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Mult -nmetal -nitrogen Conpounds for use in Hydrogen
Storage Materials Technical FLeld The present

WO pws08G66NM general ly rel ates to conmpounds for PGESGIN04/000317
hydrogen storage materials. Background Hydrogen-based

ener.gy. i s _one of, the clegnest of_the currently kno

oML e Al BLERPYER f PROGHASLE! E0% YFayil ST ogen

t he energy supply 0%1:5%%&%%&‘%%1 gvy environnment al
IYon 0

pol | uti on due to conbust ossi T fuel and

depl eti on of non-renewabl e energy sources energe as
two serious problens . Hydrogen-based energy sources
are considered to be T?EPQﬁﬁéi FroRtdi ng candi dat es

forrrsel ){)E@%Fhﬂeﬁ%&]{yrﬁriloﬁ”%erfé%a{fi kKidd, Qs eﬁﬁgg%mpounds

can repLace fossil fuel 1 nnost app?i cations. T
for ggest i Naydergen | stamocboatdrhydropgen utilisation

(i. e. as fuel for veliicle, portable computer,

phone, etc.) is the | ow hydrogen storage capacity that

exi sting systens possessackgystpgrent of hydrogen

storage nedia is of great inportance . Currently,

t her &Y aFeoeRUPass3dt GRETEYr Ivy isgerrist BRagelleprmst of the

oAk h DY GL0geN, eﬁ:@{lg%e%%%‘}c@édr oger 928, I MO- yndoubtedly

adsor pt1on systens, d Metal hydride Systeéens.
playpl ecatdwnsinf tnedreogsrgy nswopEyf ovin Chilgui cemydrwgeieavy
or. conpressed_hydrogen cjas), are stly utilised for
eﬁl\é]rlé%lﬁ%%%leoP%ﬂ&gg8ﬂaﬁi}‘epu?%o§é§%u%%n% e %%?@Jnjf fuel
aid ceplaitiens bor durlreseRabsenobmally t 98upeebi bidd¥ee as

for uses where hydrogen is used in l[imted scope. For
CWRhFREA S RTAMLWE her portabl e applications, hydrogen

St orlﬁ%ﬁif%é@—'ﬂ)%ﬁiate& ¢ rbglS.S8emg Lo ggnéf&eredt at'ro be

best utT on. -adsor ption systens and ne
thydmpde gyemesE ngr ecarite dawe snostc preadiviimyg systenproblems,

agh%hgrsy%flggorol%tieorrl]els ySt Sgﬁ %ré%\ﬁ{aagé/argoas%eisl | ?uel in most
applications. The biggest challernge 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 hydrogen
storage [1,2] : Liquid hydrogen, Compressed hydrogen gas,
Cryo- adsorption systems, and Metal hydride systems.

Applications of hydrogen in pure form (liquid
hydrogen or compressed hydrogen gas) are mostly utilised
for large-scale or stationary puxposes, since the weight
of containers for hydrogen is normally too prohibitive for
uses where hydrogen is used in limited =scope. For
vehicular or any other portable applications, hydrogen

i
stored in solid-state materials seems to be the best
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noder ate wei ght and volume. In this system hydrogen
nol ecul es are physically bound to the surface of

W@ewsestead carbon at |iquid nitrogen tenperat uP€T/SGrden00317

opti mi sed conditions, the hydrogen storage capacity of
actjvated, carbon _may reach 7 wt % based on the wei ght ,
88§ ulé%?ﬁli/a{fgl Seartorr é’rcﬁtéfa’vaﬁi’%b%rg? of™ h!“?t@s{}&fﬂrlde
systane dfe thee iwd ingst qﬁr&ﬁtéi&%e_srg@%n{sed (i.e.

ydri

cryogeni c conditions). Metal h es have been _

pr opgééd &L Y&y SCepEPtdenhy dPygeAmSt ordys! Hpdvegeades  in
1 SQr . ne | al] oy ,th

mggggéeg%oﬁggln%x or%rlg%i g%o%@%%bt aitlllhy rl?/\édesSYStlev\r%)’ hydrogen

modtegbes esref phebataalyopsuhdvedate etrdsievely activated

explored: 1). AB ., and ii) A B type. LaN _is a good
C@?ﬁ?ﬂbl ¢ 'of ]'ergélllqt ¥§Pt589§50r SMPREARBf Bcul BrdPT Lé?@qllmlsed
c6afiebses b ahaut k@d%e@]ge@t%tr%gQ abagHRki € tHof activated

tenperature and high pressures tfo form LaN .
cgugberqiielt WHadhaV gertéf Pysedgen ddre beedghi ewéd dntivated
i ng.the .k ssure. .l.n this syste t he
chEE e oo lAdSOREBEE S Pl L Se St Rk o e

catlvhtd hgesndift 1dns deme refd net.al. aldyegehie Bniheions) .

qui ck kinetics of hydrogen_charge/di scharge and the
ver yMﬁB%ﬂ &@ffi?ﬂt%ﬁ%f haye nmisssy aPEOPREEdt hds hysiydegiee  for

hlBsREe AR, i%que@pt al ecnMii Nbrbbhushyateseal
t§he A B type of netal all oy. Thig Ki r%d gf netal a oail or
mehpl st Gléowsr e whan 4 car¥esbohgdnggentotrtisuf f ep§ metal

h 5119%@. ghe{['w8perc%§:ieg%r&%g?eroa£ ursg ég ovglggggscu&%[\rgf been

esorption, wth an~equiTi bri umrﬁ?/ rogen

expet@i 0, k@apldrodbalr), AH0wyREJr egen thiargse anfbe. LaNis
.di scharge kinetics and relatively |ow density. Mre
1P eBeA, SHATP'S 1ot t thes ddit nedec I frat @Rfamolecule of

1809 neald nthidodiiesgriBt al sal ho¥sobdn 4btohdt BQ  ambient
significant inprovenent has beén made. Furthernore,

tehee i ghire ogndohighe pretssfurals oys fermnbeNisHadr SEMkssiquent
dg%}ég n%lfl yhy%'rtog‘éﬁghcéﬁ é: org)c%l'i%q/*seda r %yknxoé/\gucgfng 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 very good density of the
materials, but the hydrogen storage capacity is
unacceptable. Mg,Ni illustrates the 2A;B type of metal
alloy. This kind of metal alloy 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 kinetics and relatively low density. More
recently, much effort has been made on material
engineering of these metal alloys [3, 4], but no
significant improvement has been made. Furthermore, the

high cost of the metal alloys is another drawback.
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absorb hydrogen at relatively |ow tenperatures and
pressures, the subsequent desorption of hydrogen may

wheoosesw@msT vel y | ow under such conditions. Thi SPOESGZ04/000317
that the compounds have | ow reverse absorption

capagi which eith makes t hem unsuitabl e or

inef$?%¥gh?n?ﬂ}YUSé§Q§h. o&@Westﬁﬁ@EﬁP?éﬁeuﬁﬁﬂ gknown  to
al 868 | TiydAriRReh t 0aPr OWAR +tGRENQUNUBo OF thiBelrBtures  and

hydrogen storage materials that overconme, or at |east

PEeRsLRaAL e thsnesubsganentdf derorditdady antadesihaaiy i ey be
ré‘?%\éfvde%%h%% 'u%daerne&?cﬁ 9c<$£<9i’él‘jc?n§." ﬁHEdfneB%rs BBt the
I'n hydrogen stofage naterial's are capable o
comyensddl yhabeor hiowg hedreagen atbsceipatiionel yedpawity which
tfenperatures and pressures. There is a _peed to provide
uRPESHr EheR i‘hnﬁﬁﬂd"r%@& %orh@%f%?%‘??%l Yhatise as

et
hﬁ&?&é&ﬁ sPRFQyedngepaciiy for reversibly absorbing
ydrogen. Summary A first aspect of the invention

providesea il ta nemet aboniprogale compwevddsor foge ime in
hydr ogen st orage mat.er.i.al t.he . conpound conprisin
i %5% wo© off 5% rﬁl?ﬁt?ﬁﬁ%ﬁgznt ¢ a egcﬁPFroggﬁ a?%n] east
ahdBicthte ; meipd - id r ages conpeked besagveapadde adescribed
absor bi ng hydrogen at an absorption tenperature and
abP¥esure, and of desorbing 60%or nore by weight of

sai drpbser bed hydregen ab 8%9&%&@ | RhdRARES akure a8d  in
pressure. A second aspect of the invention provides a
hyditegen netakaget r ogérrdedpourdef orcapsdlien hyfdr ogerersibly
or.age materials, the conpound o ising at |east
g T Srdial B PR AR S 7 Ohen HESH s 2nd
phesénra®t al - ni trogen conpound bei ng capabl e of
absor bi ng hydrogen in the range of about 1% to about )
12%'5]9€ﬁ%ig}ﬁ & ge@gnp*épat@f%v:d}e compounds for use 1in

hydrogen storage materials that provide improved capacity

for reversibly absorbing hydrogen.

Summary

A first aspect of the invention provides a multi-
metal-nitrogen compound for wuse in hydrogen storage
materials, the compound comprising at least two dissimilar
metal atoms and a nitrogen atom, the multi-metal-nitrogen
compound Dbeing capable of absorbing hydfogen at an
absorption temperature and pressure, and of desorbing 60%
or more by weight of said absorbed hydrogen at a
desorption temperature and pressure.

A second aspect of the invention provides 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 in the range
of about 1% to about 12% by weight at a temperature of

3
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3220 or less, and of desorbing 60% or nore by weight

of said absorbed hydrogen at a tenperature of 220C or
wo e®s/030831 hi rd aspect of the invention provi deBCESG2004/000317

hydrogen reservoir containing a nulti-nmetal -nitrogen

ound .conprising at . .least, two dissimlar tal |
2%?0 OLnd S8 t3BheH alORPTPHRY nGIs et BPTE %Yr ygéght of
s&DAPAES-HEH mg%@ﬁwi atoh, tatmparhemRer alfubeoet 8201655,
or

or |ess, abs ing hydrogen at an absorption pressure,
and Bf tadser RINEB0%br ther dienidioght pevEdes a hydrogen
hy .at_ a desorpi.i.or S fourth
r%%%f;\gc?fzgf t er&%ﬁl\?%%{gi ongpr g?/‘?%tels q‘é&%ﬁ?fne%{at[erqé%nﬂlt r c?é)énr? ound
cooppbetdy f cit uskeedst hydboganssiaiage makealal stohde and a

conmpound conprising two dissim.|ar nmetal atons .
njs%?ng‘_&?%d ??gfﬁy t Hehgr GBSt tstli g Se s uni $TRAURd. being
cEGUS1HTLel, | LR U ¢ ERIOESE WL BRd PAMH UMy aNdell X REbing

thereof, and a nitrogen atom the binetal -nitrogen
hydnparmdabeiang admeaipitd cof prssunteenpandt ofe defsc2d@ng 60%

r , absorbi.ng, hydr.ogen at an_absorpti on.pressure
ognd&%?gde;%gr biwﬁdgg’(’f% c?rformsr%l%y %I\E%%Jﬁ?e f glgldgogen at a

dedsostbibsh hyssager .at a desorption pressure. A fifth
aspect of the invention provides a process for reverse

ads of bE AYChPdPEEERTc Spris ntpvRrbleRi R§oyides a bimetal-
nithddeiretabptihhoge cospound \rAREdSE ngt@&a?%g‘%atte\mals,

dissimlar metal atons and a ni'trogen atom
tiyel t icompraindni t coueri seigpouhwobeidiggiapalde ofietal  atoms
Fng_hydrogen_at an_absorption tenperature and. .
S%fgeéé)tg%# e?rgﬁd TP FESSPoi FY B0% 619 TTS%":G TRELGRy spteium,
1sehtumpsnabadshydr ogad alodd uags o | anxt epper aheieo@nd and
pressure, contacting the nulti-nmetal-nitrogen conpound
3w FhER9IFBgeAtal: t hghabssﬂa?*ﬁaﬁ-fléﬁﬁéaspur €ogppund  being

RSB 8, anfl 18l eaRbOL YA 0gen SJPB 1B 1ess, absorbing
nul ti-nmetal -nitrogen
hydrogen at an absorption pressure, and of desorbing 60%
or more by weight of said absorbed hydrogen at a
desorption pressure.

A fifth aspect of the invention provides 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 desorbing 60% or more by weight of said
absorbed hydrogen at a desorption temperature and
pressure;

contacting the multi-metal-nitrogen compound with
hydrogen at the absorption temperature and pressure; and

releasing hydrogen from the multi-metal-nitrogen

compound at the desorption temperature and pressure.
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conmpound at the desorption tenperature and pressure . A
si xth aspect of the invention provides a process for

woradosspedr nmul ti - metal -nitrogen conpound for usBCT/RGZ004/000317

mul ti-nmetal -nitrogen conpound for use in hydrogen

storage .material s, the conpound conprising the step of
heat Png® = xEEPECbr 0% nﬁggl TE nan%r‘g‘”rfgfsal a process
foirt mdeind he mRHd: -hedande 1eeweehs BEMPbuhEaATHbrONgse in a

metal, the netal -nitrogen conpound conprising at | east
ngAsinEehfl tRhEregen sompouad tEosandeatinl dasiroges storage

: sai ri .a_t er re and a, .
oRL2aSL, Ol T o) bRy’ SRS B chans
mﬁhéuﬂéssﬁwblM@Uﬁﬂzﬂyﬂﬁﬁﬂmgaﬁﬂlecheda%r@ht?ﬁdﬁ,th%e metal
| ti.-metal -nitrogen conpound i s capabl e_of absorbing
h§§HF3§eﬁ°5PréﬁlEEséﬁbt% % eRPBer Felkre - atdieprierisigiitrogen

cefgofhadespki BIn§0%or dHMe BYeWRi8Rt @hagaiid %}ssimilar
absor bed hydrogen at a desorption tenperature an

tpr exssigh eat Alsegéntdnaaspetelofof heaidvewttodn ydwides at a

tLimetal -nitrogen conpound fqr_staoring

t%@é?gégﬁ?g?h%nﬁutﬁi-FEFEFP%Ftrg:en:%gﬁbogl c ST SiRFal -
natrbgast dompdlirssi Nnchar dbéed mal£A5 td1a nbéivgerselected
atom_ _the nulti - petal -nitrogen conpound being

SHgBatsPa tofthgn SBH higrahAdr s ogerancaBRewpi | 68 capable of

ab8BPsl Ur%y@ﬁ@g@ﬁes%ﬂfe'aﬁndaggogﬁﬁ95ﬁin%e %%kg&ug@reand
by wei ght of said absorbed hydrogen at a desoOrption

preaperat uradamf plessthiang DEPRnicr omsreThey f weight ngf said
aBBLASAN ey dsed pereln shald - Nave (NeMeafilidre  and

ndrcat ed: erm "Conpound™ "and grama
pyaskatéons thereof is given a broad neani ng, such as
the result forned bg a_union of elements or parts

espeti SFV§REBURSRBET eREl GEPV &MY STk 10Ps PIrRYEdeghst Mfce of a

f.e1 rede by chend Ui Rind W BRESih gfﬁgéle &nlNtn
mdefinictee propof%?%h b§9§%ié%t. The tern%cgnpo nd&%ay <
muFdo-refal-nv-ropedn goupeund 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 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 two or more ingredients in definite proportion by
weight. The term compound may also refer to an admixture
of a metal hydride and a metal-nitrogen-based compound

5
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of a netal hydride and a netal -nitrogen-based conmpound

5that can | ead to physical m xtures of new conpounds,
whodok/oafe3mhi ch are effective for the absorpti oPCESE2004/000317

desorption of hydrogen. The ternms "multi-netal ",

nmul ti-metal, conpound” and ammati cal vari ations
tl??w%r%%?nﬁﬁégn§° RiRESC Ay %3%%%@# i PR¥d cOgPem@ds, Dboth
ogomqaahy,az% C@f@é’é‘@ﬁvé OERBd tofe [0S QFpES:L QhaSIaaé&rptlon
netal atons. The term'nulti-netal -nltrogen conpound

ofnydFegsmt i cal variations thereof, means a conpound
thatyincludes al, | east, v di ssimiar metsl atoms agd .,

at | €ast one nltrogen The "ai

gRdmiigt Bddll t Remiddiegen &hemesly, BEan@dy N@ildes ttmnadﬂise
to each other or to atons of other elenments . The term
It bi i t CgehhR ofSEH@ T Yand® g CRAREINEal QERe@t ifnstwo or

mdHer &0d s eans A CPMmAuRd that includes a netal atom
and at Efeast one nltrogen atom The netal atom and the

ni t rBgen attemnrray, ol meynertetl - trbgreded toomgohndt her and
er el enments The terns "absorb"

o i e g TR g, et 1 , Gagpq  that

indBudgdd i 6t 3ehbent ithic Sensmilas hw@lfasjge@tmy badheld 1east
by absorption, in a strict sense, by adsorption, in a

org r PAEregRBe ab@“ch@ﬁ?s@ﬂ:pt%e@rﬁt ’ﬁW% §lert|aét aeple, apd the
c n t
n e cRsoh el o0 ol e Rl Bl ST e, each, giner o

tabstoris ngt qtherrewélresmrs:lwsor pti on" , and gr ammat i cal
varl S .t hereof S _a guant hydr gen that
B D RS Pe T aded! TR TR C G o A cal
vaalbmﬁn@ntm@ﬁwf At Megnand PHRSSURE whae_h 1&@11@@%@6@ Ietal
under goes desorption fromthe nmulti-netal -nitrogen

AePRpabAd dt heeBoOPE IH RRAFSEr a2 bPR - af@epreaisyt eatom and

the nitrogen atom may, or may not be, bonded to each other
or to atoms of other elements.

The terms “absorb” "absorption", "absorbed" is not
necessarily used in the strict scientific sense, as
hydrogen may be 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 mechanisms.

The terms “reversibly absorb”, “reversibly
absorbing”, “reverse absorption”, and grammatical
variations thereof, means a quantity 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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The term "sorbent” refers to a material or conpound
capabl e of exhibiting absorption or adsorption of
wWhyasoses’ gas . 6As used herein the term " conpPCERGL04/000317
means "including principally, but not necessarily
soIeI . Variations of the word conpr|3|ng , such_as
n%‘-%/ i 4ged ghgretdnphpsEer™ HEPRPEdELEg oMAdRg ' including

pfﬂ[éfé’af‘?ﬁn' NG - nbe UseLNensin, e Hgmm II@%?P{H%teloﬂél of

the context of concentrations of conponént's o
tm©rwq¢@tFonsprigpm@%JIyunhaas feomp¥isk "t endst"ateeghrises”,

h nor e a/ %. \%aﬁ 4% of, the stated val ue, nore
‘?Y/epl Oalf]f?/s*pﬁn KLt og; BFeRivgs ue, nore typically,
+ - 286 kelih@icHcatied piad UgerBVeRLIRL® T YPh CahbY cthtedd of
of the stated value, and even nore typ| cally +/- 0.5%

C%CQW%EH% vaPlie. CATERUERGR t 5 diges osragmulations,
e tsggay b [ d r
e e e N
+1ﬂ 4ancg>é fmrmtaisedrevalyefomocrenvamzadd}and/br BYi bf the
and should not be constryed as an infl | e
SF PR T AR OnTPRE SOBBE-UYr net /i stF ogbd thgngbated value,
et OhdiBglypilBg1gesori pis oBrofeiR rafe=3shotl debeand even
consi dered to have speC|f|caIIy di sclosed all the

MeyeRs P ecaskiys r*a/rrgé)s 5&s okeltheastipfgidy vadale -nuner i cal
|
ol L, T oy ST ST RD oy

) bdavé sspesktl c:ail gz masjgeosﬂdrmﬂa r angeshswbd as fur@larktood

to from to 5, from2 to 4 ,, from2to

Ehat ¢ e 3 %ﬁsﬁr&’%mn asiftel FOBES ndiFdtal Huntisrsely  for

cotdi e dat aﬁ@nﬁgevfi.@? RAMHUIE Hot 3bed condtrdBd Bs an
This applies regardless of the breadth of the range

inf e e ur biwt t&ErRi nent stErenpicape, wdn- 160 t |€1¥@Closed
agrgé’l .n”%@gér&{n L Ui LRt @escrqgtr Qgen,£ogreunds Bhuia be

ydrogen- st orage mater
considered to have specifically disclosed all the possible

sub-ranges as well as individual numerical wvalues within
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 1 to 4,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.

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

capacity at lower temperatures and/or pressures than known
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or a hydrogen reservoir, will now be discl osed.
Surprisingly, multi-netal-nitrogen conpounds discl osed

wegosiosneaxhi bit remar kabl e hydrogen storage cap@ErsGy00&000317
| ower tenperatures and/or pressures than knomm

7 ds d can therefore be used as h
cgﬁﬁ?ﬁ@ 3 5?%.t%ﬁ%?%ﬁgﬁ d??oé@ﬁ%% 9§For%&&Fa9e
mhSef EXBE S b'@hi§0 tx'i‘@nf@&%'dagé@i@' - N &1&9;%11 onpsls ig

can be used in materials Tor hydrogen storage.
rﬁ‘d%ﬁ%%%ouﬁq/ t]tlﬁem@lllfrél oeta lrniticogenal ccvmpm@gtm can be

a or bi ng, 60% or
SR i RLF 58070k O ARSI 198000 A Rlaecueny,
tBGI tdahdoacmmﬂl b - fh@ta]ibﬁﬂtbcbg@ﬂil arshpdRs@Pt b8, capable

rature and hydrogen ressure are inportant. In
ot hﬂgg%l?%ﬂr%e 6 0% o RIS Rirade Rysrgoghes,

hydr ggen ahseLeELeg mtdegebe&horm@nsﬁﬁtsﬁiw&Eidlxelons
carried out under | ower rogen pressure. At higher

f@énpﬁmiwﬂnﬁﬂnn-thEdOV@¢%¢¢P¢&@$SLwﬁﬁmparahyﬁeogend hydrogen
absorpti on and.desqvptlon w |l _increas In eit

R o S ke ge ba o doeorBen (qEMeamsly. =t

1éwem teeperbettas, WAgHragwacusorptaph!l i=e@d ddscrption can
di scl psed nethod to absorb hydrogen, the materia
beoRPELSERGELKe GRIMLEI et Y - Hmi%géﬁwe&rﬁky@@r@geﬁaypwsure

Agxmaﬁgrt Q A dregen- contal 8&89 rrg%eesﬁﬁe %ﬁxﬁfh bgen

be free of contam nants, partlcu oxygen
aleaboplt hemt amdhedem;bltptdrmt alinilt riogereacenpolmd emaiaebe @se,
| n anot her

b 6ind ey HA ThoCHBL e SETEErel (FohERE Ly Gag™ the

m@b@ﬁi@llwugemfa(}ammrd&s QupIpddd, Goup IHB, Goup | VA
and Group VI]I of the Periodic Tabl e_of elenents and
m xt #Res 2t heHEsiosede MRFHRY al E0bePREOEEI edivsdoggan  the

m&@éila?tc@mbﬁﬂgﬁﬁgéﬂgg 9%g§$gn%kahe StrbfenPi TR unds may

conpound I s capab i ng hy rogen at an
babssppeedn tor es shiy@yogent ofnteswitg ngtabsbbase, 70ich may
§a£9e§Q§ ré&%&iﬁ%ﬁéﬁ%ﬁlZgartlcularly oxygen.

In one embodiment, the multi-metal-nitrogen compound
may be a bimetal compound. In another embodiment, the
bimetal compound may 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 saild absorbed hydrogen at
a desorption pressure. In another embodiment, the two
metals may be selected from the group consisting of
aluminium (Al), calcium (Ca), lithium (Li), magnesium
(Mg), and sodium (Na).

In one embodiment, there is provided a bimetal-
nitrogen compound for use in hydrogen storage materials,
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a desorption pressure. In another enbodi nent, the two
netal s may be selected fromthe group consisting of
wW@bkwsiosiesm (Al ), calcium (Ca), lithium (Li), nBQReco0nn00317
(My), and sodium (Na). In one enbodinment, there is
inmetal .- .nitrogen conpound for use in

i ded ) )
eRE MDD, AoEBriEaPTa & P TR Eo RO sigpait of

m8t4T 00eMRk calsOM St G I £PbmMet e alOREuSE! eohadsthiad of
group consisting of lithium(Li)=-alumnium (A

th :

1it§hﬁl@ﬁ@ﬂ(ha}1m@m§n WMy, | thHitmyL (D) calagingmium (Mg) ,
. A ca . .

o L MR as o e ST e (o=

magxé i @s (Mdpes sodiu ()b MekaheBli inQEEN- 8 DIMOHDAN PRI NG  and

capable of, at a tenperature of 220 C or |ess, _
m ‘gleﬁ%? ngtheUrBEen &fSanbPiRSsPprRdhrpEeEs ucONPamdpf being

c&sse1bi g, 6Q% of E@ﬁ?epé{tﬁ@ég@f of 2 ¢+ dopbsarhed absorbing
hydrogen at a desorption pressure. The nitrogen atom

hydyoden behded tapsmtdont erdssinogenanadoms desoriag 60%

enbodi nen one .of .t he tals.is_ponded.to,a.hydrogen
“at olcrahg\l/;ﬁi I 5é)yt h& ST r%l{rzl 5353 hoRBRAT Pt hElyﬁl#’SSBen at a
desonptidn gne=esines) ment, the absorption tenperature
and the desorption tenperature may be in the range
sel etRed PHoRPIPR gRbRp CBHGI ¢ nPBIdehhdit - ©X o two
M -« - (5C to about 190 C, -50C to about 190 C
h; abo%lfgz%@g'to about 200 C ; about OC to about 200C;
abouin- 28€ tembaisdment80Cnabofit tbheCmetadisouts 1BOGHed to a

nfPiedo Tb IBRde 1805 SBbourtiolc i8 aboRtSTagte the
nitedgei Hodmi o about 180 C ; about 70 C to about 180 C

; about 80 C to _about 180 C:; about 90 C to about 180
C. abduPRg06EPPEiBReBEt $BECAPERERF12D CempespsirelARd the

aso n4ngb%r§999E %@%c%eagﬂukﬁg)f%ﬁééaggﬁgc%égqfrom
about 40 C to about

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 about
180°C; about 30°C to about 180°C; about 40°C to about
180°C; about 50°C to about 180°C; about 60°C to about
180°C; about 70°C to about 180°C; about 80°C to about
180°C; about 90°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
20°C.

In one embodiment, the absorption pressure may be in

the range selected from the group consisting of: about
9
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140 C, about 40C to about 130C; about 40 C to about

120 C ; about 50 C to about 120C; about 50 C to about
wai®s5a3063about 50C t o about 100C;, about 60 C tPCEHBG204/000317

120C; about 60 C to about 110 C; and about 6 Cto

about 90 C.. In one enbodi nment, the absorption -

1nfE8sure mlPWe PR VR r atsel ' EQ &% r &M t RBOHF o RP MPa;

aBelsi skbHIxkef | RPoHboQL KPR i®, AbUH 30 MER: xRout 100,
KPa to about 20 MPa; about 500 KPa to about 15 MPa;

lab¥Be; 7500Kka 1dPabbot a®uPalSalibat laieatt olMPautolSabout

1oReL, Sl (R7Hhoft ORRG; AT aNRa iR abBur P PG MPe

ahd omeaedbogbswinty M desorption pressure may be in
t he range sel ected fromtheocgéoup consi sting of: about
0.1 KPa ¥ SFArE1TENMPa;thfo iR SATIPECR 0PEBBEETE0MMPabe in

OUt 4k Kig agout ; 21,0, ADGRL

tI%I%a; %%t%%t S%Cl)te%ﬁa to ]%1 ou{yﬁ %Oog%% ;E%c#l}fl 13%1%%a8? o) labout

OabogPa2500 KRdyoudndlab¥bé ; KRaEbtoutabdutKPEDO tkkPaabdut ored MPa;
nhodi he guanptity of hydrogen that i s capable

ag?ugeilﬁg%%év PSPEPV a&bo?’lg@d 9 e%IKtPla-ﬁté%aar%Qut 1 MPa;

abBblit0gen re&aPord.adeyitWeisght kpel ceabage, MBYkPE 6830 Wbout
more, or 70% or nore, or 75%or nore, or 80% or nore,

28P BBo5 opndpioutorl Gim do mhcatt 149 %onEPanbodi nent, the

quantt %\,ﬂ% th S of< b .

revefﬂgi %ﬁ/ga sor%g%r}’gy t Iéé nﬁ%tgﬁ?%salgfnitﬁygg%%en that is
cgpapbbendyft byeined ghtveestlehy aghsomedebw tthien e i-metal -

[ ange sel ected fromthe qr consi sting of: about 60%
niErOHSh GIROHE Ut PESHT S HboBE 660 2 dout 9006 55% oF
maébeyt c239%ohartnaad) t &r abeyt IO%orboubr 88%et erakiHe, or

98% about 85%to about 98% and about 90%to about
89504 OF n RS ent98di ARAL , 0% hadakst-al IHuapbpt yeBpoRirgen the

qhBAtity AP & ePelng: abgorhgd i the Wity B A sip1y
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 congisting 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 6%; 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%;
10
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ni trogen conpound, by wei ght percentage, may be within

the range selected fromthe group consisting of: about
wa2oso3@mbout 12% about 1% to about 11% aboutPdPSGLH04/000317

about 10% about 1% to about 9% about 1%to about 8%

bout 1% ¢to out 7% about 1% to about 6% about 1%

Bt 9 2000kt 1256 ¢ Gt 105 CanSHPREIIES bR about

13% tabaubut% b9 about 2% about 2% to about 12% about

3% to about 12% about 4% to about 12% about 5% to

abou® TR%s gfouthe6duls lalmnrita 1 2%t igent TWspaoub®uhay used

9% % t.0 ;about 12% _10about 9%t o about 12%
a0 BOBHEeE ds Hlaed Y DedRadtt B ity SRR s Beea by
pemsagel dvee thd tdormmiral -6 t A0gEREANPEURES IR USEEL, for
as a_sorbent of hydrogen. Desorption may be assisted
eﬁ?mﬁé§saﬁgoﬁver the sorbent of a stream of an inert

gas, Thar | 6o @ 0O} | i - nitf ogen .
goc T GA0UPLABA IO Lol ity BT o, mes
meyddi deitnidei depuhul tmepel al hiydrdée -mittidept ahulti-metal

.hydri de-im.de or | ti-netal .am de. The hydrogen |

1Y g e S PP Py e O 1F (T P Aty | mide . The
hygl-abeni EtodtagemibitieriBlialmaym denpran@d MUldisxe R abs multci-
am de conpounds. The nulti-netal hydride-nitride nmay _
mgEapi fak§rider ndiy) tdrvgitgher indeal AR | BBltd-methdesamide

i - al ri.dg-|-m be. bj y...ternary.
T N ReRSte B LR Y P iy,
teirnerdeomeyidehi naty]l hedmdde-oithidaer Ml multi-metal

ni.tri.des. . The multji-netal imdes nmay be binary,,

B haFy LB RurthaPy AT m FEEHFKe Ll (THfipgry metal
hetirdes- MAyade brnar faulel a0l ddtildear Y md®t abe binary,
am des . In one enbodiment, a binmetal may be provided
CERBRTE ofpr iTd@ban thakah aREtEhGeRer MiealmBldlietad)f r bpides

ohDe 55 HEREDS, St SEUTML UG SR, GO s, e
mpbhpouatahnyaveies 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 consisting 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, may have an overall
composition represented by the general formula:

LixAlyNHy

where 0 < X < 3, 0 <Y <1 and N 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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[ithiumalum niumnitride, lithiumalumniumimde,
['ithiumalum niumamde, |ithium hydride-al um nium
wWoRaosiosi®s37 | i t hi um hydri de-al umi ni umim de, |itPCT8G2004/000317
hydri deal um ni um am de and m xtures thereof. The
ydrogen reservoir,

b | - th
ay Rl i UG ToRompbap | PATSE By BAEROEANDy AHRPUd may

beerher al thetmuhagnklidm! aNHEMwhes e QlEthﬁl l%agngsiu?ﬁ <ihide,
and N> |3-X -3Y] . In one enbodi nent , I met al

L& 5hpBunBaghes brmulaamidee Al ik lye - @a@sblu@ ofi tabisde bi hgthium-
cBteigattfad t AR Pellofin | Whlad 1001881 0 fethide-

one” enbodi ment i et a rogen cdrrpou

mbhghbEiom magm‘ssrmdenl trigehidmt hi ydnbgaeasdges dide, imide,
[ithi umcal ciumnitride

Lith d
L i T TR GRS 141 hi TS, 21 ChaF deydrs der g cium

nhydigde -1imgnesi %@d&hHEnglciu&h'ﬁmc@’dr ','L‘.jl.%h%%neﬁﬂ/a'ﬂde~
imde, |lithiumhydiide-nmagnesi um am d t hium

Cﬁ}@iﬁl@eﬁ@wd@ upndi trixdeiresi t bhemedfydr iT@e- daimetmi -nitrogen

it decal cium am de and m
%ﬁ%?eo?% %nggfi o&eer?egg%gund%a%fﬁ?ﬁg an overall
chmploegenom e:sepid@&;ént@@)’b}h&)&fé Yereueraldorgemasi ti on
represented by the general fornmula: Li Mg Hor Li Ca
NH where 0 < X < 3, 0 < Yi&gM¥land N | 3- X- 2V| .
In one enbodi ment, the binmetgl conmpound of formula Li
My NH may be capabl e of absorbing hydrogen at a
tenperature at or | ower tlhaﬁamc The

bi me i £ rogen_conpoun f
capa@ﬁ% %fs s}grf)l %g gbod!{ 15%; (])\]L 'c\ﬁﬁ %%&&y
hydr ogerorai  ambedp@eat Ur ecien bhgetangaedfpabout c¥00f&rmula

to about 220 C . The bi net aI - nltro n conpound of
Lidigifta LReKy R mEpoeeleapss orbing Hydrogen at a

temperature at or lower than 220°C. The bimetal-nitrogen
compound of formula LixMgyNHy 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 LiyMgyNHy 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 temperature in the
range of about 25°C to about 150°C. The bimetal-nitrogen
compound of formula LixCayNHy 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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reversi bly absorbi ng about 80%to 95% by wei ght
hydr ogen. In one enbodi nent, the binmetal conpound of

wo eosb@3li cCa NH nay be capabl e of absorbi ng PgTsGZe#000317
at a tenperature at or Iomer t han 200C. The bi net al

conpound of fQrnul a L| be ca abIe of
abggFﬁl r&; B§E¥l4%?ﬁﬁ APdEsgeR™arcpound

mé?W@featUée bmmé'aeltﬁﬂeeogénabogétle%%e%tofamut t%n'éo Group
The bi netal -nitrogen conmpound of fornula Li Ca

crayipeivapabl @aghesdvar sbrjumbad iy ,aman@)%nt@alcmm
18?1{% rrevg?dnlgg F\Ygrat?%?ﬂm Ié}n € errbogllersrgr&tm %Cg]ﬁedse ca101um

rogen conpounJanay onprise

nandiaapt henadgméad unsel egydch da-aralidiamgr ouPpmt@NS| Stmawlesz.um
of alum nium cal ¢i_.um and, sodi um 12l n one enbodi nent,
hy el dar ¢7lwetnl ot fPogi JMIEuESafheEeal - The bimetal-

nPEPBYL&h - Rbh Bgﬁﬁss%lfecﬂlfed h iR ddie QéQHFv&S@P?! ﬁ{agg@la%fe an

magnesi um cal ci um ni tride, ‘magrnesi unmcal cium i m
owegﬁeélg@mm@&xﬂlnnznﬁgkﬁsanmgdeiwumhhygﬁn@eadaﬁormuia:
nitride, nagne3|un1hydr|% ﬁ? um i m de, nmagnesi um

hydri de-cal ci um ani de res thereof. The

bi me{;abre Hitxogens canpopnds of the Rydr dggnoy o

reservoir, may have an overall ‘conposition represented
by t e gemerambédwmnntm gheaib&maﬁ&&fnibrogeﬂl sompeuvd of

> 1. 3-2 odlnen
£5rhaPa ARy Lt ol thanbl el BE e ety Pogen at a
teapabheund alpsabi Dgwsy drdgan zno c t emper die® adt Wmpound
| ower than 200 C The bi netal conpound of fornula My

ofs FPrmlhe Moapanity oMaXbseR biGiPaEsut OF. 59bGPTRENg about
02BQufr 4%M o hiyelr ogenyat @&%@baw 'Ee&§§r£aﬁ9ee 9h the

about 2 C to about 1380 C |neta nitTogen
rgogpowrdd afodtorabt@ goCalrtnays®eCcaFils ebipfetal -nitrogen

CHFITACH, B Gthath OO SRt W eratony
aBOSPPURG aByutber @ My xS W sedigh® Myidroden .
nagn%gl lérxrl}esoe?rllb%rgllmrgnqce the bimetal-nitrogen compound may
be a magnesium-sodium nitride, magnesium-sodium imide,
magnesium-sodium amide, magnesium hydride-sodium 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:

MgxNayNHy

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

In one embodiment, the bimetal-nitrogen compound of
formula MgxzNayNHy may be capable of absorbing hydrogen at a
temperature at or lower than 200°C. The bimetal compound
of formula MgxNayNHy wmay be capable of absorbing about

0.5% wt to about 4% wt hydrogen at a temperature in the

range of about 25°C to about 180°C. The bimetal-nitrogen
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magnesi um sodi um am de, magnesi um hydri de- sodi um

nitride, magnesi um hydri de-sodi umi m de, magnesi um
whyasiosis3sodi um am de and m xtures thereof. ThRCT/SG2004/000317

bi met al - ni trogen conpounds of the hydrogen reservoir,

may have an overa Qsition re resent d t he ,
Rt Phr sarauly MNPy d¥L 56 <qaBbbe Of rfvereibly
alBHWk BN gy |a1:§>113:x oo td @7‘%”%ye%Q§hEeH£fdr&€gn

bi met al - ni trogen conpound formul a H may be

capaltn eon¢ @b@@ﬂbmﬁgthydﬂlﬂgehlla@t@ltmmr gompognd may
he nmet al.,. cogpound _of for

3”%%8Capa ﬁ% %hbsoﬁﬁF%gggboumaggﬁ% %ﬁumgnlum

1na1tm:ut 4%a\gheleydrrnogenmah1amt enpRLagyr e nagridwi unangiyafcide -

about 25 C to about 180C. The bi petal -nitrogen, o
A IEGHIBUNdRSEL L8R nul AAESS INT nely Bl dapRbiielafum  imide,
mergqreesrﬁrnbl Y RS HeR A G 3 B 8%%&8 9488 by eI s thereof.

drogen. I'n one enbodi nent bi metal - nitrogen
Th&nnhmmatahwpﬂmquemagn@@p@mndeunpﬁruhmmrthydhpgen storage
|umalu nium.imde mmSLm}Iumnlmnamd
MRS T RY o P Eal T UG Ao Haghas| GRpfooeited by
tHy dydrtia-=al wamdum.i m de, nagnesrunrhydrrde al um ni um

am de and m xtures thereof. The binetal -nitrogen

conpounds of the hydrogeWgs@%@%@e material, may have

o SR PR AR e e sy e s

> | 8- a&say of Achassuot it-hetsul-hi tgegeh - idnigetls may be
conpounds naﬁ be provided to forma sorbent for
P

PEBEBIBE nGnylPEher® TREPEBFheFRT mapSBELLRIL HaydeRdhtbf The
s G MOWIEf 2 ANGe TRY  PRYE 81:1“'38@ Qagbbvﬁeg éhée][nlag} ‘h%?net a mean

range sel’ected fronrt e group consisting of:
pdQ@ e, Hisem io Sﬁbﬂnrrahgﬁ1tee250nﬁd Emomt 0 th80Omygroup

cgr?éjisrgnint_é) lo@n 0. P;Enlfl eftoDej?(%bﬁ)t 1 oty Dr aWI %%%um, lpum to

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

Brief Description of Drawings

The accompanying drawings illustrate disclosed
embodiments and serve to explain the principles of the
disclosed embodiments. It is to be understood, however,
that the drawings are designed 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 sorbents comprised of
multi-metal-nitrogen compounds respectively having an
overall formula of LiMgy, sNH (open circlesg) 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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The acconpanying drawings illustrate disclosed

enbodi nents and serve to explain the principles of the
wael@shawed enbodi ments. It is to be under st 00dPCT/SG2004/000317

however, that the draw ngs are designed for purpOSﬁs

of .illustration ogly, .and not as _a definition of the

qxdrﬁotgs?nofali‘% etﬁﬁvgntaix&ﬁ. HePg SSEESs pt RS TRt W S hdti fgorees

ddist igyraiaat. of hydrogen absorbed with tenperature by

two sorbents conprised of nulti-netal-nitrogen

conpdiftts Fespeerlaes yPhavs e drrmanes i joiorsniiemfs  (PCI)

th“@ata(%?l%'aviﬂ C%ﬁé) %BQn i oq.aN E'sg?*)@%g SG? e:SS',lleequent
The axi s repre enstﬁem)ar rati o o {10 e
Gemdrgiticat af phgsisoyenofwidl0Opkdes (4. bathe) @brbent having

14hydro d the X axis represents tenperature in
aﬁ’eg¥‘é§§g§£nt Og‘?‘%‘g@ ?gg.Ll,Mgdie%Tﬁl ayspen Squares) was at a

PRI eCOMAs| ti @i-d SOtRRI Mg {Ffd ) of ngdal gy show ngyerall
t he amount of absorption and subsequent desorption o

floyidgerrini BhCar.e¥ur ébladihectochent Wawi g am beepekhture

foor of L H_(gpen_sguares) was_at .a
c?%ﬁ%gia'ufg&%?glggb& gggﬁgsgogﬁeﬁ%eﬁgyFﬁglﬁh1§V%r%?? the X
afxdrenuepretehic€aBht Nek{bl af kalsds &S )H Was Sdrident .
temperature of 220 C . The Y axis represents pressure

in bdr9and 4 hed$EE%H2eF epf BERAT L UHR- PERIPABRCGHRFPeRF Lon

(Hetog Sﬁ@fﬂberﬁs@-h%f%%ﬂ@%llowjﬁ:%) oxé?rall formula: (a)

Tenper at ur e- Progr amme sorption ( sorbent's
Hysircagnelkedf oh1Med. adiHower al (b)f ohydlag¢nd t & drloidenadett and

' : en d.Li MQ-5NH and.(c
(E§g?%g%%ﬁFéng?%ggﬁ%N&Nﬁaxé%%gﬁﬁﬁ%%ﬁw&ﬁ??%%%?ﬂs‘ Hydrogen

pHgadisagen 1or emsur €.dd Bdg ,( Hthdar )hdure thdodésofpeion was

desor pt.i qQn s detected by heating the above sanpl es
dle%e&tﬁéso%% %%ﬂ%?gpﬁhﬁfi VR SIMINESs Spedt rifet fream of

phas ruead 4.0, dat agdsd hepelf it ases: {é&d g,osf@é/ﬁ?ct the
pressure-conposition-tenperature (P-C-T) profiles of a
efélyent BaseAg the overall formula Li MyO- 5NH

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

profiles of a sorbent having the overall formula Li,Mg, sNH

at temperatures of: (a) 180°C (closed squares) and (b)
200°C (closed circleg). 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 Mgy sNag.sNHy .5 with
temperature. The Y axis represents the molar ratio of H 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-Programmed-Desorption

(TPD) of (a) Hydrogenated Mgg.sNag.75NHg. 5 complex; (b)
hydrogenated Mgy.5Cag.sNH; and (c) hydrogenated

Mgo.sAlo.sNHp,5. Absorption conditions: Hydrogen pressure 10
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at tenperatures of: (a) 180 C (closed squares) and (b)
200 C (closed circles) . The X-axis represents w % of

woh@bsswshed in the sanple and the Y-axis i s prEGESGHE04/000317
Fig. 4 displays the am)unt of hydr ogen absor bed by a

Ith| an ov osition 0-5Na0-5
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effluent gases. Fig. 6 shows P-C | profiles of a My .

NaNH sanpl e. at tenperatures of: (a) 160 (b) 180 C
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di ments Preparation of
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be%aCt' on betvve n

d
oo fromite s hapdu TITRBIRG ngo | lph 2y S ox"Core

mﬂltbﬂ.@g&ﬂraﬂﬁﬁxIﬂlnld’dﬁnHmieetvylﬁlO 4 oh it Bogenpesth ikl moiety
wll reversibly absorb at | east 70% hydrogen can be

ERsefePTt 3| SBPWRG dFR3F niviidd ngé?‘éﬂ%sjd?]ey sébPeetrld ¥ ohpast
7@9 al kel dgdret één(ﬁeg uddd higm ﬁé'aktortmﬁpdai'g@ nl\\JFF)a)r A8tals

al kali ne earth metal (e.g. magnesium ( or clum
af€a)gelect@duprokrb aret al k{ ki g medladm hemg(All)L):hlum alLi) or

scﬁg%% Vwa)fnﬂég alkéﬂ%ﬁénéé% (ﬁméﬁgft?e n!t&ég3331um (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 wmetal 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 £rom
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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Ball-MIling A binetal -nitrogen conmpound i s made by
ball mlling a m xture of a netal hydride and a netal

woraososs37 netal imde or a netal am de. The nePEl/SG1004/000317

the metal nitride, netal imde or netal am de being
different_fro h al of the net hydri de. The, .
mi xt ﬁﬁne tahrgt %%ée%%‘gﬁigﬁbj é“&tgﬁdt o Pal |1¥’ﬁ'*‘rﬁ’?3f3rf§9 j gPimetal-
ntiltevgeeateeghpeiudiey, undefxmacs UST Ofwd NdiHeipi Bsengecols, or

ninert gas at tenperatures ranging from25C to 1500
d% ,1ﬂﬁﬂﬁ? g&STBPEBEEr e 1T r ofPLRIPASE 0. MNggE) td 5Bitrogen

AR sppaPebag) Walkide A9 SV YES f%gghtqﬁmﬂﬁng& erature
Cal cination 16/ n an al ternative et hod of preparin
toi ASt0dl°C, nindeogeres rpeesdss @f nixemirekPd (WL bar) to 50

i_ssi il ar t al or._of .,their _conpounds, are cal cined
N@%de#ggbnﬁﬁgngn%ggﬁﬁgﬁﬁéPg aFa?eE£5¥htgﬁesc?ﬁﬁ@ﬁigcnuz by
hisb@AnBOGM hegperat bEe o andhd0, Coxr YRAGR sJaASHIPRERIY € and a
of fromlkPa (0.1 bar) to 50 MPa (500 bar) . _
Pdi et oiicannabad Baidse roedmetal bpmhdat iunglexr an inert
Xt ur e Qf ta It 0 .al
o e e mrnOsp izt PR PO BIRSg Svom
r@pmnit@@genabmnwsgheresaD°Cenp@mdémrgmsrapgé@@ufé;nnf from
omte rature tq 1500 C,, under gas, pressure o )
1%% n1¢kgge?%Fh gargotgﬁgb “%%3(%©E)baF?g ?ﬁ%a&ptéff of 1ts
cehpbuddedMestdsseddtal waaCt ShoM hdcd hen et Ble NI HEELE, imide
nmetal i.m de or nmetal ami de acts as a "dopant netal "

OFh@SISgart™ifAg afCeanaBe apr'o\ongad imetERe -f oftte oflopant metal
n anp| e [ oxjd i trides

T e e

hplliGes, NWifhe nuerafléscoaposntneiralfi@ ddmgCaimndiHetc.

conmpound, may be described according to the follow ng

formula: Li Ca NHwhere 0 < X< 3, 0<Y<1.5and N

HydrogedYbtorldgsamn! giofalivga . prepared and the

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

described according to the following formula:
LiixCayNHy

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

A sample of LiCa,.sNH prepared and the absorption of
hydrogen was investigated by Temperature-Programmed-
Reaction (TPR). Diluted hydrogen gas (20% H, + 80% Ar, the
partial pressure of H, is around 4 MPa (40 barsg)) was
passed through a LiCa, sNH sample having a mean particle
size of a 1pym 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 LiCas.sNH 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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hydrogen was investigated by Tenperature-Programred-
Reaction (TPR) . Diluted hydrogen gas (20% H + 80% Ar,

W b@sp3nesT al pressure of His around 4 MPa (40PGESE)003/000317

was passed through a LiCa . NH sanpl e having a nean
&rticle size of a mat elevated tenperatures, On-1ine
tags oo

l{ﬂ‘t%r%hyreft@ h P %p% 1 r%?ljlyl%wsguivalent

teehBoused . ba wRal okrbheg changecof aftydrogen content in
the effluent gas during the test. FIG 1 displays the

TPR #ashongsubesng| bovad Hey sebaoriat iHydebgeght from the

absorption_hy, Li - begins at. a temperature of
dg‘%guf)%%glgegngyi %gegg‘é—% % etre?r%%tr:h?lbrpre% bove 100 C .
Hydr ogepr.absgrmti on pgaks-at cAEOC +i mmiNich 17the)H to

Li Ca0-5 NH ratio is about 0.87, which is equivalent to
about1EhoFhg ofiFac.NedCPRVEFEANINAC Wathonhelb 2.  The

Vi N fro tai .
R Y ChRBSRL b  Eagt i | O R Ry i
Fali.NHA( IQonWidm t ik Caerds cdbilononvEn¢ i hgrtiiaoGabllarmkis (X)
Li_NH . The Pressuyre-Conposition-|sather asurenments
TEESHA 157 FTaS ROLBRT AN En ¥ pPRETERT O THET Lo Sorbent.
Thor FZ2gnt ah , axiche( Xe1bekar scioctbs nMphasreadt i @epltesent the
absorbed H atomto sorbent. In Fig. I'A the closed

LiiCPelsbE SRRRRT r epPes&rMhed Ui CEOTSRPNEET ber . alpRerption
1R300 BePr e$ent Skhe,absanpt | afkigPt NYr Mah bLEAPES the
R and the arrow X0 tepresents the desorption

desotrpeion EsothElk@. | A, it can be seen that X can

reach,_up t .75 at .tenperature of about_ 220 C ich

o e atRard (Ahbsht BhoN Gt At Ay can reddh W o
1GoBt 2 RdgRrdtid fdd cddutd o ayat d, wieDdd ang naghsvaiefic to
exanpl e lithium oxi de and hydroxi de) may occupy a

apeitai f- Ahbunt® oPft He sl €OREPFRNALERDs, 1X cHffgeult to
a( 153?1,} h?bl}]‘%%nlﬂg‘ﬁté EVaERE Ofeigh‘?plreeacﬁ.g.eﬂiﬁfn e%@fc{eon and
hydroxide) may occupy a certain amount of the gsample
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-Programmed-Desorption (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 situ X-ray Diffraction (XRD) was used to measure
the phase transition during hydrogen absorption and
desorption process of a LiCay, sNH sample. As shown in
line I of Fig. 7a, which shows the XRD of the sample
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desorption of hydrogen from CaH and 2Li NH , can be
achi eved by deconposition of the material at a

wao eqopes@sur e from about 80 to about 220C at a PYHSGLE#K000317
pressure of | KPa (0.01 bar) to 10 MPa (100 bar). A's
tested b n‘gerature Prograrmed Desor ption &TPD),
belPotnYHTPERE @Rountdon) omhixr §5ERNde SBiftpGhion peaks
é@%ﬁﬂ@d at-A L?@Be%ﬂﬁurﬁ@fw%ﬁu%a@é Ge- @d&%ﬂoe%%at and
220 C . The desorbed hydrogen nay be descri bed

alkawor 83 ng° t@rteh@luaalttcomﬁ:a@ r Bachiydrrog€aH absRiripiiion began,

uX Diffractian XR[%)d

t%é;ls ugwe%" y.\g{neé%%% t%\g S%}bse t;éa%w PR Hr i 1t géken and

£ Y4l DgevanDsSneRt bad ahd dasdaeplandn HFRCRES Lﬂ‘fasias situated
Li Ca0-5 NH sanple. A's shown inline | of Fig

a%ﬁ@ﬁrgﬁé%t?% XD oF: t hé“sadfi’e 18Bef éﬁe:hm-ﬂge@;welyl
d{&’é Epédon only strong diffraction peaks assigned to

I Ca”. NH and weak peaks at about 37.3 and about 53.7

ar e Huecho Cb:e()sé\enhyfdomgemeatism ptiéArbegaon théterhy of

FiAnLNBREaRD (RS SRIIEIERE ar, G piRetes TR e that

tl@@%@t@@éﬂweﬁosaﬁnpfé,lﬁ%o@&e%oﬂ eSIBChHAN eLYNH, .
devel oped. It can be seen fromthe XRD diffraction

patterns of Fig 7a before (1) and after (I1) hydrogen
, that the hydrogenat ed sanple is conposed
i PGSl St orage in Li-My. NH The
Overfﬁé &@@P@ﬁlté &1 18 ded Jﬁl&“ﬂ;aﬁﬁfﬁﬂng mBBYN&€ ma
descri bed accordlﬁgpto the follow n or rruioaﬂa @ IX oe
deser Boed aocar@ing ko the £ lawdng fqrmwla 2 |. The
hydrogen absorption of Lil IY% vvas i nvestigated by
Tenper at ur e- Progr ammed- Rea t?‘bn (TPR) . Diluted
hydrwigete gas< (202 3 +0 80% Ar 1 tshearpaA ial | presur.e of

His_ ar oun%l
The hydrogen absorption of LiMgy sNH was investigated

by Temperature-Programmed-Reaction (TPR). Diluted hydrogen
gas (20% H, + 80% Ar, the partial pressure of H, is around
4 MPa (40 bars)) was passed through LiMg, :NH sample having
a mean particle size of a 1um 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
LiMgo.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(NH;), + 2LiH (3)
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4 MPa (40 bars) ) was passed through Li MjO-5NH sanpl e
having a nean particle size of a mat elevated

wao eospes@msures. On-1ine Gas Chromat ography ( GC)PEINSGNa$/800317

Spectronetry (MS) were used to nonitor the chﬁnge of

hydr C ent_.i.n t ef fluent .gas durin t est i
F?/G O@%sg{%ﬁs&l%@°%tggflvl%gﬂlﬂgs.g?t %@Fﬁ%@%&%ﬁ LiH,
aibatt hpdriogenmabsor phitad by LiMgo- SNMREFNScah Be stored,

tenperat ure of about 90C and increases at tenperatures
‘gb{%é 150 Yldr bYerrLehSor bt YA pedks vidrrprg, thet can be

MYy t hepnhy dr Qgen \gont eqt,r e?g%gs%d%ea ) Y o%q_%itolﬂggIsotherm

decreases at termperatures abo out” Bein
HRAREdentteoshownt inhedght 1Ar aontthendatd sohfraidied iby,. The

R that th i th is: 2Li Mj0-5 NH + 2H My (NH
T e S i, s Aeis et 2 O
Rngtdh Heoakeubeatl. Adokad . rat | ocpé £ M3 reNH esent

he stored, which is e%liéﬂ to about .95wt % of hydrogén
Ghtat EaNIbeNHt orsrianti MyOheNHarFew 10 represents the

e Lt i.on- | herm measurenments shown i n
TR ehra o, By EBR BRLORGr Aooncap agebts  the
degonpefiens itswttheermol ar rati o of absorbed H atomto

bent . | [ I A, the open squares represent the
L1 VoG SN Kot DU LB, PowATB0r EBRESENEauLHe each up to
Blas Pt tenpbsaties MoENG B a3 OW 20,k L85 e§§me§utit}§f'lient to

desorption isotherm FromFIG I|A it can be seen that
Rl - PEXEN Tip Ao B4 A5 teopemingteicf disoudifRDo@lt to

i ch | I tt ou %-af .H . A s_.
agodr?ta ani ngtéflg%ﬁl;ds{g%??fi cﬁﬁ(%'bt ogiac\a}%?g% comtamiTant 8¥t¢gr and
hexdaepiiald)i t hiaym oxicdgyand hydrbaide)am@ynocosipy tthe sample
certain, anmount, of t?}e anpl e_wei ght, thus, X can be
Vﬁeésggj%[’hgﬁwf'o. e 5\/3re§§ 3Phe-Peaction of equation
(3), Thee.rdherslesor pth@nreécbygﬁoggne&ﬁgmé/ﬂ('*(Jb'g ang e, the

Li H, can be achi eved by deconposition of the materi al
desoxptdpper &fur dydrogen from Mg (NH,), and LiH, can be

achieved by decomposition of the material at a temperature
from about 80°C to about 220°C at a hydrogen pressure 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), + 2LiH —» 2LiMgo.sNH + 2H, (4)

In situ X-ray Diffraction (XRD) was used to measure
the phase transition during hydrogen absorption and
desorption process of a LiMgy.sNH sample. As shown in
line I of Fig. 7b, before hydrogen absorption, only strong
diffraction peaks assigned to LiMg,.sNH and broad peaks at
about 42.3° and about 61° are due to MgO. As hydrogen

absorption began, the LiMg, sNH phase became weakened and
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fromabout 80 C to about 220 C at a hydrogen pressure

of 10KPa (0.1 bar) to 10 MPa (100 bar). A s tested by
waeospes@sur e- Progr anmed- Desor pt i on (TPD) ( ShoR€iI/B6G2004/000317

line b of FIG 2 ), hydrogen desorption begins at a

R oHrfiRhad 358" che iddaoaarh dr S dirogiin Ry i vated

fesap pb@s&mae@n%l ngo {9 L he1b 0l 13yM Ngazk@aghi-on: ré\%é\%:)vely,
+ 2Li H 2Li MjO-5RH + 2H(4) In sitd X-ray Diffraction

RFB)oRRA- used to neasure the phase transition during

hydr S t a esQr pt L ocess, of a

e A0, SO S0 BSEERR P cceons o
hief ore bgﬂongemlabanﬂphlfcar qQiny Stycataged fafldﬂﬁtptﬁl’dm that

a e o Li MgO-5NH and broad eaks at about
B RS athied 1o e CoTEER ?@9 b and LiH.
absortd ongbegapeidhe £ MO0- N weakened,era11

and 20finally vani shed and the amde and hng;rl de
Cmmeﬁsltsmruabekﬂgatsvl\ﬁbpsﬁomaﬁataébp 3eHFedsl Ré@rramg 4Aq Fig.

es ively, .devel 0 It can be.seen fromt
AT itae  on” SHE HSEt iy T UMt ) TART Afg V). and
I(:IIH) hydéég?nnﬁb&@mﬂiﬂﬂa ddedrpteohy deegRaRkhed S aMMA NH.
I S, conposed of (NH) and LiH The desorption froma
Rt %a\ﬁﬁlfﬁfél%erb@.ﬂaln@onﬁ&l B oRCTPREPCUTRSs @f spround
tppiced. o Ref et o Fj:, 2 , line a, the desorption
of hydrogen fromM (NH ) and LiH, closely mrrors the
desorption isothermof LiMjO-5NH. Hydrogen desorption

' t enper atyre_of_around 150 C . and peaks at
eﬂa 2 R NHal\/g Na. NH The overal |

Con‘pamé ioverdl R Mmﬂ\@ﬂ‘dlicﬁﬂmwd.l—wmec&ﬁp@uﬂl@ﬁd may be

ccor ing to the follow ng formnula Na_NH where 0<
133 %@GFQI@H&% Chdh] iqllywyzlgz)formula
ngNayNHN

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

The hydrogen absorption of Mgg.sNag, sNH was
investigated by Temperature-Programmed-Reaction (TPR) .
Diluted hydrogen gas (20% H; + 80% Ar, the partial pressure
of H; is around 4 MPa (40 bars)) was passed through
Mgo.sNao . sNH sample having a mean particle size of a lum 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.
4 displays the TPR test results. It can be seen that
hydrogen absorption by Mg,.sNa,.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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The hydrogen absorption of MO-5Na0-5NH was
i nvestigated by Tenperature -Programmed- React ion

w@ T®Rp3063Di | ut ed hydrogen gas (20% H + 80% Ar, P€TI8G2004/000317
partial pressure of His around 4 MPa (40 bars) ) was

th h MyQ 5Na0- 5 NH | e havi
Do ¢ idies AreEbie e 08 5 iR RATIRE! hhR, BvEERalY fqemuia
MRS NERI-QNE} QUradly 16e) 8pddMags DnectEsongidwh (M) the TPD

were used to nonitor the change of hydrogen content in
sheamef fuedingasaduPfngFthe test . Hydepaen didgsioaps iome from

Rytest nfresul . n.b r 0
Még'sscl)\lltra 6t7i51§%°'5y #\%}-rgl\la%?SﬁlH%g@gji%%?ttg? teah:t)éc'grrper a %r (1358f C and
raodu 25 CGlaodt | nEEeas esidats tappedasorlesn@baveaS@efiperature

drogen _absor ption peaks at 60 C, in which the
%&5083%1 2@(9ntcent reaches 1.0 wt % and the decreases at

t enpetetdpanpbovs 2¢ige desor piion of i@ Sanvle h@_\ﬂe%%ure-

the overall formula My .5N a .75NH . was also studie
Campass- tsieawd siof helr@sTPP stroWin Prof i hes aobf aFMGo.s§aN sample
rogen desorption from MiQ-5 NHO. 5 begins at a_
at@é st a?gfm(ﬁa&é%% Snd'?IBgalgssan gBoutic17808°C. It
Rid v RserflesRiRi Ry ats achepPehat HhgiRinalkaut 5208 Gpsorbed
Referring to Fig. 6 , there is shown Pressure-
HCdip oot adhHl sGithe? ngolectley wfofNdedladi)a wa®- sNane 1.9,
lg_a ratuces _of: . (a) ©C, (b) 180 C and
“%‘2)@’285‘ %@qﬂgﬁgg‘% 55" aBenty ?o%&'gfg. 6 that the
maxi numrati o of absorbed Hto MgNa N H (or 2
| ec was 1.9, which is
e _ £5 : ORGPy Br 8§82 SEE: age &
desormfd Qdra 1V el Ihe erenally-eqmeesidi M, amay be
My- Ca_NH conpound, may be described according to the
degiaréhiedy aceordiag Mg CheNEowheweng<fXrmuls; 0< Y <
1.5 and N > | 3-2x-2y| . ' be described in
Exanpl e 6, below, a sanpl@g}g%a%”‘

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

degogp

As will be described in Example 6, below, a sample of
Mg,.5Cao.sNH was able to absorb up to 1.3%wt H at a
temperature of 40°C and a pressure of 20 MPa (200 bar).

The desorption of the sample of Mgy.sCao.sNH was also
studied and is shown by the TPD shown in line b of FIG. 5.
It will be seen from the figure that hydrogen desorption
from Mgp.sCao.sNH occurs over a broad range of temperatures.
Hydrogen desorption from Mgo.sCa,o.sNH begins at a
temperature of around 50°C and peaks at about 190°C and

stops desorbing at a temperature of about 300°C.

Hydrogen Storage & desorption in Mg-Al_ NH

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

ngA 1 +NHy
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Myo. 5Cao. 5NH was able to absorb up to 1.3%w H at a
tenperature of 40 C and a pressure of 20 MPa (200 bar)

WO 200h@3@aesor pti on of the sanple of Myo. 5Cao. S5SNPCTNEG2004/000317

al so studied and is shown by the TPD shown in line b

of FIG 5. It wll be seenfromtheflggrethat

hydr 0§ 1e$orPht$brd f r&m My .1 -Casms NHZ chir 2X ovg} -
broa ng ratyres n ti fro
- 5880 B RPrBETPEL " 2% crpaiotr ol lar tafoundi oS0 erail
QumpqﬂﬁﬂmpnuMgbgmlolﬂE Csaptoghopg dheOTbDn@h@Wnaln line ¢
er at re of apbout 300 C . Hydr n Storag
gﬁ?{% ion it Mg A KR AREToOR |tg%nﬁbgv¥?oﬁh@1t giydrogen
d&s&@pd%rwﬁp@mﬁgo rmo Qﬁndﬁégﬁggegtaac%%anmrteh%f 50°C
follow ng fornmul a: | gNH 22where O0< X <1
and gedtNnsep 3de2§er2§upg tkhe ad exe¥ipt rt@mpeﬁraausarrpbé about
;{%d/d g the overall conposition Mgo. .5NH is shown by
D shown in linec of FIG 5. It will be seen
fromthe figure that hydrogen desorption from
HyB: dofiir0 . R 3 it Smedtie 18 f1gper at ure of 50 C and
continues desorbing To a peak tenperature of about 220
C . WAivkRirkelersiRgaiat 6PMRPSLBIQRF oseUPIEFaNE arte least
GRIMAS A1 O5a£PD! LAKNG ALeheanl 008 MRLAL A% A bing
a netal nittide capabl esor bi ng hydrogen at
nelrageare| gt| (nwltaetrweﬂazt u]rcms teenbepragsmersesand | priessures. It
expectedt at se co ositions, nmay be use an
HdTPes e th?ﬁr ogER° efé)W(?Sr'Lthﬁss?‘ q??tﬁéed as an
StRBiariptd oninf aydfk@@fbg&aﬁ Rsahesed hesei §z8i8ta in  the
nunber of exa es of conpositi| ons capabl e of
Ir@h%lrrggéﬁosmr &lad-i Valse Ocﬁﬁ drpjes Ht upES: @ mumber

f : t
T T E%%FF&%##«‘E&%% 29 185 2e15%e0RY, Wirooen
dourssl edtiva Inpslghve riemeesswes.: [t was surprisingly

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 period.

In a second example, a 3.0 g mixture of LiNH, and
LiAlH, 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 released 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 at
atmospheric pressure. It was surprisingly found that 2wt$
of hydrogen was released £from the mixture during the

milling period.
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found that 2wt % of hydrogen was rel eased fromthe
m xture during the mlling period. In a second

wex@spsmw37a 3.0 g mixture of LiNH and Li Al H wi PCT/B@G2084/000317

LiNH :LiAlH nolar ratio of 2:1 was ball mlled for 20

r t nmospheric pressure. It was surprisingly
E&%%ﬁgﬁg%ggﬁﬁﬁﬁgééﬁihydrogen was rel eased fromthe
m Xt e dtydf@érhesm:béhﬁg pekicedbelin abd r €agXBAPLBed in

a 1.0 g mxture of gg} and NaH in a nolar ratio
agy N&lmﬂﬂystawq%q 9%eng Wdifqm heaad % o 60 needed. A

PR FleRelly gaﬁ) LRsAher e (ﬂ}at Q:g{g) %@(2))?418%& oesisyr Qp | bydrogen

Pas surpri si ound t en was
reebeagedsfron1the m xture during the n1II|ng peri od.

23Hy r en _Reservoirs h dro en sorbents descri bed

abov B8 FRTa }3“ PEACEES withe RyEpbgeny for

esH |l)é i Sa@eéﬂegoafdp'lﬁ/f&rd'g%gl apRdi£d | 98 ¥fydri@en-energy-
sorbents is in hydrogen reservoirs .~ Applications for
drpaea ﬁ&ﬁﬂﬂﬂﬁh&?%ﬂeﬁh&m%ro@%rcr@fteXEW§Beleasetc Another

pB3s83Ed QY1 9080 ShOT AU \h"YILLOEHE ST VAR Ve hydrogen

aut onobi | e ships, "aircra Ny 8sTTes” et
fpais@@hiinhﬂﬁ&ﬁlf@m éxamphe, sohbepbebeatin daskydbegeabove
fuel cell exanpl e, the sorpents descri bed

wh
SBOV§QQRF%US%ﬁ§ t%@ IRPErPBgen. 1M n ¢t t1oR; tkBe hydrogen

aBYerpEeBnaks Rl Md Qb riesos ot { O 1 Qéglz’r%éddﬁ%%'{réb%gn be
above can be used to transport energy. A hydrogen

ugedefPoltirapgPoEsnpreseya contai ner that contains the
sor b@.ml%r\gc?]gg%éﬂ t fsr]éﬂyo%'}t ' 91?}7 Tcﬂa%n rgeal %erc%n%razpfearr that

one or orts ermt~the |ngress of
cdutbmgshyﬂnﬂgsorbhsbrpBednuﬂﬂtﬁdﬁﬂnﬁﬁmﬁibnthehegmeﬁﬁainer

of drogen durin dro en desor tion. The container
"8k Breh Gl nC8 TP p Phal| @rEp| ghe  ingress of

hydrogen during hydrogen absorptlon and that permit the
egress of  hydrogen during hydrogen 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 person skilled in the art would have the
knowledge and training suitable to design containers for

use as hydrogen reservoirs.

Example 1

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

2.0 grams of LiNH,, Li,NH and MgH, with molar ratio of
1:1:1 was mixed thoroughly by a planetary ball mill for 2
days. The as-prepared mixture was then heated in a vacuum
(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; sMg,.sNHy.5s. Without
being bound by theory, it is thought that some of the
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valve to permt both the ingress and the egress of the

hydr ogen. A person skilled in the art would have the
woewaoadge and training suitable to design conPGi/p€r0®4/000317

for use as hydrogen reservoirs . Exanple 1 I\/gH can be

Jour chas L| NH and .Li. NH can

.1
syn?thae& zetég?@fsgg%iil g SORESh hirgni® z?“ﬁasOfle\ll—*fhe F]pctants

tmoarrsorofréa&&td Bt NA@Ncehthad tih Madkelatl ¢oeh.
1:1: 1 was_ m xed thoro hly by a planetary ball mll

for 22d29Q. mThermplerehardsMgxiNies hasinten Heealeddrticle
a 0 r) untll no_gas, _
evot?vgﬁﬂ l(rm}c?migpt egm )%?gge t)'%\éter pci él vvag Fr e Seure
Ctmnpmtima&mtﬁtérmonﬁ@@[[bi omngjt\zen Tth)e th@d‘mfgaﬂ a storage
t bei ng .bound, by _t heor, IS thought that sqne
P AT eR AR EEIaNAr BV P LARMES oo Giir) of
Hherdpact atiso h%@llenofsafnﬁﬁét egepyt hat diempbRedptfheated to
adm xture form A 500 g s of 1-5 having a mean
Jp?d}‘tqfcl é’*fsﬁezlé @ h@ﬁrsutofnt@bWﬂ@@a}mI eapeft oft.5 wt% of
C‘é)r%)s%]% Qp- | sot herm (PCl) unit. The
lﬁ{/# Tor age capacity was determ ned by
| ntr dﬁmmtﬂiﬁh M?as( peerbampdofbynydtegeningt aHheCl system
was preheated to 180 C . After 2

| |
Lnﬁro elf)caeakggo?*pkjﬁﬁh akhGut- SHRSTHUTEF Ay diBdgén fmds 3 hours.

1B origslin e SOF PLaOSL MBS PEk @fg& DYy aGhidd i d h%g
PCl systemto 10 kPa (0.1 bar) a tenperature of 1

a@ﬁf@ﬁp@%u@% hsrﬁéogmumt éfBOdéfs@mb!e@nnldyur dfeMBras(100 bar)

a or t| f hyd and under
Cg% ill/ty Pz?tsofﬁ)hyﬂ) rogen % Lngs hour ]}ﬁ/(%&%% re-
Wazhlbhabﬁeﬂlbfdthwhl cdrbdst&ansot hats &EDUhyaQOgé% was

gen was desorbed at 180 C . Accordingly, the
(%ogrodé?ﬁg Cihthffa 0-S 0-5 was surprisingly found to

be capaddegdigreyverse aRIWMNIof formula Lis sMgo sNHy s was

surprisingly found to be capable of reverse absorbing

90 wt% of the absorbed hydrogen. The sorbent of formula
Li;.sMgo.sNHo.5 was surprisingly capable of absorbing and
desorbing hydrogen at relatively low temperatures of about
180°C.

Example 2

450 mg sample of LiMgo.sNH was put into the sample
cell of a Pressure-Composition-Isotherm (PCI) unit. The
hydrogen storage capacity was determined by introducing
20 MPa (200 bar) of hydrogen into the sample cell, which
was preheated to 180°C. After 3 hours of absorption, about
5.5 wt% of hydrogen was absorbed.

Desorption was performed by evacuating the PCI system
to 10 kPa (0.1 bar) at a temperature of 180°C for 3 hours.
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-
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90 wt % of the absorbed hydrogen. The sorbent of

formula Li MyO-5 NH was surprisingly capabl e of
wa@bwsnkicsy and desor bi ng hydrogen at rel ati vel RCT/8G2004/000317

tenperatures of about 180 C . Exanple 2 450 ng sanple

2Brezbife. CMHER, TROHE SUitfer ADPBE P unf€r Ple RYAFOHRh vas

d&b@ff@@@_ g@pqgloto)c was det erm ned by i ntroduci ng 20 MPa
(200 bar) of hydrogen into the sanple cell, which was
pr eh@&CceFdiaglgn C thaft efidicholiHs 050§§§6Fpt| of,  formula

L%éf’?‘%’? 'r‘?eNg° ﬁy%év\%;cmaé?llr %%q%ﬁ%?-’&la sys?em 0 pt | %%ﬁg of

rleae):sat abisenbe-ngt us® \mtf° 1&F Cther é?bd:mmhsad '[Etl,eimjgmnt The

desor bed en was neasured by reabsorpti on of
SWE’FB‘&en f% XS b wpéi’a(szo?j“%“)spmg y capable

o@y%&%lf andOYESorhPRY! ad. %indindr agen

re- 25absorbed, which msa%sat t%twab%ﬁ 93 wtocgf pYdzogen at
rﬁ}art@g'@rlywégwé@@p@@dtareﬁsgfCabowccbwTthgl y, the LiM
.NH sorbent of fornula 1-5 0-5 was surprisingly found

to be capabl e of reverse absorbing 93 w % of the

absor bed hydrogen. The saxdaaplleoB fornul a

Li 1- 5Mg0- 5NHO-5 was surprisingly capabl e of absorbing
and d&8%%er F 31y apel"n PHEFHARSS y AR .at L1NH can be

%lta@s\i%@s LEREREE! tiehiph aRAUL1 0L arrpl e 3

can be purchased Comercially. can
syntﬁe§| z et apy péacﬁuln@HLlamﬁthMgﬁammmhga@q\'uHr ratio of

1?nr f(t € b}’ pr g‘f\ ?%%? '\%Hfi 0 Iqtljc%vﬁq%g %trel(wie a%p(%%coe dl ur gé g% %dure

dJe@cEx_aa@ﬁl el Exanpledureta pe«scﬁ]@w SOthﬂhri}la‘ﬁébm‘@ehhe having
veral | ener al fornula of Li W t hout bei ng

uRY B t]'h@@i“}?rallt Epgmphaught Lf'ﬂﬁo G- of- t g thout being
bB%%@IQﬁ;Stheory, 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 LiMgy.s:5NHp.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 into the sample
cell, which was preheated to 200°C. After 5 hours of
absorption, about 3.5 wt% of hydrogen was absorbed.

Desorption was performed by evacuating the PCI system
to 10 kPa (0.1 bar) at a temperature of 200°C for 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 hours. About 3.32 wt% of hydrogen was
re-abgorbed, which means that about 95 wt% of hydrogen was
desorbed at 200°C.

Accordingly, the LioMgo.625NHg. 25 sorbent wasg
surprisingly found to be capable of reverse absorbing
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had forned a conplex while sonme of the reactants had
not reacted but had remained in adm xture form 500 g

w@RooshaoeBT My 625NH sorbent was put into the setp5&2004/000317

cell of a Pressure-Conposition-Isotherm (PCl) unit.

The hydrog st orage, capaci was deferm ned

T HuRE a0 RPRCERER. Aoy A bE ey ngf formula
AR g8l , Which staprikeneated cbpaBll Cof A{BSribing and
hours of absorption, about 3.5 wt % of hydrogen_was

e Pedbirit i GHARES terdlor A¥drBgeBy Aluarphgtiviely low
%ﬁp g%fl%]ﬂgpﬁ (2Q)-o]°cbar) at a tenperature of 200
or 5 ho

urs. e anount of desorbed hydrogen was
nmeasur ed by reabsorption of hydrogen at 200 C and
under 10 MPa (100 bar) of_hydrogen for 5 hours. About
3.32 wt % of hydrogen was ﬁ‘x%ﬁ?}s%r‘ged, whi ch neans t hat

aboutcfh Wedh of LEYdpQBERa¥BS desahbedi #t1£00G,iNH, can be
Accordingly, the Li My NH sorbent was surprisingly

e tigask vapasiar iglg daveridd apsenbangaselBa: w % of

t he rbed_Rydr. n h r £ farnul Sz .
sur p?glbgq)nlgfyogag'al é gflgagcs%lgb?nﬁg{ttg%& &gsecﬁ]bjﬁh\sgal'ﬁ%ﬁ'ca}b
wplant | t yaofohydifogen: mt wekat ibadlly InoMl teehpefat ur 6s afours.

about. 200C. Exa e 4 CaH can be purchased ,
Hry L1 2 afi*BEPs§ynt Fg@i 2&dCByNr EREEPnFES 2:1:2.
it h La . of _Li o i
e AP TERRET R HRersated Pl ORIt Tt oy The
fedreri dlouwss Aspoedingloy, hyrdrdders exac@blesrd heMba: ¢80 bar)
ratio was 2:1:2. The mxture was pretreated to 250 C
aind&0 vEcdome FRE wRiésr pal dRasTéRpestd € HRHE oherpbove. It

v?#é'%%q%ﬁir eth%MDaab(o%Q k}?t)% %% %@%&r%%eﬂ ?agcéeuﬁio%o§%ed
escri1bed in exanple above. | S round "t hat about

2wt Y%mdsdyiriegenweanpbef absed beg. cbesanptihgn th@s PCI system
éoerfq{rred by evacuating the PCl system

o 1 kPa (0:01 bar) at a temperatlre 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 MPa (100 bar) of hydrogen for 5 hours.
About 1.8 wt% of hydrogen was re-absorbed, which means
that about 90 wt% of hydrogen was desorbed at 150°C.

Accordingly, the sorbent of this example was
surprisingly 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 be purchased commercially. Na,NH can be
gsynthesized by reacting Na with ammonia gas NH;.
1.0 gram of NapyNH and MgH, with molar ratio of 1:1 was

mixed and pretreated following the procedure described in
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to 1 kPa (0.01 bar) at a tenperature of 200 C for 5

hours. It was surprisingly found that 90% of the
w@b®snkwa? hydr ogen was rel eased under the gi vePCT/SG2004/000317

conditions . The material was successively absorbed

n,ap_.1 nder 10 MPa (.10 r). of
%ﬁﬂlﬁgga:nlf %? ggﬁgﬁgg gAgcglftnafYS S oed% @‘?&U@%nt%s overall
gemeatzsior fietmudhi GF nRapsMyHatHADOUtw A hoMt% obiRydrnden by
s desorbed at 150 C . Accordingly, the sorbent of
Oéfye'xaﬂ'gl elRastRoHHYS sithgity £6UARd o6 bheapesictagts had

RIS e zab i wt 9% of  the _abs e e t
f;el atéiﬁvgl yélgglgvl?gnpg&lgeu/r (%so mtc?f ggou&%S%%&%&aﬁp%@ d5 not
RIS teagh g fadc remednedmier edmixyurdardth can be

t ' by reacti with ammonia gas N\H. 1.0
algm 0 ZNﬁgNI—%/%WZL%ﬁE\?\A "tl\gﬁe moPar Pasigof §OIPGRE was put
imtxedtasd ggmbreatedlf obf ow ngréQ§u9é0@8%6§1Qféﬁfi£{ﬁ%xerm

in _27Exanmple 1 to produce a ternary sorbent having t .
(&¢dr al nYenelde fuidapgerof Sbosade 5 cnpeléty beingdbbendined

t it kS t of the_reactants had
b pagEbaung Lo IS O ot RS Rpro” the
seg@deedcdlt, hatlickmiase praheadrddkt o e 10orm. 500 h3 hours

anpl e of .the . .SNH , sorbent was put into the
oA ABIE B PRor “BORF oLt B bofipdSi 41 T SRS,
uni t DeBagplty dhogerR %&%e@aﬂ?/a'é\yad’i@eﬁtiqg ef ik 2@@1 bY¥ystem

0

i ntroduci ng 10 MPa (100 bar) hydrogen into the
Eoark &Fel (0 lnhiadn ks pricinasd uns 100 150°Affer 3 hours.

TRRUT $@ln@PS Pt KRB -BOQUT h%gg?ﬁ%%) O&Iagyd&gggaﬁégts hRY re-

absor bed. Desorption was pe by “evacuari
apeprpydrematfo hytircBan( Guitl 1war)C atnda uretqmer B uea of1d&0bar)
for. 3 hours. Tge amount of desorbed hydrogen was
,O%eél FEFDBY f%%b oPBEFSn of*BRHT ohet? ai"%fo@ Rffrogen was
randBEotOeliPa whiCl BRBhsOfnAYdREERR o A DOV SpyRUH:L was
1.42 wt % of hgdrogen was
desorbed at 150°C.

Accordingly, the Nao.sMgg.sNH; 5 sorbent was
surprisingly found to be capable of reverse absorbing
95 wt% of the absorbed hydrogen. The gorbent of formula
Na,.sMgo.sNH; .5 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 Ca,.sMgo.sNH 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 into 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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r -absorbed, which neans that about 95 wt % of hydrogen
was desorbed at 150C. Accordingly, the Na .sMy .NH .

W@ ebesite3as surprisingly found to be capabl e BET/SG2004/000317
reverse absorbing 95 wt % of the absorbed hydrogen. The

bent of f l.a N _a0-5 NH1-5 was surprisingly
R abreSF ofCor HCRGRRE dCYSPBPRD a"RFohTRARRERLy B Te-
abedirpgednatod ehpdiogby hewsbeopenat Uik 0f o @bgby (ﬁloo bar)

100C- 150C. Exanple 6 450 ng sanple of Ca0-5My0O-5 N
WadVFegeR & Athe Siekiie cRPPulpfOed wt% of hydrogen was re-
e- GPasi Hi.an! r aounit. The hydrogen
aé%trsgﬁ—’g%g'capamty&\%ggsdzgégr?ﬁ %iééggy 8i0ntr\?7%8u&|%ngl'_l ﬁ\% was
dez2o@bbdr ptofishydrogen into the sanple cell, which \Q/as
reheated to 40 C . After 2 hours of absorption, about
] C%OafilH?iVOge‘?P%gaaﬁ%w%%. SPESESt | WS wayrprisingly
£PRNHOr Ped Ry e e i ng: t B@vé’%esxé%ts@}lﬂi%glosgpﬁtéo-c}f the
bar) at a tenperature of 150 C for 2 hours. 28The
agreuRedofhiiieasared Biagr ciprbamds aBadoradlby Cao.sMJo.sNH was
o) MNelp rogen-at _40 and under 20 MPa 00
S@??@%@ﬁ%ro%%& %orez gurgﬁs%cgﬁ{lgo.gl %f%}atlve(lzy low
teygeogenreasfr akehsorded; ad obf degsrhey abodt r8Qatively

wt % of hydrogen s_desorbed at 150 C . Accordingly,
1PWeqC€5‘8?%ﬂ/EBg§I\P¥25?Beﬁt was surprisingly found to be

capabl e of reverse absorbing 80 wt % of the absorbed
hydrogen. The sorbent of formula Ca . MyO-5NH was
surprisingly capabl e ofArbEitadiiepsat rel atively | ow

t enpera f d .of desockgtibn at .a .
rel at% i‘r:v'iévlli;gl g)v?/ t ?Pplgeercﬁla%reg g{hal%ot}te SN ?I?‘-Csat ﬁibﬁglﬁed in
thiel lexbepappr ecidatead ddmir il s bemd setlbsel Neets | AikBBosed
aExanples and as described in the enbodi nents di scl osed

BYVe Were SWRHASIRGHY f 6GHRAt Fhebeapedpablt dverseerse

absorbing between 80-95 wt% of absorbed hydrogen at
relatively low temperatures. As 80-90 wt% of the
originally absorbed hydrogen can be released and then
reabsorbed (ie reverse absorption), the compounds of the
disclosed embodiments have advantageously found to have a
relatively high capacity’ for revergse H absorption. The
disclosed compounds not only disclose a compounds capable
of absorbing hydrogen at relatively low temperatures and
pressures, but compounds 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 known sgolid-
phase hydrogen storage materials.

Advantageously, the disclosed multi-metal compounds
may be used in a hydrogen reservoir.

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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absor bi ng between 80-95 w % of absorbed hydrogen at
relatively low tenperatures. A s 80-90 wt % of the

wW@ei0giosmBt y absor bed hydrogen can be rel eased BCOSGH®O#H000317

reabsorbed (ie reverse absorption) , the conpounds of

: ' ose odi ment.s. have advant agequsly found to
cﬁ%%&@g% }%ng 3’?196\}%%% ho:leg%a A if{fo?‘o?rﬂ]ee%%étH and scope of
tdlesor phivenmtidie dirgc| osed cipoundsndets ontyadi Sghase guch
a _caonpounds capabl e of absor bi ng hydrogen at
MO RS PO R o MRA A9 SarRPs S65E S, Uiritscope of the
a@%;gg@lé@dglglmg.are capabl e of high levels of reverse
absorption. This means that the conpounds discl osed
herein are capabl e of exhibiting an overall reverse
%l}%(}re%tciegn capacity conpared to other known soli dphase
Rhy rogen storage materials . Advantageously, the
1di schosedudbhbr; NBtR] COENIVRLS CBBYaB8 Used i NyvR11ar, F.
hydrogen reservoir. It will be apparent that various

ot heFr ¥R Finest i odd%andPadapkugsons divdusgemyenndon other
wi | | r.ent h er 15l | . the art .
afte?g?%a [ nﬁ]hgﬁg%%egg?ngé dlgggl ofrgardé{hvw Fﬁ%%%portatlon'
depait iWg Poloim tHiss splFoln andl sgeopesofist hehl dvestdon 995) |
and (It:ktl | s int ngTSed that all such nodifications and

adap % Dns’ ¢ within the scope of the appended
2cl aigs NiRetrl encespedchkdl - WBUCBBBAurfberger, M. Fischer
Pel | oux-Gervais, M. Millar, F . Gafwallner and P .
Luge?ld Hidr ofbpheie- otteirogierer agt | 9@ fansrgyf opaarier. C.
and g ound nspor L Q. W.. = Joh .

W | e@I& Soné{lad}%chl\gﬁée%ﬂwg'gf'. (é?zr%g%ge}‘- %%ﬂ%g ngrlln,
Ni t sSe¥88)\W .PaRgs®hka, W. Schnurnberger, M. Fischer

3andl_ﬁ. i%lh%rat. iﬁydrgggn as an enerﬁg,carrier. C.

W nt'er YN tsch® EQ82L ¢ Spfr ngkitd 1RRya b AlloyCompd,

Ber 1238 ,3k988)97)Part B .

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

5. D. Miklauz, Monatsh, 31,981 (1910).
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3. H. Imamura, N . Sakasai, T . Fujinaga,J
Al | oyConpd, 253,34 (1997) 4 . A . Zaluska, L .

wQaloamkic37 J. O Strom A sen, Appli Phys A, 72,R6G1SG2004/000317

(2001) . 5. D. Mklauz, Mnatsh, 31,981 (1910).
30Cains 1 . A u -netal fdedmggen conmpound for use in
hydr ogen storage materials, the conpound conprising at
| egst

., dj ssi-m.l. tal _at it t
|3ttt LSSl LA QT 002 A ofen, o

abstoriagg hystagesl &t 8heabsppptihan dRMMEIAIHY €a@Ndeast
pressure, and of desorbi ng 60% or nore by weight of
@

sait¥CaEF R I r Byel aktameleaBpEi o ieagRst adbew, anble
Pr @ whenelal -A: bbby met alz 0 ge ou

cl ai rreé |mﬁ gl al rln 1 Wher ei gb?ﬁ%&%%np%éﬁllg{?s c%%ﬁ)%lee of of
abgd&sbirkdgngndiytbstgdn ngt hpdr edeorat iant ergesatatwrof and
22 r_less. A multi-metal-nitrogen conpound as
ol SERERUrR o & HreErErie hE0%b85r fien B weight of
desatif! i sdis@er aldiregks 14t the Jaae o) CehBe2Pule
.4 . Amulti-nmetal -nitrogen conpound as clained in

cl &Ffh Pre®fEFei-n the conpound is capabl e of desor bing
80% or nore of the absorbed hydrogen 5 . A

mul ti-metal -nitrogen conpound as clainmed in claim1,

- whér eiul tiheerngllt-niinetoglenni ¢comommda oapountd ingda in claim

bi get al - ni t. d. having two dissinilar. petal
sellect B8 T 0m the GrBRE RdniF sEPRGPOF QloupPTR Db LpRa
HAdeBoobRng B, hEaesgeh VAn ANt GreupeVhkh rf *éﬁe ggbk@di&r

Tabl e of elenents, and m xtures thereof
nulEFSmet al - ni trogen conpound as clained in claim

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

A multi-metal-nitrogen compound as claimed in claim
1, wherein the multimetal-nitrogen compound is 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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W(Dre(IOaAOSMS'el ected fromthe group consisting of PCTAGIHOWNN0317

10.

11.

1, wherein the multinetal-nitrogen conpound is a
3lbi netal -nitrogen conpound having two dissimlar

calcium (Ca), lithium(Li), magnesium (M), and
sod?%téﬂlafllt?m?!eﬁ MEPTRPRERG - Bevisgen toehpodhdsiisilar
ColdBalel N Sefodlda WASLR U € THELLES! Yol AR o
conpoun is a binetal -ni rogen co d conprisi
ni talogemniamom dad)a palcalcﬁumet al(capons setetived fr(.nm ,
t he roup corz t|n of thl%n%lﬁ) al um ni um (Al),
i CRAE T ﬁﬁ;neé gnPeRy™ (Nht um (Li)-cal ci um
(Ca), magnesium (M) -cal cium (Ca), nagnesium
(My) - sodi um (Na), magnesi um (M) -al um nium (A') and

- rri uﬁ*@stltﬂ@rt@df‘nltmgﬂm t compoand nasr @@@nmednmundlam

ct aifn BORASET o e T SR L s, oot 1o

nuIkmmem:aﬂahinrbgegermo@@m@mﬂobcaﬁpmlﬁlﬂgeca BRG] 1atom
n one,of the netal atons is bonded to hydrogen
anc?m%héEl oPRLF Mt dReERbmAtSMSortrtEt i EFegertiel 09T aup

MuldonsABEahgni t r ogen,conpoundy agy ehat ﬂP)d-él%&rﬁ&[H 1),

conprising a lithiumalum niumnitrogen conpoun
selléc,tthéﬁmf( Eoirwhangsbup (Mehsi st Laghotm (%4 )hi et m (daim

de, lith |
" ke b By T U | 7 S L0 BB U e
Comaguadlam (Mbak akdminiah A 1, afdmpi:tiSineg aHddAdirum

(Li)-alum nium (Al')- nitrogen (N) conpound represented
by the general formula: Li Al NH 32where 0 < X < 3, 0

. < X d1:3ncheNat - hltrgge§.|cod&3unf‘as c 1med 1n claim

mul ti-metal -nitrogen Conpound as cl alms cl
1, comprising one or two hydrogen atoms bonded. to

the nitrogen atom.

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

nitrogen.

A multi-metal-nitrogen compound as claimed in claim
1, comprising a lithium-aluminium-nitrogen compound
selected from the group consisting of lithium-
aluminium nitride, lithium-aluminium imide, lithium-

aluminium amide or mixtures thereof.

A multi-metal-nitrogen compound as claimed in claim

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

LixAlyNHy
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1, conprising a binetal-nitrogen conpound sel ected
fromthe group consisting of |ithium magnesi umitride,

WO paokiosrssagnesi um i m de, |ithi um magnesi umam BET/SG2004/000317
[ithiumcalciumnitride, lithiumcalcium n de,
| | PRPGR Ocal &i andan? de, Y ahd! ABa F e kIrefedfl - A

12

13.

14.

15.

16.

mul ti -metal -nitrogen compound as clainmed in cI alml,
conprising a lithium (Li)-magnesium (M))- nitrogen (N)

-coﬁrpmi@ir-emteéenﬂwoggnt heongenerdl afohdlimed Lin M dNth

< 0 <.Y < 1. d N - X- 14 A
rru(lftl -co"fpaﬁl%qgr o&er@ﬂﬁﬁéﬁﬁ’&%&gﬁr’al ﬁ’é’ﬁ‘ﬂohmél aFfdacted

COBPoSi BHed gridlipUMddss)kiseahgi U« Cah@hiﬁrfe i rg&m

conpound represented by the general fornula:
wheterpde, X ldthivg-magnesiun-smadd, hllitﬁﬁumémégﬂe51um-

crandudi! { T LLT R96R. SPUROHRE 2° £ ATRE dlciun-

claim 1, conprising a net a rOgen

seimided Iichithe cploeipme-Gneiced, i Rhdmixtures thereof.
magnesi um cal cium nitri de, magnesi um cal ci um i m de,
magnesi um cal ci um am de, or m xtures thereof. 16. A

mut mumeﬁalneﬁhltﬁgﬁf‘oﬁ@ﬁp%o%%dd 2 rf@ﬁiamea' q' 0
conprising a magnesi um (M) -cal cium (Ca) -

cohpound Q@mré@med byat he deridyiaim (Igr) mnﬂaagneslvglm@a[gNH
1
rru‘felf‘(lg)(‘j-ferrlrzs< Ig%l ni ?Q%E‘grrl}écorrp o ﬁel'}lgegl al%ﬁ%d tl%?v?‘l clgeﬁnrﬁrf‘,l

cohpringlang a bi netal - ni trogen conpound sel ected from
the group consisting of, magnesi um sodiumnitride,
magnesi um sodi um i m deLl i um sodi um am de, or

mwtheFeso thexeofs, o0 < v < 1.5 and ¥ > |3-x-27].

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

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

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

amide, or mixtures thereof.

A multi-metal-nitrogen compound as claimed in claim
1, comprising a magnesium(Mg) -calcium(Ca) -
nitrogen(N) compound represented by the general

formula:
ngcayNHN

where 0< X <1.5, 0< Y < 1.5 and N 2 | 3-2x-2y
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w@ bimpAosi68T ogen (N) conpound represented by thePQEs€I0@E000317

17

18.

19.

20.

21.

22.

18. A multi-netal -nitrogen conpound as clained in
claim1, conprising a nmagnhesi um (Mj)-sodi um

formula: Mg Na NH where 0< X <1.5, 0< Y < 1.5 and N |
3-2x-2y|. 19. A nulti-netal-nitrogen conpound as

.Clal ngdi¢ . ected&%$%8 e%b %oﬁngig%F nltg?gl claim

conpound se up consi s
nmaghes compaligihgi 1 bitekda- ni]ﬁ'gdﬂ@éﬂl umoaipdﬁﬁlnﬂil USelected

m'Pe mgBeS| umal um ni um am de, and m xtures thereof.
Ol FRenetHQWR t r Sﬁgﬁl%ﬁﬁﬁund’fas PRGN nsodium

cl 878 4. A0 MPHhch §th 185 Gk DERGDASH, UM ;al jig ﬁéélmrf%édlum
nitrogen (N) conpound represented y' the genera

f ordfiilde » Y MilxtNTashéher@ofX <1.5, 0< Y < 1.5 and N >
| 3-2x-2y|. 21. A hydrogen reservoir containing a
mul ti-metal nitrogen conpound as clained in claim1l .

22.A Aptocesstd Diniemesae adapolhagaby #1068Rd in claim
conprl Si R%"f contacting the multi-netal-nitrogen

10 R 1MRPRAS HyE Mgert ot uin Neg seseogien (N)
termﬁi’(ﬁﬁiﬂ A SHBIY &y 2id géﬁsksfsfé‘ﬂn@ifé“oge”

fromthe nmulti-nmetal-nitfogen conpound at a desorption
tenperature and pressuMaxN&ZExA process for making a
al -ni trogen conpound for use |n a hg ogen
Y

r eg’ ?5& b ¥he' procBsst conprt sy N tte s?eﬁxo eati ng

a mnet al hydr| de conprising at |east one netal and a
met al - ni trogen conpound conprising at |east one netal
t hét mlsl@rsfﬁtm]l-arlﬁmm dcalttpbmast asnelagtal dfn salwhm

nmet.al P % ture and a pressure ta for
1

t hé 'mu %ﬁ?ﬁ%ﬂ%%a]? nlatr e hglgﬁlpggflﬂ] I%ﬁlecmd

netfalesn the group con51st1ng of magnesium-aluminium
nitride, magnesium-aluminium imide, magnesium-

aluminium amide, and mixtures thereof.

A multi-metal-nitrogen compound as claimed in claim
1, comprising a magnesium(Mg) -aluminium (Al) -
nitrogen(N) compound represented by the general
formula:

MgxA L yNHy

where 0< X <1.5, 0< Y < 1.5 and N 2 | 3-2x-2y

A hydrogen reservoir containing a multi-metal-

nitrogen compound as claimed in claim 1.

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

and pressure; and
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bei

ng sel ected such that the nmulti-netal-nitrogen

conpound i s capabl e of absorbing hydrogen at an

60% or nore by weight of said absorbed hydrogen at a
desBEPERBANY enPEFAEPIER addOpy eddifr e. MUt et - i trogen

nmut
for

23.

24 .

l:lsj){ng?]}lﬁg ﬁ{;/ gé gg%ﬁﬁggﬂ?ﬂ NdeASefhRlIEBdah ShaLMde.
A process for making a multi-metal-nitrogen compound
for wuse in a hydrogen resexrvoir, 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 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.

Use of a mutli-metal-nitrogen compound as claimed in

claim 1 for storing hydrogen.

35

and of JdPCDEG2004000317



