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ENHANCED ENERGY PRODUCTI ON SYSTEM Fi el d of the

I nvention. The present invention relates to energy
w@e@doc2son and in particular to a system for PCT/AU2004/001080

increasing the yield of an existing energy production

system whi ch provides a non-polluting source of energy

fromwater in the form of h}drogen and heat.

Background Art. A variety of ener sources are
oresent | y EVHANGER ENERG-ERARVETIONSYSTEM

hydroel ectric, geothgtmeleqmMbndiad. tidal power.

However, by far the nbst conmmon and’ conveni ent sources

of ener gyIh@tprévetidnénthaclates $€elageprodictidheanddnbarsiculanto a

of carbonaceous products. For, exanple, coal,. gas, .
sysieRe foryBsieasing: ths| ¥l ahanopeging epgrey wadugtiop sygfeah which

r e 0r

pe§iiith, § HRIRAGENY Sofito R Ehael o WARY iR 0GR B bS8 and
heagr eenhouse” gas and the 1997 Kyoto protocol ains to

reduce the | evel of such_ greenhouse gases and

ultimately minimse tHackEramd 4t o) opal warmi ng and

I 1S CONSEqUARCESor éﬁé?%“&ﬁlr&fs A S QBRI 89aiBbl8lich_as puclear,

therefore représents an attractive alternative. FueP
sotze) hgdroelasteict géothierog nwihidr sl tigali paver e Boetever &y fandéheynost

by reactions which involve the reform ng of hydyogen
COPIRPR g afAnYCRISHD SOWEES ("iu@ﬁr%’s ah @Y FRkE dh?%t ﬁ%ﬁ& gn the
' d
cSBTRALSH o hERT: ALY TSy 2080 DY SR ol

andatisset. Byomecessityheher schemaghogyceons profduets bum theg ptaducabxides
energy wtho tl eE) i nt ermedi ate conbusti on change. They
oficarioBs R YrMAci pal next generation source of mass

ener gy Pregdyfid BroaRhoddrfoul @k 2eGrdcahHRKe gis hdDibel 199K yoto
contribution to power generation. However, these fuel

pro@icbkaimsftbarddoedhe fével df suchhvgredrhiguset grses andbyltimately minimise
i des of carbon, such as CO or C 2, when

d
1hg%%ﬁéﬁ%é§ GrBing AR LS CORSSHYCPS: hy dr ogen source. On

the eart hppd g8 BT HYMEQEPIaBeH MNfREGHr fepiddets dd altfactive
commonly found in a combined form such as water,

altepiatioear bons and all plant and aninmal matter. In

ons! der ditebRET B e HPPE Bistet lo JRent snerey by geactions
whidg ihedes ﬁfeofgform%g 6f hydbgaeich sratsid dohipotBdie(stich dh@iethane

reaction of _ _
and methanol) by means of steam, catalysis, elevated temperatures and the like. Fuel

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 a
suitable metal with a displacement acid or by the electrolysis of water. For

commercial hydrogen, the primary sources are water and hydrocarbons. These
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suitable nmetal with a displacenment acid or by the

el ectrolysis of water. For commercial hydrogen, the
w@eiosmte3sour ces are water and hydrocarbons. PCT/AU2004/001080

Theseendot herm ¢ processes require energy. Ml ecul ar

hydrogen is an inportant source of energy, as

evi denced by the endot herm € nature of its producti on.

Its internal energy can be rel eased either by
endetistBicinspreses BEAWISLBEIZYN Wi t h oxygen in a fuel cell.

However, .t:h L on. . en gasdirect|y .

pr oduces ViaeTRERYE bk Ay sibOHERARER TGRS e evidenced by

thpleadéth@mié Renrest aploduaivhy Itp temlbdRtgy cliebeeleRasddostiber by
and dehydr ogenati on process nentioned above for the
compligtien Pioby tsrctins) wighypryeenya StgdRelbr oduce by- product s

whi ch ma f ' .
vh i <08 PRl B AUES rOINATR: oxids
ofvarfpaunitnpoedustte radivesn thidorticaldy ordy gluelalterwar m ng

gas. These processes also require considerable energ

i nput f r ohAcesledransg and delpeisogepatiaprosess Apentivagdh ahﬁ%?e¥or the
d _ Hah i
oo Ut oty TR RS oM €3G 0P AL S B Melihnted

Elatteolgsis girbdeds | oxyen, Swhivhat entusefol, But4GehydfiPenatibnr ef erganic
to the reaction of nmetal hydrides with water and the
copRovgfls gradugiefetrrBP: Y itfn S globel WatBInS 6 LacsgrpIeResses also

reg‘ii?éj&@{sid%ra?%e?&glf%@ﬂ%ﬁl L eBbRGT ERkdEses, to provide

ectrons rge at inert cathodes. In all of
t hese i nsAiwmsts havwebeensubdd togprodurequine modqualar hiydrogen by self
hydr.ogen produced,. are re arde{j as waste, with ) .
sys 2 rrotherauig reackipni GAVERATAL BUTPEGY gaigraipry are described in

Uds SRRSR . E’,%?,obygﬁ@ e P c{iwsfﬁfe%qih a@&eswgglﬁgi% and

according to the followng half cell equation:
th2 Qide +0f &0ruded.BRBYpoditivd ewtal, anmdgs sihédt gradoaliyt dissolve in the

systemw th val u reater t.han 0,828 V can react
IR P eProv e T LS OR A B ER = BRARHIeE™of such
el ectropogi by Vi &¥ed §HRaied lhclég r%ﬁlﬁ’@gs aRpYEnd- 23&om the

c
i ncl ude hydrides, for exanple: -~ H + 2e E=2.
hydirogenuptodnesic taro rsgavfledres avasta, owith qutalklemisyehsogjatnd swigh their
03% that gj.ven by: Al + HO + NaOH - NaAlO + 1 1/2H are
collsetiaand disnosalsi bl e, they are kinetically very slow

and the hydt 99&Rgbi® o BEUB&HeAtfrom water according to the following
half cell equation:
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 E, 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,+1 1/2 H,
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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a slowrate over a long period. This "trickle" of

hydrogen is unsatisfactory for commercial use. It is
waleasngBe t herefore to maxi m se not only the PODANR008H01080

hydr ogenproduced by a cell, but also the rate of

hydr ogen production. Mre recent inventions in the

field disclose generators fér the producti on of

hydr o%gn fromnethanol (U S. patent no's 5,712, 052
prafiered byaeliptnt alsadhetats of hydmeep perilictionf t he sai d

reaction y,S_C . X de. Wi che | dsor be h
cat al yst ,Mgﬁeu:}%‘%glp"lc a&g@bgtmﬂ% (t}-}ﬁ@ gC%,Sa%e’l ggnér%ét?;ésr gor the
produdtio@ ofetydrdgen afdnd metianbh @U.C8U petatitine'sf 3INTE, 03anaf 58B8,727).
el ectrode, and subsequent |owering in the energy
Heweyes @ hy-prosiuct ofcthe gaidapgctian 33 epgpon groppridaivdich isjagsorbed by
I Q| l Nust [ .
R R g, AR pBeEn S W SRAR L n B BB b the
catabyticefunctidn efithé Bletthales ysd isamemeloiveting irethe endrgy efficiency of
decreasing it. The co rcially useabl e hydrogen bei n,?
the syieiRe i Qeder 5o sUBIENIHG, U pr ek gsesralreushRecessarly be

o4l AR Rl SRy ISR, SULAAGRR i ot
asgee] asGasdnkiferaddcmrasiag itcoal and el ectrol ysis of water

are the aother industrial nethods for hydroge
product i oH® ¢esHBesRlly ugeable Eyﬁe@%lé@n%lp@dmﬂwate as August

e IL.ensi enNi r b :
2@rzli gg%%ﬂ%fg&%ﬁgﬁg@gﬁ t%rﬁgd pro &c%h?ébnﬂg@%?t@ée%f Cl)lly drgéen ®
otagined by ctesnt refdireatmmeaimaption opmeimes sgass Gastfiattion hef coal and
el§>)cI g ;%%?y\ﬁyg{, @gere(ﬁ)geum 51 +1f111 &{t}?lgﬁlrlietl " (smdozr- ljs}}dgc?%]pil -~ éction.
Hbefer! t'B@?er s Qb RloNRA el dyARteRRYe SAERR a{hZays environmentally

reversib Al't hough 1t was considered to be an
friemblyrdua maidgto the,predustion pHeithteh €CQe oo Mifhascca podndt. of vi ew

for produgi ng, hydrogen with a hi urit the steam, .

Fof of m nol ST it s ot R BE ol B oL aRdyeine
hfrdgenOut wei ghed it. The interest in the steamiron

process has recently grown due to the relatively clean

hydr ogenjghaty cageahe PREERICEdrdnQiTh biklePF OBGESgenthi ch

is especially inmportant for the use of hydrogen in

fuel cellgrqnd+al s@,0(ye t oSERe PERsOR) | Ky W Nse

renewabl e energy sources for this process. One prior
Natetthat\fhe wastiom Heteeangranandsteagnisitesrsibleocess i s

di rected é‘@l&c&gﬁngﬁe Fglgichﬁdgrg& lt(? b@ra%cﬁ’?psodaﬂt wio(ﬁl? aislaefrom the

rel evant yS are:
economic point of view for producing hydrogen with a high purity, the 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:

—
3Fe(s) + 4H20(g) k. F6304(S) + 4H2(g)
3FeO + HzO(g) Am— F63O4(S) + HZ(g)
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3Fe + 4Ht = * Fe 4(S) + 4H 3FeO + H) Fe O4(S) +
HNat ural gas or ot her gaseous reduci ng species can
w0 espswer26xygen from the higher oxidation statePGIIan2ms/001080
Fe O (hematite) or Fe O (magnetite) formng a stream
of carbon oxides, water and unconverted hydrocarbons.
| f operating conditions and4the reactor design are
appropriately selected, only carbon dioxide and water
are pr oddederabgaspes othoh gageons wdieige epreagsi con semaAveeoxygen from

sEHIEERR et RS w0 e R

stregndensdaftpnvaliies,| @RYES ald AicBnEeiedORydtbbeis. StIFeaperating
ready to be stored. The di sadvantages with this system
copdiionhand thefrpagierdesigaee apprapidptey selegieAcondy icathon diaxadesand
S t | M Ity of the hydrogen
Wrerfatt%?/g dgc?]egsz}sl%ag{ Hl%)aﬁr){l‘)r%ﬁﬁéiteg%tg)ég'i s still produced. Qur

previ oufpsyst em 4gs a n@m&od gpéoge@eéé%i ng Ic}#%bogen
n

and/ or enéryy fron a chenical “reaction fncludifg the

steps Qpg, 5! g,ac.tj'd}g‘han elet r ofiegali yeahali gL

reacti on produci ng hydrogen; selecting an

el ectropegitive gl f CEH= T eagif.pn hayiglg A szﬁﬁf ci ent

potential” to drive said el ectronegative half ce

reactionge,&¢l act cpg a sgeBnd ergcty aposi ti veel f cel |
reaction; said first and second el ectropositive half
Candbhsing aictdrolesvesed @ute darbon clooridn atrean readyhtoes be dstored.  The

RS T IS Pooh ok o TRl Sghels? ol e ReRRbgian vessels
mY@bE se BB ISR ThdPursiod tHealyirdpeh kerh &R@tanA MBat cdfbbf dioxide

~system through a suitable selection of half-cell
is stdhptoduess, chemi cal concentrations, and inherent

hydr ogen GIF RFHOY SiteRo ey S HRAFA o Smperiti pilroggn andlor
en¥iBl Srom ASch3mdi] PERHE inchidier SdSstep dIT: adleetth an BleBtfonegative

amount of steam The transport and storage of energy
halfrasllf ngedtionr producing bydregens selsrianenan electroposiiviedillf cell reaction

transfertence of .electricity results |j ubst anti al .
hal 5GP oy aivb Rt EEBHedys P YT AR blgetine o
se@RcléMdPodtit BAIE €81 reb@ S sAiB fretintl Weddhd el oo B6di RIS cell

are also required for electricity transmttal over

regcdings delselad clas carabiaptione iy said heleqiaegrtivei il wcelh sieeiion to
o 3a SRS AT g 5] Ry B i
said half cell reactions. This system, through a suitable selection of half-cell reactions,
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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The transm ssion of gaseous fuels, such as natura

gas, also requires substantial infrastructure to
wen@ane2aziequat e pressure and supply to consune€EAU2004/001080

Si ngl euse and rechargeabl e cylinders are practicable

in sonme cases but even household size cylinders are

bul ky and heavy and require5regular replacenent. It

will be clearly understood that, if a prior art _
usp @pfl rechergsable sylindess are @racéicatde &1 some passs puf aer housdhokksize

[ j i: |ication forns
cyfiiert RN 4 RAPAIR SRR iR, | 0211 PN, |
Austral i at efill be cradly ahdeestosdthat, if/a poorarepybliRbtidr referred to
Invention. The present invention is directed to an

heggimdhisagicaense gocpreldastitels ag\adpussionhate paplieation dauns part
. _ ' oned
oL SUEISOTE e RS R A5 AR SIRELIAS
commer ci al choi ce. Shmneirg of diednvefition.nvent i on resi des
i n an enhanced energy praqdugtion system having the

step of iiter fEERA ABVRtien s dirceird ataidenhensrd Bisige PEydyction
sySteRONHibH T’ £ S84tk %aftﬁﬂl? rcgﬂﬁazﬂclﬁgst R %he a%%n?éngioned

a portion of the energy’added to the reactor system by
di$ddeargaghistor provade thh eorsuarmwith ausefiil by comaetciab chayst ens

in the reactor_to increase the nupber of dissociated

mol ecul ednaAnedPrinetie [veignesidesym ey eaapced epgey Prodyction
8 SR B 306 SR RO PUBENE R g psicie

pressfetintoeanhaihbnaedIrbacta@awhéromsa partioh of thg ehewgy @ddednoehe reactor
el ectroposi.ti.ve redox systens. .,The syste are chose

syBism . SAHigR 5B, IRCHed Paira i PRy T e Teatlor to

in ggs%fut&@ ng%hmf BF kS $HoamBle¥ @by aPbE nERt N RIach At catalytic

usel ess. The i nvention may use the steam
paimtad timedacter.a by- product of a nmethod for generating

hydr ogen .and/ or ener froma chenm cal reactiqn .
i hel udi ngtHerracEaycEsBcrgor PERAER RN, Sarol uvesd e peguction
of\Bhtbr G bleck & p6Lili PO nREAY fdabGoYiAv AYEIY twdebiShbleedropositive
first 'electropositive half cell reaction having a |
redor fsiystemnt Thot syisteiml ateo claysew elos miagineise dtydengsy aprodection and
hal f cell reaction: selecting.a.second. electropositive
aiipty EEproch R pRflic S FrfTie Sy fupERay sy TRl LS
el ect r opopid ihv&ntidalhaycik thd Qemh bRaSc&PAsSLhRArodict of a method
conmbi nation with said el ectronegative half cel|
for gererating htydrqgen dnd/er energynzera asbeimicahiegetingeinclidmgdhe steps of:
nergy production fr ter,; and.conbini.ng _sai | f :
SR S A SR s R R
elbiRPposiflveénrilthedelll QbaBtioh hBaviny et iFAcieRS ipdemtih tandrive said
enhanced energé production system having the step of |
elpairomoghiiyie iglfseB apactipnedetopting o seeonp elagtrgpesitiyrohadf cell reaction;

said first and second electropositive half cell reactions selected in combination with

said electronegative half cell reaction to produce an increase in hydrogen and/or
energy production from water; and combining said half cell reactions. However,
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,O
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

positive pressure into an enhanced reactor, affecting
nmol ecul ar oscillations of nol ecul es using an energy
w@ouwsoe2sherein a portion of the energy added POI/ALZ004/001080
react or system by the energy source is used by
reaction systems in the reagtor to i ncrease thenunber
of di ssoci ated nol ecul es at near a reactive or
taI tlc nt_in the eactor Typically the, reactive
&is5oq1 atesf#aﬁ} mafecalss & o8 opwr 2 FRAFKR OR catalytie ppunt gp the
re&%@l ytic surface or portion thereof. The energy
source used to affect the nolecular oscillations may
be any sdlypially bhe repetbfeer catdlysio poa $n therremgovanhebe a reactive
ene urces such, as ol ar energy or m crowave
Of@ﬁﬁ-?«}g’;y‘; e port ﬁergy sources may be used in
addi tion i &y Isbﬁfce 'R At Ot ThAIrl Il EARAGS may be any
entering the enhanced reactor as an energy source. %’ e
soertkahueprefeexdt srurals 4 henepableesrtergynsemedsosucheas saallaaroenergy or

jnclude a reaction %ﬁstem The reaction s é r@y
MICHY RGeS HY SRS o LASHCr COSEM| SQUECRSt BH De %ﬁﬁ Rdditon; fo or
altreﬁﬁﬁ%l%&uﬁﬁg/ tﬂéestéaﬁﬁerﬁ@fﬁfg 188 eni®infid RhctbPalin é%l%l;%yr sBlnke.
ferént fromthe reactions di scussed above wth

r ef er enc&lleoenlhacedetmwrfdr thgepreseat iimyentipul rrogie nlsahinclide a

regqtlgpg?sg S;[ﬁg%n%a%ﬁgﬁ iS}steélf Fn%g/u Ca?c}egﬁg(%)ig r!m?@trtif: RaR cgﬁ reactions. The
ha®t 8Af FORASHS ke Bakie gahé aéeﬁﬁﬁla@ NS JFedntRElyUsi€Erent BOm the
reaction systemor half cell reactions nay require or

repwions dissiseetl #hove Nathoeterénse domthsfmethedfor igeneasating hydrogen which

IR N T VI -

an@céléc%bbﬁﬁv@ﬁﬁf @Yl rédotibMemay be AEd. MEHE @h&tﬁ)\ﬂ dy8®m or half cell
reaction to occur at a | ower activation energy, a

reacmoge mafyrrwni‘ecm befasgigied by ithsrpyowision el ertgeqtive og Caalytic surface.
fective at

Fy EkuE g b o Blte Qo Py ETREREH iy vith tower

acHvSicRr adletoy, AdtBle MfRRGRH dIRACHhE FeadBiyn & dRaE attdleweBidtivation
deternmining step of the reaction system The reaction

enkigyenilysge atha crfe?@lzltSilqm o5 \jBieesiions mAB opelane &g effective at a

gi{s?nz tgfp%{ﬁtg}‘\é aqxfpé fs{clr:elci n%eﬂ/ m&%tf{'&ntglg %% c?%ﬁtrgtre ferably, the

crPbRH Rictéh@ay Qaett 1B rSt}éSde@dﬁrﬂlﬁﬁg Rtepi oF the &ez&i‘mbﬁ rscyaelm The
reactor. It may also be that by the addition of stea

fe@ﬁtloéll@ﬁlcé af tI@rrsecit@meigmaﬁ dhep@matlwﬂereﬁt@%@ay be aff@qﬁ%d The

SO, U P ARG B ol o o

rehdidhegsied re@apRItas mﬂﬁn@@t&edmby the steam may increase
the rate of at |east sone of the reactions_in the
syst em wilt may alspebe diee by rthe pddifian fsicapy d deyabyl temperatures

an%npo%ﬁj&v%eﬁpesc‘supés, tleeRiRafRht WD iHeOMhahded RYctBE may be made

more conducive to the production of hydrogen. The increased temperature 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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possible to select the half cell reactions such that
the sum of the value of residual materials in the

whyasoges2 cel | at the endpoint of the reacti onPCEHAU2004/001080
greater than that of the sum of reactants introduced
into the cell. Preferably, the reaction systemis an
i norgani ¢ chem cal system Pref er abl y, the second

el ectropositive half cell reaction can also drive the .
el ect r ondyaterapdy. ¢ secortl |elsclrapesitive. hatheelk rragfiempan also drive
' ?cqg tional electropositive half
thgé%ﬁ{r;%@‘l’éo%gf ?S ergbl y, one of the el ectronegative
hal f cel | THeeetgdnicdissybtsin Rbly Ghetudke adiiitibrtal Klectropositive half cell
Preferably, one of the electropositive half cell
TeRR®Bi ons is: My + 2e . Preferably, one of the
el ect r oposLt.l £ e b ks +- . Al10
Piat o7 jghekitly 8L RF ook R0 Rl fon Sty £
cell reactions i nvdHe® +Be o 20 Hdf. of speci es
selected from Goup | _or Goup.netals, binary .
hlydrit des,Prf%m,yfﬁyaPhG&é%ﬁoa vl “celléF%Wt@H% §: o
el ectropositive el enme M@Eﬂp@ _one and two of the
periodic table and chg% at ed rans?ti on el enents,
oxyaci ds Rrbfepdbdys phe ofitheatmttropgsitivedsliddellgeddtions ish
general, the redycta ca ystem having an E
val ue greater thgﬁ_ﬁ%ﬁ%ﬁ%@?&gl@éﬁ%&t ant is witten
on the | eplrid (Bl GRc@pdsitfe il celGbictBAY RiVoRR thé oxidation
according to the Latimer convention. h highly
oftspedies sedebtaioinih Goipher Grdwp Thadefals; birlary kxdiuicles ternary lyydrides,
A L I i R
taﬂécalnﬂ dfcidteH WahdiHOR elBhfdfts, GHadids Bphddphdrus BABHE akids of sulfur.
umniumis particularly preferred. Iron may also be
used. Pr elnegeabial; the reductanicandret anyrsystam Having an E, value greater

el ectrqpositi hal f. cel |l i h i.d .
G EfsanY peen $RE LIS dien O PRe rreiy adbs BibEe fapation
ishatdrdzelth tHedakihicP RoriMtign S0 be a netal organic conpl ex

capabl e of changi ng confiquration to rel ease one or

nor e el eclr bighlyi preferied sqonghindtions.othe iplf erll sedystgnt is a binary

co-ordi nat.i gn .nunber., As,..st at.ed abg e ' .
i) by Rarecl poppmanth ot o8 ot sl Rftghoteri
clBR¥nts PHItE&] MEUBE aRsHhivkE dinkycHrb@iud, Palliin® Andfin. A luminium is

reactive or catalytic
particularly preferred. Iron may also be used.

C

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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surface. The reactive or catalytic surface may be or
include a half-cell reductant. The reductant nay be
we@apabia3nf partial or total regeneration. |n BCTYABR004/001080
preferably enbodi nent, the reductant may forma
further reactive or catalytic reagent, allow ng or
facilitating further reacti Sns to take pl ace.
the reductant may faorm a sem conductive

Sui tably, t| ;
Prﬁgéraéa?y,ag sepicppslustay caystalpaash e famedl Puchna seypial orayube arhighly

t - Lm iahly . .
o8 BiyofY o 3 I il SR Tt Mol R Py plriodic

patential tthrodgh®yt the ematedialperihett enagobemhdral thidh rode geutonductor
the material. There may bqiz nore than one sem conduct or

mgtep! ﬁPSFle%B@é?négl@Pégléﬁce P2 enhanced reactor. The
reduct | onpipf rddie PR BARaban! Bf Brb]) S SINEIAEH Yhterian
mat eri al may preferably enhance t he hydrogen

mpy prifierablyrenhance ke Bgirogantodidtive asalicesdnditordaytivainaleyisemay

ca];tquth r reactions.in the enhanced react.or. Suitably

YiehBfrthek JPaREPRT A B FhaRrsdaieactont aPyitably, fipfber exothermic
roB g ARCHER e DR LENPRCRE oot B 628 bR from o
metahaOnedr mewahetnls nidyalsodmgiresentrmythe blmnesdx@ndtence one
or nore |l gcalised heajing effects. These effects my
arise as _W%@%@F&F{?Pé’%_ﬁ?n@ﬁ%%%%mogf loﬁall‘séég,“?i“t&% effects.
Thdgt ffRts Ty OREAP b 3hd Membaratu¥d ! ahb YodhiCBr i dietiod Nt is
the actual tenperature of the solution when considere
momosgopiaelhye se tgypially eweh. higharsharf the dctuat leerperaaretdfdhe solution

whF GirdidBreglans RRgoopie B H e Mg o S Wb pora

ofkteR@IdnCHhidd tHeN@mipARlrt ¢ st QetyOnibRethElcEM&Y 86 an increase in the
tenperature at the point. The sem conductor nateri al

kinetics pf $easactionaugjo thaetryatsd hehparature afthepdink ge nunber
of cl osel,y, spaced .ener leyels. The ener |l evel s in
2 som conticteaneantuogE Ml yiag mgeian Srten s consisting of a
laﬁﬁ%ﬁﬁﬁ%e@ &fRYos ddedbaHREORPES. iﬁlﬁeﬁé@@ﬂ@v@l@ lin gtf semiconductor
e

ectrons at the top and bottom of such a band is
arg ygsnerally \ereupeil| iarbangds,t deparatetl by tresgy dhed gepm Thedvwbaeiour of

clitionS af . Bt taBGt 8F REHLE Rl in, UBieBlT REREF 1§ indef p froc
clé@rml THSvdveRRBE telRFofd nhySEIThEBRE B Othe HreseHsd! 81 ke R%riodic

dom nated by the highest partially enpty band and t
patentiag of thasemicbnduotorihateridand. Consi derati on of these

bands only | eads to a si ified ener band €i aqr a
for sem chiaat braotaBerRy BEp sflee AR itah Filfiied by
thahiansét dattidilylaiply baia 5@ Baldvwed: phealkafiRarsanda@dnside@don of

it 1s occupied by val ence el ectrons. The al nost, ergat
thpseneanda ronbe leady teg simplifiesh guegy dand diagram for semiconductors as

illustrated in Figure 1.

The almost full band may be called the valence band since 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, E.. The vacuum level, Eyacuums

and the electron affinity, X, are also indicated in the figure.
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band, as electrons may be free to nove in this band
and contribute to the conduction and reactivity of the
wordos/ieB2 The sinplified energy band di agr am POT/AUN8/001080
1 is used to describe sem conductors. Shown are the
val ence and conduction bands as indicated by the
val ence band edge, E , and fhe conduction band edge, E
The vacuum level, E , and the electron affinity, are

al so i ndiliged identifies the plmestrnaniy onductientand by a hpsizontal

: ' ri:zontal _|jne

i TS AACRILoRQAL Soi QR 01 Mo EulRELET R ad Bebegjea £

Sikdlaeyathe topsof thbehlesst Hand iSindidated by, a Kidtzoh@pligd labéleed E,. The
val ence band is indicated by a horjzontal line

encrgyehand gais logpigd befsiegy thedwa 1ges Which aresenaratsd bydlmbandgap
i ' : b P
erfify £y ! e Btk et RS HanBeab o A BRPencrey of 2
frmr@]hgeqtrdﬁ outsidieithts lhlﬁyst‘ﬂlh ea;]agyd tife Vactfullrﬂ daev;el Fbgmela:@%um iisgkpuantified
t he rysta calleq,t. vacuum | eve abell e
byfliaflcetoR fﬁ@%%@ﬂ&}?@l@? iR 1 PIPRTae CREER 4 pl i ed wi t h
the el ectfnife eﬁﬁd;gﬁg% é)-fh&nﬁ%{d%to RARRPt L decrease as the

seni conduct or s ecrease as the tenperature I's
temperatas éd incidasal. e belmvioumayaybee better emdenstber sf onel codsiders

one considers that the interatonm c aci ng.i ncrease .
thg G IRISEAOIHA TRAGEE TBFreRyee <BrifE SIS e, Hpagbations
infid8sel And REmb Wrﬁagé@ ﬁlghﬁﬁreﬂgﬂéry.e \r/T\n%tE ore, NS O in (1S EMhnced

steam 1 n the enhanced react I't's correspondi ng
reagior ewsh iits toempspoatiinge,incragseadhi \tahperbfuee, may activate the

sem conduct or by, decreasi ng the bandgap. h a
SeRUSAIOBHALEY droroating (RoRBKBALI y 1111 ed band is generally
close enqyal demiddiBuitexthbi éﬂ?ﬁﬁlet‘émﬂtﬂle@q{hﬂdtfgﬁgenelrarl]ly close

el ectrons can neke it into the next higher
enohgh & thestexthigher dmaptst baed dut elsagomy enfmake it mtenthveendxh higher

t hi and and contribyte to the conduct.ion of the .
bafy B PR e ditFledfion? alsciesup ey rin s o € sqpiribute
toBie EHILONANEY thOBrafRRal, ad RRE GOMR rétivdy 8 @8Mdidid he

enhanced reactor with its corresponding increase in

t enper at UBenarrdwing tls ciongy banslgap vsiog isteamyinghe pifwnced reactor

Wil dlon BTG s o fSmt U A HEAL SRGtHet iR gr the
seti6bridiroY By ERERafAR Bhe Daldgh@lahd allblvirgdiheaneenitt of electrons

contain electrons as well "as avail able energy | evels

beaween thglspnduactiog thend ambihgivelencahand efgstipll filled bands do contain

dependence of t. ener ban . een
CAETRER Fret af Py R P ter B S R e BB g
expr essi orhef @mperasreaddpenddncornofothet Beere Red@bUR, hids been
where andb are the fitting paraneters. . )
experimentally determined yielding the following expression for E, as a function of

the temperature, 7*

o
Eg(T) =B, O)-7—
where £y(0), ovand (3 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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The surfaces and interfaces of sem conductors may

therefore typically contain a | arge nunber of
wa@oiobiona2s: on centers because of the abrupt terPCTAUR@®A001080

of the sem conductor crystal, which |eaves a |arge

nunber of electrically active dangling bonds. In
“addition, the surfaces and thterfaces are nmore |ikel y

.to contain inpuritiessince t h(%y are exposed during the
siggey they arampesad dwing dce devigmileiogtgn fipease whiel: meays &xrther
: I L material. Preferably, the
ln%%gsfeetﬁ?%ﬁ{g%?fgﬁ?m%&ggﬁ drawn down to the reactive or

cat al yt i cPrefhritdy,eh¢ apateld) ynolddude niay &6 dreviBywa etk réactive or

favouraple orjientation in the (001) plane with the

ca&lxﬁgcewrg%fﬁp&hyﬂ?ﬁﬁ b2 ipipde R adentadavourable erientatipn ig the
' r ' e present

OB S B B P R RO e QrhE® Do, “when

t he oxygehccatdingite wi pdrticulagyp rpvfierrad edrybathmenit 3f Ahe present
,Ang%strom f.a brid%i %&dde iron on the reactive or . .
ingeptiony ¥ Which p PECIE Hfalyshdy usedawaen dgy orpedr Ao &h within
ap@%x‘iﬁ@trél douly g r&%@ﬂ'ol‘ﬂfof ta"b?ildgmlg%ﬁeeirﬁ{‘& {aGeil,d Efe %Qalytic

xygen of the oxide iton. Th ogen atom may t
subface; dipdre ey teya sthomgliniethgtion bebwege thealmalredea diyths HY® Imolecule
cul e na above the fivefold

t of th d
a7 PG v Sermal 8 s e RS Y OCReL A GELBRY theg hecpaptured
by {Tl'esorﬂrgﬁfgeéi}%grll %H@l%’é RRbxyTRY¥mBRRATGR: 1O RUEREE Riy adsorb

di ssoci ated mol ecul es adsorbed onto the reactive or
aboat teyfivietold (fedtmuesitahd t hen rel ease the terninal OH

groups as.oxygen gas, and the bri dgi OH gr oups

Py dr ogen UcgrerieRt BioRess Aeppriing i it Rye ereed apbmag may
endn®@! B! MRAbEONOERsocHtdd F,0 molectled ddsdrbEll bAf BR Teactive or
. 23V. Whereas the bridgi ng protonated oxide ions act

catedytd swfacerandctheptrolease thieztermipak- OH Broups GisO@dygen gas and the
i t t he disch the t inal OH
o8 e e’ BRESHOGea Tt drai B g i Mot =

el&@roaldoha&t ed towards a negative OH bridging group
where reducti on produces hydrogen gas and an oxi de

i on, whi ViziQQFarisl/2®: t2¢stal lattice. The=-1.23V.

eact j, v r.catal vtic surface of the enhanced reactor
whgGas i Suaisedrptared ok 1 Br sl iof AEPETE oo o

al um ni unyiz@ads O Hfe—mapmeE; on of which cap® Engoown
be converted into alum na and back to al um ni um by

cat hodi c Jusigblys therdisqharegedithyyteaminal QH gup fregyapypguce oxygen
ga% %‘il%oep 81% i sll“hlnspllar%{:olﬁl neigy Bleft b2 %tracted 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 enhanced reactor may be
capable of regeneration. For example, use of aluminium leads to the formation of
Al3H,0 which can in turn be converted into alumina and back to aluminium by
cathodic reduction, producing a metal. Preferably, carbonaceous molecules are not
used in the regeneration so as to minimise the production of carbon 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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used in the regeneration so as to mnimse the
production of carbon nonoxi de or carbon di oxide. The

WO e@si1Ree2 or catal ytic surface may be provi dedP@FAH2004/001080
cat hode screen. The cathode screen may performa
catalytic function and is Ufed to facilitate el ectron
transfer in the system and has the effect of
i ncreasing the rate of the reacti.on. Thescreen m

éﬁ@ to the

SCERCRIPRY 84C&Rt fletEoTe i theecleqtioprsitipe systony and yransles
fe t taer
RS el 3Rl B! o S S ) Teb B0 s oy
oaarringr diregtlgifmeacihk glebtropositive sgstemtts Grosited. ve systemto
the water, Mre péﬁ the enhanced_reactqr is. an

al kal i ne org Prgfir fYﬁé@? nged Feacier oefe alkaling ex/] which uses a
AR BRIl 8 Sho S REERII R, | gb B o

eqatidh:hal f cell el ectro-chem cal equation bei ng coupl ed
w th anot her hal f cell t for the prodyction of
hydr ogen. Desi?fg%ﬂ??et"r%e%%#g%@nesh cat hode oﬁ‘&-‘&g

safd nalk 8dil abﬁﬁﬁcﬁé&i@ﬂ'édﬁhﬁdh i SupPRAGHHIE At Rh& IR reductant
th I n ans

er eby ai g electron tr er fromthe reductant.
foBuiht afoguctione of dgdtagens Dealkahly flleaterti meshecatimhlancadists of

reactor. na roceed at an incregased .rate due to the
N g N A A e
reldiicthdie enhanced reactor suitably have a net exothermc

val ue when consi dered together, nore heat may be

pr oduced Suithly, sthe orsciipmd tolingnplacsdot ther eriheneaga cgacton smay

al sqg takin | ace.in the_.enhapc reagtor. In tupn, .
PR Heft PRPRedos s B e g FRAeEer o aipao s g Tesetions
takigeplade ihehd eAEncOD Sedctbrt MtaBpNaRe el ne€d%stRErmit tvale when

al so preferred that the reactions are sel ected such

cansideredh dogsther.ofmarb ehest| mey obe rpyeiiened| thent é icehsunaed thiye any
hydr ogen cell at the.endpoint ,of the reaction.i ;
e rehciions o BRirEhaREL M 4R pittoddREH bRt h dume dbis net
inkRh& thiRatGRhyY furthBEInERAMNEE thté 6RIHE dacBbnd IREhPERBBEVA reactor.
i nvention preferably includes an associ at ed heat

exchange kyseleorprdferredcthat the raacsigns aretselogtetlesuch dent the sy of

oRRaRESINEG EOSE AL PRI el DB bbby SRR 8on i

gregiet thax ehabome sust IR 4tRtIREb@iced bito endEnsi ng the
st eam produced by the direct heating of the water_ in

t he aqueolls eghenesd tepctonef theaplicsesh InvemEoR @sglerakbnmalydes an
L th i .

SRR B bG8 o LA MAORBRE P o SRR bty

cHe@d€d] r&idtibmid the cgit bEE@indI thelrhtel of theeothetmat cheida aictigh(s).

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 value-added

products can be removed. The recirculated cooling water may be used to replenish the
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tenperature increases the rate of a reaction. Larger

centrally |l ocated units for producing and distributing
w@e@anen3vol unes of hydrogen and heat may use BCT/AU2004/001080

conti nuous input of chem cals, introduced in batch

m xtures at regular intervals and from which sol utions

of the val ue-added productslZan be renoved. The

recircul ated cooling water may be used to repl enish
watkligpdaip Usthg nipduchion vd hydrogeat thun kedping, thegigegtiont tmperature

. ' ti.on. . i gh enough to ensure
mgﬁglgdr#gﬁé?ﬁséﬁe\e/?g%r'glbéﬁgﬁgg%??%%%& tgl(':or ding to a second

aspect, tAeordingtt a sstond aspiects thednteamttion drdvidusAa0e®PatiGirocess

generating hydrogen and/or energy, the first part .
fop gergatingiydegop andek energysihe dissh Darchaing A grimasy reaction system
. = St f I i [ I .
e R SRS R S R GARDR bhif Rl epori broducing
hyereehs eplesting \ae fifsl dlectmipbsitiea dtalfd velh avactignahsuiihd iaC isefficient

potential to drive said e|ect rone%f\t ive, hal f_cell

Pat@iia | t9n drige| &d | HigOtEPISERIBITd el e et gisaRiion; veslacting @ etqoond
IEAREbLIAVe 1R Coll |ERkioA! daifC AR bifdl SLRERASIHIpYE D&Ialr cell
ce W t al

reactions selected in conbination
readtivnt refeedt inv eoibinbtice Wit eaidt electrdmeggivedbalé @i reaction to

i ncrease i n hydrogen and/ or ener roduction frqQm L.
Prigyceran lawaasedﬁgﬁr%ﬁal oF atey edoipR EgR) BAGT Bfdombining
sanf ‘ﬁgfggceegagetsact'gﬁ%, Wi e %Q&n@%ﬁ%@ﬁdﬂ@ R it &RRion of steam

pro y-product o rst step at el evated
proéduqedr @t airby-modiica giidbe tfirstestpp e slaveted nemparatira rad ce gositive

reactor, wherein a portjon, of the enper add o .t he
e S B1° wySTery . NUgrn LeeBen oo e ianded Babe Fyeor
sy'étf%fhc by Qe SUGEA ! the SRem' Rogdea Moyt Rabtith] SR&Snd e tHRURGHr to

of dissociated ions at or near a reactive or catalytic
instgafetbenumberafdissgeiated #,Ohbnvatas pearta readikye ionvaalytio surface.

provi des an enhanced.react or i ncl udi ng: react.i on

Syt em wiikaIgiPe B Lurd s b iveBiton Bioiles gt enanced reactor
inSMBRERY il RACHARGHIME Whick §iradndes tydrighA CfforR NwiYet; Ch shpforting

hydrogen over-potential i's |ow, thereby increasing the
repcifve off catdyiie isorfacgnen sdivehe theehydroganeost-phjegitialgisnlow, thereby
. generation relative tq the rate of «reaction in.the . .
indaehe Brogtesdh RagHiR A kP Gab i FaR A Redehatiggetative to
the 846 bf Maciitn i MdBsbhde oTUhidR6RLNBYS ORalPlic tfcslde a

cat hode surface. Preferably, the produced hydrogen is

capabl e ofhefreaativagf safalytic suréasapenyedetos ingluderpecaghade suiface.
f t it t] ' g i nt
ol di no- reeroer T sl bhdgBOT S Rl Sl Fpypous

comFbneMe Nofafhe defladut PFfoebifdct Aith ThRtigeRElid cBpheridiand into a
present invention prefer abl@éwl ncl udes an associ at ed

h‘f@iag resgoshoiin teroby sessifingrine redustipe inkwbioges and deatmspdustian.
contror t18 Shpdes of PeERat ER oD st b e il arrpoiated

heat exchange system that can be used to transfer heat from an exothermic chemical

reaction in the cell or control the rate of 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, either of the reactors (primary reaction
system or enhanced reactor) of the present invention

W@oImpI1Res a pressure vessel, the size of whi chCTADR004/001080

depend on the nature of the application. In the case
of say, donmestic use in villages, the unit is
engi neered of high quality 20 nf or ced pol yester that
is desirably portable and robust. A small donestic
reactor may i nc|Bidef Resgeiption phthe Pravwpiagsi ng react ant s
and a ne far I > . ] ry DI :
a"bat ch py Sl S eniEARsERTof B HhlS, AR s RRL B BRronce
to\the fodlesviegrthadimgninsvidth:t he i nvention will be descri bed
wth reference to the, f ltjovving drawi_ngs, in which: )
Fi gure 1 Figug dj #pii ﬂnaﬁl e PRRFEY divird o fliagragim use@ oot gescribe
' em conductors. Figure 2 is a schematic fl ow
S |§%{rdg?nﬁlrsls'l ustrating a preferred enbodi ment of the
present iFigemt 20nsia sdhembtic hBowt diagrgm otlisestirigh & preferred

ipary reactor is used as a feedstock to an enhanced
etﬁ@ﬁ@%s%t ofat BRCP yeaien Bt‘f’%‘ﬁ{‘ Ht° {5 Progusedit  primary reactor
is@%ﬁg%sgdeggdét&léﬂ aft® e@fealfde Present invention, an

energy production systemis provided. In a
preferred enbodetsidd Dedeeiption lof tloe Imvantiyn.ng out t he

present ipvention is an al ine cell, which uses a

rert mesheQMinBAR Gt qb° Brescitriphertiops o Ranmodd encrgy
plq)gﬁidﬁbhisg;&eﬂfisg@,ggfedaccor ding to the half cell equation

(equation 1) below. 2H O + 2e 204+ H EO =-0.41 V This

i s alnvwepiefaied enibotizukeng the celbfarlvenryinglout thaeqirésent mkéndion is an

eoretically can be couple i th anot her hal f. cell .

etk et B T e g RO o P EM e et Ja Geppuction
oW AEY ackOrdii G EEh A SHIRGR B0 RYBMRI 1) BRwKI neti cs of

the processes soneti nes nmakes 'such conbi nati ons

i npracti cabl y 2Hfv 28he2@Bentl2i nventi on deBtwilHsV
exceptions .to.the aboxe, which,can be found,in the use.
of bi nar yltihd i ernats TRy RGNS egggﬁﬁ}ﬁlaf%h Gedohtn ! SFrich

thebRABNES caNbe Rofpled GRS lahbiher BRENRN! fedhétadt! RHRS: GACE® value
and two of the Periodic Table. In sone of these

ghiepist &rved).41y ireshdes 40 Hydéuagolesiregen. Frowavae thelkingtics of the
i nteracti an rrenﬁaﬁl% agts gs F coinvenie t,. reaction
PISFEETSoPHEUITE RRRTHE S GOPRERHEYS HIPTei&aly 808
| nventi onThdigreste svanBé 8&LibEs &efiltagite dleSabowh,i wiiich can be
react with water, the reaction possibly facilitated or

foané e the Bse af rimary  and trnaryt laydylgips; the” amphoteric elements and
electropositive elements in groups one and two of the Periodic Table. 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 ~» O, + 4 H + de- E°=+0.828 V
2H,0 + 2e- —® H, + 20H" E°=-041V
ADDING:
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surface. The selection of chem cals have a | ow
hydr ogen overpotential, thereby increasing the rate of
w0 e@shinB2 and subsequent rate of hydrogen genePEr/AUR004/001080
The relevant half cell reactions are: . + + 4e- EO
=+0.828 V2HO + 2e- - H+ 20H EO = -0.41 V ADD NG H
O+. O+ HEO= -1.23 V GeneHaIIy, one or nore further
el ectropositive half cell reactions invo|ving the
oxi dat i onHe¥+ 5% @stdhl ected from G ouB’F- bg3&§oup
nmetal s, binary hydrides, ternary hydrides, anphoteric
elenents el ectropositive elenents in groups one and
GEepaldy, éee op&flbl@dftﬁthbﬁlﬂl&trap@hﬂﬁ}fbe thatfeeklt refibid dvolving the
el ement s, oxyaC|ds of sphorus and oxyaci ds of
oxjdatismaf sppdies selested e %mtableor. Groypd reemén@é@rymaed@r ternary
hi [ e
h}%d?lggsd o o¥er1|8 ?{)n? r?z%\s? gle%&%)dgﬂﬂieee?%}gﬁ}g Lh %{Alﬁgie c,n?el #d two of the
pemrdbj fablel aﬁnrd ohelatedafanammph@l@mems ek erohdy oquqmsp;bmirwam oxyacids
enents_preferred inc¢lude alun1n|un1 zinc, chrom um

Ofg%lmliuﬂﬁﬁﬂéﬁlﬂoﬁlﬁplwwht‘heﬂhﬂ@ FfFtorcul arly preferred.
I ron can g|
electrop05|% &QE%Q%SQ% (%ﬁ#@%%?ﬁ%ﬂﬂ%%%ﬂgknqeﬁ(ﬁﬁﬁlsalnnmy
aral @atungarg diydiide, mapahbimatién ovitngh ngmsiwidricg eleatent nAmphoteric
rel ease one or nore electrons |n a realisation of an

elpments gEcderredoinghuds AR, Fifgeshromum, catlyan anghiin, Alppinium is
e I reactions in the enhanced
p%gggtdp&ﬁ§¥&?e%ﬁ?fggg%gngggglsted by the provision of
a reacti v’éha)nedaaamlnythedilsmlécameosﬂh@halﬁadt feretiomrmay also be a
caijal ytic surface i ncl ug a .hal f-cell
Bl gedamg. complex  aapnt tclwa%msecoe Bwfian de rplepse; e gy more
elte&gfﬂs i & 9EMEk ! d?'&n ihdleRedBS brdth o ke, enbodi ment . a
ctant forns a further reactive or catalytic
reagent, Ablstatehgbove, ftheircadtimni sygteiror Healf nelba‘baqus tip the

eSO 58T VOB oL P AreiS R B BoOTRY S Bt phRa o

SLﬁ‘f‘aCQ n ?h? fea@f?\r/eeof (%@él‘ﬁ@éi‘l}ﬁcé Ral 86 B iﬂ%ﬁlc@%rﬂa@p&qil%&ﬂc‘(eﬁlt The
nmateri a preferably enhante the hydrogen

reﬂuadntanaplme wablh of paﬁabmrrtdﬁal:tqgmerat&mer ial can catal yse
further actlo

h
further e %H@F rg%erreg)g Hg%ge% Ko ?3‘1% ef&“nsrﬁtef&f?héf reactive

of ERAVHOPSgbRKAINEYiRE 3E @adﬂ[taﬁﬁgeﬁmlaﬂf@et%ﬂsqaqm 1@y Suitably,
proceed a? an increased rate due to the heat added by

oncher soreanductants Wil foera atseminondudtiviegnaieriad o melechie.

The reduction of one or more reductants to form the semiconductive

material may preferably enhance 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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enhanced reactor suitably have a net exotherm c val ue

when consi dered together, nore heat may be produced
w0 b@s/oitr3zonsuned by any endot hermi c reacti onsPEl/a02004/001080

taking place in the enhanced reactor. In turn, this

net increase in heat may further increase the rate of

the reactions in the enhanchld reactor. The enhanced

reactor of the present invention will generally

i ncl ude ahrehartedireastorefthepiest devesiien will sensrallyanclyde an

. heu .
o388 Bt OB A 4 RO RIR LI S xcec
clexiddh esagiion thbeicelbbr controt ihendis of thEex othiehaichemicabheton(s).

is configured such that the t}ydrogen produced can
bui | d up ths enhgperdsierelos ifcprniighted such Ahatt e diydragen produced

caR B! ﬁ)o&rppééﬁﬂé Sudll thta\{‘ﬁ cﬁﬁg!)rcg Ye 9(1 egﬁg]aé%ﬁﬁon%fsrbi{tﬁg cell
reacti Ve solf1d conmponents and into 150! di ng

outes eonact with tHehiesctive golid bempodvaticad intachaldingadsebeir. In this
made sel f reqgul ati ng)l-ehydro nis produced while t

he .
Wa, TR aRIEREM e &19ds SEld RestatingrhyRragee it wadyqedavhile the
aq@%asdéom n@sar% he cbﬁétgétosgﬁﬁ‘ the ré&(:ﬁ\gé* Séifls, gmg@sa@lu 4RMfogen is

onponents are forced away fromt
prpdesdy thesapebysd cagpenentshare doneed asialy tfromy the selidselshuptesomised

i.n hydrogen production., When hydqrogen i s drawn off, .

h}tdﬁ%%f the Vég%@tmgemeaa@%qﬂoaup é'&&wgg@ REdy¢fiQa ¥hen hydrogen is
. t . . .

SRR Rt RIOREL gk B8l Lol gl L b

intacoract rveltto thedsodids land chatinghthicseactma tdascominentealbe dydrogen

Co LT, SthTebatapepe o desutbef ABE < it s fagion to
regEhRChRB SRS fR AR dl erRMRUAbr Qfze Ml ARTEURARAUGH! B selected

requi red.” The cat hode screen perforns a catalytic
basechen iheranzoveit pEhydsegintpooduation raquired.el ect ron transfer

in the syste and has the_effect I ngreasing .the

ate of T PRLBH feo TGRS ch cABUL: CrHat gt used to
fakilief tRers 851AsFRRR Hid dy¥itmS ¥t BV tBO Efédt AN ffcBdasink MIRSRtd 6 the
the water to a greatef rafe than would be observed if

ret¢tmne [Thetscrsan taceapss electvgms foomh yhe elsoirenastivei system| andf fransfers

thpciortas WBIERER s Eom i ould hE BpoeRieatE e HABEEr was
ot bEstHn M iy iY@ thel cfectiBFbditeH 6@ foqheRagense the

steamwithin the reactor and thus renove the heat |
pr oduced Hhe ¢nhgneadaeaienvererably eeuains amoatrxshargg cpil igpough

al. sa he.us i.n the vol,u above. t eact | rea
wRBH afiSian SE AP el el B 8 R Bt SRove
thB hefirbeticelRitiaE tRde{ofishinid Ractidly RabdAH riapOMiag@fodbet v¥ed in
part ‘process for generating hydrogen and/ or energy

the elumer shove derretssion grea tp epndense ihisasteanshackyigiodhe reaction itself.

i ncl udi t - st 3 :
el oot 1 ondBRDURY RRPRRTp R BELEAOLANder & bve par pimgess for
gehetagiah | drazehi dndlor edneplyl @ik0Std ipagt bethd aCgliharyeraétidnsystem

~having a sufficient . ) . i
including the 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 electronegative 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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potential to drive said electronegative half cell

reaction; selecting a second el ectropositive half cell
woeasvins? said first and second el ectroposi tiRPer/Aabkd04/001080

cell reactions selected in conbination with said

el ectronegative half cell react| on to produce an

i ncrease in hydrogen and/ or l@ner gy production from

wat er; and combi ning sajid half cell reactions; and the

produesddas arky-PREReideinthet Fist siepraoiletdtesh tasperature and a positive
t {

PSRRI GBS b HRANEL o S0 R B g st

systenabg eitle radditioar of thie estezinn 1sau$udr by mcﬁﬁn tshter@f éi glye reactor to

added .to the rgactor (%/stem by the addition of the

ingregsgibe umhish obgissqeiated B 4905t 3 9 NP3 3 IacteaEcatalitis surface.
‘%ﬁﬁ :?ﬁgﬁ ns at or near a
Al'rllerEg.Ct | Vgh%%ﬁé%}ltég?g{n(ég&su a eh%ﬁg {:élies herein are
rel ati ve Inotha pgsentogpecificaticer aardcdalmsg ﬂiehWom woaiptising” and its

specifica nd cl ajins, the word n’prlsm

d‘?rt‘@tlﬁ"esr anet\*@i%gomw% i2ng "o %n%%er é%“éu ﬁwﬁa@g integers
bﬁt%wg& &Bflde ﬂfe ihBgsish @%’@ﬁje h698hshd te?(ﬂ?s not

exclude the inclusion o one or nore ur er |ntegers

Ref er enceRefaranug tiootghtdui ¢his pp@dlﬁcatmnito ‘dno encbveliment” or “an

BT e B BT 45 SPPQTee OF el p Baciertbed in
C&&@&ﬂﬁrjtb ogfli' M én%&dﬂﬁeﬁqp%ld&@@ tn 4t3edsp Sﬁéjéiﬁg%dlﬂleﬁ‘tt oftB@Besent

one ment of the present invention
InvpImtéca; aﬂ"dms,omet fpepianees of thd phowes Embouti nmbbdmmnt” pn “in an

ag enbodi .ment” in._variou es thr hout th
R EeR e Bicns D13y TRBeaDubFR shARHER e i Becsssaply al
retéfiBg m@aﬁﬁr&nboﬁﬁﬁérﬁeﬁ‘ﬁﬁﬁ&noﬁ‘@ %@gﬁlbﬂuﬁ ﬁﬁm@&agtﬁi’cﬁﬁes or

Str UCt ures, or characteristics may nmbi ned I n any
clawactertsties mam he pomhm@ﬁ o @Iry stalde swmberiatone s mopgcombinations.

conpllan t he i nven has been . .

descr i be Qf‘f’é‘ﬁ %ﬁu&i 2@% "%‘6’8{:‘ 'i]@ %Sen etribed in
laBblidge! 1&&6% of rles@%ﬂ%@ﬁ*i’c(?@' stﬁﬁ}iﬁrbﬂ @8 -méthodiSalt Ralifes. It is to be

understood that the invention is not limted to

usdeestodd that gt inventiaphisviret dimitedstorsppeidic Seatuess tSh@Wn@a ilgscribed

ﬂ?lﬁeg% N des%& ] ﬁ.F Ig(iq%’n gnfrﬁ—? (ﬁlf { HTGF ttnpg e mxgentlon

it effediOrmhe g @itioRds, thereftYe, Mlaiinkd ih @hyref QE forms or modifications
nodi fications within the proper scope of the appended

withini the properogsopatcd| the inppeadpd elaims wppropgiels iaterpisted; by those
g ge ar G alns . An enhanced energy production system

'ﬂ $1Wﬁ " step of introducing steam at el evat ed
tenperature and a positive pressure into an enhanced
reactor, wherein a portion of the energy added to the
reactor systemby the addition of the steamis used by
reaction systens in the reactor to increase the nunber

of dissociated nolecules at or near a reactive or

catal ytic surface.
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2. An enhanced energy production system according to

claim1l wherein the steamintroduced to the systemis
wee@docra as a by-product of a nmethod for geneP@r/Angpo4/001080

hydr ogen and/or energy froma chem cal reaction

including the steps of: selecting an el ectronegative

hal f cell reaction producin / hydr ogen; selecting a

first electropositive half cell reaction having a

icient potential to drive said electronegative

hal f el ak (o ro LIV
Lnal A ErhereEE B oroB o i i bt TS Gy SFHAAAGRE biin o
clevatal teppesittiev endhal gositivk| pressact imd smseltaaédddrdattor, wherein a

conbi nation wt hg(ig ﬁel ectronegative half cell

PoTeR pf BiF PEreyiadd TeAsEr SxgEnibY thy adden o Fhe/stgam is used
by BEc¥n A et {0 ghef kﬂé’d&d@’a{oe ﬁﬁCé@aaQ 9 %mag Goff adodiabs 1,0
ce . ucti on

reactions. enhanced energy pfo
mslestlesratar meard regettve ot lcatalytit stfadeher i ncl udi ng a

reaction_system of one or nore half cell reactions.
2.An e‘%ﬂa‘?’i’@

. SAneiey BROSHERAn SISy AceRriec bt alaHg {eren the
st&dnRiBoduddiah Shdlsyshih 55260 aSY ﬁif-‘ﬁgﬂyﬁ%th&ai @Bl for genorating

reactions require or are assisted € provisio
hyalrogeacimniioe energy dtoah wtchemmoal feactton Mmcludingethb atepe df:eselertyg an
roductj o ystem according to claim3 wherein the .
cleRpEgie dplice TFHECT dPé%A“G_ﬁ’g&}de&%e’é; ISSHPE 38 dlpgpropositive
hdiebdll fbiiod RRAGH Q%fﬂd?éff?'p\cf);e%alt fRead dad bfé@tr&ﬁeg%@@é:hﬁﬁ cell

sel ected from Goup | or oup netals, 'binary
rehotibn; delsctingea segopd hslehtiogesitive hplfi cel meactiohp sad tfast and second

eIupBRRES Pak 50 seectRbsaiewurd £ SHRRIRBRR 3Ny g elecubicgative
he¥YACHASAH 1oPfIRBRROM oRAS AMARKAE ALIG thbisy priuct from

enhanced energy production system according to claim
water; whé cembinitgsardladf ¢adlreaspionsm i ncl udes on or nore

el ectropositive half cell reactions,.inyvolving_.a_.netal ..
3.or gelhi MRS EXer B EH o YRR AR ST LT fuding
a FeRbRASE SRR Vne BP hdr&hAE tdIPRactionsa real i sation of an

i ncreased co-ordination nunber. 7. An enhanced ener gy

4.pr oo tanbanasy sensrgyaoradpeliong syséens | agtorddg tehelesn B mherein the

reaction systemincludes the.formtion of ,a further.
o SRR b DT aslcreiioRs rifitect R SRt i rdiion of a
reGARReQY cRaBHbetifaRe. system according to claim7, wherein
the sem conductive nmaterial or nolecule is a conposite

5.mat efn gnhagcedpénsegyl prodyction systiva riceerdgetog glapn ol ivdicredm the
system.accordi,ng 1o iml, further ,i iR .
relRCPAREGTR AP o Bk egondtibThout B3 b P Bhyopving the
otiiaivafEsphtatsefecRifim Sxaiphadrous enitels) biﬁﬁ?%f&@dbs; fernary
Cc

h;d?i?lescz %lrrlphgtrerig %?etrrge%lts, teﬂegtrgp%sﬁivgfele%(gtshi?lr gToﬁps oriargncc:latlwo 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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reaction(s). 10. An enhanced energy production system

including a two part process for generating hydrogen
w@nasot72ener gy, the first part being a prinmaryPCEAT2G081001080

system i ncl uding the sub-steps of selecting an

el ectronegative half cell reaction produci ng hydrogen;

selecting a first el ectropo]sative hal f cell reaction

havicg]? a sufficient potential to drive said . )

8- el ech T SHbYIES erR) Produttion, watent aecordiag det laign . sdsey the

seRh&ManARRShAENA P Rldlednf is arc%ﬁlz)t)fi%at%ﬁhldorfﬂl&%ulénd .
second el ectropositive half cell reactrons selécted in

9. conbAm antiannedwertengysmoduaioacystomegedriding th @ldimcle fhrther including

reacti o 0 produce an incyease |n hydrogen and/or
aneﬁw@ytegr%%mc #neer BificRatast, Caélnbe d&ﬁgitﬁi fgpnsderi Beahafrem an

eX%ﬁJeirmige&ﬁHi@ﬂ ﬁ“'?acfﬁeﬂ ih e §<§P 8P SorRA t‘chﬁlb Raé ue iﬁ?&h&lﬁﬁc cﬁemical
introduction of steam produced as a by-product of the
refidtios(s).st ep at el evated tenperature and a positive

ressure,i ntq an enhanced reactor, erein a portion
105t “rA e@h@}@@ ST PrSup i ﬁ@%@?dpc@@gxgemw #% process for

REhe 2afeeh AROR A A e VAR Ry Rk system
inclotling the sulatsteps ofi salecting em ctdctrenegativahalf \oell aeauiohaueducing
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 electronegative 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
produced as a by-product of the first step at elevated temperature and a positive
pressure into an enhanced reactor, wherein a portion of the energy added to the reactor
system by the addition of the 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.



