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trifluoride, above their critical tenperature to an
ext efdqt t.o the m ore vQ
he. ohaa, P} e q%ﬁt?ﬁﬁ“ HE g sBf S B P e
sor bent et er °‘5 & m%ﬂ‘if‘ff‘%?ﬁ?eﬁ‘d%”ﬂé?%heé’%@@wf volume of the
pr opEEthi2Bhmest prfsblyds as bowps possithe. Fhe faeking tienGi) o6 thf monolithic carbon
pftr Gerbdntis debifably 43 @ighs A PdskibldYwvitl vRIRIR micBpofk-velume on a volume per volume
b t rod RGP LIS s an ﬁ;g&& e rop o
by r gxffer gnce to. F:Ezn%h " 0}—?{){§ "g‘ﬁ"e‘%}“é %Xlwm%°§gt The
in gr O TR FRHCPE flﬁd?'?"ﬁ%“’ ("’gll‘ig‘)" 1’°“’z§&§’é¥r4§%‘6t’"b%lf' ed fo
it é’F°‘"6°f mﬁ&*&?ﬁ%ﬁ?ﬁ leygls, bat ot i erpall o thas fhe it eopfommai@n ingrfgds with ready
t or rezs tflepse ufdpr)desarptiéuicoatitansDan desatibi o RbsQEb 1ovdivh RO 65ab Brr,
poi nts marked by solid dianond nmarkers) and (ii)

car f | ori de

gSa?@ﬂ” D%%%%%‘%P&B%%&“%%m%w 351 i S RGPy vt
ol FEPEHHRR B AR pig)ron-okifizpe) gra sk | nithase Gilowed &Y expeswreto an
vol gFidziiggasgnchisnpyoget ervteans fof 4 @tk OtidnDind B8l @Gk R BRAGHRRAE
I gr aﬂﬁﬁsﬁhetei’l Intshee acélagzcsﬁpdld el o@buﬁfﬂﬁ*%@ﬂe x@cﬁ@ (sb:ﬁﬁiglly %éﬁ%ll@d@ncgg

€ hibi M i is desifa

mexi rbﬁlnz@p i;g&ggfé st &gﬂg&@ ?ﬁﬁ? X 'Ieﬁa VT RE ’9‘3%‘?’8?40%‘?‘3 pnd
approcl)]%nrn ]F%"ﬂs‘%n a volume per liter of

adsor bent baS| S. The adsor bent packing density in such
1on s 0BASE Bhehoditie Sackit tadsarbend of thb ER@Eida 4lbe suligbiyt thringt 8 E?r suilahl€

MO N@nhdr. Qne Gtﬁfo@ﬂ&t ﬁla fn&ﬂbifﬁﬁl g‘ﬁin\ﬂs(}‘&nqw\ﬁ&k Y %mlcnrl map rial such as ge
st oﬁo@glgyhge e chqonﬁﬁp po ylsnlerng)mmerm y available from The Dow Chemical Company
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15 in which it is enployed. [0046] Void volune in the
fluid storage and di spensing vessel in accordance with
the present invention, in a preferred enbodi nent,

does not exceed about 40% of the total interior volune
of the wvessel, and nore preferably is as | ow as

pos ¥iogbies2me packi ng density of the nonoli thirosoanisan
sorbent is desirably as high as possible, wth nmaxi num
m cr%gjgre vol une on a vol unme per volunme 20 of

ads or5ER: MiasSgan Ags Beray MST1§Fpolymespomsfusmolddd apoiralsle pr@bute ey, a
bei ngreiswe iuk tangiof RGPS BKilopdiid per 624 h APsbduOId kMpordnfiGer square
M CI QoK) ExSheh ;ﬁyr@z&l%kﬁf&%gntgaﬁ!tma:n%s”&n}{m@%e og-zsang%o% to about
desi baRl Yo Shil s3DBREN e, RLOMLIS (I I0 adsorption

| evel s ’%u’t not .so small 'so FPRAt PEHE™ & e gt BiTie b sae
i it e PPEY BEea P Oopin g teywightopqeadsomed, o iy g 9o ijgt df esrpon), as
condfterin e snphspf Figwbebod pt i on at pressure | evels on the
order of 40 torr. [0047] During activation of carbon
t Io f mmga%gomm Chrlfe@dabbRant oft{d GivEA R Gdre it s}éffliﬁic% 88 ar@e from the
el evgt e e €.l e.presence -

non- ?%(j di zi ﬁiérsg;%’s&%hg ughs%hnt%ngsf ‘8‘8‘%%{’”?‘(8:% f"g\/\_% g"‘%ﬁ‘/m"“‘e‘i carbon
expoSTPe® RRECaf st 43P Agtinsisad e veielipaptendisetny 8 35m.0
f Br  aillggee r whichdn fhosse ofiyk didxeovous odton NgEriblf(s@ Wojtowicz et al. U.S.
NON- BrxchtChipgticaigh PuBlicWBSO®Y/0202b 1A ISpuSibhe AiCErhaH A, 1262), nes IMBzed high
| eve&l;ﬂamlb,%g]_'ﬁfoﬁgo@fmdt ) t-“—"e{IFC)atl,‘o, TnJ %dugea{i%; #allpléi%zatéog S{evels, in

cont . ~.since a .high [ev _burn-

W et BB B ey oo ey
vol uthé® Bftieee Qi el Parfatent £073820) o prhieve syitabletniiardnere v strface
30 [ @9 481midbrere voimod ot it Golawe 4 04boR B @bRLN Emdbnsidify and costly
I nve@ﬁrbaa? oCRinkL aSsUila_ﬁl@QJﬂ%éntf:&EeHE%r' m-gh-aaﬁf Wit Ealgeeappﬁcaﬁons
mannegy, i nent , . Lc carbon s
for @3@ il rcg%ggﬁ'sb yzrlqre e nﬁlaljt“tgehﬁ%%r@%@é)ﬂgz 2 f‘h@s"k’m that optiml
pol YRPTERRAPRRER fPE he 19ToaP paeEaies| e sac brinfiofucidartd e stovead Yembbta
f r orpreTive DbawaEh efvigadbouCENtpany sbort 1500R12 P3¢, QRZBHI [0013], last
RCT/skder@03/ 038437 (M dland, M) as Saran A or Saran
MC- 10S pol yner, as pressure nol ded at suitable

preaa)FJqﬂ e%agt. , .4 pressure . in_a range of from about
10 KITOPHIAEE" B Ise HtF SPrALR P mengtkic cabon farers s the gxsseat
per TSEHHE g forrped digm agmitble pedvmepywaskigiz el & mlymernstlicled Gen agag
St 1 eelyvinglider K@iy @call-EoEntaldeydelrés pMAGKIL HAQC cdcSmPRANM tpeani:
oy g prh iRt Mt bl DM e, B o0 St
P et S et e TP b7 o g st i reon st
ads 879 B s ngropyzable §t rmpgrageachelow, HJ00°C,iptefarablpfiot excpedimanhaut WEC, e.g,
shoars rangr of firen YRaiOirs toaboufH0QQESnatk pRBADIRIN 2 fande OBkbok{160°C
epppaanh e oo ALl A€o DTVER)dr Ay high st
of | U oo gif oingd b dipchane spbloton. | Vigpali Fphen o, pechd o e
Par Pregieathe regehinvantionjaciide thosq laviegradly density byerredtien wisinrggagat 25°C
par ¥ e bress of §8 et thapfs irDexdessTof )0 @ikt e bee litero Chrbam §cRorbent, and
t Y phreradblygreder piad 456 Gdn arcthePEBLL caBbn dsorant. 2+ O

> =)

[0051] The pyrolysis product may be employed as a monolithic sorbent body in accordance with
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10 mllinmeters, or which, in the case of bulk

m croporous carbon materials (see Wjtowcz at aL U S

Pat ent Application Publication US2002/ 0020292 Al

publ i shed February 21, 2002), has utilized high

tenperature, e.g., > 1000C and preferably > 1100C, to

i ndwoaodogghn7gr aphi ti zation level s, in conbirodiub0eses?

with activation involving repetitive

chem sorption/ desorption steps perfornmed as nmany as

76 t i PRPEsepidmention,gs frbut such pyidlysis biodSot prfertbibrid actptOifid o BaeE) préddoing

achi exmenditiic talivh ertiait poduet e Strat@opbidity hivitly b 86 Cordpartiah, £ at least

23 g . :Z% oD, sM@l)rhlﬁ'ﬁle@ [cas“@% of 1\,(094J51Hrr(§‘ sﬂfsh ég}%q:a Ying 2 sxze ina
%ﬁor@%gdt 053 %S’Jﬂ?&‘ﬁ‘ mgtPe?er anfl %?%ngfa}!ﬁfp(grrog

obt ai n.ng % %‘ s or be

hi gh-"preg$dr Os/°’ 8P YT URIPHY CorerEpSTicronpys. t Gt dizmotert < 2
al . e‘ﬁﬂat%mchvemlpmw dapinclfde) iy istailel roRestIGARRHONRORY Pre
Al disspiossty tdhate wptidl &l the SHAE 3 Of GRRACI  dheRE idhtRing the
SOr bataRct@Ris 6 YbkeSSnelill@or ng)ﬁ)txrgnﬁéarptgg dLI’]t;p B d d ﬁpnﬁv%’m

t he essure |nt e rang

g} &Es%gﬁnc}ﬂgesh%%légom 4 x%on-gagJ 2 atm S?SP cxe,ﬁég D?Ogeb ﬁ’ig%Pg]i‘eW
[ G137 oxfizg 2es, Soved Bt ighisp of erymerherd i an ifioing sipmosplre, such as
t hes éaf‘m flieyide gy steara fon 1 brizt dvetion, ek WD th & FoinGxifia €M sphere and
Sor bedling f anibia® tepbRH ¢t o, erﬁVt@ﬂJHatQ‘E) e sf:é&ﬁi&%@lthg B ikid process,

sui t élg) |l tdﬂﬁéréﬁl?ﬁwelg angﬁ,&aggd oﬂhe esgve ét%ns caR ge rga%a rdetesrx%n%(itg the

fromsqlmf‘w 'g Vi N ene c or|

phen Lo OF 8“@ ePgrLTeREion, by sfmple yitisp of respiciive prafess conditions
cBeo P"%e‘le@m‘t?é 8 i resultitgesprbent, Gerferaund, spihtas fill dehity @orosimetry
st onewractepitioper yl onitril e, pol yacryl am de, etc., that
is pressure-noldable, 25 e.g., at a nolding pressure

up t fﬁosﬁ]bﬁyﬁe lgso C&Q]Qof Q%ﬁht 0 ! 2 P :,] qxe [ ﬁ-{,%lgs(%zl'b?dggr liter of carbon, as a

pres

P s e L e B - OO sxh Gita g kel
ex c e dPligdizrowipari@eD €, Takeetgho  ABF| IA-0R pa tREIGE adhifatell e@Hbn qhawiiho
500 KabwehileulKogyb, 190 Oékyo, Rpl)(@iR bduri@L R @ahé Qﬁual’cr}naﬁcerg

ZQ?BQ“%%M‘%‘#‘MWM?Q Pt fetd Bt Bl Mw@ﬁ

ter av
val ue k’%"g“hﬁ f'8fTéd gas storage and di spensi ng
appl i cat| on. Monolithic carbon sorbents useful in the
30 {9058 tTbe dnGi Figtinel overe i mbraMia iaibO YoimBE kBT WS Ber hes o

havisitganally iblgher GRS o MsdiRA ﬁﬁt JoDfiter A S1:86 tt%lélmgrt oié:@gead

d, in exce
St B ol PR oo s sl
pr e8P 45 ‘V‘cwee%&’tg? logdfhepf Plybinesyven e prespussienes b Bom @ it 706
carbon adsorbent [00511 The pyrolysis product may be
enpl[0§4e tigis 2 & & FHRFHU volhe,Gn &I R8HIHoted QF¥side ;‘ Q&Brﬁeﬁ?é} Qter of

Wi t Barbod 25 Mcuon\égr-?s%ﬂ95§§87f Eﬂmlh %3{368 aé‘r%%qd 8ﬂtmz:fdata

present |nvbent]1
r ePBFABIS Y & 5@?“?"9%?%“ ‘iﬁ*ﬁﬂ‘i‘ﬁf‘élﬁmbla%{l}ﬂidwgcmoadc polymer
??o n PP Pew Ehamion FoJdate prantstmayseddplepert trianiulzhmarkers).

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

| eambss] BY Déidpek as l.stant? &%e%@nﬁxﬁ% oy ac@grbellteofars Eea?:? 20,91

por , avin Sl ze

P oot fraplcding BEUERES BT uwnh 09: s pEpat
~significant porosity, e.g., at least 20% and 5
preferably at |east 30% of the overall porosity
conprising mcropores, with dianeter < 2

e.g., at least 20%, and
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nanonmeters. The activation process can include any

sui tabl e processing steps for enhancing the sorptive
affinity of the material for the sorbate gas of
interest or otherw se inproving the characteristics
of the sorbent nediumfor adsorption/desorption duty.
For WOZAMAFEY7 t he activation process can i ncHCHAE2003/038437
heating in a non-oxidizing atnosphere, e.g., of

ni trogen, argon, heliumor other 10 non-oxidi zi ng gas,
f ol | &R0t yhigheifer thhivprglitei¢ cabiradserbentyysp hesressutearugpel O torr to 770 torr.
oxi di zi ng at nosphere, such as carbon di oxi de or steam

for fod 5&budusahiToh 1 REAIQERiySWd 6Hirdtd of Be Bree types of adsorbent

?gﬂpg?%%%ﬁé a&ﬂ?ﬁ@&%&%n@ﬁﬁg qo$& ﬁﬁﬁmégﬁggﬁ cad activated
L . e A 1408 SR e Pl glipeent

arsd Bush efttieanterizls wetryalipiod frtye feypios gn praivepzsppup ef 65Qutarg | Hildensity
det ewmEidaedinafioh Nivdipht Hass, as lihd df ed@kbed disve pet trambitalisoddnt, 4 vellig on

expet {iBRtiddhiOR srahdor iddld MY Af ki@ bi&bv&f respective
process condltlons 15 and anal ytic determ nati on of

dons B i cherinrg o el e e B0 Moo e

Figure 1 is a graph of weight in grans of phosphine

(PHB) adeombed per [ i|F@Dengty aSMTOPressugey Fill Dexfsityrstsl Tor Pgfure
pregsure |evel, in tqE® aglogesyno | | AF |Sepiyns argineitcpplagpproent

activated carbon (dat““%&ﬁ ts narked by solid dianDnd

mar k Hha-—ABF—314-03—pat-t gyt e actvatet
= 8-66-6 “1 i 134 b
car)oﬁa??akagﬁﬁﬁ% K ushi ku Kogyo, |Ltd., Tokyo,

Japan) (data points nrrked_bv solid sqgdare nnrkprq\
and | K F 64 @™ bd#>f or ned from pol [y nyl i dene’
chl ori de polynmer (Sarjan A, Dow Chem cdgl Co.)(data

poi MiFdachinbenBR ©ich3 GampPE 05X r 1 angul ar rmar Kers) . [ 0053] The

data in Figure 1 show that the nonolitlhic carbon
for v ni o YR ras—a—stbstanjg—atty—hrgirer
ME|j t of adsorbed phosphine per liter] of carbon than

either _of the bead 25 activated carbdn_adsorhent or

t he | TRCsbpFa8eBar t i cyf%t e activated carfffon adsorbent,
bei hg generally noreithan tw ce the sdrptive |oading

of phpgghun@mpwsr t he [p#eessure range off{5s#4rom 0 torn to
750{torn. [00541 Figure 2 is a graphof volune, in

cubte—eent+reters—of—arstrne—(AsH3)—adsorbed per—titer
of carbon, as a function of pressure |evel, in ton
for a Kureha 578-66-6 bead activated carbon (da

p6i nPeShFhaceseitsiin Tablp | shey st s e Thecpsiepnes weight dasis &y Bl&ﬁmhfhm
f or nethorf dd@ibexd arhsyagprexiniaielst dHrad¥civbeo thindior tirEodoy-prolithi@ StiaBhvateen
A %Wrbg&eﬂl ﬁ?&ms@ﬁof}lé Q@Joﬁkmpﬁfbsﬂ 23s0BhE £Q0INaRBAR was well over

tri a&)g'lﬂ Igﬁetr le ctfer{?%zndm%&lf) d‘:’x}s #R45 emonoh X Iag.'l% N6 %Rooh iorbents.

superi’o |c car on adsor bent over

bead actlvated carbon for arsine | oading. The

vol ulteseTr Table P beketi ingeoadspoadingifitl densitir mbulntidi fer Al demsity alyepof ghosphine

PEI  bnl theBhirecQfpe LA add@bbnt HatridlisdAHah6/8 2Dddrhection with Figure 1, including

PCT/ ﬁ%@%% 97%—69—60’ §%§ thl (Té aﬁyg ]i‘gtgcﬂio mﬂgﬁﬁﬁ pgrﬁorulatte Igﬁvated carbon, and
Cc car sor

nono ént over t pressure range of
0 t oFPHE= 7oty Wr“m[0056] Set out belowin Table 1
are fill density values of arsine on the three types
of adsor bent
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materi al s di scussed above in connection with Figure 1,
i ncl udi ng Kureha 578-66-6 bead activated carbon,
Takachi ho ABF 14-03 particul ate activated carbon, and
PVDC char nonolithic adsorbent 5 Each of the materials
was eval uated for two sanples at an arsine pressure of
650woasp4oesdr| density was determ ned on a \wer/géeto3/038437
basis, as grans of adsorbed arsine per gram of
adsorbent, as well as on a volunetric basis, as grans
of adSeN Fale 2aFhoiphies Ceresity bri Nog-Mowfithig dgipitcd bon afd OB mwHtkic Carbon
Table 1. Arsine CapaC| ty on Non-Mnolithic Activated
Car Jon axaebaanor T U O Hidbeda X 6507 Predsied e
at 50 Torr Pressure jRrins Dmﬂnmtfgta-ﬂt oﬁaﬂaﬁor pnoBﬁiaﬁi&ur er
(grams arsi ne/ gram of| *FgP%Prs ar si nel | i taderbepd

adsd dsorbent) Kureha 578-66-6 (sanple 1) 0.51
301 K ﬁﬁr"eéﬁg“%?s- 66-6 |"Enpl e 2) 0.51 3F1* Takachi ho
ABF |14-03 (sanple_1) [0.55 319 Takachijho ABF 14-03

( sanpileshioargles 319 (BYAC char (sanpl €149 0. 437486
PVDE char (sanple 2) {0.45 504 1Q [00581 The results in
TableviicemhOW T Natl Whifbgst e fiTt—densigpoma werght
basis for the nonolithic carbon adsorlbent was
apptroxt+ratety—15-—26%-ewer—t-hanfor—tHe-non-nonolithic
activated carbon adsorbents, the fill density of the
nonol i thi ¢ carbon adsorbent on a volunetric basis was
wel | [08p}lefhe xmdisdnRapjhbshow fhatithe imawlitgio rartes et RYDICI cha) bad a fill
densdetsites both whilhean OddendBEO Bk thil kvere ﬁﬁieitﬁéﬁzto?ﬂe fofbBR#hic forms of
ags%ﬂ%&i carbon aﬁs@x@&% %&T@tpélledezgmgﬁl 9 célclgats e%:rg?ns oréje? UI}%O%

fill |t t i on far ens

phosp%l ne fé lglm ﬁgﬁltdﬁ‘iﬂ@'e °8‘f %16%‘6‘?"5%‘% formt efeptiypied
di scHE%ed above in connection with Figure 1, including
Kureha 578-66-6 bead acti vated carbon, Takachi ho ABF

14- O@osparsk kdttdte Abi€ reRBddiol &b ﬁgnoﬁﬁ{ Hakh ad@ﬁ:gnt inA¥Bfea ce of the

non o n 2004

PCT&%J J%lg;%/ 03 EQ? tﬂeﬁ%"éﬁﬁgﬂr B‘l‘d gg’ e"ﬁ*ﬁ%"s‘ﬁfﬁ“dﬁ ESTLPhE T

: T r‘FBF?“Fﬁ t Yatod g-sebsitnd nilagicr endibiilimes of wok types),
Car Bejige A@@dﬁﬂﬁemwﬁm Irifiuoiden boircn \trichlbride, 3@logE 0 mbstiNed Siladds, etc.f- Bl

De n hsbops @gandab@iiclomgosiiBaessur e (granms phosphi ne/ gram of

(grans phosphine/liter of adsor bent) adsorbent)

;?3;%&)93] ﬁ.lYusu-agve sorba% g;'56s1§eczgs7ﬂiat are use lﬁ? gi”.(l;o]rIal:;li]eoam'iA Eslgeng'aﬁle %%he%rat::lﬁgcé‘rof

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

15  stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride, nitrous oxide, hydrogen cyanide,
cthylene oxide, the deuterated hydrides, halide (chiorine, bromine, fluorine, and joding) cornpounds,
including such compounds as Fp, S8iF4, Cly, CIF3, GeFy, SiF4, boron halides, ete., and
organometallic compounds of metals such as aluminum, badum, strontium, gallium, indium,
tungsten, antimony, silver, gold, paliadium, gadolinivm, etc.

20 [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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PVDC char 0.188 212 [0061] The results in Table 2 show
that the nonolithic carbon adsorbent (PVDC char) had a
fill density on both weight and vol unetric bases that
wer e above those of the non-nonolithic forms of 5
activated carbon adsorbent, with the fill density on a
vol wegbmpesiiasi s bei ng on the order of 100%eloragkees/ssss7
than the volunetric fill density of phosphene on the
non-nmonolithic forns of activated carbon. [00621 The
sor ba&trsssfdf fipnejabpwt 2hiom wdboot 80her, srone|rdstittivey foarsh@ieo torr to about

adsorip®mir. Fé& =ppnetidds Qads ok i&ﬁlﬁdtaﬁ@l 0 prd: iR of thY @SR AL gas storage and

IeQ\{;/le r&féeﬁ%ﬁ Gk 1ce@1§1 d@e.@%otséi&e ,cﬁmolﬁ sh Rt anlt el s% | ;é% sla,ynbee at
ger % ne. SE%T%P ressm’m%' h- “"“{“a 2 mﬂ% ﬁfoﬁ%fnla?"“@ﬂ et |"’f°ﬂ‘t7§°d°“

silence, e.g., alkyl silanes of such types), halide
gas eé””f% drigre A ds apehertic teprskritationr of el etorags endaiplivery bystimh @rordihe to one
hal ogerdigenbsine tnvkidl Si | anes, etc.) and gaseous

organonetal lic conpositions. [0063] Illustrative
sorb 082S ML Y. storabl
nél &@p@g tﬁe&lﬁ]&{pl ce y%%% om%‘ﬁveg onglsﬁmf“ffﬁmd

di sp | e

si | a?‘{élsﬂ’ap P‘Pﬁéﬁte'“ e, ST &%ﬂ%ﬁs‘@’éﬁé dispensing assembly
di bo fngﬁj@g mepupl feitaler ZDWFIW head §:5thegylintder. r¥he vebpyl deOigydnmed of any
st f botlsble mmednl @ ensteabe Rigd eomphihg MAFRD sice bd #dtdisf Basses, ceramics,

Ni t 1 QikPusQanleSHR, OBMQ{, %%p&‘if@géteggs ﬁé&%ﬁ%ﬁ%& BMﬂ%mszJ‘&lude

deut des hallde orine

T e M
conpBUHers ‘%ﬂpkﬂz 210801 m@xzondt@m@m@émm g preior ggysducer
hal | #ésan imtt purge @it @16 mwgmtdaﬁehm@ aQE@INY iR Glért @fs, ARl
syc hcoa&uea 20 Yakikainkd 8 bdrbdd ﬂo%t rheDBlohdd B d@fthdnb Uil 2VA5HED the

;33% 9‘9*‘“’”9“@%8“1* e b e e v o

sorb i" &0 theddispeping agpmply the vessel may be any
sui tabl e pr essure appropriate to the application for

Whi Clost]Bie Gamnsti Qe @ Buhe infidd NSIokBineSHS 8 Thairbl felkgegmg the
| NV efibdn@} aks yeﬂt]? LQ¥%G&dm }Jldl‘.:lg %gaglj ¥1§r sﬁfc&% %sggcm \9 %ﬁ%be?ocus

ner aI I j.n the practi
2 s 0P B "“’ "Lf‘] S8 0 é‘%&ééﬁ“‘ﬁ'&%&‘ﬁf’tﬁ SO fed b o191
pr ef"@i’lﬁ‘ﬁ‘?“ﬂt‘ﬁ’d‘ﬁ‘“@%@é@@ﬁ%@@@@@@r@:ﬂ& e.g., a pressure
in 15 WD 2004/ 052507 PCT/ US2003/ 038437 a range of
f r orpoay onit ARDstdRRE find tifRpeARE Wese IBPR skoRh bartia@®/ brdkEN fva I:o show the

I estybilyGiloloXdlnk sdde@ Mg 2ﬁgut 20 tort to about 1200 torn.
For applications su as ion inplantation, the

pressure of the gas in the gas storage and di spensi ng
ves ¥ (Rge ddt 4 persproiirs view of sefudletscheaind dispe800 appoants cogloythg o

he retugilechagiipipe Yuldestonbe a8 WDHHARSIRE 310 2Bt S ra:‘i‘othcr and
e. e g -prcfe@:% &5&1.50? thE ﬁesénpmv%mﬁ?m cQJ the p%el%}ﬂ:%md%tgra 3 ab d{sl:laensmg
ol Pt afd s b agshey bt vy gy
acc 6’? EFTRS e ¥rssein &he vesppbH Bl inpemeeificrfnbadiment isrfanasd twitoanyelded steel wall

construction, having a square cross-section along the vertical (longitudinal) axis of the vessel. The

30  walls of the vessel are 0.100 inch thick carbon steel, and the interior volume of the vessel is 3.62
litars, The handles 14 are % inch rod stack, formed into the shape shown, and welded at the
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100661 As shown, the storage and di spensing system 200
conprises a storage and di spensing vessel 204 that is
joined at its upper portion to a valve head 206
conprising part of a dispensing assenbly including
manual actuator 208 for the val ve head on the

cyl wade#s2sPhe vessel may be forned of any le8csus:ztakdse?
material of construction, e.g., conprising mat eri al
such as netals, glasses, ceramcs, vitreous
nateFﬁﬁP?emb@Wyﬁﬁwﬁu’and conposite material s.
IllTustrative netals for such purpose include stee

St ai 7P SheSdisP:Rding valke b thd PP vabORRRion RIvaRSs 319 ESQIGZa@ab}y @Jggged
al | O)‘rﬁl &@%Esa%fm bJ Q @A‘Vﬁﬂe\‘kﬁ&ag @o@rﬂwt{oé hflvgwf%xeaﬁbﬁgy rl:{e'\na any sm ie

coup si.ng condu
dlspgggg %ﬂ “”bpaigggﬁ ?@%ﬁgﬁﬁﬁﬁ¥3??T%W“ﬁﬁbF%ert
purge unit 216 for purging the dispensing assenbly

wist h (PR The regtangular qarsiglepiped fuigwiordds amgldintetistal; veassl 3 R20ntdin® § monolithic
MRl N tafbort) da@beOM Sifs Adriord YoBiile, PHe@n trkar xgdﬁsll%uct Bﬁs chay Qx@i[?dé' R or

con dﬂt'ertmtl {el n'ﬂ)goh[hnecarboq I b§£§ r]3§ gfm%ﬂ %ﬁ lar para_llaiemped
flltgae% ogjmgslnovri%%egartlcu tes Mt RE

di spanseqiase gr ey @ volyge gy aYPSQGé”fPFeHﬁFIFFPécnb“
dlspen3|ng assenbly. [0067] The di spensi ng assenbly
fur t W& & wifbr ingredated they e pdnipmtiond 2ull mefiais oM tritbation nRy Bl
the indiwGipe R @aﬂ&ﬁcﬁm witl §1r6he MRSk RN P 'Apdmr&ﬂgblr while the
val Vﬂn’aagmn lggbe&tdps%bgﬁ%ly r'J n%%édspe(:lﬁa I’ea%ues aerectﬁ, gng g bo Cents it

20 of pse o

sem cond’ﬁc%nbz?‘} ﬁ’éﬂ‘uf“é‘é‘f‘%‘ﬁl T ity 1’(‘8'5 §‘l§°€ﬂﬁ‘""1§§f 15‘??"*?36‘?#0’1 in
i | 1t YeEdtens modifatins imd gmboiimenti Sipearvinelsl dpaisvertisn @rntended to be

i p| tevadly @peel @Sncoffdd 6iBduch e vidatibadl mekiediag End3Rhdiments, as being

db S DS D Eop B8 Gheotderdimns DN Par ti al Iy broken away
to show the interior nonolithic sorbent body 205.

[0069] Figure 4 is a perspective view of a fluid
storage and di spensi ng apparatus enploying a 25
rectangul ar parall el epi ped fluid storage and

di spensi ng vessel 310 accordi ng to another and
preferred aspect of the present invention. The

. rectangul ar parallelepiped fluid storage and

di spensing vessel 310 is equipped with a pipe valve
connection val ve head 312 and handl es 314 wel ded to
the top face of the vessel. The vessel 310 in a
specific enbodinment 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 volume of the vessel is 3.62 |liters.
The handles 14 are '/a inch rod stock, formed into the
shape shown, and welded at the 16 WO 2004/ 052507

PCT/ US2003/ 038437 respective ends to the vessel 310.
The [00701 di spensing valve 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
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nunber of ports, e.g., single port valve beads, dua
port val ve heads, 3-port valve heads, etc. 5 [0071]

The rectangul ar parall el epi ped fluid storage and

di spensi ng vessel 310 contains a nonolithic carbon
adsorbent in its interior volume, wherein the
non®Pi2tMPEVFass may i ncl ude one or al t er nafPCVE$2903/038437
mul ti pl e nonolithic carbon bodies, each preferably of
a rectangul ar parallel epiped shape to conformto the
shape of the interior vol 3HBECBAIMShe vessel, as
previously described. [00721 It wll be appreciated

t hat whdi@ ca@appsi ti ons and nethods of the invention may
be practiced 10 in a wdely variant nanner

consj st,e th the broad disclosure_here

Acc olr di n% dys'\{gm\ﬁ?nmlCl FRes P aﬁ%/t‘ghﬂn%’ﬁm%"agmdosé"éﬁe 87 Qismepsy oesse!
her ei n M3HPg ff PEPEPEHE Bhepel te [fEre Folme fatging frnbysical et pagptively
and enirtiinge ftidtherdop and Gignh Which &e fhédiodpminaiaciot disgehsin lrem the vessel,
| NVeNt i@ disnsiQ bssdmBly Soubtédid thedbhacl BElisplnBingSike BRIk Ebnethmessel,

i npl e”%ﬂ&&xt jhpg\hykl& ad ARl o&ﬁ;ﬂ%& AlodoilRie cﬁPug'pE}s‘éa"i‘ 459

t
enbodi nent e invention i's 1 ntende
be brda t?m%g e?d@ﬂgh%ﬁgﬁﬁ% &8N | such ot her
vari ations, nDdlflcatlons and enbodlnents, as being
15 wi t ki niilt kesitspaped 6F artifeqasial 5t ihd Pasueer 650 ol thaeif greater than
clbai med. 408 gran@siRORA DT 2REntPCT/ US20031038437  THE
CLAIMS What is clainmed Is: 1. Afluid storage and

di spengj| ing a fluid storage and
dlspen§> “8@2 Vﬂgﬁav %@gﬁﬁﬁ$ﬂg%?wﬂvm &R PO BT A Fi7e
t he intéf P &nee, S | Tarebosi et ta Bhew 042 pavgmsies ad a4 dpasd RUYkeeftthe overall

SOr pt i velotgsity bompesing mfatopitps 6F dihdit €2 fah@@gRndand from whi ch
the fluid is desorbable for dispensing fromthe

| dto o
vessel M s %%%p Rg“%émﬁ SR o FRRRl e teb e o
vher ei n fRHEv SRk dengity &W%%%OWWQ%*@%PW%WWW c

car bon physical adsorbent that is characterized by at
| eagt Tha@vidftorigh d Higledsy\dppeghtu ROl GleleR e Rorbehtds adill dnkidy

densi t Ye.MRABHEGH s 25 o] el BBesion %ét% P o SRS arBe
650 to@l&@oaﬂﬁ% reater t han 0 400 grans arsine per
liter BF  ad<orBént (b) at Ieast 30% of overal
porosity of said adsorbent conprising slit-shaped

por 8s Thafhiidwgprage @l digensitgrapmratusnt gom O fwhirshpavieashidtstof @erdl fodsity
apoUt & saladibRBR 6&pRies slifdikledored BARL 2 %aofﬁng& Hﬁi:oﬁ\éﬁ‘oﬁtau to
por osi a%é{lt 8%%;&%1 gndhrgt ?egsp ng/r %S the cfvergj r[%or b corﬁgl es nucmpures of

nanoneters been YSI'S
and odF?ﬁﬁalnﬁf??@%tlon at t enper at ur e( s) below
1000C, 15 and having a bul k density of from about

0. 80. tThe fbtstaginddiginiEEiprRats of dMdh €, e dilBfs@ent ha beed m&ned

fluidsshReRe %dmnamcmaﬁe m?aﬁggga&waoo‘g arff b b Wnckaensi

g@ereln t he sor nsit neasure
S|némm§mm£t ‘§ﬁ&mﬁws5§ FEEBHC650 ton that is
greater than 400 granms arsine

5. The fluid storage and dispensing apparatus of claim 1, wherein said adsorbent has a monolithic

form that is selected from the group consisiing of blocks, bricks, and boules,

tls
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per liter of adsorbent. 3. The fluid storage and

di spensi ng apparatus of claim1l, wherein at |east 30%
of overall porosity 20 of said adsorbent conprises
slit-shaped pores having a size in a range of from
about 0.3 to about 0.72 nanoneter, and at |east 20%
of woecanwes@l | porosity conprises n cropor ecodtis2003/038437
di aneter < 2 nanoneters. 4. The fluid storage and

di spensi ng apparatus of claim1, wherein said

ads 06b et Mg raboeddipatpamaratyps ik 1 efoinThe 2@ tBIPinBRrises a
act i vat#§n@Pmordiithit £frRer at ure(s) bel ow 1000C, and has a
bul k density of 25 from about 0.80 to about 2.0 grans

per gubjmc c nt| matcgil§3 fluid storage and

di spénsi n§ 5P ga@‘?aﬁf“ﬁ?filmxﬁh"é‘ﬁé‘il e megpijipic form comprises
adsor bert hlaé)"’édlffﬁﬁé’f’l}"llfHF%‘Jd# ormthat is selected from
the group consisting of blocks, bricks, and boules. 18
WO 280 4hOMahdbed6ddishini 0343 8B n 7, Oheredh B infelidd b3 b8!
and di SHERSNGPRARLRRIRE «bhli Tagg% g{sa%eq the

monol i thic formconprises a sin

article, 7. The fluid storage and di spensi ng appar at us
of i aiTh Bid siRyie s diPeRFI SRS Pf clei 7e Ve e BisTep Foluie of the essel
mul t i plepntamt Yss thn 26 digefe ebmlithivatiles dflpidphwicdl ddedtes. 5 8. The
fluid storage and di spensi ng apparatus of claim7,

wh g ; fbi ﬂ'hétﬂ@ sti:u %[d}dg{exlesﬁgap% ?fclain%h&giﬁ ﬁ@!nten ?%ﬂ;n@gﬂl% vessel
plﬁysn ca? B §‘°’5r %{}ﬁl ® “ﬁ‘ °frflﬂﬁ|38fs§‘f'iﬁ‘?’s§@1é‘ds%{?i’at di spensi ng

appar at us of claim 7, wherein the interior volune of

t he Vedtrdhid siorenq b idiggnsing@mratubelinlaiR(, whesis theibterionohat sfthe vegsel
arti cl estaf lesSBinth ddRySosoRinic A6HE 5HABd Whyskh adsoig, 1 ui d
storage and di spensi ng apparatus of claim?7, wherein

t he |n or .volu Fﬁr)&e of .t he vessel 10 contains | ess

t hang cf j 1 2 RSHGPTYG  ARrgy ploqiaig Toyhewinthp mngfidice physical
ads or b#fyrbent proviqegsofbpatinags that io ponfyenedin elzectidsipests thpigterior volume of
appar ateresself claim 7, wherein the interior volune of
the vessel contains |ess than 4 di screte nonolithic

arti,el si cal ds The fluid
21 or So 2 15 SRS Bl e B e, o i e
t he noffs! GPf‘ﬂ‘Tﬂte“iﬁ‘ﬁ'?fé’?hB’%fI"f Xe&Sr bent provi des a sorbent
mass that is conforned in size and shape to the

| Nt @4.i T Mo ktorage a@f dispebdingtafRratisOf S1ikn. 12, Ihercil (8 sdiblentinlss occupies

stor ag@orrﬁx%tﬁ%mﬁds%gﬁﬂmsﬁ&?ﬁw%evg%él m 12, wherein
the sorbent mass occupi es at ast % of the

interior volume of the vessel. 14. The fluid storage
Ahd 1Y T 8 piovepe agd|sispening appgptus o elpisn 11 whereipjthe edsprbent i @ pyrolysis
sor berprodurpef en @@gemgsines  from about 75% t o about 95% of
the interior volune of the vessel

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

25 stones, polyacrylonitrile, and polyacrylamide.
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20 15. The fluid storage and di spensi ng appar atus of
claim1l, wherein the adsorbent is a pyrolysis product
of an organic resin. 16. The fluid storage and

di spensi ng apparatus of claim1, wherein the adsorbent
is a pyrolysis product of a polyner selected fromthe
gr owp 2:0oesssest | ng of pol yvi nyl i dene chl ori depcpiiendhssis7
f or mal dehyde resins, polyfinfuryl alcohol, coconut
shel | s, peanut shells, peach pits, olive 25 stones,
POl y &C 1y Wi shofajelaft dispeidehe ROLMAGE FobrBI¥] hrein h9ad¥¥Bent has been formed
2004/05;§nggggh982003/038437 17. The fluid storage
and di spensi ng apparatus of claim 15, wherein the
adsor bent has been formed in situ in the vessel. 18.
The 1% deoTd dyasgend diRsie sppers of glaingpakerrioyly agforbent epmpaisds 2
wher ei mrultirlisitaefsiBerie monolitrpisiigsartles, Whdrdin @i & theymiplicity of
disscr etderatadlitichistrbatka Rk @y W lendth thht G b@%een WHRK €10 Bmd &6 Meight

of the pad# 556 CrONS-S agp«a['!QJt i es
adsorb nt atﬁa‘: ‘Jgﬁﬁéi%hmﬁ:%%néﬁt%ﬁi IIb{éetmv\/ffgeon1 mf)d 035 tm

and 1. f|n§mm?ﬁwmﬁ8“ |nter|or vol une of the
vessel, and a cross-sectional area that is between 0.1
and U: 3he fuifestpraget due dispesiem epgrudtm of dairo 3,swheieit bdclo pixhe multiphvitp bf
t he vess@hemoldihic Trbdes i bhednilOfA0RpigHchagdl SPENSI NQ

apparatus of claim?7, wherein each of the multiplicity

rete monolithic articl rectan uIa
81£31r al'l yeﬁldpsgﬁgesaﬁ B ns’ﬁ)apﬁgﬁm‘f'ﬁz '%f"”(‘i o ‘B“““Y of
di spenSPFFy =epRidic zi'f“ff%" i feteralfyfndfer wnwmmseabvﬁe@ By agsf oontgiowith
mul t i phdisgdntnpongifhic neintss ngtieduterip menichotthovesst.t i cl es i s
laterally and/or longitudinally abutted in surface

cont AC rneVWhud Qtora&%@&&ﬁ&mé\}%%%&% Llhélagn %‘ﬁp nil; %aich Lot e mnlhahcity of

interiqr volu

and di SEERICRE™MS °§f]5ﬁf§ % 7, wherein each of
the nultiplicity of dlscrete nmonolithic articles has
a5 saRi Thedyidiseigrand dspamingldppaidls of Tduen 7, Iwtiéréln GibtOdTaIG EmBiRdity of

di Is |to engicRE rBRBEE atidks R 1GkRlo @o{s*s%d#ﬁﬁ @ﬁie,{;m@a@ LBf imdt R%om
mu I nol | .C,.artl C
plbh& b'ioyab&lt 20, \gdc% S:. ﬁelcn of ma ur T 2 df,ug?srog I tﬁ /nﬁnﬁﬁxﬁ gfrbon

l e Cr0SS-5€ecC

is froWT“%EUHHMEDF8W§ﬁﬂﬁ$mgﬂm“ﬁﬁé¥%mwp|s the length or
maj or axi s dinmension of the nonolithic carbon sorbent
art i28| Ene A6iA Gorbde lafil disi@sils! aBRAMEE SRINOT, whlrdtOdachoof hS multiplicity of

gd e ns&m@r@b& mg:%hthJ Q‘gcleg LEH b g:ngﬂ % M@wﬁ)&g th,&ﬁl 1Q1§0| ﬂ'ﬁ t?at is ﬁ'on;/

appar at us, of c e il t1]

oF P2 otiF i bt e o Py e oo et oo

Cr 0SS-58@et 4riislaand Ry Hetrindverm onngitor ayis ditglsiont hat is from
about 4 to about 15, where L is the length or mgjor
axi s, HnEeh$ kiekiee Gha Jﬂg&sl@dﬁﬁl‘afug lo# ﬁmﬁar\gﬂfgm sad E@@@Lt comprises

articl ﬁ%@g&#&l s the transverse or mnor axis
di mendr o e fluid st orage and di spensi ng

apparatus of claim11, wherein said adsorbent conprises
25 25 The fluid storage and dispeming apparatus of claim 1, wherein said adsorbent has a doping

agent thereon,

26. The fluid storage and dispensing apparatus of claim 1, wherein said doping agent comprises at
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pyrol yzed PVDC resin. 25 25. The fluid storage and
di spensi ng apparatus of claim1l, wherein said
adsorbent has a doping agent thereon. 26. The fluid
storage and di spensi ng apparatus of claim1, wherein
sai d dopi ng agent conprises at 20 WD 2004/ 052507
PCTwWOZR0820038437 | east one agent sel ect edpd¥eanchhgss7
group consisting of boric acid, sodiumtetraborate,
sodium silicate, and disodi um hydrogen phosphate. 27.
The f | Ubast ogtapmegiectl Micn the $OQNSisRG s HLORS 01,1 tetboRdeRodium
wher ei niitdbeand diddithn 15QBRA hSGi8ed flUid having utility in
sem conduct or manufacturing. 5 28. The fluid storage
and 94 eHs{{' nqg apparatus of claim1, wherein the fluid
conpfi s@s E FTUP G IERPUE FRBEYSO AT He™greB s Tuidiretwsites hgrid
of hydrenegtlivhpdepigadeciarminargrmgonet al | | ¢ gaseous
reagents. 29. The fluid storage and di spensing
]?lpp andatmsﬁ%ammd&pmm Sp@inid of Hem fi) M:{m_@in ‘&Q'ﬁ&’ﬁ 'c&lﬁsﬁse@a fluid
ui nsi.stin si | ane
ge man esf%% ars iLln e gxfo%%gﬂssgp%?% eg,:dg%ﬁ 8%%3%8‘?@3?“%8?%%? us Teagerts
ger mane, anmoni a, stibine, hydrogen sulfide, hydrogen
sel effr de° Tuf\spregigas disnsrsing prpgaiis ofy¢iaim @y rdersi@ the ipid eomprises a fluid
hy dr ogesiected fzomi thbeproupe tohsjstig sl gekime, A @i, Gosphiag] pdsgeke dbeiSae,
hal i de géredit, Qinnb®, stibficd BiddSn sufdk, WRkde R SelenfiB Giyd: A DR dide, nitrous
CRTPOURER, 1l A A0 TR ok SLTROHSR, s . el
storage and dF spensi'ng’ apparatus of “cl arm i, RGP Fogne
the fl drgrESoRehPaERut edgmengaic compgedsi or vol une not
exceedi ng about 2500 torr. 31. The fluid storage and
di s p®¥nSitaityidatopgeraet dissentds aphdtisior daim Waedi B Hull @asfa pidsde i a8
a pr es i@ vdikhe 8t bideedihgRibduf s@fid-0r VOl ume not exceedi ng
about 2000 tort. 32. The fluid storage and di spensing
apparatus of claim1, wherein the fluid has a pressure
in s ¢ TR EEme e doRsTsiTREPPYHrs T iy whegsi thefaidhug b presureigsaid
t1® abointeriot 8@ padexpeediRBvoutPM® tkdl Ui d st or age and
di spensi ng apparatus of claim1, wherein the fluid has
a pressdhtal b Gl ' ] r.ange of f.ro
about 2.t o aBout ‘*ipﬁ@é Bl ol okl o o108 % e £ 80
and di SFERSTRGAFPS PHCHE B ARt o wherein the fluid
has a subat nospheric pressure in said interior
vol ipreThe 884 stofdgeanfl Higperdling dppaatug & claimd, e @R Bhidghs Ap@ateat 48
of cl ajtRodvortbl b Rhdd of IR aifohtdd € IR 20840" €SSUTr € i N said
interior volunme in a range of from about 20 to about
'_ gSO %o,{;bﬁn ,%6. The flujd storage and di spensing )
b paF att B yorees & fiseqnsing grearaiys of chimd, Whew dr fidhap yolamospherio

mat er i Egssure in said terior volume.

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

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

25 of construction selected from the group consisting of metals, plasses, ceramics, vitreous
materials, polymers, and composite materials.
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25 of construction selected fromthe group consisting
of nmetals, glasses, ceramcs, vitreous nmaterials,

pol ymers, and conposite materials. 21 WD 20041052507
PCTI US20031038437 37. The fluid storage and

di spensi ng apparatus of chain 26, wherein the vessel
cCoMabimeesaéretal  material of constructi onpcR8s2005liRes?
fluid storage and di spensi ng apparatus of claim 27,
wherein said netal is selected fromthe group

consisgt tHaGni@fsh %ﬁldtspeﬁstr@hﬂﬂirﬁtﬁ 8¢ Bt whedh nglr&élra)mpngtl;csha metal

copper,mggg§ﬁbnsglr&g and al |l oys thereof. 5 39
fluid storage and di spenS| ng apparatus of claiml,

wherein_the adsorbent has at |east 20% of its

por os§t Peilpd fareadd fFpensingarppraigd eleip 2% Phereinseid metphia sepoted from the
nanomnetswsconsiking offdvel, sfalnlgss gl tlanimgeompirthragh, B@enSi 1lgys thereof,
apparatus of claim 38, wherein the fluid conprises

boy 08y, 'Ithg hﬂi& SH)%EJ Q@ dtspéhlmg J{!ﬁtﬂi clf Ulhg lsvthgr{ng 8& acﬁtﬂgnt has at lTast 20%

di spensj ar at us, o wherei n the vesse

has a ret Eﬁﬁ?gmw pa?gflgréﬁﬁﬁ%ﬁm§ﬁape. 42. The
fluid storage and di spensi ng apparatus of claim1,

wher &) nThe [feid gterags @id dispeysingrapratetosnd slbim 38, vdprein thilbidh cognprises boron
squar e wmaRs- , section. 43. The fluid storage and

di spensing apparatus of claim1, wherein the vesse

has I ATV sha 44 tho storin
and %’g%e%5|mmae B% ?@lng A?a ng ) g%%ﬁgm“
st®or ag@=2Her! @ﬁ%n3|ng vessel ; dlsp03|ng a physica
adsorbent in the vessel having sorptive affinity for
sai 0420 afs fluidGibidgeGhdiBpehatiz ChpGa ofcQinSighildrei @S $£Jel rhsQh elongate shape

adsor ptjPn.an 3ai.dsRhysi cal adsorbent; sealing said
vessel wth a valve head containing an actuatabl e

val ve, to enclose the physical adsorbent and adsorbed
gas, “3a e fuidstomecand disershs wrams obslaine 1.i hprein fiy Messhinen evlingfical
the vessel ; desorbing the 20 adsorbed gas fromthe

physi cal adsorbent and actuating the actuatable valve

in the 0 asfr the ve seI
t‘ﬁr oﬁg ﬁmﬁe act ‘{p%m%aal & gﬂ}mﬂ% s%senéla Ehg, wpmmg
wher ei B5Fh 8131"’15%;?5?1‘&%@ 4t Bétﬁ "etse PR SRR rfiﬁ%%rwd &
| east . ehagnpfaidighido faig|vissrhvforegsoptiva o etdehyisisd pdsahent( sadlingepaifl jesdel
densi t WitHTE agwed oD 5 imwgasaat to 2ifoseARdIpHPi RS Rbbibent Qid

650 to 0 ig 5 ing the
liter ?{rﬁem% dn& P 8 ?f(él at f‘east %%g/o o@g%@ed g

ot 51 P3P 56 P B LB gt = e bt
por es AV ery fom G yassel andhthequgh i eptiateble vhlvepfor gabdjwpensife; Shepein the

about  fhyslcal afaBatiBihtcporiRig afldast b2 3fke flidVahardcd@u@ver al |
porosity conprising mcropores of dianmeter <2
nano rre{a)ear iﬁl’ denas{t]ydmeasured for arsine gas at 25°C and pressure of 650 torr that is greater than

400 grams arsine per liter of adsorbent;
25 (L) at least 30% of overall porosity of said adsorbent comprising slit-shaped pores having a size

in a range of from about 0.3 {o about 0.72 nanometer, and at least 20% of the overall

porosity comprising micropores of diameter < 2 nanometers; and
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22 { WD 20041052507 PCT/ US2003/ 038437 (c) a bulk
density of fromabout 0.80 to about 2.0 grans per

cubic centinmeter, wherein said pyrolysis conditions
conprise tenperature bel ow 1000C. 45. The net hod of
claim44, wherein the adsorbent has a fill density
neavonedofery ar sine gas at  25C and pressur ecetisoidssss?
torr that is greater than 400 grans am ne per liter of
adsorbent. 5 46. The nethod of claim44, wherein at

| east 30PHtok densigraflxbm Hout 084  Ybodf2.0SRinElpeR 6150 dd@itker, wherein said

conpri sesam@islcsnuﬁmm PR RSnBebk 6o, SI Z€ I n a range
of fromabout 0.3 to about 0. 72 nanoneter, and at

| east % 0 Vv or OSI conprl ses m_cropores
of di’ azrr@FeFtL"éfpﬁ 8%@? & L Hope e e 1R v ogess o
wher ei ﬁS%@rﬁvwef%%ﬂ%mMﬁ%ﬂ gomptite g litrefrderbet. ur e
bel ow 1000C, and sai d adsorbent has a bul k density of

f r Dmaa brbiinetthd 8D:tdind440dHAd atdenfd 30 R BB ral frosGUPafd adsgrgent rises
centi ”Esiltesﬁapedzbgres l;gt'}fg arQEL Qqcljan fof ﬁ&n@%hmtﬂémﬁ%@ ‘EI A S and at
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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
20 arsine, phosphine, hydrogen selenide, hydrogen telluride, nitrogen trifluoride, boron trifleoride,
boron trichloride, diborane, trimethylsilane, tetramethylsilane, disilane, silane, germane, and

' org_anometallic gaseous reagents.



