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By "other element" in this context is meant an element other than an increased
binding energy hydrogen species. Thus, the other element can be an ordinary hydrogen
species, or any element other than hydrogen. In one group of compounds, the other
element and the increased binding energy hydrogen species are neutral. In another group
of compounds, the other element and increased binding energy hydrogen species are

charged such that the other element provides the balancing charge to form a neutral
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In anot her enbodi nent, the catalyst to form hydrinos

has a net enthal py of WO 2004/092058 PCT/ US2004/ 010608
wd lomeeawss on of about m/2.27.2 eV (2b) wher ePOT/1S20841010608

i nteger greater that one. bt is believed that the rate

cpoAd. atheSfoﬁnérsgrdu@%f s&ﬁ;ﬁﬁnd@@ chdi&tdiBla %Mnggtga{r e@& "

reaction is nore cl osel mat ched to m

cqoxdingiponding the datter sraup @&hﬁﬁ%ﬁ@t@d h}amnwd)oadmgt ;e gt ggl gy
m.
o, RSB i BELA AT B L7 7

may (e)oatpeastsme aeuttaeavsmum er nagmixeduﬂm gaedpecite@efcmamit he
and/ or at | east

" ?‘n%n%?nef%’é‘ygﬁﬂg@ﬁpé@e%m tog‘?e?ﬂ?b%f Li, Be, K

Ca, Ti, ¥ g@ﬁterfﬁbnthE@otal@ﬁerngf th@e'orreg ndlrtgsmdlg‘cﬁ'y h@rogem
Rh, Sr, Nb, M, Pd, Sn, Te, Cs,
SPRPCS: Bk | Kr, 2K+, He+, 10 Na+, Rb+ 'Sr+, Fe3+, I\/be+

Moo+, b3 '{‘11) éf?a‘fer i the %fél"ene@;y%f' g lr_g'&len %&eme%goq gitiich the

Nee and H( 1
cowyﬁqoe@@a ogip_mar lesslrcm speoiepissmstalde er lsﬁlotrIﬂJEd%redid lmmse itei ng

orlin fhgﬁljég%} S%BCI&S51ZO|&¥ glji 2 en efSSP ﬁ‘l mKﬂl Fll?egglgé,?% g ﬁalnts of

ato gen are
cordilibns; et is apgtive; Bhé novel hydr ogen conposi tions of

tt onpr at | east one neutral, posi tive,
g? ﬁ@[ﬁf a%nﬁﬁ’g’%‘é@%\enépem es (hereinafter "increased
THaito dﬁ@rg@@@ﬂﬁﬁy&ﬁ:‘éﬁ’é’n@%@&esﬁpﬁe @8 of thR @Hér ids r%ﬁx?e’th the

ener (1) greater t bi ndi ng rgy o
elechpy Hisihydrogeripagiesy The lydgean SpQ@esgpmrdleg fo the presen)

t
it e B NG TSR B 08 HOLTR
hydyegen wscies Thediydioken speciésshaming an s ensddothlemangy lecdohﬂrtlghto the
ner €ess an
PR A o A ARG P e o v pecics
evérethipeghabtiicenmdodinRhi 98 the QydrSddn)spedids Habing 8kl &d t&ﬁl@ngrgy

| t th el ement. The conpounds of the
iy Fh B o RGr e Al by e gradminusmesas ot

coRbdpEhdIfl SAREEMyINEELGRRL WQ) 3 tthegl? &11 Bf ]@J& ﬁgﬁg}

in this context i S neant an e
P 7 At hana Brst bipling evrysicthetrigless thaty tbg &rst bpémg esergmsﬁmdmarp e

Lo GRD be dr.Qgen speC|es or
o SR o 950 o
greatfpab fdSotal éiﬁrg@tolﬁ e corresponding ordinary hydride ion.

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

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

(b) optionally one other element. The compounds of the invention are hereinafier
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30 el enent and the increased binding energy hydrogen
species are neutral. In another group of conpounds,

wo b@4o96s el ement and i ncreased bi ndi ng ener gpCT/US2004/010608
hydr ogen species are chariged such that the other

refIrRAREAs "McRbABsindiflEe ?ég%?%l_g&& psiRigt 0 form a
neutral WO 2004/ 092058 / US2004/ 010608 12 conpound.

The Therinmeasest binging tnesynpydiegersspesiescdan ba ferercil be teabiyng one or
I ] . j b ing. .the |latter qroup is
RS PloBe ity SR LB LR B0l so 4 Gt
cqutpiehg atderpioenedé szt thereosod bitldarg chapg hphogehispéoitg, 4nd)at Bhst one

t one neutral, positive, or negative hydrogen .
ot 3% AR B Pt an s 854 B50Be rRrmmgioeepagpecies
hy drAlgeprosidedire oyel BepdigidsPant HadcuRPRME ¥orkpasiny €at er
than the total energy of the corresponding ordinary

hy dr@geuralityof pewiral, gpsifiye, pr rpeativedydmopenspeties (hereimhfier

"R AYbiRdinEher M RRIE s pRRES] BRido QoM iref)yt he
correspondi ng ordi nary hydrogen speci es s unstabl e or

i s not ok eveeievthprethe tetd entrgy ofl@dipanyinmaecylanyytirogaor
speci es' r s |l ess.than .thermal. epergies at
o ent (Ut ORI gl oncfi e bt ihatondh Peviss ok o
coomgpooding prdélagrieydioged fcle®isastehl€6:9Y néf obkdiPedBEIHRO B
[ f the energies to renove all of

@ﬁecmeé is the $ug%$ I N
OTHRY NEFTRBT SBRECS oBhFRoReY 1h et Bjbtheannb encagies atpmbieptnoadidans
orSPRBhie; agicording to the present 15 invention has a

t ot al ener%§ greater than the total energy of the
cor (@pEerAll gne piiFtrigenhy Bhemganounde of ths invEhtiortayelhaejeafier
refRREF10SS "Reh g vifdid %ﬁér@?ﬁ;‘?cﬁ égﬁ%&h &gygy according to
the present Fnventionsl & also re erred to as an
"i ndm ﬁa@a@dbnﬂng,l agrgn@nmtcbiy phyﬂemgeigpﬁﬁﬁgiiteédét o_lﬁ\iﬁir‘r:easc_ad
. ugh s enbodi.nent s t he rogen, speci.es _ havi ng
oid el B Caes o ol AR (B Rdedpn
habinp dibirgirgraegy atcdsiing t0#q. (3N ehaf is behtefihds tHe®haligt ioflgnary
gqgggé %f t@§ 20 correspondi ng ordlna[y hég{ogen .
hydr @bog 8 MARpP & 2 B Fy and ks fpion =g3 Eigerepyl binding
Thedk nd, iyl L hgme i s l.ess .t han
engg nidhagR B hiho R R0 08 b Rtodedopt R Ba b enerey
gregier ithan thedbindingénemyerf gydimafy lydeghy stomdebouo 3.6 £V Elincfedded
. = 24.is ch, greater. t he t ot ener gy, of
bile ety SRR NG o RGPS eeer gieiconte 8MpH e
birglireg eneg kreaerihan lstat 8518 cVRliREskal bihBAS kAR IRERY 25
(a).a Ehﬁé’thﬁgff neutral, positive, or negative
mfﬂi%‘}eoa e o BrmaslFeatar Bydrogen jer hagivea tindves angrey
greARe FHH abote 1 €I (BRGEAsESbihdilR MRS, oIR8 g RRLSVor

"dihydrino molecular ion").

According to the present invention, a hydrino hydride ion (H") having a binding
energy according to Eq. (3) 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=21to p=24 of
Eq. (3), 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.
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(i) greater than the binding energy of the

correspondi ng ordi nary hydrogen species, or (ii)
w@e@ane20s8 han t he bi ndi ng energy of any hydr ogReI/US2004/010608

species for which the 30jigorrespondi ng ordi nary

hy drigg ®hdfiRRGLES of e HORI ?@rﬁo AYdridR i00dan DR REhAERed by the

because the ordinary hydrogen species’ binding eﬁ%rgy
follewingdgmulgan t her mal energies at ambient conditions

or is negative; and (b) optional/ly one other eIsEFnt.

The conpounds of the invention are hereinafter

2804#%92058 POFI62004/ 01068413l referred to ad

Binlyg FAGEX T e n ~ Ry gr ogen Tcompo sThe

i ncr eased bygdﬁgéggggﬁgyyhydﬁbg %”sa@ )$j

formed by reaciinglbne r  nore\hydrino atons Wwth one
or nore of an electron, hydrino atom a conpound
contai ning at | east one of said increased binding €)

Wik p gy al el O Ente IR 0BS, 5 -ANMD 34 isl 15 is TORARK'S cMsh@f bar, 4 is
atom nol ecul'e, or ion other than an increased bindi'ng

theprmgabilify of vagewmsp e tsi themass Alf the efeciowi, gle ds the eedacadadlectron
compounds anqnqplecular ions conprising (a) a

m4k divah by Yi of—ASUT Shere pRSiks tieMBass Of thof@adn, 4§ i he FRARS the
speci es (ﬁer"na@;er "i'ncreased bi ndi ng energy
hydr ogen spe¢tes™) having a total energy (i) greater
than the tot energy of ordinary nol ecul ar hydrogen,

r 10 (ii) gre r than the total energy of any . )
hYﬁ%F’b?jéﬂﬁ %@&egéo%f BRAng e i clasniapsdiBresi e Bdineagiyen
pyydrogen species is unstable or is not observed

because the ordinary hydrogén speci es' total energy

is less thap t rgg;‘gﬁ? Les at anbient condition

or is neg%tgve%ﬂan (fbf:L%tuonally one .ot her elenﬁﬁ . :

The -£0 unds,of .the.inventjon are herejnafter 15 .

o af BRT RSeRle L FbEUE ! g effciedy s diection o
an@oRenslEce with's §/ricsTieiseRidrogen GRRIAYRE albsndMOHA9df

conprd si-ng at Iepst one increased binding energy
abbl;ctdr@é-g-eﬂ

, WIEE h eS- 964 @Cik el ididpeNgrbie tBHnOU Prife M &i®s Kyd8ddin
(a) Mydride ionP?having a binding energy according to

. Eq. that, i s great an the binding of ordinary
‘S’f?gr rs"]gn &8s ((’églc&)of).llgr(]e}\ﬁr)'for p=2upto 23 and
|l ess for p,=724 ("increased binding 20 energy hydride
i on" or y'ﬁgi’rﬁb—hﬁd(riﬁb/pbn"); (b) hydrogen at om(5a)
havi ng a Bifhdi ng energy greater than the binding
ener gy ofrgiqinary hydr ogen atom (about 13.6 eV)
("i ncr easkd? bienct AG(lémdr gy hydrogen atoni or (5b)
"hydrino§ﬁ¥’éc) hydr ogen nol ecul e having a first

The hydrino hydride jon is distinguished from an ordinary hydride ion comprising

an ordinary hydrogen nucleus and two electrons having a binding energy of about 0.8 V.
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 Eq. (3).
Novel compounds are provided comprising one or more hydrino hydride jons and

one or more other elements. Such a compound is referred to as a hydrino hydride

compound.



bi ndi ng energy greater than about 15.3 eV ("increased

bi ndi ng energy hydrogen nol ecule" or "dihydrino");
w4058l ecul ar hydrogen ion having a bi ndi POI/E8®04§10608

25 greater than about 16. 35ev ("increased bi ndi ng

enercyin @ﬁﬂdk@l{ spBdely a?@&ﬁrdc%ﬁzecﬂf the fOLIBW e bRMAin r%enerﬁes ga)

nmol ecul ar 1ron According to theé present ~i nve
hyldydkv iondD. TSAM @ erdmary Kydhidenian)n@y) bydnogediatom ("endiragyhydrogen

«G5%0r i B (P ritioant als B 35 cfrplfrodeh

mdil@ché') (a)”lii/dthISmf)lébulﬁ ien,24.3(eV) ("ordinpiydytibgeh mEIééulﬂ ien"y,
= 24 of 3 the hydride ion binding
5 ang rﬁ@r@’ @20 V( Prélsﬂ&efcmhv’é?gﬁnewl@ubr ion), Hlerefg; with raferagoe to

fofts oy Bl endy g B sylityong, > 073 10
0. 6Acedtdingaorp fsihier @t diosmpof the igerition, HNevagdouhd R prdigdedon

are als rovi.ded. 004/ 09 8 PCT/ US2004/ 010608
coBEe R I ??Pégygmaeg%wlﬁwcmép i

resented t 8.6 410l | o rmula:. ( h2 1u0
w2 Bt SEHR SRS Sl g—(wﬂ 09 0B, Gl 24

+ s(s + 1) ne aHo 1 + s(s+ 1)1 8,uea2 a L PJ (3
5 where p is an integer P@ater than one, s 1/ 2, r

10 prétgraﬁig +§‘]/ v?he% 0‘? L %ﬁ ﬁﬁn&’, rf)%f:tferra]bly balrn’te 1‘ from F t? E% (b) a hydride

eSS0
1oletHCIlia&mgauﬁ1dn$gdnb@ybeahwed eI ectron mass given by
lu,, .= nnin where nap is the mass of the proton, aH is
the radius of the 3 +nlP 4 hy%rogen atom as hs t he
Bohr radi us, the gl enpntary charge. The radi i
Bindiag dinongp = +s£st | » preferably
hydrino hydgj g safD the pleseflt ip be
formed by thé ‘leacti on ¢f an electrd yth a

hydrlno that is, a hydrogen atom having a binding
wighe r—é?l/ gfore preferaf)ly +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

.6
7 eV preferably within +10%, more preferably £5%, where p is an integer,

1)
p/

preferably an integer from 2 to 137; (e) a dihydﬁno having a binding energy of about

Ef\i eV preferably within £10%, more preferably +5%, where p is an integer,

I,

preferably and integer from 2 to 137; (f) a dihydrino molecular ion with a binding energy

15 about (22—

16.3 oy . .
of about F eV preferably within £10%, more preferably +5%, where p is an integer,

)
20 preferably an integer from 2 to 137.
According to a further preferred embodiment of the invention, a compound is

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

dihydrino molecular ion having a total energy of



13.6eV = 1 about 2 where n and p is an integer greater

than 1. The hydrino hydride ion P is represented by
woRoog92058. / p) or H(1 / p): 15 H PaH | + e-PCHUBR0(41010608

=1/ p) (5a) L -Pl The hyglrino hydride ion is

dlstlng I shed from an orplna y— et on conpr|3|ng

an ordin ary hydr ogen nugl eus d t%ﬁ el e ftrons]haV|ng
a blndlég ener gy of abogt 0. b ibe3 atter i
hereafter referred to as "onp ary y [ or

" B4 Byl dign 3 on” 2 B 120 [rydei-né-thyd Iujk i
conpr|s¢§m%%hydrogen nudl eusl i nclu€li ng prd% il (6)

deuteriym or tritium and t wo |nd|st|nPU|shabIe
el ectrons at a binding apergy according to Eq. {(3).
Novel &npounds are prowi ded conpri sing lone orJnore

hyd@lﬂ?l@Xﬁ@b%?‘ﬁ?@%l Jgne or nore other elenents.

Such conmpound i‘s re fred to as a hydri no hydri de
prﬁ@fﬁ@%ﬂnnmo%}%@mbl?gﬁ/ﬂsﬁﬂé}é/ PIOWEtegkd 7 is Planck’s
O di nary hydrogen species are characterized

CORFL B> ey lﬁlth?dph?g 0@#@@@10&911 (@is theygreed gblighsnn V%/PWI%/l el the
hih SR bR K brbgh O BT 0 bty

5 MIB) eThd Watuid oB HRVChémiesli BaidyR&ydicagma amllt%wdl@"mwmian
hydr ogen nol ecul ar jion, 16.3 eV ("ordinah%ﬁhydrogen
AH%W@EuIar i on”) Subgnitiedy’ (o) M3, 22.6 ev (“EMHnary at
tt%r/}vh’y\g Bﬁgﬁ{gh{ﬂa'w%fcwngﬁdﬂt&'ﬂm)cal/ﬂ*ﬁfaﬁér@ablwl;J}eJc%?&&ﬁ {5803 Par
orms of drogen, "hormal" and di na
whighnis mynm@gateddzmgfemﬁd an@(béaﬂdwdmmm@lmd‘dhma tofal ¢nigegy of
i nvention, a conpound is provide co Tat | eagt
one |Fcreased bi ndi ng ener gy hyddogen specées such a%
(a) a hydrogen aton1haV|ng a bi ndi ngl enayg argys of abou
13.6 v 1Iz, rqblyq\nth ﬂhw—“&ﬁoa&
E;Q—pfé#e%a zaxJ_whef n i eg Fr—pF?Le
i nt egg¥Zi%om 2 to 13%;/ (Nfd hydﬁide | OMeC{ H-)| Fav 4
a blnFlng ener gy of about 2 p~ {% 21 BlndITg EnerTy

s+ 1 2- 7z e

=—p*31.351 eV — p*0.326469 eV
10 @)
preferably within +10%, more preferably +5%, where p is an integer and a, is the Bohr
radius.
According to one embodiment of the invention wherein the compound comprises
a negatively charged increased binding energy hydrogen species, the compound further

15 comprises one or more cations, such as a proton, ordinary H,, or ordinary H, .

A method is provided for preparing compounds comprising at least one increased
binding energy hydride ion. Such compounds are hereinafter referred to as "hydrino

hydride compounds". The method comprises reacting atomic hydrogen with a catalyst‘

having a net enthalpy of reaction of about %1 -27 eV, where m is an integer greater than 1,

20 preferably an integer less than 400, to produce an increased binding energy hydrogen
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2 h 3+ 23 ,preferably 2r1+ s(s+1)1 nme aH orl +

s(s+1l)1 8~ea L Pl a L PJwithin 10% nore preferably
wWoAW4nbesEe p i s an i nteger, preferably an int eP€r/US200#010608

2 to 24 (c) H& (1 / p);14d) a trihydrino nol ecul ar

i on, , having aslgdiding energy of 22.6 e 15
atopp fering 2 b}némg?e@qr@b?fwb&wt "‘1 @@gferfbisé‘npmég%fmﬁbvb@%l

where pis an integer, -Ih—;}ably an integer from2 to

137; (e) a dihydri no ha WHg a binding energy of about

m%‘geé}ré)ﬁbf g/o 1§:<ef & gge%)ro uctf)f eég‘g sirsrgqteszé/atbfﬁé%%? segoéinding
enbigy BYEOgdn 2@ 2an b2 1d}ed v(lﬁl)an%ledtr&ywhtcﬁ OtoPRd da6d ArPiherkA48d
iing energy of _ about 16i.3 eV preferably

h b
bﬂﬁﬂtaaﬁq%rgf@g niqedere Hieoherased hindiog engreyt lydpds ion gan beersirs |
w1ﬁPane%Q nf&E@JaﬁBﬁ’sQB %rd'@l'ﬂcé J‘&oﬁ%}%ﬁné Joﬂ[ﬁ@y& th%g‘hz on glgﬁsg& n g

to a further preferred di ment” o I nven
birdirgoenered hydridedemvi ded conprising at | east one

I ncreased bi nding energy hydrogen species such as (a)
a dihydrino nolecular ion having a total energy of WO
2004/092058 PCTL SS2IDEN O OFO8IE INNVENPION 1 2~i 4~ .6

éﬂE j etz (szh} pre%ejlfz 1}1?§qt1|0% :é t(r)rgelleratelpol%ver ;ndpno(ve? hyﬁrozgen
species and compositions of matter comprising new forms of hydrogen via the catalysis of
atomic hydrogen.

Another objective of the present invention is to generate a plasma and a source of
light such as high energy light, extreme ultraviolet light and ultraviolet light, via the
catalysis of atomic hydrogen.

Another objective of the present invention is to optimize the power balance by
maximizing the output power from the hydrogen catalysis reaction while minimizing a
pulsed or intermittent input power by controlling the parameters of the input power to
initiate or at least partially maintain the plasma such as power density, pulse frequency,
duty cycle, and peak and offset electric fields.

The above objectives and other objectives are achieved by the present invention
comprising a plasma reactor to generate power and novel hydrogen species and
compositions of matter comprising new forms of hydrogen via the catalysis of atomic
hydrogen and to generate a plasma and a source of light such as high energy light,
extreme ultraviolet light, and ultraviolet light, via the catalysis of atomic hydrogen. The
reactor comprises a plasma forming 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 catalyst for catalyzing the reaction of atomic hydrogen to form
lower-energy hydrogen and release energy, a source of atomic hydrogen, and a source of
intermittent or pulsed power to at least partially maintain the plasma. The cell comprises
at least one of the group of a microwave cell, plasma torch cell, radio frequency (RF) cell

e

glow discharge cell, barrier electrode cell, plasma electrolysis cell, a pressurized gas cell,
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L[ JJ _ -p216.13392 eV _P30.1 18755 eV preferably
within 10% nore preferably 5% where p is an integer,

w2008/0908ck' s constant bar, nme is the nmass oPCT/O82004/010608

el ectron, c is the speed18f light in vacuum u is the

filabRAGR dr ApldsiacelliBEda catitindtion ®f hﬂ‘l&sha{emfaigrov;f dikdharge cell,
constant _sol ved_previ hbture

"Th
a WOWWé cethan anRE BlATHa Réf}ﬁhéﬁ %@Sé?ﬁag i Maﬂf BrippRubjgations"
b{i)l b8 i i AR Y)Y maxBHRHL il htpul W & drodt the RYdrBen

ackl i"ght power .
catzlmr 119@tﬁ1/0n s nmamﬁza@ép apTavwerpyenmiteting theqampmeterggihe

mpgto ;H)wgr to r}m%ate o? at IFE%P]EMJIQH&EM % tﬁﬁ%lﬁﬁl%@ﬁ&l asalﬂedpcfv;% d%l ity,

ener gy of
pulgk frdﬁuéﬂdy,aﬁl@(cchTandg)’éak &t (ﬁ“fsetﬁkeﬂﬂc fieldsl+p | h 0a0

2-21 e 231.351 eV o 326469 eV 10
Oy Bheramaitasioppels Einoresvies sy erpidkadiipg s nheriiche

fielR id st B defitAAGENENBY & offsSt DOLBRNRFE, drasltldSavé edhagslbmg
to one enbodi nent of the invention wherein the

cleettprprstmesnetndinlis chre figldagyheisoipy desieed geengiindyriag s digne
pe@g%g A 9 e6R IY Yuddy HO g?ﬂnc?&?a% Sitagk B@a@&ﬁpma@m f8ds

onpri ses one or 'nore cations, such as a proton,
thatns telowrthat Fguiredio maighinardjschigge. llhertbmteddieldsstqgngth Al a

unds co isin one
o BE SR s e e R oD o iy Bhech B8t BE sumhiana
the&fd@mh Bydogeal TRE inteei@fehst puRedpowd yélirtd10ay ﬁlytﬁéricdmprise a
npounds”. The net hod conprises reactin ]

mewgﬁd? agjesh thgnufse dreguangy and;dutteygle ig orfinygs the %9 %anlﬂgeﬁ The
u15@€§ac{ub&9 afdl @ \?c? eytﬁe Rdy be a?dZusee\d to Yhi&hie the 'p%w@xrbalaﬁéé?@er

er "t han preferably an integer less th
0pmm@mgtt1@ rgAcH T msws ﬂ@rlemé ooy Ade Rgseliraugycyapd duyg érrle

may\Qe chQs%édocg %gt'i_’lﬁlzg %gpl&%xolgaﬂngg'g}ﬁ&ﬁlmﬁzg the reaction rate versus the

input power by controlling the amount of catalyst and atomic hydrogen generated by the

discharge decay during the low-field or nondischarge period wherein the concentrations

are dependent on the pulse frequency, duty cycle, and the rate of plasma decay.

III. BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic drawing of a plasma electrolytic cell reactor in accordance
with the present invention;

FIGURE 2 is a schematic drawing of a gas cell reactor in accordance with the present
invention;

FIGURE 3 is a schematic drawing of a gas discharge cell reactor in accordance with
the present invention;

FIGURE 4 is a schematic drawing of a RF barrier electrode gas discharge cell reactor
in accordance with the present invention;

FIGURE 5 is a schematic drawing of a plasma torch cell reactor in accordance with

the present invention;
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atom having a binding energy of about 13.6 eV i 12
where p is an integer, preferably an (P) integer from

WQ@2a00/098%8 A further product of the catal ysis PGI/US2004/010608

energy. The increased binding energy hydrogen atom

REURE 6&&@9&}1@&&\4 drhwRB of hiRtel PRsAPIEDRell tclf RAERIARe

increased binding energy hydride ion. The increased
“mbﬂnﬂﬂwgﬂ@m@anlhyhrlde ion can be reacted 5 with one

. t . .
FIaERES 8 Ml By P 8 o SERRL B ERIRH Richdaft wit
the ptIVBARYefdion] HE | NVENTI ON An object of the present
invention is to generate power and novel hydrogen 10
speci es and conpositions of matter conprising new
forms of hydisgeon gpEICRIPTIGN vF HRINVENDION:
hydr ogen. Anot her objective of the present invention
is to generate a plasma and a source of |ight such as
1. Plagh. RBREFY |ight, extreme ultraviolet |ight and
urtraviolet light, via the catalysis of atomc
hy dA @ipsma cdlbtoAmudrite powdyjapd npwekhysirogeh epgsice gach¢ompositions of
A b L RN o RGN R
gelféﬂit@é pladnsa dndaGbirofofipht ﬁlclgh@hlgh Zmdﬁglgfl light piitraeculoaviolet light
termttent input pomer A trollin e neters
andple et gt iaBEH e oL BYEotsh dgrebessy VAR e |y
Puﬂﬁhﬂ&ﬁ“ Phad BEarRdRESR of Hﬁ@nﬁ@ o Qﬂﬁéroﬁ’/%%ﬁ,\/blasﬁié' t&x3h cell,
frequency, duty cycle, and peak and offset el ectric

radfq &¢qusncyZBF)Tied, éb‘@‘d@chﬁﬁg%‘@ﬂi Reatier gletrasieisell, rspe eleoelysis
c:ellEl gyre%%zgcy gatg chy ﬁtl'ﬂl?enp {:eq c?rrll{ %g%af&g%qagﬂ rell é;\%ﬂllmﬁﬁ%‘lr &t Rast

reactor 'to genéera ogen
onsqstencglm dﬁciﬁrgemenmmctqmms call, anvbednt R¥ plesmmgaeils Ea@ ofdhese

oo DUSERSE A2 BB B B LB g oo

nolrél Eﬁltog‘eﬂ%becibﬁ ahd Qﬂn@@fﬁbﬂyoﬂnh@thf compRiing BB fothisloflyddd@h, a
and ul travi ol et % via the catal ysis of,
soq@w%yshgwdp@gwd mﬁl@nzbqqfl &ég@rzm@&ﬁt&%égouacemf AlomC

hyé{gééﬁ'oﬁﬂl a9oficd %ﬂf SRty or%)tiﬁecﬁ?c;v@:k ¥oodt Fea@if aﬁfaﬁ?hﬁmtam the

gen to formnovel Hhydrogen speC|es and
plasmarpAs iged bersingind namnéﬂmrd%mbby ¢ Bipi twéwv ¢ndiopstheferm

.. hydrogen, a source of.ca st fo

"Rl Rt P R R B QRIS BB B b

dmﬂ&ﬁﬁggﬁﬁ“ﬁﬂgmﬁﬁﬁgﬁge energy, a source of atomc
hydrogen, and a source of intermttent or pulsed

powé’he foflowinglpeaferredsmboliznienty ofghemmvention digclgse AumerousTHeperty

r
ranl%g S rng\%g\% bu?fcﬁ 11§nq eﬁlttoﬁka){'aegﬁltrred ﬂg‘ge %Fs, %k%erglﬁgﬂ#ﬁp\écg%éé current,
puIsﬁiE)freqﬁnby, pogbmﬁndtyspdak pgwers ity cydbaand e likd, e\dmhcad@nerely
mte%iefl as Hlusai“r %e gxa?n%]i oii‘.Xsseldson %h%l cietailéad RhfsD ersclzrlzp%on Q3R skilled in

the art would easily be able to practice this invention within other property ranges to

produce the desired result without undue experimentation.

1.1 Plasma Electrolysis Cell Hydride Reactor

A plasma electrolytic reactor of the present invention comprises an electrolytic

cell including a molten electrolytic cell. The electrolytic cell 100 is shown generally in
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WD 2004/ 092058 PCT/ US2004/ 010608 18 filament cell or
rt-plasma cell, and a conbination of at |east one of a
w@b@wogtossharge cell, a mcrowave cell, and aPCRES2004/010608

plasma cell that are dis@bosed in "MIls Prior

FIGRIRE i.CAh eRASIC currchf i paskas thréiah aleCsecBlydlp béluticheld2 hyving a
maxj m zi ngi t he out put power f%?(r%q the hydr

catedyst By {he prplication af gryolitaeit ahinedeil %1 #y cethads W%ﬁ%r} DRRASYET py
confrOdr108 bbWéted Wth@ BERBLAYIS 1 FUC 1188sonicl ff RISEhRRWBeed may

Initiate or at” |east partially maintain the plasma

alsashecimparted: th éherethete Hisrand electrolpid sobution 4G byeihratiggmgans
112? )g-felgfcr%n{%? gur}#)%%toatﬂéjelgc%xr %’?tc s&luﬁ(% de%y hegtleldlsm %gg pressure of of

ower source- nmay provi
the plectradytiondat 160 mntue&onﬁ*olbﬂ by pessied repulatar ﬂeaa*ls N éawhtre rgeh

udi o, |t
candh s o e RR G STl aremeorh L0 f DR T olepuler
lovv@r-éifé‘ﬁgyﬂ@d ¢4 QiI0Bhda mercwegv@uﬁg vavel0 period by an
of f set DC, audl 0, or microwave voltage or electric

andnraghBediment; e e@ctrqlmcell & yehesonnlisd with dydregsa from
hyd eﬂ b mcmgehgf g berdlGaink @Moulswy@fegs&%qmml

ring a |ow nond| scharge peri
mems t122rhnekel ohdhe mactg)}n wa&ebma)bm chgred exdept fond edn;aentloatma

congp LR P PREF Vessrh o LMy T8 op i b SR g i
the Eﬂdilmi evdlviag ﬁeﬁﬂke &ﬁﬂngja?cyrowai 2 ohﬁ)b@mﬂdeﬁszdimtt}?ecqmﬂmm
al ance. The 15 req cycle ma
140,804 ¢ eqndersed, gpte azlietrﬁ@mﬁ %Ag ﬁvlowtqnﬁﬁ Fiaty
hydwg%n CRASdVeRRd b @h MRS 1:%? $f {h8 %oﬁdéﬂé& 180 ViR one dii6odHrt he
frequency and duty may be adjusted to o tlnlze

conﬂﬁ@ow@ms@dwmg@VWg@memﬁl@mxé% thet paatgstsitharevelying

elec\ﬁ% % eL‘ eTlaé Qﬂwﬁexl?&ﬁ’]&g;yggeaﬁ@léé’g%xgélg%d;gnim{eﬁﬁﬁﬂﬂg%aﬁi can

bewtlmpddaogevdaelaly)Odurl ng the lowfield or nondischarge
e e

invEHtidEe T& tﬂ@&h@a}lymsl dflatontihydro dob SRskd? Tl ceddsddFbid diliy- RN NI gen
FIGURE 1 is_a schematic drawi ng of a plasnma

spe@ﬁ%@idrlmrw%b@@mg-ep@@bhﬂmaeﬁ ca@%mé%ﬁﬂs@m% Y&s%eh 2t he
catiydE Sﬁgﬁlo(?éﬁ g aEdtRﬁ)yte Elhﬁgﬂl%%ltgge' e‘f’ecﬁ’ol%ﬁlé]ﬁmr sﬁ'ppqi}; and Q&téﬁ/st

a gas ce react or 'in accordance Wt he pr esent
capalviv efiprpuiding BInGlUREhapyiof raackaidmatl - @wrhw w@’ whera myissn

nteger Cﬂ%afrelgglycngbsl r%%?elfs& an%&? da%n&%o ent the vglt r? a@g

nven Ion I'S a SC ra\’/vl ng

ranf@dfrabedt 10Ment 0d0kadake dinsatizngsy ma1te hﬁ@mﬂoﬁs in t}re: range of
accordance with the present invention;
about 1 to 100 A/cm? or higher. In an embodiment, X* is reduced to potassium atom

which serves as the catalyst. The cathode of the cell may be tungsten such as a tungsten
rod, and the anode of cell of may be platinum. The catalyst of the cell may comprise at
least one 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, He", Na*, Rb*,
Fe**, Mo™, Mo*", and In’". The catalyst of the cell of may be formed from a source of

catalyst. A reductant or other element 160 extraneous to the operation of the cell may be
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FIGURE 5 is a schematic drawing of a plasma torch cell

reactor in accordance with the present invention; WO
wQoe4N2058 PCT/ US2004/ 010608 19 FI GURE 6 i SPEI/US2004/010608

schemati c drawi ng of another plasma torch cell reactor

adHEH RIGH HBRERd Wl ¢ Hya%&g%ﬂfcommay on, and FI GURE

IS a schematic draw a mcrowave gas cell
reactor i n accordance vvlth the present invention. 5

| V. | | PTION OF THE INVENTION 1. Plasnm
Reacl-(25511:’—%5:-‘glp%srrl*%ac?gR to generate power and novel
hy driogaels pacthes tmﬁkeseﬁmmembn Brshowih in FIGURE 1 &mprises a}
risi ew forms_ of hydr V|a1he catalysis o
re%l”ﬁff%ﬂﬂ?ﬂ? Besane SFamber 203 ARAPI o cOPtEIIRg Ay AciiEn O FESEHES
géﬁter'thﬂ@hn@étﬁﬁéh@% Sugle of Hfifrggén hbg B«Smmﬁﬂ%eﬁﬁg%vlth chamber 200
ultraviole and ultraviolet |ight, via the

detizera hydspgen de thﬁpbawlzer erfgb@@ﬁoa@wmlb pepsags 2484 Al ogntnrlleom
is Hsk?tlldngélw Qo ]]t regﬁreaak IﬂS@%tf %}ﬁge%fmtgg% W s%PtBro%

crowave ce 'asma orch ce reque
hy@figyn wb]y,pagslagwém gc Ipmsgnae easdr 22Dmonitas pessantin diﬁbefessel. A

B o ST Tl PG 0o

c oy G100 IS(Dfor 'glénefa@lﬁg hydriaB atoafs can B pluéediis & BRLIGR réseivbir
m crowave cell, and an RF plasnma cell Each of these

29ée iThe ree%fr%rve%%@o@aw g physt F‘&Pﬂﬁ gsa8n &4 lfpr theppsspgsrof gpsgous
cabalsPrdid i crafah@mger&lmrt&%@egcgoﬂ Qe Y€ A 1HEMIERBE he

speci es and conpositions of matter conprising new
cafabfshmasolﬁe Maagd e ehendcally oesistiot epan adntaivert sich os mbeab|inside the
rem el | iquid, or gaseous catalyst, a source of

4tom ¢ % hydrogen, and a source of intermttent or

pul Sd nﬁﬂbb&lar i addmic dadrbganaiattiabpressurea ilfﬂia'tdactbhﬁ:ssel 207, as

use herein an contenp| at ed by
W@Lﬂ& thsaig B é’FFSS"EﬁéS Ef@ﬁ%m%f'y et appLaabout 10
ﬁlﬁ’c@ﬁr'téélﬁ)d HoNSH WVESR bi@ﬁb%éh 5 APadfiaDred ﬁfé'ﬂl(h ebak
mbut al so tdeuter| un;GPEIZH) and tir?(?t% u% ‘aﬁﬁ i eeattion

vepss] 2P ﬁ’gl%afl@ldé‘it plaogyt dlitegnt s of the i nventl on
o
IS %{I(ﬁé&llﬂ egf H%wssd?tfc?lﬁ tl'iea\régs%?mtd ﬂ&lnféql'lyur é%’%y a

not |mte sure ow rates, gas m X
disso(cmiagenatcrml r TEhﬁ dlssopailinsg magerial ey eomyr;sep‘bwanqu 8 noble
ak .power. dut cle, .and.the nmerely
R a e A e o e s e g e oo
infit trahditih méthltshenasdistiur pid AftonieMSorskiefrhdshy infttal bl agr t
woul d easily be able to practice this inventjon within
tupgsjen or B}ogl Q?W er'W ogGlgting material may also 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 2. The heating coil is powered by a power supply
225. Molecular hydrogen may be dissociated into atomic hydrogen by application of
electromagnetic radiation, such as UV light provided by a photon source 205. Molecular
hydrogen may be dissociated into atomic hydrogen by a hot filament or grid 280 powered
by power supply 285.

The catalyst vapor pressure is maintained at the desired pressure by controlling the
temperature of the catalyst reservoir 295 with a catalyst reservoir heater 298 powered by a

power supply 272. When the catalyst is contained in a boat inside the reactor, the catalyst
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produce the desired result w thout undue

experinmentation. 30 1.1 Plasnma El ectrol ysis Cel
wolganiogwsiReact or A plasma el ectrol ytic react or POf/US1084/010608

present invention conpriggs an electrolytic cel
vap'of‘?lleéémqum%nﬁ%etd%ﬂth% |d§§1te& Qlﬂﬂé bfcon@blling ikRQeBpMbe@f el C

100 1s sh genera y in WO 2004/ 092058
CatﬂﬁTbQEM]@ul%@%bO@@PW@Mﬂ An el ectric current | S
I

Cac ayret CHOIERAL B BER Bhaibs s SO0 DR

with G @ﬂeﬂatedihﬁbﬁles tb(mebhydrhe hpdride ionsc dhe cedl Ih:e/r fufti§ comprise

ower ed wer . su 10, UItr

« st sty b 200 oy AP etel 3590 ReciesrdiSte
thel%ea@é!ﬂbﬁdhﬁ@-%ﬁ&mydﬁog%ﬁ)bdiﬁpdﬁﬁds]-OZ by vibrating nmeans 5
. Heat can be supplied to the electrolytic solution

102 by heater 114. The pressure of the electrolytic
I13&9Q[ﬁ 2368 CCARLEQL! ed by pressure regul ator neans
ere eoce can be closed. The reactor further
c 0 nArgas@schargamnwr afxhe plkmnt inserdipe shavimein FHGURE | eguprises a

I n r.ogen [ '
gas\fg%lgs%rge f%{ %ﬁ 08%8 § O%CH %%t eg? ?e;dt%\{ogﬂ élg{htaréég'acuum
vessé113l B @svisg éHain®der 360t A mmdrgeg mrdeﬁaﬁsupbﬁehbgdr@ﬁm the

source 121 where. the gver ressure cgp be c #groll

chaggben S sBistigh SOl EHve TSt IS e PP Do RR e A Pt i

coMER&Eh ARy sthEseRloRS6S. ﬂ%ﬁﬂ%e ah@ Eurfent SARRASBO @Aiskoudrent to
condensor "140 on the to the vessel 100. The cel

pasviytwisen ogashade 305 and 2 a@erlq 3289y dhe eyreent may e wy@sihle. In another

emByd lan fﬁtg%lg E)faglg% Lg% L4 g a%l%ﬁ%&%l shlBe %9:‘1?1 a§ qua'gwave

con ensor condensed
gmwanew can be returned to the vessel 100 The

SRR R e T R

Thé SRERNHEY bEMThedaige of abdid 0gANS SHONPEA, pxefb@erbﬂy aveut ILAA. The
that contacts the evoIvrlg electrolytic gases. The
diskledgeryeantanay be ipigarittent er pueednit Fecmbodiepnt, 38 offse ypltags s

pr(%eﬁ that i%'ﬁetxﬁ:%n Bﬁ{rOrBeg aB&t%B@V}’%?ﬁ‘gJ&ﬁ} gxgboﬁngﬁt%g@ffset

ect ol ytic power cel I de reactor of
voltdpe 1$)sreet$)qmcbvum)a field efidtiont0.T §rent toabouttsa IWQHS Prsferaltly itec

oti§er e b hroi T S0 BRSO PR Bt Y 79 The peak

voﬁggémwrbe $n e E’@Hgb seeaaoat vessed Ma Meatpre:rekebly,ane pm crertaga fis

Q..l

electrolyte, a volta e electroly |s r
in g dange e&%b&rlyqu t?: eMg#t PR i mﬁ‘f’ EE
ab 1&@? EF@G vi B élgen%lyodi?meng tﬁ’e ﬁ%e"l’féﬁﬁ&cﬂs'& a@(ﬁlt olintAg %Eeut
erably mis an Integer I'ess than . In an

100 ivigdad i Irremtherteh@odwienhg@ pulse frpqueney is faster than the time for
substantial atomic hydrogen recombination to molecular hydrogen. Preferably the
frequency is within the range of about 1 to about 200 Hz. In an embodiment, the duty
cycle is about 0.1% to about 95%. Preferably, the duty cycle is about 1% to about 50%.
In another embodiment, the power may be applied as an alternating current (AC).
The frequency may be in the range of about 0.001 Hz to 1 GHz. More preferably the
frequency is in the range of about 60 Hz to 100 MHz. Most preferably, the frequency is
in the range of about 10 to 100 MHz. The system may comprises two electrodes wherein
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25 range of about 10 V to 50 kV and the current
density may be high such as in the range of about 1

WO 200209208 cn? or higher. In an enbodi nent, K} PGT/US2004/010608
reduced to potassium at ompzwhi ch serves as the

orfedk loYSdlectrbi& a?&hm‘é& c@lfltact,t %thccﬁédﬁlas'i%\( oéﬂ@mtléénﬂéteﬁetgédég h

as a tungsten he ano
majt betseparpted Fpm thfmlmnyaslw wﬁelecﬁrec ratidr. ﬂ’h@p@bwpl’tagenaa'tbe in the

raﬁ.%eeao%%}b(g%? Vs%hl%q\g@d 1\@09 p erllzﬁ)ég by e \]; 1t%'g%16 néfhe r%ge oj":\;tpout

105V to NIO, k\l\/d\doi?@reféilbly,’lfﬁe vdDage 1§6n thE’rangéSm" abGal, 100W toF§D)0 V

Pt, He+t, *, Rb+ v

cat a9 ergfodipat ipp & dl%aﬁrgw‘ﬂf%/?ﬂ%o‘e?%nﬁlhs el oF et
3183¢ ednddting And QG bAE aRdeO Mot} SHBIHimdR AhE XA RAR8OS' S

to the operation of the ceil may be WD 2004/ 092058
holow sugies@driewgugkel, alungiaue dopprsr.fos snlase el below Fatliideg In

r A gas

oo HeRaEP RTRAIE e oo kBl E ROl o

safip@URE 2 conprises a 5 reaction vessel 207 having a

chanper .2 ont ai ni n a.vacuum or .

or ceut i ERRR: Eiochater Gty SR B Roprs i he s
phageditidigen &B&ol%m’gaﬁﬁoﬁﬁtdtﬂ%t Mﬁé’ga@éb@ﬁhﬁfrog%ﬁ @tontdgbs vers

hydr.oge Q the chanber throug hydro?en supply
COB&eg%%@qﬂlznOSAf%ﬂvﬂ%ﬂ lPYeard@ézrge pkmplgailarihgdiogen gﬁs The gas

disBibE Qéll §d7 Gabh @%ﬁﬁ&krt %@Wpa@éa@%ﬂf fopﬁﬁgg % Jf 'ﬂ{e%age!%ﬁs

vessSel through drogen supply pass
Ca]@b@é%iQrf@ns eqtafyt rezmwré?ﬁ todhesrepation shmldaer BOG. Heheceglyetl . A

VRS Yat.e | he cha
A M e AT
prgxadreﬂlagasag;snmdlystrto tlatreatsion alantber 3110& el catilyst vapdr pkegSire is

reser.yoi 95. e reacti vVess 207 has. a atal st
copfRAS shnuling e et e e Bl Ereaoj A ad ik te
heGt@f @Wmefaﬁ@@ﬁ 1fsﬁﬁw@13§u@g¥/9ﬁ72 I EREY R TurdRP cdRpris€a selective

reacti on chanber 200 ternatively, the catalyst may

vepdngyaied@1i n a chenical |y resistant open cont ai ner,

suc Iﬁl tlidr Qﬂ%dlmérﬁ@cﬁﬁm%mg' reélisctal{t %?&fa oBintE %ﬁc%l ds a. egtsiﬁn

mol ecul ar and atonic en par pressures in é
or cerawicdioaty pesitiine@ tmde a:e garwéis(cha@ ctlheontasathy edtalpsar u“heal

ca%érets 1{1Lﬁ1edfatall 5 lf)oa a%fcl ngggu?a %I neer%glling b%/ Eﬁgl{sal}%n assoc1ated

popresupighb yrovids &e@ﬁﬁoﬁgéﬂﬁalmfd thé@leagiof Shathiser.l th&ﬂﬁ@tlvely, the
r eact 207.1s mmi ntai ned at about

|
glow e *%F?fgg Slg/ﬁweéf&%ﬂ afan gleyat @wpﬁawrwclathé%@e F%t@lé%s in the
boht I8 st %ﬁ@' bdll@(i Q&r b1t Ld nsie %anplﬁye Fhe gbﬁ@&q}aﬁér éﬁ’&?uor? is

mat er i al di ssociating material nmay conpris

coptcelleg lbg COWOH@BI the teppperatureseldhe bogt gritha dlmhmge celply ddistingrihe
hegtelt&,f’ﬁpﬁg Iggv%psﬁﬁ?ﬁ}@l such as nickel and titanium an

The gas discharge cell hydride reactor may further comprise an electron source

360 in contact with the generated hydrinos to form hydrino hydride ions.

1.4 Radio Frequency (RF) Barrier Electrode Discharge Cell Reactor

In an embodiment of the discharge cell reactor, at least one of the discharge

electrodes is shielded by a dielectric barrier such as glass, quartz, Alumina, or ceramic in
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inner transition nmetal such as niobium and zirconi um

or a refractory netal such as tungsten or nol ybdenum
wab@4@92soci at i ng materi al may al so be nai nt ai PETUS1004/010608

el evated 25 tenperature bystenperature control neans

orde? Qo prokde bn BBt BkKIe _ﬁiﬁ%ﬁﬁl}i}{ﬁ &(gé& él?b@i?ﬁﬁ&ﬁg R0 freﬁﬁenlcy

shown I n Cross section In he heati ng col

(RF} basrielastiodndischprgaedl] sysip| 1000 ofxle pressntinvendion iy showy én

rBRESE o8P AUl L0 Sl SR BioAR 20 O

elgstrodeasd @Q4 lnyy be odharbad mo the aelt 00203, didibdtee lahar1 005 yparage the

be di ssogj at i_n tomi.c. hydr ogen haqt ‘
It BF S5 FHT Sl n BB diving Vo it Y Al s high
frefliénceaThe HSlin/AROH cRRRTSE Righ FoltdE PbRéNBEtedt 002Rfhich is
desired pressure by controlling the tenperature of

capable Qfpreyidiag RF aadan mnedangemgiching sireudt 190§ The eguencyiis
pr&gﬁtﬂ? lin &2 ?ar%@ Wﬁlﬁgt R)\() H to Qﬁ’%ﬁ 1o %}H}P reezl%%fgra ,eeﬁ)oﬁhekHz to

catalyst 1s contal ned 1n a boat 1 nsi reactor,
aboutd MHe.ahgst premtdnahon0d 20 58z PUR wB2g0id pRE040B8in tR@range of

: . . . | b
190 RIS g SRR s Ko SERL GV R,
prefeliablg tabdng Stiebdaosd k8. power supply. The gas cel

hydri de reactor further conprises an el ectron source
260 in contact wth the generated hydrinos to form

hy dnisnplabslridle Ce@R8actobthe cel | may further conprise 5
a getter or cryotrap 255 to selectively collect the

| owéy Rlesietgieh welbiveaqierf sheanrpsent inyention ists in FIGURE 5. A

Pl 2 oI BRI E SRR HOLARY » rabispa 8
ang regamd inpleems clombshddin HydrdgeGiRh W3 dogepsupple 938 andlflasma

di sch Il, 307 i Si ! | sot
e B plFPA ntly 12 e GE e B T et Bhior f
en@BANTDPPHLDo tehc VI Ol PlaSAY (iR cairpkiss Uibph, BSexaMHI0 ABD
to the  chanber 300 through control valve 325 via a
calflyarBY et CCBBERY e ihbresayoir Nl oc Fhareperoir & cqaiphedavitieal
mécRarfi@ 8didfr, HESR MRAdneROstirridy D4PY1 g?&g nfapidie 'ng bar

source 330 causes current to pass en_a cat hode
m@os/28ndheeatalyd thesupplpd torplesneaorcb 702 thagughpassegect28i Ghe.

In _anot.her 15 odi.nent, th I [ ner at ed, w.t.h
AR P B H o et Tk
or ClirS Gidal Iuklstchgs hBMym, Mon, Br 4rB6h £ANTBe RurcVP YitalF R Ahythe

about 50,000 volts. The current may be in the range
helim dishum, neop, ngor-Bydipesnmiztupe, opgreqneo Aoy Hebolde, *1 Nea*,

T i,scharge. current may be intermttent or pul sed.
Nﬁgggﬁgéﬁﬁgﬁ?%gﬁ?g‘an offsgt vol tage is P

Hydrogen is supplied to the torch 702 by a hydrogen passage 726. Alternatively,

both hydrogen and catalyst may be supplied through passage 728. The plasma gas is
supplied to the torch by a plasma gas passage 726. Alternatively, both plasma gas and
catalyst may be supplied through passage 728.

Hydrogen flows from hydrogen supply 738 to a catalyst reservoir 716 via passage
742. The flow of hydrogen is controlled by hydrogen flow controller 744 and valve 746.
Plasma gas flows from the plasma gas supply 712 via passage 732. The flow of plasma

gas is controlled by plasma gas flow controller 734 and valve 736. A mixture of plasma
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20 provided that is between, about 0.5 to about 500 V.

I n anot her enbodi nent, the offset voltage is set to
w@eaniogwsa field of about 0.1 Vcmto about S50POfT/TR2004/010608

Preferably, the offset vgitage is set to provide a

gasf ﬂ'hgdﬂBEéﬂ"@ @t@)@ﬂp@fétthelto}ﬁa% ﬂa@sa@@% an@Qo Me%ﬁ@alily}gseﬁ%ﬁflv 16

ge may In the range of "about
VIaMassagep?Ef dlha miyturet if eontieHd bbdiyﬂagen-plgsmdt-lastm@elr@d gaxtyfe

A O A A e

catelysr@aitiehs tvhidhlaee cnsﬂeﬁsed fntethe gapcsyredrs aQﬁn@mmﬁlesQ)yhldcharﬁdal

bout _ 100 nbod |
oAt B o S s B S 2 (i oo lasa
toréﬁ B dnd U8l FRARIA 3ok And QaﬂEHE&pdd{aWst 1|3M§j(fsﬁ’(gl% Rb*

Preferably the frequency is within the range of about
iong fiom agadhef rubddjumyin theplagmaciod o dherplasma is pewergd Py a gyepwave

o 15, 0B i B G, .

Cae\mjsmdnaymnturlnEEgpnp!rfase may be appl ied as an alternating

DB SR g i ol MR PR (piiams 0. Hydrino

hydri RTRPEYNds Grel ciyopBRpEPGRBENE naniisIi 706 Or tiey flow kA0 hidizmo
Most preferabld)é8 t he frequency IS _in the range, of

hydyisls pompounddrap ﬁlmug Pawags M8 e HaPaAPS compInisaes Witk vacuum
05¢
P e s B T Lo e A oo
prdsbige gﬂaélsma:onmlleé yitleeractunepuhe ¢t vatesm lme §5hend vacuum
e ated fromthe plasna by a dielectric barrier. The
Va% gg'voltage may be in the range of about 1 V to 10
W. Mk thepéraib it v the blasrnemkchwau head@rRleirdacton sidv ih FIGERE
of about 10 V to 100 W Qig)refera t he vol tag%r

6, Ridedstoneiod Plesy 0 902196 meniteld 547 ke o015 gl Rasihes 5
pa&HMtﬁ@gA&e&E cétﬂ?st %ﬁl éjda%mﬁreﬁb@vcﬁleMS g éﬂgﬁla@@@CW ,

vessel |1 S conductln serves as
canal*yet Séﬁ@@lthe catnly@trr@ﬁewgrr %&vd&atnéhx a cattaﬂﬁst case1voil beaty$66 s

w5 250 e Bl o O 808

calahtthaper pressar cal bermytrdﬂkada;ysoxmoﬂmgdﬁe eatperatnsd ofShicdatadyst

d t
resg QR G BT et 8 BB e Py BB e mainiTge
eleii@hts of PRSERB 6k B6 s@qma&tml ahd Blretigiasrandisor@sioaligt -
The gaseous hydr&gen atons for.__conversi on to hydrinos

clegreatsiof GUTRE 5b§n o veudra plgmensB 120 BIGHRE 6 wypalasgispagseply
co;rr&? é@ 5‘345 by ﬁ%fﬁﬁﬁn@E S’aéléhéfﬁESS‘?'MGMREmsa
assage 341 or the

sage of the gaseous catal yst
hy@t@@erf supn‘v catrespyting te dpdro gﬁnrsumgs 73%0ftHEUREHL: aiidbse forth,

ch ag;{?% 10 {her em]i)c;rd?nemen% 3k fle %?a%] nd for h gély%d'e rgac?or a cher%{’}:taﬁ)s;l

reservol
reﬁdﬂeﬂw byen?cﬁﬂtatrﬁr such as a ceramic boat located inside the mamfold contains the

catalyst. The plasma torch manifold forms a cell which can be operated at an elevated
temperature such that the catalyst in the boat is sublimed, boiled, or volatilized into the
gas phase. Alternatively, the catalyst in the catalyst boat can be heated with a boat heater
having a power supply to provide the gaseous catalyst to the plasma. The catalyst vapor

pressure can be controlled by controlling the temperature of the cell with a cell heater, or
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provi de the gaseous catalyst to the reaction chanber

300. The catal yst vapor pressure is controlled by
W@ oou02d058 ng t he tenperature of the catal yst rRPCEHUSZNG/010608

395, by adjusting the heager 392 by neans of its
by%ﬁ@&lhﬁg’ﬂh@ kdfnpfaure SPie 5@'3668 Q&Jugdﬁﬁttﬁkecfoaﬂ%mf {with 3n &ssociated

sel ective venting valve 3 I'n anot her enbodi nent
poxveE fMYeal |y resi stant open cont ai ner, such as a

tungsten or ceram c boat, positioned inside the gas

di scharge cell contains the catal yst. The catalyst in

t he 1gatMicystavb Gas Celt Hidddeadd Rowdr Reattont heat er usi ng

neans of an.associ.at ed aQwer .su to provide the
oy o B i L R R G e HreseR o Randys 1 FGORES Tt
reftdreystah bFEIGURE NeomHseyw Bastiod ve&hag %aﬁﬁ% h chadnber 660
operated at an el evated tenperature such t he

caeaétlea?ffetltatnwgm@cw BloRfessies grgder tharamperhprae A gource of
hyRloat 538 dfidlerk ﬁ§cﬁoéeh‘?? Q%ﬁ]g%?ﬁ% s glﬁ%y E?’Lﬁ'&’{s 14 A amber

pressure i's control enper at ur e
throfigh hydrdgen supply pasegel b2 Hl?;hegbwmef lhiydro genalep bs tormgllediey

Th e cell
R0l bl oA T B Yo 5285wt DR GR u
suﬁpiyl btEvia aﬁdaagermomhaﬂtw Mlsmsntatges SRR Bh@6l1cd e hiadRs gi©

form hydrino ri de ions. 4 Radi o Frequency (RF)
flogpgqnirg eféﬁ‘é&tcr %33 Bos éﬂﬁ?‘ﬁ’é“* Qféﬂ?mﬂ@é%t‘l@rhyﬂ’f?gsmcaﬂ be

suﬁm%@ 4 1B &1 $ih phSred28C MBE Ak nkELd coﬁ@@lféﬁ%& ’h%tﬁ{) %éneﬁl%‘in a3

of the discharge electrodes is shiel
migpreng sikiuge fb?a‘f ?eg@lﬁfos 6lh Ths pljsma gas SqelmStlEhulAlmﬂylbna sowrpe of

Ca{?ﬁg}é%ﬁ: as? a %% 92 8 FP gsr(/)qujtt‘Seﬁ (%O 4!%8’%&?}%?% 7‘ 1’1601‘1 may

rovide an efecf

seffe aS4 pRlkde@T catélyﬁtaﬁlct}ﬂasf]v @yﬁﬂﬁﬁéon-ﬁﬂﬂgeﬁ&ﬁlktu%m@ Refera9de
di scharge cell Eystem 1000 of the present invention is

sowke (rrafalyst sulcpREe )/ H Tad Mg . ﬁﬁwe@urmwf qgelmqmdwdnogm of the
s 10 be

QUG RE intd B BlhsREUREER cordf pnf Rl OR ot o
668epar at es the 5 eI ectrodes fromthe ceI I vval I 1006

The high dri VI voIt be AC and

{1 oAy ke Bl TR BT 437 Srrghe
mi¢RWaHGardOHEY bysdi’tUﬁer% hlRvavbit ity 632, caaRa by @/a%fgulde 619, and

provi di ng RF and an |rt£edance nat chi ng circui t 1003.

calTh% livergd i chagnberp oo wblay Rfrirapsparenpyyipdowf61 3 poantenn@0
61223%&C£%%0r3‘9n%3t p er aenﬁrr%@go utly%v-vi%%’.lkl %%ng’o

maggq:ttcmg,@yplgtrm @ﬁWMI masens, gymérona agefred elechOn ddzenst TAOO V

oo L SR G0 el R 100

microwaves may penetrate the cell from the source through a window of the cell 613.

The microwave window may comprise Alumina or quartz.

In another embodiment, the cell 601 is a microwave resonator cavity. In an
embodiment, the cavity is at least one of the group of Evenson, Beenakker, McCarrol, and
cylindrical cavity. In an embodiment, the cavity provides a strong electromagnetic field
which may form a nonthermal plasma. Usually the nonthermal plasma temperature is in
the range of 5,000 to 5,000,000 °C. Multiple sources of microwave power may be used

simultaneously. In another embodiment, a multi slotted antenna such as a planar antenna
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1.5 Plasma Torch Cell Reactor A plasma torch cell
reactor of the present invention is shown in Fl GURE 5.
Wa@\2001H9pF@sna torch 702 provides a hydrogen i sBCDPS82004/010608
pl asma 704 encl osed by a gzmnifold 706 and contained
sery&s R HRHTBivalRAER %{ultﬁﬁgsou@ég bOE R W& BublY QSr (ﬁﬂﬁé‘-aﬁt&'ﬁﬁl y

738 and plasma gas from plasma gas sup 712, al ong
eqwalwtaomeﬂsaoyssuchrmbp@meﬁm giveiginh dFaSﬂ@sDaN@lzake A ragyo, T.
I
Yam%m%{'bo RI:e g?%éf)\(lolsﬁlﬁ "ICR/IIQE%‘[ ?I%Fgéﬂt%ﬁ '(Wlap%lé et gl%gla usmg
mwn-slattai plsﬁar Bﬁ&ﬁfaymldsmiﬂﬁurca'd’ﬁm r’]kslﬁroi/ oVol 8,91 299 pppE3D- 533
hanl cal itator, .such as a nagnetic
Whé“thﬂ? F\Cﬁt@(’rﬁg‘fi rfgﬂa'rrf’(?‘ﬁgcwlﬁﬁﬁ He¥ic stirring bar

ot Othe ¢6lPmay Reth6oalpYisd a in%x%ﬂﬁ@h b 86letdddad hﬁ%ﬁ@ 60 PloGHovide
702 through Eassa ge 728 catal yst may gener at ed

an pyiakmagng iRl whereBdhamagnetipfigd may be uaeétt%\pwtd@ mpgectide
con¥emefl. THE i'il_f_ﬁ{)@meafr Qéﬂcg & Cp? {Eb $n 1€ |r At MUz to
argon gas. e sour 0 at t may um

abde |1 DU Gz o prefeably n/tie wggmahwkiQﬂlc@z [0) abcat QQ)Gleunésmr m

+. He2 * Nee. 25 I+ {
e B e R R IR S S e cE e o
pas aageuuf? pumpPb 10emhiagld wsed 46, evaduate ihd wheinberast dirdugh vacuum
cat al yst _may be_sup %I i ed through passage 72
I

ling o4Sr7ad §23& The ccl iy be aperited yqler oy ewdwmavvptﬁmd@ggn
and ﬁﬁ%@@@st@gﬁﬂleﬁ‘%ﬁfnﬂ@ﬁsﬂ})’ﬁ&ﬂ catQ%t RoRtSSITBnd & gdxﬁéb@ source 638.

catal yst may be suppli‘ed through passage 7
Hy d Hodrne iydodecommonndsyean byetiomunped 9utp 38 wall locenthevyesn

S o R T it g

dihydtinemdieules Iﬁi}dmmllg:axsl ih trapv804. rTmp 608xopinasiimteg &sth vacuum

sup Vi a as 3 ow of pla as,.i
poRiR0D drr Bt et gad VTt Aot o e P e B sl
by E ssule Padfehtl c@n@cﬁlleﬂ'b?%a&ﬁﬁn?ﬁﬁﬂﬁ @@Zgﬁﬁum line 650, and vacuum
/ US2004/ 010608 25 gas and_hydr oglen is supplied to
vakva 652 onen epbedipgnts hg anigrogave gl f@cftor] Tt Cézny)slﬁe a selective
valvE B8 ¥ deozr%pof 1¥k&- @ %cé%rod-g&@ s&Eh&E Uikt dﬁtﬁ) molecules.
contro hydr ogen- pl asha-gas m xer and m xture
flom amggut anlmdnﬁem of thhenitryaavegeh raantdr glownia FEAIRE 7, the
car as fo t al sk
wall b M SEONT BB B BB & s AL Bt gom o
cafalySregearold 6518 &Sthb ylasme béhi Tirlcatalysigh t}&tcatalyst ré&fe@voir 658 can be

heflbR) § FRADA HBOYABIAET ObG PO eV BT e (e
gai&sdg QEBAL f%ttﬁé@lamoﬂfa ABE ba& t SRR Eﬁé§§uré QRDe CEMEMe@By

Rb+ ions froma salt of idiu in the plasma 704.

comiraling the Fempertyse oftheeptayst aeswelr djugtingthg hepter poa with

. [ m crowaves are tuned by a tunable
1ts:ﬁ3§/r&g§v1%g@gla§%w ty 722.

In another embodiment of the microwave cell reactor, a chemically resistant open
container such as a ceramic boat located inside the chamber 660 contains the catalyst.
The reactor further comprises a heater that may maintain an elevated temperature. The
cell can be operated at an elevated temperature such that the catalyst in the boat is
sublimed, boiled, or volatilized into the gas phase. Alternatively, the catalyst in the

catalyst boat can be heated with a boat heater having a power supply to provide the
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Catalysis may occur in the gas phase. 10 Hydrino atons
and hydrino hydride ions are produced in the plasna
hydri de conmpounds are cryopunpeRCDOE2H04/010608
the manifold 706, or theysglow into hydrino hydride

t
oBQBRRNAL 0 10 TR SW%E?%# e SRRl | e
coffx0llmpg dle\t&hp@atﬂﬁ&f tha cbll sithta@elf h@tdr;caﬂ»yi&ardllﬁlgeﬁé ‘empetdture

ressure_gradi.ent controlle t he vacuum punp
o Bosg B Gt 1 SoeceRerat et Soneres Rpuiet Sorlo
anotiRmeiesuns hﬁaeabm@fhymgerp;b reb ks in e lcharhtedd 6661 Qs well
react or shown in Fl GURE , at | east one of Iasrra

ay the eqipled partipl Dressyre.ds Brel @wlmglnt&meétnaﬁl? gnge exfpa&pw 1 mtorr to

a%ﬂ?ﬁﬁ)ga%ns 5@er9le th ?B?e%élﬂ@ls‘?ﬁ the Rh gl %P%Hﬁd@)%t@{ﬁé Ebduf P %m,
a cat al reservoir 858 to the plasm

moeet R glyslmrcsaum liscabontt 190 yetorr teshont, 26 tprr858 i s heated

by ¢ rv ter havin
o p S Blsplpl pRGR LA R R Rl 060 &R bl STy
flpw &SMRSMut or hetandaad lHtileijs%br Mﬁ:pt&r(slm) ﬁﬁ(&dga@ aﬁafﬁbdmﬁ 1 slm argon.
contr contro ing the ture of_ the
A gKePRIGY OIP’"@ W&WFV%B’S“WWQH S &E‘E{F Eé&{ We Theflowratggfthe
pl\ﬂélﬁ ds 0B hyRNRA-pRRR o¥s BRGire IR af ATRIURYas RILHR %ﬁh@gmup
GU% have ?he sane structure and function of

OEzyrim @w@nﬂglm@l Bgenhsiregen m@m@@umrhydmhemlmp@s
r%%)e? S%)gﬁtgpzod%gll: %ﬁﬁrtf hteﬁ,é)em% s L}) T m sﬁ\geo Pe#l ¥‘I)—IPICEEJI§3I1:“1

more Iﬁéfeﬁbllytabéiﬁs 0of - ﬁﬁgﬁdﬂ&r @ni’ of aessé’lyfdluﬁf@e Mn tht Bike Yof an argon—
corres [ to rogen y..738 of F| GURE 5, an
hydgogen pf et SHBeR TR W@ﬁ{thegvmphegﬁr i dnhe reiee Al about

98 &) dbottN ) Hsre ??e@&&lﬂf/ abdut 9@%%9@'9'5% The %b\%ﬁﬁh&%ﬂﬁ 'ﬂle source
contai ner such as a ceranic boat | ocated insidé t

offplesinfagiowrercio prefiratdy intthe rapae eflapeit 0.0THE tpalusht00 WY ah vessel

(gﬁm foId forms a cell which can be operated at an
vated 30 tenperature such that the catalyst in the

boat is sublimed, boiled, or volatilized into the gas

@@ﬂjeﬁct 0 pr ow de the gaseous cat aI yst to the pI asna.
The catal yst vapor . pressure can be controlled by

cont4 &Mapifyely preinguchively spupled radio fingueaes plasma (RFbpleem cell
reQ@c@II cﬁ{ﬂﬁ o ése)(t‘?ﬁ%gﬁéﬁ 8%?59@1?0\)@1%?@&947/ cﬂlgggpstgl%grégysgstems

contro e tenperature o
catﬁwtsbwaimbth@dsenay\hetﬂlm same as thosd giveador me)mowmnﬂaﬁma J:eIB

G U o P ARSI TER P BRI S Ese R i an
ingjeamee mfatchingdBferork 62PBat may drive at least one electrode and/or a coil. The
RF plasma cell may further comprise two electrodes 669 and 670. The coaxial cable 619
may connect to the electrode 669 by coaxial center conductor 615. Alternatively, the
coaxial center conductor 615 may connect to an external source coil which is wrapped
around the cell 601 which may terminate without a connection to ground or it rﬁay
connect to ground. The electrode 670 may be connected to ground in the case of the
parallel plate or external coil embodiments. The parallel electrode cell may be according

to the industry standard, the Gaseous Electronics Conference (GEC) Reference Cell or
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reactor systemof FIGURE 7 conprises a reaction vesse
601 havi ng a chanber 660 capable of containing a

WQ 2@MOM068 pressures greater than at nospheri c. PAI/E82004€10608
of hydrogen 638 deliversabydrogen to supply tube 642,

madificdtise HReRA bY tHYSsKilRd iRt GhasBREribeihk BUY *Hé%)i@lf ROEN
suppl y passage 626. The flow of hydrogen can
Geegiticrd | 5 b@ag@sww thg Egsgonpelectionics @pnferen@amefamce Cell, 7.

Ré/saNXt? M%tarﬁl PeiHold 3R flgggﬁ#g&‘ﬂ ’Beﬁﬁl 8 aqgen ] §08(§??’

'y 612 via passage om10f prasma gd
T. t(é;ane,d‘fit Kalings 0. bykag) I&éhﬁ)ogds, "Didgoostic stutlicobf @Em&a 4 and
as_and en can be

co\ﬂge!n\(raitlona 11% %catpﬁcgé%eg}/ fou‘p eg R%;iggago@%@mg n%gt“u‘jr”e ]i’lgsma

Scﬁ@dét sal Tetndly Vioy, CiOOQe@r)PA@SS‘(ﬁSQaP I. Baddhd, PAIRIY SLT €
ow regul at or  621. asma gas such as hel i'um nmay
Inffevma, YQJubx €198, Psl@aPhll%FEqngwdh CaitghfardoF. G-Blubiapigon

Ei'é%cQFcharaét@H&fc?oPJ tbéﬁtceﬁugzmﬁ% -%@gg f’.’,‘g“g%, (2001),

sServe as a source 0 ySt
ppa&drwtighchre berein mgotmrféedim)re&mnmna]sanaentlﬁwju e cefl Wthh

Ne: sour c,
oo RS bl e SOl eFs M etirn oottt pil wheamave
plphasoacaisds Qﬁé@ﬁﬂ) irhyis W. Bl DA CStbalel raﬁ&l RnD' Sndriie
chanber g gﬁ 20 The pl asma may be, power ed
"yeieatrasadig Q1R 5P aghas UspHblB iR mORCa AT pakes suafoess, I

Phiysl t96mbl, Rolt Lu32pl ? Vit L
iaveq: de- 810 T T B ghe A, L TR CFordh. s
(&ﬁ@uﬁ‘ﬁ} Wol. r@: (137dhp3F2dnB. Wi BrabeyJ 613 duinga Gt rirggett, J.

u i .Cr nown e art .ar
M?%i&% AVEES @O EIPRICH, FARLE R B, S Bafaad Trans. Vol 03,
Nm95q1397r)qn 3ﬂ&amthcM Em&;R DgShoet; Langmuiraviel. 14,e®. 17 (1998),
g% sers Thet%ﬁ é %U|de Qr antenna may
p- ‘ff?‘&u"&cé’ﬂ%ﬁa PhY Teferqnce nfhqisutirety. tféfrle%g@ W‘t”rftf
thdneﬂrw‘l\@t@edmﬁh BRI Soil 198t 164%& i»arﬁﬂ@'ﬁahéb%re%%ftﬁeem
t.hrough a wi ndow of the cell 613 he mcrowave

exgifation Eesrsravsie pisfehlnia tmra@gmftalzout 190 Hp ot dhont 100
GIATRRM prBRlabiytih ﬁle(} i’lllé B0 l'lé{z% Mt Wﬁzrﬁﬁﬁ ?%tfer%bl%lﬁl the

cavity. In an iment, the cavity 1S a
fmmﬁofﬁﬁmgkbﬁﬁwb&iEﬁ@hﬁbnﬁaBEEQQKEHz+ MsBarrol, and 30

| t th Ity
S¥OVI%QE£§%% ?%%%Xe ec‘?g g%@gkgegngﬁm%ﬁﬁ§¥KW§?ﬂP5?W?
systenm suvh e thealstrph &St %ﬂEdtb%| dedrftﬁ)gmg%%ibté‘d ﬂi‘sﬂ S0 IS%&%&‘NS C
t rature i n the range o 0
6 1o0o0 phih %F@@C%OW@&PM%@F@H%M? eniggf e Thestergidal plasma
sys¥niiay @cfh%ﬁéé bYrimaFy ARG bR TBAL Bnﬁ?%aé@g%%l{ ﬁﬂa

ant enna such as a %l anar antenna WO 2
radpifPQUEBRYPePenBeRIS. Theplaemamsy besa ¢losed dappiwtadheants aods a

sec‘EHJlatrﬂl O tfie USRS Qloufl) ﬁe%ﬁgcﬁleﬁ&qg pr%?era%ll}p 1%' e r%Héeeol} about
100 Hz to about 100 GHz, more preferably in the range about 1 kHz to about 100 MHz,

most preferably in the range of about 13.56 MHz + 50 MHz or about 2.4 GHz + 1 GHz.

2._Intermittent or Pulsed Input Power

The present invention comprises a power source to at least partially maintain the

plasma in the cell. The power to maintain a plasma may be intermittent or pulsed.



10

15

20

25

30

equi val ent sources. One such enbodinment is given in Y.
Yasaka, D. Nozaki, M Ando, T. Yamanoto, N. Goto, N

WO 3004092038 Mori not o, "Production of |arge-di aI’TEdT’HUS2004/010608

pI asma using multi-slotgéed planar antenna,” Plasma

Puls? "& i@ Be el to rE@RAIRY input Yower, Bnd it ﬂl@@ﬂ);q pippide 5 Hithe8Bob
which is incorporated herein b

whesitieiepd i oido b arreRayenEl e L ot PO R R XE1Eh
vol?igec‘ ?1] de(fé} i@k B ARR AR wHiI Ry DR W tBbsed¥dudtd tHRGHSkInt
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SEHFEYEAR controlling the
t e mmé abqtreﬁcyo;ff altéreatingtpaivgstay lmsmlthrmthe 18158 obgboytl)- 0l Hantp

10h g e predpeiy e Mot b SRl PR GRtn S0 AN Ry
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| ocated 1 nside the chanmber 660 contains the cat
SYSIEm TIHG CPERGIED FWT Elpqiodss WRsHEIR PReE Mprfelagtiades are in ‘ﬁ’a%t contact

WIH‘PtIhQ gﬂklﬁa AeRhisY %eee‘ijecﬁgﬁgé a9k rsﬁaara?é@lﬂ”ron? b Ela@ﬁﬁ bhe
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preferably, the voltage is within the range of about 100 V to 500 V. Alternatively, the

system comprises at least one antenna to deliver power to the plasma.
In an embodiment of the plasma cell, the catalyst comprises at least one selected

from the group of He', Ne*, and Ar* wherein the ionized catalyst ion is generated from
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catal yst boat can be heated with a boat heater having
a power supply to provide the WO 2004/ 092058

wEo4oed894/ 010608 28 gaseous catal yst to theP@l/asomad/010608

The catal yst vapor pressugg can be controlled by
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walefHdd, Yodxial b, aRUAICAtenh. RIpRGHFeARMBAInHt IT Wpafssd abl'y

in the range of about 0.01 Wto about 100 nB8 vessel
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capacitively or |nduct|v | ed radlo requency
Somcasmaéﬂﬂlewoam cel | reactor of t he present

[ nveR 0 n FlGJ The
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totl b@GHarrMmcSpﬂeMEy die\fequdnoy 1stv¢fiemmhe EdigavtabplisiDonELtd 10
5 reactar t hat .the m crowave source nay be
Gﬁ% M%@&e 961 E@ﬁ%ﬁvcafés BBhin fhenge aﬁ’%é%{é&% GHz or
abBRICNGAY AN GMR! n §PenBdddheniBle ﬁﬂde‘f%q@énci' BT Eb&l@ 6.1 Hz to
el ectrode and/or a coil. The F plasnma cel |

abpyjr10f Mtz @w&rﬁlshéthemq@qnémsm@@sthe BOgapihbemd.0 tQ"h%Out 10,000
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coaxl a ter tern a
ancodgrdialent ehwtdety aycla dhabbatr0. (B)l % tempow Ohivte (Ptefd%rably,rthe duty cycle

is gb ut0. T‘% to Aot (1‘,8%0 Q’he pé/\'ﬂ power d?énQA{y oe Hae pulses into the plasma may

be within the range of about 1 W/cm’ to 1 GW/cm®. More preferably, the peak power

density is within the range of about 10 W/cm® to 10 MW/cm®. Most preferably, the peak
power density is within the range of about 100 W/cm® to 10 kW/cm®. The average
power density into the plasma may be within the range of about 0.001 W/cm® to 1
kW/cm®. More preferably, the average power density is within the range of about 0.1
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30 around the cell 601 which nmay term nate w thout a
connection to ground or it may connect to ground. The

web@anynwde 670 may be connected to ground in tPET/TSE4/010608

of the parallel plate or3§xternal coi | enbodi nents.
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In another embodiment, an inductively coupled plasma source is a toroidal plasma
system such as the Astron system of Astex Corporation described in US Patent No.

6,150,628 which is herein incorporated by reference in its entirety. The toroidal plasma

system may comprise a primary of a transformer circuit. The primary may be driven by a
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radi o frequency power supply. The plasma nmay be a
cl osed | oop which acts at as a secondary of the

wo ec@asdwssrer circuit. The RF frequency is prefreEDE3004/010608
the range of about 100 H3 to about 100 GHz, nore
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abojt {5V 5o e DEOYoLlse® Tty UerviEi BBRHBRET ShoRel e 40 M1 More
prefefabBD Hdtpefk Whaddhs hRtmRMange of about 10 V to 100 kV. Most

preferably, the voltage is within the range of about 100 V to 500 V. The pulse frequency

=

wi

and duty cycle may also be adjusted. An application of controlling the pulse frequency
and duty cycle is to optimize the power balance. In an embodiment, this is achieved by

optimizing the reaction rate versus the input power. The amount of catalyst and atomic
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95% Preferably, the duty cycle is about 0.1%to about
50% The frequency of alternating power nay be within

wo b@4geoge of about 0.001 Hz to 100 GHz. Mbr ePCT/US2004/010608
preferably the frequency 33 within the range of about
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In the case of the plasma electrolysis cell, the discharge voltage may be within the
range of about 1000 to about 50,000 volts. The current into the electrolyte may be within
the range of about 1 2 A/cm’ to about 1 A/em?, preferably about 1 mA/em®. In an
embodiment, the offset voltage is below that which causes electrolysis such as within the

range of about 0.001 to about 1.4 V. The peak voltage may be within the range of about 1
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pul sed magnetron current that may be supplied by a
pul se of electrons froman electron source such as an

web@apwss gun. 20 The frequency of the alternaPCTygsS2004/010608

power may be within the Bange of about 100 MHz to 100

V 163 MWONBrelp&ibabig iy pedkRoltdde e hia Yhe 1angi df Bbdht 2 Veto 100
range of about 1 0 Mz to 10 GHz. Mbst preferably
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PCT/ US2004/ 010608 . 32 WcnB
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abdu® D80 Aout SpQUt 1 WenB to 10 WenB. A capacitively

and/ or | nduct ively coupled radio frequency (RF) plasma
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of containin vacuum Or pr essures er t
st St RN e » e 88 B » BEBAILY, B PBpaNimentsgtogen st
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provi di ng a net enthalpy of reaction of

thoSe thaksvrviptae saaraes pEcasalysts. rfthe flew ratp pBihe catblyst giafhori hydzpgen-

| nt e |
cotgEE R SyeydP By 85 ong RS s P LD P OFRORIDE,
hel(ijdmcg aﬁgbumyérogén rﬁﬁt‘lﬂﬂ \keliurnrhydrogampnixgiee s ipeefereblp ebaqubdes

riven by the RF generator. ern |veI , ,the ¢

0P T e i e B 5 v oF Bt v Wﬁnﬁw%eﬂerably
ab&it b %b nab S&ﬁl Iﬁer Qf?zb lof V)@s,lsél v%in% h Irptﬁé ErzlsE of &elﬁﬁiﬂﬁ}rdr

couple to the plasma formed in the cell, a con uctlng
ne@e]hydrqmn,mnd\m arigomrhydrogen grisiyred e hghmn,alepu; or argon is in the range

of about 99.99 to about .01 %, preferably in the range of about 99 to about 1 %, and more

preferably about 99 to about 95%. In an embodiment, the remaining gas is hydrogen.

In any of the above reactors, an aspirator, atomizer, or nebulizer can be used to
form an aerosol of the source of catalyst. If desired, the aspirator, atomizer, or nebulizer
can be used to inject the source of catalyst or catalyst directly into the plasma.

If molybdenum is used as a cell material, the temperature of the operating cell is

preferably maintained in the range of 0-1800 °C. If tungsten is used as a cell material, the



generator which drives the coil which may inductively
and/ or capacitively couple RF 15 power to the cel
w@b@gnoeossThe RF frequency is preferably w thi nP€heS2004/010608
range of about 100 Hz td®d6about 100 MHz, nore
tenfperfure abihy opdrithigell hepréfarable nalrainedlin kidzadge cD3000 O, If

, st preferably. within the r e of .aboyt. 13,5
staypis stegh g Sy ol B e R ! R ppeitiny Gierreloly
mafttaiAdiGH theQarke I 0l100@RQUL 100 MHz, preferably the

frequency is within the range of about 10 Hz to about

10 MHz, nost preferably the frequency is within the 20
range of about 100 Hz to about 1 MHz. In an

enbodi ment, the duty cycle is about 0.001%to about
95% Preferably, the duty cycle is about 0.1%to about
10% The peak power density of the pulses into the

pl asma may be within the range of about 1 WcnB to 1
GV cnB. More preferably, the peak power density is
within the range of about 10 WcnB to 10 MNcnB. Most
preferably, the peak power density is within the range
of 25 about 100 WcnB to 10 kWcnB. The average power
density into the plasma may be w thin the range of
about 0.001 WcnB to 1 kWcnB. Mre preferably, the
average power density is within the range of about
0.1 WcenB to 100 WenB . Mst preferably, the average
power density is within the range of about 1 WcnB to
10 WcenB . I n another enbodi nent, an inductively
coupl ed plasma source is a toroidal plasna 30 system
such as the Astron system of Astex Corporation
described in US Patent No. 6,150,628 which is herein
i ncorporated by reference in its entirety. The
toroidal plasma system nmay conprise a primary of a
transfornmer circuit. The primary may be driven by a WO
2004/ 092058 PCT/ US2004/ 010608 33 radi o frequency
power supply. The plasnma maybe a cl osed | oop which
acts at as a secondary of the transfornmer circuit.
The RF frequency is preferably within the range of
about 100 Hz to about 100 GHz, nore preferably wthin
the range about 1 kHz to about 100 MHz, nost
preferably within the range of about 13.56 MHz 50 MHz
or about 2.4 5 GHz 1 GHz. In an enbodi nment, the pul se
frequency is of about 0.1 Hz to about 100 Mz,
preferably the frequency is within the range of about
10 Hz to about 10 MHz, nost preferably the frequency
is within the range of about 100 Hz to about 1 MHz. In
an enbodi nent, the duty cycle is about 0.001%to
about 95% Preferably, the duty cycle is about 0.1%
to about 10% The peak power density of the pul ses
into the plasma may be 10 within the range of about 1
WcnB to 1 GNcnB. Mre preferably, the peak power
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density is within the range of about 10 WcnB to 10
MV cnB. Most preferably, the peak power density is

wowvaohiopeoshe range of about 100 WcenB8 to 10 kW ROBUSZN€010608

average power density ingp the plasma may be w thin
the range of about 0.001-Yhgis3 to 1 kWececnB. Mre
preferably, the average power density is within the
range of about 0.1 .15 WcnB to 100 WcnB. Most

abl aver S Wi thin

P an g i GG RE M PR ok Sl i Bafoiions

t he oflimattrab@erisiag hew foags off IBahvge tia Rl daRBSis FBMoR& hydrogen
within the rang (f about 13?0 t o _about 50, 000 voI ts.
The 2B forgetratigyp %’é‘a\%“% hiayreerpd lighfifpch astighsaerey lighy, oxtreme
aboyitratiofst llgl'it%‘h@ nRAVYIRRaH] tv1§-th%ata1§§l§ ofltSifd &% en, the
current may be intermttent or pulSed. 20 Pu g may
be @@é@rﬁm}iﬁémﬁce the input power, and it rray aI so
provi de B rREh r
desi r ed g reng O&%ger lfg fﬂe%%}?lgsm gf’ 2 by rogeél o form
bel avwvdl hpdroglinspérdasgad mﬂhlioaglens mmmpmmmmgmew(ﬁﬁnns of
(:onﬁ1 (?I ling the field during the nondi scharge period
is 88T mi ze the energy match between the catal yst
and the ab&me%fhytqu&rbatalﬁu%mhe i bfBbhic Hyﬁl%géH {H¥6tn
vol tage i s between, about O to about 500 V.
anotay&- eQ@%Wé%HeﬁéPﬂre Sp¥reengigYset voltage i s set to
provi de asdi&l & aRnieRRikee Pa;ldV/cmto about 50 V/cm
Preferably, the offset vo tage is set to provide a
field betwware didermitient/dyulsed powdrdo bt 1843t Mirdatly ridistain elak
volé Ags, maybe within the range of about 1 V to 10 W.
preferably, t he peak voltage is within the range
of about 10 Vto 100 W Mst preferably, the voltage
thin the raqg%hof abou 100, V to 500 V. The pul se
fr em]%Fﬁi‘ffo e{/ﬂ%ﬁ}’ewé FREgPTiSPSAS 1998 g pfithe gepup Aﬁa
applii&dwhwteRf pl&saitibieh b thdid e RUAS IRF] RAUADS lﬁlscl‘f"a?ga cell,

dut cclelsto optlmzethe power bal ance. In
g@ﬁﬂﬁbﬂ@ﬁoﬂ%@@ plesmaeleatrplygis 19711 appaskurized gas cpllheﬁlament cell

EZ?éfﬁ AT L 1 olEighBF HaoBENElac O A8k obe

34 hydpwg\meg,améam[{@dﬂdsmabﬁh di scharge decay during
t he nondi scharge period. The reaction rate naybe
controlled by controlling the anobunt of catal yst

. genghateactof cldig 10ViRediaihg enterfittdht aiSpuiVed paRel sbitSe RARI the

of atom c hydrogen wherein the concentration is
dep8RYERPA"CI-on t he pul se frequency, duty cycle, and the
rate of decay. In an enbodi nent, the pulse 5 frequency
is of about 0.1 Hz to about 100 MHz. In anot her

-enbdb¢ mﬁ@r oftclaém lWh%ein the énjereriitont drpulsad pewertshiame plheides a

ti nﬁm cﬁ\pfzrergmcheq{e is sg]to a Hé/sne r‘r%f gt@%&%gmé#ge?bco au 1o

nDIecuI rogen ased on ano
af t Bngmmorzbwaaet vatagsoreticak dnBRmalvhdtic Fields.

The reactor of claim 4 wherein the field is set to a desired strength durihg a time
period by an offset DC, audio, RF, or microwave voltage or electric and magnetic

fields that is below that required to maintain a discharge.
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Onuma, and Y. Lu, "Formation of a Hydrogen Plasma from
an I ncandescently Heated Hydrogen-Catalyst Gas
wokoot09mssvi t h an Anomal ous Aftergl ow Dur ati on" PCT/m52004010608
10 Hydrogen Energy, in pré8s; R MIlls, "Tenporal
6.Behdihe asactof of ¢lajhi 4 whersia Iﬂierdeslfbdtﬂwi Sch@'h lah@ngSPRGLA or
ma T|-KZCO3 HCell", Int. drogen
Ene?‘@i}‘i giee porod qgfmizes the("fzﬁféljnatcbbet“@?? chzlp’st and the
pr efagadhy drg%g frequency is within the range of about
1 to about 00 Hz. In an enbodi nent, the duty cycle
is about 0.1%to about 95% Preferably the duty
cycl 0 t.

7 enbade ielP a8 Oy ufork 3 bl1s AN B opce futen g
cur rcempns(eAél)neans'ITh edjhstehamﬂneﬁeqmncja mdl‘dlit)hctyldlettb eptirdia€the
of about P 001 Hz to 1 GHz. More preferably the
freé’u‘g li?aflg ‘Wi thin the range of about 60 Hz to 100
MHz. Most preferably, the frequency is within the
ran of about 10 to 100 MHz. The system nay conprises

8. wo 167 BeptPbofecdeirineheasin s pelss freqisney axldutrasde s adlyusteil fo
dl r% ﬁ IIII%I
ol cofmize HetRuetbi el B o LAE et Bbih B erdup rofiput power
dielectric barrier. The peak voltage may be within

t he t 1 referably, th
O oab e Rfiable AR uristh b pifs Mueh BB 8 Mingted i
W Mptehizp thefpewablbaﬂla,ncé h}eoptﬁahhﬁg theiréacibd RieVetsi®the ifPASFower
gbout OO Vto In the case of a barrier

ol ¢ mga%wca@r ‘Pf Catabfét fl afornan BYdregen generateddy tbe

Wi t BisthatdeQlecARIukiaR BR 168 -fRRQK Boﬂtﬁ&hzi’r%e ﬁ&oﬁ%‘éknﬂ‘tﬂe

nore preferably, about 1 kHz to about

pr ef¥iceTalions e depsndapt qu-the pqilﬂﬂefrwlem@a(g@t}’ SYCE% ertdethataltwof
Wi t jag}ngﬁ@§ange of about 100 V to about 1 W, nore
preferably about 1 kV to about 100 kV, and nost
preferably about 5 to about 10 W In the case of the

pl a el ectrolysi el)], the di scharge voltage rrayb
1005 ¢ hhsepra otstyi INGubermfinsHasts solres b thosmong e
voI et abdes,current into the electrolyte may be within
the range of about 1 ,u AlcnB to about 1 A/cn8B,
preferably about 1 mAcnB. In an enbodi nent, the
of f ' causes electr S|
R e e B I Sl e e
V. Hhto ghoaklO0pMHage nmay be within the range of about 1
WD 2004/ 092058 PCT/ US2004/ 010608 35 V to 10 W. Mre
preferably, the peak voltage is within the range of

12.aboTiie réactbriof clhf 1 whbreifié mlerﬁftﬁﬁﬁﬁ'pﬁlsed ﬁ@qu\éﬁ’éytl?ﬁ@tef than
wthin the range of about 2 Vto

enmbBa g APE s ﬁ@“ﬁlﬂt%réwflwérqa@rrespm@nam m molpﬂéarﬂlad!ggemf
about 0.1 Hz to about 100 MHz.

13.  The reactor of claim 1 wherein the intermittent or pulsed frequency is within the
range of about 1 to about 1000 Hz and the duty cycle is about 0.001% to about
95%.

14. The reactor of claim 1 wherein the intermittent or pulsed duty cycle is about 0.1%
to about 50%.
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Preferably the frequency is within the range of about
1 to about 200 Hz. In an 5 enbodi nent, the duty cycle

WO 300al092068 0. 1% t 0 about 95% Preferably, the deCTUS3004/@10608
is about 1%to about 50%39In the case of the filanment
cell, the field fromthe filanment may alternate froma

90 S VST b St puling, Tog peck ricle
VI ¢ merrht@fgglodlet ﬁﬁax/t)@ﬁltﬂﬁ% rﬁllllg%log BBRY 0.861 t%#d"td@ élgf

range of about 1 V/cm 10 t V/cm The off-pea
field my be within the range of about 0.1 V to 100

\/ ¢ ' f.-

' he TRaEchr T i Ol R oo e
therplgbséah‘ou‘e@pﬂmwlo'@Hwithi n the range of about 0.1
Hz to about 100 MHz. Preferably the frequency is
within the range of about 1 to about 200 Hz. In an

17e b atié peacior oft MmO eréid eeSntbiniAGR Hf sch % Eqﬁ’en@?&%ﬂ%?ﬁ{%
Preferably, the duty cycle is 15 a out 1%t o about
50042n8R °b3hoHhl V240 3&Hlzgas for the plasma reactor to
generate power and novel hydrogen species and

ositions of matter conprising new fornms of

18hy gqbg eactor ef cldim 1 thattcamysses tvod elattodtsovlivyadn ogest mae at
2" e B ofack 4R of16 Bt B R B i, o separited from
respleqﬂasmlbyadiaheomdmdudients hydrogen is 20 fl owed
into the plasma cell separately or as a mxture with
ot her plasma gases such as those that serve as

19sou fl"ﬁ@ﬁzaaf)r sTlanh 18 %ereﬂ‘tﬁe f)éaQWoft?%e & Wthih k}% r&@e%lf East

gas or drogen- cataly as m xture such as at eas
oneo’é“a‘sf ertdcY Byl G My, ﬂb?@tbQUlli‘plQﬁk\h)add@@mMO(th@ﬁQOV
hel i um argon- hydrogen m xture, helium hydrogen
m xture is preferably about 0.00000001-1 standard
20 i t Eherepator afichirhd thes furtheBeonfprisesss Bhstvat itennanéldéIREpower
preoe,cflgabl|a 25 about 0.001-10 sccm per cnB of vessel
| Une° PPt he case of a helium hydr ogen, a
neon- hydrogen, and an argon-hydrogen mxture, the
21h el L um neg}rfl or argon is in the range of about 99.99
olgectonet clym ) whersingihp gatalyst coraprisamefdeast omtselactecbﬁomo

abog,te gi'o f md Ret % d erefvﬁa&%&l tHe %9&9& ca%ar&s?i 90n 15,80 netagego/

In an enmbodi ment, he remal ni ng gas
an yff@m ﬂtlehf@rratmn@ng etant yraplasan casatmd mahmhodahmmaz £Blowpr

neb ed t orm an aer.osol of the
sou#lg{e&lgl ly ?é’? Cm yf(fupgegﬁo giguerqy@ve disehargeo |

at om zer or nebuI i zer can be used to i nject the
,source catal yst or catalyst directly into the

2] ;;g'ilf’:atr eaqiqr Oﬁﬁ‘lay%g Stheeim ydipgtriprgssuty of gheiplasaiesell islat lepgione

t enprfiginhe rifge b ab&R ¢k dr g 16 @b(i) Tbl? ab t%%ﬁﬁt% 100 Torr,
mai ntained in the range of 0-18 tungst.en

usethdgboyt 1@ mTorpatl@Tost | t he V\D 2004/ 092058
PCT/ US2004/ 010608 ‘

23.  The reactor of claim 1 comprising a microwave plasma cell for the catalysis of
atomic hydrogen to form increased-binding-energy-hydrogen species and
increased-binding-energy-hydrogen compounds comprising a vessel having a

chamber capable of containing a vacuum or pressures greater than atmospheric, a
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36 tenperature of the operating cell is preferably
mai ntained in the range of 0-3000 C. If stainless
W@ t@el0vioss used as a cell material, the tenperarPdr/@Smb4/010608
the operating cell is preggrably mmintained in the
ran gsureé oiOa'tc;rng@iy&;o A0, 2&9@0@%&1@&%&’&%{1&%&@%&%9‘%}% er to
Pasfm reactdr o gener ate power q
n ov ébrrmfypllﬁﬂge nnttép%alm czpable o6 providingiaowsentipdpynfir¢aetion of
CONpI |-Si of . h dr.ogen t he.cat.a
rort P RIa DT e MR & N AL R 1 Hhan
souroe. of Ilght such as hlgh ener gy Ilght extrene
ultraviolet light and ultraviolet light, via the
catal ysis of atom c hydrogen, the reactor conprising
242 PITag BRAchoPsMHIAM 1BREREEY tHeQblrcé O pulBE ofRleRhiRhSmitfowave
atom c hydrogen to form novel hydrogen .species and
c omPeYPR JoamEisesfat leatt pae oltbngrons plitpveleng waye tbea fklysgons,
hydr,
ol itond JOUEGehaiBn RS | Blont IR er.
hydrogen and rel ease energy, a source of aton1c

hydr rce qf inter tent, or pul sed power
2100 Flbaf e S i e s B O s S B RS

r ea@bwér dafnpﬁbealamaﬁlpmﬁart@mﬂpﬁﬂs}%eqﬁluomwpdw&es at | east

one of the group of a mcrowave cell, plasma torch

cell, radio frequency (RF) cell, glow di scharge cel

26Dar kg feaBbPEAIAME WiRkdin t}féls@&rg@o ufs@& {)Hkﬁéﬁhﬁteﬁ‘tp Jcrovfave

pressurized gas cell, filament cell 20 or rt
cel powerrisldeliversy atleaso aneoft aaztanguaiﬂ caanial gbleaaml am/antenna.
di scharge cell, a mcrowave cell, and an RF plasnma
cell. 3. The reactor of claiml mherein t he

271 nt Ghetdattensf oimudieedn pRWeIrcSaputed sisdiatistettiticromapilt
power. 25 4. The react%; of claim1 wherein the

i nt @PWFLCBIRTISS At I5Rt Qngolshagneiv s PHlesdihighsvolfaga tp e

per infdnathd@aed B ﬁlsearﬁag%@oﬂe%n@ﬁt to a desired strength
by an of f set D% audio, RF, or mcrowave voltage or

el ectric and nagnetic flelds
28.  Thereactor of claim 27 wherein the pulsed magnetron current is supplied by a

pulse of electrons from an electron source.

29.  The reactor of claim 28 wherein the source of pulses of electrons from an electron

source is an electron gun.

30.  The reactor of claim 1 wherein the source of pulsed or intermittent microwave
power comprises a frequency of the power may be within the range of at least one
of about 100 MHz to 100 GHz, about 100 MHz to 10 GHz, about 1 GHz to 10
GHz, and about 2.4 GHz + 1 GHz.

31.  Thereactor of claim 1 wherein the pulse frequency is at least one of the range of
about 0.1 Hz to about 100 MHz, about 10 to about 10,000 Hz, and about 100 to
about 1000 Hz.
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30 5. The reactor of claim4 wherein the field is set
to a desired strength during a tine period by an

and magnetic fields that4is below that required to
mai ntai n a di scharge. WO 2004/ 092058 PCT/ US2004/ 010608
38 6. The reactor of claim4 wherein the desired field

325t r Sheyreacten oficlimd Whevgin theduty sicle isah lipy onapltbe praes efbout

33

°pt b@bf%%&ﬁbﬁt /era%}{ai?@‘tgfi/%ﬁta%ﬁﬁ odne catalyst and

atom c h e reactor of claim1l
mhereln t he |ntern1ttent or pul sed power source
fur

fre g{’?& oL %%mdlﬁ‘t"@er%‘{}g? é’e? t 0 a ?t% {fﬂgpﬁg%agtp the plasma

bal @ng Rast@ne 3llc FRAIESUboR 1 Wl/@qlfnfol Qe Bbdud €0 MYLAL 1o
frequency gnd duty cle is adgusted to 10 optim ze

thel%bﬂgtmbamﬁhﬁ@mﬁﬁ%ﬁﬁkmhﬁQi% W{¢ve .r eaction rate
versus the input power. 9. The reactor of claim?9
wherein the pul se frequency and duty cycle is adjusted

34t o Thepteactbrze clalive 1ytwein thalhesage poyendensity ofitigpulseeinto the

35

36.

37.

38.

reaction, rafe vers the i by cont oII|n
! hePlaBner st o5 ol et oot S eboen e b
by ihemls HoSWNRrgendi@esy1 Wh NG ﬂ)hﬁ/clrrﬁ\"" f' el d or

nondi scharge period wherein the concentrations are
dependent on the pul se frequency, duty cycle, and the

ol A S5 AR Bl Bl

20 Mawpledaadio Aequendyl(RF) plasmaaedlt for thetatalyss ofiatormib dydrbgen to

the_.i nt.ermt or frequency,is of ,about 0.1

Lo fosmn st B iR Ridodeh Sa R SN ipprefea B cpeity-
vvh ehRirfgehREmbinds BdrhfrRilg aOlessHhavRig alch@HbR REpabicSof baftdifing
than the tine for substantial atom c hydrogen

r ec®NHUHB O FFSTUEesbakE Lhaaﬁmﬁfalveé@e%souwf of attme: hydeagen 2

of  ghialeBrhuldbies Lf&’ﬁf

frequency 17}1 S W r? ltlgﬁﬁl?ﬁg R?{ of ogltEl st Ita %@g alyst ﬁ%?)le

Hz aﬁmovlﬁmg dwetenthalpyef mctaJmimz 2.-002% 0. 6 eH] b‘Mhﬁre nBB an
5@@ eactor &pereln t he

o ek, pRGT AR iflect |8 Mgt PL LD L0 on (o
about 50% WD 2004/ 092058 PCT/ US2004/ 010608

The reactor of claim 35 comprising at least two electrodes and a pulsed or
intermittent RF generator wherein the source of RF power comprises the

electrodes driven by the RF generator.

The reactor of claim 35 comprising a source coil that is either internal or external
to a cell wall which permits RF power to couple to the plasma formed in the cell, a
conducting cell wall is one of grounded and floating, and n RF generator which
drives the coil by at least one of inductively and capacitively coupling RF power

to the cell plasma.

The reactor of claim 35 wherein the RF frequency is at least one of the range of

about 100 Hz to about 100 MHz, about 1 kHz to about 50 MHz, andabout 13.56



39 15. The reactor of claim1 wherein the power is

alternating and the frequency of the alternating
WEowe092088/be Wit hin the range of about 0.001 HeCT/OSH00010608

GHz. 5 16. The reactor ofgzxlaim 1l wherein the

I nt g3 Ltsper pul sed frequency is within the range

of about 60 Hz to 10 GHz. 17. The reactor of claiml

mherein the intermttent or pulsed frequency is within

the 10.

oadtsFRr SOl gt B phe A0S diledfong o ange of
V\herabcbut 0drifz orabomrl 60 Mz eliaud tieHz & aboat 10l MEg andabow 100 Hz
di rect, co t with the plasma, and separated from

t he %]§§ﬁg "a dielectric barrier. 15 19. The reactor
of claim 18 wherein the peak voltage is wthin the
range of at |east one of about 1 V to 10 MV, about 10

40yt g'he gractevof aver 33pdstein the dyty cirleisat lpast ppe oftherangeefabput
of 'O@Wt&aﬁ&%bs%%nh% ut‘éqf%){o'a%S&t 1@, | east one antenna
to deliver power e plasma. 20 21. The reactor of
claim1l wherein the catalyst conprises at | east one

d . f He : Ar + wher ej
415 he b s Bho i afterih e pedfup by ek S "
cor "pﬁﬁﬁi@ it MElstdin® BT 1BY radg ®bOHER 1cwe@t3et6 lhywret hassut soich

as a glqw, induc |veg% or capacitive QG cqupled RF, or
m cr do 49 MEW g eandzgout 00 Femr éntQ BW/ a9t - cl ai m 1

wher ei n hydrogen pressure of the plasma cell is at
| east one of within the range of about 1 nfTorr to
4210, (b6 rehotor of Adimuds wilRremlthe avdrage pOYeildemsity ofdimcpuddes into the

mlrorr to.10 Torr 23. The r of; cl.ai,m 1
ConpiasaR i eeshont ahe B Soan it Yisir i Xl oo 01
of  vatpMs 1600/ 88€aAnd SbokPT W/cm® to 10 W/em®.

i ncr eased- bi ndi ng- ener gy- hydrogen speci es and

i ncr eased- bi ndi ng- ener gy- hydrogen conpounds conpri si ng

432 Vg3 el AN dmA coﬁg)ﬁgitﬂ bn ﬁﬁ?cgﬁr%fg o8 lgcﬁﬁﬁs%ﬂoﬂ&e

vacuum or pressures greater th eric
2 OOztbliiQﬁﬂﬁ@a %Fddbﬁ@élﬁﬂﬁ}@f@ﬁﬁ@@h aslie Aeﬂunwstem oAtk C

B)(/)\(ljvéf o6é,t10n scr1 ecf'm?js Ipal{en%ﬁ% Sd &%er mttent mcrowave

44, The reactor of claim 43, comprising a toroidal plasma system comprising a

primary of a transformer circuit.

45. The reactor of claim 44 further comprising a radio frequency power supply that

drives the primary of the transformer circuit.

46. The reactor of claim 44 wherein the plasma is a closed loop which acts at as a

secondary of the transformer circuit.

47. The reactor of claim 44 wherein the RF frequency is at least one of within the
range of about 100 Hz to about 100 GHz, about 100 MHz, about 13.56 MHz *+ 50
MHz, and about 2.4 GHz + 1 GHz.
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forma plasma, and a catal yst capable of providing a
net enthal py of reaction of in /2.27.2 0.5 eV where

WO n0oum9A™8 | nt eger, preferably in is an integerPCEES2004/010608

than 400. 5 24. The reacq4pr of claim1l wherein the
source of pulsed or intermttent mcrowave power

conprises at |east one of the group of traveling wave
48t ub@&hg rekdtgraificlains 44 wirengingthe onlse frequenetip afrleasbensrad Mathin the

d £
The pasetiibitdl P71 AP RREEEIBR FRBhE 0 MRy

I Nt gsdut 160Kt torboutaVidie. power conprises an anplifier
to anplify the m crowave power. 26. The reactor of
claim1 wherein the source of pulsed or intermttent

49M CITAVRY&or dTRWERH 4k SyheRln HEARYH cRRYe Bht [eRASHe &Qﬁthﬁ‘f th@range
wavegui de, coaxi al cable, and an ant enna. 15 The

r eaef Bouidt. 00 Palorabqut IRk andabord. K6 i #eubio%y| sed or

intermttent mcrowave power conprises at |east one
of a magnetron with a pul sed high voltage to the
50magiib¢ reactoranfatlaim péi Iwﬂnelrdimhgmkrpowewmi‘e'mf thez@1s@Bintorthe

react or of Iim 7. ein th nagne n ;s
o blafha Pt B bt Gl i et SEBi R e BrEGHI G ahout
el egg R0 0m S UTCRrW/292, 2hR&b&ER A6 A/ R toCloaivme48, Wher ei n
the source of pul ses of electrons froman el ectron

source is an electron gun 25 30. The reactor of claim

51 1 W'i'ﬁé 1ee &o} J}%la‘f’rﬁ %ﬁ gv%el% tﬁy le?é?% §5Wé1‘rgeﬁ§1 otfhﬁgﬁllses into the
may b}asma tsht Ia:astt bﬁe diiaﬂgﬁn thfe ralge Ioﬁahbtlt @JO(H Wodm 3aﬂoau¢wm
I\/HZ to 100 w 1 Gz

P st By i do SBENY 5 andagout § Wil toat9 Biem

reactor of claim1l wherein the pulse frequency is at
| east one of the range of about 0.1 Hz to about 100
52MHz Theitsecipr df@lain 1gomprisinga digcharge celh whergindhe digaharge goltage

abo 1%}919 9‘16 }5%1 (S ?b%gf ﬂ{OQ %%Qn%ﬁt E &Tdo%ﬁ? 813{ tﬁelglﬁe% tteﬂt]t)r
e Feactar "o oclai'm ereéin 'ei's
at be]aai disharge turtdneis vathgrethofangdafifbout 1 1 A to about 1 A.

53.  The reactor of claim 52 having an offset voltage during the nonpeak-power phase
of the intermittent or pulsed power that is within the range of about 0.5 to about
500 V.

54.  The reactor of claim 53 wherein the offset voltage is set to provide a field that is at
least one of within the range of about 0.1 V/cm to about 50 V/cm, and about 1
V/cm to about 10 V/cm. ‘

55.  The reactor of claim 52 having a peak voltage that is at least one of within the

range of about 1 V to 10 MV, about 10 V to 100 kV, and about 100 V to 500 V.

56.  The reactor of claim 52 wherein the desired field strength during a low-field or

nondischarge period optimizes the energy match between the catalyst and the
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0.001%to about 95% and about 0.1%to about 10% 5

33. The reactor claim1l wherein the peak power density
w@bootlog20ptil ses into the plasma is at | east oneCDUS100€010608

range of about 1 WcnB togd GV cnB, about 10 WcecnB to

10 MhoR, @ﬁg about 100 WcnB to 10 kWcecnB. 34. The

reactor of claim1 wherein the average power density

of the pulses into the 10 plasnma is at |east one of

st he .

w AERaS B sy et Ry & RS R ts Bl
Th e corapiiden s menscd adjnst theqmisp ficgueangy &td dugagytie dneptmdizeathe
CapaCItlvﬁaX and i nductively coupled radio frequency
( RFPOBFeRIC% el | for the catalysis of atom c hydrogen
to 15 form i ncreased- bi ndi ng- energy- hydrogen speci es

and i ncreased- bi ndi ng- ener gy hydrogen conpounds

38c onpr Eepigr of claim od Whiein the Pelscieavsisy 2pd pefb Peleis adjusted to
CONGLARZD he pRWEAGEHET fife SeadliGiPaR vels1h t :
at rmg% wezrl gp%g sour ceg}cr) at omgc h§/dr ogen, Veas sgbnlpu poﬁer
pul sed or |ntern1ttent RF power to forma plasna and

P eagiil oéréCtS?o nc]ﬁ’a?r?]{'é% é"‘}“’?l %OVI giﬁ%{g‘gmgf%t &ﬂy g%ckg% a%usted to

I Nt epihize ﬂfe@b@éﬂﬁﬂ@ncmy (Sptﬁtﬂzmgl t}eg@rcud)reﬁ& velbanthd put Séwer
The reactgr of claim onpr | east two

el eb¥ PO m&ﬁ‘%ﬁ Y} %fecata jt and ﬁ%ogrlﬁbifc{r%&ﬁl eryerajehiithe or
whegRtKkhrid RcHQUNGE t}féflo\B’ﬁeﬂQﬂ‘%ﬁmﬁ&Hﬁ@é ﬁ&ﬁ)dtvhﬁrem the
electro es driven by the RF generator. 25 . The

r eagensenteations aip AeryBdanberpthe snlseyfrequernyr duy exyiq, andrhe rapesof
eitﬁllﬁhg%g nal or external to a cell wall which

per t % ower to couple to the plasma forned in the
cell, a conducting cell wall is one of grounded and

ro and. n RE generator which drives the c Ly
‘}b ctghef ofpm '%ﬁ {eWSF §Pialv 1%53158‘89 #P%Pi/gre%ﬁ *{ fig
RF paesnd 20 . to the cell plasma. 38. The reactor of

claim 35 wherein the RF frequency is at |east one of
the range of about 100 Hz to about 100 MHz, about 1

o1 TR B R B9 (-3 By

cl aiorh Bbtowheutd 0O MH®e pul se frequency is at | east one
of the range of about 0.1 Hz to about 100 MHz, about
10 Hz to about 10 MHz, and about 100 Hz

62.  The reactor of claim 52 wherein the intermittent or pulsed frequency is faster than

the time for substantial atomic hydrogen recombination to molecular hydrogen.
63. ' The reactor of claim 52 wherein the intermittent or pulsed frequency is within the
range of about 1 to about 200 Hz, the duty cycle is within the range of about 0.1%

to about 95%.

64.  The reactor of claim 52 wherein the intermittent or pulsed duty cycle is about 1%

to about 50%.

65.  The reactor of claim 52 wherein the power may be applied as an alternating
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5 to about 1 MHz. 40. The reactor of claim 35 wherein

the duty cycle is at |east one of the range of about
w@200092069 about 95% and about 0.1%to about ROBAISAO4/010608

41. The reactor of claimg5 wherein the peak power

den'Aa&égcthe pul ses into the plasma is at |east one

of er naé of about 1 WcnB to 1 GANcnB, about 10

WcecnB8 to 10 MWcnB, and about 100 WcecnB to 10 kW cnB.

42. _The reactor | ai m 35 wherein.the average .power

66 gy gecier i B ubeRin b RelRh T 10dCorR SRR AR of
oneardhit 6.061 HARJEGHE, ba60 HY. 10000 MFCATBnd dbodt 1o\ ¢OBMHz.
about 0.1 WecnB to 100 WenB, and about 1 WcenB8 to 10
WcnB. 43. The reactor of claim1 conprising an

671 NI JoN b ERHR 6 thaPloRRsHReciRY o Birodsd Wb dA oPmore
toroidal plasma system such as the Astron system of
Ast elgctrodes (o atdeashonedd inidiset daptagt with bspRsimaand pgparated from
6, 150, 628. .44... The. reactor of claim43, conprising a
tor Fag?n%P%%%§k§§§$§%$%onprising a primary of a

transforner circuit. 25 45. The reactor of claim44

further conprj si radj o frequency paower supply that

6ar | VRSeES B Ry vOrer s bk ArP rr G ReGriE Ohtboutie
I eafehQlon@bs dbbad 1MV 461 ORISY, @bduit 119 51 6EEW, and aBouk 10Ewdo 500
| oop which acts at as a secondary of the transforner

cirduit. 30 47. The reactor of claim44 wherein the RF

frequency is at |least one of within the range of

about 100 Hz to about 100 GHz, about 100 MHz, about
6913. Bhe Bdrtier efBtroddtgsmarcell abadaim 67, wheGiiz the Fre@irtncy 180X least one

C1 aPr e Shava ot e (1 B crpen B (AT pebIEy KATEL Fouly

of WItAhd 4dbet 5-1@kge of about 0.1 Hz to about 100 MHz,
about 10 Hz to about 10 MHz, and about 100 Hz to
about 1 MHz. 5 49. The reactor of claim44 wherein the

709Ut ¥nCYati& dtdde f188Rtce@BLCIAM WM Witidin RS oft#3GEat 186t one of
about 0.001%to about 95% and about 0.1% to about

10%vitBin, theThange efabowdl OOV te plaguirl MV ghetdiky torboyd 4R kV, and
POWGL i80S IY: R he pul ses into the

71.  The reactor of claim 1 comprising a pulsed plasma electrolysis cell wherein the
discharge voltage is within the range of about 1000 to about 50,000 volts, and the

discharge current into the electrolyte is within the range of about 1 1z A/ em’ to

about 1 A/em’.

72.  The reactor of claim 71 having an offset voltage that is below that which causes

electrolysis.

73.  The reactor of claim 72 wherein the offset voltage is within the range of about
0.001 to about 1.4 V.

74.  The reactor of claim 71 wherein the peak voltage is at least one of within the
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10 plasma is at | east one of wthin the range of about
1W cm3tol GV cm3, about 10 Wcn8 to 10

wo/goR0send about 100 WcenB to 10 kWcenB. 51. pPAhES2004/010608

reactor of claim44 wherejgn the average power density
of aﬁ% RULSES V B R MRSabot BITB 166K AL anki 8BSk 2918 ofv.,
thin the range of about 0.001 Wcm3 to kW cm 3
15 about 0.1 WcrrB to 100 WcnB, and about 1 WcenB to
cnB, 5

dl S erF%céor oe|c a1 lepvgl?r% \ e&%sle%eﬁ{léﬂcéls a?Fgggt o’ﬁé ngﬁhm the
W t Ringe dflaboutdNgHz af abaind@d MIBL) @nd aboabbtmtabﬁﬁt ZOO(BIzvoI ts

and the intermttent or pulsed discharge current is

within the range of about 1 1u A to about 1 A 20 53.

76.TheThERE: S of @fairk b Rt thadity &y ctrls A 1bEEone\dT i@ the range
duri ng the nonpeak-power phase of the intermttent or

pul eleadop@nkt ta #hept 9 O’W@hb%tl%éoﬁ%%%o/ef about 0.5 to
about 500 V. 25 54. The reactor of claimb53 wherein
the offset voltage is set to provide a field that is
77at Themsdttorarfelagf 1wbmpr'isring zhﬁlamamtgell whergingbe figld fromy/then t o
abo 50 C bqut V/ ¢ 0.about. 10 V/cm 55.
Thetmagialitles B AlES dovefy e sRaREBindige t hat 1<
at least one of within the 30 range of about 1 Vto

10 MV, about 10 V to 100 kV,_ and abqut 100 _V.to 500 V
7856, Themsastertelim o7 whpsmhopsalifieldds # leaskonsof withen thy @pgp of
St anat 61 8éh RY1®0 YA dnglibwl VIGRE frhRROe peri od
optim zes the energy match between the catal yst and
t he WD 2004/ 092058 PCT/ US2004/ 010608 44 atom c
79. hy drI'Reqt%Fc%t % cla};ﬂ %7 sz%@l% the pgelkaﬁe'iﬁ 1‘@ f%t l\é’%i bird &F %Hﬁ‘n the
i nterm power “source rther conprises
a mgesoﬁaboad] INtto nmsvpm m&iszoﬂ@bﬁdqlaﬁdn.duty cycl e
to optimze the 5 power balance. 58. The reactor of
claim 57 wherein the pulse frequency and duty cycle is

802d] URé Recthibf cRith 7MvdEreltBe we&eqba{cgm 14yt AP bf WitHih A
the reaction rate versus the in ower 10 59. The

" atEH olcfoow ) e GEhaReI M 14BS HRb 614 088t A9RET- and
duty cycle is adjusted to optim ze the power bal ance
by optimzing the reaction rate versus the input power
81by cldwtreagtor phejaith¥y wiremein thegfitysaelalsyat teastrode af within the range
Fg%ﬁ%@ﬁtﬁ%%a 0 99@)’ %bouﬁ?'ﬁ%‘% Bdhy sg¥-aY during the

nondr Sch arge rein the

82. A compound produced in the reactor of claim 1 comprising
(a) at least one neutral, positive, or negative increased binding energy

hydrogen species having a binding energy

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

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

(b) at least one other element.



concentrations are dependent on the pul se frequency,
duty cycle, and the rate of 15 plasma decay. 60. The

wo e@ae0sof clai m59 wherein the catal yst is seCBHUSEA4/010608
fromthe group of He, Ne#, and Ar+. 20 61. The
reactor of claimb52 wherein the intermttent or pulsed
frequency is of about 0.1 Hz to about 100 MHz. 62.

The reactor of cl aim52 wherein the intermttent or
pul sed fre ] [ .

53 0 oReaner i ety b bRk Bied Mk kit bl crermy )
hy drya@sien speéfes ﬁ%eleiﬁh@frbmalﬁﬁ g@oupofonsibtiigrof 32 , o ned A tvﬁrere
intermttent or pulsed frequency is within the range

5 of mbaurositive ntegpi withHgprexiso thifa g giegtecthan & when Hibehs n
t he about 0.1% to about 95% 30 64. The
r eak S%{rllg%&%?'ai m 52 wherein the intermttent or pul sed
duty cycle is about 1 % to about 50% 65. The reactor

f | 5 t h b
s4 « BeRaPPRG oo 54 bu50BE P s GO gaE s
CUr ki geh Afekies fseletio@ frbMand @buddonSiktaiglvf 65 hWIﬁ{eﬁbmthﬁl% a

frequency is at |least one of within the ra g
10 abobindigg grprehatiis greateg-faan the binding of erdmery hygo W(abawcp 8

abotky 40 ,L0 &g% %wﬁc}ﬁtﬁe bfﬁﬁﬁg b6} Rreppdsehib@byn 66

t hat conprises two el ectrodes wher€ n one or nore
el ectrodes are at |east one of in difrect contact wi f)h

t he plasma, and separ from lpl asma by,.a |

di elpagtitd Gnehar L&@Jp _ﬁﬁgﬁt pL—eJ-a42-m—6¥—

wherein the pea letWTvmthi"n thﬂa r afhgje ots -eb ﬁ
00

at | east one o o V tJo 10 W, abofﬂ\_ 10 to_|
kV, and about 100 00 "V. 69. The barrier
el eghér@geisph agoger gﬁhﬂer Bhﬁn elepd #1162, whepieh ris Plarck's constant
frequency is at least one 15 of within the range of
abobdt 206 thepargeaniay of vaguapy. ispass ok clegfroth duts the
MHz, and about 5-10 kHz. 70.,The barrier electrode

15 pl asdacedeldctraf medsajiven 6y /,vghegefﬂ#t Ivdereah § Bdles massaf the
| east one of 3

4

proton, a, is the radius of the hydrogen atom, a, is the Bohr radius, and e is the

elementary charge; (b) hydrogen atom having a binding energy greater than about
13.6 €V; (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

20 about 16.3 €V.

85. A compound of claim 84 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,

25 64.0, 56.8,47.1, 34.7, 19.3, and 0.69 eV.

86. A compound of claim 82 characterized in that the increased binding energy



wi thin the range of about 100 V to about 1 W, about 1
kV to about 100 kV, and 20 about 5 to about 10 W 71.
wab@4nemeg or of claim 1l conprising a pul sed pl BETEHS2004/010608

el ectrolysis ceI | wherei ygt he discharge voltage is

0, 000 volts,
andﬁiﬁoéeng?&% ar g gér)@g?]l?‘ll gﬁgbgﬁ%ggﬁée%fr olyte is
within the range of about 1 ,u ANcnf to 25 about 1\A/

cnz 3 . 72. The reagt claim Z;L.Ih Vi ng anozoffset|

vol tsagkng hak H@%Lgﬁ—g—@s@& &},T; S.

30 73. The rgeyacéorzrdﬂﬂ Wmi72 witer eida thglef,)sssem) |

vol tage is withP%%|he rﬁnger|of abou%1 0. 60(131 t o, about
1.4 V. 74. The reactor of claim71 erein the pea
vol tvage p B adtintégeagicatentarodneys £V B, & hiepi\WD i2PRAKEEAOD Mt
PCT/ US2004/ 010608 _. 46 . range of about 1 V to 10 W,
abob; 8, ¥ theoperperbiliyy oGt 15 ymass of theyplogtion, 1 s the
reactor of claim71 wherein ,;19/? pul se frequency is at

5 | eastluadeleofrominadsigivenbg 1, Fapge—of wabout, B the tkessobthe
about 100 MHz, and about 1-jf+amput 200 Hz. 5 76. The

4

reactor of claim 71 wherein|the duty cycle is at |east
one of within the range ofYabout 0.1%to about 95%
and_about 1% h i
conBira; h 1 St fhe Bitbechonl 1 if BRSHALBhy ShEL T e
10 Elehn tch@fké ernates froma higher to | ower val ue
during pulsing. 78. The reactor of claim 77 wherein
the peak field is at |east one of within the range of
about 0.1 VVcmto 1000 VVcm and about 1 V/cmto 10
V/icm 15 79. The reactor of claim 77 wherein the

10 870of f Apwaipotinidaifdlaing 82 chdrateizedinghay thevindrersed binding erenge of

abotOlV nd about. 0.1..Vto 1 V/cm
o Wit steeie i et Bl BESRES b stiglet s e

200 Hz. 20 81. The reactor of claim 77 wher n th

duty cycle is at least one of within the range of
aboyf ; Q1% t o about 95% and about 1% to about 50%
82. A c ound produced in the reactor of claiml
conpri Si (’mg an increased binding energy hydride ion ( #~) having a binding energy

fre uenc astq.one t hin t dhgelof
Lot 0t phvfteen iRt n Alipthed iyl fhout %é%b%h%fep i

15 of about
( )
1 Js(s+1) _ mpe’n | 2? |

Binding Energy = | == 7 |

e

e

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

mn )
reduced electron mass given by u, = SO where m, is the mass of the

m
3 +m,

4

20 proton, a,, is the radius of the hydrogen atom, a, is the Bohr radius, and e is the
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whovdiopaysenergy (i) greater than the bindi ng eP€r/yg2004/010608

25 (a) at least one neutral, positive, or negative
i ncreased bi nding energy hydrogen species having a

t he correspondi ng ordi naryg hydrogen species, or (ii)

gr egeffental@Radchie bi ndi ng energy of any hydrogen
species for 30 which the correspondi ng ordi nary

gy dr ogen(a p@mpgssed bmlnggea@‘gjehxdmges sprstes dhdbralked
s Toss (018 TEiarealne angy DGR shs RBAIORBFGHE fon
D004 db5RE bty adb ARl amz;‘”e NG RO

claim 82 characterized in that tke ; i ncreased bi ndi ng
energy hydrogen species is seleet’ed fromthe group

consi st &\?\n 1? &w]ie%%d b1nding%ﬂg§£§¥dﬁ%%:ﬁ %oée%gfag thi%t?m?ﬁ B i#gl Ve

I nt eger, rovrrso

when H hgﬁlgh_b§_|hyve charge. 84. A conpound of claim

8.

89.

90.

91.

82 charatteri that the increased binding energy
hydrogen speci ) is selected fromthe group consisting
of (a) hydrlde i“on having a 10 binding energy that is

gr eat er
(about 0 tgﬁﬂnti@@se@ bfﬁQinQ Qn&‘gy ﬁyd fgﬁl Ifrﬁrfljle&%llglgl'ﬁﬂ ?‘/lﬂg%&ll}_‘délllgn g

eneLgy §fa|5 _é@_éngped by 2 102 2 2 Binding Energy = ~i
s(s+ 1 )r f@ah a¥ 2 s |~ 2L1+ s(s+1)] jne ax [1+
s(s+l)1 8 ~ealP)J a L PJ J where pis an integer
greater than one, s =1/ 2, nis pi, his Planck's
const ant (g) bar"(1/pM@nd S the perneability of vacuum ne
is the mass_of the electron, pe is the mm 15 reduced
electronaﬁagé(gﬂven by pe = me P where np is the nass
of the 3 +rnp 4 4 proton, aHis the radius of the

hydrogen atom ao is the Bohr radius, and e is the
The 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 integer or

m/2-27.2 0.5 eV where m is an integer greater than one.

The reactor of claim 1 wherein the catalyst provides a net enthalpy of
m-27.2 £0.5 eV where m is an integer or m/2-27.2 +0.5 eV where m is an
integer greater than one corresponding to a resonant state energy level of the

catalyst that is excited to provide the enthalpy.
The reactor of claim 89 wherein preferably m is an integer less than 400.

The reactor of claim 1 wherein a catalytic system is provided by the ionization of
t 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 ¢ electrons is approximately m -27.2 +0.5 eV

where m is an integer or m/2-27.2 £0.5 eV where m is an integer greater than
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el enentary charge; (b) hydrogen atom having a bindi ng
energy greater than about 13.6 eV; (c) hydrogen

woddoedoss havi ng a first binding energy greatePCT/O82004/010608

about 15.3 eV; and (d) mpl ecul ar hydrogen ion having
a bb&ﬂigg $gp%ﬂ%mgreater than 20 about 16.3 eV. 85. A

conpoun m 84 characterized in that the

i ncreased binding energy hydrogen species is a

hydri de i on 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,
9265. Bhe £t of Chirh 91 ¥Rerdin pidferably 68 iBan in@gereks than 860.8,

47.1, 34.7, 19.3, and 0.69 eV. 86. A conpound of claim

82 characterized in that the increased binding energy

93O @Qéé&%%ﬁnﬁwwéﬁpt@é ézﬁélg@ @%:roﬂ@edﬁ&qh@ﬁﬁﬁfé BEcCi es
|

Is a hydride ion having the ng energy: h2 s(s +
1) electraye betwpen pattichmtingiong); theytramster gf7 elegtrans from ope ipn to

8p e%?ortl‘]er 10n5};r§v4ihés a ne{]en’thagg o ?éa!‘:ﬂl n v§1(e§ 'r%)thé'suﬁl o]f tllre 1Bnlzat10n

I's an I nteger greater an o

| s mexgymf itise dRtctrog Kommtiogiva ments thd:)mm,zatpcm qnsrgv héthe electron
per neabi | of . vacuum

b ctepie it st AR Pt Tt oo T8 Sitteah JF pintgy o
» Ue 57 20 DRI - Vb ey ewliefe inSis bl BrtdFBS Gredifr thiione 1P+ ishn3deget.

proton, aH is the radius of the hydrogen atom a0 is

the Bohr radius, and e is the elenentary charge. 10

9487 The &Q&deﬁﬁﬁuﬁf% Whdlef ﬁgfeﬁb@r;ﬁ% &1 inkegd 169 ahabo.t he
i ncreased binding energy hydiogen species is selected

fromthe group conS|st|ng of (a) a hydrogen at om
hav a _bi bout 13. e
o5 o) Tharer i et 1SS e el s bRy B ' °
hy drp@ee 1t Oitingtthe) trdnaivibim goﬁi thd meilngergnireito thikS: 0 eadigylevel
which corresponds to 3/2-27.2 eV (m = 3 ) that serves as a catalyst for the
transition of atomic hydrogen from the n =1 (p=1) statetothe n=1/2 (p=2)

state.

96.  The reactor of claim 1 wherein the catalyst comprises 47>* which absorbs
40.8 eV and is ionized to 4r°* which corresponds to 3/2-27.2 eV (m =3)
during the transition of atomic hydrogen from the n =1 (p = 1) energy level to the
n=1/2 (p=2) energy level .

97.  The reactor of claim 1 wherein the 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*, §r*, Fe'*, Mo™, Mo**, and

3+
In™.

98.  The reactor of claim 1, wherein the catalyst of atomic hydrogen is capable of

providing a net enthalpy of m -27.2 +0.5 eV where m is an integer or
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Bi nding Energy =2 s(s + 1) 2 1Cuoe2ii2i 1 + 22 3 gp
+ s(s+l)l ea2rl+."+1)1 ne | aHa 3F1 L pp !l wherep

WO 300a/093088 eger greater than one, s =1/ 2, 7r PGI/ps2004/010608
is Planck's constant barsiu0 is the perneability of

vacuum - 2me &9.stdrewhi@s sn %fantlﬁ‘tége@ g%ﬁfef 84n oht'ean'd%aﬂalﬂi% of
reduced el ectron mass given , mmern” _where mp

is tfbﬁmﬁ?@ﬁyc@&gehﬁfbﬁhatlﬂg'anm%ﬁngoé'n%f 3 alitlult Mewﬁcﬂg ip

of the hydrogen atom a0 is the Bo radlu 1) and e
t he WO 2004/ 092058 PCT/U82004/010608 49 edgpentary
charge; (c) an increased binding energy hydrogen

S pe anésteddd wharein the et éld)lalﬁyhs Ipftﬁzlidéd?oﬁ thelbrétting Q)f g ﬁﬁle@ﬁﬂar
hyd rino nD cul ar _ion, 1/ p),

t
havi’R Egaffg?%lﬁ% ‘é‘{%‘? Zﬁ?‘lzﬁ?‘)‘h‘?ﬁfd ecfronsgfrgm matem rhgokgn
IS QibléddleREH fo a(oeﬁtnﬁlufn@ne%? léve%gﬁﬁlﬁﬂhpbﬁgbf;t?e ﬂﬁreggrgy

hydr ogen nol ecul e havi ng a bi nding energy

15. 3“?9 the Jonixatipppnergiys ofithe nelectraneis abprnumg:beme?.@gz +0.5eV

hydr enet
SR TEyP M or 2 12 B W0 RGP Rl

(1/pm¢ 88. The reactor of cIa|n11 wherei n the catal yst

conprises a chem cal or physical process that

provides a net enthalpy of in 27.2 0.5 eV where in

AMsWhRiLond b 8, AN, O

inte reater than one. 1589, The reactor of %I éin?
1 ,t99€ ¥@t-al yst provides a net enthal py of in
27.2 0.5 eV where in is an integer or in/ 2.27.2

0.5 eV where inis an integer greater than one

10001 rEepedetir bficlhit Pwhesia e YatalisBéRn2REY MMolk& e cBfabinkGon

with an ion or atom catalyst.

101.  The reactor of claim 100 wherein the catalyst comprises at least one molecule
selected from the group of 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, K, 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*, 4™ and H', and Ne® and H".

102.  The reactor of claim 1 wherein the catalyst comprises a neon excimer, Ne, *,

which absorbs 27.21 eV and is ionized to 2Ne", to catalyze the transition of
atomic hydrogen from the (p) energy level to the (p +1) energy level given by

2721eV+Ne2*+HJ-—J——>2Ne +HJ|: J+[(p+1) ~p°1X13.6 eV

2Ne" — Ne, 42721 eV

And, the overall reaction is
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catal yst that is excited to provide the enthal py. 20
90. The reactor of claim89 wherein preferably inis

warookodmwger | ess than 400. 91. The reactor of BCHUA2024/010608

wherein a catalytic systegis provided by the
I oni zatiom ofy t elecqrons froma participating
speci es $HeER asLéﬁ—é+ﬂnﬂQﬁnD?e@ﬁja&MQHecule, and 25
an ionic ﬂ’dnle Qﬁél)conpound to a continuum energy
| evel such that the sum of the ionization energies of
the t electrons is approximately in 27.2 0.5 eV
where in is an integer or in /2-27.2 0.5 eV where in
is an integer greater than WD 2004/ 092058

10BCTMUSZA04f S1NHR winkeitR calysticomPrised heline geimerd Ze, A he
reactor of claim91 wherein preferably in is an
i nt expioh absasks 2h2inea a0l is igigd to THe', teeataline tef transitipprpfl
wher gj j ' t r..
ol c et e aBBE (h FerRsR 008 P, LD R
t electrons fromlend ion to [angther ion,provides a
net 28t KKItpifedtt QLS? 7 Hewh :ﬂg—;@t npd(@tih of?" a6 eV
ioni zation ener f the el r donating i on m nus
the ionizati opgensrgy =of27hhheyel ectron 10 accepting ion
equal s approximately 'in 27.2 0.5 eV where in is an
i nt égdrthepveralhreactpndy 2 0.5 eV where in is an integer
greater ;%22 one rand q is an integer. 94. The reactor
of claim ”%hem%#ﬁﬁ?wef abfy B% an i nteger |ess
than 400. L1595, ﬁhéiﬂeggiop o#fg?éin11 wherein the
catal yst conprises He-' which absorbs 40.8 eV during
the transition fromthe n = 1 energy level to the n =
2 energy level which corresponds to 3/2.27.2 eV (in =

3 ) _that serves as a catalyst for the trapsition of .
1041 o 7R 418 S BRAEEIA b izl cOpPEscE e hgfaeep giorevhigh
=1 LprisP721%0 arlﬁti@to%izea% 28 | J%@ﬂg& &%nsﬁfon%lf %t'oﬂi‘icl

wherein the catal yst conprises Ar2+ which absorbs
40. &ydrogandcpm dei( pnienesgy level iy Be-(mvhil bénetgyrleveb puendy t o
3/2-27.2 eV (in = 3) during the transition of atomc
hydrogen fromthe n = 1 (p =1) energy level to the n
=1/ 2 &p = energyllevel . 25 [ 4, 1
27.21eV +2H =& |+ H £ | > 2H' +2¢ + L+ [(p+1)?-p*1X13.6 eV
VY (G E+ =7
Ay

2H +2e AZH{T}+27.21 eV

And, the overall reaction is

L%}—»H{(p“i 1)}+[(p +1)% - pX13.6 eV

105. The reactor of claim 1 wherein a catalytic disproportionation reaction of atomic
hydrogen wherein lower-energy hydrogen atoms, hydrinos, can act as catalysts
because each of the metastable excitation, resonance excitation, and ionization

energy of a hydrino atom is m X 27.2 eV
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97. The reactor of claim1l wherein the catalyst is
sel ected fromthe group of Li, Be, K, Ca, Ti, V, C,
wom0482205€C0o, Ni, Cu, Zn, As, Se, Kr, Rb, Sr, NbCT/NB2004/010608
Pd, Sn, Te, Cs, Ce, Pr, §n Cd, Dy, Pb, Pt, 2K+, He+,
Na+, Rb+, Sr+, Fe3+, Moe+, Mo+, and Ins+ 30 98. The
reactor of claim1, wherein the catalyst of atomc
108y d fThg emctosofadyialilos, wfercipthe vatdlytigreactivatof e firsh hydrinoafon 1o a
27. 0.5 eV where in is an.integer or 2004/ 092058
S BRRR S el Mg bR Ghon® I R R 5o o
I Nt ealing bedt@l tht Bdhsonm: ddenceapahltiport each®avingg7.a1 eV of
hydr ogen _at om havi ng a bi ndi ng energy of about 13.6 eV
i~ 1PoGRElEn%eY-s (P) an integer wherein the net
enthal py is provided by the breaking of a nol ecul ar
bond of the catal yst and the ionization of t el ectrons
107y orFhereagtonef cimt 198, vireadie the eBergiransier ef wak 7.2 gV drom the
contd n ner n
ener i ARSI St Elnd 0 ohlks B Rt 118 P B8
I S afpt wihd@dseby m ind iR Ele2troDtoDlrep\Vin ety lewnn fr@n amadius of
integer or m/2-27.2 0.5 eV where mis an integer
gr eatleto 4 adios oH>Aei—10 99. The reactor of claiml
wherBin the cat&M&t conprises at |east one of C2, N2,
02, CO2, N2, and NG3. 100. The reactor of claim1l
wherein the catal yst conprises a nolecule in
108 o nflihe atactonof alditnH 0awhiermin the scavwhimeacbibg/lower-disrgydiidrogéreis
reactor of. claim 100 wherein.the catalyst conpri.s t
| oot sevied 12 Bt E REk o 15 4 FRREmIF b iP5y Bhe
02, résoRant bEgy tamelifePNO3 i n combi nation with at |east
one atomor ion selected fromthe group of Li, Be, K
Ca, Ti, V, C, M, Fe, Co, N, Cu, Zn, As, Se, Kr,
1080, TRE real¥Br of ¥imH@5 whBreintBe resShantEnsBf mayBcuGH mudh1dY .
Pb, Pt, Kr, 2K+, He+, Na+, Rb+, Sr+, Fea+, Moe+, "+,
| na-stagéde+, Ar+, Xe+, Ar2+ and H+, and Ne+ and H+.
102. The reactor of claim1l wherein the catal yst
conprises a neon exciner, Nee which absorbs 27.21 eV
l1and Tig reaeiir o€ claino 1 ®Neliereit @ nambdistive drahdfer Hymauitpdle cruplidg

may occur wherein the central field of the first increases by m , then the electron

of the first drops m levels lower from a radius of 2 1o a radius of iH with
P p+m

further resonant energy transfer.

111.  The reactor of claim 105 wherein the energy transferred by multipole coupling
may occur by a mechanism that is analogous to photon absorption involving an

excitation to a virtual level.

112.  The reactor of claim 105 wherein the energy transferred by multipole coupling
during the electron transition of the first hydrino atom may occur by a mechanism
that is analogous to two photon absorption involving a first excitation to a virtual

level and a second excitation to a resonant or continuum level.



25 atom c hydrogen fromthe (p) energy level to the (p
+ 1) energy |level given by 27.21 eV+Ne2*+H a

W@ 2002020584 +1 i[ +1)2 -p2]3.6 eV L -P L(P )JrCNMES2004/010608
Ne2 * +27.21 eV And, thespverall reaction is WO
2004/ 092058 PCT/ US2004/ 010608 52 L-PI
(p+l) 1+[ (p+l ) Z-pZ] X13.6 eV 103. The reactor of claim1l

119hergichedctoe of diial I sthedngpeatdgs répetionuwitie kydrime catakyet fdy the
whi ch absorbs- 27.21 eV aRd is ionized to 2He+, to
cat ghyifonld? @%%' ' findcdbyca MUHOIE es¥ohdnOdridi®r of
(p) energy Iel_vpl to Lt;hem p + 1) energy |level given by
27.21 eV+He2 *+ aH ->2Hei+Hj (pgl)1+[ (p+1)2-p2] X13. 6
e\ pi-27.23 and » tpsforol 1z 24P ev ) N§A3 Stk 158k ApY with a
reaction is 10 []|-H[ 1f JI)]+[(p+I)2_ 2] X13.6 eV P 104.
The rdsg@mbOstate b ¢h a1 anbigdeh 1) & %iﬁl@ﬁl@éeﬁﬁeﬁ wyonpri ses
two hydrogen atomg'-whilch absond@si27.21 eV and is
ionized to 2H+, to catalyze the transition of atomc
15 hydrogen fromthe (p) energy level to the (p + 1)
ener gy, llevel, gi ven by Fa, | Fa | 1 ]+HL p]->2H++2e
+H] (B8 [[H|B+H1r2- p2] X13.6 eV 27.21 eV+2HL 2H++2e
->2H-AH +27P21 ey And, the overall reaction is 20 HL

aH ]-~-2 +H 1| lat [(p + 1) 2 ] X, 3.6.,8V.  PJ 105.
The H{g‘ﬁfgo}r" [_QHI;@}YE%(I’ b ey o133
di sproporti onafi 0 reaction of atomic 25 hydr ogen
whergkR p e, ah® iy Yrelidgsdgen at ons, hydrinos, can act
as catalysts because each of the netastable
excitation, resonance excitation, and ionization
energy of a hydrino atomis in X 27.2 eV V. WO
2004/ 092058 PCT/ US2004/ 010608
114. The reactor of claim 1 wherein the catalytic reaction with hydrino catalysts

wherein a hydrino atom with the initial lower-energy state quantum number p and

.. a " .
radius —£ may undergo a transition to the state with lower-energy state quantum
. a . . . .
number (p +m) and radius Gﬁ by reaction with a hydrino atom with the
m

. . . a .
initial lower-energy state quantum number ', initial radius —£ , and final radius
2 m'

a, that provides a net enthalpy of m -27.2 +0.5 eV where m is an integer or

m/2-27.2 £0.5 eV where m is an integer greater than one.

115. The reactor of claim 114 wherein the catalyst reaction of hydrogen-type atom,
H {-a—”} , with the hydrogen-type atom, H{iﬁ-’-} , that is ionized by the resonant
P m
energy transfer to cause a transition reaction is represented by

mX27.21 eV+H[a—"{:|+ H{EEJA
m )/

H'+e + H{(p‘:”m)} +[(p+m) - p* —(m*2m)|X13.6 eV



10

15

20

25

53 106. The reactor of claim 105, wherein the
catalytic reaction of a first hydrino atomto a | ower
wer@ngy20st at e affected by a second hydri no at oPCT/US2004/010608
i nvol ves the resonant cogpling between the atons of
in degenerate multipol®sieach having 27.21 eV of 5
potential enefgy-e r@fij e 138t or of claim 105,
wherein the energy transfer of in X 27.2 eV fromthe
fi r Andhthd oiverall ehaionti® t he second hydri no at om causes
the central field of the first atomto increase by in
and its electron to drop in levels lower froma radius
of 10 ,aH tp,alradius of aH p p+m 108. The reactor of
clarﬁ{éﬁ%% n the second interacting | ower-energy
hydr o i st Pelther excited to a netastable state,
excit 0 ESO ce state, _or i oni zed by the
r es om ‘*elh’W gﬁﬁmé'rm 15 1513.6 gi&13.644 or of claim
105 érein e fesonant transfer may occur in
mul tiple stages. 110. The reactor of claim 109
wherein a nonradi ative transfer by nultipole couplin? .
yS

1190 i resetonof clpimy leyvherein thecatatystegomipriags @ rpixturgef affirptpata
inCGﬁ@ﬁ%ﬁm&%ﬁa@mp&ﬁ@ﬁd&ﬁ? el ectron of the first drops
S

in leve ower froma'radius of aH to a radius of aH
wth p p+tmfurther resonant energy transfer. 111. The

i, 5.wh ' h f
U e xS AT R G B i B Bt TR RV

IS droal thg GoiScd of tiidwetend cafaBer pt i on i nvol ving an
excitation to a virtual level. 112. The reactor of
cl ai m 105 wherein the energy transferred by nultipol e

11R0U Pt Réhctof B d1ieh 117 SviRleREthE Bibrdy RSl bP theQhtalyli of hfd®dgen
hydri no atom may occur by a mechanism_ 30 that is
analbyglnirst atalypbprpdusesomplagmoin phe evargy aédbl vi ng a first
excitation to a virtual |evel and a second excitation
to a resonant or continuum/level. W 2004/ 092058

11BCT/TUS280t%t SARE 0 witefeid 118 .endrppreleasadtbyrtheodatatysii afthfdrogen by

wher,el B B CR Pl Ent SRS e ldha A 10 S S ona

catalyst.

120. The reactor of claim 116 wherein the first catalyst provides a net enthalpy of
m-272 0.5 eV where m is an integer or m/2-27.2 £0.5 eV where m is an
integer greater than one corresponding to a resonant state energy level of the

catalyst that is excited to provide the enthalpy.

121.  The reactor of claim 116, wherein the second catalyst is selected from the group of
helium, neon, or argon and the second catalyst is selected from the group of He",
Ne*, and Ar* wherein the catalyst ion is generated from the corresponding atom

by a plasma created by catalysis of hydrogen by the first catalyst.

122.  The reactor of claim 1 wherein the cell comprises at least one of the group of a
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transition of HFH] to H aH 1 induced by a nultipole
resonance transfer of Lp J Lp+tmJ in .27.21 eV and a
wo e@asdmwss of [(p')2-(p'-m)2] X13.6 eV- in .27. PCEUS204/010608

a

5 resonance state of Hpgp~aH ] excited in H p" j

|+Z pﬁ%@?ﬁ%ﬁ lgs)fnarlgtoélﬂ céll Jadld'h@dﬂelllcg‘(ﬂ:) &, ngw%s@HarQé‘!:elll

whe berrigr elpetrodg pell, plasma ﬂect@ﬁﬁlspgﬂ @g@ﬁsgunzeq gaslc_pﬂ, ﬁlamglt cell

hy

r ea%% ch le% a%lrsﬁ“ Eﬂé} B&ioﬂ otfg o%l?chx%% Gell a%% @%wavé cell

dr|n erern a omvvlt

Nl tandierEpIaSmaweélr gy state gquantum nunber p and
radius aH may undergo a transition to the state with
| ower - energy state quantum p nunber (p + n) and

128 2diT!S rabtoby¥f dARCT dodipriving B vasséheVing @ cRnfidt ¥dphhle bhe

p+rr) 15 initial |ower- ene(ﬁ%y st at e quant um nunber
i n' CORAMNG A Vaptauy QFgressyres gr

& thanpimosphericy s sousse of pfoptiait

pr oy, k&% ertto hsﬁé’%%%r@%o Qfssdcﬁtte Igglegular\%%' ofdh 9ARNfC | N

is a

teger or In1s an

i nt égélogegx ezt emeank &nheatibe s0111® of Wtelyst@ambtcrof ofoviding amet

at off tgh oy 3220 S ¥ nelEG b Bule YR LP 272 VBP L

1,

t“hateishloimitegaogr@yertﬂ’mﬁonesonant LP Lm J energy

transfer to cause a transition reaction is represented

by

in X27.21 eV+tH ]+H a~-~n2' p i n ) ] Ht+e +

H
12% %T/Taé%%g@ %11 dgaérél 1(wikrein 2% dottfed 0P atBhicMPRfIOH RS

125.

126.

127.

128.

129.

130.

131.

hydrogen dissociator.
The reactor of claim 124, wherein the hydrogen dissociator comprises a filament.
The reactor of claim 125, wherein the filament comprises a tungsten filament.

The reactor of claim 124, further comprising a heater to heat the catalyst to form a

gaseous catalyst.

The reactor of claim 127 wherein the catalyst comprises at least one of potassium,

rubidium, cesium and strontium metal, nitrate, or carbonate.

The reactor of claim 1 further comprising a hydrogen supply tube and a hydrogen
supply passage to supply hydrogen gas to the vessel.

The reactor of claim 1 further comprising a hydrogen flow of hydrogen flow

controller and valve to control the flow of hydrogen to the chamber.

The reactor of claim 1 comprising a plasma gas, a plasma gas supply, and a

plasma gas passage.
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55 H++e ->HL 1 j+13.6 eV And, the overall reaction is
HaH +HaH, na' ] P HaH +H aH ] +[2pMtM2_M 2] Y13. 6
weywl89®seV 1 (p+ m 5 116. The reactor of clBETU$2004/010608
wherein the catal yst conpy ses a m xture of a first
catal yst and a source of a second catalyst. 117. The

reactor of claim 116 wherein the first catal yst
137r oThcesctoie chés 6 rdmpadiag §ress, valves, fand flow hegulatnus sneh gfat the

the second catalyst. 118. The reactor.of claim.117
whoP BT dioan aegy s ek iy T tepi iy Gpbiffate oo e
hydy&ggan by the first catal yst produces a plasma in
the energy cell. 15 119. The reactor claim 117 wherein
the energy rel eased by the catal ysis of hydrogen by
133 heThd fegltoCH el § twHeRM BEBlabhiE oA BRI B &RGBNFIve
catal yst to produce the second catal yst. 120. The
r eacungiol i flovaif plagm gagtieto dhavesseb first catal yst
provides a net enthalpy of 20 m. 27.2 0.5 eV where
mis an integer or in /2-27.2 0.5 eV where nz is an
134.nt Fhereagonsichiim tl anmhep banmizingedydrogemplatma-gasmeisaraadt
state en quel of the catalyst that is excited to
promlwe&[ﬁ’gyrgﬁlﬂgﬁ'py. 121. The reactor of claim 116,
wherein the second catalyst is selected fromthe group
of 25 helium neon, or argon and the second cat al yst
1355 db¢ @é@t@rdoffﬁaeimltfh@eg FORISHE algydrogsysplasmagrgps spixture, a

whe B%rg%eh- asﬁfatagtq%) %fnl%zeg,iaﬁ&‘ a hﬁxtgx%m ath QRh Batrol the

corresp I ng y a plasma created by catal ysis
of bgwipsigen obthetmhiztufe and thegtstfiwyigto. the gBsel. The react or of
claim1 wherein the cell conprises at |east one of the
group of a WD 2004/092058 PCT/ US2004/ 010608 56

13681 C mayRM&ore claim [l fasiveR coroprisihgeriabsage fudlite ffowesfulsrigdrogen-

(RF). cell, gl ow dischar cell, barrier electrode
cel Pl,aS‘Bii'ggﬂﬁlng%E‘f"r’gﬂ‘/’%Sgé' cell, a pressurized gas
cell, filanment cell

137.  The reactor of claim 136, wherein the plasma gas comprises at least one of the

group of helium, neon, or argon.

138. The reactor of claim 136, wherein the plasma gas is a source of the catalyst

selected from the group of He", Ne*, and Ar*.

139.  The reactor of claim 1 wherein the plasma gas is a source of catalyst and the
hydrogen-plasma-gas mixture flows into the plasma and becomes catalyst and
atomic hydrogen in the vessel.

140. * The reactor of claim 1 further comprising a vacuum pump and vacuum lines.

141. The reactor of claim 140, wherein the vacuum pump evacuates the vessel through

the vacuum lines.
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or rt-plasma cell, and a conbination of a gl ow
di scharge cell and a mcrowave cell and or RF plasma

W@ edo/09%95823. The reactor of claim 1l conprisi NBCEHUS2004/010608

vessel having a chanber cggpable of containing a

14‘2aC %&&Etopémﬁﬁrleﬁrtﬂér%%ﬁﬁmﬁ%s oS Fd frovide hAhS €
of atomc y rogen conpri sing neans to i ssoci at e

ol eeagloais opyrdted gader flowponditiens Wigluh@@éiﬁogeamd tegetaliig t o
heat_t | t
Lo el R iU A SO LR R eGS0

or m/ 2.27.2 0.5 eV where in is an integer greater

one. 124. .The Dact or .of claim1 wherei
oo RGO HIE S Gt Tl FRg st supply
dl S $RGha B the pRssdeDf thEBseo@AGitalyst Bbm TherbsBrvorto tHYIREEI. N
t he hydrogen di ssociator conprises a filanment. 126.
The reactor of claim 125, wherein the filanment
o] t
L SR AT e oty o R fserl O pea BB S PLple
c at ahpypdy tothoatftbfr eatadyst getbe catalyst seserivyis to. praviée thy gaseousaatalyst.
of claim 127 wherein the catal yst conprises at | east
one of potassium rubidium cesiumand strontium
143et athe réakcfof &ft BaimOiid4 Cviliddein e ataRbt rdsdBroir Hadter @airieds a0f
claim1l further conprising. a hydrogen su t ube an
a hy|IFRSERe canin mpansydesein the gaRon BEPSpIe:9fd ﬁ%@@ysgﬁsco%o led
the b‘{r%§1§tﬁllhng]t§9tem-£Ql‘ﬁtu'iee@ﬁﬁepéata@}st k&l 1 further
conpfising a hydrogen flow of "hydrogen flow 30
controller and valve to control the flow of hydrogen

14t6o t'-[li]lg re%@t%pppdialm ]ls\;lheréqﬁ he cgﬁﬁrgtq oﬁ’J sefélat@h @?ox]nl th& %ﬁ%g‘i} ]ﬂg

pas ﬁgﬁ CM1,2\O,OZH EBZEéSEoFNiT CUSQ(Q(M[ £ BB, SBTNblB/R), PEI thm,
reactor of claiml conprising lines, valves, and flow

r egUicat®(S: By BAPY-PRebt: ﬁleas% d@sa?’l o€ 5 M 1 He

pl a asqgyeply via the plasma gas passage into the
vessei. 5 "

147. The reactor of claim 1 further comprising a chemically resistant open container

such as a ceramic boat located inside the vessel which contains the catalyst.

148. The reactor of claim 1 further comprising a heater to maintain an elevated cell
temperature such that the catalyst in the boat is sublimed, boiled, or volatilized

into the gas phase.

149. The reactor of claim 148 wherein the catalyst boat further comprises a boat heater,
and a power supply that heats the catalyst in the catalyst boat to provide the

gaseous catalyst to the vessel.

150. The reactor of claim 149, wherein the catalyst boat heater comprises a temperature
control means wherein the vapor pressure of the catalyst is controlled by

controlling the temperature of the catalyst boat.



10

15

20

25

30

133. The reactor of claim1l wherein the plasma gas
flow controller and control valve <control the fl ow of

- Webasseogas i nto the vessel. 134. The reactor BET/UBZN#910608

1 further conprising a hysgly ogen-pl asma-gas m xer and
10 m xture flow regulator. 135. The reactor of claim1l
further conprising a hydrogen-plasma-gas m xture, a
15hy dTbereactpt efsirim d furtier remprisingd lawei-soetsy dyduoge species and
regul at or whi ch nt r ol conposition of the
m x?olﬂetg%%eﬁ@'%)ﬁ%reogl%?g&fl og\?vﬁlﬂg ‘0o the vessel. 15 136. The
reactor of claim1 further conprising a passage for

he _f| ow of e hydrogen- plasma-gas nixture into.the.
15 e 3br eeiGhof ok 1B G D LS B B HgEOn Wit

Pl AR AS AN PhreSBfe @ididn 5k R td thetrapd cBise ik Mw

hel i um neon, or argon. 138. The reactor of claim 136,

wheeed fenspest of theslewegersrgydiydrogen spedcsrr lowe-cagrey hydpgen
sel gghed . firom the group of He+, Ne+, and Ar+. 25 1309.
The reactor of claim1l wherein the plasna gas is a
source of catalyst and the hydrogen-pl asna-gas

o) S SRS S BB TSR B e

cl alaRaduublideTRim e Mp tosthépurdp, WAC fiktieriomprising valassuto sad
lines. 30 141. The reactor of claim 140, wherein the
vac@i&’ﬁ%%ﬁﬁﬁi’-evacuat es the vessel through the vacuum
i nes. WD 2004/ 092058 PCT/ US2004/ 010608 58 142. The
reactor of claim1 further conprising a gas flow neans
1580 pdihevdaeter eftedgimt hwhercindls vnissel eonapisesn Beinlgssatael #lloggell, a
condj ti . th 0 a | yft
supﬁoﬁgg%gwfeﬁlh%y&g?té}y%?bﬁgﬁ ﬁé&l%gt&’a%s go%?'ce and t he
hydrogen source. 5 143. The reactor of claim1 further

135 00 S O Shefi it e Brr s S af of Bh el of S BBilor
t he afREa VR inbbulligerth EortemS8losol of i .sourbEoff RAGLOT Of

claiml further conprising a catal yst reservoir heater
and a power supply to heat the catalyst in the

1s§gt o Sbacdi @ DEEMR T whereRtRVisHRatbN SoRRRE Qb Retufib @it Sdis the

source of catalyst or catalyst directly into the plasma.

157. The reactor of claim 1 further comprising a plasma gas and a catalyst that is

agitated from a source and supplied to the vessel through a flowing gas stream.

158. The reactor of claim 157, wherein the flowing gas stream comprises hydrogen gas

or plasma gas which may be an additional source of catalyst.

159.  The reactor of claim 158 wherein the additional source of catalyst comprises

helium, neon, or argon.

160. The reactor of claim 1 wherein the catalyst is dissolved or suspended in a liquid

medium such as water and solution or suspension is aerosolized.
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145. The reactor of claim 144, wherein the catal yst
reservoir heater conprises a tenperature control
worr@am®Iwker ei n t he vapor pressure of the catal pST/UBRI04/010608
controlled by controllingythe tenperature of the
catal yst reservoir. 15 146. The reactor of claim1l
wherein the catalyst is one selected fromthe group of
16lLi , ThBeeactks of CimTi6) whereiDrthe lbdiuEds coBtrineljin thEgatalgst, As,
Se, Kr, Rb, Sr, Nb, Mo, Pd, Sn, Te, Cs, Ce, Pr, Sm
&, BYVOBb, Pt, He, Na+, Rb+, Sr+, Fe3+ Mbe+, Mo+,
K+/ K+ , and In3+ 20 147. The reactor of claim1l
further conprising a chenjcally resistant open,

16¢ o iThe Fragtor lfl%mégo ¥herg olyionior Puseepsion cpainng cetplyst is
Ves $&hsphht OB 1RORER] BiPa ddifer@ad al yst.  148. The reactor
of clarm 1l further conprising a heater to maintain an
el evated cell tenperature such that the catalyst in
he (I [ [ . Qr i L } i o
169 no 158 RacthPordih B Ul ¥y Rfiists f s o ot B0
t he gemp af ypirodeadielifimy idoeyoracgopr i ses a boat heater,
and a power supply that heats the catalyst in the
catal yst boat to provide the gaseous catalyst to the
164 €S T8k readiBr dfihim 62, WiRAGH B ckicfiad compdRs atIBBT Glerdf tHee
catal yst boat heater conprises a tenperature control,
e a FEOURIE Reium. e, Qrasenn Whighssenyes apd sqUERS of g3talysp apd jsdonized

car oY et CGRM ISR PHETEARARTRES O C16te 5o

151. The reactor of claim1 further conprising a

lL.o - ener dr.ogen .speci es an | ower - ener o
165y 4 OB e ERRSAR iedn B npBbert plaprit Ep G N pajnfyined
f ur i@k r&@EBf 5,60028060,008C0UM punp i n conmuni cation wth
the trap to cause a pressure gradient fromthe vesse
to the trap to cause gas flow and transport of the
1660 Ve RRBIHYF JIMAIOBIRReiS B Cb B RrnfdprabP¥R A Sh &Y abBV AT e
compound. 10 153. The reactor of claim1 further
conprielybireservopagdsdiperves ava controNeblesseproe of eakpdyst-r ap and
a vacuumline fromthe trap to the punp, and further
conprising valves to and fromthe trap. 154. The
167eadhe keactor of ddinm | Iwhdnen ercell leenpemtisels neinipinedsabovathat of the

stainless steel. alloy cell,
catal%stsboat vshelch serves Xs a controlle&)le source of catalyst.

168. The reactor of claim 1 wherein a stainless steel alloy cell is preferably maintained

in the temperature range of 0-1200°C.

169. The reactor of claim 1 wherein a molybdenum cell is preferably maintained in the

temperature range of 0-1800 °C.

170. The reactor of claim 1 wherein a tungsten cell is preferably maintained in the

temperature range of 0-3000 °C.

171.  The reactor of claim 1 wherein a glass, quartz, or ceramic cell is preferably
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15 nol ybdenum cel |, a tungsten cell, a glass, quartz,
or ceramc cell. 155. The reactor of claim1 further

w@ermpiIRsshg at | east one of the group of an aspiT/a82904/010608

atom zer, or nebulizer togforman aerosol of the

Souﬁﬁﬁmﬁﬁc@ﬁmﬁéﬁ%ﬁwuéﬁ%ﬂ%@%ofﬁh%oﬁQ§CtOf of claiml

wherein the aspirator, atom zer, or nebulizer injects

the source of catalyst or catalyst directly into the

| a N : _ Con

R Ot or G £ RS imcRenf Bld ot Hdeh SARPLESLAI

sourthfeveasedjlssnmmhmaiﬁnttbe nan@ ofdgstetr t¢ h@aigh a f| ow ng

gas stream 25 158. The reactor of claim 157, wherein

the flow ng gas stream conpri ses hydrogen gas or

178! asie rgdfor Whdlsih Ieieréif nivlecaldflidd Atk hs@b \A%]&l%aﬁfal pressures in
catal yst. 159. The reactor of cIa|n1158 erein the

addithe vl isgurinteisedin thespnge,eftl 08 BYGF fod9401r30 hel i um
neon, or argon. 160. The reactor of claim1l wherein
the catalyst is dissolved or suspended in a liquid

1'ded iiﬂnmr@uwh obclainalt wherein datglybtyppitichpressurs s the rvsiselns ingintained
aer gsgl | i zne%l Ofyo 209 {0§ 61(1)58 PCT/ US2004/ 010608 60 161.
The reac%éﬁ 69" wherein the mediumis
contained in the catalyst reserv0|r 5 162 The
reactor of cJaim160 wherein the s | ution

USus pligraster 8}691%15& hivhigern deeipbet agialp waﬁgeplattee‘@%wt he
ves slinthieinGRY fah& 0fd86 mid:PR 20kbL. reactor of claim 162
wherein the carrier gas conprises at |east one of the
group of hydrogen, helium neon, or argon. 10 164. The

17'6eac"lthg I’reagfor 8% AIH? lléﬁerelﬂ’ﬁferfﬁthwnraterb? ife lgskrﬁ{%e?lg% r?]OOOOOOI tol

nprises at east one rou neon
or awg¢ﬁdhhﬂ$MXﬂﬁmH@$ﬂ&m &fsawﬂaehnﬁ catalyst and is
ionized by the plasma to format | east one of the
catal ysts He+, Ne+, and Ar+. 15 165. The react or of

1751 aiThe kedbhoe bEd1aim hehdein iR atddf A5 Fa 15 BL001 € 16sccm
mai ntained in the range of 5,000-5, OOO 00 C. 166.
The peeget of vesfel ¥0lagn 1 wherein the cell tenperature is
mai nt ai ned above that of the catalyst reservoir which
serves as a controllable source of catalyst. 20

178.  The reactor of claim 1 wherein the flow rate of the hydrogen gas is 0.00000001 to

1 standard liters per minute per cm’ of vessel volume.

179.  The reactor of claim 1 wherein the flow rate of the hydrogen gas is 0.001-10 sccm

3
per c¢m” of vessel volume.

180. one selected from helium, neon, and argon comprising a composition of the

plasma gas in the range of 99 to 1%.

181.  The reactor of claim 179, wherein the hydrogen-plasma-gas mixture comprises
one selected from helium, neon, and argon comprising a composition of the

plasma gas in the range of 99 to 95%.
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167. The reactor of claim1l wherein the cel
tenperature i s maintai ned above that of the catalyst
whoak/ovdeseh serves as a control | abl e source of PCT/US2004/010608
catal yst. 168. The reactomof claim 1l wherein a
184 ai THe@8Rtct e Bhin?l T9WheE&h theifowilhRle i3 hawmgamas%a%g
25 in the tenperature range of 0-1200C. 169. The
r eacnitureis 0c00800A01 tovh sterdard iteryweshibatewer el bf vessel volume.
preferably maintained in the tenperature range of
0-1800 C. 30 170. The reactor of claim1 wherein a
183ungBteasacaelof claimn Proetletdinthy flowi rateai the tydogdnisiasma-gas
tenperature range of 0-3Q00 C. 171. The reactor of
cl ai lﬁaxmlwé?r%%lﬂ%écav B¥m QAP voBimecer amic cel | is
preferably WO 2004/ 092058 PCT/ US2004/ 010608 61
mai ntai ned in the tenperature range of 0-1800 C. 172.
18ihe Theaeactor obelaig hfusther eomwrisinga adécdivevalve fontenmvelmf dower-
hydr ' ressures in the vessel is
naiﬁ%%%gg%ﬁ?%htngﬂ?ghge of 1 morr to 100 atm 5 173.
The reactor of claim1l wherein nolecular and atomc

drggen parti.al pressures in. the vessel is
1 Rl ok B D PERE PcleB b e Sty ey hvdrogen
The gredaets@bmpfises byt MbBsuisn cat al yst parti al
pressure in the vessel is maintained 10 in the range

of 1 ntorr to 100 atm 175. The react or of claim1l _
18’@?‘ e r'ﬁie'}eatclfbg of él%ﬁ{ Vﬁﬁ*th%oh%pﬁ%ingﬁ E51d Wafl ot Qré/%trlj{f) ¥ %ﬁ%gt ledst

mai ntained in the range o 00 ntorr to ore.

176.omFlaincreaset bindisig evérgy hydrogehsewponndhandfdilgmdrinapes aot

t he as is 0.00000001 to 1 standard liters per
nind?%ﬁgggmgnﬁ of vessel volune. 177. The reactor of
claim1 wherein the flowrate of the plasm gas is

0Q1 to 10 sccm . per cnB of vessel volune. 20 178.
18750 ThedELF OB bLEGHPESGHA 8F PR DO o 4 B sl and a
hydrigan eﬂa@ﬁ%}gﬁs 280098864 diQtrode &I}%&%{ RIF biabBl RaB6L a2 -

m nute per c of vessel volume. 179. The reactor of
cl aimaessuniged ges qrengli eeaptiop w gpadischerze erpghipelterge migesave sell

0. O%érég r%@t%fpaﬁc?'? c&*ﬁﬁinm o?g gl%glscﬁs%ilarég !:ellllrg%d a :l'lﬁgrowg%eand
sel ect rorh hel Tum neon, dand argofR conprising a
conpuRiFtplasmagéactdn @/herein the power supplied to the cell is pulsed or

intermittent.

188.  The reactor of claim 187 wherein the frequency of alternating power may be
within the range of at least one of about 0.001 Hz to 100 GHz, about 60 Hz to 10
GHz, and about 10 MHz to 10 GHz.

189. The reactor of claim 187 further comprising two electrodes wherein one or more
electrodes are at least one of in direct contact with the plasma and the electrodes
may be separated from the plasma by a dielectric barrier wherein the peak voltage
may be within the range of at least one of about 1 V to 10 MV, about 10 V to 100
kV, and about 100 V to 500 V.



pl asma gas in the range of 99 to 1% 30 181. The

reactor of claim 179, wherein the hydrogen-pl asma-gas
worRoo0e®sgonpri ses one selected from hel i um PEDNS20841010608

argon conprising a conposgtion of the plasm gas in
190D€ THaRABoPEE Aim! 1R9 FAther Mp’r%%/ 2PRZQ8Re antenna to deliver power

PCT/ US2004/ 010608 62 182. The reactor of claim17

whertethe plasmaf | ow rate of the hydrogen- pl asma- gas

m xture is 0.00000001 to 1 standard liters per m nute

per cnB of vessel volunme. 183. The reactor of claim
19179 Tk egaetionof digimf 1 Wheremtthe coll corhgrisby sl glogetischdrgseddl- gas 5

m xture.i,s 0.001-1Q sc er cq& %é vessel vol une.

184 CORRESISEY ¥es h?)‘fm%? ir PRI H A COR B Y Y O

sel TGS gfé’dtémh&cahnés%ﬁ&iéaé scifcel P WRic BISSESY, A tathods) an

product s. 185. The reactor of claim1 wherein the

sel @evd%fhﬁcl}aw&sr Jopise e Rpdicy ¢ elpyudisdiarge PlRsBaAcpYice of

co d eact or of

R S LA I T L T

which at | east one of increased binding energy

ydr.ogen co ri.no

! RGO TR IR W B B R e it cx puped.
| east on of the group of an rt- pI asma cell and a
sgl asma el ectrqolysis reactor, rrier el ectrode

eadig Feactgpolrgiaipy 192 phepeanan ffsct Vé’ﬁa%?rlég"stw‘f“z%ﬁ angR00 Vor

ene rtﬂ%’offs@?&ﬁt@ o is Set964Prodids § RIAIRIRBL T §Ycrh GRS Plom. @
m crowave cell 20 energy reactor, and a conbination of

a gl ow discharge cell and a m crowave and or RF

I a l.
9gf Slrﬂ? of Bpé’lalm %l{é{etuh?l B@é@fre ur% rlée lgegxéféoe?x Oto ?rﬁi OO
187 MHem&l andutheyclerie tetenay0. P and 986 nat i ng power may be
25 wthin the range of at |east one of about 0.001 Hz
to 100 GHz, about 60 Hz to 10 GHz, and about 10 MHz

1950 e @detor d8HaimTive coMPEIIRY a BITlo®! caihde €ofnpfridingR&bmpound
conprising two el ectrodes wherein one or nore

el eclecBedecompasing muiiipls elepiadesn pegicspr Ragallelhafimast ocGiny
t he sPhRHER RGN JFeheSofifnld FURSeacki. MY be separated

fromthe pllasma by a dielectric barrier wherein the
peak voltage may be within the range of at |east one

19%f 3]?10 IH6 0{/0§ clalgié%S\(}ompggn uﬁlul%lgle\ﬂoflow c.'g,)tgodes n pararflgzl so that a

abo
desired electric field is produced in a large volume to generate a substantial power

level.

197.  The reactor of claim 196 comprising an anode and at least one of the group of
multiple concentric hollow cathodes each electrically isolated from the common

anode and multiple parallel plate electrodes connected in series.

198. The reactor of claim 191 wherein the discharge voltage is at least one of within the
range of about 1000 to about 50,000 volts; the current is at least one of within the

range of about 1 u A to about 1 A and about 1 mA.
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WD 2004/ 092058 PCT/ US2004/ 010608 63 190. The reactor
of claim 189 further conprising at |east one antenna
wo eood@ebioser power to the plasma. 191. The r eartDUSTN4/010608
claim1 wherein the cell @&onprises a gl ow di scharge
19¢g.el Théreaaoisfickiim g9 Bwhesiaahe foanet BGpplicdng ah elierfAia bhigendf
contai ning a vacuum or pressures greater than
at né’%%eri c, a source of atom c hydrogen, a cathode,
an anode, a discharge power source to produce a gl ow
di scharge plasma, a source of atom c hydrogen, a
20¢.oubereaftorefictaing 499 wherdindhe,/ Geauemay peiapeastigithin the rarige of

rea ' K, t i r '
B A O A s e
wherein an offset voltage is between 0.5 and 500 V or
he_offset volta IS set to provide field between 1
20} o e 53y QL 158 Shudiing o Plediodst wBrreiont pr o
wheggitided e RUIIERt donReUSICthe bBsgt Wween 0.1 Hz and 100
MHz and a duty cycle is between 0.1% and 95% 195. The

reactor of claim 191 conprising a holl ow cat hode

2080MRhd RLAG: & HAHRAL Afleretl tﬁéﬁieﬂé’ gﬁta%ﬁ T b3k R AL RS st

el ectrodes in series or para at may occupy a
substaunt iVatio 19MY i abnutdd ¥ toel 00 &V amsl abloutt 196 V¥ f0 6. 196.
The reactor of claim 195 conprising multiple hollow
cathodes in parallel so that a desired electric field
208.s phoftacecbfichim 1bht@eapristigamentémnigein of giled@urrent wherein the

substantial power |evel. .25 197. e reactqr of claim
1960%%%?1%? F?ga\{@ﬂ“é’%&fgw‘&ﬂ’aa’ﬁtm}géﬁ £bogh S&ahOHteSOaf‘éaiaset

of 1 pth{iliPh Gl @RS 6.1 §7/ARd HBLCRAIVIRAESAGREN to provide a field
electrically isolated fromthe common anode and

mul betpeen 3haptl Vism tglabeus 1@ Véam;thedesk rodiagreis pelgast pne of within
ser|i t [ 9 [

o s Hfdenad e ditde 1 115 10 87180020 sl ANt diiE00 v 8300
of &btnetpulsd Gidqueacyais euithinghe R0ge of@birg;1 to hisout ROG Bntand thealuty

| east .one of within.the range.of t.1 A to abo

) Al e O bl st HoSe BRH vestiy bdeg 1%
64 iPHouildves.r eact or of claim 191 wherein the power is
applied as an alternating current (AC).

204.  The reactor of claim 1 wherein the cell comprises a microwave plasma forming
gas cell comprising a vessel having a chamber capable of containing a vacuum or
pressures greater than atmospheric, a source of atomic hydrogen comprising
plasma dissociation of molecular hydrogen, a source of microwave power, and a

source of catalyst capable of providing a net enthalpy of m -27.2 +0.5 ¢/ where

m is an integer or m/2-27.2 +£0.5 eV where m is an integer greater than one.

205. The reactor of claim 204 wherein the source of microwave power is a microwave

generator, a tunable microwave cavity, waveguide, and a RF transparent window.

206. The reactor of claim 204 wherein the source of microwave power is a microwave

generator, a tunable microwave cavity, waveguide, and an antenna.
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200. The reactor of claim 199 wherein the frequency is

at least wthin the range of 5 about 0.001 Hz to 1
w@king/oatestit 60 Hz to 100 MHz, and about 10 t o RODUKER4/010608

201. The reactor of clai 5199 conprising two

el ectrodes wherein one or nore el ectrodes are in

di rect contact MAHPW | asma. 10 202. The reactor of

20| albs septongh sleim A0 eff)‘éé‘h@ igromaYes arsuaed 1Al ¢ hin
t henfanese Qhvity2Qidd b wavk 1&60 axM‘/are adiReted Jccpthyvéééeﬂeﬂgxgh
kV, and about "100 V to 50 03. The reactor of
clamﬁﬁigmmﬁ@ﬁﬁﬁﬁ@ﬁﬁg an |ntern1ttent or pul sed current
wherein the offset voltage is at |east one of within
the range of about 0.5 to about 500 V, is set 15 to

20%r oVhakeadorfdf elaiin 204 whaeit td rickéwanestare mbelity Hidnable m

and is set t rov e a field bet n a 1 Viecmt
o OGP S ey e ¢ S od (g g ioueh
W t {he Bntehitae range of about 1 Vto 10 MWV, about 10 Vto
100 kV, and about 100 V to 500 V; the pul se frequency
is wwthin the range of about 1 to about 200 Hz, and
hepglit,
208 oY Shinats gebRARL 806 pGRNG aRE B
204¢ellThe reactor of claim1 wherein the cell conprises
a mcrowave plasma formng gas cell conprising a
vessel having a chanber capable of containing a vacuum
21@r  The estor 6fcl4meaB ewherdi theahlREib €itlice insile SOoUtsIGe 6ffthe
atoni c hydrogen conprising 25 plasma di ssociation of
mol €l ar hydr ogen, a source of m crowave power, and a
source of catalyst capable of providing a net enthal py
of in 27.2 0,5 eV where inis an integer or in
21}.2. ‘Pl 1pactey. of claim @b pdiefei the migiowave @grarateyr apeipesahlgpst one
one I 0
£ ok B B QPR oSt bt halfRER Bl iin At
t unmbd:ees, gyrotrowpard feaelettygn lgevegui de, and a RF
transparent wi ndow. 206. The reactor of claim 204
wherein the source of mcrowave power is a m crowave
217 enThereadtor of clatii a3, vhBiell BY\RYRow ¢ ivtiNdow\ebigalisésta Aladitha
an antenna, WO 2004/ 092058 PCT/ US2004/ 010608 65 207.
TheO W&HE BindB¥- c| ai m 204 wherein the nicrowaves are
tuned by a tunable mcrowave cavity, carried by
wavegui de, and are delivered to the vessel though the
21RF Thensaqierrad alaimi2itiwhereis tiRogsselris @ miergwavn regsiatot eavity.204
wherein the m crowaves are tuned by a tunable

214. The reactor of claim 204 wherein the cavity is at least one of the group of

Evenson, Beenakker, McCarrol, and cylindrical cavity.

215.  The reactor of claim 204 comprising a vessel comprising a cavity that is a
reentrant microwave cavity and the source of microwave power that excites a

plasma in the reentrant cavity.

216. The reactor of claim 215, wherein the reentrant cavity is an Evenson microwave

cavity.
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m crowave cavity, carried by wavegui de, and are

delivered to the vessel though the antenna. 10 209.
wab@4nemest or of claim 208, wherein the wavegui BET/S2004/010608

either inside or outsideggf the cell. 210. The

reactor of claim 208, wherein the antenna is either

inside or outside of the cell. 15 211. The reactor of
217! aiim 28dor ofklaing R0v whereinithemoinmweve Bequerdysf thesapice ss

Elt yélgec?%%qasvg %ﬁg&rﬁéﬁ&%cﬁegg% gfﬂ% en{ 8%%;5 eolsl’*rgcg %ﬁi@eﬁ ﬁtoﬂprﬁ&ecular
gyrejdepen, and free electron lasers. 20 212. The

reactor of claim 205, wherein the m crowave w ndow
conprises an Alum na or quartz w ndow. 213. The

21§ C28h el F lcﬁﬁﬂ?é’@@hé’i@ﬁ R Iﬁlcw%%vé/ f8qiRhcyl oF tie Bk pinave

resonator cavity. . The reactor of claim 204
whemidrowavie@owanip tsgleqtfsi tatefﬂc@aﬂx fosmdonsfihat peEveyrssraiglysts from a
Evegoson f%sgt ﬁkker McCarrol, and cylindrical cavity.
215: u]f“'he reactor of claim 204 conprising a vessel
conprising a cavity that is a reentrant mi crovvave

av C cr owav.e exci s
2187 bRl A i Ol Shetiin e oy Cp ¥ e S EABE
of  fdifi e andMiE6ina FIJT € NeCOlir aN! regtvtidely.i S an
Evenson ‘m crowave cavi ty WO 2004/ 092058

PCT/ US2004/ 010608 66 217. The reactor of claim 204
223Vh € rl"ﬁé {éaétgleoma% meflfg@tqg%ﬁﬁ?&aqg ﬁ%&\ﬁm@}p&fftﬁ@sogfce of

power is se to efricrently formatomc
hydmcgem\fermmems lirethe Iraange ohlyMitlzge h00 6H218. The react or
of claim 204 wherein the m crowave frequency of the
source of mcrowave power is selected to efficiently

221 Or Mhé RS0t dFalai Q0¥ &/hasinahd AlcyGiase fiequeney ofsheontre of
catal yst. 10 219. The reactor _ of cl 8I m 218, wherein
t he TEFAVEW RoWeRimfhs sanes AbOEMHZ9 L GHEnpr i ses  hel i um

neon, and argon and He +, Ne+, and Ar+, respectively.

222.  The reactor of claim 204 wherein the microwave frequency of the source of

microwave power is in the range of 75 MHz = 50 MHz.

223.  The reactor of claim 204 wherein the microwave frequency of the source of

microwave power is in the range of 2.4 GHz + 1 GHz.

224. The reactor of claim 204 wherein the catalyst is atomic hydrogen wherein the
hydrogen pressure of the hydrogen microwave plasma is within at least one of the
range of about 1 mtorr to about 100 atm, about 100 mtorr to about 1 atm, and
about 100 mtorr to about 10 torr;  the microwave power density is within at
least one of the range of about 0.01 W to about 100 W/ em® vessel volume, andthe
hydrogen flow rate is within at least one of the range of about 0-1 standard liters
per minute per ¢’ of vessel volume and about 0.001-10 sccm per em’ of vessel

volume.
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220. The reactor of claim 204 wherein the m crowave
frequency of the source of mcrowave power is in the
WO 2gm9F8 1 MHz to 100 GHz. 15 221. The react oPCD1S2004/010608
cl ai m 204 wherein the mcrggwave frequency of the
2B0UIff 1@ctor BF SV 04K IRAAE the pﬁwélrﬂehﬁ%/ JreRABuRE of’@aé}ﬂﬂépower
to 10 Giz. 222. The reactor of claim204 wherein th
i crioGAy &V fo Ky’ whset tdumour ce of 20 ni cr owave
power is in the range of 75 MHz 50 MHz. 223. The
reactor of claim 204 wherein the m crowave frequency
226t (TRe Radt6rod cliim 204 eharviavies @ellied micBowdve kddondt@rvgeityof
2.4 Gz 1 GHz. 25 224. The reactor of claim 204
wherein the catalyst is atom c hydrogen wherein the
227y dr PRERaAGESTIHIR 204 whiBin N6 Bf ﬁﬂc%v@%@\é@pf%@siﬂ%iélﬁ
wthin at |east one of the range of about norr to
abounic@vepeIer dpesify to the ceH terienizan spptsqf datalysiio fpm the
aboyf,..: norr to about 10 torr; the m crowave power
den3|% I's within at |east one of the range of about
0.01 Wto about 100 W cnB vessel volunme, andthe 30

dr is.wihin at ne of the range
24N 8 iectsr S b s RniblndheoBise PR Epdisct g s oo
Ves sfheiith,4&Bn, 3R %aﬁ) Rforia @aéu%sl QuohGis T NeTIHRA 7" |
vessel  vol une. 2004/ 092058 PCT/ US2004/ 010608 ’ 67
225.1espeetivielyact or of cl ai m 204 wherein the power
density of the source of plasma power is 0.01 Wto
100 WcnB vessel volune. 226. The reactor of claim 204
22fher &hewebdter afelaim 284 whekintinvaicewaes povedroourcaforhya 5
227. The r tor of claim?204 wherein the source of
mcrri?%g\‘ﬁi aE ffes sufficient microwave power density
to the cell to ionize a source of catalyst to formthe
catal yst. 10 228. The reactor of claim 227, wherein
230ne Hisuracter f clait 229 herein fs i@ WavepORer $quES(or gpRlicatgk is an
hel |dﬁf&m§%gegque,ggcg%to forma catal yst such as He+,
Ne+, Ar+,~ respectively. 229. The reactor of claim
204 V\herel n the m crowave power source fornms a 15

2310 ntﬁ%rrgé%kor Bk‘ &ziP227 wherein the microwave power source forms a

nonthermal plasma.

232.  The reactor of claim 231 wherein the microwave power source or applicator is an

antenna, waveguide, or cavity.

233.  The reactor of claim 232 wherein the species corresponding to the source of

catalyst have a higher temperature than that at thermal equilibrium,

234. The reactor of claim 233 wherein the source of catalyst comprises at least one

selected from the group of helium, neon, and argon atoms.

235.  The reactor of claim 234 wherein higher energy states such as ionized states of the

source of catalyst are predominant over that of hydrogen compared to a
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230. The reactor of claim 229 wherein the m crowave
power source or applicator is an antenna, wavegui de,

w@eroosaviosy. 20 231. The reactor of claim 227 WeT/@52004/010608

the m crowave power soura® fornms a nonthermal plasna.
232¢0rbBoniRg ehiedihalqflasfila dihetedBdkcitdibt@tbs bihéroginciionay e
power source or applicator is an antenna, waveguide,
or prademipant5 233, The reactor of claim 232 wherein
the species corresponding to the source of catalyst
have a hi gher tenperature than that at thernal

23@quTThé teadtomf cladn 204 ¢renprising elurality of sourpeP@migresvase powdie
source of catalyst conprises at | east one 30 selected
fromthe group of helium neon, and argon atons. 235.

237 heTheradtor of @fairti 236 Wheidid thidh plueility dfingibwewaenenugys &t ateds
such as ionized states of the source of catalyst are
pr eSIBMHIFSAPSBver that of hydrogen conpared to a WO
2004/ 092058 PCT/ US2004/ 010608 68 correspondi ng
thermal plasnma wherein excited states of hydrogen are

23%r edbavicnctor of clzds 24 Tivkerpia dka ivwralify of MHGTPRVINT AOMEFHFOMBTIH
ap sources of mcrowave power. 5 237. The
reaig?%lr%ﬁo#%%: g im236 wherein the plurality of
m crowave sources are used SI rrultaneously 238. The

23 holrodorn PR O AR S BB Rt blagme 550

Themhr@giddbyahultiplaEmnddcanhies epefatédia pﬁﬁaelt or forms a
nont hermal plasma rmai ntained by nmultiple Evenson
cavities operated in parallel. 15 240. The reactor of

24@' aTHé &éﬁmt $Rlaith 936 Wt B 1Rl @ﬁ‘&lccﬁﬁ}ﬁﬁéé aS(?ﬁrtﬁc&p@ﬁﬁ z

Evenson cavities spaced al ong
I on@vmsdn ereviitiea spased ddang, therlongipudinat ovis.of cl ai ns 204
wherein the frequency of the alternating power is at
| east one of within the range of about 100 MHz to 100
24GHz Thadeactdbr dﬂbﬂnﬂwﬁ-lZOét whetdin thE(Tre@téncy afitle alleonsting pGtr i «

0 50 o SRl e UGS ST o

abogfz1 M bl 1 @R 10160HE 6 about 2.4 GHz + 1 GHz, the pulse frequency
is at least one of within the range of about 0.1 Hz to about 100 MHz, about 10 to
about 10,000 Hz, and about 100 to about 1000 Hz; the duty cycle is at least one of
within the range of about 0.001% to about 95% and about 10%; the peak power
density of the pulses into the plasma is at least one of within the range of about 1
Wiem® to 1 GW/em?, about 10 W/em® to 10 MW/cm?®, and about 100 W/cm® to
10 kW/em?, and the average power density into the plasma is at least one of
within the range of about 0.001 W/cm? to 1 kW/cm®, about 0.1 W/em® to 100
W/cem®, and about 1 W/em® to 10 W/em®.

242. The reactor of claim 241 wherein the source microwaves comprise at least one
from the group of traveling wave tubes, klystrons, magnetrons, cyclotron

resonance masers, gyrotrons, and free electron lasers.
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about 10,000 Hz, and about 100 to about 1000 Hz; the
duty cycle is at least one of wthin the range of

W@keunINsH01 % to about 95% and about 10% t heP@EPEK2004/010608

power density of the puleges into the plasna is at
248 easIthe RAEtoPEF MifaiaD WhBRin tﬁ@%ﬁwe@fls ARMHed iR an ?Hﬁer.t o1l
cnB, about 10 WLCnl3 to MN cnB, and about 100
VVan to 10 kWcnB, and the average power density

o7 G Bl g 2 She kR, R oy S R85

100 at Médst ot ofantagabivait with #udsed high vbltagdfto GreBnagnfonzad a

The reactor of cl ai 41 er ei.n our waves

o o e Gnefn Grrrep A Ty oSt by s Ree o ees e o 4t

Vav Qe sourdé sichl s @A Slectfoaggt r ons, cycl otron

resonance masers, gyrotrons, and free el ectron | asers.

WO 2004/ 092058 PCT/ US2004/ 010608 69 243. The reactor
243f %g&é&t%%af eml%rleeoﬁl LS8 RORE la'sﬁa?dﬁ?lll géaggelmo%n‘%ﬁg a

anplitier eactor of claim241 wherein the
pul seselra suneeeof e@np@lmirogu fromeRIEplagmd desociation dfezndecubne

maelPar: At RuBt GG S bl RE e it sty
suppifired7ly+e.5em \sﬁerem slaﬁﬁntdsgaﬂ& AV D7+ 08 ST twhee m is an
sour.ce such a% an el ectron gun. 245. The reactor of
claﬂﬁ?§”§@ﬁ§¥§§?ﬁﬁ'an RF plasma forning gas cel
conpr|5|ng a vessel, a source of atom c hydrogen from
pl asma di ssoci ation of nol ecul ar 10 hydrogen, a

24§o u ﬂ&l@ regptoRpf Paimeds vawieinthe RF apyetis eanseitively ef inductively
pro enthalpy of m 27.2 0.5 eV where m
is ahﬂyn 83%$%gr in/2-27.2 0.5 eV where mis an
i nteger greater than one. 246. The reactor of claim

%ﬁﬁgdfgg%gbgo}anggaEw@%rg%%yﬁ%@%gpFe&gl ‘o;he r eact or

of claim245 further conprising two el ectrodes. 248.

The reactor of .cl aim 245 conpr|3|%£ a coaxial cable
248onride reagior of 4w 245 semerire » 2gxial @blercgrectsd iathe sagverd
CeNteRl GRMUCIRial fSr colifrdreact or of clai m 245
conprising a coaxial center conductor connected to an
external source coil mhlch I's wapped around the cel
24%5 21%19 reaI!g? of %ﬁﬁlt 5 9 1? % %Qo%}%l%l Ml%% gdnﬁu{tgreco‘ﬁl?&%%ld% a
enter " eondoctor connet 0 an ernal source coft
Whl chtetmal sausgepeil whichuseirappedl at@intd theatetti nat es wi t hout a

250. The reactor of claim 249 wherein the coaxial center conductor connected to an
external source coil which is wrapped around the cell terminates without a

connection to ground.

251.  The reactor of claim 249 wherein the coaxial center conductor connected to an

external source coil which is wrapped around the cell is connect to ground.

252. The reactor of claim 251 comprising two electrodes wherein the electrodes are

parallel plates.
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connection to ground. 251. The reactor of claim 249
wherein the coaxi al center conductor connected to an

wQ@noaxem®ssal source coil which is wapped ar ouPdI/URm®04/010608

cell is connect to ground7o 252. The reactor of claim
251 conprising two el ectrodes wherein the el ectrodes
are parallel plates. WD 2004/092058 PCT/ US2004/ 010608
2530 g reatierof daigu252 Wherein diepng shthonwrplisl plaferrlecyndesdy
the I I power ed and the
éBQ?EHg%%%gcﬁkgmggﬁﬁggﬁngﬁlgﬁ254 The reactor of
cIa|n1247 mhereln t he ceII conprlses a Gaseous

| ectron C
25806 TR ot o ZhTwhSuh Herki CRLSEEf oo Bibirosies
mer@n&réﬂa@(@cm‘!&énde@eﬁtor #daBRatMrizherddt. 256. The
reactor of claim 249 wherein at | east one wall of the

cell wapped with the external coil is at |east

2938 ol bANSRAIAS Whefeth b RFR5we S bt A 46257 The
reactor of claim 245 wherein the RF frequency is
preferably in the range of about 100 Hz to about 100

t or  Qf [

2P e RSB or R 20305 e Tt r g o8k Bidbpld g
to &b&tﬂal ddilis MHezast ﬁfrﬂally‘lffhﬁspfaﬁaactoahe RF exditation. 245
wherein the RF frequency is preferably in the range of
20 about 13.56 MHz 50 MHz or about 2.4 GHz 1 GHz.

29/60.ThER&clof 8L 418M 211f5 vmeaalmha R@qwaﬁén‘éy RGrérbrablf Gt kah@b ¥f
coupl ed toroidal E asma cel conprising a vessel, a

sourabeutdP0 Hedernkouh iy Gden conpr|5|ng RF pl asma

di ssoci ati on of nol ecul ar hydrogen, a source of RF

power, and a catal yst capable 25 of providing a net
258nt Hide pgactwf of ¢laim2Z 53vhetkirbthe RVitegnancy i preferablyiimthe gramge of

in /2 2T7. 0. e inis an integer greater than
onef%?éfJékﬂgaa%gz@qﬁﬁ%ﬁ clai m 260 conprising the
Astron systen1of Astex Corporation described in US
Pat ent 150, 628. 30 262. The reactor of .cl.ai m 26
2% wp?he§¢%q@r af Spiprado hsreinthe RE feeanens is Rrefprabliydn the gapge o

The a!BG@cqts%(SI\@ﬁzCF'ﬁiMH%@@a&ﬂFPﬂtﬁiznﬂ 18141 mary of a
transforner circuit driven by a

260. The reactor of claim 1 comprising an inductively coupled toroidal plasma cell
comprising a vessel, a source of atomic hydrogen comprising RF plasma
dissociation of molecular hydrogen, a source of RF power, and a catalyst capable
of providing a net enthalpy of m -27.2 £0.5 eV where m is an integer or

m/2-27.2 £0.5 eV where m is an integer greater than one.

261. The reactor of claim 260 comprising the Astron system of Astex Corporation
described in US Patent No. 6,150,628.

262. The reactor of claim 260 comprising a primary of a transformer circuit.

263. The reactor of claim 260 comprising a primary of a transformer circuit driven by a
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WD 2004/ 092058 PCT/ US2004/ 010608 71 radi o frequency
power supply. 264. The reactor of claim 260 conprising

w@2@iopsy of a transforner circuit wherein tPET/PEASHE10608

is a closed | oop whi ch acyp at as a secondary of the

tr ansfiof &R)I'—I{O%H 5 265. The reactor of claim 260
wherein t frequency is in the range of about 100

Hz to about 100 GHz. 266. The reactor of claim 260

23 o AN DR BB
260 thdyasedanis b biesddHodr eljtieants/at isa sacotdaey ofdingeansformér@irtuit.

13.56 MHz 50 MHz or about 2.4 Gz 1 GHiz. 15 268.
The reactor of claim245 wherein the frequency of the

268F PMRWRSacios ofdlaiinERD twheReh 186 RFifRRqhdhSy Isah BR r&ge 3Psbsht 1000z
Hz to about 100 MHz, about 1 kHz to about 50 MHz, and

abou¢ abogt 5K ®Hg. 50 MHz; the pul se frequency is at
| east one of about 0.1 Hz to about 100 MHz, about 10
Hz to about 10 WMHz, about 100 Hz to about 1 MHz; the
266ut )Theyciabwr pEclaim 160 adteregmibe BF fiequankpisimthgaange ofighwyt 1 klz
10/ tg W 95% 20 and about 0.1%to about 10%
the b density of the pulses into the plasm
is at Ieast one of within the range of about 1 Wcn8B

to 1 GWcnB about. 10 WcecnB8.to 10 MNcni,, and out
2600 T R pEPLAI ARSI R BT iraUSRF Fodn e iRl about 13.56

densirizy + 56 QR RS ARG IS+ atgiligast one of within the
range of about 0.001 W cnB to 1 kWcn8, about 0.1

Wcen8 to 100 WenB, and about 1 WenB to 10 25 WcenB.
69 ; . ; _ .
268 Tht;tle%c 2 3F R D ua{e?éét@g Fgﬁtﬁe@g ‘?h%%%p p@lgtrﬁgaga@t HEDE

or m ng el ec
ves s& th,e rangeaf himielo(hﬁtiz mrabokg, 10& VI, elodut b kil éq ab@utﬁ()gMHz,

vol t age [ wer .suppl ¥, and a st

ot oot 1555 MR R D ARTAT " R ERBe oo BB« isRol s about

0 5 eMIYRLAHRUMO00MES), abbiited €Tz t& ibdub 10 I\/H-Iz, %u?lOO(HiStOQVout 1
where mis an integer greater than on

2004 Ha2bs dutpeyiis 2ot erepy agthe yange ?ﬁabomoqléa@ta@w&é%
cl ai aﬂﬁgﬁ%ﬂ Whes iaBodtNB2y 0! t agR desk pdvek BérsTtRBGRe fflsel Bnik Yhe

and
plasma is at least one of within the range of about 1 W/cm® to 1 GW/ cm’ about

10 W/em® to 10 MW/ cm3’ and about 100 W/cm® to 10 kW/cm®, and the average
power density into the plasma is at least one of within the range of about 0.001
W/em® to 1 kW/em®, about 0.1 W/em® to 100 W/em?®, and about 1 W/em® to 10
W/em?.

269. The reactor of claim 1 wherein the cell comprises a plasma forming electrolytic
cell comprising a vessel, a cathode, an anode, an electrolyte, a high voltage
electrolysis power supply, and a catalyst capable of providing a net enthalpy of
m-272 +0.5 eV where m is aninteger or m/2-27.2 £0.5 eV where m is an

integer greater than one.
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current density in the range of 1 to 100 A/cnR. 271.
The reactor of claim 269, wherein the cathode

wherein the anode conprisé? platinum 273. The reactor
270, cTiai 1eacZ&rdf ekl 26 wiidiein th%tvalta@tis mahPhhseR)-50 kV edithe
one selected from the (1;rou i, Be, K Ca, Ti, V,
Cr, uentdensitydn thejrangegf Iyl OA@{cm e, Kr, Rb, Sr, 10
No, Mo, Pd, Sn, Te, Cs, Ce, Pr, Sm &, Dy, Pb, Pt,
He+, Na+, Rb+, Sr+, Fe3+, l\/be+, nD4% K+/ K+, and | na+.
27174, Thbeeacteneftctaim@h9,oftwiam e Qathdrtsrcemprisdsdungsibml yst i s
formed froma source of catalyst. 15 275. The reactor
of claim 274 wherein the source of catal yst conprises
2W. | absicactorof chih @69 ellertinahe drode inaptRedflatiium, Be, K,
Ca, Ti, V, C, M, Fe, Co, N, Cu, Zn, As, Se, Kr,
Ro, Sr, Nb, M, Pd, Sn, Te, Cs, Ce, Pr, Sm G&d, Dy,
2P0, e reddstof Naitn 269%H‘erel§fh'é acatgﬁlg’t"'oon%%g at @ Ene deldtbd from

and K+l K+. 20 276. The reactor of Cclaim 275 wherein
t he the a&#noﬁLleB@,rI%I%Ts Ve Cs i FgeCas it Gy &Lnnids, ek, Bhér

|t oo ot 51 Vb €= RO SR G du PRk P g P 7

r ang@rdf, asfouk /& lamdA¢m3 to about 1 A/cnzS and about
" mNcrrB, the of f set vol tage i s bel ow that which
causes electrolysis such as wthin the range of about

27% 0086t B2 ARRY Elaihn JooMy e&é]ﬁt}@%@ﬂély%’ﬁ% go%%gd %n'a% ke 2%@?y§t

within the rangeo out 1
to 100 kV, and about 2 Vto 1 KkV, the pulse frequency

Wit hi.n.the ran f,about 0,1 Hz to
213 ool St e e SO SN Rl QP Prsengt ol one
dut yselzyet ﬁonﬁthagro{qeaﬁlh B &K, Oh, TYW1 Of, M, IFe, Ca MG ¥n, As,
about 0.1 %to_about 95%and about 1 %to about 90% ,

30 2%7 K Skt Mos PorSneTaiGh Go. WheloiGH, DiePty 861 He', Na”,
CONPR}S&s+ ar %sadMB%f rﬁoqueﬂlayan(i@ I?arrl er electrode
e

di scharge cel |’ conprisi’ng a vess a source of atomc
hydr ogen fromthe RF plasna di SSOCI at| on of nol ecul ar

0] 5531558 B0t on B9 SeEio s g polges witin

c at athy fing€ 6fRdbAtE 006 toibet Sj009 valts) Ble cBRéM a{t@me@fecmlyte is at
27.2 0.5 eV where mis an |nteger or m/2-2

eV vt enaafivgthithe rnggefabgitdar &f cm harbowred/ cm and about 1
mA/cm®, the offset voltage is below that which causes electrolysis such as
within the range of about 0.001 to about 1.4 V, the peak voltage at least one
of within the range of about 1 V to 10 MV, about 2 V to 100 kV, and about 2 V to
1 kV, the pulse frequency is at least one of within the range of about 0.1 Hz to
about 100 MHz and about 1 to about 200 Hz, and the duty cycle is at least one of
within the range of about 0.1% to about 95% and about 1% to about 50%.

277. The reactor of claim 1 wherein the cell comprises a radio frequency (RF) barrier
electrode discharge cell comprising a vessel, a source of atomic hydrogen from the

RF plasma dissociation of molecular hydrogen, a source of RF power, a cathode,

5 272. The reactor of clefTUHBP4/010608
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5 278. The reactor of claim 277 wherein at | east one
of the cathode and the anode is shielded by a

wolz@umedoss ¢ barrier. 279. The dielectric barriRCT/O82004/010608

claim278 conprising at | &ast one of the group of

gl asdh anodd) afid Zcataystitdphicle ofprdvidRigatictentihby3®: - 2T0€+ 0.5 o7
reactor of, claim 277 wherein the RF power nm

be
capatiers Felsyn dUESF ¥ { D 27t%né OdeAl] Whog 1%n¥aeaerea¥er #n
cl aigpe277 wherein the el ectrodes are external to the
cell. 15 282. The reactor of claim 277 wherein a
dielectric |layer separates the electrodes from the
[ . T e | ai.m 277 .wherein the
288 oo P 20 AR fleRo ki d WRebe B gt
f r ecphéshizg by 2@iklectifedbarrizact or of cl ai m 277 wherein the
RF source of power conprises a driving circuit
conprising a high voltage power source which is
271 P alHetidMctit Wi ioblaii 2783 chpRiling MNSARS ST RN glass,
circuit. 25 285. The reactor of claim 277 wherein Fhe
f r eqliefieAliminppndgeramignge 100 Hz to 10 GHz. 286. The
reactor of claim 277 wherein the frequency is in the
range 1 kHz to 1 MHz. 30 . 287. The reactor of claim
28077 Whereadtor dfickirh R€hwherein thesRF povdnenay dna gapabitit€ly kdpled to
2881:J&%_reactor of claim 277 wherein the voltage is
in thé'tange 100 Vto 1 W WD 2004/ 092058
PCT/ US2004/ 010608 74 289. The reactor of claim277
éhenﬁ#n t he volxggﬁ is in the range 1 kV to 100 kV.
2890, Thepgeacton gb¢laim o7 whesimibs plecifgiss are sxiemel ipdhacslie i s
inthe range 5 to 10 kV. 5 291. The reactor of claim
277 wherein the frequency is at |east one of within
282ne Thenepstor of claipolft’ wWiweeing dielsciaip dayer stpar@elythe alodiurdes from
NPE%h?&ﬁw@ﬁPUt 5-10 kHz, and the voltage is at |east
one of within the range of about 100 V to about 1 M,
about 1 kV to about 100 kV, and about 5 to about 10
292, The reactqr of claim.l wherein the plasma
24 The Teptor GEGp A g ﬁ}wﬁirﬁlﬂm voliggq may b A and may be

cor negRr@eng. to a source of the catalysts He+, Ne+,
and Ar+, respectively.

284.  The reactor of claim 277 wherein the RF source of power comprises a driving
circuit comprising a high voltage power source which is capable of providing RF
and an impedance matching circuit.

285. The reactor of claim 277 wherein the frequency is in the range 100 Hz to 10 GHz.

286.  The reactor of claim 277 wherein the frequency is in the range 1 kHz to 1 MHz.

- 287.  The reactor of claim 277 wherein the frequency is in the range 5-10 kHz.

288.  The reactor of claim 277 wherein the voltage is in the range 100 V to 1 MV.
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293. The reactor of claim1 wherein hydrogen is fl owed
into the plasma cell separately or as a mxture with
WwW@renIpPFasna gases such as those that serve aBCHUBSI00€610608
of 15 catal ysts. 294. Th@4reactor of claim 293
2880 erBieRedcttR of E18i TAtwheRfin thBQokak & M e 19@R 1V RyidORYEN-
catal yst gas m xture such as at | east one gas sel ected
for the group of hydrogen, argon hel i um
g s at
o B A N e e YIRS e 5 0080001
to 1 standard liters per mnute per cnB of vesse

23§51 i oS PR bt B B o B AR e range

per afabage0®Hz tdebosOLN GHz, @bowt atl\&Hy,Sihd glﬁiilt 5n0 &Hzmmtwem
neon, . or arqon hydrogen m xture is at | east one
wi t HioHagergatleasheef Wb he tansey abertil 0 Yis abound ey, fabout 1
aboutv 8%bb@ 180QV1 ankl a¥out3NE 2RO Y kP9 t 0 about 95%
296. A nethod for produci ng power and
| ower - ener gy- hydrogen speci es and conpounds

29%0 ”pfﬂeﬁﬂg)ﬁ chgalﬁlt F’Qﬁer&g ‘the%lz%ﬂa%apg a@le%s% %ﬁee(l)fslﬁﬁurﬁ oﬁéroﬁ and

atom c hyd en, a sour

| nt ellrgnntcbﬁedpombngfo a satide af mabaﬂélyﬁst Heapad, endfr* , respectively.
providing a net enthalpy of m 27.2 0.5 eV where mis
an integer or in /2-27.2 0.5 eV where in is an

293Nt efR ke Qo 8t @kind NARerfiA BydrbSnTs NEwe lﬁjtoeiﬁé‘%aérﬁh del@eparately
vessel with the source o? power ; WO 2004/092058
PCT/qug>omartere S6hapthey glagmap aaspfgsuala asrtheschiad sesyess soarcesaf
pla§gﬁls{eact|ng the catalyst with the atom c hydrogen
to for ower - ener gy- hydrogen speci es and conpounds.
5 297. The nethod for producing power and

2900 PRITRIT CLONEY Re g e CPUae of GRrBi Mo R
gas chfaBist gak MiAuRGUEICH ablcadt ah@éa)é séledtét Or th @roap S Bydrogen,
298. The nethod for_ produci ng, power

| owdHFEBIY. ARpeR-BYnecs puTiuEs heliv- hs@r{]g@ﬁﬁwem@és Yrleast one
cl ai dpu2fh tﬁyfahge%f HBHRY dodbEEH1 GO iaRdakd @@Fmgqglge%r?% of
yst

control I'i ng e anmount of gaseous cat a

et hessel wrlume, oduci ang ap@®100a11 0 sécovesr <o ef gessdl wolagen
speci es and conpounds of claim 298 wherein the anount
of gaseous catalyst is controlled by

295.  The reactor of claim 294 wherein the percentage of the source of catalyst gas in a

helium, neon, or argon-hydrogen mixture is at least one of within the range of

about 99.99 to about .01 %, about 99 to about 1 %, and about 99 to about 95%.

296. A method for producing power and lower-energy-hydrogen species and
compounds comprising the steps of:
providing a vessel, a source of atomic hydrogen, a source of pulsed or
intermittent power, and a catalyst capable of providing a net enthalpy of
m-27.2 0.5 eV where m is an integer or m/2-27.2 £0.5 eV where m is an
integer greater than one;

forming a plasma in the vessel with the source of power;
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WG p@aioensand

15 controlling the plasma gas flow rate. 300. The
nmet hod for produci ng power and | ower-energy-hydrogen

is controlled by controlli7dg the anount of hydrogen.
20 301. Toeningitbait Hyoroga mdhecplignapower and
| ower - ener gy- hydrogen speci es and, conpounds of claim
300 wher é?aﬁt\{’%%‘e ﬁﬁ%ﬁt ng‘ tﬁeoq{?rpl(gﬁqy@r@ggyo dIA lewrT-$19EEt he
f | ovydRfgehytdeieoia biphiddee source of hydrogen. 25 302.
The nethod for produci ng power and
| ower - ener gy- hydrogen speci es and conpounds of cl aim
29300 #Whek&hda ' | 1 trol.ling the
7 ot e T oo R ol GRTEG chl g BORLpRISH
hy d reogenunds oftlaismZ06cfasher norapnising the steps 03 Bidwinphueplasaiahpasithat
for .produci r. and | ower - ener gy- hydrogen speci es
and lgﬁs%ué%og%ﬁ%@%?to%eﬁeﬁﬁe 97 wherein the source of
catalyst is at |least one selected fromthe group of
el iym neon, or _argon which provides catal ysts He+,
2Re +, Theppthos for pradugingirower nd leyrsr=neray-Hydros species and
PCT/ dog6ils 8883297 48R0 Gomiino TohiG Q4G i
power and Fomer-energy-hyﬁ?%geﬁﬁgpecﬁg%&£g§% Cofiolling
conpbuaraend of gabepusedBtwher ei n t he power is control | ed
by controlling the hydrogen flow rate, plasm gas
flow rate, and hydrogen-pl asna-gas now rate with at
299 astthe amethodffort freduging ppweif and 16Weaswnerg@ bl dtbgdh, spéties and

hydr ogen- pl a - ixer, flowb5 rate contrallers

and COp0 @S OS2 whersi b amayne of gt Agabiekte Foralied by
| owebntedIBiOMe PMSthOGRToSNEE! €S and conpounds of claim
296 wherein the power is controlled by controlling the

tenperature of the plasma with the power supplied by

3dohe | : . f
e Hicod TS POV md I Aoy MRS g
conmsounelnds pf déimi 397 20@reinitht heverdorypirbBddrity cohieolihgephs of

provi di urce of catalyst froma catal yst
resé#@gﬁ%fﬁi(%g%e&. The nmethod for producing power and

| ower - ener gy- hydrogen speci es and conpounds of claim
06 erghig t he step of rprgvi di ng a source of  catal yst

3 r orhig metho for producing power and lower-energy-hydrogen species and
compounds of claim 300 wherein the power is controlled by controlling the flow

of hydrogen from the source of hydrogen.

302.  The method for producing power and lower-energy-hydrogen species and
compounds of claim 300 wherein the power is controlled by controlling the flow

of hydrogen and plasma gas and the ratio of hydrogen to plasma gas in a mixture.

303.  The method for producing power and lower-energy-hydrogen species and
compounds of claim 297 wherein the source of catalyst is at least one selected
from the group of helium, neon, or argon which provides catalysts He', Ne*, and

Ar* respectively.

conpounds of claim 297 wherei n tPET/phNE$/010608
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catal yst reservoir further conprises the steps of
controlling the tenperature of the catalyst froma

W@ 210al09968 r eservoir to control its vapor pressPCBEUSR04/010608

308. The nethod for produs ng power and
304, OBk BARS DN ProdhQREoveR 8fd e erdidrgydydpgemgsciedandl ai m
296 further conprising the steps oﬁggggﬁldl%%ga iﬁyrce
of camenoandssf clim AP whereig thrmowghigcontERI§d DX FUURETRSY f or
proguygel I v SAEh RYERMERECAGS raddWlith
25 g%%%%gggg%%%I%%ﬁ?ﬁ@%%@”?ﬂ%tﬁ%?ﬁ%%%g%isi%g the steps
of adedst @ieloff thg grdvp of pdloparmilaipiea bydregra-plasmatepsmider dleiva
catajyst bﬁat %ﬁ q&gtrol its vapor pressure. 310. The
met RECOPBP D BKLE RS power and | ower - ener gy- hdyr ogen
speci es and conpounds of claim296 wherein an i nput
ower is_reduced b usin% %ﬁ’ 30 interm’ttent.ogd
3Ogul Themehod for PRJREAS Paef Andripr e ey FIAIEOL RS HIE 11
po""@§m}?dﬁﬁd§ SWBIm 206 Hike AN SERA isSPEEHIRE badshtroligiiheinds
of claim 310 wherein the intermttent or pul sed powver
s ou teowephe pihe Plpmpyih fhegpoy g upriicd by Stsoeyisd 9%’6‘8 tppyen
time period wherein the field is set to a desired
strength by an offset DC, audio, RF, or mcrowave
300! Tagmethod Erpeddutiog povermad ivater-endrsehydsoged gpeciey prad

met hod for. dugi ower and l.ower - -
SpeerBEo s BB S, Sy b s Fhap SrLARERR, |
i s smblybtGrom Sesilyeebsatsiength during a tine period by
an offset DC, audio, RF, or mcrowave voltage or
electric and magnetic fields that is bel ow that
307°94hE Gflih8 £5Eh i [p@wSy 2268 NP @nerLBydrIg spaidsast f or
produci ng power and I ower-energy-hdyrogen speci es and
10 compowdsief ddimA0giwhegimthopfep ef nioviiag g sxyreeRf cpiplysifrom a
stren durin l.o | L. SE |
B e e e R S L S
t he ca@lystftom Dyalslpg eservait 4o cofitrel itsetapargrdseure.pr oduci ng
power and | ower-energy-hdyrogen species and 15
conpounds of claim 310 wherein the intermttent or
30RU| @ nRAWA TSRO g et bRl 10\ ERErzP-RfdregeBpdsestand
adj ust the pulse frequency and duty cy%Ie o O tlﬁlZF
t he coppornds piglaimc296 farher compprisig thoHeRs G P9V frgree
power - y- hdyr ogen speci es and 20
conﬁ%ﬁﬁggmgg%g%ggﬁﬁg%ﬁ wherein the pul se frequency and
duty cycle is adjusted to

309. The method for producing power and lower-energy-hydrogen species and
compounds of claim 308 further comprising the steps of controlling the

temperature of the catalyst from a catalyst boat to conirol its vapor pressure.

310. The method for producing power and lower-energy-hdyrogen species and
compounds of claim 296 wherein an input power is reduced by using an

intermittent or pulsed power source.

311. The method for producing power and lower-energy-hdyrogen species and

compounds of claim 310 wherein the intermittent or pulsed power source provides
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optim ze the power bal ance by optim zing the reaction

rate versus the input power. 316. The nethod for
w@ewdogiosyy power and | ower - ener gy- hdyrogen speRCEESENG010608

conpounds of claim 315 whéffein the pul se frequency and

dut ya i€ p&iodSviretinttht GeldtiOset B dpikddBiréfpth BRaPEMRY DC, audio,

bal ance by optim zing the reaction rate versus the

i nputE: O5WEFOWEe velirgeos Flertrg 2dpagisitiieldsf cat al yst and

atom ¢ hydrogen generated by the discharge decay

during the lowfield or nondischarge period wherein
3¥2he Theanatieast forprodivingmowetianddoverenengyr-hilyrogqm spsaes and

gge%ﬁﬁgﬁ(nds Qe Ninf yﬁl Wherd! ﬂletﬁlgled i 8 % 2 3esirg<i S Seggath S 4

time period by an offset DC, audio, RF, or microwave voltage or electric and

magnetic fields that is below that required to maintain a discharge.

313.  The method for producing power and lower-energy-hdyrogen species and
compounds of claim 311 wherein the desired field strength during a low-field or
nondischarge period optimizes the energy match between the catalyst and the

atomic hydrogen.

314.  The method for producing power and lower-energy-hdyrogen species and
compounds of claim 310 wherein the intermittent or pulsed power source further
comprises a means to adjust the pulse frequency and duty cycle to optimize the

power balance.

315.  The method for producing power and lower-energy-hdyrogen species and
compounds of claim 314 wherein the pulse frequency and duty cycle is adjusted to

optimize the power balance by optimizing the reaction rate versus the input power.

316.  The method for producing power and lower-energy-hdyrogen species and
compounds of claim 315 wherein the pulse frequency and duty cycle is adjusted to
optimize the power balance by optimizing the reaction rate versus the input power
by controlling the amount of catalyst and atomic hydrogen generated by the
discharge decay during the low-field or nondischarge period wherein the
concentrations are dependent on the pulse frequency, duty cycle, and the rate of

plasma decay.



