GUANIDINE BASED COMPOSITION AND SYSTEM FOR SAME FIELD OF
INVENTION [0002] The present invention relates to a guanidine based
composition. The present invention also relates to a method for generating
energy from a guanidine based composition. The present invention also
relates to a method for producing the guanidine based composition.
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viable alternative for fossil fuels, especially in automotive and portable power
applications, even though extensive research has been aimed at developing a fuel

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



although hydrogen may be obtained from fossil or non-fossil sources,
problems related to handling during transportation and to storage make
hydrogen a poor choice for a consumer-oriented fuel. Other fuels, such as
methanol, are toxic and flammable and still require a certain amount of fossil
fuel, in the form of either natural gas or carbon monoxide, to be economically
produced. Sources of hydrogen such as chemical hydrides, while easy and
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(132-135° C) is too high to allow convenient handling of the solid composition in
molten form. The solubility of urea is approximately 1 kg of urea in 1 kg of water.
When a saturated solution of urea in water is converted to ammonia, approximately
1 volume of 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,



2 free-base guanidine (CN3H5) can be decomposed into ammonia and
carbon dioxide in the presence of water. Guanidine is infinitely soluble in
water, and has a convenient melting point (50 C) allowing it to be transported
as a solid, yet handled within an engine as a liquid. As a highly concentrated
solution in water or as a melt, guanidine can be combined with the exact
amount of water required for complete reaction, thereby minimizing the
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which are currently made in very large quantities. According to U.S. Pai.
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U.S. Pat. 4,157,348, commercially produced urea contains total guanidine (the total
of free-base guanidine, all guanidine salts, and guanidine derivatives such as
guanylurea) 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



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 3 power or other sustainable energy sources, the
guanidine can be produced and delivered at a price which can allow it to be
competitive with gasoline or diesel fuel. [0009] Guanidine is a solid at room
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nitrogen generating energy.

[0011] The method in a second 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



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 4 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
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container, and the third container is connected to the second container by
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(d) a fourth container for storing ammonia, wherein the fourth container is
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container, [0014] The apr?,aratus in a third embodiment comprises: (a) a first
e or?f)é]i}]‘leéplf Ammnionia into nitrogen and hydrogen, wherein the fifth container 1s
connected to the fourth container by means for delivering ammonia from the fourth
container to the fifth container; (f) a sixth container for providing hydrogen,
wherein the sixth container is connected to the fifth container by means for
delivering hydrogen from the fifth container to the sixth container; and (g) a
seventh 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



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 5 container to the third container; (d) a fourth container for
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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;
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composition containing guanidine.

[0016] It is another object of the invention to provide an apparatus for providing a
guanidine containing composition. 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; (e) 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



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; (e) 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
amPRBYFENE ShA SRR EER TRt tHEDER AR Ee s THH R RRh CdAtainer
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the composition containing guanidine when combined with water represents
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energy and energy density, is environmentally friendly and easy to handle.
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guanidine composition [0019] Fig. 2 shows a schematic description of a first
emBUiRIeRBIiAR UPPAPATER 8P Rl iFVEINISI [U0PeI Rig. 3 shows a
schematic description of a second embodiment of the apparatus of the
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of the appara e invention ig. 5 shows a schematic
deéﬁmﬁj dicot shfovrthsdivibadigrspipifaimef encapsulated guanidine composition

[0019] Fig. 2 shows a schematic description of a first embodiment of the apparatus

of the invention.

[0020] Fig. 3 shows a schematic description of a second embodiment of the
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.



apparatus of the invention. [0023] Fig. 6 shows a schematic description of an
embodiment of the reaction chamber with an H2 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
sh&WA YW B6Eetrase ARSHAEF an embodiment of the apparatus for
providing a guanidine containing composition. 7 DRAWINGS - Reference
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7. Container for storing hydrogen

8. Container for oxidizing hydrogen to form water generating energy
9. Exhaust water condenser

10. Container for Selective Catalytic Reduction (SCR)

11. Nitrogen oxide free exhaust

12. Exhaust

13. Guanidine composition

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



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
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stoichiometric equation: CN3H5 (s) + 2H20 (1) -> 3NH3 (g) +C02 (g) ZH= +
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molecule of guanidine reacts with water to form a molecule of ammonia and
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molecule of carbon dioxide. The immediate reaction of the urea produced by the
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 endothermic, 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



atmosphere and about 50 standard atmospheres. The heat required for
reaction (1), which is endothermic, 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
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by electrical resistance heating where the heating elements are inside or
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guanidine is dissolved in a solvent, such as water or ethanol and transferred
to t1 AR BALCY SRR, Yetarmabany. iAfiRian BB Kater,
methamopositietharitl hgllowingntiaeons of guanidine which have low freezing

points. The concentration of water may be chosen to exactly satisfy the
stoichiometric requirements of equation (1). When ethanol is used as the solvent,
the ethanol vapor exits the reaction chamber along with the ammonia 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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of compositions with high concentrations of guanidine which have low
freezing points. The concentration of water may be chosen to exactly satisfy
the stoichiometric requirements of equation (1). When ethanol is used as the
solvent, the ethanol vapor exits the reaction chamber along with the
ammonia and serves to enhance the combustion qualities of the resulting
mixture. A distinct advantage of use of solid guanidine is the simplicity of

hamdliftig & sitrraertsgiedraitiihe Bulitg 6 BréeisaiymiberanBugtidhidine
anduelater jajgddeet ieaatiomn chambarcih e tdattnskiadaiizentheriasence of

X G YAl FXCEARY teGEeWiH&'ni'Hft‘ﬁltehc%r&%rs‘ﬁ%ﬁt&a}%o@a?éio"ﬁcﬂo”ia
resu tlng from reac.tlon an | can pre\(ent roper |gn|t|on oft egl?uel. Use of
watereptuf e el ROGTERS SR8 hoseisor s pERES thd Heed

to ¢asryevalanapd ippiavesthinspesdic energy abthafpeu Qs3] dbe
comrpositiog g?agucics)%%in a componenrhselected from tﬁ]g}c% consisting of

rou
e € Or. uate tq.increasg the reaction rate of the gs 10N W1
a COﬁgIIBUS ible tuel, a Cqu ustion ennancer, andra com ma?fgni ereof. 10 In

thewitst. dnchsweonepibodineginofthentrethwdiefyhsiipaistiom tifiche

combustiRle fHE G R A 8RN IRAB AR AR WBIER GafRe GaMbusted to
generate a sufficient amount of heat to initiate the reaction of the
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Stoégﬂl@é{%@%e(ﬂe%éﬁltg&Hﬁ%ﬁﬁ?‘i’h{%gd by the engine or fuel cell is

adequate to increase the reaction rate of the composition with water. A
compression-ignition engine can operate initially using injection of the
guanidN g ROsRRASHIOST Whiespthesthianeher metbapalcondaitumtidngihthe
compasition.exceeds ahout, 3% 1A e tird embodiment el ihe metod of
the vention, the heat rnee eér@t’)’ start the reaction can be suppllle
elewtdcelisr usingearesommed iv saohdingdht efeomidadtliydigex. [0030] The
gxﬁﬁﬁﬁﬁt%m %@%&&9&%{? N?@Pﬁ%éﬁ‘ﬁbéﬁ% %%[&?{éﬂ%dah)é&?{%%%&@%eﬁhe
ydrogen in an engine, Similarly, the oxidation_of ammonia to form nitrogen
U A Do R o LR Wb RGHAAF HeTengine.
temperature fuel cells such as solid oxide fuels cell and molten carbonate fuel cells,
and relatively lower temperature fuel cells such as alkaline-fuel cells, PEM fuel

cells and phosphoric acid fuel cells.

[0031] The combustion of ammonia to form water and nitrogen may also lead to the
formation of nitrogen oxides which have the general formula N,O ,_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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Alternatively, the ammonia and hydrogen may be oxidized in an ammonia
fuel cell and a hydrogen fuel cell, respectively. Examples of fuel cells include
high temperature fuel cells such as solid oxide fuels cell and molten
carbonate fuel cells, and relatively lower temperature fuel cells such as
alkaline-fuel cells, PEM fuel cells and phosphoric acid fuel cells. [0031] The
combustion of ammonia to form water and nitrogen may also lead to the
forfRSfion Bf H?EBB@HIPB&MMFCWW&%%@%&W@@FW Bf%dRFCB‘%?"b%‘&h as,
for dexcainyalen N@rarNEs Klevated ledels i d)ennitiagesviaxicas aienaptained
depsngingHeaneaction.candliong The Niogen ides argpgiytants and
thelr emission Is regu?gte . An advantage of using ammonia as the fuel in
thebges@e ivehtioh 53 1R PAlILtb it atid et By the Wity en Hitds may be
abateshonelisnipaied M seaotssn.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
intdOSedde witrogd nniiofd0BRk Phenwsedaf atmomiasandetpdntathod of
reduging RITRGE BomHaRINAS DREMD AR SCLIPeH iR SRVEIRAIRRIRRIS RAsidyvay to
reduce NxOy in both mobile and stationary combustion sources.
RePTEERMEIRE PSS MetbRoU Siepaty (yees 'Bdbe PSEOrgUES Y4ke
6,35hj0[E9n B3 1A6H0 06{1B8RMEBN G A6,60mhd Sv83 8, h2Rf &rertbbgdiad refill
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been used as stationary source pollutant removers, these compounds have
not HekiPyse ot Mebie BepireAsFIpEssp Hditrade Hiodrdsmititers

wogghhofuaniineranly onasgedonte mes fesmance:eb thauvehiclievaythe
absce e of thg (ﬁ)ollut%%g mover zn WOlﬂd Itnkg)%ggg%c‘fe fo(ggget 118 refill the tank

contal |?1tgsg the pleS ant remttl')voerrt.O %%osrlaflng? , manu Acturers are Ifooking for

a soibdeshrgagiotoes not require a second fill-up in addition to the one required
for the fuel. Currently, the solutions to this problem are to include three way

catalysts as additjves to the fuel or. to feed small amounts of gasoline into an
f’%gﬁ] The use og compostlplons containing guan?crl?ne provides a simple ancl

efficient solution to the problem of pollution caused by nitrogen oxides. Because
guanidine produces ammonia which acts as both the fuel and the NOx reducing
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 NOx 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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exhaust reactor. [0034] The use of compositions containing guanidine
provides a simple and efficient solution to the problem of pollution caused by
nitrogen oxides. Because guanidine produces ammonia which acts as both
the fuel and the NOx reducing 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
extalfsey B tng. N@‘kﬁ?%‘ﬂiﬁ&@ﬂ W%Wér%’@%ﬂ}gﬁﬁl? FofEcatr dtmonia
ratideefitlepirelmikduuel earbeagdjusieddoisegpply 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
thel SaiPleSsvasat amdedianilg surbe wetH perissdesnpon3EpIe: comREitdn may
alsgoinsinde asamiustian-erhances Wwiefectedicomiistioncnitancers

include amr?onitum nitgaée, uanidine njtrate, nitroguanidine, ammonia,
ngGnthl’l. n& 1St embo llgl nt, the,guanidine react§ wi wﬁ[er tOf M aminonia
hydrazine, and certain water soluble compounds which can be made from

rerrewatiesso aaoesoor Wabte asuemasisoptdpantic etivainolcdigdamétizand. In
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help decrease the freezing >Fomt of the fuel when supplied in_liquid form.

[00% 6 SR AN BIRABE RaFPBEUSHRY S HEMORRE RS FoMthe
CORROSitioay mﬁahy'i_ng Wawdlmwmmeameﬁt Wit smai]ar @a@mﬂ:iagit_m the
mefhod olihg Y&t 02 Jirst KMRodiment, the gypaidine, reacts with

water to form ammonia, according to equation (1). The ammonia formed
froRPRIECFEIRBHBIPOF FlTa HIt e MRTASSIDALHRS BRRAGXIAIFEH AP fotth Welte¥ and
nitrogefpgskiehating @ergyr Jke@xidatiompasssisiman aamaysbetpesioymed by

combusing,ine amm 0’}% in ?{‘or?g%'tgeblﬂgat?ﬁ%‘ Qr?a%%}ér?lg 0 6 ﬁ“i‘ﬁeha‘."“g
a cqmpresspn ratio a’f eas S|m|far. oyco'mpressmn ra I0S orainarily used in
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ratio,%f 30:1 or grgat r, Or 8 compression ratio rannglin between 9:1
with nitrogen oxides formed from the combustion of ammonia to reduce the

nitrogen oxides.

[0037] In a second 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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and 30:1. Alternatively, the ammonia may be heated in an ammonia fuel cell.
The first embodiment of the method of the invention may further include the
step of reacting a sufficient amount of the unburned ammonia in the
combustion exhaust with nitrogen oxides formed from the combustion of
ammonia to reduce the nitrogen oxides. [0037] In a second embodiment of
the method of the invention, the guanidine in the composition reacts with
wat8P I8! foriitait A msee ot iR g ed ed abts AP Re e AT fBrffed
froovifpedicastiarohghanidine i matenis, teendiefosmedtion (cpmterted into
ninggenand ipaen, I nevdrgasn farmed dram e emversian el
ammonia is then oxidized to Porm ater generating energy. Fhe oxidation of
hydfageitefale HErpeicrii dudsgeenrbeiBritigapre hipgPoderdim arr enghse.
Altgrnabvialy difeiydegen: maydik oxidizadinualyryasemiueal aell. Te
amount of ener Xor ired to bring the fu Ilcell to.g. eratin% t?m ert%ture for
thisTSRCHoR B80S BroviaLe By ah elRGRe 5141 8I sy TS Sad 4K of a
smaltanfounffoftivgyiregaeng hyditgen 3 {0088)dm ahthirckenvoltinradtvofithe

metiRd, e YERIP Ay MRS SHANAINSHIRINE .CARRARILIAN FABGIaWIth water
to form ammonia, according to equation (1). The ammonia formed from the

recBREHYF U Shith WHEE PR PAOPREO BT [ ¢BHOR A Hitrogen
andrdydoog eizhWhes hy difugengistdtien stohedrirga-pomtataerchicits.being
dispensed into the fuel tank of a vehicle using hydrogen as a fuel. The safety
of using the solid, relatively non-flammable, guanidine composition as the
mel@RHdh dhretasoA8fohig HyRrgER At astan g THYe BEEHBntfeemand
withy@opearsmeal aonourf@hydrageidin the appanatusataeotine il allow

thlsar ) %rig;[(lfdseto #{OYI e asgfctalosno qu of hydrogen.at Q)qh erous locations

within cities and a &?g fwolrgrjhe\ﬂ/a%/s as re dlé)ﬁﬁg Stations for f/dfgé)gﬁlyﬁ%Wered

vetivtad! [00aghen dixide corecharnd tHied refaivesdimeintare ileconeth ddast the
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carbop monoxide, if the , ,
performance of many hydrogen fuel cells. These deleterious contaminants can be
removed from the hydrogen by passing the “reformed” gas through a semi-
permeable membrane that passes hydrogen but not other matter. This semi-
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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carbon dioxide product from equation (1) is not removed prior to the
"reforming”. Even if the carbon dioxide is removed, the "reformed" mixture
will contain traces of ammonia. Both carbon monoxide and ammonia are
detrimental to the performance of many hydrogen fuel cells. These
deleterious contaminants can be removed from the hydrogen by passing the
"reformed" gas through a semi- permeable membrane that passes hydrogen
buf%ﬁ%%?%@r?tW%rmpﬁéﬂga%F&%‘éfﬁ?ﬁ%lﬁ%ycélﬁ SRiabvEhi Hfn of
Pdmetiah Biamietadaobaddensedandamplapadkingrefdaarchspharas tepeved
amorphous metal composed of mischmetal and at least .one transition metal
25 Aoy VA USEAIER P RS UL At Atn DS Type
AmBipany M etsirbes e e aprsterreaiirexsefor 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
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be removed from the reaction chamber and replaced with a cartridge
corftHfEME s Hie aPaKRt. Mih Berbpmabdir ettt CE b e Al RESE BT
recyicleds {810ddhdie wseQtanmozumepaliawsithetaactiomef@yamiding with
WaE%r.Iilr}hggol%ati ag}% épop{)%g%sed at lower temperatures than the reaction in
the absence of the enzyme. The temperature of the enzyme-catalyzed
reaction may range between room temperature and a temperature at which

ther it fife Hf dhengRey Bfvisiigsatha enkyRIRWS TR ERZMReMAY be
provided in a tan ,equipﬁ:ed with a filter which prevents thfuerzenazsgrr%%efrom
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arginase catalyzes the reaction of guanidine with water to form ammonia and urea.
The urease catalyzes the reaction of urea with water to form ammonia and carbon
dioxide. These enzymes catalyze the reaction at a temperature 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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Alternatively, the enzyme may be immobilized on a substrate. Suitable
substrates include ion exchange resins, ceramics, and polymeric materials.
The substrate may be in the form of a sheet or beads. [0042] In an
exemplary embodiment, the enzymes capable of catalyzing the reaction of
guanidine with water to form ammonia are arginase and urease. The
arginase catalyzes the reaction of guanidine with water to form ammonia and
ure[Qp“‘i*h@‘lE‘F@H‘s%VEb‘ﬂ&Iﬁ@éthé HeRg POt tadiasnerater 88t sammonia
andteadpbere dioxita. (d begeanaymes catatyizddheoreatiianiakalderoperature
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about 60C. The heat reqLﬁP/e {0 maintain the process at t S temperature is
avapamestien BibtonRtcerehanlsastambrane pberprtiordn etaeike Which may
be gasibt IRtAT@AE HIPriiacARPETHUSIGATNEIRIBRSIATO PHKIdE a low
femperature encroy sipk. J0dal Enpymes can decrease [n effcctivencss due
to éontanination: structufal’ changes For denattiring elehZyimeduiring
usehaoeort gvglydtivefedt 2ygpddnvitie staagtiohcettambexidaw e olitained in a
replageallsreRItiAgR WRiIChHeARIBE JEPRYER (et ipaction chaer and

replaced with a cartridge containing fresh enzyme. The removed cartridge
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sources. Even though the reaction of guanidine compositions with water only
rel dERSIgH Aot Brie aMS TaReRi dieeduriod ¢Ad ramgrtidiged during the
praguginnieftheguidn dirauso MPestianoihyamgheraac vaniageuanidistore
thei Sc]%rkfl%p%%%ide r&roqjluced CﬁOI’din o.e ua(%ion (1), so that use of

or a ot er.ﬂg')n—af rogen ernative fuel. . .
guani ogether wi rage of carbon dioxide will result in a net

decrease of the amount of carbon dioxide released to the atmosphere. The

carfppisdioxide; can e Staned Bl eIcRERSSLERIIN A CONRIBRIJALLAR Ae stored
un(éfé pressure as a solution in a container hot!goilrlltg[ water. The cartbon

dio (éeélégngreggﬁj)ﬁgﬁrgg d'icceptable manner wi he consumption o

expensive or scarce raw materials. Accordingly, it is another object of the invention
to provide a method for providing a guanidine containing composition. The method
in one embodiment 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. 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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then be transferred at fueling stations for other uses or sequestered in
geologic formations. The ability to store carbon dioxide produced from
guanidine compositions is feasible because the carbon to hydrogen ratio of
1:9 for guanidine is higher than for any other non-hydrogen alternative fuel.
[0045] A new alternative fuel will be successful only if it can be produced in
an efficient and environmentally acceptable manner without the consumption
of %&%W@S?tgﬁ‘é)‘@é‘}%{é\?%g%‘ﬁ8@?%\‘5&6%iﬂﬁ?ﬁ“ﬁ%géﬂifﬁﬁ%’r %Ti}éct of the
inventiosletaip favidea ¢rethicd, fgmpraviding aduianidiyectaniainiggnerated
composition.. The method .in one embodiment ¢ rising: using a source
o B el e T Tormec
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the Aleutian Islands or Patagonia. The potential for harnessing the
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thectackrted afiicientideanstonisporongaritiistributing 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
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the combustion of municipal waste, and a combination thereof. In one exemplary
embodiment, the carbon dioxide is extracted from the exhaust from a combustion
process. As a result of the combustion, the exhaust is depleted of oxygen. Following
the extraction of carbon dioxide, the remaining gas is primarily nitrogen which 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.
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capacity exceeds the current demand. This is a form of load-leveling whereby
generating plants can operate at a constant level with excess electrical
energy being converted into guanidine containing compositions. [0046] The
carbon dioxide needed for the production of compositions containing
guanidine can be supplied from several sources including carbon dioxide
extracted from the air, carbon dioxide extracted from products created by the
conaRtibhe drvesden i dxpehte %B&H%a@’(‘ﬂﬁafefe%?‘ﬁmﬁ [Battérereated by
thegoainbuistianpofi g dul tikad iasimeaasd e dioxidenestivaciedfrom,preducts
crealed by g pmPusTian.of [rastvaple, GRIRn AR Rxiraca from
proc%)cts create Ey the combustion of municipal waste, and a combination
thet@BRINEF ovdh exEiptdey nepnistrBmatst; The exmpetitviviidelisedtfarted from
thergxhpdsst Eoami R CRPMSEaRP3TELRS s thEasultiahthe spekdstiam the
exhaltjst is de| !1e}ed (%f Qxygen. Followin e extrgctgop of c?rbotﬂ dioxide,
thev‘?eéfc'rrl’asllllrti)ﬁdega%of][s1 6Ir1imarﬁy0r¥ﬂlr(%rélénﬁ) WhichCair 'Pe’udedas the 'Source of
nitrogenline ededofol erodbotider ofarmonidaintrdnimogemcamalse be
suRglissfepmGanVENTionak soNmes: UsingirRCianAL Mistlation el dauefied air
or pressure swing absorption of air. [0047] In addition to producing hydrogen
by SlEEHORBR P it ERS A G B QiES eL G HERrBtREr Y& the
eletirolypisqorocessisamplaiducesadiurucand wifor nekcbiviaitoing: the
compauRdSWhichase iR hiak.Aemandrd G PIRANCHOR Qfylfir for

chlorine-containing compounds will provide an additional source of profit and
encOuHYBSAR WL R E NG ﬁh}ﬁﬁméemem@ﬁ%a PagsRGESe 4 ufoks) The
inventen is Msodireciedioran@pparawis iR GeNeratingene ey s
guaniding compogitions, In gng.embodiment of the inyention. _%ﬂgwgfe@ FIG.
2, the aﬁ’para Us Ncludes a container such as tank Y]Ttor providing the
corapbdition camdeasateiaiterdstielangs barken be produdiiog wister ammenia
compRstionisideliverasbiianm dantddinaapRtaingr sushnamieastor 3 for

reacting e SuRnIdine compestion uin, Weler, SUpRlEH o k2, o form

C
delivered from the buffer tank 4 to a container such as chamber S for oxidizing

ammonia to form water and nitrogen generating energy.

[0049] In one exemplary embodiment, chamber 5 is an ammonia fuel cell.

[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.

18



guanidine composition with water may be a container for providing a catalyst
capable of catalyzing the reaction of the guanidine composition with water or
an enzyme capable of catalyzing the reaction of the guanidine composition
with water. The apparatus may also include a container such as buffer tank 4
for storing the ammonia produced by the reactor. The buffer tank 4 may be a
container for containing an amount of ammonia which can be combusted to
ge hdpate1s @W&féﬁ?“&ﬁ?@bﬁ?@)‘?qﬁ@ﬁ%éhﬂﬁﬁtﬁ ke feqidipbeng 'Ydanidine
witbnglaten piteferahbbyitois instaniiybindiateutiiad aactioreagitreIguanidine

con e‘PE"ﬁ?”ev%%ﬁ&{vn?tﬁtf-tﬁeh%fa‘%ﬁ% rﬁ%g ‘%40%%?11885“ o SRR IR G ner

difference between the production raté of ammonia from the guanidine
corlhssiisataha thiecasts ariptbisarsvaisanaistibomeanbsimbeiatioduced

froghsméastirmafitng.auanidinenaanepasiH andwithinate iis Ntglivered from
the buffer tank 4 to a container such as chamber 5 for oxidizing ammonia to

form water and nitrogen generating energy. [0049] In one exemplary
emibodiiienrt aharmberduisrdnfadharmgnaiatisef dellin{oos0] shoamothElG. 5,

eXGRRRIHM-AB RIS e dncf L_@taﬁktbﬁ)ﬁg\@mﬁg hisaRpsagine or
ammonija fuel cell and the ammonia is oxidized by combpusting it in the

eng B U f IR S RIBINER MR AhiRP B H AR BRSO MERE, the
appangiustinaydadsoeinctudté wedndairerntsinehsodntaifisr 8acondéated to the

engingiRk HELSEHoIRILROMANG MR R CARFRSES oM dha:sxhausE. which is

delivered to tank'2, thereby providing a portion of the water needed to react
witFEHRETGLERRTERTEN & Bih FoRRISHICL 8BS AF T Ak Beretoaiidrfpigyroviding a
embedimeapasid duenialyzl . e IBRchasnaer Dipaniangingiaing dhgmameonia
s xidizef oy, combusting Lin (e gnoine b this sxemplan empediment, the
apparatus may ano include a container suc con%alner iﬁ, cgnnec?ed to the
engimeanify glesilisewithgasa Teaepiowmatianbelsoinehederfecantinatradh

amueniR it e exnadsl cambineshwinensd eiminale s the NQXed4002] In
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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. 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 5 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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the apparatus includes a container such as tank 1 for providing the
composition containing guanidine and a container such as tank 2 for
providing water. The composition and water are delivered to a container
such as first reactor 3 for reacting the composition with water to form
ammonia and carbon dioxide. The first reactor 3 for reacting the composition
with water may be a container for providing a catalyst capable of catalyzing
the“?%"alé?iéﬁ%%ﬁéré’oﬁ?fﬁﬁgﬁ?aﬁ%ﬁ?gﬁ‘ﬂﬂgoﬁH&rﬁé‘?ﬁ%ﬁt?ﬁiﬂ‘?%‘f@}“é‘r%n
enzymercapahile of Caiabyzingidiesreaction of dresatnpediion reantaiting
guanidine .with water.. The aratus may also include a container such as
DU I Tt EREAISIhG ArNAn Wich TcOtnelal 1t gt Fobetor 3.
Thespuleariebaaydhecaesitarahsy PresmirmaranuntdpEsimonia
Whigbd&andpe e emirisigeble ganeraiend sLAiGaBb amaut lheaide initiate
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6 for converting the ammonia into nitrogen and hydrogen. The hydrogen
forMEd ABHAMELBRASIGH 8F ARAFNIESY  delivered from the second reactor

6 to a container such as chamber 7 which serves as a buffer tank for

"vdiagen Iarage TE AR IAR.T comRSRRIER (i difere e hetween

the production rate of hydrogen from the reformation of ammonia and the
corSurRptiBN T e WEhydrakesr Axhardal IAgaRERyEHng treiorrsniidied from
chaoienifdeuahambernbafosexidizioghthahydregendadammwvatamgenerating

eneidy,dnene exemplan smbadiment, chamber 35 udiooep fuel cell. I
anoﬂ1epr exempriary em?f)o |men%, the c am%er g IS an engine anof)fhe
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which js delivereg to tank 2, therehy p(;ﬂgi&din a poartion of the water needed
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mayithclatte @ seenikyme capable of catalyzing the reaction of the composition
containing guanidine with water. The apparatus may also include a container such
as buffer tank 4 for containing ammonia which is 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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permeable membrane for separation of the hydrogen from ammonia and
other products of the cracking process. FIG. 6 shows an embodiment of the
second reactor 6 wherein the hydrogen is separated from ammonia and
other products of the cracking process by a semi-membrane comprised of a
Pd, Pt, or a dense random packing of hard spheres type amorphous metal
composed of mischmetal and at least one transition metal deposited on a

po r%?fé%@ﬁ?‘%@] JRAHBINBY BASER SRRt e B‘ﬁbé“réﬂcﬁ’g%f‘rﬂ%
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ameompiaiwdnch 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
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reactor. A electrical heater provides the heat necessary to start the endothermic

reaction (1).

[0055] The embodiments of FIGS. 2-5 include means 60 for delivering gaseous
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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storage chamber 7 to a portable hydrogen storage tank 8 which is temporarily
connected to the tank 7 for purposes of receiving hydrogen. Tank 7 can be
the fuel storage tank of a hydrogen-powered vehicle. The apparatus in this
embodiment can be a self-contained hydrogen fueling station that generates
a portion of the power needed to operate the fueling station from a hydrogen
powered engine or fuel cell 5.As needed, hydrogen is then delivered from
chariberinet %megrlwmraﬁwaﬂﬁ@w%aéﬁ’faﬁm W&f@r‘l&enerating
enggyidiitaappasaipsinayialsaiaiciude a container 9 for condensing a
portion of the exhausted water which is delivered to tank 2, thereby providing
a portion of the water needed to react with the guanidine composition [0054]
FIG0® ehbwsrniraks ripherresiotienant sfdhe fedblop®stvivnmyHrds] 2-5
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guanidine composition with water can be removed and replaced to supply
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transferring heat from the engine or fuel cell to the reactor. A electrical
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as means for delivering molten composition, water, or solutions such as
thecepiineP L SFRatingy dresnidibe bt shaRIMRAAR 15F @B R prghebryth
solhiiasnpayind tdem fonexanmle, fGoNYeHogMMeans Husd po@iasiadubing
andnqugss matnifo S.Me%ns for delil\l/erinc% pot s%léjti%ns nd molten.
a onia 1s transierred to,the urea synthesis ntainer W € (N ammonia 1§
composﬁlons may Include conveying means suc as, for example, steel or
stailesaetediitghdsn Nieads Bofgpeelige Ahtp dersevigs. dosteaces may

inclpgergaaveina:merns sWahas farsxasmpiecsiralof stalnlssssiael tubes,
pur}%ﬁin eans such as pumps, or afcom ination thereof. The pumping
étl 8 é
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negdaddiocsmnpositen is then stored in container 27.

[0058] Guanidine is produced 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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pressure differentials. The embodiments of FIGS. 2-5 also include means 68
for 21 delivering the composition comprising guanidine to the container in
which the guanidine in the composition is reacted. [0056] The apparatus of
the present invention is also flexible enough to provide fuel for both
combustion engines and fuel cells. Accordingly, there is no infrastructure
barrier to the conversion to fuel cells. [0057] The invention is also directed to
an Apparsigsi gliicraghy tinafigpribeweinpbsiticHs prorPere gl il 6ne
prefgiredearnpodignenthefdisiinve atiatidhowmpprotatddyal satpitadremargy from
2 SySAINARIE. SHIELINARPQUEL Rl RMEL AR RANEILS SYPRIH (o a
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proyifgad Jreie6REEaINR P4 0o prmmeniandadnedhiaiehPpacessell he
ammonia idsttransferr.e(?. tgf.%ﬂg \rea synthelfis t(i]or}ta{nlg-zrt t5 g/f‘igr% the
ammoRia Is combined with Carbsh didxide ot ¢ontainer 24 10’ férm urea.
Theryweznis taniisfemraditythélgatisitinawyamhesidcneidctoh 2@ ivhaz e urea
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guanidine composition. The guanidine composition is then stored in
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ammonia and carbon dioxide. Ammonia is a known fuel which can run
intéPREAAHHbE RtRIFHINCOEHT S8 ENgines. The ammonia can also be

decomposed to give its constituent elements nitrogen and hydrogen. The

hy ay then. be ysed jn an engine or in a hydrogen fuel cell. As a
e Bt R A RSB eSO BRGNS,
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can be stored in plastic containers.

[0060] In one embodiment of the invention, as discussed above, ammonia generated
from the reaction of guanidine 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 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 22 in the weight calculation, guanidine can
theoretically yield up to (9/59) = 15.25% hydrogen by weight. The density of
guanidine is approximately 1.3 kg/liter. When using water captured from the
exhaust, one liter of guanidine can supply 198 grams_of hydrogen. This
figure dp(i@é El?amg%?w%gwﬁéﬁ ﬁéYlfé"é&TPé?%ié%ﬂYé%E&B?é- WHoneh
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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. 23 [0061]

The present invention is also environmentally advantageous. Although

carbon dioxide is one of the products of the hydrolysis of guanidine in

reaction (1), an equal amount of carbofdid¥lde is removed from the
atmosppe&e totﬁngkfe g%uaniqine in the f}rst place. Accordiné][l}/,. the produ tionth
of ammoriaBCCording to e Tvaition toes ot entail any net ContribBution to
greenhoatdedasnamissions. Thaingtiier seaptatioregifiredafor thdéoprepearation and
of guaniging, isi AR aRiawYBIGRIM JUMR FeAHESIGNYIIRIRD BOUCRIA iRer and
manufacture. Most of the hydrogen used for this purpose is supplied by the
proces8'BPETRAMTEIBINTHHGEST natural gas, which releases carbon dioxide

into the atmosphere. However, hydrogen can also be prepared by an
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electricity needed for the process is supplied by nuclear, hydroelectric, solar,
tidal oPWiHdEREr! Wb BPWARINGS Hhrasithbpis@gemensititly process. In

this case, the required amount of carbon dioxide may be obtained by

sequestering carbo %io ide from flue gases, or from the atmosphere, which .
posoans i R ke R AR e
technolsgsiad \pith plaregiraniddnannted Mdahantaamsstonomical and
environmentally friendly compared to fossil fuels. 24 CLAIMS 1. A method

for generating energy.from a composition containing guanidjne, the method
compri U TRHERE A ORAESCRIER SR GAREH o eI e o 2
carbontdigpddeiramah fneoketisieny dtheafiitoae farmed4orstepd(a) e fomm ranging
water g, QIErQgRn OGRGERHNHEGRY atd INGMEHAdREGRIN. 1, wherein the

weight of guanidine in the composition is

5. The method of claim 4, wherein the method comprises mixing or contacting the
composition with a catalyst capable of catalyzing the reaction of the composition

with water in step (a).

6. The method of claim 5, wherein the catalyst is an oxide of a metal, wherein the

metal is selected from 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, = aminioguanidine  bicarbonate, aminoguanidine carbonate,
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equal to about 10% to about 100% of the weight of the composition. 3. The
method of claim 1, wherein a portion of the water formed in step (b) is

reacted with the composition in step (a) to form ammonia. 4. The method of
claim 1, wherein the composition reacts with water in step (a) at a

temperature ranging between about 50C and about 240C and a pressure
ranging between about 1 ambient atmosphere and 50 standard .
atmosp”r'i‘é‘P@gP@.lePH% nethee s cIQ‘i?ﬁlﬂl,oﬁ}ﬁé’r@ﬁ?’théhﬁﬁ%‘ﬂ‘ﬂ%a@&‘r‘i‘ﬁris'élgarbonate’
mixing dihediacingnthe coonpesitianmiibgaeataky sthgapadide, oftaatshyingidiec,
reactiqpriof the com Ig)esitijon ith water in ste r(%)m 6. Th%()r{‘a‘?ého%()f claim 5

minoguanici 1car 8nate rlamnro a € car . d 1no§1éan1dine
wherein the catalyst Is an oxide of a metal, Wherein the metal is select

from theygiotigecoassiihes of stonidiek dlicoEieasimeemilian c cTPTHE M Etiline

of claingiryiereiliyacatast e campasiiemafdaanior 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
compoSitibire futtherd cdwipnisds whecompbrneninpelected fromithgibiolys! present in

consisting.afAcOMBLSIRIE fueloARRMPYSION EMRANCEH AMMANGac of heat to
ammonium bicarbonate, ammonium carbonate, ammonium hydroxide,

aminog‘ﬂ’éﬁfﬂiﬁé‘faﬁtriﬁfh?géﬂ%mf]dﬂﬁié” BltaABnate, aminoguanidine carbonate,

25 aminoguanidine hydroxide, diaminoguanidine, diaminoguanidine

bicarbopatey, diAMINeYYANAING caRRRAE. %@&BQ&E&?E‘éd&ﬂ&@{ﬂé%iqﬁ’a layer,

triaminoguanidine, triaminoguanidine bicarbonate, triaminoguanidine

carbon# ,@%Wﬁﬁa?g%ﬂiafﬁ%e RyehRskideng a3 pidinslegtediiamdhsi gt Fftsting
guanidiste gashoraleidguwanigdinedinydwxideaguanpiuied, Wrabo@ier, aishfurea,
combination thereo% 9, The method of cltgim 8 Whereirbth%go §ronfent is a

almmonium carbonate, ammonium bicarbpnage and 3 combin €01
combus%]ilenflug} present IN an amount w Iélf‘l canabe combusted to generate

a sufficient amount of heat to initiate a reaction of guanidine with water. 10.
The mathorhofelaina &5 Whareindhe £SOMPoRIRA i RPRIRSHIRISH dP @laXehe the

composition with an enzyme capable of catalysing the reaction of the composition

with water.

12. The method of claim 11, wherein the enzyme is capable of catalysing 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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wherein the material of the encapsulating layer is selected from the group
consisting of urea, guanidine, guanidine carbonate, guanidine bicarbonate,
guanylurea, ammonium carbonate, ammonium bicarbonate and a
combination thereof. It. The method of claim 1, wherein the method

comprises mixing or contacting the composition with an enzyme capable of
catalysing the reaction of the composition with water. 12. The method of

claim 1&5,-\/Wﬁﬁﬂéﬁtpﬂﬁ]e°§ﬁ%é4is %{BI@E?%?ﬁt&l&}gﬁ%gj‘%@rf’éﬁ’éﬂc‘ﬂ?oﬁ%(ﬁ%é‘nd the
composititdviththeatesaprasde ryaeiatu e pangingrb@bvesmedmnteniie abduf ethe
and a temperature at which the half life of the.enzyme is less than 1 .minute.
R LR e RN O R o R
consistiréfer dighagabuiped samgiia combination thereof. 14. The method of
claim 1, wherein step (b) comprises burning the ammonia formed in step (a).
26 15. éle”[@ethotﬂ of cllﬁirln.14,lxvhelrlein nittéogen oxides are orm din ste  ernal
(b) and'thie metlod fufther 1c?[(l)mpiri\évegr?lenac Fnﬁnénboél% iof 6f the Uribltried ™™
ammorvenfrostichengiitaustind eawbpstionnsteipo()levithl thremithogenupxidesgstog
reducejhe RIPARTiRXIHRS RAGEieoUN By nRch W@&pl@ss%ﬁqm&@@%?fthan
claim 14, wherein the ammonia is combusted in an internal combustion
enginearﬁ)ébing a compression ratio selected from the group consisting of a
compression ratio between 9:1 and 30:1 and a compression ratio greater

than 39;Lz. Thedmethadinf claimefiivheiein at Iepsta BRaHonAldhSioxide is
carbon dioxide is stored under pressure to serve one or more purposes
chosersfPEith BREGEREFOHIET (PeRSESe WFtRE ARFfoSPMSES SROVSIJFPBY Arfdeiiamto!

in a chesigRl Pracess REBYISigiRo Okine dfgafiotaxtinguisbfiie] provisioprofision

feed stock for rg]a{é’ 1§ xBhERRhVHY f‘%%ggigﬁoc}{‘?é%ﬁ ahaempgssed 983 88ing food,
power a pneumatic ewge an& a CPOITI Ination
provision of compressed gas to power a pneumatic device and a combination

thereof.

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) oxidising 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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thereof. 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) oxidising the hydrogen formed in step (b)

to form water generating energy. 20. The method of claim 19, wherein the
weight of. thiee weigbtl of guanitineirtie agomipasitian isequahtoahDby 1086 tall
about 10036 of the weight ol the compositionad s The method oLoRIMARion w
wherein the composition reacts with water in Step ?a at a temperatur

rangind exareBagbHEI@ and about 240C and a pressure ranging

between about 1 ambient atmosphere and 50 standard atmospheres. 27 22.
The m of claim 19, wherejn a portion of the water exhausted by a fuel .
coll or by SHERETAE B EEh SR B IS ROl O foheing
compositioncwpformemmntonia fatstey (edp@de THe qmethodoftetairm@don of the
whereindhg RO GAMREISESdRKING or contacting the composition with a
catalyst capable of catalyzing the reaction of the composition with water in
step (). 24. The method of claim 23, wherein the catalyst is an oxide of a
metal, @hdhaimihkodndtahism Blectectiitohn thalgsoispucorsisifig okinbnymickelhe
vanadiym, And.£inga 3R, ie Metedakalain 25 where b hg aatalslik 2
composition of barium hydroxide and an 6xide of a metal, wheréin the metal

is selected from the group consisting of iron, nickel, vanadium and zinc. 26.
The methothef slavdl8f wiagrers theheempositiomfther CeopsisaHA of barium
compopent sejected.from, the group consisting of. 8 combustible lUha ke eroup
combustion” enhancer, ammonia, amrmonium bicarbona e, ammonium
carboneresisimardniomnisielrorigdivamirbgoanidine, aminioguanidine
bicarbonate, aminoguanidine

26. The method of claim 19, 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, aminioguanidine 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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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 combifstiie fﬁ‘“éPB‘?e%feﬂf"iﬁ‘ 4h %ﬁﬁt%lmﬁ%@ ddfitaBtRlged in a layer,
generatﬁlaeufﬂe.letﬁammﬂmefeh‘@@mmungtlayerasrmwfﬁf@tﬁwgdmp witkisting
water. g6 36, The mefed lclaim.Lo.werein e COMPASIiaBic. auanyiurea,
encapsulate ina Flayer wherein the materlaI of the encaps atlng lafer i
selectetMsH R HRUP G GRSISHHYN icareenaaidisrantj v hererbonate,
guanidine bicarbonate, guanylurea, ammonium carbonate, ammonium
bicarbapa éeand ahcgmtb rpatlo? thef1 eof. 2% The dethod of claim. 19, Whertelrg
the me compn%es m°|X|ng or COISELNY Tn COmMpOBitish W}ﬁﬁngnoreﬁ(zmr%c 18
capabléhof @@talkystngltwettea@tlenzaﬁmecap@hlrpc@tlmtalwhlgvater @&rtl‘ﬁheof the
metth&Lfﬁggf%g%ltwge{gln the enzyme is capable of catalysing 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. 1Thmimuidod lof Tdeimethodletdlaitne 2 wherain thebenayraealysing the

selected fram e GoUR, SRR AP QINASE: MFS&%&u%”gaﬁ‘gﬁ%”ﬂ%mgﬁ%om
thereof. 32. The method of claim 19, wherein the hy déégen IS Separated by

passindCIAPERHKca e inicpPrTIeED & n’féwibfaﬁéétﬁétfa <8¢ AYAYTBgéh Bt Her |
other matiete. 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 trapkitiore mestgpd of claim 29, wherein the enzyme is selected from the group

consisting of arginase, urease, and a combination thereof.

32. The method 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 of 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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34. A method of 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. 29
35. The ol ShedathBimvifertlisigie douteu st @n@iﬂﬂrﬂ%ﬁéﬁ’(&y jés selected
selectefiofifafe thegreupssangistirgaficlgciettiyige neratednfromemtiaidy generated
electriciy gengited oM aean Waves: ElCFIIGT JENSIAIRI fIoMice_clecrrici
hydroelectric ?acnitles, e’Iectr|C|tyyg nerated from solar energy, e]Iectrl’city Y
generatSEETAtih HOBlewtoe rapisy- clictrieity seaermhower BistPrevraed alspastty
of a loagslgveping Paagssy RIGCIH Giv eenattel voian inssikiuelkermBustinated
electrlc#eg dl(,?fe?gzsrszfxlte(tj frlom %g?rlcultural waste combustlgnﬁelectrlcn

]; u% conibustion lectricit ner ultural waste
genera rom frorestry was IC om

&°combdstion, elett @e gengrrléteaérfr
municiganlvastencosisustion, ssleciticityfigeneiatetyromsthe dodaiufiow oflectricity

ocean Waleh« PR ANRIK A31URedd Nt eniherdical REASESS {06 SRILINGHA tidal
water into hydrogen and og;%en, and a compination thereof. 36, The method

of claim!%%, WREEINHE mEtH I B8 413 oV dechsa SR GG st peBpidne of
selecteddfcontthiey drautp aehsigting ofdfractidnadtdistilation of liquefied air, a
pressure swing absorption process, collection of the partially

oxygen-depleted exhaust from a combustion process, and a combination

thereof3@ 74 h Fsthedtpigdasn erhirhgainiisarsthothessbiree B Rt Hagraxiriesn (0)

step (C)siscarlectad fran theg aepstangisting.ofieanbeniaxdeextsaeted air, a
from the air, carbon di}())xid(%. extracted fro(m e%%glugl,s ]Iﬁreatder:t(il § th

e
combugf%r%ﬁé? f%vgglligfﬁefgf%é()r%o%oaﬁ%%ii e extracted fro proa é/ct(')snggé't%e&) llgg?d

the corabiysibhont ageipbitiiiel Wastss, awdrbermiiiosive xteabted from products
created by the combustion of forestry waste, carbon dioxide extracted from

roducts created by the combustion of . municipal waste, and a compination
tph ere ofg . %e met%gd of claim %2, wherein the sori)lrce of carbon dlac')xide 191 step (c) is

selected from the group consisting of carbon dioxide extracted from the air, carbon
dioxide extracted from products created by the combustion of fossil fuels, carbon
dioxide extracted from products created by the combustion of agricultural waste,
carbon dioxide extracted from products created 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
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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 aminioguanidine bicarbonate,
aminogﬁ‘éﬁl&lﬁ@’&‘&i%na‘?&aﬁ?ﬂ‘?ﬁ@gua%%ﬁ‘?é“ﬂ%‘n‘éfxidé‘;‘%%ﬁnogﬂﬁ’r’i’i@ﬁﬁ%‘?ldme
diaminaga@ridine hicdnognaid diaminagvanididiee catbobaige, diaminoguanidine
diamingguanidine e oxIge A O g ANIEIN G L AMIOIHANIINE ainosuanidine
bicarbonate, tldminoguar%lc?l?\e carbonate, tiaminoguani menh’ydrom e, &
guanidiierrbieaiboriareingeidine exfsorateriguamigiardiperbydgecide, guanidine
guanyluieabéas, WakgtinandBarmbnalimherepdxi; themmeahodiehclaimr,
34, Wher%in theben(%ﬁ%/tf;s used to separate hydrogen from a solution
containzllﬁg Sodium chloride,” hereby producing sodium and chlorine-
containing substances. 31

40. The method of claim 34, wherein the energy is used to separate hydrogen from
a solution containing sodium chloride, thereby producing sodium and chlorine-

containing substances.
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