Li2Ti O3, LiZrQ3,
wheraindy is the eafalyst sugh anl 15, oriGspesdtis Naj Eaisdirst dther slement,
Li 2Si OB, Li TaO 3, Li CuCI4 Li PdCl 4, Li VO3, Lil OB,
EL'fSFaes@EO”q_‘?“i‘%@'ei“L‘%r%:lE@!P a fhirdofenelefent, andy, myvémi ZLiao

By oPIEChE SBIEEI AELFACH h: mRkEF & A pessedndlacrat.
BB R R e H AR LR e
RerL) B4 2 Fg e R g e Xé%‘."Zﬁe Broes

toi 1, Msein(ﬁﬁeﬁrraﬁnﬁ %)f 18N gl |ﬁﬂ'l‘$créﬁ%bt of 1118 163 £F8F&he Hh%e of

ure COITpf Ses gen or a source o

1 'ﬂ:yﬂf qg?beerl'éa é?ﬁttb%fm&@% edi @EQB E, Qr.tet%%recféﬁﬁr%ﬂﬁhép%ruﬁ ofiH®

used one nay not USE ereln atomc ogen,

NaO ki, Q—RISrP”F}H Moy 8t @Mous@indl ¥e bi leésft%nSSf‘lﬁrl-ﬁte@L,
chemcally by reaction of the species of the M Xt ure.

L.Lmsa. il LRGN, senheisAENL Li,H AeSH.caed B/M,Cot ah ¥&kr may be
added to the reaction m xture.

embodiments, K, Cs, and Na replace Li wherein the catalyst is atomic K, atomic Cs,

and molecular NaH. Species such as MEyEE; are exemplary and are certainly not

meant to be limiting in that other species comprising additional elements are within

the scope of the Invention.

In an embodiment, the reaction contains a source of atomic hydrogen and a
source of Li catalyst. The reaction contains one or more species from the group of a
hydrogen dissociator, Hy, a source of atomic hydrogen, Li, LiH, LiNO3, LiNH2, Li,NH,
LisN, LiX, NH3, LiBH,4, LiAlH4, LisAlHg, NH3, and NH4X wherein X is a counterion
such halide and those given in the CRC [41]. The weight % of the reactants may be

in any desired molar range. The reagents may be well mixed using a ball mill.
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The reaction m xture may further conprise an acid such
as H2SM3, H2SO4, H2COB8, HNO2, HNG3, HCl 4, H3PO3, and

woHBPEXB4e31 a source of an acid such as an anhydaauegs2008/061455

acid. The latter may conprise at | east one of the |ist
of SO2, SO3, C2, N2, N2, NG5, C 207, P2, P2C3,
and P205.1n an enbodi ment_, the reaction m xture
further conprises a react ht cat al yst to generate the
reactants that serve as a | ower-energy-hydrogen

cat dh ys emdbdifeRDtheGEadtibn WG cEMBHGY oMo F@ @ Bat8I9dtalnY St
and atom c hydrogen or a source of atom c hydrogen.

s@urcd aitH. elnraaadibadimeng ttad rpatton GERMIE fathed codpised redchmts
group of acids, bases, halide ions, netal ions and

whick@ndexdo maktictofamd.i cathigstrand ataniit hpdrdgdny Tthe Megsctdngs mby
| east one of the group of a weak-base-catal ysts such

cersprise 28041 mareyaf dike grouplofddt bydyisd catalykt, BIsiHa, MANH, dA;NCcNHS,
such as LiHSO4, a netal ion source such as TiCl 3 or

LiXl BHaX (his @rropledon sichFis3uhatide), NS, MAlhs, MaAdpant MBEL,y,
a free radical source such a COX2 wherein X is a

whereindé issanchkatisnetal thgi arayibe tieooatalygly The epattion mihtu@emtaxo
formthe Ol radical, netals such as Ni, Fe,

CHPRITSEr %ﬂﬂeytséﬁ‘eﬁteé dREehe pEup @ﬁ‘—'o‘F'HaleQB LlN(ﬁdJr”ﬂJ@z,ér'sN

L'E'}“ﬂéhL"gH% L NES0kiB T LA a A, L.qamtraﬁd oS, bg&ﬁab?@@}:
LR S PR bn o et ST OsS: L BB o9

| - . h
(RgR B RSHRY Aﬂ-’?‘% DB e, & 5@8@1 TR TRl TR

R AT B
L@EEE‘ ISP{‘:{?"LR%”U St [iPLA), L}f BR§' B%%‘)d)”gf?é‘n‘?[@b?ﬁ_ glgen

| no~ get t

LubPWer dlﬁﬂz‘%f i gd d[f&%ﬂ, LInQuO?,rlf?M Fdﬁ%n,ra%  GRGE o

nar 0 en. n an e |rrent e reactl on

2, ﬁ‘ 6?%“5# o‘x‘y%%h' §r€§xy§m9;%ﬁ &EtrJn@raclEI}’Qr'i bXidang, lécrholé&léf'o%dgﬁt
X' (X'1I's halide or other anion such anions fromthe

s&%s[\éél )05, Mﬁo;lR%gct)f QRO RUDEAJBR P dRE PHOS, Pt@1 PO
one of accepting electrons from

NHsX wherein X is a nitrate or other suitable anion given in the CRC [41], and a
reductant. In each case, the mixture further comprises hydrogen or a source of
hydrogen. In other embodiments, other dissociators are used or one may not be
used wherein atomic hydrogen, and, optionally, atomic catalyst, are generated
chemically by reaction of the species of the mixture. In a further embodiment, the
reactant catalyst may be added to the reaction mixture.

The reaction mixture may further comprise an acid such as H2SO3;, H2SOy,
H2CO3, HNO,, HNOj3, HCIO4, H3PO3, and H3PO, or a source of an acid such as an

anhydrous acid. The latter may comprise at least one of the list of SO, SO3, CO;,

NOz, N203, N205, C|207, POz, P203, and P205.
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the catalyst and stabilizing the catal yst-ion
i nternmedi ate such as a Li2+ internediate to all ow the

waabgldsgils reaction to occur with fast ki neti aCT/UI32008/061455

getter may be an inorgani c conpound conprising at

| east one cation and one anion. The cation may be Li+.
The anion may be a halid r other anion given in the
CRC [41] such as one of the group conprising F, O
Br , I , NOB, N2, S»4 2 , HS®W , Co2 , 103, 104
, Ti @B an efdb&fiment-theReactiBiOhixdure fulffed camprisbR Be¥hctant d48yst
C A and Cr207 2 and ot her anions of the reactants.
toldemetayalihi deackrinttbat sena/ asra Istvehalergyetiydraaygn betagtt dr@astirce
one of the group of LiX (X = halide) and the other
otlowprernedyy-hydmgen satalysttand atapgic hydrogen dria sanrce whatdmive nt

of the reaction m xture such as Li, LiNH2, and X
hygregesi rpuitatle real@nheatalystrecdmpride atoreofiieugrdyp & dckisabbases,

| east one of LiHBr, LiH , a hydrino hydride conpound,
hajidg ieps| Bkt loeﬁ@rrcbfyeewydlr:@igénrce@ npeueactantsatalyst may be at
enbodi nent, the catal yst reaction mxture is

lepginoR of Heaup,of advsakibase- @ﬁtaM%}%i P’ Lf256m aawg@mcécécasalyst

¥dro gen. In an enbodi nent, the hydrino produ
SHRS %%9"@ 8?‘?515%0*‘5%%{6‘1*%0%@?@6%%#’%%’06 éﬁﬁ&mﬁ A‘Gﬁh\é’hmh
8{% erein X is a hali

POVHE T aLA 4t Sy s s SRIGRIORGEpUioB S6Eh SioPRs Wherein X
hy drlde that has an NMR upfield shift greater than
'Staf@ﬂ'd%?uchl\’fis Clyhereg) %ef“awé%ﬁcb\é““hﬁz 10 e therl fagisal, migtpls
the product of hydride binding my be an al kal i
suppasiNid e &Pipsrierably iaheg centeniation of plaul 1 &1eil%t a spuseg @fpX ion
than that of TMS. The hydride nay have a binding
()@ﬁ@pl@:&g) swhaskI s g Eglmk agpurge of free radical initiators/propagators

such as peroxides, azo-group compounds, and UV light.

In an embodiment, the reactant mixture to form lower-energy hydrogen
comprises a source of hydrogen, a source of catalyst, and at least one of a getter for
hydrino and a getter for electrons from the catalyst as it is ionized to resonantly
accept energy from atomic hydrogen to form hydrinos having energies given by Eq.
(1). The hydrino getter may bind to lower-energy hydrogen to prevent the reverse
reaction to ordinary hydrogen. In an embodiment, the reaction mixture comprises a
getter for hydrino such as LiX or LixX (X is halide or other anion such anions from the
CRC [41]). The electron getter may perform at least one of accepting electrons from
the catalyst and stabilizing the catalyst-ion intermediate such as a Li?" intermediate
to allow the catalysis reaction to occur with fast kinetics. The getter may be an
inorganic compound comprising at least one cation and one anion. The cation may
be Li*. The anion may be a halide or other anion given in the CRC [41] such as one

of the group comprising F~, CI, Br, I, NOz', NO5", SO4%, HSO4", CoOy7, 103, 104,
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to 12 eV. In an enbodi nent, the product of the
catal ysis reaction is the hydrogen nolecule H (I )

wanas/myg4an solid NVR peak at about 1 ppm rel atROIRUS2008/061455

TVMS and a bindi ng energy of about 250 eV that is
trapped in a crystalline ionic lattice. In an
enbodi nent, the product Hn( is trapped in the
crystalline lattice of an''ionic conpound of the
reactor such that the selection rules for infrared
TERS CrQL, Fe0, 2P, HHD,t apd,heonpties e drsARg ottidr anions
active and a FTIR peak is observed at about 1990 cm 1.
ofAtid rdactanasl Thehydrek tifdeabadibrastdbalifdr mdy®epit RS YNe of the
i nvention conprise additional alloys of Li such as
gtolp ELIX §Xprhiaide) gnd theantiter abmpeasis comerishig tak kedctants.
al kaline earth netals, transitions, netals, rare earth
nmet dh sn embbdimentat§ #iegeadtion mixdilinersuctuag LioltiNElp, 260 dyghdréih X
and Group IV netal, actinides, and | anthani des. Sone
isrtegphysiside biating sampenynd, X isqdrdastonenaf LitBrntigHE artgdiirer tydode
the group of LiBi, LiAg, Liln, LiM, LiAl, LiMS,
compisy, andiadpwengnaraghydiogan Zempaungy Wgn ermigdimentahe Li Zn,
Li BSi, LiNa, LiCu, LiPt, LiCaNa, LiAl CuMgZr, Li Pb,
CEE?'E%{ Kea%P"Vth_Li reis, regeneratechby aqditioptoh Bydregasd e peusce of
and Na replace Li wherein the catalyst is atomc
hwr"%l”om ¢ Cs, and nol ecul ar NaH. In anot her
di men an anlgn can en-type bond

h
e Emb%ﬂ'raﬁ%we g%waar 1@7%@535&9 s e
) . he Li .
hvﬂ 5%%%{‘1""?113{“9 8 Brar ey B ETer e fgide o otne?
arglgrg'1 h )y e %Rd f rmea%‘/ %ac?:,]tqu% hp/nocga_th%ﬁﬁwtaalgﬂ gﬁﬁvﬁi‘ ug'f%'l’dvs“?'m‘ffjl S
g{&P%m‘i of TI\%%m i .Hee%sﬁtga‘ﬁ hghde IZ(?: ﬁ\: rabrr(g%gt'_?f
id& Hﬂﬂﬂ%‘; MR be ahkali \J?dgtd'e%hdg Wﬁgﬁfbld shift reater
| SSocl a i'S provi by a C em cal reaction. Atomc
thg‘; kgt m.af@hﬁi)’dé Ry he@cs biRBing Enéhy &ashinddWy ¥PS6f £1S

to 12 eV. In an embodiment, the product of the catalysis reaction is the hydrogen

molecule Hy(1/4) having an solid NMR peak at about 1 ppm relative to TMS and a
binding energy of about 250 eV that is trapped in a crystalline ionic lattice. In an
embodiment, the product Hz(1/4) is trapped in the crystalline lattice of an ionic
compound of the reactor such that the selection rules for infrared absorption are
such that the molecule becomes IR active and a FTIR peak is observed at about
1990 cm™.

Additional sources of atomic Li of the present invention comprise additional
alloys of Li such as these comprising Li and at least one of alkali, alkaline earth
metals, transitions, metals, rare earth metals, noble metals, tin, aluminum, other

Group Il and Group IV metal, actinides, and lanthanides. Some representative
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the reaction m xture or by the deconposition of at
| east one species. In an enbodi nent, Li-Li reacts with
woLiobAR48%1 form atomic Li, atomc H, and Li 2NHPCAVGSZNES/061455
Li may al so form by the deconposition or reaction of
LiNg 3. In other enbodi nents, K, Cs, and Na replace Li
wherein the catalyst is omc K, atomc Cs, and
mol ecul ar NaH. In further %nbodi ments, in addi tion to
a catal yst or source of catalyst to form | ower - ener gy
aliyyicogpmse dneer hidee ineMberiok thegPoupITIRIBI, 165, DAY, @ IMg e neous
catal ysts to dissociate MM and WH such as LiLi and LiH
LidviySi, e if@iSh \LiZil eLiMCanidAlRr, aiANng, LiB neCh elizy, 0BSneMus LiCu, LiPt,
catal yst may conprise at |east one el enent fromthe
LigadapLiaCuMgZn4iRb, biCal IEWELSS, angiLiNii Dusthérashadogimenss; &,
earth and other netals and el enents such as My, W Ta,
Chli gndMg repldge Miiwhepdin thEeatalygt is Btomi€y, at@mic G50 andimdleSmar | n
an enbodi nent of the Li carbon alloy, the reaction
NetHixt ure conpri ses anexcess of Li over the Li-carbon
intercalation limt. The excess may be in the range of
1% dmancticgembandidept én épighicgn formarydiogatytypeondmwitiva L0%
The carbon may further conprise a hydrogen spillover
at@@t%@fgva'ﬁﬁkvubﬁgndaL'ﬂyevPl?g@ﬁ dihis S¥FPegrolyPe bedl Gag wegket
on activated carbon. In a further enbodi nent, the

th&éﬂ' ttoéﬂ}%‘rhﬁtpe'lnbthé?&'e'é’&“ {srpl vacuMgergy <Eﬂwn%ent to free a
T |1
a?@ﬁ%@fﬂﬁ@aﬁt&?vggs%ﬁ?g% tawfd%?og@gm e 2000
0oC 00
ey ﬁ%@?q{,?@f dnd i [PHface e oF S B 6 R, pigmigs:

ar\llﬁmolegul 1er enbodl ments, K, Cs and Na repl ace Li
e catalyst is atomic K, atomc Cs, and

nol (Fr? ?rhb&@ﬂentl e Alhc W&Qﬁé‘ﬁﬁoﬁh Lsggclé’tbr |§' dvfﬂ‘éa\%lach

al | oy, tenperature i's range over

h@@m%l' rbé&ﬂﬁ ﬂ {nRyY Hﬂéﬁén‘é?&ﬁe&%é rSchsh & @a@ﬁﬁ@ Sp&diysC
rogen. The range Tay be about 50-1500 OC,

i r%fa@tfo%bh)(tu%m%ﬂ/ tHOG cbRp8GibrEat RAS B Shecies. In an
embodiment, Li-Li reacts with LiNH- to form atomic Li, atomic H, and Li.,NH. Atomic
Li may also form by the decomposition or reaction of LiINOs. In other embodiments,
K, Cs, and Na replace Li wherein the catalyst is atomic K, atomic Cs, and molecular
NaH.

In further embodiments, in addition to a catalyst or source of catalyst to form
lower-energy hydrogen, the reaction mixture comprises heterogeneous catalysts to
dissociate MM and MH such as LiLi and LiH as to provide M and H atoms. The
heterogeneous catalyst may comprise at least one element from the group of
transition elements, precious metals, rare earth and other metals and elements
such as Mo, W, Ta, Ni, Pt, Pd, Ti, Al, Fe, Ag, Cr, Cu, Zn, Co, and Sn.

In an embodiment of the Li carbon alloy, the reaction mixture comprises an
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preferably in the range of about 100 to 500 OC. The
hydr ogen pressure nay be in range of about 0.01 to 105

wormns/134psief erably in the range of about 10 to PEOM@S2008/061455

Torr, and nost preferably in the range of about 0.1 to
760 Torr. In other enbodinents, K Cs, and Na repl ace
Li wherein the catal yst i7s atomc K, atomc Cs, and
mol ecul ar NaH. The reactioh i xtur e, alloys, and
conmpounds may be formed by m xing the catal yst such as

dxiceslof i GveHhee.i-6drb6mintroutdtion e, e 61 MaY bBWHhE Athge
with the other elenent(s) or conmpound(s) or a source

adfi % drel 1Wob%ranelpesterably #) the rarertp 0%td 16%. Tuelka@dn thay
hydri de of the other elenment(s). The catal yst hydride

fortiyer bempiidd, a iidroges Ispill@er disthlyst Haeing ahgémngen degocheorguxed
by ball mlling. An alloy of the catalyst nmay al so be
dsdtdnadPt bn antivateslaarbee. 6f a adrtheryenctanipmens,i theg cdlitemperatikey st
and at | east one other elenment or conmpound. In an
exptrslditimd At whichbi is ecropletely interchlated dnte frercattion. Thé Relsyst em
to formhydrino reactants of atomc Li and HisLiNH2 +
ternperptureomay berintthe-range Ri-ao8L100 ta 2809 dipnefenably df themange of
other Li-alloy systens, the reaction nmechanismis
abAe 299 52,808 €. BRA Mmoask Prefeeably in thesasgesohanputB0P iR 7@ Herin
al | oy el_errent}giéﬁrepl acing N. Exenplary reaction
ohes RERRPIMENts oK. r% e remtacerld whereiine eatplystis aloemid o
reactant S, torln' Li and H, involving the reaction
BAVE (P eIBABTHEINAG Li with at |east one of S, Sn, Si,
and C are SH + Li-Li.to Li + + iS{SS SnH + Li-Li
to I a'#e’PPQr‘JTI'E?%r?f thsdy S@?Oﬂ aﬂ%iﬁleﬁfel"tt%“ ‘?ratzﬂreH's Intpe gnge
and%mE + Li-Li tg Li. + + LiC (36) Preferred
o BBl e o] Pl Panlsns ity ab i aidigier TR
raRGE Y BE Sbbt 5811580 °c, preferably about 100 to 800 °C, and most
preferably in the range of about 100 to 500 °C. The hydrogen pressure may be in
range of about 0.01 to 10° Torr, preferably in the range of about 10 to 5000 Torr, and
most preferably in the range of about 0.1 to 760 Torr. In other embodiments, K, Cs,
and Na replace Li wherein the catalyst is atomic K, atomic Cs, and molecular NaH.
The reaction mixture, alloys, and compounds may be formed by mixing the
catalyst such as Li or a source of catalyst such as catalyst hydride with the other
element(s) or compound(s) or a source of the other element(s) or compound(s) such
as a hydride of the other element(s). The catalyst hydride may be LiH, KH, CsH, or
NaH. The reagents may be mixed by ball milling. An alloy of the catalyst may also
be formed from a source of alloy comprising the catalyst and at least one other
element or compound.

In an embodiment, the reaction mechanism for the Li/N system to form

hydrino reactants of atomic Li and H is
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Li2S and Li with LiHS. In other enbodinents, K, Cs,
and Na replace Li wherein the catalyst is atomc K,

w0at008ri3a4is, and nol ecul ar NaH. Primary Li/ N t rrigews2008/061455

Al'l oy Reactions Lithiumin the solid and Iiquid states
is a netal, and the gas conprises coval ent Li?2
nol ecul es. In order to generate atomc lithium the
reaction mxture of the s0lid fuel conprises Li/N
all oy reactants. The reaction m xture nay conprise at
| eagtiNieneLiafi tb be+ graumrof (82), LiH, Li NH2, Li NH, Li 3N,
NH3, a dissociator, a hydrogen source such as H2 gas
Irogmigodinyehts ofthe athetIa06\ syseid, teG64dction mebkdnhisAsis lainéqogéﬁs
is a halide). The dissociator is preferably Pt or Pd
toothataof kiegIVNssysteaowitrethe athe il o9 letemeh€s Xreplacihd N. Ekempiry
conprise Pt or Pd on carbon or Pd/ Al 203. The latter
res{igronechamipme dnpariyset the praoti@dd ifarm tydrifaeactantat atoigicef a
mat eri al such as LiAlQ2. Preferred dissociators for a
anddgayrlvimg the veasticromjxitures cognm@isibg LNvith dtdgasbond\al/ 3\ Sal Sioy
are Pt or Pd on AbC3, Raney nickel (R-Ni), and Pt or
amhC@re carbon. In the case that thedissociator support
Is Al 203, the reactor tenperature may be naintai ned
bel W t kiddi tahi th #ld8ults in its substantial re@8ion
with Li. The tenperature may be bel ow t he range of
abonHzslgdE te bi ggo‘lo‘éﬁ I n anot her enbodiment, G®is in
the formof LiH and the reaction m xture conprises one
or i &Lk il LiShRee Li 3N, MHB, a dissoci d8F, a
hydr ogep. source such as H2 gas or a hydride, a
sup 'f!j"'a{ﬁal'é+£j'e*t|t'gr such as LiX (X is a hali@d8)
wherei.n the reaction of LiHwth A2 IS . -
U EPRTILTERRGYT RaBr S Sl ol Sathad Srondises L wike
LSk SRPGLARUHLTEK oBE SERBIALSS K X LASNRAURNGS  RhokSne
FRACTTON 'm Xture Wher ern €’ Separat or rf)asses at ons.
f [ pse the first reaction
ca&%sttiﬂs:ag&ﬁ{c 'f?ﬁ%?ﬁl»@g%%&%gﬁéﬁ Al 20 powder and a

second reaction m xture of Li, Li3N, and hydri ded Pd
on Al 203 powder that may further conprise H2 gas. The

Piithér$ Li/K&86dd AlbyRebkidng can be

Lithium in the solid and liquid states is a metal, and the gas comprises

covalent Li, molecules. In order to generate atomic lithium, the reaction mixture of

the solid fuel comprises Li/N alloy reactants. The reaction mixture may comprise at
least one of the group of Li, LiH, LiNH,, Li;2NH, LisN, NH3, a dissociator, a hydrogen
source such as H; gas or a hydride, a support, and a getter such as LiX (X is a
halide). The dissociator is preferably Pt or Pd on a high surface area support inert to
Li. It may comprise Pt or Pd on carbon or Pd/Al,O3. The latter support may
comprise a protective surface coating of a material such as LiAIO,. Preferred
dissociators for a reagent mixture comprising a Li/N alloy or Na/N alloy are Pt or Pd

on Al,O3, Raney nickel (R-Ni), and Pt or Pd on carbon. In the case that the
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regenerated by addition of H2, and the second m xture
can be regenerated by renoving H2 and hydriding the

waliossoaist or or by reintroduci ng H2. The reactRCIMES20€8/061455

generate catalyst and H as well as the regeneration
reactions are given infra. In an enbodinment, Z NH2 is
added to the reaction mxture. Z NH2 generates atom c
hydrogen as wel |l as atonmi &' Li accordi ng to the
reversible reactions Li2 +Li NH2(r) Li+Li 2NH +H (37)

drBstiaforduppdrt id WG Mthé- teattok teP¥eFAtird®ay!te RANEHRS gélaﬁ'ﬂ}_ﬁ

the reaction m xture conprises about 2:1 Li and LI'N

whigh rés2it wdsisOBstamRcicbdNGIBILE, TH tebqge@nﬁle klalVble BeloRasd
to formatomc Li, atomic H, and Li2NH, and the cycle

rah@s lof aboRs 250CCas d007Q. D afmiher(@dibbdimBAE LI i€ #tthafdrs dTRIH ARy
present in any wt% The nmechani sm of the formation of

thei r@adtioh murkichiBrises\vok vemote dfiLNH,, BibM, LidnaNHE Qr s
amoni a [42]:2LIiNH2 to Li2NH + NH3 (39) Wth LiH
digsaiztort a hydiegemoortesucteas sgdsmor aalydddee alddppdriarnd dBttdro
LiNH2 + H2 (40) and the net reaction is the
siahraslivp (X isr@ hafida)iwkidrein thia rédodor ofr it wito ALOf istdibsthntidip  +
LiHto Li2NH + H2 (41) Wth Li present, the amde is
endstherdivs metberdrrebadiments thendissgeietor alay e sapdratedion the
favorabl e back reaction of Li with amonia: Li-Li +
balpiwetah thei rpgtion mixturewhe(eipthe RRAYator pasans Bratds-nent , t he
reactants conprise a mxture of Li and LiNH2 to form
t oS RTPCBPRISEPeINENHCRmRSE AN St T6atigs Miglarp-chBiH, LINH:
and Pd on Al,O3 powder and a second reaction mixture of Li, LizN, and hydrided Pd
on Al,O3; powder that may further comprise H; gas. The first reaction mixture can be
regenerated by addition of Hy, and the second mixture can be regenerated by
removing H2 and hydriding the dissociator or by reintroducing H,. The reactions to

generate catalyst and H as well as the regeneration reactions are given infra.

In an embodiment, LiNH, is added to the reaction mixture. LiNH, generates
atomic hydrogen as well as atomic Li according to the reversible reactions

Li, + LINH, — Li+ Li,NH + H (37)
and

Li, + Li,NH — Li+ LiN + H (38)

In an embodiment, the reaction mixture comprises about 2:1 Li and LiNH,. In
the hydrino reaction cycle, Li-Li and LiNH> react to form atomic Li, atomic H, and
LizNH, and the cycle continues according to Eq. (38). The reactants may be present
in any wt%.

The mechanism of the formation of Li2NH from LiNH. involves a first step that

forms ammonia [42):



10

15

20

25

The reaction mxture of Li and Li NH2 that serves as a
source of Li catalyst and atom c hydrogen may be

wamgenanat ed. During the regeneration cycle, tHGE/US2008/061455

reacti on product m xture conprising species such as
Li, Li2NH, and Li 3N can be reacted with Hto formLiH
and LiNH2. LiH has a nelt%?g poi nt of 688 0C, whereas,
LiNH2 nmelts at 380 0C, an nelts at 180 OC. Li NH2
liquid and any Li liquid that forns can be physically
r emreNH ftb 0pNHReNtd H solid at about 380 OC, anghghhen
LiH solid can be heated separately to formLi and H2.

WhihetiHL preaértt, the BirizhonRitelds toeeleadd Red to regenerate the
reaction mxture. And, the excess H2 fromLiH therm

decaifbeNHsitobiNelar e reused in the next regenegaji on
cycle wwth sone nake-up H2 to replace any H2 consuned
apdhthkyet ieactionds tmatconsumption af LiNiaf withr e fematisH ofeht , t he
conpeting kinetics of the hydriding or dehydriding of
one LiNthct kibitto bighdd +ahot her is exploited to achi @i a
desired reaction m xture conprising hydrided and
Wit i prgerntdbel amigieionei ¢ensupmd dur dnihleeneigptivady swclt enorene
added under appropriate tenperature and pressure
fayerabletorgheeastipntof Lhaith armeoniaver se of reactions of Egs.
(37) and (38) occur over the conpeting reaction of
t hefbkifaliiole LW¥HAtT Hitdich that the hydr ogenat ed42)
roducts are predom nantly Li and Li N

St lé‘hrarﬁ‘aftmtif’él Nt 4hg E3EPNts ﬁ°WP5k~°telﬁ @'%ﬂﬁﬂ'iﬂﬁ YN BtMds
Li sN
atﬂmlﬂftrldggﬁrﬁft%gﬁc '380?06? 29 {;rgqshgf’gﬁ%&elssangaiheeu H can be
and T SRt R Bl %ﬂ%%ﬁﬁ%‘?%ﬁw H oS5 QL et and
atéﬁn cﬁ%lmr?é% %a?%@ %sbe(ﬁgragé rlﬁgmeq'legéﬁﬂepaﬁ)h %?rc]:le tlﬂe r%gctlon

déposi ted

prjogud@ Midlied ﬁgﬁsﬁ%gﬂeék#':s&W% LLr' WQH&LIWGIJI Be F %H@@ %tpy

thﬂO he reactlon mxtuema

H&& 1R 'L%?ar%lﬁﬁﬁ LLrH ha@%‘?ﬁ@ltﬁmgldom%ﬂedd °@r @hér@éﬁﬂ\mz melts at

according to W th the subsequent
35{@;@%@0. rﬁéltsfa‘i’l‘lm sct.aL.ﬁﬂz w&arﬁmrym. Rt 4EBrmiycdhtbe
physic.ally removed from the LiH solid at about 380 °C, and then LiH solid can be
heated separately to form Li and H.. The Li and LiNH; can be recombined to
regenerate the reaction mixture. And, the excess H; from LiH thermal
decomposition can be reused in the next regeneration cycle with some make-up H,
to replace any H, consumed in hydrino formation.

In a preferred embodiment, the competing kinetics of the hydriding or

dehydriding of one reactant over another is exploited to achieve a desired reaction
mixture comprising hydrided and non-hydrided compounds. For example, hydrogen

can be added under appropriate temperature and pressure conditions such that the

reverse of reactions of Egs. (37) and (38) occur over the competing reaction of the



Then, the m xture can be regenerated by H2 addition
foll owed by heating and punping with selective punping
woands/tamsival of H2. A reversi bl e system of thequweRemo61455
invention to generate atomc lithiumcatalyst is the
USN + H system whi ch can be regenerated by punping.
The reaction m xture corrpgi ses at | east one of L 3N
and a source of Li3N such®&s Li and N2 , and a source
of H such as at |east one of H2 and a hydrogen
fatinasarcaratHosuch lihditi hydtdgdbted prloldtitts afel preddMihant?0fard
nmetal hydride. The reaction of H2 with L13N gives LiH
L. Bit@hdivehe reeion miktird esfidrisiig compbiril orivd grbdp @, an
atom ¢ hydrogen source such a H2 and a di ssoci ator or
LA naral Lingldnaydise yadsgegatcd ¢ des eatadiddsamdahe/es ceh 38 + H
to Li2NH + Li (43) The atom c Li catal yst can then
seleciively vebyuridettiby pongng atttioeriempltatwe tiod prebyide rangss adde
si de products such as LiH Li2NH and LiNH2 can be
5 deretiorewhiddachieves the delectivita basdd ongdiffdrentiatkicdticen vessel of
H2. Representative Li/N alloy reactions are as
f ol [lv@ar embodiment, H i§ dgrositad-sia thin fimayerid latge-sréa-ar(drg
Li 2NH +2Li $_45) Li 2NH +Li H(r)Z 3N + H2 (46) Li2NH +H
mpgtyre oNHE-and LNHz)is PRIppdrby_ addition of ammepiei The 8jactioremixtuse
source of H, and a hydrogen di ssociator are in any
A% &rhETCOmAIiae exeess bi. Atereis Laand i arenfernegd acgerding toFas. (37-
reater than 0 and | ess than 100% Preferably the
3&Horitrihe sHbseauent waciorite farm sialesithueResHeHENAN b ERe (Pat i os
of N,. at least one of L NH2 L H, LiH, Li |,
10 Theh ,ftﬁsearwatug? RSB IPIR SRl 3l i?'\dowwj by bestggane
simlar. 1n, .other .enbo(iii msntls, K, Cs, and Na repl ace
PPN WL PFICHKE Pgpiy 9] removali il K " atonic Cs, and
ol ?\Crglle%ibllél%%tem of the present invention to generate atomic lithium
catalyst is the LisN + H system which can be regenerated by pumping. The reaction

mixture comprises at least one of LisN and a source of Li3N such as Liand N,, and
15 asource of H such as at least one of H, and a hydrogen dissociator, LiNH,,
Li,NH , LiH, Li, NH,, and a metal hydride. The reaction of H, with LisN gives LiH
and Li;NH; whereas, the reaction of LisN and H from an atomic hydrogen source
such a H; and a dissociator or form a hydride undergoing decomposition gives
LisN + H to LioNH + Li (43)
20 The atomic Li catalyst can then react with additional atomic H to form hydrinos. The
side products such as LiH, Liz2NH, and LiNH; can be converted to LisN by evacuating

the reaction vessel of H,. Representative Li/N alloy reactions are as follows:

LiN + H — Li,NH + Li (44)

Li,N + LiH — Li,NH +2Li (45)
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In an enbodi ment, |ithiumam de and hydrogen is
reacted to formanmmonia and lithium | / 2H2+

waLiob8ARXIINH3+ Li (49) The reaction can be dri \RET/US2008/061455

formLi by increasing the H2 concentrati on.

Al ternatively, the forward reaction can be driven via
the formati on of atomc usi ng a dissociator. The
reaction with atomc His ‘bl ven by H +Li NH2(r) NH +Li
(50) In an enbodi nent of the reaction m xture that

con‘pg,lhgtp,ngpg}grjvpgre conpounds that react Wltpln?
source of Li to formLi catalyst, the reaction X

conp S st _one species fromthe group of

Li Nnjz”\;’f é’amf@? “Li, LiH NH3, H2 and a  (47)
di ssoci ator. In an enbodi nent, Li catalyst is
genelid{ed L enhidHy €26t i on of Li NH2 and hydr oge@8)
preferably atom c hydrogen as given in reaction Eq.

( 50)LisNTasoured bfas, bl arrgayembissdtiyoree iarny desiled@tblar ratio.
anmount. Preferably the ratios are about stoichionetric

Eaah arb drseolef rafosof grekerdign 0 dinklesethat i1 00%. Peeféraiithe molar
catal yst are reversible with the addition of a source

raibs #esingilar.alp ad egatodingent, dipd @bies ofiaN, edeatt ede dioLifvar, m
hydri nos wherein thecatal yst reactions are given by

LENH., I(B; 3),andndH ), ahdb Hecariedtchh 0 Sendly hidrkie raeagitiian 1of
ammnia with Li: NH3+ Li(r) /NH2 + H (5 1) In other

otsmhodRidrls, KKCs Gind N v@plbide LigiHepsie thel cattit @ latbrtid R,
catalyst is atomc K, atomc Cs, and nol ecul ar NaH. In

atamfer G, and edleenibodatent , the reacti on m xture conpri ses
a hydrogen di ssociator, a source of atom c hydrogen,
and Ilan embddiraerd, IthiBm amideasmdehydadie msntactedisdoiraammacib s
with Na or Kto form NaNH2 or KNH2 that serves as a
argdithigre: of catal yst. Anot her enbodi ment conprises a
source of K catalyst such as K nmetal, a hydrogen
sounc¢eHsutiviHas> &H, +éast one of NH3, H2, and a (49)

The reaction can be driven to form Li by increasing the H, concentration.
Alternatively, the forward reaction can be driven via the formation of atomic H using
a dissociator. The reaction with atomic H is given by

H + LiNH, ~> NH, + Li (50)
In an embodiment of the reaction mixture that comprises one or more compounds
that react with a source of Li to form Li catalyst, the reaction mix comprises at least
one species from the group of LiNH,, LioNH, LisN, Li, LiH, NH3, H; and a dissociator.
In an embodiment, Li catalyst is generated from a reaction of LiNH, and hydrogen,
preferably atomic hydrogen as given in reaction Eq. (50). The ratios of reactants
may be any desired amount. Preferably the ratios are about stoichiometric to those
of Egs. (49-50). The reactions to form catalyst are reversible with the addition of a

source of H such as H; gas to replace that reacted to form hydrinos wherein the
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hydri de such as a netal hydride, and a dissociator. A
preferred hydride is one conprising RN that al so nay

woesmn¥es4ad a di ssociator. Additionally, a hydriroa/genesasc14ss

such as KX may be present wherein X is preferably a
hal i de such as d, Br, or |I. The cell may be run
continuously with the repl acenent of the hydrogen
source. The NH may act as®% source of atomic K by the
reversible formation of KN alloy conpounds from K-K
catdiyk rasctivhs dreaBlen B9 &q8f (31 A8 Jithium Qr%rde%mﬁ'btyrtﬁéjr%a&ron%‘(
formation of KHwth the release of atomc K
afafohlaevithanbodi nent, the reactants conpri se the

catal yst such as Li and an atom c hydrogen source such

H2 ang ﬁL,dggg\mlﬂ@gor or a hydride such as hydr{5qsed
R-Ni. Hcan redct with Li-Li to formLiH and LI~ Which

ol R HERD G R 30 L0 ABEE I i BREl s com
Kraem%sataﬁaimméc@mqmt Iy Rk Eﬁlﬁﬁ&‘l&‘em f0rEAdRbn HRGure

pl at eau tenperature at orr deco ositionits

caRSHbs gﬁ?drg n disddcn, J’?ou%’ectﬂ ARPSE Ry g e‘ﬂbé’r\bt NQOISK IR T

and abou 0 OC, below the alloy-for matl on and

N8ih. Nl dhtb diPERE laAinkrRbreats RithiNa of Reo RN H,Ior KRRy, lﬂ%t
separated fromR-Ni, the RN may be rehydri ded, and

sdrirestdith o0t o:ie,dta@sﬂ\ll Arfoter bmbécﬁmuﬁtrb@dmphébsmmrof K
reaction cycle.ln an enbodi nent, Li atons are vapor

cataipsisutress 0 metal sLifydesz@n sdiliree suohf 3 [dadtyoreud POk tH N Ande
a source of H atons. The surface may conprise at | east
hyshide eficheashymetatieydadel dny drdisgeciatdi. SA pefertedrydrideds sng f ace
may be R-Ni which may be hydrided. The vapor
catepisingtR-Nithateysdreay sayve @ a dissnciatorr Additiorslini ety dens getrec e
of Li atoms. The Li source may be controlled by
surbasikagmabrepresent whieteiiaX isrefgiatitys halide sunieas\iHdpr, brdatTéel
is Li nmetal. The surface may be maintained at a | ow
cellampyeieaun centinyeyshayith e feriasepertef thehydingengovrae Vg
deposition. The Li-coated surface may be heated to

meéa%t@S@r?@usté?ﬁom'P Kby fhe rﬁY?dS'P\ethSmPB‘?rlﬁfﬁ’%@'ﬁ’V E8MBPYAY

fror% K-I%1 suc% as at Ieagohn% of amide, imide, or nitride or by formation of KH with
the release of atomic K.

In a further embodiment, the reactants comprise the catalyst such as Li and
an atomic hydrogen source such H; and a dissociator or a hydride such as hydrided
R-Ni. H can react with Li-Li to form LiH and Li which can further serve as the
catalyst to react with additional H to form hydrinos. Then, Li can be regenerated by
evacuating H; released from LiH. The plateau temperature at 1 Torr for LiH
decomposition is about 560 °C. LiH can be decomposed at about 0.5 Torr and
about 500 °C, below the alloy-formation and sintering temperatures of R-Ni. The
molted Li can be separated from R-Ni, the R-Ni may be rehydrided, and Li and

hydrided R-Ni can be returned to another reaction cycle.
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thin-filmdeposition techniques that are well known in
the ART conprise further enbodi nents of the Invention.

woBwosiiamiodi ment s conpri se physical spray, PCT/US2008/061455

el ectrospray, aerosol, electro-arching, Knudsen cell
controll ed rel ease, dispenser-cathode injection,
pl asma- deposition, sputtering, and further coating
net hods and systens such 8 nelti ng a fine dispersion
of Li, electroplating Li, and chem cal deposition of

. Ih &n embedimeAb DickittRe b, vaor debosil SnMasuFERY. aﬁ\% éuHace

V\hereln the catalyst is atomc K, atomc Cs,

miz® lsespsirtagr batoudcd of Reitdhas eTHefsuMaRohadenRsist %F’Iebét 0B ofta
hydri de surface, regeneration can be achieved

hytiriae iang hydrodenpiissotia@r.t The Lravemal be &G wHich Mé'&EbéTb{yQﬁubé’cﬁ
can be rehydrided by introducing H, and Li atons can

The vaped dgmsitibe chag bk mrohfwreseganecrraéumdg byodlircelef [attonds. tThe
cell is evacuated in an enbodi nent. In other
Liesobwd inmyritessontGlle@dy haatthgNOneespliae ¢hat prowldes kil atorhdi@hen
catalyst is atomc K, atomc Cs, and nol ecul ar NaH Li
hegied iIRLNnetat elhersudage mey be endintaiieslrat eadw tempeeatire sficH as
and R-Ni are in nolar ratios of greater than 0 and
rdogstemperature daing the wdper denlogitiomeT el ispated sidaosfmayi beand
RNi are simlar. In a preferred enbodi nent, the
heaterpletcrrss ke FRactiensofdd afi!drﬂé tcnﬁ%m iHostatgs @'r/efd@h§@ir(1 HiQtherof
one reactant over another is exploited to achi eve a
tthfﬁ'@tqu?ﬁ'tiﬁ”%?‘m”@é'é?rB‘PF el I'W@W” ke ARG Cﬁ'@HUWH’ﬁEPéd
ounds  For exanple, the formation of LiHis
emﬁ%ﬁ oS AERE Lyertpns SY6h ebemEniE KempierRlY FigR SBiay Felegtro-
te o

A akiese PeecarEiag Koy S%“&ﬁ[ﬁéo%@"%‘g@?ﬁgs% S@e"%%a@ed? s
m{&?@%ee'agma?f”%o PRty ﬁf‘%ﬂé’ef BRSPS P dens
L{I:R%ggrﬁ%t&gor I ?)ercé%%rbé ﬁir,s gﬁglét? | on ﬁ‘?l ?Ld glpe?t#iéql%ggosg%ﬁ of

Lthr%thgreeqnd%dEllbegu : 4%% ir;ggﬁdr}gf)@{:eeg vﬂ{eg!@ %él'g'éﬁfgw |(s: %%’ﬁmlc K,
atBllﬁ% C’s’?ﬁﬁ@hok@ular NaH.

In the case of vapor-deposited Li on a hydride surface, regeneration can be
achieved by heating with pumping to remove LiH and Li, the hydride can be
rehydrided by introducing Hz, and Li atoms can be redeposited onto the regenerated
hydride after the cell is evacuated in an embodiment. In other embodiments, K, Cs,
and Na replace Li wherein the catalyst is atomic K, atomic Cs, and molecular NaH.

Li and R-Ni are in any desired molar ratio. Each of Li and R-Ni are in molar
ratios of greater than 0 and less than 100%. Preferably the molar ratio of Li and R-
Ni are similar.

In a preferred embodiment, the competing kinetics of the hydriding or

dehydriding of one reactant over another is exploited to achieve a reaction mixture
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about 25-100 C, adding hydrogen to preferentially
hydride R-Ni for a duration that achieves the desired

wosmbhgctimi ty, and then renovi ng the excess hydcayes20e8y061455

evacuating the cell While excess Li is present or is
added to be in excess, the RN can be used in
repeated cycles by selectjvely hydriding al one This
can be achi eved by addi ng”’hydrogen in the tenperature
and pressure ranges that achieve the selective

coniptisindi Hygrigdd drdMonaperideBRBmBYUHIBITRYF EGniphe tHRXE@SRion of
hydr ogen before the vessel Is heated to initiate the

Liteia tHerraosy nbiiklly favdfe@basmite tbhnadidn 8t RINi GydrideaRRwbhi&, the
subsequent hydrino reaction Further hydrides and

res@oifrLdie formbticredt ddvy etpecure bachusatte ramgpbasmuebs td-1emet is
R-N in this procedure In a further enbodi nent, the
véRy Kw; svhbreds,i thietdrination of Reithydridegitbedens at SBipRraé B this
preparati on step using el evated tenperature and
temipgratyre eanoeat moglelst pirsaures sih asgheignge etatoot 460 Forioe000
el ectrolysis nmay be in basic aqueous sol ution The base
Toray Thits, theligaptionk mikdura REli@od hydided Relitaao de regepetatedirak el
In this case, R-Ni can provide atomc Hfor a |ong
LiHR-Ni PyopminghatabeutA98159Br € de eehyerigrekiblt caoing the wesser ts,
and erature ranp rate LiH has a high nelting point
a0t EBAODE DA NHALgBRSklo BRSEN A Py AP ERNKPTA eyrstarigat
di ssoci ator or causes the dissociator nmetal to form an

AQ¥VBS i Ao lecY ) it tharpeRtoving theReRpt Bregsn &Y | oy of
Li Ni f t te ratures in e ss of about 550
e@eu‘?tr?"a%e celly Fﬁé‘?g?ﬁé's@f%%taréi 5@0;&@'&.%%?3 PREN
sk infeBerted isSiw sP RIS ARE T Al i e hgjeved
oy el o R 06 ol 3Tk TR i 535 £ om

S{é‘{%%gﬁ‘gﬂ R 3RAuRATEY Rl e XERO Ny bl iiERE e

vetsgé .ﬂ?é dd'g nﬁt@té‘fhe%acﬁgps 5 formt NERIRYnPSoMANYERE B TO

econposi tion.
subsequent hydrino reaction. Further hydrides and sources of catalysts can be used

in place of Li and R-Ni in this procedure. In a further embodiment, the R-N is
hydrided to a great extent in a separate preparation step using elevated temperature
and high-pressure hydrogen or by using electrolysis. The electrolysis may be in
basic aqueous solution. The base may be a hydroxide. The counter electrode may
be nickel. In this case, R-Ni can provide atomic H for a long duration with the
appropriate temperature, pressure, and temperature ramp rate.

LiH has a high melting point of 688 °C which may be above that which sinters
the dissociator or causes the dissociator metal to form an alloy with the catalyst
metal. For example, an alloy of LiNi may form at temperatures in excess of about

550 °C in the case that the dissociator is R-Ni and the catalyst is Li. Thus, in another
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In an enbodi ment conprising the recovery of nolten
Li NH2, gas pressure is applied to the m xture

wanpri4siing Li NH2 to increase the rate of its PCT/US2008/061455

separation fromsolid conponents. A screen separator
or sem -perneabl e nenbrane may retain the solid
conponents. The gas may bg an inert gas such as a
nobl e gas or a deconposit $n product such as nitrogen
tolimt the deconposition of LiNH2. Molten Li can be
esBpdimahie diHIS bovleed toflliRiE StHaEcaA De\Wehbved R it§ |0R@Pma MK
residue froma dissociator, gas flow can be used. %m
pbinesuch gas theuredictias naxtire lkhe bg asjehsrafiie lTae aklcton toforkihium
case that residual Li adheres to the dissociator such
asgieRroN ljthitimenydedds ghdeanoaonidis givenbyed by washing with a
basi ¢ sol ution such as a basic agueous sol uti on which
my BlHsivHegawerat g, the R-Ni. Alternatively, tige)L

may be hydrlded and’ the solids of LiHand RN and any
TREHIInidIteMBINHS @hih Be FRERALNSShORBRIRY boifBN 386 -6 EPRIE

mechani cal |y by nethods such as sieving. In anofhe

C@W@Q@Hmnbydéda,ﬂqp@g,ﬁ@pm ator such as RN and the other
reactants may be physically separated but maintained

i N gh @8 empedhint doyhpkising Blefbdoveiyfdr Hﬁ)lt&nLlﬂﬁz,EﬁaQ%_ﬂ'&sure is
hydrogen to the bal ance of reactant m xture

afiaiba fcte efixture@opsindiiLiXHY toein@rBabetths &€ bfats@eparayoom
pl aced i n open juxtaposed boats, for exanple. In other

s@idivoshponemts , A sdreer sspatator of serhiErmeaymes®BanguMdyi rptai the
conpartnents i ndependently containing the dissociator

sclidgompbrantse Idfe dahenaydeaniinart gasxauah es a bige geparat or of
each conmpartnment allows for atom c hydrogen formed in

decodipesitayl RipdCt suairmitiagAn tq lgnif the weeanpdsiion of LINH.. Molten
bal ance- of -reacti on-m xtureconpartnent while

Lirgan e aerAralgd vpiBg gaepicesire 3ol atq @ern arydesidysdrom ar may
be a netallic screen or semn perneable, inert nenbrane

d'ﬁfﬂc@FPrrﬂﬂ? flgw g3Rguped  Amrinert gahsuchias amg;aletg;_as is preferable. In
mechani cal | %alm xed during,.the operatiaon of th

the &azq Bt resid gbwﬁmséﬂtw'%ﬁeéfo suchizs Tt e BRICHR S e
el b Bai T R S OB B S ARG on whi
mlayr/] (ajlgg %b%%grla{eythg E{-lﬁih%\lternatively, the Li may be hydrided and the solids
of LiH and R-Ni and any additional solid compounds present may be separated
mechanically by methods such as sieving. In another embodiment, the dissociator
such as R-Ni and the other reactants may be physically separated but maintained in
close proximity to permit diffusion of atomic hydrogen to the balance of reactant
mixture. The balance of reaction mixture and dissociator may be placed in open
juxtaposed boats, for example. In other embodiments, the reactor further comprises
multiple compartments independently containing the dissociator and balance of the

reaction mixture. The separator of each compartment allows for atomic hydrogen

formed in a dissociator compartment to flow to the balance-of-reaction-mixture
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di ssoci ator, or either may be independently
reprocessed within the reactor. O her enbodi nents of
WOs3098/€39851t 0 generate atomi c catal yst Li and atrRames2ph8/061455

i nvolve Li, ammonia, and LiH Atomc Li catal yst and
atom c H can be generated by reaction of Li2 and NH3:

Li2 + NH3 to LiNH2 + Li + H (53) LiNHis a source of

NH3 by the reaction: 2Li N9 2 to Li2NH + NH3 (54) In a
preferred enbodinent, the Li is dispersed on a support

cc!?x%‘drt?rﬂzn@wh %rrﬂﬁnt%h‘\f qr?@cr?efnﬁﬁa Eé’;ﬁrr&%ﬁt THE E&Wbe 2

Anmmoni a can SO r act w t to generat

miétalNERcredn bi &!’F‘%perm’é@blé 5|5Qrt MBRbrahié whith m tmé‘Y‘aﬁl@ "'—Hez NH
to regenerate Li NH2: H2+ Li2NH to LiNHZ + LiH (56)

ccﬁﬁ@ﬁ&ﬁ% S@’ﬁ@@hdﬁﬁﬁtly mtx'é& dUGRCthé B atiche? HeSRa@oM PREUT e
of LI N and a di ssociator. The reaction to form

sepafiBLodiadcBiotiReirSactibn Niture ahtl t®©protiucts dSoe Bhbvddignd- |
can then react with additional Hto form hydrino.

repidaessed BhR et tHeTeition Yedsenadtretugred eidabenddhybithe
catal yst Li and atomic Hinvolve Li and Li BH or NH4X

di§Séciator 201 eftheramayshecihdependiatlyy deprocedéaaniithinthe cadcidry st and
atom c H can be generated by reaction of Li2 and
Li BtherlenmodinenBét systerhs BHgeneratd atemicicklalysslildhd AtooranH
generate Li M2 and H2 Li2 + NFHMX to Li X + Li NH2 + H2
iny@@ LiTaremoniatamdiLiH.LAtogémLilsatatyetrandatertic dcceorbei gegenatedtbye
reaction of Egs. (32) and (37). In another enbodi nent,
regptionro bic ehdNHerechani sm for the Li/N systemto form

Liz + NH3 to LiNH, + Li + H (53)
LiNH; is a source of NH; by the reaction:

2LiNH; to LizNH + NHs (54)
In a preferred embodiment, the Li is dispersed on a support having a large surface
area to react with ammonia. Ammonia can also react with LiH to generate LiNH::

LiH + NH3 to LiNH; + H; (55)
And, H; can react with LizNH to regenerate LiNH:

Ho+ LioNH to LiNH, + LiH (56)

In another embodiment, the reactants comprise a mixture of LiNHz and a
dissociator. The reaction to form atomic lithium is:

LiNH, + H to Li + NHs (67)
The Li can then react with additional H to form hydrino.

Other embodiments of systems to generate atomic catalyst Li and atomic H
involve Li and LiBH4 or NH4X (X is an anion such as halide). Atomic Li catalyst and
atomic H can be generated by reaction of Liz and LiBHa:

Li; + LiBH4 to LiBH3 + Li + LiH (58)
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hydri no reactants of atomc Li and His NH4X + Li-Li
toLi + H+ NH3 + Li X (60) where X is a counterion,

wooes/exdatll y a halide. Atom c Li catal yst can [BECT/US2008/061455

generated by reaction of Li NHor Li3BNwith atomc H
formed by the dissociation of H2: Li2NH + Hto LiNH2 +
Li (61) LiB3N+ Hto Li2NH + Li (62) In a further
enbodi ment, the reaction ¥ xture conprises nitrides of
nmetals in addition to Li such as those of My Ca Sr Ba

NEQX 8aigeheratd DRIH,@AG HL ON N xture may conprise netal s
t hat exchange with LI or form m xed-netal conpounds

W t il NH O & nRtaligH®BW, be from the group of a45lg,al i,
al kaline earth, and transition netals. The conpounds

may Thih tiermic COEgN beSenblatddCdtcadlingd BRSeadtiBh 8FSqs. 92§ and
nitrides. In an enbodi nent, the catalyst Li is

(Feneraabibdr erhisodiroait] thie byacton maedtanisexonta grN 6Ea6Hh tdrm
such as a halide (X) exchange reaction. For exanpl e,
hydrinb esestantsd ateimid Li amdtHals and Li - Li nol ecul es are
reacted with a halide conpound to formatomc Li and
Li X NFAKt+drihatoilbielH+ NHe XLiXs reacted with a net al6OM t o
formatomc Li and MX. In an enbodi nent, |ithium netal
wheye pidig @tcednteiiian pegfarainy Adalidgée hal ide to formLi and the
Li X where X is halide. An exanple is the reaction of
Ce BAYMIF Lhcatalyst g2rf b agnerategbly nepetion of hizhk leekisN with atomic
enbodi nents, K, Cs, and Na replace Li wherein the

H dermerd Py the dissoeighentofikl2: at oni ¢ Cs, and nol ecul ar NaH. In
anot her. enbodj ment, the reaction m xture further

co PNE‘e‘“sHJt?%‘éhpgé ant sand products of the Ha

process [43]...,The products may be NHx x=0, 1,2 3, 4.
Thes8 ﬁr%&ﬂd%’ﬂ" "FrE&/ react wwth Li or conpounds (6%

COTRE b M e 0 Bl ke it s
addfition itgl_iysuth as those of Mg Ca Sr Ba Zn and Th. The reaction mixture may
comprise metals that exchange with Li or form mixed-metal compounds with Li. The
metals may be from the group of alkali, alkaline earth, and transition metals. The
compounds may further comprise N such as amides, imides, and nitrides.

In an embodiment, the catalyst Li is generated chemically by an anion
exchange reaction such as a halide (X) exchange reaction. For example, at least
one of Li metal and Li-Li molecules are reacted with a halide compound to form
atomic Li and LiX. Alternatively, LiX is reacted with a metal M to form atomic Li and
MX. In an embodiment, lithium metal is reacted with a lanthanide halide to form Li
and the LiX where X is halide. An example is the reaction of CeBrs with Li to form Li
and LiBr. In other embodiments, K, Cs, and Na replace Li wherein the catalyst is
atomic K, atomic Cs, and molecular NaH.

In another embodiment, the reaction mixture further comprises the reactants
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Li-Li + NH3 to Li + LiNH2 + H(63) Li-Li + NH2 to
LiNH2 + Li (64) Li-Li + NH2 to Li2NH + H (65) In other

woeemwbgdidmant s, K, Cs, and Na replace Li wher ei rPA1mes2008/061455

catalyst is atomc K, atomic Cs, and nol ecul ar NaH A
m xture of conpounds may be used which nelts at a

| ower tenperature than that of one or nore of
compounds i ndi vi dual |y. Ptef er abl y, a eutectic mxture
may formthat is a nolten salt that m xes the

ah@®protadts 6f thel be@ﬁ)rédes@ﬁ@] L HeRodubREmSNEINST %26, 0%, 3t4he

reacti on m xture can chanhge very substanti al y based

Thesetpheduetiyrhaycrahctsiita L eortdonipdendsaRfipABihG LAB SorkRomic Li and
presence or absence of a solvent or added solute or

atahicly. Bprenaeple, OHji el irewswith NHh® fomesient posstgyti on for
changi ng the physical state are to control the rate of

r eadi-LionNEn® Ui ® LiNH.erHt he t her nbdynami cs to acf@Bgve a
sust ai nabl e | ower - energy hydrogen reaction with the
addili-LionNidf toHiNHomia source of H. For the Li/N6ajl oy
system conprising reactants such as Li and Li NH2,

al ka-i niliatod N4l kHI i ne earth netals, and thei(65)

m xtures may serve as the solvent. For exanple, excess
In qthes gmbedimeatsals. Gs. @od Néme@@ﬂevtewherremthtpwalxsttmatcmq%| se
solvated Li and LiNH reactants that wll have
atgmicres @Rd meleswer HaH.and t her modynani cs of reaction
relative to those of the solid-state m xture. The

f or AEPIXirg CEmMPEYHiSIEAY RoruseH whieh iaits @ka ipwer fegperature
g el of ”‘”8 o Srepdpa A g aamé%a?%n@dﬁie’cﬁgwéﬁ?
By e s 1 et ey F04eS Theinarans ufmn o 2oarafhet “and

?égéfhésa%n%?»ﬁ%e carien ils G Bohori 2l ?u%s%nf%"aivss%

th% Igg (9:15j &8{550f ﬁ%r}%%ta rﬁ? lgd d{hﬁg‘%s}é V\% e&%g%r?cte %‘fl a levent or

genat1 on regeneration

aijfed tsgl@tercﬁ %ﬁ&féb@éneé.so&@&%é bthE greQXntE?nventlon for changing the

physical state are to control the rate of reaction and to alter the thermodynamics to
achieve a sustainable lower-energy hydrogen reaction with the addition of H from a
source of H. For the Li/N alloy system comprising reactants such as Li and LiNH;,
alkali metals, alkaline earth metals, and their mixtures may serve as the solvent. For
example, excess Li can serve as a molten solvent for LiNH2 to comprise solvated Li
and LiNH, reactants that will have different kinetics and thermodynamics of reaction
relative to those of the solid-state mixture. The former effect, control of the kinetics
of the lower-energy hydrogen reaction, can be adjusted by controlling the properties
of the solute and solvent such as temperature, concentration, and moilar ratios.
Following the reaction to generate atomic catalyst and atomic hydrogen, the latter

effect can be used to regenerate the initial reactants. This is a route when the
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sol vent or added solute or alloy species involves
[ithiumnetal wherein the hydriding of Li is not to
wamoplatiion so that Li remains a sol vent and a@CT/US2008/061455

reactant. In Li solvent, the follow ng regeneration
reaction may occur with the addition of Hfroma

source to formLiH LiH+ Li2NHto 2Li + Li NH2 (66)

For the Li/N all oy systen?%orrpri sing reactants such as

Li and Li NH2, alkali netals, alkaline earth netals,

pRAdcts b&irot Ba difdel P RegBRfaRBbY Byddgdagors ol vent. 1n an
enbodi nent, the solvent is selected such that it can

r edue drhdddinfent havadnd REBRG AT trabbactaqs MeRliidtydby de
with the release of H Preferably, the solvent may be

s@vent or addeti €olafe drARoypeLiBs Mivollés |G eERal whisin e hPFiding
Cs, and Ba that have the ability to reduce Li+ and a

ofda isrrex frosediptegioh gd tHat Ei re@sing g salveaint heeamdnt.s tnal isblivént.
In a case that the nelting point of the solvent is
thieifgllowingtrigenedation resdtigumby agur with the addiien offH f8am\ai solirca to
hi gh nelting point of 727 C, the solvent can be m xed
foniil:ot her sol vents such as netals to froma sol vent
with a lower nelting point such as one conprising a
eut &t t LizNF%e 2ig LiN2 an enbodi nent, one or nor(€6)
al kaline earth netals can be m xed with one or nore
al k&PT thadi/H |adoy gystesvramnrrisiag redctantigsusb pp i angddNtihelkali
caPabi lity to reduce Li+, and decrease the stability
mgtals; plkalingeark Fisias. REd winFiixtren yisge/e aadis srivent. Inan
enbodi nent where the regeneration of the reactants is
enoRdmentaie golgt i seciRg Rl hakiy grireddtelid 1ol agp fesip an
S i es ipvolyes. potassiumnetal. Potassiumnetal in a
bl rolvept e Re Wit et RBESaRLT FaBlgEab Y N8 SPYT make 91 m
KH. Since KH is. thernmally, stabl e at, internediate
oot 2 BB GraB o Bk G R e e Ry ol e I geib”o
f.urthe ' ' [ 1 NH2.
RS A ABAI Al P ol S o R B
thk ?r?e‘ﬁﬁ'\b %Bin%ﬁﬁé sc?r&&'ﬂs"tllighet(thtaﬂ dle’sire'ﬁ slﬁth ggi?u)the case of Ba with
a high melting point of 727 °C, the solvent can be mixed with other solvents such as
metals to from a solvent with a lower meiting point such as one comprising a eutectic
mixture. In an embodiment, one or more alkaline earth metals can be mixed with
one or more alkali metals to lower the melting point, add the capability to reduce Li",

and decrease the stability of the corresponding solvent hydride.

Another embodiment where the regeneration of the reactants is facilitated by
a solvent or added solute or alloy species involves potassium metal. Potassium
metal in a mixture of LiH and LiNH; may reduce LiH to Li and form KH. Since KH is
thermally unstable at intermediate temperatures such as 300 °C, it may facilitate the
further hydrogenation of LizNH to Li and LiNHa.

Thus, K may catalyze the reaction given by Eq. (66). The reaction steps are
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KH + Li2NH to K + Li + LiNH2 (68) wherein His added
at the rate at which it is consuned by | ower-energy

waneds/oges1 production. Alternatively, K catal ytRaaaid2908/061455

generates Li and H fromLiH wherein LiNH2 is forned
directly from hydrogenati on of Li2NH The reactions
steps are Li2NH + 2Hto LiH + LiNH2 (69) LiH+ Kto KH
+ Li (70) KHto K H(g) (793 In addition to the
favorable condition of the instability of the hydride
( KH)LiHthetoamrg@ (KNH2) is al so unstable so tha(67t he
exchange of lithiumamde with potassium am de 1S not

t herkmdypARite &4 Ivi +flany able. I n addition to K is a
preferred netal solvent since it can reduce LiH and

whaireH lisoadeied UBipo Fatp BEWSILH B is COh&\@hieE{AREasheRfy I"@’Hl*obé‘fbl e
nmetal solvents are Rb, Cs, My. Ca, Sr, Ba, and Sn.

pealstent Alterpath@iyp Kmaalyacaﬂy)génmateeh mmermS_WWh@‘éma_lNHg
m xture of two or nore alkaline or alkaline earth
isrfetnadddire Bfysfaar bysiregeselionsai §NHr hkireacorsestaps asnd Na
above 380 OC since Li is mscible in Na above this
t enpgéNdtt 112l to Lih “alkilther enbodi ment, an al kal i (©9)
al kaline earth nmetal serves as a regeneration catal yst
accditditfgtotkdl Ebis. (70-71). In an enbodi nent, L{TAH2 is
first rermved fromthe Li HH UNH2 m xture by meltlng t he
L| Nl-'ﬁ" totheh(9t he nmetal M may be added to catal 4k the
to Li conversion. Mcan be selectively renoved
'rmdyttlpn (e voratas CoRATiRpOr B 1SR TS ety el e
eggnpose at rel atlvelé‘gl ow te eratures._and form
K2 BRI PRS0 HRgt e E%ﬂﬁ?ﬁ ufrhgreide with pRigss{wp amide

| east, one react ant

isterr'grgt%sa?%d%%m'ea'%ﬂm%? O =BT &R §iy « Grefer o wiAy
sit{ugef'i ga% r%gllmﬁq_sﬁ onc(’i hgsga o%%‘r:\t/ép%p plfeggure 8{h\é?2xak?1¥ples%sf'suitable
metal solvents are Rb, Cs, Mg. Ca, Sr, Ba, and Sn. The solvent may comprise a
mixture of metals such as a mixture of two or more alkaline or alkaline earth metals.
Preferable solvents are Li (excess) and Na above 380 °C since Li is miscible in Na
above this temperature.

In another embodiment, an alkali or alkaline earth metal serves as a
regeneration catalyst according to Egs. (70-71). In an embodiment, LiNH; is first
removed from the LiH/LINH; mixture by melting the LiNH,. Then, the metal M may
be added to catalyze the LiH to Li conversion. M can be selectively removed by
distillation. Na, K, Rb, and Cs form hydrides that decompose at relatively low
temperatures and form amides that thermally decompose; thus, in ancther
embodiment, at least one can serve as a reactant for the catalytic conversion of LiH
to Li and H according to the corresponding reaction for K given by Egs. (67-71). In

addition, some alkaline earths such as Sr can form very stable hydrides which can



addi tion, sonme al kaline earths such as Sr can form

very stable hydrides which canserve to convert LiHto
wdaioopyB4ndact i on of LiH and an al kal i ne earth rRetTalS20€8/061455

formthe stable alkaline earth hydride. By operating

at an el evated tenperature, hydrogen may be supplied

fromthe al kaline earth hydride via deconposition with

the lithiuminventory bei ﬁ‘b primarily as Li. The

reaction mxture may conprise Li, LiME2, X and a

Bhe 39 6briveRILiINMRAY B ReaktidiBdf LEarRy én‘ JIItHhHéTbmgt‘ém fwne

as LiH Li NH Li3Nwith a small anount of an al

seibld AkdIRé abrtt Makidé. OBy BpeRatfigp bk clRVated ﬂa‘?nﬂe@at@‘é an?Jg%n Li

fromLiH The source of hydrogen may be H2 gas.

neYeSeasup Pl dtHORPIBE alkelir d5R hb@n@wfef d&:bmabs.ﬁthﬁth@tnhldm S
avai |l able. In an enbodi nent, Li NO can serve to

inyeneryatietng griendriiyNidA i S Dhe @activh rhiktuRdvelay-tdnipridge SELINGY,, X, and
coupl ed reactions. Consider an enbodi nent of the

5 achdsatig®r ehereinct may beraithiunecaapqund sudhgasliiiH, LiZNHYH2N wathch
L N3 . The reaction of Li and LiNH2 to Li 3N and
small emoentid? an stkalindld2ath Rrieitd] thakHrms hisBiNle(hyajideNogeberatended
H2 reduction reaction of the released H1 (Eq. (72))
fraimt L/ Nogsausce ofhydnmgereman bel Hb gashi The eperalieg tesnperiture may
Li NOB(r) Li NH2+ H20O (73) Then, reaction Eg. (72) can
bpsulfieiect sweh that Hés fueieiait ed Li NH2 and t he bal ance of Li
, and the coupled reactions given by Egs. (72) and
( 73)In@aempodimentiitiNG, ednesetie th gengratp it &IV, sonrsawedi and
The overall reaction is given by Li NO3+ SLi + ILiNH

10 R2(i 3 $&Hd2 EBupidd redttiordl) Cdisitiewah embodimeiterf ehenaidl\asid rection
renoved by nethods such as condensation or reacted
miktlile com@asib@Li ,t ONRT emantiND]. STHearagdtiondf W b $peLitesi N
such as Li , LiNH2, Li2NH , and Li 3N . Exenpl ary

aﬁ@gﬁ&gg%zl gn of Li Catal yst React ant s
LiNH, +2Li— H, + Li,N (72)
The balanced H, reduction reaction of the released H, (Eq. (72)) with LiNO, to
15 form water and lithium amide is
4H, + LINO, — LiNH, +3H,0 (73)
Then, reaction Eq. (72) can proceed with the generated LiNH, and the balance of

Li, and the coupled reactions given by Eqgs. (72) and (73) can occur until the Li is
completely consumed. The overall reaction is given by

20 LiNO, +8Li+3LiNH, — +3H,0 + 4Li.N (74)
The water may be dynamically removed by methods such as condensation or

reacted with a getter to prevent its reaction with species such as Li, LiNH,, Li,NH ,

and LiN.
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wanoks/wa4esit o form states given by Eq.

The present invention further conprises nmethods and
systens to generate, or regenerate the reaction

products that formduring said reaction. For exanple,
in an enbodi nent of the energy reactor, the catalysis
reaction m xture such as Li, LIiNH2, and L NGB8 is
regenerated from any si deg%r oducts such as Li OH and

Li 20 by nmet hods known to those skilled in the Art such
as given in Cotton and W|I ki nson [43]. Conponents of
the reaction m xture including side products may be

Ekérfibla RlargeﬁérbiicﬂﬁofLfrbéialﬂ%tﬁééb@nfss heated or cooled to a
desired tenperature the products are separated
phy siihe @rdsgntipvaitem firtkaramphyes MeHedssdridl Jysdmis o éaﬁraﬁé tor
In an enbodi nent, LiOH and Z 20 are solid, Li,
reggederbieNi2 asaetidni rqluluda, todareh dtines giokn by E@r(mﬁftfhﬁlbﬁy éwé?
separated fromthe liquid ones. The LiOH and I 20 may
plodud® thatfotre duting daid lebctionmEbedxample, edarcérmimdimérit bf tH2 at
hi gh tenperature or by electrolysis of the nolten
enygypreactds ther catalysisceaction cuxttiei sucimgs LhebVHTed LiNO, is
el ectrolysis cell may conprise a eutectic nolten salt
regengrhted ideh aty sieRapédueRSUBH ad LI .anki20 bylhbihods Kelvnto
Cad 2 and Nal . The electrolysis cell i's conprised of

th%sé@&l%ﬁ'lr?{her/@iséﬁh %QPIVEﬁ)InaéJt@ﬁ ;4 QVVHHnS(?‘H[ﬁQ]. FonihoREits of

N vessel oduct e puri

th@'r@édtlbrll ﬁﬁ)&tlﬂ@ 1nc|-udmb|%lde§>r<§cﬁk{§‘?ﬁa)kbé IIGERb? sglﬂﬁv‘ﬁhé ﬂm&lm'@ is

Art such as reaction of Li with nitrogen follo by

héWtsl 6r3eBleh @514 aé4ieA terApdr@liRAbNY Bk YrodutiHie §e1tﬁra@&i f or med
directly by reaction of Li with NH3. In the case that

pliyaRallybyirnédnsikaawh bpthosd ¥iilleden thenpt. i16 as embodig@et, /e of
Li, LiNH, and Li NGB, Li netal may be regenerated by

ar’ﬂiﬁtm dee SNG hrag.il g ehd UNG Fe ligdididhd Grsdng c&ﬁﬁtﬁ‘feﬂis&ﬁe
fromLi netal. One key step that elimnates t

sl Pt i UASRRL RS 1O BHEN:bnd N LFRALAR Bt

evena

me‘agtw re Ectlgg ertﬁa}j([:t aet |gvl\1/I tter?"np(la_%tutré) orf b(;/rer??aclfro%ss o?{r])g mLolltl(;lrlm_|2

compounds or a mixture containing them. The electrolysis cell may comprise a
eutectic molten salt comprising at least one of LiOH , Li,O, LiCl, KCI, CaCl, and
NaCl. The electrolysis cell is comprised of a material resistant to attack by Li such
as a BeO or BN vessel. The Li product may be purified by distillation. LiNH, is
formed by means known in the Art such as reaction of Li with nitrogen followed by
hydrogen reduction. Alternatively, LiNH, can be formed directly by reaction of Li
with NH,.

In the case that the initial reaction mixture comprises at least one of Li, LiNH,,
and LiNO;3, Li metal may be regenerated by methods such as electrolysis, LINO; can

be generated from Li metal. One key step that eliminates the difficult nitrogen

(1) frompryuR0aa61455



reacted wth an oxygen source to formLiNG3. In an
enbodi nent, Li3Nis used in the synthesis of Iithium
waoniobs/at4es1( Li NO3) i nvol ving reactants or i nter rmedi/ed2e68/061455
of at |east one or nore of lithium (Li), lithium
nitride (Li3N), oxygen (Q2) , an oxygen source,
[ithiumimde (Li2NH), and |ithiumamde (LiNH2) . In
an enbodi ments, the oxi daldon reactions are Li NH2
+2Q@2(r) Li NO +H20 (75) Li 2NH +2Q2(r)Li NO +Li CH (76) Li
fiRdtisR SR 9 thé Neathork-6f2 Prfetar With-NL 1 1o DL BAdrEat G De
regenerated from Li 20 and Li OH using at | east one of
tedtkperdiide. LBN@afBe Paactelavith M tOWIrMALi,NeRHLILINIS,. 35N2GH GRIO2
+3/ 20 2(r)6Li NO3 (78) Li20+3NQ2(r) 2Li NGB+NO (79) NO+
rebitted Gt rah N0Pgen&B)irck itd i rmr INGRF:. INCEE 2mBAHENGR, thNRQsed in the
(industrial process) (81 ) 2L/0H + 2NO2(r)Li NO +Li NO2
syritiRBis(dB Rthiuln itnate thiN®E)devobéry rbactarag veinteadedisted bt d1idag
hydr oxi de by reaction with steam Li20+ H2Q(r) 2Li OH
5 ofe8@)mdra ohlithigmiibiglilithéumb nitrideZ 0N )s oxygan ¢04) a0h dxggéri sddrce,
foll owed by reaction with NO2 and NO according to Eq.
lithigm)imided N}, ahd lithiuaneindde AiHA).i t hi um hydr oxi de can be
converted to lithiumnitrate by treatment with nitric
Inggeey entfoglinnesisie ehexidation fegetians 2@+ 2HNOS( 1) 2Li NOB+H20
(84)Li OH + HNO3(r)Li NGB+ H20O (85) IJNO3 can be nade by
t r edtiEnt 2Qf—ILNGi+UOoXi de or |ithium hydroxi d&5w t h

Li,NH +20, — LiNO, + LiOH (76)
10 Li,N +20, — LiNO, + Li,0 (77)
Lithium nitrate can be regenerated from Li,0 and LiOH using at least one of

NO,, NO, and 0, by the following reactions

3Li,0+6NO, +3/20, — 6 LiNO, (78)
Li,0 + 3NO, — 2LiNO, + NO (79)
15 NO+1/20,— NO, (80)
LiOH + NO,+ NO — 2LiNO, + H,0  (industrial process) (81)
2LiOH + 2NO, —> LiNO, + LiNO, + H,0 (82)

Lithium oxide can be converted to lithium hydroxide by reaction with steam:
Li,O+ H,0 — 2LiOH (83)
20 In an embodiment, Li,O is converted to LiOH followed by reaction with NO, and
NO according to Eq. (81).
Both lithium oxide and lithium hydroxide can be converted to lithium nitrate by
treatment with nitric acid followed by drying:

Li,0 + 2HNO, — 2LiNO, + H,0 (84)
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nitric acid. Nitric acid, in tern, can be generated by
known industrial nethods such as by the Haber process

wd mos/maest by the Ostwal d process and then by mres20esm61455

and oxidation of NO as given in Cotton and W ki nson
[43]. In one enbodi nent, the exenplary sequence of
steps are: | y 2 HaTTr | n G ald Vi \ U3 \00)
process Li OH + HNG3(r) Li N+ H20 (87) Specifically,
t he Haber process may be used to produce NH3 from N2

and Homat Hebevated tgwper ature and pressure USigag a
cat al yst such as a -iron containi ng sonme oxide . The

ammmN G, EbefadéSEdrdatnd R Bmtllrihﬂz%idtarop Rhiht hyE%?@%W;d

process may be used to oxidize e amonia‘to

i iy Nitrie W6, iAgerd, & ' Lt '
ncat al ystl.rI Thle INOrm:\({%I tgg@feﬁéfﬂta%g?y?g%@ @gb%}mh%ﬂég%g%gg&h

a@bgtheadiader procdse FdlloWbd b% theaBdtWalWBideBsCaHd théh byedfetAEn and
with lithiumoxide or lithiumhydroxide to florm

oXitldtioh BN O dsrgited in TofonCANSWilinsbR§13].1 fnlbin BhibolifRhE the
reactant is then obtained by drying. In another

examiptaty seniencd\NEd stepd N2 are reacted directly with the
one or nore of lithiumoxide and Iithium hydroxide to

fohgflmHQLLmaLeNom@ﬂ&ggngr ated Li, LiNHgg) and

Ostwy

Li ai6s t hen ré&lrned to the reactor in desired
nolar ratios. In further exenplary regeneration

r eadliobiRrsHN@R- eiNmmdiaent of the reactor conpri@es the
reactants of Li, LiNH , and Li CoQ2. LiOH, Li20 and Co

Spauifichllys theQ¥aer PrstebesnyitR dsbe teprdeuderNHlURInG N, diteH; at
reactants can be regenerated by el ectrolysis of LiCH
elavated fie@Petaturd Bnd piebli?e asing beatalygtesnel a$ edirdyyconetihd Some

of Li with NH3 or N2 and
oxide . The ammonia may be used to form LiNH; from Li. The Ostwald process
may be used to oxidize the ammonia to NO at a catalyst such as a hot platinum or
platinum-rhodium catalyst. The NO may be further reacted with oxygen and water to
form nitric acid which can be reacted with lithium oxide or lithium hydroxide to form
lithium nitrate. The crystalline lithium nitrate reactant is then obtained by drying. In
another embodiment, NO and NO; are reacted directly with the one or more of
lithium oxide and lithium hydroxide to form lithium nitrate. The regenerated Li,
LiNH,, and LiNO, are then returned to the reactor in desired molar ratios.
In further exemplary regeneration reactions, an embodiment of the reactor
comprises the reactants of Li, LiNH,, and LiCoO,. LiOH, Li;O, and Co and its lower
oxides are the side products. The reactants can be regenerated by electrolysis of
LiOH and Li;O to Li. LiNH2 can be regenerated by reaction of Li with NH3 or N, and

then H,. The CoO; and its lower oxides can be regenerated by reaction with

oxygen. The LiCoO; can be formed by reaction of Li with CoO,. Li, LiNH,, and
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then H. The CoO and its | ower oxides can be
regenerated by reaction with oxygen. The Li CoQ2 can be

wd mosrexd4tly reaction of Li with CoQ2. Li, Li NHPCT/US2008/061455

andLi CoO 2 are then returned to the cell in a batch or
conti nuous regeneration process. In the case that
LilG3 or LilOis a reagené of the mxture, 103 and or
10 may be regenerated by &action of iodine or iodide
ion with base and may further undergo electrolysis to
LiGv®,dasthe® thtanéd tidéshinn B®¥tchor @Jr@iﬁﬂj&jstr%&n@ra‘%ﬁ pRgess.
LilG8 or LilO, dried, and dehydrat ed. H Mol ecul ar
ICie hyesthat II08 of LG 165 redgeadif s Yhixtude, COITBRMBIAO,” may be
conpri sing hydrogen such as MH where H is hydrogen and
rédenerateddiyhredctioh efiedihe SIEbNES ioASVitA baS’IAGEMEY fURKET REerRyo
and a source of catalyst. In an enbodi nent, a

eteatr@ysjs fodhsgasirednanisn pihish incy dhelpye digitateld roabk<igid @k Liibe
M H bond plus the ionization of t electrons from an

dreb@nd/deydratech a conti nuum energy | evel such that the
sum of the bond energy and ionization 27 2 energi es of
the t electrons is approximately one of m-27.2 eV and
m- - eV where mis an integer. One such catal ytic

u sodi um The bond energy of NaH is
1.9245 eV [44]. The first and second ionization
ener'g P dythst emBodipentsa ¢aropaingd YomRpesinghysaEen sych as MH
respe,ctivelénépli. _Based on these energi es NaH nol ecul e
wagli Fsighydrog Mispradier glement YRS STaHEwE A AWrpesnend

o SR o T B BB b e SO e gyl
ol el e BGRB8 158 2R, 0
a %Xnt{nﬁmw eh@r%&'/' Ie-'\'/e?s%cﬁ h%ag {h)elgﬂm o-'f tl'$e4bo$ﬂri eﬁgrggl %Rgi ionization

. . . 27.2
energies of the ¢ electrons is approximately one of m -27.2 ¢V and m " eV

where m is an integer.

One such catalytic system involves sodium. The bond energy of NaH is
1.9245 eV [44]. The first and second ionization energies of Na are 5.13908 eV and
47.2864 eV, respectively [1]. Based on these energies NaH molecule can serve as
a catalyst and H source since the bond energy of NaH plus the double ionization
(t=2)of Na to Na’*, is 54.35 eV (2X27.2 eV) which is equivalent to m =2 in Eq.

(2). The catalyst reactions are given by

54.35 eV + NaH — Na** +2¢ + H[?—é’)] +[(3)* -1*1-13.6 eV (88)

Na** +2e + H — NaH +54.35 ¢V (89)

And, the overall reaction is
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And, the overall reaction isAs given in Chp. 5 of Ref
[30], and Ref. [20], hydrogen atonms H(I/ p) p =

wal2088/84451. 137 can undergo further transitions RGI/US2008/061455

| ower - energy states given by Egq. (1) wherein the
transition of one atomis catalyzed by a second that
resonantly and nonradi atiyvely accepts n27.2 eV wth a
conconitant opposite chan inits potential energy.
The overall general equation for the transition of
H(I/ ) to HI [ + i nduced by a resonance transfer
of mll.lI eVItIO%HE[%L}Ft@)f 13- 1Bgpvesent ed by H([90) p')
+H(\/ p)-> +e- +HH (P p+m) H\2pm+n2 p a -n.6 eV (91)
In the case of hi dro en_concentrations, the
tr arfS 9 6 pH‘(@f%ef Ol{aa LIl ebm ).
as the catal @S} X can be fast: H (I 3)-H(r)
f#@( Pmr 331 L(né%')gom‘é‘ef Bansiions fodpyver- werﬁysﬁ%jewvw
(\ |4g in halides and its stability to ionization
by ERfl) Yeered thn frisitioe ateneorion freestalyzediby azedondtbat
correspondi ng nol ecule forned by the reactions 2H(I /
regpranfivepd nearadiavglviaceente yn 3HR-e L Wit qoncomifans pePASES or ed
products of the catal ysis of hydrogen. The NaH
CQ"&'@QI‘W‘&% Poterigk ensroYnd e @éereuaa%@rql @suaﬁon das thengansition of
the bond energ of NaH, the double ionization (t =2)
i/ N wé duded byatresdnaate earefeyyf of 21 ¢4 1@ Hl1 56)
eV (3- 27 2 eV)vvhl ch is equivalent to me3 in Eq. (2).

is BSreSHi@d yst reactions are given by 81.56 eV +NaH +H
(r?Na2+ f2e + Has, +e +tH- - + [(4) 2 - 12 ] 13.6

ev( 91;?1/';\5+%1('-/p g I-T -I'-_le' +'_£[(1/(p+m)) [2pm+m —p'2].13.6 eV
(91)
In the case of high hydrogen concentrations, the transition of H(1/3) (p=3)to

H(1/4) (p+m=4)with H asthe catalyst (p=1; m=1) can be fast:
H(1/3) 2> H(1/4)+81.6 eV (92)

Due to the stable binding of #~(1/4) in halides and its stability to ionization relative
to other reaction species, it and the corresponding molecule formed by the reactions
2H(1/4)—> H,(1/4) and H™(1/4)+ H* — H,(1/4) are favored products of the
catalysis of hydrogen.

The NaH catalyst reaction may be concerted since the sum of the bond

energy of NaH, the double ionization (¢ =2) of Na to Na’*, and the potential energy
of H is 81.56 eV (3-27.2 eV ) which is equivalentto m =3 in Eq. (2). The catalyst

reactions are given by

fast

81.56 ¢V +NaH+H — Na*" +2¢ +H,, +e +H(:( )}+[(4) 1’]-13.6 eV
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asl + e (r) NaH +H +8 1.56 eV (94) And, the overall
reaction is (r) +[(4) 2 - 12]-13.6 V (95) where H +

woembs/1a48 fast hydrogen atom having at | east IFTOUSLWSHf61455

ki netic energy In an enbodi nent, the reaction mxture
conprises at | east one of a source of NaH nol ecul es
and hydrogen. The NaH nol ecul es may serve as the
catalyst to formH stat es108i ven by Eq. (1). A source
of NaH nol ecul es may conprise at | east one of Na
metal , a source of hydrogen, preferably atom cigj

hydr ogen, and NaH(s). The source of hydrogen nay be at
| eas,20n8,- {gas,- a ' | &t or and a hygy,i de.
Pr eflgc; a@????%fﬁ?ﬁ%&g%‘?ﬁ’iggﬁ%ri de may be@%h Ni .

Pref er abl the.di ssociator may also be Pt/ Ti, Pt/A 2
Aﬁé’q%a"eﬁ%ly’ﬁ\?%”és powder. Solid NaH nay be a source ofq
at | east one pof H nol ecul es, H atons, and Na at ons.
In a pr emgrff[yoa_ﬂﬂ\ﬁﬁmjinpmwwe of atomic sodi ugsand

nmol ecul ar (&l provi ded by a reaction between a
metallic, ionic, or nolecular formof Na and at | east

where B higra fastnporsgen aomelaingat leadthie 6sOL6fGehett ehgigpr NaH
may be at | east one of netallic Na, an inorganic

CONMY YA EMmBIRESIhBFeBors HS ré %@ﬂgés aﬁlggséaﬁ%g of aso rﬁaa%f o

sui tabl e Na conpounds such a

N¥AIntIecRles afll ¥edtobdh, LT NaRCmbiddiies &%9%&% LSmd cgglykﬁs) ,

and NaH(s). The other elenent may be H  a displacing
foRf BNdtate O Givén BLEYQH N SafEY of NEREMbIEASEY M8y EBriiridE Bt 188

conprise at least one of ( 1) a source of sodium such
omsofdla thetals b somee of hylig(gah, préfetdblyNadhiz hydMagérand NaR().

NaOH, NaOH doped-R-Ni, NaX (X is a halide), and NaX
TicogeeceRdf Niydrogéh) may be at least one of H; gas and a dissociator and a
hydride. Preferably, the dissociator and hydride may be R-Ni. Preferably, the
dissociator may also be Pt/Ti, Pt/Al,O3, and Pd/Al, Q3 powder. Solid NaH may be a
source of at least one of NaH molecules, H atoms, and Na atoms.

In a preferred embodiment, one of atomic sodium and molecular NaH is
provided by a reaction between a metallic, ionic, or molecular form of Na and at least
one other compound or element. The source of Na or NaH may be at least one of
metallic Na, an inorganic compound comprising Na such as NaOH, and other
suitable Na compounds such as NaNHz, Na;COs3, and NaO which are given in the
CRC [41], NaX (X is a halide), and NaH(s). The other element may be H, a
displacing agent, or a reducing agent. The reaction mixture may comprise at least
one of (1) a source of sodium such as at least one of Na(m), NaH, NaNH,, Na;COs3,
Na;O, NaOH, NaOH doped-R-Ni, NaX (X is a halide), and NaX doped R-Ni, (2) a
source of hydrogen such as H; gas and a dissociator and a hydride, (3) a displacing

agent such as an alkali or alkaline earth metal, preferably Li, and (4) a reducing
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source of hydrogen such as H2 gas and a di ssoci ator
and a hydride, (3) a displacing agent such as an

woatokglds4zar al kal i ne earth netal, preferably LiPCTarso¢s)61455

a reduci ngagent such as at |east one of a netal such
as an alkaline netal, alkaline earth netal, a

| ant hani de, a transition tal such as Ti, al um num

B, a netal alloy such as Hg, NaPb, NaAl, LiAl, and a
source of a netal alone or in conbination with
ageviLsticmgs ajeat oseloftn mstabsuchlak ahiatkelireanéthl, bikblindeartA metal,
transition netal halide, a | anthani de halide, and
adlanthamidanahieainsitien mPtaksush ab [Ty, aluntieuna | Bs al metatetlayf such as AlHg,
reductant is Na. O her suitable reductants conprise
NatbaNaNydAl, deda sowhe aka ineBHAlPneNarBiMdomibinatiordyith seducing
NaAl H4. Preferably, the reduci ng agent reacts with
aatsueivas o atkalinRigartibalideud tansifiod metalhalides d lanthapidethalide,
Na, NaH(s), and Na2O The source of NaH may be R-N

ang ﬁ‘b’m'wnhéalﬂsoﬁreé?rab'& the akelbmetakrigductary isaNg.e@ifet siifebleo
form NaH catal yst such as an alkali_or al kaline earth

rekctantsfompree Metal Rydsipmeughias LRk Meflls LiAlla prd¥eAlHs
FTRE Y Rl SO PPNl gl Dlsefexcid 2 Na
e NG Ronte) BaBnBR 5 sl el Yol Ry bomonsing
0P| L SRR RS0 o A Bl SR AR o
allkﬁme d5h npeqal%Q 91%% 'irﬂérﬂmﬂﬂ? o(fll?sﬁ’l.o‘I}hﬁﬁé?rexgﬁ{ﬁlgrng%%'n[gl dre

e may rtur ort

reaction mxture her conprise a’su
MRRGRS o G RRA het BN RE HRRRGIM bhABE, M@?La@éex&
reactant of the m xture. The support may have

aR8 eHEWABIYX R d IRIigE ppetetaBy BraF Eanddiidhallyaie rsadtitemixture
producti on of NaH catal yst fromthe réaction m xture.

midy&ofmBBSOAHotHER ¥oraS6URHIcBRpAdind £86tter 0NE dRperkh® sOEHPaatOf
-F??Ni, A, Sn, Al233 such as ganma, beta, or al pha

leistidHenA NasOol, Nap S 4 ahdRa L, det afad ibBGoped okt the Bis§atidtor
bet a- al um nas have ot her ions present such as Na+ and

sparsEeR-Ni.t Tiee dedetmhninzigtdreaoapioghdricomphis2sudpatt 2G8)ein the
| ant hani de oxi des such as M2q 3(preferably M= La, Sm
siiyportPnay Bebdoped withatle&stone Biactami dfitoamixture The sgpport may
zeol i tes, |anthanides,
have preferably a large surface area that favors the production of NaH catalyst from
the reaction mixture. The support may comprise at least one of the group of R-Ni,
Al, Sn, Al,O3; such as gamma, beta, or alpha alumina, sodium aluminate (according
to Cotton [45] beta-aluminas have other ions present such as Na* and possess the
idealized composition Na,O -11A.,0,), lanthanide oxides such as M,Oj3 (preferably
M= La, Sm, Dy, Pr, Tb, Gd, and Er), S, silica, silicates, zeolites, lanthanides,
transition metals, metal alloys such as alkali and alkali earth alloys with Na, rare

earth metals, SiO2-Al,O3 or SiO; supported Ni, and other supported metals such as

at least one of alumina supported platinum, palladium, or ruthenium. The support



10

15

20

25

transition netals, netal alloys such as al kali and
al kali earth alloys with Na, rare earth netals,
WOS00R13aA03 or Si 2 supported Ni, and ot her sWBIIOUS20@R/061455
netal s such as at | east one of al um na supported
pl ati num palladium or ruthenium The supportmay have
a high surface area and a%gpri se a hi gh-surface-area
(HSA) materials such as zeolites, silicates,
al um nat es, al um nas, alum na nanoparticles, porous
malydage aRtigh SufacearePavdc@aBisecatritrosyridee-atda (AR$AECmaterials
i norgani ¢ conpounds such as Na2CO3, silica and zeolite
suet @ R-Ali, geoljes bilicadd, pluinetes, aluaninaeyaemink maagparticles,
enbodi nent, the support such as Al 3 (and the Al O3
PSP 81203 dtt, Rther Bild&Os.icatbon, Pfor A4S dmrdanicecanipeunds duch be
reductant such as a lanthanide to form a
N@aﬁ%élécarmtsii Zeplite matgsiglss prefatatinY eagltripoveder., Intdneerehndiraand
xchan es with the |anthanide to forma
#54Y20k (Anddhe HlaPosurreripkthe disseriatonipgresrntiropel

i{,@ta source of NaH nol ecul es such as NaOH and
Wm@ "BAHGHN RUGE Fseuahanide @Jeqm %1§““2?°Pé‘?ﬂdl*fﬁﬁ iSHePOTtdn an

e%ﬁ%%%?#f%tetsnﬁ%%t hlf’e%gﬁ%gia“@@' G 1 tirofieds i estbariop
TRIIRE-pho Rafn SPap BBV 85 e Soure oV Pdedan:
smljcw%sml-ggnd f2afq Wg%dﬂg{}aﬁwt \gﬁlga %' lar{tﬁ?m et eﬁ\t%tslggseqﬂ?rg

I SEes source o

e%fctl ltH@Xntngmé@sn?ds lte%d%(.l ;F@t@?ﬂg%éﬁﬁt%@%ose cﬁ¥%wﬂ9§'ﬂy

oy mmy conprise at

cﬁarr'\ﬁe/fr AndSHE Bo;ﬁﬁi NEOIbH 1% DFfa@odinyd rgﬁ.fc@!i t@ll(lQH QAGIyH by

nore ot her alkaline or alkallne eart

réaEﬁd?ﬁthltﬁ@rébﬁ&tahﬁantﬁémdesn Bi, Ag, In, Pb, Hg, Si1Zr,
Pt, Pd, or other netals and the H source may be H2

or an By dmbé*&mérh?wﬁ@@ﬂ&ﬁﬁ ﬁsa&ﬁﬂ_ﬁhmﬁt%ret EnpPiesl £ Sokde HiAH
nol ecul es, the source of sodium the source of NaH,

cathigststaese@coObf NaHimagea an iy ofiNapindcl ogrca@e Afdrogend Thbe

reduci ng agent are in any desired nolar ratio Each is
allay neaymohprise attleast ofie gfrteadedinovh anth©Artdutressan alloy of sodium
metal and one or more other alkaline or alkaline earth metals, transition metals, Al,
Sn, Bi, Ag, In, Pb, Hg, Si, Zr, B, Pt, Pd, or other metals and the H source may be H,
or a hydride.

The reagents such as the source of NaH molecules, the source of sodium, the
source of NaH, the source of hydrogen, the displacing agent, and the reducing agent
are in any desired molar ratio. Each is in a molar ratio of greater than 0 and less
than 100%. Preferably, the molar ratios are similar.

A preferred embodiment comprises the reaction mixture of NaH and Pd on

Al,O3; powder wherein the reaction mixture may be regenerated by addition of Ha.

In an embodiment, Na atoms are vapor deposited on a surface. The surface
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than 100% Preferably, the nolar ratios are simlar A
preferred enbodi nent conprises the reaction m xture of

m xture may be regenerated by addition of H2 In an
enbodi nent, Na atons are vapor deposited on a surface
The surfacemay support or (?‘f a source of H atons to
form NaH nol ecul es. The suftface nmay conprise at | east
one of a hydride and hydrogen di ssoci ator such as Pt,
Ray suppoPdf hb&sowbé offH alynshe fdaydvaHdaclecURsse fRealdHyce e
surface area is large. The vapor deposition may be
dampnis@ atleast pr@dfra nyantaamd mgiregesdisscdatof sush agPOrRL, o he
Na source may be controlled via heating. One source
RdHAOpwhich tey bélhydiideds Praferablh dize Buifacs afda isvatgal Thékepor
surface may be maintained at a | ow tenperature such as
M@ﬁﬁ'qf‘eﬁﬁﬁeg%\mm@ reigarnvaiicrontainingsenureteqs Ok atrom . THeNa source
Na- coat ed surface may be heated to cause the reaction
B8y becontaliad aheayngn Ragsetier halprevidesis atomg yden heatrdle
nmol ecules to react to formH states given by Eq. ( 1)
Na geler Therivass Ay B posTanest adeniampeeiure Seeh 25 eotel |
known i n.the ART conprise further enbodj nents of the

t?flma%rﬁiur%ﬁ“"“gﬁwaé’ﬁb OREPR s '@d}ﬁﬁ%ﬁd wgi @az bg aﬁ%fﬁ(lﬂ lto
B PBretOT NG S i R NeE A & '”?ﬁw&“th%ﬁ%ce
BRSO IR .
tgégnmags %F&r% rvs%ﬂ lkﬁ%\brp%l tméaAR? %gmélhs%rﬂl ﬁt?er ﬁ%%gg &'eHs%? th%f

sperse ace ar

| f
R B E’*ﬁ”e“ Sywﬂﬁﬁ%%vs%%? SRS AT y
b FRRhIRER cb PARBHE b BRbOREr-ERRIRieSUAN 25

or a source of H. |sperS|on material’'s are

d@%mycuépas.f.&e spittering! qalad ﬁﬁthbh&faﬁn@ héeHadé ancﬁgrstéa& &khak.

I'n an enbodi nent, at | east one reactant
rﬁém‘@fd ﬁ‘ldlﬁbprbﬁbﬁ(ﬂM%lé&Eop@tm@ Nl &R dhbmbdattigpesifornst N

and NaOH undergoes aerosolization to create a
N=OhEtaspey bl digpersed on a high-surface area material, preferably Na;COs,
carbon, silica, alumina, R-Ni, and Pt, Ru, or Pd/Al,Q,, to increase the activity to form
NaH when reacted with another reagent such as H or a source of H. Other
dispersion materials are known in the Art such as those given in Cotton et al. [46].

In an embodiment, at least one reactant comprising the reductant or source of

NaH such as Na and NaOH undergoes aerosolization to create a corresponding
reactant vapor to react to form NaH catalyst. Na and NaOH may react in the cell to
form NaH catalyst wherein at least one species undergoes aerosolization. The
aerosolized species may be transported into the cell to react to form NaH catalyst.

The means to carry the aerosolized species may be a carrier gas. The

aerosolization of the reactant may be achieved using a mechanical agitator and a

3 powder wherein the react iRIT/US2008/061455
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reactant vapor to react to form NaH catal yst. Na and
NaOH may react in the cell to form NaH cat al yst

wonves/ed4msiat | east one speci es under goes aer 0S@HATZBE20@8M61455

The aerosolized species may be transported into the
cell to react to formNaH catal yst. The nmeans to carry
the aerosolized species be a carrier gas. The
aerosolization of the reactant nay be achi eved using a
mechani cal agitator and acarrier gas such as a noble
cga®r gas steh py atnbblergas tt @anty thenteactthianto @ld celll@o foerh NalNaH
catal yst. In an enbodi nent, Na which nay serve as a
cgtaiyst dn ef enabtisnedt, Namdihhathaynteniesasaesousaa of Nadll dmg a
becom ng charged and el ectrically dispensed. The
redugtanbinasrosolizhd g becontiemeiargadeandfelddicaliydisimbedraihebe
aerosoli zed nechanically in a carrier gas or they may
reRrRRtRYICh [26 ehigatiione abNaged Na@Hineay. bemerosolizestregrhanieglly fre
forced through an orifice to forma vapor.
a/saafr oF g2t PrVBgRmay wedef@at&&r%ﬁeﬂw@agpsalezamtm reqpdIt maytbg

h te erature to be vaporized or sublined to

L A R S RN T AT e VA e
'crcail‘yrﬁgﬁvls&f i dE e e BRI Ge s RmeH s o6m  vaPom The

LY %&f?cedfﬁwgﬁro%'s%ﬁ R JERoRh B e wih
N%?t{) Psr‘rgll\ia%—%a}té?g%tt tﬂﬁé N? rWe cg}osvgﬁg%rk O‘ljhlﬁgzgl }ng{/}qge

are par n a

c5rﬁ€r‘li;st6 LAt %Hucsﬁﬁj cfﬂ[e 'fr%%@zl\la%lﬁ?\lrgﬁi? i s%?a&ﬁe\)ir@

conpri si ng ce r a sour

a8fosdBhliorAn Ak &kndWHAb 'tt%%e QkiletAH 'ﬂ%eAr@gre%faﬁ%tf He Im{e‘afl?rg e,

a reactant or source a reactant to forma neta

hydrih 48 en@ofiiRhO ﬂ%ﬂeé’dtuﬁﬁ Ribitde QbmpAtd 22130 He8p8lies of the
hydrogen. The reaction m xture may further conprise a

ofdp REMbrisiy N&BE4 adlircd 6F N NEHr BRbarce BYAH demBRBYhydride or
conprise a | ant hani de, preferably La or Gd. In an

s@irboel amstal hyldAdéTRyres@3t 0B slrye dfeaehctatitdifoNald rhétalftytnde,
LaHn (n=1,2,3). In an enbodi nent, the hydride exchange

amhgaotérodisdonials, daltd sata! of dydroddre The eactinahigtugemeay airther

reacti on may be given by
comprise a support. A reactant to form a metal hydride may comprise a lanthanide,
preferably La or Gd. In an embodiment, La may reversibly react with NaH to form
LaH, (n=1,2,3). In an embodiment, the hydride exchange reaction forms NaH
catalyst. The reversible general reaction may be given by

NaH + M 2 Na+ MH (96)

The reaction given by Eq. (96) applies to other MH -type catalysts given in TABLE 2.
The reaction may proceed with the formation of hydrogen that may be dissociated to
form atomic hydrogen that reacts with Na to form NaH catalyst. The dissociator is

preferably at least one of Pt, Pd, or Ru/Al,O3; powder, Pt/Ti, and R-Ni. Preferentially,

the dissociator support such as Al,O3; comprises at least surface La substitution for
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NaH + M (r)Na + MH (96) The reaction given by Egq. (96)
applies to other M//-type catal ysts given in TABLE 2.

woltves/1aasat i on may proceed with the formati on afCT/US2008/061455

hydrogen that may be dissociated to formatonic
hydrogen that reacts with Na to form NaH catal yst. The
di ssoci ator is preferabl Y, gt | east one of Pt, Pd, or
RU Al 203 powder, Pt/ Ti, 3 R Ni. Preferenti ally, the
di ssoci ator support such as Al 203 conprises at | east
As ur doageisésaPts BB SdriRuNLIGR olvasrA hebgin GDIBRNArEIRSHIdRL . ThBd, or
R11/ M8 powder wherein Mis a |anthanide. The

difissdatan radyobe sepprdbed feap teatedf theosadtibe miest wokrdih@e
reaction m xture wherein the separator passes atomc
separdtoppaskes atenhicdthbodi nent conpri ses the reaction

m xture of NaH, La, and Pd on Al 203 powder wherein the
r each Dr@ferwidmbpéimmycd!ﬂ@riseﬁg@aeemiedmixmranf WaHbdchi anchiPd
by addi né:; , separating NaH and | ant hanum hydri de by
og fé@e REWdeTevderaiythe seactiomumixtuig ay de regeneitad inan and

m xing La and NaH Alternatively, the regeneration
eMReYimeals by peding 'ép§eRﬂTat§'éﬁ‘éﬁ*b@ﬂdrig”thﬂ“uah@Vqr'éﬁbh 8iAving.
hydrlde by nelting Na and renpving the |iquid, heating
P%ﬂﬁ‘ﬂt‘%ﬁhtﬁWWtYf’f'#etotf‘eﬂmc?r ﬁpw'x'mmw rlteprgtingly, then

xmgLaandNaH Themxmqg%%/ bal | mlling
rq9SNSIA %@Wqﬁ?ﬁ steps ¢fiSgparatng e a da'?%taa Bydridp by uamnas
R- Ni
Na A r?'rﬁovar@gﬁ? itidghe | Pepfig %’@ﬂ%‘ﬁﬁ%"ﬂg‘? to bl L%:.hgsﬂcﬁfﬁoe'g% e
L
NaR B iRe L3 Ro, AP kREay ob BuBR PG val's “or
2% KR ErBBE BT hith:ouPESL LA 8l o R AS R ANEgGoctin

n ano od I men ant

N%k‘f)’(‘l# 5, é}rl?a‘r@c%%@ RERl |E Po iy r §Q%°§‘f‘ ﬁ\ra@mu)éns%bce the

'east 'one o MyH 2 an

h&IRRGS Ath MRYstRFe RPN aRE N@i—lk% hn %B@dlm@fﬁdth@'ﬂeaﬂéﬁ@is'aﬁ‘e

earth hydride. The reversible general reaction may be
@MY or alkaline earth metal, preferably at least one of K, Rb, Cs. In
another embodiment, the reactant is an alkaline or alkaline earth hydride, preferably
at least one of KH, RbH, CsH, MgH; and CaH,. The reactant may be both an alkali
metal and an alkaline earth hydride. The reversible general reaction may be given
by

NaX + MH & NaH + MX (97)

NaOH Catalyst Reactions to Form NaH Catalyst

The reaction of NaOH and Na to Na,0 and NaH is

NaOH +2Na — Na,O + NaH (98)

The exothermic reaction can drive the formation of NaH(g). Thus, Na metal can

serve as a reductant to form catalyst NaH(g). Other examples of suitable reductants



10

15

20

NaX + MH (r)NaH +MX (97) NaOH Cat al yst Reactions to
Form NaH Cat al yst The reaction of NaOH and N to NalO

woawds/N4e NaOH + 2Na(r) Na20 + NaH (98) The exratTmes20080061455

reaction can drive the formati on of NaH(g). Thus, Na
netal can serve as a reductant to form catal yst
NaH(g). O her exanpl es of 0 ui tabl e reduct ant st hat have
a simlar highly exot her iR reduction reaction wth
the NaH source are alkali netals, alkaline earth

tinat havesa sicdldr Haghlypéxotragic redetic relvBlionwdth @ NaR adrce are
hydri des such as LiBH , NaBH , Li Al H4, or NaAl H4, B,
alalj metade) alkalinereant hadtas suohlasas ledst onkanMaintd dasmeteh as
at | east one of La, Sm Dy, Pr, Tb, Gd, and Er,

hpdralee sadhl as LiBH,, NeBHandAlISmor RasiHerBa A, transitien metatsucinas
m xture conprises a high-surface-area material (HSA
Tirdan¢hanisley shehdsay I@Stm@am_a&mm)a@ NebORdcanier, prefegatdy La,
source of NaH catalyst. Preferably, conversion of the
FaoqmrﬁmoHrqfﬁéb'wah@raaatronvmlﬂureapqmrglhe%@ highsurfaneerea vaterial
catal yst i s achi eved. The conversion nmay occur by a

(A metariah haviag 2 depant syl asé%ﬁﬁm gqmprm agoupes Nab satayysh

gas stream Preferably is flowed into the reactor
Pé?erﬁb'ﬁ'a%?“%?r?'é&ﬁf the Ho%ﬁﬂﬂ PR F"@ﬁ“’l‘t@”Q' Méth Eméi*’e?“ffé‘é? area to the
r educt ant , other preferred reductants are ot her

CHENS S SqHiAvafla The ponvars CHHTELY UEHL e By
S tTRS b &P@P%%u{/g eI ke R bie Na e fiputea ko fhe i

h Th
B HeP o6 RIS s dna e O prelan e Ny e B Yerede
r«%]%%taﬁ%%&@ﬂﬂ%\feﬁl%?'n@étﬁg ‘Ti ef I%Rtﬁ&‘ﬁ?é 36{ hhePrE”e%%W fre rlaac‘ctlon

n an 'enbo

gg%&ﬁ\ e Nzﬁ)ﬂ@dd&ﬁ%t@@%@\ Qt\é’n&:ﬁ?éfer%iy\g{“&l%etrélﬁhh b

ctaht suc I'ant hani N an oy wt

PO SRR, T b B B

sh\fte of H such as a hydride or H, gas and a dissociator. Preferably the H source
is hydrided R-Ni.

In an embodiment, the reaction temperature is maintained below that at which
the reductant such as a lanthanide forms an alloy with the source of catalyst such as
R-Ni. In the case of lanthanum, preferably the reaction temperature does not
exceed 532 °C which is the alloy temperature of Ni and La as shown by Gasser and
Kefif [47]. Additionally, the reaction temperature is maintained below that at which
the reaction with the Al,O3; of R-Ni occurs to a significant extent such as in the range
of 100°C to 450°C.

In an embodiment, Na,0 formed as a product of a reaction to generate NaH

catalyst such as that given by Eq. (98), is reacted with a source of hydrogen to form
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exceed 532 OC which is the alloy tenperature of N and
La as shown by Gasser and Kefif [47]. Additionally,
wda fves/13@asat i on tenperature i s naintai ned bel owRATAUS2848/061455

whi ch the reaction with the AI203 of RRNi occurs to a
significant extent such as in the range of 1000C to
4500C. I n an enbodi nent, 20 fornmed as a product of a
reaction to generate NaH catal yst such as that given

by Eq. (98), is reacted with a source of hydrogen to

Na@ththat@an filrthier savie b1 bbiete SNAFecASyA. FOAH &fbsdimdth
catal yst. In an enbodi nent, a regenerative reaction of

régeOetafiveoneadiipn of B8PHifront Be (§8)eérs tie peesehcabiaidnmic hydtoggas
is NalO+ H (r)NaOH + Na AH = -11.6 U |l nole NaCH (99)

NaH o, oNaH £ MebHhNa Alk= 118 k50R.NLopol e H (1 % and
NaH (r)Na+ H(I IA) AH = -19,700 hJ | mole H (101

ThUS @SN by AspUnyy OF 1NaGk aAg B Wi th 2 sougqg) of

atom ¢ hydrogen or atom ¢ hydrogen serves as
aR@talytic source of the NaH catalyst, that in turn
forms a large yield of hydrinos via multiple cycles of

regqmgy_;N»gffﬁ ti fH0 e given by
(98-1 . %n g#qgnéggfnent k??gﬁ??ﬁe reaction glien by

T%a#ﬁéwﬁ"%‘% a3 (RfatFa 858 GUIE nlrod ) AMle.
h&&é%elﬂ%m%}vﬁgﬁg%%% 2}«9 55‘2& @myg wggzo n%%g'qwaﬁk %r&g} '\Ag@*
yiblaef hydrRbaBh Adidgfe SRl %ﬁregénérmerr@éeﬂsﬁsaakh tae lt\rlfao% @vbﬁgl{

catal yst The bal anced reaction is given

G AL AR P enbod it it e K ABF B o) ?ﬁ‘é“f&%y gHoh),
exot herm ¢ reactlon iven b% Egs %88 92& mhereln t he
C?rb?fé\‘fe?%ﬂ §%ceocp W % herein with Na and H, the reactions

given by Egs. (98-101) proceed to form hydrinos.

3Na+ Al(OH), — NaOH + NadlO, + NaH +1/ 2H, (102)

In an embodiment, the Al of the intermetallic serves as the reductant to form NaH
catalyst The balanced reaction is given by

3NaOH +241 — ALO, +3NaH (103)
This exothermic reaction can drive the formation of NaH(g) to drive the very

exothermic reaction given by Egs. (88-92) wherein the regeneration of NaH occurs
from Na in the presence of atomic hydrogen.

Two preferred embodiments comprise the first reaction mixture of Na and R-
Ni comprising about 0.5 wt% NaOH wherein Na serves as the reductant and a
second reaction mixture of R-Ni comprising about 0.5 wt% NaOH wherein
intermetallic Al serves as the reductant. The reaction mixture may be regenerated

by adding NaOH and NaH that may serve as an H source and a reductant.
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waniong/i4@s1iof Na and RN

fromNa in the presence of atom c hydrogen. Two
preferred enbodi nents conprise the first reaction

wherein Na serves as the reductant and a second
reaction mxture of R Ni conprising about 0.5 wt % NaCH
wherein internetallic Al rves as the reductant. The
reaction mxture may be regenerated by addi ng NaCH and
NaH t hat may serve as an H source and a reductant.In
an dniaodmediment bf thhenenge ragiptor,dae sarrce dfiNaHssuch as NaOH is
NaH such as NaOH is regenerated by addition of a
regenerateddfy addidion genssieiof agdrager smbtas ahleastfona ohy tydride
and hydrogen gas and a di ssociator. The hydride and
agd Sydsedentans andyp dissotigtdr. i ThedhyR¥riddi and| dissadietohmay be hydrided
enbodi ment, the source of NaH such as NaOH doped R-N
Rrii. dregratesr #mbadipieni thel segepe o NeH siclr esiePiH dioped R-Ni is
addi tion of NaH and addition of NaCH wherein the
reggacratediby ighipasionspf hydiding additigny Natihandyadditieg oftlgOle
Mﬁgrf or med nechani cal Iﬁx{éby means_such as by ball

181 thg adqiiPndRaYe PR RcR Halee! MikiRe T RedxingngH ba Rfirfermed
furthe onpri ses, oxide-form ng reactants that react
"Wﬁw'ﬁﬁikﬁm a%W?BIbYE?'L’i”Q'”Qery stabl e oxi de and NaH.
Such reactants conprises a.ceri magnesi um .
 anth AR EaeoOERG EFRCTa MR BPHES PHObiRTBaRds

. n I Xn.where, X, i

il 3en AT wirlBROrar RG0 o Bl e BN R Rt Pt oS

reé#%ﬂﬁiac%ngﬁﬂ?e@t{@rihmf)Ea@%ﬂ%ﬁ%t%‘&htitgﬁhﬂ! or Jlﬁhiﬁ@m Ig_r mleir

e sourc cat al yst conprises

cGRPRMES LG R AR i\/@%,%ﬁg%‘?@, ahdCix heNatid ﬁﬂaudte,s
ac h the

surface. Then, the re ion of NaCH wit

pr¥drSi BF 67 138 d BeEdIcARIcmPHETY seh AL &S alkMboFalkdiReSartiiReB.
and TiI Xn, and al kali netal Mforns NaH MX, and Al 2C3,

INMHRmBRIkht, theeddBee FMNBHTELN st coHRERRS R-Ni®loWhprisiRg 8Rodium

enbodi nent, the reaction m xture conprises NaCOH doped
cdtpdunardctoas Nddabh Res@facal Khadn, fie: readtion ofMboH waitt dieslodide-

format |east one of Na and NaH nol ecul es.
forming reactants such as AtXs, MgX,, LaX;, CeXs, and TiX,, and alkali metal M
forms NaH, MX, and Al,O3, MgO, La;03;, Ce 03, and TiyO3, respectively.

In an embodiment, the reaction mixture comprises NaOH doped R-Ni and an
alkaline or alkaline earth metal added to form at least one of Na and NaH molecules.
The Na may further react with H from a source such as H; gas or a hydride such as
R-Ni to form NaH catalyst. The subsequent catalysis reaction of NaH forms H states
given by Eq. (1). The addition of an alkali or alkaline earth metal M may reduce Na*
to Na by the reactions:

NaOH + M to MOH + Na (104)

2NaOH + M to M(OH), + 2Na (105)

M may also react with NaOH to form H as well as Na

conpri sing about 0.5 WHEGTNGS2BDS/061455
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The Na may further react with H froma source such as
H2 gas or a hydride such as R-Ni to form NaH cat al yst.

worves/saeequent cat al ysis reaction of NaH f or rCTHIS2008/061455

states given by Eq. (1). The addition of an al kali or
al kaline earth nmetal M may reduce Na+ to Na by the
reactions: NaOH + Mto I\/ng + Na (104) 2NaOH + Mto
MOH) 2 + 2Na (105) M may Igso react with NaOH to form
H as well as Na2NaCH + Mto Na20 + H2 + MO (106) Na20
+ M 2NV OMr t@ INm,Q 107,)+ Miben, the catal yst NaH(foggy be
formed by the reaction Na + Hto NaH (108) by reacting
Wi t iN&Of+ Wntor Bla@t+ialas such as that given by Eg107)106)
as well as from RN and any added source of H Na is a
Tpereftm catalyst dlabionanhe foimmebyi the remactiorf ur t her sour ce of
Hydr ogen nmay be added to reduce NaOH and form NaH
cat anlq/sﬁto B8H + H2 to NaH + H20 (109) The H (P8R Ni
may reduce NaOH to Na netal, and water that nmay be
by %W&W'HW Famgragions sHches e SYERENES. (8@ aseradios flam R-

m xture corrprl Ses _one or nore COfT'pOUI’]dS that react

Njprchany asdged sres oflthHN? 15 a RpteITRéLFdugient sjioe it iTa&rtsur ce

be OH. The conpounds nmay conprise at | east one
SBLI“X%OW%IZ Li 2NH, and Li 3N. The reacti on m'xture may

f th dr I'n
enbdiTnsr SR el BTp e dacl At By EHGRIBEt and
[ trhalﬂpl ﬁ'ﬂz% aﬂ—li%@ NaH and [ithi um hydr oxi ?1909

The H in R-Ni may reduce NaOH to Na metal, and water that may be removed by
pumping.

In an embodiment, the reaction mixture comprises one or more compounds that
react with a source of NaH to form NaH catalyst. The source may be NaOH. The
compounds may comprise at least one of a LiNH,, Li;NH, and LisN. The reaction
mixture may further comprise a source of hydrogen such as Hy. In embodiments,
the reaction of sodium hydroxide and lithium amide to form NaH and lithium
hydroxide is

NaOH + LiNH, — LiOH + NaH +1/ 2N, + LiH (110)

The reaction of sodium hydroxide and lithium imide to form NaH and lithium
hydroxide is

NaOH + Li,NH — Li,O+ NaH +1/2N,+1/2H, (111)
And, the reaction of sodium hydroxide and lithium nitride to form NaH and lithium
oxide is

NaOH + Li,N — Li,0+ NaH +1/2N, + Li (112)
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NaOH +Li NH2(r)Li OH +NaH +1/ 2N2 +LiH ( 1 10) The
reacti on of sodi um hydroxide and l[ithiumimde to form

waoNmbB/aaaas1l it hi um hydroxide is NaOH + Li 2NH ( r )AAT2@R008A161455

+ 1/ 2N2+ 1/ 2H2 ( 111) And, the reaction of sodium
hydroxide and lithiumnitride to form NaH and [ithium
oxide is NaOH +Li N (r)Li §§+NaH +\ 2N2+Li (1
12) Al kal i ne Earth Hydr oxi Cat al yst Reactions to Form
NaH Catal yst In an enbodi nent, a source of His
Aliativg Barth Mr@i@@g@gstﬁeamn@o FofmnNitcardisnl yst NaH.
The Na source may be the netal. The source of H may be
Imamgmbadinee, a Ithecdyfitt ispraliedny abeuraé of Naktfoombeabtalyst
al kali, alkaline earth hydroxide, a transition netal
Nayd ribeiNdesouenadnaM HeGhe Bietal.nTEnsceindead iHmeayt be Aaydrexddd. SThe
with a hydroxide to formthe correspondi ng oxi de and
higrexideamay 9gtat lepst oag obatkalidlkaline ealile hydroxiddh e thapsitioxinetel
is MJ(OH) 2, the product is MJO. I n an enbodi nent
hiirexide. @nel M Ohlyel b RN g@bpdiment Brjyeacts with phvsiterdde tp Sormeime
Al kal ine earth oxides may be reacted with water to
CPIERRPARY Y %x'%%ndrw @ﬁéﬁ'u% Hsargw%q@'m@nt@@?te@hthﬁ .msqlrox%@
N% roxi de can be collected as a prempltate

(@H)28e productds MgR- dhan er@h@q'mfara}gmer%m heﬂﬂ@f?fOél&éafﬁp(FaéOHom

the reaction to catal y and

RSO 5L Ak endotfiocapibe  Grdegntia)  paenere
twﬁégﬁp'xx%%%erg i (CHoRRE The A Hxde dR Rl ﬁi%@ﬁ?sla the

p%eecr% ?)é[éefn such a'él%nll_lra(tlgrtn a%é’%{ltr&}ndatur)ﬁgener ation cycle

actiions: 4Na +Ca( OH)

2m'ﬁo¢%pl%% @mﬂao&nﬁ)&nt, the reaction to form NaH catalyst and

regeneration cycle for Mg(OH),, are given by the reactions:
3Na+ Mg(OH), — 2NaH + MgO + Na,0 (113)
MgO+ H,0— Mg(OH), (114)

in an embodiment, the reaction to form NaH catalyst and regeneration cycle

for Ca(OH),, are given by the reactions:

4Na+ Ca(OH), — 2NaH + CaO+ Na,0 (115)

CaO+ H,0 - Ca(OH ), (116)

Na/N Alloy Reactions to Form NaH Catalyst

Sodium in the solid and liquid states is a metal, and the gas comprises
covalent Na, molecules. In order to generate NaH catalyst, the reaction mixture of
the solid fuel comprises Na/N alloy reactants. In an embodiment, the reaction

mixture, solid-fuel reactions, and regeneration reactions comprise those of the Li/N
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CaO +H2Q(r) Ca(OH)2 ( 1 16) Na/N All oy Reactions to
Form NaH Cat al yst Sodiumin the solid and |iquid
wos10a8/e€8431s a netal, and the gas conprises covacamus2bbsne1455
nol ecul es. In order to generate NaH catal yst, the
reaction m xture of the solid fuel conprises Na/N
alloy reactants. In an eq‘q d| ment, the reaction
m xture, solid-fuel reacti and regeneration
reactions conprise those of the Li / Nsyst em wherei n Na
syseghatesil Na sspthceh b apdttiod yaadlyst & molbatarNaH dekptansans
that the solid fuel reaction generates nol ecul ar NaH
solat fhereddtiam geriepaites mblecaadNa ratirer dranestdroidiLnamtH. hhem
reacti on m xture conprises one or nore conmpounds that
empaditneni, the readion mpdure fcomlatises @né or mofdaddmpatiedsytbat. reddt evith
reaction mxture may conpri se at | east one of the
agoongp obNakijtn fora NaHNataa!. TmaRbtionaBire kg, comprise at least
di ssoci ator, a hydrogen source such as H gas or a
Ohg afthelgroun ofstNﬁH Nag#ﬂz Mafjth NasN. S e @ugsm@)or(a@yobow
hal i de). The dissociator is preferably Pt

S%’PNW%@\S@% pra l:xﬁndm @W%ﬁﬁé@t%ebﬁ@héﬁﬂ\@% i

i ssoci at or nFrlse Pt or Pd on a high surface
ha‘rd@a JU%B@FQC@QI‘ '% 8 eyat?'lh@% B“t‘&f W‘ZWV‘H‘P%%& Shor rray
car.bon, or

t%%fr%rﬁapre@a% e SRl ey SPRLRS RGALER AfeySuracs bres
SRRy AP Tt D19 GRrosRBL B VERT BorpPr oot RUPaRROs
TR%V%@%# &\%ﬁéﬂ Xtaﬁrc?rﬁgrflse a Cg{ectl\l%durf?%%aha@&% rﬁgteﬁ sﬁ&f@ s

ron mxX genera

thﬁlo-?\d%g ke%@taﬂ bd Fg}e%;m?g‘g gent, NaNH2 s added to

€ reaction m xture enefates NaH accor di ng to

ag)e Fgl Eré%rrr%li Bh®obiRRA dRisdERE rdRMhdurdBilia Hagdir (

NaNH, and Pd on Al,O3; powder wherein the reaction mixture may be regenerated
by addition of H.

In an embodiment, NaNH, is added to the reaction mixture. NaNH,
generates NaH according to the reversible reactions

Na, + NaNH, — NaH + Na,NH (117)
and

2NaH + NaNH, — NaH (g)+ Na,NH + H, (118)

In the hydrino reaction cycle, Na-Na and NaNH, react to form NaH molecule
and Na,NH, and the NaH forms hydrino and Na. Thus, the reaction is reversible
according to the reactions:

Na,NH + H, — NaNH, + NaH (119)
and

Na,NH + Na+ H — NaNH, + Na, (120)



2NaH +NaNH2(r) NaH (g) +Na2NH +H2 ( 118) In the

hydrino reaction cycle, Na-Na and NaNH 2 react to form
woNmwbB/maksacul e and Na2NH, and t he NaH forns hydddmmes2e08t61455

Na. Thus, the reaction is reversible according to the

reactions: Na2NH +H2(r) NaNH2+NaH ( 1 19) and Na2NH

+Na+H (r) NaNH2+Na2 (120)I? an enbodi nent, NaH of Eq.

( 1 19) is nolecular such fhat this reaction is

another to generate the catalyst. The reaction of

sodi lnmna@mbddinent] Nayidif &gef 19)ds frofepulansuehitieat eidreactidintisn

hydride is H2 + NaNH2(r)NH + NaH (121) In an

apotherdp generatetthe satalgsdict i on is reversible. The reaction

can be driven to form NaH by increasing the H2

Toe reashen eftsodinm astideanthitidvagley to folre afrovanéar ahdrsedictn ydridsais

be driven via the formation of atomc H using a

di ssdct+ dubH, >TWe, + Baction i s given by 2H +NaNH1))

NH3+ NaH (122) The exothermi c reaction can drive the

5 If & srabodrestf thisaE§didn islrevergibie NIRél Fexefiin, cahidld driddrato)srin 1S
generated froma reaction of NaNH2 and hydrogen,

Nurebe natehyingtheni c conoeniegion. ARergatively, ihe férkact re@dliokdsn be
(121-122). The ratios of reactants may be any desired

daveRWH the RireaB6raéH ayorhiB 8 Usiig 0fissRERtoRDDRYE reatiInGHyiosresy | C
to those of Eqgs. (121-122). The reactions to form

cat aiy$tNag@e_;ﬁMe¢§;g,ﬁI e with the addition of gx®purce
of H such aé H2 gas or a hydride to replace that

ThE Bl micteb Aol By 8 \}erm%fomgtz Zn 8d'1’ N%E;Eg ycatal yst

reactions are given b and sodi um am de

1o forng aM"'an'Bo@%@hlt NaR2htalts Gahethisd FroRVa feB&ioh @RRENAN 2R

amoni a Wt
hydrogen, preferably atomlc hydrogen as given in reaction Eqgs. (121-122). The

ratios of reactants may be any desired amount. Preferably the ratios are about
stoichiometric to those of Egs. (121-122). The reactions to form catalyst are
reversible with the addition of a source of H such as H; gas or a hydride to replace

15 that reacted to form hydrinos wherein the catalyst reactions are given by Eqs. (88-
95), and sodium amide forms with additional NaH catalyst by the reaction of
ammonia with Na:

NH, + Na, — NaNH, + NaH (123)

In an embodiment, a HSA material is doped with NaNH,. The doped HSA
20  material is reacted with a reagent that will displace the amide group to form at least
one of Na and NaH. In an embodiment, the reactant is an alkali or alkaline earth
metal, preferably Li. In another embodiment, the reactant is an alkaline or alkaline
earth hydride, preferably LiH. The reactant may be both an alkali metal and an

alkaline earth hydride. A source of H such as H; gas may be further provided in
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wa ®os/ereiled with a reagent that wll

NH3+ Na2(r) NaNH2+ NaH (123) In an enbodi nent, a HSA
material is doped with NaNH . The doped HSA materi al

group to format |east one of Na and NaH. In an

enbodi nent, the reactant is an al kali or alkaline
earth netal, preferably Li,, | n another enbodi nent, the
reactant is an al kaline or al kaline earth hydride,
preferably LiH The reactant may be both an al kali
arislitiah taithdt movidddkial anyetlenrddgehtyad tHedeactibn sixturesucd ash
such as H2 gas may be further provided inaddition to
hyldede, piSévinatedal bgndatisplaginigeeagesigent of the reaction

m xture such as a hydride, HSA material, and

lnias gmbetlimgnt. eedjen emidenundargead tedictinsnwith lighiarn torfoamnditiaim
undergoes reaction with lithiumto formlithiumam de,
qrpifieldmidgrormvittide and Mawer Wt eatalxetHTharesicljent of sPiemraguide arsh
of sodiumamde and lithiumto formlithiumimde and
ity tasfopm jithipm\imigeand)NatbisH + NaH (124) The reaction of
sodiumam de and lithiumhydride to formlithiumam de
and RbH VaVH,iPLENENHX ) Li NH2 +NaH (125) The (#24ct i on
of sodiumam de, lithium and hydrogen to formlithium
‘eireactiam df Sdaldm amide and fithRinPhy dNBeNIdZG ) lithidi2inideNarkd ilaH is
126) In an enbodi nent, the reaction of the m xture

f or ngirNaNaBHg—t gLy eastiant s further conprise gisgurce
of Hthat reacts with Na to formcatal yst NaH by a
The 364 dtien ossbalinPsmiiB Qitrfih ) é?]‘&‘r?gr:ogbh totfomPithidmt ik MhENIH
Na (127) and Na + Hto NaH (128)

is
Li+1/2H, + NaNH, — LiNH, + NaH (126)
In an embodiment, the reaction of the mixture forms Na, and the reactants further

comprise a source of H that reacts with Na to form catalyst NaH by a reaction such

as the following:

Li + NaNH. to LiNHz + Na (127)
and

Na+H to NaH (128)

LiH + NaNH, to LiNH; + NaH (129)

In an embodiment, the reactants comprise NaNHy, a reactant to displace the amide
group of NaNH, such as an alkali or alkaline earth metal, preferably Li, and may
additionally comprise a source of H such as at least one of MH (M=Li, Na, K, Rb, Cs,
Mg, Ca, Sr, and Ba), H, and a hydrogen dissociator, and a hydride.

The reagents of the reaction mixture such as M, MH, NaH, NaNH,, HSA

material, hydride, and the dissociator are in any desired molar ratio. Each of M, MH,

di spl ace RATRUSZNISHE1455
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waoarongies4gsioup of NaNH2 such as an al kal i

LiH + NaNH2 to LiNH2 + NaH (129) In an enbodi nent, the
reactants conprise NaNH2, a reactant to displace the

earth netal, preferably Li, and may additionally
conprise a source of H such as at | east one of M
(MeLi, Na, K, Rb, Cs, l\/g and Ba), H2 and a
hydr ogen di ssoci at or, and hydrl de. The reagents of
the reaction m xture such as M M, NaH, NaNH2, HSA
Naittds,aral the Higshciatie araindndldreatitiss griatir €Hanar hdiléssafgh 100%,
desired nolar ratio. Each of M MH NaNH2, and t he
piefesbtyi the owlaaratios aremihigar. r ati os of greater than 0 and
| ess than 100% preferably the nolar ratios are
si m Odrer e@bhdimentsiobslistrnns to gehersiestdlenildrcaplyneati mvolve
mol ecul ar catal yst NaH i nvolve Na and NaBH4 or NH X (X
INas anghNaBiilam NHsK KX dssarhariorgssich as/bilisiel| Melediddd Nedd cetglgst can
can be generated by reaction of Na and NaBH4: Na2 +
bgsgrates W&fBﬁﬂ'OmoﬁéamﬂW%SO) NH4X can generate
NaNH2 and H2 Na2 + NHAX to NaX+NaNH2+H2(1363
ThenNanENaBH: 49 YaBHe i NageNgfener at ed accor di ng @8% he

ction 7- 129 I n anot her enbodi nent,
’i' %8@89?@?‘?%&5‘%% for t?ﬁe Na/ N systemto florm
hydr HAX + Na-Na to NaH + N

@i%ﬁ&ﬁﬁ?éggﬁém{\‘%nmﬁegener atl on of NH ééﬁl yst

Reacrrﬁant es or.

v aeedﬁﬂ“ R e e e e A 7
;hnﬁ Shoddifst L RekAE. Jhgr‘.smﬁathé NAP&ftem to form

n an e

,ﬁygm S@ ﬁré)m solid NaH by evacuating H2 rel eased

rom Na e pl ateau tenperature at about 1 Torr for
NaH NH4X+Na Na to NaH + NH3 + NaX (132)

Preparation and Regeneration of NH Catalyst Reactants

In an embodiment NaH molecules or Na and hydrided R-Ni can be
regenerated by systems and methods after those disclosed for the Li-based reactant
systems. In an embodiment, Na can be regenerated from solid NaH by evacuating
H; released from NaH. The plateau temperature at about 1 Taorr for NaH
decomposition is about 500 °C. NaH can be decomposed at about 1 Torr and 500
°C, below the alloy-formation and sintering temperatures of R-Ni. The molten Na
can be separated from R-Ni, the R-Ni may be rehydrided, and Na and hydrided R-Ni
can be returned to another reaction cycle. In the case of vapor-deposited Na on a
hydride surface, regeneration can be achieved by heating with pumping to remove
Na, the hydride can be rehydrided by introducing H;, and Na atoms can be

redeposited onto the regenerated hydride after the cell is evacuated in an

or al kalT/v&2008/061455
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deconposition is about 500 OC. NaH can be deconposed

at about 1 Torr and 500 OC, below the alloy-formation
waoavds/saqmiler i ng tenperatures of R Ni. The nol t aCTNES20@8061455

be separated fromR-Ni, the RN nay be rehydrided,

and Na and hydrided R-Ni can be returned to another

reaction cycle. In the c 8 of vapor-deposited Na on a

hydri de surface, regeneration can be achi eved by

heating with punping to renove Na, the hydride can be

enedoyitrended by i ntroduci ng H2, and Na atons can be

redeposited onto the regenerated hydride after the

cel | Iniasprefeaedieinbkatiimentathe kbmpeétimgrkineti¢snof ahepmyelfiding ed

enbodi nment, the conpeting kinetics of the hydriding or

debyryiding@f ane reactentoveraotienis expiteditocichieve a seagtigl mixtueel

to achieve a reaction m xture conprising hydrided and

camAdsipaihyddder ashpaochydededrepmpenadsp|For exampld, dthafiatmation of

NaH solid is thernmodynam cally favored over the

Nabt sekid ischerarodmapically trvpegd oveigiie {asmatiand R-Mithydedde. NaH

formation at | ow tenperature such as the range of

Howsuer B15 refeof bedl formatienyllonicaneriure sueh asdhasanos Rt afout

R Ni, hydride proceeds at a high rate in this ,

2B hpOP b i % Whesessihefaiaden pFiR ol frdiige rnomedscaterioh rate

.range of about 100 Tory to 3000 Torr. Thus, the

it @RdEmesrafiienes =podRal Rt PRyl Bt e Rpeca] abeid 100 Tor

r rated from NaH solid d R-Ni, . i at

& Ao T e OB BT UERy i oA el D PRI Vesse

t < ' 0 refe iall
P RO So REeng TR HEn R A SBnt 0B SB0TE Wi ot

NSFI S&oﬁihq {h'ia%ﬁsae'ﬂ% {t{%@&\%ﬂﬂ}\d Q&iﬁ{ﬁ;@&ﬁ%‘ﬁ%& P%Ye‘?érﬂ&ﬁ? by

evacuatTng the ce € exces S present or 1Is

hPERR-NOroPS dliBtiehREShicl EEthBublircaR PRty SHQ theh removing

fepeated cycles by selectively hydriding al one.

tHeAdkcOS FBRIgBY 8¢l e PatuaEHdi tRe cdly WIRRRcédd NS plRERE & dHd8d
and pressure ranges that achieve the selective

tdsliniesltdrg, BE RENINan dBUsédRtefatddedyeIes BY sélb&iven hedriling

hydrogen before the vessel is heated to initiate the
aloRacThieBan bdathidved by atiding Bydrbgendn the temperature and pressure
ranges that achieve the selective hydriding of R-Ni and then by removing the excess
hydrogen before the vessel is heated to initiate the reactions that form atomic H and
molecular NaH and the subsequent reaction to yield H states given by Eq. (1).
Alternatively, a reaction mixture comprising Na and a hydrogen source such as R-Ni
may be hydrogenated to form the hydrides, and the NaH solid can be selectively
dehydrided by pumping at the temperature and pressure ranges and durations which
achieve the selectivity based on differential kinetics.

In an embodiment having powder reactants such as a powder source of

catalyst and a reductant, the reductant powder is mixed with the catalyst-source

powder. For example, NaOH-doped R-Ni that provides NaH catalyst is mixed with a
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nol ecul ar NaH and t he subsequent reaction to yield H
states given by Eq. (1). Alternatively, a reaction

wanokg/wadesiconpri sing Na and a hydrogen source SAMUS2808/061455

R-Ni may be hydrogenated to formthe hydrides, and the
NaH solid can be selectively dehydrided by pun'pi ng at
the tenperature and pres tjre ranges and durations

whi ch achi eve the selectiVity based on differenti al
kinetics. In an enbodi nent havi ng powder reactants

nsatdl lor aetah hyibidd powseslictea®s lanthiagidy o NaR drespdcivbig tiaah,
the reductant powder is m xed with the catal yst-source
epdadierent $raine erdtignl naixtuida@vind @psetid Rabdiriat duah ap b dissodstomNaH
catalyst is mxed with anmetal or netal hydride powder
sgpsit, arsH3A materiabthatde dopedNe ikbated witie et Ieast bye othar spacies of
enbodi nent of the reaction m xture having a solid
theaneactionlmixtuiehthasnizingl mey de inahieved byhaf onilting artheHBathod of
material that is doped or coated with at | east one
insiniRsk Weess. €8 agfembrdimesh 16 yfard ey coat¢rkbyimamangndirp
be achieved by ball mlling or the nethod of incipient
qu?é% a spiytigholdhd BRAcivE sch s ilaQid o bk (fisya wmenteparien
I mer si n%the surface into a solution of the

Sg hatide), fe! W&Q bXABIT %o rA"RB‘i“Y% NaOH regy R BFOrRPIAtSH '@ach
NGB R v by eleP e R bproehbalE MoK R Rpe T g s

sk Bucie 06 48 L8R o M AR RS B o Bhelhians e
érbkid Lngﬁl] th&llﬁb@ ﬁagﬁgl psgjclf;fgés] hsNuli: he f\la@ige%lrelsaslu S “Cngaé‘ﬁ lsn

r@a&etacwﬁata%guaém 2N b0 ORI 'ngg\ysﬂfw&'réﬁ&s ke,

reacts to rorm rinos. hen, excess re

hy&HhBs. a‘?hé}'fitrf@e)kc&% ré@tﬁ?éﬁ?gucfh Ofla‘%rNat Sy B %&E? rM the,

evapor at | on pr ef erab y, er vacuum at evat ed

ptRIIBE B?EWd%ratl-gh SoréfRFpBft éﬁhter DB uReat eRNEARA K@ tberQulde The

recycled. In another émbodi ment, at |east one of the
rédRietdi A& bEBhdand¥idQsl b6 teciEI8E T IiInbheF GMBVGRAeMYat sHst\éhetof

transporting nedium such as a gas or liquid such as a
tHROb¥ @Kt afdd piddactispeEvEig repeedey usitg at@nsdethg mediuim
such as a gas or liquid such as a solvent, and the removed species is isolated from
the transporting medium. The species can be isolated by means well known in the
Art such as precipitation, filtration, or centrifugation. The species may be recycled
directly or further reacted to a chemical form suitable for recycling. In addition, the
NaOH may be regenerated by H reduction or by reaction with a water-vapor gas
stream. In the former case, excess Na may be removed by evaporation, preferably,
under vacuum at elevated temperature. Altenatively, the reaction products can be
removed by rinsing with a suitable solvent such as water, the HSA material may be

dried, and the initial reactants may be added. Separately, the products may be

regenerated to the original reactants by methods known to those skilled in the Art.
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the transporting nedium The species can be isol ated
by neans well known in the Art such as precipitation,

wd 10bg/1a83510n, or centrifugati on. The speci es NMBRCTNES2008/061455

recycled directly or further reacted to a chem cal
formsuitable for recycling. In addition, the NaOH may
be regenerated by H reduc1t1i70n or by reaction with a
wat er - vapor gas stream In'the fornmer case, excess Na
may be renoved by evaporation, preferably, under
Qraz teanticat predust sutch cis iNadbtsephtatezl byAirisig &-Niv@nybe usbeé in the
reacti on products can be renpoved by rinsing wwth a
peagesidfl etchingl R-dihto regamierads it whit aev gmiiddenddSAommpristgi caleactant
be dried, and the initial reactants nmay be added.
the practstvéihythe HRA materitl dhesproayct bechrascamrmeddatreal hedtraates with
original reactants by methods known to those skill ed
ajsqivertesuph as difute acid togempehthppativet TdadtPAapategainay then be
separated by rinsing R-Ni can be used in the process
reseloRad AR rigHsRd Mphilg thererpevesipaedaict may beyreganesated & faewn
conprising a reactant that reacts with the HSA

9%%i al, the product such as an oxi de may be treated

R S b S B b TR
R R e W R
SRy RSB RSV BISH n GBS s

cﬁé&% IREROGSS ﬁ%%%%?&%{zg r?g F%y%ch mﬁe)&lﬂn%_tewsgquhh&d in

t as given | od conpri ses

eﬁh@ﬁh&ﬁ’t’, ¥ rSducBunBorBhiddt e BHBRsAR l@as‘?égnﬁ‘é:&)g&e %Ucﬁtag 5€-

ntpr i
urt her enbodi nent, "the reductant product may

| HERIE $RALxLE ASE. L200E. e ARIrSIE orasida naHeidtbR&d in a

netal oxide (e.g. La2q 3). The hydroxi de or oxide may

wlgk 8did Sh\eRthytifdcRoNeaid RGbeh B ebrréspohdify Sahduen ks Naci 6
to formthe corresponding salt such as NaCl or LaCl 3.

LdDie Thectadament withtabidatdychamyadithase gastighl ahe gaséCimapbe

The gases nay be streaming at | ow pressure. The salt
stregmitpattiove ptessured The salpmaydbctreatetiwith aptodsetecéduatant such as
an alkali or alkaline earth metal to form the original reductant. In an embodiment,
the second reductant is an alkaline earth metal, preferably Ca wherein NaCl or LaCl;
is reduced to Na or La metal. Methods known to those skilled in the Art are given in
Cotton [48] which is herein incorporated by reference in its entirety. The additional
product of CaCls; is recovered and recycled as well. In alternative embodiment, the
oxide is reduced with H; at high temperature.

In an embodiment wherein NaAlH, is the reductant, the product comprises Na

and Al that need not be separated from the R-Ni product. The R-Ni is regenerated

as a source of catalyst without separation. Regeneration may be by the addition of

NaOH. The NaOH may partially etch Al of R-Ni [49] which is dried [50] for reuse.
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an alkali or alkaline earth metal to formthe original
reductant. In an enbodi nent, the second reductant is
woanwogiddadii ne earth nmetal, preferably Ca wher eiRCTNES2D0S0061455
LaCl3 is reduced to Na or La netal. Methods known to
those skilled in the Art are given in Cotton [48]
which is herein incorporaﬁgd by reference inits
entirety. The additional product of CaCl is recovered
and recycled as well. In alternative enbodi nent, the
Admindtvelys Naedd éeareveddredHsititor seppnatee frpertiad teaetionl produiat
enbodi nent wherein NaAlIH is the reductant, the product
mixsnerand esacdal veiticHAb farindiaAlldedirentiyt asogivereyyCattoe {5 1] poby
the R-Ni product. The R Ni is regenerated as a source
resictiernefdhsg recovdrechidaltl wite phtodorimoNaAlRegener at i on may be by
the addition of NaOH The NaCH may partially etch Al
of FR-Ni isfagueferpd HRAIMateridl bavifadddOH 8 a source of NaH catalyst.
reuse, Alternatively, Na and Al are reacted insitu or
In@herreadigenty erNerrenieatftam tie mangtagkrerds ktthe @ngsef about
reacted with H2 to form NaAlH4 directly a i ven by

0EITHD 108170 s SEA PLZDN PBRICTPY (hibe raitgs b perit RAHNGa 19
LRy B NG and TiosFralerah RR ande GBput 1 0 ma Na
Eraa g Bav, 7he R e 5 G N oY bt CRasg Placirs g "
aB RS BhRe $1 g Mol Bo MBS Fhe AR offtyimdlEhd & ickst SR 850 R

G?&%;thvgd;ggﬁgﬁy]%g%%?y@gbo,g{aﬁ@ 9513QR'§|}1%%Q’6% 5{&\!&?{1 S

an her 'conprise ' pro ers suc

4s’r?réaoy'|oge?e°ré?l9lﬂ$od%r é@hed'\@’NaE@olgfa@ghb@imsgt@_ a{ﬂ'eNé nggferinE.' e

e east one of W ace VI dson ney

NAGPQGonBaNGine2BMY mafdB Seredddd B%a BRI $EPdnge ABBLURAM Yo
4200, preferably 2400, or etched or Na-doped

1600006E JTE0li8 NaDH M@ s&1dea be hidhgby mhbshsNagilas pal @iling Adr it
the RRNi may be increased by a factor in the range of

b Bl disdol0dd ih@ sbRAON tol athRve SaksitkdNattdniraorasiged Ting
m xi ng by means such as ball mlling, or it nmay be
saluttmohayesk added tsRiNibhdihetwrtaehaporated tadahiave the doping. The
concentration or pH The
doping may be in the range of about 0.1 ug to 100 mg per gram of R-Ni, preferably

in the range of about 1 ug to 100 ug per gram of R-Ni, and most preferably in the
range of about 5 ug to 50 ug per gram of R-Ni. In an embodiment, 0.1 g of NaOH
is dissolved in 100 ml of distilled water and 10 ml of the NaOH solution is added to
500g of non-decanted R-Ni from W. R. Grace Chemical Company such lot
#2800/05310 having an initial total content of Na of about 0.1 wt%. The mixture is
then dried. The drying may be achieved by heating at 50 °C under vacuum for 65
hours. In another embodiment, the doping may be achieved by ball milling NaOH
with the R-Ni such as about 1 to 10 mg of NaOH per gram of R-Ni.

The R-Ni may be dried dry according to the standard R-Ni drying procedure



10

15

20

25

solution may be added to R-Ni and the water evaporated
to achi eve the doping. The doping may be in the range
woofoogimauilt 0.1 ng to 100 ng per gram of R-Ni, maaies2adsos14ss
in the range of about 1 ng to 100 ng per gramof R-Ni,
and nost preferably in the range of about 5 ng to 50
my per gramof RN . In errbodl ment, 0.1 g of NaCH
is dissolved in 100 m of 8IStI||ed water and 10 m of
the NaOH solution is added to 500y of non-decanted
[FRINIThd Ravhmay bR deGardedbarChdrizid drathe Ganpaatyrestande dfeibout 10-500
#2800/ 05310 having an initial total content of Na of
*avoder vecaumvp¥eferahly, ihisxiried at 505Ct fibe dahetiedmaybeindng range
may be achi eved by heating at 50 OC under vacuum for
Oéebq%mhéto 208 hanist preferabivh i dueation i dhwutitiphaugs. niayanbe
achi eved by ball mlling NaOH with the RN such as
egpediment, the H comegnt 6f thméeﬁi Ba¥i isgp 4n rengerefboutThil- ’F@(Nh‘ H/g
may be dried dry according to the standard R-Ni dry
Fio'?‘ e'@Eﬁﬁbél[ BeH copfrat eL the drigd R isde theriprge o pbow0H9 mW/Q
'g b rature rﬁ?e of about 10-500 C under vacuum
R idyBsTa T ﬁas Pie gt 1GY i Bp dying lameeraie: e JpPUIM pgySwe

b o deB “"”%;f . SBBHE Heshhals 98a‘%:¢< éwﬁse%?ﬁt'r%ﬁg
1
td 3 b By ard g SES B ef¥cbhent. > | Dot I omtont o ¢ ‘ﬁ:t
dr ' qﬁi aﬁ nga% @eg{bé‘ttf%eR g@g@iﬁd%thaabd&%ce;oqz\éﬁlpcg a{l{ &cﬁ
N‘abﬁethe‘b?éi}é%’f‘oﬂ ?ﬁng'erm%ﬁxl gﬁogvxom r.gg%ﬁéste;> b &B¥ng ﬁ‘a@ch

uring an fte ryi ng conttroll ed

aﬁd% vﬂﬁlmqﬁc‘é&s‘wm §§1utﬁ)‘ﬂdTﬁé1@ong§rﬁl‘a'i|§r¢ of &M LetdHin ng tift tln'fbsaQnd
enbodi nent of the RN doped with a source o

rifhPeNcAAndRY Chay@be Nafchild Aehidve emadetirb® Rvaof Rcbﬂpofah@r%f
Ni /Al alloy conprises the step of etching the all oy

NaOHD 1w emusditNaiithe Na@H solution kLoxg gErcRsY. el rdlaraty ishia i,
etching tinmes, and rinsing exchanges, nmay be varied to

ramgbiobatmut he tell| preférdoiyie ltheodangansfebpotrStoisav, aid MéesbH. | n

an enbodi nent, the NaOH solution is oxygen free. The
prafdrabily ayout M. nintahembodiment, the alloy is reacted with the NaOH for
about 2 hours at about 50 °C. The solution is then diluted with water such as
deionized water until Al(OH); precipitate forms. In that case, the amphoteric reaction
of NaOH with Al{OH)3 to form water-soluble Na[Al{OH)4] is at least partially
prevented such that NaOH is incorporated into the R-Ni. The incorporation may be
achieved by drying the R-Ni without decanting. The pH of the diluted solution may
be in the range of 8 to 14, preferably in the range of 9 to 12, and most preferably
about 10-11. Argon may be bubbled through the solution for about 12 hours, and
then the solution may be dried.

Folliowing the reaction of the reductant and source of catalyst to form hydrino

(H with states given by Eq. (1)), the reductant and catalyst source are regenerated.
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range of about 1 to 10 M preferably in the range of

about 5 to 8 M and nost preferably about 7 M In an
woemwbgdidnant, the alloy is reacted with the Na@dTies2008/061455

about 2 hours at about 50 OC. The solution is then

diluted with water such as deionized water until

Al (OH)3 precipitate forrrBT In that case, the

anphoteric reaction of Na69| with AI(OH)3 to form
wat er - sol uble Na[AI (OH) 4] is at |least partially
Iparemboduiestutbh redution pladlitts sreisepaniedr ahe cedubtant drbduct may
R-Ni . The incorporation may be achi eved by drying the
bR-skparafet! fromt thel prodnttiohtipe sPhree pfraddlysthin ah droticelinesd Wheieon
may be in the range of 8 to 14, preferably in the
at lgagfong of hereductant ansdsontestof patelysirand bgwdens dhe @roductslare
Argon may be bubbl ed through the solution for about 12
SARAIRIS] Merbanicaty based oadt iseplomerphpaniele dize edhapEaveighvi ng
the reaction of the reductant and source of catalyst
degsity JPAINSYiSIPi K Sliefagtriti coRstantaFagiclgs Waring ¢ siggificant piffereppein
reduct ant and catal yst source are regenerated. |l n an
SERBBYUPMAASLCAN PRENGCAZIIEAIY AeRAHat B31a0 sip¥ess EigHicks 4dth large
r.educt ant, product may be separated fromthe product of
olRienGes e SHa be PoRbrater Y B BRGNS whahERn g
| ea one of the reductant and sourc f cat.alys re
B AlerahSes  mpiiets Sheceh i B n e Fe e madituda ¥y Palega

. e .af . [ z€ [

i i e R

g g R
witBL 98 fiif ferences in density can be separated by

buoyancy differences. Particles having |arge

di T INR&tREHEEPOWA b BBEE EkifedSH B ihbf danthk &HRRedaS the
separated nmagnetically. Particles with large

séficdkdtRhe BOAS pieletiiMleBfidr byCappREiibABE rolfie dXBeSBERARINE th
electrostatically. In an enbodi nent, the products are

geiehalNfledhaniceMsepa@tieis)cas ibeiddfdeddnto Toue g@upstdietitheByiome

with a ball mll. Methods known by those skilled in
céritdfudal sepdrationciination, apidievird) dsaleistribed in Earle [52] which is
incorporated herein in its entirety by reference. In a preferred embodiment, the
separation of the particles is achieved by at least one of sieving and use of
classifiers. The size and shape of the particle may be selected in the starting
materials to achieve the desired separation of the products.

In a further embodiment, the reductant is a powder or is converted to a
powder and mechanically separated from the other components of the product
reaction mixture such as a HSA material. In embodiments, Na, NaH, and a
lanthanide comprise at least one of the reductant and a source of the reductant, and

a HSA material component is R-Ni. The reductant product may be separated from

the product mixture by converting any unreacted non-powder reductant metal to the
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separations of the present Invention by application of
routi ne experinentation. In general, nechanical
woesmpgratiions can be divided into four groups: PCT/US2008/061455
sedi nentation, centrifugal separation, filtration, and
sieving as described in Earle [52] which is
i ncorporated herein in i t1§1enti rety by reference. In a
preferred enbodi nent, the“separation of the particles
is achieved by at |east one of sieving and use of
hgdirides iThe diydride Thay s foeneaaitey théd agditionf of hixrogear. tThel neetaraiy dive
selected in the starting materials to achi eve the
miydiergselinsidp formta powdef. THeepawdedmey then ba sepdratet frem the
enbodi nent, the reductant is a powder or is converted
other arogustel suchzasdhatef thgrsoarae ofthe eplalyat eded poendifleeenoe rethe
_corrPonent_s of the product reaction m xture such as a
siasAT thatrarticles-. Thesensrdian medtbs by [Raitating e mbrtireiover a series of
| ant hani de conprise at | east one of the reductant and
sigvepltiriase geleetive foreqtivip ke rangas tocaqsathegeaartian.
conponent is RN, The reductant product may be

Alleraiivelye 8" i CEMPINRENIHERRYNInthe(RiNEPaRCiesane eeraraigd Bery

i kT T
o8 al oY i s i ellutP N ol Ponee b B it
SR Bl P Pl B8 BRMEEE rlo BAF oA oty B3 -

Wéglg?éirggganéﬁ)éng giaﬁ%?ﬁ&icf %éié«{l’%\é«%l?\e/gﬁgf ﬁ%(ljﬁc? mY§re rr?ay be

ser sieves t are or certaln srze

agio Svel 9 sEHSH thiRy rﬁ%(@%l%@%&iﬂ&n@&%ﬁhmh ¥ne 8F mbra

Inatiron wth sieving, -NI particles are

sRERAL Bh@I thé 9EPr&tRn BB o MAEdstnedf tHEBdtRIngOHdhbeh&Sor
based on the l'arge magnetic susceptibility difference

aRREIReN tHd TeNpprotil & lpagicied Rethe afligaethnRaNizeltifedsttl ot the
magnetic. The unreacted | anthani de netal and hydri ded

clagdeslof particlas yin @xietodivrit Gfthd asedfdle@ed\@akdryapplied magnetic
par amagneti ¢ and di anagnetic, respectively. The
figld ablel ttemadds an @dditiynab foraegtdp et efigravigto drasethe emalixr R-Ni
strong nmagnets al one or in conbination with one or
produet particles through the sieve while the weakly paramagnetic or diamagnetic
particles of the reductant product are retained on the sieve due to their larger size.
The alkali metal may be recovered from the corresponding hydride by heating and
optionally by applying vacuum. The evolved hydrogen can be reacted with alkali
metal in another batch of a repetitive reaction-regeneration cycle. There may be
more than one batch in the cycle at various stages. The hydride and any other
compound(s) may be separated, and then reacted to form the metal separately from
the formation of the metal from the hydride.

In an embodiment, the reaction mixture is regenerated by vapor deposition

techniques, preferably in the case that the reactants are on the surface of a HSA
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sieves to cause the separation based on at | east one
of the stronger adherence or attraction of the RN
wQprogisassiparti cl es to the magnet and a si ze difdTRUS2NEs#61455
of the two classes of particles. In an enbodi nent of
the use of sieves and an applied magnetic field, the
| atter adds an additi onal %orce to that of gravity to
draw the smaller R-Ni pro& ct particles through the
sieve while the weakly paramagnetic or di amagnetic
needertal slobsas@i-NL He furtduarhisotimenitg dadihg ather coatai deeleddn t he
sieve due to their larger size. The alkali netal may
répstantcangrrieidg Bt leastohe ota soespaimtiHheatdiyat oh dasubiycehanata ng
and optionally by applying vacuum The evol ved
nrajefiabipehsupaertibe fasmetiandof WatHcatdlksh buchrastaai SA mataniat, ter
batch of a repetitive reaction-regeneration cycle.
reas@ants s prayisledby ecactintngasrairedas wih the H$R matarielesugh as R-Ni.
various stages. The hydride and any other conpound(s
Thedepnsitedipastants ayLaaPtisaeat Ieashenaef thearpep al NadNafe Nato,
separately fromthe formation of the netal fromthe
NGO P18l NIQ, MAAIGH oo RN « HeOrdhBt (TGrinepRtTaTe ! fo51000
regener ated by vapor deposition techniques, preferably
Preferelpi 1 &)a%OH%;a NeOrl alpharhets, anégenmatigmsuVeaee of a
HSAmat eri al such as R-Ni. In further enbodi nents,
deRRFiteE elsmRRLE, ‘E?GK’PEBF’S@I@éﬁrmé@'a'ieéemdaﬁ%@e?c@ﬁtﬁrﬁé"rerflfsﬁ?d
| east one of a source of NaH catal yst on a surface and
reaciaRts e C@H%’i‘eds'ﬂfﬁﬁ'ber fesired EPaciGpivesivEH aéfthel\%ﬁque%ﬁeélnﬂst
erial, the react?nts are rOV|deg gy
as

C?ra&%sstlow?‘@waggﬁma% %c?mstwé Qe 86 reackitr om, e
Bt AU SEIER A T D il P B
eRAY (e ol A Bsitod R ?Bﬂﬁ{??a WS Hred ARt
ab Rl @m R p sileQ"HITRy th/ @Qégogg RARIe P Hydt|de n?[]ﬁﬁ‘ermﬁre,

conmpounds, i nternedi ates species that are t

oﬂ&ébﬁo@ﬁ'cté §|§’é|‘-nta'§r}\§a§09ﬁay3rfeere§&éﬁ/ &t §dodrbd 6 Hyh%ggﬁfd fofflthe
reactants as well as'the sequence and conpoSition of

hyd#6xidaSuch tak RRITH. afh@ soliRe ©NRYHr&dehndydcolpFise & Mater-vapor gas
reactants fromthe gas
stream to regenerate NaOH. Alternatively, the NaOH can be formed using H, or a
source of Ha. In addition, the hydriding of the HSA material such as R-Ni can be
achieved by supplying hydrogen gas, and removing excess hydrogen by means
such as pumping. The NaOH may be regenerated stoichiometrically by precisely
controlling the total moles of reacted H from a source such as water vapor or
hydrogen gas. Any additional Na or NaH formed at this stage may be removed by
evaporation, and decomposition and evaporation, respectively. Alternative, an oxide
or hydroxide product such as Na;O or excess NaOH can be removed. This can be

achieved by conversion to a halide such as Nal which may be removed by distillation

or vaporization. The vaporization can be achieved with heating and by maintaining a
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streans are well by those skilled in the Art of vapor
deposition. For exanple, alkali netals can be directly
wovapgi34gposi t ed and any netals with | ow vaporrquesesos1455
such as Al can be vapor deposited fromthe gaseous
hal i de or hydride. Furthernore, oxide products such as
Na O may be reacted vvithd%?’sour ce of hydrogen to form
t he hydroxi de such as Na The source of hydrogen nay
conpri se a water-vapor gas streamto regenerate NaCH
vAtuuer ataldveted Yyempdretutda QiHe canvepsior rafeidel fiap @e HehieFeday
source of H2. In addition, the hydriding of the HSA
reegtiar wigh arsaddisach R-Hli Thatredtmentorhayeheel dyasst@ahmydongrising
hydrogen gas, and renovi ng excess hydrogen by neans
the adid gas. uamitingy embodindaenyrexcebeNa@H énenatvediby sublimation.
stoichionetrically by precisely controlling the total
Thblogsuraﬂnql@ae@w iRl ter tomparadioe range 901330409 Weasegivendyyor
hydr ogen g Any additional Na or NaH forned at
Ctoﬁprs 53t a‘g'quaporb@m eilatien. lTpneneepeassalieam, Pregeds, or related
deconposition and evaporation, respectively.
praceeses &f theseaciantoRpyiirtBer Cﬁ’?‘tﬂ’f'?&? STipT FFudhe SHERT 8BS ey
O or excess NaOH can be renoved. This can be achi eved

bs;anmwwghast A R SR R  Res e

t t t

o St ForPanhienReaind) E'a%fj” by oo B oponted opypmoes
°

ST bR TeBeaS Rt ool iRl A Tbc Rt vt T on

04 1% BEL ot hedihgkhric 40 EehbFANE Mo TRNedies B 2 g

stream conpri si I'n ano

sifct das%é: %Soti'@g_érﬁ%e B}%gﬂ}é ?Qp|§@éd ) o s'e%d' @% ggﬁﬁ 8’8‘ c u r s

er vacuumin t nmperature’range o

rf26R8 kKRR AR R3lep rﬂllycoﬁ")f)ﬁg@é\aatp'o%ﬂon Bf Sdcbdd r@&u&éht

transport, gas-stream process, or rel at ed processes of

Tho RirdeearhddhRa WaterfdlsddA@ls FERIREY BE @&l THeRcHiRSmayThe
carrier gas may be an inert gas such as a nobl e gas.

with atha&s, pPdferaBly IRDHE OTHeldtéhed TRt aith&be dBcKhtdd with
separation. For exanple, NaOH and NaH can be al so be

salsseotiaiyedl of Bny soNeveslches hWaitdrcarhbuedbyecatibalg sucuadbyas
ball mlling and sieving, respectively.
decanting and possibly centrifugation. The etched R-Ni may be dried under vacuum

and recycled.

Additional MH-Type Catalysts and Reactions

Ancther catalytic system of the type MH involves aluminum. The bond energy
of AlH is 2.98 eV [44]. The first and second ionization energies of Al are 5.985768
eV and 18.82855 eV, respectively [1]. Based on these energies AlH molecule can
serve as a catalyst and H source since the bond energy of AlH plus the double
ionization (1 =2) of Al to Al**,is 27.79 eV (27.2 eV) which is equivalentto m=1 in

Eq. (2). The catalyst reactions are given by
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In the case that the redundant is an el enent ot her
than a desired first elenent such as Na, the other

woetoesrexatsinay be repl aced by a second such as NECTUSS20€B/061455

nmet hods known in the Art. A step may conprise
evaporation of excess reductant. The | arge
surface-area nateri al sucfy,as R-N may be etched. The
etching may be with a basé, preferably NaCOH The
et ched product may be decanted with substantially all
of any sol vent sugh as tu rerzmvzed nmechani cal |l y such
as by Bedamtifing H4nd Zﬁoééﬁg%%géhrh]flééa@’i on.
etched RN may be dried under vacuum and recycl ed.
Addi ti onal M, Tvpe Catal yst nd Reacti ons Anot her
catal ytic syét eﬁ?%f“%ﬁé"‘ﬁb%' Yinvol ves al unihfn  The
bgntg enerrlgéé f AIHis 2.98 eV [44]. The first and
Aé‘ cond 1 on 2at'dh ener gies of Al are 5.985768 eV and
18. 82855 eV, respectively [1]. Based on these energies
Al H nol ecul e gan é‘.rf_geﬁg)s_@]q@%aelvyst and H soyss
since the bond enefyy of Al H plus the double
ionization (t =2 ) of Al to Al 2+, is 27.79 eV (27.2
eV) Iniahembpdimeqltheabastipn mixtune cémpriseRat le@2)ane DRAIH
catal yst reactions are given by27.79 eV +AlH (r) Al 2+
mefasules gnd a sofrc@ pLAIH maidculed. @ sovrce of 88) mple@uiestPay sorkprise
Af_;n) AlH +27.79 eV (134) And, the overall reaction is H
#fa| aryda soyrgg of hydrogen, pazigrably aipmiehtsteiere he seuee of
reaction mxture conpri ses at |east one of AlH
B PRREUNBSPR BYAidE RTFIEEDYT R-NI- Hn dppibei srakodimend die atalyst
Al H nol ecul es may [ a_sour

| conprise Al netal and a ce of
A o58ATEd by dierasiop char AYide priyAEsis of Ahwitha (pduglagis The
hydr ogen ma a, hydr.i de referably R-Ni. In another
O RIS B ea G/ i T Fest BRI ARy PUBE T on
etﬁwggﬁf@?gﬂ? ggulrﬁegoﬂ-)f %sdp(?ov%edqx %rsgzx(rlcg o leto %rm%é Qatglyst AlH.
The Al source may be the metal. The source of H may be a hydroxide. The
hydroxide may be at least one of alkali, alkaline earth hydroxide, a transition metal

hydroxide, and Al{(OH)a.

Raney nickel can be prepared by the following two reaction steps:

Ni + 3Al — NiAl; (or Ni,Al,) (136)
) NiAl, (skeleton, porous Ni)
NiAl, +2NaOH + 6 H,0 — (137)
+2Na| AI(OH), ]+ 3H,

Na[Al(OH),] is readily dissolved in concentrated NaOH. It can be washed in de-
oxygenated water. The prepared Ni contains Al (~10 wt%, that may vary), is porous,
and has a large surface area. It contains large amounts of H, both in the Ni lattice
and in the form of Ni-AlHy (x=1,2,3).

R-Ni may be reacted with another element to cause the chemical release of

AlH molecules which then undergo catalysis according to reactions given by Egs.
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reduct ant conprises at |east one of the NaOH
reductants given previously. In an enbodi nent, a
wosmos/ca4sif H is provided to a source of Al to FCWwus20082061455
catalyst AIH The Al source may be the netal. The
source of H may be a hydroxide. The hydroxide may be
at | east one of alkali, 2Iéal i ne earth hydroxide, a
transition netal hydroxidé,” and Al (OH) 3. Raney ni ckel
can be prepared by the following two reaction steps: M
(¥333195).( In)anNinfdod{naemt, kb 2AIHI B lebde3i6 ca(selibflaxedsitien riaotion,
porous Nl g Ni AL +2NaCH +6H20 (r) ( 137) 3 2
efchinislagrAdlloOrymatioh+ 8@ sdich otNel edro@itMlis ansalkaé adalkaline earth
di ssolved in concentrated NaOH. It can be washed in
nﬁﬁéﬁwg?émaa%wmhhewi pdTtien ofrRxpatoendudd the ditadomporént o 10
wt % that rmP/ vary), is porous, and has a large
rejgasediid moplasyles that éwgwqﬁ@y Lagey 60 saMBlYAIS s INoAn embasiinent; W
the Nl lattice and in the formof N -A Hx (x=1, 2, 3).
"mwaqﬁwh BEhydenides ar oxidas ta fstHimetal dha may fsthenieget witheH
al_rel ease of Al H nol ecules which then undertg
Af)*s' Ehefeadicaicay Pt BitialeddyinsAungy AR iResgte may be controlied

fEﬂrgéﬁ'nweﬁ%ﬂear'a&r??)w?%%ar”ﬁﬁ*n i) o B g i oy
iAo i treeRdl Py B %'?sno %a?n‘*ﬁw tn
Ie%g tanN'OO%O F‘?@f#ﬁa%lg tﬁeemA*ar%%tlg 813@8%8% Nt P%}”ggse Al H

nol ecul’es th go catalysis. In an

o Tarner gl HERS arstepl fper P AeR RGBS 1
it BppbiCor b8 AT of ﬁrété?ﬁ‘s foftbrir AHifloiBRL1dAC e Rartaddfif) e

rate nmay be controlled by controlling the tenperature.

cOhprilelaldastUne@)r K ALdRR RahldrodBt dbdocRt, Thdburfe md) vamy

desired nmolar ratio. Each ' of Mand RN are in nolar
NP @hitlp fa@be By@Rle8r ThéGdpdP dégtiitibe &y s admldR¥ervoir containing

Preferably the nolar ratio of Mand RN are simlar.
a saurce of Al atoms. The Al source may be controlled by heating. One source that
provides Al atoms when heated is Al metal. The surface may be maintained at a low
temperature such as room temperature during the vapor deposition. The Al-coated
surface may be heated to cause the reaction of Al and H to form AIH and may further
cause the AlH molecules to react to form H states given by Eq. (1). Other thin-film
deposition techniques that are well known in the ART to form layers of at least one of
Al and other elements such as metals comprise further embodiments of the
Invention. Such embodiments comprise physical spray, electro-spray, aerosol,
electro-arching, Knudsen cell controlied release, dispenser-cathode injection,
plasma-deposition, sputtering, and further coating methods and systems such as

melting a fine dispersion of Al, electroplating Al, and chemical deposition of Al.

In an embodiment, the source of AIH comprises R-Ni and other Raney metals
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In an enbodi ment, Al atons are vapor deposited on a
surface. The surface may support or be a source of H

waoatoosrs34851 f orm Al H nol ecul es. The surface nay ROMPS20688061455

at | east one of a hydride and hydrogen di ssoci ator.
The surface may be RNi which may be hydrided. The
vapor deposition nmay be frgma reservoir containing a
source of Al atoms. The A" source nay be controlled by
heati ng. One source that provides Al atons when heated
or gllos ofbitkabwn Ttbe ddrsticttas Raj oban aftvly womprisi attleast broaof Ni,
tenperature such as roomtenperature during the vapor
GeposetRw 0, PRt Adndoibar etbnsantst ansdecomppunsts. [TdatRelli ara@lloy
cause the reaction of Al and Hto formAIH and na
njayfYrher Ceapise wwtmsrau%a%@tdqe@é ongyofrZeaio, k@ ahdCm Fhe R-
states given by . Oher thin-filmdeposition
N oW R ALiESS R0 ik B Gech Feneidddon Roney 2089 REVHGRH.

Iagers of at | east one of Al and ot her el enents such

h%%oil’ 53'&%&%095‘25 3 fihRe P MAHBREHRPRAslinggNt pHEese materials.
PR STCRAEF o SO bl P AL BB e o KA R Ebbts
ﬁf&ﬂ@’yd@%@iﬁe VR B uaRPEI R DRaT Pt RSl ey
o5 JpS0x 8y POR SRR bR Sk %?Jr%%& SelapREEL "
célngnéerh?ﬂéblmpelbm ncfﬁ]ﬁh Uﬁwgﬁseo/&l QlafRdH tﬁes R-Ni

Rane rreta sor kno In the Art

suchy r@ssoch%"of AH r%Qy @Hh&yco%ﬂ?é AI% nﬁh@Alﬂg %?a?tbe%Soé?tEd on
Ni , Fe Co, , and ot her élenents and

ofa@m)me d&m al hﬁ-\ler amlby OTheaéllbWha%)é aktatdaaty tﬁ@HMtio‘hQ)f a
pronoters such as at |east one of Zn, My, Fe, and Cr.

mbie sl ag@yalles crbikbigeHartd Atf Indn ddbddinadie tHaaesyiod 400,
Raney 2800, Raney 2813, Raney 3201 , Raney 4200, or an

mettare @dmprisdsalids Reidi, endomchetab fiichels aintatiat need] eThenstal inay
anot her enbodi nent of the AIH catal yst system the
bs suppiied by varatizatips tfroocoaeseryeis orbyNgravilly fedd foom akeuree that he
Al to Ni ratio is in the range of about 10-90%
flowsdewradi the fbiat an@le3aiey temperatoiee Iparempbedihgntabdt
10-30% The source of catalyst nmay
molecules or Al and hydrided R-Ni can be regenerated by systems and methods
after those disclosed for the other reactant systems.
Another catalytic system of the type MH involves chlorine. The bond energy
of HCl is 4.4703 eV [44]. The first, second, and third ionization energies of Cl are
12.96764 eV, 23.814 eV, and 39.61 eV, respectively [1]. Based on these energies

HCI can serve as a catalyst and H source since the bond energy of HCI plus the

triple ionization (t = 3) of CI to CI’", is 80.86 eV (3-27.2 ¢V ) which is equivalent to

m=3in Eq. (2). The catalyst reactions are given by

80.86 eV + HCl — CI*" + 3¢ +H|:( )}+[(4) 1°]-13.6 eV (138)
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conprise palladiumor platinumand further conprise Al
as a Raney netal. The source of AIH may further

wanprissa Al H3. The AlH3 may be deposited on @CTws2008461455

to forma NiAlHx alloy. The alloy may be activated by
the addition of a nmetal such as an al kali or al kaline
earth netal. In an enbodiqent the reaction mxture
conprises AIH3, R-Ni, and a netal such as an al kal i
netal. The netal may be supplied by vaporization from
a reservoir or*byegrrav 1yl f 88 i om a sour ce {(1gd)
flows down on the R-Ni at an elevated tenperature. In
Aad, tberbeetalmeatton il H nol ecul es or Al and hydrided R N
can be regenerat ed by systens and net hods after those
di scl osed for_th reapt systens. Anot

catal ytic syslf' T %yﬂé ]%I-qtﬁ nvol ves chl or(ﬁﬁ)i. The
bond energy of HC |s 4.4703 eV [44]. The first,
secqpd, Chi C oo : ¢

12. 96%65%%'&%%{’ g‘fligg@,%’m"g%geg'%%‘%%@é’égég%%& hcl. A
sbdrke m%?%@ ‘Flll-gﬁl 3rhesfd 808 LA Qﬁhlﬁme s‘h@ﬂ as h \éﬁ(al‘l”lér ali

cat al yst an source since th ener gy of
eBHiIShIdMR. trhi RbIRY acmha@t)é Qtﬂee{st cn&f is&l, Mrecds, ﬁmzpo Snd

80.86 eV (3-27.2 eV ) whi is equivalent to n¥ I'n
MERO (whereir WEis 6@bdrysich B aﬁ blelﬂ& a’ﬂaﬂn@éé’rﬁbé%nﬁ@th%ﬁs@:\ﬂ(
+ HO (r) C3+ +3e~+H- - +[(4) 2 - 12] 13.6 eV (

sdlRBcids (g Kridwdrito tidse skilldd i td Art: 18 Gin&hbelin(eh8 Ve raetants he
overall reactionis H(r)H- +[(4) 2 - 12] -13.6 e
cOrbgi@®e HCI catalystib adiionimititticd siechrasadiiiroan arkalitar atkalirengarths es
HCl or a source of HCI. A source may be NHACI or a
halalei pretecabdy aohloridec h an embodimett, the reactian kidture oomprises a
al kaline earth chloride. The solid acid may be at
sirengsAcidotveh @8 HMBSCaNd avHTE comppdsuchharNadiPOhe véastier of M
is a cation such as an al kali or alkaline earth
theaacidomth toe iegic compRURSLIUCH aa NagsgenieeatemldGhin the aryriRline
skilled in the Art. In an enbodi ment, the reactants
lattice to serve as a hydrino catalyst and H source.

In general, MH type hydrogen catalysts to produce hydrinos provided by the
breakage of the M-H bond plus the ionization of ¢ electrons from the atom M each to
a continuum energy level such that the sum of the bond energy and ionization
energies of the ¢ electrons is approximately m -27.2 ¢V where m is an integer are
given in TABLE 2. Each MH catalyst is given in the first column and the
corresponding M-H bond energy is given in column two. The atom M of the MH
species given in the first column is ionized to provide the net enthalpy of reaction of
m-27.2 eV with the addition of the bond energy in column two. The enthalpy of the
catalyst is given in the eighth column where m is given in the ninth column. The

electrons, that participate in ionization are given with the ionization potential (also

called ionization energy or binding energy). For example, the bond energy of NaH ,



conprise HCl catalyst in an ionic lattice such as HC
in an alkali or alkaline earth halide, preferably a
wahgrisgd. | n an enbodi nent, the reaction m XtROTRUS2008/061455

conprises a strong acid such as HzSO4 and an ionic
compound such as NaCl. The reaction of the acid with
the ionic conpound such NaCl generates HCl in the
crystalline lattice to serve as a hydrino catal yst and
H source. In general, MH type hydrogen catal ysts to

1 peadaic @4 slgiverois cpluomitdedTiwyiohibatidorpetantigief tie Atheldetréh of
bond plus the ionization of t electrons fromthe atom
thd &era lor fod idesihbied by MPeaey ig givee b theARM 1. hBltat idfer sum

of the bond energy and ionization energies of the t

FATBCITE PgORCPH T SR IR B T
. gl ' . [ / [ M H
AP e e PR B SRS RRRAT 1 1

MH species given in the first colum is ionized to
5 IBroVilgét eheamsativesnin Wglsggonsianddhitc Gobimnsf respectipeln\/TRe ney
the addition of the bond energy in columm two. The
epthéippbfrgadion fdreéheclreakagstof the &rA énnd and the deutdgdiohizetidnuoin
where mis given in the ninth colum. The el ectrons,
Nahiat54pael i asighenen the eightti cotrno @nd me= giirveq (&) ashgivenen the
ionization potential (also called ionization energy or
ninthepiume. eirsiitignylly, Hean eseghyitheeachieé thediid merestigy gven NaH
,1.9245 eV [44], is given in colum two. The
TABKE 24e fosn aguddn hayingdasr queRkim Ruinker @dnareased by ek (Gat o

or ion is designated by IPn and is given by the CRC
10 rqfatye tortya oS TBACten AFASLEL of kT Algne au@esndhy SXerpREAEa. (@)
and Na+ + 47.2864 eV(r)Na2+ + e . The first ionization

potential, |IPx= 5.13908 eV, and the second ionization
ti | P2 =47. 2864 , ' j.n th d

TRREECH Pl pp mintooef et vasipe B 8Ridmthites kTR of
reacti.on for %I?e bgpf\fli@g_e of the NaH bon_d and_the

% 6' OéaPBrﬁf('E?elyoW f ' i's 54,35 eV as given in t he

Citals p, oHuE} B e U2 RS UENRR, T TRE
th colum. Additionally, H can react with each of
t he Mol ecul es given in
Energy

AlH 298 5085768 18.82855 27.79 1
BiH 2936  7.2855  16.703 26.92 1
CIH 44703 1296763 23.8136 39.61 80.86 3
CoH 2538  7.88101 17.084 27.50 1
GeH 2728  7.89943 15.93461 26.56 1
InH 2520 578636 18.8703 27.18 1
NaH  1.925 5139076 47.2864 54.35 2
RuH 2311  7.36050 16.76 26.43 1
SbH 2484 860839  16.63 27.72 1

SeH 3.239 9.75239  21.19  30.8204 42.9450 107.95 4
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TABLE 2 to forma hydrino having a quantum nunber p
i ncreased by one (Eq. (1)) relative to the catal yst

wa mag1ad4es1 product of MH al one as given by exemiTars2o@8ye1455
(92). TABLE 2. MH type hydrogen catal ysts capabl e of
providing a net enthal py of reaction of approximtely
m27.2 eV . Catalyst MHPg ipl IP 1P P Enthal py m
Bond Energy AH 98 5.985768 18.82855 27.79 1 BiH 2.936
7.2855 16.703 26.92 1 CIH 4.4703 12.96763 23.8136
39H61 801086 &IStEEH 1934988 7. 88101 17.084 2770 1 GEH

28 99 .9 1 InH 2.520 78636
%8“3870 '7%7. 41178%4%35[\9%%%59%%0%@1 39076 47. 25%11 5435 2
"RuH 2.31 1 7.36050 16 76 26.43 1 SbH Z. 484 8. 60839
16.63 27.72 1 SeH 3.239 9.75239 2 1.19 30.8204 42.9450
107. RotHESehb3difvéttsBf the MiS tyh6 cathly8t the feddanttbnipriés Boufrces
34392 14 6322 30 50260 55 2 1 In other enbodi nents of
of BeHNS#H Sie, amatieti.y Bitembodienenesaobeding theaaralyssMHS thersoarses
of SbH, SiH, SnH, and InH In enbodi nents providing
coimerigeadtdgdassoneiM afrba saucecefHcodH.sectabs btdeest omnef I,
M and a source of H2 and MHXx such as at | east one of
SBIHn, gnd InSsmd aggedreeref Hnding Shblair 8iba,sinHd42nd Inhtd. SbH3,, SiH
, SnH4,and InH . The reaction nmixture may further
conprhesreagtios grixtere redy furthas gomprssa sqsiresfof H and a source of

catalyst wherein the source of at least one of H and catalyst may be a solid acid or
NH4X where X is a halide, preferably Cl to form HCI catalyst. Preferably, the
reaction mixture may comprise at least one of NH.X, a solid acid, NaX, LiX, KX,
NaH, LiH, KH, Na, Li, K, a support, a hydrogen dissociator and H; where Xis a
halide, preferably Cl. The solid acid may be NaHSO,, KHSOQy, LIHSQ4, NaHCO3,
KHCO3, LIHCO3, Na;HPO4, KoHPO,, LioHPO4, NaH2PO,, KH,PO,, and LiH,PO,.
The catalyst may be at least one of NaH, Li, K, and HCI. The reaction mixture may
further comprise at least one of a dissociator and a support.

Other thin-film deposition techniques that are well known in the ART comprise
further embodiments of the Invention. Such embodiments comprise physical spray,
electro-spray, aerosol, electro-arching, Knudsen cell controlled release, dispenser-
cathode injection, plasma-deposition, sputtering, and further coating methods and
systems such as melting a fine dispersion of M, electroplating M, and chemical
deposition of M where MH comprises a catalyst.

In each case of a source of MH comprising an M alloy such as AlH and Al,
respectively, the alloy may be hydrided with a source of H, such as H; gas. H, can
be supplied to the alloy during the reaction, or H> may be supplied to form the alloy

of a desired H content with the H pressure changed during the reaction. In this case,



catal yst wherein the source of at |east one of H and
catal yst may be a solid acid or NH4AX where X is a
wanabs/ca4sipref erably G to form HCl catal yst. PCT/US2008/061455
Preferably, the reaction mxture may conpri se at | east
one of NH4X, a solid acid, NaX, LiX KX NaH LiH KH,
Na, Li, K, a support, a h ogen di ssoci ator and H2
where X is a halide, preferably C. The solid acid may
be NaHSO4, KHSO4, LiHSO4, NaHCO3, KHCO3, Li HCGB,
thia Rifla04; prE@dROMay he 2btRO4eroNTRE BIRY, mésHRPSMivatad by the addition
Li 2PO4. The catal yst may be at | east one of NaH, Li,
o a reetdl sHCH as Fihalkalecr@ikatime edrttroetal. fray MHDatdhsts ardroricss of
at |l east one of a dissociator and a support. O her
MHi the thlrngedeqmsmw kermaistainet! guibs rarigatof atvayt hdlotr ti hfetmi, n
the ART conprise further enbodinents of the Invention.
pseferpblyabedh 18 og te 6%?11 deorp ﬁy:-gqr@lg{y ag(mt §90 Torrto 2 atm. In
el ectro-spray, aerosol, electro-archin Knudsen cel |
5 %%ﬁ"aoﬁ'mntsefhéégwce af '&Vﬂénge@ H%féQ'ﬂétﬂ‘éd'?q%J segh poan alkali or

t it d furth t
Heforetohaebyside Sz ita Frigen {1 ne di spersi on
her B QiR 84 808 o o inekrte Binervoti %'h%?n”fgact'ons to
f NMH :
PREhERR g B bRyt finitbde Rvistae iy
t [
%{J H%Vh%t‘he regc'dtnlg@ﬁamh% (ﬁﬂﬂe bﬁegg&gh}bgﬁgg%n bgef gr mO%/he
all oy of a desired H content tth the H pressure
10 f£hanged L&;,ﬂmg{fah Jﬁadzeomﬂrﬂ@yJufpaz? gase.d e (nzm)tl al
H2 pressure ma about zer he all oy nmay be
activated by the addition of a netal such as an al kal i
or ab}ga[kizgeﬁga;[tgglngﬁﬁley For MH catal ysts and (ggyrces

of MH, the hydr n gas may be nmintained in the range

of %bout reTo Ortlo 100 atm preferably about 100 Torr
Ang. 16 O%t' r"f‘S é'f)referably about 500 Torrto 2 atm In

ot her errbodl s, the source of hydrogen is froma
hydr i u,c}l] al kahs gop al kaline earth neygd
hydr i al ﬂgzl)tl o% nmetal hydri de. R

In another embodiment, the reaction are given by

15 544eV+2H[a, |+ H|a, |20, +2¢ +H[ }+[(3) ~1’1-13.6 eV (144)

Ja

)
2H' +2e —>2H[a, |+544 eV (145)

And, the overall reaction is
H[a,]- 1{{(3)}[(3)2 ~1]-13.6 eV (146)

In an embodiment, the material that provides H atoms in high density is R-Ni.
20 The atomic H may be from at least one of the decomposition of H within R-Ni and the

dissociation of H, from an H. source such as H; gas supplied to the cell. R-Ni may



Atom c hydrogen in high density can undergo
t hr ee-body-col lision reactions to form hydrinos
wonves/ed4msione H at om undergoes the transiti on tRCTIES2008/061455

states given by Eq. (1) when two additional H atons
ionize. The reaction are given by 27.21 ev+t2H a H +H a
H (r)2H++2e +H +[ (2f - \/]1-3I 3.6 eV (141) (2) 2H++2e-
(r)2H a H +27. 21 eV (142) And, the overall reaction is
+[(2)2 - 12] 13.6 e (143) In another enbodi nent, the
be egartaedomtheamealigalivoe alkblineSérth netal MHoankingde[tbe pfo@udtidiibf +
ast +2e +H (3) -J+ [(3)2 - 12] -13.6 (144) And, the
layeesr cflatomie Hdo causeitke ¢atalysis. +RINf @)n be feggnerate@ b ewdpo(ating)
(3) I'n an enbodi nent, the material that provides H
the watel Miollowgeh byl eddilianyof ngdrrgey to rafiydrigg BRIReNH may be
fromat | east one of the deconposition of Hwthin
R-Ni and the dissociation of H2 froman H2 source such
as H2 gas supplied to the cell. R NI maybe reacted

al kali or alkaline earth netal Mto enhance
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EXPERIMENTAL
Equation numbers, section numbers, and reference numbers given hereafter in this
Experimental section refer to those given in this Experimental section of the
Disclosure.
20
Abstract

The data from a broad spectrum of investigational techniques strongly and
consistently indicates that hydrogen can exist in lower-energy states than previously
thought possible. The predicted reaction involves a resonant, nonradiative energy

25 transfer from otherwise stable atomic hydrogen to a catalyst capable of accepting
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ahdn@ihydrido andiecurk |H2|(1’1/01\M’Vvd3élfe%t$tu%fng RRhemicallyetErated! dakiysis
Rydberg equation for hydrogen excited

reactants.

First, Li catalyst was tested. Li and LiNH, were used as a source of atomic

lithium and hydrogen atoms. Using water-flow, batch calorimetry, the measured

power from 1g Li, 0.5g LiNH,, 10g LiBr, and 15g Pd/ Al,O, was about 160W with
an energy balance of AH =-19.1 kJ. The observed energy balance was 4.4 times
the maximum theoretical based on known chemistry. Next, Raney nickel (R-Ni)
served as a dissociator when the power reaction mixture was used in chemical
synthesis wherein LiBr acted as a getter of the catalysis product H(1/4) to form
LiH *X as well astotrap H,(1/4) in the crystal. The ToF-SIMs showed LiH * X
peaks. The 'H MAS NMR LiH * Br and LiH *1 showed a large distinct upfield

resonance at about —2.5 ppm that matched H™(1/4) ina LiX matrix. An NMR peak
at 1.13 ppm matched interstitial £,(1/4), and the rotation frequency of H,(1/4) of

4* times that of ordinary H, was observed at 1989 c¢m™" in the FTIR spectrum. The
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equal to an integer nultiple mof the potential energy
of atom c hydrogen, 27.2 eV (e.g. n 3 for Li and m 2
for NaH ) . Specific predigti ons based on cl osed-form
equations for energy |evels of the corresponding
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spectrum TheXPS spectrumrecorded on the LiH * Br
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em%n%hbg'em@nwatawa@p fi@ie (G %Wt@ﬂ@ﬁﬁﬁthﬁé@%m %Hut
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r [ r
ogs ¥ elrt1 th% tEmS&rS??e %Se OP&O °C to 825°C. To achieve high power, R-Ni

15
having a surface area of about 100 m” / g was surface-coated with NeOH and
reacted with Na metal to form NaH . Using water-flow, batch calorimetry, the
measured power from 15g of R-Ni was about 0.5 kW with an energy balance of
AH =-36 kJ compared to AH =0 kJ from the R-Ni starting material, R-NiAl alioy,

20 when reacted with Na metal. The observed energy balance of the NaH reaction
was ~1.6X10* kJ / mole H,, over 66 times the —241.8 kJ / mole H, enthalpy of
combustion.

The ToF-SIMs showed sodium hydrino hydride, NaH _ , peaks. The 'H MAS

NMR spectra of NaH * Br and NaH * Cl showed large distinct upfield resonance at
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states. The ~ (I / 4) NWR peak was observed at -3.97
ppm and the H (I / 3) peak was

I._Introduction
15 Mills [1-12] solved the structure of the bound electron using classical laws and
subsequently developed a unification theory based on those laws called the Grand
Unified Theory of Classical Physics (GUTCP) with results that match observations
for the basic phenamena of physics and chemistry from the scale of the quarks to
cosmos. This paper is the first in a series of two that covers two specific predictions
20 of GUTCP involving the existence of lower-energy states of the hydrogen atom,
which represents a powerful new energy source and the transitions of atomic
hydrogen to lower-energy states [2].
GUTCP predicts a reaction involving a resonant, nonradiative energy transfer

from otherwise stable atomic hydrogen to a catalyst capable of accepting the energy



al so present at -3.15 ppm The corresponding H2(l /4)
and H2(l / 3) peaks were observed at 1.15 ppmand 1.7
wopns/14edpect i vel y. The XPS spectrum recor ded raT/i$2bhsi061455
Br showed the H (I / 4) peaks at about 9.5 eV and 12.3
eV that matched the results fromLiH* Br and KH * | ;
wher eas, sodi um hydrino hydride showed two fractional
hydrogen states additionally having the H (I / 3) XPS

peak at 6 eV in the absence of a halide peak. The
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transit of atom c rogen ower - energy s

albfdad Spbbifdm B iffistdatioRal rtéacﬂﬁhhég%t}oﬂ&@ |aHJj E&s%térﬂ? QE;?;%H’the

nonradi ati ve energy transter from Otherw se s

eﬁ%@ﬁé&ofhﬂé@@ QeSS dfePhycAhél St maRRRIPO RO Tand Bfeeddtre §shnting

energyto form hydrogen in |ower-energy states than

10 dRERME MeRkiled baeg ahy@apshdibsuesSee df @sk Yriortroate@Ish kst
is H(I/ p) , fractional Rydberg states of atomc

stipparidgete pdeibitityof @ novel reaction of. atemit hpdrodeh! wihith @Foduces
i nteger) replaces the well known paraneter 2 3 4 p n=
hydrogagen fractionhleyuRytdnestateethabadre ahloiver ereyglethem thextcditiedal
states. He+ , Ar+, Sr + , Li ,
"ground" (n=1) state, include extreme ultraviolet (EUV) spectroscopy, characteristic
emission from catalysts and the hydride ion products, lower-energy hydrogen
15 emission, chemically-formed plasmas, Balmer « line broadening, population
inversion of H lines, elevated electron temperature, anomalous plasma afterglow
duration, power generation, and analysis of novel chemical compounds [13-40].
Recently, there has been the announcement of some unexpected
astrophysical results that support the existence of hydrinos. In 1995, Mills
20 published the GUTCP prediction [41] that the expansion of the universe was
accelerating from the same equations that correctly predicted the mass of the top
quark before it was measured. To the astonishment of cosmologists, this was

confirmed by 2000. Mills made another prediction about the nature of dark matter

based on GUTCP that may be close to being confirmed. Based on recent evidence,
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K, and NaH are predicted to serve as catal ysts since
they neet the catalyst criterion-a chem cal or
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integer multiple of the potential energy of atom c
hydrogen, 27.2 eV . The data froma broad spectrum of

i nvestigational techniquggystrongly and consistently
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quark before it was neasured. To the astoni shnent of
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anot her prediction about the nature of dark matter

diingulstaa foil&Rinbilyatolemyar bedrogasia thad it endt Gacandtiall B d.
Based on recent evidence, Bournaud et al. [42-43]
teadiiges methats, sleh las pmissien of SOHipds.ofesse iresulie nakeh the
nol ecul ar form that sonmehow behaves differently in
fHredictonebf the dark mattebsaing/dibydsine xetgetleby it s
gravitational effects. Theoretical nodels predict that
dwarHngssiary lings recotsied oo Icpidditeristellarde@iphsscantainieg darly enatter
gal axi es should be free of nonbaryonic dark matter.
mgtghed HE] ¢ p), fractional Rydberg states of atomic hydrogen given by Egs. (2a)

and (2c) [29]. Such emission lines with energies of ¢-13.6 ¢V, where
q=1,2,3,4,6,7,8,9, or 11 were also observed by extreme ultraviolet (EUV)
spectroscopy recorded on microwave discharges of helium with 2% hydrogen [27-

29]. These He™ fulfills the catalyst criterion—a chemical or physical process with an

enthalpy change equal to an integer multiple of 27.2 ¢V since it ionizes at 54.417 eV,
which is 2-27.2 eV . The product of the catalysis reaction of He", H(1/3), may
further serve as a catalyst to lead to transitions to other states H(1/p).

J. R. Rydberg showed that all of the spectral lines of atomic hydrogen were

given by a completely empirical relationship:
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gravity should tally with the stars and gas within
them By anal yzing the observed gas kinematics of such

wa mog/cddesi gal axi es, Bournaud et al. [42-43] hana/US2008/061455

nmeasured the gravitational masses of a series of dwarf
galaxies lying in a ring around a massi ve gal axy that
has recently experiencedgszcollision. Contrary to the
predi ctions of Col d-Dark-Matter (CDM theories, their
results denonstrate that they contain a massive dark
conmponept; anounting to about twice the visible matter.
Thist§E niT| dark matter is argued to be cold (1)

mol ecul ar’ hydrogen, but it is distinguished from

ordi nary nol ecul ar hydrogen in that it is not traced
whereaR + 146 caedi tj ©haB. et hddd, . ene ‘ag, -BdhssSahrodifgecO
lines. These results match the predictions of the dark
anchHeieendee, egcriddvgidpédia tHephyefeiudtersic hiztilogen that gdveeise energy
recorded on cold interstellar regions containing dark
lenelt ireagresbertt @ith Rydberd's pyuatiofi.r act i onal Rydberg st ates

of atom c hydrogen given by Eqs. (2a) and (2c) [29].
Such_em sskon | i n&sswvt h energies of q 13.6 eV _, where
q =lif2;38ﬁagi778,gf or 11 were al so observed

extreme ultraviolet (EUV) spectroscopy recorded on

m crowaye di scharges of heliumwth Zthydroge&b;27-
29] . €S€ He+ fulfills the catalyst criterion-a
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given by a conpletely enpirica ation ere R =
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Bohr, Schr di nger, and Hei senberg, each developed a

sthie§ ORdwdVeF, aAteRiEtren BHitRE SN tRaGrdlifd Statd B a96RErBheldS\LRItS
in agreement with Rydberg' s equati on.

may be possible by a resonant nonradiative energy transfer such as multipole

coupling or a resonant collision mechanism. Processes such as hydrogen molecular
bond formation that occur without photons and that require collisions are common
[44]. Also, some commercial phosphors are based on resonant nonradiative energy
transfer involving multipole coupling [45].

The theory reported previously [1, 13-40] predicts that atomic hydrogen may
undergo a catalytic reaction with certain atoms, excimers, ions, and diatomic
hydrides which provide a reaction with a net enthalpy of an integer multiple of the

potential energy of atomic hydrogen, E, =27.2 ¢V where E, is one Hartree. Specific

species (e.g. He*, Ar™, Sr”, K, Li, HCI, and NaH ) identifiable on the basis of

their known electron energy levels are required to be present with atomic hydrogen



13.598 eV (2a) n 8 e a " =1,2,3,... (2b) where e is
the el enmentary charge, e is the permttivity of
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excited energy states of atom c hydrogen are given by
Eq. (2a) for n >1in Eq. (2b). The n - 1 state is the
"ground" state for "pure"jgghoton transitions (i.e. the
n = 1 state can absorb a photon and go to an excited
el ectronic state, but it cannot rel ease a photon and
teyentalyzeghe BiREesse ride geacirribvelvas anavadiative eppraw transferan
electron transition fromthe ground state to a _
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where Eh Ls one Hartree, Specific species, (e.qg., He
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10 n€NeHL oK poEsns liara foptdaries eletgitrdndi. ML BicaRlyBMprEvidés a
13.6 eV transfer to Hto formextraordinarily hot,
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nonradiative energy transfer from hydrogen atoms and releases the energy to the
surroundings to affect electronic transitions to fractional quantum energy levels). As
a consequence of the nonradiative energy transfer, the hydrogen atom becomes
15 unstable and emits further energy until it achieves a lower-energy nonradiative state

having a principal energy level given by Eqs. (2a) and (2c).

The catalyst product, H(1/ p), may also react with an electron to form a novel
hydride ion H~(1/p) with a binding energy E, [1, 13-14, 18, 30]:

2 242 2
As(s+1) _ mueh L_}_ 2 (3)

2[1+,/s(s+1)}2 m; ay a3l:1+,/s(s+1):|3
p P

E,=

8u,a, 0

20 where p=integer>1, s=1/2, h is Planck's constant bar, u, is the permeability of

vacuum, m, is the mass of the electron, p, is the reduced electron mass given by



t han unreacted atom c hydrogen that corresponds to a
fractional principal quantum nunber. That is n =1, -

WQ 2008/134451, - ; < 137 is an integer (2c) 2 3 4 PaTyN20e8881455
the well known paraneter n= integer in the Rydberg
equation for hydrogen 1 excited states. The n - 1
state of hydrogen and thei4 = - states of hydrogen
i nteger are nonradi ative, but a transition between two
nonradi ati ve states, say n = 1ton=1 2, is

ossinbt.e v 2 t] £, energ tra Thus
Raver M’%‘fve.'aze e s ERORTL B HRTRYT Sty v
of 272 eV (i.e. |t resonantly accepts the

nonygdi ati ve ener gy transfer from hydrogen atons and
rel eases the energy to the surroundings to affect

el ectronic tf nS| tions to fractional quantum energy
ibrieeadisp is As —a|leaféerl) enEemoEq. (Blethecalcaldiedtioniztiomenagy of
transfer, the hydrogen at om becones unstable and enits
further energg%lunt it achi eves a | ower-ener

R iy 8 TS5l - Al PR GBI YRL Ve Seer PB4 i
iven b qu _?2a) and (2c). The catalyst product, H(U
29946 ¥ée \)mth an electron to forma novel

5 %drlﬁgf%i%gh'@&h R pebis 25t b q'rﬁ?t?gﬁg@ oi?hne%x?%enceﬁ foiger-

Pl t b

D5 te%d"”gi’en?vﬂ gt ediie B e i o drbe fapand

d d b . i h
LY EE eSS b Srniele Hidn g B R %28?@?8"@%@ fre
+ Eq. 3),
spffbriod B vl son rhrand aiPlgfotint s o hE ReFbnele?
state [1, 15]:

2
10 a8 __ ¢ =—(29.9+1.37p)ppm @)

B 12mea0(1+ JM)(IW?’@)

where for H p=0 and p = integer > 1 for H (1/p) and « is the fine structure

constant.

H(1/ p) may react with a proton and two H(1/p) may react to form

H,(1/p)" and H,(1/ p), respectively. The hydrogen molecular ion and molecular

15 charge and current density functions, bond distances, and energies were solved
previously [1, 6] from the Laplacian in ellipsoidal coordinates with the constraint of

nonradiation.

i ° R0

m-9) 59§(R§ 5) «¢- é)R,,—(R &n)+(§—n)R; o ;ac )

The total energy E, of the hydrogen molecular ion having a central field of +pe at

20 each focus of the prolate spheroid molecular orbital is



10

15

the hydride ion is 0.75418 eV , and the experinental
val ue given by Lykke [46] is 6082.99 + 0.15 cm 1

wo Dog418 eV). Upfield-shifted NVR peaks are aivs208/061455

evi dence of the existence of |owerenergy state
hydrogen with a reduced radius relative to ordinary
hydride i on and havi ng amggncrease in di amagnetic
shielding of the proton. The shift is given by the sum
of that of ordinary hydride ion H and a conponent due
to the | ower -energy stat — +-(29.9 +131p ) ppm
(4) ere for Hp =0 and > 1 far H{\ | p)
_gtids the fine structung, t.| H\ It p) may
react |wiéh élgiﬂ f (\ nl, p) na% keact @ form
H2[ XI | @)z zand {Nﬁ? B8pectiyely. ydr ogen
ol ec l'ar’ i on and nol ecul ar charge a d current density
f uhcr 10392 pond Y1818 r¥es, and energies were sol ved
previously [ 1 6] fron1the Lapl acian in ellipsoida
wheee diinan egar thistihresneen of light intvagiunm gn isditie saduers nuclegr )
(G , )" - )- o (5 The total energy E7. of the
nhaasdr @rgleh intbe bemianic foroa chrastam goleedpravioadly hiasdlabedforrpe
at each focus of the prolate spheroid nol ecul ar
eguationayithifgndamentbbcag o amy-[16]OThe kid easrgwhtthe hpdrpgenan
integer, c is the speed of light in vacuum mis the
meenyectving @l esatralifigldfl +an @t Raghdogusedf hernigatespherpide
constant solved previously in a closed-form equation
mdledular oridtalient al constants only [1, 6]. The tota
energy of the hydrogen nol ecule having a central field

of +pg at each focus of the prollate nol ecul ar
orbital is
E,.=-p’
! J_ Y241 1, [k
= 211 ——p =
Snga%[(zf TR A s N1 IO L

=-p’31.351 eV — p0.326469 eV

(7

The bond dissociation energy, E,,, of hydrogen molecule H,(1/ p) is the

difference between the total energy of the corresponding hydrogen atoms and E,

E,=EQH(l/p)-E,; (8)
where [47]
EQH(1/p))=-p*27.20 eV 9)

E, is given by Egs. (8-9) and (7):

E,=-p2720 eV—E,
=-p?27.20 eV —(-p?31.351 eV — p°0.326469 eV ) (10)
= p*4.151 eV + p>0.326469 eV



5

=- 231.351 V- / 30.326469 eV (7) The bond di ssoci ation
energy, ED, of hydrogen nolecule H2 M) is the
waliohs/exdesice bet ween the total energy of the  PCT/US2008/061455
correspondi ng hydrogen atons and Et ED E(2HI/p))-E T
(8) where [47] E(2H(! /p)) =- p227.20 eV (9) EDis
given by Eqgs. (8-9) and (44y: ED=- p227.20 eV-E T =-
p221.20 eV -(-p 231.351 eV - /0.326469 eV) (10) =
p24.151 + / 30.326469The cal cul ated and experi nent al
Tparcalnveied and expapimen@pparamgtens of FnoD,DZ.T, modnIReffom Ref. [16]
are given in TABLE 3. TABLE 3. The Maxwel | i an
6¢ aregiebnfioFABIEAB.cul at ed and experinental paraneters of
H2 , D2, H2 + and D2 . Paraneter Cal cul ated
Experimental H2 Bond Energy 4.478 eV 4.478 eV D2 Bond
Energy 4.556 eV 4.556 eV H2 + Bond Energy 2.654 eV
TABEE B. d\re MaxweBainelosaddpryy caicubaied and expgdmertel parameters of

H,, D,, H, and D, .

Parameter Calculated Experimental
H, Bond Energy 4478 eV 4478 eV
D, Bond Energy 4.556 eV 4.556 eV
H," Bond Energy 2.654 eV 2.651 eV
D; Bond Energy 2.696 eV 2.691eV
H, Total Energy 31.677 eV 31.675eV
D, Total Energy 31.760 eV 31.760 eV
H, lonization Energy 15.425 eV 15.426 eV
D, lonization Energy 15.463 eV 15.466 eV
;" lonization Energy 16.253 eV 16.250 eV
D; lonization Energy 16.299 eV 16.294 eV
H," Magnetic Moment 9274 X107 Jr™ 9274 X107 JT”!
() (4)
Absolute H, Gas-Phase -28.0 ppm -28.0 ppm
NMR Shift
H, Internuclear Distance® 0748 A 0.741A
V2a,
D, Internuclear Distance® 0.748 A 0.741 A
e,
H, Internuclear Distance 1.058 A 1.06 A

2a,
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H2 Total Energy 31.677 eV 31.675 eV D2 Tot al

1.760 eV 31. 760 eV H2 loni zation Energy 15.425 eV
walogipa4aV D2 | oni zation Energy 15.463 eV 15. 468/€82004061455

+ loni zation Energy 16.253 eV 16.250 eV D2 | onization

Energy 16.299 eV 16.294 eV H2 Magnetic Mnent 9.274

XIO 24 JT 9.274 XI O 24 | 14g1 Absol ute H2 Gas- Phase

-28.0 ppm-28.0 ppm NVR Shift 0.748 A 0.741 A H2

| nternucl ear Distance 0.748 A 0.741 A D2 | nternucl ear

D) Isbranee Didnct? | nt er nucl eaf *Bist ance 1. B%ESA 1.06 A

2aD2 | ntenucl ear Di st ance

Energy 3

3,058 A 1 0559 A 2ao0 H2

Vi brational Energy 0 517 eV°0 516 eV D2 Vi brati onal

ENGF@dhalknddyl eV 0 371 eV dfa7& 120 4 cmshedel 33 cm 1l
D2 wexe 60 93 cm1 6 1 82 cm 1

D, Vibrational Energy
H, oz,
D, w,x,
H, Vibrational Energy
D2+ Vibrational Energy

H, J=1to J=0 Rotational Energya

D, J=1to J=0 Rotational Energyal

H," J=1 to J=0 Rotational Energy

D} J=1to J=0 Rotational Energy®

0.371eV

1204 cm”™

60.93 cm™

0.270 eV

0.193 eV

0.0148 eV

0.00741 eV

0.00740 eV

0.00370 eV

0.371eV

12133 cm™

61.82 cm™

0.271 eV

0.196 eV

0.01509 eV

0.00755 eV

0.00739 eV

0.003723 eV

@ Not corrected for the slight reduction in internuclear distance due to l_?m.

The 'H NMR resonance of H,(1/ p) is predicted to be upfield from that of H,

due to the fractional radius in elliptic coordinates [1, 6] wherein the electrons are

significantly closer to the nuclei. The predicted shift, % for H,(1/ p) derived

previously [1, 6] is given by the sum of that of H, and a term that depends on

p =integer > 1 for H,(1/ p):

AB. . V2 +1
7 - ,uo[4 ‘Elnﬁ—l

% = —(28.01+0.64 p)ppm

where for H, p=0.

2

[4
— (l+n
]36%%( op)

(11)

(12)
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wa nodsdRot at i onal

H2 Vi brational Energy 0 270 eV 0 271 eV D2 +
Vi brational Energy 0 193 eV 0 196 eV 0 0148 eV H2 J=1

eV D2 J=1 to J=0O Rotational Energy H2 + J=1 to J=0

Rot ati onal Energy 0 00740 eV 0 00739 eV 0 00370 eV D2
J=1 to J=0O Rotational Engugy 0 003723 eV Not corrected
for the slight reduction in internucl ear distance due
to E The 1H NVR resonance of H2(I1/ p) is predicted to
be upeivdIrionAlanetdies: Fof fquthedue Otte whbtransitoniobRylrogen-
radius in elliptic coordinates [1, 6] wherein the

e ardigaules Fy(e miagait Btantly cl oser to the nuclei. The
predicted shift, - , for H2(1//?) derived B previously
1, 6f, |:sp2915}5©¢512£w the sum of that of H2 and a t@;m
that depends on p =integer >1 for H (I / p) =

whéré8y YlaritiRteG4arRNRR éﬂp%}lmgnmrgtlgn%reﬂdggﬁoﬁhg v T@% v=1

Vi bratlonal energies, Ev, for the u =

Ifion of hydr I ) are [1,
vAEAGRL 01 1 AR XA IRL 885 H%ééé4@and the
experl nment al vi brational energ for the u = u

t r andePIBlieet engsaies, R.ulerthg o —tﬂ?)f +1 F%”%}!OO é’ﬁhWOQS-‘@dYFPeer
[48] and Herzberg [49]. The rotational energies, EO, ,
motgculendl (1 /tpo ate [, @] transition of hydrogen-type

2
E,=E,  -E, =h7[J+1]:p2(J+1)0.01509 eV (14)
where p is an integer, I is the moment of inertia, and the experimental rotational
energy forthe J =0 to J =1 transition of H, is given by Atkins [50].

The p*> dependence of the rotational energies results from an inverse p

dependence of the internuclear distance and the corresponding impact on the

moment of inertia 7. The predicted internuclear distance 2¢' for H,(1/p) is

M (15)

P

2¢’ =

The formation of new states of hydrogen is very energetic. A new chemically
generated or assisted plasma source based on the resonant energy transfer
mechanism (rt-plasma) has been developed that may be a new power source. One
such source operates by incandescently heating a hydrogen dissociator and a
catalyst to provide atomic hydrogen and gaseous catalyst, respectively, such that the
catalyst reacts with the atomic hydrogen to produce a plasma. It was extraordinary
that intense EUV emission was observed by Mills et al. [13-21, 38-39] at low

temperatures (e.g. = 10° K ), as well as an extraordinary low field strength of about 1-

Energy 0 01509 eV 0 00741 e TOUS200AB1455
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nolecules H2 (I //?) are [ 1, 6] Ent =E - EJ J[J +
] p2(J + 1)0.01509 eV (14) where pis an integer, / is

wa ves/mamsnt of inertia, and the experinental rRUTAUIS2008A161455

energy for the J = 0toJ =1 transition of H2 is
given by Atkins [50]. The p2 dependence of the
rotational energies resulisp froman inverse p
dependence of the internuclear distance and the
correspondi ng i npact on the nonent of inertia / . The
2flem iff@ﬂ‘eﬁjomﬁgwrm%ﬂ 2 ceftpitaigrnisedelemerip oFpgriainy ggspoyss
2c' - (15) P The formati on of new states of hydrogen
ipng, WRIFY sipgly py@yitiely iRizeahintagenineliries ofien epteniia eperay of
assi sted plasma source based on the resonant energy
alt%ﬁg?(‘g?geﬁb%%ﬁ}/sm (rt-plasma) has been devel oped t hat
may be a .new power source. One such source operates by

| neahdadt e RIOVISeRaracH Wthg BregiininYieguRlds Hyes imering

ot vaere) PLaRBI RS L fh Phass Praowr Bryd: A
B8 rPsdole o RP R dastb ey SPER ubP iRl GesPoRe AR T et B
abeeergRnSuion EBViehyssiti il s Bbudiy InRAL Gl S5

pﬁbﬁl?tfbglt Ia)tﬁ)ér n@p%gélyé%h%ta\{é %fagg\z% ?Fo.‘am:éﬁ rﬂy SN nSi@rﬂﬁ’cant

certaln atom z ements or aln gaseous 1on

Iiﬁ?hr{éﬁ%&r{g&g%‘ﬁe?%@%l }xi ;/Xr&# 92&\536 ofalts émgsggr{sermgtl:}t E%i%i.%n}(

ener om ¢ hydr ogen,

oo eI R BRSSPt s PR g

nti1 a
d | ' o1 3g ag
N PSSt g i
of HBRERL WoulirSRAG A RErgBYIFR8RA. HREBRG of Doppler broadening is

the relative thermal motion of the emitter with respect to the observer. Line
broadening is a measure of the atom temperature, and a significant increase was
expected and observed for catalysts, K as well as Sr* or Ar™ [13-21, 38-39], with
hydrogen. The observation of a high hydrogen temperature with no conventional
explanation would indicate that an rt-plasma must have a source of free energy. An
energetic chemical reaction was further implicated since it was found that the
broadening is time dependent [13-14, 20]. Therefore, the thermal power balance
was measured calorimetrically. The reaction was exothermic since excess power of
20 mW -cm™ was measured by Calvet calorimetry [20]. In further experiments,
KNO, and Raney nickel were used as a source of K catalyst and atomic hydrogen,
respectively, to produce the corresponding exothermic reaction. The energy balance

was AH = —17,925 kcal | mole KNO,, about 300 times that expected for the most

energetic known chemistry of KNO,, and —3585 kcal / mole H,, over 60 times the
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an rt-plasma having strong EUV emssion with a
stationary inverted Lyman popul ati on. O her

womngat4adlyst nmetal s such as My produced no pl @ImaUS2008/061455

Significant |ine broadening of the Balmer a , b, and
lines of 18 eV was observed. Em ssion fromrt-plasnas
occurred even when the elgggtric field applied to the
pl asma was zero. Since a conventional discharge power
source was not present, the formation of a plasna
hyerihelicaldpriimEm gAthalRy P@eﬂ &hepld mele iFh rilue Theonahustiemofof
Doppl er broadening is the relative thermal notion of
WW@Q%MV'EH AMogpheric PrgIsBcISSHBINg e BB BHRGIoSSiPlend inventory
broadening is a nmeasure of the atomtenperature, and a
i gﬁmr@aﬁqubﬁaewswéema@f n perrgelis cainlytio Reashiorea or
cat al ysts, as well as Sr + or Ar [13-21, 38- 3@]
pWVHH'S'My%HOG@%H3 hé48bs¥ryRinveivinge r QSWPQWPW‘?WH@Q il
tenperature with no conventional explanation would
bENFRE SYEOHNAIORF 3P4 KplRdSHhVeRSEPIR 0! BYdideiens a0 fr ee
ene % An energ{etl chem cal reaction was further
A 445 PR BL (L4 4)wigsPactivRlY hptecteRic BiSseBMERg i s

tlma depencjent [13-14, 20]. Therefore, the thermnal
opgRRetd o &n ctbatgenTinmesdte egorant a?ﬁrﬁ%?tr\f@@&?'lgy tra'ﬁfér °f
reactl n was ex&é herm c since excess power
Scth? SaEOomEATF Bydrpgencq &, diat E%[Y%*?%PW'C[GS(YFWY% Fom Eq.
further experinments and Raney ni ckel were used
(Rsthg bingingcaergy 4 L&t Qi/ggé and atom ¢ hydrogen,
respectively, to produce t he correspondi ng exot herm c
r eacki DH:237KK (dneT §9-3B4ance was DH -17, 925 kEQ) |
nol e KNO3, about 300 tinmes that expected for the nost
energetrreduchitvride ipani t/d) wes okgaryed by gBgKosceny at
nol e H2, over 60 tines thehypothetical maxi num
1 Enrh apTpssPendingtp. itg prechidtedhipinding-pnedgieoft1d - 2c)nlds!di h2%30-

drogen with at m)spherl c oxygen, assum ng the maxi mum
Ex%s@ﬁ idestifigatiomgfeHt (brdy Wasgpnfirmgd Previorgly by tsstRnt i al
evi dence of an energetic catalytic reaction was
nMeesyEBast of ity bipding eaerpy.3TMesXPS gpepumad K31 1 fifierer fromghat
resonant energy transfer between hydrogen atons and K

of &7 Py Pﬁ’f'%?ciﬂ'twa'ﬁﬁwrﬁé@b? 918 AN d8-8 Wntbatignot correspond to

any other primary element peaks but did match the H™(1/4) E, =11.2 eV hydride

ion (Eq. (3)) in two different chemical environments. The 'H MAS NMR spectrum of
novel compound KH * Cl relative to external tetramethylsilane (TMS) showed a large
distinct upfield resonance at —4.4 ppm corresponding to an absolute resonance shift
of —35.9 ppm that matched the theoretical prediction of p =4 [13-15, 25-26, 30-31].
Elemental analysis identified [13-15, 25-26, 30-31] these compounds as only
containing the alkaline metal, halogen, and hydrogen, and no known hydride
compound of this composition could be found in the literature that had an upfield-

shifted hydride NMR peak. Ordinary alkali hydrides alone or mixed with alkali
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nol ecul es H~(1/4) and H2(I/ 4), respectively.
Characteristic em ssion was observed from K + that

wang/1xmead t he resonant nonradi ati ve energy t rrasisenosof61455

3 - 27.2 eV fromatom c hydrogen to K that served as a
predicted catalyst. From Eq. (3), the binding energy
EB of (1/4) is EB = 11.2322eV ( Int = 110.38 nm) (16)
The product hydride ion (1/4) was observed by EW
{)ectrosco\@/ at 110 nm corres%ondiagg to its predicted
hgidtaisheg an as)dé?'ﬁadlp%ﬁké{ﬁ%% 6 43116Fr°3fothe§?fatu"?h@e
identification_of s confirmed previously
LT v A E 3?%8@'6&%&6@&*@&@?@9 N gedkpaghs
spectrumof KH* 1 differed fromthat of Kl havi ng
il 1o fRterpi b (hissvastonpITBes Py dheiamonee ehihe MiensaPes not
correspond to any ot her PI‘I mary el ement peaks but did
chapetristip infrared VQbI?tlB“ bapd at RQ3 gn euaripdhe sebstitgton Eoff™ {08) )
in two different chem cal environments. The 1H MAS NWVR
& pBckciUfilof novel conpound KH* d relative to external
tetranet hél silane (TMS)_showed a | ar ge di sti nct

upf 48 }ifurBepharacterigtion A UR Gpaveis Pt BE )& taisiys vith An(l/4)
absol ute resonance shift of -35.9 mth_at mat ched t he
wep geffamed and piesslitiat fidh 9haynga @re[dmsgidlrstatlm ORRraBgiven by
El enental analysis identified [13-15, 25-26, 30-31]
Eahd 4 bwasorhssyee s Rattienal Ynesyrar %P?ﬁeﬁ\@dtﬂﬁf@”%sﬁi §-id invibeal |
hal ogen, and hydrogen, and no known hydri de conpound

169-30ha f%?pré@?@ "&ﬂ?pﬁ%ﬂﬁ’l RIessHrer erv@nibRaPISECEdt er at ur e
that had an upfieldshifted hydri de NVR peak., O dinar
aéﬂoR—rth’H%Pr PlaRreasy| BreinBrecasoias aliefdy SQP%Q Pkl timpsdhalifbw

nySraSen sl ane iretieieer P v ATR Ot Ft BPITeR) b
2078 e G I8 gy Ta%fﬁlrﬂawawtﬁ?reﬁar%ﬁ%géé{é?aérﬁ?
CoSsgOA I I E=tF REP QBB TR PLRER Mhe BB Th K
varSa'ti!)l]léI state. This was due to the high rotational energy (10 times the thermal
energy), the short lifetime of the rotational excited states, and the low cross section
for electron-beam rotational excitation; whereas, the vibrational dipole excitation was
allowed. Thus, only the v =1, J =0 state was populated significantly from e-beam
excitation, and transitions occurred with AJ >0 during the v=1 to v =0 transition.
KH*Cl having H (1/4) by NMR was incident to the 12.5 keV electron beam, which
excited similar emission of interstitial H,(1/4) as observed in the argon—hydrogen
plasma [13-14]. Specifically, H,(1/4) trapped in the lattice of KH * CI was
investigated by windowless EUV spectroscopy on electron-beam excitation of the
crystals using the 12.5 keV electron gun at pressures below which any gas could

produce detectable emission (<10~ Torr). The rotational energy of H,(1/4) was
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As a further characterization, FTIR analysis of KH* |
crystals with H(l1/4) was perforned and interstitial

waHd134ys51thavi ng a predicted rotati onal energy RETVIES20E8/061455

Eq. (14) was observed. Rotational |ines were observed
previously [13-14] in the 145-300 nmregion from

at nospheric pressure el egsgon beam excited

ar gon- hydrogen plasmas. The unprecedented ener gy

spacing of 42 tinmes that of drogen established the
cp F’@Pﬁ’\glé h@d?“ﬂ’i‘%‘ﬁé’ﬁd‘@”agh‘ﬁeﬁ Lﬁtétco'&fffmﬁéth&rﬂﬂe‘{"a@nt i fied

13-1 hesectrum asymmetric
ohEat e o Biefasnas e Tod Sreeasi b - oo raction
st at es the exited u

nBASS B Sy BREH SirBP g esfing g%b°’l?@é‘"¥%*‘altdﬂré("ﬁf‘§ﬂp“'at'°"
e!’(cg s%§/é ?ﬁ‘%{:\%ﬁaﬂé (rﬁjpgl r}%?aqsetléﬂ qrgé\; aqanésd cgera?t% istic an(&h-
|(}nre¢‘n|% C¥K &feQ§§ glg Sp%]? %{8& nlg\{e? delLy |IF§§’M5}15 ﬁt%ea%ﬂ?eg?ent

exci |ona dipo excl I on

of'& oﬁerlbgwgia IQpﬁvenﬁ aY cfié?ﬁstH/ [T% ]mﬂat maqge%tp?ed’@@ns for a

popul ated sig I cant rome- excl tation,

chtaiSiehEtRAD! Qféﬁ#(f Iﬁﬁﬁjog‘é’htt@foﬁa n?or@stgHIE'h &loter]@ns‘del&ghé’ted 0
transition. A" having H ( MR was 1 nci dent

Ao/bhesihée ﬁﬁelé%Mpgrlls%ﬁtof ﬁ@o@%%x%ﬁ@?in@ﬂta‘?éﬁérbl@g |s§in€bt| ar

em ssion of interstitial as observed in th

eAHERE ohbb%ﬁsﬁé? )Fhﬁéaen[m}tﬁ a%%pllcﬁmﬁ'&é g)kdﬁﬂalnlnyduruggﬁé / 4)

trapped in the™lattice of was 1 nvestig

foMBEIMYE $8poRUNY tHiPR4peF B8 ¢8RS Q/Her?{h%% é)?zénl%ﬁt@were repeated

excitation of the crystals using the 5 keV el ectron
witBdd@tionaNesretited chrlyew mhinahvany gas coul d produce
det ect abl e em ssion (<10~5 Torr). The rotati onal
energyataiftickdbtem ubpd vamaknand danalzey preblic®d thgdriei dprpoarsds
wel | . These results confirned the previous
invbisey litbitnatsnd. r tha firdt@ang kesomd sonizatioreehenyied biditdureaget i C
hydri no-form ng reaction having intense hydrogen Lyman
58A178sV amd 7a.64Q 18tel o respsetively §52f.e theLgavhle ipigaiibal 4 =ch), reaction
excessive afterglow duration, highly energetic
oh¥idioolgérihert, basa netrenthzaintyef resclion ofl 8 4B 19 a¥h whinhds eauivathng
to catalysis, predicted novel spectral |ines, and the
tngaddre&nent

81. 0319eV+Lz(m)+H|_—J——>Ll2++2e +H[ J+[(p+3) —p’1-13.6 ¢V

(17)
Li** +2¢ — Li(m)+81.0319 eV (18)

And, the overall reaction is

H[a—j' HLP 5 J+[(p+3) ~P'13.6eV (19)

Lithium is a metal in the solid and liquid states, and the gas comprises

covalent Li, molecules [53], each having a bond energy of 110.4 kJ/mole [54]. In
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of a power beyond any conventional chem stry [ 13-40]
that matched predictions for a catalytic reaction of
woe1008r133431ydr ogen to form nore stabl e hydri de iRIT3US2008/061455
designated H {\I p) . Since the conparison of theory
and experinmental energies is direct evidence o
Fl ower - ener gy hydrogen wifsh an inplicit |arge exotherm
during its formation, we report in this paper the
results when these experinents were repeated with
ot fa gapetdte gtomicdithienediNéiawas gdrded to thegerbtitg Fixturs,  LiNH,
catal ytic systemused to nake and anal yzed predicted
gbyetaied atobocip@insyta asmet)] avesrdingttd themeadrsibie reathiensf [65-64]:
and second ionization energies of lithiumare 5.39172
eV abigd+ I8/HH4018+ BAMYHrdgpectively [52]. The doutdog
ionization ( t -2) reaction of Li to L 2+ then, has a
anét enthal py of reaction of 81.0319 eV, which is
equivalent to 3-27.2 . SI .0319 eV +Li(m +H - \(r)
Li 2+Liy2¢i, NH+WLiaLN+H (p +3) 2 - p2] - 13.6 eV(@)P J L
+ 3)J (17) Li2+ +2e~(r) Li(m +81.0319 eV (18) And,
ThBeneérgefortHe reg@aion iobihil® dniididvoUifRiurs ndvideindllithiutn hyRide is
solid and liquid states, and the gas conprises
erathierhdnB566R nol ecul es [53], each having a bond energy
of 110.4 kJ/nole [54]. Inorder to generate atomc
|i t hdpmLiNa NsZwars: e d AFO= L1985k amble @IVHYT Xt ur @2) Li NH2
generates atom c hydrogen as well, according to the
Th@é/ Qlshbll BcdPRES sigMficahbéxtéit] Thés;?ecfc lokddfda6RS oflthe é‘rlér&éﬂb'
H(20) and L 2 + L 2NH (r) Li +L/3N + H (2 1) The
rﬁéﬁérggivérﬂfy Edve(17erms Wetestbd by EtipldéMadbintiion and iHt l'neum
nitride and lithiumhydride iIs
broadening. The power developed was measured using water-flow, batch

calorimetry. Then, the predicted products of H (1/4) and H,(1/4) having the
energies given by Eqgs. (3) and (5-15), respectively, were tested by magic angle solid
proton nuclear magnetic resonance spectroscopy (MAS 'H NMR), X-ray
photoelectron spectroscopy (XPS), time of flight secondary ion mass spectroscopy
(ToF-SIMs), and Fourier transform infrared spectroscopy (FTIR).

A compound comprising hydrogen such as MH , where M is element other
than hydrogen, serves as a source of hydrogen and a source of catalyst. A catalytic
reaction is provided by the breakage of the M — H bond plus the ionization of ¢
electrons from the atom M each to a continuum energy level such that the sum of
the bond energy and ionization energies of the ¢ electrons is approximately
m - 272 eV where m is an integer. One such catalytic system involves sodium.
The bond energy of NaH is 1.9245 eV [54], and the first and second ionization
energies of Na are 5.13908 eV and 47.2864 ¢V, respectively [52]. Based on these

energies NaH molecule can serve as a catalyst and H source, since the bond
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exothermc [65-66]: 4LZ + L/NH, (r) L 3N + 2LZH DH = -
198.5 Ul nole LiNH2 (22) Thus, it should occur to a

woslogsiifsiant extent. The specific predicti ons RfT/U92008/061455

energetic reaction given by Eqs. (17-19) were tested
by rt-plasma formati on and H |ine broadeni ng. The
power devel oped was neasusgd using water-flow, batch
calorimetry. Then, the predicted products of H (1/4)
and H2(1/4) having the energies given by Egs. (3) and
e(&rg1 5) Nakl edysetbe dewlle/ioniastion (t 2} efdVbio Mediis Sapgee sol i d
proton nucl ear magnetic resonance spectroscopy (MAS 1H
(MIVRR eVX- g cpiystdedcliens I gypedY r oscopy (XPS), tine of
flight secondary ion mass _spectroscopy (ToF-SI M), and
Four i or mqk nfp-ar goas irps (FTIR)
corrp%ﬁ%cftvcr:%ﬁnag{i_);%f é%rggen +3§ch9229§%¥, wher g:)@l IS
el enent ot her than hydrogen, serves as a source of

hydr ggenoandya, apyroe 39fycatal yst. A catal yti 0(24?_'
reaction is provided by the breakage of the M - bond

AR URe blwall reactivatid on of t electrons fromthe atom M
each to a continuum energy | evel such that the sum of
and ionization energies of the t

t he bond Qnar
el ecrd Tg*%pﬂdxﬁ?’ﬁa@("el y m27.2 eV where m i &39n
i nteger. Oné such catalytic systeminvol ves sodi um

ri r LR RERE S LD s SR Bl BBl 2l o 5715008
MELPLD 3 P o BRRRREL VoS D ou PTGy Sy g
o7 iy 420 BH (77 b3Sy RR SR Rao BT il hy 23059
v ongrll o Prdaalel e ORe 5 N B lgmignr ety
cﬁgﬂgg r") i%té"ntigﬂen:éﬁgye\fhg %@rafﬁﬂéjnerél I%Sué%l\éﬁ 'i‘c?rltll\e {rfr%ﬁltoh gp s

H(1/p) to H(l/(p+m)) induced by a resonance transfer of m-27.2 e to H(1/ p')

is represented by

H(1/ p')+H(1/ p)—> H* +¢ + H(1/ (p+m))+[ 2pm+m’ — p* | 13.6 eV (26)

In the case of a high hydrogen atom concentration, the transition of H(1/3) (p=3)

to H(1/4) (p+m=4)with H as the catalyst (p=1; m=1) can be fast:
H(1/3)—2>H(1/4)+81.6 eV (27)

The NaH catalyst reactions may be concerted since the sum of the bond energy of

NaH , the double ionization (r =2) of Na to Na’*, and the potential energy of H is

81.56 eV (3-27.2 V). The catalyst reactions are given by

81.56 eV + NaH + H — Na** +2¢™ + Hi, +e + H[—af—} [42 —1°]-13.6 eV
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H(r)H- +[32 -1 2]-13.6 (25) As given in Chp. 5 of
Ref [1], and Ref. [29], hydrogen atons H(lIp) p -

wd 2088/834451L37 can undergo further transitions tRCT/US2008/061455

| ower - energy states given by Egs. (2a) and (2c)
wherein the transition of one atomis catal yzed by a
second that resonantly andgnonradi atively accepts
m27.2 eV with a conconitant opposite change in its
potential energy. The overall general equation for the
transition of H(l / p) to HI/(p + nf) inducet8y a
resonance transfer of m27.2 evVto H(l //?") is

r epr¥sented By HH.(He > Yoy +HE8LF6 ¢V p) (r) H+ + e(@B)H (I
I (p+mM) + [2pm+n2- 13.6 eV (26) In the case of a
Ahi ghe byaglalbgectioatisom concentration, the transition of H
(173 (p=3) toH((I'/ 4 ( p+mr 4 ) with H as

t he catal yst, [ap] = 1; )..can be fast: H(I/ -
(r)H(I /E{ﬁﬁ@f]e*[(‘zﬂﬁ%éemrl cat al yst reacti 83?% may
be concerted since the sum of the bond energy of NaH ,

ouhl e Lahi ' (4= : t he
bR i REREPueRc) St e Dy e b APl pn il TC
catal yst reactions are given by 81.56 eV + NaH + H (r)
K41 /24 farmpestablg-haligehydeides gqd.is 3 fgvarepl produpt tpgatergvitne )
Na2+ +2e~ +H +H ast +e~ (r) NaH + H + 81.56 eV (29)
cémabpondieg molecwéd formediby themeacsiond HYIHM) + AR/ 4) dridf] - 13. 6
V (30) where Hf + asl is a fast hydrogen atom havi ng

®Y(118ask 13 6 QY 8 1kingki %-@ﬂ?ﬂ%ﬁorr@%&bin@%%oﬁt&ﬂ]e

hal i dohydri des and is a favored product togefher wt

1} @?4) is a preferred final product consistent with observation since the p=4

quantum state has a multipolarity greater than that of a quadrupole giving it a long

theoretical lifetime. H(1/4) may be formed directly from H (e.g. Egs. (36-38)) or

via multiple transitions (e.g. Egs. (23-27)). In the latter case, the higher-energy
H(1/ p) states with quantum numbers p=2;¢/=0,1 and p=3;¢/=0,1,2
corresponding to dipole and quadrupole transitions, respectively, have theoretically
allowed, fast transitions.

Sodium hydride is typically in the form of an ionic crystalline compound
formed by the reaction of gaseous hydrogen with metallic sodium. And, in the
gaseous state, sodium comprises covalent Na, molecules [53] with a bond energy of
74.8048 kJ/mole [54]. It was found that when NaH (s) was heated at a very slow

temperature ramp rate (0.1°C/min) under a helium atmosphere to form NaH(g), the

predicted exothermic reaction given by Eqgs. (23-25) was observed at high
temperature by differential scanning calorimetry (DSC). To achieve high power, a

chemical system was designed to greatly increase the amount and rate of formation
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correspondi ng nol ecul e formed by the reactions 2H (|
[4) (r)H2 (I /4) and H (I /4) +H+(r)H2( 4) [13-15,

wWRRE4480- 31] . The correspondi ng hydri no at ormd4/{S20d84)61455

is a preferred final product consistent with
observation since the p = 4 quantum state has a

mul tipolarity greater thag7that of a quadrupol e giving
it along theoretical lifetime. H(l /4) may be forned
directly fromH (e.g. Eqs. (36-38)) or via nmultiple

of NaH &)t i Bregeqadion of Ea@H qreE3Ne 1) Va,0 and NeH| gtoatstlategideom

t he higher-energy H Mp) states with quantum nunbers p
the Hatsof Gorinatiord 54, 65)] Bileased AH, 240 /e spMNdiory t o di pol e
and quadrupol e transitions, respectively, have

t heoxgdir ¢alk s Al loomgisly (5] agly 2 LANSLY LBRNaoRPdi ug)
hydride is typicall y in"the formof an ionic

i i e R R A T @ﬁ%ﬁwh%@a%@%@qous

state, sodium conprises coval ent Na2 nol ecul es [ 53]
diiye the e Sreheus Eﬁ?c‘tﬂ“ gMENdy Agsi(FP1e0)- el egagenerativggaaction

und t hat was heated at a very sl ow
N BB S ST EN (D 1 Omi my under a bel T um
at nosphere to form NaH( the redi cted exot herm c

r ¥ it h—gV st By BYE= ?é@k’ZB’}"l @Rpserved at (3R gh

tenperature by differential scanning calorinetry

( DBG) — Noo+ HEHBev &HH ¢f.5pokkimolatcheni cal syst e@®3has
designed to greatly increase the anount and rate of
ahdr mati onof NaH (g) . The reaction of NaOH and N to
Na20O and NaH (s) cal cul ated fromthe heats of

f o¥athti ont [164 4) 6B v el0d88 65/ ke H - 44. 7 kJ | nol38) NaOH
: NaOH + 2Na(r) Na20+ NaH{s) AH = -44.7 kJ | nole NaCH
TH3: a)smish amoext@lf NeOW ,cNa cadtatapnic bydroghmi seevestag afcatatsditi on
of NaH(g) and was exploited to drive the very

seuren bfdherNe!r eadd@yst et gitvrarfoms sHgrge V{ekBof2ByIrinoslvéa multiple
regenerative reaction in the presence of atomc

cyplasrad iragnerstivereantiang pyqasHhosR:0iver by Eps. (36-3/) R-Nivbavéng a
NaCOH (32

high surfa(ce a)rea of about 100 m* / g and containing H was surface coated with

NaOH and reacted with Na metal to form NaH(g). Since the energy balance in the
formation of NaH (g) was negligible due to the small amounts involved, the energy

and power due to the hydrino reactions given by Eqgs. (23-25) were specifically
measured using water-flow, batch calorimetry. Next, R-Ni 2400 was prepared such
that it comprised about 0.5 wt% NaOH , and the Al of the intermetallic served as the

reductant to form NaH catalyst during calorimetry measurement. The reaction of
NaOH + Al to Al,O, + NaH calculated from the heats of formation [65] is
exothermic by AH =-189.1 kJ / mole NaOH . The balanced reaction is given by

3NaOH +2A4l — AL,O,+3NaH  AH =-189.1 kJ / mole NaOH (35)



NaH (r)Na+ HM3) DH = -10,500 U /nole H (33) and NaH
(r) Na+ HMA) DH = -19,700 kJ | nole H (34) Thus, a
wosas/i34asmount of NaOH , Na , and atom ¢ hydr o1/ 62088881455
as a catalytic source of the NaH catal yst that in turn
fornms a large yield of hydrinos via nultiple cycles of
regenerative reactions sugh as those given by Egs.
(31 34). RN having a high surface area of about 100
and containing Hwas surface coated with NaCH

Taﬁ@xsa%am"ét?aﬁﬁlqnwamai"v@tha|forfr@tl¢rb9fnmaéﬁa() ¢nd wasienplaitadiia
energy balance in the formation of NaH (g) was
driegythe getylegothiermic attiven given| by Eso(28128) whereinleelregemazation of
energy and power due to the hydrino reactions given by
Nadgoccyrpgl ixa) Nadh ¢hegpsessinte etatomicihydroges dFardiavg% NaOH |, the
wat er-fl ow, batch calorlnetry Next, R-Ni 2400 was
ewtwm@ea@t@wwnm Eat 3@b@ﬁ¥ﬁ@s@@“$@@tﬁ” ©-8034t /% bhagkground
and the Al of the internetallic served as the

5 hegdlyerameasuseP¥itm NaH cat al yst during cal orinetry
measurenent. The reaction of NaOH + Al to 2 3 + NaH
cal dtivas reBoredgHe tigus@er2e] that theyeagliandioqusts] H(ld p) may
exothermc by DH = -189.1 kJ | nole NaOH . The
uhedremttigtienteartion émlowsr-grievayrstitys. 3N @dampl2 Ahe Catplysl reastion
3NaH DH = -189.1 U | nole NaOH (35) This exothermc
of dactoi4mn forms @i(i 423, whieh fray fiathiensered aNadii g catatydt avsisa
exploited to drive the very exotherm c reaction given
rézgtant®.fora2 B¢125) [1y\a145i28-29hand tag earesspbhding faloda lrholecule
occurred fromNa in the presence of atom c hydrogen.

10 50 49, dbekvedasihy différant caraiskeen 8414]. Iidas,tpredicted pretudiy ofEq.
(35) gave a negligible AH = -0.024 U background heat
A%W t48 é?%ﬁﬂf MEAL25) hihd Y&se f %Pﬁéft P@] Q{ee)ér' 8‘)-‘31 ¥nd £8029)

that the reaction products H ( under go

bR o T, T
I\/M@ %Nwagﬁgﬁgl serve as both a catal yst and a
Another catalytic system of the type MH involves chlorine. The bond energy
15 of HCl is 4.4703 eV [54]. The first, second, and third ionization energies of CI are
12.96764 ¢V, 23.814 ¢V, and 39.61 ¢V , respectively [52]. Based on these energies,

HCI can serve as a catalyst and H source, since the bond energy of HC! plus the

triple ionization (¢ = 3) of CI to CI’* is 80.86 eV (3-27.2 ¢V ). The catalyst reactions

are given by
20 80.86 eV + HCl — CI** + 3¢ +H[%’}+[42—12]-13.6 eV (36)
CI** +3e¢” + H — HCl+80.86 eV (37)

And, the overall reaction is

H—)H[ 1 }442 1°1-13.6 eV (38)



reactant to formH(l /4) [ 1, 13-14, 28-29] and the
correspondi ng favored nol ecul e H2(1/4) , observed
wauosigp4aiif f erent catal ysts [13-14]. Thus, predicarestoos/061455
products of NaH catal yst from Eqgs. (23-25) and Table 1
of Ref. [29] are H~(I / 3) and H2(I / 4) having the
energi es given by Egs. (3pgand (5-15), respectively.
They were tested by MAS 1H NVR and ToF- Sl Ms. Anot her
catal ytic sgsten1of the type MH i nvolves chlorine. The
T8 ABtinwadRobct hen 's §:(4/ 9703 ev [54]. The first,
second, and third ionization energies of O are
2. Jekadighioydes goptagn otk 71 ang {4, typicaly e H,@ sapfaminatien.y

[52]. Based on these energies, HO can serve as a
Thad, abys tH@NehnHbreointecstitiallyiimthe chiseallibemabtneSigne AF chldimost
plus the triple ionization (t =3 ) of d to C3+ is
e88lly 80bstititd Br 27, 2néWe)substitiitidn Galbadtyikdly ihahe tasens (3T 8t was
given by 80.S6 eV +HC - O + +3e +tH + [4 2 - 12

5 ahtichtedl thaG)kaCiBiorides3nay fom) IHCT thatBOdSGodsKatalysisctp farine
overall reactionis H(r)H| |+ [42 - |2] 13.6 (38)The
Fait/ i with tredrgod of thetrate log formngtidrdiidredsing)in theAréterldf the Group |
chlorides contain both d and H, typically fromH2
ekorbBMDuatto the.diffEnerse irslattiee bidictwanMeor maymioefoshiHdial | y
in the crystalline matrix. Since H+ can nost easily
catalpstt ihUsitiesehv@%s akia*chloring BoritfoR FHiDSINdItibh bEsliek $o btR@dlkaline
likely in the case of C+ , it was anticipated that
eatttkipdlide< ibdtrarditisn mayal halides klidh dshthdselol deppo dmt cart sEryesass
to formH2(1 /4) with the trend of the rate of

10  chraronsrbr tha formatie@esti Mgl i4n. One eacaption 0bmithie séxi®up*1ina
elements. Due to the difference in lattice structure,
smgeaatﬂ@é/ shed thfeqarméd&h oft A2ty e wg{ﬁm by 367 Wien3s 2

I'orine control. This condition applies to other

cI@Lé(ﬁl 4.9¢, 671 tﬂe?@hydp@%sés“ oot By QO BRtREmNALAAGH

such as those o pper that can serve as
emission spectroscopy on alkali halides, MgX, (X = F,Cl,Br,I ), and CuX,

(X = F,Cl, Br) with the goal of determining whether the predicted emission of
15  H,(1/4) is selectively observed when a catalyst reaction is possible and not

otherwise. NMR was recorded on these compounds to search for the corresponding

predicted H,(1/4) peak to be compared with the emission results.

Il. Experimental Methods

20 Rt-plasma and Line Broadening Measurements. LiNH, argon-hydrogen
(95/5%) and LiNH, hydrogen rt-plasmas was generated in the experimental set up

described previously [15-21] (Figure 1) comprising a thermally insulated stainless
steel cell with a cap that incorporated ports for gas inlet, and outlet. A titanium

filament (55 cm long, 0.5 mm diameter) that served as a heater and hydrogen
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controls for the formation of H2(l1 / 4) . One

exception fromthis set is MJy2* in a suitable lattice,
WwOosilonges4831e i oni zation of My2* to My + is 80. 148/€82008/061455

[52] which is close to 3 27.2 eV . These hypot heses

were tested by el ectron beam excitati on em ssion

spectroscopy on al kali halebdes, MgX2 (X = F, A, Br, |

) » and QuX2 (X =F A, Br) with the goal of

SRS D5 i %%g%tg%g " st the ¥
gos& bl e and not ot herw se. was recorded on t hese

f&ﬁﬁofafm?d%e"tuad%@aﬁtwffie/ra@%m@cﬂiqvgéoaén&h%ae'wmeetes@nd
/ k to b d | t
rwévegi?aaﬁ S ERvaPoy, ﬁwﬁ?é@‘%v%f ritriane 5 50 e Tore bt

R R AR sl oha ple R oL ag Se ﬁ%%@to@@x%ﬂﬁﬁﬁem o

m%?easé'cpto%%% 'ir{)%djwqﬁ(ﬁ%{ﬁwgﬁg r%%é a‘gn]l%tes( tQ% W :He fllament

ing a I ASUT al n eSS steel cel'l

té% e'Paté‘re e"sﬂﬂ& eli '&Pﬁ?é’ P‘?ﬁéﬂ‘?aﬂ&? g@ﬁ oS 068‘0 9?@ éﬂér‘ﬁ%l’ ceﬂ%n

tlet. ti tanl um anment cmlon

téﬂﬁp%?é?ﬁr%rvoasta@@&t RBPEEGhEsePvERES BpQ’Qt‘éd Wéth a]pd Entrlx\lol_tljé an

hydr ogendi ssoci ator was 1 n the cel
a gﬁhf@d %(95@:9’0)9I53@rat%$5 Blse&R %dlﬂ?alﬁ&?atqefﬂne rAd?jftlohHS/ the

cell 1 atmof dry argon in a glove box. The cell

cwﬁamlradd witdhyesgryieds fiew fl’@d]é&]g@drgbfﬁhﬂ%en'(WS%?' The

was mai ntai ned at 50 OC for 4 hours with helium

LN\ avapbridid thardTiahet HeaRs as1eddéice thelresencd BELi lines.
filament power was increased to 200 Win 20 W

Thé& Bre8EMRLcT af URoH-hgdroge ot 88roght pihda Was UBRrhink@bpENt
tenperature was estimated to be in the range 800 to
rek0fithglhe visible sprttrmnaler ¢l Balwad regibe Wit Babbin & v SloAlED 150
700 OC. The cell was then operated with and w thout an
Mespgotrerhstelr withenCCDSletsor esonbedipreviolishb|15-2 gasing
mai ntained at 1 Torr. Additionally, the cell was
entpce/erits shifstdh 8638 nogand g a seddndvntegrplicadinmg The width of the
argon- hydrogen (95/5% . The Li NH2 was vapori zed by the
656.8 ameBrtiméreatioe emitted Wroohethe ergbhédyqnoeae(®66%)f LINH, bt nes.

hydrogen- LiNH, rt-plasma having a titanium filament was measured initially and
periodically during operation. As further controls, the experiment was run with each
of the flowing gases in the absence of LiNH,.

Differential Scanning Calorimetry (DSC) Measurements. Differential scanning
calorimeter (DSC) measurements were performed using the DSC mode of a
Setaram HT-1000 calorimeter (Setaram, France). Two matched alumina glove
fingers were used as the sample compartment and the reference compartment. The
fingers permitted the control of the reaction atmosphere. 0.067 g NaH was placed
in a flat-base Al-23 crucible (Alfa-Aesar, 15 mm high x 10 mm OD x 8 mm ID). The

crucible was then placed in the bottom of the sample alumina glove finger cell. As a
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The presence of an argon-hydrogen or hydrogen plasma
was determ ned by recording the visible spectrum over

wa tves/Bakster regi on with a Jobin Yvon Hori ba 12%0/082008/061455
spectronmeter with a CCD detector described previously
[ 15-21] using entrance/exits slits of 80/80 nmmand a 3
second integration tinme. 18he width of the 656.3 nm
Bal mer a |ine erritted fromthe argon-hydrogen (95/5% -

o Paiport AU O e AT ReRS 200 Msh Patio g 9ol i
malstn de ?ﬂﬁ%gagﬂp'é\?vagﬁ BoHT B mgee £3t°'ﬁueqbﬁ%p§'[>' Sl
wls 1enPeK I CUblER K Gl ol C?‘"%E-é” PR B bt %@&ye
o P BTt (b B ot FEH oliRk) Sidchea A SRR 2

c%rﬁé?@rd T‘rﬁlelé%t&g V\@h%ﬁe{ﬂbﬁ vacl¥d o éasgur%Sbf%L racsméses‘.

conpar t nent ere ce conpa trren I ngers

Tlﬁ)&ééﬁv&és%cl( fRd Q@tﬂt1ré¥||n o‘PReIFuh? e(/&ﬁﬁfeb%@auﬁt é’ﬂbstﬁé}ﬂeﬁiled with
7 g NaH was placed in a fl basé Al -23 crucible

hélﬁhfta 76@ 58, THSceMWardiReX I%@nm%é(o&nnﬂﬁd @cureﬁh!@thelr

cruci ble was then placed in the bottom of the sanple

p&ditlois mahg DeCandtiuA@at. TRl dven AmpélieveRroughitoahddégirgd
oxi de sanple (Alfa-Aesar, -400 Mesh powder, 99.9%

stmh@terﬁgfe%ure%f &0 @tmfovteheen&@rmh@ WRSscRhe8fdn fboa"c to

mat ch Al - 23 cruci bl e. sanpl es were handled in a
75t @V& H9%p rﬁ@%ho Q'dHEr‘eBMﬂJtQVRs L icBaRd, 1(?1?111' ref@Sed RAHEA
In the glove renoved fromthe glove box, and then

0.@5@ §l5\11n%¥—l\;\§tsa %ﬂgﬁa k@s i‘% /SerEr"FWna d)?/)?()\%é Mdefto thygémple

SYyS y evacuat e pressure of

cﬂﬂ-f?ﬁlre é)§|mh§r§/§m%h—{g1ea|&rﬁﬂnhmv@§i bRGKALdS fﬁ%l égg&@ Iokﬂ@t m of

I'um evacua agal n then re hel i um

refeRend@Qell OB&th S8R Were MY arldlR@Mn hBREE b i nto the
oven, and secured to their positions in the DSC

| NSiVAEErMSw, BHidh OMEFmdtEMIBE &YIdAcaNa&inkise dill reb ot dFe
desired starti ng tenperature of 100 OC. The oven

appPOIRRAEE B0EmMBDIuRAR B Huthitle dlahfder96DS, 8.0” length, and 0.065”
wall thickness) is shown in Figure 2. The cell further comprised a welded-in 2.5”
long, cylindrical thermocouple well with a wall thickness of 0.035” along the
centerline that held a Type K thermocouple (Omega) read by a meter (DAS). For
the cell sealed with a high temperature valve, a 3/8” OD, 0.065” thick SS tube
welded at the end of the cell 1/4" off-center served as a port to introduce
combinations of the reagents comprising the group of (i) 1g Li, 0.5g LiNH,, 10g
LiBr, and 15g Pd /Al 0,, (i) 3.28 g Na, 15g Raney (R-) Ni/ Al alloy, (iii) 15g R-Ni

doped with NaOH , and (iv) 3 wt% Al(OH)3 doped Ni/ Al alloy . Inthe case that this

port was spot-weld sealed, the SS tube had a 1/4” OD and a 0.02” wall-thickness.

The reactants were loaded in a glove box, and a valve was attached to the port tube
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750 0OC at a ranp rate of 0.1 degree/mnute. As a
control, MyH2 replaced NaH . A 0.050 g MyH2 sanpl e
wq os/4dmsar, 90% rem nder My) was added to tHoI/GS20eH/081455

cell, while a simlar weight of alum num oxide

(Al fa-Aesar) was added to the reference cell. Both

sanpl es were al so handl edgpn a gl ove box. Water-Fl ow,
Batch Calorinmetry. The cylindrical stainless steel

react or of approximately 60 cn2 volunme ( 1 .0" outside
tafeahtbe epll heipyp it wasgempwadldftam thardpve bowsnd GRINECted) FQﬁ(ness)

IS shown in Flﬁgure 2. The cell further conprised

VIRIPRYMP, These Waﬁavacwﬁﬂmpr@awr? ﬁ%?%‘é%ruan%cwqd The
ottt e Sraled R Ve Fe sl Sy sPrkeiapg 12" fm
th@&ﬁ—ﬁwéﬁ@séme'aw%we SESE p 0 065"t hi ok S ¢ ube

e, oA oot Wes Pyl inbi08 attranarSaioRpiel filirfter SENER

B RS LUl 38 BRgch M8 ar
T )n Ié\lﬁ%tﬁ.sﬂ\& %?/:')ah‘@% O—éé ééc?) éazgoNﬂlﬁ G%A? BPFeQnd%BIQ siﬁﬁﬁ%é s'steel

plSt%§ @nd Rén 6-hh etsp%béWQén e thcRe th?fﬁme uﬁsrkﬁe soratdibe

had a 1/ 4" and a 0. 02" wal | -t hi ckness.

the RAFIAGE ShaWRBER WaB kvt high @hpertiemsutich. aTHé%la‘ée was
attached to the port tubeto seal the cell before it

coMSoshieane preb 08 Tn the clfntbes wae Xomilled RIERAASl tHeQhétmal
vacuum punp. The cell was evacuated to a pressure of

carducriader betwebnthe rqaedr aridite cBdrmbara T hé intdtios efthe Bharhtidh was
the valve or hernetically sealed by spot-welding 1/2"
firkrfdlad twitle 10@0 Tormhaliomttb ellovetneicall togeachveniwent tahferatlitegthe
reactor was installed inside a cylindrical calorimeter
chambebwas theo wvaduatelidytngths cabhimetsic aimiodwsease dfed celhanber
had 15.2 cmID, 0.305 cmwall thickness, and 40.4 cm
tempagte. Aerwaidantil0 Tngrheyenmed addediotitereasgdheijeat transfer
renovabl e stainless steel plates and Viton o-ri n.?/
rafehieors Hiedwet palk tadhencaolzat anshalasice ARy heal @ssacisieiwit 7 sk
of
The relative dimensions of the reactor and the chamber were such that heat flow
from the reactor to the chamber was primarily radial. Heat was removed from the
chamber by cooling water which flowed turbulently through 6.35 mm OD copper
tubing, which was wound tightly (63 turns) onto the outer cylindrical surface of the
chamber. The reactor and chamber system were designed to safely absorb a
thermal power pulse of 50 kW with one a minute duration. The absorbed energy
was subsequently released to the cooling water stream in a controlled manner for
calorimetric measurement. The temperature rise of the cooling water was measured

by precision thermistor probes (Omega, OL-703-PP, 0.01°C) at the cooling coil inlet

and exit. The inlet water temperature was controlled by a Cole Parmer (digital
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woessdnd i n t he chanber was

the cylindrical chanber was filled with high
tenperature insulation. The gas conposition and

t hermal conduct ance between the reactor and the
chanmber. The interior of the chanber was first filled
with 1000 Torr heliumto4ggl ow the cell to reach
anbi ent tenperature, the chanber was then evacuat ed
during the calorimetric run to increase the cell
Pelpigte Medelr @101 girgelpting, baltoeith 4:815C teppprigidroaiabitiolded 900
i ncrease the heat transfer rate fromthe hot cell to
W molicgcapanity a120°® ah aett nsalated leight-litasdanaieg tedk was ins@Had
wor k. The rel ative di nensions of the reactor and the
jushdavtnsireage pkthe bath in braer feeeduck ltermpdratore fiucwatiensciosedt hy
the chanber was primarily radial. Heat was renoved
cydlingiplithe b@tha@@@lﬁntkfgpwdbr@ugm@ewmtem wésinadintginegeyian FMI
turbulently through 6.35 mm OD cog per tubing, which
mpgde! %w&*bé fb"Wt’?V Rositiva dippiagemeant GbPHEPo @pelrng water flow
cylindrical surface of the chanber. The reactor and

’96?1‘5(%%?" by f%@?ﬁ"\?\érreé f'a\ééﬂeé‘?fé/ﬂthtaoh'%%feéPl)‘;‘t'%{b%%‘FB' valve. The
I sl e St o e
TR b A e PR S D
R L
ceéié’r%été‘rgcthﬁﬁm'bler Wy ﬁétalfé?i ‘F’éé&qbedr ABpRE R H“th\ﬁés filled with

ure was con Col e

m(e%#rﬁl\et f@%ﬁ%éﬁ%@ﬁ 1o ARG ﬂ‘%ﬁ&s ﬂ&an 15 £ {élns"‘t d)ﬁgfup ath

1 OC tenperature stability a 900 Wcooling

me88REhEM ofthe A& ral fOWeR tdledsB $01HhR (c86laft 83A combh®on JARRH D
tank was installed just downstream of the bath in

mRASIREd PutRAEERIILAEY BiatthefRal IdsHéd WarkileRInaazises by
cycling of the bath. Coolant flow through the system

was T icAlbainsefwhy calibratdd witigl erecitioh hasteedPpled lopwsétatinge
positive displacenent |ab punp. Cooling water flow

périvdac deternsied the\peacerage edrbecrp bithe tdtalwnagly @ppligdtoly tise
hi gh-resol ution control valve. The flow neter was
heaéri brret erdrgyi recvelyywdsydetaingred by lintegratingrihe tota butput pwer
secondary flow rate
P, over time. The power was given by

P, = mC,AT (39)
where r was the mass flow rate, C, was the specific heat of water, and AT was

the absolute change in temperature between the inlet and outlet where the two
thermistors were matched to correct any offset using a constant flow with no input
power. In first step of the calibration test, an empty reaction cell, that was identical
to the latter tested power cell containing the reactants, was evacuated to below 1
Torr and inserted into the calorimeter vacuum chamber. The chamber was

evacuated and then filled with helium to 1000 Torr. The unpowered assembly

controll ed to noduTar20487161455
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measur enent was perforned by a turbine flow neter
(MM 1lan Co., G 111 Floneter, 1 % which

wang/1aausiusl y out put the flow rate to the dat @CT/US2008/061455

acqui sition system The cal orineter chanber was
installed in a covered HDPE tank which was filled wth
nel am ne foaminsulation{gp mnimze heat |oss from
the system Careful nmeasurement of the thernmal power
rel ease tQ the cool ant _and conparison with the
r%é%ﬁélﬁ“é‘&' f“ﬁﬁBYer;?B\ﬁ@PFOP‘ﬁ?ﬁt%éﬁ“@d‘quha?”qdr?éf"’ﬁﬁ’h timgdes

% The calorinmeter was cali brated

te\mptef?t%re ﬂfffsang? Bﬁmﬁs%{h@ h%{ﬁbﬁt?réaeqame congtapt. { Thesysiem was
dheP G o etn oy e S&s#f°°vegﬁg%ﬁs§@aﬂ&%&wt%§f
wETUTSTRE e dalites i e @%f{*%ﬂ%@{yg%@%%%“%g)

c%@g-{;eed b483nd; ant%gg fclf e t?% erfo%lewa\?erttrpeerﬁégr%:d dats set.

vvat er ApsoruPe chal

L eMRgliftiddse tt%%ﬂﬁ@%tdrﬁ Sfdthé‘ ) pez?:]‘g) FH&we?tte u.?est ALork WO

therm stors were natc to cor any o using a

th@%ﬂ& Bﬁ% 11 B dikbratRnipaRsY, hQI‘ﬂW’?\rNas le\vhcbét%&#roﬁntt croa‘mber

he cali bration test, an en‘p reacti on cel at was
by ﬂ%sn&aﬁm pdnh, tah&tﬂeac%ﬁmbertﬁstrﬁgnm\é@mn&@rl n&rﬁletpﬁhﬂinagﬂ a

he react ants was evacuated to below 1 Torr and

pr‘e§§x€é b&sw 1 Mofr. 1106.00 &V 6 JoWRF Rbs YidspHetMoGhardREr (50.D8V and
chanber was evacuated and then filled with heliumto

1.990R) 1604 periots? 50 ML, EDLIrRg 3R PérRvdehe ReNltefpardtirbr i um
over an approxi mately two-hour period at which tine

intreasddaoppprakichateydbS0f €1, and e eixinaen chdnge inestet Sinpesature
became constant. The system was run anot her hour to

(cotetfminus iblh® waalapprogifatehel . 2 € f Afteridanidutes,ttoe prlogaimut e
calibrations of the two sensors. The magnitude of the

ditssteddhg poyverimzerg. 08 Hic@ase thedatietof ieal trensien to thedcaoant ghe
consi stent over all of the tests perforned over the

cheglper waﬁjr%me%ﬁug@d witho1 G0R dpEr 8 beliuRanddhe assembhyevast aliowed
cell per g power, ten m nutes before

to fully reach equm rium over a 24-hour period as confirmed by the observation of

full equilibrium in the flow thermistors.

The hydrino-reaction procedure followed that of the calibration run, but the
cell contained the reagents. The equilibration period with 1000 Torr helium in the
chamber was 90 minutes. 100.00 W of power was applied to the heater, and after
10 minutes, the helium was evacuated from the chamber. The cell heated at a faster
rate post evacuation, and the reagents reached a hydrino reaction threshold
temperature of 190 °C at 57 minutes. The onset of reaction was confirmed by a
rapid rise in cell temperature that reached 378 °C at about 58 minutes. After ten

minutes, the power was terminated, and helium was reintroduced into the cell slowly

over a period of 1 hour at a rate of 150 sccm.
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the end of the ten-hour equilibration period, helium
was evacuated fromthe chanber by the vacuum punp, and

wda fves/claagitber was mai nt ai ned under dynam ¢ punBAIYUSRD0SA61455

pressure below 1 Torr. 100.00 Wof power was supplied
to the heater (50.23 V and 1.991 A) for a period of 50
mnutes. During this perihggl, the cell tenperature

i ncreased to approxi mately 650 C, and the naxi mum
change in water tenperature (outlet mnus inlet) was
appri8Rireastasts,0-1 Wi g@OHxdpped RN ABeAerdsd Wt°/hévaé?ﬁcr§9%ﬁﬁ R-
h?lg‘{QBCted the power to zero. To increase the rate of

(?'F’Qﬁgtﬁ'a“alyé'st"‘f‘f‘é PeEqyisled by the aNUaesyFBle V- Srace
th 1000 T f h
Davgg N t&aﬁ%ﬁ“%waﬁaorrfu%?@b?s‘swﬁn@ﬁaﬁgﬁaﬁawa&obr :

rvatl on

#‘sv R E ke products lowing
*he"‘? APZoR RS e GRS R ol g
LR i 86 GaFhe o8t old’}v&)'%P) e SRS ACR 0t o
AR e ?@31ﬂf‘aq‘iéé%ﬂesﬁaﬂ:%E%Pa'%%%bgiduéﬁ%v“v’%:&d
raﬁ%{mﬂm@%Eﬁ%&&ﬁyﬁﬁﬁa%@d%m@% ‘ei@reg%% at
T

RGP bR Babt Botwer 4BAF e d R e diRe s frapssgho
dlﬁrt%gtl&neﬁag g‘]‘lal&tu %Hlaﬁtna‘% ok\%o:ﬂ)\%%ﬁge ratngg1BDV\ﬁ)l’ w\m% tep
Hd He"EST

erm nat e reilnt tot
SELEM 0 9% AR Uk U Pl g

Nin 3 185760 NaGk b sdeRs gelmnngéi&p’(o(ae\}a%ﬂ?ﬁﬂts terﬁ'ﬂQW@é Potdyas

provi ded by the manufacturer, ace dson,

voritRk 619184 YadNaddrbd\Rith &féﬂfdel‘dﬁﬁé rémp fbrR BN aJ mﬁ@chSI s

(Gal braith) perforned on sanples handled in an inert

derbpsst @iyhyactlly absorPeDsHepbMisb el QubdRE ahB & ite@m} arn Of
these reactants as well as those of the reaction

quAENHfy thiecrele@sgal gabéxd The hydrogen content was determined by mass

spectroscopy, quantitative gas chromatography (HP 5890 Series Il with a
ShinCarbon ST 100/120 micropacked column (2 m long, 1/16" OD), N; carrier gas
with a flow rate of 14 ml/min, an oven temperature of 80 °C, an injector temperature
of 100 °C, and thermal-conductivity detector temperature of 100 °C), and by using
the ideal gas law and the measured pressure, volume, and temperature. Hydrogen
dominated each analysis with trace water only detected by mass spectroscopy, and
<2% methane was also quantified by gas chromatography. The trace water of the
R-Ni and controls was quantified independently of the hydrogen by liquefying the

H,0 in a liquid nitrogen trap, pumping off the hydrogen, and allowing all the water to

vaporize by using a sample size of 0.5 g which is less than that which gives rise to a



10

15

20

25

Li ( 1 g) and LiNH2 (0.5 g) (Al fa Aesar 99%, LiBr
(10g) (Al fa Aesar ACS grade 99+%, and Pdl Al 20 (159)
wa 208/Bd451Al fa Aesar) were anal yzed by quant it atdvieS26e8a61455
diffraction (XRD) using hernetically seal ed sanple
hol ders (Bruker Mdel #A100B37) |oaded in a glove box
under argon and anal yzediggth a Si enmens D5000
di ffractonmeter using Cu radiation at 40kV/ 30mA over
the range 10 - 70 with a step size of 0.02 and a
S%W@F?Fi"\‘?gert"aﬁﬁr REpSsEretONB iamPeratyreaddi ti on, a wei ghed
sampl e of RNi in a 16.5 cc stainless st eel cel |
conryBthesis eed Soliga ¢l WMSSYMROMLIFAT BngLid *tiotNalH %@ ande of
291 cc was heated with a tenperature ranp from 250C to
NgH(@rt &itbiemdrigreg andingotpydiirehyeiide/ Lafib& Br lsed Lo * 1) were
cheni sorbed gasses and to identify and quantify the
synghesized ay gaagfs%’sof hyg¢regen wWitho et @a@n# dHYH A B éa Aeseed
by mass spectroscopy, quantitative gas chromatography
IVhIFSBIBIr@eaf iatami¢ Fatalystiand agititiorehatoone FTwittoibe toresponding
m cropacked colum (2 mlong, 1/16" OD), N2 carrier
a'b%l@fwi? H0#)f FiBuv(AltarAesar AGA grAde9Oh%) amLibAla Aesap8P 8t%k e
of 80 0C, an injector tenperature of 100 C, and
ag aepdslifionglgpRAieRti Ve (OIERAUBES WEretREPRAEPHID @rséaigpssigies 0y ,

as Ia and the nmeasured

C@RE‘ﬁg'y&r“ngWgT %ﬂ?%'tgqfﬁée%rw&%@ (P e GeRset et o

nyag E%E‘e o acﬁrx“ﬂ@'nstée/ﬁ\%ip%*ﬁsxérqﬁg@r*%ﬁ SNt #Aég?ﬁs,
T

rof % o SR AL 86 Rk i 15 7 L%@%eﬁ‘ﬁmﬁeyup&ygmsn Ao G

tthythé F,%QSJ% #J}gﬁ& @ Cllggl bbﬂve%n I1 ? 786 1i’&‘? g?ﬁer}, Lh%pr\%%%t%rr

punmpl ng o gen, ow ng all

%Qco\bPeG‘UnHé e‘ﬂb!m\%n héresarﬂB'sgalédl FeacOf wls thel olgé}le‘ahn LS

essthant glves rise to asaturate

r i Si s
OB A LB RRSRTRSenES

arApledNadIdd n rubbértsaFﬂmrwtﬂimma@d olnsiehyglsvensinsibé ﬂ@mé

LiH* Br and LiH * ) were synthesized by reaction of

sd2)A" OFEMAYINMR Was beror@ibd 8R4olld npids®r 28> x(At fa SRS
at Spectral Data Services, Inc., Champaign, lllinois as described previously [13-14].
Chemical shifts were referenced to external TMS. XPS was also performed on
crystalline samples that were handled as air-sensitive materials.

Since the synthesis reaction comprised LiNH,, and Li,NH was a reaction
product, both were run as controls alone and in a LiBr or Lil matrix. The LiNH,
was the commercial starting material, and Li,NH was synthesized by the reaction of
LiNH, and LiH [67] and by decomposition of LiNH, [68] with the Li,NH product
confirmed by X-ray diffraction (XRD). To eliminate the possibility that the alkali
halide influenced the local environment of the protons or that any given known

species produced an NMR resonance that was shifted upfield relative to the ordinary
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99% as a source of atom c catal yst and additi onal
atomc Hwth the corresponding alkali halide (10 g),

waLioBs/134481f a Aesar ACS grade 99+% or Lil (Al f 2CA2Es2008/061455

99.9 9%, as an additional reactant. The conpounds were
prepared in a stainless steel gas cell (Figure 4)
further containing Raney 97 (15 g) (W R G ace
Davi dson) as the hydrogen di ssociator according to the
met hods descrjbed previously [13-14]. The reactor was
Pe@ih captralpeprertising L I dhich Ghemisal{eripraniidB ) nkiNE. 1and
hydrogen addition such that the pressure ranged
IgyNé withlan pawerolge erixture Ph LiX weregon.Tohg contrisrwere prepared by
reactor was cool ed under helium at nosphere. The seal ed
mixeg equimolasamdiats afpempdurids ima gloge eohundeuagen. do fuathgon
at nosphere. NWVR sanples were placed in glass anpul es,
efminbted™ odntets pe b ipessikie peniribuigido thedonaf envirenmentiof e prdtens
| ove box to be flame sealed. 1H MAS NMR was perforned
og?wsaqu&ngwnﬁp@csew Pradpre ankugfigld-shiffled VIR arspnaice, electron
Spectral Data Services, Inc., Chanpaign, Illinois as
SRIBSRSONBRLE SPPENASERRY (-SR] was Rerformag AN thel Lisi Ar andukifie 1
ref erepced exter nqaqlﬁng\/B. XPS was al so perfornmed on

SEPYIEE of 11 ESR HIUES: 1R SARIES BeTeRcsMad B UL SHEPE ve
A b edied e B a e B Thtc SR RRH e ¢ un
g Wi S a Ak b CorapRimelr et Brpeti B,
R e ARSI o Yarbidfec i B0 s RS okt | ©7)
GOl By IR K0 i b4 oo CBker. 10

| N | HI6RAGAS dragsis WadbeRHoh NEEBkiR L bl oRECLRBRT Al the

that any gi ven known speci es produced an MVR resonance

pkdakt campoStir drdo Withinglednd Sdsaibliiteof INMA-BEteBEBIE BAOYRE 3K |
controls conprising LiH (Aldrich Chem cal Conpany

aRP#ansitioh Wd2al hgdrilieb oPdilevédxotic ByHrige ihBrhay gité Héetb Ripfdid-

Li X were run. The controls were prepared by ni xing

skified paxker Speviicalys tHaf abtndgies BES élémentg beeentlrothe prshRict
argon. To further
(Li,H,X) and the stainless steel reaction vessel and R-Ni ( Ni, Fe,Cr, Mo, Mn, Al )

were determined.

NaH *Cl and NaH * Br were synthesized by reaction of hydrogen with Na
(3.28 g) and NaH (1 g) (Aldrich Chemical Company 99%) as a source of NaH
catalyst and intrinsic atomic H with the corresponding alkali halide (15 g), NaCl or
NaBr (Alfa Aesar ACS grade 99+%), as an additional reactant. The compounds
were prepared in a stainless steel gas cell (Figure 4) further containing P /Ti ( Pt
coated Ti (15 g); Titan Metal Fabricators, platinum plated titanium mini-expanded

anode, 0.089 cm x 0.5 cm x 2.5 cm with 2.54 um of platinum) as the hydrogen

dissociator. Each synthesis was run according to the methods described for Li



elimnate F centers as a possible contributor to the
| ocal environnent of the protons of any given known
wospeei1xssit o produce an upfiel d-shifted NVR r e Ramans2e08/061455

el ectron spin resonance spectroscopy (ESR) was
performed on the LiH* Br and LiH * | sanples. For the
ESR studi es, the sanplesggre | oaded into 4 nmm CD
Suprasil quartz tubes and evacuated to a fina

ressure of 10 4 Torr. ESR spectra were recorded with
clpont Bridhe [lsiasgmainiaingd at WLt Aotee Pkt SHesi e

The magnetic field wa

r<PETP Ee@fﬂ%f% TGt oRbycitpen 5 b i ghect ghiusing
HP 5342A
MR ES solp TGRS B e NP e R LTS QR Ff Sineeao at

Gal braith Laboratories to confirmthe product
priroany efsimenbpeaks aeteopaskible im ttegegibre fop g€ bi)| and/NER
NMR- det ect abl e amounts of any transition netal

5  inkydigatibds obbotb phducte wetd grefoyriléd. des t hat nmay give rise
to upfieldshifted peaks. Specifically, the abundance
of aldH etlewansiso pyntssiabd fromt Mec! 1 © gLarid thée bolidkcd XHsmd
the stainless steel reaction vessel and R-N (M

(1F&2g)&s, th o sdlirce oMyt gaeiviet et malNadihed dtlssarc. NRIR Was
Br were synthesized by reaction of hydrogen with N

pérford8d & testWhebtH (1l 3 ?l)forfn@b By ki reSORAS 6ﬂiqsc@f§pzy)‘)éo@@%

as a source of N H catalyst and intrinsic atomc

GO L n L hal 5
ok dM%Pa HhRre R %rédé%iﬂ%ord'w% et b 8%?'9
reactant. The conpounds were pre ared in a stainless
10 ingpied dugte ”teeerqsefm Jarrehseneetapet ofcid o Adisgogsion wih A,
(Pt coated Ti (15 g); Titan Metal Fabricators,
oA Bdrideim pl ated ti tan| um m ni - expanded anode, 0.089 cm
Xx 0.5 cmx 2.5 cmw 2. ati nu

y ATIERN e o ok D S0 e vfgg.@eaygte%o%éﬂﬁam g
bl begr ﬁ?ta?q‘i e St its todlna.- LS Rar ey s Ualerad e
pr\l\’a?célj@?ﬁgct t%éj t ho (Lg)y p%pngitqrﬂbetalct%Hts%fomBYSlng g]%rh 9 % XJaH
15 (0.59), NaCl (10 g), and Pt/Ti (15 g) wherein the NaCl that was initially heated to
400°C under vacuum to remove any H,(1/4). The reaction was run at 550°C in the
kiln for 19 hours with an initial hydrogen pressure of 760 Torr. XPS was performed
on a spot comprising only sodium hydrino hydride coated silicon wafer ( NaH * -
coated Si). The NaH * Cl -coated silicon wafer ( NaH * Cl -coated Si) was
20 investigated by electron-beam excitation spectroscopy. An emission spectrum of a
pressed pellet of the NaH *Cl crystals was also recorded.
ToF-SIMS Spectra. The crystalline samples of LiH *Br, LiH *1, NaH *Cl ,
NaH * Br , and the corresponding alkali halide controls were sprinkled onto the

surface of a double-sided adhesive tape and characterized using a Physical
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NaH(s) as the sol e hydrogen source. XPS was perforned
on NaH * O since no primary el enent peaks were

womesidaha in the region for / (1 /4) , and NWRT/US2008/061455

i nvestigations of both products were prefornmed. NaH *
A was al so synthesized fromNaCQ (10 g) and the solid
acid KHSO4 ( 1.6 g) as thgoonly source of hydrogen
vvith the kiln maintained at 580 0C. NVMR was perforned
to test_whether H (1/3) formed by the reactions of
Bieponie9 BES8900: thfi-BIMRen i grant-e Bhewpiipary i guAptiEred @acdd on
to/ [/ ( 1/74) according to Eq. (27) was partially
liwithmetal eolircrioA tagianinn cxiok eavple of (@ um) ghacaratyzad.r mtdrder to
of Hfroma dissociator wwth H2 or a hydride. A
rahdvecorfavedodtanii@angs arfdl éxpysdda Fesh €urfabe, ¢ty sabhglésOpere Qoiattt-
International, silicon (100), boron-doped, cleaned by
cleaatd flog6Q secobds B gmtRun XG0 ) raster. Clhetapertirg settieg was
product NaH* C and NaH * by placing it in reactants
3canithe ginrogrrdht(wab.6D0 @A, redldtiig(ifa fotg))ion dda€lof ((LViogy cmand
PtITi (15 g) wherein the NaC that was initially
heat @ding @acd@&tn fheddon gacwamodetatednsivgea bumehe (dulse widith 4
The reaction was run at 55Q0C in the kiln for 19 hours
nevbtitichad ta hing)i 18l kVibhedmd§@40p ride sotaltomiosebtasTIo  rions XBES . was
performed on a spot conprising only sodi um hydrino
Chygeingatraligationdvasi dctiven andwiegrost ddaelerating vatage da$sSB0QO V.
The NaH * C -coated silicon wafer (NaH * O -coated
T8 pysitvesand megalive Gilvie dpenjrasiase acavireteBepresartatiye post
spectroscopy. An em ssion spectrumof a pressed pellet
spittefing dala fis repeteder yst al s was al so recorded. ToF- SI I\/IS
Spectra. The cr stalllne sanples of LiH* Br , Li
Nelpyaeditign, 0.1 0.5g NaH aﬁreﬂnfﬁge”dar Wé@d%%dnrgomwtw
hal i de controls wer e aprl nkl ed onto the surface of a

ﬂ% GRPATERR]. angirien/low calpametiy WeR RPTRIMER DR R TATP a

OIV tf’?h?%"s %%‘?'E%Fﬂ%uﬁ'? P B 1Bs lhosreigteeb et o s co.
eg?rgé h(eE)ea%nthg %eore%ca elngrggfbal(ance gm the ecgrﬁgcla |Zo?1dof I\Japl is
endothermic by +1.2 kd. Thus, to confirm the presence of hydrino hydrides
corresponding to the reactions given by Egs. (23-25) as the source of the excess
heat, a sample of the Pt/Ti coated with sodium hydrino hydride ( NaH *-coated
Pt/ Ti) was analyzed directly by the same procedure as for the crystalline samples
except that the sputtering was for 100s. Unreacted Pr/Ti coated with the starting
materials served as a control. XPS was also performed.

ToF-SIMS of R-Ni 2400 reacted over a 48 hour period at 50°C was also

performed by the same procedure as for the crystalline samples. The reactions to

form hydrinos are given by Eqgs. (32-35). Since the surface was coated with NaOH ,

sodium hydrino hydride compounds with NaOH were predicted.
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woesmogmdssiusi ng a 180m X 00 mm raster.

remove surface contam nants and expose a fresh
surface, the sanples were sputtercleaned for 60

setting was 3, and the ion current was 600 pA

resulting in a total ion dose of 10 15 ions/ cn®.

During acquisition, the itpm gun was operat ed using a

bunched (pulse width 4 ns bunched to 1 ns) 15 kV beam
The total _ion dose was 10 12 ions |

CharF d‘gl RRERtOSFIPY af T Brenahsisyasi Regormad Py goid- ﬁ"ﬁ@g'e KBr
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{rﬂ&l&r@] Ig e CLO P Selntd' ) tﬂgt V\l/\@glc&ﬁmg R‘faﬂ% Q\Eﬁllgﬂ)lg egcye &)ﬁ' Li

us ¥ Q" confa At presence

raties s oL et AR, neaf - FZ'@%—BF g 8‘?&(%85@%

TJ | %t]ed w th sodi um hydri no h de. (NaH * -coated

o 8 Yt 0 et B vy et ORBE odur o
as for the crystalline sanples except that the
spuPfSrInestraal serigs of §6S. anerpesaverednade opthe engadaling wi t h
the starting materials served as a control. XPS was

saRles i prigda 399 KPS SpRCtEMSten; The Ay Fnalyzer taarﬁmaswa

d at .500C f db
e, hp BWae fest iR Mo Bt yseile 1B P Boerapinhe Sudey
Sreﬁl\gtglt e%f ta%dfr(l)er{{ég]grgerrl nl%%heaﬁl ?enolﬁaqﬂ?%/caﬁ Y 0(1 %Vsq%

e 'surface was coated

thg%g{yl('a%? y%%'tl%l%é)%?% ng? 4‘%9%%% ana nSmber of sweeps was

ect 0Ss

[oF=1¢ =] I
B ASHORA RO AR, 65 8l i
sWepaWak BY. C 15 at 284.5 v was used as the internal standard.

UV Spectroscopy of Electron-Beam Excited Interstitial /,(1/4). Vibration-
rotational emission of H,(1/4) trapped in the lattice of alkali halides, MgCl,, and in a
silicon wafer was investigated via electron bombardment of the crystals.

Windowless UV spectroscopy of the emission from electron-beam excitation of the

crystals was recorded using a 12.5 keV electron gun at a beam current of 10-20 pA

in the pressure range of <10~ Torr. The UV spectrum was recorded with a
photomultiplier tube (PMT). The wavelength resolution was about 2 nm (FWHM)

with an entrance and exit slit width of 300 um. The increment was 0.5 nm and the

dwell time was 1 second.

The apadTuws2008/061455



Princeton University, New Jersey using a Nicolet 730
FTIR spectroneter with DTGS detector at resolution of
wokoosn3as descri bed previously [13-14]. The saqi/eR008/061455

wer e handl ed under an inert atnosphere. The resol ution
was 0.5 cm 1. Controls conprised LiNH2, Li2NH, and L
3Nt hat were conmerci al |y 1avai | abl e except Li 2NH t hat
was synt hesi zed by the reaction of LiNH2 and LiH [67]
| b de osition of LiNH2 [68] wth the L 2NH

4 by X-ray diffraction (XRD). XPS
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spectrum was recorde a photonultiplier tube

of fiMidaniuhtBamiemehe RE3dlizE@ INFHL BRIN0 BerDrralginthydrdd@h ainMiii)

with an entrance and exit slit w dth of 30 mn The
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second Results and Discussion A RT-plasm
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15 Lyman emission from hydrogen. In addition to known chemical reactions, electron
collisional excitation, resonant photon transfer, and the lowering of the ionization and
excitation energies by the state of "non ideality” in dense plasmas were also rejected
as the source of ionization or excitation to form the hydrogen plasma [21]. The
formation of an energetic reaction of atomic hydrogen was consistent with a source

20 of free energy from the catalysis of atomic hydrogen by Li.

The energetic hydrogen atom energies were calculated from the width of the

656.3 nm Balmer « line emitted from RF rt-plasmas. The full half-width AA; of each

Gaussian results from the Doppler (A4, ) and instrumental (A4,) half-widths:

Adg = JARL +AZ (40)



l[ithiumrt-plasma formed with a low field (1V/cm, at

| ow tenperatures (e.g. ~ 103 K), from atom c hydrogen
wamogratad at a titaniumfilanment and L NH2 t adT/we2808/061455

vapori zed by heating. Lithiumand H em ssion were

observed that confirnmed L NH2 and its deconposition

product Li served as a sd@ezce of atomc Li and H .

Argon of the argon-hydrogen ni xture increased the

mount of atomc H evi denced by the signjficant]y

AeB b e anGs: 1570 fm: 16 SR egra D o e
em ssi gn correspondi ng to population of a level wth
DQH%?rd}?%‘ﬁv"itﬁu@W gor srved, as shown in Figures 5 and
6, which al so ren%il,rzes that Lyman em ssion was
present. -gsma| formed wi th argon/ hydrogen ne.
No p%§si7b1\égv?hg ieal reaction of the titani um@HP
filament, the vaporized L NH2 , and 0.6 Torr
whérg o) e lieg @ Bvelngth) I7eis &e @mperaturé R Ar-at-UN Gook ), HHAQLC
could be found to account for the Bal nmer em ssion. In

5  isltRCinoleBRakidiym (ENRFheRic Hyargeh ) Mn ESLHERSE IhE BRIHEdE Doppler
energy to excite Balnmer and Lyman em ssion from
hdalidhaRat. wasthotgishrédigbly éHrangewith crasstrs abrisdRRcEimns,
el ectron col lisional excitation, resonant photon
cdrreapariditg, to an@rrbhia theosvergyng +06%t he | oni zati on and
excitation energies by the state of "non ideality" in
dendée pb6.8 mesBalmee ading widtieg recorded ars theraegaehydogen95/5%)-
ionization or excitation to formthe hydrogen plasnma
lithim| rt-pi@$rea finitiatis ehd afterf7 Oouesrad pperatian, pesashoivorin bifjures 64 c
hydrogen was consistent with a source of free energ

10 amd Zhnrespectivelyal g iBalmesr oatingnirefile pthe glaamppnission afheth time
energetic hydrogen atom energies were cal culated from
Peiffs comriseddvo disincs Sgussianreaks. FernnerIneHew@mReked fr om
RF rt-plasmas. The full half-width Al G of each

CEERIRCHNY tp @i ©MABRRtOh eSBERI0et Y BN e Significantly

o o Bt k% 8,507y, FfFhompone

a%:??ﬁgcri f(".{qg{)% Oo\f’ﬁ% ,2:2 5 Ce%i etd?s%t(fa Lloprgptulg |onqgﬂgl|yearndri]r§clr£a_s\éma ot h
15  97% at 70 hours. Only the hydrogen lines were broadened. As shown previously,

the source of energy of the fast H cannot be attributed to any applied electric field,

but is predicted by the mechanism of the catalysis of hydrogen to lower-states [32-

37].

A lithium rt-plasma also formed in the case of pure H, gas at a pressure of 1

20  Torr, except that the line broadening and populations were less, about 6 eV with only

a 27% population, at the initial and 70-hour time points as shown in Figures 6A and

6B, respectively. This result was expected, since the excess H, can react with Li
to form LiH that catalyzes the destruction of LiNH, by the reaction:

LiH + LiNH, — Li,NH + H, (42)
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11 1 TD =7.16X 10 \AJ - (41) where 10 is the line

wavel ength, T is the tenperature in K ( 1 evV= 11, 605
waoos/aazesim i s t he nol ecul ar wei ght (=1 for at @dwUS2008/061455

hydrogen). In each case, the average Doppl er

hal f-wi dth that was not appreciably changed with

pressure, varied by 5% cor3yesponding to an error in

the energy of +10%. The 656.3 nm Bal ner a Iine wi dt hs

recorded on the
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I[ SS than 0.5 eV and an outer, significantly

B Badened peak corresponding to a fast conponent of
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ene omn previ ousl'y, FCE o energy
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tric fle but is predict nlsmof
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lithiumrt-plasma al so fornmed in the case of pure

the Agturdl (Ifetifles BRMIESRIFK Proflied, an 840G RAIs blofles [ 1@sbriange
br oadem ng and popul ations were | ess, about 6 eV with

profilk yard fidd Yerjisre] Thé Odhtrittion fiemiedEH strceanab delerfmsd té bee
poi nts as shown in Figures 6A and 6B, respectively.

beldw theniattwlf tetactibngkPLL38689].si nce t he excess H2 can

react with Li to formZ H that catalyzes the

des Theifdrinationadf fast Nidan by ekpiainedbyca resnnarit ehkrgy tramdifét(from L

2NH + H2 (42 )Thus, the reactions to produce atom c Li
hydrager atoms tdi Liiatdnssh etithreerdimasdie poentiabergagy of atomic hydrogen,
to form a short-lived intermediate H *(1/4) having a central field equivalent to four
times that of a proton and a radius of the hydrogen atom. The intermediate
spontaneously decays by a collisional or through-space energy transfer as the radius

decreases to q, /4 yielding fast H(n=1), as well as the emission of g-13.6 eV
photons reported previously [27-29]. Collisional energy transfer including through-
space coupling is 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 with a third body, M, to remove the bond energy-

H+H+M— H,+ M* [44]. 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. In the case of the catalytic reaction with the formation of

states given by Egs. (2a) and (2c¢), the temperature of H becomes very high.



10

15

20

25

of the argon-hydrogen m xture can increase the anount
of atomc H by preventing its reconbination, and Ar+

wamogratad by the plasnma can partici pate as a RAared296061455

as well as Li . We have assuned that Doppl er

br oadeni ng due to thermal notion was the dom nant
source to the extent thati7ether sources may be

negl ected. This assunption was confirnmed when each
source was considered. In general, the experinental
profile is a convolution of two Doppler profiles, an

s{bsfher[{e [réPrath %L?Hmaa ﬂi@%@%”r Pispe &ﬁsﬁ%@ﬂﬁﬁbé%
bSO oG A LTk, Pt éér&’e g B8 PERT e PiEnE st 28 o
%(g I(,e \%/Fl I‘PEOF[‘%E%r?d]ed t(")3 §7 %? mole §O(§ l?r% rﬁ?arjic%rqegém;&%g Ith%an

exp al ne y a resonant energy trans

éﬂ%ﬁ@Fé?@rE'? QMR atc%rr%hpo‘?uﬁfﬁﬂ%nwg@ytoh 5%% MJZ?EJ H‘Elarge

tential energy of atontc ogen, to f
e)?d?l‘krrﬁ'l vl/dsvo%ger‘v&i ﬁrtf‘@%?ﬁ)h%4b|’é to(d25/°C4n)h|JF|366§’r@9poﬂd&?ﬁt ral
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spont aneousl y decays by a co i si onal or t hr ough- space
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yielding fast Hln = \) , as well as the em ssion of q

°d SorfesBoh b¥R%1 kePId EHP! B d?éé%}n}ﬂos{n?o?] CRQ\]IgH is observed

Col l'i sional energy transfer including throughspace

atQﬂMF{': td¥%b0 8 CRBFRIRAING RS 7454()@}'7'940@ MM 7'gxm B§6A18Ca second
chem cal reaction of H+H to form oes not occur
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reqU|res ac istion with a thir , to renbve

TR B D el oy
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ete re o e system e case of the

d&%&%h%ﬁdn of %ﬁ%l?ﬁbn%tta@sttﬂ}@néé?rlﬂ%&ﬁtpﬁt, %fnovel exothermic

effect of —177 kJ / moleNaH or at least —354 kJ / moleH, was observed under

conditions that form NaH catalyst with some portion of the H undergoing the
catalysis reactions given by Eqgs. (23-25). The observed enthalpy was greater than

that of the most exothermic reaction possible for H, the —241.8 kJ/ mole H, enthalpy

of combustion of hydrogen.

C. Water-Flow Calorimetry Power Measurements. In each test, the energy input
and energy output were calculated by integration of the corresponding power. For
the input power, the voltage and current measured at the end of each time interval
were multiplied by the time interval (typically 10 seconds) to obtain the energy

increment in Joules. All energy increments were summed over the entire experiment
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states given by Egs. (2a) and (2c), the tenperature of
H becones very high.B. Differential Scanning

woCabgrasmat ry (DSC) Measurenents. The DSC ( 100-PCI0US2@)8/061455

of NaH is shown in Figure 7. A broad endotherm c peak

was observed at 3500C to 420 OC which corresponded to

47 Ul nole . Sodi um hydrisle deconposes in this

tenperature range with a correspondi ng ent hal py of 57
xot herm was observed in
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total energy. For output energy, the therm stor
integration of the input and output power curves yielded an output energy of 292.2 kJ
and an input energy of 303.1 kd corresponding to a coupling of flow of 96.4% of the
resistive input to the output coolant.

The cell temperature with time and the coolant power with time for the hydrino
reaction with the cell containing the reagents comprising the catalyst material, 1g Li,
0.5g LiNH,, 10g LiBr, and 15g Pd/ Al,0, are shown in Figures 11 and 12,
respectively. The numerical integration of the input and output power curves with
the calibration correction applied yielded an output energy of 227.2 kJ and an input

energy of 208.1 kJ. Thus, from Eq. (43), the excess energy was 19.1 kJ. In the plot

of Figure 12, there is a point at which the slope of the temperature changes almost
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womng1i4dant i cal .

of fset was cal cul ated after each test assum ng that
the final readings of inlet and outlet tenperature

OC. The thermal energy in the coolant flow in each
time increment was cal cul ated using Eq. (39) by

mul ti plying volume flow nage of water by the water
density at 19 0C (0.998 kg/liter), the specific heat

of water 18 K orrecte erature
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tHer?&?I-[atI&{‘l‘ﬁHuQ% r@tfndé”Q?Qu Hyd'ﬁéle QéHoFcﬁr?g%rEH gtvﬂ]e?eal‘%%@ ' ng
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cool ant power with time for the hydrino reaction with

rdaBfonGRIskibie @ heolhtTer thé BndrERBRACR i€ MEDGIVSH BYEJsNE17-19).
catalyst material, 1g Li,

The hydrogen content of the 0.5g LiNH, was 22 mmoles H,. Thus, the observed
energy balance is —870 kJ / mole H, , over 3.5 times the —241.8 kJ / mole H, enthalpy

of combustion, the most energetic reaction of hydrogen assuming the maximum
possible H, inventory.

The cell temperature with time and the coolant power with time for the R-Ni
control power test with the cell containing the reagents comprising the starting
material for R-Ni, 15g R-Ni/Al alloy powder, and 3.28g of Na are shown in Figures 13
and 14, respectively. The temperature and coolant power time profiles curves were
very similar to the calibration. The numerical integration of the input and output
power curves with the calibration correction applied yielded an output energy of 384
kJ and an input energy of 385 kJ. Energy balance was obtained.

The cell temperature with time and the coolant power with time for the hydrino
reaction with the cell containing the reagents comprising the catalyst material, 15g
NaOH -doped R-Ni, and 3.28g of Na are shown in Figures 15 and 16, respectively.

The numerical integration of the input and output power curves with the calibration

This of fset was cal cul at ed t edRUQIGIB1455
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the calibration correction applied yielded an out put
energy of 227.2 kJ and an input energy of 208.1 kJ.
Thus, fromEq. (43), the1@&kcess energy was 19.1 kJ. In
the plot of Figure 12, there is a point at which the

§rf ikl TeRTBT MG FrD I 3631 khanten bR sngrgy pLdee.
k? ! Trﬁﬂt rom %f t@fi}, ?heheQ(%SS e%ngqat hls%S%tr ?]neig rc])gﬁf I;lgurgqg there

errpera erising r

is aegﬁo(fr‘t ap{}HIC#ﬁ‘I%eSgO o h@“?en?iM&%ﬁ%&h%ﬁﬁ%ﬁﬁoét%ls% lrIS e)é

excess ener curre

Tﬁé‘é\B @cﬂyng%;&@c%ré’ljﬂétc‘sh%rﬁlk%%?e H&r&%@@h? c8ﬁe§d8ﬁd§ £ahd Lan

at 0 titative e conposition

te‘PrfpeHi'@re Pl%ﬁg Pé;ﬂq(ﬁy e {h@WnE‘& of RRclidtaHas oS MW stehadpohbe

Br and O were unchanged. Thus, assum ng a

to]é)&%éi"pﬁllsé’ thé BR-cBRXh fl3zaQroetirfedlin RESTHAN 11Ehpagsd by
known chenmistry is 4.3 kJ fromthe formation lithium

which plagés 18 @oyidor e reseten stiover 6.9kwY. (22); wher eas,

t he observed energy bal ance was 4.4 tinmes this

max i T oM pbERtioddf Yhearsadtdne NGO depet R-OI apdtheipaddaict following

account for the energy balance is that given by Egs.
theT@actiovith TFeelkayi dreta) detecninedy quantitaties XRB grak iNNitR trages

22 moles H2 . Thus, the observed energy bal ance is
Ba@rie &dl Ni with|tracé-2lkali ydeaxid®, Bspéativaly.t Fiee fopmdtio8 ofla kodiwhe

H2 ent hal py of conbustion, the nbst energetic reaction
Nidllow pithe geastiors efiaedivg witheAb@xefisMi (563 4] ip signifipantly

inventory. The cell tenperature with tine and the
engptieamic (poirver1384d hndle Ne [Fhend BA& R 18EdNwleNa[168ler

test with the cell containing the reagents conpri sing
reshectivelgk tUsing thexheat iohformationR-thé reagty aRBRrigritg wish saesjum to

powder, and 3.28g of Na are shown in Figures 13 and
folrd, NaOEB PR 8\ / ible At(©)e 68t T6] peatributes olegliiblypiowties

time profiles curves were very simlar to the

d\} @Jlf]'*cb%sed-r&ﬁhg B drfafkisisRbRiRg FhioBaytite iRifally 3Rk the
nd out put

corresponding NaOH product from reaction with Na. Consistent with the literature
[74], the H,O content from Bayerite decomposition was 47.7 umoles H,0/g R-Ni

corresponding to a negligible contribution due to the formation of NaOH

(AH =-184.0 kJ / mole H,0 [65]) from the decomposition of AI(OH ),
(2AI(OH)3 — ALO, +3H,0 AH =+92.45 kJ / mole Al'). The overall reaction is the

reaction of Bayerite with sodium to form NaOH (AH =-15.6 kJ / mole Al(OH )3 ).

The only exothermic reaction possible to account for the energy balance is
that given by Egs. (23-25). The hydrogen content of the R-Ni determined using

quantitative GC and by using the ideal gas law on the measured P, V, and T was
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power curves with the calibration correction applied
yi el ded an out put energy of 384 kJ and an input energy

wofoo88H4%J. Ener gy bal ance was obt ai ned. The @&T/US2008/061455

tenperature with tinme and the cool ant power with tine
for the hydrino reaction with the cell containing the
reagents conprising the daal yst material, 15g NaOH

-doped R-Ni, and 3.28g of Na are shown in Figures 15

d 16, respectiyely. The nynerical integration of the
1805 e i BT 5l RGP o) ReEREF S
cal i brationcorrection applied yielded an out put energy
~bP X 1B/ 1milg HanevesAb tirﬁp@ﬁleeﬁét-@y’ lakoleli49enthilgy ofuemibustion,
fromEq. (43), the excess energy was 36 kJ. In the
thelnaast effiergétigueastion of Hyldeagen assumimmiha tmaximusin padsibien &, sl ope
of the tenperature changes al nost discontinuously. The
ing¢dpy. ¢ hapgeeovativertbegretiial aiarghti¢ly fdo éfeaeeaction lodbq.,(448)risl
this corresponds to the cell tenperature rising
25%gi [ yonR@x MJ thdeldriBet(7Df reaction. Based on the
systemresponse to a power pulse, the excess energy of
36 kg _qu(lr/@?d inless than 1.5 mnutes which @hpaces
the power ‘fof the reaction at over 0.5 kW The

ASIRE P Sh o FBFRAR JRRH AR S5l

(o) e reaction wt

re%@ﬁo‘ﬁrﬁg -rﬂelq 2@}/ I\Tg%%?: \M\l i'né(sea ?ﬁ%? or\l@oﬁ'%%ﬂétim (Bf%éfld'])%?gnd there

ayerite an race al ka I OXI
o RaR e FislSs amt roles e Bptert 1 o R
IRt SRR & ety Beby o ie 0L, g
TR S R PR e b7 Db RReRe B b g
sdli@Ridi bQuteightnegl i gibly to the energy bal ance based on

the XRD anal ysis showi ng trace Bayerite initially and

t he vadriR@eRe Vg dpidd dHdekwiich td RINI DAGE tHeldataNticnd\erial
Consistent with the literature [74], the H20 content

gdnetieBayepoier afaenepP fithdud Fequitifig 4he addiionof &5 . FRASCE
R-Ni corresponding to a negligible contribution due to

tetriperatupe with tida aad thdasoblant power with time for the hydrino reaction with
the cell containing the catalyst material, 15g NaOH -doped R-Ni 2400, are shown in
Figures 17 and 18, respectively. The numerical integration of the input and output
power curves with the calibration correction applied yielded an output energy of
195.7 kJ and an input energy of 184.0 kJ corresponding to an excess energy of 11.7
kJ, and the power was over 0.25 kW.

The composition of the reactant NaOH -doped R-Ni and the product following

the reaction determined by quantitative XRD was R-Ni with 3.7wt% Bayerite and R-

Ni, respectively. The measured H,0O content from Bayerite decomposition of the

initial R-Ni was 32.8 umoles H,0/g R-Ni compared to the measured H,0 content
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{AH -184.0 kJ | nole H2O [65]) from the deconposition
of AL(OH) 3 (2AI[CH) (r)Al 20 +3H20 DH = +92.45 kJ |

wombg13aks1) . The overall reaction is the react iR@T/W82008/061455

Bayerite with sodiumto form NaOH (AH =-15.6 kJ | nole
) . The only exotherm c reaction possible to account
for the energy bal ance i479hat given by Egs. (23-25).
The hydrogen content of the R-Ni determ ned using

ntitative GC.a usi ng the ideal gas |aw on the
SR ORSoTpOS IO A T 10 6 S g Tt R OoP e
t he observed energy balance is -1.6X10 4 kJ I nole H 2

Ni | AVEioy 68hé inoBtsexbinermie Ashcliorksbshiblenva tireabiidhadf Py (o ] to
conbustion, the nDst energetlc reacti on of hydrogen”

supi ng t he . maxi nventory. The
@@wsﬁ?%‘%“i"{?&d{%& ?“9'{59"8? ‘S’%Eéé’réﬁﬂ eld for the reaction
of Eq. (44) is 259 eVl H2 or 25 MJI | moleH2 (Eg.
2Py, +DYie R 10,3 AHBNg61 W/ ot AIGOE) getbL
known oxi dation reactions involving a solid fuel is

B e b e

fuel / oxi d| ze stens produci n% %%eater than 10 kJ/
Eadéy)is Ad arlhéso‘ﬁas Qpaned YR begd s wepeAfigo Pfo3
H content of the recycl abl e catal yst

wﬁ(a%ﬁédmp@e N df BPYOR G0ReCRI AvETRE oA SbRTE st
known solid fuel per weight. Wth increased NaCH

colnpiregtoansithdosued ehergPoRamic 2400, ( Arhe—satal bl 6 (0H ),
mat eri al generated hi gh pomer and energy w t hout
requiri ddltlon Na. Th el|] tenperature
RO a5 £ st o e (D Toy g o eneray
hydri no reaction with the cell containing the catalyst
fromather Na®H -dopgd RalditwasdioptidesRhhithepredioal; thue itskaswpmedaminantly
Figures 17 and 18, respectively. The nunerica
atiripttaglede rffmwcatﬁ*ysaﬂfeacﬁtlﬁpltveahﬂ Egeit(dr2S)power curves with
the calibration correction applied yielded an out put
ener gy of

D. ToF-SIMS Spectra. The positive ToF-SIMS spectrum obtained from LiBr and
the LiH * Br crystals are shown in Figures 19 and 20, respectively. The positive ion
spectrum of the LiH * Br crystals and that of the LiBr control were dominated by the
Li" ion. Li}, Na*, Ga*, and Li(LiBr)" were also observed.

The negative ion ToF-SIMS of LiBr and the LiH * Br crystals are shown in
Figures 21 and 22, respectively. The LiH * Br spectrum was dominated by H~ and
Br~ peaks with the intensity of H~ > Br™. Bromide alone dominated the negative
ion ToF-SIMS of the LiBr control. For both, 0", OH-, CI”, and LiBr~ were also
observed. In addition to the increased hydride, other unique peaks of the LiH * Br

sample were LiHBr~ and Li,H,Br™ consistent with the formation of novel lithium

bromohydride.
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pbdislof BIA * I sRpIe wakes iR SEIN 2U. aniheaHIe GBhdistentiwi the
ToF-SIMS of LiBr and the LiH * Br crystals are shown

fratin®i hew| ﬁh%nﬁﬁ@bf?@mdé espectively. The LiH* Br
spectrum was dom nated by H ~ and Br ~ peaks with the
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negati ve

following the production of 15 kJ of excess heat is shown in Figure 27. Hydrino-

10

15 hydride-compound series NaH was observed wherein the mass deficit from the
high resolution (10,000) mass determination definitively distinguished this
assignment over the C,H_ series observed in controls. The XPS spectrum showed

that NaH *-coated Pt /Ti comprised two fractional hydrogen states, H™(1/3) and

H™(1/4) (Sec. llIF).

20 NaH ' having the mass-deficit series was also observed in the spectrum of R-
Ni from the Na/R-Ni water-flow calorimetric run that produced 36 kJ of excess heat.
The positive ToF-SIMS spectrum obtained from R-Ni reacted over a 48 hour period

at 50°C is shown in Figure 28. The dominant ion on the surface was Na™ consistent
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ion ToF-SIMS of the LiBr control. For both, O-, OH |,
Cl~, and LiBr were al so observed. In addition to the

wa wos/easad hydri de, other uni que peaks of the AATHIS20@061455

sanpl e were Li HBr and Li 2H1Br consistent with the
formati on of novel [|ithium bronohydride. The positive
ToF- SI M5 spectrum obtaingdifromLil and the LiH * |
crystals are shown in Figures 23 and 24, respectively.
The Bosntlvelon ectrumof the /H* / crystals and
Wt“Mia & d ?F}‘I’ég ‘I’_l te- oTh%P%Ode%?tH%&@ﬂowemﬁfés PiB-Nion.
and a series of positive ions were
241903%’°68§é¥véﬂ ERi G%Fse‘dR@adﬁoqbﬁéWEﬁ’H */ sanpl e were
Li H_+, Li2H2 and L 6H2 + . The negative
on TR 05 ToF VRS Fr e Sastes ovey aéﬁ@tﬁh@%@é@ﬁ% Rdtn
in Figqure 25 and 26, respectively. The LiH*
shaqyedep %@HT RS Td‘l?rﬁpﬂ‘éﬂ@ﬁswepl aqedy large Hearak 3 WGH' She
intensity of H> F . lodide al one dom nated the
hyglserdids agmedis QBRSPS ofTwotathar dpmingnt Regks MAtshederigho |
CH, C, and a series of negative ions I[Lil] were
regplytiongpassrof iH; | andalldi M6~ te 19,400 antbwera sesignedde isodium
ot her uni que peaks of LiH* / sanple were LiH ,
hydrinipiEiride sand thigidR ircomdistien withviNa®H .h@theoumgdd ioms of
novel |ithiumiodohydride. The negative ToF-SI M5
assigpable torsddionh hydrind Bydride® NaHgfin Narkbihatione aiite dVaeiH | NAO
followi ng the production of 15 kJ of excess heat is
OBNQME 0 wée@UE&vey - Hydri nohydri de- conpound series N
H was observed wherein the nass deficit fromthe high
resol ution (10,000) nass determ nation definitively
di stingui shed this assignnent over the C2H series

EORNA Mestificion Rt 1 ), Fihg/ XPJ IPesbidi®, @hanemlhé hamaAdaH
y

* -coated Pt /Ti conprised two fracti onal dr ogen
NRIR8Stra bf Lt B} dnd3irr®1%elative to external TMS are shown in Figures

30A and 30B, respectively. LiH * X samples showed a large distinct upfield
resonance at -2.51 ppm and —2.09 ppm for X = Br and X = I, respectively. None
of the controls comprising LiH , equal molar mixtures of LiH and LiBr or Lil |
LiNH,, Li,NH , and equal molar mixtures of LiNH, or Li,NH and LiBr or Lil
showed an upfield-shifted peak. Since the upfield peak of LiH * X at about —2.2
ppm was very broad, it is useful to compare these results to those of the prior
identification of H(1/4) of KH *CI and KH *1I .

The 'H MAS NMR spectra relative to TMS of KH * CI samples (Figure 31A)
from independent syntheses and controls were given previously [13-15, 24-26]. The
experimental absolute resonance shift of TMS is —31.5 ppm relative to the proton's
gyromagnetic frequency [78-79]. The KH experimental shift of +1.1 ppm relative to

TMS corresponding to absolute resonance shift of —30.4 ppm matches very well the
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/I [ (1/4) (Sec. I MF). NaH having the mass-deficit
series was al so observed in the spectrumof RNi from
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36 kJ of excess heat. The positive ToF-SI M5 spectrum
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Eghkgred an upfield-shifted peak. Since the upfield peak

H* X at about -2.2 ppmwas very broad, it is

f * |
Gont P e BR300 kS . BPREHEH (10 (PO 58

corR& éﬂdud&%@l’h@n&ﬁ@éﬁ? E@Llrh%lr alithMKe L1QinEMSsteEl HaR-W
sanples (Figure 3

components at less than detectable levels. The elemental analysis of LiH *I by
wt% was Li (5.2%), H (0.8%), | (94%) corresponding stoichiometrically to LiHI with
the stainless steel and R-Ni components at less than detectabie levels. Thus, no
hydrides other than those of Li are possible assignments. U H does not have an
upfield-shifted NMR peak as determined previously [13-14]. F centers could not
have been the source since no ESR signal was detectable in LiH * Br or LiH *I at
room temperature or 77 K. 'H MAS NMR spectra obtained on LiNH,, Li,NH , and
these compounds in a LiBr or Lil matrix also showed that neither of these

compounds have an upfield-shifted NMR peak. To further eliminate LiNH, and
Li,NH as the source of the —2.5 ppm peak, LiH * Br samples with the -2.5 ppm
peak were heated to >600°C under dynamic vacuum to decompose LiNH, and

Li,NH . The heat-treated samples were analyzed by FTIR spectroscopy to confirm
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H, has been characterized by gas-phase 'H NMR. The experimental
absolute resonance shift of gas-phase TMS relative to the proton's gyromagnetic
frequency is —28.5 ppm [80]. H, was observed at 0.48 ppm compared to gas phase
TMS set at 0.00 ppm [81]. Thus, the corresponding absolute H, gas-phase
20 resonance shift of —28.0 ppm (—28.5 + 0.48) ppm was in excellent agreement with
the predicted absolute gas-phase shift of —28.01 ppm given by Eq. (12).
The absolute H, gas-phase shift can be used to determine the matrix shift for

H, in a lithium-compound matrix. The correction for the matrix shift can then be

applied to the 1.3 ppm peak to determine the gas-phase absolute shift to compare to
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afdRbREéLHI @e4):by gas-phase 1H NMR The experinental
absol ute resonance shift of gas-phase TMS relative to

the pgyoton's gyromagnetic frequency is -28.5 ppm [80] .

H2 obgehredl6dt) pPu 48 ppm conmpared to gas phase TMS

set 0. 00 gfm [81]. Thus, the correspondi ng absol ute
(4)) (46)

H gad2pPkis®o4(4)) ppm
=-30.6ppm
Lu et al. [82] also observed a peak at this position that increased in intensity relative
to H, with the duration of in situ heating of LiH + LiNH, (1.1/1). They were unable
to assign the peak labeled unknown in their Figures 6 and 7. The assignment of the
peak that matched the theoretical shift of H,(1/4) extremely well, was confirmed by
FTIR (Sec. llIG) and electron beam-excitation emission spectroscopy (Sec. llIIH).
The presence of the H™(1/4) ion in LiH * X was found to depend on the
polarizability of the halide ion. The 'H MAS NMR spectra of LiH *F and LiH *Cl
are shown in Figures 32A and 32B, respectively. Peaks at 4.3 ppm and 1.2 ppm

matched theoretical predictions of molecular hydrogen in two different quantum
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polarizability of the halide and the corresponding reactivity towards H (1/4).

Potassium catalyst formed H,(1/4) as well, butin KC! and KI matrices with

15 H™(1/4), as shown in Figures 31A and 31B.

The 'H MAS NMR spectra of NaH * Br relative to external TMS is shown in

Figure 32. NaH * Br showed a large distinct upfield resonance at —3.58 ppm. None
of the controls comprising NaH or equal molar mixtures of NaH and NaBr showed
an upfield-shifted peak. The —3.58 ppm upfield peak of NeH * Br was broadened,

20  but not significantly as in the case of KH *I; thus, the matrix may not have as large
an effect as in the prior case of the identification of H~(1/4) in KH *I. Thus, the
measured shift is directly compared to theory with the expectation of that it is the
peak shifted downfield due to the matrix effect. The experimental absolute

resonance shift of TMS is —31.5 ppm relative to the proton's gyromagnetic frequency



peak that matched the theoretical shift of H2(1 /4)
extrenely well, was confirned by FTIR (Sec. MG and
WwOetoe134e31 beam exci tati on em ssi on spectr 0SCoOMCTE2008/061455
[1lH) . The presence of the H(I / 4) ioninLiH* X
was found to depend on the polarizability of the
hal i de ion. The 1H MAS N¥Bsspectra of LiH* F and LiH
* O are shovvn in Fi gures 32A and 32B, respectively.
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fagpred hydiriglerpn gredicied dy using iNphinesthewatalystleks.r(Bed ahd (284 ).
observation of the predicted rotational transition in
Sirtiler PneCasg el LMY ( Bect.3 pprEpeanghownén bigeri Btiedssigned to
rotational spacing by electron beam exci tation
5 Hopprgsther - 19peot peskdogssiongete, Hi (1Y #) Thetiager/is gorgmanly 4)
i on peak was absent in LiH* F conprising a
olrserved|aarai faaind cecdtdlysis mplecaar preddet @9].in LiH * C
conprising a nonpol ari zable chlorine; whereas, it was
t he Nidivt @alli MASakMRspbataTelatite to eBrerrahIMBisHbwihg #s effeovat
in Figures 30A and 30B, respectively. These results
hydnehjeaaidditibient the relafiverintzadifies didl,i, dg (1/9) raad Ui T(edh )fi@ shdwnX
to react wwth the / T (I / 4) ion to formthe
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0. aBiaselie MFL GRRRE . W Re lhL FoRmipeieef i

(1/4) ions is based on the polarizability of the
hysisedenadgifien shewingod +eBRD HEfigidshitetraaliassignesiartid1 4). a
(1/4) . Potassiumcatalyst formed H2 (1/4) as well,
1. whmi prak@bsigred tdIH, (YY) | aeisa ddntikiaritl4 (phbmideak aaﬁg@ldcwn-lzi. n
Figures 3 1A and 3 1B. The 1 / MAS NWR spectra of NaH

B) B 1@ @hth\éﬁizéd)w@ﬁﬁuﬁﬁmcﬁe-ﬁ"@dﬂt@n SHUNINY & 1 Fbrd Upfeld2.

NaH * Br showed a | arge stinct upfield resonance at

hife RBRigrldans 211 f4)ea asihaR! 150 BhSaRgndiatd ot
Séqlﬁj%arm ar mxturleslyoa NaH and ggﬁ? sh ow@“ (1/4),

15 and asmall 4.1 ppm assigned to H,.
The effect of hydrogen addition on the relative 'H MAS NMR intensities of
H,, H,(1/4),and H (1/4) in NaH *Cl is shown in Figures 34A-B. The dominant
peak switched from being H, to H,(1/4) with the addition of external hydrogen
indicating that H, may occupy sites in the lattice that are filled by H,(1/4) when
20  H, isless abundant. However, the addition of hydrogen increased the relative
intensity of the H~(1/4) peak, mostly likely by increasing the hydrino reactant

concentration.
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an upfield-shifted peak. The -3.58 ppm upfield peak of
NaH * Br was broadened, but not significantly as in

watves/casa of KH * | ; thus, the matrix may notPATaNS20@83061455

| arge an effect as in the prior case of the
identification of / / (I / 4) in KH* | . Thus, the
nmeasured shift is directhg7zconpared to theory with the
expectation of that it is the peak shifted downfield
due to the matrix effect. The experinmental absolute
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a&o%%r?gm))éq E7vivbgpartiflytifiibiea 8e &f the absehcelof a hige 4- 3 ppm

peak shown in Figure 33 is assigned to H2 , and the
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external TMS show ng the effect of hydrogen addition

m‘(anng@ @f)s r ebasiaye3.bnbsshl has pgf'n rhhtéhed th (h ppmbhd 1aNshnt

is shown in Figures 34A-B. The addition of
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respectively. Curve fitting of two peaks put the peaks at about —3 ppm and —4 ppm,
the theoretical values with experimental error. Thus, both fractional hydrogen states

were present, and the H, peak was absent at 4.3 ppm due to the synthesis of
NaH * ! using a solid acid as the only H source which confirms the reactions given

by Egs. (23-30). The presence of H™(1/4) and H,(1/4) in NaH *CI from reaction
of NaCl and the solid acid KHSO, was confirmed by XPS and electron beam-

excitation emission spectroscopy.

Helium is another catalyst that can cause a transition reaction to [%’*]

because the second ionization energy is 54.4 eV, (2-27.2 ¢V'). The catalyst
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indicating that H2 may occupy sites in the lattice

that are filled by H2(1 /4) when H2 is | ess abundant.
waHmeevans1 t he addition of hydrogen increased tHGI/US2008/061455

relative intensity of the / (1/4) peak, nostly likely

by increasing the hydrino reactant concentration. NVR

was performed on NaH * Chgsynt hesi zed from NaC and

the solid acid KHSO4 as the only source of hydrogen to

test whether H~ (I / 3) forned by the reactions of

repglons @aiveN byo oyl d be observed when the rapid reaction

to H~ (I /4)_according to Eq.. (27) was partially

j ahibit ed dde [t o, t.he absendg of j.gh cance i on
A S PR R L )
MAS NVR spectifum of NaH * O formed using the solid
acid relative,t xternal TMS is shown in Figu 35.
Peak@ezafe-@%7+g‘b§?%nd 1.15 ppm nat ched the - @g)m and

s of Figures 34A-B that were assigned to
A&F,éﬁe&%%lﬂé%ﬁ%& (I / 4) , respectively, of NaH * C
synt hesized wsings H froma dissociator with H2 or a
hydr g Jhg clxas _was|£xpect ed since thgagKHSO
was OE%JZJ{(IWDE o[g?‘tr?hhe\fﬂsxture wi th NaC s%h)Kt hat

the matrix effect was essentially constant between

AS Rt esse dieOMEH \cataBBDicBé&tionstat s@bsepaets radid trahsition PP
and 1.7 ppm was observed for the solid-acid product.

Usi ng Egs. (4)«gnNd (42) with the matrix shift given
Hir GES PsPdf'@rhvgﬁPiﬂ MY Offel AU CHAVEREU SBATE ver o
assigned to H(I "/ 3) and H2 (I / 3) , respectively.
Curve fitting of two peak LYt t he peaks at about - 3
hyalosyeatitht firstlaquepts 27i2eet fnem:[ef—ﬂ‘ @algiveaby &g. (&7 ). iCharacteristic
experinmental error. Thus, h fractional hydrogen
states were present, and the H2 peak was absent at 4.3
brephemisaion stafting ak §6P REAN centinging-o ehortes wayelanadh ifd aci d
ag_ th? only H source vvhiﬁ]h confirnms the reactions
Prefiglen ' ghiElRNsItop Seagpn asriiie epprEstinid galglysydecays. /AP and
H2(. 1. /4) in NaH * fromreaction of NaCl and the
e’B‘Sig'P'ah%sc%eﬁnRﬁéﬂe‘{/\%\&%\éﬁP?ﬁ*rﬁé??p%§e°25%da?ﬂd“'8ﬁ°&(8¥% on

dlg&%%)s( BF ﬁg}ﬁ;hﬂ,ﬂth 2% hydrogen [27-29]. The spectroscopic and NMR data

provide strong support for the catalyst mechanism of the formation of [%i} with the

subsequent transition to [%J Additional evidence is the observation of both

H(1/3) and H™(1/4) in NaH *CI as given in Sec. IIIF.

F. XPS Identification of H(1/4) and H (1/3). A survey spectrum was obtained
on each of LiBr and LiH * Br over the region E, =0 eV to 1200 eV (Figures 36A-B).

The primary element peaks allowed for the determination of all of the elements

present in the LiH * Br crystals and the control LiBr. No elements were present in



em ssion spectroscopy. Heliumis another catal yst that

can cause a transition reaction to - because the
wosmogmd4iioni zati on energy is 54.4 eV, ( 2 -2®PQ/€8%)08/061455

The catal ystreactions are given by 54A eV +He++ H H

(r)He2+ +e +H +[(p +2)2 - p 2]-U.6 eV (47) P (P + 2)

He2+ + e~ (r) He+ + 54.4168¥ (48) And, the overall

reaction is H- / -13.6 e (49) As in the case of the
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peak were assigned to the H™(1/4) in two different chemical environments. These
features closely matched those for H~(1/4) of KH * I reported previously [13-15,
15 26, 30].

A survey spectrum was obtained on each of NaBr and NaH * Br over the
region E, =0 eVto 1200 eV (Figures 38A-B). The primary element peaks allowed for
the determination of all of the elements present in the NaH * Br crystals and the
control NaBr. No elements were present in the survey scan which could be

20 assigned to peaks in the low binding energy region (Figure 39) with the exception of
the Na 2p and Na 2s peaks at 30 eV and 63 eV (shifted 1 eV lower compared to
NaBr), the 0 2s at 23 eV, the Br 3d;,, and Br 3d,, peaks at 69 eV and 70 eV,
respectively, the Br 4s at 15.2 eV, and the Br 4d at 5 eV. Accordingly, any other

peaks in this region must be due to novel species. As shown in Figure 39, the XPS
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conpared to LiBr), the O2s at 23 eV, the Br 3d5/2 and
Br 3dV2 peaks at 69 eV and 70 eV, respectively, the Br
wolmogi3418 eV, and the Br d at 5 eV. Accordi ngIRCT/E82908/061455
ot her peaks in this region nust be due to novel
species. As shown in Figure 37, the XPS spectrum of
LiH* Br differs fromthapoof LiBr by having
addi tional peaks at 9.5 eV and 12.3 eV that do not
correspond to any ot her prlnarX el enment peaks but
Smﬁre'w qfﬁ‘@”/ %19' fziejrs Egmthat pf Y/ Oy aingrdditional regks at(%; eV
‘{% literature was searched for elenents
a'Pndav? ﬁvé "’688&?0 Gor rﬁﬁ%’”f?é‘i’ 8%‘&“%&5’@%%]%?1”%%8‘{3 R8dPd be
assigned to these peaks. Gven the prinmary el ement
Mgkhee B E4EhE, = Thaft. AEe ionREwAD AN 411kt Thedierature was
assignnent. Thus, the 9.5 eV and 12. 3 eV peaks t hat
seavclied foratlerhentsibavingraspeakdn thegalaned-bargimegiomtiat cluldhios
correspond to any other primary el enent peak were
agsigried tethesopeake. [Qiven the primgyy elameniegks prepentittherheras ol
envi ronnents. These features closely matched those for
kaﬂPVm alerngjivegssignment. Thepdbe 88 ayrand 18&%9?61%1*!@5 couggsnot
30]. A survey spectrum was obtai ned on each of NaBr
be, A%Figued te kngwnRlgtpentyand %“QS [o'EgsrengtoankSthep pimany element
(Fi gures 38A- ? The primary el enment peaks all owed for
Peafevete easignea e fhent o / %1)| in tee diffprenithemisdl envpersems. i n
the NaH * Br crystals and the control NaBr . No
el elfeintey speatia qyeetbe negidmEf-h@ e iorl¢eyels ware abitaindd anordctl of
be assigned to peaks in the | ow binding energy region
P{ Fi gand eNa30’) -coatéed Pt He fabowimgtthoproddctibhef 6 Ripof&rcesklhedts
peaks at 30 eV and 63 eV (shifted 1 eV | ower conpared
(FiguredaBIA-B).  Thelpeimaneleragnt 28aks\gllowee foBthe3tgkir@inatich @rall of
3d3/ 2 peaks at 69 eV and 70 eV, respectively, the Br
theelementspresast/in they datlfec@teddfr /di and thy copeat drdiindily, any
ot her peaks in this region nust be due to novel
elgmepis aere pEsart B\iRe BYVEY tAgn avhiph copl berpsigpretio Pasdp theaH
* Br differs fromthat of NaBr by havi ngf addi ti onal
'Ob/ém@"gaﬁne@yse@‘?ﬁ giigyrasA -Biwithihe eé‘é?PHQﬁ ofdbr Fedporfhdt o

any other primry el enent peaks but do
Pt 4f,,, peaks at 70.7 eV and 74 eV, respectively, and the O 2s at 23 eV. The

Na 2p and Na 2s peaks were observed at 31 eV and 64 eV on NaH *-coated

Pt /Ti, and a valance band was only observed for Pt /Ti. Accordingly, any other
peaks in this region must be due to novel species. As shown in Figures 42A-B, the
XPS spectrum of NaH *-coated P:/Ti differs from that of P:/Ti by having

additional peaks at 6 eV, 10.8 eV, and 12.8 eV that do not correspond to any other

primary element peaks but do match the H™(1/3) E, =6.6 eV and
H™(1/4) E,=11.2 ¢V hydride ions (Egs. (4) and (16)). The literature was searched

for elements having a peak in the valance-band region that could be assigned to

these peaks. Given the primary element peaks present, there was no known



match the / ( 1 /4) Eb = 11.2 eV hydride ion (Egs. (4)
and (16)). The literature was searched for elenents
wahs/my4a peak in the val ance-band regi on t hatPcaous2dose1455
assigned to these peaks. G ven the primary el enent
peaks present, there was no known alternative
assi gnnment. Thus, the 9. 5%39eV and 12. 3 eV peaks t hat
coul d not be assigned to known el enents and do not
correspond to any other primary el ement peak were
aliesaatiye agsignanhe Tys-the 19.4)eV, anq \\& 8 @Vineakethet yidot Be
environnents. Surve pectra over. the region Eb = 0
a0 IPAPIRRLS St AL QOERPEBRLIR BY oY PR Bfeeneh
* -coated Pt | Ti follow ng the Production of 15 kJ of
Peakuite apRigned (¢ihg U d/ WA diffeieat Ghiemifat gnviPReME. Peaks
all onwed for the determ nation of all of the elenents
e pealematchet dridevadeddsinecciovatie(d/ Bt Thus, in drecabisbrececd athatide
Pt 1 Ti . No elenments were present in the survey scan
5 padiiig thicreyiol, doth REdibe agdrbgerpaaks, 1/Dakd 4 | viake Bb&tNdiths
energy region (Figures 4 1A-B) with the exception of
prebieteBtby Eq1RY). amtk dBiserfe db h2afprekSaraitduélo thedighaticdingt eV,
respectively, and the O 2s at 23 eV. The Na | p and Na
eigggipealis alse canseiEne witte thedtyddholhyeideaasigidheald of VaNaHcdated
-coated Pt | Ti , and a val ance band was only observed
Pf@i. Pt 1 Ti . Accordingly, any other peaks in this
regi on nust be due to novel species. As shown in
Fi gUhesesaitnofghe e *)gegteshBotl alavot in Rigdre 42B werneaeplicated
Ti differs fromthat of Pt | Ti by having additional
10 witfe kH *ag0atedesy; Achewein Figiies 4Dam ¢4/ thedlt'S arectigof NaH *-
correspond to any ot her prinapﬁyflenent peaks but do

cqRipcdcd shewedpegls g 68y, Hh8 eVeand AR hina) cquid upt begssigned to

e Lt BV e ok b e s B
val ance-band reqgion that could be assjigned to these
maiehgs H GiabAnd Ho (L) méhys. bpBeastonshbaNdeogsn statsr /33 er e

was no knownal ternative assignnent. Thus, the 10.8 eV,
Ha(id 3)L 2t t8e 6'\¢VmEmaKi#4 ash &t (108t h® eV bed a2 SieYynwdret predenbam
el ements and do not correspond to any other prinmary

15 pretietBny Eq. (27).

G. FTIR Identification of H,(1/4). Samples of LiH * Br having an upfield-shifted
'H NMR peak at ~2.5 ppm assigned to H~(1/4)and an NMR peak at 1.3 ppm

assigned to the corresponding molecule H,(1/4) were analyzed by high resolution

20 FTIR spectroscopy. As shown in Figure 45B, a single narrow peak was observed at
1989 ¢cm™'. The compounds, LiNH,, Li,NH , and Li,N are possible, based on the
staring materials and predicted reactions, but none of these compounds showed
peaks in the region of 1989 c¢m™'. No additional peaks other than those easily

assignable to LiBr were observed (Figure 45A). An exhaustive list of species that
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peak were assigned tothe / / ( 1/4) in tw different
chem cal environnents. The 6 eV peak nmatched and was

woemes/gpaes to H~(1 / 3) . Thus, in the absence RifT/©882008/061455

hal i de peak in this region, both fractional hydrogen
states, 1/3 and 1/4, were observed as predicted by Eq.
(27). The absence of a vapance band due to the
hi gh- bi ndi ng energi es was al so consistent with the
hydri no hydride assignnents of NaH * -coated Pt /Ti
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rules to permit an otherwise forbidden transition in H,(1/4). Considering a matrix

effect, the match to the predicted 1943 cm™' peak and the relatively narrow peak
width, indicates that H,(1/4) can rotate essentially freely inside of the crystal and
confirms its small size corresponding to 1/4 the dimensions of ordinary hydrogen.
Ordinary hydrogen shows a 3:1 ortho-para ratio at non-cryogenic temperatures;
whereas, a single peak of H,(1/4) formed under the synthesis conditions is assigned
to the para form only due to the 64 times increase in stability due to the 1/4 relative
internuclear separation. Given the frequency match of the 1989 cm™' peak and the
absence of any known alternative, wherein hydrogen is the only known species that
exhibits single rovibrational transitions in a solid matrix, the 1989 cm™' peak is

assigned to the J =0 to J =1 rotational transitions of para H,(1/4).
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ToF- SI Ms anal ysis, which showed a total boron content
that was not detectable at the ppb Ievel which is

worndgra4sif nmagni tude below its FTIR det ecti on HdmuS20e8md 1455

the absence of two peaks corresponding to the boron
I sotopes 10B (20% N.A.) and 1 1 (80% NA). Consi dering
a possible matrix effect jgshe peak at 1989 cm 1 (0. 24
eV ) matched the theoretical prediction of 1947 cm 1
for H2(1/4). From Egs. (14-15), the unprecedented
rotational energy of 42 times that of ordinary
ogen establishes the intenuclear distance of
HE 9 7 1) Refgtianss Uymecisim b Elscion Bem EXFBRonDI ) | | con
and GaAs is a nearly free rotator show ng single
trapped iy teilaticel of alkalhkalide® e X, 83-8F JCL, B )i andFIIXR acti ve
as well as Raman active due to the induced dipole from
( X ntreCiaRnt)ivas sSnvestigatdd sy vaingoieds| U\ngpdcabddcopyeorn 88¢tronTHeam
crystalline lattice may al so influence the selection
exdithteon df thepreystald usimg bk Hesweveldcooh gadeta bgannirtendsr 1020
H2(1/4). Considering a matrix effect, the match to the
uprirethe praagdurb34djecon<10 paak. onthetdiali radtals, iitwedsyfourairthatwnly
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matctiedhthe prdey drediptad, inGredsingimjenisinddaygethe sbloms ofith®:Group |
ortho-para rati o at non-cryogeni c tenperatures;
elamentealn allxasés lecpepkakoutt be-Bliminated by keatingl wiln therlogshod the
synthesis conditions is assigned to the para formonly
Lyinan ¢ (pepkeand potothes peaksavesageserveddn tigiUV.-t Theqandinegnasse
1/4 relative intemnmucl ear separation. G ven the
SHecEeielACpCorded ydsegentaalyl SEdheceampopedikofdirisariee Md¥sence
of any known alternative, wherein hydrogen is the only
(X ndwWeY, Brpleand LuXh 4 & =ef BT, Bi 1 thegirenjéted barvd Wasgtstaleteictable
transitions in a solid matrix, the 1989 cm 1 peak is
ordg for g dwhioh timhislcase,bah ®e Attfibuled Bt AT GBahe ¢ataNg] NMRGH
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|n8ng|tles F,Cl,Br,<< I that matched the detection of the band by electron beam-

nd

excitation emission for Mgl, only.

The 100-350 nm spectrum of electron beam-excited CsCl crystals having
trapped H,(1/4) is shown in Figure 46. A series of evenly spaced lines was
observed in the 220-300 nm region as shown in Figure 46. The series matched the
spacing and intensity profile of the P branch of H,(1/4) given by Eq. (14). P(1), P(2),
P(3), P(4), P(5), and P(6) were observed at 226.0 nm, 237.0 nm, 249.5 nm, 262.5
nm, 277.0 nm, and 292.5 nm, respectively. The slope of the linear curve-fit of the
energies of the peaks shown in Figure 46 is 0.25 eV with an intercept of 5.73 eV and

a sum of residual errors r* < 0.0000. The slope matches the predicted rotational
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(X=Fd,Br ) was investigated by wi ndow ess W
spectroscopy on el ectron beam excitation of the

warysiahs using the 12.5 keV el ectron gun at a@dI2es?008/061455

current of 10-20 mA in the pressure range of <10-~5
Torr. O the alkali netals, it was found that only
al kali chlorides showed tbg peaks predicted by Eqg.
(14), and the intensity roughly matched the order
pr edi ct ed, increasin% intensitz down the columm of the
egregracingotfeht 8Y (g (M) pedsdwéh Airetlpbaks, bibdvhase J is
elimnated by heating with the | oss of the Lyman a
theaalktionghatansinp yreber pétie inakstate o séf 4)eid aifigetrpfatotput ISmet
on-line mass spectroneter recorded hydrogen only. O
afree vibcatgrowhitds sifnilahte treecase of itgXiti§bydroBerCin, sBicon discusaed
Cux2 (X = F,d,Br), the predicted band was j ust
pregivesty BBI8F] oihg obsmrveliyht2rcaptiof B,73ieV is Bhikedfase theqaedidied
attributed to My2 as the catalyst. NVR on these
verlys v al0svihtinetertengy diZH(,I(1/44 )of pRaleVAEq1(13)3 bp pboud iwiye the
M2 with relative intensities F,d,Br," | that matched
pérbéntatRt £cthat@m inddrstitiae Hp Ardlicbly [83L87T.1 IaRe RRE2%6, i Vibrationsl
em ssion for Mgl 2 only. The 100-350 nm spectrum of

er@ir?’ﬁéfrﬂ%@ e 8 &KX eh t Bhersdsl thé Viktioas pbaksiimaiidohaiped H2(
1 4) is shown in Figure 46. A series of evenly

olsRARE Gt b 12emd B2 7 CHIRbMEShohfing hﬁor@%%né%rﬁm IegieRiveds
shown in Figure 46. The series matched the Spacing and
[Bgﬂtlﬁﬂ%' fbind? cQSd the shift id Aubl3PE MR fRbsiblg Glié ton iHErKsde iRY
g. (14). P(1), P(2), P(3), P(4), P(5, and P(6) were
the REEEHVE thas fréR@olplinglof #8 Mdledb@r vibiBoal RiBde AR e dHBtal
277.0 nm and 292.5 nm respectively. The slope of the

latticeear curve-fit of the energies of the peaks shown in
Figure 46 is 0.25 eV with an intercept of 5. 73 eV and
a sweingfEqse@ i taral (18Ywithr the measufed rdidtidtal ehbryy Shagiey of 0.25
mat ches the predicted rotational energy spaci ng of

eV eddilishds {rbgteri{ubibpt digtarcelof )1/Anhbtof Ble ordinbry #1, for H,(1/4).
1,2,3,4,5,6 where / is the rotational quantum nunber

Afé&rrésibendihg?ﬂéaksseaqeavasId%éérvéd fiom iNHe* B, @Rd b G MensBBhind
is not a free vibrator which is simlar to the case of
whdbiveplet frioml Ni¥y dCDORBgArding tHel |8tHA cades eHeSBeAkIty of the
emission was significantly increased by trapping H,(1/4) in a silicon matrix. The

100-550 nm spectrum of an electron beam-excited silicon wafer coated with

NaH *Cl having trapped H,(1/4) is shown in Figure 47. The series matching the

spacing and intensity profile of the P branch of H,(1/4) given by Eq. (14) was
observed. P(1), P(2), P(3), P(4), P(5), and P(6) were observed at 222.5 nm, 233.4
nm, 245.2 nm, 258.2 nm, 272.2 nm, and 287.4 nm, respectively. The slope of the
linear curve-fit of the energies of the peaks shown in Figure 47 is 0.25 eV with an
intercept of 5.82 eV and a sum of residual errors r* < 0.0000. The linearity is

characteristic of rotation, and the results again match H,(1/4). This technique
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conprising: a reaction cell for the catalysis of
el@inents ehaf Joimh AgLEata st BAA BY 1883 Bhe BEF 88RBNt, whereby the catalyst
is formed from the source; and
a heater to heat the vessel to initiate the formation the catalyst in the reaction
vessel if the reaction is not spontaneous at ambient temperature, whereby the

catalysis of atomic hydrogen releases energy in an amount greater than about 300

kJ per mole of hydrogen during the catalysis of the hydrogen atom.

2. A power source and hydride reactor of claim 1, comprising an energy cell for
the catalysis of atomic hydrogen to form novel hydrogen species and compositions
of matter comprising new forms of hydrogen, a source of hydrogen catalyst, and a
source of atomic hydrogen whereby the source of hydrogen catalyst comprises at
least one reactant having hydrogen and at least one other element, and

the at least one reactant undergoes reaction such that the energy released is

greater than the difference between the standard enthalpy of formation of
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species and conpositions of matter conprising new
fornms of hydrogen; a reaction vessel constructed and

woazongmges to contain a pressure in the range afCT/082008/061455

equal to, or greater than atnospheric pressure; a
vacuum punp; a source of atomic hydrogen froma source
I n communi cation with th% 5eact| on vessel; a source of
a hydrogen catalyst in comTunl cation with the reaction
vessel conprising a reaction mxture of at |east one
corepatinds havimgithe iswich@niche oetlenental @mpekidomreottee plodticts andn
the catal yst and at | east one other el enent, whereby
thelemergtod foypatianeof treratbzhst or@meadtantsour ce; and a heater
to heat the vessel to initiate the formation the
catalyst in the reaction vessel if the reaction is not
spont aneous at anbi ent tenperature, whereby the

3cat dihgpowensousteanddyayderregeter of slainad eshesetmrthy sourceaof
amount greater than about 300 kJ per nole of hydrogen
h!ﬂﬁ?@%‘g:a?%t CUPRIISHS Pidezst ong, @aﬁ‘?d"rft?g@ﬂ hydreaen and g '?ﬁﬂ/\m
source and hydride reactor of claim11, conprising an
O@ﬁ%‘?'@’?e@eﬁd for the catalysis of atomic hydrogen to

n species and conpositions of matter

form novel .

o Sieast flkyep %ews?rgﬂweagm sugh glihe ENeje FRjeReSREn
A G T 5@%%@‘3?@%&%@@@ 2 hast e
rGERRLAT e bodlfs WEHAER Bt wabEE hoy BRglhdibegen i
rpSEbARGRIC (hat Lhe energy rel eased 1o o copor than

formati on of conmpounds havi ng the stoichionetry or
el emental conposition of the products and the energy

40f FREMBhEORuRE (ftna%yéﬁ | 82&4r PBBInk ?aFGrt &mératlﬁg \;I)\?:\D&
power source and hydri e reactor of claim1

cdhishHRUYESRar® of hydrogen and at least one other element that undergo

reaction such that the energy released is greater than the difference between the

standard enthalpy of formation of compounds having the stoichiometry or elemental

composition of the products and the energy of formation of the reactants.

5. The power source and hydride reactor of claim 1, for generating power
comprising reactants of hydrogen and at least one other element that undergo
reaction such that the energy released is greater than the theoretical standard
enthalpy required to regenerate the reactants from the products wherein the energy
to replace any reacted hydrogen is the standard value for the combustion of the

hydrogen.
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hydr ogen catal yst conprises at | east one reactant
havi ng hydrogen and at | east one other elenent, and

wda fves/at4431east one react ant undergoes reacti on PEUEES2008A161455

the energy released is greater than the theoretica
standard enthal py required to regenerate the at | east
one reactant fromthe pr cts wherein the energy to
repl ace any reacted hydrogen is the standard val ue. 4.
The power source and hydride reactor of claiml1, for
6gendihaipowgr spoveerand dyiideseadion o alatnamt vghendin thedrategyesihisand
at | east one other elenent that undergo reaction such
capadle of becepting ¢nergyefraastohid lsydgrgea iireintegbraumits loeone of about

di fference between the standard enthal py of formation
oPh GOMBRURAS, a}LﬂngV t,hg s30i chi onetry or el enent al
conposition of the products and the energy of
formation of the reactants. 5. The power source and
hydri de reactor of claim1l1l, for generating power
conprising reactants of hydrogen and at |east one

7.0t h@he pbeersurcersat! hydritlerrgactored claino h, vehecdin tHeadatayse
energy released is greater than the theoretical
cenpiisdaan alomt dradrpM wheegin thedortizatior glien eleetranstiios the atormaert s
fromthe products wherein the energy to replace any
ion dheachdo Bydntiyem anerayirvebis guetuthat the bure of ionizatipa energies of
conmbustion of the hydrogen.6. The power source and
Y bcton RABDRARleIF b 87 k- 248EYEIR DETCalAlS s an
capable o cepting energy from atom c 2hydrogen 1 n
integer units of one of about 27.2 eV + 0.5 eV and -
integer.0. 5 eV. 7. The power source and hydride reactor of
claim1, wherein the catal yst conprises an atomor ion
M wherein the ionization of t electrons fromthe atom
or ion Meach to a continuum energy |level is such that

8.1 he Aaviep souremaneHivdede waeiehpletaip 7 Vihergin the catalyst atom M is

at least one of the group of atomic Li, K, and Cs.

9. A power source and hydride reactor of claim 8 wherein the source of catalyst

comprises a diatomic molecule of catalyst atoms.

10. A power source and hydride reactor of claim 8 wherein the reaction mixture
comprises at least a first reactant as the source of atomic catalyst and atomic
hydrogen comprising one of the group of Li, K, Cs, and H;

the reaction mixture further comprising at least one other reactant wherein the
atomic hydrogen and atomic catalyst are formed by reaction of at least one first and

at least one other reactant.
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the t electrons is approximately one of m 27.2 eV and
m--eV where mis an integer. 8. A power source and

wdaneds/ixdesir eact or of claim 7 wherein the cat al yiT/e82008/a061455

is at | east one of the group of atomc Li, K, and Cs.
9. A power source and hydride reactor of claim8
wherein the source of catzagyst conprises a diatomc
nol ecul e of catal yst atoms. 10. A power source and
hydri de reactor of claim8 wherein the reaction

1 XtAup@ver sopre seshydridé esestor af dlaimsto whessih &1t soagetoh eatalyst
source of atom c catal yst and atom c hydrogen

coopnses Mhgharaie Mis théeatglysi apnowhereby &pmEsgataystlisibrntelde
reaction mxture further conprising at |east one other
fromdleg sorcestygeadtion wite agpecieccdmyising @hleastdneaother element.
catal yst are forned by reaction of at |east one first
and at | east one other reactant.11. A power source and
hydri de reactor of claim 10 wherein the source of

1%at dihgsatapystiiclaiiad compltieg adigtoni¢ moterele M4 wherein the om
whereby atomc catalyst is forned fromthe source by
OrEBERSE: B eV HPORd s nEBHRSNa' S JRFARS Temdte e NoERIo
el epent. 12. The catalyst of claim 1 conprisjing a

a GPEGHP EnRiGh 1Yl e SN P Fm SHBe BPRLRRRY 3 iofieatin H
bond plus the ionization of t electrons fromthe atom
oNrgias b the : &lexabid 18 dPProgRREYoled ok Xi 2. 25ucknd hat 2 they
sum of the bond energy and ionization 27 2 enerdg es of
the t electrons is approxi mtely one of nX 27.2 eV and
where.n 98 ipfe@fe mis an integer. 13. A power source and
hydri de reactor of claim 12 wherein the source of
catal yst conprises a reaction that generates a

i m I I risjin
1.g| 2:‘?&?&“’%" rsrgurgec é\'lnde hy%%gg reagtor cllqgfr%r&%%%re&llrp %easgl?rtcg %¥ catalyst
comprises a reaction that generates a diatomic molecule comprising hydrogen and

another element.

14. A power source and hydride reactor of claim 13 wherein the catalyst

comprises hydrogen and an element other than hydrogen.

15. A power source and hydride reactor of claim 14 wherein the catalyst and
source of reactant atomic hydrogen comprises a diatomic molecule of hydrogen and

another element.

16. A power source and hydride reactor of claim 15 wherein the catalyst

comprises at least one of molecular AlH, BiH, CIH, CoH, GeH, InH, NaH, RuH, SbH,

SeH, SiH, and SnH.
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14. A power source and hydride reactor of claim13
wherein the catal yst conprises hydrogen and an el enent

woiobgr34831an hydrogen. 15. A power source and mRaristeos/061455

reactor of claim 14 wherein the catal yst and source of
reactant atom c hydrogen conprises a diatom c nol ecul e
of hydrogen and anot her eﬂo ment. 16. A power source
and hydride reactor of clarm15 wherein the catalyst
conprises at | east one of nolecular AIH, BiH CH,
1CoH, A Gewer sontde ahid hiydride rbacBividf cisieH] c@npisingrad [eSstbnk of tha
power source and hydride reactor of claim1l conprising
elemdnéarsdleroerds offth¢ batalgstearetier elemeht ama & compoditiod of matter of
catal yst, another elenent, and a conposition of matter
thef santeecosepoeiticnapihet efittecadalystHatt inof différentqdiysital state foart

in a different physical state fromthat of the
thedpbthg satalysts. A power source and hydride reactor of
claim1 wherein the source of catal yst conprises
hydrogen and anot her el enment other than hydrogen. 19.
A power source and hydride reactor of claiml1 wherein
1t?’he A BANGriSeHCRPRY UYCH'dE 6‘??&9"@5@3'5‘ twbepipdhe spuree of satalyst
of cat st and, atgm c hydrogen or source of atomc
BTG DHDR SREATEN T SEMPRLATe G BAERB. cat ol yet _and
atom ¢ hydrogen is rel eased by a chem cal reaction of
at | east one species of the reacti on m xture or

et 0,4\ react Jre speci es

Bowes BLtiBuRE A® R s Bl 2R TP LiRerPihs Boeuabemelie
cggﬁpﬁ%g%cda %/S{T&ya Q)%rc%tof c&id gt a(?]'aeaté?-&c ﬂgdr%egnfrr?a source of

"oy, or a conp und su écular or

alJHRE QAR n‘iﬁmﬁé}@iﬁ a%%&t%n@ o?t%‘é'?:a[%bét A% é’l&mlceﬁg ang of

a reagen product 1n the react

réi@ased By @Q:ﬂerméglrrbgtﬁloﬁ BRIt Hle Qe@iegbmetge WARG&H ﬁ‘uxh]?@ or
speci es nmay form

between two or more reaction-mixture species.

20. A power source and hydride reactor of claim 19 wherein the species may be
at least one of an element, complex, alloy, or a compound such as a molecular or
inorganic compound wherein each may be at least one of a reagent or product in the

reactor.

21. A power source and hydride reactor of claim 20 wherein the species may form

a complex, alloy, or compound with at least one of hydrogen and the catalyst.

22. A power source and hydride reactor of claim 21 wherein the element or alloy
comprises at least one of M (catalyst atom), H, Al, B, Si, C, N, Sn, Te, P, S, Ni, Ta,

Pt, and Pd.
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a conplex, alloy, or conpound with at |east one of
hydr ogen and the catal yst. 22. A power source and

wdaneds/ixdesir eact or of claim 2 1 wherein the el ermmrusn08/061455

all oy conprises at |east one of M(catalyst aton), H,
A, B, Si, C N Sn, Te, P, S, N, Ta, Pt, and Pd. 23.
A power source and hydri ?? reactor of claim22 wherein
the catalyst atomMis a ?east one of the group of
Li, K, GCs, and Na and the catalyst is atomc Li, K
and Cs, and nol ecul ar NaH. 24. A power source and
hydri de reactor of claim 23 wherein one or nore of the
23.eadt pawer powtaiarel [Hpldde escionyf dam2evherain thewatalyseatomiMdn
product species such that the energy to rel ease H or
isfat pesteme af thetgroup df bivky €6 andINst anddhe cataliws icatemiciLi, K, laed
absence of the formation of the reaction product
CepadimaiecuzsNal. power source and hydride reactor of
claim 24 wherein the reaction to generate at | east one
of atomc H and catalyst is reversible. 26. A power
source and hydride reactor of claim25 wherein the
Z‘l:onﬁi Reyver é‘l’qrﬁfya“dd“rydﬂ‘éﬁfﬁé&tﬁﬂdccﬂﬂ'fﬁ LB ydgrein pne 9finpre &f they
or. conpound. 27. A _power source and hg/%&l de reactor of

eEHETTHIZG arer 8 R Sack o esin cleg gucly
thp RAS oY eloERf o b R?ta'y%t%yvg%dﬁéﬁﬁvgﬁﬂi‘@eoﬁi? MRk

| T ki f-Pd / /Si, and Li/Sn.
o intet sl Pea et Rl Gt hct or of ¢l aim 27 wher i.sn

the reaction m xture conprises one or nore conpounds
that react with a source of Li to formlLi catalyst,

25% he Akt é&!?cé‘ér?&t% cf\ﬂ%ﬁ%i‘ %f%f_lauﬁtm §ﬁ@r°e'in {Ag ‘?e%ﬁ&ﬂl_gs

rom'the group of
gdiRrat@Bdesst ghééf‘)éiérﬁl(:@far%gcata‘l\/sp%v?@\ye@ﬂé'rce and hydride

reactor of claim28 wherein the reaction m xture
conprises LiH LiNH2, and Pd on Al O3 powder.

26. A power source and hydride reactor of claim 25 wherein the complex, alloy, or

compound comprises a lithium alloy or compound.

27. A power source and hydride reactor of claim 26 wherein the reaction mixture
comprises at least one of alloy or compound of the group of LiAlH4, LisAlHg, LiBHa,

LisN, LioNH, LiNH2, NH3, Ha, LiNOs, Li/Ni, Li/Ta, Li/Pd, Li/Te, Li/C, Li/Si, and Li/Sn.

28. A power source and hydride reactor of claim 27 wherein the reaction mixture
comprises one or more compounds that react with a source of Li to form Li catalyst,

the reaction mixture comprises at least one species from the group of LiNH,,
LioNH, LisN, Li, LiH, NHs, Ha,

and a dissociator.
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30. A power source and hydride reactor of claim 29
wherein the reaction m xture conprises Li, Li3N, and

waneds/idest Pd on Al 203 powder and optional | y HPQass208/061455

1. A power source and hydride reactor of claim25
wherein the source of catal yst conprises a source of
NaH cat al yst, wherein th% gource of NaH is an alloy of
Na and a source of hydrogen 32. A power source and
hydri de reactor of claim3 1 wherein the alloy source
of catalyst conprises at |east one of sodiumnetal and
one or nore other nitrogenbased conpounds, al kaline or
28] kah poveersaurce anehydride reacton of ¢laior28witeagis theAkactiSn miBure
Ag, In, Pb, Hy, Si, Zr, B, Pt, Pd, or other netals and
comprisies il LiddHcandoPd eesl2PRpayydes hydri de. 33. A power
source and hydride reactor of claim32 wherein the
source of hydrogen catal yst conprises an inorganic
conpound conprising Na. 34. A power source and hydride
3Peach BAWesSORTARAY REIridm Erasion ot %mr?@d’&qr%iﬁ thei reclies mixture
one or nore conmpounds that react with a
CGBRIRES Lo LA YR TR G e vt ancgplpgaly e of
the source of NaH catal yst and the reaction mxture
conprising at |east one of Na, NaH, an alkaline or

BﬂLtk?é b SRk Ty (SenEplife e ds%b %? o'?"fé%'x%t
e VA i S U A "ﬁ%%ﬁ*%f:ég ° and

35. A power source and hydride reactor of
a%F%?%?QQH&%%reln the reaction m xture conprises one or

nore conpounds that react with a source of NaH to form
NaH catal yst; the reaction mx conprises at |east one

38 Peq Sowdr 5ORd BSd B dRHP redbtoNBNddm 31 wherein the alloy source of
catalyst comprises at least one of sodium metal and one or more other nitrogen-
based compounds, alkaline or alkaline earth metals, transition metals, Al, Sn, Bi, Ag,
In, Pb, Hg, Si, Zr, B, Pt, Pd, or other metals and the H source comprises H, or a

hydride.

33. A power source and hydride reactor of claim 32 wherein the source of

hydrogen catalyst comprises an inorganic compound comprising Na.

34. A power source and hydride reactor of claim 33 wherein the reaction mixture
comprises one or more compounds that react with a source of NaH to form NaH
catalyst;

at least one of the source of NaH catalyst and the reaction mixture comprising

at least one of Na, NaH, an alkaline or alkaline earth hydroxide, aluminum hydroxide,



Na2NH, Na3N, Na, NaH, NH3, H2 and a dissociator. 36. A
power source and hydride reactor of claim 35 wherein
wda fves/13@aat i on m xture conpri ses one oOr nore C@AQIOUS2AGS/061455
that react with a source of NaH to form NaH cat al yst;
the reaction m x conprises at |east one species from
the group of NaH Na, a mghal, a nmetal hydride, a
| ant hani de netal, a | anthani de netal hydride,
| ant hanum | ant hanum hydri de, H2, and a di ssoci ator.
ag dlkalAmptal@n atkelimeceartamuetélya®d-eopehRiNirNadH Nadnarg¥
wherein the reaction m xture conprises at | east one of
NeE(FPnandati¢ast ormebegies framdie glouplatHNahiti £ SaiNi$, Neakdr d\NaH,
t he NaH nol ecul es serve as the catalyst to formH
Né&b.dlcand @i digsacipipr.13 6 eV Binding Energy - -:- - where p
is an integer greater than 1, preferably from2 to (
P) 137; the source of NaH nol ecul es conprise at | east
one of: (a) Na nmetal, atom c Na, a source of hydro en
5 3%t orft ROWR) 8PWER AN BisiNg Faster °f(°As'mF33theé%ﬁ\eu reaqiign
and a reactant to form NaH conprising a reductant, and
CYNRGEP CRE BF mWﬁ&PE’@%‘r‘f‘dsé@t reachWie seutk eldathie feRiNAde
relactor of claim 34 wherein the reaction mxture
Pﬁ}rl ses at Ieast one of react ant conprl Si ng a
redILlJctant to urce

hy dSg &R0 F%’?“P{Eea?I 'F%%é’{‘e 8?1%"'6& e gp‘iﬁipgoég‘agh'a a

NasNH, NasN, Na, NaH, NH3, H, and a dissociator.
10
36. A power source and hydride reactor of claim 35 wherein the reaction mixture
comprises one or more compounds that react with a source of NaH to form NaH
catalyst;
the reaction mix comprises at least one species from the group of NaH, Na, a
15 metal, a metal hydride, a lanthanide metal, a lanthanide metal hydride, lanthanum,

lanthanum hydride, H., and a dissociator.

37. A power source and hydride reactor of claim 34 wherein the reaction mixture
comprises at least one of NaH molecules and a source of NaH molecules whereby
20  the NaH molecules serve as the catalyst to form H states given by

1(3'6 e)’: where p is an integer greater than 1, preferably from 2 to
1/p

Binding Energy =

137;
the source of NaH molecules comprise at least one of:

(a) Na metal, atomic Na, a source of hydrogen, atomic hydrogen, and
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wonds/nsEnd nol ecul ar

di ssoci ator, and a hydride. 39. A power source and
hydri de reactor of claim 34 whereby one of atomc

between a netallic, ionic, or nolecular formof Na and
at | east one other conpound or elenent; the source of
Na or NaH is al |east ong.gf netallic Na NaNH , NaCOH,
NaX (X is a halide), and NaH(s) the other element is
H, a displacing agent, or a reducing agent. 40. A
powé\iaHi(@)ur ce and hydride reactor of claim 34 wherein
the reaction m xture conprises at least one of; ( 1) a
sour ce ofb) Bd¥iicampriging NaOH @pd ereactant &y foeh NatiZpmarisiogia ce
of hydrogen; (4) a displacing agent, and (5) a
r eduedugant. &hdr educi ng agent.4 1. A power source and
hydri de reactor of claim40 wherein the source of
sodi um cHAPHFSIYNRISNaHL NaNH2 1NaOH, NaCH coat ed
R-Ni, NaX (X is a halide), and NaX coated R-Ni. 42. A
power source and hydride reactor of claim4 1 wherein
he reductant or redyci nt (of0) i ses at | east one
3 a‘\meaﬁ%ra%ﬂndaé x S igoter Pritbimctiather it it aOR TS
nt hani a transition nmetal such as Ti,
C%{F‘Eﬂﬁeﬁaﬁl]ea ongo taI al l oy such as AlHg, NaPb, NaAl,

Li Al a _source I r ~i,n conbi nati on
i 1 130 e ool TP NS RRQHD TP h e de,

at rtl‘?‘é"sc‘dlfr%oﬁ hg&%&én %B%dr%‘ﬁa af 5&'%'3% Ql-ef H%%%ﬂd ﬁaBH4

al um num rides suc
duEéd%lzP) mgm and an al kal i ne or aI kaline earth
an OX|dant such as

39. A power source and hydride reactor of claim 34 whereby one of atomic
sodium and molecular NaH is provided by a reaction between a metallic, ionic, or
molecular form of Na and at least one other compound or element;

the source of Na or NaH is al least one of metallic Na, NaNH,, NaOH, NaX (X
is a halide), and NaH(s);

the other element is H, a displacing agent, or a reducing agent.

40. A power source and hydride reactor of claim 34 wherein the reaction mixture
comprises at least one of;

(1) a source of sodium;

(2) a support material;

(3) a source of hydrogen;

(4) a displacing agent, and

(5) a reductant or reducing agent.

NaH i s provi ded by a reaali/ws2008/061455
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Al X3, MgX2, Lax3, CeX3, and Ti Xn where X is a halide,
preferably Br or |. 43. A power source and hydride

wO magiausiof claim 42 wherein the source of hydages?008/061455

conprises H2 gas and a dissociator and a hydride. 44.
A power source and hydride reactor of claim43 wherein
the displacing agent conpyjses at |east one of an
al kali metal, alkaline earth netal, alkali neta
hydri de, and al kaline earth netal hydrlde. 45. A power
source and hydride reactor of claim44 wherein the
support conprises at least one o FR-Ni, A, Sn, Al 203
43uchh pewveysnvnae abdhydride reagiop hbclzimAb wizerein therdonece et sodium
sodi um al um nat e, al um na nanoparticles, porous Al 203,
cpmpriske NaoNalibMai kO AYasiheoatad RyNi, XX is abeligeniand
conpounds such as Na2CQ3, | ant hani deoxi des such as
NeEcgatedReierably M= La, Sm Dy, Pr, Tb, Gd, and Er),
Si, silica, silicates, zeolites, Y zeolite powder,
| ant hani des, transition nmetals, nmetal alloys such as
rare earth

B gov?%%at?r'sg %%%avd%% Pea%'obgéwéwo‘tﬁ?wﬂ: e R, o

BRSOl bR aRES T arE ol el ?Stfﬁoﬁg‘fﬂﬂo i Pelzh atgine
d dri d

BRtRGeE SRR s PO e I o ER L Rl

S &.mﬁuq%emuaw o8RBT S0 ol SRS

WE'S Riicfighdont B ”?A‘éat“ﬁ%ﬁ%m%a“l# a ﬁ@gmﬁh mefl “%&’%z and

la‘ﬁﬁ’ﬁ’ﬂuHQ abiidensn Slt]ﬁﬁr%ﬁf hahE’é n%tal%%%s%@&bé&“usm *Né@?@rgen

spi I lover catalyst, nickel fiber mat, Pd sheet

LIARANGNaAR,, ahd BelaRhiRelor iRbiHeArtR Mmeldl aRd aNoxi8f2R06h &
mat, TiH, Pt black, and Pd bl ack, refractory netals

ABUYNIGRS LAWY, EEXE BHATIXP dhbreNgR taetlidd, ppdiérably BRonket al s
such as nickel and titanium inner transition netals
such as ni obium and zirconium and a

43. A power source and hydride reactor of claim 42 wherein the source of

hydrogen comprises Hz gas and a dissociator and a hydride.

44. A power source and hydride reactor of claim 43 wherein the displacing agent
comprises at least one of an alkali metal, alkaline earth metal, alkali metal hydride,

and alkaline earth metal hydride.

45. A power source and hydride reactor of claim 44 wherein the support
comprises at least one of R-Ni, Al, Sn, Al,O3 such as gamma, beta, or alpha
alumina, aluminates, sodium aluminate, alumina nanoparticles, porous Al;Os, Pt, Ru,

or Pd/AlL,O3, carbon, Pt or Pd/C, inorganic compounds such as Na,COj3, lanthanide
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refractory netal such as tungsten or nol ybdenum and
the dissociating nmaterial nmay be maintai ned at
woeloes/atdesl t enperature. 47. A power source and HOwS20e8/061455
reactor of claim40 wherein the source of NaH nmay be
R-Ni conprising NaCH and a reactant to form NaH, and
the reactant is a reduct ank conprising at |east one of
an alkali netal, alkaline earth netal, and the A
internetallic of RRNi. 48. A power source and hydride
oxideg suph,asdb@p (preferaplyaM+ ad3m,dy, €elTb, GdrartdHe), Satsiicy,si s
of atom c hydrogen to form novel hydrogen species and
stticates getlitesn ¥ zedliternowdar, lanthanidesi tiansitionw niadal srenesél alloys such
hydrogen; a reaction vessel constructed and arranged
ap @kalbanchalkelizpaph @deygwithiNg, rare eadingretasi SiCovidiOs ce§ikel t o,
or greater than atnospheric pressure; a vacuum punp; a
sqiRReried Nbfand pHeT sunrRpdedjetslstsusirps alderst eee piralumina supported
communi cation with the reaction vessel; a source of a
PRI BB ANFLHINRMYR- conmuni cation with the reaction
vessel, whereby the ionization of t electrons fromthe
catal yst each to a continuumenergy |evel is such that

B GRS R SR SIS oSt
Yy b e (S SR  PESP
oD ST 1 50 B0 R RSl Dy

P, RATIMEh RA, id ﬁ\ggu@}t%éﬂﬁﬁe Andhsl SR J}X‘Qrﬂr?g?dzbg b1 on

I'n the reaction vessel' 1f the reaction is
anPeSHhBRARHS thatecNDI Nt tenperature, whereby the

catal yzed atom c
Pt or Pd on carbon, a hydrogen spillover catalyst, nickel fiber mat, Pd sheet,
Ti sponge, Pt or Pd electroplated on Ti or Ni sponge or mat, TiH, Pt black, and Pd
black, refractory metals such as molybdenum and tungsten, transition metals such
as nickel and titanium, inner transition metals such as niobium and zirconium, and a

refractory metal such as tungsten or molybdenum, and the dissociating material may

be maintained at elevated temperature.

47. A power source and hydride reactor of claim 40 wherein the source of NaH
may be R-Ni comprising NaOH and a reactant to form NaH, and the reactant is a
reductant comprising at least one of an alkali metal, alkaline earth metal, and the Al

intermetallic of R-Ni.

48. A power source and hydride reactor, comprising:



H rel eases energy in an anount greater than about 300
kJ per nole of hydrogen during the catalysis of the
wdanods/oges1t at om 49. A power source and hydri deeaTee0ew061455

of claim48 wherein the catalyst atomMis at |east
one of the group of atomc Li, K and Cs. 50. A power
source and hydride react? conprising: a reaction
cell for the catalysis of atom c hydrogen to form
novel hydrogen species and conpositions of matter
conplieaétiog calefar fhercatalysis di gdmigyeytregen éaform onvel bgdregen
constructed and arranged to contain a pressure in the
spepifgaand fcompegitions @fqmaltertcompdsfinggn@afosns ohhdragenpspheri ¢
pressure; a vacuum pu a source of atom c hydrogen
f r orA 'gaglion vesse] pprsts anghartapaediiotdentaivea preagtré irihe range
vessel; a source of at |east one of the group of
oHpWe edyal to, /r gratar than ataosPRASic TessE®muni cati on wit h
the reaction vessel ; a reaction mxture that forns

3 at orfi 2T A8t fromthe source of atomic catal yst, if
the cataly ot al read resent; and a ter to
neat’ Dhl=FLaonto Barodn TR LsHE F GoHmenGARam B enct
; ﬁo ofesatlom c Li, K and Cs catalyst in the reaction

‘??8 Lef®5F" the reaction is not spont aneous at anbi ent

t err%eg’oﬁk% ?a hV\@rS{]eenbé/atalyg;? l\/fslﬁl 81111}41 gtleo%Ct h(me begutfonsv&as% 3

rel eases ener m)unt rea an a
N R T

. i t
0 fRuFS RS h *’”‘9?“"%%‘9%9%& o e " Sour ce

and hydride reactor of clai @750 wherein the reaction
apprectimately one of m « 27.2 ¢V and m «+ —— eV where m is an integer ;

a reaction mixture that forms catalyst from the source of catalyst, if the
catalyst is not aiready present; and
a heater to heat the vessel to initiate at least one of the reaction for the
15 formation of the catalyst and the hydrino reaction in the reaction vessel if the
reaction is not spontaneous at ambient temperature, whereby the catalyzed atomic
H releases energy in an amount greater than about 300 kdJ per mole of hydrogen

during the catalysis of the hydrogen atom.

20 49. A power source and hydride reactor of claim 48 wherein the catalyst atom M

is at least one of the group of atomic Li, K, and Cs.

50. A power source and hydride reactor, comprising:
a reaction cell for the catalysis of atomic hydrogen to form novel hydrogen

25 species and compositions of matter comprising new forms of hydrogen;
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conprises Li, Li3N, and hydrided Pd on Al 203 powder
and optionally H2 gas. 53. A power source and hydri de

Wa a5l conpri sing: a reaction cell for the rRCared2yes/®1455

of atom c hydrogen to form novel hydrogen species and
conpositions of matter conprising new forns of
hydrogen; a reaction vessgl,constructed and arranged to
contain a pressure in the range of |ower, equal to, or
greater than atnospheric pressure; a vacuum punp; a
sourageadion yespeticangtucterharal arsingedtogontaima prassuweinthe range
the reaction vessel conprising MH whereby the

oblpwerk agial 9% ot greatrt thamatmpspharis préssuieoni zat i on of

el ectrons fromthe atom M each to a conti nuum ener gy

| evel VaC4UB geMpPt hat t he sum of the bond energy and
ionization energies of the t electrons is. _

ap prioPHIRgLoE PipMisiay detgen from sygougce ip carymypigatipn with tias/
where mis an integer ; a reaction mxture that forns
rGABIAEPSE MH from the source of nolecular MH, if the
nmol ecul ar I S, not read resent; and a heater to
neat PHiesbateret Pge pfiht BRLE of HE Qe @nO Ao SPENS! Bou ar
MH in the reaction vessel if the reaction is not
C%'B'Bﬂrt"%aﬁ'g&‘f’gﬁg'ie rgﬂ’g\ogﬁ?sﬂeaner ature, whereby the

ol %Crggé%r n i t&r%rtﬁlﬁ?%r%%.a?%nn%( gét&?&riroﬁ%é's?& G @aqor%'tc

r Wi e

source O eactan el ease 0 energy 1 n an

cégglylél,ﬂigthgrcgé &f isbglaéﬁeg%?&tgﬁ%(@%ng‘] per nole of hydrogen

the catalysis e 'hydrogen atom 54. A power

SOUrGRafAth ﬁ@é@fﬂe%sge??ﬁﬁiﬁéte He fofitidh BPat 1644t BAESF atomic L,

conprising a source of atomic hydrogen froma source

Ki AhdCOS BNt fH the Peadlid Vs iftRakehbiM i¥ BStSBbntamcdus At POVer
source and hydride reactor of claim53 wherein W

aRBiBR tbHBSrafite, WhB by eHeccakl\ @M dabforOkithitp rdidasld Ehery inlhan
ClH, CoH, GeH, InH NaH, RuH, SbH, SeH,
amount greater than about 300 kJ per mole of hydrogen during the catalysis of the

hydrogen atom.

51. A power source and hydride reactor of claim 50 wherein the reaction mixture

comprises LiH, LiNH2, and Pd on Al;O3 powder.

52. A power source and hydride reactor of claim 50 wherein the reaction mixture

comprises Li, LisN, and hydrided Pd on Al,O3; powder and optionally H; gas.

53. A power source and hydride reactor, comprising:
a reaction cell for the catalysis of atomic hydrogen to form novel hydrogen

species and compositions of matter comprising new forms of hydrogen;
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wdanods/oges1t to f orm novel

SiH and SnH. 56. A power source and hydride reactor,
conprising:a reaction cell for the catalysis of atomc

conmpositions of matter conprising new forns of

hydr ogen; a reaction vessel constructed and arranged
to contain a pressure inytpe range of |ower, equal to,
or greater than atnospheriC pressure; a vacuum punp; a
source of nolecular NaH catal yst in comunication with
t he arreadtion yassebemeirycted amskartanged toiconiaine priessuré mrtherange
nmol ecul ar NaH from the source of nolecular NaH, if the
ohpwerc eduat toNar-greatertban atmosplpyricpressenst ; and a heater to
heat the vessel to initiate the formation of nolecul ar
NaH3aqcUHe P¥BBAct i on vessel if the reaction is not
spont aneous at anbi ent tenperature, whereby the

nol SSEVEE @ Ry degeneatalyst i qmwﬁwﬁ%walhmaoaﬁrdV%ssel

source of Hreactant wth the rel ease of energy in an
CHURRS(FIRE Ny é’Hteé‘?bYtth%Wea'E?&‘itOf %dv'ﬁJboﬁérp'%'F%'OB‘Fath%f bdgen
ol Bl e AP kS P B LS
R L T R O

source and hy de reactor of claim56 wherein the

mt €2 $V0 andTinxt B ez awhere seis ahdtegendd Pd on Al 203 powder .
59. A power sotirce and hydri de reactor of claim56

ﬁﬁ%ﬁkgwﬁﬁ Tl R TBmi e T G Sioe B relScdler W
d t ant d hydrid f
et W 0 R PR B e e commrs dea RO

CO”%rhe’E{ tﬂe%?fﬁte uc%el%@‘rﬁlé\t’é% eLish B hBLEIARIEL] e A

serves as the re
reaction vessel if the reaction is not spontaneous at ambient temperature, whereby

the molecular MH serves as a hydrogen catalyst and a source of H reactant with the
release of energy in an amount greater than about 300 kJ per mole of hydrogen

during the catalysis of the hydrogen atom.

54. A power source and hydride reactor or claim 53, further comprising a source

of atomic hydrogen from a source in communication with the reaction vessel.
55. A power source and hydride reactor of claim 53 wherein MH comprises at
least one from the group of AlH, BiH, CIH, CoH, GeH, InH, NaH, RuH, SbH, SeH,

SiH, and SnH.

56. A power source and hydride reactor, comprising:

hydr ogen speci es and PCT/US2008/061455
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6 1. A power source and hydride reactor of claim 56
wherein the reaction m xture conprises NaH, La, and Pd

woowosd 3@ powder. 62. A power source and hydr iREa/US2008/061455

reactor of claimb56 wherein the reaction mxture
conpri ses NaH, NaNH2, and Pd on Al 203 powder. 63. A
power plant conprising: atgleast one reaction vessel
constructed and arranged to contain a pressure in the
range of |ower, equal to, or greater than atnospheric
pr essraadion gel/ac thercalysis of atocimimgimgeate formwbtdh hydregen
reaction vessel; a reaction mxture conprising a first
sprsias@ad gbmpgaitiong ehmattesieemprisingmevwiforroaei fydragenh t he
reacti on vessel; a source of catalyst in comrunication
Wi t 19 readdion gegse| eansiyecterband afranged terconigin @ prepswae inrtbe tange
catal ysis reaction; a nmeans to regenerate the reaction
ohpwerupeual toner Qieiiéﬁ/@é?” aloiospiarigpresswre; The power pl ant
according to claim63, wherein the converter conprises
a stte@YYeREPBt or in communication with the reacti on
vessel , &?t eam turbine in comunication wth th

st eeﬁﬁotj@ﬁ grEeylanhiy S?fa'éﬁté%?m'@‘a\'i"cii'@ﬁ g s 'eP‘H'O” vessel,

conmuni at 1 O

S OnEIBRGRY i S epsealRy N o e S P PG hguter
d t f
NB e B NP B SR P RTE AT o s s o6 |y
| 028 S0P NHS FRloRORIHNE n o RBRL Wb 55 e

bi ndi ng ener

reBEI e sédi ﬁ.tl*gar r%%t E id mgﬁéﬁﬁne'%@gﬂ Jhgo@rﬁ ?ernggyerémr WRereby

correspondi ng or |nary rogen specl es,
the molecular NaH serves as a hydrogen catalyst and a source of H reactant with

the release of energy in an amount greater than about 300 kJ per mole of hydrogen

during the catalysis of the hydrogen atom.

57. A power source and hydride reactor or claim 56, further comprising a source

of atomic hydrogen from a source in communication with the reaction vessel.

58. A power source and hydride reactor of claim 56 wherein the reaction mixture

comprises NaH and Pd on Al,O3; powder.

59. A power source and hydride reactor of claim 56 wherein the reaction mixture
comprises Na and R-Ni comprising about 0.5 wt% NaOH wherein Na serves as the

reductant.
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(ii) greater than the binding energy of any hydrogen
speci es for which the correspondi ng ordi nary hydrogen
wospeei13ssii s unstable or is not observed becauseCTibs2008/061455
ordi nary hydrogen species' binding energy is |less than
thermal energies at anbient conditions, or is
negative; and (b) at |easbyone other elenent. 66. A
power source and hydride reactor of claim66 wherein
t he compound is characterized in that the increased
68i ndh peyvasiseurgy ang bydsige reasioe of elaimi 36 wdreic thededgtiomntitiere
group consisting of Hh , H~, and Hh + where nis a
corprfisep feNi aempgaing abgut B.5twige M@ wWhereinatermetalic frsearesas
than 1 when H has a positive charge. 67. A power
theggadustanknd hydri de reactor of claim 66 wherein the
conpound is characterized in that the increased
bi ndi ng energy hydrogen species is selected fromthe

S BS SkoleF B B
hydri de, | t 0. f =2 to 23 in which
DA PR SSAET B 200 0 23 [ uhi

where p is an integer greater than one, =1/ 2 , pis
pi, his Planck's constant bar, no is the perneability

f i : | : is t
62, RhdENsolfEe by Mb%dE‘Pe%%tongfv éé%ﬁwbeis vﬁn%‘réﬁ\[b? éggctuhﬁ nﬁ%ﬂ@re

reduce m el ectron mass

c%rﬂ&is@?ﬁ%HPﬁaNﬁ%aH& %%H,Ab@j;iﬁb\g,dgrhe m 3 + m" radius of

e hydrogen atom a0 is the Bohr radius, and e is the
el ementary charge; (b) hydrogen atom havi ng a bindi ng
energy greater than about 13.6 eV, (c) hydrogen

63. A power plant comprising:

at least one reaction vessel constructed and arranged to contain a pressure in
the range of lower, equal to, or greater than atmospheric pressure;

a vacuum pump in communication with the reaction vessel;

a reaction mixture comprising

a first source of hydrogen atoms in communication with the reaction vessel;

a source of catalyst in communication with the reaction vessel;

a heater for intimating the catalysis reaction;

a means to regenerate the reaction mixture, and

a power converter.

64. The power plant according to claim 63, wherein the converter comprises a
steam generator in communication with the reaction vessel, a steam turbine in
communication with the steam generator, and an electrical generator in

communication with the steam turbine.
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nol ecul e having a first binding energy greater than
about 15.3 eV; and (d) nol ecul ar hydrogen ion having a

wabiongliaagsiener gy greater than about 16.3 eV. 6@2CTA0084161455

source and hydride reactor of claim®67 wherein the
conmpound i s characterized in that the increased
bi ndi ng energy hydrogen species is a hydride ion
havi ng a bi nding energy of about 3, 6.6, 11.2, 16.7,
22.8, 29.3, 36.1 , 42.8, 49.4, 55.5, 61.0, 65.6, 69.2,
7 1.6, 72.4, 71.6, 68.8, 64.0, 56.8, 47.1, 34.7, 19.3,
and 0.69 eV. 69. A power source and hydri de reactor of
681 aifP@Eerepece ppd bysside caston atclaim tmbareip the navedhydregenat
the increased binding energy hydrogen species is a
SPRLSi A CPOROERRS ﬁ@mﬁg@ ceMprEsing N BrHs oblydEIger cemerisgy:
where p is an integer greater than one, = 1/2 , pis
pi , (R) gtdeast engneulale pesiivandr nsaativedrereased hisdipg cherali 1 ity
of vacuum is the mass of the electron, ne is the
hYeRROSHERRT BA'Ea ¢ BRYAAEREEY ven by nme = where mis the
mass of the ﬁro on %H I s the rgg]i us_of tge hydr ogen
atom aol LeRNgR e Dindifg poeray Rhths cPgesAgading 8 ary
charge. 70. A power source and hydride reactor of
hé}gﬁeﬁﬁsgsc'g &ein the conmpound i s characterized in that
the incrg 1 ndi en r (o]] ' ,
AP DR R R e R B S LB Byt

sel ect ed group nsi

thl%tnct%ggg);%?%i?g)oﬂjirgryﬂ}d@ggggéﬁys igLnQQ&%r i‘é‘?ugkgoa:,?lnﬂgﬁ b8Chuse

_ an 1 ncr I ndi ng energy e I on
tr(e%rainé@ﬁw}sgé] e Bidb Béh ﬁ@%@b@y‘ﬁ le82thSh hethalRIBGRRAt
about Bi hdihg Energy =

ambient conditions, or is negative; and

(b) at least one other element.

66. A power source and hydride reactor of claim 66 wherein the compound is
characterized in that the increased binding energy hydrogen species is selected from
the group consisting of H,, H,, and H, where n is a positive integer, with the

proviso that n is greater than 1 when H has a positive charge.

67. A power source and hydride reactor of claim 66 wherein the compound is
characterized in that the increased binding energy hydrogen species is selected from
the group consisting of (a) hydride ion having a binding energy that is greater than

the binding of ordinary hydride ion (about 0.8 eV) for p =2 up to 23 in which the
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1+Js(s +1) ITI , 1+Js(s +1) nmea2 a0 where p is an
integer greater than one, s - | / 2, pis pi, %s
waPloasiclds™ constant bar, no is the perneabil it yafus2008/061455
vacuum ne is the mass of the electron, ne is the
reducedel ectron mass given by ne - - e " where np is
the mass of the proton, 3bhbis the " +m/3 14 radius of
the hydrogen atom as is the Bohr radius, and e is the
el ementary charge; (c) an increased binding energy
bingticig egeray ispewesenteddw{| | p) ; (d) an increased
bi ndi ng energy hydrogen species trihydrino nol ecul ar
ion, H3 (I / p) , having a binding energy of about eV
mhere pis an Hytgﬂ r qnziqcreasedzbindi g energy

M@@g@@yml edy Vi an d_l_n.g bout "
12 eV ; and P,|1GfJs(an |ncr@as d:bi n umqs@nﬂy

hydrogen nﬁ#é@ﬂTpW wi th a |bi ndfmpg engrgy enger gy f about
"2 eV P 7 A power source and hydride actor of

wher ei n the cat
wﬁﬁw bar 'an%g%@igat?rﬁa"naﬁ?eo%ﬁaég°”‘i% B o P eten bar

5 eV where mis an integer or m 2-27.2 0.5 eV
#V\A'r“etf‘% Pﬁ'in?f‘@b'éiw Ff MRQYBY gt S1asp Héﬁhedl?é"on 1, is the reduced

€ p

\/§+mp
4

radius of the hydrogen atom, a, is the Bohr radius, and e is the elementary charge;

electron mass given by u, = where m, is the mass of the proton, a,, is the

(b) hydrogen atom having a binding energy greater than about 13.6 eV; (c) hydrogen
molecule having a first binding energy greater than about 15.3 eV; and (d) molecular

hydrogen ion having a binding energy greater than about 16.3 eV.

68. A power source and hydride reactor of claim 67 wherein the compound is
characterized in that the increased binding energy hydrogen species is a hydride ion
having a binding energy of about 3, 6.6, 11.2, 16.7, 22.8, 29.3, 36.1, 42.8, 49.4,
55.5,61.0, 65.6, 69.2, 71.6, 72.4, 71.6, 68.8, 64.0, 56.8, 47.1, 34.7, 19.3, and 0.69

eV.

69. A power source and hydride reactor of claim 68 wherein the compound is
characterized in that the increased binding energy hydrogen species is a hydride ion

having the binding energy:



72. A power source and hydride reactor of claim1l
wherein the catalytic systemis provided by the

wa wos/rasjion of t electrons froma partici pati RECTSER2008881455
such as an atom an ion, a nolecule, and an ionic or
nmol ecul ar conmpound to a continuum energy |evel such
that the sumof the ionizgjion energies of the t
el ectrons isapproximtely m-21.2 0.5 eV where mis an
integer or m 2-27.2 0.5 where mis an integer greater
than one and t is an int eger 3. A power soulce and
hydri de reactor vyh rein the gatalyt IS
BRRYiEsleg, by t B Sl(sr"ialﬁqf er_ ﬁfoe t r on<® bet we

parti ci pat |, ng, QWI t r aisflen; ofg+qg(@¢ jo s from

one ion t oSKAgther,ion provi dgs a fet enrhal py of

reactlon wher eby t'he sum of the ioni-zation enérgy of
el ect.ron donating ion mnus the ionization energ

w ?retlhg 30 IR G LAY N5y S FAA2 eF(BP's hé?)BPB%%&“éW o,

m21.2 0.5 V where mis an integer or 2-21. 2 0.5

He 3 i BerEeRbiity Oh¥AGUHMe e S P 6R P! they ﬁ'ﬁ*c‘iﬁ?fb Harthe “?dslc%Fh

|nt eger 74. A povver source and hydride reactor of

wherei n isS a | ess
o it Pish oMo b7 4. S powr P S OUAE il ey TR o the
claim 74 wherein ca@falyst is sel ect ed fromthe group
of Li, Be, K, Ca, 1 V, &, M, Fe, Co, N, Cu, Zn,
As, Se, Kr, Rb, Sr, Nb, Mb, Pd, Sn, Te, Cs, Ce, Pr,

2K + . + . + r+ F

5 rag%_ oﬁﬂmhgggggr%)atkﬁﬂo+lg %eal?]ocpr :ngrl]us_‘_a{'l\@ﬁ |s:r th?%’len}?ngé_[y ?haAger.

2+ and H+ , and Ne+ and H+ . 76. A power source and
hydride reactor of claim75 wherein the catalyst of

76 53 SR SLRGEARRAN fBoflor A EbIReRT SRbYTAY
ch%raﬁ:t ¥ 8!\4?1% élﬁg naht?}rg@%d'hy ﬁ%géénﬁ%h]ﬁ:{qg@ P%IG%Q% é?%ged from

thS ﬁg %Qg tﬁ\ Qut -- where p is an integer wherein the
g ugn?hI p?/ I's provided by the breaking of a

nol ecul ar bond ofthe catal yst and the i@ ation of t
10 el efd)rdygroged AloaNhayingrA indinthenasgyoi @ho [1 where pis an

P
integer,

(b) an increased binding energy hydride ion ( H™) having a binding energy of

h? +1 20 22
about Binding Energy = s+ 1) =— i Oez —+ -
2{1+ﬂ/s(s+1)} m; | ay 3|:1+a/s(s+l)i|
8ual| — Y= P R i
P p

where p is an integer greater than one, s=1/2, & is pi, # is Planck's constant bar,

15  u, is the permeability of vacuum, m, is the mass of the electron, p, is the reduced
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each to a conti nuum energy |evel such that the sum of
the bond energy and the ionization energies of the t
WwOoetoe14e31s i s approximately m 27.2 0.5 V wher @eQniKR0em61455
integer or mM 2 -27.2 0.5 eV where mis an integer
greater than one. 77. A power source and hydride
reactor of claim76 whereppn the catalyst conprises at
| east one of AIH, BiH, CH CoH GeH |InH NaH RuH,
SbH, SeH, SiH SnH, C2, N2, 2, CO®2 , N2 , and
. 18. . A _power sromce nd hydride re or of claim
oLt aeoRE s aryer BBttt woh & Re
conbi nation W th ansi i"dh or atom catal yst. 79. A power
source and hydrid Jeactor of claim78 wherein the
catal yst conbi nation conprises at | east one nol ecul e

I h r . iH .G H  CoH CGeH
P SRRy R 485, “‘%%rééf“gn%é*@ghﬁf'emea?w Bidpoe:
NO2, and NOB in conbination with at ?st one atom or
|on(“s)@lné’lct”?&e$' PBRING KBETgY BYfsogn aﬂec'eﬁét Kplca, Ti, V.
C, M, Fe, Co, Ni, Cu, Zn, As, Se, Kr, Rb, Sr, Nb,
Mb, (q:)@,n irgmgaawé ,bing;'@g eQ@ergy Pydro@n spedies [@hydrp@,mmqula(ﬂqn, 2K
+ , He+ , Na+ , ,Sr+,H|2:26|3§>+, ,I\/b4+,|n+,
Hl_lﬁ/gv\gﬁatg]glﬁid% ﬁ{eﬁ d f%ggutr e1a teg?wg?'%l?l I?ﬂ?ﬁn wher e| n
the catal yst conprises two ogen atons whi ch
absorbs at | east one of 27 2 eV and 54.4 eV and is
i oni H, + th SiL.tio fatomc
ool DatPedSk Pinsink Bph Bleber Pickliehaiid Padbe S
of thesg p + 1) and ( p + 2 energy | evels given by
& oheamf 27. 21 eV + 2H| |+ +2e + H +[(p +)2 -
p2] XIBL6 eV 2H+ +2e (r)2H - 1+ 27.21 eV wherein, the
overalp/reaction is and

(f) an increased binding energy hydrogen molecular ion with a binding energy

of about L?’z ev.

)

71. A power source and hydride reactor of claim 1 wherein the catalyst comprises
a chemical or physical process that provides a net enthalpy of m-27.2 £0.5 eV
where m is an integeror m/2-27.2 0.5 ¢V where m is an integer greater than

one.

72. A power source and hydride reactor of claim 1 wherein the catalytic system is
provided by the ionization of ¢ electrons from a participating species such as an
atom, an ion, a molecule, and an ionic or molecular compound to a continuum

energy level such that the sum of the ionization energies of the r electrons is



54.4 ev+2H aH + HaH (r)2H + 2 + H ZtL + [(3)2 - |2]
-13.6 (3) eV wherein, the overall reactionis Ha
wo1ood/H4431L + [(3) - | ] - 13.6 eV (3) 8 1. A [RaRUS2008/061455
source and hydride reactor of claim80 wherein the
catal yst conprises hydrinos in a catalytic
di sproportionation reactbgs wherein | ower-energy
hydrogen atoms, hydrinos, act as catal ysts because
each of the netastable excitation, resonance
agpreXimatelyon; 27and 05 s i whetre anis@nditggerer »a 2hyt? it ¢it wheres
m 27.2 eV. 82. A method of produci ng power
mei§AprTegan greaia RAnRnG@nd ‘rigaeiitegervessel construct ed
and arranged to contain a pressure in the range of
| ower, equal to, or greater than atnobspheric pressure;
rral nt ai ni n(gL{ ressure in the range of | ower, equal

$0, AROVGF BAHES Wﬁ;‘éﬁ Wﬁgtﬁhgﬁ'%mﬂr%ﬂ;ﬂ the CEW?F & ng
t fi
: p@%ﬂ?@@/eﬁﬁ? JaF o‘ﬂg S DT RO RRRAPERBIBN i t h ¢ he
t di f
cat 119 Ehsleh LD pire RS et P Rl B ol R SaBL&rhy
of G8Rbh ThBR7 ST, BiFhth Snlley %hth'ﬁgfg%po% gRehant

or e orm

O 5 T
- Qﬁftﬂooﬁevmwﬁér'érrﬁ |sP£rPﬂ{é‘§bP& AR 9@5 ¥ Yierd Fnou@ahhrﬁeger

source of atomc catalyst if the catalyst 1s not
10 gr@bt@?ﬁgb{oﬁéﬁﬁms é?ﬁntfeB@r.reaCt' on to formthe

74. A power source and hydride reactor of claims 71, 72, and 73 wherein m is an

integer less than 400.

15 75. A power source and hydride reactor of claim 74 wherein catalyst is selected
from the group of Li, Be, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Kr, Rb, Sr,
Nb, Mo, Pd, Sn, Te, Cs, Ce, Pr, Sm, Gd, Dy, Pb, Pt, 2K*, He", Na™, Rb™, Sr”,

Fe**, Mo®™, Mo**,and In**, Ar™, Xe*, Ar* and H",and Ne” and H".

20 76. A power source and hydride reactor of claim 75 wherein the catalyst of atomic
hydrogen capable of providing a net enthalpy of m-27.2 £0.5 ¢V where m is an

integeror m/2-27.2 £0.5 ¢V where m is an integer greater than one and capable

of forming a hydrogen atom having a binding energy of about 136—62‘/ where p is an
1

p

integer wherein the net enthalpy is provided by the breaking of a molecular bond of
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catal yst i s not spontaneous at anbi ent tenperature;
heating the reaction mxture to initiate the catal ysis

woofoogiaamiic hydrogen in the reaction vessel if RATRUS2008/061455

reaction i s not spontaneous at anbient tenperature,
whereby the catalysis of atom c hydrogen rel eases
energy in an anount greatgg than about 300 kJ per nole
of hydrogen. 83. The nethod according to claim82,
wherein the catalyst is atomc Li. 84. The nethod
thecetalydt ang the iavization @3, elédronh &Fomanrgbem sf thg braker triofegule
LiH, LiNH2, and Pd on Al 203 powder to formatom c Li
egcittalayontinuath energyi levehgubhdigiithe sum dighe berot ¢érergynanddied .
~85. The nethod according to claima84, further

iopFAYnN efiergies Aiéheati diecans iveparpximatelyeyeidr 406 eViwhesgidh is
Li NH2. 86. The nethod according to claim82, further

ag BYRser 81 mg2 rddct PAgY Lwhere irsiq andmagengmateldermepeon Al O3
powder and optionally H2 gas to formatom c Li

catal yst and atomi c hydrogen in the reaction vessel.

L R BERR BEo TSRer By 1 1

o4 SgES BTy BA BR, LB oS v SR 2,
i dj [ I d d d

SR el Qpgfgee] construeted and arranged

or greater than atnospheric pressure; maintaining a
pressure in the range of |ower, equal to, or greater

Thhor QUTRY SRy ot oS HeSier B TRt eSS REN 1 e

cclﬁrﬁ;?r&%LS?noYe%%%‘% cSRBREoR Wig. O Ca‘téq?@at ture of at
€ast one reactant conpri sing e el eme or elenents
that formthe catal yst and at | east one other el enent,

wher eby
79. A power source and hydride reactor of claim 78 wherein the catalyst

combination comprises at least one molecule selected from the group of AlH, BiH,

CIH, CoH, GeH, InH, NaH, RuH, SbH, SeH, SiH, SnH, C,, N,, 0,, CO,, NO,, and
NO, in combination with at least one atom or ion selected from the group of Li, Be,
K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Kr, Rb, Sr, Nb, Mo, Pd, Sn, Te, Cs,
Ce, Pr, Sm, Gd, Dy, Pb, Pt, Kr, 2K*, He*, Na*, Rb", Sr*, Fe**, Mo*", Mo**, In’",

He*, Ar*, Xe*, Ar* and H™,and Ne® and H".

80. A power source and hydride reactor of claim 79 wherein the catalyst

comprises two hydrogen atoms which absorbs at least one of 27.21 eV and 54.4 eV

and is ionized to 2H™, to catalyze the transition of atomic hydrogen from the (p)
energy level to at least one of the (p+1) and ( p +2 ) energy levels given by at least

one of
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wa tves/sxausice of nol ecul ar cat al yst

the catalyst is forned fromthe source; and heating
the reaction m xture produci ng nol ecul ar catal yst from

not already present or the reaction to formthe

catal yst is not spontaneous at anbi ent tenperature;
heating the reaction mxtyye to initiate the catalysis
of atom c hydrogen in the reaction vessel if the
reaction i s not spontaneous at anbient tenperature,
whereby the catal ysis of atom c hydrogen rel eases
energy in an anount greater than about 300 kJ per nole

z?alrih‘f\;E Eeﬂ)%FT e rret hod ac[ car, di n té?gln% )?nlﬁsﬁtserYe

reacti on vesse from a f| rst sour e of hydr ogen at ons
in comunication with the yeaction vessel. 90. The

nmet hod accor d%ﬁqleb%cﬂférﬂ% 7 2MRErei n the catalyst is
nol ecul ar NaH. 9 1. The hod according to cl ai m 90,

Eh hn t he SOU{Ce of nol ecul ar NaH conpri ses Na netal
w WB'” EQUPBLIFFIMBr ogen. 92. The nethod according to
cl aim 90 e}el n_the reaction m xture conprises NaH

and Pd op|Ak Q,@HE_OM_e +[(PB1) T?ﬁ( ARthod according to
clai m 92, [frunt hef(pcioipri si ng e addition of H2 to

regenerate NaH. 94. The nethod according to claim90
amherein the reaction mxture conprises Na and R-N
conpri si ng about 0.5 W % NaOH wherein Na serves as the

reduct ant e method acforfling to claim90

S4vhelf eRH mnb HE@;: @A iR mgiﬁﬂgﬁm)sels] RN eKonpr i si ng
about 0.5 wt % NaOH wherein i netallic Al serves as
the reductant. 96. The nethod according to clains 94

and 95 wher ei2y edet-bail [mi, Xt St4el s regenerated by
addi ng NaCH and NaH wherein NaH may serve as an H

wR&HINCBe 30ékall reaction is

Hla, ]—)HL )}[(3) —1’]-13.6 eV

81. A power source and hydride reactor of claim 80 wherein the catalyst
comprises hydrinos in a catalytic disproportionation reaction wherein lower-energy
hydrogen atoms, hydrinos, act as catalysts because each of the metastable
excitation, resonance excitation, and ionization energy of a hydrino atom is

me272eV.

82. A method of producing power comprising:
providing a reaction vessel constructed and arranged to contain a pressure in

the range of lower, equal to, or greater than atmospheric pressure;

i f the cat alpcaru$2808/061455
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a reductant.97. The nethod according to claim90
wherein the reaction m xture conprises NaH, a
wd ang/amiide netal, and Pd on Al 203 powder. 98.PClimeS2008/061455
nmet hod according to claim97, wherein the reaction
m xture i s regenerated by adding H2, separating NaH
and | ant hani de hydri de b?gi evi ng, heating | anthanide
hydride to form | ant hani de netal, and m xi ng
| ant hani de netal and NaH. 99. The nethod according to
cl ai maigtajningrepressure indhe wage ppwer gquat to, pagreaigethen at ed
by the steps of separating Na and | anthani de hydride
agyospbenid RgSSNER: and renoving the |iquid, heating
| ant hani de hydride to form | anthani de nmetal, hydriding
Na tRSOVE@Rg hﬁéf%%ﬂ% %t?fn@ml%teﬁatmnd@%fram 2t SRR ©1.00.
The nmet hod according to _claim90 wherein the reaction
hwrﬁe%n%towar&m%@'%gw withliereachipg vesgelon A 1208 powder .
10 1. The net hod ccor% to claim100, further
conp?'?‘ﬁ‘i"ﬂ%atsﬂ‘é’c%aﬁqt?% y ng%t%Jy%tag%@Pm'f@t'mw't%m
102. The netho ce rdl m. 9
r%ac?ﬁl‘a} Y%SFﬁ'ng‘SH%?S? Ag Lt“hoa"q eeaah%}earﬁ?ct? CP'ES'P?ﬁ"t‘%
re on, v, 3. . The t
R ef AenBe bbliol '3 auvr#ﬁféd KT pre e s iy
tAeectaa?JI){s?[%ef?rg‘;e’d fﬂonilﬂue%oér%* aﬁx‘é of sodium (2) a SUPPO”

a source o ydrogen; (4) a displacing

agerﬁe’a Ri'ﬁjl (’éa)ctl hﬁ&iﬂﬁgﬁﬁhmﬁ%gﬁaaccor%&t RO Me %dﬁrcfeocf

FTDECU ng to clarm

aYMFr% %t&mfﬁhé%él(}ﬁ |é>rfot%99ddﬂ1ré3s%ﬁpc§r'tl$&%aé!ﬁ>n VR tlﬁ\@NHZ
coated R N, X (X is a halide), and NaX

c%@&ﬁg nétN¥pentaneous at ambient temperature;
heating the reaction mixture to initiate the catalysis of atomic hydrogen in the
reaction vessel if the reaction is not spontaneous at ambient temperature, whereby

the catalysis of atomic hydrogen releases energy in an amount greater than about

300 kJ per mole of hydrogen.
83. The method according to claim 82, wherein the catalyst is atomic Li.

84. The method according to claim 83, further comprising reacting LiH, LiNHy,
and Pd on Al;O3; powder to form atomic Li catalyst and atomic hydrogen in the

reaction vessel.

85. The method according to claim 84, further comprising the addition of Hz to

regenerate LiH and LiNHa.
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105. The nethod according to claim 103, wherein the
reductant or reduci ng agent conprises at |east one of

woeongtaksisuch as an al kali ne netal, al kal i ne aarTr¥s82008/061455

netal, a lanthanide, a transition netal such as Ti,
alumnum B, a netal alloy such as Al Hg, NaPb, NaAl,
Li Al, and a source of a mggal alone or in conbination
wi th reduci ng agent such as an al kaline earth halide,
a transition netal halide, a |anthanide halide, and
8@l uniheunethed aagerdingde gleinh§2 firthes coropisinggeadtiBgilli, LidiBiadi,
Li AlH4, or NaAlH4, and an al kaline or al kaline earth
hygistdad Pelion Ades dRvveelrand Satienatis Hagaso faygpatomicdkeatalgzt @nd
and Ti Xn where X is a halide, preferably Br or |I. 106.
atPALC MHEYaa5a Imibe Geastionyvesselel ai m 103, wherein the source
of hydrogen conprises H gas and a dissociator and a
hydri de. 107. The net hod accordi ng to claim103,

A B i
| 0 f
PR RN T S B A

production of nol ecul ar NaH from t he source, and
reacting the source of NaH to form nol ecul ar NaH. 109.

o311 ATEENR SRR bR fis: 103 and 108. wherein

suppor one of RN, A, Sn,
Al 2C83 i Fé%c Iggﬁs"f’ruct% aﬁ‘t{i in?éh hmd?@am a pressure in

al um nat es, um a um nat e, a nanoparticles,

th%‘?é f'ﬂw?e%qugtto d?“g';rea‘t’ér 2 a(t\lngsﬂmeﬁc %r‘éé‘étp@n Pt or

I norgani ¢ conpounds such | ant hani de

OX' dﬁ‘aﬁ‘nt&Hfﬁ? aeb?'eég@gin tHe reh Gy &%V\Yer'\é?quhﬁo o$'§reé%’nthé°rf Tb,

&d, and FEr Si, silica, silicates, zeolites,
atbRBphdrie psisgef , | ant hani des, transition net aI s, met al
al | oys such as al kali and alkali earth all oys with Na,
r ar @readinga serired &, mddilar Aydbogn daitdlys?insdopptunicatiorNvith e d
ot her supported netals such as at |east one of alumna
reaafiypoes e corhprisinguanmeagtiinl raigtutenaf atlledstront IneaTtamtcomprising the
element or elements that form the catalyst and at least one other element, whereby
the catalyst is formed from the source; and
heating the reaction mixture producing molecular catalyst from the source of
molecular catalyst if the catalyst is not already present or the reaction to form the
catalyst is not spontaneous at ambient temperature;
heating the reaction mixture to initiate the catalysis of atomic hydrogen in the
reaction vessel if the reaction is not spontaneous at ambient temperature, whereby

the catalysis of atomic hydrogen releases energy in an amount greater than about

300 kJ per mole of hydrogen.
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110. The nethod according to claim89, wherein the
source of hydrogen atons conprises nol ecul ar hydrogen
waoands/133esthydr ogen atons are forned from t he nocacud2a08/061455
hydr ogen using a dissociator. 111. The net hod
according to clainms 103 and 110, wherein the
di ssoci ator conprises at P@ast one of Raney nicke
(R-Ni), a precious or noble netal, and a precious or
noble metal o n a support where in the precious or
8%oblTee methad agagrding tarelainfaB, fuRher ¢ampriaind pRIvjdingriydtdgen
support may be at |east one of Ti, Nbo, AlI2G3, SiO 2
atgmg incloatRasten visselifiony 2 brst soufcemf hpdrogan atemd drconinunication
hydrogen spillover catalyst, nickel fiber mat, Pd
widhibereactpn ¥gssplge, Pt o r Pd el ectroplated on Ti or N
sponge or mat, TiH Pt black, and Pdbl ack, refractory
netal s such as nol ybdenum and tungsten, transition
tals sych as nickel and titapium .inner transition
orer 38 methid oG sy e ERURT brtpb S eE R or y
nmetal such as tungsten or nol ybdenum and the
di ssociating material may be nmintained at el evated

. . _The . di | ai '
o STRE g A e P Db oo
! Th hod di
o0 NGB SO 36 R gy The et hod accordlng o

products fromthe vessel and regenerating the source
of catalyst fromat l[east a portion of the reaction

9" OGHE hridthob Bteording 1 @ARASH Ar QR HeW8adtBn FhidLridRofpriddid

88, further conprising converting the released energy

NAID afd P& bR iAGBL peW&drgy. 115. The nethod of clainms 82 and
88, wher eby tﬁe source of hydrogen catal yst conprises

at | east one reactant having hydrogen and at |east one
ot her el enent, and
93. The method according to claim 92, further comprising the addition of Hz to

regenerate NaH.

94. The method according to claim 90 wherein the reaction mixture comprises Na

and R-Ni comprising about 0.5 wt% NaOH wherein Na serves as the reductant.

95. The method according to claim 90 wherein the reaction mixture comprises R-

Ni comprising about 0.5 wt% NaOH wherein intermetallic Al serves as the reductant.

96. The method according to claims 94 and 95 wherein reaction mixture is
regenerated by adding NaOH and NaH wherein NaH may serve as an H source and

a reductant.
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the at | east one reactant undergoes reaction such that
the energy released is greater than the difference

waombsesamsit he st andard ent hal py of formati on ofPCT/US2008/061455

conmpounds havi ng the stoichionetry or el enental
conposition of the products and the energy of
formation of the at |eastysgne reactant.116. The nethod
according to clainms 82 ang 88, whereby the source of
hydr ogen catal yst conpri ses at | east one reactant
Mavi My mstiiedbagsardingdo glainh 88 wherginethe raastiorehixivencqmerisds
the at | east one reactant undergoes reaction such that
Nehlea énéhagide mqta aansPd @n fe@ar@def-han the theoreti cal
standard enthal py required to regenerate the at | east
one reactant fromthe products wherein the energy to
replace any, reacted h%dr o?en is the st andard val ue.

oha Femdiertiajensie erﬂ"eb%R)\B}er grbge
ﬁér'ﬁgesq%fgﬁ %ﬁez ??P?Q‘Q?H‘%Eé a@ﬁ@ﬂgﬂw@rd@%ﬁtg Lhat
h %@ﬁiﬁe@fgﬁtﬂ b O BT B e el a6 meta

g {;lhl onetry or elenmental conposition of the products
he energy of formation of the reactants. 118. A
nmet hod for generating power conprising providing
hydrogen and at | east one other el enent that undergo

géeacﬁﬁ%tﬁébcébcbﬁaﬁ{g tb E%n‘?@?r gef iethe3asloh i r@‘f’st er than

the theoretical standard py requi e

réRAERRKYYtnd H8pd SaehatBfiry rﬁé é’HB Ihﬁ‘tﬁalﬂéé)ﬁlﬂﬁﬁé b}ﬁ’ﬂ%ﬁiﬁb 'Natdﬁa

energy to replace any reacted hydrogen is t tandard

reAOViRY tﬁ@!‘qtﬁd"%@tﬁﬁb&rﬁﬁé ridd¥® ffleAEside défi, h Eﬁ'ﬁdmg
e

met hod of clains nd 88 further conprisingt

NARt€ NaHadrdahixiag |drﬂmmerrﬁéta|@hdwam he reaction m xture
wherei n preparation or regeneration is achieved by at
| east one of steps of mechanical mxing or separation,
melting, filtration,

100. The method according to claim 90 wherein the reaction mixture comprises

NaH, NaNH,, and Pd on Al,O3 powder.

101. The method according to claim 100, further comprising the addition of H; to

regenerate NaH and NaNH..

102. The method according to claim 90, further comprising reacting NaOH with a

reductant to form the molecular NaH in the reaction vessel.

103. The method according to claim 90, further comprising reacting at least one of;
(1) a source of sodium;

(2) a support material,
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(3) a source of hydrogen;
(4) a displacing agent, and

(5) a reductant or reducing agent to form molecular NaH.

104. The method according to claim 103, wherein the source of sodium comprises
Na, NaH, NaNH2,NaOH, NaOH coated R-Ni, NaX (X is a halide), and NaX coated R-

Ni.

105. The method according to claim 103, wherein the reductant or reducing agent
comprises at least one of a metal such as an alkaline metal, alkaline earth metal, a
lanthanide, a transition metal such as Ti, aluminum, B, a metal alloy such as AlHg,
NaPb, NaAl, LiAl, and a source of a metal alone or in combination with reducing
agent such as an alkaline earth halide, a transition metal halide, a lanthanide halide,
and aluminum halide, metal hydrides such as LiBH4, NaBH,, LiAlH4, or NaAlH,4, and
an alkaline or alkaline earth metal and an oxidant such as AlX3, MgX,, LaXs, CeXs,

and TiX, where X is a halide, preferably Br or I.

106. The method according to claim 103, wherein the source of hydrogen

comprises Hz gas and a dissociator and a hydride.

107. The method according to claim 103, wherein the displacing agent comprises

alkali or alkaline earth metal.
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108. The method according to claim 103, further comprising providing a source of
NaH on a large surface area support that favors production of molecular NaH from

the source, and reacting the source of NaH to form molecular NaH.

109. The method according to claims 103 and 108, wherein the support comprises
at least one of R-Ni, Al, Sn, Al,O; such as gamma, beta, or alpha alumina,
aluminates, sodium aluminate, alumina nanoparticles, porous Al>Qs, Pt, Ru, or
Pd/Al,O3, carbon, Pt or Pd/C, inorganic compounds such as Na,COs, lanthanide
oxides such as MxO; (preferably M= La, Sm, Dy, Pr, Tb, Gd, and Er), Si, silica,
silicates, zeolites, Y zeolite powder, lanthanides, transition metals, metal alloys such
as alkali and alkali earth alloys with Na, rare earth metals, SiO>-Al2O3 or SiO;
supported Ni, and other supported metals such as at least one of alumina supported

platinum, palladium, and ruthenium.

110. The method according to claim 89, wherein the source of hydrogen atoms
comprises molecular hydrogen and the hydrogen atoms are formed from the

molecular hydrogen using a dissociator.

111. The method according to claims 103 and 110, wherein the dissociator
comprises at least one of Raney nickel (R-Ni), a precious or noble metal, and a
precious or noble metal on a support where in the precious or noble metal may be
Pt, Pd, Ru, Ir, and Rh, and the support may be at least one of Ti, Nb, Al,O3, SiO; and
combinations thereof;

Pt or Pd on carbon, a hydrogen spillover catalyst, nickel fiber mat, Pd sheet,

Ti sponge, Pt or Pd electroplated on Ti or Ni sponge or mat, TiH, Pt black, and Pd
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black, refractory metals such as molybdenum and tungsten, transition metals such
as nickel and titanium, inner transition metals such as niobium and zirconium, and a
refractory metal such as tungsten or molybdenum, and the dissociating material may

be maintained at elevated temperature.

112. The method according to claim 90, further comprising forming Na?" in the

reaction vessel from the molecular NaH.

113. The method according to claims 82 and 88, further comprising removing
reaction products from the vessel and regenerating the source of catalyst from at

least a portion of the reaction products.

114. The method according to claims 82 and 88, further comprising converting the

released energy to electrical energy.

115. The method of claims 82 and 88, whereby the source of hydrogen catalyst
comprises at least one reactant having hydrogen and at least one other element,
and

the at least one reactant undergoes reaction such that the energy released is
greater than the difference between the standard enthalpy of formation of
compounds having the stoichiometry or elemental composition of the products and

the energy of formation of the at least one reactant.



10

15

20

25

WO 2008/134451

235

116. The method according to claims 82 and 88, whereby the source of hydrogen
catalyst comprises at least one reactant having hydrogen and at least one other
element, and

the at least one reactant undergoes reaction such that the energy released is
greater than the theoretical standard enthalpy required to regenerate the at least one
reactant from the products wherein the energy to replace any reacted hydrogen is

the standard value.

117. A method for generating power comprising providing hydrogen and at least
one other element that undergo reaction such that the energy released is greater
than the difference between the standard enthalpy of formation of compounds
having the stoichiometry or elemental composition of the products and the energy of

formation of the reactants.

118. A method for generating power comprising providing hydrogen and at least
one other element that undergo reaction such that the energy released is greater
than the theoretical standard enthalpy required to regenerate the reactants from the
products wherein the energy to replace any reacted hydrogen is the standard value

for the combustion of the hydrogen.

119. The method of claims 82 and 88 further comprising the preparation or
regeneration of the reaction mixture wherein preparation or regeneration is achieved
by at least one of steps of mechanical mixing or separation, melting, filtration,
hydriding, dehydriding, decomposition, vapor deposition, evaporation, vaporization,

and sublimation, and ball milling.

PCT/US2008/061455



