WD 2007/ 147260 PCT/ CA2007/ 001129 FLU D ENCLOSURE AND
METHODS RELATED THERETO CLAIM OF PRI ORI TY Benefit of
w@eooonit2go i s hereby clainmed to U S. Patent AppPCTan2mm001129
Serial Nunmber 11/473,591, filed on June 23, 2006,
which is herein incorporated by reference. TECHN CAL
FI ELD Enbodi nents of the present invention relate to
fluid enclosures. Mire specifically, enbodinents
relate to fluid enclosures for small or mcro scale
systenms. BACKGROUND Currently, fluid enclosures are
desi gned and built independently of the fluid being
stored, or of any storage material that woul d be
| nser t pEUMHIINELOYUREAS lMETﬁ@DsIﬁmMm THERDTO)
a conventional pressure vessel can be used to contain
a fluid, such as a conpressed gas or a |iquefied gas.

The pressure vessel t j t o accommodat e

t he naxinun1pressurengifgﬁgog%ﬁhgﬁﬁfyhout failure.

Such mdneRt 6f FIRTtP T heddtR Pamke $o CJEE‘ PAEne XbEleh8dn Serial Number
i ncorporate a stora%ﬁanaterlal y filling the pressure

MBI Infited ontlonadd 2086.evhigh is heﬁem oorRogaied by peference.
pressure vessel nust now withstand the fluid
pressure, as well as any stress potentially induced by

the storage material eXECHNIGAIf®RIEE® on the internal
pressure vessel walls. Presently, t hese vessel s tend

to beEmbodimenss|of Hgrmresent ighersion rotero vlid englpguress Marage
SUFER, SapeA Sl te Al HAB%) B bRt st

approach of enpl oying conventional pressure vessels

beconmes problematic. In oQggr t ntain the interna
pressures and mechani c&A §§§@§Blnduced by a

St or ag& My SfthidlencldBilrks &r’é'd@l‘x@ﬁ&ﬁarﬁ%ﬂffﬁfd%ﬁérﬁhntb{ of the fluid

properti es of the enclosure must be sufficien
heingygonedf ridfane stosagematerial tht wosld bevinsetadatithin Gseantiosgre. In

0 er ncl ude.te e strength, ductility, .
R DpfRS] Pl brtida) bres Grey L be B h oitdin afid, such as
{ eshpressed @hfor ASquRLiE@ EM. The bh8suraReRelahudtBk Aedighel thhat
can be WD 2007/ 147260 PCT/ 007/ 001129 2 used to

acspmmodate thvaasimnippigswire of the fuidwitheu daibime.y Syehsdmple design
%?)9&%Bé§ &n b%kfénfigf)toqgéo &X%ral s\(m%E%n Ie¥xaf Wﬁ hrﬁg ?ﬂyﬁjessure

essures as encl osure ress can
vessel with storage material. In this case, the pressure vessel must now withstand the

fluid pressure, as well as any stress potentially induced by the storage material exerting
force on the internal pressure vessel walls. Presently, 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 material, 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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Chal l enges to fluid enclosure design are anplified
when incorporated in small systens, such as in a snal
w@eooniten260 scal e fuel cell. In snmall systens, fPCi/dA2007/001129
enclosure 5 wall thickness consunes a significant
portion of the volume of the enclosure. Prismatic
shapes or irregular formfactdrs are very difficult to
utilize since they will bow outward wunder even nodest
dded kalcqnseactuheencisere ialisnteldj argl ondy e¢ssell geofetrigs which do not
rides) aﬁe usef t he mechanical strajn on he, t ank
%é Phydnicenal BregRIresas cac'asure sessRp FeSTI ON
OF THE DRAWNGS In the draw ngs, which are not
n e c es@léﬁllengeSd@ Al enslosuen designjake:amppliidayberdaeerpprgted in small
Bakofeh At Sp bPRiGE TRRERRL St ISR ke Shig glosure

wall fhld&ﬁssrc@psleﬁﬁm sighifitan gottionnStleademebf the enclosure Prismatic
ubstantially. sinmlar conpon The draw_ng

e
PePeariEee g dhen gfht%rs ar&yvemlfﬁ?uheseaﬁw@ singgthey il ggw outward
WM &enl hélesBfiig %resgiﬁ“e v ‘W HeAUs %MG gedé HHIIEY atebsed,

the present document. FIG 1 1llusStrat

the osshaveal swaialonvhetank fvalls ﬁdlmnndu@’ﬂafge$tressﬁs. accordi ng
to sone enbodinents. FIG 2 illustrates a
cross-sectional view of a portion of a fluid enclosure
utilizing a S|teh en_stora mat eri al ,
according to %@RK%H Oﬁé”ﬂ?@ WiINGSstrates a

Cr OSSHSREBIaWs, WhRY a2 ?gt éEQésEérﬁg dPwitol dchtle dlll&'}ﬁlx@ééig Bescribe

utilizing a conposite rogen storage nate
subsﬂanmlhfgslmllarecamnoaﬁntadtromgliougthb cewnaievieveniicide mnt:mls having

(ghfse 4 t uiérat es a Eegectlve Vi efw f a. &
fegtlsiter s ’&W&l?fﬁif S InsiApt s euRttiabl Spnisr cgmponents.
The &8k SiustraRIARART, B4BwYY SMéx@inphe, blithdd bgWgQﬁ Yinfitation,

system according to ~some ‘enbodi ment s.
Yaqougﬁmb@@meatsmlws@ed Ilmthemr@gmaincumeat met hod of

Lp t '
embod: el 4o fFpEREL Y RETRA Py drdifiEaio some
ahbalimentod of stori ng a fI uid, according 30 to sone

enbodi nents. FIG 8 illustrates a block flow diagram
of a P&t Rdbushtes s crepsestiambviewaf gpertion ofaciiuid gndlgsureutilizing

SR RSB SorafOraliidl, 1ed 280 FETL i BABI 4429
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 illustrates a perspective view of a fluid enclosure, according to some

embodiments.

FIG. § illustrates a perspective view of a fluid enclosure system, according to

some embodiments.

FIG. 6 illustrates a block flow diagram of a 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.
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3 SUMVARY Enbodi nents of the invention relate to a
fluid enclosure conprising a structural 5 filler and

w@eooonsrso encl osure wal I conformably coupl ed tBCT/K&2007/001129

structural filler. Enbodi nents of the present
invention further relate to a nmethod of manufacturing
a fluid enclosure. The nethod includes conformably
coupling an outer enclosure wall to a structura
filler. Enbodinments of the invention relate to a
met hod of storing a fluid. The nmethod 10 includes
contacting a fluid enclosure with a fluid, wherein the
fluid enclosure includes NmﬁA ural filler and an
outer enclosure wall conformably coupled to the
st r ucEmbadindentsl dfithe inkeivgi reRtd 18 afflifid etosuRl dhribifig @ structural
net hod of using a fluid enclosure. The nethod i ncl udes
fillerand ap gutsr enclpsurepyallrortormably cavrledothestrugheal &illgr. ¢ he
fihﬂﬂb&irﬂ%ﬂﬁlo‘P e ?es %\%ﬁﬁﬁ ﬁlrﬁlte{)#fattéj{oaal Tetgbci &ﬁﬁﬁﬁ%ﬂﬂﬁg a fluid
outer enclosu contformably couple t he
atclasoteuThe méthbﬂ @rcludéScdafdrachblysotiplingf ant dugerienclesure wall to a
relatgéﬁp a fluid enclosure system The system

4 fluid enclosure and an external device

coupl eghpb@intdaf Sk inS BRI RASELR to"éﬂﬁétﬁécf‘oft ingld Mlid The method
encl osure includes a structural filler and an outer

mebidoscontacting @ fleidrehdosiud withadlupd, @dlereurothe Hlgidsenclosura irdludes a

ek SRR R s T el catom ey, unfadisf e S el Bt

Bindwiif@ats fudihes Reldto td Met@dl bf Gding Qﬁm@%hé’lbh@é’ The method includes
description. The draw ngs show, by way

relqagiag p 4huidtiom o flid ericlosarehwhereehe g emdpsme tnhléldes a structural
gfriée/reaﬂfi 'ag gufg?é(ncpo%gx‘%:vza(ﬂhéoﬁ?o%naﬂ-lg%Slgple(iemggétﬁ%g}rasl filler. #hi ch

also re

descr Emdddinfensd tghin2ntidetekitt to D60 abdl@suteh@st%nﬁ Kithelsgslem
in the ﬁrt to practjce the invention. The enbodi nents
mglpdesrptivig crlpsige ans amesxtesial SEYlﬁf‘eW ehig thsdushen¢lpsuegy wherein the

Hﬁld%EIHﬁfré’ frﬁiude@@ﬂ}'dcﬁgél HﬂXStﬁ’@WHﬁ‘ formably coupled

w t hout departing on1t & sco e o e presen
knhemnnmndfﬁhe fol | owi ng detalled description is,
therefore, not to be taken in a limting sense, and
the scope of the present invention is defined by the

appended cl ai nr8 and pheLegwrstEemson30 In this
docunent, the terns "a" or "an" are used to include

one offh %ﬁlll@wtlm&dﬁtall:ﬂdelea%datlonen¢ledqmréf@ren0¢ssto mbeatcompanying
B30 R TSRS P BRSO BR R oy o
Phsestn) g Y enttdihans B0VhRABhONMOhtRA TRy 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 embodiments 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 phraseology or terminology employed herein,

and not otherwise defined, is for the purpose of description only and not of limitation.
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and not otherw se defined, is for the purpose of
description only and not of limtation. WO 2007/ 147260

WD TA26007/ 001129 4 In the event of inconsi SPENCA2007/001129

usages between this docunent and those docunents so

i ncorporated by reference, the usage in the

i ncor porated reference shoul débe consi dered

suppl enentary to that of this docunent; for

I thE 6E bf Rbbidtér %@a‘sg§§ bERRER this HARMERASRI thBse ddduments so
docunent controls. nmbodi ments of the present .
inaomatatesby @feacre:et the asggeun thednedrpenated referamce should be considered
suﬁ)gp Segfagy ?On fqﬁls b& Srggr%:tt {?? rf&t #lglpﬁbfg 1n8(¥¥ts s?énc%ﬁfthy ugage n

ﬂﬁm&ﬁﬁﬂkﬁnﬁmnﬁmrts the stress applied by the interna

fluid_pressure rather than having that pressure be

f ul | yEmbpdisentspfithe pragent yradon elaigio a Bgdiesclope.cibe

érﬂﬁ difgleRdioF 'tl{% Lsehd #{kf%ﬁtﬁ)ﬁ%lllgmﬁ§ ﬂu@eﬁlcﬁ)@ﬁll gﬁ Whk h%uctural

nelUde 3 st tura &r Wi th an outer 1O enclosure

ﬁhd:ﬂ witlan ftler mtﬂsyrecsuplpﬂrtsdhé strask apBieddy thé ﬁlttmmleﬂuld pressure rather
ncl osure wal | t he ctural fil

Heg %a%s e?eésuaﬁﬁ? Pully Separted Yo sRciore wall G isy & Gase for

ARG ?1@1@&1010%91%5 atI‘hé’ endlG3d Gy RIAERS dticfubf filler with an outer

structural fille he only S|gn|f|cant stress that
crtcéosurﬁ eall emﬂ)mmbﬂ)ecoumdl toatx (fen¢ethe estenencldsaredual bends to the

h t t Th re )
SR s SR AP Br o ot tsg iR berpo R Gostatic
teAfisd dtRsSinrtROGhitnahl file. The Ualyli@ifidnt 5t€dss Hat e Jult® enclosure
bond between the structural filler and the outer

WAl esraTieacesanay, berdiedo siraininged the sructiuraldilierc Mh@rst pressure of

gle%F{:I rgggther%ﬁ)qe ?8{“&8 %%lu?tlr%!it% le nr}sﬁg %l agﬁlaﬁ?étg c&;rggﬁller or

port Signitica

ﬂmeibbﬁdl betineen &fecsmﬁbuumh ¢dlepdnd thb olitee Bigd]1 Gxiey wamva1rhfs archit@cture
|n|t|onsll used hereln "fluid" refers to a

ed soplormable fifbenslossres éubebuilglas can
Mﬁshmgmn%?erm siree Rt it DRBybRch SRARACHCl Rure walls.
he urd may be a

assune shape Its container

gas, liquefied gas, liquid or liquid under pressure.

Exanpl es of fluids include hydrogen, nethanol,

et hanol, formc acid, butane, 25 borohydride

&og&qunds, etc. As used herein, "structural filler"
o a material with a sufficient tensile

st rengt sddhepbih el defdietd f&o%ﬁlﬁ%uspéxﬁ&%gg SS%r st ddurd

encl osure, when pressuri ze ura
th:’peemsleadys ﬂnevcsﬁbel;d pasSonelanatherl anfiithdt aasthﬁmgndlem}l todesume the

AL T TR I T
pressure. Examples of fluids include hydrogen, methanol, ethanol, formic acid, butane,
borohydride compounds, 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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30 foans, aerogels, zeolites, silicas, alumnas,
graphite, activated carbons, m cro-ceramcs,

wWmanwoAers@n cs, boron nitride nanotubes, bor ohpdr/Caz007/001129

powder, hydrogen occl uding netal WO 2007/ 147260
PCT/ CA2007/ 001129 5 alloys (for exanple, netal
hydri de), palladiumcontainingd naterials or

conmbi nations thereof, for exanple. As used herein,

allgs gf@f é‘!ﬁfﬁpYe et h?di‘ldeP rpaﬂ&ﬁtﬁlﬁ%ﬂﬁinﬁd% 16 URAIE6r configkid®ns
a

to ormng a bond that is substantially uniform
theteq &7 @@Ponponent s and are attached 5 in such as

way ag 9 él%%ﬂl G%Lh%nﬁ&t?lg éﬂlid’ﬂ (%ry‘c #{dﬂn%lﬁl &1uipled” refers to

correspondi ng shape or structura

Mmi:ngm‘ Isonidethat)is mmh&ﬂlyt i fotmdietveeenatnol cofipotent@anid ar‘é attached
exanp in which the outer enclosure wall chem call
@rsuslh 9%?%?# &9 dhemarally gr physically @&%maﬂ cofteppapding shape or frm. A

ﬁ.i%ﬁﬁal' filfer RPERR cofforimabl c%ﬁél@& fb an QUESS cﬁ)@&leQ%%f ?cfr exgmple in

rstoteout ayervvltlna
whchdlsaowert dnatossrerwagischiemicdlyl oe physicalythiads ty tisd smuctuna filler and
kaf?m on of a fluid fromthe fluid enclosure. The
sé‘ﬁB‘F osure wall may include nultiple | ayers of

t he saRBs&Iherdlh,ffottdr egclaa&@waﬁ’l’ %eferlb@thet&l%n@ﬂ%ﬁs Wifin a
wal | may include a polyne netal, or conposite, for

ﬂbklér@pplésurAélaan sergesoragleast paft@ébwlcev theeh&usom of afluid from the fluid
? reenlt;h QCi ted wth a fl

TRARS "MneURa hbfife Wl Tl bt o By Btk B e o
&1@feﬁﬁ§ﬁ1&tﬁrﬁiﬂ eThehrterRAE oflte RANIASLINCIUA 8 paRmRXBERIR br
devi ce or anbi ent envi ronnent, to observe or cont r ol

eompagite, fopexample.as a structur al conponent. Exanpl es of
afe ahy {I%drfpe}lel{?e‘f@anyx%l’ Y&ers té gg{)’ﬁlﬁ&?én’t a:%f)g §(%? fWSitH ehmgf
ap,

devi ce, ow e ven used
telwsure. A $dature hunyeble af thadic rcempbﬁérﬁrAs féaura mas/ &ﬂﬁrﬁorﬁdmahcate

be ass |ate t.he shag posi tioning. o
ga%aﬂh@mnc “Eet?él mﬁﬁ QF“F? T WRblcqt AV RPN, © Observe or
EMeloP 8 LR, \S@Qét as Q%ﬁﬁaﬁraPM&ﬁﬁéden{ |E7{'a1ﬁ11 Fe?%kg?éé'hﬁe nﬁgrbe a valve,

struct ural feature may be forned OW space
@gw@tqnapre@orm@hefrdeglcsr flow etomeat, @apgditenngfeht; eent

nt bet ween,t uid .en u and an ext.erna
deV| c > u?egrqle&g’nﬁfrg&ugﬁ FRBE Y erf g)a"lrh‘?lgpé‘el?tﬁ@ taRpy be Miciated
Wﬁﬁ‘t’l@(sh@p@tpbkiﬁbﬁmg or aGEREAY Bf HRGEa &AM filfBY Rld A& enclosure wall
flanges, fittings, bosses, smpothed or radi used

eusheeraill Sgidancloshes. us sienchuakfenture may be qu;md talallow space for
Ba&rnhlcéo%ongﬁts of Bt @batd ¥ gf%%ien{ a?lgg%&netn? bdlRLs een th"fluid enclosure

and an external device, for example. Structural features include convex protrusions,
concave recesses, mountings, flanges, fittings, 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, Mg,Ni and ZrV.,.
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 MgH,, Mg,NiH,,

FeTiH; and LaNisHg, for example. Examples of metals used to form metal hydrides
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metal alloy particles that are capable of form ng
nmet al hydri des when contacted with hydrogen. Exanples

wo@toognehemet al or netal alloys are LaNi 5, FeTiPCIVgANI07/001129

and ZrV2. Such conpounds are representative exanples
of the nore general description of netal 30 hydride
conpounds: AB, AB2, A2B, AB5 and BCC, respectively.
When bound with hydrogen, these conpounds form netal

¢ Hide Gen Ko B x@fesiufil) Githiad, NoHZunVRANidH, trankigibh Hta6d
LaNi 5H6, for exanple. Exanples of netals used to form

}@ﬁthamdw and aé@nmlbemnms endgofidaabions toterto 6
i ncl uﬂg u¥ diy mco%gglfesl-}l}}ﬂ%gek sld? SM“%%@to active material

calcium transition ne ant
partielesmatiadd with @ binder) ndereim theshdesd 1Iﬁﬁllobi1i293‘lthe abiveatiterial

As used herein, "conposite hydrogen storage rmter al"
Parfigles syt cisgt ﬁo\r%alﬁtatnefref afjve srgﬁélla% xegqt%slm Wt He getive matericl

BAfERE. FXAIRSI8! OF ont@?fclf ent : %é ﬁ%&nﬁﬁ%r@ﬁhrﬂ fh commonly-

material 5 particles su mal ntain rel ative
ewaed HIS. Pefeat Appisdahps smlmmmswm;ﬁwmmm 2a06.
arti s.of ¢ i.te drogen stor
Mt er (SRSEHIEAG GG OO RGP B 8 P d pgnsional
APRIdnSiaps Betwe! paticlbl.- ﬂﬂa’haﬁl%egﬂrgené‘iéﬂaﬁ%lﬁﬂ)ﬁbﬁlpgﬁetween particles

2006. As used herein, "relative spatial relatlonships
incthe eentexs of firesprestintrisventinvawill resiain substahiially unchanged. For

e I S T m—

tyul€ bt hie paiticles R 10 sabisitRIl it Aayndmh@aqadme foQhe other
exanpl e, the di stance between E%\rtl cles may change

a%ﬁlph%oméh%wﬁeon 9GF GemPIEFS @C le gipcturpanay have,
B g5 AR P URSA AL 2 RS i
tmm thorepdintensioyat Ipes1t16'1hlﬁ g pabstantibBy sdlativetto bﬂlefrpamblay s they

o A SR GeRAEESE s b T 5 s
h Hﬁaﬁﬁatﬁ}erméh%hx‘éﬂéht PRsA {1{%&{‘ 'erég tﬁé’@@lﬁﬁ’i@t é(efﬂc r%é (feﬁélfy dr'¥Rrosity or a

to other particles as
flingfingign d¢. g dengthpeftbe C@mpmltelmaaérlamwlsrepdwedadwlbe As such, when

BT oRhe g BomyBitf 50 ok P erler 257 GPer 0 oyt

&mpbsﬁe Mgl 6 af Ragd abblﬁﬂ}@t’/«tﬁndﬁot fktfe %HFAB%tt 190‘%36@(1‘1& ﬁérent length
over repeated cycles. As such, when |ength of

FISATERS- conposite is used as t he i ndi cat or, the I engt h

of th (oif Qc ' |- st. abou

and ng‘tS B?r{)% fad ‘8@%&) ? {e& e ﬁ%f%bgrlgﬁ ?Ié’r?étl“hes capable of
stedsgihyttogaisorus aethtdiiat particles &ﬁﬁ 4§ ovEtheé hdl ddRarbttyat®®Rn, such as
refﬂl &o mat erial particles capabl e of

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 thereof. Active material particles may also include silicas, aluminas,
zeolites, graphite, activated carbons, nano-structured carbons, micro-ceramics, nano-
ceramics, boron nitride nanotubes, palladium-containing materials or combinations

thereof,
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storing hydrogen or to material particles that may
occl ude and desorb hydrogen, such as netal hydrides,

wo oro7exaepl e. The active material may be a nmetBCT/CABi0a001129

all oy or metal 25 conmpound capable of form ng a netal
hydri de when in contact with hydrogen. For exanple,
the active material may be LaNi 5, FeTi, a m schnetal

a mxture of netals or an ore, such as MMi 5, wherein
MM 1 eAgiSediRréin Mclkia R eéfetsad b Ryt €5rmelTRon2 Biel B6Rding of a

material particles may occlude hydrogen by

Eltasilesyipt vetsr. Meyesgensrallyi @ﬁla@ratamaagm‘ lathiee-bipe compound used
fi. [ | Al jcl i Ngd:ud

R o S RO, A AIELE G bt b mpound

canfriyinsg amiatdnda spatetwhiediscacloosds , A Blatirate eetyebd fofmed by the

nano- ceramcs, .borqon njtride nanotubes, .

s Wsﬁ’&i(’lfﬁ%‘rtp?ﬁ\‘feéilﬁ cagtsrioEPsdbY; crystatlafiisenat preseat in large

RRICERE. ;;:)1@1@9981‘ AAALHRA iﬁ’ﬂé&rﬁé&%&%@%&, lﬁetfﬁ?é@&ﬂrates or

clath rom

her el n, rate” refers to a crystal forned
hytropanndathgitesf The goedt evilitoalammb bava¢ld by thdbhast geheenkl diy ,

clathrate . be | attlce-type co und use to .
Prkisth bRl hinERafendiblite. IRSCRAERIS Byl sy, thiourea
Rydi8iMiforRd dédxlyBRbl LAY tishen $RABIH o3 pehyAPotHPh &y Ak, 18-crown-6
space which i$ enclosed.” A clathrate rray be forned by
ohd2 3-drypihng iforexemphm | Bxarindes dfiguedvial ewiesfinglndaimpthanol,

r al lattices or present in large nolecules.
ﬁ§é§%?8%h%$o%?aﬁﬁfé?§§kinclude met hanol cl at hrates,
met hape u§éd&iefﬁi1@t“ﬁ§lyﬁkr” 1ofeEd 0 A8 o Fnahdtb @ iifural BAE sprisic
nol ecul e may be held by the host nolecule via

ppRquads of uspally high meleclar weight wasisting afap demillippssaf repeated
LSS DR BIBIFRE
palyprpdylene,iKphanflee®gvinkldizne Anehidd kexafluGropropyleny pépvigner),
RO HEHERE. PohstaRB oI e dermde by Dl diepp douraeropdiese
gi%gﬁ&lé?le flueaky E@;E:ogyxﬁ&f, @{(jﬁs-Iiﬂkéﬂ%g?{yﬁﬁgﬁ@%ﬁaﬁﬁgﬁgﬁ&lene

synt hetic nmpounds of usu ecu
(BTt pesthwerio stkony (BF A ) potydmieb,| podyesnidés, pelyetiiee dther ketone

YRR W -,

NolonPYopyl ene, Kynar Flex(r) (vinylidiene fluoride

hexaf | uor opr opyl ene copol yner), pol yethyl ene,

pol yeas aped herig,y forping] aefersitp grsatinge napdptiring, giving shape or any
ene. . vinylide fl uoride copol yner,

B o RO A e P Bl o AR BB e

( PTFEAs updrHereirgrcormadsiay Y refdré-) phypiohlly, Bheiigisally or electrically

Po”xanig?f, poly ether ether ketone o
ouching. uid may Contact an enclosure, in which the fluid is physically forced inside

the enclosure, for example.

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.
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(PEEK), polyetherimde (e.g., UtenlM and
t hernopl astic polyners (for exanple, 20 NylonTM As

waie@d1kesei n, "formng" refers to creating, PCT/CA2007/001129

manuf acturi ng, giving shape or any nethod that

produces the desired end product fromstarting

materials. As used herein, "c8ntacting"” refers to
physically, chemcally or electrically touching. A

f | ui dAFRYedatRiaCidesdib e BE+dRSGHbEg” 0 “dd3bFItioh N Beférs Wb theirémoval of
physically forced inside 25 the enclosure, for ]

ax aherhed ongdspshad sybstange. ‘Hysregesimay b smened fremractig mgterial

' t ' , { .
BRSO A | DR R LR SR By S fiffeuty, for
plungileal |y rel eased froman enclosure, for exanple. A
[ ' tal hydrid
o OB RGO L s Gt i o
. i " " : i Y i .
AFS R el or RARIAR SANboER e firtn O PILR. O Rlving the
substapoh®t teremovat | Thebewbcludarg/descnbing mateAalanipstetaine thersalstance

BB Ena . SHRs S8 RAPHRar o SRR oW example
B pILd SPRMN BGATdtértid AR AR LdPhy dBidlS HBEsifeafyRldhen storage

“desorb” or "desorbing" or "desorption®” reférs to the
matepialy clathrateg etgbsor bed or adsorbed subst ance.

: d f [ eri al _
part | RERT G, BB kB0 Gt & T b @omge g is shown.

phepadingitd sontrentvdithedt.| X strhibtural EX8NMIEmapbésurkttiided by an outer
herei n, "occl udi ng/ desor bi ngﬂmat erial" refers to a
[

Fraleurawalt Ak pike Sructusglddles | fdymaydssenforgally coenled ti the outer

. f L N .
T 2B FoP Bt b B rAFRERSE 57 Ry T o Bk BFgore optonal
featuzes HI6 maybe etilided. t he substance chemically or
physi cal |y, such as by chem sorption or physisorption,
for exanple. Exanples of such a material include
SRt@hrahyel des, conposite hydrogen storage 10
materials, clathrates, etc. Referring to FIG 1, a
cr ossThestrycturall filldrd 04 ofayanélidé amatariabwithe stffiviéns tensile strength

. ! _ sile st
Rl Pisan5€ Rigmirif R muchng sty of iehdressieed with a
Baidl Stddtural et thalebeisalld. fottufiral kTR RSy FORHE HERRLY or

coupled to the outer _
plastic lattices, composite hydrogen storage materials, nano-structured carbon foams,

aerogels, zeolites, silicas, aluminas, graphite, activated carbons, micro-ceramics, nano-
ceramics, boron nitride nanotubes, borohydride powder, palladium-containing materials or
combinations thereof, for example.

The structural filler 104 may include a material capable of occluding/desorbing
a fluid, such as a metal hydride. This results in a material with sufficient tensile
strength and fluid occluding/desorbing properties, such as composite hydrogen storage
material, 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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encl osure wall 102, which may be represented by a bond
108. One or nore optional 15 features 106 nay be

waitdozitzred Structural Filler The structural fPeCT/€A2000401129

may include a material with a sufficient tensile

strength to withstand the internal pressure of the

fluid enclosure 100, when pre8surized with a 20 fluid.
Structural fillers may be solid. Structural fillers

16 toyld Mid veldudiBfy/dedorlsin® matdais buch dsabidtaldBArides or clathrates,

conposi te hydrogen storage materials, nano-structured
85@ﬁeﬁpkoé@etha@éﬂqs@eresma&Eevreriés stogg mpthaae efficigailnathigh

BHL b8 o] by AR UL SRR 0RO g e
bahkadiun}contarnrng material s or conbi nati ons
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fle“c?eatlﬁg'QlBoﬁ‘@ 168."RS &l Hxd rd'ug?o 1nTéH1§ &Sk Witift lfé‘ fluid

material with sufficient tensile ength an
oreaosyos H) i ldelsefreb; thg lq@dowha temsfemd rdnastbcmtcpmmnslée Ioad on the

d L. t
P 9P 50586y 1 S OFR A SRRt on v
bier édcrusdreeml 062 'Ehelid @ rivR prdshigt uﬂ fneamﬁa Ent3dsuka] 00 may be
filler 104 and a separate, fluid

aieqteionide sawsrbiflpidatord dn ad@u@n the amownto Stréss @pplirg to the

ONNGLI oy 0B My eCutrebRl by SHARL il el BB R ity
tdsxﬂadringrrelleasemg:dz ﬁsﬂrfbomaxstcsegbaﬁiafﬁigylsu;?ﬁh ?gemtgﬁfe | ui d

H%{qﬁﬁgﬁgﬁn%@QPLhVLFWcﬁh&ém§h%{I pores. Pores

th fiiph | h
L

thedluid ﬁltr@fbidleesﬁmgl Anlgermtt\@ly, fhesstrustucdl fAker he4 mlay iyctudedskets or

r cl hra nmet hane ¢l athrate na
Bleafo iRt B dhiflneiS ARty Ao RIS O Sie g9 b atheee an
afdbulelylsHahd fUse Qndlé‘sui?@m(%h@lfs 'f&r}nWetst}u@ruﬁatl SWdort! &lch asin a
filler 10 such as a netal lattice. 5 The structural

Fomete thestciyea) fibler Eihmay habloye densp bethclude mtgeeatertpertion of the
gvrh‘fll ?I%%P%e\’@lltﬁl l‘ila(t)gfea g-rawh{r% eﬁclit))sﬁ;gg 8 As the force

ernar press encl osure
100 i ncreases, the Ioad may be transferred directly
into a tensile load on the structural filler 104,
ernal pressure berng anplified into

t ensi *l‘ﬁe b@aferbshiiY alP E@frgnlag ﬂ% 1ie C oul\fﬂde f% 8\?&ter1alpsodue to the

i nternal pressure o sure
low stress applied to the outer enclosure wall 102. The outer enclosure wall 102 may

include a polymer or metal or multiple layers of each, for example. The outer enclosure
wall 102 may be polypropylene, Kynar Flex® (vinylidiene fluoride
hexafluoropropylene copolymer) (available through Arkema Inc, Philadelphia, PA),
polyethylene, polyester, polyvinylidene fluoride (PVDF), hexaflouropropylene
vinylidene 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 thereof, or combinations thereof. The outer enclosure wall 102

may be a composite, such as a carbon fiber based composite.
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10 affected by the anobunt of fluid stored. In
addition, the anmount of stress applied to the fluid

wepernsuse 100 may be affected by the mechani ceCT/€A2®3001129

associated with contacting/releasing a fluid froma
storage material, such as hydrogen

occl udi ng/ desorbing froma nmetdal hydride, for exanple.
The structural filler 104 may have a conti nuous,

uni f oTHe biiteCditRS EretvhdlP LEAN@EY be fdmich @ f tHelbathe @it érae Us 6t least a
100. Alternati vel the structural filler 104 nm
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er 104 may
SF’é‘It g?)ﬂ ’Bithqsr?é‘“ué@ﬁleé%fg‘é space within that
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thelstressasimdoéednant the ionles entlesureownlh¢02 besonst indepsndgu bf thet
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wal | 102 may be pol ypropyl ene, Kynar Flex(r)

(r\?q?rn@ll nrefsaige 1f 2 &qutl@él filkes At Ilwﬂﬂﬁm@fgw eoupleddp dheyamter)enclosure

h Phi | ad h| a
pop;} '0% +t§a1 4 8’ ye%ggﬁlﬁo u)}% Fr%ﬁ}?suaeeﬁd PAYBF P @ized’ 50 long as
{He\Eirs)le shﬁ@lﬁ bbthe apuctpnl finer 104! amyllthéimﬁl foguetw &b the structural

po] cross-1inked copoly
Eﬁ?rylt qnéfqut?é coepHye vl 102 Fsﬂﬁaer ﬂ’é@rﬂflq ingreal proseyeg. The

Etﬁi:c?ﬂFgaElE@S@érwog;rﬁja?ﬁ] @%3@%@? ﬁesn’%@ lﬁﬁfz%pg‘#ﬁre gr%g)%er léﬁ[:lgﬁﬁe wall

erimde (e
ﬂ%mrmpfoamablgcpoplydrmﬁ (for exarrpl e, NylonTM. The

out er _encl os be a tal such as
al uni Iﬁ?ﬁ)ut&{ Suafrwaliﬂ@ ek bV G ormqr| aNAEYipg Bl deickness,
it eﬁ@iﬂplen gtk Q0fr bAQSKRPE wall 162 %&ﬂav@ggé%%ﬂ 'ix%ll‘@ﬁlgi(négg ground a

may a conposite, such as a carb ber base
ﬁqaﬁmipt exampte. e Pltes 2RGOSURCTAICADD By 010¢d @9 avet fgeTal thickness

81“’1:625{ tlhangbou§ §{)&? l\glglg{)ns Pes?)gi%g E?]utg%{){)m ﬁrgcrglf, !gsg Y am%out 500

frii¢rbay, 1¢k0 thanfabbutes0amilcfons, B thatl foue 16d RO, Y@& that@Bout 50
may be a sheet or a sol ution, prior to application.

W@O%ﬂw thap @beiat li0emiggens of ies dhsaabawt ] micven, fior example.
ri gl dli{ggzrﬁn%l%rpiGpi & érgésj.r?egng&"f@lew (-)rth oorHE)r? E)f a Huld enulrosure 200

utlhzlng a composite hydrogen storage material is shown, according to some

embodiments. Active particles 204 are immobilized by a binder 206, making up the
composite hydrogen storage material, which is an example of a structural filler 104.
The outer enclosure wall 202 penetrates within 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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5tothe exit of a fluid fromthe structural filler
104. Because the structural filler 104 nmay be bonded

wWo eoovhe72eut er encl osure wall 102, the stresserCT/aA®2d01129

on the outer enclosure wall 102 becone i ndependent of
the geonetry chosen. In conventional enclosure

desi gns, the geonetry of the Bnclosure strongly
dictates the relationship between the stress in the

RRE1ARE $ir8ssWRahéend@tlods Wiillithg uY £ tRSduteY @SR -wdlf 2@ The outer
structural filler 104 is conformably coupled to

ennlesurevell delimaterighmpy be 2ppliedrte the styactural fidleo hed anyi edlfowed to
b e e BT B b R 20 8 e

tdganbmdndﬁ&obﬁie\meﬁgdr hkiansthé smdﬂmral filléri 104 g0 thdtd faflGre of the
guter encl osure i S ger than the internal
S

pidcaglogurepRE nsqymm ﬁaﬂ‘aqe frqm rf& rpgiratglen b04 gdad Fom the bond
fogIRriha §6ha RARE; #%%@f Q'h];: I?Igeﬁweeréglgﬁ_% ?%evf@sjs thanlBout 50
e e ou

102 is conformably coup to it enc osure
madrbnsg] @Bouted)- 1198 wnei ceonsebbotr H0et SCamicaonsi algpunvdb0-200 microns or

thic for e outer enclosure wall 102
&%@28%“ﬁ?8§i %QBFFX?HP kness around a feature,
f Or eRfBif: to H1E. U &osLALHOTHVEWEE d porfién Hpé/ ﬂﬁﬁve‘?lcl%gure 300

average wall thi ckness of |ess than about
Hitlizingis compestethiydrogab siotage Boennl dxcbabing é@asurt: i&aainowbowcordmg

e s RS A S Al R P g B E B b e Bef 20 Fking

hﬁ&fe o@m@uel@ymgdh@t&agy mhRfisl, Mhesh 18RO exandplBoE4 Sucthral filler
Referring to FIG 2, a cross-sectional view

694 n%pfo@lttﬁrcﬁmks)ﬁur& walk 202 pemetrasuvishinghe interface regipm208,
COTR Lol R AT SHRLANT ATPL O SRR pgg sggsiioncd

avithin mmef emcdebubywall DOhder 206, making up the 25
conposite hydrogen storage material, which is an

exanpl e of a structural filler 104. The outer

gaghesure wall 202 penetrates within the interface

regi on 208, conformably coupling to the structural

fill efhe pag @rlﬁa@efe&?elgs 302 8ay Peadaptedtd @neol thginmveR@Bt of a fluid

o OB 280 MBS SRl by eed

b erht@ssl cobtifonent! B eRAAPIRS UhE ohebt mERZeatlBY 388 may be used to
uniformy or near unifornmy bonded to the structu?

femmapicatgbetyecen il fluid endasyge A8d and ar exteranl ctaymogsmh as a fuel

b3 e 0B R bETs iV Fent o8 B, feButator,pressur

relief device, flow element (i.e., flow restrictor), etc. Examples of the one or more
features 302 may include fluidic components sold by Swagelok Co. or Beswick
Engineering Co., for example. In the case where the feature may be a pressure 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 filler, the outer enclosure wall or the

overall fluid enclosure. A structural feature may be formed to allow space for external
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| ocal i zed stress concentrations building up at the
outer enclosure wall 202. The outer enclosure wall

wQeR7iemer i al nmay be applied to the structural PET/ACAZN07/001129

104 and allowed to penetrate the surface, creating a
bond 108 in the interface region 208. The interface

regi on 208 may becone strongel2 than the structural

filler 104, so that a failure of the 5 fluid enclosure
SSpatitse t@crledte nbdre efficpdnt blignrhiédt betwdea khd flhil @hcldfde and an
and not fromthe bond 108 found at the interface 208.
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na be used 20 as a structural mgonent for
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NG eL veen Til %ofukéé#l g ﬁ&ﬁ%gﬁ%@gﬁld? 04N valve

@:@W@CF
ext ernal device, such as a es of
t@apcmeat Gﬁ]ﬁecmb‘le beome ofadither a fuehsuppbyagy, a fuel <tei110| second valve

rgg(l)n%%? ?%%Q?tg@{: ILKJ(? &e&rﬂ)eelr I0 flgge%\él)fg péélggf gllﬁﬁpén%glhévhﬁrem each
VQK/@ coxﬁﬁ&{er Emptiies %Muéﬂ%&d@&?bl%é&' sHso1€ QHEPB'&W ﬁn&@hgrem the

by Swagel ok Co. or Besw 25 Engi neering
elxdabisi ianer|bedy keonssates witle p sealing rﬁmban te formyaxhatemal seal in each

OSSP EoreRl it ing donfridionan] Grstealrs saragpnepgsnd the

Sacohdedlve cémpdriyit ﬁﬁm&anﬁﬁﬂef—c&ﬂﬁéﬂdﬁ? bday 8t IE%PﬁefB{%Qhe %H&]ﬂal seals
as fusible trlgg) zﬁru pture di sk or diaphragm or
W B

pRendtegreatn e flpid b thrgughsibe |Cn@nd0tsagib@rdwa@s suchas a valve.
I
r el i ef{eféﬁjé)ﬁégete %g% er@é&{e&cpﬁé \%e% 'of arﬁa é% 81}0&05}18? is sHown,

ave a pre

ﬁ@atdmgtoemgleimﬁmddn&ﬁs i Tihd fiidgheloade 400 alsgmgembludes a largely
itself one or nore features 302 ma e structural
pxé%?qﬂcefgrrg actorin¢ludingacaneayg 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 external 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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shape, positioning or alignnent of the structura
filler, the outer enclosure wall or the overall fluid

wepernsuse. A structural feature may be for medp@DCabdoomo1129

space for external WD 2007/ 147260 PCT/ CA2007/001129
12 conponents or to create nore efficient alignment
bet ween the fluid enclosure ald an external device,
for exanple. Structural features may include convex

pr ot r Uké f16id, encloOite 206 n{FTRASS & Seguldd b irrép@itar shapeN FeFular shapes
fittings, bosses, snoaothed or radiused corners

may ansdnde cylingrared fsismatie.ipalyhedral Seresies tattaiedsal shapes), for
Bl S RS0 SRR Akl o
wﬁiohwd)e spacs madula,bler eme:sased fiv atithin thh a’(tenm&yvodmhg/om enclosure of an

tivated. with the er t.oo Furt her, an examl e
?ﬂﬁww feviec rIEreefr LaRss 1By A0 FhPSHRRRAS Repommotate features,

EMC&Q eRehil ﬁtﬁr%s bP A&h&0T dedidel.V Bt PornP e rd udRlibregularly
features wth a recessed area. The one or nore

fleptd pelyh@Bensyfor exhmple, arelalsdepossibleect i ng hardware, in

which the fluid 10 encl osure 300 may be coupled to an

external device, such that during

SRADBAEIbARE dvaeannecting of the fluid enclosure 300,

lTttle to no | eakage occurs. Exenplary connecting

har dwBeterigg toddGr §umpersiestivevigwpife, fluid englesvse systeny 00 is

ey AR 0 SR R POREAER s B

flolnecldsing 40arcdugied to@myexterahluddeica 5021 The vaives féaE:ure 406 and
conmponent connectabl e to_one of either a fuel ly .
gungded grrmers 40¢ of thedhpd arrlQsirs 400 maype Hidwed syahibe f 155 ifid
Eﬁ’cl&gﬁ?e @édﬁ% ?ﬁ t | REb1&s &Iak‘g roviRALY tRE eﬁer{g}z%le&evfc@SlOZ
wherei n eac ve conponent conprrses a housing and
EXhmabe df st e?dabhledelvmeélt)Z moegyhe afud] odlle hexdt putpgebattery, compressor

Bt BTG F Ao X GBRRe | g e od) BaleB i tgnglly be

&i 1 ﬂ%écﬁﬁnfé%ﬂﬁ:@tdu@lﬂ a$ asorftémae&%rwd@ﬁwo 8P&the
the 20 second val ve conponent form an

ﬁh@@m@mfwmrosl@aievm Ee,i@mpleb ef mr@bdméecptmim draviices include
%&ﬁhf‘ Cpthgggsn ﬁatgl d& %%tngs P As ergowaj‘ﬁ&é@ Parél?sbl H%tyﬁ gomputers,

conne sucC

bltéamobile pepeiis p@mbméﬁ; Vd)tﬁjﬁlt@lf acdedsbtiés] dﬁ?_ Y20) fs@n;ﬂQQdﬂoSor video
shown, \ccording to sone enbodlnents uid

elrissmpdicaglgviees frlayisians. Hensmidsrsaracav gs) lyglﬁmgéiﬁﬁlpﬁ%mcludmg
onyex

PO 504 o ek SPBRRLE, bERMBR. (3R S0 0

kbatmneuA@Z may be utilized to acconnodate an externa

val ve ressure regul ator, for exanple. The convex
f eat u;l' Qe & ag?]gea ﬁ@%@ag ppﬁgrsgc}afp@turggp 504, 506 as connectors, valves

or regulators, for example. The concave feature 402 may also provide a space for

electronic/power conditioning associated with a fuel cell power pack.
Referring to FIG. 6, a block flow diagram of a method of manufacturing 600 a
fluid enclosure is shown, according to some embodiments. An outer enclosure wall 602

may be conformably coupled 604 to a structural filler 606.

Conformably 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
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may be utilized such that the fluid encl osure 400 nmay
fit an avail abl e space, such as that provided by an

we@zioensmbo devi ce, for exanple. The convex featRPCECAXH7/001129

may al so be used to lock, latch or securely hold the
fluid enclosure 400 to or within an external device.
30 Sone structural features, 14 ke the convex feature
406, allow for the dual function of fluid storage and
eddting] iaBdt nﬁildlﬁF reedtiorst HeuRitvg, edmpressidd Mblllig) Ghede Bolding,
400. Fluid Enclosure Shape WO 2007/ 147260
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setasistmaypbcaldedd Hbeexaopiey nﬁesthm stumrak)savct\mlhlalfomed fluid

L e e RS0 SRS T RS e PRR R e s
afffisinS @xﬁﬂ@ﬁds*@ﬂf@ sezﬁinﬁ'lﬁjyeEBf‘alyQ)%LhrtﬁlnSM&EEWIQ{;Qr RAtRAS A1BMinum,

to FIG 5, a perspective view of a fluid enclosure
s9rnesgoBbor platinugh ol owtercanctiisuy wall €@mmaehbertnprised of the same

I ncI
S St SEAIBE AL 1 208, g0 e Sl ltr 606, im
offey exinteadethe bdfiBstrngth, ﬁﬂléﬂﬁiﬁFleC aheédyershddy Bé hédt®l or sintered
ﬁhw d encl osure 400 may be utilized such that the

¢hiaprliesti®hosure 400 may fit the avail abl e space
provi O I
provi gﬁlg og}él\ﬂ&é;gea 54 {d&ﬂldbxgg%t 58t ]%llgteﬁi fo ﬁé@{m el Y be
fartrted iy thecstropiues $ibler 6Qﬁ famnredoaittdihe ioater Bcloguird waﬂ 662 or formed

rth t he external ~device may addition
AR oot inelT it CLIGHIE Sob R Ebencigiete Gl sbxamples of such
BbdraPineluab ﬁ&!ﬂg@ NeSulBRYd, @a%ten@fs ﬁl@uﬁllﬂ%[ ﬂaﬁl £ o @RE GRIRE, vents,
an el ectronic devi Ge. Exanples of portable electronic
genpi Hew elamantsdlete. cel | ul ar phones, satelllte phones,
PDAs (personal digital assistants), |aptop conputers,
20 ul tranobil e personal conputers, conputer
ahidéEacosies SiARNGgbmygs, personal audi o or video
pl ayers, nedlcal devi ces, televisions, transmtters,

r ecei vavedmenghef the invetienallov for afludendeugoariluid enclosure
b8t ke ﬁﬁnﬁﬁa&ﬁ@& a¥ Eﬁ%és' nokf l%é af/ctsb.%egx%lgte@.r Aﬂ%ﬁg%bxjegdﬂy

power sources ct r
usable at large sizes, the fluid enclosure may be as thin as less than about 10mm, for

example. The fluid enclosure may have a volume of less than about 1000 cm?, less than
about 500 cm’, less than about 120 cm® ,less than about 10 cm?, less than about S cm’,
less than about 2 cm” or less than about 1 cm’, for example. A fluid enclosure system,
including an external device, may be less than about 1000 cm?, less than about 500 cm® ,
less than about 120 cm?, less than about 25 cm’, less than about 15 ¢m’ , less than about

10 cm’® or less than about 5 cm® for the total system, for example.

Storing Fluid
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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The concave feature 402 may house such features 504,
506 as connectors, valves 25 or regulators, for

we@z@mpsre0 The concave feature 402 may al so pr oRCTHEA2007/001129

space for electronic/power conditioning associated
with a fuel cell power pack. Referring to FIG 6, a
bl ock flow di agram of a net hotb of manufacturing 600 a
fluid enclosure is shown, according to sone

W%eﬂ?ﬁb@nﬁoﬁﬂn%@éomm With\a ki @L?fﬁcféﬁt’toqﬁowde % 61111(1

conformably coupled 604 to a structural filler

endloBrraraibrig Guidp] 06n § eHlidmes thearhe) sted @rmeslr@b?nm of time.
I :
g?%e? glé/ﬁtg&{/@%ﬁ & I‘Ifﬁd%ﬂ{ﬂgguﬁ‘ 98% tIIﬁ ﬂﬁId{lﬁ%(IinIé 1% e/Iﬁér releasing

ety o
sty Ryl ile DR dicloddre 72 A 2EdiEcicd Agoin with ﬂuld The fluid enclosure
PCT/ CA2007/ 001129 14 coating, inset, no

dP2 ey hereqptasted apthe flyidand sdeased o5 Tuid rwﬁrlalle%gnes The fluid
EhABs-€ Ina%Ie @bﬁ‘tgcted W"Ih%cﬁdxg And Pl 3@ relLES BR2EAt least about 3

injection nolding, vacuumftormng, sintering
elxxtelswumst aboptif@ timss mnleastrwoum}(lﬁ)rmmsg at least abrmt 500 times, at least

P Gt or RE B OB St i oot i ng i he

coupling process or using a 5 dlfferent coupling
process in order to create nultiple layers. Not only
yers of the outer enclosure wall 602

be a e ayers i als.

mmy pReKifis POU‘LE@ 8 a BlsR oS diR R R b Sy §f 2ntia

WﬁI:lbsUrS isf sfhbWﬁdaccf)Idmgjto somy endbddinyerdld. f A Ui éﬂﬂ&uwbtéﬁl% a fluid
A sealing |layer may be applied to prevent such

<§P¥ m?g. relgase804rafivd. BeleasingRP4 alor apertionaythedluid framrthe fluid

%FEI@IlIrIe g’toIﬁ% & i 1@§ d@I 4 ﬁhf?i“ }ojsgrg?ée Wl%h 191%1 goﬁ:IcInn less
at1num ou I°sstre vva

(fhmb rTlmﬂIuldfentlhmrs Mﬁng Q Iﬂuﬁd $02 mny bat:@rplai toas ekienal device,

r portL n of the structura

st t
fsv?huéﬁtu%sélm i rg?ﬂsa@go‘% th eXlemeb devies fopfiouss ardn gever the
fd@%c@ﬁ@ﬁﬂaﬁx 1 Nexdni &Y SF Bk tdPfal I?l@@iI:@ thaQ'be S ]gledgﬁ dheah]aump or

appl i Cation. TOne or more featured. ine
actrbiymrt Tl fleidenclosura mady a‘laemcuemﬂuldwﬁrgmkm exfebndl devneei coupled

th t t I I f or med th oyt er
it D8RP S Ry hsieBe St T Dhes ot il G spent
TeretrSIythﬁérﬂ raddiretd Bdrelydriad f@ltcen, @(DH;I@&H&% ¥ bny hydrocarbon
npl es of such features include fittin

Ri) hasidig, cell et e 2ormio avid el oPl s cisme b sl cel, reformed
YRS APOUE et )CaPS. Tl ow el ements, 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 about 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 fuel
reservoir. Other embodiments describe a fluid enclosure that may be used as a storage
reservoir 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
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20 Fluid Encl osure Size/ Vol une Enmbodi nents of the
i nvention allow for a fluid enclosure or fluid

wepernsuse systemto be manufactured at si zesP@DCA2007/001129

previously contenpl ated. Although readily wusable at

| arge sizes, the fluid enclosure may be as thin as

| ess than about 10mm for exdmple. The fluid

encl osure may have a vol une of |ess than about 1000

%erﬁmclﬁ%%&m&%ﬁ&a% f101a€ Plonek es‘éﬁa]ﬁt@%ﬁo&@q@!bAiaﬁ)ptop
nB8, |ess than about 10 cnB, |ess than about cnB

|cemsuner$anltramhﬂez>ees¢9almomm1§ess,mhmpuwb aeressprigsglisplays, personal

e
BRI SieRalvtls mERFHREY| S R sl eeRBers, iggine
Ubﬁﬁes&b@lklﬂm@%@tdbﬁﬁh ghth%&ﬁr flaBlslipghtd) elettrdd0 toRBoatleBschargers or
t han about 25 cnB, less than about 15 cnB, |ess, than
FBBle PaWerBTes, qreay detigncomysnionslly peed with pattericst
system for exanple. 30 Storin Fluid Referring to FIG
7, a block flow diagramof a nethod of storing 700 a
f | ui d Tihe preshtvinyengion ovillinoy Healesaited evitioitie fidliveing Aon-limiting
flui d1 encl osure 702 of the enbodi nents of WD
SHHFPEA7260 PCT/ CA2007/ 001129 15 the present
i nvention may be contacted 704 with a fluid,
sufficient to provide a fluid enclosure storing fluid
706. The fluid may then be Exammpdes for a desired anmount

%i Bfﬂi% After contacting 704 the fluid enclosure
, fluid may be released. After releasing the

fl ui d,whfegs dflastilcps fiolepmaded Qamrﬁ%b sﬁ@ﬁ&cﬁ@é&ﬁst&ﬁ@é fhaterial
with fluid. The fI id enclosure

ove frmed bjhest aad mmsu.re aindering aéaig@de@fn @I% Patemfxpplma@on Serial
PR T o U P48, T 0 SIS D o

twittedensigies fremsdboab®tit abiodlt §.5 P, indludddeatdit G%Qigftwégﬁ of Kynar
tines t |least about 500 tines ast about
1%% 2851 aa indest Waistv Endestics Pﬁ@%out parto aRenhs leg/cqewluded

PP St K5 Bl 951 0 84F] ot nsanity

dreclod slu$temd sveshoubstantal tyofreti d@urfacmmmwmeedmg about

fﬁ)ld en Iosurﬁ)§tor|ng a fluid 802 may rel ease 804 a
lﬂ“&rnﬁﬁ“@a@i 294 all or a portion of the fluid

from t lienfgorésts w%fbcitﬁéh'édeus‘fﬁgoi KS}ﬂaraEléi@ irfler®R4. A %\NI&I@ Solution
a fluid enclosure 806 which may contain less 15 f

Phebeyt 40do ebriit 89 @fle Kyn@rrEIﬁIQE 2751 wiag ugdas aegudor cmupbmg the
tcgm?)rdm%g ﬁ)rtﬂg ncqgs\{ll &CA fluid port or opening was fitted with a 2-micron filter

and a small hole (about 0.8 micron) was drilled into 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. After drying, the
remaining coating (outer enclosure 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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such that the fluid is released 804 to the externa
device for its use or to power the device, for

wez@mpireo Exanpl es of an external device may bRCECA2®I/001129

cell, heat punp or electrolyser. The fluid enclosure
may al so accept fluid froman external device coupl ed
to it, such as an electrolyset? or waste fluid from
some types of fuel cells (i.e. spent 20 electrolyte
froma direct borohydride fuel cell, CO2 produced from
any hydrocarbon fuel based fuel cell, such as a
formc acid fuel cell, direct nethanol fuel cell
g?}ﬁ nmet hanol fuel cell, etc.). After releasing

z fluid, the fluid enclosure 806 may be
cont agt pdknvdtictfomnat blackhf aTompbhits ity di®gentstrapenRaterial was formed
rel eased aga%n The releasig% and contacting gf fluid
watht pensiensqf goguiciert H3EMEOSTBY fegpereY§re Fkiysed and smoothed.

T4l S0BLS of b BropTfic WEHEREhATARApGARAGL ififerfont biind

osure may occur east about
3r115mm£<sbloak aﬂldapia‘tedabmjﬂleﬁﬂde of e prismntid ot Hbdut TI80Bree layer

coflosh bRl afutt T Shak D 130 R rpe)
Eame@l tdmhﬁ 180° ¢ ff? aB6@S®hinufed © Unk®BoSI&E GKd ﬁtﬁyﬁoﬁleﬁéﬂsheets

encl osure that may be 30 used in a portable gal vani c
&ad bpmqnﬁvh@hiydmnd@@q the stmqﬁuralsﬁléerf vl opsaing w;z}ssxutem to the

rese ment s
Aot oS Rt Bl SERILEE DG PR inbace vin
radb&iveqhdtefigll use in a device, such as in heat punps,
hydrogen conpressors or air conditioners, for
exanpl e. Sonme exanples of portable electronics for use
i tm%p}ehf fuel WO 2007/ 147260 PCT/ CA2007/001129 16
ce Include, but are not limted to, cellular phones,
sat el |A similahprigsaticHbésat blegit afpompositriiyeiragenstdrige material, as in

bl | geygers nal mgg}%n%&g{%ﬁgt@gﬂﬁg \g;ggf’%% ﬁiﬁq aggating of a

Ql@éﬂn@@& elafsﬁﬂn%‘x‘l'c?ﬁogﬂﬁer trh@ ReH gl vasSappli&F Sl V&R & at about 120° C

lighting deviceés including outdoor I|ght|n
flashlights, electronic toys, battery chargers or 5

porta sQur c ey onv, i onal
tscd ERBRR S PO e SopBT BT T T ] @ ot reader
d@ qmrckllgadcematdnhe h@tuf@ziddogi&tﬂﬂ tieoRchdidl disokbsure X anp lA®Stract is

npl es le 1 Wafers of a structural filler

ﬁ’d}a'élt'l‘efid\‘ﬁhathé Bﬁ‘ﬂﬁf&t?‘@@n& {hat ¥ yell net by e torinterpreapr limit the scope

or meaning of the claims.




were fornmed by heat and pressure sintering as detail ed
in U S Patent Application Serial No.11/379,970, with
waleov3ityizes bet ween about 5 g/cc and about 6.1 BET/CA200M@01129
wafers 15 with densities fromabout 5 to about 5.5
g/ cc included about 6% by wei ght of Kynar Flex(r)
2851 as a binder. Wafers witth densities of about 5.5
to about 6.1 g/cc included about 4% by wei ght of
Kynar Flex(r) 2851 as a bChd&vs The wafers were
substantially free of dust and were substantially
free of surface roughness features exceedi ng about 50
wHAGS O8ndd®: or 10-6m). 20 Conponents were attached
using a Kynar Flex(r) interface. A solvent solution
of about 40 to about 80 g/L Kynar Flex(r) 2751 was
1 used g | ue for connecting the conponents to the
-encld HWém BSYE FPHPHSPE: or opening was fitted with a
2-m cron Sfdditiafal if&<am smal | hol e (about 0.8 mcron)
was drilled into the wafer (about 7 microns) to
faci| it ataa oufenerrlesufe wall, sanformably eaiipladito dfe stretural filler.
encl osure. 25 Kynar Flex(r) 2851 dissolved in acetone
was applied as a coating in nultiple layers. The

2.1 1 sthelfRy®énchrtreifplaire d, Whierdinfid dticRirMHI18F contprResa metallic or
sol uti.on of about 40 g/L Kynar Flex(r) 2851 dissol ved

plastic Jatliec fRMPasie hydrogen sierags @?ﬁtmétaﬂatsé'dcttlﬁ‘é cgthoh feam,

ainted on

s8R e G R LURL o o
boveer rétrigle nanwrube borbhydride powdaepalrdiunapaitiigiag i mmlal «A

t%tal of abqyt 20 to 30 about 30 ng/cnR of coating was
co @@Hhﬂﬁ?forn1y on the wafer. After drying, the

renalnlng coating (outer enclosure wall) was about 100

to about 150 nmicrons thick. The fluid enclosure was
3.t heThsifhideenstbsarte ofiblain 1,18BerGnftlor sttt filer compuisessa coposite
}légp7/ 4%290 F CA2007/ 001129 17 Exanple 2 A
YprEENEPIEC 18 bl ock of a conposite hydrogen storage

material was formed 5 with di nensions of about 5cm X

3cn1xO 5cm corners were radiused and snoothed. Two

4. shedihs fl3id gnsloppreo plaim 8, weereinftlasr epmeposiita Iy dzqgen storagameaterial
co{;il:p ggsdlrgg{ ]fl&?he pr! smat! c bl ock and pl aced on

er Si prismatic format bl ock. The three
| ayer structure was then isostatically pressed at

abo (1. 03MPa _or_ about 1MPa) and heated to

>- abo tﬁh ]1‘%51 %406\“6&8 6igim éowmrﬁatﬂéf‘sm@hl&é fillgrotomprisesrelattice
ln@mmﬂ §@@glene sheets 10 had been confornmably bonded to

the Structural filler. An opening was cut in to the

6. The fluid enclosure of claim 5, wherein the pores support an occluding/desorbing

material.

7. The fluid enclosure of any one of claims 1-6, further comprising an

occluding/desorbing material.

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

9. The fluid enclosure of any one of claims 1, 7 or 8, wherein the structural filler

comprises occluding/desorbing material.



conformably fornmed enclosure wall, and a gas fitting
inserted and held in place with adhesive material.

wEx@mpse6eB 15 A similar prismatic format bl ockP@Ff/CA2007/001129
conposite hydrogen storage naterial, as in Exanple 2,
was formed. RTV Silicone (Doerbrnlng) was applied as
a coating of a thernoset ell8stomeric polynmer. The
coating was applied and cured at about 120 C. The
Abstract is provided to conply with 37 CF.R 1.72(b)
to 0 he reader 20 to urckly ascertain the

10hat 3’#‘1& enFlospiredyt apyeng Rlckime ) 7 6 arheisin e stryural filler

aﬁﬁg&&@ghamqn@ﬁgpnrtted wi th the understanding that it

not be used to interpret or Iimt the scope or

neanlng of the clainms. WO 2007/ 147260

PCT/ 07/ 001129 . 18 CL clained is
1F g1 HRGR BpUe °c,f8Pr%Pi’%‘iﬁ‘rf fms {118, fisetidioreineadiatizisy
an outer enclosure wall, conformably coupled to the
structural filler. 2. The fluid enclosure of claim1,
12ph er Brerfluith enchesurecaf apy png off dlaims d orp furberscomprisinglal methane
tic lattice, conposite hydrogen storage material,
nano- structured carbon foam aerogel, zeolite,
silica, alum na, graphite, activated carbon,
m cro-ceram ¢, nano-ceranmc, boron nitride nanot ube,

Bpor oHiFdiuidiencleseest anp ang elcrlaims dolds wherewgherstrusturalfillsy
o HIUNALBRSS REBHh thidkneH bl uRMiL @SR GuR! claim

erein e structu rlses a conposite
hydrogen storage naterial. 4. The f|UId encl osure of

1t edpoid BTy SRb i dripa P (e g e
Coﬁﬁﬁk&%ﬁ(ﬁ-@ﬁfoﬁhﬂl&&ss ﬂ‘iﬁﬁﬁﬁédﬂ i Mid bty &l Tiller

conprises a lattice including pores. 6. The fluid
encl osure of claimb5, wherein the pores support an

150¢¢ | ﬁidel f{]u% gnec oos{lr%l oq”%ny (r)rrllaet S§F cllagrln's 1-14, wherein the outer enclosure wall

comprises a polymer.

cl

16. The fluid enclosure of any one of claims 1-15, wherein the outer enclosure wall
comprises polypropylene, vinylidiene fluoride hexafluoropropylene copolymer,
polyethylene, polyvinylidene fluoride (PVDF), hexaflouropropylene vinylidene fluoride
copolymer, cross-linked copolymers, polytetrafluoroethylene (PTFE), perfluoro alkoxy
(PFA), polyimides, polyamides, poly ether ether ketone (PEEK), polyetherimide (e. g.,

Ultem™), thermoplastic polymers (for example, NylonTM) or combinations thereof.

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

comprises vinylidiene fluoride hexafluoropropylene copolymer.

18.  The fluid enclosure of any one of claims 1-17, wherein the outer enclosure wall

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

19.  The fluid enclosure of any one of claims 1-18, wherein the outer enclosure wall

comprises multiple layers.



7. The fluid enclosure of any one of clains 1-6,

further conprising an occl udi ng/desorbing materi al.
W@200The7260 ui d encl osure of any one of clai ns 1P@T/CA2007/001129

further conprising a netal hydride. 9. The fluid

encl osure of any one of clainms 1, 7 or 8, wherein the

structural filler conprises?foccl udi ng/ desorbi ng

material. WO 2007/147260 PCT/ CA2007/001129 19 10. The

fluid enclosure of any one of clains 1, 7 or 8,

wherein the structural filler _ conpri net a
2y dr The fluidenclpserepf elaanéﬁcwb%reméh%fnugﬂﬁ e BErsare gamiisgd of the
sﬁn& at B ther conprising a clathrate. 12. The fluid

enc osure of any one of clains 1-11, further

conprising a nethane «clathrate. 13. The fluid

encl gsur e of ny 0 e of cl wher

28t r uﬁa flyid ancfostre of apngns of B dAE viree Mot Sglosore wal
Hﬁ tﬁl@ﬁ%ggpl%s thieatidud B@O@ﬁ%r&%ur e. 14. The

urd c osure of any one of clainms 1-12, wherein the

structural filler conprises a non- unlforn1th|ckness

hro ut the fluid enclo re 1 The .fl.u

2ot GO e tpayreditang PR PGS 70, WHkteip di M srmelgpuge wall
h&d&l a&wg% tM¥@kress 6préﬁ>srﬂh§@§bauwsd)wmrmnsle The fluid

encl osure of any one of clains 1-15, wherein the outer
encl osure wal | conprlses pol ypr opyl ene, vinylidiene

| uord d
2ol yUERgEERIsHE G 8HT BORARRPE Y Ffercin B dfCn bhcfRtre wal
s mya\ree@géahﬂ‘ckmm bﬂEss thapabourso( nderoas- | i nked

copol ynmers, pol ytetrafluoroethylene (PTFE), perfluoro
al koxy (PFA), polyimdes, polyam des, poly ether

ZQt herrk %@c{]&lcﬁ(g f’ang %kl? 6F &%ﬁs”i ?@ \(Il?ergn ’the Mt&eéﬁ%%ure wall

thernopl astic or exanple
hapabaveaigechekndse pémss thafl AbouF 360 imicriods. encl os u re of any
one of clains 1-15, wherein the outer enclosure wal
conprises vinylidiene fluoride hexafl uoropropyl ene

260 POIPHEETid é&‘losﬁfheoff ?'oﬂe 8n6elaRsdT-20 0k hétBixi tRE6utef enclosure wall
clains 1-17, wherein fhe outer encl osure wal |

hes apevasegs thiskness of lesnthen iaboutd§0micioasst a portion of
the structural filler. 19. The fluid enclosure of any
one of clains 1-18, wherein the outer encl osure wall

260 NPITtedRidehdosukeot Ayms of claims 1-20, wherein the outer enclosure wall

has an average thickness of less than about 10 microns.

27.  The fluid enclosure of any one of claims 1-20, wherein the outer enclosure wall

has an average thickness of less than about 1 micron.

28.  The fluid enclosure of any one of claims 1-27, further comprising one or more

features, positioned within the outer enclosure wall.

29. The fluid enclosure of claim 28, 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.



WD 2007/ 147260 PCT/ CA2007/ 001129 20 20. The fluid

encl osure of claim 19, wherein the nultiple |layers are
weowpnized of the sane material. 21. The fl ui BCT/CA2007/001129

encl osure of any one of clains 1-20, wherein the outer

encl osure wal | has an average thickness of |ess than
about 5000 microns. 22. The #luid encl osure of any one
of clains 1-20, wherein the outer enclosure wall has

3@N avks Age ehdlosikanemyohe bedsintsHazo, dilndther cdbising @reonsore
23. The fluid enclosure of any one of clains 1-20,
stigcBrdifeatise outer enclosure wall has an aver age

t hi ckness of |ess than about 500 m crons. 24. The

fluid enclosure of any one of clains 1-20, wherein the
3hut eThefleid@esdogirevad dlaimidl whareatbe ageorttore lstnecserabfeatuges gre
eghan bouéP 300 r¥ rons. 25.. TR@"‘“ ui tencIaO@ltJ,re aoé any,
SOTRCAHFOR i SHRUP AP OSHR P RIHINE HEN BT AP BT DEUPE el
rddass, 2Paded 3aRet, RicokNESSToRhsibeaE dohdinalaythetddd

m crons. 26. The fluid enclosure of any one of clains

1-20, wherein the outer enclosure wall has an average
hi cknesgs. .of | b ' i.d
AR T R e s S

cENFiRS Hicenoaad feced8as an average thi ckness of |ess than
about 1 mcron. 28. The fluid encl osure of any one of
clainms 1-27, further conprising one or nore features,

3?.05i g.hg AGH AbHHL ]pf %ﬁ “ﬂlléI'egrgt’h@ \%&é 8546 sWabthral ?e%ture-gr@mprises a

| ui d enclosure o alm ereln the one or nore
chmak presismne sel ected fromthe group of a valve, a
regul ator, a vent, a cap, a pressure relief device, a
flow elenment and conbi nati ons thereof. WO 2007/ 147260

3RCT/ GARGQid ARbLER of #ly c33-of Tfnd 1-U8 FulRG|comPHEn®A flafdyin contact

one of clains 1-29, further conprising one or nore
wdthrthe stouctiralffdigr.ur es. 31. The fluid enclosure of claim
30, wherein the one or nore structural features are
selected fromthe group of a boss, a nounting flange,

38. f aghem@ld endlobirtbf 6lgim 34,GaHeed the kb &SSprisas 4 gadi alBqebfied gas,

corner, a convex protrusion and conbi nations thereof.
a liquid or a combination thereof.

36.  The fluid enclosure of claim 34, wherein the fluid comprises a gas.

37.  The fluid enclosure of any one of claims 1-36, wherein the fluid enclosure

comprises a cylindrical shape, a prismatic shape or a polyhedral shape.

38.  The fluid enclosure of any one of claims 1-36, wherein the fluid enclosure

comprises a tetrahedral shape.

39.  The fluid enclosure of any one of claims 1-36, wherein the fluid enclosure

comprises an irregular shape, adapted to substantially fit an allotted space.

40.  The fluid enclosure of any one of claims 1-39, further comprising one or more

sealing layers, conformably coupled to the outer enclosure wall.



32. The fluid enclosure of claim31, wherein the one
or nore structural features conprises a concave
WO e@ed$72683. The fluid encl osure of 31, wherei PCT/O8200M@01129
or nore structural features conprises a convex
protrusion. 34. The fluid enclosure of any one of
clains 1-33, further conpri® ng a fluid, in contact
with the structural filler. 35. The fluid encl osure of
41. C| airhe Bdid eniﬁbsmiermf aheoifd off daiaerip40, feshed cg@aprisiag one or more
yefled aliquid or a coq&h ation thereof. 36.
Se&hﬁé T EOBAEHDLN A foIthe fiugralifistei n the 1 uid
conprises a gas. 37. The fluid enclosure of any one of
clainms 1-36, wherein the fluid enclosure conprises a
42cy| Thdflugkénckivapef any pné shasine 4Avagd, whergingbe phedrmbre

éihagl 38. The fI IF Fnclosure of any one of clains
Seajng &y THEMAR® A1 ®encl osure conprises a
tetrahedral shape. 39. The fluid enclosure of any one

of clains 1-36, wherein the fluid enclosure conprises
43an iIbe 8gid faxcl@mmf any gapeedaims Dotk therdimtheypn jor mgre sealing

1af“§&¥t e SR%SH lagpe fluid enclosure of any one of
P E ‘%ery

conprising one or nore sealing
Iayers confornably coupled to the outer enclosure
WD 2007/ 147260 PCT/ CA2007/ 001129 = 22 41. The

44f | u.Tae élmd Fstnserestt gk pneakclamscl-3.reherein the flyid epglpsure

conf or mabl y
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encl osure of any one of clains 40 or 41, wherein the
one
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ﬁée%'anvo‘hhﬁe OfRssOthad B dut 36%{11516Qenthﬁ‘ét€1fs3 conprise an
a um num | ayer. 44. The fluid enclosure of any one of

clainms 1-43, wherein the fluid enclosure conprlses a

| han ab 1,000
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compfsdslawolufe 6f RS Mhen alsBIcubR T cAtimeterse of | ess than

about 10 cubic centineters. 46. The fluid encl osure of
any one of clainms 1-43, wherein the fluid enclosure

47.  The fluid enclosure of any one of claims 1-43, wherein the fluid enclosure

comprises a volume of less than about 2 cubic centimeters.

48. The fluid enclosure of any one of claims 1-43, wherein the fluid enclosure

comprises a volume of less than about 1 cubic centimeter.

49. A method of manufacturing a fluid enclosure, the method comprising:

conformably coupling an outer enclosure wall to a structural filler.

50.  The method of claim 49, further comprising before conformably coupling,

coupling one or more features to the structural filler or the outer enclosure wall.

51.  The method of any one of claims 49 or 50, further comprising after conformably

coupling, coupling one or more features to the structural filler, the outer enclosure wall or
both.



conprises a volune of |ess than about 5 cubic

centineters. 47. The fluid encl osure of any one of
w@b@i7ive7286 43, wherein the fluid enclosure conpCT/€8%00a/001129

vol ume of |ess than about 2 cubic centineters. 48. The

fluid enclosure of any one of clains 1-43, wherein the

fluid encl osure conprises & volunme of |ess than about

| cubic centineter. 49. A nethod of manufacturing a

fluid enclosure, the nethod conprising: conformably
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or nore features to the structural ‘filler or the outer
moddiog,cdestrostand Heposition;Témmpressiodmoldiregn framsier rodldmigainestian

. 50, further conprjsing after confor ly .coupling, .
maldjpg; heosHidtsParPaldas Varie sy Suferde graion, pilitusion,
theninbfd®hmingd DEcuRH Wer—%ﬁ&hiﬁg%kﬁvd’é@ kbatPlz, sd@idh caW¥hg or combinations
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thezgpf. one of clai ns 49-51, wherein conformably coupling
the outer enclosure wall to the structural filler
i ncl udes spraying, painting, dip coating, inset
5310l dihB ghettRdf bhipoieadficlaitle pO-Sil | wikdtein Compiresbdy eupling the outer
nmol di n transfer nplding, injection nolding,
en¢lpareyalbto the staciyrel fillep mlq s dip 03t f or ni ng,
sintering, extrusion, pultrusion, thernoform ng,
vacuum over - nol di ng, powder coating, solution casting
54or dhwimettaidiodasy onchefrctridis 4933, fttherrvetipasing fftarvpnionealdy
cl ai 49-5 1, wherein ﬁonfornably coupling the outer
counliaoCOPBERAF P P8 KR Y ural filler includes dip
coating. 54. The nethod of any one of clains 49-53,
further conprising after conformably coupling,
55f or nihagnethoe adiclagm 58, ehéricogprising befors®uplitg: forgigehewf more
Iaén150, further conprising before coupling, formng
‘or nore features. 56. A nethod of storing a
fluid, the nethod conprising: contacting a fluid
encl osure with a fluid, sufficient to provide a fluid
S6enclfoBigthed of spripga Buid) the method<cpmIPAsinge 1 uid encl osure

CONPri S€%ontacting a fluid enclosure with a fluid, sufficient to provide a fluid

fea)

enclosure storing a fluid,
wherein the fluid enclosure comprises:
a structural filler; and

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

57.  The method of claim 56, further comprising after contacting, releasing the fluid

from the fluid enclosure.

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

and releasing the fluid multiple times.

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

and releasing the fluid at least about 3 times.



a structural filler; and an outer enclosure wall,

conformably coupled to the structural filler. 57. The
woredonodr2ed cl ai m 56, further conprising after PCT/CA2007/001129

contacting, releasing the fluid fromthe fluid

encl osure. 58. The nethod of claim57, further

comprising after rel easing the fluid, contacting and

releasing the fluid nultiple tines. 59. The nethod of

claimb57, further conprising after releasing the

oo e SERSE i STORFE PoTRGS PN SIS NE Tk Soecting
an8 Peleabitg tl'i@ﬂ\h@gt l%st Ghctit BY fithes.f Ur t her conprising after

rel easing the fluid, contacting and releasing the
fI ui d at | east about 50 tines. 61. The nethod of claim
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anfl irdlBRinge ﬂﬁb@tl@ﬁtbﬁ&t@%ﬁh@t m 57, further conprising
after releasing the fluid, contacting and releasing
the fluid at |least 500 tinmes. 63. The nethod of claim
57, r [ I -
62C on t’[‘;lll% t&é&ﬁ&d &%gﬂ% gl%égﬁgth%f &b &%ﬁgﬂ 1%% %J;g thb ﬂldL ?ntactmg
and@éléhstﬂgﬁbﬁﬂuﬁétleﬂ'dﬂéO@rﬁhh@d of clai m57, further
conprising after releasing the fluid, contacting and
releasing the fluid at |east about 10,000 tines. 65. A
63Met hﬂ‘@rﬂéthd@éﬂ’b@alﬂ 7! Me%;ﬂﬁ %%ﬂext 13RadlRS ﬁl@‘ﬁmd contacting
conprising: releasing [uid Troma fluid enclosure,
andimeleasing thhﬂulﬂlauleabteh@itdgﬁlﬁmncs;n”pr| ses: a structural
filler; and an outer enclosure wall, conformably
coupled to the structural filler. 66. The method of

64c! ai TReGRethd 6t dMi S70fRtheSdonepring@ifief Rlcadfs e fluid, contacting
contacting the fluid enclosure with a fluid. 67. The

anghwelpasingdhe Bridiatdeas abeus 11989 timsdpri si ng after

contacting the fluid enclosure,

65. A method of using a fluid enclosure, the method comprising:
releasing a fluid from a fluid enclosure,
wherein the fluid enclosure comprises:
a structural filler; and
an outer enclosure wall, conformably coupled to the structural
filler.

66.  The method of claim 65, further comprising after releasing, contacting the fluid

enclosure with a fluid.

67.  The method of claim 66, further comprising after contacting the fluid enclosure,

releasing and contacting the fluid enclosure multiple times.

68.  The method of claim 66, further comprising after contacting the fluid enclosure,

releasing and contacting the fluid enclosure at least about 3 times.



rel easing and contacting the fluid enclosure nmultiple

tinmes. 68. The nethod of claim66, further conprising
w@tdoen4romt acti ng the fluid enclosure, rel easP@mCand7/001129

contacting the fluid enclosure at |east about 3 tines.
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claim 66, further conprising after contacting the

fluid enclosure, releasing and contacting the fluid
69enciThs meehodtof Ickaim 66,aﬂmhld:r cbhptising sfter MOntadting thefltidgndbsure,

claim6, furt rls after tacting the
relggsijgqn ﬁB‘P%@lﬁ’ﬂ he iyid e “FFgﬂé‘F?at 2BHt Py the fluid
encl osure at | east about 300 times. 71. The nmethod of
claim66, further conprising after contacting the
70 | uiTde eretodaiclim 66 b compeisig efertcantatting théiBuidien¢lgsure,

encl osyre .at S The net hod of
relgp g son gt twl Athured R u IR o7t ne

fluid enclosure, releasing and contacting the fluid

encl osure at | east about 1000 tines. 73. The nethod of
71| ailheasthad aficken 66 ohersongrising aftercontaging the fliidenclosure,

relézj.is danﬂ%!mtg?hl\g%e tt'hfuﬁ leﬁﬁ?&?%atggagt :&:%G{ ﬁﬁ)tt the fluid

&Sure a eas "A fluid
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devj ce, cou
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con upled to the structural filler. 75. The

f|UId enclosure systemof claim74, wherein the

ext devi .C ises a_fuel hea unp, a
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external device conprises a fuel cell. 77. The fluid

encl osure system of claim 76, wherein the fuel cell is
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a fluid enclosure; and
an external device, coupled to the fuel enclosure;
wherein the fluid enclosure comprises:
a structural filler; and
an outer enclosure wall, conformably coupled to the structural
filler.

75. The fluid enclosure system of claim 74, wherein the external device comprises a

fuel cell, a heat pump, a hydrogen compressor or an air conditioner.

76.  The fluid enclosure system of claim 74, wherein the external device comprises a
fuel cell.

77. The fluid enclosure system of claim 76, wherein the fuel cell is further coupled to

an electronic device.



78. The fluid enclosure systemof claim77, wherein

the electronic device conprises a cellular phone,
wa@anoelihizee phone, PDA, | aptop conputer, ultra pobiCA2007/001129

personal conputer, conputer accessory, display,

personal audi o or video player, nedical device,

television, transmtter, réteiver, |ighting device,

flashlight, battery charger, portable power source, or
78¢el eclthediderctygure §9stent D€ clainu 77 vehivedin Herebectysit daviod comiptises a

one of clains 74-78, wherein the fluid _enclosure

cellylat phope satsHite phong, RIYAaRtop pomprier, pliganabils persqns gomputer,

coff e o LB RFLE eyl aliE o (e pR06 EUAR YR on,

tranymittenresiver, lightingxdevak Uitashloght | lmgerytchangeq parteble R Bver sdmirce, or
centineters. 81. The fluid enclosure system of any

elegffaniSfo% | aj ms 74-78, wherein the fluid enclosure
system conprises a volune of |ess than about 25 cubic
centinmeters. 82. The fluid enclosure system of any

79%ne Tafe fblid praiospze SHgtenwhkanyi anetof elaits V478 ewledreigihefluid
system conprises. . a vol u f ss, th bqut 15 cubic

T e A g ST U e
one of clainms 74-78, wherein the fluid enclosure
system conprises a volune of |ess than about 10 cubic

80 ent Theefluid snclogue systean of anycpred el é4-d§svhareipithaflyid
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systent conpri ses a volune O ess an about cupli C
centineters.

81.  The fluid enclosure system of any one of claims 74-78, wherein the fluid

enclosure system comprises a volume of less than about 25 cubic centimeters.

82.  The fluid enclosure system of any one of claims 74-78, wherein the fluid

enclosure system comprises a volume of less than about 15 cubic centimeters.

83.  The fluid enclosure system of any one of claims 74-78, wherein the fluid

enclosure system comprises a volume of less than about 10 cubic centimeters.

84.  The fluid enclosure system of any one of claims 74-78, wherein the fluid

enclosure system comprises a volume of less than about 5 cubic centimeters.



