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WO 2005/030637 PCT/SG2004/000317 Multi-metal-nitrogen Compounds
for use in Hydrogen Storage Materials Technical Field 5 The present
invention generally relates to compounds for use in hydrogen storage
Weste41308hckground Hydrogen-based energy is one of th@€RiSHRI8#096317
the 10 currently known energy sources, and it will undoubtedly play a part

in e Bogrgyestpbhrof this genturyrideavasnviermasial pelluligndue it
combustion of fossil fuel and depletion of non-renewable energy sources
emerge as two serious probiBFRIEs MR rF5EAbEsed energy sources are
considered to be the most promising candidates for solving these

problems, as this kind of energy can replace fossil fuel in most
applications. The biggest ch%l%&&?nain%ﬁﬁcdhydrogen utilisation (i. e.

as fuefior vetvieksportablesotiputese28 phdrs; eteslisitbe lavshydregennds
%yaggé:aﬂ@cg%%bggfusgwrg fems RRSSess. Development of

hydrogen storage media is of great importance. Currently, there are four
systems for hydrogen storage [1,2] Liquid hydrogen, Compressed
hydrogen gas, 25 Cryo- adsorpiigasysiemis, and Meta :L hydride

systems. Applications of hydrogen in pure form (liquid hydrogen or
compr‘ggég% AR OGEIT JasT M Rosty LRMSed or iafGe-SdaeRrpst of the
Stationary purposes, smeerthe weight-«f contaiders for kydrogamisoubtedly
rally tog prohibitive for 30 uses where hydrogen js.used in limited
ﬂ);gogppe. Fctg vehicu?lar\%%%né%?ﬁgy po%%ﬁeel ppﬁgat%irllé,s hy%%lé:élnr %torég>vy
o RGINRR TRAte PRI SEEE toe tHecheS by 2005/080688ss1l fuel

BET/36R0040903LE non-renewable energy sources emerge as

two serious problems.

Hydrogen-based energy sources are considered to be
the most promising candidates for solving these problems,
as this kind of energy can replace fossil fuel in most
applications. The biggest challenge in on-board hydrogen
utilisation (i. e. as fuel for vehicle, portable computer,
phone, etc.} is the low hydrogen storage capacity that
existing systems possess. Development of hydrogen storage
media is of great importance.

Currently, there are four systems. for Thydrogen
storage {1,2] : Liquid hydrogen, Compressed hydrogen gas,
Cryo- adsorption systems, and Metal hydride systens.

Applications of hydrogen in pure form {ligquid
hydrogen or compressed hydrogen gas) are mogtly utilised
for large-scale or stationary purposes, since the weight
of containers for hydrogen isg normally too prohibitive for
uses where hydrogen is used in limited scope. For
vehicular or any other portable applications, hydrogen

gtored in golid-state materials “seems to be the begt
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solution. Thus, cryo-adsorption systems and metal hydride systems are

the two most promising systems. The cryo-adsorption systems show
advantages in moderate weight and volume. in this system, hydrogen 5
Vible¥teesdte physically bound to the surface of activated cdBBREOREHBB17
nitrogen temperature. Under optimised conditions, the hydrogen storage
cafdadityoaf. activated earporadeypachry Wodmnsas amienveight of dride

| carbon. The disadvantages .of this system relate to the 10

%ﬁé%%%%nadﬁ?oﬁt}r%qﬁw%d |.%% c%%é%ﬁcl €on i%%%}'.‘slvletal hydrides

have bEea propasedeaissystehefor hydiogen storhge. Hydrogetsges in
wleRmisarhed py;metal o, petglaligys with gorregpandi sfggt;??tloﬂ%oc{r en
metal hydrides. Two categories of metal alloys have beén 15 extensive yg

BrE S ARERyBBY ARG AT BBy PRl ARistikea gusiasmnsfledtithwated
firstisategeny. Qrerioteculerafoballi> canAbsrh AbOUt GNIIONe8: i mi sed
atoms at ambien%ﬁ}'éem ergture and hi hrpressures to form LaNi5H®6. |
EuhSegqusht disc ergeq}ﬁﬁ/%%ﬁen% R SchieRE By Yed hingdf 2 ted
hpchiogenmgssueadn this systeina fwihydnogemnesteraghicapdacity ds lessed
wt%, Th 599?@ f this type . of metal alloy lie in the quick
%%gt)i%:rs?bf r%?oggéﬁgéc{ﬁgrge/ |s%?1ar§éfy ar%l the vé yS %%%Yd 53251%;? oflﬂfﬁe the
RiatEASRL bEPRE RyGRYeresioiagel cdpasity SYDumatceprablé it -
ilustrates:the ARBdypass metal-alloyJihis kingetmgtaballoyganstare £or
ore than 4 wt- of hydrogen, but suffers from higher operating
gg{nﬁ%ﬂﬁﬁre SEBB0E 300 ISFEESptich, wiREh-8qeRBRunPRydRsget  or
prassure eflipys 100vkRa (1.0dary stondiaiogepahaige 30 ansF  metal
' kinetics and, relatively low depsity. More recently, much effor
%gfgﬁeée%w%madg%&ﬁ m%tgé%ri%gggn%ﬁgeerﬁ)ﬁ% of tel\éd's?‘ée me gﬁéﬁ%’éﬂ/s E%l,aXf’ bug) een

BT SRR imBivermsht hil bln rhude, FamberkidreAthe type. LaNis

is a good example of the first category. One molecule of
LaNis; can absorb about 6 hydrogen atoms at ambient
temperature and high pressures to form LaNigH;. Subsequent
discharge of hydrogen can be achieved by reducing the
hydrogen pressure. In this system, the hydrogen storage
capacity is less than 1.5 wt%. The advantages of this type
of metal alloy 1lie in the quick kinetics of hydrogen
charge/discharge and the wvery good density of the
materials, but the hydrogen storage capacity is
unacceptable. MgoNi illustrates the 2B type of metal
alloy. This kind of metal allcy can store more than 4 wt%
of hydrogen, but suffers from higher operating temperature
(above 300°C for desorption, with an equilibrium hydrogen
pressure of up to 100 kPa (1.0 bar), slow hydrogen charge
and discharge kinetica and relatively low density. More
recently, much effort has been made on material
engineering of these metal alloys [3, 4], but no
significant Jimprovement has been made. FPurthermore, the

high cost of the metal alloys is another drawback.
' 2



high cost of the metal alloys is another drawback. 2 Additionally, although
some compounds are known to absorb hydrogen at relatively low
temperatures and pressures, the subsequent desorption of hydrogen may
be relatively low under such conditions. This means that the compounds
have low reverse absorption capacity which either makes them unsuitable
ohingfficient=fol yse aslhydrogén storage mategrials.dEherers a feedito to

abso?:'%)\’id% cgp(pgunds fg{ use.in Q¥%@%§n sto eé%e materials that qvercome, ,

& Tel . LEMperature a
or at Ie%t arﬁef?orate, one or more o He disa vantageg descrblbecﬁ

presabove: Théreds sneed wiprovide compounds forGsefimchydregenmay  be
reia%@{z%%‘%(m%%'a'&ﬁgfa%@ﬁ of.reversibly, absoghing hydrogen af ... .

relatively low temperatures and pressures. There is a need to provide
compesrpPsundsfor USE iy HiRIFeGerr Storage iaterizie that provide ihproveler

makeGaPagiy, farreversibly absorbing hydrogen Summary,, In.a first aspect.of.
the present invention, there is provided a multi-metal-nitrogen compound

StorfffisBdn Hydtégen storage materials, the compound comprising at least
twa,dissimilar metal-atems and agitiegenatomihe, mudti-metal-nitrogen: r,
._compound being capable of absorbing hydrogen at an absorption
hydrpgfiSeraf e Eieforeleuier ARddf §88drbi AG BOGEBEmore by Vidight 85t
ame 1$aid absorbed bydrogemat @ desorption tempesatuse ang pressirecAlseed
disclosed herein is a multi-metal-nitrogen compound for use in hydrogen

abovgtbrage materials, the compound comprising at least two dissimilar metal
afOmscandia nitrogeratomithe mudti-metal-ritrogemcdmpotmd being in
hydrogen storage materials are capable of reversibly
absorbing hydrogen at relatively low temperatures and
pressures.
There 1is a need to provide compounds for use in
hydrogen storage materials that provide improved capacity

for reversibly absorbing hyvdrogen.

Summary

In a first aspect of the present invention, there is
provided a multi-metal-nitrogen compound for use in
hydrogen storage materials, the compound comprising at
least two dissimilar metal atoms and a nitrogen atom, the
multi-metal-nitrogen compound being capable of absorbing
hydrogen at an absorption temperature and pressure, and of
desorbing 60% or more by weight ¢f said absorbed hydrogen
at a desorption temperature and pressure.

Alsc disclosed  herein is a multi-metal-nitrogen
compound for use 1in hydrogen storage matsrials, the
compound comprising at least two dissimilar metal atoms and
a nitrogen atom, the multi-metal-nitrogen compound being
capable of absorbing hydrcogen in the range of about 1% to
about 12% by welght at a temperature of

3



capable of absorbing hydrogen in the range of about 1% to about 12% by
weight at a temperature of 3 220C or less, and of desorbing 60% or more
by weight of said absorbed hydrogen at a temperature of 220C or less. In
a second aspect, there is provided a hydrogen reservoir containing a

220 ‘riultizmétaksitrogen carhipauncbas definéd  the first aspect. Disdlased o f

sa1 SIS ydiogen gsenoir canianing. & [pultmetahniyogen | .o
compoun& COI’T‘I‘\E)I’ISI at least'two %?ssmﬁar metal atoms anda nffrogen
atom, zhe sadltivmetalsiteoion coinpoandibeing capabledf, at ahydrogen

resdemperatyre of 220¢ or less, ﬁBﬁOJPL%QyﬁQ%%nﬁ%a%ggS%g@%ggd as

pressure, and of desorbing 60% or more by weig

defifRifogen ah& déserption Seressure. Also disclosed herein is a
bimetahpitrogen,compaungds fog use in hydrogen storage, materials, e, s ng

compound comprising two dissimilar metal atoms selected from the
3 MGy BEnSisting o AR uRT BaRH, IIfTHR Y hrabhsidrh, arffstdiupie
dissangdimbduresthereol apfla nittegen atom. the bimefalpitrogene muiti-
compound being capable of, at a temperature of 200C or less, absorbing

metayfod&P dFEn abSoTPHoN Pressurd and of de&BibMgE60%°6r moréby ~ 2
tempeeighbtieksaidrabgorbed hydrodessat,a desosptiompressure:dgathied: an

absoagp[e.ct of the c]gresent |nvent|8n, thgre IS %)roylged a %r,t(?g:ess for reverse

Sorbing Rydrogen comprising” providing 2 muff-metal-nittdgeACr S LY

we 1 gdompouhd cemprsing batdedst tivo dissimilgemetakatoms andsssnitrogenon
atom the multi-metal-nitrogen compound being capable of absorbing

pze%y%%oegén at an absorption temperature and

Also disclosed herein 1s a bimetal-nitrogen compound
for use in hydrogen storage materials, the compound
comprising two dissimilar metal atoms selected from the
group consisting of aluminium, calcium, lithium,
magnesium, and sodium, and mixtures therecf, and a
nitrogen atom, the Dbimetal-nitrogen compound being
capable of, at a temperature of 200°C or less, absorbing
hydrogen at an absorption pressure, and of desorbing 60%
or more by weight of sald absorbed hydrogen at a
desorption pressure.

In a third aspect of the present invention, there
1s provided a process for reverse adsorbing hydrogen
comprising:

providing a multi-metal-nitrogen compound comprising
at least two dissimilar metal atoms and a nitrogen atom,
the multi-metal-nitrogen compound being capable of
absorbing hydrogen at an absorption temperature and
pressure, and of desocrbing 60% cor more by welght of said
absorbed hydrogen at a desorption temperature and

ressure;

contacting the multi-metal-nitrogen compound with



pressure, and of desorbing 60% or more by weight of said absorbed
hydrogen at a desorption temperature and pressure; contacting the
multi-metal-nitrogen compound with 4 hydrogen at the absorption
temperature and pressure; and releasing hydrogen from the
hydr@é‘gﬁmﬂalﬂgogﬁg 89?@98]@%‘%&%% ggﬁgpgogﬁgnggreaﬁg@r%r}d and
pressure. 4a In a fourth aspect of the present invention, there Is provided
a process fermakikig aadeli-metalkRitrogére compolhdisriyskiniat rogen
compm&&%mﬁ.&%@i@@_@g@g@&@%@ﬁg@%@@& ragen stprage materials, the
compound comprising the step of heating a metal hydride comprising at
least one metal and a metal-nitrogen compound comprising at least one
metal that is dissimilar to said at least one metal of said metal hydride, at
a temperature and a pressure to form the multi-metal-nitrogen compound,
the dissimilar metals being selected such that the multi-metal-nitrogen
compound is capable of absorbing hydrogen at an absorption
temperature and pressure, and of desorbing 60% or more by weight of
said absorbed hydrogen at a desorption temperature and pressure. In a
fifth aspect of the present invention, there is provided a use of a
mutli-metal-nitrogen compound for storing hydrogen, the
mutli-metal-nitrogen compound comprising at lease two dissimilar metal
atoms and a nitrogen atom, the multi-metal-nitrogen compound being
capable of absorbing hydrogen at an absorption temperature and
pressure, and of desorbing 70% or more by weight of said absorbed
hydrogen at a desorption temperature and pressure. Definitions



The following words and terms used herein shall have the meaning
indicated: The term "compound" and grammatical variations thereof is
given a broad meaning, such as the result formed by a union of elements
or parts especially, but not exclusively, a distinct substance formed by

chemical union. of twg or . moge ingredients in definite propogtion by, weight.
The term” compound may also refer to'an admixture of a metal hydride
PrOEries metal-nitESHerEBaseliccompeuRd's WG 2005/080687 tal-nitrogen

congda WS G2004/QQ0317 that.capilead o, physical mixiures pEREWH for use
. _compounds, both of which are effective for the absorption and desorption
10 DY HYEYRn STRE terts RhAt-nietdl, "rdt-ARStRCeEHpSiRTee ahalse the
ster@rammatical varationsthereof, meansi pinless gtheswise qualifiedstothe,ne
contrary, a compound formed of two or more dissimilar metal atoms. The
met %érrﬁ“ﬁiluﬂi-%%-ln"iﬁ&ﬁé%%&% PG AL gratfRmatical ariations frigreof®
metdNeans:a conpouneithat 40 ineludes at least twosdissimilarmetal atomsa id
. alndqatclieasémone throgetn atom. Tthe?at least two metal gtgmstand the -
et Sitr et atont may, 6r may ot Be “bonded toealkh BtNet'sr to-atdiebf -1 ®
mu 1 othereleants. fddwpsterm cmetalmitrogenccompouidi and graammaticabelimg
variagongﬁf&%rquhrggan aecowgfgggég%taigcludes a metal aton@;%ﬂ% at,

selecte “Nitrogen om
E?east one nltrogen atom. e metal atom an t]i}le nltrggen a%ompmay, or

capahnay nettbe: bondedtg e_écfrdomnora@ amﬁbﬁmté@mérﬁmPﬁ@ture
and YIS absarb” ahsorptiony, ;ahsorbed” ispot 20 necessatily useddn the -

~ strict scientific sense, as hydrogen may be held by absorption, in a’strict
saldseriges ByladsorpliBn St strict sehsedBy ehbmisoiptibAlAsrature  and

pressure.

In a fifth aspect of the present invention, there is
provided a use o¢of a mutli-metal-nitrogen compound for
storing hydrogen, the mutli-metal -nitrogen compound
comprising at least two dissimilar metal atoms and a
nitrogen atom, the multi-metal-nitrogen compound being
capable of abscrbing hydrogen at an absorption tTemperature
and pressure, and of desorbing 70% or more by weight of
salid absorbed hydrogen at a desorption temperature and

pressure.

Definitions

The following words and terms used herein shall have
the meaning indicated:

The term "compound” and grammatical variations thersof
is given a brcad meaning, such as the result formed by a
union of elements or parts especially, but not exclusively,
a distinct substance feormed by chemical union of twec or
more ingredients in definite proportion by weight. The term
compound may also refer to an admixture of & metal hydride

and a metal-nitrogen-based compound
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strict sense, or by the combination of two or three of these mechanisms.

25 The terms "reversibly absorb", "reversibly absorbing", "reverse

absorption”, and grammatical variations thereof, means a quantity of
WOHEGEPPRAL is absorbed by the multi-metal-nitrogen compBUHE GR08#H000317
absorption temperature and pressure which subsequently 30 undergoes

deserpten frosathecmulibpeialanitrageiueempernd.ata deppitions, both
temperature and pressure. The term "sorbent" refers to a material or )
%’é?n‘ﬁ%&ﬁ%‘ c%rp%blee&?ee%(%lviﬁng 8hsdrptiortor 8586Mtdn BRAydrSgerPtion
gash§vou2@05/030637 PCT/SG2004/000317 As used herein the term
compegiog ypeags "Aglyding rngipaly. iyt atnecessarily sgleliias zng

Variations of the word "comprising”, such as "comprise™ and "Comprises”,
HRPEEDFEIPON AW VhlieB e Asigrcheraimthegermt herwise

grbauttiadheceontext of.gapeantrations obeRmROACtS ARIRE of two or
formulatjons, typically means +/- 5% of the stated value, more typically

TREAR, BrREStART TRG8 N &%5pically +/- 3% of the stated value, more
typicallyhie/- 2% ofihe staimdlvdlues &levar magsedypicabymbclitief the ana
ted v _lLue nd even .maore typically +/- 0.5% of the stated value.
e e oa e T HERass o eEs B oea T bt
fangartenat it Sikeul bewndéisoot hat the tebcrptiorsinaadge forimdst

ismmerely forld, convspiensgangibravitand-ghpuid. pal be.construed S o
an inflexible limitation on the scope of the disclosed ranges. Accordingly,

He Ge8EtDRB dRhye Shlfy bECorSdertattBtthvESpéefitalRFher or
tisclasetkalbtherphssibie stdbnranges as well as individual numerical
Values’f/ﬂtahinterm ‘metal-nitrogen compound’ and grammatical
variations thereof, means a compound that includes a metal
atom and at least one nitrogen atom. The.metal atom and
the nitrogen atom may, or may not be, bonded to each other
or to atoms of other slements.

The terms ‘“absorb” 'absorption", "absorbed" is not
necessarily used in the strict scientific sense, as
hydrogen may Dbe held by absorption, in a strict sense, by
adsorption, in a strict sense, by chemisorption, in a
strict sense, or by the combination of two or three of
these mechanismg.

The terms “reversibly absorb”, “reversibly
absorbing”, “reverse absorption”, and grammatical
variations thereof, means a guantity of hydrogen that is
absorbed by the multi-metal-nitrogen compound at an
absorption temperature and pressure which subsequently
undergoes desorption from the multi-metal-nitrogen
compound at a desorption temperature and pressure.

The term “sorbent” refers to a material or compound
capable of exhibiting absorption or adsorption of hydrogen

gas.
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20 that range. For example, description of a range such as from 1 to 6
should be considered to have specifically disclosed sub-ranges such as
from 1 to 3, from 1to 4, from 1to 5, from 2 to 4, from 2 to 6, from 3 to 6
VERL2005438@TT as individual numbers within that range, for 25 @¢ARERIOYIE317
3, 4, 5, and 6. This applies regardless of the breadth of the range.
Disclogweof &mbadisaentsrxanapiarns aanslimiting-embediments . of 1 135 ng

mylti-metal- 30 nitrogen compounds for use in hydrogetn storage materials

BF Ry RBGEX resBRIoir "Rl nBRF6E Wt dded SSdiptiinglyVariations - of

viltiwoatd |- nitoger edmpoundsctiselosed brrein @xhibitie marsaplei ses |,
rogen storage .capacity at lower temperatures and/or pressures than

_ %%svr% %%%?5%8@36%@’37% C2504r8686317 compounds and can

therefdv@ besssedherhydrogbhsstdrage rMateriats’ Thistndrheryogehiext of

bydrQgan storage is rsxerS'wsmfgﬁ@ﬁﬁgult'-fe%ta'-ngf@en EQmpeUNdS 1

can be used in materials foor hydrogen storage. Advantageously, 5 the
HultrARRaltitodEnh ritfedrecapabhe of Beseribing Bovhly
oy more obgbsarbed hydsagers Ridhe fastersihat gavern the suigblgs the
conditions _for absorption and desaqrption, temperature_and hydrogen
%ggsgseuér)e %?é? Fn@.pofflé?ﬁt?lnt??e%%ﬁ&e cHmpo ﬁdg,%attﬂ?loaé?tea value,
teperatare s, thydrogehyabsorptivh anil désermi_oat@jl belefficienttyl even
fBLIed opt uadet lower lydrogsn pgssute, cakhighey lemperatures, the

overall pressure for hydrogen absorption and desorption will increase. In

either ughsitiof thsiifydfigihl e R deS6rbed Felcueel s the may

'B5 rateriabwben avasuuradigappliegndr a disclosedmethesd o8R8 ooa

i[.n‘g{%‘)get%éhe doateral comprising the Mult-metalniroogn compodlds cor
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, description of a range such as
from 1 to 6 should be considered to have gpecifically
digclosed sub-ranges such as from 1 to 3, from 1 to 4,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
ag well as dindividual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies zregardless of
the breadth of the range.

Disclosure of Embodiments
Exemplary, non-~ilimiting embodiments of multi-metal-
nitrogen compounds for use in hydrogen storage materials
or a hydrogen reservoir, will now be disclosed.
Surprisingly, multi-metal-nitrogen compounds
disclosed herein exhibit remarkable hydrogen storage

capacity at lower temperatures and/or pressures than known
; :
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be exposed to a hydrogen-containing atmosphere, which may be free of
contaminants, particularly oxygen. 20 In one embodiment, the
multi-metal-nitrogen compound may be a bimetal compound. In another
Wenbedipent, the bimetal compound may have two metals S8l&ieePéidn317
the group consisting of Group IA, Group IIA, Group IlIB, Group IVA and
soavpuiEof they Perigdic-fablerefelemants,and 25:mixjiiesdbereat dhgqe
two metals being selected such that, at a temperature of 200C or less,
TR Bihatal com d is %SBaBEYS’fJ&'E?d?bmg}%?}d?%%‘éﬂ at a'ﬁ‘ﬁﬁ?&%tlon
:peﬁmwﬁplar}d ai destrbinguatdeasi=i%-af isaidahsorbea hyaidgencama be

lesorp sure, Ina there bodlment he two 30 metal
(-égcte!;L romt eré”r%lusp COﬂSIStIfT%] of gﬁjmlnlum Wf calg%gm S& %?Hl

*(Ibﬁ), nidgedsignd (Nnjal%hdﬂm&nﬂcl\taaomme@mbgdmnt,amerqupable

Provided:a bimed=nitfegss.compound fnuse | w%feg%n storage
materials, 8 WO 2005/030637 PCT/SG2004/000317 ‘the compound

comp%ng BRitr6§EFFEM BRAta RRAVEF hetataitofive Ealetied FRo thd ons

?ﬁup&ﬁ@iﬁ‘%ﬁmﬁbﬁf |3mmﬁd\ﬁﬁﬂﬁﬂlﬂﬂﬂn(AlﬁeHﬁéﬁﬂu):@a§&@SMﬁ9@vﬂ%) en
ithium(Li)-calcium(C esium(Mg)-calciyum 5 magnesium_(Mg
P&6G |ulr$n %Na mag(ﬁe ity nlg:;) aIu&nm%%(Af%é Mixtures Hereor, the 2

bimetal rétnpgana comrgsou nblymgge@ap@hwoptatcmtmré&ﬂe@tzmc opn

1SS, APSOIRING 1 ydragen & apabsorpHOR PresRure 3G Oh desobing. e .
60% or more by weight of said absorbed hydrogen at'a 1 desor tion
géﬁirogen

BredutFReTh & ARRRYSH HioPR mayitfe BOIRIEH o GHEBPWHE HiriFo
Aemephl oAe ambodisiiponerof ireimetalgischerdedtn acbydiagenase,

Qigm vile the ofhet metal 1S Honded 1S rhed (released) from the
material when a vacuum is applied.

In a discloged method to absorb hydrogen, the
material comprising the multi-metal-nitrogen compounds may
be exposed to a hydrogen-containing atmosphere, which may
be free of contaminants, particularly oxygen.

In one embodiment, the multi-metal-nitrogen compound
may be a bimetal compound. In another embodiment, the
bimetal compound wmay have two metals selected from the
group consisting of Group IA, Group IIA, Group IIIB, Group
IVA and Group VIII of the Periodic Table of elements, and
mixtures thereof, the two metals being selected such that,
at a temperature of 200°C or less, the bimetal compound is
capable of absorbing hydrogen at an absorption pressure,
and of desorbing at least 70% of sald absorbed hydrogen at
a desorption pregsure. In another embodiment, the two
metals may Dbe selected from the group consisting of
aluminium (A1), calcium (Ca), lithium (Li), magnesium
(Mg), and sodium (Na).

In one embodiment, there i1s provided a bimetal-
nitrogen compound for use in hydrogen storage materials,

8
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15 nitrogen atom. In one embodiment, the absorption temperature and the
desorption temperature may be in the range selected from the group
consisting of: about -100C to about 220C; - 75C to about 190C; -50C to
VEDGUASAEET about -25C to 20 about 200C; about OC to aboRQODEedsens17
-25C to about 180C; about 0C to about 180C; about 20C to about 180C;

8heut 3ptaout180C; abayt 40C 10 @PoYL 18Q¢ ~aboyhR0G, to Uot
180C: about 60C to about 180C; about 70C to about 180C; about 80C to

UB5GL 25 FE6ES aboiR TeE fabdHABOCERBoUSIR 10 S5BHITEORT  Of

about 40Cth)akautdAOGekat 40C to about HHRC ahouiANCG i aRouE) |,
;a t 40C to about_140C; about 40C to abaut 130C; abqut 40C to
e e . abBrPEAE A Ak St Toam (58

appuesd o eEbowrIDO @ldut 68Edvesbout (mosaabmdnem talaboutand
10 A0d ahout S0Ceto ahqut 990G, In. one embadiment, fhe éf“%‘eing

pressure may be in the range selected from the group consisting of:

SRBEP WS 20687030687 PETIS B 200400837 O RPa IGaBoutdmming

Bbayb3ea Kia tglab@ygaeﬂwt?@m a@%@@@%ﬂ%ﬁiﬂ@téﬁw%ﬁgogb%
750 KPa to about 15 MPa; about 1MPa to about a; abou ato
Shoul” iEeMP%:}’ab&ﬁ Pa t§abolif16 MPRSNIBto JD6UTRMPa; B 2@

and@MPado ghmasula. In one embodiment, the desorption pressure

may besin, thg.ranggselecied from the graup gonsisting of: about 0.1 KPEa
to about 10 Ml%a; about 1 KPato abgut 10 MPa; about jf8 Klgéhtao aggut wo
Rodvegeandters KPa to about 1 MPa: 10 about 10 KPa to about 500

KPa; ahoubhe KRademakeut: 250KPa; and gbow1QKPa g ahgikdd0 +o &
1'}1<§Ec?r'ogen atom while the other metal is bonded to the
nitrogen atom.

In one embodiment, the absorption temperature and the
desorption temperature may be in the range selected from
the group consisting of: about -100°C to about 220°C; -
75°C to about 190°C; -50°C to about 190°C; about -25°C to
about 200°C; about 0°C to about 200°C; about -25°C to
about 180°C; about 0°C to about 180°C; about 20°C to aboub
180°C; about 30°C to about 180°C; about 40°C to about
180°C; about 50°C to about 180°C; about 606°C to about
180"’(3; about 70°C to about 180°C; about 80°C to about
180°C; asbout 20°C to about 180°C; =about 100°C to about
180°C; about 40°C to about 170°C; about 40°C to about
160°C; about 40°C to about 150°C; about 40°C to about
140°C; about 40°C to about 130°C; about 40°C to about
120°C; about 50°C to about 120°C; about 50°C to about
110°C; about 50°C to about 100°C; about 60°C to about
120°C; about 60°C to about 110°C; and about 60°C to about

90°C,

In one embodiment, the absorption pressure may be in
the range selected from the group consisting of: about
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In one embodiment, the quantity of hydrogen that is capable of being
reversibly absorbed by the multi-metal- nitrogen compound, by weight

percentage, may be 65% or 15 more, or 70% or more, or 75% or more, or
WO BY06€, or 85% or more, or 90% or more. In one embEEiFIEERO#B00317
guantity of hydrogen that is capable of being reversibly absorbed by the

mukipenetabnitspgen copmpewnd, byweight pesceniager maybeuwithinthes,
range,sel om the 2Q group cansisting of, about 60% to about 99%;

3%’5%‘}1:650%8:@ qé%%ut%@%?a%%t 70% Y5 About 8845 aot 75% td-RoodPout
989 FaboutBOWD. talMBaut88%gtabout 85-'Nm’aqumﬁ%; andrabots HBout
t-2ha S dponmbadment, be fofal guantiyeliydiogsy, 25 tgjﬁpa,-

is capable of being absorbed by the multi-metal- nitrogen compound,
wefynt FRicdRateOHay bl¥RRithin the range selected from the group

consisting efhabawuLibi iRe@bout12%aaBaup i ¥ie 2 [ CI
about 10%; about 1% to about 9%; about 1% to about 8%; about 1% to
%‘%bo{ﬁ%%; aBRtET56 %0 R 6967 bSO 0BTt B G 106REUE

about; aboutdi8ouo abhautB%; ababbidfs to alreut 2%; abasi2%te Mpa;

0%:; 3%t %0: about 4% ut 12%:; about 5% to
ahaul1206; Ui e doalout 206, about 4% (o e,

about 12%; about 6% to a ‘abou {6 about 1 /o;aa
abeutt1 2068 FPHV/OtZ005/0306375PC TF86200a1E0031 7. itk 9%d0 about

aBoutxd2lh; ahqui e ta akeMt 12%,;1a00-abaut k9% to about 12%. A
mass of the multi-metal-nitrogen compounds may used as a sorbent of

hydrogel. BBEorBiER AT B asEiifed B p43sagE oberurIssrhehast is
amtrelahe ofh ibethgasrforeexawiple ageo-bae multi-metal-piflegemetal -
FOTPOYRA MAYRE Ay PLatide, UtRIADINGEM 6ss or
more, or 70% or more, or 75% or more, or 80% or more, or
85% or more, or 90% or more. In one embodiment, the
quantity of hydrogen that is capable of being reversibly
absorbed by the multi-metal-nitrogen compound, by weight
percentage, may be within the range selected from the
group consisting of: about 60% to about 99%; about 65% to
about 99%; about 70% to about 99%; about 75% to about 99%;
about 80% to about 98%; about 85% to about 98%; and about
90% to about 95%.

In one embodiment, the total quantity of hydrogen
that is capable of being absorbed by the multi-metal-
nitrogen compound, by weight percentage, may be within the
range selected from the group consisting of: about 1% to
about 12%; about 1% to about 11%; about 1% to about 10%;
about 1% to about 9%; about 1% to about 8%; about 1% to
about 7%; about 1% to about 5%; about 1% to about 5%;
about 1% to about 4%; about 1% to about 3%; about 1% to
about 2%; about 2% to about 12%; about 3% to about 12%;
about 4% to about 12%; about 5% to about 12%; about 6% to
about 12%; about 7% to about 12%; about 8% to about 12%;
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imide, multi-metal hydride-imide or multi-metal amide. The 10 hydrogen
storage material may comprise a mixture of multi- metal nitride,

multi-metal imide, and multi-metal amide compounds. The multi-metal
WahelHiesitle may be binary, ternary or higher metal hydrideCaiti{ere84/000317
The multi-metal hydride-imide may be binary, ternary or multinary metal

Enbydride-imide abae multinetahpitiides srayche Binany 5RAYY Qg apout
hligt;ler metal nitrides. The multi-metal imides may be binary, ternary or
muNinafy FRSHAT imiies. The multi-metal amides may be binary, ternary or

multinaty raetal amides. 20 itareerziiodinerscabineiabmaydee nay used

vige t_comprises lithium and another metal selected from the
g{%ug cgsr%agﬁr%% of%aim%%n%%&biu%easr?& %%&ﬁesfﬁﬁlr?’ Gngssisted by
Enbodiffestvare bintetglmitoyencbnipoahdanay bé aadithivmazalursniyumtor
Ritrige, 1thiymsgluminium imide, 25 lithium-aluminium amide, lithium
hydride-aluminium_ nitride, lithium hydride-aluminium imide, lithium
hydride= tuntititivd 2RfiEe i FHRERss therBERTRE binmtal-RRrogen multi-

eerpounds of 1ae hydragen reeerwair, mayihage -an everdll compositiofsr 1
rerg{%seented .the %eﬁergl f(%rmégrl%a_: 30, LiXAIYNHN where 0 <X <3,0<

YT End N7 135E5%T. Inone eRboli gnt?fﬁe“ﬁmétéwg&ﬁf)o%%?' The
fayrtrcda et X ARG Bt g dse- capabie vf absprhing hydropematead of multi-

teppgratyte. at gL low 3 5y 11, 005 6 . ,
PCT/SG?&%A?/%%%Q17ﬁ?r%h§ril1eg§r%%%din%\é}{n%%ﬁe b%%?%otaﬁéﬁr%beﬁemz amide

CEpBERtEmay Be amibiRedghestaniarAge ikt agresioen midery,
ligbitia rpagnesivgiamidadithiimigalcivume nitside; Hthium-galciymimidect 41
g}héijrmaggg:&%rgeamédae,_Iitﬂiunkg%cgideﬁ magnesium nitride,_lithium
y“&e_magnesmm Irxlde,e ry, Tefnary or multinary metal
hydride~imide. The multi-metal nitrides may be binary,
ternary or higher metal nitrides. The multi-metal imides
may be binary, ternary or multinary metal imides. The
multi-metal amides may be binary, ternary or multinary
metal amides.

In one embodiment, a bimetal may be provided that
comprises lithium and another metal selected from the
group congisting of aluminium, calcium and magnesium.In
one embodiment, the bimetal-nitrogen compound may be a
lithium-aluminium nitride, lithium-aluminium imide,
lithium-aluminium amide, lithium hydride-aluminium
nitride, lithium hydride-aluminium imide, lithium hydride-
aluminium amide and mixtures thereof. The bimetal-nitrogen
compounds of the hydrogen reservoir, wmay have an overall
composition represented by the general formula:

L xA 1y NEy

where 0 < X « 3, 0 <« ¥ < 1 and ¥ 2 |3-X-3Y].

In one embodiment, the bimetal compound of formula
LixAlyNHy may be capable of absorbing hydrogen at a
temperature at or lower than 220°C.
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lithium hydride-magnesium amide, lithium hydride-calcium nitride, lithium
hydride-calcium imide, lithium hydride- calcium amide and mixtures

thereof. The bimetal-nitrogen compounds of the hydrogen reservoir, may
WavEaB6Erall 10 composition represented by the general BHEE2004/000317
LixMgyNHN or LixCayNHN where 0 <X <3,0<Y<15andN?

13-X-2Yh 1&na caereiibedinent dhe binetal compeundyabiommsound way
iXxMgyNHN.may be capable of absorhing hydrogen at a temperature at

ﬁlﬂt)brélov%elr\%]lél:r]%1 32%}8611 aﬁ%geﬁlmuﬁal-%ft%glﬁng ’co%ﬂﬁ BAdH glum 1mide,

LikMoymHNagag $evoa pablizdef, abstrbingn abelic 0ub06 nt ta-dbeyt 7.5k un-

en at atemper. 20 i range ut 100C to about . . 3
T T G NI o g2

BRTRRE G everdiBRIs0rbink s 0 hs G5t eynaaite iydrogervide ,
Qﬂﬁﬁlemhod'mﬂi&@—ﬁiﬁlﬁahﬁﬁmp%mﬂd@%t ,formli»tlﬁailata@q&gl Mill}!tﬁgﬁmecium
capahle of ahsarpin rogen at a temperature at or lower .
SO0E TRe DI B G EX AR b BB Bl de-
gbsorbing apoide0. 5¥dvt td abotit 4 Yonkibhydrpgerrata lﬁ_‘[ﬁ{é&f@lwi@iiﬂ%ogen
f C t 15Q0C. The bimetal-nitrogen compoun
gﬁ%ﬁ%’f? fux%%ﬁﬁ% rr%g’%é)%eﬁ)agleesgﬁ%%lé%ib@/na% %‘é‘fy‘?bi%& aB8GEa1L
8OTPRFISIOBY RGNS 6geRYIN-bae Zensedimdinythela :
multi-metal-nitrogen compound may¢empLise magnesium a_md another
metal selected from the group consisting of aluminium, calcium and
sodium. 12 WO 2005/030637 PCT/SE2004/000317 In one embodiment,
the multi-metal-nitrogen compoundig@ykg.a bimetal-nitrogen selected

form the,draLip, congisting of naggesium-galcium,pitgide, . o
magnesium-calcium

In one embodiment, the bimetal compound of formula
LigMgyNHy may be capable of abgorbing hydrogen at a
temperature at or lower than 220°C. The bimetal-nitrogen
compound of formula LizMgyNHy may be capable of absorbing
about 0.5% wt to about 7.5% wt hydrogen at a temperature
in the range of about 100°C to about 220°C. The bimetal-
nitrogen compound of formula LizMgyNH, may be capable of
reversibly absorbing about 80% to 95% by weight hydrogen.

In one embodiment, the bimetal compound of formula
LiyCayNHy may be capable of absorbing hydrogen at a
temperature at or lower than 200°C. The bimetal compound
of formula LixCayNHy may be capable of absorbing about
0.5% wt to about 4% wt hydrogen at a temperaiure in the
range of about 25°C to about 150°C. The bimetal-nitrogen
compound of formula LixCa,NHy may be capable of reversibly
absorbing about 80% to 95% by weight hydrogen.

In one embodiment, the multi-metal-nitrogen compound
may comprise magnesium and another metal selected from the

group consisting of aluminium, calcium and sodium.
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imide, magnesium-calcium amide, magnesium hydride-calcium 5 nitride,

magnesium hydride-calcium imide, magnesium hydride-calcium amide,

and mixtures thereof. The bimetal- nitrogen compounds of the hydrogen
WesE@iaday have an overall composition represented by PETFEFrEpa000317

formula; MgXCaYNHN 10 where 0< X <1.5,0<Y < 1.5, and N ?

13-2x-2yl Brene-embeodingnt, theshimetalitrggen comnawikal fasmulanag
CaYNHN may be capable of absorbing hydrogen at a temperature at

MgX

‘8?%6we?ﬁ1ana20d@mﬁjf@ et C8RThouF 15196/ Hula MRFFCaVRRBIN FagUuP

bercapabiengf alfsanbingeationt-150&E06mwt id Bbodes Yomwibhydrogendatia i um
mperature in the  range, of.about 25C to about 180C. The , .

o X S A m o e b o

Yersibty abserbimesdlbout 70w de 859 taiweight hydmgdea, In omegnesium

grbodinent 1the fimetalpitrogencompownd may1 20.08 A  1he bimetal-

magnesium-sodium nitride, magnesium-sodium imide,
-%%m%ﬂé%ﬁid@?m*égﬁeémﬁrrﬁ%ﬁder%ﬁfﬁ%ﬁidé}w have an

orgnesiumdwsiisie: sediur iaidesmagnesiumiy drige-sadium amide

and mixtures thereof. The bimetall\ﬁnit(rjog%q compounds of the hydrogen

reservoir, may have an overall con‘?ﬁog’l’hoﬁ“ 25 represented by the general

formulaidgXNaY KHN whem0¥ % <1.5 0eX& &.5: ahd NoZ 18 2x-2y1-

In onefmbodimen tr&gim tal-q_ﬁ_rbgg n,corﬁggund of formula

MgXNaYNEAR m&Y B capable of absorbing hydrogen ata 30 compound  of

fampedatutégat adiBwenarair00E€p Theshimbta lvempoumyl dfifdrmuten at a
MY NEN may he,capable-ofiahsorbing a@s)utTﬂé‘Vaam%gM%?omd

wt hydrogen at a temperature in the range of about 25C to about 180C.

The brratakpitr SR £ WO Po05R3063PRETISG2D04Be0FPing  about
coswornd b fosmela MgiNay NHMrayke capakle ebrguarsiblte in the

range of about 25°C to about 180°C. The bimetal-nitrogen
compound of formula MgxCayllHy may be capable of revergibly
absorbing about 70% to 85% by weight hydrogen.

In one embodiment, the bimetal-nitrogen compound may
be =2 magnesium-sodium nitride, magnegium-sodium imide,
magnesium-sodium amide, magnesium hydride-scdium nitride,
magnesium hydride-sodium imide, magnesium hydride-sodium
amide and mixtures thereof. The bimetal-nitrogen compounds
of the hydrogen reservoir, may have an overall composition
represented by the general formula:

MoxNaNHy

where 0< X <1.5, O0< ¥ < 1.5, and N 2 | 3-2x-2v] .

In one ewbodiment, the bimetal-nitrogen compound of
formula MggNayNHy may be capable of absorbing hydrogen at a
temperature at or lower than 200°C. The bimetal compound
of formula MgyNa,NHy may be capable of abegorbing about
0.5% wt to about 4% wt hydrogen at a temperature ia the

range of about 258°C to about 180°C. The bimetal-nitrogen
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absorbing about 85% to 97% by weight hydrogen. in one embodiment, the
bimetal-nitrogen compound may be a magnesium-aluminium nitride,
magnesium-aluminium 5 imide, magnesium-aluminium amide,

Whge8asi hydride aluminium nitride, magnesium hydride-aR§FhiBfEat94/000317
imide, magnesium hydride-aluminium amide and mixtures thereof. The

dimgtalnaitregerr sempaunds slatheqydiogenstaragarmatesial, Faay have] v
%? overall conf:po%iti%ggepresenge by 1Q the gen%r:al formula:

GXA N WHEre0< X215/ 5<Y SEETRhd N FPIFx:2y1 A mass of
the multi-nvstal-retrtbgdnemntpounts niayres siravidetbteefornangonhedt may
gy absorbipg hvdragen. The, 1A.sprbent manbe i (e om.of A pOde s,
and may have a mean particle size in the range selected from the group
tBhdRtIng SRENEAYITGIORILD BT to 560ATELM tom2soaE v to 180Hride -

anakdimiterl 00my 20; BHef Deacsiptign.of DrawingsaEne, aGromPanying mi de

drawings illustrate disclosed embodiments and serve to explain the

BRAATESBE tHe HiseDsRY BHBOHe Y A% t6BE uRdETsHsE hdhewrsot -
That thei drevengs hire slesignesbinspuingieseof 2bdbustigiingaly, anthreice
a definition of the limits_of the invention. Fig. 1.displays data showin
PRy S30A B0t LA R B e A beR oy by
‘dompiasref nigititmeal-nitrogen compounds respectively having an 30
overall formula of LiIMgO5NH (op%grﬂgg}qand Li2CaN2H2 (black
squares). The Y axis represents the molar ratio of H to the sorbent at a
pressUreesTeI0n0 RPaX48 bais) 8f 1430 2808/086637 3 -2x-2y| .

PCT/SG2004400081 7 Haydppaen and the XaxisdgpHeSels IS (REY AR, Ny
ggg\rg%seci to form a sorbent for absorbing hydrogen. The
sorbent may be in the form 6f a powder and may have a mean
particle eize in the range selected from the group
congisting of: 0.lpm to 1000um, O.5um to 500um, Ium to

250pm, 1lpm to 150pm, and lpum to 100um.

Brief Description of Drawings

The accompanying drawings illustrate disclosed
embodiments and serve to explain the principles of the
disclosed embodiments. It ig to be understood, however,
that the drawings are degigned for  purposes of
illustration only, and not as a definition of the limits
of the invention. ‘

Fig. 1 displays data showing the amount of hydrogen
absorbed with temperature by two sorbentsg comprised of
malti-metal-nitrogen  compounds respectively  having an
overall £formula of LiMg,.sNH (open circles) and Li,CaN,H,
(black squares). The Y axis represents the molar ratio of

H to the sorbent at a pressure of 4000 kPa (40 bars) of
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centigrade. Fig. IA displays Pressure-Composition-Isotherms (PCI) of
data showing the amount of absorption and subsequent 5 desorption of
hydrogen with pressure. The sorbent having an overall formula of
WGBSR Topen squares) was at a temperature of 180C. THETSSIRAA000317
having an overall formula of LiCao,5NH2 (black circles) was at a
teygecatene @208 The Xxaxs repiesanis pressupinbaranditie deqlQes
a&('éshq%prgg%réts the ratio of absorbed H to sorbent. Fig. 2 desc.rlbes
Tempel%lture-Programmed-Desorption (TPD) of sorbents having the
followingideraibfodedsl ta)s I—I'%wgm@dnwtgmﬁlmﬂel&ﬁt(hgrms . (PCI)
r te M[gggs ~a ydrage dLi SNH. Absorption
%ﬁd?%?&?ﬁf} Hgy%crso en 1?%%%%#98 }1% M(Sga (%%e%%%%t?%e f ﬂ’ﬁr.s goduent

RRITPBI Whs Hetd ST MEReafbgth®rpasEsampiizsn aqzentrednving

puiified: &k 2A Mass.speciometer, e used tosetect the, efflugnt gases. .
Ftig. 3 shows r%ress%re-composition-temperature (P-C-T) 20 profiles of a

Sorbent Raving thedverall formula ER MG ERER Gt tdtANeREuredbf: @yerall
1800Gleserf squiFes)saHd (Hp1200C (clasddsiycles)s The Xaxissmperature

repr wit- f rhed in the sample and the Y-axis_is pressure.
Fsig.l?giggéys%lga%cﬁ%sigof ydrogen absorbed by & 25 sgjr‘%leaﬁ1 iﬁge X
i oFe FEiRioHIBBSIfiofi Mg BN a0 SN 1AP22S dth Yernperstukeithe Y axis

represem_tg;fthﬁ glolaaééﬁm)% to %@%ﬁ@%tlzfé%%ﬁfgﬁfggg%%?& ion
rogen. The X axis represents temperatu
g@]%%%rras()ﬁ)é% S?JX EiT B e SEABEEST ditfe ERArCBI S amsed DlesbRitiBi a : (2)

(FRDogletad tHhdirogemages Mg Q;5Nam Y SNiJaBoeamplexd (bLimg, .vu; . and
wsogsnated MapaCan It And (6) budigaenated 190 SAIOSNHGS
Absorption conditions: Hydrogen pressure
pressure 10 MPa (100 bar), time 1 hour. The desorption was
detected by heating the above samples in a gas stream of
purified Ar. A Mass Spectrometer was used to detect the
effiuvent gases.

Fig. 3 sghows pressure-composition-temperature (P-C-T)

profiles of a sorbent having the overall formula Li,Mge. sNH

at temperatures of: (a) 180°C (closed squares) and (b)
200°C (closed circles). The X-axis represents wt% of H

absorbed in the sample and the Y-axis is pressure.

Fig. 4 displays the amount of hydrogen absorbed by a
sample having an overall composition Mdgg.sNag. sNH; 25 with
temperature. The Y axis represents the molar ratio of ¥ to

the sorbent at a pressure of 200 MPa (20 bars) of

hydrogen. The X axis represents temperature in degrees
centigrade.
Fig. 5 describes Temperature- Pregrammed-Desoxption

(TPD) of {a) Hydrogenated Mgy, sNag.,5NH, 5 complex; (b)
hydrogenated Mgs.5Cay sNH; and {c) hydrogenated

MdJo.5Alo.sNHo.5. Absorption conditions: Hydrogen pressure 10
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WO 2005/030637 PCT/SG2004/000317 MPa (100 bar), time 1 hour. The
desorption was detected by heating the above samples in a gas stream of
purified Ar. A Mass Spectrometer was used to detect the effluent gases.
VER2 B80S P-C-I profiles of a Mgo55NaNH4 sample at 5 tMfip&EI0HE00317
of: (a) 160C, (b) 180C and (c) 200C. X axis represents molar ratio of
afmorbad b tosMp).SNaNHH, Xdsrpressuraideiafied Beseaptigrdcted by
Q{%C@i%d ecgg)é)dgrgg@g %OmPrf Saration of metal réitrides NiIIrides can be
syn?hesge' y direct feaction betweena metal ARa i roéfen Eggl[gf%ym‘
tivdesmorearetainehatrwilbeombink withde bitrigerheontifilingmoipiygato.
form a gabogngiibaL vl eeversily absarh,at anta SARYdigasn oap

be used. At least two dissimilar inetals are selected from an' alkalf meta
(estrdismiivsy opfsodia @NE)) Can Hikalineoéarthmietéat je g0 piagnesiami s
( i ) roupdll : i m&%g orAa .

C%%gl)f 59 \%ﬁlﬁ%gtg#%%%pgrgtigﬁ opfﬂt;girgr]%éﬁn%igggn%?ﬁw ing ’Aya 8
BihfE&MA®ogen compound is made by ball milling a mixture of a metal
hydride and a metal nitride, metal 25 imide or a metal amide. The metal

of the metal.nitride, metal imide, or metal amide being different from the
metal of %eet?nleﬁtgﬁhygﬁgéc.l?ﬁé‘ﬁﬁ’lxﬂﬁec{ﬁﬁfﬁ8§ BleArMRATERERtS ball
it isathborhedtedsgitiie rrunderdescuum or in  the presence of an inert
gas at ratures ranging fro C.10.1500C, under gas, pressure.of
from IkiiF?a{F?%‘ii 15‘%%1) téﬁéko M%% 5 %%bé%ﬁ%ﬁlar%o g%g evo \}égg Fr%nm fﬂ%acuon
PRERSNCAcinttionligand nitrogen gas [5]. Any two or more

metals that will combine with a nitrogen-containing moiety

to form a compound that will raversibly' absorb at least
70% hyﬁrogen can be used. At least two dissimilar metalg
are gelected from an alkali metal (e.g. lithium (i) or
sodium (Na)), an alkaline earth metal (e.g. magnesium (Mg)
or calcium (Ca)), a Group IIIb metal (e.g. aluminum (Al)),

or a Group VIII metal.

Preparation of bimetal nitrides

Ball-Milling

A bimetal-nitrogen compound is made by ball milling a
mixture of a metal hydride and a metal nitride, metal
imide or a metal amide. The wetal of the metal nitride,
metal imide or metal amide being different from the metal
of the metal hydride. The mixture that has been subjected
to ball milling is then heated either under wvacuum or in
the presence of an inert gas at temperatures ranging from
25°C to 1500°C, under gas pressure of from 1kPa {0.1 bar)
to 50 MPa {500 bar) until no gas evolves from the mixture.

Calcination
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WO 2005/030637 PCT/SG2004/000317 In an alternative method of
preparing bimetal nitrogen compounds, a mixture of two dissimilar metals,

or of their compounds, are calcined under a nitrogen atmosphere at
WEHAPEYEES ranging from room temperature 5 to 1500C, urit§&i fax04/000317
pressure of from IkPa (0.1 bar) to So MPa (500 bar). Calcination can also

be carrigdl outiby laddtingnatmixture oéalmdtal, of of is@ompeindshandBal -
m%@&%&@ecmﬁé@dﬁ&‘% Oa”ﬁi%ﬂ?@eo@%%oa”dﬁ]s‘?gi&aﬁa‘?{ ”'tégggn or
atmosphere at temperatures ranging from 10 room temperature to 6,
Gder %B%Jﬁfessﬁ?@EP%ﬁf» AkP&¥%0.1 ) .86 MPaBE bary . Thétrogen

metalsphekits eempass-hatieacts yith the reetal nittidle, metalimide., .o
Qr.me al amide acts as a "dopant metal”. The dopant metal can be

pidvited-inthe T3 88MPBHATE S EeSMPEECTS hahides! budd&airides, 50
dfganothetllibeompouraiscdtea tHydrogemStarage ibbi-Galehecur by
verall ositi f a Li-Ca. NH compound, may pe described
5 B i S0 o VBN tinere o3, o309 2
295 And N7 1GeX -2netaSamplalef IGCa06NEprepated andithe an inert
rtion 9f dpelragenuas inyestigated b ,gg%q.gr -Pr med-

gﬁﬁ:tion (TPR) . Diluted hydrogen Qasg(%oéogH + 8(%%%, tf?ég%%@a?tiafrom
FRWurE TR R E8IndES MF’g‘}(Ql{(’)%oaréﬁ)‘i%%?é FESeddRdEghea of from
L5 N sarbple) hasingsa mezan pegticlepsize of aHlan alelgvatedy of itg
t r S. Qn-lipe Gas_.Chromatography (GC) and Mass Spectrogmetry
gﬂ%@)%v%}#%r%seght%gm ohitor the ¢ %g%ag r%/%%%eﬁ E5htst in BRFafuehtde
36 gas eukingtAd e sRaIG . dsdispliyietee T PRetast fesulise [t dapelne: seetal

hak hyskoggnappagetion By LiGaoSaNH begins g, iemperapure of oy o
about 25C and increases at temperatures
halides, oxide, nitrides, organometallic compounda etc.

Hydrcgen Storage in Li-Ca. NH

The overall composition of a Li-Ca.NH compound, may be

described according to the following formula:
LiyCayNHy

where 0 < X < 3, 0 < Y < 1.5 and N 2 |3-X-2Y].

A sample of LiCa,.sNH prepared and the absorption of
hydrogen  was investigated by Temperature-Progranmed-
Reaction (TPR). Diluted hydrogen gas (20% H, + 80% Ar, the
partial pressure of H, is around 4 MPa (40 bars)) was
passed through a LiCa, sNH sample having a mean particle
size of a 1lpum at elevated temperatures. On-line Gas
Chromatography (GC) and Mass Spectrometry (MS) were used
to monitor the change of hydrogen content in the effluent
gas during the test.

FIG. 1 displays the TPR test results. It can be geen
that hydrogen absorption by LiCa,.sNE begins at a
temperature of about 25°C and increases at temperatures
above 100°C. Hydrogen absorption peaks at 150°C, in which
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above 100C. Hydrogen absorption peaks at 150C, in which 17 WO
2005/030637 PCT/SG2004/000317 the H to LiCa0.5NH ratio is about

0.87, which is equivalent to about 2.03 wt% H stored in LiCa0.5NH.
WHi98H#39637g bound by theory, it thought from the data obtREEGERARPRM317
that the reaction path is: 5 2LiCa055NH + 2H2 - CaH2 + 2LiINH2 (1) With

toRd IGaBHNH convearing4eahld ansbliNH2.sFthe which is equivalent
Pressure-Composition-lsotherm measurements shown in Fig. IA confirm

thid BRSHEGH. PrhefidriZbritaPaR &8 héfepe ©%he molar ratio of
absorb#&d tHhatam toedorentoddn Big. Idbeglosed cirtlesghtareésom the

representthe LiCa0 5NEL sorbent, The arrow 30 represents the
absorption i%é%err% OE Ig%gé??fhﬁ%%drt %Cgr%g\fvl rge%rjégénts the
desorptiondsathesmlFrom FIELIA-t ceatbe seen2halRzcan reddh up to

15 1.75at temperattieQf ahaut22QG which is gavivalent ta abogt = 7.

2.03wt % of H2. As contamination is difficult to avoid, contaminants (for
ST MATHHRGHE aR8 A HIGEE) may BRBPYSLEBRSIN anmRRANRf theln
sample aveightsthvs, Xrap bedeas $tded 0. 2 hedeverseafithexis (x)

reaction of equation (1), i.e. the desorption of hydrogen from CaH2 and
JENHZ c%cr)] b%e%%cﬁcl(g\?/téaa: by %e%jégm%%osi??%ﬁoojf%/ é m%tear}:acf%t §© sorbent.
tBpdtesuret from tbeut 80C4sdbot: 220G at adiyairegen pegsswwerdf the

%BQU(QL\'@Il %}:E@aﬁg MP%@OQJ%’QT 2§UA‘%T§1§£%QJQM1:S the absor )tion

Temperature-Programmed-Desorption (TPD) (shown in line ¢ of FIG. 2),

Ao e Hrptib FRyirElat 2RtempBRtuPEBPYrod 178LE eFfRsSakshe
al=220GtTbe desarheddhydrogen may be described according to the

fOHOWirlEgrgn%aC%i?g:. 301g,aHgt+ %Iélrlz\l %%_*szeléigag}?al\ltl_' § Zye.zn(zz‘each up to
1.75 at temperature of about 220°C, which is8 equivalent to
about 2.03wk % of H;. As contamination is difficult to
avoid, contaminants (for example lithium oxide and
hydroxide) may occupy a certain amount of the sample
weight, thus, X can be less than 1.0.

The reverse of the reaction of equation (1), i.e. the
desorption of hydrogen from CaH, and 2LiNH,, can be
achieved by decomposition of the material at a temperature
from about 80°C to about 220°C at a hydrogen pressure of
1KPa (0.01 bar) to 10 MPa (100 bar).

As tested by Temperature-Programned-Descorption (TPD)
(shown in line c¢ of FIG. 2), hydrogen desorption begins at
a temperature of around 175°C. and peaks at 220°C. The
desorbed hydrogen may  be described according to the
following reaction:

CaH, + 2LINH, - 2LiCay sNH + 2H, (2)

In gitu X-ray Diffraction (XRD) was used to measure
the phase transition during hydrogen absorption and
desorption process of a LiCa,sNH sample. As shown in
line T of Fig. 7a, which shows the XRD of the sample
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In situ X-ray Diffraction (XRD) was used to measure the phase transition
during hydrogen absorption and desorption process of a LiCa0.5NH
sample. As shown in line | of Fig. 7a, which shows the XRD of the sample
W8 WSB0683/030637 PCT/SG2004/000317 before hydrogerPEB&sipiai0e317
only strong diffraction peaks assigned to LiCa0.5NH and weak peaks at
Bbeyt-37 Byanth abputpd & aeidie 1oHaQ. As hydipgenalsorption peaks
began, the LiMgo.5NH phase at about 32 became weakened and 5 finally
?73%?5%%8 n&Thelainitresiid THlid¥ phasd ittt aiptbximatdly and

86ch11515387 anch44, rdspectivetsodevalopsditbeam baseendtomih®egan,
RD diffraction patterns of Fig 7a_before (1) and after (1) hydrogen

a %Qr%fffb@l%hsgtglol?&g ?droéb%ena%%g%%még is c%r%%%g%d of éaﬁﬁeéﬂl’ld and

finE21nydasyeehstbragalintbisMgnide Thedvsaldciapobiienof altuated

LM ﬁ%@@@pﬁ, gy be, described according tg he fallgwing,. ;o1

formu 31,_11&5 LiXMgyRIHN whefe 0 < X <3,0'<Y < 1.5 and N ey

486 yRBEen absorption of LiMgo.5NH was investigated by

Temperatuse-Programsed-Reastiond PRIDDiduted hyekosan @as2098 of
2 + 80% Ar, the partial pressure of H2 is atound 20 4 MPa (40 bars))

%‘% p%ssﬁéeﬁftﬂ%ug IEll\/fg ) ﬁﬁtéad:m IIelaavEﬁﬁléiré) HEANPSTER 478 of BRat

bira dvefevatedasmberampés On-live@asChedmatdtraphy (GEand

Mass Spectrometry (MS) were used to monitor the change of hydrogen

content in the effluent gas during the test. FIG. 1 displays the TPR test 25

Fysultsydtcat besgenithalhydmoden absorption by LiMg0.5NH begins at

a tempgaratyse of abput. 90 O@ri%ileﬁr%afseash%hf@w?ﬁt% AR 120% ve

Hydrogen absorption peaks at 220C, in w the hydrogen content
desciaded according to the following formula:

LixMgyNHy

whefe 0 <X <3, 0¥ < 1.5 and N 2 |3-%-2Y].

The hydrcgen absorption of LiMge sNH was investigated
by Temperature-Programmed-Reaction (TPR). Diluted hydrogen
gas (20% Hy + 80% Ar, the partial pressure of H; is around
4 MPa {40 bars)) was passed through LiMg, sNH sample having
a mean particle gize of a 1lum at elevated temperatures.
On-line Gas Chromatography (GC) and Mass Spectrometry (MS)
were used to monitor the change of hydrogen content in the
effluent gas during the test. FIG. 1 displays the TPR test
results. It can be seen that hydrogen absorption by
LiMg,.sNH begins at a temperature of about 90°C and
increases at temperatures above 120°C. Hydrogen absorption
peaks at 220°C, in which the hydrogen content reaches
4.95wt% and the decreases at temperatures above 230°C.

Without being bound by theory, it thought from the
data obtained by TPR that the reaction path is:

2LiMge sNH  + 2H;, - Mg(NHz), + 2LiH (3)
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4.95wt% and the decreases at temperatures above 230C. 30 Without

being bound by theory, it thought from the data obtained by TPR that the
reaction path is: 2LiIMgO55NH + 2H2 Mg(NH2)2 + 2LiH (3) 19 WO
WOOBMe88837 PCT/SG2004/000317 With the LiMgo_SNH cOHVERGg0td000317
Mg(NH2)2 and LiH, about a 1.7 molar ratio of H to LiMg0.5NH can be

stored, witith isquat ioabous. 95vi%eethydroges thas panbe siared 15,
in,LIM@O,5NH. The Pressure-Composition-|sotherm 5 measurements

srﬁg\%%m%igﬁi crgﬁgﬁn% this %%gdic?%n%ﬂ{ceo horZgntiAxi§R) Rferstgred. .
thé idlar FatiocceiasottsedablbatomaoSorbentolh FigdtAgthe offeit can be
sguaresrepresenty, gyl iMgo. SNigorbent The arrqw 10 represents the,
absorption isotherm an tshga arrow 20 represents the 10" gesorp Ion

iSUtREMHT CBfTH 1 GRerRit $8n BeSbectithaeXEdomd tdch ppedigitien. The

teroperattanf abous 2200, whichis egyivialent i1 about 4. 9awWt% ofH2.1eg

Ag caggct%mination i%difficult to avoid, contaminants (for example lithium
oxidaand 15 hydroxis) may odctipy a tertificaneet ot e Lafprepresent
wigight, thilgX 4&h beslesbd¢han 2.0TEbe rexerse of the reaeligedénts  the

e e T

be achieved by decomposition of the materia empera

BREPEREL AR M at a hydrogen pressure of 10KPa (0.1 bar) to

10 MPag(36Q hark Asitested by.sFemperature-Pragrammed-ResqIplign ., o
(;PE) %hoi\:/vn in line b _of FIG.;#Phydrkcgerl desorption begins at a
témpefature OF SFGURH 46, Blakd 8 Frocrhehe s esvdmetart to

250185C. T hesassorbedhydiggerrmay:brdastiibetbaccardingterthe 1+ to
f%'!%’ii@g re%&?@é&&%ﬁ@z * ?%é@ " 2e|3!:'a\3/| 015eNH fl%ﬂ%\.g#\) bx:%de and
hydroxide) may occupy a certain amount of the sample
weight, thus, X can be less than 2.0.

The reverse of the reaction of equation (3), i.e. the
desorption of hydrogen from Mg(NH;), and LiH, can be
achieved by decomposition of the material at a temperature
from zbout 80°C to about 220°C at a hydrogen pfessure of
10KPa (0.1 Dbar) to 10 MPa (100 bar). As tested by
Temperature-Programmed-Desorption (TPD) (shown in line b
of FIG. 2), hydrogen desorption begins at a temperature of
around 140°C. and peaks at 170°C There is a shoulder at
185°C. The desorbed hydrogen may be described according to
the following reaction:

Mg (NHz)z + 2LiH - 2LiMg, sNH + 2H. (4)

In situ X-ray Diffraction {XRD) was used to measure
the phase transition during hydrogen absorption and
desorption process of a LiMgo.sNH sample. As shown in
line I of Fig. 7b, before hydrogen absorption, only strong
diffraction peaks assigned to LiMg, sNH and broad pbeaks at
about 42.3° and about 61° are due to MgO. As hydrogen
absorption began, the LiMge.sNH phase became weakened and
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In situ X-ray Diffraction (XRD) was used to measure the phase transition
during hydrogen absorption and 30 desorption process of a LiMg0,5NH
sample. As shown in line | of Fig. 7b, before hydrogen absorption, only
VER MY/ Eiifedction peaks assigned to LiMg0.5NH and broad gaiE@004/000317
about 42.3 and about 61 are due to MgO. As hydrogen absorption began,

thie kMg, Skh phasea besamenweakamed and 20 YQRO0EHIINGB 71 tuated
PCT/SG2004/000317 finally vanished and the amide and hydride phases
sﬁ%at%ﬁpgtogé&%xén%ie%a%&&’51%1:@8’, anglcf3 44, r%%%ec%%ely, HeOR P oY -
Itearebemedn from the XRD diffraction patterns of 5 Fig 7b before (1) and
after (Il);hydragenabsarations ihat _@ﬁé‘yﬁﬁaﬂeaﬁ% E%IE‘PL%S semnased ¢

of Mg(NH2)2 and LiH. The desorption from a sample having the overa

R oRRidrEiRID, AN HOY FhsaHsol fektedumiaTesitny RPFREEFE Ue a that
the desomtiogeaidnstioganiiem ModRRand 39 ki elaseh-mirerssthe
desorptiokrll isotgerm of LiMg0.5NH. Hydrogen desorption begins at a
temperatire of ST A%DC. Hridhedks SETRIE. HYGORH Stdrsge fiverall
Mg NI 16T Hel Mue raliBempositionadfse L Mg &H cCReMatnthdnasbe g .
scri accordipg to the following formula: MgXNayNHN where 0<
RS A R L e e A
N’q@'@l_ 5N§é%ﬁ4ma§iggqﬁg€s’@@gtg§e@prption isotherm of LiMg,. sNH.
Teraperpiie-Regranimed-Reactions(TRR). Riluted hydagenas (209, qyng
HZ + 800 Ar, the partial pressure of H2 is around 4 MPa (40 bars)) was
pasged ‘thl%rﬂ%kp%’df%ﬁltéol.gﬁl—f:sample having a mean particle size of a

1m at elevated temperatures. On-line Gas Chromatography (GC) and 25

Viass- SRERIamSHyMS) Were ysegdto monitor the change of

The overall compesition of a Li-Mg.NH compound, may be

described according to the following formula:
Mgy ayNHy
where 0< X <1.5, 0< ¥ < 1.5, and N 2 | 3-2x-2vy.

The hydrogen absorption of Mg, sNay, «NH was
investigated by Temperature-Programmed-Reaction (TPR) .
Diluted hydrogen gas (20% H; + 80% Ar, the partial pressure
of H; 1is around 4 MPa (40 bars)) was passed through
Mge.sNa, sNH sample having a mean particle size of a ium at
elevated temperatures. On-line Gas Chromatography (GC) and
Mass Spectrometry (MS) were used to monitoxr the change of
hydrogen content in the effluent gas during the test. Fig.
4 digplays the TPR test results. It can be seen that
hydrogen absorption by Mge.sNay.sNH begins at a temperature
of about 25°C and increases at temperatures above 50°C.
Hydrogen absorption peaks at 60°C, in which the hydrogen
content reaches 1.0 wt % and the decreases at temperatures

above 70°C.
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hydrogen content in the effluent gas during the test. Fig. 4 displays the

TPR test results. It can be seen that hydrogen absorption by

Mg0.5Na0.5NH begins at a temperature of about 25C and increases at -
WEmHEahEs above 50C. 30 Hydrogen absorption peaks at BOTS{RMWHRAGS17

the hydrogen content reaches 1.0 wt % and the decreases at

temperahusesiahomer106. 2F WO 2005103003716 T3 20040081 Formula

e desorption of a sample having the, overall formula
H%b%%ﬁo.%ﬁo.é” Was S?Ls%ostu |é1§f %ﬁé is% (?)eri by TS D P¥holiifin TEP
l#ecanf FG. StHlrogenadesdption flom My055i0. 75N EOrH bigins dt-om
HEMRSrate of argund 1506 and %Qﬁg&%&ﬁ&?@tojfm&éﬂﬂét%wc and

desorbing at a temperature of about 200C. Referring to Fig. 6, there is
ST PREssBROUEoMPEStioRISotRERRS (Fleanhbhifes 3 aaM§e BRI ture
samplecat temperatures of: (a) 160C, (b) 180C and (c) 200C. it 10 can be
seen fr mfFi . 6 that the maximum ratio of absorbed H to MgNa2N2H (or
BFRRSD. SN b abiout 195 Rich 1€ cqdiaitht «F AB8EETS"

2 moledijie
Tovpostydogensstirage s desorption ipxdgiCasNettl s Theouessll sample

campaosition of a Mg-Ca:NH cqompaund, may be_described according to
% (GTRRBTEHRGT: KKCLINIRY here 02 X'P & 05 <(Eb PRy Tt
xani 3x-2rkAs futhbeRigscribet a Examplenexbelow, msdmplerob 28 rbed

Mg(é@cﬁé’mél\z'ﬁ'zﬁf’aﬁc?lb'%toﬁﬁsgéﬁf@st;’_éﬁe&gﬁ Hald, te%ﬁ& ra&H&%ﬁ; &9

40C and a pressure of 20 MPa (200 bar esorption of the samp
MoV d& sREL RGBS SridiPakdls 8W&kn by the TPD shown in line
b of FIG. 5. It will be seen from the figure that hydrogen desorption 25

from Mg0.5Ca0.5NH occurs over g broad range of temperatures.
Hy rogen Storage & desorption in Mg-Ca. NH

The overall composition of a Mg-Ca.NH compound, may be

described according to the following formula:
MgxCayNHy
where O< X <1.5, O< ¥ < 1.5 and N 2 l3~2Xm2y|.

As will be described in Example 6, below, a sample of
Mgy .sCap.sNH was able teo abgorb up to 1.3%wk H .at a
temperature of 40°C and a pressure of 20 MPa (200 bar),

The desorption of the sgample ©f Mgy.sCag.sNH was also
studied and is shown by the TPD shown in line b of FIG. 5.
Tt will be seen from the figure that hydrogen desorption
from Mgs.sCae.sNH occurs over a broad range of temperatures.
Hydrogen desorption from Mgy, s5Cag . sNH begins at a
temperature of arcound 50°C and peaks at about 190°C and

stops desorbing at a temperature of about 300°C.

Hydrogen Storage & degorption in Mg-Al NH

The overall composition of a Mg-CaNH compound, may be
described according to the following formula:

Mg xAlyNHN
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Hydrogen desorption from Mg0.5Ca0,5NH begins at a temperature of

around 50C and peaks at about 190C and stops desorbing at a

temperature of about 300C. 30 Hydrogen Storage & desorption in
W@GuasNRsThe overall composition of a Mg-Ca-NH compounki Hidy2esd/ 000317

described according to the following formula: MgxAlyNHN 22 WO

2005/03963% PE.T/$G2004/0903%7 wheke QX ¥ 1:5, 05 Y. L5 and N 2

I 3-2x-§d%. The desorption of a sample having the overall composition

Mg0.5AI8 SN HRESHEH BY theF PDAShoWi-fne &23fiMG. SEhswill peerall

sesipientthefiguse that hydrogen Sidasorpion framrMgOLARONR 1ine ¢
b?”%}%{ a temperature of 50C and continues desor‘biﬂ%to a_peak
e ;

Bmperature’of agoul >y BFSger Refeakify mafitls 10 Bfsclbidiegen
hiseinpiel compositio s ceipyisity aklbast one metabhydideand aof 50°C
Talp! WUids eRaaPIeALIGSoBng JYUOORLAICIANEIION, o oe oot
temperatures and pressures. It7is expecteg that these" compositions may
& 0sed as an additive in a hydrogen reservoir to assist in the 15
desorption of hydrogen gas. Disclosed herein are a number of examples
ofeorapesitioRs capable efzeleasing hydrogen at relatively low
temperatures: In a first example, a 2.0 g mixture of Mg(NH2)2 and MgH2
with mOPFRR 5P B85 BalF AIGPRR 5L 100 0 GRTRGrAE ot least
ansosphiesit prgssurée |t avad surpasenylynfduntihat2wedslef hytragerorbing
leased. from the. mj ' illi eriod. In a second
R 510 o mikeare ST LNEIS e AR ST s T
ABlafERRCGEE 1 WhS balltPssRillsPrsrel hborsat BaospReriegsdssare. an

lta@Stive in a  hydrogen regervoir to assist in  the

desorption of hydrogen gas. Discloged herein are a number
of examples of compositions capable of releasing hydrogen
at relatively low temperatures:

In a first example, a 2.-0 g mixture of Mg(NH;), and
MgH, with molar ratio of 1:1 was ball milled at 25°C for
two hours at atmospheric pressure. It was surprisingly
found that 2wt% of hydrogen was released from the mixture
during the milling pericd.
_ in a second example, a 3.0 g mixture of LiNH, and
LiAlE, with in a LiNH,:LiAlH, molar ratio of 2:1 was ball
milled for 20 hours at atmospheric pressure. It was
surprisingiy found that 3wt% of hydrogen was reieased From
the mixture during the milling period.

In a third example, a 1.0 g mixture of Mg(NH,), and
NaH in a molar ratio of Mg(NH;),:NaH equalling 1:1 was
heated to 160°C under an inert gas atmosphere ai
atmospheric pressure. It was surprisingly £found that 2wt
of hydrogen was released from the wmixture during the

milling period.
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surprisingly found that 3wt% of hydrogen was released from the mixture
during the milling period. In a third example, a 1.0 g mixture of Mg(NH2)2
and NaH in a molar ratio of Mg(NH2)2:NaH equalling 1:1 was 30 heated
W 266@30Fder an inert gas atmosphere at atmospheric presSreSENEE00317
surprisingly found that 2wt% of hydrogen was released from the mixture
dyringpthen mMidingrReriatk 23 WO 2005/030637 PCT/SG2004/000317
Hydrog%]@Rtilseé\écg)irs ghe Q¥gr:o en sgorbents]gdescri ed above can be )
used in" any cireUMatances whare hyaregan 8Gop RVSedeg abe used in
preferred appticdtiorcekthevdorbentstigdrdyerogenuSregervioirs. needed. A
Apaiications forhesedesenoirs are numerays, for, example, as onshoard
hydrogen storage in hydrogen-energy- driven automobiles, ships, airé’rajft, J
mhisEReEetE SAanother possible application for the sorbents is in a
hydrogepgdDitugt celhwhere, for Bxamples the-serbents gdescrihgiabye  ror

can supply the hydro%en. In addition, the hydrogen absorption and
FESEBUGH rSRetiGhs HEEE h AR Barf e TR 16 Frah¥isitemiergy ATy -
liydrogen aesemvols iiay compiise 4 containef thatmls sentainsthe. Another
Qrbent yi eda{ invention. The container _may bear one por more ports
%at pe%’m%[ thegéggeésas‘to]foﬁyd%gren d{l}ﬁingS ﬁ§g%%%% at%ssorpltﬁ)n AndHiar~oen
pEerit ffel bgrésrss hyirsgardutihg hytdhsyerrdbsorptioricimribed above

cepfainghgan-Rlsowse a aingle.par withyg revigssible; 20, valve fo, peﬂ?ﬁrogen
both the ingress and the egress of the h%/]drogen. A person skilled in‘the

RIGHE Have HE KIDTRERGE BRd TRAMNYEftaBRYS ddssh ebigmeian be
fosedseasthysiragen-tesendaity: .

A hydrogen reservolr may comprise a container that

contains the sorbent used in the invention. The container
may bear one or more ports that permit the ingress of
hydrogen during hydrogen absorption and that permit the
egress of hydrogen during Thydrogen desorption. The
container can also use a single port with a reversible
valve to permit both the ingress and the egress of the
hydrogen, A perscon skilled in the art would have the
knowledge and training suitable to design containers for

use as hydrcogen resexvoirs.

Bxanmple 1

MgH, can be purchased commercially. LiNH, and Li,NH can
be synthesized by reacting Li with ammonia gas NH..

2.0 gramg of LiNH,, Li,NH and MgH, with molar ratio of
1:1:1 was mixed thoroughly by a planetary ball mill for 2
dayg. The as—prépared mixture was then heated in a wvacuum
{1kPa (0.01 bar)) to 250°C until no gas evolved from the
mixture. A ternary imide was formed having the overall
composition given by the formula Li, Mgy sNHp. 5. Without
being bound by theory, it is thought that some of the
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25 Example 1 MgH2 can be purchased commercially. LINH2 and Li2NH

can be synthesized by reacting Li with ammonia gas NH3. 2.0 grams of
LiINH2, Li2NH and MgH2 with molar ratio of 1:1:1 was mixed thoroughly

WO piaseidry ball mill for 2 30 days. The as-prepared mixtuPe R MEH00317
heated in a vacuum (lkPa (0.01 bar)) to 250C until no gas evolved from

th%amg@wr?s fAHgmlamHmw ' wa&éa@ao %@;ha«%ﬂmégg&w@é%k fjegﬁ)?{?gmants
Ve e formulg Li155 .5NHO0.5. Without being bound by theory, it
D R IS Ra OF o "SR T 0a085 7 BE TS 20600317
reactants Fad formechamben plex Wihilevegraenf fhesteactants heskn@larticie
reacted but had mug\imad | mixture form. A 500 sample of _
Lii.sMgO.‘SN'Ho.sé?laving a %eéagn pgﬁﬁ%ﬁ:lessﬁ%% wgglil)%t incfg the saPrﬁSFesure
ceM R ER fesrds% GermpositidtCibthetmil (RCI) Timit. Thediydgegen storage

stypgeieapagily Wasdatgrminedy inrodyging 40 MPa (100 3\%&“ bar) of
drogen into the sample cell, which was preheatéd to 180C. After 2

H&{PS BFEBsordtion, t £8VRYF of ogefval aisdtoeBreheated to

Desprption Mtassperformesihiys evaguatingdhe PEhsystemota 10kRa (Qds  of

Qi% é%mggfr;atggesgfr ggc for 3 hours. The amount of desorbed

hydrogen was measured by re- absorption of hydrogen at 180C and under
10 MPab@BoHmir) cof Hyelsogey firnkdurby. lwitdcofdyidiggemwasae ISystemn

absorkedsyyhighy me at.abau 0 droge desor .
ot et Sy g R s,

SURBrisiABHIBENd 6 bedearatte 3 rdedEaItRorAg oDsRsHBethe by Te-
adiseched hydrogenhyhe sgshentof femaa2L M0 BNHBE Wa%o bar)

Syibralndeaneb s gLaborizand dORblO QYRR e
absorbed, which means that about 90 wt% of hydrogen was
desorbed at 180°C.

Accordingly, the sorbent of formula Li, sMge.sNH, s was
surprisingly found to be capable of reverse absorbing
20 wt% of the abscrbed hydrogen. The sorbent of formula
Liy . sMge.sNHy.s was surprisingly capable of absorbing and
desorbing hydrogen at relatively low temperatures of about
18¢°C.

Example 2

450 mg sample of LiMg, sNH was put into the sample
cell of a Pressure-Compogition-Isotherm {(PCI) wunit. The
hydroggn storage capacity was determined by introducing
20 MPa (200 bar) of hydrogen into the sample cell, which
was preheated to 180°C. After 2 hours of absorption, about
5.5 wt% of hydrogen was absorbed.

Desorption was performed by evacuating the PCI gystem
to 10 kPa (0.1 bar) at a temperature of 180°C for 3 hoursg.
The amount of desorbed hydrogen was measured by re-
absorption of hydrogen at 180°C and under 20 MPa (200 bar)
of hydrogen for 3 hours. About 5.1 wt% of hydrogen was re-

25



10

15

20

25

30

180C. Example 2 450 mg sample of LiMg0.5NH was put into the sample
25 cell of a Pressure-Composition-Isotherm (PCI) unit. The hydrogen
storage capacity was determined by introducing 20 MPa (200 bar) of

W arogyewsdto the sample cell, which was preheated to 180@CAfE2B4/000317
hours of absorption, about 5.5 wt% of hydrogen was absorbed. 30

BBsextion wasneformegy avacvatihine RGI systenoio 13,:kPadOnl was
%a?grat a temperature of 180C for 3 hours. The amount of desorbed
Sﬁgﬁ was mdssured by re- absorption of hydrogen at 180C and under

20 MPa{200-8arsbf hydroges for BilMoursidboutSrbeddh of hyfirogeprmula
s re- 25.\WO 20 30637.PCT. 04/ 7 ahsorhed, whic
K 5SS ST SAP YRGS st Wlidne o

means about 93 wt*- ed at 180C.
Aesrainyly 2ibrorMg@sNG? stiSentast forhrilaabReS @ SPGB YRR  The

s\prsingly Jeunglte-Ra sanable el Steverse,aRsoming 93:WIA0f theapabie
absorbed hydrogen. The sorbent of formula Li1.5Mg0,5NH0.5 was -
QfrpASRGHPAAFapRRbf ABECHRGANd d%%@%iﬁé‘%l’?ﬁéﬁ%uaﬁtit%‘?mgen at
hdregen sl yrelatvelpdow tampesatuses ababeut 886C. 10 Example 3

MgH2 can be purchased commercially. Li2NH can be synthesized by
reacting Li with ammonia gas NH3. 1.0 gram of Li2NH and MgH2 with

molar ratio of 1:0.3125 was mixeB=awpbpretbeated following the procedure

15 desggiped ip xarale é&@ﬁ%@é‘i@ a ternaty-soshant having the ovgrall e
general formula of Li2ZMg0.625NH0.25. Without being bound by theory, it

EYRGOGRIREH B e 6RRE ANty L5 8d 3BFREd 2 &3fpiewhile some
of the reactanis-had net reacind buirdd remRined ithadmdue foftio of

1:0.3125 was mixed and pretreated fellowing the procedure
described in Example 1 to produce a ternary sorbent having
the overall general formula of LisMds.ssNHg.25. Without being
bound by theory, it is thought that some of the reactants
had formed a complex while some of the reactants had not
reacted but had remained in admixture form.

500 mg of the Li;Mgy.s2sNHo.2s sorbent was put into the
sample cell of a Pregsure-Composgition-Isotherm (PCI) unit.
The hydrogen gtorage capacity was determined - by
introducing 10 MPa (100 bar} of hydrogen intc the sample
cell, which was preheated to 200°C. After 5 hours of
absorpticn, about 3.5 wt% of hydrogen was absorbed,

Descrption was performed by evacuating the PCI system
to 10 kPa (0.1 bar) at a temperature of 200°C foxr 5 hours.
The amount of desorbed hydrogen was measured by re-
absorption of hydrogen at 200°C and under 10 MPa (100 bar)
of hydrogen for 5 hoursg. About 3.32 wt% of hydrogen was
re-absorbed, which means thalt about 95 wt% of hydrogen was
degsorbed at 200°C.

Accordingly, the Lii Moy, g2sNHp 25 sorbent was
surprisingly found to be capable of reverse absorbing
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20 500 mg of the Li2Mg0.625NH0.25 sorbent was put into the sample cell
of a Pressure-Composition-Isotherm (PCI) unit. The hydrogen storage
capacity was determined by introducing 10 MPa (100 bar) of hydrogen
Wraihé¥waiple cell, which was preheated to 200C. After 5 ReUYSE02800317
absorption, about 3.5 wt% of hydrogen was absorbed. Desorption was

pﬂfqvamdcby evaeUaingdheRC| Bystesydn 10kka (Bdrbapiat ar formula

mper r f 200C for 5 hours, The mount of esorb hydrogen was
7 é§u y et ak‘)ﬂs%grptloﬁ%?%y rog?erY at S68C 4T un% %gﬁl%gl o 3nd

t@a;@ﬁbﬁr@dmgmgﬁ Sduams 1AFout 8. 3R witPeéhydrogerehasively low

qugeoggggr\élg %mgg&%h% heut 95 wt% of hydrogen was desorbed
200C. Accordingly, the Li2Mg0.625NH0.25 sorbent was surprisingly

found to be capable of reverse absorbing 26 WO 2005/030637
PCT/SG2004/000317 95 wt% of fesapsqrbed hydrogen. The sorbent of

formula_Li1.5Mg0.5NHO0.5 was surprisingly capable of absorbing and
desorbin@™ higAuantity BERYHBGEH at?8f5‘ﬁ9€ﬁ/ll"6w3femp&£%?es @ be

ahait ROOC HIExgMpia dtGal 2rcandie pusehaseckcopnencially. LINH2

can be theS|ze ctln i ammania 3 500 m
LiNH2 as?/ Calq|2 mlx%fjre \ﬁ/lth ﬁf{; %ZI D%Télr 0 m%ar ra?o of glcli&%fa Caty
metilaied ¥6it3 dourst Aceotdinglifsin tlhéjel(ampiéltﬁ@ Li:&2eN rétio Wwaszs.

&l % rEReMIIUrG WagHiretrea 250G, Ungler. vacku . The Wééertah 2.
was exposed to hydrogen atmosphere SMPa (50 bar) at 150 C in a PCI

UFheasteieseribed WMaskaRpreIeieR@. 185 Al founadRat abBar2W%s ofThe

gycadlafgq%gamgg abspreth Desomfieniyas PeHRRBeH B viagHAtNG thesa r)
system
at 1){50 °C in a PCI unit as described in example 1 above. It

was found that about 2wt% of hydrogen can be absorbed.

Degorption was performed by evacuating the PCI system
to 1 kPa (0.01 bar) at a temperature of 200°C for 5 hours.
It was surprisingly found that 90% of the absorbed
hydrogen was released under the given conditions.

The material was successively absorbed hydrogen at
150°C and under 10 Méa (100 bar) of hydrogen for 5 hours.
About 1.8 wt% of hydrogen was re-absorbed, which wmeans
that about 90 wt% of hydrogen was desorbed at 150°C.

Accordingly, the sorbent of this example was
surprigingly found to be capable of reverse absorbing
90 wt% of the absorbed hydrogen at relatively low

temperatures of about 150°C.

Example 5
MgH:; can Dbe purchasged commercially. Na,NH can be
gynthesized by reacting Na with ammonia gas NHs.
1.0 gram of Na,NH and MgH; with molar ratio of 1:1 was

mixed and pretreated following the procedure described in

27



10

15

20

25

30

to 1 kPa (0.01 bar) at a temperature of 200C for 5 hours. It was

surprisingly found that 90% of the absorbed hydrogen was released

under the given conditions. 20 The material was successively absorbed
wyasogerrar 150C and under 10 MPa (100 bar) of hydrogenPfoF/S5G10u800317

About 1.8 wit% of hydrogen was re-absorbed, which means that about 90

wiems hydroges wassdeserbed eé 1806, Assorlingly Hhesorbemofdhis, 411
example wag 25 sijrpris' gly found to_be capable of reverse absorbing
; Sy

G0t the abSsrbed rdyah e Fitively [hr epetdfd opavedt by

1BECrExamipte 5180 MbbiZstdn belpurchased canfmerhiallyrda2Nkgan hag
ke symthesized hy keacting Na with ammonia gas NH3, 1.0 gram o

Na2NH and MgHZ with molar reatipgo%fl vf/)gg gicnaillxeed gﬁaci%gflreséteél ad not
foRBiRftHRSrderd ure ke ftedtin 22P V¥OU2B05/080637

PCT/S@8004400337-Example e p&@gougeg%,tgmegv sgehenthavingthe,, .
eral formula of Na0,5Mg0.5NH1.5. Without being bound by

qverall gen

SR, it Retn G ot Sohte of ihe'teRRSAEHRT JOHHEA SEaompI@ptherm

WhilE someof thelieactanis baen ok oteapte ddanihad remaire it ermined
X form. 500 S le 0.5Mg0,5NH1,5 sorbent was put

%%)ntﬁtems%ﬁ?%%%g O%P%%%urgﬁé{)@m%%ﬁ?on-@othe% TR untt e the

Rydiogen Sotage vapabitynas detehaiiesdl byintrodietihg KEMRa A0Bours

bar) 05 bydpagemintanhad 0 sample,cell whighywas, p{%&ﬁ%%?éi%g-
roe

After 3 hours of absorption, about 1.5 wt% of hydrogen was abso

DesorglioiahRE herfoHEd B ItREinG¥hE PRI siad t6he BSE (GTsten
bar) Bt akpapesatureaf 158€ tor Sdigusaciheampuntof-desorbed hours.

E%%reorg{;g(l:\)\;l&giz r(qe?g;%g sbcyr%eé& 5 %tirsc%:r&t;'%ﬂ of Qggro%?en a%tu]f(c)agc abgg re-

absorption of hydrogen at 100°C and under 10 MPa (100 bar)
of hydrogen for 3 hours. About 1.42 wt% of hydrogen was
're—absorbed, which means that about 95 wt% of hydrogen was
desorbed at 150°C.

Accordingly, the Nag . sMgo, sWNH; . 5 sorbent was
surprisingly found to be capable of reverse absorbing
95 wt% of the absorbed hydrogen. The sorbent of formula
Nag.sMgo,sNi1.s was surprisingly capable of absorbing and
desorbing a high quantity of hydrogen at relatively low
temperatures of about 100°C-150°C.

Example 6

450 mg sample of Cac.sMgp,:NH was put into the sample
cell of a Pressure—Compos%tion—Isotherm {(PCI) wunit. The
hydrogen storage capacity was determined by introducing
20 MPa (200 bar) of hydrogen intc the sample cell, which
was preheated to 40°C. After 2 hours of absorption, about
1.0 wt% of hydrogen was absorbed.

Desorption was performed by evacuating the PCI system
to 10 kPa (0.1 bar) at a temperature of 150°C for 2 hours.
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of hydrogen for 3 hours. About 1.42 wt% of hydrogen was re-absorbed,
which means that about 95 wt% of hydrogen was desorbed at 150C.
Accordingly, the Nao.5Mg0.5NH1.5 sorbent was 20 surprisingly found to

Wik2085e19l8 Of reverse absorbing 95 wt% of the absorbed hyRied§enomnees17
sorbent of formula Na0.5Mg0.5NH1.5 was surprisingly capable of

ahsorbing-and dwrbm@m%gu%gagﬁ@drgﬁ%g ah@d@t&\.e%ll& |°f‘£§y re-
temperatyres of abput 100C-150C. 25 Example mg sample o
a%%%b%?\ll—?%ag%%ﬁ'ﬂ%?’[hggaéglé: cBftdf ynder 20 MPa (200 bar)

Pfedsyre@mmpdsition-|datherm (RBHunnit Fhevtydeagenstomnes was re-
ify.was in intradycing. 30 20 MPa (200 bar) of hydrogen
%%%%%lg E\ghp%%tt:%?wﬁ%% svaég%?%he%%g&l fo A%]C.%%t"er z %05%%/ geh was

dpsevptRn, abolf A°6 wt% of hydrogen was absorbed. Desorption was

performeddyavacuating the RG syptempdo 1Qkba(0.1har) ala i cing1
tgz%nllgerature of 150C for 2 hours.O %Eﬁ(/]\/rb 2005/030637 P 9ty

SG5604760052P2P1E arfburt Sf Hetdrbebdfidragen \#ds Widaswd the

by sexnbsorpijeirofbydroger at«Hi® &l uaﬁerf%QMﬁ%(Z@bQob@gQ;&gﬁv% was
drogen.for 2 hours. Abaut 0.8 wt% qf hydrogen was re- abhsorbed, whic

?nér rglt Jéxtl%é;ut SoW (?L ot hya’%geﬁ%ﬁgé%g%%sor%d affagEively  low

heeprtiaglyr thecCa@BMY0. 3NMHCsarhéntbwWas suopiisingly afouadte be-ively

canable.pfieyesaabsorping 80 wt- of the absorbed hydrogen. The
sorbent of formula Ca0.SMg0.5NH was surprisingly capable of absorbing

at relatively low 10 temperature of about 40C and of desorbing at a
relatively low temperature of 15861 fppticatiens

It will be appreciated that the sorbents disclosed in
the examples and as described in the embodiments disclosed
above were surprisingly found to be capable of reverse
absorbing between 80-95 wt% of absorbed hydrogen at
relatively low temperatures. As 80-20 wts of the
originally absorbed hydrogen can be released and then
reabsorbed (ie reverse absorption), the compounds of the
discloged embodiments have advantageously found to have a
relatively high capacity- for reverse H absorption. The
disclosed compounds not only disclose a compounds capable
of absorbing hydrogen at relatively low temperatures and
presgures, Dbut compounds that are capable of high levels
of reverse abgorption. This means that the compounds
disclosed herein are capable of exhibiting an overall
reverse absorption capacity compared to other known solid-
phase hydrogen storage materials.

Advantageocusly, the disclosed multi-metal compounds
may be used in a hydrogen regervoir.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
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It will be appreciated that the sorbents disclosed in 15 the examples and
as described in the embodiments disclosed above were surprisingly found
to be capable of reverse absorbing between 80-95 wt% of absorbed
Wiydeotjet@r relatively low temperatures. As 80-90 wt% of theCHiGrtapoos17
absorbed hydrogen can be released and then 20 reabsorbed (ie reverse
atisor ﬁlﬂeﬂ)cdhanfiamwd nd&@éﬂmr}@is@?ﬁﬁhﬁ; ﬁﬂeo%ﬁfﬁﬁ havg scope of
vantageously.found to have a relatively high capacity for reverse
ggls%rpt%% lée/l%rllscloggg corfpountd noﬁ@%ﬁ%‘?&%se?@&npcﬁﬂds such
amstidié cetalbserbmythyaltegea @t oekativelydow tehperatiessang@50f the
- REsSssHress utcompounds that are capable of high levels of reverse
absorption. This means that the compounds disclosed herein are capable
of exhibiting an overall reverse absorption capacity compared to other
Reawr&tids phase hydrogen storage materials. 30 Advantageously, the
qisclo%ed muIti-E[ggtal compounds may be used in a hydrogen reservoir. It
will be spparatit thatvariots otheF MEUHcSHNe thd ad¥ptatichslépihe -
inventi@rewitelié agparentie thee personskiled inmtha-astafier reading Bener
foregoi 005/030637 PCT/SG2004/000317 disclosure without
departgiinll(‘:gt%)%Lr|>;<\tér(12(§%53pir%?t[Ll a%? scfo%lé ot fhe ?ﬁ\%nggﬁ ARa it'iE HYERAE AP -
all sucdh- miodif@atonsEaad addptatioftlsamewithirsthetogeetthe 1995) .
appendeghzlaims..5 References: 1. H. Buchner, P. Pelloux-Gervais, M.
MullarJF. Grafwallner and P. Luger. H%drog%n and other alternative fuels
for airand Yr6ETE trafspoR&HGH R0 H¥w. PORMETLLIgR Willy Feeier

Chichestér H095EFichert. Hydrogen as an energy ocarrier. C.
Winter and J. Nitsch, Eds. (Springer-Vexrlag. Berlin,
1988), Part B.

3. H. Imamura, N. Sakasai, T. Fujinaga,J AlloyCompd,
253,34 {19287)

4. A. Zaluska, L. Zaluski, J.0. Strom-Olsen, Appli Phys
A, 72,157 (2001).

5. D. Miklauz, Monatsh, 31,981 (1s10).
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Chaps. 7-11. 2. J. Nitsch, W. Peschka, W. Schnurnberger, M. Fischer
and H. Eichert. Hydrogen as an energy carrier. C. Winter and J. Nitsch,
Eds. (Springer-Verlag. Berlin, 15 1988), Part B. 3. H. Imamura, N.
VEARMSAIIOFITFujinaga,J AlloyCompd, 253,34 (1997) 4. A. Zalb€k&dz004/000317
Zaluski, J.0. Strom-Olsen, Appli Phys A, 72,157 (2001). 20 5. D. Miklauz,
Monatsh, 31,981 (1910). 30 wG 030637 PCP/SG2004/000317
Claims 1. A multi-metal-nitrogen compound for use in hydrogen storage

1 matckial: thé vopnsdurditowgeisingatdeastds fva dissimilan mejaatoms

and aiuizagen aiare, hevgyltmeta aiiaasnComRAYNLBRING anaRle.of
absorbing hydrogen at an absorption temperature a pres%ure, and ot
desdrBig B Srhdte BiphRlgitstnsaidedserbed Hydasgensdiom, the
desanptien ieemperaiie rHyand presapi A ydinpetalnitogan of
comp %ggbas cIai;ggi%_in claim 1, wherein the compound is capable of
absorbing and SdesorBing Hydfoyefrat RN ARIe GEBPEEMYS |ges]
3. Apgitismetal-nitaenfcotepouidas ckiimedsn algie Zywhereihthess
absarpin ghdesaiplionieipagiiure. isin e [anae of,0C {0,200, 202
A multi-metal-nitrogen compound as claimed in claim T, wherem the - ©
compBtinB4Y& £8BEBle of desorbing 80% or more of the absorbed
hydrogen 25 S. A multi-metal-nitrogen compound as claimed in claim

2. A multi-metal-nitrogen compound as claimed in claim

1, wherein the compound is capable of absorbing and
desorbing hydrogen at a temperature of 220°C or

less.

3. A multi-metal-nitrogen compound as claimed in claim

2, -wherein the absorption or desorption temperature

is in the range of 0°C to 200°C.

A multi-metal-nitrogen compound as claimed in claim
1, wherein the compound is capable of desorbing 80%

or more of the absorbed hydrogen

5. A multi-metal-nitrogen compound as claimed in claim

1, wherein the multimetal-nitrogen compound iz a
bimetal-nitrogen compound having two dissimilar
metals selected from the group consisting of Group
IA, Group IIA, Group IIIB, Group IVA and Group VIII
of the Periodic Table of elements, and mixtures

thereof.

A multi-metal-nitrogen compound as claimed in claim

1, wherein the multimetal-nitrogen compound is a
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VB0 whiaoPEriodic Table of elements, and mixtures thereof. BCASG2004/000317

7

1, wherein the multimetal-nitrogen compound is a bimetal-nitrogen
compound having two dissimilar metals selected from the group
consisting of Group 1A, Group IlA, Group llIB, Group IVA and Group VIl

muIt'harﬁ%?lgﬂig%)%%c%rﬂpougdma% clai eglin claim %where&n the i1
multimetal-nitrogen compound 1ea 31 WO 280830647 ~ dtes-milar
PCTI$G2084/060327t bitnetdlritnogenteompotmgbhavirg: tie dissimilas £

metals sglected fromhs group.gensisting Ojcagvmini%g§ﬁguﬁﬁlciU&i> )

(Ca), lithium (Li), magnesium (Mg), and sodium (Na).

multPREREER D gEfEeompBEng #ni&&In claim 1, wherein the

multimetal-nitrogen compound is a bimetal-nitrogen compound

comprising .a nitrogen atom and a pair of metal atoms selected from_the
% ugtl mﬁrl%ng

group 18°consiE ReHiGPIE - alGAiROAAN 28 craimed in claim
lithium(Liyheagriesiumifiig)plithiimétrtalclum@@a)y compound is a
magpesi / um(C sium(Mg)-sodium(IN

mag%ggium%ggfgﬁﬁn#rr#um% , an gmié?ﬁnégg“tﬁzgleg}of.g] 15 ?ﬁogen atom

multRRféta-nRidgen Tonfpotmd asehihedsd efdint 1 faemprisheg ameop

WW)Q%@%KE%H@@”nSbondQQﬁO1he'ﬂUQQEHfEquéhfﬁluminium(Al),
i n compound as claimed in claim 20 1, wherein one of

multrl;'m tal-nirﬁggse IN Clé . {
the matat BT S BEFRF i R gen and thHd SHE  hetaratbmca)
bondediteditrogeg ) 10aAahutti<imelal-nithager compound asdiaimned:in,
clain, 25 s SOMpriSing A bikm:aluminuzsatesen compopnd, selected
from tﬁe group consisting of fithitim- "/ ’
A multi-metal-nitrogen compound as claimed in claim
1, comprising one or two hydrogen atoms bonded to

the nitrogen atom.

A multi-metal-nitrogen compound as claimed in c¢laim
1, wherein one of the metal atoms is bonded to
hydrogen and the other metal atom is bonded to

nltrogen.

10. A multi-metal-nitrogen compound as claimed in claim

1, comprising a lithium-aluminium-nitrogen compound
selected from the group consiesting of lithium-
aluminium nitride, lithium-aluminium imide, 1ithium-

aluminium amide or mixtures thereof.

11. A multi-metal-nitrogen compound ag claimed in claim

1, comprising a lithiwm(Li) -aluminium (al) -
nitrogen(N) compound represented by the general
formula:

LixAlNHy
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aluminium nitride, lithium-aluminium imide, lithium- aluminium amide or
mixtures thereof. 30 11. A multi-metal-nitrogen compound as claimed in
claim 1, comprising a lithium(Li)-aluminium(Al)- nitrogen(N) compound

weprasantetr by the general formula: LIXAIYNHN 32 WO 208051G30687000317

PCT,V{{ grzgo(g/g:ogislj 3wh%\re 0Y< X <:1. 3,0<Ysgl1 and N ? 13-X-3Y1. 12.
A mUlt-metal-nitrogen compound as'claified it clhii“T >ddmprising a
bimetal-nitrogen compound selected 5 from the group consisting of

2ihiunmanesiunAlide-MQun magueshin e by magnesiuy:
amide, lithium-calcium-nitride, lithium-calcium- |mide,llﬁf1i|um- graim
calcitm-SRTERE dridhehixturds BRtredf O I3g9ATMU MR talnitroglected
competnd asqeaingadiny ClaiBnki cempgsing @ lithivgm, (L h-rpagnesivm, .
(Mg)-.nitro en(l\%{,}c mpound represented by the gl%nerql formula:
Lix d\?ﬁ#ﬁ?% 88 TXERSS HU AR ETS ol S wuxeagnes yp -

muléwmieial-nitrogenicompound asclained declaim 1; epmpRisHg 81 um-

lithiym (k1) -calcium (Ca) cnitrogen (N) compound represented by the
generaJT formula; Z%Hﬁxcca% Iﬁ%%ﬁ“ V%Rél%:eo <%%§q3m JO’%VC? i%qé‘?%eﬂf’?
13-X-2YI. 15. A multi-metal-nitrogen compound as claimed in claim 1,
13 compriginga bifgetal-niregepcompaypd.aelected 25 Jram ghe growp, ;-
con§_|st|ng of magnesium-calcium nitride, magnesium-calcium imide,
magresium-CaltRm®4i¥de, or Pixturesithiicst (36) Amagnesium (Mg) -
multahetaaitegen eampound asrelpineditel@im by the general
formula:
LixMoyNHy

where 0 < X « 3, 0 <« ¥ < 1.5 and N 2 |3-X-2Y].

14. A multi-metal-nitrogen compound as claimed in claim
1, comprising a lithium(Li)-calcium(Ca)-nitrogen (N)
compound represented by the gemeral formula:

L1y CayNHy
where 0 < X'< 3, 0 < ¥ < 1.5 and N 2 |3-X-2Y].

15. A multi-metal-nitrogen compound as c¢laimed in claim
1, comprising a bimetal-nitrogen compound gelected
from the group consisting of magnesium-calcium
nitride, magnesium-calecium imide, magnesium-calcium

amide, or mixtures thereof,.

16. A muiti-metal-nitrogen compound as claimed in claim
1, compriging a magnesium(Mg) -calcium{Ca) ~
nitrogen(N) compound represented by the general
formula:

MgzCayNHy

where 0< X <1.5, 0< ¥ < 1.5 and N > | 3-2x-2v].
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1, comprising a magnesium(Mg)-calcium(Ca)- 30 nitrogen(N) compound
represented by the general formula: MgxCayNHN where 0< X <1.5, 0< Y
<1.5and N ?j 3-2x-2yl. 33 WO 2005/030637 PCT/SG2004/000317 17.
VAOmdsiasesdal-nitrogen compound as claimed in claim 1, comprisi$igran4/000317
bimetal-nitrogen compound selected from the group consisting of
magnesium-sodium 5 nitride, magnesium-sodium imide,

1 hmagrfesitmsbdgrna Annidée rogmixturesitberedf ak8. A mipEdnetal-nitragen
comppun [ in clajre mprising a magnesium (Mg) -sodiu
(Na)p-fr){itr(()(1"g(§|[e§rlp%lNg)éqlgl coésggﬁ(% ?égfe%le%é%%% theoggr?élr% fo?r%ﬁ Aete
MgxNEIRIHN thBereBoRe< 1. 5@ ¥sL 108 ancbKl ? MB@xe2yijui®- fodium

multizmetalwirogemeempewadasgiaimed jn glaim Hadn COMBIISIAG fur

bimetal-npitrogen compound selected from the group consisting o

magr?é%’rﬁliﬁﬁafﬁlﬁ}iﬁ?tffﬁuﬁﬁﬁ‘?déﬁﬁﬁﬁﬁésium-aluminium imide, magnesium-

aluminium amide, and mixtures thereof. 20 20. A multi-metal-nitrogen

com clai in claim 1, comprising.a , , )
g e o AL R e SRR o RO ARG dsc by e

genefal FRTRIASVGIARNRHNNRE Wwheldc) < ¥od1 5y 0kaY <l SraneN(R)

3 2 il Ay e IRSeiv gl CoNLAInNg.a UBIRRIAl; itogen

compound as claimed in claim 1.°30 22. A process for reverse adsorbing
hydrogen comprising: contactifgtetfRulti-metal-nitrogen compound of

claingewih dydgogen gt ap.absorpYOR IGRPaREABIG 3 oy oy

19. A multi-metal-nitrogen compound as claimed in claim
1, comprising a bimetal-nitrogen compound selected
from the group consisting of magnesium-aluminium
nitride, magnesium-aluminium imide, magnesgium-

aluminium amide, and mixtures thereof.

20. A multi-metal-nitrogen compound as claimed in claim
1, compriging a magnesium(Mg)~a1uminiﬁm(Al)—
nitrogen{N) compound represented by the general
formula:

MaxAl Ny

where O< X <1.5, 0O< ¥ < 1.5 and N > | 3-2x-2y| .

21. A hydrogen reservoir containing a multi-metal-

nitrogen compound as claimed in claim 1.

22. A process for reverse adsorbing hydrogen compriging:
contacting the multi-metal-nitrogen compound  of
claim 1 with hydrogen at an absorption temperature

and pressure; and
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and pressure; and 34 WO 2005/030637 PCT/SG2004/000317
AMENDED CLAIMS [received by the International Bureau on 3 January
2005 (03.01.2005); original claims 24 has been amanded, remaining
wolamsunctranged (1 page)] releasing hydrogen from the  pCT/SG2004/000317
multi-metal-nitrogen compound at a desorption temperature and
pressure. 23. A process for making a multi-metal-nitrogen compound 5
for use in a hydrogen reservoir, the process comprising the step of
heating a metal hydride comprising at least one metal and a
metal-nitrogen compound comprising at least one metal that is dissimilar
to said at least one metal of gasgmstd &0 pdgde, at a temperature and a
pressure tederst themhautnnehad Ritregem compatpd) thesdisgivhilar metals
being selettédisinet Riiat thenrmuitidnk takaitiog enincomgeugrd id pagsable of
absorbing hydrogen at an absorption temperature and pressure, and of
15 desorbing 600 or more by weight of said absorbed hydrogen at a
desorption temperature and pressure. 24. Use of a multi-metal-nitrogen
compound as claimed in claim 1 for storing hydrogen. 20 35 AMENDED
SHEEREARTICLEM®)rogen  from the multi-metal-nitrogen

compound at a desorption temperature and pressure.

23. A process for meking a wmulti-metal-nitrogen compound
for use in a hydrogen reservolir, the process
comprising the step of heating a metal hydride
comprising at least one metal and a metal-nitrogen
compound comprisgsing at least one metal that 1is
disgimilar to said at least cne metal of said metal
hydride, at a temperature and a pressure to form the
multi-metal-nitrogen compound, the dissimilar metals
being selected such that the multi-metal-nitrogen
compound is capable of absorbing hydrogen at an
absorption  temparature and  pressure, and  of
degorbing 60% or more by weight of said absorbed

hydrogen at a desorption temperature and pressure.

24, Use of a multi-metal-nitrogen compound asz claimed in

claim 1 for storing hydrogen.
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