METHODS AND DEVI CE FOR PRODUCI NG HYDROGEN FROM Bl OVASS
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barrier. The by-product of this oxidation reaction is water. The use of hydrogen does not
produce so-called green house gas by-products. Hydrogen currently is being used as fuel
for propelling the space shuttle into orbit.

[004] Despite the many advantages of the use of hydrogen as a fuel source,
hydrogen has not found its place as a mainstream transportation fuel. The major setback
for the use of hydrogen appears to be the same properties that make it attractive as a fuel
source. Hydrogen is a highly flammable gas whose reaction with oxygen releases a great
deal of energy. Any uncontrolled reaction of hydrogen with oxygen is, therefore,
invariably explosive. Storage of sufficient amounts of hydrogen in a vehicle to power it
for a standard trip on a tank-full of fuel, approximately 300 miles, puts the occupants of
the vehicle in a precariously dangerous position if the vehicle encountered an accident
that would cause the hydrogen tank to rupture. This tragedy was witnessed when the
space shuttle Challenger exploded over the Atlantic Ocean in 1986.

-1-



the vehicle in a precariously dangerous position if
the vehicle encountered an accident that woul d cause

WO b@oloyxrindgen tank to rupture. This tragedy WaBCT/US2008/077618
wi t nessed when the space shuttle Chall enger expl oded
over the Atlantic Ocean in 1986.[005] The solution to
t he above probl em appears to be the in situ generation
of hygjoapen ThOMISRIA 6 R ot p&ﬁl@mpipﬁé/dréj% ﬂe@ﬁ@ﬁz situ generation
quantities of hydrogen on demand, while in thensel ves
@ hydspeandzsn squries Hiet Sinipaiide Tice Buankijigree! hydieserhgnidesged while

ogR, n
T R e B
forgdaetd oy hy SogupRverafon sEoul NGEDE @R [yOdiglosdbiles mdo@@tjonmentally
aﬁ&g%p are met hods of produci ng nol ecul ar hydrogen,
ere the nmethods conprise contacting a solution
conprising urea with a urease to produce ammoni a, and
contacting the a [ yst to
produce a first ”g@ﬂ@géﬁ%fg 3P§I§§ﬁ%@ﬁ§$Lg nol ecul ar
hydr ogi6] [ O@Ys]cloéédshbrﬂn selmsieds af @roﬂmmdsleoﬂar hydrogen where
r oduci ng nol ecul h 0 wher.e t he ne

ool e R RE et SoRD, RBRGPE Srotgy UF Saot fp produce
UhRame, ed Porastiag teiimmbaa withhd dedt icaglyshe Sodmoiaafist gddcous
a first catal ys roduce a first gaseous m xture

to
é@ﬁﬁFV?FW&“ﬁ%PE%ﬁP%&‘WE%?%gen and contacting the

first @apeouslssi dfcsed Wt hethods @FPastiueiak dhdi&dulak Aydrogen, where
produce a second gaseous m xture, wherein the second

dhts msthedshparpniise Cﬂ%fécné‘grﬂ YHEION SOMPEEAE UESNBES P I ERe i produce

h%E R Bodtitan tﬂeemfnhcrnﬁ wiies Ry %a@wtw fn%duc%Fs! fi5t gascous mixture
DESCRI PTI ON c% [

&p@p@m@mé&cmlhrahydmén \monf@@,tlr@rtLe Fest g%ﬁé@@s@@smw yith@ second
I%%?iy@t to?tr(gcﬂcee s ga,sh&ﬁtn%%rebWh&%mpthgg&gn@gaseo is mixture has a

ustrating the various aspeéts and featur
dughooipameent soropositive of hydspgen dlran thnfisargasdvus P09 FI G 1
is an illustration of an enbodi nent of a hydrogen
generator. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS [ OBRDEJF IDES@EM’E&DN CESH&ED&RA\MH%ES osed
her ei rati rogen f
armont ¥ The armon %prr B B tktlﬂgadﬁ | e UF “0{)%“6?% g geale
byithr @aygtakin gnsméasmgmiaym ﬂilustﬂanmg da. Vaﬁbﬁa&@&tﬁalﬁi ﬁeatures of
wel | -.known % ass nzynes that are found in
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[009] FIG. 1 is an illustration of an embodiment of a hydrogen generator.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] In certain aspects, disclosed herein are methods of generating hydrogen
from ammonia. The ammonia feedstock can in turn be produced by reacting urcase
enzymes with urea. Ureases are a well-known class of enzymes that are found in
bacteria, several species of yeast, and a number of higher plants. Primarily, urcases
catalyze the hydrolysis of urea to form carbon dioxide and ammonia. In some
embodiments, the resulting ammonia is present in the solution as ammonium hydroxide.
Ammonium hydroxide exists in equilibrium with ammonia, which can be dissolved as a
molecular species in the solution. The dissolved ammonia is in turn in equilibrium with
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[0014] In some embodiments, it is desirable to increase the percentage of
hydrogen present in the sample. Certain scrubs are commercially available that can
remove carbon dioxide and water from the gas mixture. For example, molecular sieves
can be used to remove water from the gas mixture. Lithium hydroxide monohydrate can
be used to remove carbon dioxide from the mixture. Lithium hydroxide (LiOH) reacts
with water to give lithium hydroxide monohydrate (LiOH-H,O), which further reacts with
carbon dioxide (CO») to give lithium carbonate (Li,CO3) and three equivalents of water.

The resulting water can be removed using the molecular sieves.

-3-



the solution can al so be present in the gas m xture
produced by the reaction. [0014] In sone enbodi nents,

WO 2009942¢Si rabl e to i ncrease the percentage of PE/URIGEOT7618
present in the sanple. Certain scrubs are commercially
avai | abl e that can renove carbon di oxi de and wat er
fromthe gas m xture. For exanple, nolecular sieves
can beoysed trge r&ARNEe Vi@etl@rlmf)ﬁlqm hNemIAS igTh¥obér€- The present
Li t hi um hydr oxi de nonohydrate can be used to renove
dreBors hivodisery oferd dhat e ectaticatelyptecontaining lifhauraap &g jugrl to remove
(nli‘tko . rlftﬁﬁlhlsre\%tg wal@BgeBQO g‘bl‘ﬁ? IIJ[HHIIH 'nﬂﬁhg]iqﬁ@xﬁﬁj ®ict, lithium
nonohydrate (LI H2O), Which further reacts wit
aratd) oappedro P die (h@mf)ly t(bog@ \Iembﬁat m wirl gy uuﬁatr@ctlon In some

r I i
ek G o A AL PR Rty KL Phron ISUE SRl Sn o
A e n"ﬁl_esﬁ mgfemals hawe ighrsintface tagea aedrabserbi rétrogeh meen. The
g;teZIe S?tl gﬁ?g? drggei\rlle%eﬁér‘g’c gr eegmgtﬂg S Oaa %cimsedrjl Lerem can be used
no ticagetice eLelrrtehlaUlnydr(mn timt wintde sriréd angenldf ar vsed Whére\teh hydrogen

nitride, it t appears t e
Phatdnr ity Heb@foes thde BsTct el BoEe S fiehSeit or a
%@ﬂieuselﬂbe@glmnt s, the nitrogen can be renoved using a
nmesop S de material, suc SBA 15. Thes

mat erfi“?g] hav8Uhi honeupPsce 95F 5e%ahﬁre’3b§o'f‘bmﬁt ‘f@f&ééﬁwu“mg
Wléculal BRkEden Tihe ntiytdd @ERPrigRNEIALetk Dolitha O F}hﬂﬁ’@urea with a

di scl osed herein can be used to create pure el enent al
mﬁeof@@ﬁoquﬁ%%m@awa% SPHRLIAS HFRupngg Wigh 2 b eptying feRigguce a

r&g@&@ﬁb ﬂlfxtdﬂ§@(gnpr@‘1ntg%cné%‘iﬂa\/ﬁifdf®%e‘hhe hydrogen can be
use fuel power a Ue or a conbusti on

engi n#018001 Fhe Thlyson pempyHeIcaepe €ompiFics @ wbent that eqnpdissolve
'u?eahoﬁﬁ{alg@q Qfs Qﬁf&gutﬁérggf 5@ ltl%@ LH %En I?é’ag{ ngﬁna utr&lge In certain

conpri SI ng cont act | ng a sol uti1on conmpri si ng ]
wmbadiwients, the salecns vsed os pr gdudesdyarb ningoma gobedmeatstthagplution

tcgﬁgmﬁpegls%taau&)ug E({lt?tgonc% @%ryﬁ{ Iﬁ@odﬁ‘ﬂ%‘ijsu R s@luf grgicg]jlprising

gaseous” mi xture conprising no ecul roge
Tine @oipatds omingd s te swhigh uareaptmmfbfr besasmal 1smleve’rrty anfragl waste

.‘%fat cgmgr%%s Hica gantet% u%ed as eeedsf%cl? for Hc etRods cr1§9(I he%et:mt Pn éertam

can rease arn e
tehéoehoiente%e asied] is ra:lmmalgazhlch cg10 bey &tidcted| frons drEgroup consisting

oern[ ab& 1n%o Ptlon GonpLlsin o ohie zge, ape
Z00BBUS Rorbl i A P 4 Bibodt e PR SuaT e e
@Ol Ng urea conprises ani nal vvast e, which can

opti O?O?Jlb]y b%rc%gé rlrsallctll{lfcre Itll?rgugh a)(m emterrglaplera\{lvlarg traenge However, it is
most efficient as a catalyst within an optimized temperature range. Therefore, it is
desirable to keep the temperature of the solution comprising the urea and the urease at the
optimized temperature range. In some embodiments, the temperature is changed before
the solution is contacted with urease. In alternative embodiments, the temperature is
changed after the solution is contacted with urease. In some embodiments, the solution
comprising urea is warmer than the desired temperature. In these embodiments, the
solution is cooled to the desired temperature. In other embodiments, the solution is at
below ambient temperature. In these embodiments the solution is heated to the desired

temperature.
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allow gaseous ammonia to come in contact with the metal. In other embodiments, the
metal (whether elemental or otherwise) is present in a polymer or a gel. In some
embodiments, the nickel is present in a mesoporous oxide material, such as SBA 15,
which both hold the nickel atoms and is porous to nitrogen.

[0024] In additional embodiments, the metal is in the form of a series of semi-
porous concentric rings that would allow the gas to pass over the metal more efficiently.
The concentric rings present a greater surface area for a more efficient reaction between

the metal and the gas. In addition, because the rings somewhat block the flow of gas,
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has a higher per cent composition of hydrogen than the first gaseous mixture.

[0030] In another aspect, disclosed herein is a device for the generation of
hydrogen. FIG. 1 is a schematic drawing of an embodiment of the hydrogen generator
100. The hydrogen generator 100 includes a reaction vessel 102 where the solution
comprising urea and the urease are mixed and ammonia is produced.

[0031] In some embodiments, the reaction vessel 102 comprises a temperature
control unit (not shown). The temperature control unit can raise or lower the temperature
of the contents of the reaction vessel 102 or maintain the temperature at a pre-set value.
The temperature control unit may include a jacket around the reaction vessel 102 whereby
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o1 DS 2t SR PR ERne  eSe ERAPH Pulag, e figgreaction

Wieg6EIUING eWthdrlin eolidde@nel 8 phudbysioliton P OGtHERNBDoSIBRAR Cthe reaction
mxture wherein t S m xture

aseo e second

S%Se]aH% @H@Flseﬁearla}éeérﬂf “EeG?FpB%"i- t‘%ﬁe B‘f‘%ﬁaf/g t %B“Piert Haticash a4 is
fshéved todRIQAT aftih¥ bbkin of tHORA¢tion R eRBIOONE isaBRASHod that the layer
di sclosed herein is a device for .the generatlon

of
Wtﬁ%@few cgt) lps logatgdsany whetg i the Fqgctﬁqnawssr?b Q% fofgxample attached to

DO ERALIs, Ricatell @t thy Y 8FhE SAREIADS or h@&tm Hhecihydr ogen
generator 100 includes a reaction vessel foz where t he

sol ut i34k ompr sesrarginbodiseeninareptieds heldasemall rackstxeihiaree layer
eqRR R réléas@%t%%ﬁﬁ% thé PQ33dn bRtiSRME GRRQHHIBR e, &F Bayer 104

reacti on vessel conprises a terrper ature contro )
(§ainprifen @t caitroligs) releﬁhfe fqrepjstipm ol necag o otamphd by cabedding the

[ AlaSEinla é/og%}gcglnﬁa'il‘&ﬁ&rﬂ?s%@%%% dggllhehl?ﬁe contents of the

reaction maintain the tenperature at a
pr e- sé&03$]al uét so‘lfmfeembqqueerat traeticovesed (102 rﬁirtherragmprises a mixer

c[l lﬁg a r C

Oerse W%) COO e eér ﬁé&t e (EI“llanlg% IglS paSSE% rlgu h {nﬁChamcal
jagtitert sul:ln a7 cheting bladai Afitainativelye tlteemnelr caahthea pfmtnpt th& moves the
i ntr.al um nal. space 1téacerﬁ]' pr edet i ned | evel..
APRUPHAPY Oy TRE- PP AL BhE? B SE e i B g vese
heatdbé}sgn(&|ceﬂipﬁ§e 4 atadr.edn Whhé bh tHekeernig@iirhéndy) thessidlon lddation
t hat gan heat . up the contents_thereof.

caused by the reaction and the generafion of gaseous ammonia is sufficient to mix the
solution to a satisfactory level.

[0036] Preferably, the reaction vessel 102 comprises an opening 106 through
which the solution comprising urea is introduced into the vessel 102. In some
embodiments, a pipe 108 leads to the opening 106, where the solution comprising urea
travels through the pipe 108 and enters the vessel 102 through the opening 106. In some
embodiments, the pipe 108 comprises a temperature control unit (not shown) that can
raise or lower the temperature of the solution comprising urea before the solution is
introduced into the reaction vessel 102. The temperature control unit may include a

jacket around the pipe 108 whereby a cooled or heated fluid is passed through the jacket
-7-



[0032] Alternatively, the reaction vessel 102 does not
have a tenperature control unit. In these enbodi nents,

wo b@ovarper at ure of the sol ution conprising urPEI/US2008/077618
changed to the predeterm ned val ue before the solution
I's introduced into the reaction vessel 102. [0033] In
sone enbodi nents, the urease enzyne is added to the
@8kt RMmMRaHahe ﬂe%eﬁhﬁ@ 8f tht MR RIntifhl (P40l ca®iPAklict@hined
a solution. In other enbodi nents, the reaction vesse
1oyzl. dBepicr emlzodimeniy ghe terpQugtarg sentig anit g clecirigalepts, or p heating
ulﬂﬁ lbéa)(e%rwﬁfm Hﬁiﬁﬁ%@pﬂ)@zf@g ﬁldséaﬁ ‘ﬁ@at E}f?: lﬁﬁldl R4t %Eﬁgs tﬁ?ougll?ﬁle pipe
bottom of the reaction vessel I's under st oo
tIR&to thidesiray smpfatui- ease 104 can be Iocated anywher e

inth t t
one. of PTE” wif RtERaEkirtits, APfafUR TS B ApliEel B ppening
]1@Q throughf kaah nhwgsptlhteuemtlnn n[l@l©®41]ea\lem tieomrectonbesie it sin some
t thin t
ga 1men 1 e%g i lea S awal){ &esop\é\%gg ll& 'Phe] %Pé/ ‘Ief2 ca]tAead to a

isTre ion so
@lﬁslpesral eanizodi drma)S'cﬂ,fad:lh‘@', Ioaym schi, eberprths @pena reaction mixture is
cont%ﬁlled rel ease fornul ati on of urease, for exanple
edding the urease into a polyner matrix that
di SSO[ODGS] at Aa tilesi red réaatiér bEMRED Jurdade SMBBurea does not go to
enbo |nents reactl n vessel 102 further ﬁgﬂ{lses a

PSRRIt ot!D YRy Ol Ci e FeAE B BYORS affoint where no

Rpp@Eiabl@amb@itd 6f AMni@Hia ar@lge@erstBL M oE kheddis ts@ll QgnFd&h amount
as a rotatln bl ade. Alternatlvelﬁ%I the m xer can be a

ﬁltjﬁ’f?at é%n th%\rpégthnﬁglx%q: utti 1%ﬁesg?taﬁ rePYR it}ﬁ: YPRRY reaction mixture

KBACHE QU cHES BBlurd Qer th r&LHE RNRAGLIBMSonid R taﬁﬁscgw&yl back
vessel 102 does not conprise a mxer. In sone of these

antb el Feeiton vepsale Qotouihiighe Zunaining Biee canigised Hipreiean be further
geul?o%d RNthaRfald eA&%Hﬁ{g%I n‘P Bor2f e HRARIGAURS, rr’g@aea& 1bSb pipe 114 is

ficient to mix the solution to a satis ctory
revelod (10036Joopr sneabioyccnipe etk oo Vessadtiondgssel 102. In

(0] 0 . ti .
SEAB a5 LA NP UL KRR, i
smmreelnb@sj ihegercgon aeSpﬂl P62 a@Benteaths pips 1t Ak dprrithngﬁltlaOth,at can

ovellgga% %l uﬁll en‘f?n’e{lé/n:}glge ¥ %g(g k{:e&)?%lg lélﬁea% e(%%gg}ﬁe regc‘uon
1@ﬁe1um ﬁmdmﬂﬁmbﬂﬂnmﬁnlmsmﬁhemhkﬁmmﬁ@&h@ﬁmnwmsesmapmnwdde

OB P RE Dt D RG: 4BTOR | Bk L ORI ar g e el
eflauist fikh Q| widterOsnd Srea. In some embodiments, a pump (not shown) is
provided that can control the flow of liquid through the pipe 114.

[0039] An opening 118 is provided through which the generated gaseous
ammonia exits the reaction vessel 102. Preferably, a pipe 120 carries the generated
gasses downstream.

[0040] In some embodiments, embedded within pipe 120 are a series of
catalysts. The first catalyst 122 converts ammonia into hydrogen and nitrogen through
the reverse Haber Process reaction discussed above. In some embodiments, the catalyst
122 comprises nickel. In some embodiments, catalyst 122 is a powder present as a plug,
or is in the form of concentric rings, either of which is located cross-sectionally within the
pipe 120 so that the ammonia passes through the catalyst 122. In other embodiments,

-8-



i ntroduced into the reaction vessel 102. The
tenperature control unit may include a jacket around

wo b@9fpiyyes 108 whereby a cool ed or heated fl ui dP€BUS2008/077618
passed through the jacketin order to nmaintain the
tenperature of the intralum nal space at a certain

predeterm ned level. In other enbodi nents, the
eARSr BLUIRs GRNLMEH opnﬂetplﬁeazmoqhﬁ G F[Hecﬁﬁm&ﬁé gass&rthﬁ‘)ugh the
heating unit, located with | unmen of pip can

héngt 120 Hbe Rm@ania pssestovenibe é@alt/% Al QOH@S m C@étam@ﬂt it
the dﬂﬁ)'ﬂled 'Ae{@&{daéa O)gt égp %%;r])wh&i ﬁ%m%@@é mtocf the non-

t he reaction vessel r-ses an openi ng
thidoaerhgaskas ckuch he cgrﬂaemﬂw@adgmmt% durigg ¢hd @aiv@ssm pleurea) and

R RSO 10RO RO bR E g
t184 ais dios pwsabe ttlamn lpgrcentalies pbﬁaldrogac ithi ﬂly demcet heplsewén some
t he ent

P%Pc%ments t{%‘gcatal%st ??ZF éomo r}15 lﬁfnld{ne In g’ome en’lJbgo 1ments cdaQaﬁggt 1241is a

meen urease and urea
motvdgrésontcas ey, boi.in the fotnln ef conoentlse riddst @thet bifewhich is located

reacti an has .proceede 0 i nt where no, a

TR SR ERRE 120 & BB A et S RBHLER LRI 124,
g idtlher Sinfpotihicagntatalf@uInd bifes kh€auth@f bf ithie pipe 12eaot thetas the
m xt ur e. |rabl to re-route the s
FS‘&‘&“?%PPS?ﬁsilP‘i?Pgi 5‘16 IEPG tthehg ARPPRIEPRES LY g‘etﬂ%lfi‘télnys‘t brd and
rce@med in@bnth@ vg@ner at e anmoni a has taken pl ace) back

into the reaction vessel 102 so.that the remaining

urea Atk n&imHEly efhp PExNn! A0ecarrifs tthi FevaSepuay te 6het fig of use.

UHE 3%Eof A€ fAY BE Rlotace | ﬂ&at%”@ ARIRBOSlIRRS §mu@h fveedRAGKsome of
| oop pipe 114 is provided that can |oop the spent

rtleaidpue Hespnd pdyaatipens ieaisat B thideviesgunud hre\r@‘g@@ﬂ grgcombystion
%ﬁgﬁe @H@r@q{erﬁ?fﬁlto en 15 BEmEX lahd @RERENG 116 (openi ng

h¥ ough whi ch e spent reaction mxture |eaves the
r eact IQ9|43]veséreson160@nlmmnm @psss gheergiedoim tha 4dactian Yasgel 102 are

Whdidda Br dshéaelhtot tlgg%gigggﬂ?rﬁg (o SRR T 10 cﬁﬁetr @Eﬁé&&@ﬁts there is

reaction m xtu urease Wt
meguinipo N Ay ekxs sdacti®2prbegedd, undri@mnropgcits i pwoduceh whheincreases the

%ﬁr@%g} rcle n\xﬁﬁﬁn thet gctf N t?el 162 a ﬂgn}lcrga%r(gg%*gsu?e caunps %b %ses to

owar'ds urease
teouape t]mo@tmi]deelao rmll%casl ee seuddn @mpr\tamlg mreamsdaddedaa) th¢ reaction

ST PGS P A 01RO B RS e
(039 JtheApregfueai |1rn ghel h&dsmcpriovingede t fmmbg HotbhtigCthet g@es in the
GoEE s 5 a5 1A SB cone
122 or 124 are located cross-sectionally within the pipe 120, either as a plug of powder or
as concentric circles, they retard the flow of gas through the pipe 120 and thereby create a
pressure gradient across the catalyst 122 or 124, such that the pressure upstream from the
catalyst 122 or 124 is greater than the pressure downstream from the catalyst 122 or 124.
This pressure gradient results in an increase in the pressure of gas in the reaction vessel
102. The increased gas pressure upstream from the catalysts 122 or 124 allows for the
gas to move through pipe 120 and away from the vessel 102 without the need of

additional mechanical pumping.



gasses downstream [0040] In sone enbodi nents,

enbedded within pipe 120 are a series of catalysts.
wab@ofia7es catal yst 122 converts ammoni a i nt o PGTUSPEsI077618

and nitrogen through the reverse Haber Process

reaction di scussed above. In sonme enbodi nents, the

catal yst 122 conprises nickel. In sone enbodi nents,

cat al ygolaal 22 Wlﬁan@h@l@ﬁ?&is@@f‘iﬁ@a%ké@%l&%e nirebgls c@ﬁveh@d 10O, and
the formof concentric rings, eithér of which is

INfEabel o vduch exewei thasolptongst 89pes- tHus grupes thodensy hae spent
tsB‘ﬁUW' 18ks m%%déngq)p&ﬂﬁe B& ¢ ﬁt ﬁlré{a%%ed)’l's?fgutlohr&oﬂibﬁﬁﬁg urea.
nbodi nent s, cat al yst 122 |1 nes [ unmen
iﬂ_’l@ seavt schattonasilltien canereh be q@alstbe optaf rt@dgmldt lheitlm plet e reactlon
e
30 AR BRSS9 By oy 3 s
itendp koo tdwards Haetbogem. fi" hmﬂoee, goymeneaimbotiment nivghl as)@le ne shown
%&1/ lslrgtglsl éh%go%g?1%% 1§ }rs oca ne rrtgle éo%) %S%L@tug(? seog étlut?l? %%e%f %oéution
frcen maseethHabmel 1Be mlcresgl the apnetmrxgm)lo ath aputhp @sea@éd solution in the

cat t 124 is_.to ase. the percent age .of dro
Vﬁss?]h q é{}lsgrge 85{11&& em 111&661%(?1%%%8811 t ’em{l% éBg 18 to ar s the
(batt@ila ysthe 3123%6101@[2{196 ﬂﬁl&\gﬁe hhichdtetoldtion SMHBR Itl&l Weedi NeEPNdt $he bottom
catal yst_ 124 is owder present. a plug, or is in

@p FW%?PGBBSRE%WF FP FPW%&G Ong‘tnﬁzlléaof which is

| ocat euhasy 0S$n SIRCEmBaRhEN howhiin EiTe 1PitRe hidBemOgdnbator 100
t he ammoni a, passes thro h t he catalgst 124. In aother
SRBBaTCHE hpYingarss] |26rfor boldipg the supnie of teraciution qopgrisng area for

l@@dﬁ&l&lr@ttheai%a&leﬁ @Mﬁtﬁ)n%ﬁ%ﬁ%é e w&bestth@h&uﬁg vessel 126
0, the ammoni a passes over the catalyst 124 and

é]@fﬁb@ nipe KSrend entepjthayegetion yoed 292 @Fqughﬂteeqpymng heS. pi pe
120 carries the device output to the site of use. The
site of use nay be a storage | ocation, a further
purifying station, where IAAMBEESone of the inpurities
and ag%ﬁ@]t It 'Tﬂéjq’ %e 1k _ha?e H%\ghrﬁﬁl g%‘hﬁ’ Ue 81 111usIrat1ve of
r enov or a co ust ngi ne where hydr ogen
quneﬂ$camumtmem$ok@eHwaﬂwspmbhﬁﬁdwwnenbodlnents

gases generated in the reaction vessel 102 are sucked
or pushed into pipe 120 using a punp (not shown). In
axhmplednbodmmeniaProduasre i S no punp. As the reaction
proceeds, nore ammonia i s produced which increases the
pressod7wi t b\inﬁndﬂ*ﬁwﬁﬁﬁﬁdﬂc&hus\iﬁfg&ﬁefollb@ﬂlg pTditﬁdlirEI:C reased

ress causes the gases (o e hrou i pe 120.
R co: Moo 'BER s R PEn P SPREET b i sty i g wes

ra@etbd @the desired temperature (see Table 1). Once desired temperature was reached,

urcase was placed in the heated urine. The urease used was from Canavalia ensiformis
(Jack bean) (CAS Number 9002-13-5; obtained from Sigma-Aldrich, cat. #Fluka 94281)
at ~8 units/mg (1 unit corresponds to the amount of enzyme which hydrolyzes 1 pmol
urea per minute at pH 8.0 and 25 °C).

[0049] A sheet of paper soaked in Nessler’s solution was immediately placed
over the beaker. The color change from white to brown (scale of white/yellow/light
brown/medium brown/dark brown) was noted. Darkness of paper relates to amount of

Ammonia created. The results are summarized in Table 1.
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vessel 102, the headspace vol une of the vessel 102 is
further reduced, which in turn causes the pressure in

WO b@olerrdspace to i ncrease, thereby forcing t hECESHES8/077618
in the headspace to escape through t he opening 118 and

pi pe 120. In a tion en cat 122 or 124 are

| ocat ed cross- %@Eltellor%? WB s o N rtS%@flﬁ}OBéreitZO ei t her

T%@rg&'gﬂé%"@f pﬁ@@lﬁf aPj0 &8 CONGENS 4t9 itn' C! $¥01drHEY min
&IIOV%‘]/(\:‘V:hIt '” Umj(e}l]éf"/ Yhit€ —<7 LT brown/ yellow

haorabhyv ~r o+ Yo Ny A r=Y
og or 124 supheHoplihits o dXellog/Le brgwn, LEF brown o™
194t al yst 122 nJquH?QWl S greate rYQIW%Ltrb{BWﬁr o4 hrown
2ownst r eam f r opYelhev cat al yst |12drewn 124, ThiMeddrewsur e
2r adi ent r esul [ $ellow/drt tiroven eade browi he pr es Medebrovngas
30n the reacti onLvgssal 102. ThHa/mdickreased Qascdbre@sur e
Jpstream from fpepreahal ysts 144 4d tkédnal | OWeed @bwhhe

4p2s TO Tove Eh EHQ'BWHi pe 120 [qnd; from ﬁ\’f&iﬁ%@%ﬁe'

[q))

jom)

o 00441 WP PRATho g Srhrols = T Red brown
ol Med bWy 1o ddfcdhrewiors  podRrckropmm o,

qranp t he sol pMcaropen gases Med/dark by tllﬂﬂﬁﬂ?ﬂ 0t y
6f the spent spoPutkitvewno be ||d¥akbroam t he @Elash brpwarf
&She fresh (i. el Dattrireasnt ed) gddark baywrconpr i langbromea.
70he spent sol utDeik Bébwh then |geiiebadvy be nNerrk blaemt op
7 the T1quid bxiuh&d bldwnne |Meak blRih Vess"'DaiLngvown
JpfTeT eas TIe DAy oSO TSI UG o Sh T T DoliEGiodm

ARG 508 N T Nl 40

oOUT T Ut rrreir oi A= T SUTTO A2 LB AAY ] Iblll. \J, S ACAVEN] A L9 |

one shovvn in FIG 1, the opening 110 is |ocated near
Exanaplg ol VIR dlo8lo that the spent sol ution can
| eave the vessel 102 through the opening 110 and |eave
t he [084Hact édics cimmomwa was preduvals selwag Ossddnthsough efcatalyst to

P BEDRE BOLT BT THE VRbta “SaB0E0 PR okl latinum,

anduBidfiin® dTROWhIkOte SHYWAT & Tdbee ¥essel 102 at the bottom
and ﬁ))ushes the spent solution up towards the opening

110.[004845] Afier ttlrfﬁea@m@m gasnvasspiovgd fndl Befare it washuassed through
n rises_a _ho
th%: %gtaﬁ%ﬁ dtl; %gls %eo es%cg Ellbrro) %(/il % %rﬁ) e"flgeo 1&6 Vg)aﬁdl%:n()en”pvyll?li ?ﬁnurn 19 order to

captire @, Beford paRingf thidghr @adlydtONAftdhehes edtallytOhe gas was passed
conprising urea | eaves the hol di n& vessel 126 through.
thrquga & é@oaﬁ Pih ek dincHevite dichipgn V88 sefontlognopyrs fghiithium was

degé%e&) R& rya ré%'rew HC:J§1 h%oéggoc-lral?l cﬁ’H ?fﬁ'oﬂﬁ into its e}ernental

ITp es are non- I Ng and are on ustrative
components.

[0045] A balloon was placed at the end of the pipe to capture the effluent gas.
The balloon was tied immediately after gas generation was completed. The diameter of
the balloon, in inches, was measured. The balloon was then ignited and the intensity of
the resulting explosion was noted. The intensity of the explosion was used as a
qualitative measurement technique for the presence or absence, and if present, the

amount, of hydrogen production. The results are shown in Table 2.

-11 -
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sone of the enbodi nents of the invention disclosed

her ei n.

worm9pidiiced using the foll owi ng procedure:

Pure urine was placed in a beaker.
the urine was adjusted to the desired tenperature (see

Table 1).

Once desired tenperature was reached,

was pl aced i nTipR sheatems &gﬁ%ﬁgﬁ@

from Canavalia ensiforms

Jac

Exanpl e 1: Ammoni a Production [0047] Ammoni a

[ POB8$2008/077618
The tenperature of

urease

ctrgiRerdsed was
n) (CAS Nunber

Q@0Pst13- 5;

ob

t Siize e b4l foom(Saopeter)Al dr

i lnkensicaof expldsidoa

NdR81) at

~8

umnptis/ mg (1 unit corr

elsre8 ehspldgor, Ibez boom

st of
m nut e at

enz
pH

ye iywhi ch hydrolyzes 1
8.0 and 25 0C). [0049]

SR cxH1880R %o d, not
ﬁﬁéﬁggtg. of pasggn' "

over

ﬁﬁﬁﬁhﬁ T NesEi

e beak

whi

3?5%

er. The col or change f

—s—sotutiom was i 'ﬁﬁg%%%’ﬁi%ﬁ% gggﬁé{%large

hl’ all

QI\IQ Anl
L>ABRYA'A' RV}

1l owad 11+ At
1OV 1

OO, p e el

nm
T UT Uit T OUvvr7m UauUAT 1IN

\\J\Jul A>3 \> A

L AL

7 y\’

T 3III.

brown) was noted. Darkness of paper relates to anmpount
of Anmmpni a created. The results are sunmari zed in
Table 1. Table 1: Results of Nessler's Solution Test

Exanmple 2 :

was produced,

generate hydrogen and nitrogen.
catal ysts were tested:
The results are shown in Table 2.

it was passed through
Thr
pl at

[

ni ckel ,

Hydr ogen Production [0043] After ammoni a

a catalyst to

ee different

i num and rubi di um
0044] After the

ammoni a gas was passed and before it was passed

t hrough the catal yst,

it was passed

t hrough a pi pe.

The pipe was lined with lithiumin order to capture CO

bef ore passing through catal yst.

Af

ter the catalyst,

the gas was passed through a second pipe also |ined
with lithium The second exposure to |ithium was
designed to capture N resulting fromthe dissociation

of anmpnia into its el enent al

conpo

nents. [0045] A

bal | oon was placed at the end of the pipe to capture

the effluent gas.

The bal | oon was t

ied i mediately

after gas generation was conpl eted. The di aneter of
t he bal | oon,
then ignited and the intensity of the resulting

expl osi on was noted. The intensity of the expl osion

was used as a

in inches, was neasure
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qual i tative neasurenent technique for the presence or

absence, and if present, the anount, of hydrogen
w@ewdoer7wdn. The results are shown in Tabl e 2. FebUs2088/077618

Results of Hydrogen Generation Test WHAT IS CLAI MED | S:

A roduci ng nol ecul ar hydrogen, the
FﬁggEggﬁBﬁﬁeﬁg contacting a solution conprising
urea) Wt hy %&ﬁc{%@@@r&&cﬂ{ H&@ulmbﬁm AR GRS Qfrhirihe:

the ammonia w first catalyst  to produce a first
gaseous ndontagtivg ecopitiosicngpnsingcutaawithypdregerio pfoduthemmonia;
met hod of claim 1, wherein the solution conprising

urea’s an aqueous solution. 3. The method of claim i,

wher ei n téb%ta%ﬁh%tth@ AmMESRIRS WathNg fsteehtAMIRb I F68uRNd TRt gascous
urine wherein the animal is a mammal. 4. The net hod of

cl ai mixturewhapebing edecsbir yfogcwonpri sing urea is
heatf d t%l%b?]he?ho%n%k ecrlgnglt (?npw“aﬁ’e‘?lelrtlﬁJ e pgo#uq{o tgo glsrlllgg urea is an

contdct ed wi urease hod ©

aqibeussotutione sol ution conprising urea is heated to a
tenperature selected fromthe group consisting. of
abovd 25 B msthedeofadeinc], whev@ the sotutiogepwrisipgowea comprises

anm%ﬁg@%&c?lnm 3;1% mﬁeg%a“% above 80 0OC. 6. The

rein the solution conprising
uread.i s hEat mdthbo ofibbiirh 17 vhaein the sbieiomedoguisofg wkaisnheated to
rein the first catal yst cgﬁprlses a netal. 8.

1,
abpyg awg{eﬁb@n@pra&rg iPHPEto ARV IENIERSS 5 j
el enent al T OnPIBYH oPPRIE klnwha%nrfﬁ& ludich éd?nﬁl{blr%ﬁrgﬁs' H¥4ted to a

state other than zero. 9. he nmet hod of claim
temiperagire s¢lexedviroiaml the groap nransnstg1go1f pberet 2 “(Grabave 30 °C, above 40 °C,

tra LLi on . .10, t hod oClaim9, wherein
H%gﬁ @ﬁﬁwyggﬁahgwgye?@qﬁ%%§g$ovq§5<§he met hod of

claign 1, Nbeﬁl@thadToH*%laﬁrhWSEwlﬁ?e‘i@méssdﬂﬁtﬁlwoﬁlﬁ@mydr&ﬁﬁs heated to
nol ecul ar hydrogen and nol ecul ar nltrogen 12. The

abgut HoW-.of claim 1, further conprising contacting the
fir S}, 9aSfQURethod of claim 1, wherein the first catalyst comprises a metal.

8. The method of claim 7, wherein the metal is in elemental form or wherein
the metal is in an oxidation state other than zero.

9. The method of claim 7, wherein the metal is a main group metal or a
transition metal.

10. The method of claim 9, wherein the transition metal is nickel.

11. The method of claim 1, wherein the first gaseous mixture comprises
molecular hydrogen and molecular nitrogen.

12. The method of claim 1, further comprising contacting the first gaseous
mixture with a second catalyst to produce a second gaseous mixture, wherein the second
gaseous mixture has a higher per cent composition of hydrogen than the first gaseous
mixture.

13. The method of claim 26, wherein the second catalyst comprises a metal.

14, The method of claim 13, wherein the metal is in elemental form or wherein

the metal is in an oxidation state other than zero.
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m xture wth a second catalyst to produce a second

gaseous m xture, wherein the second gaseous m xture
whamaditegher per cent conposition of hydrogenpthasonsrer7618

first gaseous m xture. 13 The net hod of claim 26,

wherejin the second ¢ rlses a nmetal . 14. The

et hby of TR Befhogaof éi‘ﬁ L3 i BT oe dnet P! 4 e i aictal or a
trafrﬁftﬁh%etmer ein the netal is in an oxidation state

ot her than zero.15. The nmethod of claim 13, wherein

t he et al Thesmethndibhclgmolip, wistreh thor malntgremsmiabts Iitead. .

16. The t hod  of mhereln the mai

ot al s THS EAH of e THb GaTaR st Py MerlF fhase from the
soﬁm&rdoﬁipﬁgmgw&vguﬁgeqhsﬁ tH ?mem@ R Fifsh BaseOhstthix@ite.

conpr|3|wg urea subsequent to producing the first

gasebus rarathasd offgodusingamplsaular hysiregiue thegnatin deeampyising:
hyd r ogen co%th%uHE 21 Q?]ﬁtl&? gg’r{ég%qugureg %1 rleys% tg Rfs'ogllugé érg&oma;

conprising urea ce anmo

cont act i n@ntdeein@ni® aindnonid Kvith 4 ifirsit catayalty Sfrodee a first gascous
produce a first gaseous m xture conprising nol ecul ar

hydrl%‘}lj‘éli'lfe Cﬁ%rlé@ﬁw?qu% hygogena8d gaseous ni xture
with a seg [h(étlﬁ%tﬂ?éhﬁl%tt i'a§€o e Fihef oadng %ﬁﬁ%‘? to produce a

m xture, er el con gaseous m xture ha
hi ghecomkgaseantmicanpogicréio mhms‘ecm(ﬂgasg@m rhilyame hima highatper cent

gaseous m xtur 19. A oduc:| ng nol ecul ar
hy dr Slﬂpﬂé’fﬁﬁﬁhﬁsw@aﬂﬁﬁ ﬁ‘h@se XS ng a sol ution

CONMP{g Si NG R MW drbd ity ﬁ@Q@ulﬁphﬂ%ﬁcﬁlem &mprising:
contacting the ammonia wWith a nickel catalyst to

produce acohtacgng g aslebors ccvmm&nmgum@ mpthi ssimaperio beclub@ammonia;

Py 0gen RO ECh L, 15 SRSERLR ML g s

m Xtrﬁ[x@ure%ﬁbﬁblﬂgtrﬂ'&ec%ﬁ@‘h?dro@étﬁ%@bls m xture has a
hi gher per cent conposition of hydr tgen than the first

gaseous riortagiiag tIXOTirsh gasopue anikigre piltddubithigm wptysg én produce a
?ggg elcc?)tkcfgasgosuesl %Eurg N e?éc' ﬁ %ﬂel sr?goéd e%ié%oau%?g&#uﬁg 89{%@@3& per cent
composition of hydrogen than the first gaseous mixture.
20. A device for producing hydrogen, comprising
a reaction vessel,;
a first opening on the reaction vessel for introducing reactants into the
reaction vessel,;
a second opening on the reaction vessel for withdrawing gases from the
reaction vessel,;
a third opening on the reaction vessel for withdrawing used reactants from
the vessel;
a first pipe connected to the second opening; and
a first catalyst for converting ammonia to hydrogen and nitrogen.
21. The device of claim 20, further comprising a second pipe, wherein the first
opening is in fluid communication with the second pipe.
22. The device of claim 21, further comprising a holding vessel in fluid

communication with the second pipe.
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reacti on vessel; a second opening on the reaction

vessel for w thdrawi ng gases fromthe reaction vessel;
wa@2aobiost4dpeni ng on the reacti on vessel for w pPOTUSA081077618

used reactants fromthe vessel; a first pipe connected

to the second openipg; .and . .a first catalyst for . .

convett i n‘éhearﬁ%ﬁr: 2o &1%%%8%‘5{»“5% CAMPFEGEna B Pifgein fluid
oG 8atRh WitIHEWAR ofdhidoher conprising a second pi pe,

wherein the first opening is in fluid communication

wi t 24 he Blecdadcpiqieclaip2 . 20Thehatewni the Gfst cdagilynt 218, located in the

. rther conpr.i.si a holding vessel in fluid
m%?) | spgee ﬁtl?/ﬁ#]%tlflﬂ% second pi pe.23. The device of

cl aizg. 20, TRUHENEE oF IIHIRI 20N Gurehek NohhrR n%ea|s@ccfﬂdubé_ﬁalyst for the
communi cation wth the third opening. 24. The deviceé

regovel ofinfy@®n. wherein the first catalyst is located in
the_i()r]t r ah%lmdg\%lc %?aqgl OESt r\}v%eieliﬁ ??tfle RERSGd c2a§a1 sEhFurther removes
devi‘ce of clarm 20, FUrt nér comprising a secon

caglednadiysitief or the renoval of nitrogen. 26. The device
of claim25, wherein the second catalyst further

remoies cHIDBRVIER Okikm 2%, Wiersingdgi ysorst catalysimipipcated in the
inﬂ@%ﬁﬁl{'&ﬁ#&% qu@}%qﬂgt %-?gal yst is located in the

Intra nal space the first pipe. 28. The device
of c2&i m Py ddvitetdietaia @Opfuirthiengpnapristngeteatparature comtralunit.
unit.
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