THE | NVENTI ON 5 [ 0001) The present invention relates genérally to gas— -~
storage and'di spensing systens, and particularly to systens of such type
utilizing a.nonolithic carbon sorbent as a gas storage medi um DESCRI PTI ON
OF THE RELATED ART (0002) The physical adsorbent-based gas storage and

di spensing systemdisclosed in Tomet al. U S. Patent 5,518,528 has
revol uti oni ozed the transportation, supply and use of hazardous gases in 10
t he sem conduct owohgdgssssr y. The systemincl udes a vesspémjg%ﬂgﬁg a physi cal
adsor bent nmedi um such as nol ecul es sieve or activated carbon, - having :
sorptive affinity for the gas that is to be stored in and selectively :

di spensed fromthe. h i.s.he i | ] n_adsor bed
state on the sor b%&ﬁ@@#ﬁﬁﬁﬁ“?@iﬁ@%ﬂ sswwméﬂm or r espondi ng
enpty (of sorbent) vessel hol di nGARBONADSORBENTanount of gas in the "free"
(unadsorbed) state. 15 [0003) By such reduced pressure storage, the safety
of the gas storage and di spensing operation is substantially inproved,

since any | eakagemtis br i8S Nvenriby@ VEry |ow rate of egress of gas into the
ambi ent envi—roEnelgb ferative To conventi onal hi[m%h, ressure gas storage
cylinder. FurtRerh Bhe 'ow prossfPes BREPLE Bh 5t Al ag¥8 B8R Bhsed system
i s associ ated wi tHEGEPRREF of REPParizhe roolitfe ropqubepassiengervdiits, since the
reduced pressure -reduces the stress and wear on system conponents 20such as
val ves, fl ow contDESCREFION OBTIHE REAIEDARINt s, etc. (0004) In such

adsor bent - based  gem92) SihOhAGEE addi@hn:-theS P Mbrhgd gnd ARFARE FHstent dBBoHOE Hdu@acapaci ty of
the physical adsoudeids sERbeHEI rbduBeDR adokeiRbh, SNSRI B lacd IS RGKI NY
capachty 1S (NG ARt B! HEbebR Rl 3l Bhind s 11830 Mol Ul SO DNt
mediturm and desot Pl Vel %.rrggrggw 5"[9‘%3’ uch sot hent |Léag1, or use. The
wor ki ng capacity Is a.tunction o & SYGFE ‘5”%?‘%5"%@3‘ =9 &R in the
sorbent 25 medi urPEBFESY fiferngr Gogthesesist é&é“%‘eééél‘h?"%ﬁﬂd”?@ﬂﬁ‘?%aﬁéh%? ng

condi tion of the reseHiw reagd geesurgrelativeip spyransidngemiy ©fssimp vesft hildig ale s or bed
gas, when pr essureguidisdft fmemerdigs iathe fie” peedbdertef f ect desorption, and
tenperature | evels of respective storage and di spensing conditions, when
thermal desor pisi oo fBy@@Bredusia MERM ste, 1 Gl ARG ol aldREALI it t he type
2o sothent  modia SrossPLReAL SRSl MR £ € v %?‘éf%;ﬁ Aol O aTet o1
30tortuosity of ijﬁ*%“ﬁ“?fna‘?ﬁ;;gﬁ’r‘%ﬂﬁ%%ﬁm s?“?“%g@m@ﬁftﬁ%gﬁ 58003/ 038437
[00951 The art is EORCT IR S =8 EERF "%?W%@WW‘%?%?“H@ #5hcity of

t he physical adsoPHEE: FE e §asdef Srsaifacumdiodie ol eg YEFRsPBIeTSUVMVARY OF

THE | NVENTI ON 20 such as valves, flow controllers, couplings, joints, ste.

GAS STORAGE AND DI SPENSI NG SYSTEM W TH MONCLI THI C CARBON ADSORBENT FI ELD..OF

[0004) In such adsorbent-based gas storage and dispensing systems, the working capacity of the
physicat adsorbent medivm is an operating constraint, The working capacity is the amount of gas
that can be stored (*loaded”} on the sorbent medium and desorptively removed from such sorbent
medium for use. The working capacity is a function of the storage pressure of the gas in the sotbent
25  medinm-containing gas storage vessel, and the dispensing condition of the desorbed gas (e.g.,
dispensing pressure of the desorbed gas, when pressuro differential is used to effect desorption, and
temperature lovels of respective storage and dispensing conditions, when thermsl desorption of gas
is used as the dispensing modality), and the type and character of the serbent medivm itself (o.g.,
involving such parameters as sorbent media size, shape, porosity, pore size distribution, and
30 torfuosity of interior pore passages),

o



[00061 The present invention relates to physical adsorbent-based gas _ . .
storage and di sponsi og 5 systens, and to-'an i npr oved Working “apactty—-~=-
system,of such type. [00071 In one aspect the present invention relates to
a fluid storage and di spensi ng apparatus, conprising a fluid storage and

di spensing vessel having an interior volume, wherein the interior volune
contains a physical adsorbent sorptively retaining a fluid thereon and from
which the fluid is desorbable for dispensing fromthe vessel, and a

di spensi ng asseng ¥y ed to the vessel for- 10 di sp%@§mﬁ%sg§4§pr bed fluid
fromthe vessel, wherein the physical adsorbent conprises a nonolithic
carbon physical adsorbent that is characterized by at | east one of the

fol | owi ng char act @#FISThE g coftifuilly eelfinig kndprocbumbih inytkinERAEMY 2 de fiadicqe gas at
25C and pressur e @il fbthabail dfaddghBndr €at er than 400 grans arsine per liter
of adsorbent; (b) at Ieast 30% of overall porosity of said adsorbent
conpri si ng sllt-s =YaY; A a size 15in a range of from about 0.3
to about 0.72 nangnere 20% of Me overal|l porosity conprising
m cropores of di alth °2"2‘°‘Fnéf‘ﬁ'6'i‘?5t“’é‘?°§‘° %ﬁ’ﬁf“&‘iﬁ‘)‘“‘?‘r&”@‘i“r@ PEen=t Senvee b

pyrol ysis and 6ptWT&F"dMW4‘@#mSWIWWFWMﬁe(S) bel ow 1000C, and

havi ng a bul k density of from about "0.80 to about 2.0 grans per cubic
centinmeter. 10008@00Anbt0hﬂeqme®sipewtmirsnﬁohezlaiesrwenﬁdWeﬁ&a@&mgtaﬁm&usnet hod of
form ng a nmonoli thh@m@h@ﬁb&ﬁgeﬁdaﬁpeﬁﬂgﬂﬁ@mag@n@a&vaﬁ@rmm%m spensi ng
system said net mammma&mamm%ﬂgy b iRl 5 SRR AR kud T O 2

monol i t hi ¢ shape,; dﬁ,@,q,le%rdgﬁe%gl c;l % }gr L3l ginder . pyrol ysis
émse X{j ampgl;E; fs

condi-tions pro uc ?’f dgpr&% Rar acteri zed by at
| gast., one of t ig Eﬁ' Bga?s ch arac 5"}""‘?’*’??‘}"’?" "enS|ty
meaduded for arsi o EW‘?“W“@B@’“?WF“W% s greater

t han 25400 grans arsi ne per Ilter of adsorbent; (b) at |east 30% of overall
porosity of said adé@?@bﬂq’tﬂﬁm@ﬁpﬂﬂiﬁsm&gsglaﬁzﬁ“cmmqﬁéﬁowtﬂaawm@ﬁansi ze in a
range of from about 0408griug s eadiiter EaEbestanonet er, and at | east 20% of the
overal |l porosity conprising mcropores of dianeter <2 nanoneters; and WO

2004/ 12507PCT/ 13620@3&%&4@&0@@poasi@wﬁda@mcsaﬁnﬁgmmm ag%gpsizﬁo to about
2.0 grans per gubic Cﬁ@%&%ﬁ&ua&ﬁ{h "@883%‘ Otffo'ﬁ in?%}j Ayrol ysis

conditions conprise tenmper at ur e er aspect of 'the
invention relates to & nerheaor 5?% Sing a gas, conprising:
fabricating a gas storage and di spensing vessel d| sposi ng a physi cal
adsorbent in the 5 (s ven fumedby pwelyss i petionKaptivaipn, 5 lofpsratursia) befosy HEFC, char gi ng
sai d gas to sai d vess®f bafigge byiticnsity pifiom rhow 3ttcheouiglt geispakuba dstordeent  seal i ng
the vessel with a valve head containing an actuatable valve, to enclose the
physi cal adsor benteotainshote sddaed igadion rade toia Sthod biForBB N Bmd MR AR €F | Or

envi ronnent of 2t h&eﬂem%ﬂ%&ﬁsmw&@mm&&ﬁ@ﬁ%m&fﬁmﬂ wRAYysi cal
adsorbent, and aCEH%tﬁdﬁ&mkf}&p@%%iﬁkﬁl ?xjol le :E'attQ?md‘éralgmﬁsxs «:«:maaq nt O flow

s.l_

as fromthe vessel and di Spensi ng;
g ducing a monol%lilcg ent ihat :s ctenzed by at least one of ge followin, p 9
chamctanstlcs.

{a) & fill density measured for arsice gas at 25°C and pressure of 650 torr that is greater than
25 400 grams arsine per liter of adsorbent;

{b) at least 30% of overall porosity of said adsorbent comprising slit-shaped pores having a size
in a range of from about 0.3 to ahout 0,72 nanorneter, and at Ieast 20% of the ovemall
porosity comprising micropores of diamefer < 2 nanometers; and



10 wherein the physical adsor bent s characterized by at |east_one of the
f'oftow ng Ccharacteristics. (a) a- it t-densi ty- ‘measur ed - for- an me” gasat -25C.
and pressure of 650 tort that is greater than 400 grams arsine per liter of
adsor bént ; (b) at |east 30% of overall porosity of said adsorbent
conprising slit-shaped pores laving a size in a range of fromabout 03 to
about 0.72 nanoneter, and at |east 20% of the overall 15porosity conprising
m cropores of dianmeter <2 nanoneters; and (c) ai but density of from about
0.80 to about 2 .per cubic centineter, wherein ysi s

condi tions corrpr‘lgsgﬁ@%rrper ature bel ow 1000C. [0010] Q%@ggg%%%%s features
and enbodi nents of the present invention will be nore fully apparent from
the ensuing di scl 0Sd) e vl eusiyloP SRCkBEk: (0sh &l bt 2.04RmBlal dabic dERGR) WRH:Oh OF THE
DRAWNGS 00111 Fi gur&ﬁauaﬁw%gm,mama%m@eb%m&«@f phosphi ne (PH3)

adsorbed per liter of carbon, as a function of pressure level, in torr, for
a Karelia 578-66- ctiva bo (dat nt.s ked by solid

di anond nar kers), R 5I ?"'@ é%ﬁﬁw‘%ﬂ @eﬁ a?’Flfaﬁﬁ’ f'asf"anga“gf%’?eﬁfmé&%sar bon (data
poi nts narked by %"8’? f‘“"“ﬁ’f’ﬂ“ﬁ%r“ﬁ’@?‘f‘g

pol yvi nyl i dene %hrwluhﬂegmrﬂyn%#ﬁfr@sa‘#m %ﬂwmdmws%@mié%fm@sﬂﬂ)%&at a points
mar ked by open t r plasirglafsabentsealibedte Sdsel WilDORRY keddicqytainias o2 adhgtable vgveaiptclat vol unes

i n cubic centinet s physicaifadsaibienti abkPaddoda ) and BBl R Gof &1 exlelidh efvidhentc@®boOn, as a
fuNCtion of Press sy ey sie adsioek ffomth@&&mﬁad@d:feﬁ%aﬁl& @@M@@gﬁ@ctn vat ed
carbon (data poi n#§vﬁwﬁe§degﬂp,yga§ & AlAnP, WF:,,Q or med from
pol yvi nyl i dene ch tgfs‘%'["“ %]?—]E ta p0| nts
marked by open'tri an"cr)' FKRer Eg?@@f i3 ke 1 Figure 3is
a :schematic repr esent atl on of. a storage and delivery systemutilizing a

mond] iyt hi ¢ sorb ent ,® &8kdsne prpwpdfor e s HAS GiepARrEm T 1 STOHR thehip BFRier B

[00141 Figure 4 is a fferspestdrvéevfdopet a rectangul ar paral | el epi ped fl uid
storage and di spensing 5 vessel utilizing a nonolithic sorbent, according

- to anot her enbodi ITEI’[IS)aﬂaﬁstiﬂbb@fopd’rﬁlﬁ@d@ﬁyofsﬂd/ﬁdﬁﬂ:in&&npﬁ.{h@@.ﬂ‘.—ﬁﬂpeﬁio@iﬁ‘a&gEsiﬁaS a graph
of adsorbed wei ght | B aGEnB® fioP frold 05 BMbdut d.7k QiR cBER o dsr heal per liter
of carbon, as functbo?(;gltyggmmg g&%gso}ﬁ}ﬁggmzmmggg&ﬂ for a Kureha 578-66-6

bead activated carbon (data pornts mark by soli1d dianond nmarkers) and

Chen cal o) (data p§ S s 1w Ll ug%?xav%%?&g% P Yt el

DESCRI PTI ON OF THE | mmwww *HR8EDI VENTS

[0010] Other aspects, featwres and embodiments of the present invention will be more fully
epparent from the ensning disclosere and appended claims,

20  BRIEF DESCRIPTION OF THE DRA
f0011] Figure 1 is a graph of weight in grams of phosphine (PHs) adsorbed per liter of carbon, a5 2
o function of pressure level, in torr, for & Kureha 578-66-6 bead activated carbon {data polnts marked
by solid diamond markers), a Tokachiho ABF 1403 particulate activated carbon (data points
marked by solid square markers), and carbon formed from polyvinylidene chloride polymer (Sa;:a.u
25 A, Dow Chemical Co.)(daia points marked by open triangutar markers).

{0012} Figie 2 is a graph of volume, in cubic centimeters, of arsine (AsH,) adsorbed per Hter of
carbon, as 8 function of pressure level, in torr, for o Kureha §78-66-6 bead activated carbon (date
points marked by salid diamond markers) and ¢arbon formed from polyvinylidene chloride polymer
{Sarar A, Dow Chemical Co,)(data points marked by open friangular markers),



THEREOF [00161 The present invention is based on the discovery that a
physical adsorbent-based fTui d storage 15 and diSPensiNg- appai-atus -fray be--
fabricated utilizing a fluid storage and di spensing vessel having a
nmonel i f#ti*c carbon adsorbent materi glppf rﬂﬁ&ﬁkﬁmm%%th surprising and
unexpeét ed advantages as regards the nature and extent of sorption and
desorption of gas on the adsorbent, the packing density achievable for the

physi cal sorbgn$) PRfieunid B skﬁeeae:@%ekmtaa&dar Beioelgh | dnlt Yielfert Bigtel witdingt ar age

and di spensi ng apparatus conpri sing sel for sem conductor
manuf act ur i ngwes aﬁqﬂéﬁ%acc?é‘fl@@f‘?‘]‘emﬁqg‘mﬁ?té’gé Y%t i on t hus achi eves a

substanti al advance in the art over adsorbent-based gas storage and

di spensing s of the type. descri.bed in To

5. 505, 228 wniiuHAn Biebtect B R asiroi® TeRcet e PRElsp B s JoralePhl tip g

di vi ded f ar mveﬁelmhlm aemaolithia kdrait, iearding ot anether endbadimentof thelpresant wpgniiethce wit h
the present invention, the gas storage and di spensing system can be
significantly i rrproved in working capacity when the activated ca n is
provi ded, notl0915] Figsibisd mhpéad%mé@r wiRht, fiy pragos, 19 borpm friklupride (BEy) ﬁ%ﬁgﬂ % c

form of 5peC'ﬂtérfof&ﬁﬁJn,a&ta%cu&@&%Mh@ei BMEK, f&fa Kiidha GYE6E6 bead ehtivatbdationby
the use of a nonolithi or m_of actryﬁ%{% ﬁ g relg%lveitcljnl gaﬁ_{ :
di vi ded fornddﬁ%@ﬂnﬁsrﬁ“af%bbﬁ?i’érdwﬁ’PPd ey, A PO RYSE ORIREIS° éven nor e
surprisingy ﬂomee(gaﬁnvmthdhenmSommmsmkbddbvsqjﬂmwwgnwmm is of a
shape conformng to the adsorbent nonolith. 30100191 For exanple, when the
vessel is of a preferred cube or other rectanoular -arallele-rc 10)
consi st ent wi METAIRED DESCRIPFIONGE THEANVENTION, AND PREFERRILE ELEAE LA

- 10/314, 777 filed REPLACEMENT SHEET Ded@BREOK 2002 in the nanes of Dennis

Br‘eﬁr vansky, h S. Wdj.ens e and
" Rect.ahgul ar/ iﬁarﬁi ﬁ@lpéeﬁ?“b’@&cnﬂ?‘i}f Eﬂséadtoé}?l?diéscove rﬁﬂl i Sléai %ﬁorggn& E&é@ﬁﬁ@ﬁo&&
of a conf o$ makiddiphaipe dppamte kiap be Hixivaiedutitisag e Toidetowss mdrﬁgfpeweawﬁﬁ} heyfing iI‘1e

Physi cal - adsop R AREH 88 Bet hfleAd Bl SARKSL RA SUSLAM Yk fer k€ABIdBS%
‘relatrvetoaprror art system usi ng gas stommge 5cyl i nder, of eg%{isage
n.

"footprint" afhd npEsad W?We?ﬁ %@‘I%PWWP?OF‘I‘@(? } e AdsPegt the B
10 conformat i ghidvidle for BRIl mﬂﬁﬁ:&ﬁéﬂﬁﬂ{ inhiesweskel, bud itle stiloy afyibe dnid stiragpendi ng

system since: . a rectanqgular ra I n e ces, and
twel ve wel d-| P’ﬁé‘? 1?%%{’8?’?%%""?‘8?5“1@61& i"Cat ?%%Qﬁu&%gacoﬁﬁéglgeggi grédr?gmélgssel is a

separate piece (by contrast, a cylindrical vessel may be formed w t hout
seans fromyt ubjohdyr ThohlkLsl ileR@ln s Q@ihe)ves 4 hdb&tar@@lrwu@bemtﬂam hve(' hdsproéritbased

fabrication cost of a rect an ul ar or na v.e p to
be substant i apys9ipggiaes d‘ﬁ?ﬁﬁ?ﬁ % Fiters ‘%Bﬁ’c R H‘r ¥ ?ﬁ \fﬁpﬂgd (i?\éefgltegfes%8

(iii) a rect angidhaercpiietalelsapipeai @d:mﬁtameﬁmn &)ﬁqwiyrwmedégm Syﬁaaﬁﬁ so-gdlehbiad a
the juncture ?af:tu%gh %%E‘SH égg{ac?x%%lﬁé %MI‘ ﬁ% Ip%eféﬂ{ fn%ﬁ&fj ek :ﬁor&é%aahd @i@:;feﬁsﬁné feem

_potenti al of orm ng uncture, n the betnt Joed
“woul d not " pach bagmlﬁmvﬂwwem&%‘rlﬁé’Pﬂﬂf&gé’PI&P‘va‘eheP 6‘1@&"%"6 é%‘ ‘BHHPWQ“ & 25

cyl i ndni cals geRRRd Y MBSSHBIm, budthEd il sSmdnbBBic Bfm Sfpbeifoihaasea, and instead is
a mni mum cross-sectional area shape circunscribing the bed of phy5| cal
sorbent material in the interior volune 20 of the vessel),; and g’l
i ntersection qﬂomw\ﬂhqamqheﬁnhpwbracmt adlchabladivtihe waef amondigic frp ek at%’li PB1ft

that is susce t br 06001 (RGERE A8 iLeBn more
.relative to a%faef ﬁ‘“@”f"‘; ??/‘ggr E‘e\?}gg?gpﬂioéél%gﬂi @&f; been?f(;et elrltmtﬂ

however, that msmeetlemgwdrh%@r &35| storagp RPN HE § Sﬁfét‘% i PEEPPE
vessel which dpgsuwbemendigss tightly packed sorbent bed regions adj acent t he
seans at the

30  {0019] For example, when the vessel is of a preferred cube or other rectangular parallelepiped
shape, consistent with the disclosure of co-filed U.S. Patent Application No. 10/314,777 filed



25 intersection of adjacent walls, but._that rather than. being a.

di-sadvant agé;--sach Tower --densi-iy- sorbent -béd Tr-egrons -are-rn- FaEct” [ ——
advant ageous as hi gher gas flow conductance pathways for interstitial
desorbedior unadsorbed gas to flow qufsefmiNtenbtd kK vol ume of the sorbent
bed. [0022] Further, precisely because the cylindrical vessel is a mninm
cross-sectional area conformation, with a mninumcircunferential extent of
ci rcunscri bi nDecvabér %9217, in thbamm«rmﬂ%mer%v&@k}bMMhaﬂhaWoﬁJ&ashpIcesémmdén&0

th Il int Lj.ndr i cal S n
e vl | b, C AL AR B S e TSR RS
bed in cross- stei@ctfmdﬂy$hepe|¢mhph@rceatneneaspthewh@ngmtamgﬁlhaph}pmiaﬁﬂﬂ@bmbﬂqsé@as

f t | d
cont or mat i on %E%%“'e%ﬁ ARG SRR B ASUa 10 bR BOGM8 e 3o fnabPe
2004/ 052507 PCHlindg @ @PEPSM@ eeﬂéépssqlnlawmfvpg%é‘ﬂ%w% %F&F%‘ij‘lcﬁf"g?*zed

cylindrical vessel, because the wal |l surface bounding the sorbent bed is

d bi j t t t t
Fect angul ar oA HRCTHG T biskERind' ) Fpmaosirabe ey e rvihges 36 A ped
than there i spﬁqkagikaofc@w mashlithixaphysied sdédorbetaf tesotedtiont ine M&mﬂbeuhrﬁb@medt he
wal | regions & eiGsgodvegd %‘@?%%Q&E%&U&%as%ﬂlgldts&rdgg bid Qﬁpgfahx}f Gt would
dent e

rel ease fromt e SOI‘ desor gas I n t er| or Ortl ons
of the sot henen Bl cqngiderafion mppear it bashighiedisadyratageppsdo P@@P&ﬁ&ﬁ‘%ﬁ‘ﬂﬂp elepiped

par a: l frlherm ]Pedoﬂf@?ﬁ?dﬁ ﬁ:@@fmﬁat.ada&b&asasa?ﬂﬁag @uﬁg& akdl ldispdnt dngd OfstehDlsBba i) he
nonol i I C or e sSQr pen resen

finely divi deﬁm @"ﬁ@’?\% ‘ﬁ@sﬁl Ssubg?etg’l a&‘?‘g@fv rlfﬁ?ségquﬁg% p%récamélﬁéeﬁcﬁe
like, which afee géﬁhewatel ig ata¢phdaie piece (o canbrast, fa@yhmﬁmfal whebngdrderined wighaut seams
mul-t'igohyi ci ty o e RAES stwp%& dﬁsmeﬁeﬁﬁ 1%y, B 'difibafion Shh of WHStandullert N

bed f'ofm of multiple finely divi SI ca orbent el enents, the void
vol ume. of t he CoRfbrmpons Bk ouksba FoRHTDfe brapubstanteliyr Gigheri than fegpa comresponding

[ n; er- pﬁr tllsClj@yIMdﬁcaﬂ hfseeﬁ@g I, redt Wb YRraB6l 6 et Ic&gorh@udnhevoqhemmpe RSmerS aaﬂeh
ana packing dens of,. t e SOI’ art. cle ontr t Tm O thic
form 15 the v8° %‘“\yf‘%ﬂa&%"" “§§l¥| tegé’f}h %?’t 0%% tﬁﬁp?t?)r\?%\ Hforl gvg%? the

intrinsic to tine ofguistuotwhersinehd adrbean tedy wpdd nothpeckiteagaindviee baea, f@#lﬁ%cﬂo ian
the bulk sor b%G&esP&Q}ﬁg@H{uhﬁEgl gebxﬁeu‘%rr @,eamlagm er@cQ%&:h cdiR6rs RLE ﬁ@@éd 1k A¥SEaLAN

in one aspect relates to a fluid storage and pensing a

conprising a {4 eceenalraaegéhaaﬁamawﬁ%% F\B"d\i’é@%‘l’ ﬁ%bﬁﬂh@afa% }"r’f'f“'e‘f‘ fele <9I Rfive,
wherein t e i ik eeivedsel) @hd (AP the itdr@biivs oftwiPyiptrdRhlaadls wire e Moh@tprodetey a joint
retaini ng a fltﬁlat it st%é ?’QIQ tgl I’ll_&i tr.]: el; %}rfn \é\glsucr;é] 01t I?o?cef Aul“cu:t ltl%re%x? I%Fiﬁ%l QaP l“ﬁeain?éss

di spensi ng fromthé nd a’ di I Spensi ng asse to the vessel
for dispensi ngymlb’esddfl UI d from t he vessel V\/nerel n the physi cal

adsor bent conprises a nonol i t hi ¢ carbon physi cal adsorbent that is

characterized st gne.of .the f har act.er.i

density measur[g%u?1 dt haﬁ gt ﬂeéterﬁlﬁﬁé W?’%’@:a’ﬁLtge Q%ggl rEE™ ?16% %f?nagl?lg res“lts i
greater: than 40@esgrl avhichadoss hevepess tighthe packdd mmernegm@S(Chn)celmthft eqos 2@0% of
overal | p0£505| :B%rsQJtaor? 9‘1‘ ﬂja@eq§\9£lg e[ﬁt thGFoR&: 't]ﬁh Btgngsé da&a&%@a@@ guoﬂ%v?e? dglﬁ\@ bt

si ze

bed regions are in fact advantageous as higher gas flow conductance pathways for interstitial

desorbed or unadsorbed gas to flow out of the bulk volume of the sorbent bed.

[0022] Further, precisely because the cylindrical vessel is a minimum cross-sectional area
conformation, with a minimum. circumferential extent of circumscribing wall area, the amount of
30  sorbent that is “presented” to the wall in the cylindrical vessel is maximized. Considering the
converse, the peripheral extent of the wall that bounds (is adjacent to) the sorbent bed in cross-
section is much greater in the rectangular parallelepiped conformation than in the cylindrical vessel.

The rectangular parallelepiped conformation thereby'-énebies higher volume egress of gas from the



in a range of fromabout 0.3 to about 0.72 nanoneter, and at |east 20%of
t he “over.al T -por.osity conptising-nicropores of -di-apet-er- <2-nanenet-ers: -and-7
(c) having been formed by pyrolysis and optional activation, at-
t enper &t ure(s) bel ow 1000C, having a bul k density of from about 0.80 to
about 2.0 gans per cubic centineter. WD 2004/ 052507PCT/ US2003/ 038437
100261 The nonolithic adsorbent can be in the formof a single nonolithic
adsorbent article, or a multiplicity of nonolithic adsorbent articles. The
adsor bent can be sui tabl_’y shaped to conformto The interior volune of the
vessel in which YP2¥5¥sposed, andpreferably occupi ePCAUSPREBI?609% of t he
interior volume of the vessel, e.g., from75 to 95% of such |nter|or
vol ume. Wil e the \ﬁgpg usse fu e t |n
respect of contain vl %n% é’?\ |1Im({i "%"gl so ﬁen l'“’%’“t }3‘1‘%‘“
rectangul ar paral Pé’éf"&?‘@ﬂf“that t he
invention i s not ?Y‘Ffs‘fléﬂm“ﬁﬁamﬁ‘ﬁaimé‘tﬂﬁ’ﬁ%%m%ﬁaﬁ@%ﬂ%ﬁﬁsﬁ’l
conf or mat i ons can“kagestlt i dpsprisd ges ¢ theywall regigk i kreleddpiiid sublvapred its inieBissehtivs
barr el - shaped Vfes sbissiomfhe gdintrgding talieslabyptihei®as piritns ofkeGoment §Q. NDIr €
generally can be formed from any suitable pyrolyzable material, such as for
exanpl e pol yvi nyl [Mp&:&&%dndﬁewaﬂ@waﬂfe%mmﬁﬁﬁé eulaP&Rh}'f' nfuryl
al cohol , coconut gb@{dgﬁe,@m%ﬂn%}:@p]ﬁwa B&gm Qld.ye stones

sor e

pol yacr yI onitnle, and polyactylam de. nt can be for rred In the

fluid storage and e yess in V\/mchtheflwd will be stored for
subsequent di spen SRSM&'M‘%’ %ﬁm'ﬁﬁmﬂ‘l ReoLPPaT I5 dritoode i ek ¥ r ned and

then introduced i fl’f“b"’?ﬁéﬂ’ff"ﬁ‘f ‘Ef”g‘tkfaf"%?&e""‘a’nﬁ“‘& op Breiftingtion tpeepyeafionsl | n one
enbodi ment, thé&® ad¥bdlEnirpraach at beddp peficlesD@aglen fpellely, sad g tikps itich aie penpdiy s Wi th a

diareher of | ess wifized infhe fravvoeied @nisising: 00284y Eheh teds prile it Rebeepr ovi ded i n
t he lf ui d stor age'm:ﬁ]dﬂﬂbeﬂf&&:ﬂﬁinﬂi@la‘ﬁ&&ﬂﬁhcd@%cﬁadﬂ&rﬂeﬁtblﬂdt@h&ﬂﬁ@;ﬁmﬁﬁﬂ@' ithic
adsorbent articl escuiehaﬁmasggw%%é{su&ps}%ﬁ&ﬁa}&&@mtnﬂﬁcu&m ' n such

mul tiple nonolithig.ant kel ?Mﬁ'} , € |
di screte nonol it hhigvo%dvsllg)hgdboﬁ[i %I’tl cles ié%bﬁég% '%asema ﬂ E%”ﬁa i s bet ween
0.3 and 1.0 tines tggi BE° FE I A P b RS <o sf CRAEEEEE  and a
cross-sectional arf® F?Wéﬁbﬁsﬁbﬁmm‘ﬁpﬁﬁﬁggt he rectangul ar
cross-sectional area of the vesseL Each of the nmultiplicity of discrete
monol i thic arti cl @85cEn rivey dvetion dcpanyetinies parlel Helcepi detsshapenor
alternatively a cydmpuvdg & O stoage agt dirgshsing wdssbiang arsiltaipevoluhd) wieRR e fikefidr1 Or VOl une
of the fluid storageeanthsdhSRRREHLRE sHRRS Rlainind /18 BirS SOk ARNRI Al i C
articles can be | sk & Qb LORGLL ] J}saénlmg n_g*%l&%&’mé &sssﬁ%f]f ace

t act th adj f th
ﬁﬁ:’lt Iagl | \(’:V: ty gfl g:&%g:&m JATS) Iﬂ&l h ﬁ”@?r%@ ephﬁsmglaa% mtcm:%pﬁs&%amon&& 0 €

LC artlc es
cross-sectional di nerfsrléarllardr‘? ’sih?’ﬁtedzfdﬁé‘lt e‘i""é’“"f"f'?frﬁ“&%ﬁ}fm?’”f”&? about 20,
e.g., in a range of fromabout 4 to about 15, where L is the length or
maj or axis di mensi orf®) Il $ea5idy orpspres] PrivtinecasrbdSISam PEIIheGi0 tortit s braterttend D i s t he
transv?erse or m nor a¥yvsengiarhens benfdbdenanot her enbodi ment, the nonolithic
adsorbent article can have a disc shape, 'with a 30hei ght to diameter rati o,

H D, that is fgom ab@ﬂﬁea&ﬁ&@f&é%llmtofsgdﬁgmm{%slﬂl]xgpect];loﬁéﬁﬂ stsehe fluid
storage and di spensing awsges&hmma&oma&wogm%e% ?nsst%&&%wﬂmt Dgyadsor bent,
or,

and desorbed under sujta %J[Ii ons I spensi ng of fluid,
can be fluid of any sUlt fﬂmém mmmpms @ famelg f Eﬁ’mﬁﬁ"ﬁ“ﬂg utility in

sem conduct or manufacturi ng, such as hydrides, halides and inganonetallic
gaseous reagents, e (@ bavingesn feed bgolygirted optigraictesion, plroshkdibelop HESGene,

di borme, germane, =noiwkirgabtik doisiyef fromyighntoguaerbetd gt civicdimagen sel eni de,
hydrogen tel luride, nitrous oxide, hydrogen cyani de, ethylene oxide,

deut erated hydrides, halide (chlorine, bromne, fluorine, and iodine)
conpounds, and organonetal | ic conpounds.




5 [0030] The fluid in the vessel can be stored at any suitabl e atnospherig,
s"ﬁ~l§~5?7'éif"'r'rbspheri"é"'é‘t“"%'db’é?' “atAoSpheri cs pressure; "e. g., pressure el ow 25007 -

tort, such as in a range of fromabout 20 tort to about 1200, or pressure
in a range of fromabout 20 tort to about 750 tort for subanpspberic
pressure supply of gases for ion inplantation or other subatnospheric
pressure application. [0031] The vessel holding the adsorbent having fluid
adsor bed thereon can be fornmed of any 10 suitable vessel material (s) of
construction, s ﬁh as netals (e.g., steel, stainless steel, alum num
copper, brass, BAYES™Yng al | oys thereof) gl asses, CRTARMPEE4]) t r eous
materials, polyners, and conposite materials. [0032] The vessel can be of

any sui tabl e shapey e ec ui d st-orage
and di spensi ng ap% %M%ﬁ@%ﬁ%&%&@%ﬁgi 9mg’ie %Q’fdwmﬁngar&%

rect angul ar par al I & e %og a‘pe P|°‘E‘§F'f‘§/
upstandi ng form W mﬁﬂdﬁffm@ W@%’%’eﬂlﬂﬁ%ﬁﬂ%e
cylindrical wth &’”E?‘F%‘H‘F rﬁemg‘éﬂ@@émﬁe?hmwraﬂgmeot’vhblﬁzeapmhmpr| ate
shape, size and’ f §knred po@ 3y hiriraienia remvis otlionasata oft dbemdnsithl NiisbB: Hikb | | zeS a
physi cal adsor bentrisfd rongiat duicepif0hitd Vet REGE Mgt Bakali.ek aRi ped

vessel defining aﬁﬁdmseedndﬂato&wvafels aamn@,mﬁcn?@memﬂma B04hnak QM Ch 1S
coupl ed a gas di spﬁga@g,ag.g_ He di scharge of gas fromthe

vessel . The sorbent 20 rre um | n the rmno |th| c formof the present

i nvention provide fi ity r so tive retention of the sorb
ate gas in the dezol z?jé{?. mgm lﬁﬁ’d@"g PR afRorgre s finder

desorptl on condi t fnf’fﬁ§°"° a”“ 65??“ Rl“ﬁ’g‘“’@%{ YP’?/‘E et el Mreimgl behavi.or
(i¢ e., high ext enP°136'PY“Efé°s‘G'F‘Hf-|PW1'®FMﬂWdtW [pqiiniorgl olotheickogaus Shelis,ppekt has  an
apprfoprl at e sor pt hglts peefbfpitandlivestofies polyadndoniginsmdpblysbrykindie, €56 ad@ent dibls foBWV JAS
pressure is maint allthqevﬂﬂsmgetmheispenahﬁmwmwhmhummeJto?befnvs@ﬁsi@htdgﬂdﬁshgg st or age
of gas therein. 25,004k diasphinkt ik ABALRRR tfbI0POIARS Al D LD

present i nvent 0N oL@, e eMbaniay; me%rgegtl%gumgg&ngjmptnpsln%ﬁgm %&3 %&le{ |n t he

form of blocks, bygl.gks,. les or simlar mat eri al
that are of a size com?ae“g%egerate with the fluid storage and di spensing

vessel, so that vessel contains one or a small nunber, e.g., |less than 75,
more preferably | B8 T alprbsgcan brproyifed in dhp Svdeierpas andfismepliisvhibekes apilivksioess . | n
further preferr edmaﬂslﬂmﬁﬂfbtﬂheﬂﬂﬂe%etme@mtcwﬁme the @dsprntanatsh dinsu: wttiph di scret e
monol i t hi ¢ 30 ar t mebkdss arfig/aamgmedt,@acisf & el or diaretbidQitc Aadsbeht Qdiles Sk C h
articles, and pmSbevqii@fiesadbebied 08 @6 &Rk hhQI RitdiSoBe vabiQk € RNRLE t hi C
Physi cal - adsor beNtusaklubral s ae V20001 B 50LL L1003/ 0 %%&%@351 The

monol i thic articl %@a&) Eaglebpi!b ﬁ(ﬁme&w onlﬁjthlca.rgctlesca?algvc areIcy Co%agﬁape%!%ng vessel

rovi de(s an a I’ at or in size

gnd shaée) to t hggl rfg | &o'?m\? Hmﬁ%f“ €’é"’“““?“" dlia’iff & By gt Wiy it Stidasi ng
vessel , so that t ﬁ‘é‘g?ﬁ %?ﬁmgr’fﬁ%'s‘hbq‘sf’ﬁ"em%ﬁ’ﬁ Priicfetiaebe dnferallyceapdi Isysindmlipi es  at
| east. 60% of tRe fhidniseteepente vith efacent ronoltismebers. [Jx ek entadihopt, parh dange of
from dbout 75% t 0wt of G5 Torofthit deelos histaGhgthiOd croveQbetioh® aifénsigliih Le&s e L

is from about 2 to about 20, e.g., in a range of from abont 4 to about 15, where L is the Iength or

tmajor axis dimension of the monolithic carbon sorbent articls, and D is the transverse or minor axis

dimension, In another embodiment, the monolithic adsorbent article can have a dise shape, witha

36 height to diameter ratio, H/D, that is from shout 0,10 to about 0.80.

[0029] The fluid in the fluid storage and dispensing vessel that is sorptively retained on the
adsorbent, and desorbed under suitable desorbing conditions for dispensing of fluid, can be fluid of
any suitsble type, e.g., fluid having utility in semicondnotor manufactuting, such as hydrides,



100361 If provided as a single nmonolithic sorbent _article, the sorbent = _ _ .
medi-unm- may -for -such “purpose be -formed in-situ-in the vessel, e.g., by =i
pyrolysis of an organic resin that is in liquid or otherwise fiowable form
with which the vessel is filled to a desired extent prior to pyrolysis of
same in the vessel. 10 [0037] If alternatively provided in the form of
multiple nonolithic articles, each of such articles can be provided with a
length that is between 0.3 and 1.0 tines the height of the interior volune
ol die vessel, an -sectional area that is between 0.1 and 0.5 tines

t he rectangul ar S?ggg@ggitional area of the vessel. P?Fé%%%wyyhic menber
can have a rectangul.ar parallel epi ped shape for maxi m zing the volunetric

usage of the int ertias a4Qlehbma0E gakeht eSS &, sl SRl ol f 15
rectangul ar par al |g@b&piRagd., : qfﬁ@ésg@g &km%&i‘é’%%f %ﬁ?ﬁg’ menber s

may be laterally %ﬁ%—%de,lh?dpo%gnt NEW A oéﬂu(}wtme I _surﬂf%\c EBATECY with

adj acent monol i t higc meme| S gt e rnrerior 51 e feiide (iblering, dromine,
Alternatively, in sont IhSpPafeaes mderepmotlicoment, apl e for the sot hent
monol i thic menbers to be in the formof solid cylinders, with the
respective cyl i hdri§%38hThefiuds de wsop ein pgtotebt e nlizbirdrmsphdia sbataptionlo: el UTE SO as
to tangently abut =nebtetppotive b.e.alregmgbeoln @500 tof, ack 4 6 aingkeor Sk Hag M, maHd t 0 at

| east 20 partial | yboat3em, o pesariok Rek of HnfREQ I tof B6E756 BRLR Glhardlprldd el 1

circular cross- seGhisiuPipshpadd bt BESTmtatlohlor bileHi S i 3G AN Heaibl, SPENST NG
vessel s of shapes other than cubic or other rectangular parall el epi ped

shapes, the nonol ig,h t artjcle(s y be correspondingly fornmed to
conformto the s heEJﬂﬂLg}asl e@%%ﬁ f%%f@éﬁvéﬂg&oW$ﬂ&%§%ﬂe_ﬁ%ﬁf@xam| e, the
fl{ui d storage and di Spenstiy Ve EBfucion,fuh & sytls (g iislifeinlsn stoarigpsiaum. wi t h
mondl Jt hi ¢ adsor b&WPS AP ¥rasaf playdiems gy pasinieg oy eptisbalblystasit of disc-
25 shaped bodi es &f#sedsent, each having di ameter conforming it at its
peri phery to the shape of the vessel, in close proximty to the facing
inner wal | surf acduf TiehesMess ey s[R3R bR, 4 Skl 1 H¥Al ¥ATEAL at t endant
the use of a nMONOluidtaeting AT TRGdMAL S%ﬁé,b&@aﬁé(aﬁémfﬂa&ﬁﬂﬁ&{ ' %ded
particul ate fonds vaf; of BRRNE Rk %s&n&n@ﬁ%%ﬁ&&e&tﬁq b_ge%%gso? physi ¢ ; adsor bent
materials are gen ﬁgédiaywi L%gﬁcf:;isemﬁgnn terns i tﬁseslr Surfacte area avail abl e
for sorptively retaining the working 30 Hae PEHESPRsrE™ Mid hence
particulate forms with their high surface to volunme ratio have been
consi der ed i nher e AP Bepsrapadentiiy iyeptge viilise gatvasslcsobest o owktsc Smdinbr i ck's
(i.e., nonolit hic™Fesveshraliiyiped yesel dininpy olegd prarioe riuvms ui haiBes fioo wsdlciime rati o.
Thus, one woul d exEdta ghsispebsing vsedoyly, tih adlectiOdeHakd JFiph 70 M Besal TR ESREDENt woul d
be | ow effi ci ency mbdNBihe t&ﬂMﬂhﬂQorﬁaft%%ﬁ%vm%wjid\é&ewﬁéeﬂtachja&yfo?&gﬁ\)énr king WO
. 20041052507PCT/ USZQR3{ £384 8- ﬁﬁpﬁé:destiryd'quanﬁty, good desorpfive release of gas under desorption
: conditions, and good working capacity with ood heels behavior (ie., high extent of desorption of

initially adsorbed gas), and has an appropriate sorptive affinity for the gas of Interest so that low gas
g ‘ pressure is maintained in the interior volume of the vesse! during stomge of gas therein,

25 [0034] The physical adsorbent in nccordance with fhe present invention can be of smy suitable .
monolithic form, e.g., in the form of blocks, bricks, boules or similar forms of the adsorbent material
that are of 2 size commensurate with the fluid storsge and dispensing vessel, so that vessel contains
one or & small number, e.g, less than 75, more preferably less than 20, of the discrete monolithic
articles. In a further preforred aspect, the vessel contains no more than 8 such disorete monelithic

30 articles, even more preferably mo mote than four such articles, and most preferably the vessel
contains a single monolithic physical adsorbent article, '



10039] It has been-discovered, however, that a carbon nopnolith may he =
f'6rmed” having™ asimTar=fr cropore vol-ufe--as ¢oi'respondinig~ bead ¢ar bon, - but=:-
with a,substantially higher density, es, a density in a range of from about
25% t o about 80% hi gher than the conpacted density of the 5 corresponding
bead carbon, and that such high density nonolith when used in a physical
adsor bent - based gas storage and di spensi ng system provides a stating

i nprovenent in mass of gas adsorbed per unit volune of the scabent in
conpari son to abeslowmbyoksad car bon. [ 0040] Carbon nonol i gﬁ EE£HL in the
broad practice of the present invention include gross hIC and i ngot
forms, as bulk fornms, preferably having threedi nensional (x Y,

character 10 wher el'fle e onstiicatiohi diphpnR OMS! sk il QRbeRhe vﬁm§m and
preferably greater@mnaww&mmuﬂwwﬁﬁwmﬁwmﬁ@&ﬁam%nﬁéheéH@h&ﬁg J@nolith may
be in the form of amne@@&m&&dﬂéﬁﬁﬁﬁééamﬁém&ﬁgﬁgF£ TN &?r'c char such

as pol yvi nyl i dene glde®f dsél K . ) g a high
bul k density (n@as&&gﬁgm&gn&ggl %Eilqwfp mey ?g’é‘r °Btf75‘f"i’°f?ﬁ‘l‘%§95’out 0. 80
ubrc

to about 2.0 grans per c s('§en i"tret er , Wlth hi gh working capacity (high
m croporosity and @8a heel%j and pore tortu05|ty that is sufficiently IS |ow
to ensure ready an &t gl odvent afidlel thel et nttiomay & 8@ddosl N ONe
embodi ment, the no‘f‘?(‘?i“}‘@ﬁlf’é‘”e*a‘?w°soh?bmusiseffan¢dwﬁcmmmmihﬁqamm&u&es a

dopi ng agent on t hioweble iy aittwehich B vebsd isTiladiton dsRed SAGIOAP RSibi=00r 25 i e sor bate
fluid during extended storage. Illustrative of doping agents that can be
userelly enployed in the broad practice of the |nvent|on are boric acid

(H3B®B), sodi umet e@fs@hﬂh@{a@e]&m% &ggtg 28103) and
een (Vlél

dig so;il um 20 hydr oggg, ‘E}Qﬂﬁ “f%"g % #E ar bon
adsdr Pent articles, |n a&no%? er as et ‘ﬁ“ﬁtﬁ“”d?l‘6§§f*§€ect| onal
di nensi on ratio, L% %%mgbsdﬁ?”?“%%d%ﬁd%ﬂﬁemmsdﬂéommpref erably
from about 4 to abBaff ‘3“5"“%%’“&“‘4‘%‘? mémber e rhaye ln rotrugiien podliciaigdd Shaph B NSi Oon Of
t he monolithic car%ﬁ‘%ﬁhﬁ%@rt{sagcb@e igtevel olimd & e N@sel WA BV O&REs B M nor
axi s di nensi on. 15| rrcguesipegililippeiemROaticRR Bt of bl @ondiBR Abdsk:hns b@ﬁt EL‘er5
adsor bent. is pl’OVIldﬁddﬂaﬂjra&ﬂ@ﬂMc&facthﬁa&ﬁméﬂmo&q gﬁ ,%ﬁcsm l ng PVDC char
re
%%f

monol i th briquett Qﬁev@ﬂpm ﬁls&ﬂ;eﬁzstan!:ep:t lbghmrab[e or

monol i thic carbon ggl FHF A, Sar an

L o el

MC- 10S or Saran XRR..1387- s S%%ggm 050" ﬁlb g‘gﬂ 5‘3?5’?“3’@?9?5‘ rs,
ul trani cr opor ou§ car ons o HGEA PG PR O B e b precs brdpetiepor es Of
smal | di mensi orf, & TtPF"‘éfm%mlfaaﬁ"fg@“G‘Tﬂme@mca@w@ss@pt@n o Uh ol 75
nanonet ers. WO 208E5 6N SSoPROEMB2008$0B83 Fubic or other rectangular patallelepiped shapes,

the monolithic sorhent article(s) may be cotrespondingly formed to conform to the shepe of the

interior volume of fhe vessel. For example, the flnid storage and dispensing vesse! can be of

cylindrical shape, with monolithic adsorbent articles therein comprising a vertical stack of disc-
25 shaped bodies of adsorbent, each having diameter conforming it at its periphery fo the shape of the

vessel, in close proximity to the facing inner wall surface of the vessel,

e

[0038] The level of improvement attendant the use of a monolithio fortn of ectivated carbon over
finely divided partioulate forms of the prior art is unexpected because physical adsorbent materialy
are generally classified in terms of their surface area available for sarptively reluining the working -
30 pas (adsorbafe), and hence particulate forms with their high surface fo volume ratio have been
considered inherently superior to bulk forms such as blocks and bricks {i.e., monolithic forms)
having a lower pparent surface-to-volume ratio, Thus, one wonld expect intuitively that monolithic
forms ofadsm’oen; would be low efficiency forms, having s reduced sotplive capacity and working



[0044] WWen the nonolithic carbon sorbent has pores with a dianmeter of |ess.
t Far=about=2 nanomet-er s~ the Tonol 1 thi c-carbon $orbent ts able to adsorb-
gases, e.g., boron trilluoride, above their critical tenperature to an
extent that is proportional to the mcropore volune of the sorbent
material. Preferred nonolithic carbon sorbent materials for such purpose
have a hi gh proportion of pores, e.g. 5 at |east 50% of porosity, in the
smal | rakropore, e.g., ultram eropore, size range. This effect may be seen
by reference to which is a graph of weight ip of boron
trifluoride (BP3§ g@sorbed per liter. of carbon, as a fﬂﬁ%#ﬁgﬁm%? pressure
level, in torr, for (i) a Kureha bead actlvated carbon (data points marked
by solid dianond -@gglers) and (ii) carbon formed from pol yvinylidene
chloride polymer (Saran A Dow Chemi cal Co.)(data points nmarked by solid
square mar kers) . [ g$§kt %ggg h tnj cro ore volune is_an inportant

criterion for sel g car 11 Reonin Gt fired depsatadsor bent
systems of the Im‘?&ﬁ?‘?“’ %Wﬁ‘@ﬁ&?@%P‘ﬁF@ﬁWP@HIdWWﬁm zed,
gases stored in ad%Pikéc® wEt difen sy nabet 83 bidopih b edmprogbiupiaredde on a
volume per litey ofrepaddabiaéatbobadingsuchhyed-atiodtidi® tien RalGkdpigeati@atddt y | N-such
i nstance becomes @addre Birhdy wrid R hSkem bdvidedd sk ihrovintd® inH249 6 ghsleldifea Car bon

el imnates void V@b iRolind ofd Sorthdt i behraiiloRto 31Ccralalh SPENSI NG vessel 15 in
which it is enployed. (0046) Void volume in the fluid storage and

di spensi ng vessel cor d ce re invention, in a preferred
enbodi ment, does dogﬂg?cee ef,l\f %%Pm PF"ﬁW%go‘ir LV EFIEE B of t he
vessel , and nore BIP f 1 Py pekrelilvohedys fires dimepgional (o oy ) PRSI ty Of
the monol it hic %awme%?fb‘@frﬁmwnﬂfe@tﬁ&mv  sdprofebjteregier tgkeatiibiters, Fop t h
rra‘xﬁ@lm m cr opor e expatiqutheeabn mepoktiohay b freferm vis luppalith 18 Qette fos redkom @iskeribasi s, and
a hi gh proport i-onoha!fsucp@srpayv&ﬂidmb:ei(ﬂvgcjonumddsﬁﬁwﬁlﬁi@ﬂaﬁmﬁﬁm&n@@nfOrmiti on
- of the m cropor es (heSwalveRvoldil RRS dn@d brder dbbrdchinduldRB0 B DHR S LGk NG HeSikRD! Y

slit-shaped to pr Qﬂﬂh@w&?&uﬁhap@%&ﬂ}ﬂ&&a?@osﬂy%%&eﬁQluﬁore%%os@ﬂ&t%m::m& o that the

slit conformation,inferferess el ease under desorption
conditions, e.g. escorpt'i[don %élgrl?agsg%&r{aélg eo?ecl s on the order of 40 tort

[0047] During activation of carbon to formactivated carbon, the pores are
wi dened at el evat 805 o . fhp womplifiiorpin p@tasticiyegm nghdsordonsgieeit zi ng gas
such as nitrogen, % & <8 oy mipEsdsrompopiten ahthorbe Pidigriog srtrndsditdresas oxygen
or steam for a shé&tiatgnf épihgrpenis in chn behyeAooEbybd hifhd bRadRACHRE )dvaliiod a g

at nosphere. In suédic a6t (EYED,), Gdinm tdkeboke \(@ls,0f sdth Rl forpdot he amateri al is
-carefully cont epl h@tdge sbpice pa b gh | evel of bumoff causes w dening of the
pores, with an increase in mcropote vol urre and concom tant reduction of

partl cle density. [0%19 Qu%§+th11@a?b adso%eul ;[u'Ell £ I;.hlfajron ?dsgar belPuﬁth?Jm}sshe

-invention can be Sut k}% LI any S enbodi ment ,
the nonolithic cafBo sf"B?'t‘?eIdebf'(‘frﬁ"’& bB"(’S’f’*{}f‘P@W @W@W”ﬁ%wfﬁg t he

. pol yvi nyl i dene chFSH e 5 risteth cumiveitedpeoy of o mmplissicdbof sobmtaitieasow

Cheni cal Conpany DPWOh2EGGUHS S256Y PE| i3 00 3 088 48500k t¢ @amdihioMdon as Saran A
or Saran MC- 108 pedsotem fs pro¢ited fane &&ul6e” N0 bflekadsectl PYBhdhe mpbessgEes, €. 9., a
pressure in a ranggofhrlyomiahout 10 kil opounds per square inch to about 20
ki | opounds per squaré inch, and then pyrolyzed in a ni trogen gas stream at

a tenperature of Ct out. 90QC, e, he ,or der of about
- 700C. This proces%fsc_% ucekmgng%%r%%%%g%# c?f“pnﬁ"{pémlf Ip’k’ﬂ1 ?fﬁ %ﬁ?eatly

i ncreased fill g ¥Rt 01 Vs ?S‘H%’Bﬁ“%dr °8’°’@’F"f3' i grans,

per liter of car bB‘ﬁ")‘mmEE"“WWa#‘ﬁ'@‘@ﬂ!&l}:ﬂﬁ@%@“ﬁ%@@ﬁﬂe@d@@w&g@a[0049] The
nonol i t hi ¢ car Bon raagd siGedyebt 0.6 abbdn@75inanseeak. on represents a significant
departure fromthe practice of the prior art, which has utilized finely

di vided particles, such as bead activated carbon having a particle dianeter
of 0.1-1.0 centineter and nore typically a particle diameter of 0.25-2.0 10
mllimeters. or which, in the case of bulk m croporous carbon materials
(see Wjtowicz et at U S. Patent Application Publication 1382002/ 0020292 Al
publ i shed February 21, 2002), has utilized high tenperature, e.g., > 1000C
and preferably > 1100C, to induce high b”r aphitization levels, in

conmbi nation wth activation involving repetitive chendsorpli on/ desor ption
steps perforned as many as 76 tines (see Quinn, et at U S. Patent

5,071, 820) to achieve suitable mcropore vol une, auface




15.acea and mcrop.ore volume per_unit volune of carbon.adsorbent. a. .. .. .
t I"me=coNSUNi hg “and—cost Ty “approach to obtaining a suitable sothent mat eri‘ar™
for high-pressure gas storage applications (Wjtowicz et al. U S. Patent
Appl i cation Publication US2002/ 0020292 Al discl oses that optinmal storage
capacity for the sorbate gas requires that the gas "be introduced into the
storage vessel at a pressure in the range of from about 500 psi to about
3500 psi," page 2, paragraph [0013], last 20sentence). [0050] In contrast
to these prior awpzappesoaches, the nonolithic carbon sgihrnbegk;t he present
invention is forned froma suitable polyneric material, e.g., a polyner

sel ected from anon ?Ol yvi nyl i dene chl ori de, ‘phenol -for nal dehyde -trains,

pol yfurfuryl al COH@F“, Vst roanoliig esibog sortowt s pbressi |a| dmetep efless thpi dbat 2 0l | ve

st ones, pol yaery| @mimsos]the monpiiskiararn yokbautss BB to sk gases, .4 Bdron kiflvoRile Q&S - MO dabl e,
25 e.qg., at.,,l,,,,g (rjml dmwwmuw&@mam&@mﬁ%@m%&&ﬁm&wto yi Slfl a
pressure-nol ded " PrBO mbBifilidbarbol QY s ede Ahiont grature bel ow
1000C, prof erabl v ik 5, M AL Qoéfﬁ'?@?“ﬁ?’ﬁé’g r%‘;[;g’g{gg‘ﬁzrom about
500C to about 900G, and. nore brefer f"é”r - B TARLTONT, szg g B&t™ 600C to
about 900C, to vyi eg%l HOROL | PR ¢ " Carb Ol et A 2o of brep e Bflensity of
sui tably high val & °f?e§?°’Wéf“FFFﬁé?mﬁé%&owﬂg@%wﬂamewmwd
appl i cation. Monol*Fiom{dea R e byeri diaond mudked it Gi) eubenlfem@ Gonpeimatlidee of t he
present i nventi on cklegd polvhesr Giro 3 Dol Sheinjor Cal(dftd fots SRty boyd siimasatizd f or ar si ne
gas at 25C and a pressure of 650 ton r that is in excess of 400 grans

arsine per |ites qdssganben mdfR vBiRRlis andidRBEar f0kkadaL B i N3R 450 grans
arsine per liter Q{m_m@,ﬁ; RN ARG Lp@&lmém}g)%&;g?ﬁgm%%gﬁﬁ may be

erfpl oyed as a monglj.t.hj t. body I n accordance )

2004/ 052507PCTI cszm’”pagl“&’%s rb"%%jé%%?ﬁ?ﬁ’[“ﬁ’“ef"‘ér SOV, SRR COBRIuE m GO Ber al |
porosity conprisi NG M CFopor &S ity iy ok astagceecomspusirply moting
activation processe bty mpugfifis cabpy climivpts 503 vehuperinshedlid jtomge st dspasing wrsel enhanci ng
the sorptive afifi fivtighitiferpbyed. rat eri al for the sorbate gas of interest or

ot herwi se inproving the characteristics of the sorbent medium for

- adsor pti on/ desor pti@eeh Vel bfune BQtke M610Bde Ard dishisind GdedeMA bbb AR GE SReee@N 1 NCl ude
heating in a Non- @itz dpeoads BRSBRE! Bus o elleed Rl 407 by REG rior Hi@Q b, NE! 1 UM OF

other 10 non- oxi diyZlGha 9GS protleBiy ks swi.tchi.ng. of the atnmopsphere to an
oxi di zi ng at rmsph%orrbémséucglpr%ii %a%ﬁ |S§§f'dltge a‘r:kmgf‘mésé L 8?’””31&%#“?‘ dur at i on,

g

bef ore swi t ching t’? a.non- OXi g?afﬁﬁ%ﬁa‘f‘_ FE RIS 6t AgReeE YA ent
temperature (edl, °r BERFY &yt disk Prororie visise crbmeclsing fn yigpicpers vEEi on
process, e.g., thETERParbipaorpeiets igngntdviidieipon bafs dshrdly sitgaessi ve st eps
can be readily deteridsitigegsomfio teivals, Hutvet ss betalt o 161 thetsht onidationintr@iibin ttaglUE |

- experimentation, IpyreBiseuplicedesitioh ohdithi, o3f, defoR A @G ldsiBoviN P BESS £QRAI t 1 Ons 15
and anal ytic determ nation of the resulting sorban performance, such as
fill density, por @gdyBlduy actid@l AChbl! i 0052] FEi gu is a graph
. of v_vei}ght in grzgng;gc[:ﬁfg%%tﬁeor&égG&Pﬁ“]%?é%%’?d;%‘%ﬂfg%?wim%éqrdmofauzeé%eﬁon, as a
“fincti'on of pressure fevel. rh ot FEPEEHAifehatedoinnd by He%E ot i vat ed
carbon (data poi nEIHEEREH" By Ve8] TrHouhBfcRmer ke tey coolias T aRaekdidneo ABF

14- 03 parti cul at e 3%&esphessa¥ ek etivtibo fe ETaf bwtol Fits @2@ikeudh pholedliagyo, Ltd.
Tokyo, Tapan) (dat aigpleelf burmaift doed withining of theChorSs()| ikl a8 inbrakekiCiisiypore &dfhe BRRANOI i t hi C
carbon formed fr ornpalytddivydofhate agliyor i de pol yner (Saran A, Dow Chenmi cal
Co.)(data points marked by open triangular markers). [0053] The data in
Figure 1 show gjafy, LAl C tornmed {rom,PVDC pol yr has a
substantial Iy hi g?\ggh%%%%ﬁ&gn sor%%e@&e ﬁg_eg%oﬁfaﬁfg sb“g{fly ?ﬂede.mﬁ%!“r‘%gr bon t han
either of the bead 25attT VAP EH CErBEAMSHET HERE S5 2 relfsriorsierist st paihe
~particul ate acti vADSDldss HeoFde et [sestercially cavaieple feopeihe Py Chemical Compeny
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nore than twi ce the sorptive |oading of phosphine over the pressure_range of |
from® ton to 750 Torn [0054] Figure 2 is a graph of “volume; in cubic¢
centinmeters, of arsine (AsH3) adsorbed per liter of carbon, as a finiction
of pressure level, in tort, for a Micha 578-66-6 bead activated carbon
(data points marked by solid dianond markers) and carbon fornmed from
pol yvi nyl i dene chl oride polyner 30 (Saran A, Dow Chem cal Co.)(data points
mar ked by open triangul ar narkers). [00551 Figure 2 evidences the
superiority of twezwnnshi t hi c carbon adsorbent over bemehnRaidowadzed car bon
for arsine | oading. The volunetric |oading of arsine, in cubic centineters,
per liter of carbon WD 20041052507Pal US20031038437 i s 50- 100%! hi gher for
flit nonolithic c&ifehMdsismbbefumYeiispbipmensesamelid amgelophksat, dgir to 770
tort [0056] Set ountessusrak Dvwes of SkeddIuel0 kilopoinds fet dylare HleMErbdu20 Vithou@Spefuadll Si NE ON.
t he three,typels gﬁdﬂdﬂ,@wm&ﬁﬁg@g&M&HW.W%MG&W$%i on with
“Itigure 1, incl udioher, dd)ehAde 6ok ' 6&&! \éﬂgg a Jal.tacl uto ADP
1403 particul atg M&ﬁ%ﬁg&%&ﬁﬁogﬂ%ﬁ: Dg:ds%: rgw%%sfr?efqﬁ:%%ahg%ﬁ? bent 5
Each of the materials was ev% LB e ohENS %%ﬁ?’g%aﬁ’f’p% SFRe %Hr essure 01
650 tom Fi | | densil%y WAEHE P EHEABE o a wei ght basis, as granms of adsorbed
arsine per grant of adsorbent, as well as on a volunetric basis, as grans
of adsorbed ar si nd"3k fhepiprofifio grbon glsasisyt pidl inventfon@E:Rts aighificent dputiby fomme  Capaci ty
*on Non- Monol i t hi c retiesiof/the neier aGavhikicve wlivel hhniddided plaiiols, Gal 48 s Maleardment FM
Deaslty at 650 Tohsviny @aiaedistetégf G calibeterad Ghaifleal « pdaosRestloskh | Density
at 650 Ton- Pr s uhillenefrl oiilon, 8 i@ cBedr hitdoBopRfus BHRUEDEN kY Wi BD R/ S- 66- 6
(sanple 1) Patent Application Publication US2002/0020292 A1 published February 21, 2002), has uiilized high
t:{“} temperatre, e.g., > 1000°C end preferably > 1100°C, to induce high graphitization levels, in
e combination with activation involving repetitive chemisorption/desomtion steps performed as many
. @ 76 times (see Quinn, et al. U.S, Patent 5,071,820) fo achieve suitable micropore volume, surface
15 arca and micropore volume per unit volume of carbon adsorbent, a time-consuming and costly
approach to obtaining a suiteble sorbent material for high-presswe pas storage applications
{(Wojtowicz et al. U8, Patent Application Publication US2002/0020292 A1 disoloses that optimal
storage capacily for the sorbate gas requires that the gas “be introduced into the storage vessel ata
pressure in the yange of from about 500 psi to about 3500 psi” page 2, paragraph [0013), last
20 seatemce).

[0050] In contrast 1o these prior art approaches, the monelithic carbon sorbent of the present

invention i3 formed from a suitsble polymeric material, e.g, a polymer selected from among

polyvinylidene chloride, phenol-formaldehyde resins, polyfurfuryl alcohol, coconut ghells, peamit

shells, peack pits, olive stones, polyacrylonitrile, polyacrylamide, etc., that is pressure-moldable,

25 e.g,atamolding pressure up to about 20,000 psi or higher, to yield a pressare-molded “areen tesin®

f bady that is pyrolyzable at temperature below 1000°C, preferably not exceoding 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 bout 900°C, to yield a monolithic carbon material having  £lI 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 expess of 400 grams arsine per liter of catbon adsorbent, and
preferably greater than 450 grams atsine per liter of carbon adsorbent.

{0051} 'The pyrolysis produqt may be employed as & monolithic sorbent body in accordance with

12



0.51 301 Kureba 578-66-6 (sanple 2) 0.51 301 Takachlho ABF 14-03 (sanple 1)

0:55-319 Takacht-ho-ABF-14-03 - ('sanpl e~2)0.55 319~ PVDC char- «(sanpl-e 1) 043
486 PVDC char (sanple 2) 0.45 504

WO 20044052507 PCTUS2003/038437

the present invention, as is, but such pyrolysis product i:refmbly is activated in a manner producing
a monolithic cerbon sorbent product with ultramicroporosity having & high proportion, e.g,, af least
30% of porosity, and preferably at least 60%-of porosity, of slit-shaped pores having a size fn a
rangs of from about 0.3 to about 0,72 nanometer and & significant porosity, €.g., at least 20%, and
5 preferably at least 30%, of the overall porosity comprising micropores, with dismeter < 2
nagomefers. The activation process can include any suitable procesging steps for ephansing the
e sorptive affinity of the materisl for the sotbats gas of inferest of otherwise -improving the
' characteristics of the sorbent medium for adsorption/desorption duty, For exanmple, the activalion
Process can inclnde heafing in a non-oxidizing atmosphere, e.g., of nitrogen, srgon, helium or other
10 non-oxidizing gas, followed by switching of the atmosphere to an oxidizing atmosphere, such as
carbon dioxide or steara for a brlef duration, before switching to a non-oxidizing atmosphere and
) cooling to ambjent temperature {e.g., room temperatore). The specifics of the activation process,
\\ P {) £.g., the termperature levels and duration of the successive steps can be readily determined within the
L skill of the art without undue experimentation, by simple variation of respective prooess conditions
15  and analytic defermination of the tesulting sorhent pecformance, such as £ifl density, porosimetry

charaoterization, ete, -

[0052] Figure 1 is a graph of weight in grams of phosphine (PH,) adsorbed per liter of carbon, as 2
function of pressure level, in torr, for a Kurcha 578-66-6 bead activated cathon {data points marked
by solid diamond mackers), a Takachiho ABF 14-03 pariculate activated catbon (Takachiho

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

[0053] The dafa 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 Takachiho parficulate activated carbon adsorbent, being generally
A } more than twice the sotptive Joading of phosphine over the pressure range of from 0 torr to 750 torr,

[0054] Figure 2 is a graph of volume, i cubic contimeters, of arsine (AsH;) adsorbed per liter of

carbon, as a function of pressure level, in torr, for a Kurcha 578-66-6 bead activated carbon {data

points marked by solid diamond markers) and carbon formed from polyvinylidene chloride polymer
30 (Saren A, Dow Chemical 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 cuble centimeters, per liter of carhon
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10 [0058] The results in Table 1 show that while the fill density on a __ .
wei ght~"basi s for thé /ool thic tarbon adsor bent "was’ apprOX|nately 15-20%"
| ower than for the non-nonolithic activated carbon adsorbents, the fil

density of the nonolithic carbon adsorbent on a volunetric basi s was wel |

over 50% hi gher than the corresponding fill. densities of the non-nonolithic
activated carbon adsorbents. 100591 Table 2 below is a corresponding fill
density tabulation for fill density val ues of phosphine 15 on'the three

types of adsorbe@bhypdsess al s di scussed above in connec{,]élﬂ;g YA\\QIE—J] F| gure 1,
I ncl udi ng Kureha 578-66-6 bead activated carbon, Takac § 14- 03
particul ate activated carbon, and PVDC char nonolithic adsorbent '
REPLACEVENT SHEETis 5ol 16%946 S kuer ki b RondiinicaSiaidibsatvdiBpoteuinb Mng@dTo Dl 7WBROI i t hi C
Activated Carbon and Monolithic Carbon Adsorbent killDensity at 650Torr

P h
e Gy Ml i o o o

carbon, Tekachibo ABE 14-03 patticulate activated cerbon, and FVDC char monolithie adsorbent,

5 Bach of the materials was evaluated for two samples at an arsine pressurs of 650 torr, Fill density

= was determined on # weight basis, as grams of adsorbed arsine per gram of adsofbent, as wellas on,
a vohunetric basls, as prams of adsmbed arsine per liter of adsorbent.

[0057] Table 1. Awsine Capacity on Non-Monolithic Activated Carbon and Monolithie Carbon

Adsorbent il Density at 650 Torr Pressure | Fill Density at 650 Lorr Pressure
i (grams arstne/gram of | (gxams avsine/liter of adsorbent)
= /O adsokbent)
Kureha 575-66-6 (sample 1) . 0.51 301 7
Kureha 578-66-6 (sample 7) 0.51 361
Tatachiko ABF 14-03 (sample 1) | 0.55 319
I Takachilie ABF 14-03 (sample 2} | 055 . 319
PVDC chiar (sample 1) 0.43 486
PVDC char (sample 2) 0.45 504
| 1 10 [0058) The results in Table I show that while the fili émsity on a weight basis for the monolithic

carbon adsorbent was approximately 15-20% lower than for the non-monolithic activated carbon
adsorbents, the fill density of the monolithic carbon adsorbent on a volumetric basis was well over
50% higher than the corresponding fill densities of the non-monolithic activated carbon adsorbents.

[0059] Table 2 below is a corresponding Hll density tabulation for fill densify valves of phosphine

15  on the fhree types of adsorbent materials discussed shove in comnection with Figute 1, including
Kureha 578-66-6 bead activated carbon, Takachiho ABF 14-03 particulate activated carben, and
PVDC char monolithic adsorbent.
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97.4 Takachtho AIIF 14-03 : 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 weight and volunetric basis that were above

t hose of"the non-nonolithic forns okEmatimenNtsdesar bon adsorbent, with the
fill density on a volunetric basis being on the order of 100% hi gher than
the volunetric fill density of phosphine on the non-nonolithic forns of
activated carbon. 100621The sorbate fluid retained on the nonolithic carbon
adsorbent in e brerd. ﬂ%s?sjha €628y oh FEn-MIn PGS RAvarbd W EHnlaRIMERD MR afion 2NY
suitable type, including for exanple, hydride gases (such as arsine,
phosphi ne, germane, silane, nono-, di-, and tri-substituted silanes, e.g.,
al kyl silanes of adedtbénypes), halrileDgRRES at H5¢NTAG [FH ODedsity T 4U@50 dPorr
boron trichlride, halogen-substjfeds@d sil anes, (glint.|Présie JaSE0US (grams
organonetal I e conpositions. [00G3bsphidelgeini ati ve satr|lphbsphivatites plabeBenthd
are useful lyl storabl e and di spen rbentn t he practide of 15 the inventidn
i ncl ude silapﬁuﬂ@eﬁﬂhﬁbi ar si ne,| (H8sphi ne, phosgenq,97di bor ane, ger mane,

ammoni a, st i_ d P -' JKI’BFWF-‘]B sutf U(Flslihyd' ogen—setent ST 7i|yd| ogen—tettun e,
E? ﬁifﬁy ge
[

—

nitrous oxid ogen cyani de,| €t hyl ene oxi de, thg ut-erated hydri des,
hal i de (chlorine, :brom ne, fluorfne, and iodine) conpounds, including sych
conpounds as{¥pCohnd, CI2, CIF3jo.f88F4, S F4, boron |mapides, etc., and
organonetal [Jc conpounds of netals such as al um num| barium strontium
gal lium i-ndium 20 tungsten, antinony, silver, gold, palladium

gadol i ni um e{@si] TeGdshiltsTih&alde 2 shaw thatahe brofithict dasbos edshidbitre (A3 dardhdedd i n
the vessels ”Ba’engég (ﬁ;%h%c']éh@ﬁd%ﬂﬁﬁﬁc? Hisfs t@a?%%@ﬁ v@h%sé&tﬁJ}%nMJ)dtﬁé‘}oir&J‘oF or
whi ch the gas storage an dlqunsu;ﬁ systemo he ‘I'nvention i's enp oged.

| H—ﬁ’g’ﬂ; at’i ve ¥iedad sebon adserbent, jethdbefil] Jensityeops volumetrip basiybeingiop ghepder pfel00%

i nventlon i NChipitte (i QES Ysl@SetrtOHl QUGREE PrhsgiRUdn B0 Aon-kBRblithiEDfofmPE VA Y

not exceedlngméggp tort, e.g., a pressure in

[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, inchuding for example, hydride gases (such as arsine,
phosphine, germane, silane, mono-, di-, and fri-substituted silanes, e.g., alky! 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 P9, SiF4, Cla, CIF3, GeF4, SiF4, boron halides, etc., and
organometallic compounds of metals such as aluminum, barium, strontium, gallinm, 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. Illustrative pressure levels generally useful in the practice of the invention include

pressures not exceeding about 2500 torr, more preferably not exceeding 2000 torr, e.g., a pressure in
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REPLACEMENT SHEET a range of from about 20 torr to about 1800 ton, or nore.
restrictively fromabout 20 ton. to about 1200 torn For applications such
as ion igpl antation, the pressure of the gas in the gas storage and

di spensi'ng vessel typically does noRERexCREHTSEUt 800 ton', and the stored
gas may be at subat nospheric pressure, e.g., a pressure in a range of from
about 20 ton to about 750 tort. 5[00651 Figure 3 is a schematic _
represent at i ohrasge of figmapery el wrdo akong 1889 {prisgrdeashiestEetiyFiyifiom abept g foreitisbt nent
of the inventixotonl QQ@%JP licGons BRWAs ioh BEpISiaQE0GE pféﬁbﬂredif&ﬁ%ﬂssﬁl% gayﬁ&xegs 22@0
conprises a sforage an

. spen vessel 204 _that is ne its upper
portion to a VWA sy @@@BS’ a"ﬁq@f oS aftouto§00, Fog; §b‘% §§seﬁ’ﬁll' o' &
i ncl udi ng nammimna@huab&ésuﬂw.’g fa@f&sﬁlﬁtﬂndﬁhge&fﬂﬁﬁdammﬂtthem@wut mdaorr. The

vessel may; be é any. 10 . Sul Jra terial o n ti0
conpri si ng el &l(l uchs aésé]:l f el téosnggg e ?%“ré %eggerg {re%oéﬁ'cs&% té’??ne
pol yners, andendmdfpr@mdfélemm'pn als. | I | ustrati ve metal s for such purpose

i ncl ude steel, stainless steel, alum num copper, brass, bronze, and all oys

thereof. The valve head |s<¥ oi ned by means of coupling 210 to a di spenS| ng
condui t 212 hH058 PAssbetrn diegforiand fispegsing speey20Q cpm gwgﬁﬁtfé%?gez&% dispeyring YEss¢l
purge unit 21f04fckat isoihel a0 dphe poiiticIPRASENGhas JEinyridkg art iNeditpeHaidy as@nibBS S

flow 15 control I?r Z%ﬂ%%t@bfﬁa ni queheé)a‘rgtﬂ%nt hg;deowf.hr %s?el%mhgﬁ)ef%%eh%wz

di spensi ng coné‘il ar spensi ng eration
for renovithg péetle wteaale@f cfonsrymtioh,ee gli sq;@mse@l ngwsalpambras mistals; glaghes chamige,

fromthe di spaasiulhaRsHeEh ders, Z]}aosﬁgﬁat@ﬁa?@mh&%%&%@ o M&ﬂo&,eihclude
conprises a couplin 224 mat ab agi ng .t he di spensi ng ass nb‘i‘j%‘i?sth

downst r eam pi ﬁF%éﬁa i W‘w@l"m@i"m&ﬁ@i" ?‘iﬁr”éldég%yég}%f’%cin\ﬁn" ke hepg sy
2061 ¢ u} e of tbemeasordaging .’21l0lt(da dlﬁnemmg cbIEiMiD b 12i iagingdisyeeddeigsndhic predsure transducer

322“22"2?: P st Sy SR B ey (T RGRLR) B0yt Bl 1l RETDC
204 is shdfn gamlilqlm@/fcbmmnmwvaystmﬂsmm thrragh fhedispensingnsergiit 24 gu@él’%fént

body 205. [ 00@191}6115 b DeRtidh, bRt LEREIBRSCeh M IMIREs Forh tididdp&baAr A0 fricd Rflits
di spensi ng appar.at us enpl oyi ng a 25, rectangul ar paralleleplped fluid

'storage and dﬁ’éﬁ'@ﬁ%f’?@ﬁ?&%ﬁéfm%ﬂfﬁ“‘agcordl ng to another and preferred aspect
of the present invention. The rect angul ar parall el epiped fluid storage and

di spensing vegsgh HOald - SAURREE Nihd BulBea (Blorss 39N6CLAAy Rkihs hEad

312 and handl es ¢ top face of the vessel. The vess 310 in
a speci fic enBEemHhtssTdLr Gy Aoy sfictH P*gma;e\iaiir@a OHST SR egpiaird Tik g ocus

having a gguabguselod &ﬁ'dS&beEd nd &ng rkgfolvﬁh@ a\éeﬁlﬁdnﬁlﬁltor (nhaewrgdtirng ifgeity) suab hsSanthm t he

vessel . The 30\A/z}ama§mn;00 e yesse rag ¢ amgce@leg hi ck carbon steel, and
the interior volune o ]t“negves P &% @fnp P

{0068) The fluid storage and dispensing vessel 204 is shown partially broken away to show the

) } interior monolithic sorbent body 205.

[0069] Figure 4 is a perspective view of a fluid storage and dispensing apparatus employing a
25  rectangular parallelepiped fluid storage and dispensing vessel 310 according to another and
preferred aspect of the present invention. The rectangular parallelepiped fluid storage and dispensing
vessel 310 is equipped with a pipe valve connection vaive head 312 and handles 314 welded to the
top face of the vessel. The vessel 310 in a specific embodiment is formed with a welded 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
- liters, The handles 314 are % inch rod stock, formed into the shape shown, and welded at the
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LLLgysﬂthe handl es 314 are_'A _inch rod stock, fornmed into the shape —
shown;""and wel ded at the WO 2004052507PCTNB2003/ 038437 1 &5pective “ehds to -
the vessel .310. 100701 The di spensi ng val ve of the pipe valve connection

val ve head 312 is thteadably engaged with the vessel 310, by a 1W pi pe

t hread connection. The val ve head nmay have any suitabl e nunber of ports,
e.g., single port valve heads, dual port valve heads, 3-port val ve heads,
etc. 5(0071] The rectangul ar parallelepiped fluid storage and di spensing
vessel 310 cont ag@peuisg@nol i thic carton adsorbent in 'ﬁﬁwﬁ#&ﬁﬁh r volune
wherein the nonolithic mass may i nclude one or alternative mul'tip
nmonol i thic carbon bodies, rib preferably of a rectangul ar paralleleplped
shape to conforn1&mumhemﬂhmpaaﬂmathe interior volunme of th5 vessel, as
previously described. [0072) It will be appreciated that the conpositions

and net hods of t hgermes A r e |ant
manner, consi Steng;&%&?ﬁpﬁ%éigfé%ﬁgifrﬁciﬁi Ja%n“% while the

i nvention has beegmg SCr erein %atures
aspects, and enbodl ENt oy *F4™ Pfrfmﬁé’ aFSe "o bpadai pprt ‘F’Fﬁ“é‘eﬂdﬁn%ntl on is not
thus limted, but is susceptible of |nplenentat|on in other variations,

nodi fi cations dndl @Hb'@ﬁ{wm%w&fﬁ#ﬁmgymﬂmsmmﬁtqmmmmmed to be
broadl y const r uedeben sdredernraipsintiod volwme hvhatidh @ mulitia ko ney mthzieliohd @at i ons and
enbodi nents, as bétmgvely Snukihld Rénblithich@bod GARE ol prkiiBly IonY SRk phBdSbaal t er

claimed. 18 \What ehipSto EonBrkel L shafof o infhri MR Br R | ob DRy §RALLD DY a met hod
conprising: nolding a pyrolyzable naterlal |nto a nonolithic shape; and

pyrolyzing the pyfoﬁ)&!ylg BeaFJElh Sl Ple ol "|d 3}% condl tl‘())ns t her eby
erl ze

producing a capbop rrrgl IS C arac R menRePElel of i he

f ot{oyi ng characterls “ﬁ#??ﬁ? ﬂ%%ﬁ?@g°%%3§%ﬁéH“WBﬂy&ﬁ?ﬂﬁe gas at
25C." “and pr essur e™Bf¢ Wwf‘éﬁsﬁ“"eﬂ\‘ﬁt‘m@“@@@é‘t%ﬁﬁ TS, SR gl embadivaris itne per
“liter of carbon nihdy Fesized taphe nyentindept g Qaded fut dasermible oprloshittpn bf sai d
carbon monol i th ceprdigiomg godficktioes siiopdedimpor e@coliag, R ideafibh ZGuiald & eange of
from about 0.3 t Ovr@kpisbsiaidd 6 ZachARROAMCLI N her vatlA€hnAbodki @8BS 2l RNBaRknd RERVeEr al
porosity conpr isSi fifinfk GEORME 8RR nShABLGL. <2 nanoneters; and (c) a bulk
density of from about 0.80 to about 2.0 grans per cubic centinmeter, wherein
said pyrolysis conditions conprise a tenperature bel ow 1000C. .

v
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2. The carbon nmonolith of claim1, having a fill density neasured for arsine
gas at 25C. and pressure of 650 torr that is greater than 400 grans arsine
per liter of carbon nonolith. 3. The carbon nonolith of claim1, wherein at

| east 30% of overall porosity of said carbon nonolith conprises slit-shaped
pores having a size in a range of froggyabout 0.3 about 0.72 nanoneter, and
at least 20% of the overall porosity conprises mcropores of dianeter <2
nanoneters. 4. The carbon nonolith of claim 1, wherein said pyrolysis
conditions conprise a tenperature bel ow 1000C., and said carbon nonolith
has a buMhalissdaimed by fron1about 0 80 to about 2.0 grans per cubic
centinmeter. 5. The car bo

S "téggé @g;ghe{h ;§? wgﬁg %gg Rl A

actlvathgmgg Sidtics/ - he car bon nDno a|n1 ereln sa|§ actlvatlng
step conprises exposure of the nDnollth to a non- OXIdIZIng el evat ed

t enper at ysle enwvillrdensip Micasired fopusthelips @kpOSULR! BrEssuikeof OO @ thit i$ Greater

oxi di zi ngheardd gesrsendine (@r Mbreof carbtyomomatithol i th of claim 7, wherein said

non- oxi di zi ng envi ronnment conprises nitrogen. 9. The carbon nonolith of
claim7, ®her @F ieagtaiofe @fxf?VGTaﬂlpﬁg;@n% seisihereon o hl@@ﬁf'sﬁ@r%bﬁhaﬁ‘bmrﬂ%

10. The c&P¥ ﬁ& ? F3n9gof fpraighput O-Jloetoay %P%‘Oﬁ‘ﬂeﬂ apf 3 leghACTor it
conpr i seSVLE %ﬁrﬁ Y SOrHIEING AFBRRPTSRA SPMERT S NEPARISTa Y wher ei n the monol ith is

cooled i TC a n%%u%eﬂéi@'o?ﬂom about 0.80 to about 2.0 grams per cubic centimeter, wherein said
pyrolysis conditions comprise a temperature below 1000°C.

2, The carbon monolith of claim 1, having a fill density measured for arsine gas at 25°C.
and pressure of 650 torr that is greater than 400 grams arsine per liter of carbon monolith.

3. The carbon monolith of claim 1, wherein at least 30% of overall porosity of said carbon
monolith comprises slit-shaped pores having a size in & range of from about 0.3 about 0.72
nanometer, and at least 20% of the overall porosity comprises micropores of diameter <2
nanometers.

4. The carbon monolith of claim 1, wherein said pyrolysis conditions comprise a
terperature below 1000°C., and said carbon monolith has a bulk density of from about 0.80 to
about 2.0 grams per cubic centimeter.

5. The carbon monolith of claim 1, having a form that is selected from the group consisting
of blocks, bricks, and boules.

6. The carbon maonelith of claim 1, wherein said method further comprises an activating
step.
7. The carbon monalith of claim 6, wherein said activating step comprises exposure of the

monolith to a non-oxidizing elevated temperature environment, followed by exposure of the
monolith to an oxidizing environment.

8. The carbon monolith of claim 7, wherein said non-oxidizing environment comprises
nitrogen.

0, The carbon monolith of claim 7, wherein said oxidizing environment comprises carbon
dioxide,

10. The carbon monolith of claim 7, wherein said oxidizing environment comprises steam.
1. The carbon monolith of claim 7, wherein the monolith is cooled in a non-oxidizing

environment after said exposure to said oxidizing environment.

12. The carbon monolith of claim 1, disposed in a gas storage and dispensing vessel.



environment after said exposure to said oxidizing environnent. 12.The
carbon nonolith of claim1, disposed in a gas storage and di spensing
vessel. 19 13. The carbon nonolith of claim 12, disposed in said gas
storage and di spensing vessel by a process that conprises charging the
vessel with a fluid for which the nonqlith has sorptive affinity, adsorbing
the fluid thereon; sealing the vessel to enclose the nonolith hol ding
adsorbed fluid thereon in an interior volunme of the vessel; and coupling
the vessel to _a dispensing assenbly for dispensing desorbed fluid fromthe

vessel . 184, 'ﬁ'ﬁ‘é CarRphHHAN rRSP'P'EThW@f“SEqsai’ imsgg gaéétﬁ'f%?ﬁﬁ' Heﬂs'@ ‘Qeéseéhld shape
to the i rﬁﬁ’?é' m?,l"ﬂfg’sﬁ? charging, (bg ?tse' wif rBE’I Py d"ﬂ} cfPP ‘EJ’It mg '& aim 13
occupyl n uu % Qgﬁj gﬁé)memgfe @iss Eﬁ lin ‘fl e

car bo lsp ou f t he
i nt er| or v esse i e car bon rmnol i t h of claim 13

conpri sing a nﬂhle'fclarlabﬂx ﬁlbﬁd{ltiﬂif cﬂlrﬁ% @bForirlg i kigS and sh8pe thhife RRFGQBILARRP! | t h of
clai m 17 thevkesi n each of said discrete articles has a length that is

between 0.3 and 1.0 tinmes the height of the intereior volune of the vessel,
and a cr dés- sddeicerrai mangih ofhdaimi1s, pwtmwanet (zagt &6 olths intgrge wolyrgeof the
cross- sed®$®hal area of the interior volume of the vessel 19 The car bon
nmonol i th f cl_la é rein each of said discrete art

PaEP Pwp?@

rect angul B L FgPR!s, °%9V'F\9nf5mb%‘?°ﬁt37r‘?°/ﬁ’8r?8wtt9ﬁ%&f th@l ”é‘?rﬁ‘f 17,
wher ei n e88W 6’f 8P screte articles is laterally and/or |ongitudi nal Iy

abutted ip Surﬁhé%ﬁrbﬁﬁ%%ﬁh it ?@b&ﬁﬁﬁﬁl%g'nﬁfﬁﬁﬁ&f fa:{ idddid S8cikd) the interior

vol ume of the vesse he car bon nonol aim 17, wherein each of
sai d di scget e Telh®bemondih oacram{njwﬁyrleinrédafoffsaamscre%?amdébaagarela A tigenol i th
of cl ai misl Betwadre0 8iandela® med treaiethht bS1be eitereidr volarhe st haSressel, @ngtahcrbe-

Cr 0ss- seckectonallareh thens baiweardl. 1 end 0.6 Bnes$ hatcrass-séatioml atea wf the iftericabdurhe 20,
where L i%thENESSIEEngth or major axis dinension of the article, and Dis the
transver se or _mnor axis dinmension._ 23. The car bon monol ith of claim 17,
wher ei n e searbpngmopqlity af glaim (17 e whaiin gaghefy g 63d t45CEet SEicks s ohal

di mensi Oﬁeqﬁ%ﬁgy@rqullﬁleplpﬁ fhaiog from about 4 to about 15, where L is the

length ory,ma; Or‘heac?é'rn%n%ﬁ Qyath 1 tThﬁrh@'EHﬁ%L* ’ofg S'd%céet%g Sed [SERVAY S OF
ed §

m nor _axizsqA fE%éﬁﬁdeAQuy a &rfééé Q&ﬁadm}lf? d%ﬁ iselef Dhidiss inCHERé i{”g I ess
than 75 dpopmeetfeediel 1thic articles. e carbon nonolith of claim13,

conprising less than 20 discrete nDnollthlc articles. 26. The carbon
nonol i t h 20f clTaeraidn noowidh ios iclagn hesehdrdimrad dfi st dt@etartles tHas @ sofid | cl es.
cylinder form.

22. The carbon monolith of claim 17, wherein each of said discrete articles has a length to
cross-sectional dimension ratio, L/D, that is from about 2 to about 20, where L is the length or
major axis dirmension of the article, and D is the transverse or minor axis dimension.

23, The carbon monolith of claim 17, wherein each of said discrete articles has a length to
cross-sectional dimension ratio, L/D, that is from about 4 to about 15, where L is the length or
major axis dimension of the article, and D is the transverse or minor axis dimension.

24, The carbon monolith of claim 13, comprising less than 75 discrete mongolithic articles.
25. The carbon monolith of claim 13, comprising less than 20 discrete monclithic articles.
26. The carbon monolith of claim 13, comprising less than 8 discrete monolithic articles.
27. The carbon monglith of claim 13, comprising less than 4 discrete monolithic articles.

28. The carbon monciith of claim 12, wherein said pyrolyzable material is pyrolyzed in situ

in the gas storage and dispensing vessel.

29. The carbon monolith of claim 1, wherein said pyrolyzable material comprises an organic
resin.



27. The carbon nonolith of claim 13, conprising less than 4 discrete
monolithic articles. 28. The carbon nonolith of claim 12, wherein said
pyrolyzable material is pyrolyzed in situ in the gas storage and di spensi ng
vessel . 29. The carbon nonolith of claim1, wherein said pyrolyzable
material conprises an organic resin. ,20 30. The carbon nonolith of claim
1, wherein said pyrolyzable material conprises a material selected fromthe
group consi sting of polyvinylidene chloride, phenol-fornmal dehyde resins,

polyfurfuryl al cohol , coconut shells peanut shells, peach pits, olive
st ones, yadhe cahpr mpralith of i a&#ﬁva%vzablswaferﬁlﬁow f éﬁ' r?ﬁS%I ith of

| 1, ?‘éfﬁ”‘s P pyjiagne jaglo
o ae ;%“Q e P e B B e 22

said pyrd z:%?e frat eri al conprises PVDC resin 33. The carbon monolith of

claim1, fqurt KRk S8R Rb DS PP iWiEredO&RE pyrokfabld h@teﬁar.@waoly@am ditulh Of
claim 33353%@@{0@9@ aRd@isheASiRY Msagent conprises at |east one agent selected
fromthe group consisting of boric acid, sodiumtetraborate, sodium

si | i cat e,32and Tai 2adhot radnyidi @gelalrrph.o&rmnam ezid p3blyzate magrislocemposes| RMOC of
claim1l, redirerein said nmethod further conprises disposing said nonolith in a
gas stora e and di spensing vessel; charging to the vessel a fluid for which
sai d nmond®ith TH‘8§3F§?)? 'ﬁf""q}'% CAFIRIMT. tf‘ifthe"t‘??"’&&@@ﬂ%dctpl'f@ aﬂ?‘ﬂh d t hereon; sealing

t he vess se sai n n dsor bed g gLeen én an
interior efvol Uﬂé %g)ﬂ rTFcal E | E%SE N e ompn 25 al. leasi on ng
assenbly 4 atg Eluﬁ Ctg:ﬁfr (%2 %COBS' N @fagio‘mt é‘%ﬁ%s " TSQ%%“ i% c%gar bon
nmonol ith o clal m rel n the f|UId conprises a gas having utility in
sem condugt or m%blﬂcbaﬁmhélﬂﬂﬂof clahd 1, WheReif a5i fetHEa mehet fonttrise ddpasindsaiher ei n
the fl ui dnsropIA 585s &o@Es aseliggineidg fesan thueginy Dupe cessisstuidigr ehicthyaid i des,
hal i des amgholith gas eorptel dfiirity gaselsus tireetuje tieson; 88lingTthe vesseborensiosrokaid h - of

cl ai m 35,marlolth dipling legsdrbagi i thmeed dean mtegasvobutaef tbel vésseiinpncheoughingupe

consi sti rgssst foﬁqlwﬁ@mggﬁﬁmhéfor dprensieg d?ﬁﬁ%ﬁ)ﬂ‘l"%&“)m fﬂ‘fd@whe di bor ane,

germane, anmonia, stibine, ro dro en sel eni de, hydrogen
telluri d@’s ni th %Fé‘sb Qi ur:'{: ‘8‘5@3’9 @?Fﬁ 'dg“e flé'f %eso%;ase avdqguﬂtqe&a? ed
hydr i des, **I4FY §°(E1ﬁf'or| neY” broni ne, fluorine, and i odi ne) conpounds, and

or ganomts‘?l I Crre QaRBH AR oiith 8%1ailh 48, GREBAMIMALEIMIRs& a §AsAdBcRa froyge €i n the

fluid ha%r@dp%ﬁﬁﬁl\ﬂlé 8f HyBricea! t@hdé‘éta‘ﬁﬂ b@énc\fﬁ’étélﬂ'ﬂiga@éﬁus@éﬁa@@nﬂﬁl ng about 2500 torr.
40. The carbon nmonolith of claim 35, wherein the fluid has a pressure in

sai d i nt e or Thelcdrben nahoiigx cedainrdy, aboeih tROVMI topmprises #das SHhested diolyothe
monol i t h gudupc kerisisti®b of vill@reeigermdme, fardned fhasphineprrdssagne fiinoreag, dgqf'ﬁ@'@rl or
vol une i renamenigngidibing, Rydogen brolide. 2ydrqgen Felenide g piregsa rtelluridg, nirpus e

nonol i t h Nyfrogemsyenide, ethiylrap exide. t‘ﬁétefalt‘?ﬁ'l hydiides. halids (ealetiee bioming, fiypring, @8 | or
vol une i Hodine) SAGREUBES: FRLPRRAIFEIRRS GOPRPUABDUt 1200 torr.

39. The carbon monolith of claim 35, wherein the fluid has a pressure in said interior
volume not exceeding about 2500 torr,

40. The carbon monolith of claim 35, wherein the fluid has a pressure in said interior
volume not exceeding about 2000 torr.

41, The carbon monolith of claim 35, wherein the fluid has a pressure in said interior
volume in a range of from about 20 to about 1800 torr.

42. The carbon monolith of claim 35, wherein the fluid has a pressure in said interior
volume in a range of from about 20 to about 1200 torr.

43. The carbon monolith of claim 35, wherein the fluid has a subatmospheric pressure in
said interior volume,

44, The carbon monclith of claim 35, wherein the fluid has a pressure in said interior
volume in a range of from about 20 to about 750 torr.



43. The carbon nonolith of claim 35, wherein the fluid has a subatnospheric
pressure in said interior volume. 21 45. The carbon nonolith of claim 35,
wherein the vessel conprises a material of construction selected fromthe
group consisting of metals, glasses, ceramcs, vitreous materials,

pol yners, and conposite materials. 46, The carbon nonolith of claim 35,
wherein the vessel conprises a netal material of construction. 47. The
carbon nonolith of claim46, wherein said netal is selected fromthe group
consisting of steel, stainless steel, alum num copper, brass, bronze, and
al | oys t Hér eofThe4grbonheoneditthoh ciimols, twhepdin dhenivAsSEs CoOMmPriseR| s Masiahghol it h
has at | €8_Yrugsosslipcted om e JEqup\ronsisting Plaaetalf. 1S eesdresfraice Vrgpus e iaShan 2
nanonet elymeEgandiREPesiE MAEASNol i th of claim 35, wherein the fluid

conpri ses,.bor trifluoride. Q. nal. i f i 3 erein
t he vességggﬁgﬁﬁ(?g??gﬁﬁﬁﬁng6%85?%2@5%%%&%“? é%ggh&gfgafﬁ%gﬁg%%%ﬁOﬁgnolith
of claim %, Wherei n the vessel has an el ongate shape wth a square

Cr 0SS- seqfzi ON.The Ssrboh NBorkelith DENcIAMNG, I itferedd s&ibl ahdtaI3R, sewbet &toi tHeeg@ssel has
a cyl i ndrdoesiting b, stabibss dt8€, Aatiban, cTppe) brids, bn=e| &idral3s therdugr el n t he
vessel is of a vertically upstanding configuration.

48. The carbon monolith of claim 35, wherein the monolith has at least 20% of its porosity in

pores with a diameter of less than 2 nanometers.

49, The carbon monolith of claim 35, wherein the fluid comprises boron trifluoride.

50. The carbon monolith of claim 35, wherein the vessel has a rectangular parallelepiped
shape.

51. The carbon monolith of claim 35, wherein the vessel has an elongate shape with a

square cross-section.
52. The carbon monolith of claim 35, wherein the vessel has a cylindrical shape.

53. The carbon monolith of claim 35, wherein the vessel is of a vertically upstanding
configuration.



