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*159159* ENHANCED ENERGY PRODUCTI ON SYSTEM  Fi e|||ﬂl«|ﬂ&llﬂll“l||lll"”ﬂ“m :

the Invention. The present invention relates to
production and in particular to a systemfor *159150%
i ncreasing the yield of an dxi sting energy production

systemwhich 5 provides a non-polluting source of
ener gy er&EMWG%M@[@WGYm heat .

Background Art. A vagyi f .ener sources -are
presently avail abl e, Hseﬁ‘%ﬁ“glse Iﬁb'%lftg‘)a/ﬂ‘, sol ar,

hydr oel ecThed mresepe diviestiorpdelatel 16 @nardd) prddlatioR W particular to a
}-%\E/\ﬁever,. bé/ far the npst 10 common and conveni dnt
s s Ingrcasmgr e Hieldyof sn existing temergy prsiadtian syhem which
% ty car roducts. For, exanpl e,
D b s o7 BB 4 i imihecior™ aifydrogen and
heabcessity, when such carbonaceous products burn they
produce oxides of carbon, nost notably C02 C02 has
become notorious as a BpkgeemmlAst gas and the 1997

Kyoto 14 RELBERCH eﬁ[@r%ﬂs s&u?cs{s Z%g/ Cp%esyr?r#ﬁy lgg/\allﬂmg%;ﬁ ég {nuclear,

greenhouse gases and trm
b
0,

Bydbelecivies geotheran] Wi @ohSegUSEOES HMAS eSS B the most
gl?/rdro%gla as a fuel therefore represents an attractive
P At GUVORIGET SEWICPS of GTRFESt ahyRieesgt rareli thoset bgsednbn the
ehtretiéd e8¢ ChO LRSI i ch involve the
“ ef or m ng ag?&%%?ﬁg?é%&?lﬁbﬁ&gr garPl% %’ ‘%irr%%% F45%: qedhpeioleum
andettiengh By nacdssityt Wherobichlpgrbonactous pratueBurk aie?lpy&m%e oxides
S

| evated te rajures and the |ike. Fuel cel
°f§’6§’r°8=t%°%§‘°%§/g Pect conversion of chenmical energy in
a fuel t@E B BdceRe I vi_nt er ppdi
® coRie ifOfHodY as ! :%?&#%%‘?% Dl a%cgﬁ-,e n@%? Kyoto

conbustion change. They represe ri°nci
Prefopelr zims dn reduge dbe dfvehabsich ipreaionseoghses b uRithtaly Sninimise

' t ke a significant 25 contribution to power
thgg’ﬁgrrﬁgotfiggor?giawgF,gé].ftﬁggnée‘ﬂ"c?é‘FeSceI I's suffer fromthe
di sadvantigeushaf Hh@Ygedl hs Pf eliCH e AES %seﬁt@r&o%u'acﬁve

such as CO or C02, when using reftornmed organics as
aliestive.nydr ogen source. On the earth, free or

nconbi n ogen. | are. ..It is commonl found in
:1 c onb: ng;gle?%eﬁ% S g@%ﬁ §¥&%%¢fe°ﬂ§’3p@c§c ?%’6?\%{ eﬁﬁﬁgj’ 04 If!ffactions
wiibiaiivoirectha e foRthing36F KYlkégeh richbrphfd légtrn@aﬁngdég(gfdﬂ by methane

Hydrogen, the primary consi derations y CO
and methanol) by means of steam, catalysis, elevated temperatures and the like. Fuel

S
v

cells operate by the direct conversion of chemical energy in a fuel to electrical energy
without an intermediate combustion change. They represent the principal next
generation source of mass energy production and are poised to make a significant
contribution to power generation. However, these fuel cells suffer from the
disadvantage that they all produce oxides of carbon, such as CO or CO,, when using
reformed organics as their hydrogen source.

On the earth, free or uncombined hydrogen is rare. It is commonly
found in a combined form such as water, hydrocarbons and all plant and animal
matter. In producing elemental hydrogen, the primary considerations are usually cost
and convenience. In the laboratory, pure hydrogen is usually made by the reaction of é
suitable metal with a displacement acid or by the electrolysis of water. For

commercial hydrogen, the primary sources are water and hydrocarbons. These

T
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and convenience. In the |aboratory, pure hydrogen is

usual ly made by the reaction of a suitable netal with

a di splacenent acid or by the electrolysis of water.

For commrercial hydrogen, the prinmary sources are

wat er and hydrocarbons. Thes@ X111111 1111 11111 VI

Ll Vil ~~~~ ~1l~ *@0002* 2 endotherm c processes

epéﬁbmcémwsrmeendrgy. hydrogen is an inportant

source of er s evi.denced by the endothermc

nature of 11 30“8%33' QE°BAS 2 dRIPPTIAE Sawice of energy,carevindenced by

theetmiptetni) dige 7Y : IR reaction wth
tslﬁlit?d{p:ﬂﬁﬁ. anﬁémaﬁege% %%Flr\éfﬁai?fl either by

5 However,

oxygen in_a fuel ce
'cﬂ'ﬂi‘éPﬁ@@Méﬂgeaﬁﬂp@Mtllhyowgcmimcaaﬁleh@elbxi des of carbon -

cl ean co Lon.orodyces theoretically_only pure

wat er . Tﬂgég#eggrt’ lﬂgen(fo&ﬁ‘tgﬁﬁoxa QE&M&@Q%&% @WCﬁY prsluises no oxides
ofrearbboneldarabsioustion pidag ' ul ar

hydr ogen pr oduceS bprr ogelfg?g&wmﬁ%ﬁ%ﬁgyp%g&gﬁ%nt ed.

El ect rol y$he elncanie eand dehydrogemdtiontprocess s@tbneddove for the

[ 0 rgani ¢ 10 conpounds produces ,
P 8F S01ader RO Ploci g astoT MBS Byl sewanied
Eldctrolysise fitvidi6esC oRpded e vatitie ign i ext er nal .
sources.m:itte:'pts ave been rrgstra?gﬁt é’ﬂgtﬁég{i‘%gg%n&ﬁ%n 8f organic

c%pgg!gp AHORHCES @g@q.n@ogidﬁ,fg o] avariningg ga0tTHREE peocesses also
; t
regBBE oo Mt B o ok S Botioss. 005 a1 of er to
the react Atempfs it deeliidbé @@ﬁrd@u&@gﬁlﬁ@trﬁ&gaﬁg v\li}léé\ghe% by self

use .of extruded el ectropositive net anodes
sustaing xothgrmis leqations Coryentipeal thydfoger Senératopy anéi diecribed in

ueke f ' I t.inert. cathodes. In all of
T RoCARIE, UPlea o3 R ey Y crStcio G s iy s wishvaves and
thieyaheoge extpuded udledtropasifive eahll @b WRSH @radihfid? dissolve in the
elgroogl ey asso(gfit ed wiith their collection and
FHEQIYiESy o PERYIqs; fFlections fos glisehaegs abimertiogthodesed f r om wat er
accor di ngpqt gyt |0 I || equation:
2H20+2e" - - l\/&1 Lot ’Eg:M_-Q%.S BEvs{ifig (BREg UGy, gpart from the
hyaireganr produred, vare Sysirded ok tiadte WithahioBloise sBEialedaRith- their
c%ssﬁ%%/g&ﬁn rgﬁct with water to produce hydrogen.
g fPSfch el ectropositive 25 systems with E
val ues abpyg [ ; VAL 1 for_.exanpl e: )
2H -+ H2 + 2}12' E%X%dsglg hﬂ?‘?ﬁ%ﬁ‘#ﬂﬁ‘i%%& §o5Prems; t°rﬁlt}f’ fpllowing
halcallesatien:hydr ogen such as that given
2H,0+2¢'—* 20H-+H, E°=-0.828V.

In theory, any electropositive system with an E, value greater than

-0.828 V can react with water to produce hydrogen. Examples of such electropositive

systems with B, values above 0.828 V include hydrides, for example:
2H-—"H, + 2¢ E°=2.23V
Although reactions of metals to produce hydrogen such as that given
by:
Al+H;0 +NaOH —» NaAlO, +112H,
are chemically feasible, they are kinetically very slow and the hydrogen is produced at
a slow rate over a long period. This "trickle" of hydrogen is ‘unsatisfactory for

commercial use.

It is desirable therefore to maximise not only the amount of hydrogen
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by: Al + H20 + NaOH -0, NaAl102 + 1 1/2 H2 30 are

chemcally feasible, they are kinetically very sl ow

and the hydrogen is produced at a slow rate over a

| ong period. This "trickle" of hydrogen is

unsatisfactory for commercid@ use. It is desirable

thdere%gre to maxi m se not only the anount of hydrogen
USPG Y & Sl alse Biejraterpfthydiregsniphaducdte of hydr ogen

producti o ee Jnventions.in the field

di dsug’lu oseﬁ%de%lgi)get%gits %ia\iiimi)%se 1, % field fiselpsen aenergtons for the
pfo o b pdriogdr froB. mpthiagstt (108!
I—f’ 885, gﬁ)?}l Ig—lovveiier, .ab -.(p[?c.)%ﬁ%%eng%l%isgggls%p% and 5,885,727).

LT SrPIrRroLust 196 heniirb xaagidontis carboms madexidb erhidlyistdidiBed by

, Eﬁﬁ@i" N bpoisoni ng", which refers

ﬂtgft:?%ec_ta eri orgh?il%%a%cﬁgﬁ&eg ec‘ﬁ%ﬁg f?i%ﬁs tuthe Aefetiemtiom @f the
catilytit figrhéion afithesldzsredelent suBYRfubAdowbrid fn RY %ﬁ&%{l ﬁil‘_ﬁé:iency of

effifienﬁiy 8f the.system In order to nimse
1 S8 D Ryder tganmimiss s Rroblers cusk gendrgtobe mueriéceiRtly be

hibhed WaR $nd: I ar bon noxi de . .
eii\%iili):% ntrati ggg |f nt Ee s%ihig%%ﬂg\? TReRIXIC Copespizatiag,in the system
aglwell @agieas for dectéasifiget.comer ci al | y useabl e hydr ogen

bei ng proq.ﬁged as late as August 2004 was bei ng
ext r act ed - ROSPTUPFTYH Wigebleahydgegen buew brpd86% @f late as August

T xS BRPID Y b RIS (B "IN Pl b bydoen i

obipingdttst staare refoemetidre of inapihst 6 ﬁémﬁ?igBQdQ}aisﬁichXﬁ '0P %54 and
I ghly

ok oolucti(%n. I—Iovve\;tﬁr,%ghese processes are h
SHEVRIS | e FAET e fhe otber andusial emethodm fen thatlogen IFoduction.
Hiowi | _ .1 on ,of either CO2 or
Qleo 2 s elTou Y Rty O B i Bl egpirermgentatly

frisndysduenngislyd6 thermrddwsitiog of ktHEOQBNor COGH a&r@(}lﬁ:@.m \F/ -
g) c- Fe

iron(l11)pxide + hydrogen.. 2Fe(,) + 3H2

+ 3H2( Q) Tg‘(‘) sﬂ?iFE“?’iiaﬁ’m[g‘FFé S X iad %?nﬂk?ewﬁ%h Waysnofmdoducing
hgdregen. i s reversible. A though it was considered to be

an | nportant option, also fromthe econom c point of

vi ew f orirp oducism@nhydrwén vv';rgg(m) @i@g}_,_pq{}jd}a/ t he
steam reform ng of natural gas or” partial omgg%tion
of heavy 0F¢g eut 3HLQRed i ==¥he rgbgrest kp the
Nst etgmt'bron process has recently grown“due to tHe

P& thet he repcionchgiwesndrenyansd stoam 1% versibldbe produced in

this proc 1 [ ecially inpportant for the

use of hydr %%“éﬁh’lt ﬁirisf%ggﬁgreeﬁl € o5\ HhRortamhopiign; e from the
equosmiidipoirttyoft views dorr rRINBRIzE hRRBEEY wifU 5Cﬁ§hf ﬁ{ﬁ&hi&ﬁ: steam
reforming of natural gas or partial oxidation of heavy oils outweighed it. The interest

in the steam-iron process has recently grown due to the relatively clean hydrogen that
can be produced in this process, which is especially important for the use of hydrogen
in fuel cells and also due to the possibility to use renewable energy sources for this
process.

One prior art system utilising the steam-iron process is directed to a

repetitive cycle process in which the relevant reaction pathways are:

—

3Fer + 4H,0 h FesO45 + 4H;
ﬂ

3Fe0 + HyOg -  — Fe304(s) +  Hyg
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process. One prior art systemutilising the steamiron
process is directed to a repetitive cycle process in

whi ch the rel evant reaction pathways are: 30 3Fe(3) +
4H20(g) . Fe30 4(,) + 4H2(g) 3FeO + H20 c' '

Fe3d4(,) + H2(g) 4 Natural 4gas or other gaseous

reduci ng speci es can remove oxygen from the higher

oxi dat i onNatueal gas ordthersgaheRB3edivinpépet v} ca re%ﬁﬁz@%x%fgen from

t f carb d
o RO chlBhiod 3, SO Pobh e mpisher %&c%émﬁginm foomiag 2

stedath tofecdrbGCt SWidehe SkatBr 308 AREY tl‘gJ glecte %I;
only carbon dioxide and 5 wat élrg&g\ééel é? S.as h@perating

cqndiions japd fhantpaetqudesignare appepately @Hctsd, athdiQBotide and
Ry RO o R Wi hsiomstnss + h v+ sos

tream B0 T BRLeTor S Thatelh S dpec2ian

:gngnz%g%lo a\[/*—:sﬁé : dlrr&‘?ggt e:gc: G@dﬁrg@h@]e

e s PGP Bravt ol st e o MHMod

for Jeneraping. hedfogen et o 10, epefon. f1anG |
C@Ilﬁee$mgtwabﬂe@awsve pulnalcﬁrb@ﬁl dioxi6e Gidei féra@f %'Uégstored The

el.ectin | ectropositive hal
dl?%lg g W’ﬁh\h‘ﬁ éy%g% { @ﬁ“%ﬁm@aﬂndtﬁﬁ mgcnﬁeatM| wbssels
24t ®e sel
I G AL ?"l‘f@ L e B 2By S Gon gfonice

is gfillipeeduendd el ectropositive half cell react| ons

sel ect edcq n conbination with said el ectronegative half
cel | reactT T 26YPFBANRe 2amethpé rfon sentrating dydrggm and/or

engipy/ feém anieficad redHES 'nfb‘lhdflﬂ_ﬁz fof -3 cﬁx?oé]b e igctgonegatlve

said half cell reactions stem
laxspetionapreduding hpdropen, fse]ceﬂlﬂg are aleciropesitiveC@MtdlPleaction

e nhe nteractlons roduced
o e o oo B0 e S <oy bl Sebroseiy sloting o
secdndr testiopaditi P Halt cdli feﬁ@adﬁf sdi@ f& t- anﬁ‘%e@orﬁ eg@t‘f]%gomttl\"e £ e

system produced a hi gh ambunt of steam 2
re’tcrtlﬁﬁ% (Feleeted ng QQI@blay@noWVl@n eqig) yelemrbniawiveahzﬂf @kB Creaction to

d t tr f
prpucg B FARPLE bl o HOTILFRK prodicRen 68 whtce mad gmbining

saiditeif dellecaceibes: tMhicCdybigm, Shrbugd s HifabR&eR) Phigr.
di stances. Large infrastructure i nvest %ngéltlls) At eoch iggptions,

chemical concentrations, and inherent interactions produced approximately 67 litres of

hydrogen at STP from 54g of reactant and 1 litre of water. As a by-product, the
system produced a high amount of steam.

The transport and storage of energy and fuel are also often problematic.
The direct transference of electricity results in substantial losses of energy when the
electricity is transmitted over long distances. Large infrastructure investments are also

required for electricity transmittal over long distances which require the use of high

~ tension wires and towers and booster and .substation arrays to ensure delivery of

adequate power to the consumer.

The transmission of gaseous fuels, such as natural gas, also requires

substantial infrastructure to ensure adequate pressure and supply to consumers. Single
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required for electricity transmttal over |ong

di stances which require the use of high tension wres
and towers and booster and substation arrays to ensure
delivery of 30 adequate power to the consuner. The
transmi ssi on of gaseous fuels, such as natural gas,

al sgdrequi res substantial infrastructure to ensure

usg #9 gqtgrggahgsqyﬂiggiqﬁ gres:;gﬂigpbkdnmn&wﬁ%sﬁ)ut Eileﬂﬂ!lcﬁlséao]d size
) nder r ract n
oAU, G BORARL e S BBt o0 o 11 SO
L i . L1l b
eavy anditreEl Welcteatl§ Gl dstob§ Iﬂlléi‘,cﬁgﬁgfgf taftéﬁ%ﬁélabg? fesorﬁfef?d to

clearly understood that, if a pri
hergiP.cihisergfargncetinca gl capiituter af aimission dee shoyiblication forms part

o e R s L BB

Australia or in ansuﬁﬂi\ﬂ-{‘yo@QH@H\Yenti%g.mmry of the
I nvention, The present invention Is directed to an

enhanced PRSyOTR riBwEion de dirsptstleto) amvehleincetiynafy peafiction
(e-1H C . t _one of.the abovenenti oned
syRRi WLl nONCHORAR Bbia ke, &Ll i of 0 ibevaamensioned
disadmargagssair pedvidethe cdfbuhier @@  @ehil of BEmia¥sh 'i:h(?@e.
m

resides i.n an enhanced energy. production syste
havi ng t HE Qeelorss therinyentioni tesides enmm anhaiced ahetgdy production

syEeRPES il b ressure into an enhanced
y§ eact_a);?i‘lfl éj\?ﬁeeragﬁg r?@a polru{:’lhgr%teo ?ﬁgleg‘?fg‘ill SSPRfaRteE and & pesitive
presgurstioto ansgrhbmcedhyactdiewBeteint 4 Stioh of R B89 MlicH t Y eactor
y _reaction .Sést?gﬁ in the reactor to Incfease the
filen, 9 02 §terPOs ed A reaction eystemssain the reactor to

inéreae tth i; ' in the reactor, The i

ener gyy g“éﬁg’ ¢ gt% g ?i%édclﬁa% %150 Btgl?ie&lélgg élim 05 2FR) oy SEEHeRF qatadytic
pord g tteirerctomf wat er by el ectro positive hal f-cell

reacti onsri nvol vi nﬂ%rtwo or, nore el ectro%?si tive redox

syst ens. TSI ESREratoF BrodHeRsanire gaseans hdsegenyrtbgmduction
FRFREUS] LleEr @ PEsitiERALE- r: - products which.
° are \L}g uabl eBrSz;‘tzlﬁigﬂf ﬁgg%ﬁgt?o# ulﬁg%i?ﬁléseloe%rs’%lorf(??ePFQPOSltlve
redoyy SVitieon hy Qsemsharestimaen (o otugiaisashydrdgyn Rr8@KSbn and

de?ﬁ%aé)?x g&grh gl%e ng%rroglgcén.% Yrvg{qh %P%ge: gfa?h;rg rglga/gx%rggg.gtle (r)rg 1>1/seless.
sel ect i nOIhefinedntioh W@iﬂe}‘s@ea‘ﬂﬂ:ﬁo.dﬁ@édl as:ealetggérlpglg% of p method

produci ng hydrogen; Selecting a first
forgeneratiag hydiogen Rediortaeraydiomn s ehémivabrbtctivatiaglidial tHeGteps of:

iy i ronggative half cell reaction; :
L R L R T T M
ele2fropaitivel izt 2N r&REeN thaglfct LEdV ol ¢! drive saj
reactiqons_sel ect eél_i n con‘piﬂfr:gglta:r %%%v&lﬁ;[ ‘fagglﬂ%ﬁl t énve said
elesfranagative Balf ic¢ld renstion; selestingem sdcond eleotrpyositive daHel] reaction;
i ' ..and/ ener production from )
el RS By A e M T P i
saitioeleatenegative half cell reaction to produce an increase in hydrogen and/or

energy production from water; and combining said half cell reactions. However

O

steam from any source may be used.

In another form, the invention resides in an enhanced energy
production system having the step of introducing steam at elevated temperature and a
positive pressure into an enhanced reactor, affecting molecular oscillations of H,0
molecules using an energy source wherein a portion of the energy added to the reactor

system by the energy source is used by reaction systems in the reactor to increase the



10

15

20

25

30

steam from any source may be used. |In another form

the invention resides in an enhanced energy 30

production system having the step of introducing steam

at elevated tenperature and a positive pressure into

an enhanced reactor, affect |ﬁwg nol ecul ar oscill ations
?%1 ol ecul es using an energy source wherein a

n]b‘BP?r diggociated Hel@magleaideredt eronedia reactbar caswmcepmhy in the

rdab@renergy source is used by reaction systems in the

reactor to increase the 6 nunber of dissociated H20 .

rml ecul esTwpically thesdaciive Gesitalyiec ?(Bingﬁttﬁé Yéal:fbf B?iyrﬁe d Ractive

[ trc

ve or cataly

. eac |caIIythe reac
lb ?ﬂzf“?ﬂ“faﬁ%mm%ﬁ?rbthe e be a reactive or catalytic

surface ofy, soyrce used

to affect ﬁ&{e&r%pec u%gfrsgggocflﬁ %Qﬁ Eﬁ’%‘ B%’ﬂé‘iﬁpns may be any
sawes; deyt pheforrpd ebertesed re@WabAS chergP RBURR SudN8E Wiar energy or

sources such as solar energy or mcrowave energy

TUIPRVRYS COFRY SRS JReoEREBY: spuipemayskedused addidition to or

TkPnBfvelvib 8B qid LIS teamentering the
EThancen S dn ol o AR LSO b s

r eact or ofhg Ieahqmceds ecdctarnofe ftid presemyindéition ﬁﬁbuﬂgo nclude a

r eac{?m? m The reaction system may include

resﬁtéono§ys e aFF’?c @syst«;x@ R3] 1§p,l§ ¢ greeor etiethalfaiell reactions. The
hdleaelli S, {2k, L9 9 ir

di ff erlgﬂctiwfﬁf? ?ﬁr@fﬁ%hﬁ? éggtgla%hg scusére {%’vg%ﬁr rﬁ ffom the
reagtianselircassed abdve witit fefatedoerto gﬁmm&mbd it gahéifaﬁﬁg Hydi‘a b&which

r.oduced stea b roduct. Conbi nati ons
Plg) “tlér FEy A F?gpﬁ uct. ZQB %pggg{n; phelecteggnggative half cell reactions

afll SletrdHRGitivE hYE c@@lréacﬁgﬁs! g{ ?EH% 108 STHEY 2 86! u%’yes?eéxa o Flélf cell

reacti on SySt em or reacti ons
regetidys r@@snesmmormz asheteﬂ) bg\thespmmsdxfn df o eactivies catalytic surface.

F th f
PSSR RO o B o S et e
adti®/atiorBénePsy. CASThe YurfAR thAlCalRN IR TEacRBY tRbdc@Wat Jjﬁwver activation

reaction to occur at a l'ower activation energ
eqeag;g@f layger, Epstion foco&mqnssqranteran)honmnwy acd:urcmﬂ hsmg‘ffectlve at a

e effective,. at a: erat ure_or
&5 essu&’q éjm';lb‘a'horsp rﬁ§§r ] n@?léé%‘g' ’tnﬁ% ﬁ’ftrf’ OR FfS: Pfefefably, the -

erfanécdl mhityr niahefRE @6harceterhBank Qep & el Ea%on Ritem. The
rate deternmining step of the reacti on system’ ?h

repchion kigetiogof ghe reaction Sb’ﬁémltlfééb‘t mmsquneMn may be affected. The
erf R Bl Giref BN Bt PO i it pontiRh 06 1hi oedes At the

remtidnfsystemdesenofnthbmhaheaﬁbhaﬁr systemresent in the
enhanced reactor. It may also be that by the addition

of st eam 14 inay| dspabe that bﬁﬁb? additien of 2Bamnat glewited temperatures
£ Y th anced reactor

e e, B L RHERY, Vit o' Rt Rnonmay b made

mbrecrongecive fchthe ipratuedsed kyRIFOEINAT THeSnbraake8 derB¥erature caused by

the steam may increase the rate of at least some of the reactions in the system within

the reactor.
In certain preferred embodiments of the present invention, it may be
possible to select the half cell reactions such that the sum of the value of residual

materials in the hydrogen cell at the endpoint of the reaction is greater than that of the

sum of reactants introduced into the cell.

Preferably, the reaction system is an inorganic chemical system.
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the steam may increase the rate of at |east sone of

the reactions in the systemwthin the reactor. In
certain preferred enbodi ments of the present

invention, it may be 30 possible to select the half

cell reactions such that the’sum of the val ue of

residual materials in the hydrogen cell at the

endpoi nt Brefarehdy.rthase¢and ¢lectuppesities halfas]l tregdtionfcah Ao drive

s dhtroduced into the cell. Preferably,
ﬂ%@c?%g%@?g%ﬁgigﬁﬂeﬁaﬂman i norgani c chemical system 7
Pref er abl Yhe thénis@CHREReHRE ERAS lahaiYi%ana&EctF@'oF?iv% Balf cell

reaction can also drive the electronegative ha
re2gliensi on. The chenical system may i ncl ude additi onal
el ectropos ki Lf .cell. .reactions.. 5 Preferably,
one of tﬁgﬂegﬁe/bg}/’?%ﬁ &5 & Qecthplepative ﬁF‘IfF@]éE?ﬁCEﬁ%S Bs;
2H20 + 2e" --- 20H-2}d2+ Jer-ehes@hitiyg, one of the

el ectropositive half cell reactions 1s: M --0" M2+
+ 2e-. Prigrkray.pneof thegtleatrppositivchalbpabietctiomslial f

cell reactions is: 1R/I 5+ 4QH+- -R A133- +2H20 + 3e-.
Preferably, the el ectro%osi M&/e REtf cell reactions
i nvol ve tPrefepablylahk off thetflechidp6iifte BAF 841 RYcidne . G oup

| or Goup Il netals, binary hydrides, ternary
hydri des, anphotfdfi {OHI_eHe‘%/ﬂl%ﬁ?é‘lz@ct Boposi tive

el ement s j - - he peri odi able .

and cher e BREANHANLY oo abitns Toyolve 1 oxftaton
ofxyesieh selectedafioin rpag I 95 Gesupsl nfewdls, bibiry Bydiedeer t@}m\gﬁ ﬂyarj des,

reductant can he any system having an E." val ue gréater
ampagieny elgments, Hestropopisiye cleaants io sxpunst ene and tweeof e periodic

j Lf-cel Fon is according t
S el B ) b BEUEDY Ao P8P Ul Pt
conbi nat i Inrgenerah ¢hdeddictant danr ouEtsFBtem Bavin D8] Yalue greater
and/ ¢e nary h dride, .. n conbination with an
RSAARLY FhoSh bedent miern e lefohasidneihphalfes equation

- islaR6drdHg (@M aBiecoeifon. CNr oM um gal lium and tin.

Alum niumis particularly preferred. Iron nay al so be
used. Prelnehighlyyprefemedr eubitativns, thetiwdf t¢1f $éductant is a binary

el,ectroposi ti.ve half cel]. is . hypophosphorous acid or
GrIBRIT Ve PoGRPRATOR it 81 RRBIOGI SlemsPls Ampheteric
elBilhts Geefbrrédeinslub® BlufBNiug], §910,b&1r?m.i1.@1§, ﬁmhﬁﬁ €1?c[ 2% fiminium is
conpl éx capabl e of changing configuration to rel'ease
pastieularly pisfeared. Iron may also be used.

Preferably, the reductant in the first electropositive half cell is

hypophosphorous acid or dithionite.

The reductant in the first electropositive half cell reaction may also be a
metal organic complex capable of changing configuration to release one or more
electrons in a realisation of an increased co-ordination number.

As stated above, the reaction system or half cell reactions in the
enhanced reactor may require or be assisted by the provision of a reactive or catalytic
surface. The reactive or catalytic surface may be or include a half-cell reductant. The
reductant may be capable of partial or total regeneration.

In a most preferably embodiment, the reductant may form a further
reactive or catalytic reagent, allowing or facilitating further reactions to take place.

Suitably, the reductant may form a semiconductive material or molecule. Most
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el ectrons in a realisation of an increased

co-ordi nation nunber. As stated above, the reaction
systemor half cell reactions in the enhanced reactor
may require or be assisted by the provision of a
reactive or catalytic surfade. The reactive or

cat tic surface may be or include a half-cel

Preitfa

aftemeadugor enystakmay thenfoymbé. Sapap kA/s@l nfagrdel z?highl
st preferably Y

| 051%6&3%%%,8 qﬁggﬁ‘?ésldgg?@h’? # dathire struetuteemay ryésid tai pegiodic

potentalt throtighbutr @&y aitkeriad! | DM agi litating further
reactions to take pleglce. SJ??%E*y‘{e %‘rﬁ’e ad’ueg%ﬁ?mffﬂducmf
At sPesiefPrasariue thambarged réagtoror nol ecul e.  Most

pref er abl Lconductor crystal may be forned.

Such a cr%%? Z‘F‘ﬁ% é)?;{ﬂ% ir‘éf[ﬂcfﬁn)(éi’ P8 dthe tsempeqondectiva aueterial
may peeferablyi endanddudd h A brodust ield a, .
c@éri odic potenti al §l(tjﬂt?r@%u!(;;hoﬂt c{ﬂjhgt#%t%%fl&m%ﬁgwt% may

Y565 hdRaions signiheoenbancadr reactitrer Saitalipe Girdsr exothermic
§ The reduction of

' e d reactor.
T B L, e e b SR i oy e ihermraduseiiom o
mptabf @nabil momnhetaieaniywsdbeiRHeR AR L0 a5t e
sem condygtive material may catalyse tur ﬁer ’

react i ons' 15 TCAREr Bi3h Alfocdpeierce one oBuhdraMdaalisddHehie¥ offects.
The sem conduct or

TS0t PRI r {i re catal ysed. |
mat er | < ?nl%%y A 3-“88?8 ‘3f"rtoﬁ’f"aI’OlFPi=3t°§Ifil reysiony that is
mipspssopieslhy, 3s typjcatily Soudbehiphe B tHe adnle é‘dﬁé‘é} d :
wheact or.. ?10 The react or r%gy al so experite eQ@%eOfotPe solution
@i R dmAURERE le79leBhes if aThrbe reddtien toscur®it the point

ofHehdRnawhiid 18 et 4 the .poipt of a reaction,
that s glreotgc g‘fag“ta# |‘§?tﬁ¥ geﬁy%gg’a&faﬁﬁ Wa¥: Re ngheease in the
kingiten of the reartionldut eomhe rehivitee t@hipdri@rsalid b@ht, when

consi der on a macroscopic level. Thus 1t a further
react i on "0ECTFECHIUERE } mayfpossase energy Waidsecohdisting of a
laige rHv@ibat WF @lossly Sphded Lab. re e an .

i ncrease in Y hg%15 k%hﬁf ilggagf’[#%gnelr@gg%agHn(ﬂ‘us@mcl‘a’nducmf

arg [gEn@pldy, gravged dnprnds, separated thye gy band BEps. The behaviour of
0ssess energy bands

- terial
IRBThe AP ﬁl%;t%&[ang%q%{glpjggf SHehisb Pangt iscyBisally similer dol tat et gy free

cléctrotl HowEhe, ene etV &la$ He ' ductor a L
eneral ly grouped in bar?gs,e %@%c}?d;]tbggﬂgfr%sﬁg?eg?{ &’&nﬁeﬂomc
Pogeﬁﬁélof%smhaﬂdwtmma’teﬁaél ectrons at the top and

bottom o uch.a bhand j.s typically simlar to that of

a free Zg'hglrg%ctt’rvs rRmIP%{A%\/%f}/g SeTRCOBfecter aasishally deminated by
theoliiplest pattibly ERBtyHRIAAE the O tential of
ndhe serﬁn' con}éluct9 t)y?é mat eri al ?w%ﬁjja?@%@?@%% bﬁ?‘@'pg:ﬂ‘?l@%ra%‘?n of

e Serdsc ey Ueadsr toar einplified] eneriynbaal édghyn for@mé@igShbrs as
iu‘%ﬁﬁh% Pty band and the |owest partially filled

band. Sideration of

. G these bands only leads to a

2 |5 n‘lp: : L Is ?‘?Z t@lg%b% ﬁEFmﬁIrldg 'r?@f 38 Eeq SRT &ﬁé}ggctga%{issigg’e it is

occupied by valence electrons. The almost empty band can be termed the conduction

band, as electrons may be free to move in this band and contribute to the conduction
and reactivity of the material.

The simplified energy band diagram in Figure 1 is used to describe

semiconductors. Shown are the valence and conduction bands as indicated by the

valence band edge, E,, and the conduction band edge, Ec. The vacuum level, Evacoum

and the electron affinity, , are also indicated in the figure.
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The al nost full band nay be called the val ence band

since it is occupied by valence el ectrons. The al nost

enpty band can be terned the conduction band, as

el ectrons may be free to nove in this band and

contribute to the conductior® and reactivity of the

material._30 The sinplified energy band diagramin

Fi gure 1 Figures éddendifige therdlmost-emptyc comdiusid Band O horizontal
db

; - duct i on_band i ndi cat
1, Ttk Y BB a8 e S ronautisachans mBn dubelled £,
Sienitpely, fe.tof betheaalenss baMel m@a&&% Rgﬁ?olq,é% @gl? (f%bfgﬁt@(g A The

affinity, y, are also indicated i

Y, V.
energy handigapde inceter bstwere thel s inesuthichcas supatdta b Gandgap
hogi Lne. .This line jndjcates the bottom
c‘%ﬁ%ﬁ%ﬁ%@%@%@ﬁ% FhiE£989RRPY Bandaerlge Eq aad the energy of a
fr&i etedtaod gutsitid hetopt0{callbe thed) RRGR 1@%1%%&%,2%5@3% %Pga(iﬁed

b hO{i zontgl line |abelled E. The energy
¥ e Stesaon nX Tkipligd withribs elestronin charge gepar at ed by
t he band r . Fhe di stance between the
conduct i on b%ﬁge%gd%&éd E% Ogn%ﬂ{uﬁgnc&?gqr@yte%@s & defxease as the
temperaturens mersdsele THie beaywiud! mie Bk bedert ) m | evel .
a a%eé\l.l ed Evacaum) is quantifi e}S by ?h‘gﬁ&%g"g"tldﬁg}?“g considers
?'je Mt%to%;ﬁ%ﬁaacm@ inggasgF _tWhQﬂ;ﬂleeatemitum zﬁ tmsnagm Glibrations
indie8seS ARE &/ nductors tends to decrease
as the Tt e:tr?p er atg% rg% al_lfegﬁ? %?%ggs eulgl_.crefﬁ’iesu%%ﬁm i thewphanced
regdoewithr isndenstpadingl indeakons %{nﬁera@tﬁ)e,t %Jdte gbgifvate the

i nter.at.on c .spacj ng, i hcreases when e anplit
Sefnﬁcé)ng{"?fﬂ{nby%‘g?ﬁ’c’ig hsbandsareases due to the increased
thermal gpey ; r i t in the enhanced
reactor Wt hg‘glé%né%g{rléﬁélgp}g%d‘% ﬁngprllgtr?iyr gi]?g band 1s generally close

enpegipter thewnest highyr ety baddethiab elect6i8 €ANEME! ©5nih Yhe next higher
In a sem conductor, the

ba@%ﬁ% ﬁ@? @1%3’4 Fﬁp&}%@%@éc@n@ disdren toyneveds dhis bendoamslgyintribute
to e donagutt offthIh8lerieMRAY algg&p‘thg Fﬁ&c{iﬁlﬁ éf {t%g glfat ca . ;ra ke

it into the next higher nd.

band, el &% nameviag shef ereegyt andigye usifig isttem ARl edbced reactor
to the conduction of the material, and

Wit 86 dopbondh, ebepfe i HmRoR e e rafy BgeaneiFecotiving of the

seinftendiabg By 6 Hiel BiedSarS any | d react o
with jts c}c,)r r,esgsgﬁgdi ng i n%rrgase alﬂg&rt &g:lg uer%neePE tOﬁieiecErons
befpgenithe cendietipr hand 1d; the yhlenbebar?) ReetialtyofildkdCtads &Y contain

IAREACAND0 x NIRRENAR, BRE & Ee e sureiene. val ence
band. PafMteatelpefanirt aibpheelse &7 ﬁensrg}f%htb@y@%é,g 19385 been

as,_avail abl e energy | evels at

we| | . ene
CXpRTHREAtally dataeninedryisiding the fobipwinteexpressfont foe Egagadinction of
m@@&i&gﬁﬂmﬁﬁ’ has been

2
B () =B, 0) -2

T+ @
where E,(0), aand f are the fitting parameters.

The surfaces and interfaces of semiconductors may therefore typically
contain a large number of combination centers because of the abrupt termination of
the semiconductor crystal, which leaves a large number of electrically active dangling

bonds. In addition, the surfaces and interfaces are more likely to contain impurities
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experinmental ly determ ned yielding the foll ow ng
expression for Eg as a function of 25 the

tenperature, T: 2 .E (7) _ Be (0) e where Eg(O, a

and ,6 are the fitting paraneters. The surfaces and
-interfaces of sem conduct oréomay therefore typically

.30 contain a | arge nunber of conbination centers

SRt HiFde 25t CXnscdh the (devirat fabrication prioeess which may further

inSRALCRRILEE . whi ch | eaves a | arge number of
el ectri cgﬁ%hgﬁ%\g{ﬁe anna\é]\"ri ng bonds. In addition, the

sur f aces Brederablyptht gweter)an6leome endyi edriwh okl th %H:reactive or
i riti.es ti..10__since they are éxposed during e
ooy Birface ranidy; G FOdmelectisinady adayt £ favotreble drieatatias i the
R i al ferably, th
(PR et St on a0 e Busndi Bt §PRe cact i ve or

cat al yt i cAseardiag etor appatiigulafipepte®RedDbmBstim iR r28QP
orientation in the_ 5 (001) pl aene ngﬂ”l }t)resent

..a favour aﬁlli ‘g{

mygntion, i, Binch 3n5n56uiGt $4R)YE oikaksed: then ghe faxygen atom is within
i Lol arly. nr .k ed enbqdi t of i

ROl 2 Seiol i vl S P Beciiclivg & opaivtic

sugieel, thevk ameyt hrea stxorgeinteadotion itetwéeh hh&léycﬁ@@hod‘ﬂ tH@'Hébymolecule
e iron on the

bout 2.7 Angstrom of a_ bridging oxi
an?&etggtb. glnéro’%g?%P @XI%PPag@,S%Wﬁ@@én A haydhet booaptured
by tHeeHTRIpAOBxypRh WRE Thd r QA6 O mol ecul e
le and thgg b}%%dgi ng oﬁgdg*gﬁﬂo‘f%ﬁ“ﬁ%t %fx‘?‘g ‘éiz.f%ﬁxo Gﬁﬂfesma.y adsorb
abyel ihsglevefeld Seativansitthen be captured by the bridging
oxygen a t he hydroxyl remmant of the H20 nol ecul e
may adso?@le 'H’Z’ n}eHE%’quQSéf%’F%Fd’m@ét’ ityys pEgfersed emhediment may

enBAiRNERMRARhbA O 8% Socift ' i erre -
embodi ment may enhan céc;(p{H% qu %1110 ?l%leﬁreg 031%8%@% &&goa?léed Tqggye or
cafflYticc Bréase aandothive deloateoth iermmal OF eraups akSossabilgit i26d the

A R e i e T e

elddmentdenoisnal OH groups may therefore act as electron
donors. Viz O+ -- 1/2 02 + H+ +2e E _ -1.23V.
Wer eas t Y€ QFiadh Hg Qrivklonaeed oxi de i ons aBt=ag23V.

- 2e" + +H+ -+ 0- + H2 E
WELRE R brRERE MR Rt fors et dRcomecacRitnal O
group mayVipredd O exyaew OgaE,pl us a proton.EoTlgj_ggOV

pr ot on masy .tgen be attracted towards a negative
bri dgi ng Suitably, the discharge of the terminal OH group may produce oxygen

gas plus a proton. This proton may then be attracted towards a negative OH bridging

group where reduction produces hydrogen gas and an oxide ion, which remains in the
crystal lattice,

The reactive or catalytic surface of the emhanced reactor may be
capable of regeneration. For example, use of aluminium leads to the formation of
ALH>0 which can in turn be converted into élumina and: back to aluminium by
cgthodic reduction, producing a metal. Preferably, carbonaceous molecules are not
used in the regeneration so as to minimise the production of carbbn monoxide or
carbon dioxide.

The reactive or catalytic surface may be provided as a cathode screen.
The cathode screen may perform a catalytic function and is used to facilitate electron

transfer in the system, and has the effect of increasing the rate of the reaction. The
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group where reduction produces hydrogen gas and an
oxide ion, which remains in the crystal lattice. 25
The reactive or catalytic surface of the enhanced
reactor may be capable of regeneration. For exanpl e,
use of alum niumleads to thd formati on of A13H20
whi ch can in turn be converted into alum na and back

SPGETh M aeapinelsgtronsmfrimathe eleettopdsitive, systeaflbfd Bnster these to the
t

wiBdralo 4 B r gl car bonaceous npol ecul es are no
Used i b %fé&r% e aPaWPBﬁ %b °§§FFY S H theneleetrath gransfer was only
opcwrng tirestlydfort Sidectipbayd hon di oxi de.

The reactive or cat alﬁﬁi c surgyﬁfa%gnetoégf/gﬁaéerpr ovi ded as a
cat hode sdfasepreferphly, gt ¢nbdpcedorasor ey MRAIHRN#Yavhich uses a

it b bErof ' nd is used to facilitate el ectron

tr anst#e’?ecﬁ%?l%éé g%%?%‘}ﬁ f"éﬂ’& TRANCTIOR of Sate @ccertling to the half cell
equatiorasi ng the rate of the reaction. The 11 screen

may accept electrons fromthe el ectropositive system

and transfer tRBs@+26 TM20HwtlEr to a great ergr-apa] v
dihaniF 3 ved j.f the electron transfer was

S e R SARALEeln bl Fmie] with amptisr batg el reductan

only occurring direc
fagy titee prddactidne ofieliydirogehb MesREKI € HaP iYert thepeNhanced .
@ggﬁ%(gr, i s an al kaline cell _\M%’i ch’ uses I:ggShSg!;rr‘:gg(ﬁe Consists of
p Btapymy, fooRssgbanqdic eqrensiont thereby eidirerleiettramntrafsfer from the
ref@t@s: according to the half cell equation: 2H20 + 2e"
--+ 20H+ H2 E =0.41 V said half cell electro-chem cal
equat i on Switably, cthe pteackionist AkaRObR8E Rakde ¢
ant, for the production o? hydrogeen. g?drégifcf/o,r may

r educt
P{Oﬁge%??{eqﬂt IngreasedoEte, due 1 dieshest 8ddsd byl thepbtatmni Aethe reactions

taking@PiabdM St [ _ si on thereby _aidjing
el gc?f? %gr?u% %ﬁéﬁaﬁk‘??g‘%&{tﬁeﬁg{a@gu A&nt 1e &R%%lswﬂp Yakee when
consigderado megettaki muprpl hext inayt be a&mae%ﬁea&t&ﬁm@é/ by any
ex{)({? %eed at _an iéﬁcre sed rate due to the heat ad ecflb

Lpic Trpctions glso PBfRs In thekenhynesdareacion. tIneturn, this net
inefAsy 6 8Rat H Ry et..exot herm.c val ue
Pwhen 15 ?:to n??%g?glzﬁtb Eggigt‘ﬁ%@yﬁ%@% Q%agg?n B EPReRe resdor-

than is dbistsedrdfgmanthat tndeddiendng JeBRedd Q0B (Bt sum of
In turn, this

' i | in th d tor.
kAR BB s T HR St hireurdobehot iresaon i

grolner A diat O e ki1 RORAIAE SR O e &y 1S al SO

preferred that the reactions are sel ect eql' such t hat
t he sum ofhe ¢nhanced| xgactof of tmi phasent Iﬂf&tcﬁﬁbﬂﬁﬁefbﬁbt}hﬁcludes an
[ 20

| t th inpt of th ti '
s 00 B0 EcnanBl eVeifin B B e e te s beat tom aucehermic
chieniica! tdaticiEinlthe ¢E1EoLEIRREHE rﬁtggﬁfh%rexg{hehﬂﬁz &reg]%c%meaction(s).

i nvention preferably includes
The heat exchange system may operate by condensing the steam produced by the

direct heating of the water in the aqueous system by the reaction. The heat exchange
system may be used for other purposes (eg, domestic heating) or simply as a way of
controlling the rate of reaction in the generator. It is known that increasing
temperature increases the rate of a reaction.

Larger centrally located units for producing and distributing greater
volumes of hydrogen and heat may use a continuous input of chemicals, introduced in
batch mixtures at regular intervals and from which solutions of the vahie—added

products can be removed. The recirculated cooling water may be used to replenish the



10

15

20

25

30

associ at ed heat exchange systemthat can be used to
transfer heat froman exothermc chemcal reaction in
the cell or control the rate of the exothermc

chem cal reaction(s). The heat exchange system may
operate by condensing the stl@am produced by the 25

direct heating of the water in the aqueous system by

W& usedigpiinrihe Brosublicit ofluhrapge theyRéRm 18R1iU8 8nperature

r er purposes.(eq, donmestic heating) or sinply as
hjﬁ \/\%@BQ} to eg‘alﬁgf‘ld’lopf"&'ﬂﬂg Keorttsdeatiopeaction in the =
gener at or Actdrding t§ 3@¥Ebnd8hedt VL SRRLAG, Ito%'%g %g-ftv‘lpj ;?Ert process

i ncreases the rate of a reaction. Larger c

frogeaerating hydrogérornddoroehargyn theaficht gas theirtpld priiai Rt system
eat may _use conti nuous

, f_hyd ,_and
et H im0 SR G Secirorredies, M oPikmeachon roducing
hydrggdrar seldeting Vol fisBRcke R0 ﬁmsgééykgﬁ%g&} %ﬁngﬁﬁawgciem

val ue-added products can be renove
petsBlalnty whitver spidy clsstromagdtive | @i sbactibe: belectvt & second

ok My 1 roduction. of . hydrogen, thus keeping
HRE oot Mol Rl S ingr ahd Dond clsopastive talt col
reaotidrisnsslevgedv i QoRibenatien it Neaid Gt Bkt nd ..
asEect ,, the invention provi deaé, a %g)hp P&Qp}%étigé‘g Ie3chipn to
PRSHET an ineassiartygeagen sad/or erengy pyoductien fromstat@aiid combining

i ' .reaction system. 5 inclyding the
oS820, PG, 59K Ul b U Bobesinof s
prodacddi ana byestedid gofiHar REE BiepSH! QetdiY (& ér£tﬁ1tef and_ 2 pasitive

el ectropositive half cell reaction having a su
PISSTUEhIn enhapgeqdsacier, Whetesr e porimgatfitheeteadyf added to the reactor
24k, R, L-ect | cond el ectrapositive half
.s}{:sel I B?gg%ta?%lrtf?ﬁsdg% © %ter 4 SoHypds 6??63811 SHRFBHasithe yeactor to
inkieate hekbmberoruisosisied ¢,606adal 4t ieaTDIARYAR MallcSlfloe.
an

el ectronegati e half cell reaction to 10 produc
i ncrease |Y’F°ﬁ‘¥’ﬂg &y thigdaspent. disdnypption praridésan ehharved reactor

; ; ad > ey [ f cell reactions; and i
SRRl Rttt e Moles Bfioeror Rom e, ecvpporting
repetvuciodatalytia shfager ol witictnthd Bgdrbpérs byt iiterital & fit %xgreby

. tenper at ur d 3. positive pressure into an enhance
mP‘éeg%'P% ?I}C Rﬂﬁe&gqeﬁc%nﬁ&dtspbﬁqéﬁmtfﬁ@ efrhsidegeen deratatian tebaive to
the @26 bPfeactffShehe Msehddboraddirki®; DRusteam. i s used

by reaceta(i;on systerrg %éﬁo ?%gr%éé:g{\} %?cé%%%sﬁ“ﬁa&?'ease t he

nunber ofThgirssutive af eatalyOsirfare nady ¥ orifdidda bRSdel Sifface.

or cat al ﬁ;l%ﬁ% rface. According to a third aspect,

t he i nvent® g*o €qBRducede Axdiogen is eeapable of ercingi gueous

comnioRiBat |7Ithe Wl S8 Edhuddt QAP PSaoltYBAF oL oML oy

a_supporti nt% reactive of catalytic sur
haldiag Ksparvoyethershy resplbitngrit b atdvictioh @vhydrbesmey heat production.
I ncr easi t he rfat ef&f“g reaction and subsequent ‘rate of
hydr ogen n‘g’é FSPHEICO R FSIPRESPRIGnY grtiopprefgeabyameludés an associated
heaE@hbtit dybtehh@af BEERS Bselfto Snk t4 fexGRLALNLEC -
surface. The reactive of ca?%inyte{; ggés‘tufrrc}lrggg eﬁg@e%%%&h]emcal
Te3qhOR iR el o Reomfeo] $he fateosf the exothermic chemical reaction.

Preferably, either of the reactors (primary reaction system or enhanced
reactor) of the present invention comprises a pressure vessel, the size of which will
depend on the nature of the application. In the case of say, domestic use in villages,
the unit is engineered of high quality reinforced polyester that is desirably portable
and robust. A small domestic reactor may include a means for introducing reactants

and a means for removing reactants and/or products as a batch process.
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Preferably, the produced hydrogen is capabl e of
forci ng aqueous conponents of the cell out of contact
with reactive solid conponents and into a hol ding
reservoir, thereby resulting in a reduction in
hydrogen and heat productiod3 25 The generator of the
present invention preferably includes an associ ated

heat exchange syBriehDeseniptivanofithe Dradidg. t r ansf er heat
or

froman exqgiherm.c chemic reaction_in the cell

control t Elgyél'gst eem%qd%?aﬁxgs 8 f: ht%@?ﬁ?@%%@rhed&scn@dmtbmference
toRhe feiiahy dravibfein whichhe reactors (prinmary reaction

system or _enhanced reactor) of the present invention

conpr i sesFigUp dsdurde sireplifisd enbrgysbael diagndih Clisedi bd describe

Seggc&m?%qs on the nature of the application. In the
case of say, domestic use in villages, the unit is

engi neer eBigafe I8 gb guadhematiceiflpfxor & ol; 1@@% t

[ @ gesi raply portable and robust. glﬁnalﬂ%, o&n%%tffllg{’mfemd
e o Pt fPE preseny ey eglipre anwhicbrthé steam gfudluucgi mgwmimmeactor
i@ reactants and/or products as
1sa ba%cﬂﬁggggée%.ah%gmﬂér&?é c%éScri ption of the

Dr awi ngs. Var i dbetakedbDeichipiion 6Xftht BevenByENti ON Wi ll be

described with reference to the follow ng draw ngs,

i n whi ch: ARFQIting fa ansaspeatiqiphp firesdniemeengionh an duimgd aergy
pﬁmi&%yg@@]qgagﬁjdeﬁ sem conductors. Figure 2 is a

0 i agi

schematrc agramillustrating a preferred

enboli aprefernd] enttwdimen.aht celd ¥6darghg dut Y p}Bsehhgwéﬁ@cﬁms an
a.lfmduc dinaprimry reactor is used as a feedstoc
g, felln Whirhdies almegmesheaaiqdsdo peexidd plestrmsdbr theereduction
e dc8Riin | ect,.of the present
% nvgﬂrﬁc:con,' gé'];l-t% t@%ﬁ%ﬁ%@ u%@?%ge qﬁ%&%ﬁbe‘ﬁ"& systemis
provi ded. | n a2ls@feered 20HodiHENt, the cel geLqgyq v
carrying ’@lﬁt t.he pr eSﬁgifo invention is an  alkaline
cel I, whi tHS udds ZanWrhéPrruneRRd c fl¢rbgechertiqst ovpatsion  which
thedregéd1BNGardf 88 dolifled GHHE L f e rding, t9 the
hal f cleallnl equat | glre] (equtg??%ﬁr %al be lof/&dﬁ%g&mgé%ga aﬂeﬁ yalue
gromet tham-02AL (Y, 4 ovdeTHp sproduce gpdrbgabo Fiovesves tthe kinetics of the
ro-chem cal reaction.which, theoretically can be
prgéeggbésesg s %F%%’rcﬁﬁgﬁngm@gfps FRRracticady sloxi ng an E
val ue  gre® sresdnf 8fvenflorftdestribbs 8[0?&2(}1}%% B{eoé%%gg,evghjch can be

hydrogen. However, the kinetics o process
foglfreni thes uieaé Divary: handotemhart hyirkles, nfhe amhpleadiy elfdn@stits and

. | i.nvention describ eptions to the
el%n%ggg’ﬁu% Ig%ﬁm%}étg:)in é@upé Ohe and o of(_a tﬁe %ér?o c lI‘able. In some of these

instances the mesh cathode does not provide galvanic interaction merely acts as a

- convenient reaction platform.

The enhanced reactor of the present invention includes a selection of chemicals, which
react with water, the reaction possibly facilitated or enhanced by a reactive or catalytic
surface. The selection of chemicals have a low hydrogen overpotential, thereby

increasing the rate of reaction and subsequent rate of hydrogen generation.

The relevant half cell reactions are:

2H,0 ~® 0y + 4 H' + 4e- -~ E°=+0.828V
2H,0 + 2e- —» H, + 20H E°=-041V
ADDING:
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found in the use of binary and ternary hydrides, the
anphoteric elenents and electropositive elenents in
groups one and two of the Periodic Table. In sone of
these instances the nesh cathode does not provide
gal vanic interaction nerelyldcts as a convenient
reaction platform 25 The enhanced reactor of the
present iHhtt™i OndlHedes a sel ection @P=che@gival s,
which react with water, the reaction possibly
facilitated or enhanced by a reactive or catalytic
Genbrilay; eoneT e 166t firibep Ll : :
h d_rg}gen over potenti al ,&?ﬁg?gﬂlf@ihﬁggéa/‘gf%é@ﬁ'% nr“é(flgmg the
omflatianafisperiesastected finme Group F et @ronp IhyeltabyBihary hydrides, ternary

\ ieon, . The rel evant hal.f cell reactions are; 30
h}%ﬁ@%ﬁ?ﬁ_ﬂpﬁogﬁw fPeinqqiS, gYeggppcglg\g_eoq ementy/in gronps eno and twa of the

pdriddic {20ld-ant chelaféd AdanVitioAliIh&sts, HyadiZY o i
E=-1.23_.V Cenerally, one or nore ?,?Jrlt het;ﬁ]:}/o%%oxjﬁ@and oxyacids

ofsulnbyr Wil aise fake piagk fin thslenhansedtréastes. | nvol vi ng t he
oxi dati on,.of ¢ Cli | ect.ed .from G.o or Goup LI
met al s, QPnJa\F@Bﬁyﬂg r%feéég ,Comw’%e rqehe@gugtant 15 a binary
arglfgrhteinesry chyeti@deint SomBingGér RIS iah | MEpIRIt&GHE @gf%éﬁ'ﬂ Am 8oteric
groups gne and two of the periodic table and chel ate
clements pretereddpelndn alyminiig, singschsemping gaHom snditin. Aluminium is
j S ' al so take place in the
pagﬁ%ﬁlﬂen a%le efelled! WORIE% al\{%ﬁ %%; S?ﬁ .

react or. preferred conbi nati ons,

the hal f Tiedeductais o fietfirstselctlpbatfive haNELIPFeal &3R5y also be a
mg&\ér;lrl de, in conbination with an anphoteric el enent”.

hRE%a81G eomplgx apshieiiod’ Ghapgiag resafigwretionido aklgasenonarpr more
1&dtR s 1 b A S Alum nium s
“harti gg?é@%&fg?é)? girl I}%cgégs?@g%toiéd;rhauzgp%m@gr,used_ The
r educt antAs statdde aboves tthe lresstioapSsictd ve hdt telf Gkhctions in the
eact.i on may al so, be miet al organi c conpl ex capabl e

TG AR BORARR 5 D BFFister Pisfhe sevisiap ofe mestiae o catalytic
uehaBEt ' o8 alyRah] ' dig.

S H e et RSk by 87 o B BE R el ety The

redycianimayrberxabible ef partislamttotahmegeneriti®. enhanced react or
may require or be ?_%i sted by the provision of a .
reactive ‘Br? ’@gfté?r?rtae ly emppdiment, preductant foyms @ further reactive
Caataynd fefgsitd! AIRGAndTBY fRAitAing idiReh 188!, i

orreduic’:ftyantg The r e%lrﬁct antﬁn@yﬂﬁ%yg%sgbﬁ téft ﬁgéaélfl?eal S%‘fably’

oneq ghore sefigtantstwill fornh a semivosdugtive heatearkdll yr mobeedierent , a
reduct ant fora}s a fufrther reactive 20 or catalytic

reagent, 9% P of PcPl o5t Fedyctants 1tn dprp dhe semicendustive
métekal RlagOsrefenibly @bhince the hydrogen production as the semiconductive

material can catalyse further reactions in the enhanced reactor. Suitably, further

exothermic reactions are catalysed. _

The reactions taking place in the enhanced reactor may proceed at an
increased rate due to the heat added by the steam. As the reactions taking place in the
enhanced reactor suitably have a net exothermic value when considered together,
more heat may be produced than is consumed by any endothermic reactions also
taking place in the enhanced reactor. In turn, this net increase in heat may further

increase the rate of the reactions in the enhanced reactor.
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one or nore reductants will forma sem conductive
materi al or nol ecule. The reduction of one or nore
reductants to formthe sem conductive material may
preferably enhance the hydrogen production as the
sem conductive material calScatal yse further
reactions in the enhanced reactor. Suitably, further

25 exot heth¢ enhapaed feactsr af the pedsahtyin®ehti oGl RAELIP B lude an
a§sg}§iian!% | ace,in the entplanced reactor may proceed at an
“Tner egglgﬁt FEhanEs fYSIED hiesan dgiusad tretramsfen eat fomamexdthermic

K g . . q . R
clidnficdleadetib S tHealel1 /G cOMAS he Atd Jﬁ.}w gfc%ﬁ%ﬁﬁ% 8]%‘21?]@6@ ?éa&tlon(s).

suitably have a net exothermc valu

t oget her , Tharsnkarkedreastry ibeopfiguated sdct B the hfBASHHduced
[ | so_ 30 taking place in

epdot herni ¢ _reacti.ons
°{}’|¥%‘ﬁ@ aﬂ"c%é’r?sé‘éf&séffl} ?frafa 14 %?Pr#?’rqemhé agBeous rompasants of the cell
oltesftcofiyt Wifh thefeactiiCdoBaLE e freactions -
in the enhanced reactor. 1lgbgl$'%r{é§é§%g%%églo}dé%%{38?v?ﬁ' In this
wenhdbg erhaaerd teastencandre midel selferngratidgyhjdieatde pafuced while the

Lated heat exchapnge systemthat can be used to
AR bR el e G coRIAES Wit b iteact g sphaalbut en e yirogen is

pioliecedg ke Aue6@Nto@pokd®s hatferl ther . .
cheni cal ﬂaacti on(g()). The e%han%:%g' ?églc grsg}lés by pressurised

hydgogeng theesly saustingiat a reductiopdindrydrogen piod@edod Wash Ryldrbghn is
" h that it i th

crdin 3% n? BRSFLe fa RlEetel. opiny HiEcamugers spmponents 1o come back

intce a@rithot szi&othdjsdlﬁmaa Q@.ﬁﬁrﬁi‘ﬂi@ feﬁ&tfbna’tghfélcglhpn%nce. The hydrogen

reservoir. In this way, e _enhanced reactor ¢
capeRfereguqved cithen batehise asrdsgaibed sshovedarciach whitin@odshRshion o

ol A B ol e e S2% o peteicedoe e b sectod

basedpo tienimuat 6f ik eem pdyditibh AutBg sol i ds by

pressuri sed 10 hydrogen, thereby resulting in a

reduct i ont46n SRS JEIFeR rREFQETS oh catalligic Mymbtiogeandi & used to
fabhli r; | S eased,. al |.owi ng. the
o R R Bk R B P R o st the
resglondThancrecmuastopgs tloetrane ded Al ERCHSSMBRNS Brem B transfers

hydrQgen . can be renoved either batchw se, as
th&"ége rot&%gﬁteﬁg’o% greafsr ratg thim worild he ebservedsifiteeleatron transfer was

ctd learon ir:
o R S B R bR b e anount

of hydr ogéw quhekedireantorr prefstabiydcontiins @ HehOsk@haize 861 through
e foErrs a cataHétlc functjon and is used to
wHIEh W<t 3 SolPIBteR 4 CpRdsRiSs (e Sioemm ithisytbe evactannaud Has remove
thé ea i AIHIGm e .he. reactjon. ,
Thetgéggﬁd gf:lgg%?éeeel ectr&%a‘;t%lm %htlgﬁggi PA8% gisp bepged in

the yelume aboive theaeastion sreattt emelehs thizetesdd Bick ihid tHe BhQRKE elf

rate tha vvou%d be_.ob %rved if the electron transfer
was 20 onf° E’CIEFFﬁ“i?a o &g Inyentiaprpropides a two part process for

geftrathg MR@vLEh \LAdoY nSiPy! thet BRL . The_enhanced.
“reactor preferably contains a wglg?éeénx%%a%rgtgmgoﬁe?‘%on system
inglHdigg fhe sub-steps of selecting an electronegative half cell reaction producing

hydrogen; selecting a first electropositive half cell reaction having a sufficient

potential to drive said electronegative half cell reaction; selecting a second
electropositive half cell reaction; said first and second electropositive half cell
reactions selected in combination with said electroﬁegative half cell reaction to
produce an increase in hydrogen and/or energy production from water; and combining

said half cell reactions; and the second part including the introduction of steam
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which water is recirculated to condense the steam

within the reactor and thus renove the heat produced
during the exotherm c reaction. Raschig rings may al so

be used in the volune above the reaction area to
condense this steam back intlé the reaction itself. 25

In another preferred form the invention provides a
Prafgogshps apbpoewsiuct of theyBrststdp aig chysteo gempaasitdtnd a positive

PFERERS e bt B8R e oot encrgy added 5 th reacto

,hydroagn; selecting a first electropositrve
ncgaags fsrnumalar 9f desseidted Br@nons gotrerehi alkedctivali 048al$tid Sirface,
I t.iyve hal.f cell reactipn; selecting a second
A?oﬁogfag‘%{g?%ge&?‘{iei r\elgjﬂﬂ%%fa IygreeeRdsErensh: said first and
second el Beiheqpeht spegifaidn &&d bia 05 e and
i n conbi nat i,og?vm th %égll d elrtect r'or?ggg?%g%ﬁ(gl (fSO%CPZ.”VSF& and its
on fromwater; and.conhi ning sai a
blge}ﬁ%gi{oetg%(? ﬁ'{g%tsd;le elysiop 8¥\§ o8 PietegeSng t he
i nt r oduct Referdce Shre@ghohb thiprsPesiEesti St dhe- Qﬁﬁ’cﬂﬁﬁ‘ﬁ%:?t‘)for “an

tpe,fir§; step at el evated tenperature an d a positive
empedinicpe’ mpans thet epartiemedietans solctund er eharacteristict deaeribed in

reactor syste y the
Bl S 0 Belt LIRS L o IS LB Bhebl norecns
inveetioreadihms, the appeefaes 6f &K@pﬁtﬂ%’@@‘“ixpfméjieﬁﬁ)?ﬁiu%?d oglz% an
ions at or near a reactive or catalytic surface. 5 I
e‘EgO chle sIthEATOUs Phaces thrpughoyt this spedifichtioneate mef acaseeily all
1 h t ifj.cafll | ai ns,, t he word
S b L A T M E——
cHacaptapistisenihy ha dothbmepid &6 suitdsle ugemersbne br s sdbbiBions.
i ntegers . but does na%h xcl ude the inclusion of one or

more f ur t FefOpage ma gt dhe Apvmgae dies theps described in

1aB Pk f 6 AL bPNedsOspelitit BMTRANIERD 5 -

egn%di nment " rr_reaans X hatt%a parti ctgrargétpg(g‘?zblr%,gmes' It is to be

understendithet the invheticacisenot $itditedde sspietilfie fetres GRAWE G | @Bcribed
the e i ncluded jn at | east one

Cowit di t, |
sl e STk FEpPEL SO {EA FEFHET SR ormi e g the invention

inéPpfedt 2R ialerdtfof iRRh&sR%, cldimRB8n t%.ﬂ? gg ggg%%;st (%irngg&iﬁcations

an enbodi ment" in various places
withiacthenrapéroscons @f e aprepded ghaity apptopriaefyeintérp@tddoby those

_S¢f£e%tﬁqﬂ§m%modi ment. Furthernore, the particular

atures, 'structures, or 15 characteristics maybe
conmbi ned in any suitable nanner in one or nore
conbi nations. In conpliance with the statute, the
i nvention has been described in |anguage nore or |ess
specific to structural or nethodical features. It is
to be understood that the invention is not limted to
specific features shown or described since the neans
herei n described conprises preferred fornms of putting
the invention 20 into effect. The invention is,
therefore, clained in any of its forns or
nodi fications
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wi thin the proper scope of the appended cl ains

appropriately interpreted by those skilled in the

art. S 17 dainms 1. An enhanced energy production

system havi ng the step of introducing steam at

el evated tenperature and a pdsit ive pressure into an

enhanced reactor, wherein a portion of the energy
#¥d to the reactor systemby the addition of the

st ean. . 5 by reaction systens in the reactor to
H ner emgs%mﬁ%g STFBLPTOSRC L Sestam having the stepodfdnobdiing steam at
elevatod aémperbRas bhd/ @ Ssithal e S F8GEharZng AN :
en.hancedp%ner gy pr o%dusclzt i og}%%r% e@n%aé%g%?nr?@d TEAHPLa Fherein a.
PYfher & the ereTeysaddadic ereahicrsystem bin eneSatalitRIN éfSthe steam is used

r ced -praoduct of a method for generating
bﬁyrg?%%gns%ﬁeﬁ 0 ?ﬁ/e eerraﬂlfg?rr g‘?‘n CrepRSnihen number: tof odissociated H,0

miotechledangt ichea sdabtb®e d¥fcatabicetfapg an 10
el ectronegative half cell” reaction produci ng hydrogen;

2.5el effi FREZACH; erprgye peadictipn Systemeaccontific ¢6dlaifeaCiheRin the
b fi Ci Qtential to drive said :
SR b doat ol tbg il B3k ficcR as ey Godice b mesispdsor generating
hysizegemcandl e ety Tint b\dheidal &b ﬁ&ﬂﬁﬁﬁ' e sl fLrst.
and second el ectropositive half cel r%glcetsl% r?sog sclecting an

clecacaatyei tnlicsHrPantion roducitts bydrogent edéctinpegfitst Rctropositive
. 1 .pr.oduce. an i.ncrease_in hydrogen

hAlE 1L gt BBALL 3abR B el e i S0 clanirossenva el ocl

regctioa; sellettinpeh Ise¢oRd CdlécddposiBve mﬁ%ﬂ%ﬁ?fbfug :%Fi[ﬁlggrst and second

1 roduct.ion system according to claim
CIPHAPQEtiTNG hald qell Jeaqtions Selsetedinfconénation rvitle shidl dledtRInbgative

hal€&at 4 . : ene roduction system
accor delgﬁgontgb %rléglllc?h a]\%fci%rgseel H %ogqnea&g?‘?rcﬁﬁle@}’sﬁréﬁﬁl%mn from
witel; fand ebthbinérmecdaidodf deblguidtiondr are assi sted by the

provision of .a 20 reactive or catalytic surface. 5.
3. An e)i\ﬂ8%@8%%@%%5%%%@%9@@9@@%.mgmkner including

a 12h@ioR sFstehesfont of RSre ‘ﬁﬁf‘?ﬂtﬂi;%ﬁ‘f@ﬁ temincludes on or

nore electropositive reéactions involving the

4.oxi dAniaphansed spretgyeprodedtiont eghtém QECEXREPLd cREm S QWiRkrdih the
rides, ternary hydrides, anphoteric

tal s, bina h
reg é’%e%&?,m & @%Itfr%’gdgﬁ 104 TRAUKFePH are| assigied U thenerosisibn of a
redotive Of cith§tid BufpRei odi ¢ table and chel ated transition
el enents, oxyaci ds of phosphorus and oxyacids of

5.sul fAR enbancag epatganpredudivar gystemt GdesringNtoS¥RiBM wherein the
re&%ﬁrsggtn]% 1o fﬁl aim3, wherein the reaction system

el Udes R Pt 8F BoEe Plepisarasitikpehatiagall xeastions involving the
oxidutioh iof Bigeci g3 ¢BleMbd ok G & or @GN 52y GIRA0LE

of changlfeng configurati onbt oorréP aggneg%g’pdé?wgn&s’ ternary
hydrides, amphoteric elements, electropositive elements in groups one and two of the
periodic table and chelated transition elements, oxyacids of phosphorus and oxyacids
of sulfur.
6. An enhanced energy production system according to claim 3, wherein the
reaction system includes on or more electropositive half cell reactions involving a
metal organic complex capable of changing configuration to release one or more
electrons in a realisation of an increased co-ordination number,
7. An enhanced energy production system according to claim 3, wherein the
reaction system includes the formation of a further semiconductive material or

molecule,
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co-ordi nation nunber. 7. An enhanced energy production
system according to claim 3, wherein the reaction
systemincludes the formatiqon of a further

sem conductive material or lfiolecule. 18 8. An

enhanced.ener.g roductiQgn systemaccording to claim
87 W?Hhér Ehﬁ““teﬂegnegw iR isysterrpaceptding ¢o chaibeT,uivhere® the
SeMICETCHVS RaldBhES Ablelle § ite Riatdiihy SOhance
energy production sygt e?nqgg%:‘gor .Ha?‘l%ef&lgfm" ff"“E“urther
9. nc| Haienbancad energy pratuetiohsatene x@DARGE tSYlatne M fiRbr 7dlding
C

ed to transfer heat froman 5 exotherm
alg%%#l]%bagefd ?‘%%C?’fc 5 SYfiem el cap heorsadoko ttremsfeatteanfrom an

| exONHe BAceni6A SELGRN in”ﬁ@%kﬁ%‘?u(cg%ltﬁol]@lé tr%- %Q?ﬁ%%?%&ceggemical

ener gy production systemin g
repgiion(yener ating hydrogen and/or energy, the first part

: eing a primary reaction system .including the
-”L%b-‘&‘e%@%‘%sé?%%% il’ﬁﬁf%ﬂo | YEEMo SNy & B fpacteprocess for

she@thp HydRIged UadNg ; ing.a first.
_gel ect %gigosigt@iﬁive haI%E%Yﬁﬁfggﬁtq%ﬁtﬁ%%iangnglaguf?aICT&?IbWStem
nplyd gt th | sub-stegs of selegiig @h exl¢atmnegaitvt ialhedf reaelidn producing

i Qn.. selecting .a second electropositive half
hfdEheh; Biepiif, 3 i'l_gﬁt dCFFTFROSILRg ?éfgaﬁlél EREHIT SpvisEta wefficient
pohaitfal cel larive Cad | 85r&RARL hal P TR OBk 2 Ldbond

el ectronegative half_ | reaction to pradduc
eleaiopesitiee ihalthgell geratioan daidr fiesieamly sgrond Uelettedpokitid half cell

reflioR oo T POmRERHAR o fetd Fler Senseetitin belt sl smmetion to
prpdud iddtcragse dn Bydrdgerd sd/orddnelRYprbductibn $HoaP “a{erﬁ%xgl\rﬁc?%n%gning

t enper at ure and iﬂgosi tive pressure into an €
sapdo half el wRpedioasn apd fhe tseenmdopart hecledieg gite ddttedhction tdfesteam

PSRN 3 SYSAEIICDASE kS 9 ol R Sl B

pressntedntoadh ethamediredotst, WRSeiD] ggélgﬁ‘ 8f e eAbrgYebedio the reactor

reactive or, catalytic 20 sur
system by the addition ofthe steam is used by reaction systems in the reactor to

increase the number of dissociated H,O molecules at or near a reactive or catalytic
surface.



