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Embodiments of the present invention relate to a composite hydrogen
storage material. Specifically, embodiments of the present invention relate to a

composite hydrogen storage material for occluding and desorbing hydrogen.

BACKGROUND

Conventionally, hydrogen may be stored in the form of metal hydride
powders. During the hydriding/dehydriding cycle, strain behavior causes the
particle bed to become unstable, resulting in settling and compacting of the
particle bed. Through repeated cycling, the three-dimensional relationship of the
powder particlés continues to change, causing strain to continue to increase.
When using metal hydride powders, inefficient heat transfer can hamper the rate
and effectiveness of the hydriding/dehydriding cycle.

When using traditional metal hydride powders, safety and handling
issues arise as many materials are pyrophoric, or become pyrophoric once
contacted with hydrogen. Tn addition, powders may be blown into the hydrogen
stream, which requires complicating filtering and also introduces a pressure drop
into the fuel system.

The hydriding/dehydriding process imparts strain on the storage medium
causing it to expand during charging and contract during discharge. This strain,
which can be quite significant, is conventionally dealt with by designing a
hydride storage vessel with expansion room to accommodate the strain.

However, the unstable nature of the particle bed causes the packing of hydride

Attorney Docket No. 2269.008US1



When using traditional nmetal hydride powders, safety
and handling issues arise as many naterials are
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20  present document.

FIG. 1 illustrates a block flow diagram of a method of making a
composite hydrogen storage material, according to some embodiments of the
invention.

FIG. 2 illustrates a block flow diagram of a method to occlude and

25  desorb hydrogen using a composite hydrogen storage material, according to
some embodiments of the invention.

FIG. 3 illustrates a graphical view of the pressure-composition-
temperature (PCT) profile of a hydriding/dehydriding cycle of an exemplary
metal hydride hydrogen storage material, that may be used in some embodiments

30  ofthe invention.
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In the first aspect, there is provided a composite hydrogen storage material
comprising: active material particles capable of occluding and desorbing hydrogen; and a
thermoplastic binder; wherein the binder elastically immobilizes the active material
particles sufficient to maintain relative spatial relationships between the active material
particles before, during and after any occluding and describing of hydrogen; and wherein
the composite hydrogen storage material is capable of withstanding a force produced bya
particle strain during occlusion and desorption of hydrogen by the active material

particles, sufficient to provide a load bearing member independently or within a storage

vessel.
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conposite hydrogen storage material, the nethod
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to maintain relative spatial relationships between

the active material particles and desorbi ng hydrogen
fromthe conposite hydrogen storage nmaterial. 4a
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than traditional netal hydride powders as there is
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hydrogen storage nmaterial for hydrogen storage may
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international regulatory |aws and procedures :

r eghir e seyentheaspe@nibperis pofvideddr cgepvsBO camprisiyg rapgenmaterial

storage,vessels. .. Definjtions . 6 sed C
g crpablec Gh By e Ryt geine: brisessnnardi HRShonlpgp pinder;
- whéRindHel ¥émpmRiteris dorhal tiht6| £Shafcx sl Wiebei® 1B rdder elastically
_ wherein the binder inmmobiljzes the active material =
impelitizes] gy ogiva cnaptialt gariglent snlcipr 4¢ i painkmt felative spatial

- | ONS. S . : _
i AR LA RSk D O5L PEREICE Lo S eton
* durirgf edsafteootdhrdée: andii dvsorbingméhydregeant i onshi ps bet ween :

particles. Such three-di nensjonal relationships .. .
Dot el St Forte R EHuTEOR BpmBr e B adihpeive matera
parliE¥€REpa0IE ¥ blchidin®iand sdebebat hytlrdgenUasdhangeemopldstc binder;
exanpl'e, the distance between particles may change . '
wheygini thy GORWOR(Fdlsi BRIEH diRyAr PRIUARPTESH cihabe Bt Wheetn the binder
el'aﬁﬁflly GhfiShili Rk WdadiQe LR40S F)élﬂ%l'e? bl cib o SRR aliv O Satial
relative to the other particles over the course of
reladioeshipnipiteta by clcéve Tueriphptiticles vathin dteus@npraite shape, before,

.0, elastic property, .in,that the particles.my
durfigoiatd gt Sortinesrl Sabbgiof bPEN ne same

t hr ee- di nensi onal positioning substantially relative

to other particles_as the ve. An_exenpl ary

no
i ndi cator of whet H&FTAl BESSRIBHON the above
charackalwild CStailéd description includes -references to the accompanying

drawings, which form a part of the detailed descriptidn. The drawingé show, by way of
illustration, specific embodiments in which the invention may be practiced. These
embodiments, which are also referred to herein as “examples,” are described in enough
detail to enable those skilled in the art to practice the invention. The émbodiments may be
combined, other embodiments may.be utilized, or structural, and logical changes may be
made without departing from the scope of the present invention. The following detailed
-description is, therefore, not to be taken in a limiting sense, and the scope of the present
-invention is defined by the appended claims and their equivalents.

In this document, the terms “a” or “an” are used to include one or more than one
and the term “or” is used to refer to a nonexclusive or unless,otherwise indicated. In
addition, it is to be understood that the phraseol'ogy or terminology employed herein, and
not otherwise defined, is for the purpose of description only and not of limitation.

Furthermore, all publications, patents, and patent. documents referred to in this document
are incorporéted by reference herein in their entirety, as though individually incorporated
by reference. In thé event of inconsistent usages between this document and those

* documents so incorporated
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Hy drroatenal amd/métbodsaclated thefato nTecinpesiighydpgealstorage material
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her giacking traditiinially eambed tof decepitaion deritpthelhyigdmg/dehydriding
particles, . such that rel.atiyv pal 1 ' ips
are ‘Wg)le AR o maé?(‘gn@?ee@%ggst?ﬁ%bg%ﬁ%etngskoﬁa%e%E%Q{ap
par tdofipeises aetive meatérinhphtitiezad,a tiden wihegint thebindey impobilizes
ut keepi ng th rticles. substant.ially in,. .
b o ot Pttt el SRicRtB ol eV Wb B 8 Eips
mul tHefeen thedcine mgértht pydclesi Tig: coppbsite hydrdgen storageAsaterial
used herein, "netal .hydrid rticles" or ".neta
h arptrce P apaf Ry gridint ot SRRl fafife o U qpRARbape and
t hatm@{;m&gazpaﬁé ﬁle g&eé-dlmgignml aionhifylﬂrbbd&en' thhallstive
contacted w.t rogen. a of -such.metal or
met drateqt B%*'Edﬁgr?’égﬁséﬁ%@y IE%E%"“? Rli‘ghﬁ?ﬁtdn‘g?*%. Such
1gonn@ujlqdigg/aé1@dﬁ(ﬁﬁge§ﬂ%_ ftat i vle ﬁxgrrpl es of thed5 nor e
general descriptjon of neta ri conpounds: AB, .
SEn " Ao Thagunisite Mekoseh SomseriArarl ATEN Bhmadow Tarins
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conpl exes, such as H2, 2Ni H4, FeTi H2 and LaNi 5I—l5f
for storegosf e vessslphyediligme s rpotitedydiogen toragatpttepal o
hy drgdgsbdditentichst ARG BR) redTRERRHS KT 1tdtibMbAGhse metal
alumnum calcium transition netals, |anthanides,
28nd hydniderpegticlds(in the desorbed hydrogen stream is eliminated and the

 traditional problems of powder compaction in metal hydride storage vessels are

eliminated. The composite hydrogen storage material is more thermally

conductive than traditional metal hydride powders and retains similar

absorption/desorption rate and capacity limits. The use of a composite hydrogen
| 25 stbr’a’ge material for hydrogen storage is safer than traditional metal hydride

powders -as there is much less risk of storage vessel rupture due to powder

compaction. Further, the use of a composite hydrogen storage material for

hydrogen storage may allow for better compliance with national and

~- international regulétory laws and procedures regarding the transport of hydrogen

30 and hydrogen storage vessels.

Definitions



10 conpounds and solid solutions thereof. As

used herein, "active material particles" refer to

mat eri al particles capable of storing hydrogen or to
material particles that nmay occlude and desorb

whydoogens such as netal hydrides, for exanpker/CXiesnoosss

active material nmay be a netal, netal alloy or netal
compound capabl e of form ng 3 met al hydri de when 15

in contact with hydrogen. For exanple, the active

material may be LaNi 5, FeTi, a mschnetal, a _mxture
of net al 4 BredhRredy compgrile hydrogrnfiaraesRFRA e oarkyss

t O shafBrist 1&%1&&{%1@%&@& whéHBin @I ivRr A6k the active
particle ydrogen by chepi sorp

S occl ude L ﬂ
| phy93?6‘?’16?%#%#%3%%%@6ﬂatmépaéla+ relafipushipg bétween the

mat g&ivalma@@{a;?é;ﬁ@@s may al so include silicas,
al um nas, zeolites graphlte acti vat ed carbons 20

hano- st r e BsFAbareaisiHee spatid relatiquphipy” aefers to three-
Nan@mtRALiBRAl tatio AN beBldeh pIRicRRNAIH MG e-dimensional

pal | adi um containing nmaterials or_ comnbinations

t hefFebasfonships betwoen padglenirthe epntexpef thepresent inumapr wilp
t he &kl Qbohnt4Rl dnSRAGR. ¥Br &aﬂﬁiéiiﬁ% dk%n&él?et&&h @meles

volume (1- vo une densi t used herein, "packing

densiay yhange flening thehydhdi hxdr@mg;ﬂywpatmt {hR Pisticleswetups o
168Ct bMRLARES" t?@gaﬁ{eﬁ)oﬁﬁ&rt%ﬁtwg%cthé &gerfoiﬁnf%& %ﬂvéar%etc!?)ﬁme of

percentage o total conposite v i's
t akere dppplgre evete. dde podiclestrestingimayhaye, egappélastic groperty, in

oor Pt Sty BAGE b0 ARRR dubiaBP R born B0 2
act fimensiana ppstioningrubstartiolly ralative toghergaticlesss theyundveas
bl n Rg §e‘§@@q9d1&{éor%§ Whgiﬂgr zﬁg&%al%rp Yl%l agm‘?eoc@l&t%cl}gm;{stlcs is

herern, refers to
pr ov\d qualmmvp measmgnq.mabasad: hpm, ael the aoh:nml packing éenSiﬁ,oor

conpro Sy prafp iR LISl Rt R PR Bl e copearcd,

Thecfdase A[ssudlewhﬂalﬁnglh of th®formed composite is used as the indicator,

200‘93/ }1 ]ggl %%%r c%%l/pggl esv%ﬁ be at least about 80% and not more than
about 120% of the parent length measured.
20 As used herein, “occlude” or “occluding” or “occlusion” refers to

absorbing or adsorbing and retaining a substance. Hydrogen may be the
substance occluded, for example. A substance may be occluded chemically or
physically, such as by chemisorption or physisorption, for example.
As used herein, “desorb” or “desorbing” or “desorption” refers to the
25  removal of an absorbed or adsorbed substance. Hydrogen may be removed from
active material particles, for example. The hydrogen may be bound physically
or chemically, for example.
As used herein, “immobilize” refers to the holding of particles, such that
relative spatial relationships are maintained. For example, active material
30 particles may be immobilized, allowing them to move, but keeping the particles
substantially in the same geometric relationship to one another throughout
multiple hydriding/dehydriding cycles.



substantially conprised of particles sized bel ow

about 50 m crons, about 10 m crons, about 1 mcron or
about 10 nanoneters, for exanple. Referring to FIG

1, a block flow diagram of a nethod 100 of making a 5
wonwpegiae hydrogen storage material i s showlCT/CA2006/600588
according to sone enbodi nents of the invention.

Active material particles nmay be formed 102 into a
fine povvder A binder may be m xed 104 with the fine

powder syfficient to create a pixtur e tu
may be hg %% hEtsEn, s@?ﬂ@%@‘ﬁ? pat‘dg?ﬂ?so P Fnﬁrﬁetalt]1 r%es refer to
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i rmobiliz eact| e ter rticl uf fi
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Vo208 T oPPlg5e, 070 Sa e AL i a1 Ha pd P fgimple
f or pxdfReof thaifls RS Form HiRal hiydi@led bcRAYKIRTadiERY mAghesium,
formed 102 by mlling, for exanple hemcal mlling,
bal Mty alypginumg; @lfmwag?ﬂ%m% Wﬁ Htjles gnd jgermetallic

101 | koBfoundS arflif sondl kdBtionS theR¥f.at om zi ng liquid metals
to formsmall particles, or conbinations thereof, for

exanpl e. ATHeedibersE. Sefiye mateHyl RIEiclRs XrsEr 1pmatgrialpasgicles
bi n@?ﬂable%‘ﬂ%nﬁ@hﬁir&ébﬁ%%ﬁ&ﬁl 9aﬂaueﬂmatm BREESdesorb

sui t abl e bi nders include pol yprapyl ene,

pol Pedrhganestsh apBietpl i Mﬁ%&ﬁé@ﬁﬁ]@rm@cpwmml may be 2

hex &fet0uhdal raﬁ@;Y bﬁﬂ&alvdoﬁﬁbb ?atflé S3hintlRy £ RRA| y¥Ble when
cross- i nked copol yners, etrafl uoroet hyl ene

13 PTPE)OHtaSéWﬁlll ogeal ngamphw}xe agtive mpsebieY e LaNis, FeTi,
POl ¥ Gl Bhitat fa gﬁlxmﬁe thétal anaila sudhfasaggﬁgrmlﬁlm Cefers

bi n er I'S er may be re
mel to zpmmrgs sﬁbhélamdds iy attive maaﬂmabwa@m@wmmqﬂ@d%hmen

oi nik MRS S e 0ol Bl GERTRNS ERGE ROk

m xparl:leies m‘hr;albm indhde ﬂzhgasb’émn@xzdglﬂes, graplitshactivated carbons,

I; gg L

z?mhyg ?fﬁﬁg ﬁ%grl gl ng; strar %& % e ics, bofon ?%aéwtgl?es’
sof pdhdmgl-@bmtamn@ iiteriadd arvambidatioesithencoff ur es of t he
chargin 9pl I&s%ﬁ %‘erein, “porosity” refers to the ratio of void space in a volume to

the total volume (1- volume density).
As used herein, “packing density” refers to the efficiency with which the
25  active material is packed. Packing density is the percentage of the total
composite volume that is taken up by the active material. For example, a
composite with a packing density of about 50% and a porosity of about 40%
would consist of about 50% active material, about 10% inactive material, such as
binders or additives, and about 40% void space by volume.
30 As used herein, “fine powder” refers to a powder comprising particles
with a small size. For example, the fine powder may substantially be comprised
of particles sized below about 100 microns. The fine powder may be



The m xture may be heated 106 to forma conposite
hydr ogen storage 30 material. The conposite hydrogen
storage material produced may have a porosity from
about 0.1%to about 50% for exanple. The conposite
wiyAb@Qaeds St orage materi al may -have a por osi pygT/0A2006/000588
about 5% to about 40%or fromabout 9 15%to about
25% for exanple. The packi n% density of the active
material into the netal hydri°"de conposite may be no
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30 material. The composite hydrogen storage material produced may have a

porosity from about 0.1% to about 50%, for example. The composite hydrogen

storage material may have a porosity of about 5% to about 40% or from about



10 carbon fibers, carbon nanofibers and conbi nati ons

thereof. A lubricant may be an exanple of an

additive. A portion of the conposite hydrogen storage

mat erial nmay optionally be renoved during manufacture
wioroardenst o expose such additional materi al BCEHEA2006/000588

thermal |y conductive materials and structura

additives 5 for exanple. Additionally, an

adsor bent or absorbent materi'al can be added to the
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be shaped as pellets, discs, spheres, wafers, rectangular wafers or any porous or

geometric shape.
Optionally, the composite hydrogen storage material may be comprised
25  of additional ingredients, additives or structures that improve the thermal or
mechanical properties of the composite. Examples include graphite flakes,
carbon fibers, carbon nanofibers, carbon nanotubes, polymer fibers, thermal
conductive materials, a metal honeycomb/lattice, metal fibers, wire, metal
particles, glass fibers, and combinations thereof. Examples of thermally
30  conductive materials are aluminum foil, aluminum honeycomb, aluminum
powder, carbon fibers, carbon flakes and similar materials, Examples of

structural additives include carbon flakes, carbon nanotubes, fibers of fiberglass,



30 nold of the desired shape. The nold is then cool ed
to roomtenperature while maintaining the 100 MPa of
conpression pressure. The resulting part rel eased
fromthe nold is a porous solid conposite with about
woShe@ai@si ty, a mass of WO PCT/CA2006/000588
2006/ 111005PCT/ CA2006/ 000588 11 5.2 grans, a specific
gravity of about 5.2, and a LaN s packing factor of
about 60% Exanple 2: 55 grah(]s LaNi s powder with a
particle size of about 1 micron or less is mxed with
0. 2¢cyPenEbesT cyparbranpfibers angicambipnations shegeef + A dubricantpay dp
abow exbripleldt aHLGARRS RPSHiVh BMQc@nﬁEﬁéﬂggﬁfggﬂt@fa pa’s

2851 kynarfl ex (Pol yvinylidiene fluori rivative)

gr atetefipapgtptignaliydepenened dusingmanufisiure i) qades toexpete such

abo . 1.CL - m i i-
ol el AR a Ao BN Z onbn bl ah o SRIRL BIREAR

Yesforewrmfape. The nold is then cooled to room
tenper at H&cﬁﬁ&ﬁll ,e‘m%éo b oY a%&;rfa{ﬁ?m@gﬁﬁtca& QQ Me@to&ﬁe
e resulting p

conpr essi on pressure. art release
f r osomppsiteigiddogen srage natesiak Alhie ddsoorepbwiabsorbent matsbad way

ot ARGAH sbfe BalRR% 1l @l M el Bl iy Bl MY
56%vitlT e hardidding/dehydfiding progesapBorhé exafnplek esyy invhrde actosted
1 hecBAET hneLd IEAR oSS Bl
benef i ci@pticnally, afirorctarddnemapbeaddéd toythle agemsitttardgigag
S AR Yol B i DRl AL
1 mansmoimiudrbotatsE.el, phospho-ammonium boron); 3,4,5,6-dibemzo-1,2-
oxaphosphane-2-oxide or 9,10-dihydro-9-oxa-10-phospaphenanthrene-10-oxide
15 (OPC) [CAS Registry Number 35948-25-5]; sulfamic acid monoammonium salt
(ammonium sulfamate) [CAS Registry Number 7773-06-0]; di-n-butyltin oxide
(DBTO) [CAS Registry Number 818-08-6]; di-n-octyltin oxide (DOTO) [CAS
Registry Number 780-08-6]; dibutyltin diacetate di-n-butyltin diacetate (NS-8)
[CAS Registry Number 1067-33-01; dibutyltin dilaurate di-n-butyltin dilaurate
20  (Stann BL) {CAS Registry Number 77-58-71; ferrocene; iron pentacarbonyl;
ammonium sulfate; ammonium phosphate; zinc chloride; and combinations
thereof, for example.

The following are examples of composite hydrogen storage materials and

methods related thereto, according to some embodiments of the invention
25 Example 1:

5 grams L.aNis powder with a particle size of about 1 micron or less is
mixed with 0.2 grams of Atofina’s 2851 kynarflex (Polyvinylidiene fluoride
derivative) grade thermoplastic powder with a particle size of about 0.1 micron
or less. The mixture is compression molded at about 100 MPa and 165°C in a

30  mold of the desired shape. The mold is then cooled to room temperature while
maintaining the 100 MPa of compression pressure. The resulting part released

from the mold is a porous solid composite with about 28% porosity, a mass of



mxed with 0.2 grans of Pol yparaphenyl ene
t er epht hal am de (Kevlar) fibers about 10 - 20 m crons
in diameter/ about 1-2 mmlong and with 0.2 grans of
Atofina's 2851 kynarflex (Polyvinylidiene fluoride
wdehbd/alidoye) grade thennopl asti c powder w t hrpar/CA2006/000588
particle size of about 0.1 micron or |less. The 25
m xture i s conpression nolded at about 100 MPa and
165C in a nold of the desired! shape. The nold is then
cooled to roomtenperature while maintaining the 100
MPa > gfgrenhp presificamapiy of ghirub 5.2;149 arl @iy narkipg Psler of about
rel ggged fromthe nold is a porous solid conposite
wi th about 28% porosity, a mass of 5.4 granms, a
specific gravity of about 4.9, and a LaN s packing
fackg&mgﬁngout 53% The 30 addition of the
Pol yparaphenyl ene terepht hal arni de fibers increases
$he str eg grams aNistrowderptsa pasticdesier gfgbout 1 2nipten pplees i3 :
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Example 3:

20 5 grams LaNis powder with a particle size of about 1 micron or less is
mixed with 0.2 grams of Polyparaphenylene terephthalamide (Kevlar) fibers
about 10 — 20 microns in diameter/ about 1-2 mm long and with 0.2 grams of
Atofina’s 2851 kynarflex (Polyvinylidiene fluoride derivative) grade
thermoplastic powder with a particle size of about 0.1 micron or less. The

25  mixture is compression molded at about 100 MPa and 165°C in a mold of the
desired shape. The mold is then cooled to room temperature while maintaining
the 100 MPa of compression pressure. The resulting part released from the mold
is a porous solid composite with about 28% porosity, a mass of 5.4 grams, a
specific gravity of about 4.9, and a LaNis packing factor of about 53%. The

30  addition of the Polyparaphenylene terephthalamide fibers increases the strethh

of the composite material



according to sonme enbodi nents of the invention. A
conposi te hydrogen storage material 202 nmay be pl aced
in a storage vessel 204 to create a conposite

hydrogen storage material -vessel structure 206.
wdyshvogens may be occl uded 208 onto or wi t hi NnPaT/CA2006/000588
conposi te hydrogen storage material -vessel structure
206 20 sufficient to produce conposi te hydrogen

st or age naterial-vessel strué?ure storing hydrogen
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25  example, depending on the hydride material used.

A composite hydrogen storage material 202 may be placed in a storage
vessel 204, such as a tank or container. As an example, the composite hydrogen
storage material 202 may be utilized in a cellular fuel tank such as discussed in
Zimmermann, U.S. Provisional Patent Application Serial No. 60/757,782

30 (Attorney Docket No. 2269.004PRV), entitled “CELLULAR RESERVOIR
AND METHODS RELATED THERETO,” filed January 9,2006, the disclosure

of which is incorporated herein by reference in its entirety.



"Referring to FIG 4, a perspective view of a storage
vessel utilizing a 15 conposite hydrogen storage
material in conmunication with a device 400 i s shown,
according to sonme enbodi nents of the invention. The

wsl0bageoyessel 410 conprises an external wabktT/¢8806/@n0588
optional pressure relief functionality 406, and port
404 in which to conmunicate wth an external device
402. The optional pressure rédief functionality 406
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Referring to FIG. 4, a perspective view of a storage vessel utilizing a
15  composite hydrogen storage material in communication with a device 400 is
shown, according to some embodiments of the invention. The storage vessel
410 comprises an external wall 408, an optional pressure relief functionality 406,
and port 404 in which to communicate with an external device 402. The
optional pressure relief functionality 406 may be a pressure relief mechanism,
20  such as a valve, a spring loaded-valve, a fusible trigger, a ropture disk, a
diaphragm, or a vent feature, which may be integral to a tank. The port 404 may
be a sealable port, for example. The external device may be a fuel cell system, a
hydrogen source, a heat pump, a hydrogen compressor, or air conditioning
system, for example. External device 402 may also be a gas management
25  device, such as a regulator, check valve, on/off valve or other interconnection,
for example. Alternatively, a portion of one of the exterior walls 408 may
comprise a fuel cell layer, fuel cell system, a hydrogen source, a heat pump or a
hydrogen cdmpressor, for example.
When used in conjunction with a fuel cell, it is possible to create a
30  compact system for powering portabie electronic devices. Some examples of
portable electronics for use with the fuel cell include, but are not limited to,

cellular phones, satellite phones, laptop computers, computer accessories,



di spl ays, personal audio or video players, nedica
devices, televisions, transmtters, receivers,
i ghting devices including outdoor |ighting or
flashlights, electronic toys, or any device
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form of matrix which may utilize a melt processible polymer, for example
polyvinylidene fluoride, polyethylene or polypropylene, as the binder. The
matrix may partially or entirely fill the interior space of the storage vessel 600.
30 The composite hydrogen storage material 604 may be optionally adhered
to at least a portion of at least one of the interior walls 606 of the storage vessel

600. The composite hydrogen storage material 604 may be adhered using a melt



15 processible polynmer, for exanple. Alternatively,
adhering may be perforned by gluing the conposite
hydrogen storage material 604 to at |east a portion

of at |east one of the interior walls 606. An exanple
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rectangular waf er 9 for exanple.  The

cr oSerage ppteapl 04 45 own Some of the material may then be removed to
expose parts of the composite 804 that have particular characteristics, such as
exposing heat conducting members 808 embedded within the material,
Referring to FIG. 9, a perspective view of a composite hydrogen storage
30  material structure 900 is shown, according to some embodiments of the
invention. A composite hydrogen storage material structure 900 can be formed

in such shapes as a rectangular wafer 902, for example. The cross-sectional cut



16 out illustrates the interaction of active materi al
904, such as a netal hydride, and binder 908, which

nmay create one or nore interstitial spaces or voids
906. The spaces 906 all ow for hydrogen diffusion and

wid owé/ildoough the active material, such as nmetHECA2006/000588
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The Abstract is prov1ded to comply with 37 C.F.R. §1.72(b) to allow the
reader to quickly ascertain the nature and gist of the technical disclosure. The

Abstract is submitted with the understanding that it will not be used to interpret

15 or limit the scope or meaning of the claims.



active material particles capable of occluding and
desor bi ng hydrogen; and a thernopl asti c binder;
wherein the binder elastirlaly imobilins the active
material particles sufficient to maintain relative
spatial rel ationships between the active materi al
particles before, during and after any occl udi ng and
~ desorbing of hydrogen; and wherein the conposite

hydr ogen storage nateri al ié&éﬁ§§b'e of wi t hstandi ng
a force produced by a parti rain during
‘occl usion and desorption of hydrogen by the active
material particles, sufficient to provide a | oad
bearVhayisBedisi ndependent |y or within a storage
vessel. 2. The conposite hydrogen storage material of
claim1, wherein the active material particles
occllude Aydmposite hijrogenyiorase Pglerid SOmpIE%E sor ption or a
combi nation thege at&v%gﬂﬁd%g) ﬁveto?obmg&agﬁﬂd dLBFAE
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storage material of claimi1, wherein the
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pol ypropyl en lde

R e e R R
cross- | i pheeinggohyeef.s and conblnatlons thereof 8.
The conposite hydrogen storage material of claiml,
further conprising one or nore additives.

3. The composite hydrogen storage material of claim 1, wherein the active
material particles comprises a metal hydride. '

4. The composite hydrogén storage material of claim 1 wherein the active |
material particles comprise type AB, AB, AoB, ,ABs, BCC metal hydndes or
combinations thereof.

5. The composite hydrogen storage material of claim 1, wherein the active _
material particles comprises LaNis, FeTi, or MmNis, wherein Mm refers to a
mixture of lanthanides.



9. The conposite hydrogen storage material of claim
1, further conprising a thermally conductive
additive. 10. The conposit@8hydrogen storage nateri al
of clainmd, wherein the thermally conductive additive
conprises aluninun1 graphite fl akes, graphite fibers,
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active material particles. 13. The conposite hydrogen
storage material of claim12, wherein the adsorbent
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: cowprisrﬁ%m3'§%$%5?¥ﬁﬁﬁ 3“ %ﬁ?bogﬂéﬂ%Bﬁﬁ%Qate
‘hydr ogen wiyemhalgse, pally ey ]ﬁlen@ﬂuoﬁﬂ@ hmaﬂu(#oprmﬁ}&m:e myh@e
structur additive is selected f mth u
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8. The oomposmﬁlydrogen storage material of claim 1, farther compnsmg one

or more additives.

9. The oomposite hydrogen storage material of claim 1, further comprising a
thermally conductive additive.

10.  The composite hydrogerr storage material of claim9, whereill the therma]ly
conductive additive comprises aluminum, graphite flakes, graphite fibers, or

a combination thereof.

11.  The composrte hydrogen storage material of claim 1 further comprising an
adsorbent additive.

12.  The oomposite hydrogen storage material of claim1 1, wherein the adsorbent
additive is capable of adsorbing materials that can interfere with the
. hydrogen storing function of the active material particles.

13.  The composite hydrogen storage material of claim 12, wherein the

adsorbent comprises activated carbon.



16. The conposite hydrogen storage material of claim
1, further conprising a fire retardant. 17. The
conposite hydrogen storage matepial of claim1,
“further conprising a lubricant. 18. A conposite

hydr ogen storage material conprising: active materi al
particles capable of occluding and desor bi ng
hydrogen; a thernopl astic binder; and one or nore

addi tives; wherein the binder elastically i ilizes
“the kbtivEndeaoEasas ﬂw%qnﬁt@ggealﬂateeﬂé%&kwﬁé%&ﬁ
addi ti vescogﬁgrfshg%aegﬁucgga;rmh%aj n relative spatial
be

rel ati onshi ps ween the active material particles
and one or nore additives before, during and after

any pgcl ughdgoRpkit eSREAG1Ghe I MRPEPBT cRRd | MhQhakH the
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| oad bear¢ompiniopatherspiependent |y or within a storage
vessel . 19. A conposite hydrogen storage nmateri al
“conprising: active material particles capable of
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bi nder; the. P.%q llastically i mobilizing the
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17. 'The composite .hydrogen storage material of claim 1, further

comprising a lubricant.

18. A composite'hydrogen storage material comprising: -
.actiye material particles capable of occluding and desorbing
hydrogen;
” a thenhoplastic binder; and one or more additives; wherein the
binder elastically immobilizes the active material particles and one
~ or more additives sufficient to maintain relative spatial relationships
between the active material particles aﬁd one or more additives
“before, during and after any occluding and desorbing of hydrogen;
and wherein the composite hydrogen storage material is capable of
withstanding a force produced by a particle strain during occlusion
and desorption of hydrogen by the active material particles,
sufficient to provide a load bearing member independently or

within a storage vessel.

19. A composite hydrogeﬁ storage material comprising:
active material particles capable of occluding and desorbing
hydrogen; and a thermoplastic binder; the binder elastically immobilizing the
active material particles sufficient to maintain relative spatial

relationships between the active material particles;



rel ati onshi ps between the active material particles;
20 wherein the conposite hydrogen storage materi al
conprises a porosity fromadbut 0.1 %to about 50%
and wherein the active material particles conprise a
packi ng density that is at |east about 40% of the
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tV\,her ei n.the conposite hydrogen storage material . '
SIBEOYSSEs:  active material particles capable of
occl uding .and desorbi ng hydrogen; and a thernopl asdc

bi ndzg)r-; wher ei[g t(lgﬁe bi qder el %sti cnail IIigini_mmbi lizes

the active mat W og%%?{)fagfzggs LUFPTRIER to maintain
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L relationshipé between the active material parﬁcles before, during and after -
- any occluding and desorbing of hydrogen; and wherein the composite
hydrogen storage material is -capéble of withstanding a force produced by a
particle strain during occlusion and desorption of hydrogen by the active
material particles, sufficient to provide a load bearing ‘member independently
or within a storage vessel;
(C) atleast one port for communicating with an external device.



21. The hydrogen storage system of clai n20, wherein
the external device is a device conprising one or
nore of fuel cell system &lydrogen source, a heat
punp, a hydrogen conpressor, a valve or a pressure
regulator 22. A method for meking a conposite '

hydrzqge er %@%ﬁﬁ%@g;ﬁ&&%ﬁ@ﬁo%&@e ﬂl(e'%z):telfnglrdéhe&sﬁdewce |

finé po e -‘materi particles capabl-e of

, occlud|ngxmmnhm@xmombnxgpdﬁ¢ﬁﬂ9@bwﬂmﬁ($byﬁﬁg%ﬂﬁgmﬁ a heat pump,
ther mopl asﬁ Igﬁ)ggr't 3 g\fk J\faﬁvt%%rg %sﬁ@?@g%ﬁatéuo provi de

a mxturé t he Xt UF e ficient to
forma corrp05| te hydrogen storage material, V\,herel n

t he er ﬁEEl

mat Iaglgg%F ¥ ?%?% nalﬁgaln rgﬁg
spatial r@)at lf@nmig mememeﬁammnamal p@mi@tcepabkl Of
particles; .and | osi te hydrogen storage
mat eri al w@@%%%ﬁ%&% %#ﬁﬁ%%gﬁdlng a force produced
by a part(Bgl ensitingi themhoplasty bircled with thefirepdwdersopipviden

of hydrogen by the active material particles,
suffici e?ﬂm‘?’ﬁy dcq)w de a | oad bearing nenber

independqaylyh&mn@mbhmmmmaﬁﬁmmm@ﬁMBsSQWmmﬂehWHM£n
met'hod of cIainQZ furt r _Go
. gtB @gpmg 2 Coﬁosﬂ%ﬁfz'e'ﬂge active

“the m xture,
hydr ogen st or ﬁg&nmﬂcleahufﬁaénwmwrdlmﬂe sfatial lrgidtioBships

further conprisi.ng aft heatln t.he m xtur.e .
appl yi ng vi bré"?l S%Itg%a[%ﬁ% il RS eglglﬂﬂ?t%lpg%%m
material. 25. hﬂdi@gdﬁ%to?@dnﬁfenﬁhﬁdaﬁﬂ:&oﬁvﬂ&&tﬁ&hgafompmdmd

conprising after th rindi.n Xin n_addit
M e bi nab  ac e ot st A% AoBidt i Fpecy by the

of using a copprsiaeribaroRsBulition aggoviad lohdbsaritdreember
nmet hod conpri si ng: 5Aé occl udi g hydr ogen onto

or within a cBRgEeiedyRyH ﬁ‘o@gecﬁeﬁﬁ materi al ,

wherein the conposite hydrogen storage 22

 23.  Themethod of claim22, further comprising after beating the mixture,
applying pressure to the composite hydrogen storage material.

24.  The mcthod of claim22, further compnsng after heating the mixture, applying

vibration to the composite hydrogen storage material.

25. The method of claim22, further comprising after the grinding, mixing
an additive with the binder and the fine powder.

26. A method of using a composite hydrogen storage material, the
method comprising: '
(A)occluding hydrogen onto or within a composite hydrogen

storage material, wherein the composite hydrogen storage



material conprises: active material particles capable
of occludi ng and desorbi ng hydrogen; and a -

t her nopl astic bi nder; whereid? the binder elastically
i mmobi lizes the active material particles sufficient
to maintain relative spatial relationships between
the active material particles and the conposite
hydrogen storage nmateri-al is capable of wthstanding
a for.ce produced by a particle strain during

occl usi on and deéprﬁgion_of hydrogen by the active
mat eri al paHPW@F SR cient to provi de a | oad
beari ng nmenber atihdeneedtd phiticles capblelifn a st or age

vessel ; and (B) desor bi hydr n from.t he conposite
hydr ogen stora889W§W%?Fg%ﬁo%%qéﬁﬁﬁ?gﬁhq%sd of cl ai n26,
further conpri sitigmaplastic bieder bi ng hydr ogen,

occl udi ng hydrogen.onto.or within a c osite .

hydr ogen stora eﬁﬁ%g?ﬁﬁykﬁg%@%@ﬂ%prﬁggzﬁﬁﬁe%%%@

nmet hod of cl ai Ffferial partibRE seifiaient 1 inngntaiftrelatieesplatiali ng
hydr ogen onto orwithi.n co si-te hydrogen stora
material a secBﬁ’]n%P(tnF’h]ﬁ"Ef’ %%F&?g{‘) eﬁﬁhWﬁ?tgﬁ%Waﬁcﬁ%aPﬁg’e
conposi te hydr gggfosik tiyagReiBlofice alatdiabBeapabid ofre.

29. The nmethod Qf clainmR§, further conprising.after
desor bi ng” hydr g@sar IB%PE‘PFQGEWBS@I%Y@WB n during
storage nmateri ghclasiGCafidbsbipitn oOkfdroibng thy sitegen
and desor bi ng hydrogen .t hree_or nore Lineié p to
about 100, 000 maﬁﬁé@? pagticleRERAT BPIBTIdE f Jjafgisaring
wherei n the aciiMferRidepdrdentBpsd withif s sfwdetvagtcl; ahd y

mai ntai n spatial relationshi ps between té}e active
- mat eri al depeubing }ggs;qgﬁ@ fropethe composite hydrogen storage

material.

27. The method of claim?6, further comprising after desorbing hydrogen,
occluding hydrogen onto or within a composite hydrogen storage

- material a second time.

28. - The method of claim27, ﬁlrther‘comprisi‘ng after occluding hydrogen
.ontoor  within a composite hydrogen storage material a second time, desorbing

hydrogen from the composite hydrogen storage material a second time.

29.  The method of claim?28, further comprising afier desorbing hydrogen
from the composite hydrogen storage material a second time,
occluding h_ydrogen and desorbing hydrogen three or more times, up to
about 100,000 times.

30. The method of claim29, wherein the active material particles

| substantially
maintain spatial relationships between the active material particles
during the '
occluding hydrogen and desorbing hydrogen up to about 100,000 times.



occl udi ng hydrogen and desor bi ng hydrogen up to about
100,000 tinmes. 23 31. A conposite conprising: active
mat eri al particles capable If occluding and desor bi ng
hydrogen, and a thernopl astic binder; wherein the

- conposite is forned into a shape and wherein the

bi nder elastically imobilizes the active nmateri al
particles sufficient to maintain relative spatia

rel ati onshi ps between the active material particles
wi thin the conposite shape before, during, -and after -
occl udi ng and desorbi ng of hydrogen. 32. The
conmposite of claim 31, wherein the shape conprises a

pri ti Q%FE a wafer, a disc, a rod or
con%ﬂﬁat%ﬁ%% g?g% sééﬁiA conp03|te conpri si ng
active rractemmatelpdmartml@@ap@}lﬁafhﬂ asc m@@@ﬁ@amgmgmdrogen
desorbin t hermopl asti ¢ bi nder;

LY HepE R Ul

wherein e conposi ornmed into an unsupported
shape anovhatear dicreotmpesitsi in dumed [izie rishane apdiwheshn (hediader

the actiyg. i gwnﬁlobﬂ%é ih%'a@@ve%ﬁ&éhalp%ﬁtclés%u?@law n

relatlve spati relationshi ps betweeéen the active .

mat eri al mpantainceledvapatitlreletienshipghesieen ﬁsqﬁf}ée patesiak,
- during, ﬁ&gﬁﬁg Sfﬁﬂmpﬁlglclﬂ P&ieaRshdR9GE RdhoOind after occluding

hydr ogen e conpos te of clai m 33, mhereln t he
unsuppor eedidesaepes eOYHeEE8s a prismatic shape; a
pellet, a wafer, a disc, a rod or conbinations
thereof 35. The conposite of claim 33, wherein the
conpddi t Bhel confposited! dgirhilatihatpin e ShaDea@MPrises 4 Prasmatic

tos i_ nt %a;t)éjg thé‘t?E Cvafer; a disc, a rod or ‘combinations thereof.
-~ 33, A composite, comprising:

active material particles capable of occluding and desorblng hydrogem
and a thermoplastic binder; -
wherein the composite is formed into an unsupported shape and wherein the
binder elastiéaﬂy’ immobilizes the active material partiéles sufficient to ma.mtam
relative spatial relaﬁomﬁps;BGMeen the active material particles within the
composite shape before, during, and after occluding and desorbing of hydrogen.

34.  The composite of claim 33, wherein the unsupported shape comprises a

prismatic shape, a pellet, a wafer, a disc, a rod or combinations thereof. .

35.  The composite of claim 33, wherein the composite is formed by heating

the mixture sufficient to sinter the binder.



