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xye3eSPX62TgG. LKALI HYDRI DE FORMATI ON AND MATERI ALS FOR
H¥DROGEN STCRA ation is related to U S Provision1mwmmmmmmm|m%:
for al kali hydride fgrnatlon and materials for hydrogen storage”, tll ; |

Application Seria p/330 803, filed Cctober 31, 200l, enti
contents of which are hereby incorporafled by reference. Field of Invention

10 This invention relates to a nethod of synthesis of alkali netal

hydri des. ThEEpHeSeRDRI AVEALIOAYBRIOEr ebaMAT IoHt anDaMaTERI AhpdFogen
storage. Background of the Invention L|th|un1q¥dride is wdely used in
mlitary, fuel 15 cell and buo ydrogen generator. The use
of this conpound is very efficient since 7.95 grans of LiH reacted with
wat er yields 2.02 granms of hydrogen [1]. The hydrogen density in weight is
12.5 wt% which is alnmost the highest in nmetal hydrides. The volunme density
is 112.5 g/1, 20 which is 400 higher than cryogenic H2 storage. The energy
density of LiHis 4hi6 RPRAKG26ECB. 78 ReRAILSIfiocR -&l-sEricyignenst t he

hi ghest ri.de i al r i.al_ly gent in

o gante SaTERSar B o R AR R S hmrdr ol g5 ST ERs3I

candi dat €0ioin chemucabby“wéthbdrfbg aakaﬂ1ehgdgydb4kormbtn©mnahby morks as

initiator for or anic s ntheS|s %P Li t hi um hydride is nornmally prepared
by the rBa¢EFdR! ffﬁﬁlp ATCOERI GCEARAShy diF6Ge ORI ShERpeLatiiiehaBdfe 600C.
I ndustri aklpyl Ehbbdoratal by Qg@%@@n@g to high 30 tenperature to initiate
its reaction with hydrogen thén the 2 reaction can be maintained and
conti nued spontaneously at practical rate until the synthesis is conplete.
In the | 4B&dst @fy InVRATAPHAr ogenation of lithiumis carried out in an iron
contai ner at tenperature above 600C [6]. The 5 conventional preparation
met hog of KH was byngeachiBgaBhi ¢81Kcus! bohudrageRaal o STeRaLLe i gher
t han 200C. Hydr ogen- 6a energy Is the cleanest energy SSurce and Wi |
pl ay a geé&blpametid tigdredesgy Ehaspmesbn@n1nnehhu9nceaeoryel@&eelopnent
of hydro en storagg neﬂi§n1|s 10 of great inportance and research on this
area is %ﬁi?&lﬁéﬁi 8Tt RY6GGASTt SERENUGr1 d. Nowadays, there are four systens
for hydrogen

Background of the Invention

Lithium hydride is widely used in military, fuel
15 cell and buoyancy device as hydrogen generator. The use of
this compound is very efficient since 7.95 grams of LiH
reacted with water yields 2.02 grams of hydrogen [1]. The
hydrogen density in weight is 12.5 wt%, which is almost the
highest in metal hydrides. The volume density is 112.5 g/1,
20 which is 40% higher than cryogenic H; storage. The energy
density of LiH is 4.16 kWh/Kg or 3.74 kWh/1l, which also is

one of the highest among metal hydrides. LiH 1is also a

commercially used agent in organic synthesis([2]; a cooling
agent in primordial gas[3]; and, a candidate in chemically
25 storing solar energy [4]. KH normally works as initiator

for organic synthesis [5].

Lithium hydride is normally prepared by the
reaction of molten lithium and hydrogen at temperature above
600°C. Industrially, lithium metal is heated up to high

30 temperature to initiate its reaction with hydrogen then the



storage [7,8]: Liquid hydrogen; Conpressed hydrogen gas; Cryo-adsorption
system and, Metal hydride system 15 Applications of hydrogen in pure form
-(I'i quid hydrogen or conpressed hydrogen gas) are nostly for |argescal e or
stationary purposes, for the weight of containers normally sacrifices a |ot
to the whol e hydrogen storage capacity2if hydrogen is used in limited
‘scope. For vehicular 20 or any other portable applications, hydrogen stored
i n sol i drshatte omatcan dles meders inedanche cortliyyusal woocntanBous,ly at

cryo-adsorptign system and netal hydride systens are the two prom sing
ways. Th8r8F§&§§ sé i&ﬁ%§§§F3ﬁ58§W&®e§ a&§a§€?9%$t§5 ndder wei ght and
volune. hBpbhatotyst eMe Mydnogenmlecyres iahg rIYS cald Lowd g the
surface of activated carbon at liquid nitrogen tenperature. Under optim zed

condi ti oag, itrbe hydtaderrstar agampeapacirey abyvactdowdtedegar bha nmay achi eve 7
wt % The disadvanta%es of this system30 relate to the critical conditions

r equi Ped CEEVYHGERNE Ic BAGPAFALPY meghgeh Af KdMiede & Yarréatid "CoMadHa) used
syst ens .hyd orage. r i m.sQr.b By netal or netal

al | oys t%ppégﬁléggggg%%n ?ngeﬁg%aﬁ%%% rﬁagég%Tﬁé%gdéﬁgtéges of this system
are that the absorbing or desorbing of 5 hydrogen is carried out under
nmoder at e condi ti onslydrereerbdlageel &npressurse)hel g day@dsagemesigyr age capacity
internms of volune is.relatively high. The disadvantages of this system are
the expeRSHVEEHEIEr Wl SLGW R F&6PCs PARE tihe HPEWSIEEPY g€ EFF&4AH 9 ter ms

of weightin 1@ikhecheeedt. Defd hbfenTRle il dendidlbi@le mdd@rsaar chi ng
for carbon-based materials. Carbon fibres, carbon nanptubes, activated

carbdf ard bukkér dnportence angd cessiadehednashdsndirdat és faorittehi s pur pose.

Nuner ous s ve en blished [9-13], but until the present
inventioﬁg%ggetﬁe%ﬁygggﬁgnggfowgégdéapacity in these material s has never

met practical criteria. Brief Summary of the Invention According to one
aspect of the inveNbwadaysheteeirse previfded aywekhed fofr herorgnan al kal
met al - carbon co u

storagenqg,gq: Liquid hydrogen; Compressed hydrogen gas;

Cryo-adsorption system; and, Metal hydride system.

15 Applications of hydrogen in pure form (liquid
hydrogen or compressed hydrogen gas) are mostly for large-
scale or stationary purposes, for the weight of containers
normally sacrifices a lot to the whole hydrogen storage
capacity if hydrogen is used in limited scope. For vehicular

20 or any other portable applications, hydrogen stored in
solid-state materials seems to be the only solution. Thus,
cryo-adsorption system and metal hydride systems are the two

promising ways.

The cryo-adsorption systems show advantages in
25 moderate weight and volume. In this system, hydrogen
molecules are physically bound to the surface of activated
carbon at liquid nitrogen temperature. Under optimized
conditions, the hydrogen storage capacity by activated
carbon may achieve 7 wt%. The disadvantages of this system
30 relate to the critical conditions required (cryogenic

conditions).



20 conprising mxing carbon with an alkali netal. According to another
aspect of the invention, there is provided a nethod for synthesizing an
-alkali netal hydride conprising contacting an al kali netal -carbon conpound
wi th hydrogen. 25 According to third aspect of the invention, there is
provi ded a met hod of storing hydrogen 8onprising contacting an al kal

‘et al - carbon conpound with hydrogen to forma conposition conprising al kal
metal , carbon and NgdedgegdridésAecer tiheg coomanflgutiskdasysttemaf fidre
invention, there is provided a hydrggen stqra mat eri al conprising a
conpositggﬁrSHﬁBrF§PESg§Pk§Vﬁr =8 L c&PS@ﬁSQ% eﬁy%ﬁbﬂ@ﬁ?&APQametﬁgtals are
el enent s ghijst8d toh rEraUR ok relspantihie gPakitadi Gyidale 0f EHhemeriSnthefes
exanple, lithium (Li), sodium (Na), potassium (K) or cesium (Cs). Li and K
are pref efr &bisCaybsammater ithletnipebabsoading @y desompbingr odxanpl e,
graphite, garhon nanaLubes, carban powder,. 19 activated carbon, carbon
fibres orYcarton nanofibers. “The nolar ratio of alkali metal to carbon in
t he al kal(itempeabtoaebanpeespauad .i s Theehsgidablgenf sevrakeuicap@QQ:tl, tia about
1: 200, nore preferably from about 1000:|1 to about 1:100, even nore

pr ef er abF¢TPSoRtaBEH NS00 S1 r'ed 24Ba6 Y1 Pgh - 15 hgndipedviedta 9ssePdr abl y from
about 50@h&stgy§%eﬁta%éZ%heAb§gghsq%%bﬁatgqqgaqn%aou'&&%'erag cgigoounds”)
preferably refer to alkali netal-C intercalation conpounds. For exanple,
conpoundshef lber stibaage kieGaciltiyCia. teir@290fKeBigkC24, etc. 20 Wien

al kal i - C conmpounds are exposed to a hydrogencont ai ni ng at nosphere the

al kabiy C compounds .ahsQrb ydroden. (3yr pLiainghy g fixdragen ahsorgtion in a
procéss of the present “invention occurs at a“l ower tenperature than in
processeseafrchiiagprioar carbonAbpsedess tefritthe .picasenn 23 birkee nidadbons
performed preferably at a tenperature fraom_about OC to about 700C, nore

y
pr ef er abPFPPEEREShoBCE2EELEE SBERC660E, TR 1PoCS pdiCer &1y fr om about

50C to aBoyk:3A0€q ¥8! chBe dREeLer-abl ¥rlitom ahas 500 RWLI00C. Al so,

the process is preferably perforned at a pressure from 30 about 0.1 atmto
about | ObaxenmbeemppebpriehedalPy 18 embaltoun td.11 taempire saipduti ns@ndtims,, even
nDrelgreE%%a%&%r%B%gl%Q%%%g% ca%acity in these materials has never

met practical criteria.

Brief Summary of the Invention

According to one aspect of the invention, there is
provided a method of forming an alkali metal-carbon compound

20 comprising mixing carbon with an alkali metal.

According to another aspect of the invention,
there is provided a method for synthesizing an alkali metal
hydride comprising contacting an alkali metal-carbon

compound with hydrogen.

25 According to third aspect of the invention, there
is provided a method of storing hydrogen comprising
contacting an alkali metal-carbon compound with hydrogen to
form a composition comprising alkali metal, carbon and

hydrogen.



atmto about 50 atns. Alkali netal hydride is formed in the process.

Hydr ogen storage of nore than 10 wt % may be achieved, particularly in Li-C
-systens. The desorption of hydrogen fromthe hydrogenated 5 alkali-C
systens can be achieved either by heating the materials at tenperature
range fromO to | 200C, preferably from100C to 1000C or by hydrol ysis of
“the material with water. Additional features and advantages of the 10

invention will be getofaihl its Bh&odeser bpbkeft biFathkolihewstiang in part
will be aRparent fromthe description or may be | earned by practice of the

: . p . )
i nvent i ohNeTRedé PaPVALRPENS AYETreeR% §EPEICoTMBE A alhECEREPE1HM Bhe

| nvent | oBonkBe;0LACEEAR] 9hA°E AAANGAGEY OboLRE, AYENGLAB W], DE

realized and 15 attaine e structure particularly pointed out in the
witten description and clains hereof as well as the appended draw ngs.
Bri ef Description éfkbhe Deawlsgerki gleheingst Adsitew ConGeoup I of

T - ] 20.Red [ f: Li - hi ' ith
Li7C S 1bng, e P oRRe P TR baRReP Ry Gorae rhiea 7GR Borpdrper at ur o

to 700C abdlQf/ nvayt epokba@sidm K herPressume-(Cenposiii and Kokker m (PCl)
results of Li-graphite mxture with Li/C = 7/2. The 25 operating

t enper at BFBEPETREAC, the weight of Li+Cis 360 ng. Fig.3 is the
Intelligent-Gavinetric-Analyzer (1GA) spectrumof Li-C mxture with Li/C =

| 0/'1. The tenperat ULeLWAS nhke$ed 1f kAP HROMSLEMRGr ahyr &okf, 230¢ at
6 atmns. 6 Fig. 4

5C/ m nute; hydrogen pressure IS i's the PCl result of

K- gr aphi esammfler i giraghit20CoairblenKh@netiubes, Ssapbenwpiogiteri,;s ~ 1.0 gram
Fig.lg is %he indsitubX§D %at§ern§.%2 Li-C nixEyre mﬁt%.%ilc = 10/ 1. (a)
Li -C'8s PrEpdPEge EBY PLR: CCRIERPDr &18°8Ft &F BB SPePArPSACERTdr ogenati on at
180C). The peaks marked with * belong to LiH peak marked with # is
graphite, marked wrhk foilarlir@tiand fLiaCk2,1imaeckad wiot kaXbios Lin makal
QO hers are Li 20 and_ LiOH as well|l as substrate Pt. Detailed Description of
t he Inveﬁ%#@ﬁl metal-carbon compound 1is preferably from about 5000:1

to about 1:200, more preferably from about 1000:1 to about

1:100, even more preferably from about 500:1 to about 1:50,

15 and yet more preferably from about 500:1 to about 1:24.

Alkali-carbon compounds (“Alkali-C compounds”)
preferably refer to alkali metal-C intercalation compounds.
For example, compounds of formula of LiCs, LiCi2, LiCs4, KCg,

KC,q, etc.

20 When alkali-C compounds are exposed to a hydrogen-
containing atmosphere the alkali-C compounds absorb
hydrogen. Surprisingly, hydrogen absorption in a process of
the present invention occurs at a lower temperature than in
processes of the prior art. A process of the present

25 invention is performed preferably at a temperature from
about 0°C to about 700°C, more preferably from about 25°C to
about 600°C, even more preferably from about 50°C to about
500°C, yet more preferably from about 50°C to about 300°C.
Also, the process is preferably performed at a pressure from

30 about 0.1 atm to about 100 atms, more preferably from about

0.1 atm to about 50 atms, even more preferably from about 1



10 Alkali nmetals are anong the nost active netals. Alkali netals are easily
oxi di zed if exposed to air under anbient conditions. The commercially
-supplied al kali metals are unavoi dably coated wi th conpact oxi des or

hydr oxi des. Thus, the operation of alkali netals is preferably conducted 15
under inert atnosphere. Mxing and prestreatnent of alkali netals and
“carbon are preferably carried out under inert gas atnosphere, for exanple,
under anatmertdo ga®uwudl) asmbr. oA lMe ]l iametg lothyelrs.deOl sa fliemehl sicalthe an

i nert atnosphere e 20 provided, for exanple, in a glove box. Sanple
transfer pfr,o&%s[she”?&g@@gggx St TG Q8L S Fran & iy %ﬁé’hl%r‘?e is ideally
per f or med S HAGKIE r2S RASTIB @n [N dheResent invention, a certain
anount of carbon is preferably added into the alkali nmetal, for 25 exanple,

lithiumor potassium Pre-treatnent of the alkali C mxture preferably
i ncl udes: m xi Adet Weseaitdrnand Alyidgiogeretfaion 4h¢ tysiy qaeswdiasy t he car bon

and alkal_j .al r. in f. | i. al r bo y be done in
a var i5et§;ilo %/aflzsts %%%gxgﬁpl}q )ée %f%ﬁgﬁ)r? I r(legltt g (?X?E%r?%ﬁrﬁ or%%at he al kal i

nmetal USina@ed ROt At aREhpRESIhE Ol By eMAdN® tthe 10aben aprdrakkahi, metal
inamll such as a ball mll. 7 Preferably, the mxture is nade as
honogenedusmad 0fd6stbl 200THEe on Xbnchydrqled s abf ytidonmes tewdes] iweth gas

at nosphere. Pressing the m xture is preferably done under a pressure of
from abo@'f¥at mto about 10,000 atnms. 5 Wthout being held to any theory,
it is believed that interactions between al kali netal and C occur during
pre-treatnment. | ntefRGtiOmahetraaen dlkalhg mRivahtaReCoaoud result in two
categories of conpounds being formed: 1) alkali-C7intercalated conpounds;
and, 19) dhwantiest aillo beasisitddsr thorinexdyeplde s driptiiem ¢deli ded, laws2C2 or
Li C, pos .t he _face-.gentre r ure, hch J i.fferent fromli and C
Al kal i rr%?jgils lgla%&rgeg]lgﬁetbﬁs%gﬁtafléﬁte%Pén\é\qtl)l% g(isg%gg’ﬁtoﬁlor?rofmaézbf in the
present dlaalkal bymptralctdicea offenjher dhwea tdloound T3RGE &fartytdalnd ratd ons of
al kali metal (15 and C %%uel evglt ed tenperature. In the present invention,

the al kalPPEICEHSEUNE Pourd et RECRkAT Tt dPverfiberur &hies ok eatidal i

met al - C il dlea! iR 60mRRUNG s ko 8X3MRt8ortSiiSNOWR id f1igEL 574 the XRD
characterization of an as prepared Li-C mxture denonstrates that there

exi stloLi @stadmed Oy2 thiei €2Zquatdirlel phirdroveeall vapodeltiedasuti dar tarount s of

Li 20 & L%@@tt%%r%e%%&gﬁgi%%r%%%u%ﬁaﬁ%sv%%%é%%ags L@ﬁlLBECt%%}ercalat'pn
conpounds "possess a simlar l[fayer structure as that of graphite but with

br oadenedppayeled kirem-ispace, i.e., the interlayer distance of LiC6 and
Lid2is 0.370 nmand 25 0.35 nm respectively. Potassiumalso forns K-C

Brief Description of the Drawings

Fig. 1 is the Low-Content Temperature-Programmed-
20 Reduction spectra of: (a) Li-graphite mixture with Li/C =

10/1; (b) Pure Li. The temperature was raised from room

temperature to 700°C at 10°C/minute.

Fig. 2 is the Pressure-Composition-Isotherm (PCI)

results of Li-graphite mixture with Li/C = 7/2. The

25 operating temperature is 184°C; the weight of Li+C is 360 mg.

Fig.3 is the Intelligent-Gravimetric-Analyzer

(IGA) spectrum of Li-C mixture with Li/C = 10/1. The
temperature was raised from room temperature to 250°C at

5°C/minute; hydrogen pressure is 6 atms.



i ntercal ati on conpounds, for exanple, wth fornul ae KC8, KC24 etc. Like
Li-C interaction conpounds, the K-C intercal ati on conpounds al so possess

-l ayer structure with even broader interlayer distance 00.51 nn). 30 The

m xi ng and pressing of carbon into alkali netal at ambient tenperature and
i mert gas atnosphere preferably result$ in the formation of a series of

‘al kali-C intercal ati on conpounds. The nethod of formng alkali-C 8

i ntercal ati on conp@urds 40fi st k& epregente suntertfi & girs pliiffee it rfikQmat
traditional nmethods in which alkali metal-C (e. g. Li-C or K-C

i nt er cal 4284C cohpoukds ar&/tynfhepicedeigbr esganplel byameacting evapor at ed
Li or Kwith carbon at 5 high tenperature or by heating the alkali-C

m xture at high te r at.ur, er. high p sure., In th r.esent. i.nvention
carbon materials ogﬂ§ﬁy%f5%n$%%ylﬁesgggd%%ghgagFgrﬁﬁe %ra I? B%E4St one
sel ect edwlitdnmitine gragp lconei)stiirg efs @raphirke, qanbon-tamakithes, 10 carbon
fi bres, carbon nanofibers, carbon powders, fullerenes and activated carbon.
G aphidt eafggrb&r Ipongeat igot i (hadeddearbdon Bl 1808Ges afbecaebba fibres are
conmer ci gl_| vai.l abl,e rbon nangtubes.and nanofi.bers can be ohtai ned
accor di ng f&Fﬁewﬁngioagﬁ%ngeﬁgr?@%’n@@ﬁ&d?affﬁﬁ.wfg i't H6uSBEMG SBound by
any theomagkedt hethorned alikal angarbon,i raekeal atied gomgoundrzeens to be a
catal yst for the hydrogenation of alkali netal. As illustrated by
LOMFCbntQﬁpeﬁﬁdﬁéﬁe#lTanﬁ%ﬁa%ﬁ@%-Fﬁo@?hﬁn@ﬁ-FEB@FF@he(ECTPR) (Figure 1), on
which diluted HZ (10% H2 + 90% Ar) was 20 used as reacting gas, the

hydr ogen pahsonali 98By iblson(ber chRstaneaksoecurred al temperature |over
t han 150C; ogenati on began at

tenperature around 550C. The degree and rate of hydrogenation of alkali 25
met al0i n t he preseAd&adfl maithds sEememoaidattée Mo sy dctgas pessdsre. The

LG TPR vigs ondygted under .2 hydr agenspressyr e.0f around 1.0 aum, and the
hydr ogen absor ption peak was conparatively weak. To clarify the
r el at i onahicpehet ween ihydhegenahicorothegired adng plepdukee, alkaper merrad
Pressure 30 Co ositi%n-lsothernx PCl) neasurenent at 180C for Li-C
are unavoldably coated with compact oxides or hydroxides.
Thus, the operation of alkali metals is preferably conducted
15 wunder inert atmosphere. Mixing and pre-treatment of alkali
metals and carbon are preferably carried out under inert gas
atmosphere, for example, under an inert gas such as Ar or

He, among others.

On a bench scale, an inert atmosphere may be
20 provided, for example, in a glove box. Sample transfer from
the glove box to containers in a testing machine is ideally

performed as quickly as possible.

In the present invention, a certain amount of
carbon is preferably added into the alkali metal, for
25 example, lithium or potassium. Pre-treatment of the alkali-
C mixture preferably includes: mixing the carbon and alkali
metal, and then pressing the carbon and alkali metal
together. Mixing of alkali metal and carbon may be done in
a variety of ways, for example, by pounding the carbon into
30 the alkali metal using a mortar and pestle or by milling the

carbon and alkali metal in a mill such as a ball mill.



system and 120C for K-C system PCl is the commonly used nethod in

eval uation of hydrogen storage capacity in netals 9 or netal alloys. It
-measures the pressure changes during hydrogen absorpti on and desorption.
The PCl results of Li-C sanple are illustrated in Figure 2. It can be seen
that the absorption |line possesses characteristics sinmlar to the 5
‘characteristics of netals, which can formnetal hydrides. In the pressure
range of PBeferiBQyPSthet héxpulrar isambdeoh sHhbhbyEheonef asr edstsabas . X,
increased linearly and reached_0.15. During that pressure range, absorbed
hydr ogenTlFf Pi&&HYi AfoPERECFAPLYcEOBF EPERTURPERE FoPmBAdTORIGREL - H ol | d

10 sol ut boBssARPERSSHE ¢ cleached k0 eReha  hbal Ladea! Led:blguplaleau
pressure, the (Li+C) increased’'to 0.55 with pressure alnost unchanged.

After tharomt hboHt(Li #Cn tor ehepti A0r 889edtims.0.7 with pressure increase to
550 PSI. Converted to the hydrogen storage capacity, the nolar ratio 15 of

H((LigC - 0.7 is equal to,9.wm % telligen avi metri ¢-Anal.yzer (1 GA),
mhichgalso confirn@a%ﬁﬁpé Pgéapt%?gge%ﬁiag ekg%?rﬁéaéﬁré ﬁ% ﬁgfght
vari ati ophet hydeegeniahsobbedebhna@pldumenglhyddogenatiuen durdey 6 at ns
and at tenperature from25C to 250C. The PCl neasurenent of K-C 20 system
conduct eBT§T C¥SHEMCRS - SRABWA TR CEPHuPE tHSeBhaRkatthafekadodnd Fe&ON LG 43,

whi ch meaas,t hat n800.0faKels rAXdr ogerahedunliBe p¥RRMERSHEETEAYS wer e done
on the as-prepared Li-C (Figure 5a) and Li-C m xture after hydrogenation

(Fi gure BbkallitCi ¢ntkearnlehat abmppuhgdrogend,aBsoppkiadn aet23-180C, al nost

all Li, netal .was converted to LiH, and the Li.-C intergal ati.on, conpounds,

M e, I CEoRbitBR cahE SSanbls L Rt ATER, CEshisEeh) e & ifeared and a
pure grapbkkesphase £38s26earrvassdevekoped. whhics Aesudlit rhuehierrom
denonstrates that with the addition of carbon, LiH_can be successfully 30
synt hesi 2éd2af §-t efp&raturetRreweRTPRERS200€E. UTHE laVk BIFEPErRS! Y rati o may

be adj usted, i ude Fope, or; f e qarhon, My e garponadded,will 10
2o %

FE°Ryq
accel erate t ydrogenati on rate, nprom si ng hydrogen absor ption

capaci tytefhpbhatwhel arabkal BOC°o xt upg ¢51€0Nst defiedoaSasREDENhet &BSS
carbon will increase the hydrogen storage capacity even up to over 12 w %
(e.gl>f opng Ljag §}§Vé#ﬁdatﬁyaﬁégéﬁr§tor5Qetg§p§éﬁ§§n§fl@H@@ﬁlP@JSO has
been a?hkﬁgGQhkgE&-Eh@oﬂ¥ghﬂae@oa950&§t59@ 5&%?1&5m%%%ﬁtbv%h&t%&%WﬂsThe
foll owi ng speciftic exanpfes are provided to illustrate the invention. It

w || be sndeilibdddmeheweCeinté&@cbhatibthecspeouhidc dé€bai kesagipuen as each

sanpl e hayve been sel ected for. pu se, of illustration and are not to be
construe8K8§nalPi%F9&FFo aontpﬁe&gﬁvgﬁ?FBHFeé%ﬁégéPPy?%tﬁ@ &gperi ments were

conduct edrdpdeeqasiiAitamiendit vaRsndrkasssnehed. tha rExammlses tExample 1: 60
o gE%phigglxéﬁﬁziﬁegngﬁE?tgfgmngeééihégnaell as minor amounts of
Li,0 & LiOH. Pure carbon structure is very weak. The Li-C
intercalation compounds possess a similar layer structure as
that of graphite but with broadened layer inter-space, i.e.,
the interlayer distance of LiC¢ and LiC;; is 0.370 nm and
25 0.35 nm, respectively. Potassium also forms K-C
intercalation compounds, for example, with formulae KCg, KCyy4
etc. Like Li-C interaction compounds, the K-C intercalation

compounds also possess layer structure with even broader

interlayer distance (~0.51 nm).

30 The mixing and pressing of carbon into alkali
metal at ambient temperature and inert gas atmosphere
preferably results in the formation of a series of alkali-C

intercalation compounds. The method of forming alkali-C



metal, and then the m xture was pounded with a pestle as honbgeneously as
possi ble. After that, the pounded m xture 20 was pressed into pellets for
-testing. 300 ng of the above pellets were put into a PCl sanple contai ner
for Auto-soak measurenent at 180C and 30 atns of pure hydrogen. After 3
hours of absorption, 33 ng of hydrogen8was absorbed. The XRD neasurenents
‘show that the product only has LiH graphite 25 and weak Li 20 phases.
Exanpl e 2ntk20aigtabngrapbbtiedeas frcked pwetskn25@nmgnitiibhi i met al t hen the
same procedure described in, Exanple 1 was followed, About 30 of . hydr ogen
ons absoRbedeapth: S6oMy GFBUen | CPBlabE  apacify YHECH. 2 Hedd MeTErE! 6 3
240 ng ofegpaphite waskntxednweltbaldl el cBhpbuhlisum-aetahtnkhenelihe sane
procedure as Exanple 1 was followed. 4 w % of hydrogen was absorbed. 5
Exanpl e £or6exagbde  nilvt renatied expbonmagdolibey Kwiwtikhagerkga ditaneter of

20 n ' ' 0 lithiunmnetal , then.the s rocedure as
descp%bggiﬁgkﬁgﬁﬁﬁ%g?uigsOggbyoﬁﬁg%égge§%gp€l#%gﬁ thglgggggbﬁ%ggﬁgnperature
was changefipbealtGR€. uAbeut hd g prekshydr.ogen was absorbed. Wen the
absorbing tine was prolonged for 12 hours, 9 wt% of hydrogen was absor bed.

Exanpl e 5: 15 60 of activated carbon was mxed with 350 ng aof |ithium
then the same procéBuFBSaBT8EERFI BEY L 1BRampPEPPI WIS tESLPIRe G feRB¥pt t hat

absor bi ngothnRapase6uBaHr Sand WE%’%&e?ﬁ@%%g?na@aieég%oﬁg%dsegéégghe 6. 20
240 ng of graphite was m xed with 780 ng of "potassiumnetal, then the sane

procedur éram tdbscoirbed canBiafphe iwagapblitewedagskospnankiubksc was
exposed r t $ re_at % for Qurs. ut 1.5 wt % aof
e Sgen-aabt 2B ed TBaRREhy pabo ety A BRL B Ry B
under st oaddt hat irangdchamnpes,. nodhbhdaki, orardoe Yakidall,oBstiviZed
carbon, fullerenes and carbon fibres are commercially
available. Carbon nanotubes and nanofibers can be obtained

accordingly the previously reported methods [10].

15 Without being bound by any theories, the formed
alkali-carbon intercalated compound seems to be a catalyst
for the hydrogenation of alkali metal. As illustrated by
Low—-Content Hydrogen Temperature-Programmed-Reaction (LC-
TPR) (Figure 1), on which diluted H, (10% H, + 90% Ar) was

20 used as reacting gas, the hydrogen absorption by Li-C (for
instance) occurred at temperature lower than 150°C; for pure

lithium, the apparent hydrogenation began at temperature

around 550°C.

The degree and rate of hydrogenation of alkali
25 metal in the presence of carbon seems related to hydrogen
pressure. The LC-TPR was conducted under a hydrogen
pressure of around 1.0 atm, and the hydrogen absorption peak
was comparatively weak. To clarify the relationship between
hydrogenation degree and pressure, we performed Pressure-

30 Composition-Isotherm (PCI) measurement at 180°C for Li-C

system and 120°C for K-C system. PCI is the commonly used

method in evaluation of hydrogen storage capacity in metals
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Converted to the hydrogen storage capacity, the molar ratio
15 of H/(Li+C) = 0.7 1is equal to 9 wt%. Intelligent-
Gravimetric-Analyzer (IGA), which also confirmed this result
(see Figure 3), measured the weight variation of hydrogen
absorbed (in mg) during hydrogenation under 6 atms and at
temperature from 25°C to 250°C. The PCI measurement of K-C

20 system conducted at 120°C, as shown in Figure 4, shows that X

could reach 0.43, which means that 80% of K is hydrogenated.

The XRD measurements were done on the as-prepared
Li-C (Figure 5a) and Li-C mixture after hydrogenation

(Figure 5b). It is clear that after hydrogen absorption at
25 180°C, almost all Li metal was converted to LiH, and the Li-C

intercalation compounds, i.e. LiCg¢ (situated at ~20=24°) and

LiCip; (20=25.2°) etc. disappeared and a pure graphite phase

(20=26.2°) was developed. This result further demonstrates

that with the addition of carbon, LiH can be successfully

30 synthesized at a temperature lower than 200°C.

The alkali/C molar ratio may be adjusted to

include more or less carbon. More carbon added will



15 of LiC6, Lid 2, LiC24, KC38 or KC24. 5. The nethod of claim4, wherein
the alkali-C intercal ated conpound is forned by poundi ng carbon wth al kal
-metal under inert gas atnosphere then pressed into pellets under pressure
from1l atmto 10000 atnms. 20 6. The method of claim5, wherein the inert
gas is Ar or He or a mixture of them IQ The nmethod of claim1, wherein the
‘al kali netal and the carbon are in a nolar ratio of from5000/1 to |/200.

8. The mathedechtel ahw hydwdeeiart ihe ra@ledr doaidronisizly fiyeinde@e 1 to 1/24.
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homogeneously as possible. After that, the pounded mixture

20 was pressed into pellets for testing. 300 mg of the above
pellets were put into a PCI sample container for Auto-soak
measurement at 180°C and 30 atms of pure hydrogen. After 3
hours of absorption, 33 mg of hydrogen was absorbed. The XRD
measurements show that the product only has LiH, graphite

25 and weak Li,0 phases.
Example 2:

120 mg of graphite was mixed with 250 mg lithium
metal then the same procedure described in Example 1 was
followed. About 30 mg of hydrogen was absorbed with

30 hydrogen storage capacity of 8.1 wt%.
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absorbing time was prolonged for 12 hours, 9 wt% of hydrogen

was absorbed.
Example 5:

15 60 mg of activated carbon was mixed with 350 mg of
lithium, then the same procedure as described in Example 1
was followed except that absorbing time was 6 hours. 9 wt%

of hydrogen was absorbed.
Example 6:

20 240 mg of graphite was mixed with 780 mg of
potassium metal, then the same procedure as described in

Example 1 was followed except that K-C was exposed to

hydrogen atmosphere at 120°C for 4 hours. About 1.5 wt% of

hydrogen was absorbed.

25

To those skilled in the art, it is to be

understood that many changes, modifications and variations
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alkali- C compound of the alkall metal, then exposing the
5 alkali-C compound to a hydrogen containing atmosphere at a
temperature from 25 to 600 °C and a pressure of 0.1 to 100

atms.

2. The method of claim 1, wherein the alkali metal is

lithium or potassium.

10 3. The method of claim 1, wherein the carbon is in
the form of graphite, carbon powder, carbon fibres, carbon

nanotubes, a fullerene, or activated carbon.

4, The method of claim 1, wherein the alkali-C
compound is an alkali-C intercalated compound with formula

15 of LiCG, Liclz, LiC24, KCg or KC24.

5. The method of claim 4, wherein the alkali-C
intercalated compound is formed by pounding carbon with
alkali metal under inert gas atmosphere then pressed into

pellets under pressure from 1 atm to 10000 atms.

20 6. The method of claim 5, wherein the inert gas is Ar

or He or a mixture of them.

7. The method of claim 1, wherein the alkali metal

and the carbon are in a molar ratio of from 5000/1 to 1/200.

8. The method of claim 7, wherein the molar ratio is

25 from 500/1 to 1/24.

9. A method for storing hydrogen comprising exposing

a solid sorbent comprising an alkali metal-carbon-based
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5 11. The method of claim 9, wherein the carbon is in
the form of graphite, carbon powder, carbon fibres, carbon

nanotubes, a fullerene or activated carbon.

12. The method of claim 9, wherein carbon is pounded
with alkali metal in an inert gas atmosphere then pressed
10 into pellets under pressure from 1 atm to 10000 atms to form

an alkali-C absorbent.

13. The method of claim 8, wherein the alkali metal

and the carbon are in a molar ratio is from 5000/1 to 1/200.

14. The method of claim 13, wherein the molar ratio is

15 from 500/1 to 1/24.



