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+ GAS STORAGE AND DI SPENSI NG SYSTEM W TH MONOLI THI C

CARBON ADSCRBENT FI ELD OF THE | NVENTI ON 5[ 0001] The

‘present invention relates generally to gas storage and

di spensi ng systens, and particularly to systens of
such type utilizing a nonolithic carbon sorbent as a
gas storage nedium DESCRI PTI ON 01? THE RELATED ART
1OOO§T2VHaﬁ§HyS|caI adsor bent - based gas st or 2gEUSRMI038437
di spensi ng system disclosed in Tomet al. U S. Patent
5,518, 528 has revol utioni zed the transportation,
supp! yeABETGRAGE AP BISPERSIRE Ky sTEM Wil MoNOLITHIC
sem conductor 1 ndustry. The systemincludes a vesse
hol di ng a physi cal ad$e¥RBAN BBENICh as nol ecul ar
sieve or activated carbon, having sorptive affinity
for the gas that iS‘tO be stored in‘and sel ectively

disp gdﬁ% s¢el. The gas is held in the
- State on the sorbent medi um at
ro uc@%" lp?’isspéﬁ?*em‘ﬁé‘r%ﬁ‘v& eprgly R Py BTse for fitpensing exptomsy nd

sorb e??f'#“‘%@ Ermsebdiongstiliging e gperiolithi¢ w@ihen sebrois gaoso
the "free" (=adsorbed) state. 15[0003] By such reduced

pr essma:mpm-rmmﬁgf@m@f the gas storage and

di spe I ant i al | ed, si

any | @%ﬂé’:’%ﬁ) ?gdso%m Fatsedl g Torged 'f%‘%%“‘f’ §J %‘ oy T§§ et el
of ~ ga¥-Si FAEH S a8 dmrrelionigs ‘9’F FB‘FPﬁ@H‘tm supniy 25 ys¢ of 1‘9’6“1?115 gases in
c ofv etht $ewvisenfiuchy igfstpr Bosysks ighds 8 vewidgding y bliyselbidsorbent medium
Fur t heeh as indkeuldr Gbve i a@iSaoll Eafbol) RATEPdolp@B arBiity P Be gas that is to be stored in

adsor Q@ &Ew@aﬁ&gﬁy ﬁ‘cfugtgg vles§el aﬁ1§ QaQ Iis%lf?ig th\éwvéngl anl a&\é\%ed stata on the

Mahood botmsdluc \ ka e events, since

pressure redué Wé“?‘ﬁ‘e e PSR Pe TRY é‘ii%"fbé‘fﬂ"es“dh‘“dmgan
c onpofiaiialest aneyatgEsts e Ve (readsorbpd) 8% cont rol | er s,

couplings, joints, etc. [0004] In such adsorbent based

gas ShosRELsudiiuded FRAR Shill, S he pls Qﬁraé@ﬂd@:s&gsm operation is
CaDACh iy e B3 e A FEBERL . U vg o2 o o o o e

operatl | n c nstrain

amount®es g‘ggmﬂﬁé?a“&eéﬁa FavRw @a‘ L R o g °é5‘ﬁ‘def h &urther, the
sor belV risssdt aertianed thel edsesien isedesysjerricanpiated witk plawes tikslihood of such
sor begut lexierd ietsnn, bige thel Bdiced PRreura@ s tg stﬁb&ﬂ&tﬂv&xyonlsﬁteﬂ components

f uct hubits Alves M@ cdkiER BRpIRESSSMES Of the gas in the
sorbent 25 nedi um contal ni ng gas storage vessel and

t he dj.sphensi n of the desorbed

e AT Bl 2Bl SRR, S St
di ff ePhé?‘f’Eﬂl aéﬁorbffn%mqé@é & e epeigiing equsireidte Jhyy Working mapacinig the amount of gas
t enpehatarbe str@\(tdadedD in theoSPaCiiding st dadoMGiely tdved from such sorbent

di spersiuRGor Gs@ neke tvbr@ﬁk%apawﬁ A ﬂﬁéﬁ&r Jead stdda@t?ﬂsﬂle'o% gQJ in ﬂ@%
I Sy US %m%:c’co m?nﬁ gss sBra%e r:ﬁsg ngl)gxe dis e%/ s%lc(fngi ?(Jél %1& dgsgr%ed gas (e.g.,

char ac er o nedi um iy
i nvol GPrEResree piteprbed gu, when Rt difftronti eriused tjeffist desorption, and

shapetenpyong divilsof repetie sergeandlisphyinglbontitiar) whantglmal desorption of gas
30t Or & Qs bstins dﬁffmsnug hBdahtD) and @ §pRASRALRSIS e SJI&&Q@LNJ eI e,
art i ﬁvo%@ ts{wﬁ #e eﬁms 5 &r exr;lqn 1%%62%1?@“{ ggms Ct]y gore s Ellgnbutmn, and

ca aclt of t sSor orage
df° %?i%ﬁ“ﬁ“g"’@?f&?aé‘?ﬁ“) SUMVARY OF THE | NVENTI ON




et

.[0006] The present invention relates to physi cal

adsor bent - based gas storage and di spensing 5 systens,
and to an inproved working capacity system of such
type. [0007] In one aspect, the present invention
relates to a fluid storage and di spensi ng appar at us,
conprising a fluid storage and di spensi ng vesse

havi W 28#052%F er i or vol une, wherein the inter POMUSzeBRsEST
contai ns a physical adsorbent sorptively retaining a
fluid thereon and fromwhich the fluid is desorbable
for dit'%b Ths #ds cprtigaivsesling imrravaent imyieticing cabiasitp effisi phgical adsorbent-
assenbiss easatopdced diposhpgstaressel for 10 di spensi ng
desorbed fluid fromthe vessel, wherein the physica

adsor kg FirRf NRgR! i thi c carbon physi cal
adsorWaﬁ%s—%’a{‘@rized by at |east one of the
follo S EPOEE (RFEHG (Tpigtes s to phygicaly adpqrbient-bagedngss piprangeend disrening

f or’ afgriewnding inpro2b@kio crpivostactud ip6é50 ton that is
greater than 400 grans am ne per liter of adsorbent;

(b)  atoobspas eIk, Ale pRUE! iRkdtioPORS § HuiPliordd hfd RASSE NG e,

cConpr g L 4 - DOr -nq a.size 151n a ., .
oo S SR i B
at | edSTT SUG 0T ITE ERAET mtvey Sy ¢ Juidhypran d fromywhich the fuid is
m cr ofrkedle & digentive fres thecpesseloand pdiomig assemblly Conplechi iervepsel for
bedh Hisrersizel ddsybe fhuicofroysies csse) heighi theutaloal aRbrbeMiatbiy@ies » Gbnolithic
t enpe kot 9 idadadsHed M i1 AQQ GrizeAY Y 102 Yo E‘ﬂhe@oll%%:hgﬁ%h&y

of from about 0.80 to about 2.0 grams per cubic
centineter. [00081 Another aspect of the invention

rel at es P B IFREPIEHE O AERHEHY 25C A8 F51SIE $i6c0 tore e issper than
for 20 usé® sgrupatingger Birofadgestind di spensi ng syst em

sai d nmethod conprising: nolding a pyrolyzable materi al
into a ngEyukdstste; 65 o®RAR Rty dFGid %Jﬂt_ﬁ&ﬂpﬁsﬂ:ggﬂ'ﬂ%apedpores having a size

pyrol yzabl, j sis _conditions,
pr gﬁuci ng nga %&hgf #‘?’Lalbé:wgggo or “E:ﬁlfzyﬁa??a k3 3%15"?;% o5 s gygrat
by at | eadP OB BFnEHEPFE of G 2erareest ®f i sti cs:

(a) a fill density neasured for am ne gas at 25C and

pr essur ee)dhvigH&n fooued bit dy@lysid :8d Gli@el ta@iatibe) & RerdBAREs) GIARNBOC,
ami ne per zhd kg 2 Bk BESQE RBNALout o(sh st 20 AL pe3IX0 Bftimeter.

overal | porosity of said adsorbent conprising

slit- d pores ving a Size i ange of from
bout TR FReROlES: oP Bt Bl ool R0E t Bonoldid Pt
t h&® oA 8RS s|Ireeae] disspnsing prprmh. sdidestapd corpsipug wmejdingfa pytilpahie repterial
<2 naintme mexclthic almpk; aMAQYRQGR1 06 RbdvZBE ThddBd GOB! PRSHB %onditions
(@) aplogtkisy demmbiint Qforthd AR 3D RHtherddreB Byl 18RO of ) following
grans goer. £ubi ¢ centineter, wherein the aforementione
pyrol ysis conditions conprise tenperature bel ow

10000C. - (00091 A further aspect of the invention

rel at es @ il depsipyimseiurest forgtsioy gany 256 ehd ghicswe pREHOIgT thatgegsater than
CORPri si NGO gredbosrtine fdr litr@f Asoa§ St or age and di spensi ng
vessel ; disposing a physical adsorbent in the 5 vessel

havi ng s ' finity. for. sai as...chargi said |
gas to S(gil’ '&gl L%t\eé?’é g‘{wcfag Por%aé‘g 5 gsra% ta‘fe %%“%?W’@Ig@ﬁ@# g%{f"%“mg a 820
adsor bent 5t R Imhiony 83 degbou.fnagempter god ehleasif20% of the overall
cont ai ni ngorasity Quprisiad wibybpereavtdianeier 4 20ameiadHaa t he

physi cal adsorbent and adsorbed gas, and isol ate sane
froman exterior environnent of the vessel; desorbing

t he adsorbed gas fromthe physical adsorbent, and
actuating the actuatable valve in the valve head, to
flow gas fromthe vessel and through the actuatable

val ve, for gas dispensing; 2




e
)

10 wherein the physical adsorbent is characterized by
at |l east one of the follow ng characteristics: k (a) a

fill density neasured for arsine gas at 25C and
pressure of 650 torr that is greater than 400 grans
amne per liter of adsorbent; (b) at |east 30% of

overall porosity of said adsorbent conprising

sl i t wehewedsopor es having a size in a range oPCTUSaoms/038437
about 0.3 to about 0.72 nanoneter, and at |east 20% of
the overall 15porosity conprising m cropores of

di anet er (ckebubsaipraityef dmszbora ME 16 ebput 3.0 lgraink pecl aibis icdniimatef, wherdmbe
about 0. 8QfvfeRenBdaepiroldsisGon@ificad Bnyiftfienfs tHdirbelo® Ndob-OEL €r
wherein said pyrolysis conditions conprise tenperature

bel ow 00101 her .aspects, features and. .
err‘oodi“ilr(r)\e%g_g‘)dL s of the °5%§n§°ﬁ¥qnifﬁa\?/°§%°t’%%ﬁm°§m°# e roPEee & 88
ful |y “ppdeeiricfies i hreenbdiprtpegres dimstitecs phyfigal adsobent in the
app&ndesef! hing smptive EiBRY FElH cBEBCERIRTE GhltoGEd Tdeiel DRAMPIIES the
PO111 p_ll_)isigili Edeorbbnt] sSalih t@aRwiRfa VM@ih&h tonlabingdn APBatBb valve, to enclose
PNOS Pl infod” i AURLERRs RE ena ol o ol 3, By icofbnent of e
functlonl_gf lg{g}gscflre eye %}’nﬂaon, or a Kureha ,
578- 66°5 - BEXIPEREETRIAE BEIwivERR=Y Wl sierrdoatitprapbipyive in
sol i d &sivalrrderd: taflpvkess Sgm thevessdl g dingugtothoBimatable v @, for gas dispensing;
pant i cubreid the physicdl wadried isciaraldgived byohalkat offeoif e following keotdaiytios:
solid square markers), and carbon formed from

POl YVi NYfyf SBINEnei el of RAHAL .

Chem cal thﬁ%ﬂ&%at.a%&%ﬁiﬂgmﬁé&gﬁgaé%%pen%ﬁ gﬁgﬁwagrmwm
mar kers) . FREPG LIPS, graph of vol ume, in

cubic centineters, of arsine (AsH3) adsorbed per liter

of car bofb) at st 38% plemedliipoesitof sajf edsgbeaircempligngalit;sheped poregheving a size
fo_r a Kur Gﬁlarﬁge&fﬁﬁn_ﬁaohe_ado DGt iO.V:ﬁﬁaﬁ&eﬁ@Eﬂanle{sd@gﬁof the overall
poi;at s mar : car bon
forlﬂed froﬁr‘ﬁﬁ%%%}riﬁ%/l i ﬁ%ﬁ%ﬁcﬁé&%ﬁ?%r (Saran A,
Dow Chem cal Co.)(data points marked by open o
tri angul &2 trdmsiveof fom aboyt BEONe-phopt & expm-petoubis Gentipetyn; Werpip said
3 is a sclenbiilconditiens poamuishierapteizion badpfv 1800t or age and
delivery systemutilizing a nonolithic sorbent,

accor d{b(ﬁﬂ Gy @g,em?@g'aﬁie&;bmﬁ&né hiet_hé Brys@ﬂ?tiﬂv%on will be more fully
[ 0014] Figure 4 is ?Fcpersé%ect lve view of a rectangul ar
par al | BPEHEERHC PrEe FoSr AN B F spensi ng 5 vessel
utilizing a nonolithic sorbent, according to another
entrodi BRIEF DESCRIPFIQN OF SHE DRAVENGSon. [ 0015] Figure 5

i S a q‘llﬁ_ﬂhl?i@{"cl Sg%[w]:h@@eﬁﬁh aklﬁaof ﬂh&pﬂem)aads&%edq&ﬁiﬁpof carbon, a5 2
trifl choggfp%%lf,%leve%‘?ﬁ@{ CORE] sv%lsée%’éafd‘aiﬁv&e%[gg&ﬂﬁdaé%om% marked
function of ‘pressure evel . 1 m or a Kureha

578- 6@}@01@66%10151&@@% éa‘al%cafhtb 6ﬁF lg{}r‘]’;' particulate activated carbon (data points

marked by solid square markers), and carbon formed from polyvinylidene chloride polymer (Saran
25 A, Dow Chemical Co.)(data points marked by open triangular markers),

[0012] Figure 2 is a graph of volume, in cubic centimeters, of arsine (AsT) adsorbed per liter of
carbon, as a function of pressure level, in torr, for & Kureba 578-66-6 bead activated cerbon (date
points marked by solid diamond marikers) and carbon formed from polyvinylidene chloride polymer
{Saran A, Dow Chemical Co.)(data points marked by open friangular markers),
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‘(data p0|nts narked by solld dlanDnd frar ker s) - and e

carbon fornmed from pol yvi nylidene chl oride 10 pol yner

(Saran A, Dow Chenical REPLAHEMENHB{EELs nar ked by
solid square markers). DETAI LED DESCRI PTI ON OFHE

| NVENTI ON, AND PREFERRED EMBODI MENTS THEREOF [ 0016]
THH3hFigenB Isnv eeliemetic irepreseriationoff & HoTagesy Bsiyerypaytom utilizing a
RISHR oIS UL RARE ubdaiththy 5 A0Gde. and

I'spensi ng abparat S may abricated utilizing a
fluid storage and di spensi ng vessel having a

didtage and dispensin;
TR0 gt 4 SEE PO BRE U SR RleF purkl el Aok oo and dispensing
nassahemamg a@onelithic efrbeib pprording tampt@e g@bcpshm%m ofthe g@@eﬂbwmtm
t he adsorbent, the packing density achievable for the
physi cal sorbent mediumin the vessel, and the utilit ¥
qD015) FifiraiSds 8 goph gl adsntbed weighin i grams (9 eren defluoride (BFs) adsorbed per
.sin { I ated carbon

GBI eFBRE o S o Piose P o T i A rallP o8 bdhd Rl
a(dhta Qmms mwokst sorhieli digmond werkses) and edrbongfopmesl,fspm polyvinylidene chloride

S | Qaf.
L S g T Sl
5,518,528 which heretofore have used physical sorbent
"ﬁﬁ«b’ﬁl Alrk: ﬁn‘gk%ﬁﬁr@ﬂbﬁﬁﬁt{é NVENBID A8 PREFERREIFEMBODIMENTS
b TN acPpARREOAE W Lh the present

i nvention, the gas storage and di spensing system can

@o?@%h%ﬁﬁéﬂhh&’enhmﬁ 44680r e WRIJErD Shat APRGichhadwiRsnt-badaed fluid storage
a ated carbon is provided, not in a 25bead

vt disnansnanp s By, be PEEE Wikaae MG IS FEe ¢ iepgipe vessel having a
Hﬁﬁélftﬁl‘é c&ﬁ@{ 6888t mh@RARerdkh QvilheMSkisiaf and ieReei® Allvantages as regards

I evable by the use of a nonolithic formo

athe] npgire gng gﬁt@gnof sogtign apd desornting of igA% Py th @{saré)antf g‘ﬁn%ackmg density

- Us@fkvable tHEhO bhyRicaPdotbent Bediird i heWwdaxpesd 8@ utiditydof the fluid storage and

even nore surprisingly inmproved when the stora
PSS SPREFAYS cOBRIEHNE SPeh 5$5eh10% PRy 8%&%‘%@‘?‘@ hpgtions.
adsor bent nonolith. REPLACENENT SHEET Decenber 9,

V\Zq;ﬂ%giq gqh‘é r]])??j%g énlg’?nt%fgrt s a {ﬁlgve\?r es %ar 2 u d%%ﬂrcg l}ﬁ ?‘Eaﬁ] ovér adsorbent-based
" Becitaragel il dlﬁﬁaﬂﬁﬁigl whieps pietdle Bipu Idcbcﬂ)qdna@"emaﬁdl U.S. Patent No. 5,518,528

Lhe; s -called bead
nﬁﬂ'@(ﬁ{}{eﬁet%gr?ﬁfaw Cqs d apshésut; 1 séorlg\%l? %Eé ﬁlgd;ﬁpng yhéélfﬁltﬁ% Q@(ﬁil as a so-ca.
p hyﬁdra&aﬂ caﬂxdﬁ o] ﬁb&ndirdhas aith glmprsiemna@gtugn @he(gag plersse aggl dispensing system
east 83004, t t ded, notin a
SCF?IS 51%1£ canly 61}1%18%%0111 I“Iron éaé?cu szl%n 'ﬂ{e A ¥agé(§lt caﬁéﬁt@mow
angad esmetlculatetferd, but ratir uummoxﬁththl@ﬁtnwf ape@’éaehas?@ter vat ed
carbon. [0020] By way of background to explanatlon of
the unantici pated advantages of the preferred
pAORER)iThg lok! effieprayerint eeicyainys ifeaise afis sopelifhic Jpmy plactivated carbon,
| ”r‘éﬁﬂ%é %nth% rﬁna\p/ rd%&eﬂrf?:l&l secp rid bRAER, RefloR9HhepaBEd, ARd is even more
sor ent - based flui d storage
armhnmsmbrmpngeda wbar tht @85, storagening Idispensing wEssplp of a shape conforming to the
CO&%&%@&%%n&?happear to be highly di sadvant ageous to
a rectangul ar parallel epi ped 10 confornation
for a physi cal - adsor bent - based fluid storage and
ﬁﬁ?ﬂs :Fepl p)eﬁgfce Wherd }b@ GRssel Is)ofd préfekrd @l&ﬂe&fr othcr rectangular paratlelepiped

vessel has six faces, an
Wotaph, wasisterd quitly the disstosurat| coilebH-S. Fateate WPP%BO%NO 10/314,777 filed
the vessel is a separate piece (by contrast, a
cylindrical vessel may be fornmed w thout seans from
tubular rolled steel stock); (ii) consistent with (i),
the fabrication cost of a rectangular conformation
vessel woul d be expected to be substantially higher
than for a corresponding 15 cylindrical vessel; (iii)
a rectangul ar parall el epi ped confaormation |nvolves
"sharp" corners at the juncture oﬂ'adjacent
perpendicularly oriented walls that offer the
potential of form ng voids at the line of juncture,



ra vessel mhlch does have Iess tlghtly packed sorbent

bed regi ons adj acent the Seang atT%he 25 intersection
of adjacent walls, but t HE L LEMET SERER being a

disadvantage such | ower denS|ty sor bent bed regions

'ﬁ&ﬁcz‘eoog %@‘@eo s BrdlSinsfi Raithadl'd Wodjsnsi, Jose L Amo and

umﬁ)d Sanrltkés, asRe@arighlanP fallelepiped FiaidSwrige wod D[EﬁeﬂaﬁlgtSB}ﬁem,” the use of a

ent 002 Fur.t her, jsely be us
o SR B SR BORTY G iicikers v o Sephaibctyaly ich adgorbent-based s
cauafage BBd didpensing ts)hte&l B9 BN 1634678 §% Irélhtive @6 @ riof brt @%&@ﬁ fusifif a gas storage

st “Ibeg o bampinf sl b @&Wﬂﬁ Fiagfivated carbon

‘ vessel IS maxim zed. CDnS|der|ng t he converse, the
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P BIo2Bh B St i, Brteund O b Bumioh F (s RB R P EURES Of the preferred
| padkhging @€ tien@odotithippliyeichleddegrbde df aRrih@nti®d i rédﬁaal@ulmﬂ parallelepiped

Ehe cyl i ng%e%?ce{ll}?éﬁe Ssellgz}]lg&hgag fﬁ:{ﬁ@ﬁggﬁﬁf&% A e paratus it would

gas nﬁﬁﬂmnﬁdi&ratmesm;eir td bahighly Aisadvaiafeo@Stp @ﬁqlldsrgal xyctsngﬁad parallelepiped

C dri.cal ves C surf boundi n . .
C KR o & PPl RO St T, HORRE A EpOARyotim, since: () a
t InﬁtamguISr w&ﬂplepnpmailel has BR fReq hnd tivelve wkiddineeetpirg foreftbrication if each
.vessel , at hpe out er

S Bt B MRy if St afte (o] oo Bl Foie iy B Gged without seams
Afroal nﬂmlak trolletihstect @A} E6) gamsistait Wwikke (1Waihb falﬁig:aﬁms cdss of a rectangular

sarbe guen i,ts [

eas e rom ﬁé"' O‘éu@r eﬁ’t{peﬁﬁ% Urket ﬁgﬂan(%t g%ls] %é'ﬁ @ corresponding
t Ioelmdmt:drvesnel pimb tirensigathr pdrdledpipbd ntinfth'ﬂldtlonl&@élﬁés Fsbairp” corners at the
Ehﬁéglrrérgf gogélérﬁ rpendrlctuf‘\ariﬁl gilrc“alllltﬁll %?str y ?Freﬁﬁlo Eg%ntla?sa?omung voids at the
miine| aftjenaure, owherclﬁ thdh eorpdny died azlrouaidsmj rtpaci(’ ajalntsth the comer, relative to a

r ei y ol jt:hi.Cl: . s

rreangsg%lﬁ c?ﬂ}édr%glrgg %?)'4\%83‘&? %H&c%qs gcecao% lﬁﬁ(fht cggl;%%b !rlﬂdt 1px§tgad is a minimum
b Icmk8¢6¢1kml frgr shapeciguipsarihing e ted piphoficd babées matsrinlok ghe interior volume
glc())ﬁ \gl'%me:é]sgﬂk@d i@} (?lc int r{t]:ct? g\%jb% Pﬁgﬁlé’%fs Qith one another produces a joint
pakdh; ig | susceptifle tu m@are ;bel Hr%@re canigree repipk éherwm ctlatiiegto a “seamless”

-g% ﬁ&ﬁkgngkjllzed in the formof a bed conprising a

multiplicity of such beads, particles, granules,
pellets, etc. Thus, in the bed formof nultiple finely

difgexigd: Hﬂ%%brpﬁlterﬁﬂ@@ hBRBer, O AR M cPangd S a¥MeRpipe] tiBormation results in
of the active sorbent is_in mgjor part |nterst|t|al

or® Veredr vhish dpesi kavejlgss ctrsaﬂw@@ied Sqrae}; g weiony afiagpnt ghe seams at the

t RfteftEdRA DI ) Soent SAHABR DB MG @ﬁierkﬂlﬂgoeﬂ‘%rasdlia}dvéﬁagﬁ h@ch lower density sorbent
gFHent particles. By contrast, in a_nonolithi
1

fo
Jegignyang g i adyantageous @6 j hjghes gisplos cpgdchn?ecwﬂ%fys for interstitial

P QeSsibédoriviidsbrB&d das fodldw@t SODBNE vaTBhesf (A sopbilt bl ds
that may have been fornmed in the bul k sorb ent body

during its processing. [0025] The present invention in
or{e02ey pR&thet, epradiRly b&adkef ilhul %rhﬁ&ribﬁlag&sanlg gl 1B@sh NGoss-sectional area
at US cO risin st orage. an pensi

B HOP B e SR AG! ST e p e pisp, the amount of
V GdokteBt ﬂﬁms&;plﬂﬁer@edp EN%eCﬁhll ad&er@mcaaﬁ@aeh \/seifnlyxmuzed Considering the
retal nin a t hereon an rom 1 C I he u

2 PORELE? g‘%ﬁ)ﬂ@?ﬁ%ﬁ effeainfnb Wéﬂf';r“"é %Pwﬁg (5 ediagqnt te){he aorgent bed in cross-
di sepeuisis RicRESaEMh Yhe Gtk @t fatalltRFpadessRmith than in the cylindrical vessel.
d| enS|n desorbed fluid fromthe.vesse], wherein the

Cepnepe 8 et fipHpEREonthRshoreblRt bizherrgiie egress of gas from the
physical adsorbent that is characterized by at | east
one of the follow ng characteristics:

5




YA
)

(a) afill density measured for arsine gas at 25C and
" pressure of 650 ton: that is greater than 400 grans

arsine per liter of adsorbent; 25(b) at |east 30% of
overal | porosity of said adsorbent conprising
slit-shaped pores having a size in a range of from
about 0.3 to about 0.72 nanoneter, and at |east 20% of
t he QybrkdzsgpOr osity conpri sing m cropores oi’cﬂhﬁ%kﬁ;‘in
<2 nanoneters; and (c) having been fornmed by pyrolysis
and optional activation, at tenperature(s) bel ow

1000C, vessehtiiinligma c&wp&dﬂm chm@'fcal fvésﬁmeaﬂ&% win &k funding the

about sgmddh 19 &

20041%}%%%@ ﬁsﬂg%% 4%‘2 % TRBNG] 1 fip ootenguler
adsor bent  can S hp forbat terty S dpche oy ifaficiont vessel.
adsor BEATH e P?f?r@d gﬂé?‘ ﬂlawmmepsm I¢serpadsprbesifsubmagwentitq its initiel desorptive
adsdr deate from thé sobabmedifin Garaickebud e ttherftFior Pation Hf thoddbyht bed.
shaped to conformto the interior volune of the vesse

I N Whigghhs) i For these rgéscﬁp% ?egtanglﬁngarﬁ {p% ell!] arecular utility

e vesse

| |
T M

invention is 5 discussed nore fully hereinafter in
- 1 es ped024hfis usthbezpinn freeplithis't makyehattizrrorbint didiom 308 © i@y br tiloek-like

t he prehety, Gohd oot @ADL, dFicks) 3, thids, R, ﬁeﬂnﬁ&m& to conventional
VegHe |ﬁnelﬂ dividdl i'ol‘ms Ren @aqg&fr, %ﬁr@cﬁe& gra&uns@%ell{stp glldl t\.}m%{] I

not tq Iﬁépg that o ssel es and.
f %%,
conf of e onesomlﬂnahﬁ m]E sing 8 of such beads, pari:lces gxanules,pellets eto.

cyl i ndFEdabe @?f&ﬁ‘é’ﬁ““‘{}t@?%lysdmdm adathays eleimeple g adidvolume of the
f r ust egvmndeteat s frapivd pardgeeilis or Brgartifld) A 2Haacldh @rying according to the

NoNO| idirdaisensplpO b Sz{ahngﬁi%tyb:?thcf Qe as, h{ﬂ SnthM! iR L ¥1§do§tbm form,
Pr 90U G 6l o OF GAREE s&&amn oSk s RSP RS R 'e

be for 0 SUIt r ol

as forngggﬁ%?éw%b YT °8gh§¥@HP%WFH§um“$mg

phenol - f or mal dehyde res|ns pol yfurfthyl alcohol, /
cocondff25g [bd dresent pyeeaiivatic @b edpécsrplatpera@ Fuig btérgee al dlsy@smg apparatus,

stonesmmﬁﬂ@yamﬁyhﬂ@mﬂf¢¢ﬁmmﬁﬁﬁﬂQﬂ&gﬁﬁ&&hﬁﬁhﬂ&“méﬁﬁﬁmnmmm

adsor hagdte [ ora

di §0p eg rpag‘ff‘n%{e‘lﬁ pﬁ{s{cg Efgaval\‘% ﬂph{'&ﬂg t{u*mt% guu? &1 %‘3 fronix 1ch gae fluid is
for subs eq Ge n ﬁﬁesse]i’ ang a dispepping F‘sls‘iff’blyd?@l"h@ e vessel fo
adsor g %ﬂ‘ﬁ %&P VAT WhetRRh Fhysice) ddsorbeait domprises i Ivenolithic
fluid c@’ttompbatguel adeorbenChasip nrsdterigld tyat 142 i @f the f1I0wiO Waracteristics:
enbodi nent, the adsorbent has at Ieast 20% of its

POr 0Si t Yy |ess;

nanomet e(?)sz i Q%lg%%ﬁl}o&g ﬁ' HEC By (c tehé 15 gpater than
the fluid*® e B g o6 ﬁ@ﬁ%lng vessel as a
multiplicity of nDnollthlc adsorbent articles that

agyr egat(@lajicagt0vts éfiotetall ordsine aid sdadrieM BEmpHIRS Slit-sHaptd Hds3 Baving a size

mul tipl e mPNRAE bfdm @51& 0.8 kPabstk b ANQRIRAL ana GASH 2%:/.': ot tﬁ@ overall
sorgent articles

mul tiplici

can 28 havgeré/sglP prftd ’s'?gr{mfr mesn%]mb%'f\r/\aé’g‘ﬁmﬁms“ nd 1.0 tines
t he hei ght of the interior volunme of the vessel, and a
Cr 0SS- s EQ g Aen e byt Hyeelysid wd dpeeleeination, & tapezne(S bildwBR-C,
t he rect angtb abulkaenis st HaGd QR 134t88 paths phlihiceasinal:.

Each of the multiplicity of discrete nonolithic
articles can have a rectangul ar parall el epi ped shape
or alternatively a cylindrical or other suitable
shape. In the interior volunme of the fluid storage and
di spensi ng vessel, the discrete nonolithic articles
can be laterally and/or longitudinally 25 abutted in
surface contact wth adjacentgnonolithic nmenbers. In
one enbodi nent, each of the multiplicity of discrete
monolithic articles has a length to cross-sectiona

di mrension ratio, LID, that is fromabout 2 to about

20, e.g., in arange of fromabout 4 to about 15,
where L is the length or major axis dimension of the
nonolithic carbon sorbent article, and |I) is the
transverse or mnor axis dinmension. In another




it
N

WD 2004/ 052507PCT/ US20031038437 hal i des and
“organonetal |l i c gaseous reagents, e.g., silane,

ger mane, arsine, phosphine, phosgene, diborane,

ger mane, ammoni a, shhine, hydrogen sulfide, hydrogen

sel eni de, hydrogen telluride, nitrous oxide, hydrogen
cyani de, ethylene oxide, deutented hydrides, halide

( chl &fd Jdesdegyom ne, fluorine, and iodine) co

and organonetal |ic conpounds. 5[0030] The f|E?3M?%&WﬁE”
vessel can be stored at any suitable atnospheric,

sub- at jpasjpike bl adsdHR lcan bﬂnmm @Fa'sﬁgl%%ﬁiﬁ([ ﬁsorbgrt Grticte, or a
Pr €SS Uy pc@;mgsﬁﬁma&a{%f ncAkobds i AN, Bl o Wtom o

about 2Q tom or pressur
from abour™ ¥38831ng iti pqeferp.h y oocupws at least 60% of the

subat n‘B‘%‘Bﬁ’@P‘F‘@fﬁF &sshre @{Eﬁfﬁ“ 95‘3’0€ff sugtpinterior Yolyme. | Wirile the invention is
|onan%a@wbnm@ﬁmmmh@mmsuba@mnmph&mMQnpfasswﬁﬁmm;ﬂmmaungmm
app! i ot vectsh ARBcklatickbiged (R Gssc) @ kvﬁi'bQ Qppkaﬁedaaﬂfﬂé e

havi ngy, mgggs 38
SU|tanghﬁfg$%?§g{ rf% gi %?%%%%@¥“3§Fg§ﬁd°§d%ﬁ%§§ﬂm”i
met al s ot Gres SQS%EGFME'QFﬁ palshapediessds ete- o) uni num

copper, brass, bronze, and alloys thereof), gl asses,

cer ani [e@’!] The mprelifhis admmetin cindb Brmep @l pReIBis pRad: o ANRREE fofn, and
matier | mikeSgenckall) %od] be TbiRed &S Bly QR PRyl Mri, LHuEhaQ liG example
shape p@%yﬁie&%hluﬁ pﬂ&ﬁrﬁ%&ﬁ e@Ee msiu? El&fﬁgpﬁ Ci’l E elld peanut
st oragge and d %s en %‘&&g ca ﬁ °F“%

for ex anp? "5 8 @Biﬁ@&mgﬁﬂﬁémmﬂ
15bei iy ?ﬂ‘“ é*%g%@@vwmsselan Wh @p@idaﬁliae sieped formybpoqnait ispemsing,
squar é-ecir g8.9x bedicibetian brfornlieedes Bediveaian Befuiaftdid Spdising

Wt Qvesdl. MTEsnb éibodithddS@e SRk A0 lef3f 20% E‘f os18;tuna%1res with a diameter of

appr opil @hea.alaRrs, size and form [0033] I'n one
enbodi nent, the I nvention utilizes a physica

adsorbent of nonolithic formin a rect angul ar
par al |28 pihpyeproons s bt profided intha fiyid siorexk end dishedsing epsblos a multiplicity of

vol umenogalithic dsvibany ardclep et agér@atii boddfitute She GOUIBINE Alasd  §idBich multiple

di spenmhdigic %Mgé{nent,f h oBSE R Ilcf(y%f éﬂcrﬁ@ Hx@x{ogtﬁ &Lnrbgrﬁ%ucles can

fr t Qr min

o) PR RS oo B U M B g ol it vl o
sufflfpgﬁFm@ﬁﬁﬁﬁﬁﬁf‘FBWm§dﬁﬁi?%%m?@t@ﬁ@?@ﬁm®${*ﬁﬁﬂ3@wﬁﬂw
at e g&%sd. Faqtjebthegralfipkicitciof disreatrtiotojithic grtnielcagl BSOX @tangiBr parallelepiped
reIeashmwﬁa@ﬁﬁmﬂmdeﬂdeﬂ@fa&t@Emﬁ@ﬁﬂlmhﬂg&mmﬁﬁﬁmﬁﬁﬁdwﬂmd

WO r ki @Qmé&@ﬂﬁﬁb&ﬁng%sgeh g %@tﬂ%lﬁ]}l ggo : grlad‘Sn!]lg dlor Im??gu ally

Lent, sorption Initi
has an %% F Op Ffﬁ egsd$ TeF I oF bodlment gach of the

i nter é%‘ihphg’é? °€ fisgrete |wawh'@'a§mq&s b»a slslrsé‘ g Oscsmﬁmalaim@dm iratio, fLiMg that
i nt er igomabiiPre dtodt 20, ke, i@ 98 lof Fbkirabdag) 16 hhoNtaH &vhéd L &S length or

t here In{ajor %&1@9&3&4 of Ibﬁon@ﬁﬂ%ﬁlsor@ﬁﬁx@&@%@b 1§ tﬂa stk 9(@!%?&1{13

onol (s 558 Her LAERL] B ERhucxtheSin, Sk cRibiere it e, wit o
botil ede g‘f g’?‘?ﬁ"T‘é‘P ﬁ”gft'i’i‘fs‘s@ll““’c’qﬁ@l%émtﬁé‘ht materi al that

are of a size commensurate with the fluid storage and
di spe@amghy BEERI the Ml ftdrgd ad AESBing CRRE Bdt 1S soiRA yO:Eta:&d on the
smal | acﬁH' d de@uﬂgd vnddr SRbield Qrﬁr,{ ditie Eor Eq%fxé{fﬁwd ¥aé1 be Rad of

t han f é? ete np

furthe pre T && i@%@?ﬁg“?ﬁ@“@?@@@WWEEﬁP§¢ﬁ§& sk ) parides,
than 8 such discrete nonolithic 30articles, even nore
preferably no nore than four: such articles, and nost
preferably the vesse



contains a si ngl e monol i thic 'brl%'y'"s‘irqcal " adsor bent
“article, WD 20041052507PCT/ US2003/038437 [0035] The

nmonolithic article(s) deployed in the fluid storage

and di spensi ng vessel provide(s) an aggregate sorhent
mass that is preferably confornmed in size and shape to
the interior volune of the fluid storage and

di spemeromgpsisessel , so that the sorbent nmass GlorftBRosnssr
nonolithic article(s) occupies at |east 60% of the
interior volume of the vessel, -preferably-in a range

of f r ohrlidsbed breatbiéatlio ga&weag%%ﬁ siile, fefifine] SR pr@dphine, phosgene,

VOl Unedigbfans Wadind @856k, Eﬁ%)@ﬁ}dmg& sHER G %%m& %&%&L Setturide,

o phst e ARaAlE o e ket b sl Lo, e
pyronS|sm@?“ﬁﬁﬂﬁgﬁgﬁﬁdm?%@FﬂwWH§PWW§$tn liquid or
otherwise fiowable form with which the vessel is

filPedl0i38l Fhefesithe tesebotucha btorptat @y sukable wdsﬂbﬁb&uﬁauﬂisph%ﬁ@mpm
inth Cathidesid |ptess&@ E @%mlb&o@bﬁ@&p Q‘Jcﬁ Xs% y ra:EHé Q¥ l?-]uql 9? I £}) T {0

the fo I nol.i.t hi.c suc
art.c|%§h§§% x&h&bv EE WieER R %ﬁ%ﬁsﬁﬁgf ¥Pr, fop, grbafmaspheric
0.3 anfd™ T PRy Fheses s 8“ freetien opfthe sphatmpspheriq iresre grplictive.  of
the vessel, and a cross-sectional area that is between
0.1 ani@i3g. Be tvessrElding cheragsob @i Bhivih AfluidCAIQH T BR%h b 8 lforBdi &R any
of 1 hesutBIs $@del. mdepfl® FRARNukthl)iskh EEEAEEQEY lrlia%ﬁss 1, alummum,

B L Ry e

vol unetric usa r VOl UNS

when tREPVEEEEFS s of 15 rect angul ar parall el epi ped
shape, wherein each of the nmonolithic nenbers may be

| at er dP13Y Emebsselran be nipint sviclblneibrle yd St bpP@prist toIMe e Mid storage
co |tnt aGidnd M@Maknhngehgﬂhé&fﬁﬂ trhd WRRA lcdnttt}' efamgf@ ‘Jpéi‘tﬁ I Qaﬁanelgp iped shape,
i nterig ternative

i nst an cﬂégﬁt » OHB% 3 %ﬁg‘%sé%fa?ga limé"q‘thoar e °m§sc‘)sF°Bé]nf'r ¢ vessal can be
ool PR BT T 5 PSPPI e fand o
cylinders, with the respective cylindrical nenbers

bei ng (P33 de dusi smb@inteliothd intestioh Giflizey © byER! SHAR of Qonolithic form in a

t angentdayguadpdbiieRRRd et Jéﬁd’ug@l RRY infefl LrJlunIe @ﬁ‘l‘ lﬁ\gngshl pQr? to which is
sur f aGGy Ie@g a8 tdgpeﬁmg :‘35%9 %r stelet%¥e (%{zh%{gflhé‘ 8P %opart&cuxreegfl The sorbent

ang&her ace-t
créss- "%%‘E‘? o r@’ﬁﬂ‘mé”LfPrFla’é E‘% prespryy inponipn grodden Fusfigient ganetity for sorptive

di speri¥intig of ieasaibitesganifi the Prsipé gramityheosd dbsrative @liit & s@ifundai da@fption
r ect arvguditions, afpigoa woding Pipfbfivitlzadd 8&ls bdhkiBr leitJAl&deso:puon of
sor be nﬁmaﬁﬂdio%lsuegéﬁ nd TWin Q:?roﬁtﬁi% Eoﬁym%g{y Qogﬁpﬁ%&r u*tereftﬁo § at low gas

conf or 0. th e eri or .vo
vessel’. For exa{"r?pfn% "?eﬁ‘?é °§F%ﬂ%ﬂ’é“€ff’ﬁi°’?ﬁ%‘ﬁ€1ﬁ‘5| ng
vessel can be of cyllndrlcal shape with nonolithic

addor H¥A T phyedeleadsotbine linscerrdeonpithi Rl pigenOinVéRion ta Bk ofSdR Giable .

of di s@noliftf fush) 8.p.ORIthOREH B6lockd, br@gsbgtﬁrg &' Ynilar RGN | {8 Gt material

di (g8l are withthe tud oREL L] to the
o Bl DLl Bl 3 50 L B R s

val | STFF AT gymbetes ’Jﬁ%'gaéﬂs “[0{9@3 polyTlpsg thipngh) et the fiscrete moriolithic
i mpr oVEiAtEn{n aferthermesberied 2spnd the yeschdontans nomed thinl8iseh fieam ovholithic

acsi vatise, ﬂ@w&mwm@ﬁﬁmyﬁdmmﬂQM£RWk£FQmﬂ§&hiﬁ&lﬁh&w&Q&ﬂﬁud

of t Qo %gl@&&noﬁtﬁcﬁﬁ%gﬁ&geggru?f?cause physi cal
adsorbent materials are generally classified in terns

of their surface area available for sotptively
retaining the working 30 gas (adsorbate), and hence
particulate forms with their high surface to vol une
rati o have been

8



~considered inherently superior to bulk forns such as

bl ocks- and bricks (i.e., nonolithic forns) having a

| oner apparent surface-to-volume ratio. Thus, one

woul d expect intuitively that nonolithic fornms of

adsor bent woul d be I ow efficiency forns, having a
reduced .sotptive capacity and working WO
2004186’2%"69%&?/ US2003/ 038437 capacity. [0039]reTusbmsossss?
been di scovered, however, that a carbon nonolith may

be forned Qﬁvin A simlar micropore Wittle as '
corres E@n bi Ky isle@igplovpshin thefuid iorage sndlvispeasing ivadel pyovide(s) an
hi gher °#EFiseipent massdhat is prefalablySéntoymell i sig ahEBGEt0 @ inkeFi@ Wlume of the
about 2E96itrge @b dispbnsBEsh, 598 ine boibaRmish\R 6 AIRAGL %&1 ) occupies at
densi t YeasPdo%loh\®s it GOLLESH ' d_carbon, an Eﬁat"p
suchy high ;density Oﬁglrﬂol i ﬁﬂg\%ﬂ%ﬁgﬁg’é‘aaﬁ?%ﬁﬂh%?‘@aﬁmabmws%
adsor bent - based A= 8r¥%hge and di spensing system
provides a striking inprovenent in mass of gas

adsor b&§h Eproyiged es aigtiemmolitfic sorbret agics, be Ribert MedmSIHAR 58 Purpose
e eiona ot taoi, <o S0l RN L Biodp B s
I Nt he 8&Re@m) FRGHHiE Gie Qdssel 1 nvent 1 on_i1.ncl ude
gross bgdsck, block and | sﬁgotﬂ]e?%rgﬁn%&ggmﬁfﬂﬁ? PERfOL same in the
preferably having three-di nensional (x, vy, 2z)

character 10 wherein each of such dinensions is

gr et eP0¥h Y plterpatizely papyifedin &6 fomabshutinl me@kiEE arfcla s such articles can
cent i nistrewided WROK leghanlih Bivebn 8 «ADRAR dTRAM drkh BY vBSme of e
i Nt hevebsOlf did HérosRsePTRCIrdalals PEdwl Gt 2 O'Sq"%h edrgc from a onl
poIyne&&qugqgﬁqughagﬁgﬁiyv§@¥ [ ene.ceﬁ r ﬁ?ﬁﬁ@?
or other, suitabl e polVier: KA HY "e gty reliviorissd shape for
( measuPBHSHE \lmedo) isaga of the ingsrior tvblumeoyider vesdl wWhenoma vessel is of
abolit ©etBglar prralidirpingd sRipd) whptefhlesch patie sobdlinG ey inﬁﬁte@a[texaﬂy andfor
Wi th  hiogiudingly kivhg inGadshdds Wil kR0 -98&1&%9% 1ft1¥1e a%?or LW of
heel ) Bk Ok, MOl kil Nl 5, SULE L CT ENL Y AOTOU

to ensyie re %% Etfaqg PR 0 At a i SEPRle s fe sart monolithio members
desorpti on. ?’ PP TG0 S e pylindricy] anemfisry ttigtidnied into the
car bon™&8F BWERE s9gf totiseeniiypbes mhei apather alved tdteBing sidbaRat0and to at least
ag e?ﬁ:] mﬂtfﬁ mﬂmwgw-ﬂam donflact it theirGik Bl cRIRSQHHR @Rtlstrb D 1n fuig
of t hestospy Bddispenbihg bedtbisbBthRO 16 HE ar.age. .

|11 ust g 2hdn¥i@hicQb PB&%& g%pgﬁt s 1 ?I}%gg j%éﬁetr Becetangu;?’aé?abnluTl?nped shapes,
enpl oyed. i n the broa DERCF TP PHETEY SHTBR Grshape of the
boric achd T8 F58%Yessels Jigf trfmice e Stbriutse axt NRSHE Fssel can be of
S gg iU chzléy;ﬂz m@ﬁﬁ%ﬂaoﬂﬂ%ﬁ%ﬁ%ﬁ@e&ﬂ of dise-
phasp bidida t, ede0Rdi2d ai ERRRRg if PksGoe OHe shape
a0<0F B, s e B e A VA, P2 RBEFFe
to cross-sectional dinension ratio, Tifiethat is from
about ﬁ¥éo about 20, and nore preferably from about 4

to abd 1’%? leyghef iraprqvorpeat aftondant teeryeptofia wenolitte foom oflxctidited carbon over
i ten Sl iirioingk bt biperatsbos)eQ bRRRS Al ki it i
and D steQerkrblfy cladsEISH RS 8 @dir shitall nsl Qn. - a .
SPEST Tk AR LRy 16, TR ﬁifgﬁaﬁo 2% e
is proyided.in the FBr m ot e % galﬂ’ff"é_ o volume rafio have been
cross- SEETT Shemlinerernt bu faps ek ab bl aat brisks (ie., monolithic forms)

having a lower apparent surface-to-volume ratio, Thus, one would expect intuitively that monolithic
forms of adsotbent would be low efficiency forms, having a reduced sorptive capacity and working



‘/5'«:\ |

Aab-prmoxi mat el y“6" in hei.gbt' (6043] A pret erred

nmonol i t hi ¢ carbon adsorbent conprises pyrolysis
products of Saran A, Saran MC-10S or Saran
XPR-1367- D- 01452- 050 PVDC honopol yners or copol yners,
as ul tram croporous carbons having a high proportion

of slit-shaped pores of snmall dinension, e.g., in a 30
r ang&ogodosasen about 0.3 to about 0. 75 nanoneteeis2003%08437
2004/ 052507PCT/ US2003/ 038437 [0044] Wen the
nonol i thi c carbon sorbent has pores with a dianeter of

| ess tdameityabout 2 miloneters, the nonolithic carbon
sorbed is abIe to adsorb gases, e. g , boron

tri fl U Ofnss B8R rwe‘grltlca ‘eraturet%
ext ent that i S rg‘%ﬁp |ona 0 (a4 5’3’?"‘5"”\‘}?9 E]‘?Féadf‘“!‘“
the sdPBERE volereds ongipgohed Gashep, %H’Sﬁﬂ*ﬁ%@éﬁb@ﬁmﬂ%eg:a

sor berfensipit @ ringd of Sowreboyt 250 tp ehow 3% higtaw/ benahettomgylacted density of the
pr 0P Orcbiregmnddi; baadéabsn, and th@ such fighRfensity@@ilith 5&%@& in REHy RS alidrbent-

:rgnzgg% Tk émn&k% be s.emm%It ef erence to :l’:ﬁ ur"’ﬂemrbed
5, whi‘ch t%mgkaﬁgb nq %étf' f boron

trifluoride (SP3) adsorbed per Ilter of carbon, as a

f unct i MY SFarber manalitys esefubiy th broad pragticsrof the fremt l(l\&l)uoramdl@tgr@m
bead aivtk wetigeok fores, ta® Bulk maprambgthsn@am&a&ebﬁmsal i, 0y character
di gqeo Wﬁer%@algfd'fgu):h &ﬂ%&tﬂ:«%@é@% aﬁ(ﬂﬁe’%ﬁgl Erga%zm centtmehem For

p ol yV Ie ql%:g%l%og gon%ﬂdﬁmadr th\é H}E ! cé‘g ulgl}qglqtﬁ%er? Tpds S poly:!:enc

10[ 004’%”“ ¥ REOE! @q}e‘l“&ﬁém‘iﬂ'%epalwq%ﬁwst jghtbulk density
cri t er(mespurefl Ul’lh ‘@'ét)»eet tmn!g o pffom alfoi0.88 eboit B0 grn@ per cubic centimeter,

nmonol iviithhigh veoelting epacBElBig MiQGpbrosty St !%%ee@ﬁud Bcl?&orh&mﬂs QBiciently
ands mlw@mgeﬂ%mdﬁga&%&&fy& gaxim zed, gases

stored in a fixed volune vessel are approprlately
conpared on a volune per |ifer of adsorbent basis. The
adsor BEAY ore Rehodimeph Hie mpaplithiccadoncsprbant p§ faiptertioniaqkudesa doping agont
ext r erfelhy aptivp eadtor tt mifigize Ricenpesitidy oft thresotnDlid dukizoxedédmge.
elim Mve‘diﬁoﬂng\é@nﬁ B8 cdnfBe ﬁstfﬁlygﬂaﬂlﬂyéﬁ iSthedbbADHRac@BEE the invention are

di Spe%ﬂicngtdv@@ﬁﬁl sod uqet}MHaﬁh(NL E.,O-,}, sogﬁglsﬁyagdmazgtg 9 and] dtsoiltum

VOIZISj \ﬁoclmeu ho q‘late&ﬁﬂ%l# Id stor age an I spensing vesse
i n“acco Y present invention, in a

preferr ed errbodl ment, does not exceed about 40% of the

t ot al 190/ &h¢ mpnolithit epen edsortiehiautiviessis edotheraupebt pADheve a lengih to cross-
pr ef ersabnyl dinnsidirafoPVD, A5t {IREShIH 290 abdbiD, DA peraBS RS bt 4 to
of t h%boqp@ QJhérL Disﬁt ﬁx%ﬁlqprga QJSQ% ns:Bn o‘%thedr?ﬁcl’tlr)hrth&}cbl Xon SO%JG[Q argcna, and

as poss]

vol ung P IF “?f‘é’fﬁ?r%t “?f?‘ 6’?’5 d&b"gsd‘f“be‘ht sppsific jembodimeny ‘*‘é“ﬁ‘i“’{j‘h“’ carbon
pr 8horfsPii ppoysst i by &imapll” b & sagricnssuiotion IHPC raponais briquettes,
The copricaimaely 6'Gateight. t he nkropores is also i nportant, |
with the pores being desirably slit- shaped to provi de'

hi gh r but. not so.small .so.t

slit %53? oﬁ?}gnr%f%{édo l‘ﬁl&l?éﬁ%lbs ¢ on adsorb {;oﬁmnses é)&ﬁt}lysm énroducg P%Séﬂg.téi Saran
under %‘ﬁ%@%r fft iS8R 88’&0‘??%%2-0@ FVPC o gigpopyptp ner g popolymers,  as
pr ess (Htremitrepgroiisarepns betig 2 bigtdwoportid oZbBt-shapedipores pOGA Hmeddtafi,ie i n a
acti Vadnpenirod b6l oMol 07shbBACt | vat ed carbon, the

pores are w dened at elevated 25 tenperature in the
presence of a non-oxidizing gas such as nitrogen,

foll owed by exposure to an oxidi zi ng gas such as

oxygen or steamfor a short duration, and then cooling
in a non-oxidizing atnosphere. In such activation, the

| evel of bumoff of the material is carefully
controlled, since a high |evah of bum off causes

wi deni ng of the pores, with an increase in mncropore

~vol une and concom tant reduction of particle density.

30 [0048] The nonolithic carbon adsorbent of the

i nvention can be suitably fornmed in any suitable
manner. | n one enbodi nent, the nmonolithic carbon is
formed froma polynmeric material such as the

pol yvi nyl i dene chl ori de polyner commercially avail abl e



Sl )

_haV|ng a

Wdland M) as Saran A or Saran NG 105 palymer. as

pressure nol ded at suitable pressure, e.g., a pressure
in a range of from about 10 kil opounds per square inch
to about 20 Idl opounds per square inch, and then
pyrolyzed in a nitrogen gas streamat a tenperature of
from about 600C to about 900C, e.g., on the order of
aboutWorBtEs250hi s process produces a enbol i S@ECDAEA03/038437
mat eri al havi ng a $ greatly increased fill density
(viz, the wei ght of gas adsorbed, e.g., in grans, per :
liter B¥Ic%pn g‘??)‘“““%@“"s‘ﬁ’@%rﬁmibﬂt %emgrvaﬁhsdmwﬁf dusy &= about 2
and 2. nafoerag fhe fbvelitkimmabinisrivhtds ablem hisiih AGS 0. DEa] trifibridk, BRve their

| NVent digal HnPRERSH B dited i isgRpoktosBd Ele Qﬁ%ﬁw&ﬁ ofﬂ‘ieq Nteriat,
pract i ggeef mJnaﬁnoQEriJog Eorb@{tgmte fo? ch 8??059'[{1 Ve aiuél é:FoBoétH)n o pXtes e.g,

di vi;deg eﬁ?srol/' {:I es
i d‘? °‘?5’f"e=631 TpyioroRaFFY Sz Epee Thia pigot may be

mor e t¥Pi ééﬁfﬁf?‘:eé" BaEe §» afigh & jaggreplt efrweight 102@ o2 bogon Tfffuoride (BE)
milli nvétcéiﬂaverlimroﬁmmmaﬁmudnhepraa&eem,fmhulfdf (xfdﬁ{u&ﬂﬂk@ld&vated
car boncat@t(@kaipdhtSmirResy sWMajafaiMi GrfrkeR] an @g ﬁ%ﬁﬁaoi ylidene

Appli G t 0202 % ‘éfm
Febr ua%i;hdggol 2%{%&%3% 08{;&]13?&&9%&5' PRI o4y ‘g‘?

e.q., > 1000C and preferably > 1100C to |nduce hi gh
gr adphi PPt lbgigh pisyreresvolugnis ebirpir it G telectadaibomalon wiin the
i nvol virmejiticemebbi bdsar@ntCiyadnds S0 et ineitiod] ©E0 bitfobd@d ) vékinB IS desirably
per f ormduzasga%mted&ﬁaf&ﬁi%h%&% xQ:Ha omﬁJred@ﬁavo titer

Pat ent or s feds b%éoﬁta&?rg%ppgﬁgg dead m suc r sjance éeﬁﬁ% eﬁréﬁuelquﬁnt

vol u sur L

vol u%" 5’8 °@H%°6‘P‘?Bé’|‘ﬂmat&%\v°idlvﬂ’§gemlﬁftﬁ§€° & dispensing vessel
cost | WH‘B‘}BF‘@&@W’% obt ai ning a suitable sorbent

material for high-pressure gas storage applications

(VO] t Owi46Zvddt volklne mtht.SﬂmdPﬁh@@&nd éﬁ%h% %Aepig afcb{'&ue Atk lthg gresant

Us200 %&thi gl%?rﬁélred grl:.tb cn? goessno{] eéceed agcue.\ 49}?ﬂ e fft%’gfgl@)gg’hmbgf the

capaci

nt r odtis éd'm{ P PYRRB 8 o e Pl O paging dipits oL i cabon
t he r afg@! ipfesiblpinhighes pessiBo Qitysiintm mgtopptvolBH0H 2 Peime Per volume
page 2f apabagbaighud @QdeR] propbetsitor 26 Gratnﬁ?ense%k E;l@QE?&Jpor&n Thc
cont r agtrorhiod E}Qﬁ%&g pborBd is @ im Qi tt]lg hIoS, b gf&TDquq sh% sh%ued to

C arb ?{]:ga%{&! IQ%Q soxﬁecm tlwe?s pu% no?so éTnall sq \tixgt%elslé{g??%??rg; lmterfere.s with ready

seI ectBdIEd e’d’ﬁ‘ﬁ‘ﬁ@’“&ﬁf‘%ﬁ= |dpsersiorat presusylpvelson the order of 40 tor.
phenol - f or mal dehyde resins, polyfinfuryl alcohol,

coconyeo4y fminhﬁacm@t&ﬁ Bdarb & e |t‘c|n§ actiR@d Galﬂmﬂ) |tﬂe§mres%e| M@ned at elevated
stan e&emp@:%yﬁ f i ﬁ)g—oﬁﬂinrbé%&rsm: as n;ltrolge'a1 teﬁowed bé e@ to an

is pressure- nol

up to “apbou iﬂmbaﬁﬁx"ﬁegl“ 8’?’“ﬁ?’gﬁ'@’F dm?”ﬁ“')?i‘dé?“’d c%ilmg in  non-oxidicing
pr ess FFOshet deyclragivation te e of burkyoffief the knattrial iscepfaiyoiontainly sigce a
at t erijebiesd! uf @@ cores MOBGHE, of PiE Pdre) wildlal nBieke i@ ¥RRBEH RBime and
about cMGiant Raton of Rtk dgijge Of from about 500C to

about 900C, and nore preferably in a range of from

gﬁgcgﬁo apout 900C, to yield a nonolithic carbon
r i (ST it mpglitie paybpn adgpaben g %ﬂ igyyentior, pap Aytuijebl fagned ey witeble
fo r t Hesren fremekafodipeest, ttnenditye catnalis thirsd @664 folymeric material such as the
appl i galiiensMIRei ol SibdaRlly SRIIBE Hod 1S VoW Chlrloal B&mpany
30 practice of the present invention include those
having a fill density neasured for arsine gas at 25C

and a pressure of 650 torr that is in excess of 400
granms arsine per liter of carbon adsorbent, and
preferably greater than 450 granms arsine per liter of
carbon adsorbent. [00511 The myrol ysis product may be
enpl oyed as a nonolithic sorbent body in accordance

with WD 20041052507PCT1U820031038437 the present
invention, as is, but such pyrolysis product

preferably is activated in a manner producing a
nonol i thi c carbon sorbent product with

ultram croporosity having a high proportion, e.g., at

| east 30% of porosity, and preferably at |east 60% of




‘characterrzatron et c. [0052] Figure 1 is a graph of

wei ght in granms of phosphine (Pl 13) adsorbed per liter
of carbon, as a function of pressure level, in ton,

for a Kureha 578-66-6 bead activated carbon (data

poi nts marked by solid dianond markers), a Tal cacht ho
ABF 14-03 particul ate activated carbon (Takachlim 20
Kabu&ﬂ%??ﬁ"“%é‘ﬂyo Ltd., Tokyo, |apan)(data poiR§E&s2003/038437
mar ked by solid square mar kers), and nonolithic carbon

f or ned vin |dene chI oride polyner (Saran A,
Dow Chqe1§ &;*{Bﬁosy é’ts WP Bolhgs % é@gﬁg@p@ﬁénmlePMM.eg,
t ri angiee Wk%ﬂrf@m ﬂh[ﬂ@ U5dipoiEispeiquiaa inthrio #bing &Y Istopounsd 10MYquare

h hat tdme.b anbha | pirbided in@ alttbgen gab Sesed aiefnw\@ﬁonp@w BARYC to sbout
t
as a @ &tg% tﬁe%kd@éfiﬂblﬂﬁ% YR s o?uqntexh { matgrial haying a

phogp ter arh n than e her

25actiyat e%gc ar ggﬂz‘dr %S peabeds & BB EPS) Reiiter of carbon), as
par t i cOt"atodhe et ?Ei’tgtéfﬁf é‘airzbon adsor bent, being
generally nore than twi ce the sorptive Ioadi ng of

phos pHE#E Thyseuolitkiecnbin@iadinf haigRioDkprdsdn® B { depatoffe from the
i ¢ S o e fe il i IR b R %R P o

of ¢ ar]%gdr% pﬂﬁcﬁe drmﬁmr °¥ % la{osm'f% B é‘g‘fst_lg’f%e @Wél"mﬁ]eﬁh“{“ﬁ?ﬁ oF025.20
for'® 2 TP r'isa“s”rlgh e’éheaasbefaerk BSTOpogost edonustetinds fse¢ Wejtowioz ot al. USS,
poi nt sPafﬁﬁﬁwe@ﬁwubé@hqn FS202400292% ATpubKabed SYbram i, BBT) @y utilized high
f or e dedfperair, p@, Ficwwsd ind eﬁﬁmnh b-Qlido@e oReHudé ek g%ﬂut&a'ﬁa{ R, i
A,  DoWorstih &l ackvdkiod o {ngiiz g!ﬁ&d@so Xong g p?tig]rmed 85 many

t
SLLZP?“%?"?{ 8 il 0 S YT

edd 4t f“\?d’f‘%‘(‘&"’t& é(?l‘B‘E?er’f“é’rf "‘d‘@l"ﬁeﬂfﬁ%@eﬁw a ffipgonsuming and costly
v oI unepnrdae o obidining 2 elitldy sibae maiethl Cul highpeRRd pARIoRSapplications

Ip: r : |o I (ti(qrog}ﬁf et G1A10,0 Qfatent M@h%ﬁ@%ﬁ@a%ﬁ%ﬁ’@éﬂ&@?pﬁﬁ&%s@ﬁz optimal
& cﬁ)acltp kogﬁce !orbgtg gsasé uifes @tqi% O'F %o%ugeld f.ntct t%e st?n:?rﬁ vessel ata

adsorbe r e ran

tar. [G0586 e‘f‘“g‘éﬁftfgﬁeﬂb%wq"ﬁfﬂr’a Pi6 3500 g opaeq 3, [parggmpls ORI, lest
valz?res"e“&?ce)ar& ne on the three types of adsorbent

materi al s di scussed above in connection with Figure 1,

i ncl udeosy Huwdheddtte WeB ARG -B HERFARL RERT carbon soment of the present
invention is formed from a suitable polymeric material, e. g. & polymer selected from among
polyvinylidene chloride, phenol-formaldehyde resins, polyfirrfuryl aleahol, coconut shells, peannt
shells, peach pits, olive stones, polyacrylonitrile, polyacrylamide, etc., that is pressure-moidable,

25 e.g.,at amolding pressure up to about 20,000 psi or higher, o yield a pressure-molded “green resin”
bedy that is pyrolyzable at temperature below 1000°C, preferably not exceeding about 900°C, e.g.,
in a range of from about 500°C to about 900°C, and more preferably in a range of from about 600°C
to about 30G°C, to yield 2 monolithic carbon material having a B! density of suitably high value for
the intended gas storage and dispensing application. Monolithic carbon sorbents useful in the

30 practice of the present invention include those having a fill density measured for arsine gas at 25°C
and a pressure of 650 torr that is in excess of 400 grems arsine per liter of carbon adsorbent, and
proferably greater than 450 grams arsine per liter of carbon adsorbent.

{0051} The pyrolysis product may be employed as a monolithic sorbent body in gccordance with

12



(sarrpl

carbonTaIeachlho .VABF 14-03 parti cul ate activated
*carbon, and PVDC char nonolithic adsorbent 5 Bach of

the materials was evaluated for two sanples at an
arsine pressure of 650 tomFill density was determ ned
on a weight basis, as grams of adsorbed arsine per
gram of adsorbent, as well as on a volumetric basis,
as ghamgupssedsor bed arsine per liter of adsechesioesosss?
[0057] Table 1. Arsine Capacity on Non-Mnolithic
Activated Carbon and Mnolithic Carbon Adsorbent Fill
Densi t Yo BiEergsentiqrotsis, fof sch pyrelesis prgdust psteriilysi anthigl i Anber producing
adsor bemmlite chrbon DR StiptoYucniit &%Wmﬁ&@$lﬂf ré;%@dj@ at Teast
ar si nesobd o Sdios®f and éﬁ&ﬂgﬁﬁﬁeﬁstm 7% i ageg%ﬁl%ri%vm s%ema
28[5:114 ﬁt‘b‘g %F‘% 35 B ey S o st 20,
da éegst éﬂ_@ of the overall porosity comprising micropores, with diameter < 2
nanometers, The activation process can include any suitable processing steps for enhancing the
sorptive affinity of the material for the sorbate gas of interest or otherwise . improving the
characteristics of the sorbent medivm for adsorption/desorption duty, For example, the activation
process can include heating in & non-oxidizing atmosphere, e.g., of nitrogen, argan, helium or other
10 non-oxidizing gas, followed by switching of the atmosphere to an oxidizing atmosphere, such as
carbon dioxide or steam for a brief dusation, before switching to a non-oxidizing atmosphers and
cooling to ambient temperature (g.g., room temperature). The specifics of the activation process,
e.g., the temperature levels and duration of the successive steps can be readily determined within the
skill of the art without undue experimentation, by simple variation of respective process conditions
15 and analytic determination of the resulting sorbent performance, such as fill density, porosimetry
characterization, etc.

[0052] Figure 1 is a graph of weight in grams of phosphine (PH,) adsorbed per liter of carbon, as a
function of pressure level, in torr, for a Kureha 578-66-6 bead activated carbon (data points marked
by solid diamond markers), a Takachtho ABF 14-03 particulate activated carbon (Takachiho

20 Kabushiku Kogyo, Ltd., Tekyo, Japan)(datz points marked by solid square mearkers), and monolithic
carbon formed from polyvinylidene chloride polymer (Saran A, Dow Chemical Co.)(data points
marked by open triangular markers).

[0053] The data in Figure 1 show that the monolithic carbon formed from PVDC polymer has a

substantially higher weight of adsorbed phosphine per liter of carbon than either of the bead
25 activated carbon adsorbent or the Tekachiho particulate activated carbon adsorbent, being generally

more than twice the sorptive loading of phosphine over the pressure range of from 0 torr to 750 torr.

[0054] Figure 2 is a graph of volume, in cubic centimeters, of arsine {AsH;) adsorbed per liter of

carbon, &5 a function of pressure level, in torr, for 8 Kureha 578-66-6 bead activated carbon {data

points marked by solid diamond markers) and carbon formed from polyvinylidene chloride polymer
30 (Saran A, Dow Chermical Co.)(data points marked by open triangular markers).

[0055] Figure 2 evidences the superiority of the monolithic carbon adsorbent over bead activated
carbon for arsine loading, The volumetric loading of arsine, in cubic centimeters, per liter of carbon

13



PVDC char (sanple 1) 0.43 486 PVDC char (sanple 2)
" 0.45 504 10[0058] The results in Table 1 show that

while the fill density on a weight basis for the
monol i t hi c carbon adsorbent was approxi mately 15-20%
| ower than for the non-nonolithic activated carbon

adsorbents, the fill density of the nonolithic carbon
ads oMM HEHTa vol unetric basis was wel | overrCH@H5003/038437
hi gher than the corresponding fill densities of the

non-nonol i thic activated carbon adsorbents. [0059]
Tabl e is20-He%olvightror he mopolifaqabondispropnifoidr he pigsyyepirqugs of O torr to 770 torr.
tabul ation for fill density val ues of phosphine 15 on

the 1t I&f ste¥ReSolh qaﬂesp&muens §5loBdriine Gh §6 USRS §fbs 3DRMBent

in connecti.on h Flgm bx I Q%ézg

bead ac\em{slgfe Car e‘fmﬁacﬂh ﬂ‘% A%ﬁ&%i{%%g t| cﬁ?at e
act i v&tes Takabip ABY 1443 restopiate eivgied sfpin oL £ PG

REPL AGEYENEE nigleliis vaf @@@M folltayb kegnplos at g ives Otﬁ% o led F‘!} density
0N - NORvad\Mtakinbd ol b QeighCliabiy/ ilphils (ZaddiRa aréid gler e of dddofbir, o well as on
Car bon v ARSOLRE Mkl drhdRie Lliné 9t BRQfRkofvedcr €SSUT €(gr ans

[0057] Table 1. Arsine Capacity on Non-Monolithic Astivated Carbon and Monolithic Carbon

Adsorbent Fill Density at 650 Torr Pressure | Fill Density at 650 Torr Pressure
{grams arstne/gram of | (grams arsinefliter of adsorbent)
adsorbent)

Kureha 578-66-6 (sample T) 0.51 301
Kureha 578-66-6 (sample 2) 0.51 3n
Takachiko ABF 14-03 (sample 1) | 0.55 319
: Takachifio ABF 14-03 (sample 2} | 0.55 319
PVDC char (sample 1) 0.43 486
PVYDC char (sample 2) 0.45 504

10 [0058] The results in Table 1 show that while the fill density on a weight basis for the monolithic
carbon adsorbent was approximately 15-20% lower then for the non-monolithic activated carbon
adsorbents, the fill density of the monolithic carbon adsorbent on a volurnetric basis was well over
50% higher than the corresponding fill densities of the non-manolithic activated carbon adsorbents.

{0059} Table 2 below is a corresponding £ill density tabulation for fill density values of phosphine

15  on the three types of adsorbent materials discussed above in connection with Figure 1, including
Kureha 578-66-6 bead activated carbon, Takachiho ABF 14-03 particulate activated carbon, and
PYDC char monolithic adsorbent.

14



phosphi ne/ granof adsorbent) Fill Densityat 650Tort
o Pressure(grans phosphi ne/J. T%%‘E bent) Kureha
: 578-66-6 0.165 97.4 Takac%%%é%gy 8@ 0. 184 107 PVDC
char 0.188 212 [0061] The results in Table 2 show
that the nonolithic carbon adsorbent (PVDC char) had a
fill 5 density on both wei ght and vol unetric basis
t 19860]wEatde 2bosphink Gapcitf ont Man-Momolithin Abtivtated €afbon aml Mbnolithic Carbon
activated carbon adsorbent, with the fill density on a
volunetric basis being on the order of 100% hi gher
t han tAdsexistimet ri c f| Fill ddmsityt yatof65phdsph| Bl ddensipe at 650 Torr
non-nonol i thic forns pPresswe vat ed car (gosms | BAS@frd he (grams

sorbate fluid retai nefplmsphinegrannol i t hi c of hplwsphine/liter of adsorbent)
hdsor bent _in the broapadsodent)ce of the

Kureha 578-66-6 0.165 974
| Takachiho ABF 14-03 0.184 107
PVDC char 0.188 212

[0061] The results in Table 2 show that the monolithic carbon adsorbent (PVDC char) had a fill
5 density on both weight and volumetric basis that were above those of the non-monolithic forms of
N é’ ) ‘ activated carbon adsorbent, with the fill density on a volumetric basis being on the order of 100%
- higher than the volumetric fill density of phosphine on the non-monolithic forms of activated

carbon.

[0062]The sorbate fluid retained on the monolithic carbon adsorbent in the broad practice of the
10 present invention can be of any suitable type, including for example, hydride gases (such as arsine,
phosphine, germane, silane, mono-, di-, and tri-substituted silanes, e.g., alkyl silanes of such types),
halide gases (such as boron triftuoride, boron trichloride, halogen-substituted silanes, etc.) and

gaseous organometallic compositions.

[0063] Illustrative sorbate gas species that are usefully storable and dispensable in the practice of

15 the invention include silane, germane, arsine, phosphine, phosgene, diborane, germane, ammonia,

) stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride, nitrous oxide, hydrogen cyanide,
' ethylene oxide, the deuterated hydrides, halide (chlorine, bromine, fluorine, and iodine)} compounds,
including such compounds as Fp, 8iF4, Clp, CIF3, GeF4, SiF4, boron halides, etc., and
organometallic compounds of metals such as aluminum, barium, strontium, gallium, indium,

20 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. Ilustrative 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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10 present invention can be of any suitable type,

i ncl udi ng for exanple, hﬁghuQ%Mg§§§%ﬂ&such as arsi ne,
phosphi ne, germane, silane, nono-

tri-substituted silanes, e.g., alkyl silanes of such

LYR& % hﬂ)ﬁu ogﬁsto Qﬁ 3RSt Hr ‘Bﬂ)ré Fdstrici¥iy B6m apﬁft 9 torr to about

trlc en-substituted sil anes, etc. )
gﬁ@@m Efvrglaplmma kiches dsripplshtationte pfe@%e?f the gas m the gas storage and

Ic.'h%ﬁéﬁ{ﬂﬁ%tvg%% %Pircggtnsaegalfbt Sque%g %%oﬁthﬁo € #ﬁeﬁawslt&ed gas may be at

l'e in the practice o
i sebatmoppharié mssurd,se ssialpagseure pavram ef frem abave 20 s pliviuh 650 torr.

PPt B 05 BB TR S s s g o

tﬁﬂﬂmﬁmmMmf¢nnmmw&nOX|de hydr ogen cyanlde et hyl ene
oxi de, the deuterated hydrides, halide (chlorine,

“brom ne, fluorine, and iodine) conpounds, including

sweﬁlcéﬁﬁwmd@e sterageoand Qspwsmgmtm(%mom@m a stgragg and dispensing vessel
o*ir@&§ 1ts%i)ﬁer pofifdn to a vaé ﬁ-]gh'mﬁg %W%%nsmg assembly
al'um num barium str

neta S SUC ntiu

ghaehomarivilctentor 208 (i Ehetvebve beadion fhsreylindst.| Thsrvessgbway be formed of any

\Aﬂﬂaﬁg rﬁﬂl&na@ %g%hs'&‘u&% €S - colBRGML mhfAfial Etﬁ:ﬁséér ﬁe@fs glasses ceramics,

sorbate gas is Stored In the vessel
avijreagimaigsiols, privacss eed egspnosipsrihaterials dﬂ'mét“@apwl& ﬁtﬂ%‘ﬁl purpose include
F QEe1 MRdifBss 1261, Afin ﬁ&%@g& aad, ﬂb@e%alangys&ué&&mmé vili€head is joined
invention is _enployed lustrative pressure |evels
glvaesiof cawpling A10ithe dineerpipgecnieit2igrhaying disprsechthpisia a pressure transducer
| 94 léﬁ%a{ Sl ufi® 2‘1‘@%%%8%0 OdigleRitle £s38Bb1} G¥ifh it rgﬁs a mass flow

preferabl y not exceedi ng tome. %% a_pressure
RepateViZRospetpining Gogsigd fom ReieokioaBb e ditvepdhe gageuit 212 dusing the

abRMnsih S OPertfn, an@la MIRF 827 2% bnhoflnly \p@idurhie® Ph@lRdisp2Ased gas prior to its
ton to about 1200 ton. For applications such as ion

ﬁﬁ@ﬁﬁFéFWUWﬁd@m%mﬁﬁﬁgﬁﬂﬁ% of the gas in the gas
storage and di spensi ng vessel typically does not

e d.about 800 ton d,.the stored

sﬁ@gmgﬁ [sprrsing asser e Purtger g OBy %sgﬂﬁlgma%ll ?Orr afgEbly engaging the
Oﬁlsfm’r@iﬁg aksembly 24itht downiteampipihe, TAOIng 0drtothed fDRG} afsbgatedwith the locus
d 8 uv eolf)s}he 89T %%C%ug %:‘gglsirﬁv% %t&gl zgn Of cggr%éaﬁ?%ctfm%%famhty such as an ion
I invemdtatom.tool hOOHGS dxﬁ;&nseldcgwas ah ﬁrmlsrtt speage and

di spensi ng system 200 conprlses a storage and

di spensi ng vessel 204 that is joined at its ug

pdRAGBD The dluial serhaecand alisgerB0@ vsemip?ldsis showrapartigly boken away to show the
di; udi ng manual actuator 208 for
t#ggggﬁkmgﬁgggﬁgaﬁyﬁggﬁél|nder The vessel may be

formed of any 10 suitable material of construction,

€.(6069] GRIRL uSt DPeRPLhld Rew GBS s¥BLR a8 d%&%ﬁl%sapparatus employing a
ceram cs, vitreous materials, polyners, and_conpos]t

miesanigales parpllelepined Afluid stoegeaind dienensing Fegselr pHS éccordmg to another and
' 'i)?éf&% éﬁe@@df’the%élsrﬁ |u§f§§t1o?1t 'Pt?cl rectzﬁJgMQ? ﬁ%ﬂeieﬁi@@@ﬁ&d storage and dispensing

brass, brionze, and | oys thereof he val ve

| j Ferelp 19yis pranped with @ @wswplﬁg cannertion vgv@h@ﬁ Shd pq;fbha%dles 314 welded to the

30

CQRdRL o2k vRa | Pt AiP9REd ALPRIRI eﬂlb@dﬂﬁfeﬁlsﬁ Yrfned w1th a welded steel wall
transducer 214, an inert purge unit

i
t Irengiustinen hﬂvﬁ@ AR B ABICgS- sREtaR alqpg the ‘@ggcal ﬁoqgﬁg@nq% a3y ofghe vessel. The
C %Hll@ Q)E ltl%rve%paré 81 o8 RiH 'ﬁﬁél@éaﬂ%n%ﬁe@ls Eﬁlﬁ{he ullt%r Blukhe of the vessel is 3.62

hr oug | Spensi ng condul t during t

d i prenBhetgndpeildpicdhinciamd s@clﬁ,ufanr@d inppthe slgppe Flprmvmﬁlg’wlded at the
particul ates fromthe di spensed gas prior to its

di scharge fromthe dispensing assenbly. [00671 The

di spensi ng assenbly further conprises a coupling 224,

for matably engagi ng the
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di spensi ng assenbly w th downstream pi pi ng, val ving,

"or other structure associated with the | ocus 200of use

of the desorbed fluid, e.g., involving a sem conduct or
manufacturing facility such as an ion inplantation

tool using the dispensed gas as an inplant species.
[0068] The fluid storage and di spensing vessel 204 is
showNOpM#e2AY | y br oken away to show the i nt errows2003/038437
nonol i thi c sorbent body 205. [0069] Figure 4 is a
perspective view of a fluid storage and di spensing
appar StRiSvesdstodkeivesest HO-25 rect angul ar paral | el epi ped
fluid storage and di spensi ng vessel 310 according to

anot h¢uo70ame: pakial eRcbf &S BREVave fonfehitn Pive 8GH b1zl iMYE vy M saged
The r %ﬂ a0 %Je]aflo, Q?quc/# ﬁ}LGQBLaR %&ngctli H.I ﬁilieﬁvglgg %?% %%\r}%w\fgy suitable

di spen vessel 31 ed W

conneC Sn:lbgr %fp\‘/) T Ve SR %’i’?gg"%%ﬁ ¥ptvg beads3/pori palvg begdsy o

. the top face of the vessel. The vessel 310 in a

speki 1004 dvbothararperalckpifed fiuidtiragd sbdispenadz vk @5 16 toaiihs a\@hdlithic
const g;lfiﬁzf%mh &ﬁnﬁ? SO PN 0% Rl Mo b1 G or
verti : . . e vessel . e .
161 OBl S B8 5481 528 okl i
st eel THTOFE 1 UPEps oo Pe PHoUEmAE e yresel perevispely describeds o
liters. The handles 314 are 'A inch rod stock, formed

i nt o 1082 divdipte appredivied, thapthacbommbitbechndibetiolbaf the BEMBE iyiR practiced
ends i bilk WMRsSEhnes dsistehORT Qb bbhREaiehsR 05, nm,ﬁf

S wﬂfe the
the pidR&adadsy A 2.1s threadably .
ek SOOI G, i,
connect i on, othe “var /8 et nﬁﬂi‘z‘y}’f‘&% by i ussgpfigleygf| imgplementation in
nunbe PG Feigips godificatigns ands¢rabediments o Agcordingly the lmventien, is diteaded to be
port Vmddireonsteaids snc@ippoalltsuck athey @riftieRdsodifi@tidhs and b ddnts, 0 Being
r esangaliate spps o B8Rk RRA dixda St or age and di spensi ng
vessel 310 contains a nonolithic carbon adsorbent in
its interior volunme, wherein the nonolithic nass may
i nclude one or alternatively nultiple nonolithic
carbon bodi es, each preferably of a rectangul ar -
par al | el epi ped shape to conformto the shape of the
interior volunme of the vessel, as previously
described. [0072) It will be appreciated that the
conposi tions and nethods of the invention may be
practiced 10 in a wi dely variant manner, consi stent
with the broad disclosure herein. Accordingly, while
the invention has been described herein with reference
to specific features, aspects, and enbodinents, it
will be recognized that the invention is not thus
limted, but is susceptible of inplenentation in other
vari ations, nodifications and enbodi nents.
Accordingly, the invention is intended to be broadly
construed to enconpass all such other variations,
nodi fi cati ons and enbodi ments, as being 15within the
scope of the invention hereinafter clained. 18 Wat
is clained is:

17



1. Afluid storage and di spensing vessel conprising an
interior volune having disposed therein an adsorbent
that is characterized by at | east one of the follow ng
characteristics: (a) a fill density neasured for
arsine gas at 25 C. and pressure of 650 torr that is
greater than 400 grans arsine per |liter of adsorbent;
(b) at |east 30% of overall porosity of said adsorbent

Wied ispiangidng sl it - shaped pores having a size in a range
of fronrabout 0.3 to about 0.72 nanoneter and at

5_: fsto?ge/@ng*drstpﬁ@ ’ ‘FO"WB?' n ? g drsposed therein an
ct 0 trc ensit
i e Eéé% TEnkine L
Qﬁ% t I aEtQSW/ ral ity & s&H9 n ogr'b MEdhaped
poFi-:Jel la\ﬁn a%be o ﬁ{&bﬁt 055tb dbAE6.28 RARIneled af@RURHSITRY, of the
ovérall aabsaty bditﬁ;ﬁ:érh@ icvapoteaBf fifhetSro2iahoiedtyrs; =t &) Mty Abulk density
of frbraiatout .80 &caboatrid §remsrpavituicit cérimetel, winereinsaid @gsuriEabis @ontained
in fsgid intierperelimagiof somiivelyeretaininged fluidniberten bk rfrorﬂo jehi §wen id is -
deéfa'i’fﬂ"ef @UF'EPGBBW Bem & YeRedh <A f“ft)i}ﬂ'e?‘@}ﬂﬂs't‘gn gaiq {7 ﬂonta'"ed erein,
Eﬂfﬁ : wd comprises 7 fiwd sgestedi e i AR GPTHRY ObRdes: figjides and
OE@P eﬁ Sem‘ﬁa?.&%s and organonetal | i c gaseous
2. ﬁ'ﬁ‘@ﬂﬁ‘d @t&agle dnd dEP&nshnly Whdeds %ﬁtgﬁ whBRintiaRIRB st c oS RiS& carbon.
of claim wher ei n sai d absorbent conprises carbon.
3. 3he Thi@ stdragedargit dispagengaindseli of pRims i1 N ghateis Seld afsorbéraicamirises a
manhi@hie tatbaaadebresis or bent conpri ses a nonolithic carbon
adsorbent. 4. The qurd stora e and di spensi ng vess

4. She ge anglg S e comPTURp YA P aREaLEed o
ctr?ésev@é%fgrehraf ﬁé%&* 2 Féu e VERTRF G

5. \the ﬁlﬁh stora@e aIJE‘ grsfnengrng véésgrfﬁ%%frﬁlﬂdwﬁéréin%ﬁé'vQQe ‘t‘r@&fs&lmpqges an
acfub@biBV4lve. Wner ei n sai d val ve d conprises an

actuatabl e valve. 6. The flurd storage and di spensi ng
6. Ths 8ed stofage bad disdensinderseelvof thien fdgerdietht adssbent had 4 fill density
megieured foy anipeganra @5T Grand pressiee offS0 dar hE ixgyreaierdhgmrA@8 giams arsine
Pebt”@% SPBEM that is greater than 400 grans ar si ne per
ads bent g % rage é%% :
nsr |m W erern at | pgrosity of
sar a‘?i'g@}%i E@i sh e ?sc}]ﬂ 0%‘1 ra etla ﬁ? ﬁéﬂ o ab):mt
terp erl'ooé iea)ét % oftth g @s'i't d Merpores of diameter <2
naddrhdters haped pores having a size in a range of from
about 0.3 to about 0.72 nanoneter, and at |east 20% of
8. Theefluhataragel anp dispsisiny vaseetpf ¢iames, Mhetwimttne réright igis arpelkeensity of
fromzﬂbniéirl?@ﬁéq ghoygt 2.0 gamTpgs Cfﬂlﬁwftﬂtti@?’ferr age and di spensi ng

ves of cl |n11 mhere a sorb nt h s a bul
Lfﬁi orage 3 tvegpe t 33 8t|1aractenzed by
II Wi hara rrs nsr measure rs as at 25° C. and
g@m by %13 585 rﬁg grrrrg?ofaaa BB ER 1eadl 30%
of P9 rog y of 54 rbe srﬂtg %h ‘BB eR4 ergSa size in a range of from
ab& Ay, @Q& ebbidt a7 D Yarnet e€a§ﬁd bwRagf 2o ef fid b@wdiNgorosity comprising
mlﬂhmi'émif diainstei <Srianfragterd; dnidl(¢) hel@msa byk denaisiLf & fabdiut 0.80 to about
2.Cegrameeer getde @ntir@8erC. and pressure of 650 torr that is
reater than 400 grams arS|ne er I|ter of adsorbent;

f{g sroea§@n;s@as/eeafm%@ ad %ﬂ:ﬂ Reniige ggﬂ ed by
pressur o % ey gr} lié:ﬁﬁ graén srne %L%{t rﬁ gﬁé %st 30%
Efer ' ga% fn mg range of from

10
ea

sBrbeifl

%ff ﬁarQM'%fea ndP @%ét %“&%We‘ S\lrerﬂéll porosity comprising

m;m;s‘or&rw Bigmetel <XHapoRbters; d (E)RBAREL BUIIS dendiychf {6t abel( DIBY tdabout

2.0ogrhrks ghe ndtiid oentrhietért om about 0. 80 to about 2.0 grams per
cubic centineter. 10. The fluid storage and

11de§ 'enerqﬁ@e@eé §en>enaﬂ9 tﬁ;a_:;gf ﬁg}iwqeggm gggﬁcedmz *rﬁrﬁm gtr;ic;
fmeairfiﬁt E{"?%ﬂ”ﬂ 9rem§ P it PeNBRET t v neasured for

arsine gas at 25 C. and pressure of 650 torr that is
greater than 400 grans arsine per liter of adsorbent;
(b) at |east 30% of overall porosity of said adsorbent
conprising slit-shaped pores having a size in a range
of from about 0.3 to about 0.72 nanoneter, and at

| east 20% of the overall porosity conprising

m cropores of diameter <2 nanoneters; and (c) having a
bul k density of from about 0.80 to about 2.0 grans per



17. The fluid storage and di spensing vessel of claim

16, wherein the sorbent nmass occupies from about 75%

to about 95% of the interior volune of the vessel.

18. The fluid storage and di spensing vessel of claim

1, wherein the adsorbent isia pyrolysis product of an

organic resin. 19. The fluid storage and di spensi ng

vessel of claim1, wherein the adsorbent is a
12pyheolluvjdssterager and Wisbersing aeswel @ clagl 1,94 et sl ddsorhertt hes a monolithic
forg’rtb@mﬁ elsatst e g agfup sms;ﬁonwrbroé@n@cw Iar‘.ﬂL bagles.

n;}o&giﬁ f ot 8l n rg e%g'ﬂ%?g‘slgﬂ é) ?Eg ée‘ﬁ fel‘rlli) gwomgrlﬂ'l R/ng‘m comprises a
srn§ th %ﬁﬂ
S, polyacrylonrtrrle and pol yacryl am de. 20.
4The ffuldtgtddag%taea 885endinglvalk 8 REASINNG, MRSSHEIhe Hondlitrd Bimlcomprises a
mOMpRER loNdissedtémastfitichaplkes.conpri ses pyrol yzed PVDC resin.
21. The fluid storage and di spensing vessel of claim
151 Theflvisirsédragetane disbaniiaa vesed of deit 14, Whergingths gitesior witinferah the vessel
coptgigs lj’P%‘tDﬁf‘ Eofissrede ’r“?f{j’"*B‘F agﬁcieﬁﬂféa'd@é?%'%ﬁﬁb ar si ne,
16p@10§8| s{]or m? § %}eeptser es m 1 s;{menerern S ‘id aameBent Hr’o\érdes a sorbent
b %o di PR addy b@% 596 S o1 S

uri nitrous oxrde ﬁgogen cyanrde ethylene
170‘]<Hed‘ﬁérld s@tﬁéﬂe%ﬁ&ﬁi@ﬁbnﬁﬁ@ﬁés@&f cld@l 16 hehcfi 1o BtBsnt masbccupies from
abolitganaseatioatl $5%Cof creriienion dsume &2Zhe vEBe!.f | Ul d st orage and
di spensi ng vessel of claiml1l, wherein the fluid has a
18p s §uig etorage ea¢ @ispensiag ivessel ol daie Tn ahergipctae @fsagpeabis i pyrolysis
W%@@%”F%?@am°@§” The flurd storage and di spensi ng

19V?§es ﬁmd sIora%e In(gn d en3| vgésel sfh c?aut‘rl ui egﬁ ﬁ@ Hi O{ a bﬁolysrs

pr&ﬁ tdof ! Eérrgtrse\eg eﬁ r5r$n&%3|9tfng Jf ifle, phenol-
forfaiibhydd Aldths ;sbryrurfuryeé}eoha eocf)rlurrlsﬁ*eue déﬁrﬁ@@héﬂ@ egéhsrﬁgrﬁbé’lgones

powaﬁﬁahm@fmﬁkﬁwﬂ}ﬂwmmmere|n the fluid has a pressure in
said interior volunme in a range of fromabout 20 to

20a i besffluid Z00ageoznd, dispRBsindT ess¢l| ofi i t o vdigeeinasaid dilsopensi PCH@O"SGS

PﬂﬂﬁﬁﬁﬁVQﬁm%marnrl mherern t he qurd has a pressure in

| 3r VO nsi n\reasl ! an Ell 1 wFrereln %FI) de com rrses a fluid
% é@“ on ?ﬁ of BEnd. ggk\ §7 skt % {iborane
ni ibifld &l @ulﬂie eH fae I%(drogen tellurrde nrtrous
oxﬁ!b‘ a erarnraepre@@eha &xid8, eauterareat Ryckifds, WRkidbRompalifds, and
orgeRem thluu a@mpb@idage and di spensing vessel of claiml,
wherein the vessel conprises a netal material of
22¢ Phesfiud mierpgsnand disgensingeregdelipfcrlare dr witpeeim g dliddyge Agrasgure in said
intGrog ¥lymeypot ercarcrﬁgzaroutrzﬁ@ﬁferrn sal d met aI is selected
hena cp §or9 S%Qﬁc’slmStvleQ clar whe ?‘I QIU%%S 3t ?ees dre in said
oys thereor.
'ntg%#mi@% %F f&?”ﬁ%‘éﬁ‘?géb lSH(QIZ?(}SpenS| ng vessel of
24T MidlstorddeesrRi dispbidthgdes@r Fedim hakherdin tHeawkt hdd YopRdssirk # said
intgriof Asiirtieyin iamarige bEffomMMakiclit 28 telateoetae0 tdf | ess than 2
nanoneters. 30. The fluid storage and di spensing
25y Bresfid sigrags aqidrdispensing ypsiebofretpim 1s wpopein e dyid o8 pIrPERESY® in said
‘"tf—‘rl‘FéVQ}‘é%%'éla "9F °Uf°§b@‘?§‘i ?r‘?dc’ a&bﬁ?éﬁf" fluid fromthe
- Js I%stgvh %eers?nd drstple]r?srnglve? e, :gfr craarl i grrgesrg g ?ﬂ%raflurrcrignﬁs Ia st%rﬁatmosphenc
car on adsor ent mhereln said val ve head conprises an
27.ar:rteumncaab:egé/ahov@s;ﬁndngsaésder GAEIRMN, ARRAINEB tveReCitiipaSes a metal
mdterianof aratitictigb% t 0 about 95% of the interior vol une of
the vessel and is characterized by at |east two of the
285 Dl fyigh strgaderrae dispensing vessel of claim . WPFP'"@@FI@GE%} isfglestad &em the
orqugreoBylinh e’ Yerk 'S steel SE e SHRPR PESS B Pt Hlp¥gythereot.
is greater than 400 grans arsine per liter of
adsorbent; (b) at |east 30% of overall porosity of
sai d adsorbent conprising slit-shaped pores having a
size in a range of from about 0.3 to about 0.72
nanoneter, and at |east 20% of the overall porosity
conprising mcropores of dianmeter <2 nanoneters; and
(c) having a bulk density of from about 0.80 to about
2.0 grams per cubic centineter. 31. A nethod of
form ng the vessel of claim1l, said nethod



33. The nethod of claim 32, wherein said activating
conpri ses exposure of said adsorbent to a
non- oxi di zi ng environment at el evated tenperature,
foll owed by exposure of said adsorbent to an oxidizing
environment. 34. The nethodpof claim33, wherein said
non- oxi di zi ng environnent conprises nitrogen. 35. The
nmet hod of claim 33, wherein said oxidizing environment
29c Bepluidssage ant dispedsiox vedeel of clairh d awhereirBiBe adduebenigiah edeast 20% of
its @Pfaﬁimi@@feﬁm@@eiiqme@% ef leggdloanFanrsnomeerg ool ed in a

30 '?he il 2| n e vi ronnent gff er sal d en re t 8upled o the
sr 955 ésﬁm%om e ve rg&ﬁﬁ@ I‘IO g mprises less

nurst it DS A o GO ch &%&% @m&@ﬁ Glvaive head
Wprised a tu@tgﬁé’ﬁlge@hnch% SHbAL 4Dé6YD tdctEUpte){ fromOabBGSDto about
95%a¢fdhgmenbhmmf R AskEI GG & EhavREEHId ByOat@dtsl MBI Bllowing
chardserisienta) b 61 dinsity restsoetd d agins gbh@ 12600 and psasutke of 650 torr that is
greatar dhran §e0 wma raesingfper fiter of @dsnsihent; dinidit sostF0Vorey ovdial pasesie pf said

adf%bea'tatr Flr‘r 3&%%@% Vf”éra %'.ﬁeg ef@% ffd’@t%ﬁ"ﬁ’e‘?ﬁf"lﬁ?i%f””

napq It ﬁ% O/o fothe c‘éepor ter <2

"anome rSa sor enat‘"ngccu”pr 8%"5 romroﬁqbgﬁ ”t 0(9@@3/ rfcublc
t e |nter| or volune of the vessel. 39. The net hod of

31CA @iefiod 8t fofrbihd 1he LessNPiciafi ND sBil $RETE icBEprEmgOnsl@aPE Rediyzable
méitdriai ieltof & shapé; erolyeing ee pyrdlyalsle satdrialQmderqiyalysis conditions producing
saidaresrzeot and ingpriopaingtdicdarsorbd intsaitebstl of storing and

di spensi n as using the vessel of claiml,
32 Birpetivd ﬁg“'a"ﬂgécf F'Eﬂeﬁgo"ﬁ’d%'ﬁ? #éptiga said ?‘ﬁﬁﬁbﬁ'ﬁe adsor bent

% féu‘?&’éﬁ' %ﬁ&ih? vr.grg%rn sal rva?nvessel S osure sal? oonent fo a
no§ RbiLiRNDerf éii%fé\?ét&ﬂteﬂp&é‘ére Engp @éré‘é adgirgérmo an
oxidizing ORURbASnRY: desor bi ng” adsor e gas rom-t

adsorbent, and actuating the actuatable val ve in the

34v‘&ie\nmtrrwadclanm@3fwr@venm rfon@Rridizihg envdrers@int amebrisdsmotngén.

the actuatabl e val ve, for gas dispensing. 42. The
3SnEengethes ofcglaim @34wherwa] Spid joxidiging e@rg@nr@mpmg@gs gare%psdlox:de or
Stes'?@t ected fromthe group consisting of arsine,

%o@ % %O&%&e@mﬁrﬁ ggéo%%?t IQ %{(ﬂ)le%gr?g ntgn (L)Jtolig Aﬁce%mron ment after

saf e Aol ard |dH91 ble
trichloride, diborane, trrnethylsrlane

371 wig meRbd Yyt Blaimase, furthes corigiiging Shirging to gRr ViB& a giddior which the

adgurigeah basetogltive affiiaste aadsorp edid gad thereor Bealid said vesstihtogndbse said

adspahent baiding adsgrbed sasnthererndio seidrinterior Mejurnhef e geses! a5fd coupling the

vegspp ﬁwdfpe"é'aﬁﬁ?ﬁe@lf"ﬁ tf,?r digeansing F’?ﬁgrb&é 8¢ Bere thgasssek om t he
romthe ves

fhseﬁﬁ%ﬂ?oée(?g}[@@&f B falrgn; 5‘) wwlergc tsa? ﬁaog EF%?CCP? %s rom at%au?%% to aboula%% of

sem conduct or rranuf acturing apparatus conprising the
30 VERSHdthddl of Clah B8, JurRk pdn@fisih @ dRpseidy caNduGHRY fluid from the vessel
intcrmmnﬁiamﬂmmdrﬁ@nmf@@lhring oddatiohhe sem conduct or

manuf acturi ng apparatus of claim44, wherein the
40 A methpepitstdrigo entbdispensind v eas Usipg g theciessst oftclpism fl lomgUiingy desorbing
adgorpeA g8t T ?ﬁae%w ID""(“leﬂ"‘d zﬂ"‘f"f’q? pai dieffhepeesedhy ed for

41 al{ r§|e gd 9fa Tc’orrﬁg dss ensif rseuss%g Eh% VOfsefo Q:Iat Q t hrail L esorbing
e agré’ st Sl .vg & a rio 1o fow

gad #om fﬁte v £Q%§1d he%¥t§£t VM 35 bdoWicRbn Sor
conprising slit-shaped pores havi ng a S|ze |n a range

42 Offhe frrethod abadimh 40, vdhetdin thb gart cothprisksiaicgas sEéatdd, fradmitle gioup consisting
of 4reipgs tPh@Pbina fhydragencelenide,| hygrogersteltvyide oimpgenstiifugride, boron trifluoride,
borgp dfighpEde diksrangi Himethwisilang, ipHADRpYIEeRe. digiene sjangagergnea and
orogRAMetic 98PR0YS (P9 ¥Som about 0. 80 to about 2.0 grans per
cubic centineter. 46. The sem conductor manufacturing
apparatus of claim45, wherein said adsorbent
conprises carbon. 47. The sem conductor manufacturing
apparatus of claim45, wherein said adsorbent
conprises a nonolithic carbon adsorbent. 48. The
sem conduct or manuf acturing apparatus of claim 45,
wherein the adsorbent has a fill density neasured for
arsine gas at 25 C. and pressure of 650 torr that is
greater than 450 grans arsine per liter of adsorbent.



49. The sem conduct or manufacturing apparatus of claim
45, wherein at |east 60% of overall porosity of said
adsorbent conprises slit-shaped pores having a size in
a range of fromabout 0.3 to about 0.72 nanoneter, and
at | east 30% of the overall zporosity conprises
m cropores of dianmeter <2 nanoneters. 50. The fluid
storage and di spensing vessel of claiml1l, wherein the
43f lhuingthpds ohmsinwfecturing la saiieondlid¢rdusiigothageseeh @f dlespdnsemigising:
degarking [adygrbed| gasnirom thehagserbsntt ad flawinad sqis ogh d¥phihaevessel into a
Se§?°mWﬁ@rTWW?H“E%UF%@@“hnd di spensing vessels of claim
f [ | i,
nﬁon@% ﬁau@m nan rurrtg aBpdtatld UHHBRg &ggggtfaatoﬂga@f Hioblipied to 2
ere|n the adsorbent has adsorbed t hereon a f|UId
45361heC§eeﬁtoﬁdzmmtrhKﬂugbt0M@ appasdtat oh@ladd 48 |wheejn the adsorbent is
chargetenzad by eagh of the follptimgsghiaranteristiph @ @dith densily bersared for arsine gas at
25¢ §r¢r§rﬁ>eesslaﬁﬁftﬁ’$pa°" Betihyrarier thandi0d geamssydine rgeliteny) adsogent: () at
lea§b{5 qioij@/eraﬂ sta:g t?eabconmnfuﬁgb 'Slb"i? dj ore |‘ §ize in a
g neﬁr&getg Eeyr f porosrty
com rrsm mr OpOI‘ Of |a er <9 anonkc)e eis a den m about
0. gra s ccéttr'g
sub 4, boron halldes organonetalllc
4ecnra)@mw5ducan damﬁmamru@ d;spaeamtoarcrairrn@ Rtein s3idlzasdresht comprises
cafbb@m t he group consi sting of alum num barium
strontium gallium indium tungsten, antinony
4?5The\pgmrcorg:@ptgr mwchtgmwparaw‘sj ofg;gd'@ A5, mhgriﬂn sa5t,gdsortpe@t comprises a
maoghic eARAR AR PSRN Uf act ur i ng apparatus of claim 45,

48 MRS &1 b R P ISRLBEN NG L35 RUS OF ASH 4NGhESN e dsarbent has a fil
dehar%aafpclra@%m fg‘ﬁ 5 %ﬁﬁimﬁﬁﬁ% & A0 Gre R Laen"z_rs? grams
gzhesdéem&rongdsu@s.&e conprising an interior volume having

di sposed therein an adsorbent that is characterized by

49aThd smstondureor afantifactuingl dppavietng of Haimatd. evhesin @deas{ 8)% af overall
pqusllm of geith adsoipentsamprises sit-ehapad peravhaying agize ita @ngeefdrom about 0.3
0GP O rzenadt’m@% apgaf lop#ai0% 8f W oxeTal PPREY POBritRs dRigropores of
ErRenPereiet er of adsorbent; (b) at |east 30% of
SOOTI %rfﬁtld stopagg g§d dypeﬂ gf/\?&gai &%ﬁ% P%‘éreﬁtqﬁgﬁd &5[5 ggm}e
s avin rom

por es a size in a rang
1.alTﬁé1tfluQ ﬁorb@e AR® Whspbhsing REHD NBRt dilim ﬁnﬁte@ém lt@aatid 29 %n6dphine.

the overall porosity conprising mcropores of dianeter
52<Pherfmidciredgerasd daprahsifig yessaly pigpira 1bwhekein dredividys afiudrin@eantaining
fluigbout 0.80 to about 2.0 grams per cubic centi rreter

re| n s j d adsorbent i s contai
53 Segieon tor adsorbent has
bed hrgreon ang] ﬂ?telg& ﬁpré]e,;gt ([fgaé!l q}vl‘&l I%a rmane arsine,

phg}o g0 éf\[ n syl e, hydrogen
se hrweﬁ%roﬁéh téiﬂfﬂet%ﬁro\{rgso&% ?\UE @é @tﬁi@fe' SLidt) deuterated
hy&ies] Kdidd orfsithd, rregiblh @l’FGduBA Qb rcrrtma‘ |GEFthub.4, SiF.sub.4,
bowo Malides.asgdrometallit cohipounds, ded cdrfpourissentiaindip dnetdt @elected from the
grava gerfsiztng nf mlugingpplarian usirogidmp galim qdum fungsders amimags sived gold,
pa'tﬁdeoeﬁrst%golwmsel conprising an interi or vol une havi ng
54! Lr osed ’_téﬁer ei n nctadsor bernéJI that .is ract enr d eXt has
e o SE ey G e 5Fo

afc t
rorré"ﬁsﬁ' pa 1Sr arsine gas at 25 C. and

554 85 %egasn@égbeharg veb &R borhHisifly SR InRrol JdRimeAA0ing H8pBBed therein
an abisortitat Patlis thatRterifld b dseadI R of tdXplloRinglcRaadterB36d @ a fill density
meaweediot arpiog gl dt 5°0F. apd pesATsaTE5e i thad igpgreaentigan 400 grams arsine
peslitériof anserpent: (ploat éeastfth of gvegaligiopasity of seid penegeniofomprising slit-shaped
PO%?E BeMindep sizetin2 ek ef fomaPow figaalt 0. T%Wanter éﬁ%t‘t lepgb0gs of the
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about 0.80 to about 2.0 granms per cublc centlneter
coupl ed to a sem conductor nmanufacturing tool, wher ei n
sai d sem conductor manufacturing tool conprises an ion
i npl anter and sai d gas conprises an inplant species.
57. The fluid storage and di spensing vessel of claim
by characteristics (a) and (b). 58. The fluid storage
and di spensi ng vessel of claimby characteristics (a)
and (c). 59. The fluid storage and di spensi ng vesse




60. The sem conduct or manufacturing apparatus of

characterized by characteristic (a). 61. The

sem conduct or manuf acturing apparatus of characterized

by characteristic (b). 62. The sem conduct or

manuf act uri ng apparatus of eharacterized by

characteristic (c). 63. The sem conduct or.

manuf act uri ng apparatus of characterized by
in cchidr intetie@rvoBimectkr Garptivelydrefabing a Gldid thereors @nd domdwlgetothe fluid is
depgibabfeaier gfpgengngaﬁm,ﬂa pssahfand ﬁgﬁwgtg@mngl@gjsqﬂ, fluid contained therein,
whergify the fuig foaprisas bE”zS)‘ Ud4idec). 65. The seni conduct or

ggrtl% nngtbrr]'gan% (?j@' p%f % IIUEIesgorgéé and dispensing vessel
o A Sh i o e o e pgng o
led¥BEHE AHeUbloRBg @H’d?éﬁtéﬂsﬁh% § a GiN@dnaiet rﬁé’ds@r@ﬂi fdPYrsine gas at 25° C. and
prés8dre aCEIItdrs thaCiS gleatks thélb),ooagﬂﬁns( Q’)slne 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 {c) having a bulk density of from about 0.80 to about
2.0 grams per cubic centimeter, coupled to a semiconductor manufacturing tool, wherein said
semiconductor manufacturing tocl comprises an ion implanter and said gas comprises an implant
species.

57. The fluid storage and dispensing vessel of claim 1, wherein said adsorbent is characterized
by characteristics (a) and (b).

58. The fluid storage and dispensing vessel of claim 1, wherein said adsorbent is characterized
by characteristics (a) and (c).

59. The fluid storage and dispensing vessel of claim 1, wherein said adsorbent is characterized
by characteristics (b) and (c).

80. The semiconductor manufacturing apparatus of claim 58, wherein said adsorbent is
characterized by characteristic (a).

61. The semiconductor manufacturing apparatus of claim 58, wherein said adsorbent is
characterized by characteristic (b}.

62. The semiconductor manufacturing apparatus of claim 56, wherein said adsorbent is
characterized by characteristic (c).

63. The semiconductor manufacturing apparatus of claim 56, wherein said adsorbent is
characterized by characteristics {(a) and (b).

64. The semiconductor manufacturing apparatus of claim 56, wherein said adsorbent is
characterized by characteristics {a) and {c).

65. The semiconductor manufacturing apparatus of claim 56, wherein said adsorbent is
characterized by characteristics (b) and (c).

66. The semiconductor manufacturing apparatus of claim 56, wherein said adsorbent is
characterized by characteristics (a), (b) and {c).



