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also relates to a nethod for generating energy froma

guani di ne based conposition. The present invention
also relates to a nethod for producing the guani di ne
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having the many positive characteristics of gasoline without its drawbacks.

[0004] A new, alternative fuel should fulfill several requirements. The cost of the
fuel should be competitive with the cost of current energy sources. The fuel should
have no undesirable emissions. It should have a high energy density, as gasoline
does, to avoid the need for frequent refilling. The fuel should be easy to handle
safely. Preferably, it should be non-explosive and of low toxicity. Finally, it should
be available through a distribution infrastructure that can be readily expanded.

There is therefore a need in the art for a fuel having all of the above characteristics.

[0005] Current efforts directed to new fuels have not provided a fuel that is cost

effective compared to gasoline. Furthermore, the effectiveness of any of the



effective conpared to gasoline. Furthernore, the
ef fecti veness of any of theproposed alternatives as a

W@ onsaas28d energy appears problematic. For exapPpi/e$2005/015920
al t hough hydrogen nmay be obtained fromfossil or
non-fossil sources, problens related to handling
during transportation and to storage nake hydrogen a
poor choice for a consuner-oriented fuel. OQher fuels,
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ggltulmrzegof water vapor and one-half volume of carbon dioxide will be produced
for every volume of ammonia produced, making the product unsatisfactory for
immediate use as a fuel. Also, water vapor, carbon dioxide and ammonia
spontaneously combine to form the solid ammonium carbonate which can deposit
on the interior surfaces of the apparatus, impeding proper operation. The necessity
to carry over three times the amount of water needed for the reaction of urea to
form ammonia substantially increases the weight of the vehicle, adversely affecting

fuel economy.

[0007] The problems encountered with urea compositions can be avoided by the use

of other energy carriers which can react with water to form ammonia. For example,



fuel econony. [0007] The problenms encountered with
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amoni a. For exanpl e, free-base guani di ne (CN3H5) can
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st guanglubeed at levels below 1% w/w which can be extracted to provide another

source of the fuel. The guanidine in commercial urea is likely to be in the form of
salts such as guanidine carbonate and guanidine hydroxide given the high reactivity
of free-base guanidine with the carbon dioxide and water present in the urea
production process. The guanidine salts recovered from urea production can be
partially converted into free-base guanidine by reaction with a strong base.
Guanidine fuel can be produced in a sustainable manner using the Shaver process
because the raw materials are hydrogen, nitrogen, and carbon dioxide. Nitrogen can
be extracted from the air at low cost. Carbon dioxide is readily available from fossil
fuel combustion and other sources. The hydrogen can be produced by electrolysis
of water using electricity produced from wind turbines at remote sites, such as the

Aleutian Islands or parts of North Dakota, Oregon, and Washington. Using wind



Guani di ne fuel can be produced in a sustainabl e manner

usi ng the Shaver process because the raw materials are
whyasagesy nitrogen, and carbon dioxi de. N troRPEnUSBANS/015920

be extracted fromthe air at |ow cost. Carbon di oxi de
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generating energy fromwater and a conposition
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to provide an apparatus for generating energy froma
conmposi tion containing guanidine and water. The

appdn #f Pife mPBthdd id & Sdcond embodiment comprises: (a) reacting the
composition with water to form ammonia; (b) converting the ammonia formed in
step (a) into nitrogen and hydrogen; and (c) oxidizing the hydrogen formed in step

(b) to form water generating energy.

[0012] It is another object of the invention to provide an apparatus for generating
energy from a composition containing guanidine and water. The apparatus in a first
embodiment comprises: (a) a first container for providing the composition; (b) a
second container for providing water; (c) a third container for reacting the
composition with water to form ammonia, wherein the third container is connected
to the first container by means for delivering the composition from the first
container to the third container, and the third container is connected to the second

container by means for delivering water from the second container to the third



enbodi ment conprises: (a) a first container for

provi di ng the conposition; (b) a second container for
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the conposition with water to form amoni a, wherein

the third container is connected to the first
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the first container to the third container, and the
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whsaventh container for oxidizing hydrogen to form water generating energy, wherein
the seventh container is connected to the sixth container by means for delivering

hydrogen from the sixth container to the seventh container.

[0014] The apparatus in a third embodiment comprises: (a) a first container for
providing the composition; (b) a second container providing water; (c) a third
container for reacting the composition with water to form ammonia, wherein the
third container is connected to the first container by means for delivering the
composition from the first container to the third container and the third container is

connected to the second container by means for delivering water from the second



the seventh container is connected to the sixth
contai ner by neans for delivering hydrogen fromthe
WG 0oshoszemt ai ner to the seventh contai ner. [ 00Aci/UT1ve5/015920

apparatus in a third enbodi nent conprises: (a) a first
contai ner for providing the conposition; (b) a second
contai ner providing water; (c) a third container for
reacting the conposition with water to form ammoni a,
wherein the third container is connected to the first
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e%&ﬁ@&on@ﬁﬁﬂ@cﬂn‘ﬁgéition. The apparatus in one embodiment comprising:
(a) a first container for separating hydrogen from water using energy; (b) a second
container for providing nitrogen; (c) a third container for reacting hydrogen with
nitrogen to form ammonia; wherein the third container is connected to the first
container by means for delivering hydrogen from the first container to the second
container and the third container is connected to the second container by means for
delivering nitrogen from the second container to the third container; (d) a fourth
container providing carbon dioxide; () a fifth container for reacting ammonia with
carbon dioxide to form urea; wherein the fifth container is connected to the third
container by means for delivering ammonia from the third container to the fifth

container and the fifth container is connected to the fourth container by means for



(a) a first container for separating hydrogen from
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_ ) Fig. 1 shows a schematic description
of ofthe apentian.ed guanl di ne conposition [0019] Fig. 2

thEd@BEE 2 SB%1 € et B BST oSzt b eiTlane
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apparatus of the invention.
0021] Fig. 4 shows a schematic description of a third embodiment of the apparatus

of the invention.

[0022] Fig. 5 shows a schematic description of a fourth embodiment of the
apparatus of the invention.

[0023] Fig. 6 shows a schematic description of an embodiment of the reaction
chamber with an H, selective semi-permeable membrane.

[0024] Fig. 7 shows a schematic description of a fifth embodiment of the apparatus
of the invention.

[0025] Fig. 8 shows a schematic description of an embodiment of the reaction
chamber with a replaceable cartridge, electrical heater and heat pipe array.

[0026] Fig. 9 shows a schematic description of an embodiment of the apparatus for

providing a guanidine containing composition.



[0021] Fig. 4 shows a schematic description of a third

enbodi nent of the apparatus of the invention. [0022]
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enbodi nent of the apparatus of the invention. [0023]

Fig. 6 shows a schematic description of an enbodi nent

of the reaction chanber wwth an H2 sel ective

sem - per neabl e nenbrane. [0024] Fig. 7 shows a

schematic description of a fifth enbodi nent of the

apparat us of the inventi on. [0025] Fig. 8 shows a
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heater and heat pipe array. [0026] Fig. 9 shows a
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apparatus for providi g a guani d| ne cont ai ni ng
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Cont ai ner for i ng hydrogen 8. Container for

oxi di¢zi Qgnfajrdt ﬁgennt@tuﬁg)mmnoﬁiaeb ngjeogen ahd hglregar gy 9.
Exhaust wat er ndens 0. Container for Selective
Cat al &t CONRERE rsB’ﬁ‘“@%@Fb)ogi‘i. Ni trogen oxide free

exhaust clgmidex R $xidiZig hfMBRe o6t AARL BhidrMhg energy
9. Exhaust water condenser
10. Container for Selective Catalytic Reduction (SCR)
11. Nitrogen oxide free exhaust
12. Exhaust
13. Guanidine coinposition
14. Encapsulating layer
21. Container for electrolysis of water or brine
22. Container for storing nitrogen
23. Container for converting nitrogen and hydrogen into ammonia
24. Container for storing carbon dioxide
25. Container for converting ammonia and carbon dioxide into urea
26. Container for converting urea and ammonia into guanidine composition
27. Container for storing guanidine composition
60. Means for delivering gaseous substances
63. Means for delivering liquid substances

68. Means for delivering guanidine composition to reactor 3

DETAILED DESCRIPTION OF THE INVENTION



14. Encapsul ating layer 21. Container for electrolysis
of water or brine 22. Container for storing nitrogen
wWQ@305@msai ner for converting nitrogen and hydromese005/015920

into ammoni a 24. Container for storing carbon di oxi de

25. Container for converting ammoni a and carbon

di oxide into urea 26. Container for converting urea

and anmoni a i nto guani di ne conposition 27. Contai ner

for storing_guanidine conposition 60, Means for

del00¢ &l Guanidiae prodyced fios nsarsasfuglds npeHl9So pere gyanidiper i ng

congupEs HETRE ol ARt el SRl IR BRRp i one of
e o
© GERRea b do R b ERAVIAG y SHEVerp LR NP deliBOn Hese
ON& on%Hﬁ caf? ffgﬁﬂl@ He3-take Qt%mlﬁ% Rfeal SRHlohivad ﬁefrf)&lﬂﬁte,

co a (0] t at

rCl production via a nmethod such as t
desmmiohiah Earbétatm etmimahiurshiasonate, AlBoniBat fortiate, ammonium
3,108,999 . These conpanents.can include free-base
G R ity ST R S At @ an SR 9, Eoanylurea, or
cay hRpateof tAETHR HodbPihe sy doaijhents AMMFRBACHGH b k@i dine with
amoni um acetate, biuret, nelam ne, guanidine
c awbisneanche dpsenibedi hyehe {adlogsngistoichiomejiceqationr a
m xture of two or nore of these conponents. The
reaction of guanidine with water can be described by
the f ol COMHERE)StIH,OVIPABBNH; @u@U’zC{E) AARBHIABRI/mol (1)
2H20 (1) (r) 3NH3 (g) +CX2 (g) DH= + 96.3 kJ/mol (1)
This reaction is acconplished in two steps. In the
first st : uani . di ] P
s 588 SRR B L9010l FERSLS S G Eaniine
Thezatts @dthnodtercislfernh andécaledlanirhamih and ivlesatesst urea. The urea

formtwo nol ecul es of ammoni a and one | ecul e of .
¢ APSROIGI BRIEdEAtel Y FRaclSRIVAER o OHE AVe afeulasf amapnia and one

Pr &G}égﬁté e Xalrbgﬁ dﬁﬁmgé ihin@aRireAL43R io?hfé%fréasgreduced by the
significant advantage because 1t allows effective
decomposition of guanidine is a significant advantage because it allows effective

solution concentrations of urea higher than the equilibrium solubility of urea in
water Reaction (1) is preferably carried out at a temperature ranging between about
50° C and about 240° C and a pressure ranging between about 1 ambient
atmosphere and about 50 standard atmospheres. The heat required for reaction (1),
which is endothermi.c, may be obtained from waste heat generated by an engine or
fuel cell in which ammonia, or hydrogen is combusted or oxidized. This heat source
may be supplemented with an additional energy source, particularly to initiate
reaction (1). A preferred additional energy source is a battery that may be part of

the apparatus of the invention and that serves as a source of electricity.

[0028] The weight of guanidine in the composition may range between about 10%
and about 90% of the composition. In one embodiment, the composition can be
stored as a solid and transferred to the reaction chamber by melting at temperatures

about 50° C. Pure guanidine melts at 50° C. Forming a mixture with other



solution concentrations of urea higher than the
equilibriumsolubility of urea in water Reaction (1)

w0 soopnes2ey ably carried out at a tenperature raPQi/og2005/015920
bet ween about 50 C and about 240 C and a pressure
rangi ng between about 1 anbi ent atnosphere and about
50 standard at nospheres. The heat required for
reaction (1), which is endotherm c, may be obtai ned
fromwaste heat generated by an engine or fuel cell in
wheaErpaagnts sheh asgrenyil logien theqneling peink dn ere esemplargd.
Thi r A i . . .
achinpgt ikt BB Yol BoRBE L BRI e i heytect which
r egltd, With cohstadt @hglositiothtadéthpérated be2ov@ 50y CS PHE Béat k&quired
a battery that may be part of the apparatus of the
i niganelt te campositian maxbe obtained dysheheas geerated by pn engipe or fuel

R TTlTo AL pRh IR UG R PRAGA BRahere
C Ofiip hsatirigislemérits aedngddediur@oiding the coanpes hbldaiy than be

stored as a_solid and transferred tqo the reaction .. .
cheaRasition. e spkpdimentsapwh 4t 1l d . Hisaypnigmesompgsigion 13 is
quani, di I ’ e 5 . -
o ARpE DR TEy b B8 oplarial TR pRr AR the anidine
pocampositioncme peevents|tbe seaetivinoafithegranidimecaupgsdint wittnmoisture
cont ai ns guani.dine and urea.in.a eutectjq whi.ch nelts,..
i B BT RIOE e it ngiddition. e eBcapslated eanidihg Pagosicion
C. cahl iR forB@fismal ghMulBkiat CALHE QFNY pblired 'i'ntH@tbr%@
obt ai ned by the heat generated 5% an enal ne or fue

ppen

c e¢dntainerh akretdlatites ouindhe apparases. aténg lgyer consists of

el e ical ' ' . t

) ARS8 B4 A DS R S5 g s
hoprattigs htLtﬁe opéra@xgg' ¢dnditionk nsedlto eédwﬂie@aﬁidﬁi&(bm‘nlpbﬁition with
FIG 1 e guani dine conposition 13 is encapsul ated .
byWatef gy%m&mwléyln anoi8er pRdimEnt e €aT e & diredina
QUEH & VB URARE bi GRaf n PRI 1b AR Rkl RimBLr e
guani di'ne conposition Wwth nmoisture and carbon di oxi de

i nsdlitdoraiGuanidimeds! diftnitely, sotubée iarveagrs mietitaeel, guethardil reblowing use

conposition can,he.in the formof small granul es that.
capT Emestions b inkearubhy S SireRER By Topedirine
Si p&fitsOThd EbricBr- AR Hatt? mallHR BDSARS Wk attlynatidfaney

consi sts of substances that ‘can be readily deconposed

i nstoichiomsitiiaregnigeroetiesf gauationd1)p Mwnethangl istused as the solvent,

22% %L}}iafnlgloﬁa%\%f %)%#sotﬂéc’ re%gt‘ieodn éh%m"bgra a?lgné Iev?th %eaar}hl%i()rrfﬁ and serves to
enhance the combustion qualities of the resulting mixture. A distinct advantage of

use of solid guanidine is the simplicity of handling a solid fuel together with the

ability to precisely meter the guanidine and water into the reaction chamber in a
manner to minimize the presence of excess water. Excess water will dilute the
concentration of ammonia resulting from reaction (1) and can prevent proper
ignition of the fuel. Use of water captured from the exhaust of an engine or fuel cell

reduces the need to carry water and improves the specific energy of the fuel.

[0029] The composition may contain a component selected from the group

consisting of a combustible fuel, a combustion enhancer, and a combination thereof.
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water to form ammonia. |In another enbodi nent, the

guanidine is dissolved in a solvent, such as water or
webdvanad2seand transferred to the reacti on chanbeeT/8S2085/015920

solution. Guanidine is infinitely soluble in water,

met hanol , or ethanol, allow ng use of conpositions

wi th high concentrations of guani di ne which have | ow

freezing points. The concentration of water may be

chosen to exactly satisfy the stoichionetric _
r ebuthe éngt ang S@foné qubpdiorent af the wethodarfitbminlventonuthe¢ombustible

th ol vent et hanol apor _exits eact i .
oD G S Wyt 40 AR o R S B 0 B b S o S puficient
t hmsmﬁkat% irfitiak tﬁe’ regctidh of iR doaspekition Gvith Wt ©.forn
di stinct advantga th use of solid guanidine is the
i theg

si ampmopia; Yltgfnat ngingeAn heginenerativgomtitoredipmmonife and the
b i t
b LBl TR A SR S A0 by v

pr esgncer fakl @Xdeadequakes incloaseths rewtion ratt bf the icbmpesmbnerth
concentration of ampnia resulting fromreactiaon (1)
an¥athrfh s?l@p@ﬁ%mgrrw&n §ngHIctG2B APerAter Ritiafly gping injgction of the

Bl Gl AAPLA B drAhr e EXARLISE nRihaABL EARLAFh of R

ces the need to carry water and I nproves the
s pemhpasiticanecegds aboutl30%. Ue kthe thidd 2@podinent ofithe siethadrof the

may contai,n.a co ent ected fromthe
PR e SR CRIBET lMiard s dsibn LA R s Srically using a

enE@lﬂl‘é@t’iont%QHe%cﬂ%ﬁ"@ﬁﬁlﬁ?lﬁx@@reﬁ In the first and

second enbodi nent of the nethod of the invention, the

conmbusti bl e fuel can be present in an amount whi ch can

be .8 f .
SUATP G HahoriERShRsEn &y Rty SRRl pD EBinpusing

t otHeiydtogenimartenghtd. Simndrly eleyoxiddtienefiginnenizato forgiitrogen

operation on_stored ammonia, and the fuel cell can

beaihwalisemay ibs Rerprmagdepmiygting bs ammania inan qngie.

Pr aguGadvay, 8 Smﬁ%ﬁa%dq{ydi%%;h nifde dxEiALER R Sk hia fuel cell

i ncrease the reaction rate conposition Wt

watued a hﬁdrogwrpﬁueb&lloresp@mwelwoﬁxeamgamef ﬁ:lelmeﬁp erchtde high

initial nj ecti an, of, .t i ne conpositi.on
wnisiprepistedietans Slefrecalih ot BREHT Pad rieD papRgace AT cell,
C Ompl%nattive@ lS%@ﬁ@ﬂ@eﬁ%U fueB@efls subh hmkmmetﬂelemne ohmrmel

of the method of the invention, the heat needed

st eelts and @hosphoric eeid fugl cBlls.suppl i ed el ectrical |y u5| ng

a connection to the local electric utility lines.

[0031] The combustion of ammonia to form water and nitrogen may also lead to the
formation of nitrogen oxides which have the general formula NOy., such as, for
example, NO or NO,. Elevated levels of the nitrogen oxides are obtained depending
upon reaction conditions. The nitrogen oxides are pollutants and their emission is
regulated. An advantage of using ammonia as the fuel in the present invention is
that pollution caused by the nitrogen oxides may be abated or eliminated by
reaction of unburned ammonia exiting the combustion chamber with the nitrogen
oxides in a post combustion reactor. The unburned ammonia acts as a reducing

agent to convert nitrogen oxides into molecular nitrogen.
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[ 0030] The oxidation of hydrogen to formwater may be

perfornmed by conbusting the hydrogen in an engine.
wooshes2By, the oxidation of ammonia to form nPeT/OF®NS/015920

and water may be perforned by conbusting the amoni a

in an engine. Alternatively, the amonia and hydrogen

may be oxidized in an ammonia fuel cell and a hydrogen

fuel cell, respectively. Exanples of fuel cells

i ncl ude hlgh tenperature fuel cells such as solid

oxi[0@3%] Tdk 31s¢ of ammaniamn( thermethod ofeeducing aitrogen bxideslas been

a1 BEFTHE! PP S B B el re S8 5 oBi B ang sttionary
ac b&nﬁ&’s?bn @@thrlcés R[e@xféaeh]tatmbqaa&ﬁtmﬂahdw SDTPaﬁNUQnS 3199 :ozs
rmwater and nit

of 6#93@6@&33%&7&3@ 34863 6 %é&?@“"@hé 16@ﬁ@$ 3 83?@?2%5546 144,

S403f Bl sO%MRoe. NO or NO2. El evated
Ieve 93§$qnﬁ§zﬁpf@ggén OX|des are obtai ned dependi ng

upon reaction condltlons The nitrogen oxides are

B E R Rcrnd i Pa ke fesd iofationsyisenise peliwent

' ni’e‘?ﬁﬁde@" tHeSe E&ﬂﬁonﬂﬁé havlel R beRUREE f&}in(’ithfé bhéa@ﬁ;ﬁ@ possibly
oxi des may be abated or elimnated by reaction of

unberangsdmastironsumess woltidguot heticsawmty ebangsrin dreepreformancetof the

t he ,ni trogen,oxi de t conbu

nte A Bt §E e hoB@RPlenRR A Al YRR forgh' retin
ni tHeQ@Econdifiag the odlubmk fphdvar. Adcbfddgiay, thAidduréivars fdking
of ammoni a and the nethod of reducing nltrogen oxi des
haforigesehitigadhatidpesngt gequsgayrsgronsfiliup &n edditionigithe ene required
re t

ottt M RoUranitg, i Fhork (80l loBlcnP AR g ikt

5, calflystaas adiditd s, tﬂﬂﬁe fuél, @94 féed 3mall ,adioin 5l gashlih8 Entdéﬁ

6, 146, 605, 5,832,720, 5,746,144, 5,399, 326, 5,281, 403
anBXIBUSFEA%Es [ 0033] Wil e urea and anmoni a have been
used as stationary source pollutant renovers, these
conpounds have not been used for nobile applications,
po§3I38l ?hbemfserrmostlommmng guaudide pmwde@talscmplarayd

cha nce of he vehi

oot SptiinBihe PRAPE oF SR el b fictokeh Fidps, Acause

f 0B GHidih® pfodutds antiéhih ShchCaR Bt A ibatH e Fikd aR@tHeWN @R teducing

renover. Accordi ngly, manufacturers are | ooking.
agent, an apparatus that uses guanidine as the fuel also provides for its own

pollution abatement. As long as there is fuel to run a vehicle there will be some
unburned ammonia present in the exhaust to remove the NO produced by the
combustion. The air/ammonia ratio of the fuel mixture can be adjusted to supply the |
minimum amount of unburned ammonia in the exhaust needed to completely
decompose the nitrogen oxides. Accordingly, consumers would only require one

fill-up, since the same substance would serve both purposes.

[0035] The composition may also include a combustion enhancer. Preferred
combustion enhancers include ammonium nitrate, guanidine nitrate, nitroguanidine,
ammonia, hydrazine, and certain water soluble compounds which can be made from

renewable sources or waste, such as isopropanol, ethanol and methanol. In addition
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for a solution that does not require a second fill-up
in addition to the one required for the fuel.

w@Ewosao28y, the solutions to this probl em are POT/US2005/015920
i nclude three way catal ysts as additives to the fue
or to feed small anpbunts of gasoline into an exhaust
reactor. [0034] The use of conpositions containing
guani di ne provides a sinple and efficient solution to
t he probl em of pollution caused by nitrogen oxides.

wagg@nwwsmn, ﬁu@dm@@samaacmmm alsothelpedecragshithe

N e e T N e

poIIutlon abatenment. As Iong as there is fuel to run a
vehicle there wl| be sone unburned anmoni a present in

t hE008ghdersral embpdimsants qapdenssd orasaerateEngigytium the composition

I
USRI £y A b M gt i
uninvemish. amirﬁrst amlbndrtﬂmt ehdwgtmstdmﬁenealasi with vmergb d¢6ér@l ymmonia,

deco se the nit n oxi des.. Ac consumer, .

Cothear e 10 saggtion (1ToF Sampmia Sormies fin Phubicth of gumidine with

S U%fe@ RCBe\Okitized &S f68m bRkt A MReSHRA ¢ehQABR enkhS). The oxidation
osition may al so include a conbustlon enhancer.

Pr e mmd1aamvbbmqrfmned1 hraembusting ctlnqmmammammgme The

GBS e A5 BAEA BBt GOHE0 5l SR Bpresin

Carutide ofdfleily Lsyd ih et Blich &GdoRgFeionwatsé 6f 9:3U6ia as

i sopropanol , ethanol and nethanol,. In_additionto

f as@PPIsESieItadighshthag Gempressian §tios ArdimaTiiy yegdsin dg art, such as

al ot
LB RERCR TR0 ArE BT R ELsIH ralB e botEh o
c amnd)aao UskHerhatipby) ehicodremenie mepy Herlwatet e ax empogia ﬁue]ncell The
taln ua i ne en reacted with ter a rdi
iR embaEHA oF oF RNk Bremtion oy B Ber orBae Mectep or
t h?eagtlt'ﬁ’é‘é slifiBichatdunt BE the u‘ﬁ@ﬁﬁéd hi@infoR {2 th IR Bustion exhaust
according to equation (1). The ammonia formed fromthe
r esithinatmogsh ogides fatimed fiom thewan@ustm aflagmmaenia th reducetthe
forg1mater and nitrogen generating energy. The
ox MHREFBAXIGES: armoni a may be perfornmed by conbusting

the ammonia in an engine. The engine may be an engine

haV| ng a conpression ratio at |least simlar to
g];m asecond embodiment of the method of the invention, the guanidine in the

composition reacts with water to form ammonia, according to equation (1). The
ammonia formed from the reaction of guanidine with water is then “reformed’ or
converted into nitrogen and hydrogen. The hydrogen formed from the conversion of
ammonia is then oxidized to form water generating energy. The oxidation of
hydrogen may be performed by combusting the hydrogen in an engine.
Alternatively, the hydrogen may be oxidized in a hydrogen fuel cell. The amount of
energy required to bring the fuel cell to operating temperature for this reaction can
be provided by an electric heater or by the oxidation of a small amount of hydrogen

in situ.
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ratios ordinarily used in the art, such as a

conpression ratio of 9:1, or a conpression ratio
whe@bees2s8han conpression rati os ordinarily useeCT/nS1008015920

art, such as a conpression ratio of 30:1 or greater,

or a conpression ratio rangi ng between 9:1 and 30: 1.

Alternatively, the ammonia may be heated in an ammoni a

fuel cell. The first enbodi ment of the nmethod of the

invention may further include the step of reacting a

suli003 8l larx thigfrstbedisrent plcthe msthadeaf tharimyantion; thetganidine in the
co r . . r
cTHLTA FAPAT: I B PRI T . o
oxaramenia[ O3 from the cecimndfeuddinesvith witet BehetEréfommal or
the inveption, the guanidine_in the cqQ ositio‘{w,reacts
wi 9P VERE ; 1Q YrPgeTha HY&&n- dP4g ! eé&t?é? Ot °(°_i’5a.mer
Thgnfl m@cﬁsﬁeﬁgeﬁqgmftﬁ@fnet A8k bERAGERIOR uSing HyARIgHh B€a Wiel MThe

water is“then 'refornmed or converted into nitrogen
anshféty of usjpg theBobid hrghitive]g mon-dlarmenhbie, granitime compesitoroas the

of a I a..l S. then oxidi.zed to,form.wate energtin .
orfBF e 1om ey P Ort RS m AL RROAHEE BEOrolk G ey with
C oIy atsinatl ahfRinhyftiydesien il tiRApPataius Qt arfy (irge,\aillll Alkthis

t he hydrogen may be oxidized in a hydrogen fuel cell. .
ThapParabesfo Psevidhe safy spuwserupirhsdragsnist hygerone locgiégnsvethin cities

h . _ . ti
or SRR L R AL s KO RN e,
a smal|l anount of hydrogen in situ.[0038] In a third

' f t t hod .of . the i tion, .the .
o b Tahe o e S i s o Pt iy, e
anfiRiibéen B ﬁbﬁg‘réfenﬁﬂgﬁ&nhﬁfan(a_]&an cORGirAHBYN MRodKidE ¥ the

fromthe reaction of guanidine with water is then
' r glrbrmdidXide prastunt/fzemeduativng 1 hismod tearovad griby tdrthe Ereforming”.

The hydr.ogen is..t hen. stored, i.n.a contgj ner untjl bei

o e s i i R B M RefSPBAP M By il ot s
hy &l 26186niasBéthfcdon ndiRx &R faal ¥m@fonitsara detritgen hd the

rel atively non-fl anmabl e, guani di ne conposition as the

nepsrformencegfiraany hidrgges gl icalds. Aaseaipdateriong cppigminantscan be
hydr o - ' I .
yirRaED Bl GEROdboh by pRlint i B8Rdne® Bl throlhh 3 oy ¢
appamahbls nmentrame/thatepasses afyérogenibwenod bthey thange Thidtsemi-
nunerous locations within cities
permeable membrane can be a thin film of Pd metal, Pt metal, or a dense random
packing of hard spheres type amorphous metal composed of mischmetal and at least
one transition metal as described by Van Vechten in the U.S. Patent Application
“DRPHS-Type Amorphous Metal Proton Transfer Membrane for Fuel Cells” filed
11 March 2003 by James A. Van Vechten claiming priority to Provisional Patent

Application 60/363,520 of 28 March 2002.

[0040] The decomposition of guanidine according to equation (1) can be
accomplished in the presence of a catalyst which increases the rate of
decomposition. The catalyst may be a metal oxide together with barium hydroxide.
In an exemplary embodiment, the catalyst is barium hydroxide together with an

oxide of iron, nickel, vanadium or zinc. Catalysts can decrease in effectiveness due
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and al ong hi ghways as refueling stations for
hydr ogen- powered vehicles. [0039] In the second and

w0 hiosdosesdbodi nents of the nmethod of the i nventPOnyS1oh&015920
hydrogen formed from "reform ng" amoni a can contain
car bon nonoxide, if the carbon dioxide product from
equation (1) is not renoved prior to the "reformng".
Even if the carbon dioxide is renoved, the "reforned"
m xture will contain traces of ammonia. Both carbon
noteeenEainatpnansnethrah ekanges quringriisel Agcordingly, the catalyst in the
perf qr mance | I . These
creatl G B R TN rep e bufqeH B an be removed
hyfisagkérdayti@aciinibgr diereplacddowite d catddpet dontiitghg restedhtalyst.
per meabl e nenbrane that passes hydrogen but not other
mal keiemoygd sargiidge g beEasiiatedorgea¥idedean be a thin
filmof Pd netal, Pt netal, or a dense random packi ng
of hard spheres type anorphous netal conposed of
m OAhET I usarnd an enzyssesdlloovsahd reactsont of@uanidirel wists water in

d i.b Van Vechten in t S, . Patent .

ATATRHSE |10 PIORPIE 9N SmBr B GEsa RLHFesepgp iy the absence of he
Tr ahsher TherhiRRRurk OF tHeldbyhehtalyzéd teaetichlmMarme BOORen

by James A. Van Vechten claim n(%(}ﬁ“ ority to

Pr ehsteoparatipe padha tempsiratusgtat shicdohgbaf Gfaoiche eigzymieris kess than
2002 0 i1 11 dine [

;P il n e SRS ITRLLER Shugtab Ry eEL g,

a pRvalty sk enymd fionCleSaseButtwibch Riperméablle@ah® 9sdet firthed.

The cat al ){st may be a netal oxj.de together with barju

hyaHeRRHEly. the eeyBeanp b nreatend R %ub@%tep%&i@b&?sspbﬂgtes
bay 'cfé‘ﬁm: Mé}&ﬁ% rbGRe E%lé’é{ﬂ% @ST}nﬁé‘icdﬁa%;iais.r Phe substrate may

ni c vana or zinc. S can decrease In
ef beeintthe foresef akhettordomtsani nati on or structur al
changes during use. Accordingly, the catalyst in the
reacti on chanber can be contained in a replaceabl e

Cafiold PRenV¥xempla57 BmBEdiRAD WRENZ 1A E4p8ble %@féﬁt:h%ing the
chanber and replaced with a cartridge containing fresh

c ateattjosit of gharidmermwittedatento form gmmeania dre arginaseiand veedse The
recycl ed. [.0041] The.use of .gn _enzyne allows the .
bRt wrm oo BRe PR BsCle PR aplforiand wea
pr pEe@daicatadyyRs tHeGbRtioa o RS Witlewatth® fofiA Girin®hid shd daebon
absence of the enzyme. The tenperature of the

endipkide cBhese gpamnes catehize therggctioniya tesanagpiars which is preferably
between about 0° C and about 60° C, more preferably about 60°C. The heat

required to maintain the process at this temperature is available from proton
exchange membrane (PEM) fuel cell stacks which may be easily integrated into the

apparatus of the invention to provide a low temperature energy sink.

[0043] Enzymes can decrease in effectiveness due to contamination, structural
changes, or denaturing of the enzyme during use. Accordingly, the enzyme in the
reaction chamber can be contained in a replaceable cartridge which can be removed
from the reaction chamber and replaced with a cartridge containing fresh enzyme.

The removed cartridge can be reactivated or recycled.
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roomtenperature and a tenperature at which the half

life of the enzyne is less than 1 m nute. The enzyne
woranpshes2gy ovi ded in a tank equi pped with a fileeEr/usdod®os920

prevents the enzyme from |l eaving but which is

perneable to the gases forned. Alternatively, the

enzynme may be imopbilized on a substrate. Suitable

substrates include i on exchange resins, ceramcs, and

polymeric materials. The substrate nmay be in the form

of [0R44Heenceur ovse theeffep 6O 2isingearhonaienigs eongentrations in the

enmhodi nt, the,enzynes, capab of .cat al yzi he.

” SRR bt S BB R R e SnisSns o Garhdn fibRige from
ar gihidsLandnthtioh@ycergltouRedBvas ehough eeré@dionE guanidine
reaction of guanidine with water to form annoni a and

ur €ENPOFHONg Matdgkateramly (eleases Feamet of easbest digridg eqpal fio the

orfibuk Sec LB THP B oRuA (PR i nontOFE R o e
i saqvaatapecaiity stort the embah diokide pEoduedd attording € &uation €1), so

preferably ahout .600C. The, heat required to.nmaigtain. .
{ HB=5 @ Guaniding el tQESHhSE MR FHaEageot £gmon digids P hfestlt in a net

Pr @lPns €S £MR AR UIEIIREAIE didEM relddsdd 6hd atiodpcte. WHeCArbon

may be easily integrated into the apparatus of the
i ndiexide san be stpredwinder pressure in@rpostaitten prcanrer gred under pressure

[ 0043 nzy.nmes can decrease in-effectiveness due to.

coh AT cobBsR FOIER Fubing B A5 HERERGAP R fion cou
t hihef BE yraBsfekiéd ATueliR. stadivad Fetoftdr Yisestdi@euRENrad ih @edlogic
reacti on chanber can be contained in a replaceable

c aformptiens. hhe abiliyda stase pashen digxide pradused framaguapidine

ch ) . . ' i .ai_ni 11
ChEURE 0 i BRUBESKAbL S0 bR PAIELE O] et
r eshighee tHal Géddny@Gahsrewn-hydeigeh hiteraftivedusl. of ri si ng

carbon di oxi de concentrations in the atnosphere have

led to proposals to limt the em ssions of carbon

‘éilgyr?h AT QRIERAGE BR] AN bE LRLLEARLKIYSPRICHY b BHIIEESH in an

though the reaction of guani diné conpositions
wi ¢ffiicieat ard envirgnmehtel acceptablemanner withaw thoepndinmpiickeof

al t.o th t i he . ti th .
QUEReBH e ESAEST Y TAEr AT Aty Ee /S Ab ek B b dfention
t h@ (8viden nelitkod € pRIVREKE £ duAGdiAE Borfining BRIpALItBA. THe)method
so that use of guani dine fuel together with storage of

c aimbe egihodinent gpmprising: (p} using asqusge of energy to separate hydrogen
from water; (b) reacting the hydrogen formed in step (a) with nitrogen to form
ammonia; (c) reacting a portion of the ammonia formed in step (b) with carbon
dioxide to form urea; (d) reacting the urea formed in step (¢) with a portion of the
ammonia formed in step (b) to form a composition containing guanidine. In one
exemplary embodiment, the source of the energy in step (a) is renewable energy
from wind power. The potential for wind power is extremely high in some remote
regions such as the Aleutian Islands or Patagonia. The potential for harnessing the
renewable energy in such remote locations has not been realized because of the lack
of efficient means for storing or distributing that energy. Production of guanidine
via the method of this invention provides a means to harness and store the

electricity produced from renewable energy sources such as electricity generated
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decrease of the anmount of carbon dioxide released to

t he at nosphere. The carbon di oxi de can be stored under
WER@®sSAas289 i n a container or can be stored undepPCT/US2005/015920

pressure as a solution in a container holding water.

The carbon di oxi de gas or solution could then be

transferred at fueling stations for other uses or

sequestered in geologic formations. The ability to

store carbon di oxi de produced from guani di ne

c ofrposving calectiicityf genciatiddrdn oeervevavies, edestriiaity geperated from

hydr n.ratiq.of 1:9.f.or quani.dine_i,s. higher,than f
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produced in_an_efficient and environnentall
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or | . o
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met hod in one odi nent conpri si ng;. using a .

S GRlFaacity pHarea Lo Sapienal e derotnh edrarat esherating

r e@a?)‘aéiﬂgeplc@é‘dsm{éj&ﬁ%@ déRERE Ghiss 8 &t 6BbadUdvBling Whegsy

to formammonia; (c) reacting a portion of the anmonia

f ogamethting pnégcaptgperate 3t acangiant leved witiexeess eleciical engrgy being
(d). reacti the,.urea_ f.or in.step (c) with a
po%%vslﬁe%w?(?%%anédﬁ%%qnéal?lggﬁgr&p ?Sﬁﬁé Sép (b) to forma
conposition containing guanidine. In one exenplary

enbodi ment, the source of the energy in step (a) i

.SO a) I1s |
r elffgBbT e @reangioride pesgied forgbapiodudting qfotaamrasgions gpntaining
Wi [ .

2 AL SEPREIRL ol OB S e
pofremtthéhir foarbonatimads éxteacted drane pmdabts ereatedrbyythé corsbistion of
repot.e | pcatjons, has not been realized because of .the

| aiorsibfucly parbymdionioR axiactet ramaF ooy et LRy (s ompystion of
: Eé’éricﬁﬁﬁfagWastaré&%_tdi&ﬂdé’éxt%%ﬁ'ffﬂrﬁ‘ Ero‘dh@ts'&:fé%teﬂq}yriﬁg of

I'S 1 nvention provides a neans to harness and Store
t heonabhustion bE forgstiyrveastes eatbdn dioxidereatradiedfromergguctoureated by
such as.el ectricit eneratedfromw nd, el ectricit
qeg e Pt Bnisin SREbles acs e Ribeat R 1 pt enemplary
hyghesdifeht, the caffon!didNi@Sis eRir@aéd frémitie SEHAAEF A alcb@Bustion
sol ar energy, electricity generated from agricul tural )
wakroeess ofyb & sasull of the cearbuptian, thegxhaush iscdgpletasraffosygen: Following

Sl r Gl generated. o

mgxgg ﬁsottfichﬁ’on gLo%?(Ieer g‘% tr{:%é%ﬂ%ﬁ{; o i SHhARAP nTHSYefi WA can
be used as the source of nitrogen needed for production of ammonia. The nitrogen
can also be supplied from conventional sources using fractional distillation of

liquefied air or pressure swing absorption of air.

[0047] In addition to producing hydrogen by electrolysis for production of
guanidine, use of brine or other salts in the electrolysis process can produce sodium
and chlorine-containing compounds which are in high demand. The production of
the chlorine-containing compounds will provide an additional source of profit and

encourage the establishment of guanidine producing facilities.

17



generated fromthe tidal flow of ocean water. In
addition to renewabl e energy sources, guanidine
W@ osats28ng conpositions can al so be effecti vebgr/Us2005/015920
produced using electricity produced by conventiona
means for which the | evel of generating capacity
exceeds the current demand. This is a form of
| oad-1 evel i ng whereby generating plants can operate at
a constant |evel with excess electrical energy being
c o048} Bt inmerdiogunaliellinectebiotaniappargtus dergssetating snergy from

0046],.The carhon di oxi de, neede r.the.producti f
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di oxi r . oy .
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forestry waste, . car.ﬁton di oxi de ext ract?d from Er odui:ts
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c oéﬁghﬁl@to!f eRaly2REIR reabtibiVIRhEXRMRIAE YorSPRABNRMN waleP6r an
carbon dioxide i's extracted fromthe exhaust from a

c osrizyeicepabie ofentalyzing the reastioh of the guhridinerdompositian withewater.

o et S8 e RO N Pl b g o ring he

Pr Afibhia)préduice@ 8§ theeadibr. ThE bfertadds afythbe coataimke ferf
ni trogen needed tor production of ammonia. The

ni ¢andRiRing eaemeusofinmnmenp Mhich qap bgcemhyited fogeaprate a sufficient
<o . . . di stil | ati. o fi :
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production of guani dine,  use of brine or qQther salts )
i nfapkd abocomnspipissdonihg dif eltcsrbewe&aalaeeprggwm%mf ammonia
Cc | - At 9 ] . .

ok e AL, SR SAPRNTAE- B Rl O by o
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o eSSBS S RBl o e PEFYE A
APRAABhIA0 O GEREERT AiRGeanEhEMhE eRgyani di ne

conpositions. In one enbodi nent of the invention,
shown in FIG 2, the apparatus includes a container

S “fo'649ﬁnto%'é l%xg'mi)%y 8{16)3/&11%%&9 cﬁa!ﬁ?oe? 9o Mﬂn%ﬂia fﬁ@lq:eﬁ

[0050] In another exemplary embodiment, shown in FIG. 3, the chamber 5 is an
engine or ammonia fuel cell and the ammonia is oxidized by combusting it in the
engine or oxidizing it in the fuel cell. In this exemplary embodiment, the apparatus
may also include a container such container 9, connected to the engine or fuel cell
for providing water, condensed from the exhaust, which is delivered to tank 2,
thereby providing a portion of the water needed to react with the guanidine

composition.
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contai ner such as tank 2 for providing water. The

conposition is delivered fromtank 1 to a container
wemliesesy eactor 3 for reacting the guani di ne PCT/US2005/015920

conposition with water, supplied fromtank 2, to form

ammoni a. The reactor 3 for reacting the guanidine

conposition wth water may be a contai ner for

provi ding a catal yst capable of catalyzing the

reacti on of the guani dine conposition with water or an

enipPht] lnapathecexsmpiary zimbpilingent.Isbowr i F1@r, die dhlamber 5 is an

guani. di n onpositi.on wth water. The apparat.us

o) e e AR ToBiA S orEIed b¥ RoRbughens FRA RS Ap s

St Qlehiplarl RALIATRIM:, AhPAAHERAMBY alkd BrchRIBGI@htainkd uch container
buffer tank 4 may be a container for containing an

antlsennsictegrinihe engitte arue] gell Brrving b ageasgion ghayabesrvhese the
suf f.i cj : f Ju . i of
PR AR R BBl bl L, UndBE 90
initiate the reaction of the guani dine conposition

wth water. The puffer tanpk 4 also conpensates for t
di o0et Easothet %B?fllffﬁét_ tbRErSH ‘?fég%chFm&?ﬂsrﬁlFﬁ"é“ i S
thﬁequﬂa@h RRIGRIR AR s RAGs 143 1CBPIRRIiAS e cB ogﬁgn

anmon e anmmoni a produced fromthe reaction o
guamitalning goampivsiand aconiainar suwheas tank 2dier proyiding vatsm Thee

buffer tank to a container such.as cha r..5 for
BRSOt oo BEHVRAGP TG RSN rEactdts for
geraéaid fe compodiion WitR 4Rler kdfrmMEnes SR laAd ¥arBo® QIR The first
chanmber 5 is an amonia fuel cell. [0050] In another

exsappa3 Jorgrtssiae tksmeompasiion with water mgy be peortaenfr providing a

IS ngj i a .fuel. n ia i . 1
e 5 AL e o b B ficin
| t with viali® ok g lenBy@hd caphble o cstalgxi@pthereyctimuddha@sthposition
apparatus may al so include a container_ such container

9, conspipiag uanidineyith watgr- dde gppareis magalsoripgluds eonipipg such
LS SRR BEp AR Sy Mol B8 o,
neEhiebuffer tardad mayibt la cohringu foripdoviding enpowubt afranfrd@84 which

I n anot her, e | ary enbodi nent, sho in FLG, 4, the,
CHEEOgUSIeG D B 3 AR AR A Bo9tLo ByFale Siegesigion of
COfHRYSEd Wilh Water,préfeabBN@ iRGantlyinftidteSthe ﬁgﬁb@&ﬂthe urea with

enbodi nent, the ‘appardatus may "al so i nclude a contai ner
suwhtee driteginmaenia produced from the reaction of the composition containing

guanidine with water is delivered from the first reactor 3 to a container such as
buffer tank 4 and then to the second reactor 6 for converting the ammonia into
nitrogen and hydrogen. The hydrogen formed from the conversion of ammonia is
delivered from the second reactor 6 to a container such as chamber 7 which serves
as a buffer tank for hydrogen storage. The buffer tank 7 compensates for the
difference between the production rate of hydrogen from the reformation of
ammonia and the consumption rate of hydrogen. As needed, hydrogen is then
delivered from chamber 7 to chamber 5 for oxidizing the hydrogen to form water
generating energy. In one exemplary embodiment, chamber § is a hydrogen fuel
cell. In another exemplary embodiment, the chamber 5 is an engine and the

hydrogen is oxidized by combusting it in the engine. The apparatus may also
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10, connected to the engine or fuel cell serving as a

reacti on chanber where the unburned ammonia in the
wezxdvaue2szonbi nes with and el i m nates the NOx pCT/08583/015920

I n anot her enbodi nent of the apparatus of the

invention, shown in FIG 5, the apparatus includes a

contai ner -such as tank 1 for providing the conposition
~cont ai ni ng guani dine and a contai ner such as tank 2

for providing water. The conposition and water are
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of oredsansitioninmstalidgpesite @nagqweeusanesbf the urea with

water, preferably to instantly initiate the reaction

of the urea with water. The ammoni a produced fromthe

r @053 10 a@btheheémbodIRRAT 41l thda @s ¢ thelin@ et nd KBVt F1G. 7,

water 1s delivered fromthe first reactor 3 to a
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arrasmmcmnosl and Iwamraeﬂdélrv@mdttba contamerisuchas fiost réactar 3afor

contalneLﬁsuch as cha i ch serves as. a

t afSRCtNg (j@pg%%qxpxg\vg g\@gr te|- enia and, earbon Qlomde The first
¢ %&B??E&é’eiﬁh cdidsRIoRRGh RREVRED b% ReoRLREH ok nPSViding a
rate o roge romthe refornmation of amoni a alﬁ)

t heatajpswamiﬂe mﬁr:ataéyzang)fhe hgai;tlog eﬁtheAsmpesdeml cortigidmggganidine
S en delivered from.c nt r .7 nber

xSV OF S ROMUTBAPIE ST PRI R g o (s g position
en&%r%inmh'f@u&ﬂ&m@ X@tolvaey TReRpstiraadinay alte 'mcﬂﬁde'ii édntalner such
hyd rlm% cell. In another exerrp?’ary enbodi ment ,

t hes Witertank 45for gorﬁwng\ggqnﬁgorga, whighds connected to the first reactor 3.

The buffer tank 4 may be a container for providing an amount of ammonia which

can be combusted to generate a sufficient amount of heat to initiate the reaction of
the urea with water, preferably to instantly initiate the reaction of the urea with
water. The ammonia produced from the reaction of the composition containing
guanidine with water is delivered from the first reactor 3 to a container such as
buffer tank 4 and then to the second reactor 6 for converting the ammonia into
nitrogen and hydrogen. The hydrogen formed from the conversion of ammonia is
delivered from the second reactor 6 to a container such as chamber 7 which serves
as a buffer tank for hydrogen storage. The buffer tank 7 compensates for the
difference between the production rate of hydrogen from the reformation of

ammonia and the consumption rate of hydrogen. Hydrogen can be delivered from
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hydrogen is oxidi zed by conbusting it in the engine.

The apparatus may al soi nclude a container 9 for
w@eondeosesng a portion of the exhausted water WdiTHS1085/015920

delivered to tank 2, thereby providing a portion of

the water needed to react with the guanidine

conposition. As shown in FIG 6, The reactor 6 may

i nclude a sem perneable nmenbrane for separation of

the hydrogen from ammoni a and ot her products of the
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eat to Initiate the reaction of "the urea wt
wapipes symroshds thb Irgactas, transfeanng heat from the engiheor figtedllan the

f th i t .. JIh [ d f he .
¢ esserP i S Rl Do A0 e AL ARG Gt BF REg e
wefegétidns(1§lel i vered fromthe first reactor 3 to a

cont ai ner such as buffer tank 4 and then to the second
reactor 6 for converting the ammonia into nitrogen and

Qﬁ@ﬁ ?gf‘}lueSeTxﬁﬁocﬁéﬁgﬁtQ GEPIG B thelRMENE 66 BPRESLHE Bieous

substances including ammonia, hydrogen, and nitrogen oxides, as well as means for
delivering molten composition, water, or solutions such as the solution containing
guanidine and water. Means for delivering cold solutions may include, for example,
conveying means such as plastic tubing and glass manifolds. Means for delivering
hot solutions and molten compositions may include conveying means such as, for
example, steel or stainless steel tubes. Means 60 for delivering gaseous substances
may include conveying means such as, for example, steel or stainless steel tubes,
pumping means such as pumps, or a combination thereof. The pumping means may
be used for pumping the gaseous substances to the extent needed to overcome

pressure differentials. The embodiments of FIGS. 2-5 also include means 68 for
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delivered fromthe second reactor 6 to a contai ner
such as chanber 7 which serves as a buffer tank for
whyasagesy st orage. The buffer tank 7 conpensatBsI/i81005/015920
the difference between the production rate of hydrogen
fromthe reformati on of ammoni a and the consunption
rate of hydrogen. Hydrogen can be delivered
fronmst orage chanber 7 to a portable hydrogen storage
tank 8 which is tenporarily connected to the tank 7
f odeliyaripg thesopipositior Fompising gvanidine toTthe komaingninpehiehthe
fuel st gen- powered vehicle. The
ap%ugpg{lrge;ﬁgﬁe %ﬂﬁéosggr%lgapérég{r??' can be a sel f-contained
hydrogen fueling station that generates a portion of
the gomer needed to operate the ﬂueligp station from a
SO _e
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or oxi di zi ng rogen to form wa gener ati ng
enisargiyr. to Thecappasiat tufuetmyllal so i ncl ude a contai ner 9
for condensing a portion of the exhausted water which
is delivered to tank 2, thereby providing a portion of
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conposition [0054] FIG 8 shows an exenpl ar

t . ary . :
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of "he I'pes surrounds the reactor, transterrin eat

f rammbhi ietrgnsieral toftheotires gyrithdst dontainee 28 tvdrere the ammonia is

el ectr.ical .heater provigdes the he necessary, to start
CHETatiag] Wb fiigon SRIe PR ByAInO 610 PHE LB By HERLS

of 5| s&Pred4o thd 1R JYRMRSs BlhcioP 6 Salct/@E R 198GRBMEd with
subst ances i ncludi ng ammoni a, hydrogen, and nitrogen

oxaddlétsonabgmmenia fzom eeataimer 23 todierth vz guagiding cosposition. The
conmposy.Lion ter., ,or solutions.su as the solution
cogrﬁ)agf ?%5“&%“%%’2‘!0&1 lﬁgqegﬁgor?/\(gltnecro .n%ﬁ%&%z for delivering

cold solutions may include, for exanple, conveying

nmeans such as plastic tubing and gl ass manifol ds.
Vek9S 8 Gramiding ysprpdiped from the reaction of ammonia gas with urea, and urea

is produced from the reaction of ammonia with carbon dioxide. When reacted in the
presence of water, guanidine generates ammonia and carbon dioxide. Ammonia is a
known fuel which can run internal and external combustion engines. The ammonia
can also be decomposed to give its constituent elements nitrogen and hydrogen. The
hydrogen may then be used in an engine or in a hydrogen fuel cell. As a hydrogen
source, urea contains 8.47% by weight of hydrogen. However, upon hydrolysis with
two molecules of water, one molecule of guanidine produces three molecules of
ammonia, with four of the hydrogen atoms coming from the water molecule.
Accordingly, the guanidine-water system can theoretically yield up to 9.47% of
hydrogen where the weight of all the water needed is considered in the calculation.

In the case that all the water needed is captured from the exhaust and is not included
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hot solutions and nolten conpositions may include
conveyi ng neans such as, for exanple, steel or
wGer@sniess steel tubes. Means 60 for deliveri NECOESBONG15920
substances may include conveyi ng nmeans such as, for
exanpl e, steel or stainless steel tubes, punping neans
such as punps, or a conbination thereof. The punpi ng
nmeans may be used for punping the gaseous substances

to the extent needed to overcome pressure
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process. The ammonia is transferred to the urea

sy‘ihflﬁ@élll%b%ﬁﬂteéllﬁérg“ﬁﬁ V@HB% the ammonia is conbined

wi th carbon di oxi de fromcontainer 24 to formurea.

The urea is transferred to the guani dine synthesis

r eO59) TikEpredeat mvt:iﬂmrmlmhdssngndiﬂahhmﬂramﬁagd:s @ fdssib figells and

anmoni a& from co t ai ner rmthe %uanj di ne

coRposH f"i%l"efH Q‘U‘QF{P%IP Jireseptinyention givesagpaopia on
| NqrfHaasd @t gt7an% [gmﬁ%@iemn%ﬁkeoﬂam&%f&&tw&mlm and
reacti on of ammohia gas W th urea, urea i s

prdxmbsmedpcﬁsecany tsafetyrc@ae«tmoThecguaamnompmlmndm lwontoxicity and

dloxHQe VE i ﬁ in the presence of water,
gusit i S 3 %go Wﬁﬂﬁ1a and carbon di oxi de.

Ammonia is a known fuel which can run internal and

ext ernal conbustion eng}@nes The ammoni a can al so
deld9rpblncnercmbgripeent of ewsemlpre»@mdwéu%ﬁ%ﬁb@enmpm@@rgenerated

anﬁor’ﬂ%ﬂé fdfon Jirkﬁxamdme with water is oxidized or combusted to produce
energy. While pure ammonia has also been proposed as a fuel, the use of pure
ammonia has several drawbacks. Ammonia is a gas at room temperature and
requires high pressure to liquefy. It is a corrosive substance which in large
quantities may cause respiratory problems and even death. While it is possible to
dissolve ammonia in water to produce a fuel, the resulting fuel has a pH of over 11
and a strong ammonia odor. Finally, ammonia has a relatively low energy density
compared to gasoline and other alternative fuels. The use of guanidine as a source
of ammonia in the present invention maintains only small quantities of ammonia in
the device at any time. This removes most of the problems associated with storing

large quantities of ammonia in a device.
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hydrogen may then be used in an engine or in a
hydrogen fuel cell. As a hydrogen source, urea

W@ o005a09289 8. 47% by wei ght of hydrogen. HoweverpCTps05/015920
hydrolysis with two nol ecul es of water, one nol ecul e
of guani di ne produces three nol ecul es of anmonia, wth
four of the hydrogen atons com ng fromthe water
nol ecul e. Accordi ngly, the guani di ne-water system can
theoretically yield up to 9.47% of hydrogen where the
wei ght of all the water needed is considered in the

th t hat. h d
c aSPRHEEResen i ORER S0 st tenonlals i Htweing AlthouEh
Welghdn diskidd ideT thapradhdls BEthe ﬁ?drbr}@ﬁrcﬂ'tghﬁﬁhin)f ity keddlon (1),

up to (9/59) = 15. 25% hydr ogen bé The density
of anesmial amennt o€ carppn éwwrﬁ&tlereynoye fiegy Ptatmosphnrerﬁo ngkpg

vva ﬁrn xﬁeg Ingg% ﬂgs{tj BBFJ-: t%g?&fﬁ@#éfl Pl%ﬁﬁ%ﬁdélt og%n-ﬁ‘ﬁ.%m% according to
f | me ﬁxﬁreﬁﬁorla@esgroaemaxbﬁnmetrcegtemuﬁm to| gréeaihouaa s tefrissiong. The

favorabl e when c ering he sifive safety

f cothrTeactyt reuiEH tgaarﬁpaxaﬁens g BBAPHP: tfliglyin tum
cr | I

SR P e o B R Tt S R WRpelm L Lo tis
onpurheseds supgp)ied by shet proeeat nfstedm cefgumjog o€ natipligas, which releases

hyd Th d ty qf d h is 7
oF S gt T inbsisrs, A eSet Y SrPREN cabialsho i by an
c aa{va&roﬁ&eﬁfanmé}@n%@ﬁféatsuclﬂs%@éle@&él?ﬁs bl Rhtér, vlre the

times nore hydrogen per liter than |iquid hydro en,
wi ¢lhasticityingeded frgithieprecess is sﬁpph%bibumqkeamhyldmelmﬂy@ gelar.didal

noun uj
ril P du f BRI & 05 QRO bl g F IS Base, the
pr egeméd e bf cdrben doxhirma) @ittaiaadby ﬁﬁ\dﬂiﬂérﬁ&&ﬁulﬁﬂﬁhomde
fossil fuels and nany alternative fuels in terns

saftemyflucgssespprelemthé snosphess vgHdeeoniainnl PR C&emeded
SO

orAbRlingly, AR PRGN QTR pRPER Ruidine ina

C Omagten tha't'lrsaeognamodl oel auirposettalbyfrieadly compaced toifossil fuels.
and can be stored in plastic containers. [0060] In one
enbodi nent of the invention, as discussed above,

anmoni a generated fromthe reaction of guanidine with

wat er is oxidized or conbusted to produce energy.

Wil e pure ammoni a has al so been proposed as a fuel,

the use of pure
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amoni a has several drawbacks. Ammonia is a gas at
roomtenperature and requires high pressure to

wo papaeésesy |t is a corrosive substance whi ch i nPdBUS®05/015920
gquantities may cause respiratory problenms and even
death. Wiile it is possible to dissolve amonia in
wat er to produce a fuel, the resulting fuel has a pH
of over 11 and a strong anmonia odor. Finally, ammonia
has a relatively | ow energy density conpared to
gasol i ne and ot her alternatClAl¥Sel s. The use of

b PRty fekfaloEnfle SR F- Aoah R R e, e

I Nméthed dembfisingt (apredctingBe cdiipssitic®ite svatéd $¢ fooi dnt@onia and
probl ens associated with storing | arge guantities of
ansAsbrdipridg; andbrexidamgithe ammopiaderned insiep{@) rform water and
al s Vi 2 advant ageous. Al t hough carbon
di%@?%@lggggﬁﬁggﬁ&%xé products of the hydrolysis of
guanidine in reaction (1), an equal anmount of carbon

di oxj.de i emved. from.the at. to.mpk e
Uil hod SETER 1 ufeTijh i SeiRRCERRAgIRy i Biromposition i
Dr&ﬂidpfo' a‘BBquO%EG%Ut@I@@%%&‘@ie‘Wei 18 drie: éo?ﬂ;ﬁi@itioﬁﬂ does

not entail any net contribution %o gr eenhouse gas
em ssions. The other reactant required for the

pr ratipn. o uani di ne i s ammond ieh in.turn,...
Pesoabd By StomER Do hoRiOR Ol il fetpieh it R gy i

of reh&ied RydrRgesmpssacbr§ i steplthsto ForP Stonk .suppl i ed by

the process of steamreform ng of natural gas, which

rel eases carbon dioxide into the atnosphere. However,

hygr : [ l
e D e R e R ORE
Whehpetdnge edrpiig betwton a0acsed € aid dbvat P4E¥0@a8d b Pressure ranging
suppl i ed by nucl ear, hydroelectric, solar, tidal or

wi PRIWBRIWRhout hambiest atgisplere andy S stardard afsrosphdieeni t ti ng
process. In this case, the required anount of carbon

di oxi de may be obtai ned by sequestering carbon di oxide

f r Sriffel methghsfdaino4, Wwhaemttiemathod spinprises mikingtor contacting the

cont ai ns. 370, ppm , as _needed. Accordingly, it is ..
PSR EXFIBS HBECF FOA BE £ TBREpARE the composition
gURLth WaRS ik E‘te? (@yanner that is econom cal and

environnentally friendly conpared to fossil

fuels. CLAIM5 1. A nethod for generating energy froma

compiearHEPa SETAFLE PR Sl s R B etphoersip e

f OfetaB NRRCRAI FWeh the group consisting of iron, nickel, vanadium, and zinc.

7. The method of claim 5, wherein the catalyst is a composition of barium
hydroxide and an oxide of a metal, wherein the metal is selected from the group

consisting of iron, nickel, vanadium and zinc.

8. The method of claim 1, wherein the composition further comprises a component
selected from the group consisting of a combustible fuel, a combustion enhancer,
ammonia, ammonium bicarbonate, ammonium carbonate, ammonium hydroxide,

aminoguanidine, aminoguanidine bicarbonate, aminoguanidine carbonate,
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carbon di oxide; and (b) oxidizing the amonia forned
in step (a) to formwater and nitrogen generating
wenwsays2s®. The net hod of claim 1, wherein thePe@®BUSIWS/015920
of guanidine in the conposition is equal to about 10%
to about 100% of the weight of the conposition. 3. The
met hod of claim 1, wherein a portion of the water
formed in step (b) is reacted with the conposition in
step (a) to formamonia . 4. The nethod of claim1l
whamigpguanidine bygroxide. diaminegeaniding, idianNaogyanidinebiegrbomate,
at ,.a _tenper.at ure.rangi bet we out .50 C and about
R R 6P It R RSBt e et
at fisheuenidid Bérsdrated aithiadgmsidnes @sbonate, tkhenii®hiaaidline
of claim4, wherein the method conprises m xing or, .
c omrdaetife guandineogispiding bigarkppate, guanidinegatbopats sayapidine

BN A A e R Bk e

catalyst is an oxide of a nmetal, wherein the netal is

se ted fr the group .consisting af iron, nickel, .
v edhaleaushoh el Sy & hebei e e trsoert aeam eI He  brepent in
t hgn &ﬁ&lﬁ{tw@ﬁcﬁ SandeCOHPASEd k&ébn@faté’@ﬁﬁfﬂ@i!eﬁtyﬂﬁ% denei

an oxide of a metal, wherein the netal is selected

f ripitiatheregeepoicgmasidine wigh vater.r on, ni ckel , vanadi um
and zinc. 8. The nmethod of claim1, wherein the
conmposition further conprises a conponent sel ected

f r pNTh endhLPE FARS1,Sitiefdn tHe RNGHRBIBIAE i dcepsullfdd ina layer,
conbusti on enhancer, amoni a, anmmoni um bi car bonat e,

anwbereinrthe matssishothe saeapsilatingiuerds pedected from the group consisting

a , p . @

e T3 TLGDE: ARl ARANIE AR B BRE BRARL e, gyanylurea,

di anmoaigwacdrbonats, athnaomium dicarbotateantiacambontde thereof.

di am noguani di ne carbonate, di am noguani di ne

hydr oxi de, triam noguani di ne, triam noguani di ne

bi gAMRNAR.d bff &AM N HeNRethad BARFi®s mixing or contacting the
t ri am noguani di ne hydroxi de, guani di ne, guani di ne

bi campsitaneyityaaenzyinesapahld ofeatalyzing theirdiction lof thepingesition
urea, urea, water, and a conbination thereof. 9.
¥Bd of claims8, wherein the conponent is a
conbusti bl e fuel present in

guany!|
Th‘é’ﬂ

12. The method of claim 11, wherein the enzyme is capable of catalyzing the
reaction of the composition with water at a temperature ranging between room
temperature and a temperature at which the half life of the enzyme is less than 1

minute.

13. The method of claim 11, wherein the enzyme is selected from the group

consisting of arginase, urease, and a combination thereof.

14. The method of claim 1, wherein step (b) comprises burning the ammonia

formed in step (a).
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an amount whi ch can be conbusted to generate a

sufficient anount of heat to initiate a reaction of
w@oasitoizee with water. 10. The nethod of cl ai nPAT/US2005/015920

wherein the conposition is encapsulated in a | ayer,

wherein the material of the encapsulating |layer is

sel ected fromthe group consisting of urea, guanidine,

guani di ne carbonate, guani di ne bi carbonat e,

guanyl urea, ammoni um car bonate, ammoni um bi car bonat e

antb.d mmhwhﬂ ogim; He mdstein nifrogahexides 419 dorofeddn stiepn(l), and the

wher 19 rise tactln the
o e KPS Bk PRl 28k Fou P g ne

r e@ﬂiauara)f@f)mbhmommpqs) Wwith mevmtrbgewd@des td Eedu?fbﬂlermﬁrdfgbﬂ

of claim 11, wherejn the enzyne 1s capabl e of

c a®xifssAandghe weburagdampanias ¢ he conposition with water

at a tenperature rangi ng between roomtenperature and

a tenperature at which the half life of the enzyne is

| es& Theanethodwfuldim 141 Ivherdine themimaehiafs chdhusted 1n an internal

mhereln .the enzgne IS selected fro

0
c IR SHRR SRFING RINE A Ompegsipratig § e%\teg gr??{ﬂ fﬁ‘atgr%w consisting
t & £8mpréssion'o BBEREA 99f ar@l 3k Mink a U&ﬁﬁr@és‘fbrﬁtaﬁg gﬁé&ier than

conprlses burning the ammonia fornmed in step (a).

Tha0:iret hod of claim 14, wherein nitrogen oxides are
formed in step (b) and the method further conprises
reacting a portion of the unburned ammonia fromthe

exRuHe dthéPotuIG Dwitk@R af Rhst WiffdatibMef the LadeR Aioxide is
oxi des to reduce the ni trogen oxi des and the unburned

anstpied AndarpressHie tSee @no Pr WPES RHIRCSES ¢iipsete framy pravention of
amenLasd fe S&E@@ér@fp&{?ﬁ o o'fQ‘reearcg% i C&Eﬁ%&iﬁ%&l %Poc%&g bRfvision

having a conpress P1°0 %S EIME¢

c omsuneﬂt igagtoadktiagwisinfiree proivision eftfead heck/fdedrydicd, paerrér\aﬁ)g food,
and a, COITOpr’eSSI on atio greater than 3Q: 1. q17. The
mePIRY Q5 Ot CPRIPFSEe %\'ﬁé‘i’ EP YT P‘}eé%’{lc deyipe,and geprgmatinn
cagpRirdi oxide is stored under pressure to serve one

or nore purposes chosen from preventi on of

18. The method of claim 1, wherein a portion of the water produced in step (b) is

retained to aid in the retention of the carbon dioxide under pressure.

19. A method for generating energy from a composition containing guanidine
comprising: (a) reacting the composition with water to form ammonia and carbon
dioxide; (b) converting the ammonia formed in step (a) to nitrogen and hydrogen;

and (c) oxidizing the hydrogen formed in step (b) to form water generating energy.

20. The method of claim 19, wherein the weight of the weight of guanidine in the

composition is equal to about 10% to about 100% of the weight of the composition.
21. The method of claim 19, wherein the composition reacts with water in step (a)

at a temperature ranging between about 50° C and about 240° C and a pressure

ranging between about 1 ambient atmosphere and 50 standard atmospheres.
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rel ease to the atnosphere, provision of a reactant in

a chem cal process, provision of inert gas to
wexdosngassh fire, provision of feed stock for BEHUSDEs;015920

preserving food, provision of conpressed gas to power

a pneumatic device and a conbination thereof. 18. The

met hod of claim 1, wherein a portion of the water

produced in step (b) is retained to aid in the

retention of the carbon di oxide under pressure. 19. A

met hod for generating energy froma conposition

co [ g ;

cotp Qe BT, SRR p0Hion lnd AL isHEby o el cel

di oedydes in(dbpal ©0 axterdal cgnbuscompnging B réatedewlith thesdoapokidipn to

to_nitrogen and hydrogen; and (c) oxidizing the

hy@(@@@ﬁg?@?h‘kﬂe? step (b) to formwater generating

energy. 20. The nethod of claim 19, wherein the weight

of the weight of guanidine in the conposition is equa

t 02 detmetsd ofcclaibo2ik, Wikl tie meétbodeingprisesmixing or contacting

coppositian. 21. Th t hod of. c| ai m wherei 0.t he
coltBgamppSfion Sl Ay capplerotertaDily Theeadiionof he

t egRBpAitibnSviiRRaiePth 6 gen about 50 C and about 240 C
and a pressure rangi ng between about 1 anbi ent

at nosphere and 50 standard at nospheres. 22. The net hod

of , £laj L] Ay e r .

or 26 85 Relfog YATERLS SRR Tl NG R HAE i e
C ontbtad isi seleced gione therogoeinedting dihirdd) @iokelyPasidiun® and ginc.
formamonia in step (a) . 23. The nmethod of claim 21,
wherein the nmethod conprises mxing or contacting the

COo5p %e%&féb%ﬁ Qaith FRHeYeH HoABAR) 1Y coﬁﬁJo@ft%ﬁio?ggﬁlnﬁ

reaction o e conpdsition with water step
24hydreaderendhardoxifle of ainetal yherdin thei metahis selactad from the gaoup
oxi de. of a.netal., Y:her?ed'.n thg nmetal is selected from

t hePisBBR OL BNt eh 2814y 8AY ZifEckel ,  vanadi um and
zinc. 25. The nethod of claim 23, wherein the catalyst
is a conposition of barium hydroxide and an oxi de of a
me2@|Thevprthed of dlaim Hyvdierdin thecompsition fusther pemptissa g

CORhreieflcted Rfin tfll 5 cont ARG LI ARG EbI e B corhBstion

_ ) nposition further

C ogfah&e Sammonia, ammonium bicarbonate, ammonium carbonate, ammonium
hydroxide, aminoguanidine, aminoguanidine bicarbonate, aminoguanidine
carbonate, aminoguanidine hydroxide, diaminoguanidine, diaminoguanidine
bicarbonate, diaminoguanidine carbonate, diaminoguanidine hydroxide,
triaminoguanidine, triaminoguanidine bicarbonate, triaminoguanidine carbonate,
triaminoguanidine hydroxide, guanidine, guanidine bicarbonate, guanidine
carbonate, guanidine hydroxide, guanylurea, urea, water, and a combination

thereof.
27. The method of claim 26, wherein the component is a combustible fuel present in

an amount which can be combusted to generate a sufficient amount of heat to

initiate a reaction of guanidine with water.
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conponent sel ected fromthe group consisting of a

conbusti bl e fuel, a conbustion enhancer, ammoni a,
wW@wenos2se bi car bonat e, ammoni um car bonat e, anmP@I/UR2005/015920

hydr oxi de, am noguani di ne, am noguani di ne bi car bonat e,

am noguani di ne carbonat e, am noguani di ne hydr oxi de,

di am noguani di ne, di am noguani di ne bi car bonat e,

di am noguani di ne carbonate, di am noguani di ne

hydroxi de, triam noguanidine, triam noguanidine

bi 2% rihemagthod ek ¢laim g%g’durﬁlmtM@omB@ﬁan%qncapsulated in a layer,

trjam no I di [ . j.di ani di ne -

oi AR Bk e bR bk P HBR B Bp sansisine

guefyttallghianidifieg guanidibetarbatack, guandibe bithitdAate @laaplurea,

27. The_ nethod of claim 26, wherein the conponent is a

c oMBISNiUm earporate, gpwanium bicaghonatesnd @ cRpbaNatien theeot.

conmbusted to generate a sufficient anbunt of heat to

initiate a reaction of guanidine with water.28. The

me2hdtheahethddofnldifh 1 Wtwdreedimtiemeethadpaspriseo mikiag or contacting

encapsul at.ed in . a layer, wherein the. material of_.fhe
o2 SaTP T iy Wy TEne abaBle Sri BiFngbe freguipp ot the
COofsthSdsitith With Wakd, guani di ne, guani dine carbonate,
guanidi ne bi carbonate, guanyl urea, anmoni um carbonat e,

anmoni um bi carbonate and a conbi nati on thereof. 29.

Th t hod, o [, ai 9. wherein the.methad gonpri.se

50 TeRetnGd o £ 0 Singt S B triE i G R of CHRVGRE e
capablich ¢Xfth€ adrapositiorOwitlh ¥atef aCd feipefiiturt Mg gt hIGEdd RBm
with water. 30. The nethod of claim?29, wherein the

enigypsratare @ng aferapasntureat ayhjeh the half dife efthe praymstisdgss than 1

cogmﬁﬁétion with water at a tenperature ranging
between roomtenperature and a tenperature at which

the half life of the enzyne is less than 1 mnute. 31.
Th t hod, of ¢l ai 9, wherein the, en is selected
{1 S B g SOROE it o e ey He Sere T it Derggoup
Co&misﬁﬁB% 8Pafehfak& Afeasd and Ae6mBBIaN6H tHRfeot! @i M 19

wherein The hydrogen i's separated by passing through a
sem - per neabl e nenbrane that passes hydrogen but not

ot gfrThréantlétﬁcr)d of claim 19 wherein the hydrogen is separated by passing through a

semi-permeable membrane that passes hydrogen but not other matter.

33. The method of claim 32 wherein the semi-permeable membrane is a thin film of
Pd metal, Pt metal, or a dense random packing of hard spheres type amorphous

metal composed of mischmetal and at least one transition metal.

34. A method for providing a guanidine containing composition, the method
comprising: (a) using a source of energy to separate hydrogen from water; (b)
reacting the hydrogen formed in step (a) with nitrogen to form ammonia; (c)
reacting a portion of the ammonia formed in step (b) with carbon dioxide to form
urea; (d) reacting the urea formed in step (c) with a portion of the ammonia formed

in step (b) to form a composition containing guanidine.
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33. The nethod of claim 32 wherein the sem -perneabl e
menbrane is a thin filmof Pd netal, Pt netal, or a

walenseoszendom packi ng of hard spheres type anop@hUs®05/015920

nmet al conposed of m schnetal and at | east one
transition nmetal. 34. A nethod for providing a
guani di ne cont ai ni ng conposition, the nethod
conprising: (a) using a source of energy to separate
hydr ogen from water ; reacting the hydrogen forned

b
i 331 methodit daim 34 }(Yé)éfﬁmt tBe PR efrARSTAYAN sfep)(a) is selected
\rM.Git:'}ﬁﬁl' tHé gl%uB gf)ﬁéi&glgq{f eiéggircﬁt?[g’ég%r?tegi Zlgoﬁfg'g%dt? F%&’?Hg té)enerated

car Bon" di oxi to
ur framfogearedavas, eeapcity generdtéd fromdrydraetecatc fabiitiasnetesirixity

formed ip.ste b) to form.a conposition containin ..
g CseE Lt am it s?l?fgy,rfé%?%@tycgea?%%ﬁ% BhdFe cnpgy. dlectricity
SORb&E Fwed REIPYoville BAsSarl da 1b&-REEIGH ﬂcés%,@fé&x@&?  generated

group consisting of electricity generated fromw

el fromrfossil fpelpominatiend etfectivity generated Jros) agricaliural wiasty
generated from. hydroel ectric.facilities | ectricity

g rap Bl iRty ePetaled R forPt Vass Somisan-ericiy

f r geherii€d Beh rRNAEIPNL wRkEEInibuGtibY, efdcBTBiG gepwated FFontlthe tidal
provi ded as part of a | oad-I|eveling process,

el Bewof epeap piere palaiernergyoan used iy 4 chiepisal praepssstor Big,splitting of
el |Gl er at j . ste
OB b hYarFaER Gt A B0k EHLA BerddZ P st
conmbustion, electricity generated from nunici pal waste

of 36 s matpacor et 5 Wherbigpefed bseddS provide e miteogen T Step (o
Pr RGERStefl Hond 18 g%ﬂﬂ &Jn!si@ﬁn%){{lf ffé%tti%ﬁalidigt@laﬂbﬁg Bpﬁ’ﬁﬁﬁ@fi‘ ?ir, a
36. The nmethod o

oxygen, and a cdnbination ereof . .
c| piessuBziswihg absanptiast processsmtlectmwnmidhe pratialheox)igen-dgplated

in step>(b) is selected fromthe gro onsi.sting of

¢ o Tt e SmBRER mReesh 304 AderDinatth FRFRE: coure
swWi ng absorption process, collection of the partially
ox%gen-depleted exhaust from a conbustion process, and
a

nigiemagtheshok ghaimedst wherpin tire soures eforarkem dipxsiderdmsep (c) is
SCFAEI U5 UGS PR bR M B SRt g caon
exdioaie edtrictahfrofagraducts cradtedby the@smbastéon ofdosstiduéls,aarbon

products created by the conbustion of fossi] fuels,
G e Be G GRS b TR Cé%crf:4@#&3@P@&eabgsttqnéaftagacwuelh%aste,

COPRYST HiBRidR xRS HbMYraduciasifed by the combustion of forestry

waste, carbon dioxide extracted from products created by the combustion of

municipal waste, and a combination thereof.

38. The method of claim 34, wherein the weight of guanidine in the composition
formed in step (d) is equal to about 10% to about 100% of the weight of the

composition.
39. The method of claim 34, wherein the composition further comprises a

component selected from the group consisting of ammonia, ammonium

bicarbonate, ammonium carbonate, ammonium hydroxide, aminoguanidine,

30



carbon di oxi de extracted from products created by the
conbustion of forestry waste, carbon di oxi de extracted

wo eosngneduct s created by the conbustion of nuUPCTUPADS/015920
waste, and a conbination thereof. 38. The nethod of
claim 34, wherein the weight of guanidine in the
conposition fornmed in step (d) is equal to about 10%
to about 100% of the weight of the conposition. 39.
The met hod of claim 34, wherein the conposition
f uamineguatdipe bisadopate cipiopermnidied easbamgte prinoghanidingup
C . .0f . k- DN C s 120N .
CPRLSHE SRR IR RAEBERBORE o IERLATne
antdtbeiade) iditintigo @rinidigLiaidr chides thdmtiabpeanédige, triaminoguanidine
am noguani di ne_ car bqgnat e,  am noguanpi di ne hydr oxi de, .o
di BigfrRepaiGriamneguaniding fybonate.dNipRINgEEaNdisR hydroxide, guanidine
di e Lo ¢ L i di
ny AP BORHE Nohidnc AR Fuanidi R RGHAE saurca, urea, water,
bi amk bHoombieatidr thesebfioguani di ne car bonat e,
t ri am noguani di ne hydroxi de, guani di ne bi carbonate,
guani di ne carbonate, guani di ne hydroxi de, guanyl urea,
ur 88, Theah&hod 6faith T0RHeRAN tHREnt}9£0ded t4 Qepatdte hidbEG from
of claim 34, wherein the energy IS used to separate
hyalsdykéen ¢ondaining sodium avoridsntharebly podusiigusadisin and dhdgrine-
ther(?bﬁi grsg siCic@%nSOdi um and chl ori necont ai ni ng
sub¥taRtes %" apparatus for generating energy
froma conposition containing guanidine, conprising:
(a) a first container for providing the conposition; . .
( b31-Anarparruscion gencratingsngrgy dromy a gampesition sonfaipipg gyanidine,

co i f ' t pLi -0

£ oS b B o APEr GRS LORp By 1B FlogbR

c ocdraaina@rprowidmgnnaert &g atthird bentdinersfor maotieg the composidamwith
for delivering the c sition fromth Lrst . .
COREST A RO R G EOh 4 A Her W BRTHi e hcoptainer i
COpdrmefted td fhe FRENBARTEREr bP niehSs REAOINErRE MBI osiion from the
nmeans for delivering water fromthe second contai ner

t ofitsheonthinemtodamthirideentainerijandithe third ¢pngainerds penneeted to the

storing a ni.a, wherein.the fourt Q iner iS..
Conrand TR PRI dnd Shtel fofiOlh <PE) cbitainer o he
defhiird&ohtaghe (@A f@urfty dftainer for storing ammonia, wherein the fourth

container is connected to the third container by means for delivering ammonia from
the third container to the fourth container; and (e) a fifth container for oxidizing
ammonia to form water and nitrogen generating energy, wherein the fifth container
is connected to the fourth container by means for delivering ammonia from the

fourth container to the fifth container.

42. The apparatus of claim 41, wherein the fifth container for oxidizing ammonia is

an engine for combusting ammonia.
43. The apparatus of claim 42, wherein nitrogen oxides are formed from the

combustion of ammonia, and the apparatus further comprises (a) a sixth container

providing a catalyst for the decomposition of unburned ammonia and nitrogen
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the third container to the fourth container; and (e) a

fifth container for oxidizing amonia to form water
wa@anasnof2sogen generating energy, wherein the fepdE1/1S2005/015920

container is connected to the fourth container by

means for delivering anmmonia fromthe fourth container

to the fifth container. 42. The apparatus of claim41l,

wherein the fifth container for oxidizing ammonia is

an engine for conbusting amoni a. 43. The apparatus of

cl exides4 and (ihermeans fon debyenngothe distogan exides ansburfbuoredtanemonia

copgbustion .of ni,a nd the apparatus further

cogg?’i tb%gn%u& togﬁg?l%tlhcoé]garweél ner providing a catal yst

for the deconposition of unburned ammoni a and

ni trogenoxi des; and (b) a neans for deljvering the

ni #4-dderpparpiie o1 glaim dhbiherein thedayrh£ontaingr isiecoatainasdor

to %Qﬁiiﬁ% ﬁ{ 5}}1&9{!%@ LS onia hicl g BPRAARSH] 18T fdr e P sifficient

whBP& I e“Tourthocontal ner i's' a cont arner o of

pr avowhitod hedat taimtiate thef reaotion if thevdongositian wWith watebieSoan

to generate a sufficient anount of heat to initiate

t BB i on of the conposition with water to form

ammoni a. 45. The apparatus of claim41l, wherein the

third container for reacting the conposition with
wa# & rTheappamius afiviaim 41 whereindhe tindeonfamer forgedcting ghea

corB B hhin BP UkROAR i dal i e e Viging syt
WhedpabR dfidgtalyRingthé RRAERTET thé B6mp&EAEin With Waker.

conposition with water to formamonia is a contai ner
for providing an enzyne capabl e of catal yzing the

reget itign with. ;
oS R PeptEPLEAET bhaPntd Al Rbins® s riling s
f i tdrepbsmidnwith watel &cfoadnl atnmartih is alg@taivsrtfad provigirige enzyme
catal yst. 48,  The apparatus of claim 46, wherein the

¢ hFanablegifeataliaingithe Foapaohine FomBPesEAnitL R T car t ri dge
contai ning the enzynme. 49. The apparatus of claim 41,
wherein the fifth container for oxidizing ammonia is
andantherappartme lof clairh 45, wherein the third container is fitted with a

replaceable cartridge containing the catalyst.

48. The apparatus of claim 46, wherein the third container is fitted with a

replaceable cartridge containing the enzyme.

49. The apparatus of claim 41, wherein the fifth container for oxidizing ammonia is

an ammonia fuel cell.

50. The apparatus of claim 41, wherein heat is transferred from the fifth container to

the third container to accelerate the reaction of the composition with water.

51. The apparatus of claim 41, wherein the first container is removable from the

apparatus for purposes of transferring the composition to the apparatus.
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50. The apparatus of claim4l, wherein heat is

transferred fromthe fifth container to the third
w@ontaisey to accel erate the reaction of the PCT/US2005/015920

conposition with water. 51. The apparatus of claim 41,

wherein the first container is renovable fromthe

apparatus for purposes of transferring the conposition

to the apparatus.52. An apparatus for generating

energy froma conposition containing guanidine

c oPpramappgratyssipr gerferating energyfrare p compopition tafitaiginglgpanidine
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third contalner i's conne e se ond cont al ner
byfirse aortaiher todisd t'hmdrciontgmmmﬁi theitlird ¢dngais@dooshnected to the

contaquer to the third talner f Mﬁfouréh .
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C OfrhioRRY to RitrdRARAd hpdroge, Wﬁfdlmme&mvn@axﬁdremdrmected to the
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the sixth contai ner to the seventh contai ner )
apgamactgé topthe sixth porg@nenthyamnedns forrdelivenmgbydrogamt faom ¢he sixth

x|d|2|n en. i.s an engi ne for conbusting
§W9“¥§§L§§$§V§fus of claim52, wherein the

fourth contalner is a container for providing an

amount of anmoni a whi ch can be conmbusted to generate a

su3.iTieanpargivs of elasn SRewherein theseventheontainer Eexidizing
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54. The apparatus of claim 52, wherein the fourth container is a container for
providing an amount of ammonia which can be combusted to generate a sufficient
amount of heat to initiate the reaction of the composition with water to form

ammonia.
55. The apparatus of claim 52, wherein the third container for reacting the

composition with water to form ammonia is a container for providing a catalyst

capable of catalyzing the reaction of the composition with water.
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ammoni a. 55. The apparatus of claim52, wherein the
third container for reacting the conposition with
wowdoenosg2e f orm anmoni a i s a contai ner for provPdi/ng085/015920
cat al yst capabl e of catalyzing the reaction of the
conposition wth water.56. The apparatus of claim52,
wherein the third container for reacting the
conposition with water to formammonia is a container
for providing an enzynme capable of catalyzing the
r e3ztTherappdratus of eloim 02i wheseinihe thirdecoataines for rggeging the
apparatus of..claimb5s erei.n.the thi container is
TP ERRE v bR\ R RG] 9 et ta PN Gitap deyme
C atpabletof callyziipahepastict 6fxh@tompeitionblith wagsei n t he
third container is fitted with a replaceable cartridge
containing the enzyne 59. The apparatus of claim52,
wh , ner : R, .
LR spREaRE SEBhl 33 B fgubhlinet RANCHR0E
52repliceabdd cartralgt costainigpn searatatyktf r om t he sevent h
container to the third container to accelerate the
reaction of the conposition with water. 61. The
appardfeuppsthtus bR ciim 36, WhGERIthe tHYa cohfaitfer GORAI VR al S
renmovabl e fromthe apparatus for purposes of
t r eepiaceahl¢ eaytridge contamang theomzymet he apparatus. 62. An
apparatus for generating energy froma conposition
cont ai ni ng guani di ne conprising: (a) a first container
f 059.e\epParats o €laif SRO®hdreidNhe {dvknth coL@DRE for ORIALIALT
providing water; (c) a third container for reacting
t hBydregsyos ptyaregen fisl gell-er to form anmmoni a, wherein
the third container is connected to the first
contai ner by neans for delivering the conposition from
t h&0.fThesipparatus aif nlaim 59, whereinthieatds trantferiretbfromnble tdventh

third .contai ner .is connected to the second container .
by “HEURE tPglFe ‘g‘é‘ ficoripingg o aee Fra%ertﬁiﬁf ‘“taﬁféo%%g@ﬁ gomposition with
coph@ikner to the third container; (d) a fourth

container for storing ammonia, wherein the fourth
container is connected to the third contai ner by neans

f %61 .dﬁllel a\I/)Ie)g.rlang of IR ISQ, \];vﬁeorgi]nttﬂee ﬁ%sltj Icén‘%ai%grr}ts ?é&()e\[abieofrérpl%he

apparatus for purposes of transferring the composition to the apparatus.

62. An apparatus for generating energy from a composition containing guanidine
comprising: (a) a first container for providing the composition; (b) a second
container providing water; (c) a third container for reacting the composition with
water to form ammonia, wherein the third container is connected to the first
container by means for delivering the composition from the first container to the
third container and the third container is connected to the second container by
means for delivering water from the second container to the third container; (d) a
fourth container for storing ammonia, wherein the fourth container is connected to
the third container by means for delivering ammonia from the third container to the
fourth container; and (e) a fifth container for converting ammonia to nitrogen and

hydrogen, wherein the fifth container is connected to the fourth container by means
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fourth container; and (e) a fifth container for
converting ammonia to nitrogen and hydrogen, wherein

wo bsfos28h contai ner is connected to the fourtPCT/US2005/015920
cont ai ner by neansfor delivering amonia fromthe
fourth container to the fifth container; (e) a sixth
container for storing hydrogen, wherein the sixth
container is connected to the fifth container by neans
for delivering hydrogen fromthe fifth container to
t héor delivaringamnapmie fromathe f@urth contadzan $o therfifthe¢antadndrngg) a sixth

hydr ogen fraom.th ixth contajner to a.hydrogen

o1 SR af ROt B i rESRHT bR Sl ©rfyGh EFRteg to the fif
f ugdntdiferdSNAEk Forcdtgiveting Byirogdhefraih ey fafthSortinér ta 8 sixth
62, wherein the apparatus is nobile 64. The apparatus

of cantainer aml (Mh Bleanhfon dplbvering hydgogem Bom) the sixfltegntainer to a

ool et AphERnk f  PAEE IR s bRROBARR foBRMere

deeengyosi ti on of the guani dine conposition is supplied
by a fuel cell. 65. An apparatus for providing a
conmposi tion containing guanidine conprising: (a) a

figst ' i wat er
1P TRl of LAl BOPRRA LA HAEARER rld 1 g

nitrogen; (c) a third container for reacting hydrogen

i it to f | a; . int third .
ol MeapPatsshalalh B3 VR ERa novet Sl vk dravaspured
f Ofor@@krati6n bftthe AppHro@SAnd & Eﬂi*tfbh f tHeteht 1@qiite foe theleddothermic
the second contalner _and the third container is

c ofiereBtpesition of the gyariding composifipg is pphigdhisa fusk cell.
delivering nitrogen fromthe second container to the
third container; (d) a fourth container providing

ca6fhin appardtakefor peyviding b tompesitidacontainihg puarddint icoyprising: (a)
ammnia with carbon diqgxide tq formurea; wherejn the .
F1 7 OFSt CoRfpRPR o SeRaratiig Todiagan fiom Weler PRy 4P hesecoyd
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conitgeret foom tahendnia wherein titecthird comgineeiaconiegted to the first

del i veri the carbon di oxide fromthe.fourth

c o AE Y B 55 S0 R o F0Fs T i to the second
COpdA4iA&T and e hBACbhfAthek sRRdnMédtdl BTHOSIcand orlt&thé By means for
conposi tion contai ni ng guani di ne; wherein the sixth

cofelaieniag nitegen frieacthe deqosd chrtaingr fodhe Britd-dontainas)(dira depgth

{ Of o BhLV LA ERA oG8 {1k G0t RaBEfg &bl with
carbon dioxide to form urea; wherein the fifth container is connected to the third
container by means for delivering ammonia from the third container to the fifth
container and the fifth container is connected to the fourth container by means for
delivering the carbon dioxide from the fourth container to the fifth container; (f) a
sixth container for reacting urea with ammonia to form a composition containing
guanidine; wherein the sixth container is connected to the third container by means
for delivering ammonia from the third container to the sixth container, and the sixth
container is connected to the fifth container by means for delivering urea from the

fifth container to the sixth container; (g) a seventh container for storing the

guanidine composition; wherein the seventh container is connected to the sixth by
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container is connected to the fifth container by neans

for delivering urea fromthe fifth container to the
wGeRooshoszemt ai ner; (g) a seventh container for BtDUS$2095/015920

t he guani di ne conposition; wherein the seventh

container is connected to the sixth bynmeans for

delivering the guani dine conposition fromthe sixth

contai ner to the seventh contai ner.

means for delivering the guanidine composition from the sixth container to the

seventh container.
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