FLU D ENCLOSURE AND METHODS RELATED THERETO CLAI M OF
PRIORI TY Benefit of priority is hereby clained
to U S. Patent Application Serial Number 11/473, 591,
filed on June 23, 2006, which is herein incorporated
woyowasesence. TECHNI CAL FI ELD Enbodi ment s o?C‘(Q’ﬁéZ““W"“””
present invention.relate to fluid enclosures. Mre
specifically, enbodinments relate to fluid enclosures
for small or mcro scale systens. BACKGROUND
Currently, fluid enclosures are designed and built
i ndependently of the fluid being stored, or of any
storage material that would be inserted within the
enclosure. In its sinplest form a conventiona
pressure vessel can be used to co ' j ch
as a cEW@M@ﬁgR&AQDIMEE@%ﬁ@;&ﬁ#gﬁmgﬁr e
vessel nust be designed to acconmpbdate the nmaxi mum
pressure of the fluid wthout failure. Such sinple
desi gn approaches caCIdMQFSHIEBITS i ncorporate a
st orage terial .oy filliii ; W Nbnber
ot or S@eREYaroar * fepy R sE PERa B ARA Tl
THE$3, STV o Slumr B3, 200S, fvhich ds lres Bpmorated bselereage- any
stress potentially induced by the storage materia
exerting force on the internal pressure vessel walls.
Presently, these vessqgreHMIOALIBEDD of a cylindrical
shape. When very smal | storage systens ar
¢ equi Estiodinentanbite bresan) invaRtiqn relgte (ORI PFIOIFS CAPE
h acﬁ'ﬁ:gll are%bgffﬂdeﬁ? rAQE to FIRE RMESuRds ford RN QR GHcrdscale systems.
gW% oylhg conventional pressure vessels becones
problematic. In order to contain the interna
pressures and nechanica% %k%ﬁ§ﬁ§§binduced by a
storage material, wall ﬁ1c ness and materi al )
pr opeChiraglypfluitlfeficlesuedsasedaignubinddwilsind éneodetly of the fluid

revent failure, such as. tur Mat er i, al-..nr '
Beng el or 917eY Homes BGRRLIR ftps Poclch B GPEAASER. 1
RLBIaE AP &nvBitlonhlprestite vesselrdan ge ased s yontain b @lesl, such as

actors, etc. As a result, the range of eria
fatrampressediges ongdigeticd a%v’ﬁ*@d!ﬁ@?%%ﬁ'ﬁ%ﬁé@‘%‘% Eoed

Qoo RSHal L mbliG QSR & theStidid With&d faifwe] Sueh ¥imple design

t
vessel geonetries i ch do not overléganplit t he

) ! y
iapprendhes carbesstended tagncomorale & pterage matesialbyrhilfiig the pressure
consi dg o i e Yi, s @REIOR Githstand th
d@??gﬁﬁgggwﬁﬁ%?F?ﬂggﬁ&kgﬁg?ﬁ% %%%?ateé inssmall1 ?ml ?
SMed Srd%sures aOhcl B dny sitess patehtialy inducedbytha sterdze statapial ¢xerting
lfgrcg gr?lﬂle il’sl egltale Iﬁ:ésu:gel vlcjelss%l %Qlfsl ci’?‘cﬁl:Jsrer‘la"tly, these vessels tend to be of a-

cylindrical shape.

When very small storage systems are required, or when irregular (i.e. non-
cylindrical) shapes are called for, the overall approach of employing conventional -
pressure vessels becomes problematic. In order to contain the internal pressures and
mechanical stresses induced by a storage métérial, wall thickness and material
properties of the enclosure must be sufficient to prevent failure, such as rupture.
Material properties considered include tensile strength, ductility, material compatibility,

enclosure geometry, stress factors, etc. As a result, the range of materials that can be
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5 wal I thickness consunes a significant portion of
the volune of the enclosure. Prismatic shapes or
irregular formfactors are very difficult to utilize
since they will bow outward under even nodest fl uid

wprewsar26d Wien absorbing materials (e.g. hydfdéd)r /oo

are used, the nechanical strain on the tank walls can
i nduce | arge stresses. toBRIEF DESCRI PTI ON OF THE
DRAW NGS In the drawi ngs, which are not

necessarily drawn to.scale, ljk ls d b
sxd0 APSITERE GERPIEIS WBHh ALY T SEMRTITET et fo not
i ﬁllepﬁ\f'j( 8)8nternhi SeRMHE EAdnRiob@eishigss Ginf Beatomsitiertedt t er
suf i x

S Tepresent different instances of

subst afiiiedkdsto Bhil dodlosi & TRORERE Smpliia vilea\Wddgisbrated in small

illustrate generally, by way of exanple, but not b
wgspenas, suchras irea $romil orimicreaychls fiee! eeth oaismel systanss didsagosure

Lot SRS %?ﬁ'(%an porti Sroldmé bt 48 EAASBR. Prismatic
8@%&@?@%% ?%ﬁ%?ggﬁy 0 %P??%ﬂo ené?psqre, accor di ng
shapsoomEmepiladbne fitcwyrs are very diffionlt @ ytilizeisineethes wil bow outward
cross-sectional. view of rti ' .

G Gy SO 111 P a® WD bR s e Bydides) are s
&Y BEdhahical 36 SiA T8 itRGtablowsityean éidnoe largerstresse20F1 G 3
illustrates a cross-sectional view of a portion of a

fluid enclosure utilizing a conposite hydrogen

storage material including a f ing to

some enbodi merRRIEF DESCR}?&@NPWEM @gég _

Per spge ngﬂegﬁvxhgs%vﬁ, fchrd Adf hébeSAAlyRFM R0 3516 AN@inRGetals describe

some enbodi nents. 25FIG 5 illustrates a pQrspect|v§ )

\silestangiillpsifilaf chmepenerds trenghgu thaseveraloaews ddke wunagpp having
rhodi ts. ' PIINE Kinfil 2P W4 s.

S PATRSS e ookl hBlP LS Aty Sinkl P bomponen

eMeldesiings illagaor ginaglly,bysoyef exdople,hshne by way of limitation,

FIG 7 illustrates a,block fl di am of a net hod

Jeryssmhegimenty ?C&fsegérbglf’ gfeﬁﬂlq%c%nge%é ome enbodi nent s.

FIG 8§16 1 inskttadsascrassecitmnall iewotla fgidantlofurg amtdingito some

of using a fluid enclosure, according to sone

SHBOAIHEBH S

FIG. 2 illustrates a cross-sectional view of a portion of a fluid enclosure utilizing
a composite hydrogen storage material, according to some embodiments.

FIG. 3 illustrates a cross-sectional view of a portion of a fluid enclosure utilizing
a composite hydrogen storage material including a feature, according to some
embodiments,

FIG. 4 iltustrates a perspective view of a fluid enclosure, according to some
embodiments.

FIG. 5 illustrates a perspective view of a fluid enclosure system, according to
some embodiments.

FIG. 6 illustrates a block flow diagram of 2 method of manufacturing a fluid
enclosure, according to some embodiments.

FIG. 7 illustrates a block flow diagram of a method of storing a fluid, according
to some embodiments.

FIG. 8 illustrates a block flow diagram of a method of using a fluid enclosure,

according to some embodiments.



3 SUMVARY Enbodi nents of the invention
relate to a fluid encl osure conprising a structura
filler and an outer enclosure wall conformably
coupled to the structural filler. Enbodi nments of the
present invention further relate to a nethod of
manufacturing a fluid enclosute. The method incl udes
conformably coupling an outer enclosure wall to a
structural filler. Enbodi nents of the
invention relate to a nmet BOMMARStoring a fluid. The
nmet hod i ncludes contacting a fluid enclosure with a
fluid, wherein the fluid enclosure includes a
structur Einbtﬁdnlnér&ﬁ oi&ﬁéﬂlnﬁéhtlﬁtufeﬁte lﬁﬁ(ﬂuﬁ&lﬂﬁlﬁsﬂﬁﬂbdmprising a structural
co 0 led t ct filler.
Eﬁﬁl ‘ﬁlé’fF M& I‘%‘f 81'“%% Yzf"Wﬁ‘f‘ﬁB estroghughiley

f |E;!1'1‘t%d§f[éﬁis %ﬁﬂlé reschP R EBbR RfkhérHOihtd €ESmEREFDIAB2&uring a fluid
fluid froma fluid enclosure, wherein the fluid
ervatlowin g metherhiseludessorprably spugling prputerraciarirotelblo a

@fi{.\&ﬁrﬁfﬁlewal I conformably coupled to the structural

iller. Enbodi nents of the invention rel ate
to a fl uEdbalméngselite: wystiencldie agyetiod of stomigrogd. dhe method
fl ucl[ludéagcg Cnléa%ur?greaeﬂ%ngnc or!sur%:(vﬁe 4 1.1|l1ﬁ, g%érﬁ%ﬁ%egfglﬁg encgosPre a’ncpu%es a
a setigtural filtea hndfanl duer eraftduraivab dbrefornably lcoslede ol structural filler.

canformabl y ed to th truct iller. )
AP e 4 t s e L itie LR [etiopldpedides
| SelpdsRiadRE front 4 ﬂind efRIISshiR SkikicRein e MRidichi1Bgire cludes a structural
structural fille i ncl ud |ng a material capable

odéleudding Oatﬁbenal@gw Bt gomdormably gouplgdde the itvrdenl ﬁﬂéﬁ d an
outer e nﬁx{n@&fﬁﬁ%&"@tﬁe ;ﬁ%ﬁa{ 1%%@ ¥ a@l‘ﬁﬂ%angﬁ'&??yHagli The system

structura wherein the structura

s upghalet s i ﬁmﬁ@u@mpdi precktdpyal deviderrpuplavad thelfusil @nclosure, wherein the
p fgu%f errll\c/:ngrs]ltre mcludets a stmc glrlﬁ)ffzrg %Id::ﬁlg 85tgree fe)?clugep \gfalfsoon?ormab(.fy coupled
n&aﬂkaﬁmmnmnghﬁ f|UId encl osure, the nethod

conprisin conf or coupli.ng an quter en

wall to %g‘@fdr“t%ff’l‘}lﬁ s %/H"'P‘e‘#%?d’f‘ Pfé‘?“eﬁ]ﬁr" BHPIEI ﬁ?ﬁoﬁfg’l‘g@“"‘om
f | iinghiseacd @ @uratteer, fbhilifly £RSEAS QAR bicRIIAY an(ﬂiesorbmg a fluid,
structural filler, including a material capabl e of

ocid g binggy: andgo @F@%’@F%‘?SW@ wall pqnfpyrgablgqupled tethe seicturabiiler. yherein
0 L{ﬁe%ﬁ'u&lﬂﬁ lﬂ%?pd’l‘@' stres§ Qﬂfhgﬁ ESB'QJ te 1@ gregsﬁret he
structural er, wherein the structural filler

suppor t sAgordiggo dppbqoedl apyctanthie ivertroal thére ud provided a method of

P Mg ot e BB USl SERLy B o

a vallti ahrudniral fitie tshificent ppovids b figid eodese Ab¢ flmg eaclése wordprising: a

Zﬁﬁp%égﬁfglegé%?ﬂd?f&f%%%t?%ﬁl {Sjﬂ%ffi%g ntl‘ldi‘é‘lg él?cﬁ) gmg a ﬂfuld an% a

el des Hii BanGRRP LIRS wall cSifbrdabi) Edipledl tol thettructlrMaHIE hviRgEirbthe
mat eri al capabl e of occluding and desorbing a fluid,

arftpciprad fi H%FéPPP‘D&ﬁ airegharpliedhy awrpieral ffuid waﬂfsr're

conf or mbécxrdg%qp lﬂr%(ﬂhﬂv@asf)&?oﬁﬁé W6dnabRlnekd 1 ?deemfa %ﬁbc{bf
the structural | er supports stress ap P

i yoargreluid the meth@d c@slﬁm confggfing a fluid encloswmﬂr d’iltwg Swﬂ@lent to
t

'}?ovfdg Y S&H ?%E’E,?eﬁ &gronglg 2 FIEL? d&%}#g{}@% %{éheen&UﬁFe%anﬁrthJ QukAGEh firter,
C ompxling i mgterial aipdﬂmfwhaln@and desdrtrigpa i dndiadirelac hebumoeter

the.fluid enclo risin st ruct fil

Rt g SR SooS BB s Rt Bt e g e tuppos
d esas dpbld bt arf intéin@l fluddessurdi Nnder; and an outer

encl osure wall conformably coupled to the structura
filler, wherein the structural filler supports stress
applied by an internal fluid pressure. )
According to the fifth aspect of the invention, there

is provided a fluid enclosure system the system
conprising: a fluid enclosure; and an externa



In this docunent, the terns "a" or "an" are used to

i ncl ude one or nore than one and the term"or" is

used to refer to a nonexclusive or unless otherw se
indicated. In addition, it is to be understood that

the phraseol ogy or term nol ogy, enpl oyed herein, and

not otherw se defned, is for the purpose of

description only and not of Iinitation WO

2007 1 1.47%90 %%‘I’/K%Z% 10&@9‘0 e mven % elé/ erQ\tlde a method of using a
i nconsi s sages en thi's 8 CUnent D4 Hose
dottuidenalbsires the maﬁqumﬁaﬁiu%dfeteysmgafmfdmﬁm ﬂm&mdbhsl&gae flind

the i ncor por.ated reference. shoul d be.con

SROHPRT e bR B i 4 s TG oy o ding and
| r deeﬁmga fuiArR albRHEeM 8 Sdn@iet B8lesufeRRI &SRty tolflédSo the structural
docunent control s. 5Embodi nents of the pr esent

phesein hestarcaral §ller spprevty stesseRpLest by, anrtgmal fluid pressure.
e mbodi "ERE&r(Rﬁ tB hﬂ% fﬁfheaéﬁéa of‘ tﬁk\/ﬁwnh&{] tlél‘el i© otffaEd @ﬂmd enclosure
fluid enclosure in which a structural filler wthi
the%em@kegﬁmemgmp@miaﬁmdhebenveebmapphme@mbymmﬂehnﬂwﬂmm

L08R FERNER A D B0, ROYAAS, MO s

I soctlhdingmé desbrbing & ﬂadl,laﬁdl Olsiader; tld tin duterrrodl@s mﬂ;oonif)hﬁably coupled to

e i ncl. ctural fil Lth an .
o e R oo S R iRy Sy o n ot guia
t heesoiber encl osure wall bonds to the structural

filler, the fluid pressure applied to the encl osure

IS fuIIy supported as isostatic tensile stress in the

structural filler. TheppRinershestdiperRi§ stress that

the outer enclosure wall experiences nay be due to

strai ni n@hmfﬁllqvh% éqtaﬂlsrd tepcrptiopjindlugles referpacdsie the accompanying

pr ur e of r fo imte the
DR E Bln KR o T8 pERE Rl SHEPERO T bl Qo or
i si]htstretm@spémﬁebmbc&ﬁtnéﬂnﬁnﬁhﬁahahuﬁwnmﬁn ibele paticdédn €hese '

out er .encl osur.e Thi s .archi tecture, al | ows

C GHBRUEIET Y < BR BTGB B deieribed in cnough

e Nietal SEMRBe tsd&ilkRU i the bR & prédide G RROHon STHEHHbbEidBAts may be
i nternal pressures w thaut the encunbrance of thick

er?ellﬂé%‘il Qthgpgorbodinenisaraye ptibized, or Aguqiualganddegiqahchanges may be

" fohddl q“thﬁﬁﬁi@ﬂaﬁmtgqmﬁl 6o mob@ HIOHS pre RAMARIALES TRURILRR eetaued
whose nol ecul es nove freely past one another and That
halescripgon iglepegieng. nab toshedekien 1t hlbmiging prase find the scope of the present
c gas,
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b %tng and the term "or" is used to refer to a nonexclusive or unless otherwise indicated. In

addition, it is to be understood that the phraseclogy or terminology employed herein, and

pot otherwise defined, is for the purpose of description only and not of limitation.
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25 borohydri de conmpounds, etc. As used herein,
"structural filler" refers to a material with a

sufficient tensile strength to withstand the internal
pressure of a fluid enclosure, when pressurized with

wo PhUkse0 St ructural fillers may be solid. SHREFEGAIY[0112

fillers may include netallic or plastic lattices,
conposite hydrogen storage nmaterials, clathrates,
nano- structured carbon 30f oarfs, aerogel s, zeolites,
sili-cas, alum nas, graphite, activated carbons,

rth drecevergodi inicossjsterd nengeebantandhis Yoeusrenhands theps documents so

T e

- expptRhentaried @bt dTithis iddajmenpdbd imdéonnilabbminednsisteycies, the usage in

mat erial s or conbinations thereof, for exanple.
A81S JeRm LRS- » conf or mabl y coupl ed” or "conformal |y

coupl gghbotiBfelsSottiRe fredeni iRgentiol eddle tohefluid enclosure. The
substantial ly uni form between two, ¢ nl@%nents

smbadimantsf it nresent yeniigy alaw {95 2 SYIy lrb}vﬁ{gﬁl a Strictural
Ly b ; , "
ﬁlﬁ l(x:vtgtgdrn atP(e %c[bggﬁe@ﬁgg/&g i ESRANAPRG AP Bit@hal F@id Presdure rather

e conformably coupled to an
dbarsravirgdhas pressrevht full yfsupposied hp the en¢lpsupnvelhas is thegasedpr

R e e T S

hatiure wall gbefbroedabty csmied toitl Since kentr tuelashe wall bonds to the

t | W thi to fluid | t hat . .
* ot Hor P it Palicd o e Bl M gt os frosati

fibasitd sfrés9 M thé Sl dnuhich IR C TREHHIE sigrifiCar® sirét tHRNhE 06t énclosure
wal | may include mJlti?EI e layers of the sape or

dalk eprRgcraner bafus to Fhenhg obheamiga Hiler A gwmsuw of
1&3&9 lnﬂ:ﬂgu% 1?%% flinﬂ?&i 8 the AlrinCARASIe sBengh!P6 tBX @ARNAL filler or

use e eature” refers to a caonmponent )
#bs boiddtepvkenithestactural ifilenBddheouserspelosute walht This atghijecture
b fluidig. enty. ] .
s iR B cofton Rk a TR ¢ B bl tharcan
ckapparesigiificambintarhal gnessurenwighiut theenobgeance obthickentlpsire walls.
a fluid, or act as a structural conponent. Exanples
of a feature may be a val ve, regul ator, pressure
relief device, flow elenent, cap, fitting, vent, etc.

Definitions

As used herein, “fluid” refers to a continuous, amorphous substance
whose molecules move freely past one another and that has the tendency to assume the
shape of its container. A fluid may be a gas, liquefied gas, liquid or liquid under
pressure. Examples of fluids include hydrogen, methanol, ethancl, formic acid, butane,
borohydride cbmpounds, etc.

As used herein, “structural filler” refers to a material with a sufficient tensile
strength to withstand the internal pressure of a fluid enclosure, when pressurized with a
fluid. Structural fillers may be solid. Structural fillers may include metallic or plastic
lattices, composite hydrogen storage materials, clathrates, nano-structured carbon
foams, aerogels, zeolites, silicas, aluminas, graphite, activated carbons, micro-ceramics,

nano-ceramics, boron nitride nanotubes, borohydride powder, hydrogen occluding metal
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As used herein, "structural feature" refers to an
el emrent that nay be associated 20 with the shape,
positioning or alignnent of the structural filler,
the outer enclosure wall or the overall fl ui

were7a4use. A structural feature nmay be for WE%T{%M’WDMI”

al | ow space for external conponents or to create nore
efficient alignment between ghe fluid encl osure and
an external device, for exanple. Structural features
i ncl ude convex protru3|on concave reces

mflmt(fon@@mpﬁ argLiSrite) 1A A opBe s TR ’S%F‘%Ifmns

tl?egéo gg GRkRers, 25etc - As used herein, "met aI

hydri’de particles" or "metal hydrides" refer tg %}e

or rremhlsedlliem;n pamtfmrmabbf conpled 0t condprmlly cappied T eﬁ"’é"
t al dr Itﬂe} 1s Fﬁﬂ?hﬁ%&rﬁ&c%éﬁ t@)‘ gﬁlﬂgﬁ{énts%ﬁ%g%laﬁﬁched

oys are LaNi b, FeTi
aﬂﬁlcﬂ@yﬁ’/ay ﬁxﬁf&haﬁﬁmmqﬂmyacaﬂwbap?mmnamov@ngmp@@m A

of the nore gener cri n of et g
SBAgwaKaer mei be & oyl couplse 1 8%"328{3?{\% Hanple, in

\&}5&1 Royher éﬂbbhhrﬁ)k&ﬂ@ﬁ&ﬁmallﬁmqmyﬁmmmm ﬁxarsnmmahﬁuer and
hydri de conpl exes, such as MgH2, My2N H4, FeTi H2 and

I_thﬁEHéhaP?or exan‘pl e. Exanples of netals used to form
metal ABdLd e %Qezgﬁids%wa@e PGT: G BRGHAAI et »

i ncl ude vana magnesium |ith al um num,
dah¢emmsmtenlaans¢rvesan ahlsesh partialarie e iongpfcp fluid from the fluid

i nt.er met I |

(BOGREE Fhgcufer SSEREHOHE BRY inBldetd b la, BB reRAROL: |
refreng rﬁa@eraﬂ:d; i'The ok endlasurepwalt inay msiude x polymet, megal, or
bi nder mhereln the binder imbpbilizes the active
FREwPsile) I o5 ele-cl es sufficient to maintain relative

spat i als us&l RidiRIRIRE” REryRa confpenan kisseiawd ndthiadfluid
particl es. Exarrpl es of .conposite hydrogen storac

raclopurel A featire mhg aitlridie ARFBRANG Mo (rfEfo B 8y asLiP&H Fumunicate
A%g%éeﬁ% iclos drfdlapNRternb! dehFoeDe Bmbleht &ﬂuﬁﬁtﬁéﬂt td4bserve or

herein, "relative spati al
reenaoliadhisdiopset as efs@u@mlabcomoe@xtoﬁwﬁqs@ﬁ affeature may be a valve,

r eI t.L onshi Sﬁ’ t,
g%tor Prr?ésnug?%aﬁafm@ t?%%ls | ps alget énverolaF3 tcl cles 10
| n t hessasad Beteinofsirtibterapfeesieaitrefersite at Elomenti that npayrhgiagsociated

‘g&?\é‘g L g,lré 161?381&1@%281 Wg@f %ﬁ%&%@r@ ﬁlfep %ed&&ér%ﬂagsure wall
hotGhd dn@i‘dllﬁﬂlﬂ&&%slufﬂ RQsthi¢alrsl, fedbutt Iﬂaljré)e[faniedttd) altow space for

return to substantially the_sane Slt on re atugf o
t9réeraal GRIPDYISRIS OF FeEeasy BT Scie o Game 8‘?1"@6%{5‘.%61 gelosure
%ﬁﬁlaﬁ extbiial RRLde! for Bxaiplé FubRralBth@&Vfclu® @nvexdtotrusions,

astic property, in that the particles may nove, but
neOneAvairecessgh spauntings, ﬂg«ngeheﬁttmgs bosses, smoothed or radiused corners,

etc.

As used herein, “metal hydride particles” or “metal hydrides” refer to metal or
metal alloy particles that are capable of forming metal hydrides when contacted with
hydrogen. Examples of such metal or metal alloys are LaNis, FeTi, MgoNi and_Zer.
Such compounds are representative examples of the more general description of metal
hydride compounds: AB, AB», A;B, ABs and BCC, respectively. When bound with
hydrogen, these compounds form metal hydride complexes, such as Mghl,, Mg,NiHs,
FeTiH, and LaNisH,, for example. Examples of metals used to form metal hydrides
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woaeed4eon, e.g., the volune, packing densiP?“@

15sane t hree-di nensi onal positioning substantially
relative to other particles as they nove. An
exenpl ary indicator of whether a material neets the

above characteristics is a qualitative neasure Mor/001129

porosity or a dinension (e.g. length) of the
conposite material over repe%ted cycles. As such
when | ength of the forned conposite is used as the

i ndicator, the length of the formed 20 co osite wll
biuclede vapadswm Apeames BOK B ABTIHE-C2HEh ﬁ’g‘gtiﬂn ‘T%ﬂ% of

.tlga}lstlﬁl%eg Nhd lhﬁi&ﬂfethllmﬁoﬁgds and solid sPRutibSaHerd6d ei n, .

rve material particles" refer to materi al

part | Alsesedlmpein)| “somposite Sydmeenyarpssgerel efrhigas yefpaterial
particl es {hat 0 . _
el 2o it oo §RbTnER oS SRACRIIRORED, mattfill
Etide saffigizheto mdithialrelativeosypatinl relastoashiRthetvorep gharrgtive material
capabl e _of forming a .netal hydride en | f. ~
Dy B gele: SRS ISR Eoy Herals Py At AR A hmmonty
hfvrdeal S Pak@iTApplRafibrsS&ENal1 1/389,07( filudeAofi 2420865 or

an ore, such as MN s, mhera%g_wp ef ri &g a.nixtugf

of | arfistiaed reen, “relativecppial rehaosrey fﬁeﬁﬁs ¢ By o
qg%b’r%ﬁitpg 3%@%?1?5:@%’1&:& h&ith sREPE iR AsioRNERIISAIHRIs befweRh paXticles
conbi nat'i on t her eof .

. Active material particles na
ahslee dontekuafehepriseoninyention il semaimenbstapally agchanged. For
gr.aphj t act i vat C - : Uieekid Suidi
ARl B gk B en LRI e R SEHE bS5 60 Btiding
nae1e] bih & papiddsaetutmto sobsantinllnihe sanaepdsitios rejative to the other -

conbi nati ops t hereof. ' .

SOOI 7SO 607 SeREsgYsle. The pagicly stpstore may have
"&bl atie 'i}rd'p@lftf, 118 tHaOth@ pastiies alay boverat fnintaid fubstantially the
bondi ng of a nolecule wth wat {. Mor e neraLH§f ?%
cmneiihise-eirmangiopl PasIHeRing sy RAlYHAR IR AIEE RS 45 gy
Qhotto! £h DEY indRARY YR hetBerGl rAdtbriiA et Bhé dBEvAdharacteristics is

organi ¢ addrtion conpound conprising an_internal N
spaeditaling mieasugeremt based uponie¢), shervolines. Replingdlengity pg gorgyity or

the 5.ingclusi ; L I L d
Db PR BT SR oL Ny QLD e
Bagth bthe dfrmet adinpadiess used bsithe invidabrartbe leogthiof thetfersned

hane cl.ath : _
AT % B3 REARE BB 7L Biabat ety

playsstedal , chem cal or internol ecul ar forces. Host
nmol ecul es may i nclude urea, thiourea, hydr.ogui none
y i oy oy Eﬁ%er to ny ?

deoxy cﬁbqlqeg higging “actiys B’ﬁ@ﬁ‘?ll egiolssn aterial particles capable of
PR REJ R BEIRYh 8 EFal pdrtiBle BAYaP occlude and desorb hydrogen, such as

metal hydrides, for example. The active material may be a metal, metal alloy or metal
compound capable of forming a metal hydride when in contact with hydrogen. For
example, the active material may be LaNis, FeTi, a mischmetal, a mixture of metals or
an ore, such as MmNis, wherein Mm refers to a mixture of lanthanides. The active
material particles may occlude hydrogen by chemisorption, physisorption or a
combination thercof. Active material particles may also include silicas, aluminas,
zeolites, graphite, activated carbons, nano-structured cérbons, Micro-CEeramics, nano-
cerarmics, boron nitride nanotubes, palladium-containing materials or combinations

thereof.
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to or 2,2,2-cryptand, for exanple. Exanples of guest
nol ecul es i nclude nethanol, nethane or hydrogen, for
exanpl e. As used herein, "polyner" refers to any of

nunmer ous natural and synthetic conpounds of usu

wioi gé7/mtsecul ar wei ght consisting of up to mif9 go%v]enm

repeated |inked units, each a relatively light and
si npl e nol ecul e. Exanpl es of7polyners i ncl ude 15
pol ypropyl ene, Kynar Flex(r) ‘(vinylidiene fluoride

hexafluoropropylene copol ymer), polyeth | en
poI y egtsaised lmny,v chfritde pW@ef?r oY "F‘\?ﬁ)%‘)o /e bonding of a
OUIO e l}i9 e @t ARELY B&fipound used
LR YRR Ao LR e dancapopy Otpound

copo | uor oet hyl ene
(tE’EE;E)n; hadsirfolthen cmnpdnkjdxy\ c(l@b‘sﬂ)e mpd»qﬁmﬂrgp@gc addmon compound

pol yani des, et h et he ;
orperne A e sty Miiartt ifony € YRR e e by e
RREMIIBY §f théledul i eplites f&xﬁwﬂl}bly@rbﬂs&l Jattices or pré@nius datge

s e ey g sy g O S s o

qgﬂ:q%'éﬁ’ Bfhtatds! Qi Sk Ho[&tﬂ@%a@fﬂeazbﬂ by the host mA&cuﬂs @ﬁ

rei'n, "contacting” refers to ysij c IIy, %glca
arhysikalcehemical onintegnelpubey forses msamﬁ%?y lesshigplugs e, thiourea

elwglro%in ge dﬁ%yﬁ%{t@ ljf;gjﬁhk:%&ll&rﬁlﬁolpw@cﬁ%bﬂeﬁ%@ q8-crown-6
here, efypehé dei aginpte fRxamptes of guesf m@le¢1ﬁ@@@b¢ﬁéﬁﬁhﬁ§ﬂ

that binds, fastens or, holds back, either physically
TR ey be physically rel eased

from ag @&Pﬁ@éﬁﬂ“@olyﬁﬁf refeRng hiey ofAumbnous:Inamyl and synthetic
chen1ca|| be rel eased froma net

h
e‘i@&-ﬁaﬁ pally gy mpleeulprweighi o S B@E‘P‘Efa"fﬁ?ea‘ed
ﬁﬁ{suéd'cﬂ RreldtRESBhi Ad ahHM Hblegile rExamphs bf pdyradslinclude

ret al ning a substance. Hydrogen may be the. s bst an
: Huoridede g ymen),

omiYmdladenef Kraae Kiard inyRtietm dvarice derailporpraRy

ggtl?gr S P&%es&? %ﬁ)’lﬁ?ﬁ IMCnesﬂ{ﬁ)'Pidé‘%P\mF)C H&Jaﬂb&ﬂ%bﬁ@n@r
Zﬁﬁdeﬂt? A6GFRETOBAZDET /c:@n@&mgedsopolymers, polytetrafluoroethylene
(PTFE), perfluoro alkoxy (PFA), polyimides, polyamides, poly ether ether ketone
(PEEK), polyetherimide (e.g., Ultem™) and thermoplastic polymers (for example,
Nylonm). ‘ "
As used herein, “forming” refers to creating, manufacturing, giving shape or any
method that produces the desired end product from starting materials.

As used herein, “contacting” refers to physically, chemically or electrically
touching. A fluid may contact an enclosure, in which the fluid is physically forced inside
the enclosure, fofvexample.

As used herein “releasing” refers to freeing from something that binds, fastens or
holds back, either physically or chemically. A fluid may be physically released from an
enclosure, for example. A fluid may chemically be released from a metal hydride, for
example.

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 renoval of an absorbed or

adsor bed substance. Hydrogen nmay be renoved from

active material particles, for exanple. The hidroaj
7/001129
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As used herein, "occluding/desorbing material" refers
to a material capabl e of abs%r bi ng, adsorbing or
retai ning a substance and further capable of allow ng

the substance to be removed. The occl udi ng/ desor bi ng ¢
mat er mfslusth}erwe,t“dﬁwrh s “deroehing 98 “dasempiien | eipryp the removal o

pqrﬁl’@ %4 agﬁ%e;aosﬁﬁsé%‘aée Fg&po %(hr rﬁ‘a} @}eﬂBveéluf(r:om active material
Fﬁhﬁﬂﬁsﬁfor el el“hvatyamghlynhay tebqund phydesily or ghegesganfor

storage 1l0Omaterials, clathrates, etc. Referring
tF®PE 1, a cross-sectional view of a fluid

encl oy Bed AQeib S oot/ daoeiighnagrisld refes® a material capable of

‘enbodi nents. A structural_ filler

sabsorbins crigoTBing OR THYRIBE a spbstages,ngd éﬁpqr ci%g € ofﬁ]éowmg the
%Jﬁ&gﬁc%ﬁ@i)e eh{olv@tf 'ﬂi@%c@iﬁ&ngﬁe&%ﬁ@hﬁﬁhﬁlh@&@tﬁhﬁﬁe fibstance

e outer enclosure wal

r hemixsBp bephysipally, isevichs Py ghengs@ptin W@slwq%&r exagnple.

R e e R

amatefiils, clatihtes, etasr le strength to withstand the

i nternal res of the flu

pr ess Pt ?‘Eagw P "‘Zﬁf’fslﬂe‘dnm’éfr uc t?g %H%Ser%wr?glgs o

SRlchiding?b kothé ethibddirhbits. eA Strididrantiiier it O nugibe mOahdradday@n outer
plastic |lattices, conpagsite h¥dro en

nmcmsman@u P Sh erSBRETE LAY BaTERan g aplyLo the outr

Ldsﬁr%%valﬁ'ob' BSh nB) BT aGented BPhbdr, 108C Din¥ 8f @6re optional
Car ons m Cro-ceram Cs, nano-ceram cCs, boron nitride

n&ntutﬂaﬂ@émambp@hbzﬂdr de povvder pal | adi um cont ai ni ng
materials or conbinations thereot for exanple. 25The
structural filler. 104 may include a material capable

- otrtwrbilifillerg/ desorbing a fluid, such as a netal

hydri S uIt in.a.mate

t ensi F’@a g}lu tﬂbaﬁ ﬁﬁ fnilaafl %cl"%ec 1&%@% {élgaosilgécﬁénﬂeﬁm‘a strength
pfoQ@ﬁ{stdne $he ifitléial pessofgiald flbd bg/c(ﬂtﬁsﬂgaelrﬁmsstrh)ana:gessunzed with a
mat eri al nan? strulgtur ed carbon

286id; SEyctugabil EX A PE soljd, Stragtupal gﬁ gﬁ%mp? iﬂ%gﬁe tnefallic or
eﬂrﬁématrleml%ﬂmue g‘lﬁi)ééﬂ%toﬁag‘étrﬁdﬂ&law Adnofstrubigred tboR Rdms,

a separate, fluid occl udi ng/ desor bi.ng materi al
searheeds zeplivst sahcawéwmae, geniisr achyated carigps, pEcCro-egFAmICS, nano-

te ﬁ‘gﬁﬂ“ﬁ ibg’t E‘fmﬁﬁé ‘H"H’é‘% » bt dl]l)JdﬂBB ]%@l% B8] -BkdinikPmaterials or

el n store the ur d"enclosure nay.
saﬁﬂnmnehg/themo:ﬂ, fndexsa:nlﬂbui d occl udi ng/ desor bi ng

T i stheis) A6 O MR 41 calbl! ol fkorbing

19 fiuiayuch@s a metal hydride. This results ina matenal with sufficient tensile
strength and fluid occluding/desorbing properties, such as composite hydrogen storage
miaterial, nano-structured carbon foams, aerogels or zeolites, for example. In addition,
the fluid enclosure 100 may include a structural filler 104 and a separate, fluid
occluding/desorbing material, such as a metal hydride powder or clathrate. For
example, the structural filler 104 may be inert to the fluid being stored and the fluid
enclosure may separately include a fluid occluding/desorbing material. If a lattice, the

structural filler 104 may include small pores. Pores in the structural filler 104 may be
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WD 2007/ 147260PCT/ CA2007/ 001129 used to hold fluid
occl udi ng/ desorbing materials, such as netal hydrides
or clathrates, for exanple. A nethane clathrate may
be used to store nmethane efficiently at high pressure

warndoiawsd be used in conjunction with a str P&T(fAgP07/001129

filler 104, such as a nmetal lattice. 5The structura
filler 104 may be conformably coupled to the outer
encl osure wal |l 102, creatings% bond 108. As the force
due to internal pressure within the fluid encl osure

186d tortmicbﬁas‘ésccm g/ fesonbingayatpals, suhsPangta dyenides of glgthrates,
fng% %ﬁea?npi ens étﬁ o %rx ¥ PeThé tsH:rr@Jne&ax!lé (ﬁ’ﬁmgigﬂ» at h1gh

an Internal pressure

teesteand oadd bausget én mmﬁlmm@nwitbs lain'@twall ﬁllel @@-’h suttb@s a metal

i.nternal pressure of the fluid enclosure 100 nay be
18i5¢-f ect ed by the anmount of fluid stored. In

addi t iR strhdd@-aPileN04 Blay Bk mﬁsnmw dorflletl e theutkt encthsure wall
encl osure 100 ma be affecéed u%& thleq mechani ¢
gre

SHPeasetingadendl el At P feh rgsagrﬁhvgthalatkf frg

fé'ngws e Slh@g-@&%ség%@ {0a@ knay Bk GansFS rdaHF to a tensﬂe load on the

occ I ng/ desor b roma netal hydri

estrintura fillamddsrathee tgnan ifternal|pressure @@n&avphféﬁlem@ tensile load on the
[ r fd i

SR SR T 2 DS A e o

14Ffecred Py itiecimohet qnfdhkcé!;teredr Iraadslitionpthe dinourof stmm @l@lled to the

QT T R G S S

f@ﬁwﬁ@l@reﬁaﬂm %ﬁ ﬂﬁﬂﬂ frdihl P BOFdge nEiteaial, 38chi 43 hgdrogemer , t he
struct ur al | er 104 may, be re dense or include a

gqcéh‘ﬁéﬁg/%&r?méﬁoﬁamﬁ@l WF’ e within that
ar ea Ofpet sﬁ'ﬁct{u'ayﬁﬂerQG@ @S Wale Q—Q(Q)tma&ls%ﬁ[‘m ERemeSUthRughout
Wal he outer enclosure wall 102 may_incl ude

athnﬂlﬂldl emle@ar@aﬂ OQyadernativslygthe stractynabiilles |04 mag dnglude pockets or

aﬁ&sio?%si:&nﬂxpﬁmcﬁ%%ﬂcsg&q ?or‘@!n{l 1108pe I&@ kﬂ)@ here an
encl osure wa nmay |nc e a pol ymer al or

nisegalpilesHapgdefied eficlemch] 00faalls ﬁxampd: giructong Smﬂoér suchasina

encl os re ZEW\{@H eé%@??lmﬁ? a?rﬁﬁ%?(g%r ea}%(@%{tlon ofthe

cmnkmergfa);e waraithakte of ﬂfe(ﬂtﬁ}hedéldsﬁﬁﬂ obnc,
Phi | adel phia, PA), polyethyl ene, polyester,
pol yV| nyl i dene fluoride (PVDF), hexafl ouropropyl ene

V4 Eglesard Wder i de copol yner, cross-1inked
copol yners, polytetrafl uoroet hyl ene PTFE) perfl uoro

al koxyThermmper enqlosuys Yl a2 mpping titady §f mestrals due to the
35?@3{%%%0%?;%1 3 %hd ﬁ%&@w}oﬁﬂé %ﬁfl hes.i méj&xtér%naosur? wall 102 may

hermopl asti c polynmers (for exanple
Nylbludéra\/polymhleormtéror ondtipde Layerswé bach 102 exmaypld el b oter eclosure

) ee al | oys
t'ﬁ%‘r E@Tﬁma%ﬁ %Og#bnh%? Sone™ ﬁée%gb &&)q}ﬁgmgﬁ%&kdee ncl osur e
vﬂﬂﬂxhﬂd&&prﬁpgle;ﬁ&opol@ﬂm @availeble shroliphasikame ArchPinlafielplkin, PA),
ba ye(ghy‘iene, p(ﬁyester polyvinylidene fluoride (PVDF), hexaflouropropyiene

vmyhdene fluoride copolymer, cross-linked copolymers, polytetrafluoroethylene
(PTFE), perfluoro alkoxy (PFA), polyimides, polyamides, poly ether ether ketone
(PEEK)}, polyetherimide (e.g., Ultem™) and thermoplastic polymers (for example,
NylonTM). The outer enclosure wall 102 may be a metal such as aluminum, steel, or
any other metal, alloys thefeof, or combinations thereof. The outer enclosure wall 102

may be a composite, such as a carbon fiber based composite.



10

15

26

25

30

WD 20071147260PCT/ CA2007/ 001129 10 The outer

encl osure wall 102 nay be forned of the sane materi al

as at least a portion of the structural filler 104,

for exanple. The outer enclosure wall 102 may be a
vahmet/140260a sol ution, prior to application. TH{E/ANEF001129
encl osure wall 102 does not have to be rigid or in

any pre-formed shape. The outer enclosure wall 102

may act as a barrier 5 to thd®exit of a fluid from

the structural filler 104. Because t he
st r uctThealutef ehdiasurengail m;znas’é)eﬁgmfﬂ? seme adria) as atleast a

D&+‘ ?th:tg %ﬁﬁ#’%%@%@%ﬁ%’% xat epen enltl&% c18 eéggég%‘ztrfxéybea

C4He&it a shlticm) prienioi apjsiaianen crlmsmtee emté@ugermall t®aloes not have to

onetry. of the_enc]Qsur n di ct .
5q Bl G1EHB bR et T Srclosrval IR shdifagt g farier
%%é&&tokgﬂxﬁﬂﬁéﬁ%e%eﬁ&mﬁﬂer ok, a st ruct ural filler
104 is conformably coupled to the8$ ter encl os

Wa| | 1Bgravsgithe slggpqugp.l gﬂyr @@??é’twf’ itp ghepuisr goe lllosure wall 102,
s&ésg{?qm?ug%wﬁme RGteHEddid: sﬁx%@vallsl@.’l |b@&ﬁnéi§1déﬂ&ﬁde‘h%ﬁh& e

rengt e structural [ler 104 and the bond
19®nisblywhesnt ecogventional |ea¢108ﬁ1rq designy thp geamretsy phthe enclosure

BBttt o Aol ] pL A e AN GGl aga e

| fhitednaA petesire. €lfl a strap@rabiiifeo 84 islonibutably empledsuthe ows tnclosure
2. 1s._copformably co d.to ] The.ou
oHEY O Ry o2 of B s TFIoFP ALP5 0 G ehge lone a
VB herfsilé sHERSS BF tHeQbruaalRllE 107 bed B beid Hi¥Uensdth ehevihtbtural
102 may have a greater_wal |l thlckn%is around a

f Bler 04 and eyterspghopire walt 102 i erger e Blisraal pagspurg-o bhe
HIRP1 A £ya9é°fo¥}ﬁéd info FkEBHapd befsts thelduah eﬁcb@éﬁ%e wall

5 m cr ons, ess t han about 1500 m crons, |less t
aU@UBoﬁﬁ@mﬁwhnumpbdﬁ)ﬁless t han about 300 i crons,

| ess tﬁ% u%el%% :% s?'ug W, ?@201'%%)' h;lv%%stmtfgﬁﬁmfg) 'ngg/all thickness,

i crons . Jess Y han abou m crons or less” than

afve ekandplen 'E]nmterfeﬂclosaxawplll ¢02 may havela@?rateriway thiokrﬁls@mund a
I f .

clraRst g apB et 4 e P e P vl ofgpickaess

Bt 184s! thdn dbsutSﬂmomncxaﬁs; Qislthag abcut $S00BNRIENS) dbﬂi&]ﬁﬁn&ibout 500
Actlve articles 204 are inmobilized by .a bi ﬂ%er 206,

B eabest MWpisEIE dessyanghen 100 rigges. dest dap gpout SO
wﬁh&&m' RsARaPARP| Prmithord of st bl iRt | ibih, 30dkaumblee

outer énclosure wall 202 penetrates with in the
i nt er f Referringdp BIG- 208 crogmseromahpicy of 6 nprtion gt e Huidieaclosure 200

R Bl od P risB Rl AOEBL B

stmbiadimenb. Activegartiofes 204 &eomn@bllrmbbps hlmder\mm mﬂ@@ up the

and nma n thlck out er

S Omae Haldach ok B, wp s B b OB Sl Bt 04

SThéigitei eatlokiirt wall 200 ferbatedr@ithia the interface region 208, conformably
coupling to the structural filler.

Interface Region
The interface region 208 includes the bond 108 between the structural filler 104

and outer enclosure wall 202 and may vary in thickness. The outer enclosure wall 202
may be uniformly or near uniformly bonded to the structural filler 104 so that a

homogeneous or near homogenous interface 208 may be formed, which prevents
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honbgeneous or near honobgenous interface 208 may be
fornmed, which prevents WO
20071147260PCT/ CA2007/ 001129 11 | ocal i zed stress
concentrations building up at the outer enclosure

woabt120@ The outer enclosure wal | 202 mat ePFRICAARYH129

be applied to the structural filler 104 and al |l owed

to penetrate the surface, creating a bond 108 in the
interface region 208. The interface region 208 may
beconme stronger than the structural filler 1?4 s@g
fidvatized sfresslconeenipationh builling vnjatdhevier Gaclpwrawal A%, T ogter
failure f t he .st - f ) A0 Qlnd KiRed to
erios el 3PS i HipBted b MeStudl And J09nd &
ipaheiafeabenifagt, erealfBa hend 198 ih thodnterfens regien 085 P he interface

m crons, about 50-100 m cron a - G

b S0xgneeome sraier Gt g Req R0 ler B4sd o BRERVLEme
feRid &f&fﬁﬁ%@oo Raloe hicf;{iﬁlri lﬁozﬁltlﬁ st&lptuaal Giflaskd4sied hotdivan the bond
view of a portion of a fluid enclo e 300. 10 ;
U08 ffound styths interfiss 208 -« The AIeHEEATEE R ?Q%@a}ﬁﬁ? lepy thpn about 50

i | BGutof |, SR av0L1 SREERE] A@ut T0SIDRNIcrons or
gﬁgﬁ%ﬁgﬁ%@ 122?1?{51211&,&“ cles 204 arle i 1rim)bi l'ized by

andy toe 202 6dcromsthickglonprapipde. conposi t e hydr ogen
storage.mat eri.al, LA hS: Sfidl el didsate 300
Fill ereieune t?r@bb?j}%eurr&%r% lc()}g{l}r‘ge@wa I_ﬁoé—ggn gfen_et rates. ) ,
Witilibing atchmpositedyfimgen stemizoma@od, indediip fralre/is syl pprgrding

to the structural filler or . .
4F o brRet rcpi e e gunRp iz ERy ¥ bifer 6 maing
é%h% Eﬁ?ﬁdgﬁfﬁydmgetn stolrél'ét’éﬁn@ﬁial,aﬁhiﬂ‘?is a? élemlfw e%a B0tk filler
€ adapte o contro € noveng . ul d.l or
G0 GO o aelgseroeiit 255 et wiihiy B sl egion 208,
C&Hforrﬂhbl? fe&?%ilrng kSl ehRstr AR NraDBl S Bole 30mBeE: fRatbries BOX 416 pbsitioned

componen exanpl e. The one or nore features 302 -
meighib ghesited endosinwelh?2®at e bet ween the fluid

encl osure 300 and an external device, such as a fuel
cell. Exanples of a feature 302 may be a val ve, vent,
CBturdsi tti ng, regul ator, pressure relief -device, flow

el eme i.e., fl re ict I ;
one o?ﬁﬁgpg(’? @gfeJ%é eﬁgéi }r?alfg%%l% %ggo ?{ﬁﬁﬁ%glﬁﬁg GiovBihedt BFa fuid
camevansheabid cayloSuad@, aleyGbserar orBostwl ¢he fAfid or may be used

Engi neering Co., faqr exanpl In the case e the

Bk e oHensnty AR Thy it e Bt 0 el BE gsed 1o

péo%ﬁﬁ&ﬁ&r@ﬁ&%&&t 88 PR AbsiRe BiEIAERh Y epft datddepehcPBR: fuel

Further, it may be a self-destructive type PRD, such
aslif Fxiblss of 4 fpgre 3Q2upesibea Al Vet cepa%ﬁ

p@g‘;gulaéqr, pessure
rex. | L.0O-4..0

PR B 109 S R gt S e
VEahturesdy?2 bay éndidedbidid coropdrants seld by Ssegelek el ardfeswick

if ﬁ;géﬁéc%nge &%I, Oer%gcaegp ep Itll H]éicgste%efact t%g fé.aﬂltré) mtaP fe ngllegsure relief
device, it may be a pressure-activated PRD or a thermally-activated PRD. Further, it
may be a self-destructive type PRD, such as fusible trigger, rupture disk or diaphragm,
or a re-sealable type, such as spring-loaded pressure relief valve (PRV). Alternately, ‘the_:
outer enclosure wall may be engineered to have a pressure relief feature engineered
in/integrated into the wall itself.

The one or more features 302 may be structural features associated with the

shape, positioning or alignment of the structural filier, the outer enclosure wall or the

overall fluid enclosure. A structural feature may be formed to allow space for external



10

15

20

25

30

The one or nore features 302 may be structura
features associated with the shape, positioning or
alignnent of the structural filler, the outer
enclosure wall or the overall fluid enclosure.

weX 200 140268] feature may be forned to all ow Sﬁggécpfzngomug
external WD 2007/ 147260PCT/ CA2007/ 001129 12
conmponents or to create nore _efficient alignnent
between the fluid enclosure éﬁd an external device,
for exanple. Structural features nay |nclud vex
prOtpongitoeTde croan owveciiisisataligamenibaiteen i f%ﬂ?%@%‘ea“ an

i BBt TR 3 ng TR ﬁ%’fmg%ﬁﬁ%%%?ﬂg@%‘gﬁﬁ"gs“m
adoficavb Tiesses) enonntimgsy ﬁarfgeatﬁ@tms, ®ews, smpothad prugdiusesk wrmers,
‘ephanci n e he feature may

i tﬂ{ﬂaﬁ?ﬂl@t’g‘dgﬁﬁfﬁ%&“@e‘ggg@%@ %Ch at may only be

act i vatRGawbi Ihoﬁeff&n&éﬂmmkpmblud&aﬁtjn emhanang aspaupl Bor
may be features of h s e as t.o0

/RS RAS IR San as YelVat gy fnly e asiyaged

f ol eri:?op‘éf fobi. rFu@thE@E@ é&%ﬁﬂ)l@xﬁ@ﬁbe fTh@red BEs1Rh siFe heto make them
featur 302 may al So include connecting hardware,

' vwna@hSStHh@tOﬁndsﬁlqum activetions sved a3 gmaliifpiuge Yt e gessed %rﬁa The

eg(r}e ! e 1%?(# 5802 ﬁllég IalsB Iﬁﬁ:ﬁ%dgt ﬁx{&?mt% hardware, in which the fluid

conned I sconnettin d encl osure 300,

ImmkhmtﬁeonmybeahmgdtoanamsnwE&@ﬁphﬂdyﬁ@bmm@@t|ng

R S R e e P

%@1@8&&&@5 M&%@@Nﬁﬁﬂuﬁxﬁi fudxdmple, inlhdams, et al., U.S.

B bk BiE A o e tR Wi

OFORINECEIINGEV AL VE S G50 BehnéatinChabBriOma incido aqmtarblve
to the other of either a fuel suppl or a fuel cel

wrsRRopent seRsigctablie je orasishet fuelsHprly S fusl o pargnhptive
Stfu@ﬁﬁéﬁg cohudedé plb o G0 113 0Rer BOLMer ARM :‘Mﬁﬁfy%r B thdi€ell, wherem each

I nner y cooperates with a’sealing menmbe
t wal¥eogompanerit Mmpmb a beuing amdedddsed eidabledanepberdmend ‘ah@em the

V‘ﬁ,‘é{ ﬁﬁ n duri dé%gc o ngt oy séalﬁg {'n%%:r iy %ﬁﬁne CRMPAEN in cach

ve conponen
| Vil ey congpapancint wiesdin mndgenﬁﬁechmi the dirdt Ivelve nd;mpmht and the

seal s en to create a.fluid flo h, t

c%?ﬁw@afaﬁ)wgmﬂlapmg e 8 g B ekt b8 g st
eht&xredre a MuRENSP &N itMBugH tBWcsnedinighdiddhags) @lhdhsalé a&alve.

4 0 is shown, according to-saone enhodi nents.

f | ui d Referries i BGy dor pRspsrayRoHeY RER Haidsngloguse @%1 157 shown,
J&ﬁg e sa‘, & Bhb A Ots | Pd ﬂaﬂa RECIGuFARW e rdlRedDRrgely

vex eature 406, such as a
pnsmatxc form factor including a concave feature 402 and convex feature 406, such as a

protrusion. The concave feature 402 may be utilized to accommodate an external valve
or pressure regulator, for example. The convex feature 406 and rounded corners 404
may be utilized such that the fluid enclosure 400 may fit an available space, such as that
provided by an external device, for example. The convex feature 406 may also be used
to lock, latch or securely hold the fluid enclosure 400 to or within an extérnal device.
Some structural features, like the convex feature 406, allow for the dual function of
fluid storage and efficient alignment/positioning of the fluid enclosure 400.

Fluid Enclosure Shape
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25 protrusion. The concave feature 402 may be

utilized to accommpdate an external valve or pressure
regul ator, for exanple. The convex feature 406 and
rounded corners 404 nmay be utilized such that the
wid woth4emol osure 400 may fit an avail able spdﬁ@“ﬂgﬁﬁﬁmlu9
as that provided by an external device, for exanple.

The convex feature 406 nay al so be used to | ock,

| atch or securely hold the f1'ti d encl osure 400 to or

within an external device. 30 Sone structural _
f eat ure fluid énslosire 460 mag haventeaylar oramegular shanes Besulggshapes

dual ctlo f fl ic
AR RRIAE PRl lstefl Bk BROARE ARES St hedsal shapes), for
Fixdingle-atatar fSﬁﬂp‘Bh 313? be Wiscn to conform to fitting within a confined

2007/147260PCT/ 1129. .13
e ‘Ilragﬁli’sé’a‘ifd’d %é eolrrltcp?rrvzll}m% ac#f%xsl ﬁgclosure of an
R&Qd&oﬁfc &ORB. eﬁrelgaur shapésuﬂ@ a:sd hel’lﬁibﬂ:eﬂab as mrarcmnmdate foatures,

pol yhedr al shapes ., tetrahed shapes

esushps external eengs o8 %Eﬂéﬁé‘éo Lfgyictse 4o Bobo e e irregelaty
f f.jen 1©r space avail abl e,
s%l%hé(g&lﬂehﬁl? fé\nr (?%%%Icf ﬁga?ég gﬁﬁ)oér) vol une of an
encl osure of an electronic device. Irregular shapes
%kf%&ﬁ%s en so as to acconmmodat e features,
fittings or fluid control devices.

Ot her RefemingacFIE. S, a pusfecie: View e@mﬂaldleyclgﬂm@tem 500is

A Eﬁ}ﬂx"ggd a %gst][; g{lﬂ‘lg 3 a%(#ﬂ%lﬁlt? ngh? % EF%? ebslgﬁem SIOH I1r%1udes a

PREIERAELENEI00 @0plefl tharf dxtdrial dBaboSIP. d‘lﬁysﬁ\&ﬂf&ﬁﬁe #86 and
shown, accordlgﬁlto sgne enbo i ments.

fluid . ...
efoundad fo wqymedm spiinat thp fuid
CoHimlsaR 400 mﬁ&{vﬁﬁdbl \Ab&ﬁo{%ﬁad by ihe epemYRIeviceabar e

406 and rounded corners of the fluid enclosure

ABRamplgs dfamngxietial dayics FOR ntah’éle arfel cell. et nemg) RRdiGTYe CorpRRFESSOT
R L e
beouplddute kn elettroniddeaicepumdip as :bmrtaétweiecaomp dedeppr @rthai r

ROt} ARt s KT B FbRE ol FLR! Db

desliulee pheies,sarit@plioes, Pbiss (péremtal digital amm famiop tmnputers

the el ectronics of an el ectronic devi Exanpl
Bifanbe e compbi GERLer e RaaE B PSP ugb or video
?érls, & AN 8R&Ses, tEIBVISiohs) Satiigbrs Hetivend, 11§&§ﬂg81%ﬁ6&ﬁ)1cludmg
conputers, 20 ul t ranobi | e personal onputers

c@%mféﬂhﬁ%gz%@]%}ﬁh% bitesyPhapgers ?féqogéwapmﬁ%%%% and
Vid&aoomRl @g@r s, nmedi cal devices, televisions,

transmtt receivers, Ilghtlng devi ces |nclud|ng ‘
o ut dooThé saghavierfeatane 407 a@hﬂlpgmssch fsatures 504,606 pyeangedors, valves

oA B R RO Ot g o
5 eléctalﬁnapm:m @bmﬁﬁomlv@swmat%wnh a ifie) vl bgposwes padkor
exanp

Space FHTEEEERo APRRAP T oA eLBEF Gy e 6002

Wilta dclost 1@5@@&&@@& Kome embodiffaf£rAd fderteBelbbiice wall 602
6, a_block flo ram of a nethod of manufacturing

GG@YQGPP@PEH@HEW &§0¢ & aspriralddlen? ng to sone
enbodi ments. An outer enclosure wall 602 may be

conformably coupled 604 to a structural filler 606.
30 onformably Coupling

The outer enclosure wall 602 may be conformably coupled 604 to the structural

filler 606 by a variety of methods. Such methods include spraying, painting, dip



Conf or mabl 'y Coupling The outer enclosure wall
602 may be conformably coupled 604 to the structural
filler 606 by a variety of nmethods. Such nethods

i nclude spraying, painting, dip WO

WQO@7A4RAR60PCT/ CA2007/ 001129 14 coating, i nSET/CAZ7H0TES

- Jnstal of tan qutgTSECPTIO Y
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nol di ng, el ectrostatic deposition, conpression
nol di ng, transfer nol ding, iyjection nolding,
t hernoset injection nolding, vacuun1forning,

sintering, extrusion, pultrusion, therno
eaiging 10 diod, 1R SBRIS BRI GBRL By Fohsfer molding,
castdn ok%hg TG setailctbh ekiies Sadlidh Beming Cdirﬁérﬁ%de:khylswn

&Ill}ecfn I ng='t thel coupli ng process or usi gargt
(j)luftjfue:bﬁ,rthemmﬁphnrrgg varoeeyst-inalding pe W ceftivgs Sé)lutlon casting, etc.

et ek BTy pbiPhreff 6y SAicRd RGuRKBroReQlr b a
| R @ cObplRE PpRrcessrtf efdeaios;rme,mbmmdm N onkseampluigiple
if athin outer encl gﬁg{,f IF&’%R onre 91101’”32&90%31'

seal i ng

sealing l'ayer may be a th|n glllc I % 8%? &S such
ahayrslowimdifige é*@ﬁlﬁ@rthe yel dAé? Bieht SutH
ur geaﬂﬁgl & AR 4 SECmEHIE Mes SR 20 Bluminum,
ﬁ¥§ﬁh Ex HSO?Qas t ggstructural fill e?@606 oy a
pmpperpgt)ld)ﬁr st rThetawte Endiosureswalb 60 maybeyogrisgdpf the same
| ner i he b L B 6f thd Buck@MEHIRr 606, in
g éjdas ess‘tlgln erg@ ({62?1‘% p|IC§ft‘I0n € One or 1
ney@ t6 BRtdisehe bomistedithfobetampl. Therlitesnayobe heated or sintered
structyral features, may be 15 forned in the
SHiCUARRYCAHONf i | | er 606, formed with the outer

encl oShHeor Walrk f@RresOinclubingbat shi lintigd tdheructigd Iféangesofnay be
the structural filler and out etB encl osur,e wal |

é@amﬁ inghairugipesh filegQf BempdEFip e G epgigfyre wall 602 or formed

(ﬁ?ﬂl @]ieogoﬁ lxr{ (ENShS rurdBUBE ddSutdr 3REre WAIE SB&mples of such
val Vs caps flow elenents, etc. 20 Fluid

Efeatiios mc@ds.ﬁmgs'ouegﬁetors fastenqryyseAntias flangst, bpsres, valves, vents,

mveg.floaergé wfor a fluid enclosure or fluid :
sure sys "6Mito be manufactured at sizes not

previously contenpl ated. Although readily usabl e at

I ar S| zes,.t Ifl uid enclosure may be as thin as
|@¥%€§4¥§9§—’§§6@%}%‘1 for exanple. The fluid

encl osEmBodiRynth aivie lveaticaalowffor #sgidtehalosuabonfluid G@sure
cn8, |less than 25 about 500 cnB, | ess t ut ,120.
cHistem tade manuiRctyFRd A SiZe5 RORBrevioEdly %Wﬁﬂpgﬁgu ?@0‘1&%‘3‘1‘%‘1

| 838le ahﬁ!f’gcas%k' the1GERnAlbsukEnay bo athilg Udss Thad BBout fiOim, for

exanpl e l'uid enclosure system including

eﬂtaem*ml Tl@élmct@nclw my ouie & VORENF Offia b st ?‘PRQ cro’, less than
A BRSs hBRBAP 00/Em ™ 2s BB aURS S em’,
a%t gé% %gy&lﬁlg%ug@ t han Sa out 15 cnB, |ess than
ammmmunz cmf ot lewéhmmoufab@u foy examplco Auid enckasare system, -
%cfuﬁmg aL%;;telena? frlrgwce may be less than about 1000 cm’, less than about 500 e’
less than about 120 cm® , less than about 25 cm’ , less than about 15 cm?®, less than about

10 cm? or less than about 5 em® for the total system, for éxample.

Storing Fluid i
Referring to FIG. 7, a block flow diagram of a method of storing 700 a fluid is

shown, according to some embodiments. A fluid enclosure 702 of the embodiments of
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Storing Fluid Referring to FIG 7, a block flow
di agram of a nethod of storing 700 a fluid is shown,
according to some enbodi ments. A fluid enclosure 702
of the enbodi nents of WO '

WADBE7/ MABA60PCT1CA20071001129 15 the presentlﬂﬁvéﬁﬂﬁ%%1U9
may be contacted 704 with a fluid, sufficient to _
provide a fluid enclosure storlng fluid 706. The
fluid may then be stored for 'd desired anount of
time. After contacting 704 the fluid enclosure 702,

t the pidserit ahwmyorhaay b¢ amgettd 74 with aflid a@ﬁﬁn@ntttﬁ erovidgiacfluid

! Bt e R 0P 18BN GRS A6l 8 23030 L oftime

d enclosure
- WARBr é@nidctimgl7 (Hﬁﬁe ﬂ&ildeﬁﬁledlre:)?o% thelfhiud‘lmhy bpteteagadmedter releasmg

The fluid e contacted. wi t.h,a,f

¢ e i e e cbsrege ey e ShRagrs LY g ke fyf Btosure

| ?@ﬁ&a@p@égnta'é@dtwhﬂﬁﬁﬂm@bnd RRsted¥IAUld rﬁﬁlﬁpl%ltli’fﬁss Tid fluid :

‘| east about 500 tines, at | east about 1000 tI{E
qaﬁtgal.;bout 3

aendlesuEstmaytn sontrgted pith; ik andcthe fiwd selgased ongg, 4t
Fﬂx'eg FGd A5tk ?0 tlmes t ﬁggt %?&it B380 Bﬂef la@eas@ ab(;ﬁt bhosKes, at least

|agran1o u5|n%
ealnnuomﬂﬂel:nn@ oshbmtalamté@ 80hgmes cE@I‘ﬁmlﬂﬁlifiﬁ‘ood| ments. A
fluid enclosure storing a fluid 802 may rel ease 804 a
fluid. Releasing 804 all or a portion of the fluid

f[EﬂgWhﬂdEhdbﬁmenclosure storing a fluid 802 provides

a flui clos cont ai e

f1 ui d. Refggmeaf IS SB’V%F‘ éig%ﬁﬂh %mF'E‘Bﬁl-‘ 8*5%*6’%%98? fyd

C eaiNbsBEk it Showh, s&do&ﬁﬁlgstdo Oy leﬁ;aodxﬁauﬁtb hhadid sdeostideiofin @ fluid
rel eased 804 to the external device for its use or to

p&fmay rricagefidtluid o Releasingt (4 allpk gpartioq offhefhyid from the “uid
eXh SRR stalfg's c@,ﬁﬁ@?% et% dﬁesf Hfhid %ﬁélbsur@@ﬁtwlﬁblf%aﬁéontam less

el ectrol yser. encl osure may al so accept
f Iﬂuldd The Gl deamclosure steing o Svid 92 ceaypiesaunled fotan exigrial deyice,

%'tﬁa&lhre%%é% elegsred‘éﬁf?%)ghé %:)Hér%lf O R ugeyagépaber the

ectro yt e roma
bdéwlil%j ﬂfrleﬁdﬂn}ﬁlu eExamﬂ)lbs ofGoRx{ermatldkvea rhaydye sl cell, heat pump or

TR T M RICNCIR T ACY R "

med a0l asfdﬁ%ﬂecﬁ‘ﬁlylser, &twasde fluid from some types of fuel cells (i.e. spent
electrolyte from a direct borohydride fuel cell, CO; produced from any hydrocarbon
fuel based fuel cell, such as a formic acid fuel cell, direct methano! fuel cell, reformed
methanol fuel cell, etc.).

After releasing 804 the fluid, the fluid enclosure 806 may be contacted with a
fluid. The fluid may then be released again. The releasing and contacting of fluid to the
ﬂuid enclosure 806 may be repeated multiple times. The releasing and contacting of
fluid to the fluid enclosure may occur once, at least about 3 times, at least about 50
times, at least about 300 times, at least ﬁbout 500 times, at least about 1000 times or at
least about 10,000 times, for example. .

| Embodiments of the present invention describe a fluid enclosure that may be
used in a portable galvanic or electrochemical cell, such as a fuel cell system, as a fael
reservoir. Other embodiments describe a fluid enclosure that may be used as a storage
reservolr for use in a device, such as in heat pumps, hydrogen compressors or air

conditioners, for example. Some examples of portable electronics for use with the fuel



After releasing 804 the fluid, the fluid enclosure

806 may be contacted with a fluid. The fluid may then
be rel eased again. The releasing and contacting of
fluid to the 25 fluid encl osure 806 may be rgg&g&&ﬁ$guzg
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to the fluid enclosure nmay occur once, at |east about

3 tines, at |east about 50 tipes, at |east about 300
tinmes,; at |east about 500 tines, at |east about 1000
times or at |east about 10,000 tines,. for ex | e
Reeticakludenbg asfnot Haited tos eeltular phenee) sais e RITFS 20045t Tapien
encl osur e,.t hat, . ' ' bhi&s, gishly@Np&sonal
R G e Sy g
agudio druedeofpsersymbdical Gt viess, wityisiinprengmides crepgiiers ligntng
fluid enclosure t ma e : ' S or
s GG ot FPE Je Dron BTG AR iRt Mafer churger
hiSHBR5RwePSTRFRS, 3R by O¢vidi convaticiafly onelr sith pajterics.
exanpl e. Sonme exanples of portable electronics for

use with the fuel 16 cell include, but are not

i it ofh I DesefiGhidhtiah wRDRRS e desaiiddlwittethp Rilosdng RBASiting
| apt op conputers, ultra nobile personal conputers,
corgmpiedr accessories, displays, personal audio or

vi deo pl ayers, nedical devices, televisions,
transmtters, receivers, lighting devices including
outdoor |ighting or flashl Egamgles el ectronic toys,
bgttery chargers or 5 portabl e power sources, or any

d £eonventional ly used with batteries. The
Pr esenty iy 6N suatuvdl Il lenmudebieord @ sempdsitd hywird gent shagage material

ol o T 0 2 B O B Ao s

CREPAF oD 7ONARPADSi 1SS BdrRe: A¥BLEY ¢/ad andebeutftor gred The wafers
heat and pressure sintering as . detailed i

. 1.U. S..
Patitritensiiigs| froomationhS Seaboxt 5-kig/os inckded gbryt 6% hyjeight of Kynar
.?.%ge‘?{\l}\i}a%&%% aP %El‘ﬂﬁ@f” R it ShEEePRNtbaRGU tobibdut®l Bgcc included

ers wth densities fromabout 5 to about ,
5 abonées bytetigted KabhauflesWRBY! sae tider.oThacypfars weresipstpntially

2851 bj nder .. Waf. ' it F :

¢ Sea bt st s ot MR Y SbuRR e HardUhbocaing bout
Kys0asiclohesdni, Jor 285#k).as a bi nder. The wafers were
substantially free of dust . and_ were: syb i g .
free of COWMpPPIEE WEE @tfﬂ?gg UFRET D RY ?Ee%@e@%ﬁ%éz. gb%du‘fen%ommn
M G LOdNE 46 RIMboB! 80LYT. & nar Flex® 2751 was used as a glue for connecting the

components to the enclosure. A fluid port or opening was fitted with a 2-micron filter

and a small hole (about 0.8 micron) was drilled info the wafer (about 7 microns) to
facilitate fluid diffusion into and out of the enclosure.

| Kynar Flex® 2851 dissolved in acetone was applied as a coating in multiple
layers. The first layer was applied by dipping a wafer into a solution of about 40 g/L
Kynar Flex® 2851 dissolved in acetone. The solution then penetrated the surface pores
of the wafer. Subsequent layers were painted on using about 80 g/L. Kynar Flex® 2851
in acetone and were allowed to fully dry between applications. A total of about 20 to
about 30 mg/cm® of coating was disposed uniformly on the wafer. Afier drying, the
remaining coating (outer enc!oéure wall) was about 100 to about 150 microns thick.

The fluid enclosure was then sintered at about 190° C for about 20 minutes.
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20Conponents were attached using a Kynar Flex(r)
interface. A solvent solution of about 40 to about 80
g/L Kynar Flex(r) 2751 was used as a glue for
connecting the conponents to the enclosure. A flu

WOO007/87260peni ng was fitted with a 2-nicron quT{%ﬁlﬂ“gﬁ’alm

a small hole (about 0.8 mcron) was drilled into the
waf er (about 7 microns) to f 9|I|tate fluid diffusion
into and out of the enclosure. 25Kynar Flex(r) 2851
di ssolved in acetone was applied as a coating in
multiple layers: The first |layer was applied by
di pping a wafer into a solution of about 40 g/L Kynar
Fl ex(r) 2851 dissolved'in acetone. The solution then
pergtplated the surface pores of the wafer. Subsequent

Lf‘éi[ 3 135 AR o B RS Mg rmd MRl s formed
bejthReheripl blabiiiem x Sorh @0.Abmodormeboutre 2@linsed 36! smmv
30 ny/en? of coat

di d f
WA mersheets Qfé;\oly@];%piyk@ wp‘f?&oplé%g e@ayogc%tg%r g%?( 05 1%{1§ Hhe

eﬁﬁéﬁ ét}éfb@oc\ﬁ@h& Dla¥@Boncdamt siddd¥ ﬂ&@prashmut fakmbt Wiodke s three layer
thic The flurd enclosure S q}ihf E %QRHI
1 stouagir @ias ﬁﬁ@@pstg@ca}hf BIFsEed at 1 0] pst h 3MPa or abou a) and

2 8&?%&31(‘&%&9 R&dY & éj@@%@te@ 1086338, tBe palypropylene sheets

pris or ma a conposite hy rogen
sthad bge comfbendbly szd fochersteciral LT, GAMBRRINEHEAS GRt in (0 the

L o

Wi dkestp pia@osalyat e di nensi ons of the prisnmatic bl ock
and placed on either side of the prismatic fornmat
bl ock. The three | ayer structure was then
i§g§&ﬁk@eally pressed at about 150 psi (1. 03MPa or

abou a) and heated to about 180

i nut e simHe@riswetiefprmathlodk Nt eamBeiF gﬁi""%‘f‘l‘esé‘fr@gelr&atﬁréa& as in
DGR QLiRRh¥a PRTRM i dofe DG Eofritd) Wad hpﬁlieﬂ hes coafifig of a

openlﬁg was cut in to the conformably forne o
erlodrmesat elastenbric pelgmer. Je coatingiwag appi@érafl% euraqh of ahantd 20° C

in place with adhesive material. Exanple 3 15A.

simlar prismatic format bl ock of conposite hydrogen

st or ag@hawmbstrdcals, praaddadrto comply with 37 CE.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 or limit the scope

or meaning of the claims.



Exanple 2, was forned. RTV Silicone (Dow Corning) was
applied as a coating of a thernoset el astoneric
pol ynmer. The coating was applied and cured at about
120 C. The Abstract is provided to conply with 37
CFR 1.72(b) to allow the reader 20 to quickly
ascertain the nature and gildt of the technica
di scl osure. The Abstract is submtted with the
understanding that it wl]| not be used to interpret
or limt the scope or neé%ﬁﬂ@ﬁof the clains. 18
CLAIMS What is clained is: 1. A fluid enclosure,
conprising: a structural filler, including a nateri al
“mm”%#ﬁaﬁﬁé of occl udi ng and desorblng a fluid, and a
bi nder; and an outer enclosure wall confornably
coup Ied to the structural filler, whérein the
L S?ﬂﬂ@?ﬁpﬁFeFWWF@Wgsupports stress applied by an
Intermaﬁmﬁhuﬁdapne@ﬁmre 2. The fluid enclosure of
claim1, mher i.n th [ udi n
and desor bi® %ng gﬁmgﬂ&&%egaggﬁe Fﬁ%ﬁ%r plagtlc
lattice, cabndg]dnd hydrogen st or age naterim
nano- str ctur I e structural
e SRR 899 P81 GO B S
ﬁmﬁmmpmmam&denﬂbymmmwmﬂd@M&W$%m3boron ni tri de nanot ube,
bor ohydri de powder, palladi um containing material or
conbi nations thereof. 3. The fluid enclosure

2. cThaiflmd enclashve plglaimd hahessin the matesd! camablp alrocgledingrand @eéofai“g a fluid
compn&gmglﬁfht: 6 FIXEHE RERE cShpdsROBdFTREREtbrake material, nano-structured carbon foar,
aerogél, zeolite, silica, alumina, graphite, activated carbon, micro-ceramic, nano-ceramic, boron nitride

nanotube, borohydride powder, palladium-containing material or combinations thereof.

3. The fluid enclosure of claim 1, wherein the structaral filler comprises a composite hydrogen storage
material.

4. The fluid enclosure of claim 3, wherein the composite hydrogen storage material comprises a metal
hydride.

5. The fluid enclosure of claim 1, wherein the structural filler comprises a lattice including pores.

6. The fluid enclosure of claim 5, wherein the pores support the matetial capable of occluding and
desorbing a fluid.

7. The fluid enclosure of any one of claims 1-6, further comprising a metal hydride.



4. The fluid enclosure of claim3, wherein the
conposi te hydrogen storage material conprises a netal
hydride. 5. The fluid enclosure of claim1, wherein
the structural filler conprises a lattice including
pores. 6. The fluid enclosure of claim5, wherein
t he pores support the materi®al capabl e of occl uding
and desorbing a fluid. 7. The fluid enclosure of any
one of clains 1-6, further conprising a netal
hydride. 19 8. The fluid enclosure of any one of
8. Chi IR edcl@lire 6f anWORS Eclindsh@r B twherein teatructuidl Kibdr comprises a metal
conprises a netal hydride. 9. The fluid enclosure of
hydridegny” one of claims 1, 5 or 6, wherein the materi al
capabl e of occludlng and desorbing a fluid conprises
a cIthr T [ ncl 0s
o Oy g B s e et ) AT e A Mo paingand
desorbiag#ifie senpisag catdieli d conpri ses a met hane clathrate
11. The fluid encl osure of any one of clains 1-10,
wherein the structural filler conprises a continuous,
10. urhefﬂmd remdldrsule s snd dicloigosherditige hitgrialcapahlsl ob gephuging and desorbing
ui.d.gn¢l osure of any one of claims 1-10,
%ructural filler conprises a non-uniform
t hi ckness throughout the fluid enclosure. 13. The
1. hidindigRG4es Hf any Qhe & BMIngieJ 00§ hegdirthdBrudrardidilleMoRb@Nedla continuous,
the outer encloSure wall conprises a polymer. 14.
wﬂﬁﬂﬂﬁﬁhﬁ&UW§%$ﬂéﬂ@§@ﬁémﬁwm@ny one of claims 1-13,
wherein the outer enclosure wall conprises

polypropylene vinylidiene flu
12. phEedlpd @@qquﬂrle@ @Ff‘e"f&@%l ylﬁewher%fggl%ryﬁwﬂeq]llsr comprises a non-uniforim

thickneB@hiYdhB)t kiedRRRnddsuRr | de (PVDF), hexaf | uor opropyl ene

vi nyl1 dene fluoride copol yner, cross-Iinked

copol yners, polytetrafluoroethylene (PTFE), perfluoro
3. alHeamy eqdhshye of P8 loyd dficlias, 1 - Rowikedin iHesyter palogure tblbgomprises a

et her ketone (PEEK), polyetherimde (e.g., Utenmln),
polymef.ar ppl asti ¢ pol ymers (for exanple, Nyl onTM or

conmbi nations thereof 15. The fluid enclosure of any

1-13 [
e e
polypr@oieod, ymehdleneﬂﬁorldﬁrhexaﬂlumogroeﬂme@my@eefpolaﬁ lengepabfvinylidene
r TS,
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polytettalﬂgorgetthyjene (FERE).fretflueto alkoxy (PFA), polyimides, polyam1des poly ether ether ketone

(PEEK), polyetherimide (e.g., Ultem™), thermoplastic polymers (for example, NylonTM) or

a fluid (\:l%némses g

combinations thereof.

15. The fluid enclosure of any one of claims 1-13, wherein the outer enclosure wall comprises

vinylidiene fluoride hexafluoropropylene copolymer.

16. The fluid enclosure of any one of claims 1-15, wherein the outer enclosure wall comprises the

same material as at least a portion of the structural filler.

17. The fluid enclosure of any one of claims [-16, wherein the outer enclosure wall comprises

multiple layers.



17. The fluid encl osure of any one of clains 1-16,
wherein the outer enclosure wall conprises nmultiple
| ayers. 20 18. The fluid enclosure of claim 17,
wherein the multiple |ayers are conprised of the sane
material. 19. The fluid enclosure of any one of
clainms 1-18, wherein the ower enclosure wall has an
average thickness of |ess than about 5000 m crons.
20. The fluid enclosure of any one of clains 1-18,
- wherein the outer enclosure wall has an average
18. tlkh'e kR’ G0safe of 88 170 FRer@h @l imulip@aydtsGFddprised bf thd kine material.
' | uid encl osure of any one of clains 1-18, wherein
the outer enclosure wall has an average thickness of
19. | 1&1% ﬂuﬁiéﬁdlosa&tw Lny2f0 oNd16HO NS, whdRkin tHehete kntilcdure nall bssun @verage
any_ on &Ialns 1- 18, wherein the outer
mmhm%ﬁ@#ﬁ%%wgl pP(Hﬁ§“ﬁﬁ aver age thickness of |ess than
about 300 mcrons. 23. The fluid enclosure of any

of, clains 1-18 ere e I
20, B850 Tyl 00 s M A SRR 8 v
thicknebs of 1e@$t&an abddt.1 50heicfdnsii d encl osure of any one of
clains 1-18, wherein the outer enclosure wall has an

average thickness of |ess than about 10 m crons. 25.
21.  Tibe fibldehdoseralf asume obdlaimn -1 8rvéetsin the eutergnclasy® wall has an average

thickne}{%?ﬁf% ﬂﬂaﬂ%‘ég%é ffiorgiCl osure wall "has an average

ckness of less than about 1 micron. 26. The fluid
encl osure of any one of clains 1-25, further

Gﬁﬁ%id%h&&u&%?mﬂf ondBf ﬁaﬂn@ a1 Q@R reirRAS htdr QRBSEIvtal) hfls an average

outer encl oSure wal | 27. The fluid encl osure of
thlckneéﬂ(ﬁﬂ%@@}ﬂbﬂmfép%wﬂﬂﬁe one or nore featur es are
sel ect ed fron1the group of a valve, a regulator, a

vent, a cap, pressure relief devjice, a flow %i%gynt
23. e ﬂé"éir?ﬁ?l?f‘gfel Oé ﬁ@/ qng &f ajpms léi wherein the outer enclosure wall has an average

thickness of less than about 100 microns.

24, The fluid enclosure of any one of claims 1-18, wherein the outer enclosure wall has an average

thickness of less than about 10 microns.

25. The fluid enclosure of any one of claims 1-18, wherein the outer enclosure wall has an average

thickness of less than about 1 micron.

26. The fluid enclosure of any one of claims 1-25, further comprising one or more features, positioned

within the outer enclosure wall,

27. The fluid enclosure of claim 26, wherein the one or more features are selected from the group of a

valve, a regulator, a vent, a cap, a pressure relief device, a flow element and combinations thereof.



28. The fluid enclosure of any one of clains 1-27,
further conprising one or nore structural features.
29. The fluid enclosure of claim 28, wherein the one
or nore structural features are selected fromthe
group of a boss, a nDuntin%%flange, a fastener, a
fitting, a concave recess, radi used corner, a
convex protrusion and conbi nations thereof 30. The
fluid enclosure of claim?29, wherein the one or nore
structural features conprises a concave recess. 31

28, Tiwe fifili whdibserd 61 @$ dicert OlhinR 927 Vilrehe edomptidier coaer nanre stroeteral features.
structural features conprises a convex protrusion.
32. The fluid enclosure of any one of clains 1-31,

29. frmetibia endmnm bf c$a1m98 avhkﬂemlﬂd: oné or npTTRtragtralpaes afvgelected from the

t I f
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protrusgpa snd @mibingiitingl thoreof conblnatlon thereof 34. The fluid
encl osure of claim 33, wherein the fluid conprises a
gas. 35. The fluid enclosure of any one of clains
30.  IEedpidwheisei of ddim 28, wherindheenoermase soeal Rages gomprises a concave
cylindrical shape, a prismatic shape or a pol yhedra
hape. 36. The fluid enclosure of any one of clains
1-34, wherein the fluid encl osure conprises a
31, UBLNARSH@Rlre SFAPEhercimthe onEREmbre in@nei fhi@@iiEoBnpBies B¥vex protrusion.
one of clains 1-34, wherein the fluid enclosure
conprises an irregular shape, adapted to
32, SHRShRARAIRNE B dni oneBd¥ cRinls 013t Sk tiBP@BRrisingBHluid] Beofithatiividh the
‘encl osure of any one of clains 1-37, further
structurglfi¥gf i si'ng one or more sealing |ayers, conformably
coupl ed to the outer enclosure mall 22 39. The
33. fjl&lélr,:glﬁlfigg e S%ﬁfzagviﬂ%regag% fpllld co 1)1/5 ga gas, a%ﬁlfleﬁgc?_l%a% hquld ora
combingiti fileedf. t O the st ruct ur al f|IIer 40 The fluid
encl osure of any one of clainms 38 or 39, wherein the
one or nore sealing layers conprise a netallic |ayer
34. The fluid enclosure of claim 33, wherein the fluid comprises a gas.

Tecess.

35. The fluid enclosure of any one of claims 1-34, wherein the fluid enclosure comprises a cylindrical

shape, a prismatic shape or a polyhedral shape.

36. The fluid enclosure of any one of claims 1-34, wherein the fluid enclosure comprises a tetrahedral
shape.
37. The fluid enclosure of any 6ne of claims 1-34, wherein the fluid enclosure comprises an irregular

 shape, adapted to substantially fit an allotted space.

38. The fluid enclosure of any one of claims 1-3 7, further comprising one or more sealing layers,

conformably coupled to the outer enclosure wall.



41. The fluid enclosure of any one of clains 38-40,
wherein the one or nore sealing |ayers conprise an
alum num |l ayer. 42. The fluid enclosure of any. one
of clains 1-41, wherein the fluid enclosure conprises
a volunme of |ess than about 1000 cubic centineters.
43. The fluid.encl osure of &ny one of clains 1-41,
wherein the fluid enclosure conprises a volume of

59, G TBYPHoD Chiy U6 TS S SRR ok PPt tvers.

conforrhdbli @BusieCh @Rufrect@afien ses a vol ume of |ess than about
5 cubic centinmeters. 45. The fluid enclosure of any
one of clains 1-41, wherein the fluid enclosure

40, Cﬂﬂ‘ﬂﬁid&:ﬁﬂo@re\bﬁ h:mme of cldims 38 erff@rwizbadnthe Gnecy byjore sealing layers

46. The fluid encl osure of any one of

COmprise, 2, eﬁ%?etlgrs
P %ﬁé? 9L, wherein the fluid enclosure conprises a
volune of | ess than about 1 cubic centineter. 47. A

41. % eg&osqperb%ﬂfc&ig Bf cﬁangBEf h(y 'qunel%i'ﬂ(ﬂlle%y BlemorE E@J:ff@ﬁﬁ%d:ompmse _

onformably coupling an

anﬂmmmmmby®nclosure wall to a structural filler.
sufficient to provide a fluid enclose, the fluid
encl ose conprising: a structural filler, includin

42. e dpidenclesysa pey @ obddmg &4%&@%1 thalyd Eﬂc}?@wﬁ qulHEii%%P a volume of

less thaﬂrzlgougl(mOQgﬁEcenﬂiﬁgers an outer enclosure
conformably coupled to the structural filler,

mhereln the structural filler supports stress applied

43, b%e aﬁhdl | ALIBRIRAIE aky dhic OF PAIRS $UI Bwhercibie i enclosere n@biiioes a volume of
aim 47, further conprising before confornmably :
b”ﬂwéaﬂﬁﬂ%ﬂlmé BIi%y one or nore features to the

structural filler or the outer enclosure wall. 49.

nEt h gsu?ﬁf‘}f gﬂl)y%‘ls ﬁf?%} 4? \%Ser thg ﬁmé §nclof5\w Eaﬁ%iﬁ,gs a volume of

bly’ cou I hg, cou
mmtmﬁmbmwﬁemﬁeQMMﬁaesto t he structural filler, the outer
encl osure wall or both.

45.‘ The fluid enclosure of any one of claims 1-41, wherein the fluid enclosure comprises a volume of

less than about 2 cubic centimeters.

46. The fluid enclosure of any one of claims 1-41, wherein the fluid enclosure comprises a volume of

less than about 1 cubic centimeter.

47, A method of manufacturing a fluid enclosure, the method comprising:
conformably coupling an outer enclosure wall to a structural filler sufficient to provide a
fluid enclose, the fluid enclose comprising:
a structural filler, including
a material capable of occluding and desorbing a fluid, and
a binder; and
an outer enclosuré wall conformably coupled to the structural filler, wherein the structural

filler supports stress applied by an internal fluid pressure.



23 50. The nethod of any one of clains 47-49,
wherei n conformably coupling the outer enclosure wall
to the structural filler includes spraying, painting,
dip coating, inset nolding, electrostatic deposition,
conpression nol ding, transfer nolding, injection
nol di ng, thernoset injecti nmol di ng, vacuum form ng,
sintering, extrusion, pultrusion, thernoform ng,
vacuum over - nol di ng, powder coating, solution casting
or conbi nations thereof 51. The nmethod of any one of
48. qlhanmocn&fcmm sihetheicompising bafora bimorodiliobplge ccpeplipgene or more
ure ural filler includes dip
feaﬁnesg%f%nf g:ru tural T orf%e ou{epg‘hl%glﬂék%}l any one of clains 47-51,
further conprising after conformably coupling,
49. f"[?‘r &E@ (911@ % S «§7ec§|4$ %Eﬁ\ﬂﬁgﬁs‘mg aﬁg?coﬁ%}ﬁlaﬂ?&nlﬁlﬂlg, coupling
crarm urther conprising before coupling,
 ofie or thape frptmgs tomfe sowctua fiBerfthexuter enslosae wall giBpthod of stori ng
‘ a fluid, the method conprising: contacting a fluid
enclosure wth a fluid, sufficient to provide a fluid
encl osure storing a quid, wherein the fluid
encl osure conprises: a structural filler, including a
mat eri al capabl e of occl udi ng and desorbing a fluid,
and a binder; and



an outer enclosure wall, conformably coupled to the
structural filler, wherein the structural filler
supports stress applied by an internal fluid -
pressure. 55. The nmethod of claimb54, further
conprising after contactln%% releasing the fluid from
the fluid encl osure e met hod of claimb55,
further conprising after releasing the fluid,
contacting and releasing the fluid multiple tines.
57. The nethod of claim55, further conprising after
50. '@k ﬁﬁﬁlbdﬂ@f ahfiéhe bf dliigls 4G VRO opfoanadlyr eligiag iha guttrigeclosure wall to

the stxucétprull fﬂlte lgclu %&is;)%alg{&kg)oplja%lg% dg)l coz‘ftin Es%ilg m§|§ ehi%tr&ﬁahﬁ @&oﬁﬂon

. Easi ng t
comprefsshaﬂ 1fl1diag m@Gd mghngnnij eptajn@a:gdmgg t}pn@smuuepc@ioxamoud@asqacuum forming,

smtermg,o IIFE’PSIOSILE) P}&ltrus%op, therm% ﬁ%@?ﬂﬁo@h@ 'pmv@; coatikd, kb16on casting

er re eas ‘ng t contacting and
mcmﬂ@@heaﬂmn@fthe fluid at |east about 300 tinmes. 60.
The met hod of claim55, further conprising after

rel easing the fluid, contacting and releasing the
51 fThaingthed ofaanet oBGGS Tk whergin ConfRBabORRIRE B Stprgnipsure wall o

ﬂmSUuééayﬁgfﬁgﬁks&gggﬁmflng after relea5|ng the fluid,
contacting and releasing the fluid a ? bout

52 1OeOethpaigny o2l claped frek fgher GPoRsaE P pegppling, forming one

or mord<OIRE 125409 after releasing the fluid, contactlng and
rel easing the

53. The method of claim 48, further comprising before coupling, forming one or more features.

54. A method of storing a fluid, the method comprising:
' contadting a fluid enclosure with a fluid, sufficient to provide a fluid enclosure storing a
fluid,
wherein the fluid enclosure comprises:

a structural filler, including

a material capable of occluding and desorbing a fluid, and
a binder; and
an outer enclosure wall, conformably coupled to the structural

filler, wherein the structural filler supports stress applied by an internal fluid pressure.

55. The method of claim 54, further comprising after contacting, releasing the fluid from the fluid

enclosure.

56. The method of claim 55, further comprising after releasing the fluid, contacting and releasing the
fluid multiple times.

57. The method of claim 55, further comprising after releasing the fluid, contacting and releasing the

fluid at least about 3 times.



fluid at |east about 10,000 tinmes. 63. A nmethod of
using a fluid enclosure, the nethod conpri sing:
releasing a fluid froma fluid enclosure, the fluid
encl osure conprising: a structural filler, including
a material capable of occluding and desorbing a
fluid, and a binder; and 2% an outer
encl osure wall conformably coupled to the structura
filler, wherein the structural filler supports stress
applied by an internal fluid pressure. 64. The

58. Bk hetho®bf cRindbINaeBer chraprisihe bfte ealpsingsthailpid Eéngarcting and releasing the

contacting the fluid enclosure with a
ﬂmdm%ﬁﬁ%%miﬁg%l *The method of claim64, further

conpr|3|ng after contacting the fluid enclosure,

59. le ?n%ﬁlo&] %é: mmnS]§ %rl!h%r Ja;g}g%ntg Qf T E‘elléﬂ%% tﬁ{%@ %‘lﬁa@tn{g‘éh& fefélas?ng the

her
mﬁdmawanmsﬂhgn@iter contacting the fluid enclosure,
rel easing and contacting the fluid enclosure at |east

about 3 tinmes. 25
60. The method of claim 55, further comprising after releasmg the fluid, contacting and releasing the

fluid at least 500 times.

61. The method of claim 55, further comprising after releasing the fluid, contacting and releasing the
fluid at least about 1000 times.

62.  The method of claim 55, further comprising after releasing the fluid, contacting and releasing the
fluid at least about 10,000 times.

63 A method of using a fluid enclosure, the method comprising:
releasing a ﬂuid from a fluid enclosure, the fluid enclosure comprising:
a structural filler, including
a material capable of occhuding and desorbing a fluid, and
a binder; and
an outer enclosure wall conformably coupled to the structural filler, wherein the

structural ﬁllAer supports stress applied by an internal fluid pressure.

64. The method of claim 63, further comprising after releasing, contacting the fluid enclosure with a
fluid.
65. The method of claim 64, further comprising after coﬁtacting the fluid enclosure, releasing and

contacting the fluid enclosure multiple times.

66. The method of claim 64, further comprising after contacting the fluid enclosure, releasing and

contacting the fluid enclosure at least about 3 times.



67. The nethod of claim64, further conprising after
contacting the fluid enclosure, releasing and
contacting the fluid enclosure at |east about 50
times. 68. The nmethod of claim®64, further
conprising after contacting the fluid enclosure,

rel easing and contacting th® fluid enclosure at |east
about 300 times. 69. The nethod of claim 64, further
conprising after contacting the fluid enclosure,

rel easing and contacting the fluid enclosure at |east

67. AHRWlethD@OF daiir?f@ﬁ furthdQomprieg BRdérBathcide thd fiidentidsure tefehdr@rand
conprising after contacting the fluid enclosure,

“mm“PEHE§§Wﬁ8%§WBa 8%?@@?' §The f1uid encl osure at | east
about 1000 tinmes. 71. The nethod of cl ai m 64,

- fyrth ' L Si f . ' he fl uid .
6. eyl 1P bR 8P bRtoE gt SRR dotfid ol i

contactidp e dsid eacl@tre idastabalp dittink®, 000 tines. 72. A fluid
encl osure system the systemconprising: a fluid
encl osure; and an external device, coupled to the

69.  flhgingthethef chgw b4 furthireomprising afercmsastimeahacibigrnilosuprgrelegsing and

| céntact%%g},lgglgi%@élos&ialdﬁclgdgtab'l@g(ﬁm@gg a material capable of"

Ing a esorbing a fluid, and

70. The method of claim 64, further comprising after contacting the fluid enclosure, releasing and

contacting the fluid enclosure at least about 1000 times.

7. The method of claim 64, further comprising after contacting the fluid enclosure, releasing and

contacting the fluid _enclosure at least about 10,000 times.

72. A fluid enclosure system, the system comprising:
a fluid enclosure; and
an extemal. device, coupled to the fluid enclosure, the fluid enclosure cc‘)mprising:
a structural filler, including
a material capable of occluding and desorbing a fluid, and
a binder; and

an outer enclosure wall conformably coupled to the structural filler, wherein the

structural filler supports stress applied by an internal fluid pressure.

73. The fluid enclosure system of claim 72, wherein the external device comprises a fuel cell, a heat

pump, a hydrogen compressor or an air conditioner.
74. The fluid enclosure system of claim 72, wherein the external device comprises a fuel cell.

75. The fluid enclosure system of claim 74, wherein the fuel cell is coupled to an clectronic device.



a binder; and an outer enclosure
wal | confornmably coupled to the structural filler,
wherein the structural filler supports stress applied
by an internal fluid pressure. 73. The fluid
encl osure systemof claim 72, wherein the externa
devi ce conprises a fuel celT, a heat punp, a hydrogen
conpressor or an air conditioner. 74. The fluid
encl osure systemof claim72, wherein the externa
_ device conprises a fuel cell. 75. The fluid
76.  enelfloid Hllicdi)sm‘y S}tsmlm oblaicl 74 wheiih thayestresiiqrevinecoipates g egiiplar phone,

oS b SR AP B B R, i

personabligivtor widéoplayevinedicabdsmor itebaision, teesmitter, agceiyerdiphting device, flashlight,
vty SBHEh bl DS EPclidl @9, COPUC T Ul 12 robi | e
erso nput er, comnputer accessory, display,
personal audi o or video player, nedical device,
77. t %md%h&&ure spﬁé}ﬁ' bt Jny @ﬁe of CRERI7EER, wheketihé D@d Gﬁz\Yds@Ie system
as , attery har ger,  portabl e power source,
Comprlﬁﬁs a é@lﬂ,ﬂ@f pidess ehag alput 10pG C“bﬁﬁsqu‘ﬂ?rﬂ encl osure system of
any one of clainms 72-76, mhereln the fluid enclosure
s stem conpri ses a_vol une of 00
78. iflidcalpsupresydgrg of any gne opglaings 73573 ‘&*}?&ﬁl‘b@&ﬁ §R}°2%S%rﬁ153@%em .
cmmpnﬁﬁxv&ﬁ@e@ﬂmﬁhﬂh@ﬁm?szﬁmCmmamamﬁ the fluid enclosure
system conprises a volune of |ess than about 120
cubic centineters. 79. The fluid enclosure system of
79. th)é flolden€bsued sadtdrs offadry 6h of\daemsemrv& Weerdit e duid vl g sstem
.S em conprises a ss than about 25 cubic
compr ﬁF W@?@ggﬁﬂmgﬁu“%%ﬂmgcﬁﬁl e#%rosure system of any
one of clainms 72-76, wherein the fluid enclosure ,
St [ AR, a0 ALY efdoshidliske
80. ?éh@ﬁﬁ% 8&Bmmy§%n§?ﬁg &ﬁﬁ}ghg%closure systenﬁo‘ﬁany& "
compriges e vafme blpsyhal 2boni6 ] 5 suhisrcesitimetetfe | ui d encl osure
system conprises a volune of |ess than about 10 cubic
centineters. 82. The fluid encl osure S%Eten1of any

81.  Cfte floid eotledurasystan phany whefelanns Rel b WiArdn S stlgsire System

compn&)ﬁﬁ%@fﬁ?ﬂ@gﬁ&rs'ﬂ%ﬁ%b&lt YRR ei@imele®SS than about 5 cubic
centi neters.

82. The fluid enclosure system of any one of claims 72-76, wherein the fluid enclosure system

comprises a volume of less than about 5 cubic centimeters.



