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- WO 20041052507 PCT/ US2003/ 038437 GAS STORAGE AND

DI SPENSI NG SYSTEM W TH MONOLI THI C  CARBON ADSORBENT
FI ELD OF THE I NVENTION 5 [0001] The present invention
rel ates generally to gas storage and di spensing
systenms, and particularly to systems of such type
util nolithic carbon sorbent as a gas stora
‘*’&"Q‘&%@l PTI ON OF THE RELATED ART [008" TORHRs/03 s
phyS|caI adsor bent - based gas storage and di spensing
system di sclosed in Tomet at U S. Patent 5,518, 528
has r &AS STOBAIGI: ANDNBISPENSING $ESTEM, WS THMPNOLITHHE
of hazardous gases i em.canduct or i ndustry.
The system i ncl udes gcééggﬁfﬁﬂgFﬁﬁ g' a physi ca
adsor bent nedi um such as nol ecul ar sieve or activated
carbon, having sorptive affinity for the gas that is

to bﬁmgmm_el ectively di spensed fromthe
VeSS fhoy They8as ﬂv&n&ﬁexj‘:lgea dég ﬂl:aii&etovgé %tngagel Ha %Qpe&gg’ gﬁgﬁsd and
state on . systemsofsueh ’h% mguucsg ressure

rel afTve 10 A corres P gt aﬁ%ﬁfﬁ“’”@e@?@?
hol di ng an eqU| vaI ent am)unt of gas in the "free"
(uunafEBINEH DB SATEDARY By such reduced pressure
st or pgﬂ; meipeysﬁﬁm&rbem@&ed @@a@@& and Ui RAE syl dictlosel @NSinNal,

Oper ﬁfs' Iggnt |5§18 SWJ&?@HEO@d ltb\é ﬂngqglrmﬂéﬁeg pl)ﬁalx@gsg ’ essous Fases in

ak Ve ow [ a .
glgs e f"%‘”f”ﬁ‘@” i ﬁ‘e < vl Mesel holdog p PlyRce ssoggont mediumn
convErt e Byl pipvg br apivated sathom hayingsomtive affinjer for it daribhbis to be stored in
Fur t fne gejectivéledispbn@d/friili S R4441.CTHO pee s atld 10 e dssell 1@ adsorbed state on the
ads oLpeRkeRASEEY, ﬁésﬁme!a&e ﬁ:sa%&?ﬁép@ntdﬁgeniﬂyt(& soﬁaerlt)cwg?tsi holding an

I|keI|h od of such events, since

r educed ptrmé’%“stﬁ?%sreducesmﬂgf?g’eaagf &ss and wear on system

conponents 20 such as valves, flow controllers,

cl6 uple9oalg By, sujhaédpredspresmte @tpraqw@@ﬁ@ df fhe gy sthraga ehsiclisizashit ofpats 6

gas sbsQitagamadned, the RENEkaROvis skt & Bvery INEraWRF deteRTf gas into the

Capa&ﬂb&ﬁ{ ergrironhga? rel t§£ &3 enh@zgﬁﬁéh% I mc%vliﬁdelanFurmcr,
capacl'ty

oper at | n const r aC| t

oY PSR i Mo BESISTBP st A oy Bt ot
s or bk et'ieftﬁﬁ’%h B wdiecd Prottryreduges e sioy eef Yo onpystent fpmponents
S0r bedhtas vale,diow panfradiers, wB@ings, fdivgs, aOr Ki Nng capacity is a
function of the storage pressure of the gas in t he

sor b@ﬁﬁ] @@ucﬁﬁm%%%s%ﬁ ,;P.Q% ﬁ%ﬁué@ s%ﬁ%% e wor cdpacl NGt the

t he ens] ng condi t1 on

di s ﬁ‘lj""f:?f‘té‘?%‘lf}’i‘ B *hPerihe oty B@a'f’@ascapw mss 3
di f f@t ean by stpred (“adgdbeh thegorhifupditm ahd doerpivélormpovedfcbm such sorbent
t enpegiah B Ge. | TR GGng OactaS aHoh ‘dﬁmS!h@ée@ﬁ@m%f@m gas in the sorbent

di SRERSH. Ebgmﬁ&gﬂgtg gtbrgga sessew;]%nmet cosiaﬁ‘usép wﬁé 2004 gaggegg
i s d% ed as

B PP e AL VBT 4 e . b,
i nvatmpErpiege lsvgls Il prpretiveriterase and digpenying dorditionsyreii therwil desorption of gas
s hapeysedo hodipbnying 1@fB), Sddae tgé S eiaktidrioDiBe soB@EmedB itself (e.g.,

tor tuwelsh%aﬁchogmsm@s ShoerP BER: RASHBY GRbsity, W20 4R ER0 g

PCT 1L US2

torfuost mterlor pore passages)
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‘vol une cont

- [ 00051 The art is continually seeking inprovenent in

wor ki ng capacity of the physical adsorbent- based gas
storage and di spensi ng system SUMVARY OF THE

| NVENTI ON [ 00061 The present invention relates to
physi cal adsorbent-based gas storage and di spensing 5
sysgﬁﬂﬁu_ggﬁ.to an i nproved working capacity syshE&ms
such type 00071 I n one aspect, the present ‘I nvention
relates to a fluid storage and di spensi ng appar at us,

CONPI[hds) Nehe ¢ i Lo%nﬁgﬂysste%é%mﬁglgnt g'ﬁx@ﬁ%&ﬁaﬁg uyrgg'l;ﬁ%cal adsorbent-
haVlr!)gse‘?&séna%an&(Pr vol Urre wherein the 1 nterior
a

ns a mﬁ?§ﬁcal adsor bent sorptively
retalnlng a fluid thereon and fromwhich the fluidis
AEVIARY OF T ¥ fromthe vessel, and a

di s pE!ll)Stf] MMe JBSH rmrbxﬁoncﬂhtm 6 Phylitsl bLGLNBSSE fsi@z%ge]agd dispensing
di §PeRRInY tha SR ALBRAwdlitl-fedd S PG GESE! . Wherein the

physi cal "adsorbent conprises a monolTthic carbon
phyS|caI adsorbent that is characterized by at |east
one 1YY i oregrRethiPe PSR aTeatien wietpsdp p fwd stragy and djspepsing apparatus,
densictuprispgaslyidsidrdeand dspwingeesghiviag an B @Gornlimg wasUtheinterfor
650 tvalimmeichieins & hysgl @BIRA: sdrplivdly retAH3 a G RBeoRdnS frdXEOWHRE tho fuid is

li t elgestbabR @S Qfsﬁgﬁlﬂé fron( Qé ve?stel s!n@ Q%&pcx%ﬂg/ eﬁnfylg\érﬁ@% 1Jo tha vessel for

P& © ing desorbed 3 e e

ooy o Qe s Sl RS, ol b ottt » g
to abBuE P‘@S‘W‘Z"Sﬂ%ﬁﬁw @wferafﬁbbyaﬁtleaﬁt eng st the fefforgigfchapapferistis:
overall porosity conprising mcropores of dianmeter <2
nanonet @rasl a6 nfered i WsidkaR 85°C 1@ paBek d1Ys0RM 1B ¥ Shosier than

and opt i QpAkam@GEd: ptenperature(s) below
1000C, aﬂihaV|ng§g&gH$1£%enS|ty of from about 0.80

to about 2.0 granms per cubic centinmeter. 100081
Anot her®g6lpeél” Fpverheoropip ofsnid 3deprbent edmpnising slit-thapad nowss Yaeiek agipe
f & ng d smomebf o aboundls Draben 72fredomddd), dis & ldefd 28 GBtEe overall

storage aéinttbSPeRliRgorS ¥AkiEm: <5 finbluiRIAPd conpri sing

nol di ng a pyrolyzable naterlal into a nonolithic

shape; % ﬁro#¥8%ng the rolyzable material und
pyrolyéfgm%% Yo Pyl d?ﬁ’ ﬁmﬁﬂﬁﬁWP?ﬁ?@“ﬁH§BYﬂ@ﬁF
that is eqﬂia%vaat@kud@efaoﬂsrymwputpwsm@mmmrhémfce@we@w ng
characteristics: (a) a fill density neasured for

ar si pevsg ﬁ&ﬂﬁluﬁ&@ﬂﬁ@ﬂn@&@é&' (A ngﬁmcﬁ,'i @mﬁ,@g& Iﬁotmmcla&omm for

e e er of
adopfent iy il At Rtttk oty e
sai ™8 dsBPETHt @3 PEriTEe éﬁewé'm'gﬁ%@a P Dpralysisnegnditions
si zeprodugingae manpljtbic @fisorbani fptaly Gbkraci@iz@l 10 ataledu tneOof 7le following

nanodimicefisiesand at | east 20% of the overall porosity
conpri si ng nicropores of dianmeter < 2 nanoneters; and

2 WO 2&?4%&)& Sﬁg [ US2003/ O 3437 ‘%?Ea bul k denS| t%

of from e {5 gt & gty 0 fogdhatis greater th

d%ntinet@??mﬁﬁ@W@Wﬁmﬂﬁémﬁﬂm

© . (b) atleast 30% of overall porosity of said adsorbent comprising slit-shaped pores having a size
‘in a range of from about 0.3 to about 0,72 nanometer, and at least 20% of the overall
porosity comprising micropores of diameter < 2 nanometers; and
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- af orenmenti oned pyrolysis conditions conprise

t enper ature bel ow 1000C. [0009] A further aspect of

the invention relates to a method of storing and

di spensing a gas, conprising: fabricating a gas
storage and di spensi ng vessel; disposing a physica
adsqrdRMosisty the 5 vessel having sorptive abtigdsloasass
for said gas; charging said gas to said vessel for
adsorption on the physical adsorbent; seating the
vessel Wk bBulladeisBy 8ol @RE 080 RtaBhuiU.0Gand Per dtkcUbaliRddr Svherein the

val ve, t QrReldR 8oyl REoRRYS Loftle ARRQLR Gy 15904, adsor bed

gas, and iIsolate sane from an exterior environment of
the vessel; desorbing the adsorbed’'gas fromthe

physi A7 4 Ghr patst of DorfRyenien elaitsith g methrd of stprie padstispengjog o gas,
i N tooepriging: (ericktiomtigas stawef dnddisperaing Yerselnishdsiag a/mssive |adserbrt in the
t hs ougdel hdving svepkiveatriailyl f@ saiBdadf ChargihPid @S0 Sid SRQNSH 43@iptichQn the
wher eﬂhﬂic;;l Qcﬁorﬁ é&ﬁﬁ@dm \@sgégiﬁxba%;e Head cgngﬂ[n?&t Slhdpif dalv}gxo Qlt:lose

| east, one. of .the foll qw ng character)jstics:, (a) a fill
o TS AP i posSiL PR R gt i e o e
650 tY6¥9s deseibipe thegdsprped e Biom therphiice affertpoirapg paiaipedie acralgily valve in
| i t erteohlvea@sion Bentss fifible atsel laglaBtusB0/bcodtablpwalveafot gas dispensing;
PQf OSinbriin O phfsfiin disELR R ARz BF Pledsohd @ thétoliolving BARREstics:

pores having a size in a range of fromabout 0.3 to
about 0, 72 nanoneter, and at | east 20% of _the averall
15_por ol {1 EERPHEPHE L FOpaT B gttt Snsed 7 03 Bl e
nanonet er48? e gsite@yr lilgr ofadoenensi ty of from about 0. 80
to about 2.0 granms per cubic centineter, wherein said

pyr Ol ySitfat BRI1U% bf 0B pGABIE dafl BsdrRBREHALiNS k18 s Futds IEHDGize
[0010] Oyhe sopﬁ&aamtfogmsuﬁjmdﬂm@@mgwmtﬁf%mw@mn

present invention wi|l be nore fu . arent from

t e ensuiPAG aCREBE T @R i e fdey ‘Ef‘frsag‘ﬁ's 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS [0011] Figure 1 is a graph
of wei ga tiufk degsiyrvg fraf abpin 0P ibove 2.0 BiBY peacibio cebiipeitep @herein said
liter of GakdRQmditiascomprsd hehiORIQfcopEessure level, in
torr, for a Kureha 578-66-6 bead activated carbon
(data points marked by soljd diapond rrarkersv%% a
TakadTh S apterets ersrey 3¢ bt i ot B eR bl pRBfLY
poi ntasparentfgritbeckndipe disgbsmgand eppsaded cleims ker s) , and car bon
formed from pol yvinylidene chloride polynmer (Saran 25

{or DRNIPORGRETION o B BrRRIRLE TRTKSD DY oben
H) Heu 5 Gk B P L Pty i oA of b, s o

vol ume;

]

 ads ofBesien Ghessint levsk in 9t fore Kprthe 78-66: bead fefiated qadbep (@ points marked

pr es syikdid bl mardicdas),t aorarmhirfogﬂrBFamM peirelath 18vae6 _cﬁbob @d poits
acti yakady ol QS&E& ka8 And RO Red TR ‘ﬁﬁﬁ;mbﬁﬁeré ohdee HiyAdedsn

' Kk d f f 1 pal l'id
OH oft e FaTyfanaeay By b HRRE R oo ) (dat a

poi nts marked by open triangular nmarkers). 3

REPL NCENExf: Sl ETh o0 Ra}, inFulgnesim@erp, of asing (hibidradsiriepd per liter of

r epr esnn bod fueBonQf prasufellend, a9, 30 d Kdeial sYR5) be Sdtieed carbon (data

uti| i:&rltsr]:%rk@d by solid diamond markers) and carbon formed from polyvinylidene chloride polymer
{Saran A, Dow Chemical Co.}(data points marked by open triangular markers}.
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nonol i thic sorbent, according to one enbodi nent of the

invention. [0014] Fi gur @EdLAckvanpsasgrecti ve view of a
rectangul ar parall el epi ped fluid storage and

di spensing 5 vessel utilizing a nonolithic sorbent,

@omrﬁgﬁt@ 1Gs anﬁhé’iﬂtxc aafmesénm oDfa italil&gepﬁmﬁdéltvery system utilizing a
i nvent.i o L 5 Fl E S ? g of adsor bed

TRenafic sqriypntpog pdppRtef th 98BF3) adsor bed

per liter of carbon as a function of pressure |evel,

intorr, for a Kureha 578-66-6 bead a t vat

VOB e s PR G0 § GFUPERE F TR Qi e dispensing
CaasdD ailiAramaofithR PPl Yavtodihg denehea kindbsdisient bOthp pleyameimvention.
(Saran A, Dow Chem cal Co.)(data points nmarked by

solid square markers). DETAI LED DESCRI PTI ON OF THE

I:)Nl'ﬁ’\ﬁ-ﬂg% 5 SNRripREF BRG] BAVBEDIMEMES of bbioREuorille (BF;) adsorbed per

016] .The present nvent i S base
R Yy PO PR BB e R BF B B8 FaeR o eted carbon
fiihé%ﬂﬁg RerkeP PR A UBaniRAY nbekdabnd eab@dionhdd frah Iibglyamyhdene chloride
| uid storage an dISpegéﬁP% vesse| hav

PROFBRTICHE Ao B S SO AR Priarried B RliEaRere TR

surprising and unexpected advantages as regards the

FLAAG A L C P pngns
a

physi cal sorbent nedlun1|n nd the utility

@8“%; ?g%: é{gslegtdxi\%or 2@% anfﬁo&tg é rﬁ%g%#]gl a]%l?fsurzéé rbe -based fluid storage

ﬁﬁl&ﬁ@fehs(m’gsappﬁﬂus[ 916 faEE{nete@ il a fluid etntalgc) andt dmxsnsmg vessel having a
achi ev st a vance in the 4
%g%}%ﬂ‘é Ao %ﬁé%oabengxggte%atl %}, g:érg Wétll'_]l SUrghishy nSI n g\ﬁg{}tedt advant%%es as regards
ihb enatuyd andl es et idfeckplitn El'rﬁfni@brpadm ofUg®. orPtexdtorbint, the packing density

| ch heretof ore e used d
R IF oo PRy arogn i, RS (Sl WP LRy of il JRRE storae an
biegdlsingaiphral echgaing ewh vesseldacentaninetoninainidcheing ppesaiops.
i nvention, the gas storage and di spensing system can

be S|gn|f|cantly i nproved i n working capaC|té%mhen th
H)@l?]vﬁhe;jrcwair poentipis thos eshicteda syhstentiah advangesinfeqayt gyer adsorbent-based

LGl 2 @ Pt No. 5,518,528
as s or?%ecang Eﬂg Cglc 3395%{18 (S)quletgﬁﬁé dbs evg?Mérﬁ @ﬂ ?o@erre ntt t No.
arbhh buratofoze Ipye bded physwaloprbant mmdm in 2 Apedy ﬁ]@ form, such as a so-called bead

. gg%t‘é@cﬁg%lc i Q?cﬁrdanc{eq)lrlﬂlt the/ ?rege(ﬂt fl‘ﬂé’}llﬁ)ﬁ NEd Yasdlovdod@dld d1speéxsmg system

or ar unexpected, an
ta teeveignifiantly u‘r@m\fgi insrarking cq‘:mgm)\y@y tm]gﬁlw@t caghas is provided, not in a

518{ ﬁgaem&fl] d, St{%%ﬂ%{hh&q{lxtﬁﬁﬁag%lh? 6%1 ?peﬁfﬁ@@ﬁar&@é?f orm ng

sorbent no For exanpl e,
when the vessel is of a preferred cube or other

_ gﬁ‘iﬁ PRULA o fﬁ{ggévlfeﬁlarﬁ leﬂ@\gble%pq use ©P B ShonbRthic t‘éhﬁ Bf 4dfi®ated carbon,

I'Scl osure o Pat ent Application No

1edti3e 49 WP Zinkly| divdder RBUASENERT POPER iphighbrepegoich gpg is even more
%ﬁ%ﬁﬁ%hﬂm&e@ﬁvh%&%% s Shiaad eQMQﬂs%gdémgMegs@lai@ lof d shape confonmng to the

Jose and .D. "Carruthers, for
ﬁﬁ@ﬁmmngmm@h Par al | el epi ped FIU|d St or age and
Di spensing System " the use of a

{0019] For example, when the vessel is of a preferred cube or other rectangular parallelepiped

- shape, consistent with the disclosure of co-filed U.S. Patent Application No. 10/314,777 ﬁled.
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conformably shaped nonolith can increase the working

capacity of the physi cal REISGEMENESHEEEed gas storage

and di spensing system by at |east 85%relative to a

prlor art systemusing a gas storage 5 cylinder of the
80%?5%1%{116 ngmers idaajs Bregtavpnslsy, Mighagh®d Wedi¢nskiglose I Amo and

W'ﬁ Itaﬁﬁﬁgrs 6 "Réaﬁt%qlaf'?{rg%plﬂe&) QI%QI] StdsY, %evéﬁa DR enémg System,” the use of a

background to explanation of the unanticipate
Saviaripablyeshanse nlon‘élﬂpwfl@r?ae@the pyaldcma gimgibofl thapdysical adsorbent-based gas

R | afl idfs QQME 'sfs?elm @}d§t0fe§§‘?@§% %Iatwé% a(';bn %llstgi?ﬁténﬁ‘ u@n%a gas storage

rectangular paral | el epi ped conformat

ﬁﬁl}@eﬁ%ﬁth%% “foelptinth anleigssel intedorspmadfdled mith e siretigitadgarbon.
apparatus, it would on initial consideration appear

to be highly disadvantageous to enploy a rectangul ar

F;Q}ZQ] 18y B ﬁ%éackgog@ntpoqxnﬁpqt@ﬁ of d#lre wpanticipated advantages of the preferred
PRMG LR |of FLSABREM Bﬂ/&%ﬂ ddbdtb Gy ot Qfeaig\%nﬁtﬂﬁmdé ?&%@tﬁlﬁgparalleiepmed

system. since; (i) rectanqul ar_ par al Ieleg
\?@%fgléqlaﬁﬁxay,esgql in tkeaé]é@cal adpgroenidiaged ﬂwé| siprage geds lﬁr@qrung gpgaratus, it would

R inifiARbASREX O apbar @@Eehmglfﬂ? QRadRbnt] Eéggusvtg & ?foy a%ed'i‘angular paralleleplped
separ ate piece (by contr i nd rlca vessel

entpramatien Tol + mBYsCakadserient passth ﬂ“ﬂ% siprage ped Idispensing eﬁysfem since: (i) a
sdcR@lllar datallMefMaststiant st £dd)twel(f@§elﬁ @QES' rﬁ(g.\tule@ Por @%ikation if each

of a _rectangular conformation vessel
é’%@ﬁ et the yespd Ineseauipe pigen (b CPnjrag; @W@Pdl}chlawsﬂeb@%abe formed without seams

GORT BSRRNEIRG sikal G¥dih;NdY | HadistML SHfl il) (thd IfabriBation cost of a rectangular
rect angul ar paralleleplped conformation invol ves

%q,%tmg 10 yEsrlsweuld tmeexpjsqg%fq’, be sabstaamﬂa(c@ﬁher than for a corresponding
paand ivesbialiliya Qﬂfc{aﬁ@ﬁe@%aﬂﬁlellcﬁgédhé%hfo%itﬁﬁ ibf¥8ves “sharp” corners at the

pot enti al O];' form ﬂg1 voi ds at i ne of juncture,

JHYETES of adigecnt prpragiculpdy oxpestad gvale that ?,fgg |the %@tlﬁ]sqf fpﬁ@ng voids at the

GAE REHunchd, AtHeM R RrbeRObEL B Cﬂo[] Gpde)t Iaphsk GRd corner relative to a
geonetry vessel (which is free of such corners,

ronding sylindrcah prpmeiry vpssddwhish tsiftsp af sush eamahapé fhstead is a minimurm

ErloEC40mmhl dddanBapk RRcURREHIM : BOYST FF3hysRQr BfJeht rH@&f‘a‘I trethe Inferior volume
PE$%|nt £%6%1V0|une 20 of the vessel ; and (iv) the

Vess nafthctlg%rs?j:@prb@ﬂ&*odjﬁquqdl%gr nglwllt}horgﬁéother produces a joint

ﬁﬁDﬁsh@tIsceﬁ)ﬁE’l@ U6 aSptare] Bl Plessutdat fdre SMSEBPLERLE tRtive to a “seamless”
ﬁftur ¥ pressure or force directed thereon,

peindiis et a "seam ess” cylindrical vessel. [0021]

It has been determ ned, however, that the rectangul ar

B@%gl hg\agf?eieg gge G onf ro)»;nr%%%g g&ﬁegrgét%%ﬂ e ieyessg ﬁ@%ﬂﬂ&tmn results in

adjessele which hipes ﬁﬂmsleﬁt tightle paditedi BERASBEI fe@fbn@fadﬁeenaameem at the

_ }Vl\llg%x%?ﬁo&e#glfi_}%%%é\&l ,teqq]? {lﬁégﬂ%gﬂ%ﬂ%ﬂgﬁ %Lq%ggn}t/%g: s% g lowsei'J 8ehnsity sorbent

bezﬂva:gtoag areUs fas dﬁw@imgéo@&& HibHew g0 Al CoadienPabiteas for interstitial

t b d t fI
Stbronf i des 5 ieoe: v LoEaRHERD GOl opOtd2)

Furt her, precisely because the cyllndrlcal vessel is a
Cr 0SS-.S i onal are t on
oBhT MR, DRRSREC bR 8 SO Al EeMotine CRITIR Gesectionsl area
anmmwdw \xal’rmumhmﬁn CIBﬂmﬁ@ﬁbﬁhéxtdnhaf cucﬁms@ﬂ)ﬁifgemilleakea tthe amount of
in the ¢ I|ndr ves ,
{oafel Bl i oot ool B pé SRR SR ke pRizgd. Gpasidering the
vuBilversd, hiset ppiphuna exfehtsofatly mﬁ niiat boyndé kie agiatdnend) thesbrbemt bed in cross-

RAPSIT BREFsu B P rHar ORGP RO ThEEy S lgeybndrical vesel

: 'Pmﬁahngulai'bﬁalte&@tp&h caif@mapi@r thbrkig @Blbl&ﬁ‘ldglﬁw RblmgaEietof gas from the
~ thereby enabl es higher volunme egress of gas fromthe




- JC WO 20041052507 PCT/ US2003/ 038437 vessel than from

a correspondingly sized cylindrical vessel, because
the wall surface bounding the sorbent bed is

non- adsorbing in character, and there is
proportionally nmore of it in the rectangul ar
confyph st§5‘7 vessel, at the outer margins of
sor bent than there is in the cyllndrlca
As a result, the desorbed gas at the wall regions is

| ess v&a@&oﬁﬂ%&bﬂé&%&&' 88k cyilﬁan(!altv%sfq]eg Qéc& se%e qﬁé’m'gcgs I n c

rel ea orbent esor
rol eaafud LG, 301 DL udl i, R, 5 o 63 o e

t hes e°°Ff%‘5‘§‘8W§SS° tﬂh'EB ST Off g 5ot 5t e thea Ferp s fretb oylindrival [vessel
conf oftatiliohe derabed gespitieovall waiongit lesk feddyorbed sqseqinal idkis Rt diBiptive
MDAO delkds from ke soffird inediuhErampdeystobdeadlin RABMbDE s @Rhe LREt bed.
present invention. [00241 As used hereln nDnollthlc

means or b3Ere o d|u |tar
bl oC {Ol;lzigit ﬁngee é&g QJ% tan elepfp%dl vrqase f’ pmc-lul&rwghty
di scs, B "ﬁﬁﬂgém“" ‘8f°"“qfﬁe@éﬁ‘fflﬁd&?ﬂ‘?e%‘ﬁ"ﬁ@ﬁeﬁﬁlﬁﬂ@ﬂ

conventional 10 finely divided fornms such as beads,
par t i 924 sAs gl bawin, Gpolipiet inisShat By M6kbdat Mbdiburh leGn a WArE & bREGIKe

genertatn) &g, M dd fom blobks, tbh&s fR, %lﬁ{ets eft., Q%gnu%cﬁ)smfxclnsio EveStionat
m’l{) t 'fﬂ!:l)'«' (ﬁ‘!’l&eg fogxts_fgacﬁj megs ad cles, Ras Ie:%, ge%]lfeﬁs 8116 wblf:beare generally

| et.s,
f| nel "Q/ Hen B’f%‘i"’&%‘l“mgaad@@l"%ﬁ@r?@ sugh| beadspppetisles, grivples sellet), etc.
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- pr oduesersbygbfeSer @ Fighs 5.SaicaB a gk biGRigRIn SR boron trifluoride (BF:)

pr- 1%@%& 5B 0as PRGN FRRA v BL 1§n s H&%&Méﬁa&md

rbons hav ortion
of sl [ AR SR i B8 et 1R gl hden
30 r an je © ﬁ?ef%%”éb%‘ﬁ’t 6’“‘3%1 Gogfdainppips magkeds3 sqlidhysesrronackers).
10 WO 2004/052507 PCT/ US2003/ 038437 [00441 \Wen the

mool 004 Slthowh BoNPEODRBNES aBBorAO k@it BledBinHaBHBESke 19 fhe
| ess daaihicd Rl adorbeRtAHANB LS, mJeﬁﬁn, e cllo opel o s bgesuabl
sor bergatxmﬁzéd Qapejs orgdci)n afﬁxsdo v[ﬂgmtgva aréa mp% é v lite:
trifly M{sldebaove Cri Ll Car 3%"@%?”@%“’%&?”
ext ent “FHRYE & e serbers ragkiag def“’éy i push tange (gsemos exjrestely rimpogdit.
t he strtierdt hemnelitiicabrbon ciRrimemnit edhmabute fiid irge AAIHPORe vessel

sas benmwhidetisemp@ts for such purpose have a high
proportion of pores, e.g., 5 at |least 50% of porosity,

int ' ullramcro ore, size

rang t}ﬁ‘o 6?’hl g“ i Ee’(:[:lt%)3 %@ SB‘E‘;& aﬁ%@ Yeﬁ?lé?%i’?&ié‘mi BithheyRyfset
5, V\ﬁ’?"&lﬂoni’ pa &t‘ef@'fcgmodgfenw{gfsgﬁtexcpeﬁ ahgit 4Q¥eof @ tolaldtapipr volume of the
tri fIvesest ipdlanofeBEeBjably & dsiow badsspler THeipickifig dafsinCol D @BnolitRS catbon
f unc tsoriph iQfesiptlas ﬁghragpoksﬁ}éednﬁa r&)ﬁnﬁrﬂﬁampf)r@%lu(nla ?‘ a@ollﬁhlﬁr p%r lume

T e AL R s

pol yV Wﬂf“’d‘é e mt“F?P‘Bf'F |‘~"o°é"° W‘Vﬁ‘e?”ﬂ’(‘@a%f’ﬁhbema deSieply stit- shaped to
ChenP@gfe high adsqmtion levelp ditmotso mail bocitht tyslisofirtatisOptarfes with ready

Mar K essease &lder (3hloondltibdd @l GasoBlidhaQRALBINR bkt rdbr3t bz,
important criterion for selecting carbon for use in

t he pglnjm hisc carb sor bent S stems of the

| v el Dul degtaenttr do 8?@ el Rossg g idered et elevated
NEX | W@&fe "g%@gseﬂgﬂt (8 Pé@*’iﬁﬁz% g -%@ds vitdgemnfllowebiyekpoareao an
appr ofiizna gslsych eonypar @ Gteai Yorss sHe@d dudaion, QR thdnicboBiy in g)f,cn.mdlmg
ads Oﬁ!ﬂ@ﬁtkre bﬁ&lcﬁacnvmg, ﬂﬁd&%@ Bﬁ% toﬁ' Qf%‘tl&la@rgl ggﬂ.ﬁ:h} %néo%d S‘su Ce 2
I nst aRce..Pe xt r % n‘s‘g %\fB To this end. the
nonol 1 t hJ C car o &g P (GRS i fpicope °i“EFF&1d
st or Ag&™ dﬁd'é?f'%’ﬁ%??fjgﬂs@essel 15 in which it is

enpl oyed. [0046] Void volunme in the fluid storage and
o s pieM¥si Ty nw@EIRie kartiof adeeA oABNERNA Lk bd slﬂ@a,blpﬁ‘oﬁm%@ﬂxtany suitable

i NVeRtihe® M onk an@dnpeﬁtetﬁeqfogo%guc%{mng g fogm%F I’rdm adp%?n%e[nhnelateri )éuch as(%lhe

t ot I nterior

- about 40?3 ]I f
polyvinylidene chloride polymer commercially available from The Dow Chemical Company
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" vessel, and nore preferably is as | ow as possible. The

packi ng density of the nonolithic carbon sorbent is
desirably as high as possible, wth maxi nrum n cropore
vol une on a vol unme per volunme 20 of adsorbent basis,
and a high proportion of pore volune being in

ul t refrie@s@por es. The conformati on of the mghaRMNRSS37
is also inportant, with the pores being desirably
slit-shaped to provide high adsorption |evels, but

not s @YidgMD as8pran A at St g C-$1Sipblyne0 B Sesirerhdidad bt fukdbB pARIE e, o

Wi th pr;ﬁ.wn&h@% etrﬁet GG 80 MBS Isiﬁsaulﬁfe 2] @%Lo& %‘ﬁgﬁo t squre
e.g., ndese els on
i O% I; G’Zﬁﬁl agﬁﬁ%?e\ﬁl gt{s F%e%g %t f_a e eralbm'e o? ?om ?bous ﬁqopcf to about

act i vat ede g(f]on e°ﬁcl°r°?ﬁ’8“t %)O&Cegh‘%l‘i’??“\‘/\ﬁrﬂ@ﬁéda‘%’t’ soperth (iggeriglchaving a
t ertpePefiyperepd il dnsitydtie dis meight effees adseressh .@3ih ghirgsi paditeg 6fSarbon), a5

such devmin thygpglenf Fighed l=gided by exposure to an

oxi di zi ng gas such as oxygen or steamfor a short

dur at jogpy mngmm..e&h&qma&f{h@m@u@ﬁ%ﬁ A S o donartre o the

at rms&;(l@cré §f the. pri I' %fe?l oen suc \f
of the material i s care 3?(9th?‘1(???‘%°6 B papead agiivated jeggien
| evel Mgte aﬂ’ﬁ‘ﬁﬁlﬂﬂf"‘*fafaﬁ%’e%" Wﬂalelmavﬁgnovftyptcﬁe 2 praficle Sipmatir bi1D.23:00
i N€r epitiipetirg omWhisk, Gpiercee yfohlk ifropvds carbi RGEls (s Wojtowicz et al, U.S.
redu l@talelafppﬁfan(ﬁgﬁlﬁ:éaﬁdn SsHREABI0bY - Al ﬁlmﬂe@ P481y A%, has uglized high
mono . Gar r | on

téntp tht, Q:% OJBOO%da?l&) 1@ nli‘ly Blllo 'IT% L& ﬁra%lﬁ%auon Ievels n

suita bI

embodin rre n ne: W{Eﬁaéﬁ"f‘ﬂ%’BT"%’t“ﬁ fepetith'a phmipproticny dﬁ@?%ﬁ? Revfipmgy es many
pol y & 7S teesfiee Qg aldfst Retmtss, 07 HE0) tqpoiieys/suinbib inichodes volume, surface
C ¥ Orafeal end prdropire Foh@® FEFRRIE holhde bt @NEH ddbe 2 fehn@BuT 8. RRW,

Chem aEp?JachG@ TH&RYs o %ﬂtab\é@m%glg %{atgrélz E,P éépf” LS2 Oq3/ ogo;pphcatmns

(M dl

pres s(ﬁ o ge@sq gf%en ‘Sﬁp{mﬁ%’f‘ @“bg?ﬂ'é"g J0Re0020299 Al d‘é‘ﬂ“w‘ tat optimal
pr es §'a'?%§ CFBRFItH O} ey peratecsps rpqpiespribas the e “bb Giridindedipto the eleragp @disel at a
S quamessith olhetroizadfdicn 220t 50 bd PALRABINRT o AT B gradh O], 1ast
and tdaerepyrol yzed in a nitrogen gas streamat a
tenperature of from about 600C to about 900C, e.g.
on trbgsog der c%f bout 700C. This process produces a
car bON °5 5t BERE HBER PR PRIk b mnelibis pubop srbat efdlserapsent
fill nyralegiy froed from a syithide mobinghimatfial, gas = adser bedd Mogamong
I N gpadyveylidgpe shlokidel ﬁxéno&ﬂmﬂ&ﬁﬁel%ns RS Q\Mlot,l £m£dﬁ Qlens, peanut
gr aphsits eackhil WiieSstofes %gacg'lommt }%2’%0 mﬁe et ntgatt s prcssure -mnoldable,

carb r bent en re I est

sPont T R R PR UM LN
art , "fhPat K Pﬁ%ié’“'{!ﬂaf ezt belevelg Gl preferebbydotparedling dbers 9008Leh
as bieatnzetfiomaboaons Hom 900PCNK iGfe fteffadlytid dGinge dﬂﬁﬁm&ﬂoo“c

~Of  Oto dtroidt 96dc§ B RHed aasneﬁﬂu@eaﬂonrmmm ﬁam a%ﬁldinéft%ﬁfs{ﬁﬁgl} fn% g o for
dj f 10.m | | fe
- ciag g@ Jofﬁéng %?ps{gm almodlsff)us mc Pﬁg‘ﬁ 3&’{‘%‘?‘1“ &frRon pets uscfil in e

Vi) t B5RHOE of tigpresgpt invqntiog inclugo thogerhpvingp B density heamreftrirsing g pGHIC

: USZ 0027 BGRG2OR0 A tiptilpini cge of 4@ Prinu asiye pélfiter 210 B0, 2d9B8B&, and

ut i | grezelly pré@ithant RIFRQE ﬁn’éfwe‘?hter%f dbon aizordeO00C and
preferably > 1100C, to induce high graphitization

I ev b@ ,@ ‘1?1"3 Jgatlon wi th activation involving

r epat Tt VRPEERPabT BeY bsimeleretas p rprshibic oo bode infaesprienes vits
many as 76 tines (see Quinn, et al. U S, Patent
5,071,820) to achieve suitable m cropore vol une,
surface
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- The [%g&sl V%:tdlb)['sé) 8\%33 ngn I'nc

- process
- of tH @“ﬁa‘?‘é"r%ﬁ!‘mﬂ?%ﬁmﬁmmem?rb‘fé\by@pegasngglﬁr nalér@r est or
- otherwi se inproving the characteristics of the

in a non- OX|d|2|ng a

* 15 area and m cropore volunme per unit volume of carbon

adsorbent, a tinme-consum ng and costly approach to
obtaining a suitable sorbent nmaterial for

hi gh- pressure gas storage applications (Wj tovxn cz et
al. U S. Patent Application Publication US2002/ 0020292
Al dwecetgesen7t hat optimal stor age capaci ty dcarustdafoisizs
sorbate gas requires that the gas "be introduced into
the storage vessel at a pressure in the range of from
about U5EWseR yentiop, apip bt ucRBHBsiqrekyct profableis ivaPai a GHAR Broducing
[ 0013]a motolifhit carb@OsoB@yir@Re @Jh.ultb B dsity ﬁwggqmgﬁ 91§gom{,,9 0.5, at least
t hese 3@ bfbroddy, tandqﬁ%g@gn% 160% B¥S oY 'JP{) s?aﬁ% oal 'g““ga“ size in a

sor bent ..Qf £ d:NE. nvent i on I S
%g Q)ffr ?‘Jlgrm?(lf 3§to eb lft 07& %fomcteé- a.léla s1g15 G%?er &dl I@tettz% and

sui i abl

fr om grefe mlé}» at d‘Z?F‘y’Wn?; tfmd é\ﬁl@,ﬂ @‘ﬁ‘?s’@’f poalgnsmg micropores, with diameter < 2
phenoP2festeria Meerriiretion precsss e, inclodsl aynf witablel prydessid €QNR} euhancing the
COCONEAPiEhsinits pf e aatktal fob 18 |shiute REBCHeRE bSomelide lﬁpmvm the
St ONe sharad@ALYAE faY boBB: Ingo‘ruln%or a&%%&}&éoé;h%rﬁ}; d eFor et C ?& 7 vation

Iu; {)E)Srgcgsls‘ bolt mggée gﬁ%g H'a. non-om%ﬁgWtheﬁt, B8 )?f Igtroaanﬁrgon, heliom or other
pr e S S{TP x:%g &@dfoﬁog' iwiichiag qf the at@@gpyre toen foxifliming atmosphere, such as
pyr ol yberbficaideadr stanfperbatidngioh edonviARPE . npfRkienhAddhipnRO knd
exceegblingoahtdit e e (., Bom tembe@atu?e) rﬁQ Eb@mfﬁi ofidle %mva%pno Lllticess

500C §0um a ran

from @jﬁ HE%E%%%%M out %é%ess’tves m’?"a“%’ %ﬁ‘ﬁp’{?ﬂ‘e
car bon ar Ay ‘r‘?’f&"“ﬂmﬁm by ﬂ’éﬂ%‘rat‘%W”d’Ffe@eFPYea@Fﬂ;s opriditjbs
vaf uetf Bivtic digminaiencef die eswdfing sosbbntd peaibyeans ehoickis S @iy Ygrosimetry
app! i dadciedzrtion,Mdnol i t hi ¢ carbon sorbents useful in the
30 practice of the present invention include those

and aeisd it s SEARLbllGl Rp ool S il i g -

gr arrs SPE PRESSRiFved in oy forgrKumsheSIofid-6 aetd estivsiedribong(gpth points marked
pr ef & &K yizgend anadiers)t ) ArkachBO AGY 218 rAtiRia@ GctPRY claﬂb&ne(ﬁ{‘akﬁlﬂﬁho

car bdmbughiks Bsdpe D1, TokR Bk R P YLk Vy%blﬁ sREOINEL), TR Vo Bhi

) S R B o A
present .%6@ %s, but such pyrol ysi s product

preferably is activated in a manner producing a
monoll40$3hiTee dgta tftenre $ cloly it thepfi@elid:tcaridn dined from PVDC polymer has a

ul t r asdtEkOPBIEHRSKdM: dTANLDG pﬁosmmgﬁer RifeP Qtoc!'a.ttb!motthn eﬁﬂeg al; d

gl B R S S,

rang8”d “F‘F‘%fﬁﬁe Eﬁbaé}n@flthespla%etﬁth@rwemefrﬁemémrrmep torr.
significant porosity, e.g., at least 20% and 5
pr ef B9sbFiyureett is 4 £a5 bt VR84, mQﬁbncthﬁm%tﬁf@Jmhe Ref RS per liter of

CONP&ivSd, RG skbifoh %Q£s§§ leveWmttQT dl ?E%tha 578 %6-02 beac{' aggﬁtg}ecar%on (data

e any
n formed ﬁw‘pw\sdeneam?rideower

sor biess) mpdioumuches nadRad Bt @1%8181%1% o%&n%ﬁ % r bea‘a lactivated
cl.u

exanib& for kBS Icﬁtﬁ{lgl Y‘@tv%l&rl]emc E a%mec %Qubig]genﬂl}-lelwfso@glﬁfr Lfrc]:arbon

argon, helium or other
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- 10 non-oxidi zing gas, followed by swtching of the

at nosphere to an oxidi zi ng at nosphere, such as carbon
di oxi de or steamfor a brief duration, before
switching to a non-oxidizing atnosphere and cooling
to anbient tenperature (e.g., roomtenperature). The
specwbizesosedhr t he activation process, e.d., gdifus2003038437
tenperature | evels and duration of the successive
steps can be readily determned within the skill of
the aik $o-1wdod-Righat fol HRGAGROIRN Petionk dARIBEnBdvir @8 prestliye rfngd GO Brr to 770 torr.
variation of respective process conditions 15 and

gg?} gﬁrxd ngnsgtgomeb ﬁafaiﬂ%’?m?«rmgé‘ raf%“o'fﬁré p%sﬁl%bemmfa@mt
char aeeEt a*eﬁadoﬁl?wewemqﬂm%flm &Fl’éimi Kpurgha 378416:8,5p7 gfivated
wei ghrerbgnnTaipetahopBE fi4-Piradiphic adivafePpdBin, and SEPH chr myoeplithfic] asprpent.
of 5 C aabyQif the Befferifls wik EvRABAEA QR twd Fanipl LS HilifsiRe dr@anlof 650 Rir! Filddensity

for ayamia o'ila:ei@@ Ba@m Qse@ag]s aﬁ&sbt%@m p&%{aﬁg&d&fﬂaﬁ, & well ason

poi nt s rrark b , a Takachi ho
ABF 147 par cg}lﬂmi? aéso% frf/”ée %g r“'d%’on (Takachl ho 20
Kabushi ku Kogyo Ltd., Tokyo, Sapan)(data poi nts

mar k déP5HyTagol. ﬁ@ﬂ%@ﬁ?&lﬁ’@n NerNoeridde, Actiypied Crrbam @i Mopylighic Catbon
carbon forned from pol yvinylidene chloride pol yner

( Sar pImAgasfxy CheNT T3l Filsinsthleds @i R Oldiire | Tl ksl o5 Torr P Rawre
triangul ar markers). [@@5:31 Fire/rabat a of NarFisgusndite of gdsahart)

that| the nonolithic cpi*BBH®f orned from PVDC pol yner
has substantiallv 1 aher._\aeij nht of dsorbed

phospPre & G By * of%Lar bon than ei t K&t of the bead
25 activated carbon agsorbent or the Takachi ho

par t j owshestasc-a64mpl Bt ed| &ar bon adsor bent }3¥ei ng
generally ) nore than twi ce the sorptipe | oading

of phoB R REF I H ol peq) ESSUTE Tange of [F#{g om0t onmto
750 ton. 10054] Figure 2 is a graph of volune, in

cubi WM&W
of CAPHSRASIES S PR8N of pressure |®el, in ton,

for Ja Kureha 578-66-6| bead activated carbon (data
poi ntRDavkrdampldly sol | (P4 anond mar ker sj)48&nd car bon
formed from poI yvinyl | dene chloride po]ymer 30 (Saran

A, Eheghzy Co ) (taga poi NS mar Kepsedy open
triangul ar markers). [0055] Figure 2 eyidences the
super-or-ty—of the-nmpholtthi-e—car-bon—adsorbent—ever

bead activated carbon for arsine |oading. The
volunetric | oading of arsine, in cubic centineters,

pey |[005%r The fesubrain Badke ! sto® HABMROBANQEGHEOF2 weight basis for the monolithic
PCT/ U28LQR6:8366:3 prmiiﬁattﬁgoﬁb@}@%errﬁlaﬂ hethe fidatmohdiific activated carbon

QW | n
are FP¥ g i prsendhedt Hasroé%hﬁvén-f}w%ﬂrﬁw'evratrde%fbft%%%eﬂw

of adsorbent materials di scussed above in connection

TonOllubBhE, 153 Bk @ﬂaeg%oggﬁ.( a8 ktsdtft oPL FRRLHi el GO G

W t h #8669 UiRe Jhelow RG lcat@ipOrgingEly dedaity thulBiobr 181 dasi@Chalues of phosphine

agt i VatEdree ffs BARsorbd KRGk BQuABR o gﬁne@tﬁﬁ Mﬂ?ﬁé@tlemcludmg

activat ed i th| adsorpbe
AN L e S R e
an arf¥Pheegyoptibigpdsorept 650 tom Fi l | denS| ty was

determ ned on a weight basis, as grans of adsorbed
arsi ne per gram of adsorbent, as well as on
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2

10

15

20

a volunetric basis, as grans of adsorbed arsine per

liter of adsorbent. 1005VF'4HSHYENYSHEET S| ne Capacity on

Non- Monol it hic Activated Carbon and Monolithic Carbon
Adsorbent Fill Density at 650 Torr Pressure Fill

Density at 650 Torr Pressure (grans arstue/gram of
(ep6aTable S Riebphide@apity atiNet-DRAHthic ActivaBATRRE BldMonolithic Carbon
Karelia 578-66.6 (sanple 1) 0.51 301 Karelia 578-66-6
sanple 2) 0.51 301 Takachi bo ABF 14-03 (sanple 1)

0. 55 ARdébrbehakachi ho ABH 1Herdity (s@ngsbe 1rr DFlS D2hSity at 650 Torr

PVDC char (sanple 1) |@rdsurd86 PVDC Ghahs [ BRthke 2) (grams
0.45 504 10 [0058] Thpndspbidb/gn N Tabl e of| phyephihéiBéer of adsorbent)
while the fill densi{ydsarbeatynei ght basis for the

Kunelal 378166-6 .. car bpp.igglsor bent was appr pgg iat €1y

15- 2004 | ower—-than for-the.non-nonolithic hActivated

JakardihoARR 14500t s  h&1¥4 11 densi ty of thellfonolithic

carbon adsorbent on @& volunetric basis was well over

S8%hi-gher—than—the—torresponding-fill densities of
INPGHR ool i thic abdiith XEn
-monol ithic ag ted carbon adsorpents.
1006591 TFable 2 belowis-a-corresponding fill density
corresponding y

t ion for fjll density values of phosphine 15 on
(B The @t o 2 21 s e o i ot Sl V RS o)
s BNBEth n@IEhNrd o fokri@tc Basks thathedrbl @hd8 thddd!bB@non-monolithic forms of
578- 66- 6 be%d ctiv tﬁd arbon, Takachi ho ABF 14-03
AP (R et R @ volpgicie By being on th order of 100%
highe| thirhite asiRenl dedstty -of phospREPLAGEVEM mehlHilic forms of activated
%EOGO] Tabl e 2. Phosphi ne Capacity on Non-Mnolithic

%% ated Carbon and Monolithic Carbon Adsorbent Fill
Density at 650 Torr Fill Density at 650 Torr Pressure

Pressur. r hosphj nhe/ gr am of . .
(OREATR: SR8 i rbehae R aRp PR b SedR A Dtbep i dhbrgad practice of the
laﬁseﬁ’ﬁiﬂﬁerﬂo%&ﬁnslﬁ%g&g %gktg@ﬁph gnoﬁﬁﬁlg]fér E3mPle IBAIridDgases h(such as arsine,
VDGC.char 0.1 1 61] ,The.results in Ta sho
S Bhmedics Hfpf ok P gt EGHFGRAT STntesa Ry TapagoLpuch types),
falid¢ gades denbiat hoon tabtdridech@ht trivhidridgl Harogbi-iubsth@ed Silanes, etc.) and

§%s YR FrRRASohBORET tNe MON-MONOlithic Torms of

[0063] Illustrative sorbate gas species that are usefully storable and dispensable in the practice of
the invention include silane, germane, arsine, phosphine, phosgene, diborane, germane, ammonia,
stibine, hydrogen suifide, hydrogen selenide, hydrogen telluride, nitrous oxide, hydrogen cyanide,
ethylene oxide, the deuterated hydrides, halide (chlorine, bromine, fluorine, and iodine) compounds,

including such compounds as Fo, SiF4, Cly, CIF3, GeF4, SiF4, boron halides, etc, and

organometallic compounds of metals such as aluminum, barium, strontium, gallium, indium,

tungsten, antimony, silver, gold, palladium, gadolinium, etc.

~ [0064] The pressure at which the sorbate gas is stored in the vessel may be any suitable pressure

appropriate to the application for which the gas storage and dispensing system of the invention is

employed. Illustrative pressure levels. generally useful in the practice of the invention include

- pressures not exceeding about 2500 torr, more preferably not exceeding 2000 torr, e.g., a pressure in
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15

20
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30

activated carbon adsorbent, with the fill density on a

vol unmetric basis being ORFRLAEEESHEST  100% hi gher

than the volunetric fill density of phosphine on the

non- o ithic forns of activated carbon. [00621The

L it %PF’LﬁbautrQQt‘%‘F HetboBint 30 @%wawietffﬁ%m&%ly Bigi about 20 torr 10 about

ads®fole Hor hpplitdi@nddueiash B Aklint@oR fthd H6ssurd Of e @8LMthe gas storage and
i hvention can be_of any suitable téﬁ%é |nclud|n% f or
O1T.

SHSRASING, vaRFl tymirelly £oess n9fs grecpeda aboyt Hidodishitored gas may be at

gﬁﬁaﬁﬁ@s@herﬁ |p}e@§ﬂﬁb €. Eoﬁlﬁressm@'m ara firohrabR 2b kdriib &8but 750 torr.
sil anes of such types hal i de

nes, e.dg.,
3@@3& Fe%%rc% IS qu'epew ERPRtEE of e, St%‘%ﬂcoaﬁldtdte?lm Pisfetpeaccording to one
kRabogeBn2els iivesiogd sil anes, etc.) and gaseous
organonetal lic conpositions. [0063] Illustrative
sorbate gas species that are usefully storable and

Jo0HpE Psahdven, (HR stobe RiidPE pefsthpQfsterd 200t doghphibié @Rtok#3B and dlspensmg vessel
&B%Iude sllane, er mane, arsine hosphi ne,

B’Ftalﬁ éomeéléa]t e er Wﬁ? a valv%]'laqaﬂ) E%corrwalp% g%ﬂ ofS a d1spen51ng assembly
sathfding@nantiyl d&t@g@mos Ehreny W@eie hbaddm&aﬁhh@r I "Illﬁd W@sel may be formed of any

n| us OXId dr ogen cyani de, ethy oxi de, the
B ] P i OPE o PBHBAL B Gronlab, Hases, ceranics,
fvitltwdisl rﬁﬁena&[l goliraets, nad caMmRRINgtSrials. |Iﬂﬁdn’d£ﬂ¢d}ﬁetﬂblﬁiﬁ such purpose include

as F2, SiF4, Cl ron
AR S e, s &P@%éﬁ%&f}%ﬁ-&%aﬂ%d b g g i oined
Sy altardSof abuplhd2AMto B Aispdabing Sdnbeind 12 HAVing aﬂslbdsbﬂ%el’elﬁ(ilpbﬂﬁure transducer

gg{ﬁ lﬂ?rh Wg%t?lg}t Iz[qgg%ﬂ?ﬁ?ﬁ*lﬂ%%ﬁ ‘B o d gﬂ?ll‘(ﬂﬁy c\}ﬁt@ lﬁgt gas, a mass flow

smﬁaagrlezzgaﬁsm nginSirOigecbnbitnt tie: M%&ﬁ@h%ﬂlﬂﬁé @Tpeﬁ:mg condL%It 212 during the
ui t abl e pressure opriate to t i catj.on r , .
dipeeine AR e @é&%@%@ F BTSSR SFHG %ﬁff@?e?nﬂbﬂf ipffpred ges prior 1o its
HﬁMﬁﬁkﬁﬂﬁﬂhsquWQMQM&ﬂmbLIIustrative pressure | evels
general ly useful in the practice of the invention
i nclude pressures not exceedi ng about 2500 tort, nore
Fi]ﬂé716ﬁ'h<t)|d§sptnnihg exeebl)i futhd0@optiosra Ctﬁlpgng 224, ploe sisitably engaging the
Pfgpeél i Egsirilgﬁb ?%er%@%&?m %)mr afl emé) E) io\;lgm abt(rl)lgef,ﬁxssg %la ?wﬂh the locus
20ust @i thealestoterd tfluid] 2@Q0 ul\DMngl%ostema:pmiulcmatnam[fsct@Ugifacaﬂﬂy such as an ion
ressure of the gas in the gas
h?ﬂ’fante{mll?o% I%En&Qﬁ]e d1§rPe§se&) gasesgnellm a)l/ltp sipgcgﬁgy does not
exceed about 800 ton, and the stored gas nay be at

rom about out t on.
@tqwrmogdlﬁmmthenth@p%%ent ation of a storage and
delivery system according to one enbodi nent of the
i nvention. [0066] As shown, the storage and di spensing

' RME@t TRs A8 rs{o{:afg fi® ﬁﬂ%e%sm vksel %gt(l) Ry 82w é)?lr[ﬂéig% g{]’o&g{lgﬁaﬁ to show the

BYatlehisonet Bonprrinsetive aviest of adidasieragti adedigiontna eppaigius employing a

hear(}iéuﬁ‘&'i‘ 6pa.'ra‘-ﬂe!eﬁbéhe Hu it stbltagc la{ﬂg%g.fn%gﬁl%' \%ﬁset g8 a\ééﬂreﬁﬁg to another and

nprising part of assenb
PieEradinsnept ﬁﬁﬁh@aaﬂewabmmlm Thosctprgular paralledpinsd ﬁe@@tome and dispensing

{dagd @Yd Is Q%?pedmﬁ avlﬁﬁé:‘\%hve%ept?onf@fv%gadoj 1238Y harQles 314 welded to the

"sui tab

erial of construction, .g., conprising
Wﬁﬁ@e,oﬁth&g@f@ﬁ dbe wesped 380 inc @gcg@q;cm@énmm sdormed with a welded steel wall

construction, having a square cross-section along the vertical (longitudinal) axis of the vessel. The
walls of the vessel are 0.100 inch thick carbon steel, and the interior volume of the vessel is 3.62

liters. The handles 314 are % inch rod stock, formed into the shape shown, and welded at the

16




" vitreous materials, polyners, and conposite materials.

IllTustrative netals for such purpose include steel,
stainl ess steel, alum num copper, brass, bronze, and
al l oys thereof. The valve head is joined by neans of
coupling 210 to a dispensing conduit 212 having

di spuemdi/asiser ei n a pressure transducer 214, p3Rishobfdas7
purge unit 216 for purging the dispensing assenbly
with inert gas, a mass flow 15 controller 220 for

mai nt &rprlivegrdeotis reselt31 | ow rat e t hrough the di spensing
conduit 212 during the dispensing operation, and a

filt e[no73]2ﬂmfd9;§ens&§ W'oﬁﬂe ﬁ:@r\'&ég%wuﬁaog%al\frerho q]ﬂ{]iﬁ threadably engaged

di spe 1hQ ] i SG
di sﬁeﬂgl% \nggssiébf [Ptﬁb&"f”]‘d eI SPRAYP Ag? Hessrppy suiible

furt h® iis] e§e%ng PRl Iapafrefug pogt valfedipadsbpossivilyy heascreegi Ng
the dispensing assenbly with downstream pi pi ng,

vabvi gl T rectingedr p-ildldpipdd i@ stRG SMAE Skl Wbd 110 tGind :Qhbithic
20 of catiEad@fvedt K m&j %Qgr h:@lqmef lwlﬂér g‘mgﬂoﬁthilc %/as?sl :\n/sl. nigcl g one or

senm cqnd % mm turlng faC| gty such as
i mpl aHt at | 80|m B ’%??“gé\’ﬁ P“""ﬂeleplped
i npl afPe ﬁ’é’??ﬁmé% ¢ T’@B‘GS‘]’ mf'f"l‘?é"oﬁl}ma‘i'f dhe vessglraapyeviongipiiescribed.

di spensi ng vessel 204 is shown partially broken away

t 0 SHENR tiiweill bd apire@laiedifat EDRMpobilidas £ §621{oh7seo%e Q@E&Mn %%'%e practiced
[ GO6Y 2 Eid@}lfaﬁanf]‘mdnﬁer, Qoo &R CIi!Ie b u\.{slclg urg %crem nérgly, while the

st or o] appar at us I'ng
[ ect ﬁa %\grgs E%?%?’P :hg%n @ge% f°dp°§¥°&fﬂ5’§é asaeﬁa. and embodiments, it
di spefisieAtoRreLdel th%&wnﬂarw &t denlnitd bet ot hmibleat dnplementation in
pr ef et eefiatiop oudificafonst dakenipbdiset AbcBWERIM e Mwventldd8s intended to be
I ect angylcadstmpdd alednphei sife shnck J/aHéhgns SlBEAGEs aﬁ@gnbodunentf as being
dhSPaAR] Aldcond D89 Blenld g HSikPCD W Th 27T pe Va

va e{? an

connection andl es 314 welded to
the top face of the vessel. The vessel 310 in a
specific enbodinent is formed with a wel ded steel wal
construction, having a square cross-section along the
vertical (longitudinal) axis of the vessel. The 30
wal | s of the vessel are 0.100 inch thick carbon steel,
and the interior volune of the vessel is 3.62 liters.
The handl es 314 are '/a inch rod stock, forned into

t he shape shown, and wel ded at the 16 WO 2004/ 052507
PCT/ US2003/ 038437 respective ends to the vessel 310.
[0070] The di spensing val ve of the pipe valve
connection val ve head 312 is threadably engaged wth
the vessel 310, by a 1% ' pipe thread connection. The
val ve head may have any suitable nunber of ports,
e.g., single port valve heads, dual port val ve heads,

‘3-portval ve heads, etc. j 5 [0071] The rectangul ar

paral | el epi ped fluid storage and di spensing vessel 310
contains a nonolithic carbon adsorbent inits
interior volume, wherein the nonolithic nass may
include one or alternatively nultiple nonolithic
carbon bodi es, each preferably of a rectangul ar

 paral |l el epi ped

17




- shape to conformto the shape of the interior volune

of the vessel, as previously described. [0072] It wll
be appreciated that the conpositions and net hods of

the invention may be practiced --~to in a wdely
vari ant manner, consistent wth the broad disclosure
her ewoéeer di ngly, while the ~- - inventiQiudfssinsasr

been described herein with reference to specific
features, aspects, and enbodinents, it wll be

recogni zed t hat the inventmﬂmgot thus limted, but
is susceptible of inplenmentation in other variations,
nodi f i,ans..and enbodi nents. Accordingly, the

i nv n#‘l&g‘%giﬂgﬂrlnt ended to be broadly construed to ,
enconpass all such other variations, nodifications and
enmbodi méritid storge dnbdispepsing]Bparafus, hioprisine @ fisid olprage @fid dishamsing vessel
i nvent i oninfr@ireifrabline] wherbifihdiRetor vbidmdACht2 O Ay R 50 ent sorptively
PCI1 US2 Q%@Mﬁnﬂ andTﬂ'ﬂE Mé\tﬁd xs\é&@rgabie §or @p@sxﬁ@ﬂmlﬂé vessel,

1. Afl gm t nggsgmﬁ ‘fjedf?’: %Q%slel&'g dig Psm so ed%nédeq'om the vessel,

conprisin
havi ng 5?‘{'%%*{‘%?]’?'“(‘??1 ‘\95‘31%@‘“*’%& ’é‘i’“ﬂhﬂt“’n@"“P’hl’I’éﬁ“’l‘ﬂcﬂdW@F Brpeis
cont ai nwtww%laﬁovaét@rf@mgGMSuwel y 5 retaining

a fluid thereon and fromwhich the fluid is desorbable

for di spena ﬁ]gn;sfiﬁe%meé B&mﬁ@&?&'ﬁ*’c e url SRERP R D preat
aggenbl y ,eou ed toh{ehemmﬁs for "di spensi ng desor%(tehan
fluid from%r e Ve ei n the physical adsorbent

conprises a nonolithic carbon physical adsorbent that
i's chabketleat3p% efpvemll padsityl ofmid bdsaipyat confpritivig elit-Bhaged wh iagjag a size
char act end stah@SF frdndbord 08 itd dboukl @TEStlabicyhetEPAS Wi 186 269 bf the overall
arsi ne gaeosa;co&g&n%m@wee%me@re narimgees B T that i's

greater than grams arsine per Titer of
adsorbent; (b) at |east 30% of overall porosity of

sai d ao‘é)d‘?‘b"éﬁfeﬂéﬂwﬂkx TolHe a8 eetiond [efipriion. 1 meaetpileley 1900°C,
size i naghpdénggbnlicknsiyobiomalpodtso © aBut O gakgertoutit.chBmeter.
nanoneter, and at | east 20% of the overall porosity

conp; Sﬂhpﬁxnaeo%@aa@&@es&gb 186 1 ScrAPRONEL B Bt o A Whsicy
(c) havi nsgmcpte mﬁg ﬁ‘%/’ ySi's and@eftl ona ]
acti vat B Bt Ve EAAE @%‘Jm HETIOHr Ui @recter tharsi0grans arsine
havi ng P& lstetRisefepisi ty of from about 0.80 to about 2.0
grans per cubic centineter. 2. The fluid storage and

di SpP&N e BidRRRE 8 dikfen @y aﬁ,lueahsmm WaRLBIal et B9 &Rl hﬁd@fg
hﬁS a fok‘ La.ld agsglg%x go}{lﬁmﬁﬁ%ﬁgcg pores ?ul;v%ngra,%llge}l}rei a gaﬂ ?I’mm aé:out @5]

pressure o

ar si ne Pl ppogpterggnd a'dléaétrzaérf’(f the gveraf} parogity afrﬂansg% wﬁraajes of
and di dperieicAgmenspar at us of claim 1, wherein at |east
30% of overall porosity 20 of said adsorbent

conpi 'oﬁﬁ‘esﬂuﬁls!oxtaémefegmg S etos DM G e BrcdoRenPhol RO Gimed
: [g;r pyro%s:s ophonal activation, at temperature(s) below 1000°C, and has a bulk density of
25 . from about 0.80 to about 2.0 grams per cubic centimeter,

..ﬂ

5. The fluid storage and dispensing apparatus of claim 1, wherein said adsorbert has a monolithic
form that is selected from the group consisting of blocks, bricks, and boules,

1%




N’

about 0.72 nanoneter, and at |east 20% of the overal
porosity conprises mcropores of dianeter < 2
nanoneters. 4. The fluid storage and di spensing
apparatus of claim11, wherein said adsorbent has been
formed by pyrolysis and optional activation, at

t enpeh aodkiseos) bel ow 1000C, and has a bul k dgRgisto¥s @7
25 from about 0.80 to about 2.0 grams per cubic
centineter. 5. The fluid storage and di spensi ng

appar @t tuse R crhed k@ idpens V3 Fabiblor iRk 8, WALSOENSMitndd Bin Rmprises a
”Dn°|'tQ&&nm¥8%F%&E9t is selected fromthe group
consisting o ocks, bricks, and boules. 89 WO

2004/ 052507 PCT/ US2003/ 038437 6. The fluid storage

and di-s p@nidfgragaspdiseonsing arpfrates|ofdlam S whegdr die aprolithif form comprises
nonol i t hmgltiflicity af dseerphidngieds adiclesSi NGl € nonol it hic

article. 7. The fluid storage and di spensi ng appar at us
Of 5 Cl @i MheTmia WK Gl Rispbelde JRARL 1&19% q, vj:%‘irmleq?%rv& o thkessel
nultlpllcgéy o% g§§¥rete monol 1thic articles. 8. e
fluid sfBFEYEs BHd repeneitirgrisprLrd ppcagobati m 7,
wherein the interior volume of the vessel contains

| ess % hals 07idstelies uy ditpensimarpodaiug di flgm A mwhdrgd d@dntegifr vel@iedf the vessel
physi cabona@itks@s he pd discrs mohb@hicfahibtbsGe Sill S ReIQds@h:.

di spensi ng apparatus of claim?7, wherein the interior
vol u f o.he vessel _.containg less than 20 discrefe
oo He 28 fraeE 8 Soonpii b ah F gu D St e e piom g s
THE f 1 ufoaRiesisyhag Bdismgmenoiieafslerngseidphysiretaiagdendf claim 7,
wherein the interior volunme of the vessel to contains
| ess 1t heta f18d dhirfgedn@diensiipRgphrbthdvie Sairdl?, tvhefekn@ inffior Sehin@ of the vessel
physi caéon@sLs@JMm&ismé&mlH}&chMf&ﬁﬁyg&ﬁﬁs%gbﬁsnd_ _

di spensi ng apparatus of claim7, erein the interior
vol une of the vessel contains |ess than 4 discrete
nonol'#t Hie i storegs 8¢ digpeasigs, praarpityed icleis) 1, aéfesein e prpnolithio physical
The f | uidghtbet prvdige saivok relis Spensifigedappamaths todfe itki@ivihnk,of
wiker ei npddags.monol i thic physical adsorbent provides a
sorbent mass that is conforned in size and shape to

t he iytﬁ%hgi volupe of 15 the vessel. 13. The fluid

st or dge TPEpEN PG PPRRSTEndf: "errdl th spdent Rgsereepics o
t he sorltsa ™ ofths mtedne el efdhe zgssel. | east 60% of t he

interior volune of the vessel. 14. The fluid storage

and o4, Spensd AghedBR s AlshlS arpfran loRbilih 12 widtdOheEhMent 8 occupies
SOr benty (B 9% & WhliSH orht A AR ofﬁg(ggsstfg about _95% o
el. .

the interior volune o e Vess The fluid

" storage and di spensi ng apparatus of claim1, wherein

tHe bedby Sridntordezang digppnsing apprratns oflaing L ovheredf theagdsodbery dervi pyrolysis
resin. pbbuct offe@rghdictdsil. St or age and di spensi ng appar at us

-of claim1, wherein the adsorbent is a pyrolysis

16. The fiuid storage and dispensing apparatus of claim 1, wherein the adsorbent is a pyrolysis
product of a polymer selected from the group consisting of polyvinylidene chioride, phenol-
formaldehyde resins, polyfurfuryl alcohel, coconut shells, peanut shells, peach pits, olive

25 stones, polyacrylonitrile, and polyacrylamide. ‘
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product of a polyner selected fromthe group

consi sting of polyvi nyREReEMRHTISHEHe, phenol -

f ormal dehyde resins, polyfitrfuryl alcohol, coconut

shel | s, peanut shells peach pits, olive 25 st ones,

pbl-yike Dyt storage ﬂvdedlspawalgﬁapwesf gficlim 4% wharejuths sdsprherhas been formed
SHEE] siAin thERBssll Ul d st orage and di spensi ng appar at us

of claim 15, wherein the adsorbent has been formed in
situin the vessel. 18. The fluid storage and

di & AR Siuito st@rﬁg@ﬁrﬁt UpeffingChphiud of WARK @1 GntlS m%@io%ﬁlt comprises a
conprises a icity of discrete nonolithi

I'p
ads GrpEicity of |daspré@ mggelifhiq ﬁdsé%?élﬁ aticlesh herging pash | o&fj tm multiplicity of
of RN REMBHMRNALI T £1iadSRs Q%%thziﬁatt iscRiech @% afid 1.0 times the height
l ength that is between 0.3 and 1.0 tines the height
of tohthejiperior velpmg of thergessst, andha cipesssgational g4reg thyt is between 0.1 and 0.5 times
Cr 0315 18 84Tel RN @bss AL &itndl RS of the RBLeen 0.1 and 0.5 times
the rectangul ar cross-sectional area of the vessel. 10
19. The fluid storage and di spensing apparatus of
Cl @i huﬂ"ﬁ&ﬁ?e‘ ﬁdeﬁﬁ'ansﬂfg dopSrafib bt biRind 8] {¥er@h cadll §1th@trﬁ11t1phc1ty of
monol ithic articles has a rectangul ar parall el epi ped
shag#creanonglifhicfrtigles haspgeciapeulamaarlenesshig. appar at us
of claim7, wherein each of the multiplicity of
di screte nonolithic articles is laterally and/or o
| ¥hdie fgiddempge i diversingnapsyaig ok clé@h?aw{ervwwﬁch qf5the multiplicity of
adj &6l ARG MHiGes" B TRELSy hﬁ/&rh@x@ﬁﬂ&ﬁflly%uﬁ(ﬁ AnRirRde contact with
the vessel. 21. The fluid storage and di Spensing
appafiategsmesolidicanembers e inderior seleme ofthe Yessehul ti plicity
of discrete nonolithic articles has a solid cylinder
form 20 22. The fluid storage and di spensing
BpdPailuyl deragy andrdispensifigetreiatug 8€ Rlaigt 7+ wberﬁme@?lbpf e ryultiplicity of
of  dfbBemRh6lithR BRIcIch RsG salid dytih@$ fdi@s a | ength to
cross-sectional dinension ratio, L/D, that is from
about 2 to about 20, where L is the length or major

%, Thél iﬂﬁﬂns‘:&ér@% 2 diPenstRNPbirhidl 6f cRAPONWhGEhREA of the multiplicity of
article, and is the transverse or m nor axis

di &P mongBthisrticgydiat p dingthsle srostreectiond! imepuisratig L/D: that is from

appabgit USo About b@ivheré, L WhBE Rhfth @a6R 0P bixil h@mﬁybﬁ bPihk GhdnYlithic carbon
of dlscrete monolithic articles has. a l.ength to

cr o8¥bebaRiFlepafl Dy the Hansusiss otpinor 2KF BMepHat i s from

about 4 to about 15, where L is the length or mgjor

axi s, di nensi on of the nonolithic_carbgn sorber]k1 e

&t i1BF didagierags and dispensiiesmeyas &f glrin/ nghergipjsach of the multiplicity of

di Wﬁi’ﬂ&’e@ﬁnon@@th%”aﬁwﬂ@ Qad h Wn@thSth U RYSecAN! Hin®ROOS 1406, L/D, that is from

~apparatus of claim1l, wherein said adsorbent copprises

pyr 8P4t &de FIWBCH} g‘g‘ﬁfﬁ? L wohe lepgh or prigr axip ';hér&@m%a e monolithic carbon

- di spab&k RaiciBpRADAL 1S trifsvebadrMidor 28 @in@hnslosai d

adsor bent has a doping agent thereon.

24. The fluid storage and dispensing apparatus of claim 1, wherein said adsorbent comprises

pyrolyzed PVDC resin.

25, The fluid storage and dispensing apparatus of claim 1, wherein said adsorbent has a doping

agent thereon.

26. The fluid storage and dispensing apparatus of claim 25, wherein said doping agent comprise_s at

20




E—

35 26. The fluid storage and di spensing apparat us of

claim 25, wherein said doping agent conprises at 20
WO 2004/ 052507 PCT/ US2003/ 038437 | east one agent
selected fromthe group consisting of boric acid,
sodiumtetraborate, sodium silicate, and disodi um

hy drvoyapwostsgrsphat e. 27. The fluid storage apdrus2003/038437
di spensi ng apparatus of claim1l1l, wherein the fluid
conprises a fluid having utility in sem conductor
manuf ac feat P geent5el@@d fidkhige frduplbotlsishiigQF BPacANAdiEth BRBMHSY, Bdium
appar at sifcs® fmd@hsaiuiindao Mk AN the fluid conprises a
fluid selected fromthe group consisting of hydrides,
hal i gﬁ r}gmdo anonetal | i c gaseous reagents. 29. The
fluid’stora aﬁ&“dl‘?ﬁé‘ﬁ%ﬁp’?@mﬁﬁfﬁﬁ%}t (faeregr thecfluigy qempyises a finid
wher ei nPhes FWE‘F%P“‘B’ES‘H‘?WP@E%CWEFI uid selected fromthe
group consisting of silane, gernmane, arsine,

phospiti me, fuid RIoS G eREdispehkiOhARRs of BBl MR t@é‘ﬁl&%ﬂpnses 2 ﬂmd
Sti bi Neseich@bRAERous tafidifl e dhyax%fhg&g@nd%;eglmen 'mﬁLe h}{s T
e

telluride, nitrous 10 oxi rogen-cyan
et hylzﬁnﬁ. %?’fj deut er at ed hydrl des hal i de (chI ori ne,
br omifie 1° T sfespee el disasmeing apparedf simripwisrsiighe fidchomprises a fluid
or gano isleatgd e the mm&i@g of 3Bne, Ftu@nef drsktb, GrBEhE, dBRgeRNdborane,
di spensgeagneapp@ia tsibe, UdrabriRe lhyaWUREL IR, ylGeet lah’dnge Biss
a1Pr essikig [ vl ce

Hyd?ogé@é e E 8&% dgt (%Ir%éle anf}”hd‘egg‘ SHE) prgmine:

about 2£'§OO to T ?%Hé‘*u'

appar at us ofzm 1 meis qmPerd has a pressure
insaid 15 |nter|or volune not exceedi ng about 2000

t on. 382Thefhgstdrizeiind digtroinggymraand clainS pebe BRI pREAS inGfid
cl ai M literioheln@d ot ckdd@inf bolc Sbofkgs @ pressure in said
interior volume in a range of from about 20 to about

1800, eﬂmd?smme “H;SEUI d stora e and dluthen& ng

aF)Fpar at Uus pedf TW%IF"P"&? g bgp apregsure iy said
i 1 sai doteripryplamdngtexogedingairent 2080 terr. range of from about 20
to about 1200 ton. 20 34. The fluid storage and

di Spm%m:da@zﬁéraﬁtdﬁﬁmﬁfg sl B i W@,E&eﬁlltﬂk hufd Gas }éis.%ie %
a subatld;%‘?, ‘gﬂeni:aran o?g_os ou(tjiﬂtoagoa | nt eril or V0|p
S

35. The orage an spe apparat us of
claim1, wherein the fluid has a pressure in said

=

i nt e Ghe f¥id sieraas aidrlispensing anperatesof demobwiep e 2B his @ pRdedih said

750 t Ofinteri GalumE kver rdnkeltk fontb@t 2 QLGN G0 SirS PENSI NQ
apparatus of claim11, wherein the vessel conpri ses a

efyl nstructi lectedfromthe
COI’]SI4S?{IIE o g?g é?rggng{%%fs%mmﬁ RS %5§f5° bl hrrefedhe fgid pas g %ﬁn"spheﬂc
mat er i EF%“"’WW?E?%"I“I‘%&M conposite material s.

35. The fluid storage and dispensing apparatus of ¢laim 1, wherein the fluid has a pressure i said
~ interior volume in a range of from about 20 to about 750 torr.

36. The flnid storage and dispensing apparatus of claim 1, wherein the vessel comprises a maierial

25 of construction selected from the group consisting of metals, glasses, ceramics, wtreous
roaterials, polymers, and composite materials.
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21 REPLACEMENT SHEET 37. The fluid storage and

di spensi ng appar at us ofERHASENEDESHEfer ei n t he vessel
conprises a netal material of construction. 38. The

fl ui tqrage and_ di spensi ng apparatus of claim 37, .

v&# e b‘g? ﬁu‘g afo gﬁé?‘gﬂ‘sﬁegg%‘?@@g@ﬂg Gl Zop gher Sméli‘eoYFﬁsel comprises a metal
conglagkiking c@fstredtieel , st ai nl ess steel, al um num

copper, brass, bronze, and alloys thereof 39. The

fluid storage and di spensi ng apparatus of claim1,

ViBe TRé fluitl Bidragel siar dipBdsinappaadius #Bkm 20 Yherkinl bRl oA @Sdeledted from the
i n pores math(gﬁ%%aneter of |l ess than 2 nanoneters

.10
40. SPHR CIPISHRg aitfanless ofeel AyRRET.S8PRSp BEEh PEREZG fnd alloys thereof.
claim 38, wherein the fluid conprises boron

P M LR L ——

r erﬁE‘s@,ﬂé}o@gy infed WitB b 8RPRAIRANEN 2 AdofhérersThe fl Ui d

storage and di spensi ng apparatus of claim1, wherein

the vessel has an elongate shape wth a square

GIOOTBe 86idistdRdbe M dis élﬁ%'abﬂm{i’at@st ST AR RN hehleSHPRO $uMcomprises boron
apparatus of claiml, erein the vessel has a

cyl IiyP#deal 20 shape. 44. A method of storing and

di spensing a gas, conprising: fabricating a gas

storage .and di spensing vessel; disposing a physica

é‘ﬁj s@?ﬂogw sfoppeg ﬁ%‘? glég@alﬂg RRRFrafty o€ Glapm ily Bheein; ‘E“r‘ ¥§psql dips a rectangular
sai ghrgREepipe€hapgi Ng said gas to said vessel for

adsorption on said physical adsorbent; sealing said

vessel 25 with a valve head containing an actuatable

via| Vigs, ﬂtﬁ@gt@ﬁﬁd O] @isbé]ﬁin? Byata6Rlof ﬁﬁﬁﬂ[ hrﬁ&%inﬂl_ﬁdves@d% I €ngate shape
gas,.and isol ate same from an exterior environment of

t heViRA&Pe CEpsEehithg the adsorbed gas from the

physi cal adsorbent, and actuating the actuatable valve

iE ﬁ%s V@Ive hegg;. to f|OMI%?S fromthe vessel and o
fir BRfgHE riorage P fispnang APRFETUSTAS claa d» hersian®s gpsel has a cylindrical
wheshepad t he physical adsorbent is characterized by at

| east one of the follow ng characteristics: 30 (a) a

fill density neasured for arsine gas at 25C and

g4.e5 siefied of st6fil} 4ho Bispdhsihg b asgéRising: hlRAHEQOz6 61BABe and dispensing

arsine per liter of adsorbent; (b) at |east 30% of . . )
ov oV FBPTR fyphatcd anteran bt @én%ssglohaamgsfmwe iy for said g
sl i dhaghaped gaotesid @esehfty afigrpfios bz &aid phydichiaddgab@it; seal@Msaid vessel
abous about 0, 72 nanogﬁ er, and a

i Wéve

0.3,t | east . 20%
of He 27 R0 GEHBing o AP Wl eric pRysE dES pysical adsorbent and

- di oadedrBed gasamiiniREIAR{sBMS ;from an exterior environment of the vessel; desorbing the

. adsorbed gas from the physical adsorbent, and actuating the actuatable valve in the valve head,
to flow gas from the vessel and through the actuatable valve, for gas dispensing; wherein the

physical adsorbent is characterized by at least one of the following characteristics:

(a) a fill density measured for arsine gas at 25°C and pressure of 650 torr that is greater

.than 400 grams arsine per liter of adsorbent;

-(b) at least 30% of overall porosity of said adsorbent comprising slit-shaped pores
' having a size in a range of from about 0.3 to about 0.72 nanometer, and at least
20% of the overall porosity comprising micropores of diameter < 2 nanometers;

and
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and 22 REPLACEMENT SHEEE (c).a bulk density of from
about 0.80 to about 2.§ EBE PRI bi ¢ centi meter.
45. The net hod of claini44 wherein the adsorbent has

Srg;ghrgegﬁH%éﬁ g E ‘%856 gﬁgga%ﬁﬁﬁmﬁ%ggggéﬁgnmna

arS|ne per liter of adsorbent 5 46. The net hod of

rein eas %, of .over or03|t
A5 B e B St af wheB8 e rp e 46 o tenB G avsine gos
si z@s° Cmnaplreaﬂ@eof 650 fbfrtﬂfﬁt Alaticr PaB400@ralBekine@erlder of adsorbent.
nanoneter, and at |east 20% of the overall porosity
conpri ses mcropores of dianeter < 2 nanoneters. 10
41'6 TH'&iﬁetth Oelaitf 44CRdrdih 4dlcasBRs of &cﬁa&ipdroaiﬂﬁéﬁ ARINHdsdi@Sit comprises

Sit of from.about 0.80 tq about .0 grans
o HASHIRE Bty Rinsct 68 2 e SHAPHOAIOB blotRitANTY namometer and at
whelegit D0% i the phatall poadsita SsayrRenhicRPHY dfRSncRYy & Qlnydmebters.
PVDC. 15 49. The nethod of claim48, wherein the
pyrol yzed PVDC has been subjected to activation
a@onTid mehsd ofahim FiaviRihail aforbdnthadn 40k dahay of floth BBout 0.80 to about
act%ﬁation co |t|on%xconprise exposure of the

pyr 6t 278G PERIBE BB 4™ el evat ed t enperat ure
non- oxidizing environnment, followed by exposure of t he

an eIe ated tenperature oxi
28 PRl B s St ek A e paTo et
fiII densrty nmeasured for arsine gas at 25C and

sure 650 tan ater 0
per G ’tngtiho‘gfo s r@eW ere%St%% ?ym]Pﬁ ?ﬁo Bf%o =R Sgir“ Fr‘ft‘iijéei fo activation
wheradificishe gas conpri ses a gas selected fromthe
group consi sting of arsine, phosphine, hydrogen
sel eni de, hydrogen telluride, nitrogen trifluoride,

Bor e mertﬁlcfdl cu" @lairtl @9, wl:hmrrﬂhe fictivatiea kcbeitionsl bdagirae exposure of the pyrolyzed
ane, disilan [

t t | ,
er e 3h sGeq SRR P liREs bt Bl EnBlo P Sposure of the

pyronzcd PVDC to an elevated temperature oxidizing environment.

51. The method of claim 44, wherein said fill density measured for arsine gas at 25°C and pressure

of 650 torr is greater than 450 grams arsine per liter of adsorbent.

52. The method of claim 44, wherein the gas comprises a gas selected from the group consisting of
arsine, phosphine, hydrogen selenide, hydrogen telluride, nitrogen trifluoride, boron trifluoride,
boron trichloride, diborane, trimethylsilane, tetramethylsilane, disilane, silane, germane, and

organometallic gaseous reagents.
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