WD 97/ 44118

PCT/ 1 B97/ 00943 FLU D STORAGE AND DELI VERY SYSTEM

COVPRI SI NG HI GH WORK CAPACI TY PHYSI CAL SORBENT
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and di spensing systens for the sel ective di spensing of fluids
froma vessel or storage container in which the fluid

conponent (s) are held in sorptive relationship to a solid sorbent medi um

and are desorptively released fromthe sorbent nmediumin the dispensing 1 5
oper ati on. Description of the Related Art In a wde
vari ety of industrial processes and applications, there is a need for a 20

reliabl e source of FpUR STORAGE AND DELIVERY SYSTEM COMPRISINGHIGH ¢
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I nplantati on, manufacture §§Q¥§§F§§2§gﬁ I'Sp ays,sgggFgQ? I ntervention and
t herapy, water treatnent, emergency breathing equi pnment, wel ding
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U S. Patent 4,744,221 issued May 17, 1988 to Karl 0. Knollnueller discloses
a nethod of storing and subsequently delivering arsine, by contacting

arsine at BACKGROUND OF THE INVENTION

Field of the Invention

10
This invention relates generally to storage and dispensing systems for the
selective dispensing of fluids from a vessel or storage container in which the
fluid component(s) are held in sorptive relationship to a solid sorbent medium,
and are desorptively released from the sorbent medium in the dispensing

15 operation.

Description of the Related Art

In a wide variety of industrial processes and applications, there is a need for a

20 reliable source of process fluid(s).

Such process and application areas include semiconductor manufacturing, ion

implantation, manufacture of flat panel displays, medical intervention and

therapy, water treatment, emergency breathing equipment, welding operations,
25 space-based delivery of liquids and gases, etc.

U.S. Patent 4,744,221 issued May 17, 1988 to Karl O. Knollmueller discloses

a method of storing and subsequently delivering arsine, by contacting arsine at

a temperature of from about -309C to about +30°C with a zeolite of pore size

30 in the range of from about 5 to about 15 Angstroms to adsorb arsine on the



a tenperature of fromabout -30[err]C to about +30[err]C with a zeolite of

pore.size 30 in the range of fromabout 5 to about 15 Angstrons to
adsorb arsine on the WD 97/ 44118

PCT/ 1 B97/ 00943 zeolite, and then dispensing the arsine by
heati ng the wedndsnst o an el evat ed t enper at ur e ofpcttjind7RoRBPUL
175[err]C for sufficient tine to release the arsine from t he
zeolite material . 5 The met hod di scl osed in the Knoll nueller
patent is di sadvantageous in that it requires the provision of

heating means for the zeolite material, which nust be
constructed and arranged to heat the zeolite to sufficient tenperature to

desorb the previously sorbed arsine fromthe zeolite in the
desired quanti t yeolite, kid then dlspens'l'ﬁgetl'lésﬁ's@é b Hemiigi the zbIRK &S aflele@htB®r NEANS
exterior to the vessel holding t arsine-bearing zeolite is

probl ematic in témperatine of up Mbouyﬁse&fblysuﬁ'mmume to release the gisiyeiffancant heat

capacity, and ther oduces a significant lag tine to the
di spensi ng oper Z%&ﬁte%f—ﬂke?ia{‘u heating of arsine causes it to deconpose,

resulting in the formation of hydrogen gas, which introduces an expl osive

15 hazard i'nto the roce s_Syste Addi tional ly, such
t her mal | y5 medi atldg method disclo m‘ﬁé&)ﬁ'ﬂé Brpatgnt i¢ dispdvantpgegys i ettt ant i al

i ncrease in gas r@juteSe Brovidion T heating means for the 26ARSmAKBAISWhichibhsh bRy be
extrenely di sadvant agegus from t he st andpgi nt of systemlife and

operating effi C|°9W°t°§§ann8%f¥‘°§’&ﬂté¥‘§/ze@8%@ syficient toygperature to desoe

provi sion of Inwwlbuslﬁmdn@ﬁ&wtﬁ&esmema{edema ﬁ' ng elenents in
the zeolite bed itself i's problematic since it is dif wi th such nmeans

to _ uniformy heat the zeolite bed to achi eve the desired
uni form{y of argL Yse P8 heating jacket or oihpel' fiféars exterior to the vessel holding the

arsine-bearing zeolite is problematic in that the vessel typically has a
significant heat capacity, and therefore introduces a significant lag time to the
dispensing operation.  Further, heating of arsine causes it to decompose,
resulting in the formation of hydrogen gas, which introduces an explosive
15 hazard into the process system. Additionally, such thermally-mediated
decomposition of arsine effects substantial increase in gas pressure in the
process system, which may be extremely disadvantageous from the standpoint

of system life and operating efficiency, as well as safety concerns.

20 The provision of interiorly disposed heating coil or other heating elements in
the zeolite bed itself is problematic since it is difficult with such means to
uniformly heat the zeolite bed to achieve the desired uniformity of arsine gas
release.

25 The use of heated carrier gas streams passed through the bed of zeolite in its
containment vessel may overcome the foregoing deficiencies, but the
temperatures necessary to achieve the heated carrier gas desorption of arsine
may be undesirably high or otherwise unsuitable for the end use of the arsine
gas, so that cooling or other treatment is required to condition the dispensed

30 gas for uitimate use.



25 The use of heated carrier gas streans passed through the bed of

zeolite inits cont ai nnent vessel nmay overcone the foregoing
deficiencies, but the t enperatures necessary to achieve the
heated carrier gas desorption of arsine may be undesirably high
or otherwi se walt#8l e for the end use of the arsine PCT"“?}QQ;,:“S'O
that cooling or other treatnent is required to condition the dispensed 30
gas for ultinmate use. 2
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PCT/ 1 B97/ 00943 U S. Patent 5,518,528 issued May 21, 1996
in the nanes of denn M Tom and Janes V. McManus, describes a
gas storage and di spensi ng system for t he storage and

di spensi ng of gases, which overcones the above-di scussed 5

di sadvant ages of a . I [ o) ' I er

pat ent . dg%%é?@%ﬁ%‘é@ﬁ?&?s%@ﬁs‘?% g@%e%gﬁ 0 t[k‘énﬁom et al.
patent conpri ses aad James V. McMamis(l describésangas arodgp tand rlispeysinigasyseem, ffor st or age
and di spensi ng of a gas, as sel ectﬁ?d from.t he group

consi sting of hydhg #erg é@,gishﬂ%%@fg@ﬁ?s?”h&ﬂdwmmes e aboyE USURES al | i ¢

G oup V Cosmoundsﬁsaa%ugéé &¥3he FasSupplR gfocaddisticsaP iSthe KnefiGeler patent. _
constructed and arranged for holding a solid-phase physical sorbent medi um
and for sel ecti velity gp3 RomERAngsispensing systampfithe fomgt @l. patertopomprises, AR §- phase

physi cal sorbent JEdi#ih-disSiReR ppatatis! for asﬁg@m &Sstnsth s REAE % y e55€1  at

an interior gas pressure; a sorbate gas physically adSorbed on

the solid-phase gas selected fromithe igtoup epnsisting ofvh gasesqd halidengasesg andsenbl y

coupled in gas fl . ﬁpgwgb Sl oy r @[}{L digpensing
vessel , and consto%xi':’gﬁzlamélﬁ(?m %W&%@da%ﬁﬁ%@i%&&e er%egrl y of

the storag@ and dioagaxednegd agaged fordollingsassolid-phase physical sokkwint medimimng

Lo DT P S S BORE e S B SPE LB

di spensi ng assentphysicallsetbentmediva Sisposeld s stpdapes ambdispensitge nessettianm i s 20

dovord of "trace GoRennla SHEN ol lo TRk el Bk SalkaRls | O

woul d otherw se physical sorberfiCfRdIRASQ Uidperning badsémBRSciupledhen SdaorA@e and

di spens| n?5ve556|c'ommunication with the storage and dispensing vessel, and constructed and
arranged to provide, exteriorly of the storage and dispensing vessel, a pressure
below said interior pressure, to effect desorption of sorbate gas from the solid-
phase physical sorbent medium, and gas flow of desorbed gas through the
dispensing assembly; wherein the solid-phase physical sorbent medium is

20 devoid of trace components such as water, metals, and oxidic transition metal
species (e.g., oxides, sulfites and/or nitrates) which would otherwise

decompose the sorbate gas in the storage and dispensing vessel.

By the elimination of such trace components from the solid-phase physical
25 sorbent medium, the decomposition of the sorbate gas after 1 year at 25°C and
interior pressure conditions is maintained at extremely low levels, e.g., so that

not more than 1-5% by weight of the sorbate gas is decomposed.

The storage and dispensing vessel of the Tom et al. patent thus embodies a
30 substantial advance in the art, relative to the prior art use of high pressure gas



By the elimnation of such trace conponents fromthe solid-phase physical

25 sorbent nedium the deconposition of the sorbate gas after 1
year at 25[err]C and interior pressure conditions is maintained
at extrenely low levels, e.g., so that not nore than 1-5% by
wei ght of thgo9udfiss € gas i s deconposed. The spCrmEYP009480 .

di spensi ng vessel of the Tomet al. patent thus enbodies a 30
substantial advance in the art, relative to the prior art use of high

pressure gas 3

WD 97/ 44118

PCT/ 1 B97/ 00943 cylinders. Conventional high pressure gas
cylinders are susceptible to | eakage from damaged or

mal f uncti oni ng dyRAderAICUhvaivRAIAighGRess@s giitylindérs b susuepitle to feakage
internal deconposition of the gas . leads to rapid increasing interior gas

pressure from damaged ppmalfnctioning regylatop,assemblies, s wellias e &uptptspif ur e or

ot her unwant ed jhidlK) deebRpciRiondf the gas lefds 18 fpid iherEasinpnmeddr dadl BFes
The gas stor agel and di spg%gi ng vesgsel of l?a?e Tom edt%qal. gaat gnt s":ﬂéduces t he

pressure of st dnthe cylindsnand the ssksofsylinday suninng| ar othes spwanted bulkreleaseo a

carrier . ium such as a zeolite or activated carbon
mat er i aI? CIherOf%?%@{‘ls&ﬁ%glﬁq and advantages of the invention will be

nore fully apparent fromthe ensuing di scl osure and appended
cl ai ns. There is.a continuin dinthe art to identify and
utilize inpr ove‘gles%'F Siemee and %lspensmg vr?ﬁ#!a??&%? A eflahipgteg{ 5?&5'6%5 tgﬁd del i very
systens of the gryparehdrsairethivabate gises by reversitdye adsorbimgithemnshto ta ¢asrisrccor di ngl y
an object of the presept invyention.to provide . flyjd storage
and di spensi ng sgfﬁgf"e‘ﬂ?‘ﬁ’t"f'ls 3¢ zolifeH a&?‘ﬁ‘%f@ﬁw W’anpﬂﬁﬁf’&’fxﬁl

10 and advantages of the invention will be more fully apparent from the ensuing

disclosure and appended claims.

There is a continuing need in the art to identify and utilize improved sorbent
materials in fluid storage and delivery systems of the type hereinabove
15 described, and it is accordingly an object of the present invention to provide a
fluid storage and dispensing system utilizing'a high efficiency sorbent material
which offers significant advantages in cost, ease of use, and performance

characteristics.

20 Other objects and advantages of the invention will be more fully apparent

from the ensuing disclosure and appended claims.



whi ch offers significant advantages in cost, ease of use, and perfornmance

characteristics. 20 O her objects and advantages of the invention
will be nore fully apparent fromthe ensuing disclosure and
appended cl ai ns.
WP U841 18 PCT/IB9Y7/00943 - -

PCT/ 1 B97/ 00943 SUVMARY OF THE | NVENTI ON
The present invention contenplates a systemfor storage and di spensing of a
sorbable fluid, e.g., a gas, vapor, liquid, multiphase fluid, etc.,
including fluid 5 m xtures as well as single conponent fluids.
The fluid storage and di spensing systemof the invention conprises a
st or age

J SUMMARY OF THE INVENTION

The present invention contemplates a system for storage and dispensing of a
sorbable fluid, e.g., a gas, vapor, liquid, multiphase fluid, etc., including fluid
5 mixtures as well as single component fluids.

The fluid storage and dispensing system of the invention comprises a storage
and dispensing vessel constructed and arranged for holding a solid-phase
physical sorbent medium having a sorptive affinity for the sorbable fluid, and
10 for selectively flowing sorbable fluid into and out of such vessel. A solid-
phase physical sorbent medium having a sorptive affinity for the fluid is
disposed in the storage and dispensing vessel at an interior gas pressure, and
fluid physically adsorbed on said solid-phase physical sorbent medium. A
dispensing assembly is coupled in gas flow communication with the storage
15 and dispensing vessel. The dispensing assembly may be constructed and
arranged to provide, exteriorly of the storage and dispensing vessel, a pressure
below the interior pressure, to effect desorption of fluid from the solid-phase
physical sorbent medium, and fluid flow of desorbed fluid through the
dispensing assembly. Alternatively, the storage and dispensing system may
20 comprise means for selectively heating the sorbent material, to effect
desorption of the fluid from the solid-phase physical sorbent medium,
together with a dispensing assembly coupled in gas flow communication with
the storage and dispensing vessel which is constructed and arranged to
accommodate fluid flow of desorbed fluid through the dispensing assembly
25 when thermally desorbed. As a still further alternative, the storage and
dispensing system of the invention may be constructed and arranged to effect
a combination of thermal and pressure differential desorption of the fluid from

the solid-phase physical sorbent medium.



and di spensi ng vessel constructed and arranged for hol ding a solid-phase
physi cal sorbent nedium having a sorptive affinity for the sorbable fluid,
and 10 for selectively flowing sorbable fluid into and out of such
vessel. A solid- phase physical sorbent nedium having a sorptive
affinity for vednerdahasi d is di sposed i n the storage peiipsiosasnsi ng
vessel at an interior gas pressure, and fluid physically adsorbed
on sai d solid-phase physical sorbent nmedium A di spensi ng
assenbly is coupled in gas flow conmunication with the storage 15

and di spensi ng vessel. The di spensing assenbly nmay be constructed and
arranged to provide, exteriorly of the storage and di spensing vessel, a
pressure bel ow the interior pressure, to effect desorption of

fluid fromthe Skhei dispensing assembly may ¢omiBise ahy WpplopribteNBsdwS, pipek,f| ui d
fl ow of desorbed f.l ui ﬂ?t hr.ou dj spensing assenb

t he . . ly.
Al ternatively, tPRing:8p¥y MY”S%SWF@“’%W’@H& QuoRNg means, e“t\,‘ﬁrrpri se
means for sel ectrigifdtorspahps) bibvdrs,Saplaiots, RURE 1iRE, ast ApppéPratd to the

desorption of the fluid fromthe solid-phase physical Sorbent nmedium

toget her with a Seecificend ysg application of the fiid storage gad dispensingmssamhly. @f i on wi t h
the storage and gl SRRES AVentBRS ETheHveRtidnSma® hat d %5%1 r dto
accomodate fluid ?’I ow of ‘(Tésor bedél\lﬁ uilit(lidnt !ﬁr’gugh o%‘lﬁ | Z’Bgﬁgi gﬁ‘g&ggsenbl y 25
when thermal |y cosforiatipn or sige of storpgd anid dispensingavesselsath aea vedse laviog age and

uhen ¢ h opion or i af .
ci oot 0 YS! Wislrbo Rt BRelToREpNI] Mt G B 0BTt | ol

desorption of the fluid from t he sol i d-phase physical sorbent
Vrr\%dlgglmll 4118 In a specific aspect, the present invention relates to a fluid storage and

PCT/ | B971@0943 dispensing system of theTitovetidesodtbeal fyge, amilizingl as tHeSolidpldst Se any
appropriate conduit, [ ow, channel s, val vi ng,

t.s,. Dipes, .. ubi ng,. fI
i nst rument at i on,p%PfﬂFﬁltsg"h’E’Hé“et‘f'B%§ FarP%wréem moaterial, A Vids Marety of cashapps
bl owers, aspi r atsgfbentsOdre diplbyabR, as SffRAt QBptidh Ombdia tilethe storage and

dispensing system of the invention.

15 The invention in one aspect relates to a compact, portable, point-of-use fluid
storage and dispensing system, containing physically adsorbed fluid on a high
performance sorbent medium, at an interior pressure below 1200 Torr.

As used herein, the term “compact, portable, point-of-use source fluid storage

20 and dispensing system” refers to a system as broadly described hereinabove in
which the storage and dispensing vessel has an interior volume of from about
0.01 liter to about 20 liters.

The present invention achieves a major advance in the art in the provision of a
25 true small-sized low pressure source of fluids, with the ability to fully replace
high pressure fluid cylinders which have heretofore been used ubiquitously in
gas-requiring applications of all types, e.g., for applications involving welding
gases, anaesthesia gases, oxygen or oxygen-enriched breathing gases,
semiconductor manufacturing gases, inert blanket gases such as nitrogen for

30 suppressing combustion or chemical reaction, etc.



specific end use application of the fluid storage and di spensing assenbly
of 5 the present invention. The invention may be configured in any
sui tabl e conformation or size of storage and di spensing vessel
such as a vessel having an interior volume on the order of from
about 0.01 |iwer97Md18bout 20 liters. In a speci PEUIRIIPWAI ;- t he
present invention relates to a fluid storage and 10 di spensi ng
system of the above-described type, utilizing as the solid-phase

physi cal sorbent medium a carbon sorbent material. A wide variety of carbon
sorbents are enployable as efficient sorption nedia in the storage and

di spensi ng system of the invention. 15 The invention in one
aspect relates to a conpact, portable, point-of-use fluid

storage and di spensi ng systern containing physi cal ly adsorbed fluid on a
hi gh rfor nce ent

1200" Torr. Particlarly h@*‘é‘?ﬁ“‘“ﬁﬁ °*‘ta%rsra?1p““i?8h‘tfé°ét Sefe, petow

poi nt - of -use soumﬁrefdhwadm&ﬁteroatgeagaﬁ gases may baecteellinghennalh@.g5yot ¢’ refers
to a system as broadly descrj bed hgmgl nabove in whi ch t he

storage and di spdBERgtion. dopingy gie i YRNG (RBsnstyey gl Wherer sepiconguster

0.01 litersgto ab@wBbuding Mbroation facilities are exceelitil &r&ﬁ&tmﬁm&ﬂkp@@ igchi eves
a major advance in the art in the prOV|S|on of a 2

smal | -si zed | ow 8t dis Brgpium,othecaroyision) of gs OWMPfqﬁSWﬁega&bﬁ‘WcFylSt 6 m%lplf y

repl ace @"M ore been
used ubi qui t ousl lum'%mﬁ overité p&%ﬁ}&fpﬁﬁﬁapsﬁp@gﬁs& gﬁ%&so?&gﬁ*&{ ypes,
e.g., for appli cattemiaat dlmdyantageg vvel di ng gases, anaesthesia
gases, oxygen or oxygen-enriched breathi ng gases, sem conduct or

manuf act uri ng gases, inert blanket gases such as nitrogen for 30
suppr essi 1@ conb(eiioterior pressare nather soeeni-oomtairdyg vessel of the low pressure

gCT/ | B97/ 00943 V\grggyanﬁ]dls%ensing system of the invention is below about 1200 Torr.
Preferably, the pressure is below 800 Torr, and most preferably below 700
Torr. By providing a sub-atmospheric pressure of the sorbed fluid in the
storage and dispensing vessel, the risk of leaks and bulk dispersion of the
15 sorbate fluid to the ambient environment is obviated, in contrast to the prior
art practice where high pressure containment of the fluid entails a constant and
significant risk, and corresponding safety and handling issues.

In another specific aspect, the present invention relates to a fluid storage and
20 dispensing system of the type broadly described hereinabove, comprising a
high work capacity sorbent material.

Performance characteristics applicable to sorbents in the storage and
dispensing applications of the present invention include Sorbemt Loading
25 Capacity (amount of sorbate fluid which is stored on the sorbent, per unit
weight of sorbent material), and Sorbent Working Capacity, C,,, defined as the
weight of sorbate originally loaded on the sorbent material which is removable
from the sorbent medium in the fluid dispensing operation, at given pressure

and temperature conditions, per unit volume of the sorbent material, i.e.,
30



Particularly in industrial applications such as sem conduct or

manuf act uri ng, where the anmounts of reagent gases may be
exceedingly small, e.g., for ion i npl antati on, doping, etc., and
very expensive, and where sem conductor 5 manuf acturing fabrication
facilities awemnaresedi ngly conpact and fl oor space is PCT/IB97/68b432. .

prem um the provision of a | ow pressure gas source is a major

i mprovenent over the current usage of high pressure gas cylinders with
their attendant di sadvant ages. 10 The interior
pressure in the sorbent-containing vessel of the | ow pressure

storage and di spensing systemof the invention is bel ow about 1200 Torr.
Preferably, the pressure is bel ow 800 Torr, and nost preferably bel ow 700
Torr. By providcng awsigh-ofSoatas pheWeight of SEatd REmainfing tARer Beadnitiost /fvshingk i N t he
storage and di sm%*b% vessel, the risk of |eaks and bul k di spersion of the
15 sor bat e urd to the anbient environnment is obviated, in
contrast to the prior art practice where high pressure

cont ai nment of ' jol : b kani ficant

ri sk, and corregvggrﬁgjie g%%?febta{f’%ﬁﬁ%gf?ﬁgm?ssues.g after desorﬁtﬁoq;, a‘tel n anot her
speci fi cSaspect measuredin gt andradeorbéns mateziabvadume s medsiwed dn diteps.ags and 20

di spensi ng syst AR L. er.el,nabove, conprising a
i g vior k- capach 10y bl Betkohiludh 1A ool aleki VLA I8 e of R

char act eri st i csofthpisorbent| reaterial.s Thé sorbent inmatériabisypicallyeponided in pellet,

di spensi ng applicati.oqns of,the present, inyentian include Sorbent Loadi ng 25
Capacity (amoun?? ‘fm%%reﬁ‘qu@[% Igffﬁ‘dla'{/\?ﬁ otfger, é"'@?‘#}?‘gﬁ‘ﬂﬁ tLdT‘Fe"é'b‘Pf)é'hfh,e per unit

vei ght of sor beddéterfiation @ Wworkifigl capacite terdfbreldhited ikldPABhNY thChpdking defi ned

as the ’ y\eéﬁh;ﬁoé“sor,b?te ori gi nal Itﬁ%l oaded on the sorbent

mat eri all%hi ch feositeA vl (nterstitial space) volyrg,of the.sasbpabaterige di um i n the 1 uid

—Js

di spensi ng operation, at given pressure and tenperature
conditions, per unit volunme of the sorbent material, i.e., 30
7 Another measure of the efficacy of sorbent materials generally usefully

employable in the broad practice of the invention is Percent Desorbable
Sorbate of the sorbent material, defined as the percentage of the sorbate gas

15 initially loaded on the sorbent material at 760 Torr which is subsequently
desorbable solely by pressure desorption to 10 Torr, at 258C, ie.,

Percent Desorbable Sorbate = { (Weight of Sorbate - Weight of Sorbate Remaining After
Desorption) / (Weight of Sorbate) } x 100%
20

The Percent Desorbable Sorbate desirably is on the order of at least 15%,
preferably at least 25%, more preferably at least 50%, and most preferably at
least 60%.

25 Additionally, the sorbent material employed in the practice of the invention
advantageously has the characteristic of readily sorbing the sorbate fiuid in the
first instance, at suitably high rate, and correspondingly releasing the
previously sorbed fluid in a rapid manner in response to (1) a pressure
differential between the interior volume of the storage and dispensing vessel

30 and an exterior locus at lower pressure, and/or (2) heating of the sorbent, when

the storage and dispensing system is in a fluid dispensing mode of operation.
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PCT/ 1 B97/ 00943 Cerr] = [Wight of Sorbate - Wi ght of
Sorbate Remai ning After Desorption] / (Volune of Adsorbent)
where wei ght of sorbate, and weight of sorbate remaining after desorption,
are 5 wWOdMdeitdd in grans, and adsorbent material vol UNEIABITIRMur ed
inliters. As used in such determ nation, the sorbent nateri al
volune is the volunme of a bed of the sorbent material. The
sorbent material is typically provided in pellet, particul at e,

extridate, granular or other divided form and the volunme in the

determ nation of working capacity therefore takes into account the packing
10 density and void (interstitial space) volume of the sorbent

mat eri al . Anot her neasure of the efficacy of sorbent materials

Prvent i on i'a. Por cbmferd bt R & b uifBabgP Rt SRR BeRm ot cr i ol

defined as the peteaneaich :ﬁélud&)ﬁat&ﬁliiﬁbﬁgg@%remlume (curnulatmi voidildlme0oaded on

t he sorbent nmaterjal at 76 r ent

desor babl e sol el yifipe fﬁ“&%g &gg‘\é\}kbd F%?P"Pb t"?m’ r?Sf BPTEVelume o
Percent Degpr babl gere4rkaf sorbent maéGalofid ﬂéfeﬁﬁbbﬁnﬁahoums 0 bb&i 290EdBR! ©
Renmai ni ng After Desorption) / (V‘el ht of Sorbate)} x 100% 20

The Percent DesorEmfl?&feev%?%ﬂm?@@ﬁmt%“@ﬂder of at |east 15%
preferably at |east 25% nore preferably at least 50% and nost preferably
at | east 60% 25 Additionally, the sorbent nateri al
enpl oyed in the pThesdrbent pfateripledesisghiy, hasommajor fractlomle mwaagewngs has the

characteristic of %x]%?ghl}% ﬁfsé@ofh%?eg%% £81513)k F) gof from afl?out first

instance, at suith espon
previ ousl y1Gor bed 2fAngsuiomntoa100a¢ngttmmnwnh|pnef=lab\yanem than 8&% ancbmesisur e

differential bet f di s
vessel 30 “BERblF sl ol SEABOR yoplE O Pe38he Rt i
heating of the sordmgeit, when t he storage and d| spens| ng system
Is in a fluid dispensing node of operation.
Preferred materials include sorbents having an average pore diameter in the
15 range of from about 2 to about 20 Angstroms, and a major fraction of the pore
volume within such range, more preferably more than 80%, and most

preferably substantially all of its pore volume being in such range.

High performance sorbents useful in the broad practice of the present
20 invention include those having a Sorbent Working Capacity, Cyw, measured for
arsine gas at 40 Torr and at 650 Torr, of at least 50, preferably at least 100,
more preferably at least 150, and most preferably at least 200, grams arsine

per liter of sorbent material, measured as

25 Cw = (Weight of arsine gas, in grams, on one liter of sorbent at 650 Torr and 25° C)
- (Weight of arsine gas, in grams, on one liter of sorbent at 50 Torr and 25° C)

where arsine is the reference fluid for such Cyy characterization and the liter

basis of the sorbent, as mentioned, is the liter volume in bed form, including

30 void or interstitial space, of a bed of the sorbent medium. It is to be noted in
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PCT/ 1 B97/ 00943 Preferred sorbent materials useful in the
fluid storage and di spensi ng system of the invention include
material s having a pore volunme (cunul ative void vol une) in the

range of frowoabaws0.1 to about 5.0 cubic centineters of ppeEIBOLeNGE.. 5
per gram of sorbent material, and preferably fromabout 0.5 to about 2.0
cubi c centineters of pore volunme per gram of sorbent nateri al
The sorbent material desirably has a major fraction, i.e. nore than 50% of
its pore vol une, conprised of pores having a dianeter in the
range of from about 10 2 Angstronms to 100 Angstronms, with
preferably nore than 80% and nost preferably substantially al

of the pore vol yfi® ré@pedthBats @icRQ®H, whiRind GcapicifU @ possible by redudidgldfe
Preferred materials include sorbents having an average pore dianmeter in the

15 range Bresfureio valios as lowias 13kt 20 Angstrons, and a mmjor fraction
of the pore vol unme within such range, nore preferably nore than
80% and nost preferably substantially all of its pore vol une

bei ng in such r Thesorbent materials useful ipjthe-flyd stbtageram{éismsing systeradfitbe i n t he

broad pragctice he pr . Y | on i nclkude.t has aving a
Sor bent %r Ki ng?'{i‘faeété%nl ?\afyaﬁ%% agpgéc"s“ltjarbleeds'lrz %rsqlg&’ dhd' < °"é‘?‘§?’he‘“‘§ 8t 40 Torr
and at 650 Torr peais, gramilexapelield) tabletef poveders; partidutetes! ei®iliates, cloth or nor e
preferably at |east, 150, an st preferably at.least 200. graps, arsine
per liter of sofMf JP“H&P%?’P'%’ %ﬂ"é’&%&ﬁé’&%’% "YO“QEth’ and conposited (°F%@91 err] =
(Wi ght of arsi serbe@swith other éviponerts)paewell hecomrhinaed e Biuskdd ©BAs §pr r and
25[err] O -, (Wi ght ,of arsine gas,,in granms, on one liter of
sorbent at 50 T3?°rf°'§ﬁﬁmé8?g8r|“]a§?“s of sorbent nikterials

10

The sorbent material may comprise any suitable material, including polymers
(e.g., microporous teflon, macroreticulate polymers, glassy domain polymers,
etc.), aluminum phosphosilicate (ALPOS), clays, zeolites, porous silicon,
honeycomb matrix materials, carbon materials, etc,
16
Most preferred sorbent materials include zeolite sorbent materials and carbon
sorbents. Among the preferred carbon sorbent materials, bead activated
carbon materials, having a highly uniform spherical shape, with a particle size
in the range of from about 0.1 millimeter to 1 centimeter diameter, and more
20 desirably from about 0.25 to about 2 millimeters diameter, are most highly
preferred.

In another aspect, again using arsine as the reference gas for the
characterization, useful sorbent materials in the fluid storage and dispensing

25 system of the invention comprise materials which have an arsine gas
adsorption isotherm at 25°C, measured in grams of arsine adsorbed per liter of
the sorbent, as a function of pressure in Torr, with the following adsorption
loading characteristic:

30 Pressure, Torr Loading (grams of arsine per liter of sorbent) of at least:

10



where arsine is the reference fluid for such Cw characterization and the
liter basis of the sorbent, as nentioned, is the liter volune in
bed form including 30 void or interstitial space, of a bed of the
sorbent nmedium It is to be noted in PCTIIBI7100943

9 WO 9934018/ 44118 "
PCT/ 1 B97/ 00943 this respect that increased working capacity
i s possible by reducing the pressure to values as lowas 1 Torr.
The sorbent materials useful in the fluid storage and di spensi ng system of
the 5 I nvention may have any suitable size, shape, and
conformation, including beads, granules, pellets, tablets,
powders, particul ates, extrudates, cloth or web form material s,
honeyconmb matri x 28onolith, and conposites (of3Qhe sorbent with
ot her conponents)s, as well as conm nuted or cggshed forms of t he
foregoi ng conforrati ons of sorbent nmaterials. 10 The sorbent
materi al may condse any suitable material, 10fl udi ng pol yners

(e.qg., nicroporo%%oteflon, nmacroreticul ate pok¥$ers, gl assy domai n

pol ymers, © etc.), alum num phosphos cate (ALPCS), clays,

zeol ites, gorous 39plicon, honeyconbegmatri x materials, carbon
materials, etc, 15 Most preferred forbent mat eri al s i ncl ude
zeolite sorbent M8erials and carbon 77 sor bent s. Anmong t he

preferred carbon spgrbent materials, bead actiygged car bon

mat erials, having a highly uniform spherical shape, with a particle size
in the range of f¥8m about 0.1 nillineter to 18&entineter dianmeter, and
nore 20 gl rably fromabout 0.25 to_gpput 2 millineters diameter,
are nost 1h(i)ghly preferred.

Although it generally is desirable that the sorbent materials employed in the
storage and dispensing system of the invention have as high a loading
characteristic as possible for the sorbent fluid which is to be stored thereon
and subsequently dispensed from the sorbent, extremely high sorbent loading

15 capacity may in some instances be disadvantageous from a heat of sorption
standpoint, in respect of the manufacture of the storage and dispensing
system. The sorption of the sorbable fluid on the sorbent is typically
exothermic. For gases such as arsine and phosphine, the exotherm, depending
on the {ill rate of the gas onto the sorbent, may entail temperature rises on the

20 order of 1008C or more. Accordingly, it may be desirable to utilize a sorbent
medium having high sorptive capacity within a range which does not entail a
large heat of adsorption effect during the initial loading of the sorbent medium
with the fluid that to be stored on the sorbent for subsequent dispensing.

25 Accordingly, sorbent materials useful in the practice of the invention may
include materials baving an adsorption isotherm for arsine gas, at 25°C,
measured as grams of arsine adsorbed per liter of the sorbent, as a function of
pressure in Torr, which is within the adsorption isotherm range bounded by
curves G, and Gy in Figure 1. Such sorbent materials have the following

30 sorbent loading characteristics.

11



I n anot her aspect, again using arsine as the reference gas for the
characterization, useful sorbent materials in the fluid storage and

di spensi ng 25 system of the invention conprise materials which
have an arsine gas adsorption isothermat 25 err]C, neasured in
grams of arsiyporadfer bed per liter of t he sorbenpcragor@edsyinct i on
of pressure in Torr, with the follow ng adsorption | oadi ng
characteristic: 30 Pressure, Torr Loading (grans of arsine per
liter of sorbent) of at |east:

10 WO 97/ 44118

PCT/ 1 B97/ 00943 25 30
50 62 100

105 200 145 5 300
168 400 177 500
185 Preysure, Torr Loading (grams of arsine per liter 08gprbent): 650
~192. 10 2 Al though it generally isyglggérable that the sorbent
material s enployed in the storage and di spensing system of the

i nvention have &9 high a | oading 6hdB&icteristic as possible for
the sorbent fl Uilﬂ which is to be stored therg&; and subsequently
di spensed”from t 8 sorbent, extrenely high s 'gﬁ | oadi ng 15

capacity may in290nme instances be di sadvant ag¢ppx from a heat of sorption
standpoint, inr ﬁpect of the manufacture of é{ﬁ storage and di spensi ng
system The soraﬁ on of the sorbable fluid oh%H& sorbent is typically

exot herm c. For 4pases such as arsine and phosphpge., the exotherm depending

500 185-308
10 550 188-315
650 192-330

Sorbents employable in the fluid storage and dispensing system of the
invention desirably may be sorbents characterizable by any suitable
15 combination or permutation of sorbent characteristics variously described

hereinabove.
Suitable carbon sorbent materials in the fluid storage and dispensing system of

the invention may for example have the following adsorption loading
20 characteristic at 25°C temperature:

Pressure, Torr Loading (grams of arsine per liter of sorbent):

25 35-60
50 75-100
25 100 100-115
200 160-175
300 200-220
400 225-245
500 240-260
30 550 250-275

12



on the fill rate of the gas onto the sorbent, may entail tenperature rises

on the 20 order of 100[err]C or nore. Accordingly, it may be
desirable to utilize a sorbent medi um havi ng hi gh sorptive
capacity within a range which does not entail a | ar ge heat of

adsorption ef we7H4duBi ng the initial |oading of the sorbent RSHIERH10943 -.
with the fluid that to be stored on the sorbent for subsequent dispensing.
25 Accordi ngly, sorbent materials useful in the practice of the

i nventi on may i nclude materials having an adsorption isotherm
for arsine gas, at 25[err]C measured as grans of arsine
adsorbed per liter of the sorbent, as a function of pressure in
Torr, which is within the adsorption isothermrange bounded by

curves err] and5@ err] in Figure 1. Such soR6RAP0.material s have the

foll ow ng 30 sorbent | oadi ng characteristics. WO

97/ 44118 PCT/ 1 B97/ 00943
Pressure, Torr  Highly preferredeaibongsoftpntnmstetdls asefulrin thecbrodd prcticef ofSthebent ) :

gg_ 138 5 iﬂ%)tion include materials havmgBa?:'a]dggrption isotherm tgxggr_mfg £as, at
200 5 25°C, measured as grams of arsind 4lsofbd per liter of the38dtbent, as a
168- 263 40 . 77-288

500 funct?on of pressure in Torr, with, the aggerptien isotherm %aractegsnc of
188- 315 DA in Figure 1 éby adsorption isotherm characteristic] B2 m2a# the
Sorbents enployable in the fluid storage and di spensing system of _the

i nvention desi r absupstagtial phape of the adsortion; isetherm indiguse bysinggythesadsomtion 15
conbi nation or pefAMLAf Wil shitf inSRe PEN y BRRESMIAIH wiiafich MArhpdtalée 19ReCr i bed

her ei nabove. )
10 but its general shape will be substantially the same).

Carbon sorbents employable in the gas storage and dispensing system of the
invention include sorbents characterizable by any suitable combination or
permutation of sorbent characteristics variously described above.

15
The invention in one aspect contemplates a compact, portable, point-of-use
fluid storage and dispensing adsorption-desorption apparatus, for storage and
dispensing of a fluid, comprising:

20 a storage and dispensing vessel constructed and arranged for holding a
solid-phase physical sorbent medium, and for selectively flowing fluid into

and out of the vessel;

a sorbent material disposed in the storage and dispensing vessel at an
25 interior fluid pressure below 1200 Torr;

a sorbate fluid physically adsorbed on the sorbent material;

a dispensing assembly coupled in gas flow communication with the

30 storage and dispensing vessel, and constructed and arranged for selective on-

13



Sui t abl e carbon sorbent materials in the fluid storage and di spensing

syst em of the invention nmay for exanple have the follow ng
adsorption | oading 20 characteristic at 25[err]C tenperature:
Pressure, Torr Loading (granms of arsine per liter of sorbent): 25
35- 60 WO 97/4118 75- 1pOr/ior/00943.- 100
100- 115 200 160- 175

300 200- 220 400

225- 245 500 240- 260 30

550 250- 275

12 WO 97/ 44118

PCT/ 1 B97/ 00943 650

2ﬁ0 goo g demand ]fllsblbtﬁmgwf désofted naid, mlﬂfeﬁnﬂ%&’laﬂpreimﬁfahl&muﬁ eful in
the broad practice of .the i nvention inc terials having an
adSOI’ptloan sot‘Hé‘F‘h‘F‘F6?505}‘@?‘%“’@5’%“‘1%?“”}?s°rbemmate" { nﬁé dispensgr ed as
granms of arsi neasggm{,g Béilstrhdiddind Sbrarigd@ SOr bent, as a function
of pressure in Torr, %1 t he adsorption isothermcharacteristic of

curve Ain Figure 1 (by adsorption isothermcharacteristic i s neant the

adsorpti g bWt BRSAL, b B ol dhopebi Gel, B GRS

variation in tebgiew saidriptetion piessutd) to effect destrption of ﬂgelrr&oralths lsabentwi | |
substantially tAe SAE) flow of desorbed fluid from the vessel through the dispensing
assembly; and/or

10 (ID) to flow thermally desorbed fluid therethrough. and comprising means for
heating the sorbent material to effect desorption of the fluid therefrom, so that

the desorbed fluid flows from the vessel into the dispensing assembly.

The invention in another aspect contemplates an adsorption-desorption

15 apparatus, for storage and dispensing of a gas, comprising:

a storage and dispensing vessel constructed and arranged for holding a
solid-phase physical sorbent medium, and for selectively flowing gas into and

out of said vessel;
20
a sorbent material disposed in said storage and dispensing vessel at an
interior gas pressure;
a sorbate fluid physically adsorbed on said sorbent material;
25

a dispensing assembly coupled in gas flow communication with the
storage and dispensing vessel, and constructed and arranged for selective on-
demand dispensing of desorbed fluid, after thermal and/or pressure differential-
mediated desorption of the fluid from the sorbent material, with the dispensing

30 assembly being constructed and arranged:

14



Car bon sorbents enployable in the gas storage and di spensi ng system of the
I nvention include sorbents characterizable by any suitable conbination or
pernmutati on of sorbent characteristics variously described above. 15

The invention in one aspect contenplates a conpact, portable, point-of-use
fluid storagevwne/dt8pensi ng adsor pti on-desor pti on appar at us PCTEBI7H0MB age
and di spensing of a fluid, conprising: 20 a
storage and di spensing vessel constructed and arranged for holding a

sol i d- phase physical sorbent medium and for selectively flowng fluid into

and out of the vessel; a sorbent material disposed in

the storage and di spensi ng vessel at an 25 interior fluid pressure
bel ow 1200 Torr; a sorbate fluid physically adsorbed on
t he sorbent materi al; a di spensing assenbly coupled in

gas flow comuni ' | t 3 . r LSP ' vessel ,
and constructed gﬂg‘; §ﬁv\z{igﬁgeg§$%¥y gfé é%tsﬁo\r/age 38%18 d?é%%ns%hdvgsé, S’BLJ}QW
13 baliv Sdid4AtdiBr pressure, to effect desorption of fluid from the sorbent

PCT/ 1 B97/ 00943 . d di ' d Lfluid, aft
thermal and/or pleEag: andfley é’féiﬁﬁeofr%q?ﬂm& §}%’ennﬁ‘%n‘%ﬁfg[i#5‘[?“§§gr'8§ggpﬁéjs%’@n gf te Le
fluid from the sasstnbly; svdfoeri al, with the di spensing

(IN) to flow thermally desorbed fluid therethrough, and comprising means for
beating the sorbent material to effect desorption of the fluid therefrom, so that
the desorbed fluid flows from the vessel into the dispensing assembly.

10
The sorbent material desirably is devoid of trace components, such as those
selected from the group consisting of water, metals, and oxidic transition metal
species (e.g., oxides, sulfites and/or nitrates), sufficient in concentration to
decompose the sorbate fluid in said storage and dispensing vessel.

15
In the storage and dispensing system of the invention, the concentration on the
sorbent material (based on the weight of the sorbent material) of trace
components selected from the group consisting of water and oxidic transition

metal species, desirably is insufficient to decompose more than 5%, and

20 preferably more than 1% by weight of the sorbate fluid after 1 year at 250C
and said interior pressure. Such constraint on the sorbent ensures that sorbate
fluids such as hydride gases, e.g., arsine, phosphine, etc., which are otherwise
susceptible to decomposition in the presence of water, metals, and oxidic
transition metal species (e.g., oxides, sulfites and/or nitrates), are maintained

25 free of substantial exposure to such species, so that significant levels of
decomposition of the sorbate gas, and resulting pressure buildup problems, are
avoided.

Preferably, the concentration of trace components selected from the group
30 consisting of water, metals, and oxidic transition metal species, based on the

15



assenbly being constructed and arranged: 5 (I') to provide,
exteriorly of said storage and di spensing vessel, a pressure

bel ow said interior pressure, to effect desorption of fluid fromthe

sor bent material, and flow of desorbed fluid fromthe vesse

t hrough the svcymaasng assenbl y; and/ or 10 PCTABY7)00d49- f | oW
thermal |y desorbed fluid therethrough, and conprising neans for

heating the sorbent material to effect desorption of the fluid therefrom

so t hat the desorbed fluid flows fromthe vessel into the

di spensi ng assenbl y. The invention in anot her aspect

contenpl ates an adsorption-desorption 15 apparatus, for storage and
di spensi ng of a gas, conprising: a storage and

di lSpgnsihng v eﬁ S&!/eigilﬂlaﬁilfebl&f&dt ﬁlgt_ériil[ rsamgm?;iér@rm lhﬁ)ﬁsé!d&GTrﬁpofslition_ of the

sol i d- phase physi gal sqrbent, nedi um  an selecgtive owi ng gas into
and aroatsy udd regulng rporeythan a 25% rise, and preferably eReEH dmat er i al
di sposed i n saidastor " [ [ e t . |t erior
gas pressure; dlo}" ns&gﬁ Mo’d p§£s£§sd§&5\elllt 3"%@{ 5?c?sggy'§'i Eh§| Ft?/ragﬁsaf}?bed on

sai d sorbent natdispensing vessel. a di spensi ng assenbly coupl ed
in gas fl ow communi cation with the st orage and di spensi ng
vessel, and constructed and arranged for sel ective on- demand

di spensi ng of deaSdbdiesbrbnti rHateridlld advahlagsolsty cMifldyd R @e praicdidifmeenti al -
medi ated desorption of the fluid fromthe sorhent paterial, with the
di spensi ng 30  Present inxentiop;ingluds cartbon matezipls pjich desirably contaless than

14 350\Vorélerabig 1S than 100, more preferably less than 10, and most
PCT/ 1 B97/ 00943

preferably less than 1, part(s)-per-million by weight of trace components

10 selected from the group consisting of water and oxidic transition metal species,

based on the weight of the sorbent medium.

Preferred carbon sorbents in the practice of the invention may also be
specified in terms of their ash content. Preferred carbons have ash content less
15 than about 7%, preferably less than about 5%, and most preferably less than
about 0.1%. Various carbon sorbents have ash content as high as 15%. The

ash content can vary widely depending on the source of the specific carbon
material.

20 Ash is an inorganic material, including constituents such as silica which can be
detrimental in applications involving sorbable fluids such as hydrogen fluoride
and boron trifluoride, which will irreversibly chemisorb onto these types of
compounds. Such chemisorption is highly disadvantageous, since it will result
in the loss of the chemisorbed compound. Accordingly, low ash content

25 carbon sorbents are particularly preferred in practice.

The problems incident to the use of high ash content carbon sorbents
discussed hereinabove are particularly severe in the case of fluorides. The
take-up of fluorides by high ash content carbon sorbents will actually result in

30 interior pressure in the storage and dispensing vessel declining as the products

16



(I') to provide, exteriorly of said storage and di spensing vessel, a
pressure below said interior pressure, to effect desorption of
fluid fromthe sorbent material, and fl ow of desorbed fluid from
t he vessel through the dispensing 5 assenbl y; and/or

(1) to flow tween#ilsy desorbed fluid therethrough, and conprRCGIVIBY/R4ENs
for heating the sorbent material to effect desorption of the
fluid therefrom so that t he desorbed fluid flows fromthe
vessel into the dispensing assenbly. 10 The sorbent materia
desirably is devoid of trace conmponents, such as those sel ected
fromthe group consisting of water, netals, and oxidic transition netal
species (e.g., oxides, sulfites and/or nitrates), sufficient in
concentration to of the reaction tetweenptbe @adsonbate and thecinipruitids im theahighsasbr age and

di spensi ng vessel. 15 . ... . ln the storage and di spensing system of
the invention, t h“é’r%e&ﬁ%lglﬁltl?ﬁothftg%pr(?ﬁmttﬁ‘le sorbent material (based
on the weight of the sorbent material) of trace conponent s

selected fromthe_gro consi sting of water and oxidjc transition
ety lec

netal species, deSF & cpREERFFatiop of frace FormRANSHLS fe feom theesp and 20
preferablysnore t&magisded sywat sietalsD bnd HEiS GhldRiod rhéthll spediés, Dased ofede at

25[err] C and said Interior pressure. Such constraint on the

sorbent ensures tWeightQfithe,sasbent material, is insufficignt to rapsedecomppesitinn ghthes, e. g.
arsi ne, phosphi nesorﬁ‘z&&ﬂuid"i@éuftﬂlg% Endpd B3h'Y 5% rise, ang prefe 5%551‘31@&91'1% to
deconposition in the presence O0f water, netals, an OXIl(?I

transition netal pReaisesin( intdior ppessute aftes Ul Wedleat 29%0in Mie sof#p8)andar e

mai nt ai ned 25 ) free qf substantial exposure to such species, so that
signi ficant | evel SsRppsing vessel. deconposi tion of the sorbate gas, and
resul ti ngqpressure buil dup problens, are avoi ded.

Preferably, the concentration of trace conponents selected fromthe group
30 consi sPOTREN gnatriisoadvantageonsly employsd iin;the praches of the prasamt

species, based ONj,uBfion include carbon materials which desirably contain less than 350, 15
preferably less than 100, more preferably less than 10, and most preferably

less than 1 part(s)-per-million by weight of trace components selected from
15 the group consisting of water and oxidic transition metal species, based on the
weight of the sorbent medium.

Although the fluid storage and dispensing system of the invention is described
hereinafter primarily with reference to dispensing of fluid from the vessel by

20 pressure differential, it will be appreciated that the storage and dispensing
system of the invention may effect dispensing solely by differential pressure
desorption of the sorbate fluid, as well as thermally desorbing the fluid from
the sorbent material on which it previously has been sorbed. Alternatively,
the desorption of the sorbate fluid from the sorbent medium on which it is

25 loaded, may be usefully carried out with a combination of pressure differential
and thermally-mediated release of the sorbate from the sorbate medium.

The choice of the specific modality of desorption (pressure and/or thermal),
and the appertaining process conditions therefor, may readily be selected and
30 determined by the skilled artisan without undue experimentation, based on the

17



WD 97/ 44118

PCT/.] B97/ 00943 wei ght of the sorbent material, is

i nsufficient to cause deconposition of the sorbate fluid
resulting in nore than a 25%rise, and preferably nore than a

10% rise, inwodmmiler pressure after 1 week at 25[err]C in tphersdRpaee and
di spensing vessel. 5 Carbon sorbent material s advant ageously
enpl oyed in the practice of the present invention include carbon
materials which desirably contain |less than 350, preferably |ess
than 100, nore preferably | ess than 10, and nost preferably | ess
than 1, part(s)-per-mllion by weight of trace conponents 10 sel ected
fromthe group consisting of water and oxidic transition netal species,

based on the wehgie ofthelsBfbefOhitEridl, tESHetik sorbate fluid, and the PaftichlaF 884 car bon
sorbents in the practice of the i nventi on may al so be specified

in terms of the}l?ea&’ﬁhc%htfb\‘lblchW@P&f\m‘cﬂ%‘éﬁb@hsemmbﬂhsh content |ess 15
t han about 7% preferably |ess than about 5% and nost preferably |less than
about 0.1% Various carbon sorbents have ash content as high as 15% The
ash content can“ﬂmthﬂuidestyradepwhdﬁ'smsiag\symwﬂtecinvmionlmemtmdtédc car bon

I
Such as & 1ica M moesf iy 8 BORRSgorith G oF nud o' Becdrene.

i nvol vi ng sor bahlateril mmﬁsvessenhemgh)edﬁm@bd‘dwﬁhvdﬁamnged in relauolil’&pI bor on
sorb onto_these types of

trifluoride, which will irrevers

conpounds. Such HEFORIESSPS dispipsing vﬁ?%'hﬁ’{/ s?r]}'cé'é{ﬁ eating gE thesorhep @é‘eﬂ%]’ will

resul t to efféet tHefmallysenhariced Besoftion Fahd 86tbate 'Pas wath theCoftledli NOl Y, | oW
ash content 25 rbon sorbents are partijcul arl ¥ preferred in

practi ce. material. Wﬁ%&a&wm@?mwalqeﬁm e%mgmegrf-nﬁsh cont ent

carbon sy bent Sexiended het trantlt GiHeE ShetbE] ARARYE hdifg BRATBERUbARInG, Severe in
the case of fluorides. The t ake-up of es by | %ash

content carbon H6rmalsetatable heating mmaans dispased tin ithe wbem bed in thensmgcnr
pressure in thegsf AERmGng kst SPERSWIR ARl fol Eilste? 0P $h 8 dEraREPdUCT S

of heat to the sorbent material, to effect elevation of the temperature of the
sorbent, and desorption of the sorbate fluid.
15
The sorbent material employed in the practice of the invention may be
suitably processed or treated to ensure that it is devoid of components or
contaminants, e.g., trace components such as those discussed hereinabove,
which would deleteriously affect the performance of the gas storage and
20 dispensing system in respect of the sorption and desorption of the sorbate
fluid. For example, the sorbent may be subjected to washing treatment(s), e.g.,
with hydrofluoric acid, to render it sufficiently free of trace components such

as metals and oxidic transition metal species.

25 The sorbent material also may be variously treated to enhance the sorptive
capacity and/or other performance characteristics of the sorbent. For example,
the sorbent may be treated or reacted to functionalize the surface of the
sorbent with chemical moieties which facilitate or enhance (1) sorption of a
specific fluid on the sorbent medium when the sorbent is originally loaded

30 with the fluid to be subsequently dispensed, and/or (2) desorption of the fluid

18



16 WO 97/ 44118

PCT/ 1 B97/ 00943 of the reaction between the adsorbate and
the inmpurities in the high ash sorbent yield involatile
products. Preferably, the concentration of trace conponents
sel ected fromwosmgMup 5 consi sting of water, netal s PCamEoIuoadic
transition netal species, based on the wei ght of the sorbent
material, is insufficient to cause deconposition of the sor bat e
fluid resulting in nore than a 25%rise, and preferably nore than a
10%rise, ininterior pressure after 1 week at 25[err]C in the storage and
di spensi ng vessel. 10 Sorbent materials advantageously enpl oyed
in the practice of the present i nvention include carbon

mat eri al s whi ch okden tizbsoybent ist sabjected 66 prokess ®hditions for dispensingptheffluidhbl y | ess
than 100, nore preferably |less..than 10 nd nost preferably | ess
than | part(s)-pé"roﬂﬁi‘FFﬁ‘%ﬁe %ea.ﬂ?g\cfﬁsse?r ace conponents selected from 15
the group consisting of water and oxidic transition netal species, based on
t he . wei ght of the sorbent nedium ) Al 't hough the fluid
storage and di spéf@?‘f?ﬂa’i}ﬁrél?eeﬁ‘?%‘f‘e’ltﬁ’%ax RpIeNe; the, Ppatygek dhe desprbate. ” For

herei nafteg pri makirhple,¥edudtivetheiniei 6f the siitaee 8xias Pupy mhy ¥e emblopsa the vessel
by 20 pressure differential, it will be appreciated that the

st orage and di spd&edice the amout of CO, CQyy andhydescatbaw impuyitias indhe desgrbatef ect

di spensing solely by differential pressure desorption of the
sorbate fluid, as well as thermally desorbing the fluid from t he
sorbent mat eri al Furthewhivatioust tepiperahure shngeh asayb be rengphoyied dduribg t the ndégavel v,

t he desorption of orbat. lyid fr e _sorbent,nediu n.which it is
25 Ioadea’,";&rrggltg'be'P sf%\‘“&T I%?%g r'ﬁalrpg%al?%u dreered, u@o#’oiryﬁgtqe&fe%f
pressure tOffer eientigrade, although highanempdrmnmreniehtynens tiagtbe dpplizdease of the
sorbate fromthe sorbate nedium

Additional methods of modifying the sorbent material may be variously
employed in the broad practice of the invention, including applying a
sorption-enhancing material on the surfaces including the interior pore surfaces

15 of the material. For example, an adsorption-enhancing liquid, solid, or semi-
solid material, e.g., Carbowax, may be applied to the sorbent, to facilitate
physical sorption of the fluid on solid sorption sites on the surfaces of the
sorbent, as well as sorption on or solubilization in the adsorption-enhancing
material itself which has been applied to the surfaces of the sorbent.

20
The storage and dispensing system of the invention additionally may comprise
the sorbent material in the storage and dispensing vessel together with a
chemisorbent material in the vessel having affinity for contaminants, e.g.,
decomposition products, of the sorbate gas therein. Such chemisorbent may
25 for example comprise a solid sorbent composition having a chemisorbent

affinity for non-inert atmospheric gases. Examples of potentially suitable

chemisorbent materials include scavengers selected from the group consisting
of:

19



The choice of the specific nodality of desorption (pressure and/or

t hermal ), and the appertaining process conditions therefor, nmay
readily be selected and 30 determ ned by the skilled artisan

wi t hout undue experinentation, based on the

17 WO 97/4¥¥18 97/ 44118 PCT/IB97/00943 - -

PCT/ 1 B97/ 00943 nature of the sorbent material, the
specific sorbate fluid, and the particular end use application
in which the desorbed fluid is to be enpl oyed. When the fluid

storage and di spensing systemof the invention is constructed 5

and arranged to carry out thermal desorption of the fluid fromthe sorbent
material in the vessel, heating neans may be operatively arranged in
relation to (A) bdavereRingwiignsl selipopehdvingtasvitad theRwithebact i ve
heating of the sorbent paterj al to, effect thernmally-enhanced
desorption of tR %Wﬁ@%%f‘bﬁﬁtpt A&owmppWdnwhich in the presengg, ofispch . The

heating means Meynedlinhi Provides ah anibRWwhicB 4 Feh@ive fo BB lOreRlofAI YR sich 10
extended heat transfer surface nenbers, radiative heating nenbers, or other
t her mal act uat abontarhiaant; saigl cepmaundheingosslegted fromhne s minse mepbersiof thehe st or age

and di spgnsing 35 Sonsisfhe 8f Nerwi se arranged for transfer or in situ
generati on foup BSP $eat to the sorbent materi al , to effect elevation

of the tenperature of the sorbent, and desorption of the sorbate

fluid. 15 The sor.bent Ll | oyed in the.practice of the
i nvention nmay be (?) ca?ﬁ %nré%b&f)f’%&é%@g@sdw ?“P?’é"a?{"é’&‘ ensure that it

i's devoid of conponepiotonated carbanion compoandsiiane #pKj Palueofy. , trace conponents

such as those di scussed hereinabove whi ch woul d del eteriously
affect the perfor manfremgboyti?e tgabout 3Ga88e and 20 di spensi ng system
in respeg of the sorption and desorption of the sorbate fluid.

For exanple, the sorbent may be subjected to washing treatnent(s), e.g.,
wi th hydrofluoric acid, t@) ragieaspurce componnds fermeadibyfreastiomef saidace conponent s

such as Meridnfon e bbilpuntis ARE ke 'sGBatiBhd ind PECT €S-

(B) scavengers comprising:
15
(i) an inert support having a surface area in the range of
from about 50 to about 1000 square meters per gram, and
thermally stable up to at least about 250° C; and

20 (ii) an active scavenging species, present on the support at a
concentration of from about 0.01 to about 1.0 moles per liter
of support, and formed by the deposition on the support of a
Group IA metal selected from sodium, potassium, rubidium,
and cesium and their mixtures and alloys and pyrolysis

25 thereof on said support.

By way of further specific example, the chemisorbent material may
advantageously comprise a scavenger component selected from the group
consisting of: trityllithium and potassium arsenide.

30

20



25 The sorbent material also may be variously treated to enhance

the sorptive capacity and/or other perfornmance characteristics
of the sorbent. For exanple, t he sorbent may be treated or
reacted to functionalize the surface of the sorbent with

chemi cal noi eWPS34448 ch facilitate or enhance (1) sorption ofCHIBI7/00943..
specific fluid on the sorbent nedi um when the sorbent is originally | oaded

30 with the fluid to be subsequently di spensed, and/or (2)
desorption of the fluid

18 WO 97/ 44118

PCT/ 1 B97/ 00943 when the sorbent is subjected to process
conditions for dispensing the fluid fromthe storage and

di spensi ng vesseln respect of the useA@di wichnghanyisorbene mpterielpefor MBOVINgpr ove the
purity of the desoiBahins b sthbate fvid 10" ERbdmed, Sily Grla GidelvaRbIEG Of the
e enployed to e

surface oxide groups nmay uce the afout of CO
CO err], and hydscavagérsor cimmisarbéne snatenials meayd be employed, including scavenger Furt her ,

i t t b | dur.ing.
brocedur . Typi cATRPSTRET L Herpet Capioedr el il U M 784t5ees 10
Centigrades alt hizegd Aigyke, 1988eGlenn M. Tomadtmbnal U8y Phentagpplicatibn

el oyed i n 1 ho 7 SRIALA Pl does 354351 RGBH e, o lfen T8, T 8oy

y
.i
sor pti on- enhanci gy MeM$iub,2the Uiscldifire§ Of @S hértly i MBorpOiRteld Medih By POr e

surfaces 15 of the material. For exanple, an adsorption-enhancing
liquid, solid, orcferenee- solid material, e.g., Carbowax, nay be
applied to the sorbent, to facilitate physi cal sorption of the

fluid on solid sorption sites on the surfaces of the
10 The chemisorbent material when employed may be utilized as a separate bed

in fluid flow communication with the bed of sorbent material, or alternatively
the chemisorbent may be dispersed randomly or selectively throughout a bed
of sorbent material in the storage and dispensing vessel.

15 The present invention also contemplates a process for supplying a fluid

reagent, such process comprising:

providing a storage and dispensing vessel containing a sorbent material
having a physically sorptive affinity for said fluid reagent;

20
physically sorptively loading the fluid reagent on the sorbent material,
to yield a sorbate fluid-loaded sorbent material;
desorbing sorbate fluid from the sorbate fluid-loaded sorbent material,
25 by reduced pressure (pressure differential) desorption and/or heating of the

sorbent material; and

dispensing the desorbed fluid from the storage and dispensing vessel.

2]



sorbent, as well as sorption on or solubilization in the

adsor pti on- enhanci ng material itself which has been applied to
the surfaces of the sorbent. 20 The storage and di spensi ng
system of the invention additionally rmay conprise t he sorbent

material in woerssnasage and di spensing vessel together w thpernse7o094s..
chem sorbent material in the vessel having affinity for contam nants, e.g.,
deconposition products, of the sorbate gas therein. Such chem sorbent may
25 for exanple conprise a solid sorbent conposition having a

chem sor bent affinity for non-inert atnospheric gases. Exanples
of potentially suitable chem sorbent materials include
scavengers selected fromthe group consisting of :

19CT/ 97/ 00943 In Y\tHeY pfeféridd aspects, the sorbent material may be of lan):j particular

PCT/ 1 B97 4 ) A), scayengers including a support
havi ng associ at SePfPTRAtiona!type {5 beads, g’gm&es’ n@i’e‘%g\?mdaﬁt EXtrydatedied®c-d heret o, a
conmpound whi ch fafid t Bisisddk € BRYICBF Ofhe S 46rBent characteristic® N AHBuRP N ldeRiiBYd deS an
anion which is reactive to effect the renoval of such

cont ani nant, sahere@@bg¥8und bei ng sel ected fromone or nore nmenbers of the
5 group consisting of: (i) carbanion

sour ce compounds whose correspondi ng pr ot onat ed car bani on
conpounds have &lyidsawhigheayobe usefully stored and subsequentyn dispsused Xomn dhabout  36;
and 10 . . [ J ' 5 conmpounds -far ned by
reaction of sai 3‘°’“g° and dispensing sysgélﬁ é%@ggﬁ'lg'g?%?;o‘%?%eemg o %gg‘%v\f'%h t he
sorbat e gas; and gas, vapor, liquid, multiphase fluid, and fluid mixtures, which has sorptive

affinity for the sorbent material. Examples include acid and hydride gases,

10 halide gases, vapor-phase organometallic compounds, oxidizing gases, etc.

Specific examples of sorbate gas species which are usefully storable and
dispensable in the practice of the invention include silane, germane, arsine,
phosphine, phosgene, diborane, germane, ammonia, stibine, hydrogen sulfide,
15 hydrogen selenide, hydrogen telluride, nitrous oxide, hydrogen cyanide,
ethylene oxide, the deuterated hydrides, halide (chlorine, bromine, fluorine, and
iodine) compounds, including such compounds as F, SiF4, Cl, CIF;, GeF,,
SiF,, boron halides, etc., and organometallic compounds of metals such as
aluminum, barium, strontium, gallium, indium, tungsten, antimony, silver, gold,
20 palladium, gadolinium, etc.

In another specific aspect, the invention relates to a storage and dispensing
system of the general type described hereinabove, comprising boron trifluoride
as the sorbent fluid, and wherein the boron trifluoride dispensed from the
25 storage and dispensing system is contacted with a hydrogenation agent for
converting the boron trifluoride gas to diborane. The hydrogenation agent may
comprise any suitable hydrogenating reactant useful to effect such conversion,

¢€.g., magnesium hydride.
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(B) scavengers conprising: 15 (i) an inert support
havi ng a surface area in the range of from about
50 to about 1000 square neters per gram and

thermally stable up to at |east about 250[err]C, and 20

(11) an activewee##diyi ng speci es, present on the support at ECTABITA0943..
concentration of fromabout 0.01 to about 1.0 noles per liter

of support, and forned by the deposition on the support of a

Goup IA netal selected fromsodium potassium rubidium

and cesium and their m xtures and alloys and pyrolysis 25

t hereof on said support. By way of further specific exanple,
t he chem sorbent nmaterial may advant ageously conprise a
scavenger conponeThe igedntion édanotherraspees rglates o an adsorption-desorption sppangusf

t2 (r)| tylTithi um an%g) o assﬁglls%rcgs?ng oq":ﬁmdgsorbable on a carbon sorbent material. Such
PCT/ 1 B97/ 00943  apparatus comprises: | n respect of the use of such chem sorbent
materials for renoving contam nants of the sorbate fluid to be
di spensed, any of a wide variety of scavengers or chem sorbent

materials gay be enpl %’Magddﬁﬂ'dzbﬂbﬁﬁng%ﬁséﬁmfmcted and anangdaqapﬁaumgans of
t he types discl osed and clalned I n nt. 4,761, 395 i ssued

August 2, 1988 t otRPBrhgnt Mk Jprselegﬁraﬁu flgwing %mtoam PRtaef e

no. 08/084, 414 fi{gekiJune 29 1994 in the name of denn M Tom and Janes
V. McManus, the disclosures of which hereby are incorporated herein by
ref erence.

a carbon sorbent material disposed in the storage and dispensing vessel

10 at an interior fluid pressure;

a sorbate fluid physically adsorbed on the carbon sorbent material;

a dispensing assembly coupled in fluid flow communication with the
156 storage and dispensing vessel, and constructed and arranged to provide,
exteriorly of the storage and dispensing vessel, a pressure below said interior
pressure, to effect desorption of sorbate gas from the carbon sorbent material,
and gas flow of desorbed gas through the dispensing assembly; and

20 a cryopump coupled to the dispensing assembly for pressurizing the
desorbed gas and discharging the resultingly pressurized gas.

In a further process aspect, the present invention relates to a process for
storage and dispensing of fluid sorbable on a carbon sorbent material,

25 comprising:

providing a storage and dispensing vessel holding a carbon sorbent
material;

30 adsorbing such fluid on the carbon sorbent material;



10 The chem sorbent material when enployed may be utilized as a

separate bed in fluid flow communi cation with the bed of sorbent
material, or alternatively t he chem sorbent nmay be di spersed
randomy or selectively throughout a bed of sorbent material in
t he storage swlowias@ensi ng vessel . 15 The present | peeibdpesdl . so
contenpl ates a process for supplying a fluid reagent, such
process conpri sing: provi ding a storage and di spensi ng
vessel containing a sorbent materi al havi ng a physically
sorptive affinity for said fluid reagent; 20 physical ly
sorptively loading the fluid reagent on the sorbent material, to

yield a sorbate fluid-loaded sorbent nmaterial;

desorbing sorbate fluid fromthe sorbate fluid-|oaded sorbent nmaterial, 25
by reduced pressure (pressure differential) desorption and/or heating of

t he sor be gstablishiag, exteriogly,gf the storage and dispensing vessel; g peassirag t he
desorbed fluid f : ' ' :

Je bl {8 Stiol BRSUATGo AR RIbMBoY B WBfbate fluid from the

PCT/ 1 B97/ 00943 carbon sorbent material, and flowing desorbed fluid out of the storage and

5 dispensing vessel; and

cryopumping the desorbed fluid from the storage and dispensing vessel
to a predetermined pressure, wherein such predetermined pressure is higher
than the pressure of the desorbed fluid flowed out of the storage and

10 dispensing vessel.

The storage and dispensing system of the invention may be employed in any
of a wide variety of end use applications, including ion implantation, silicon
semiconductor manufacturing, compound semiconductor manufacturing,
15 manufacture of flat panel displays, supply of gas for organic synthesis,
dispensing of sterilizing gases, e.g., ethylene oxide, fumigation and pest
control, anaesthesia gas delivery, treatment of water and other fluids involving
gas-liquid contacting, welding, dispensing of gardening and crop protection
formulations, cooking gas supply, space-borne applications, bulk chemical and
20 gas delivery, oxygen supply for breathing gas applications as well as O,

reagent applications, etc.

Other aspects, features and embodiments of the invention will be more

fully apparent from the ensuing disclosure and appended claims.
25

BRIEF DESCRIPTION OF THE DRAWINGS
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In further preferred aspects, the sorbent material may be of any particul ar
conformati onal type (eg., beads, granules, pellets, powders, extrudates,

etc.) and possess any of the sorbent characteristics variously
descri bed her ei nabove. 5 Fl ui ds whi ch may be
useful | y st or SMOgH#IBUbsequent |y di spensed fromthe PCTIBHH0O9 - and
di spensi ng system of the invention include any suitable fluid, e.g.,

a gas, vapor, liquid, multiphase fluid, and fluid m xtures, which has
sorptive affinity for the sorbent material. Exanples include
acid and hydri de gases, 10 hal i de gases, vapor-phase organonetallic
conpounds, oxidizing gases, etc. Speci fic exanpl es of sorbate
gas speci es which are usefully storable and di spensabl e in the

practice of the iFiguel shows agraphdyd the adsorption dsotherma forarsing@s a plot of the

phosphi ne, phosgene.  .dipor.an er nmane,. ni ti.hi ne, ~hydro sul fide,
15 hydr oger?'rsé'éﬁ l@%ﬁﬁa‘? gﬁamf%{)s %ﬁfgﬁﬁ}?&fgﬁ W?W%Uass ao%rxéétgon (ﬂsg? ogen
cyani de, pressitt iry Texe fox éaibon softenteuiive A)tand forytblidesA (dalei Bl
(chlorine, bromne, fluQri,ne, and i odi pe) conpounds, including
such conpounds a§°$-°_[“§|’ P"]‘t?‘ IE?tlh—‘Trg‘ranﬁ“fis @F@ir?]’,d"'@ﬁgftg’rgr“f‘,’s Eeregime for
SiFlerr], #oron haididesf the pfesent HVEntRIndA BREERpE kilefectOmPOUNds of netal s such
as al um num barium strontium gallium indium tungsten,
antinony, silver, gold, 20 pal | adi um gadolinium etc.

| n anot her speci fg; j [ t L2
di spensi ng Fnﬁur@%’s?gélgtmﬁ ﬂ%"?’ﬁ‘\gﬁgiéhg‘?é{"%bg‘% e§c°§f"3e"’ Tg)(r%'é%ove,
conpri si ng bor on asra functioni ofepore size, for sonues illusteative rdgtiveated tarbahy sarhentswher ei n

the boron triflu . g I . . storage and di spensing
systemis cont acﬁfe wm%éggﬂiﬁg%%g%g}#?ﬁesgééﬁm?% converting
the boront®rifluoride gas to di borane. The hydrogenati on agent nay

conprise any suit hydr al.ing reactant .useful to.effect such
conver sSi on, ﬁg“l‘rg 3 ) %g&%%g‘h J%Wa‘ﬁé |05 ea- storage and chvery system

22 \&cxdiding foldrz embodiment of the invention.
PCT/ 1 B97/ 00943

Figure 4 is a plot of cylinder pressure, in Torr, as a function of time, in hours,

15 graphically showing the pressure decay of arsine gas on carbon sorbent in a
storage and dispensing system according to the embodiment of Figure 3, after
the termination of the arsine filling operation.

Figure § is a plot of pressure decay rate, in Torr/hour, as a function of time, in
20 hours, for the arsine storage and delivery system according to the present

invention, whose post-fill pressure characteristics are shown in Figure 4.

Figure 6 is a plot of an arsine adsorption isotherm, plotted as arsine loading, in
grams/liter, as a function of storage and dispensing vessel pressure, in Torr, on
25 a bead carbon sorbent material.

Figure 7 is a perspective schematic view of a storage and dispensing system

according to another embodiment of the invention.

25



The invention in another aspect relates to an adsorption-desorption
appar at us, for storage and di spensing of fluid sorbable on a
carbon sorbent material. Such apparatus conpri ses: 5
a storage and di spensing vessel constructed and arranged for holding a

carbon sorbavosmstsri al, and for selectively flow ng fl ui dramisyzeesdeut of

t he vessel ; a carbon sorbent materia

di sposed in the storage and di spensing vessel 10 at an interior fluid
pressure; a sorbate fluid physically adsorbed on the
carbon sorbent materi al; a di spensing assenbly coupl ed
in fluid flow communi cation with the 15 st orage and di spensi ng
vessel, and constructed and arranged to provide, exteriorly of

the storage andFifuspt s pocesesgstem inchplingss stomgb ahd disperisihgi artangengent

pressure, to effec},desorption of sorbate gas,.from}l carbon sof bent

mat eri al , for delivery of gag, 1y Jegopdance a"éé’o‘?”géa‘bﬁg‘g‘ef'h&g@fﬁm(%gmbi bensi ng
assenbly; and jeiimplantation use of the dispeBsed@asinp coupl ed to the di spensing
assenbly for pressurizing the desor bed gas and di scharging the
resultingly pressurized gas. In a further process aspect, the
present igventi t : :

di spensi nglg of fﬁh s%rfgﬁ%cgﬁpgggﬁﬁgiﬂg (glre‘t;ve?lft threrasgoer?gl%t aﬁdatg%eﬂggg

conpri si ng: vessel of Figure 8, showing theinteriergtructuremf suph vessgl-di spensi ng vessel

hol di ng a carbon sor bent mat eri al ; 30 adsor bi ng
such fluid on the carbon sorbent material;
Figure 10 is a schematic perspective view of a cryopumping storage and

delivery system apparatus according to a further embodiment of the invention.
10

Figure 11 is a schematic representation of a delivery measurement apparatus

for evaluating the performance of a storage and dispensing system according to

the invention,

15 Figure 12 is a graph of performance of a storage and delivery system
comprising SA molecular sieve as the sorbent material (curve M, data point
symbol A) and a storage and dispensing system comprising bead activated
carbon as the sorbent material (curve N, data point symbol *), showing
pressure in the storage and dispensing vessel, in Torr, as a function of hours in

20 operation at a flow rate of 1 standard cubic centimeter arsine per minute.

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED
EMBODIMENTS THEREOF

25 The disclosure of International Patent Application No. PCT/US95/13040 filed
October 13, 1995 designating the United States as a Designated State and
published April 25, 1996, the disclosure of United States Patent Application
No. 08/322,224 filed October 13, 1994, and issued May 21, 1996 as U.S.
Patent 5,518,528, the disclosure of United States Patent Application No.

30 08/650,634 filed May 20, 1996, and the disclosure of United States Patent
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23 WD 97/ 44118

PCT/ 1 B97/ 00943 establishing, exteriorly of the
storage and di spensing vessel, a pressure bel ow the interior
pressure, to effect desorptlon of sorbate fluid fromthe car bon
sorbent mat er P44 £ | owi ng desorbed fluid out of the stor REETENN0IG- -

di spensi ng vessel; and cryopunpi ng the desorbed fluid
fromthe storage and di spensi ng vessel to a predeterm ned
pressure, wherein such predeterm ned pressure is higher t han t he
pressure of the desorbed fluid flowed out of the storage and 10

di spensi ng vessel. The storage and di spensi ng system of the

i nvention may be enpl oyed in any a wide variety of end use

applications, i nclamlwﬁjwnon ﬂiﬁﬁ%(hﬁ%t flod M%Vi IZPccl)ﬂ% are hereby ngerporatetuct or

manuf act uri ng, EE%"FQ nuf acturing, 15 manuf act ure
of flat panel di sgPays supply Pagas r<If'l%r organi ¢ synt hesi s,
di spensing of sterilizing gases, e.g., ethylene oxide, fum gation and pest

Cvolving e el ek predE R 1B hE b el

gardeni ng aj;d cropyfémt asta @dmrce fluid supplyfmemsl ﬁilmcatmmksuag gaaiiorsupm Y,

space- bor ne appllqa ons, kK C xygen
supply for breat hi'f§ a§‘§§°’h ]i'yé’é‘p g’é esa§n62°"g ometal ‘é’aa}e)nt
applications, etc.compounds. Illustrative exampleﬁﬂ“tﬁé fcﬂégbﬁ@tlﬁclucfe%émkf PHosphihe,
enbodi nent s of the invention wll _be fully apparent from

t he ensuing di scl cﬂ&ﬁ?’@%’?@?n&ﬁwﬂdg&&gﬁn‘é’m@@ (BH; and its dduterium analo 0g,
B,D¢), HCI, HBr, HF, HI, tungsten hexafluoride, and (CH3)3Sb. The present

10 invention also provides a new low pressure storage and delivery system as a
compact, portable, point-of-use source fluid supply means.

As used herein, the term “low pressure” means a pressure not substantially
exceeding 1 atmosphere, e.g., a pressure < 1.25 atmosphere, more preferably a

15 pressure < 1.0 atmosphere, and most preferably a pressure within the range of
from about 0.15 to about 0.8 atmosphere. |

It will be recognized that the storage and dispensing system of the present
invention may be operated at higher pressures than in the above-described low

20 pressure regime, within the broad practice of the invention, however such
storage and dispensing system has particular utility in applications in which
the fluid is employed at subatmospheric pressure, as for example in ion
implantation applications. In such end usage, the system of the invention
permits fluid to be stored and dispensed at low pressure.

25
By such low pressure operation, the system of the invention obviates the
necessity in many applications for high pressure fluid vessels of the prior art
which heretofore have been used in such applications. Particularly where
hazardous gases are involved, the use of high pressure vessels entails an
30 enhanced risk of leakage and harm to persons and/or property, relative to the
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BRI EF DESCRI PTI ON OF THE DRAW NGS

24 WD 97/ 44118
PCT/ 1 B97/ 00943 Figure 1 shows a graph of the adsorption
i sothermfor arsine, as a plot of the arsine loading in grans

arsi ne per |woamashssorbent material, as a function of the pcTaBy7100943 .
pressure in Torr, for a carbon sorbent (curve A) and for zeolite 5A (curve
B), together with i sothermbands Jerr] and Jerr], denarcating
an isothermregine for 5 practice of the present invention in one
aspect thereof. Figure 2 is a plot of accunul ated pore

vol unme, in cubic centineters per gram as a function of pore
size, for sone illustrative activated carbon sorbents useful in
t he broad practibegressurt system oftheipresent invention, where the fluid mediumpngube 3 is a

e bro: e st m, W
ccar i ng 1 o or bkt Antn PRECRE, BNl i Wptast ShoT ready pd 4 ¢

pl ot of cyli ndajongsiableutis@neri N Torr, as a function of time, in hours, 15
graphically showi ng the pressure decay of arsine gas on carbon sorbent in a
storage and di spensing system according to the enbodi nrent of Figure 3,

after g The fiui@ sduede’sysiérh bPthe Mivehtivh dhpirives o ledk-ight vesal| siich @8-
Flaure, 571 & bl ol o BT S5 R b MR s St 0" ©
time, in a gas cylinder, ¢ g p >
material comprising 2 physical adsorbent material. In the case of gaseous
sorbates, such as arsine and phosphine, the sorbent reduces the vapor pressure
of the sorbate gas to < 1 atmosphere.
10
While the invention is discussed primarily hereinafter in terms of the storage
and delivery of arsine and phosphine gases, it will be recognized that the
utility of the present invention is not thus limited, but rather extends to and is
inclusive of a wide variety of other gases as well as liquids, liquid-vapor
15 mixtures, etc. Illustrative examples include silane, diborane, arsine, phosphine,
phosgene, chlorine, BCl3, BF3, B;Ds, tungsten hexafluoride, hydrogen
fluoride, hydrogen chloride, hydrogen iodide, hydrogen bromide, germane,
ammonia, stibine, hydrogen sulfide, hydrogen cyanide, hydrogen selenide,
hydrogen telluride, deuterated hydrides, halide (chlorine, bromine, iodine, and
20 fluorine) gaseous compounds such as NF3, CIF;, GeF, SiF,;, organo
compounds, and organometallic Group V compounds such as (CH3)3Sb.
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20 hours, for the arsine storage and delivery system according to

t he present I nvention, whose post-fill pressure characteristics
are shown in Figure 4. Figure 6 is a plot of an arsine
adsorption isotherm plotted as arsine loading, in rans/liter,
as a functi onwoomstBage and di spensing vessel pressure, in PEIABII@M4) 5

a bead carbon sorbent nmaterial. Figure 7 is a perspective
schematic view of a storage and di spensing system according to
anot her enbodi ment of the invention.

25 WO 97/ 44118

PCT/ 1 B97/ 00943 Figure 8 is a process systemincluding a
storage and di spensi ng arrangenent for delivery of gas, |

y in
accordance with omhge depeldmeanst ands methed jof Abe (present Agyention for storing jand

i npl antation use gfkh& ﬂh&%%s@gsigﬁﬁaﬂy redfces the hazarkiig by theSe Auids.
per spective cross-sectional view of the storage and di spensin

vessel of Figure The dnhventive) techeiquerdnvojves the radsarption of thesen W@s@ﬂ? a
Figure 10 is a sc ' ' [ Ol | nd
| gur Is as Q&B@tga'{:ﬁoég PhyaFddsbent! BY RisorBint HORKERADG HHRhARE.A

delivery system appar Ing to a“furthe I ment of the
i nvention. 80 solid physialgrortent] the wapar prebsairmof the flujst eapdbatreduceshtoos G
delivery measur eng&tg_ 18 raeieggeugotenﬁal from this system is greatly reduced as the driving

force of pressure is eliminated.

The sorbent employed in the broad practice of the present invention may be
10 any suitable type having sorptive affinity for the fluid to be stored on and
dispensed from the sorbent in the practice of the invention. The sorbent may,
for example, comprise a porous silicon material, aluminum phosphate, clay,
zeolite, polymers (including porous teflon, macroreticulate polymers and
glassy domain polymers), aluminum phosphosilicate, carbon materials, etc.
15
Preferred sorbent materials in the practice of the invention include zeolites and

carbon sorbents.

Preferred forms of carbon sorbent materials include: carbon formed by

20 pyrolysis of synthetic hydrocatbon resins such as polyacrylonitrile,
sulfonated polystryrene-divinylbenzene, etc.; cellulosic char; charcoal;
activated carbon formed from natural source materials such as coconut shells,
pitch, wood, petroleum, coal, etc.

25 Although carbon sorbent materials are known per se, and have been used for
example in the treatment of effluent gas streams from a wide variety of
industrial processes, ¢.g., for VOC abatement in the semiconductor industry
by sorption of the VOC from the effluent stream onto very large beds of
carbon, there nonetheless has been no carbon sorptive material-based storage

30 and dispensing system for supplying fluid reagents and process gases in the
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for evaluating the performance of a storage and di spensing system accordi ng

ta. the invention. 15 Figure 12 is a graph of perfornmance
of a storage and delivery system conpri sing 5A nol ecul ar sieve as
the sorbent material (curve M data point synbol A) and a storage
and di spensi ngosystimm conpri sing bead acti vated C archaBoAdodane
sorbent material (curve N, data point synmbol ), show ng pressure
in the storage and di spensing vessel, in Torr, as a function of hours in 20

operation at a flowrate of 1 standard cubic centineter arsine per m nute.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED

EMBODI MENTS THEREOF 25 The di sclosure of International Patent
Application No. PCT/US95/ 13040 filed Cct ober 13, 1995

desi gnating the filst isthnéd. alAcordingly, Dmsb@m cinfvestion ee;ﬁeuénts a substantial

publ i shed April 2 1996, the, di s |.osu ni ted St at Pat ent

Appl i cati on advance inthe 3’6’8’”32'? QE&"H P‘é&o M faterigly w @’Qﬁ“’ Al ssued
May 21, 1996 as fhnmmercially avatlable d?aet Wide Va &Qﬁzest hnapékssﬁrmwrae@f Uni t ed
States Patent Applicatjon No. 08/ 650, 634 fil ed May 20, 1996, and
t he di scl osure otompgsitions, &y gp@gle ph cfeptive fluid supply system which obviates the

26 an%

PCT/ 1 B97/ 00943 s Wi, ang disadvamages of\oe POY &L praglice of SupRing, oo,
1996 are hereby process gasesansifluid reagentSfrOm@reéiiwzgycyﬂmﬂ@sence in their
entirety. The present invention provides a new | ow pressure
storage and delivery 5 system as a source fluid supply neans for

appl i cati ons suchagriboart has utilized gasicylibders extensivelyf fory siipptieng veklding | de
gases, and or ga”‘ém a lslth%s1(a3rggs%g oxygen, chemical process reagent gases, etc., and has
10 used cylinder vessels with extremely thick walls to contain the high pressures
involved, since the cylinders’ supply capacity (amount of dispensable fluid) is
a function of the pressure level in the cylinder, and increased pressure levels

are consistent with increased cylinder dispensing capacity.

15 The present invention, by utilizing a sorptive medium, viz., a carbonaceous
sorbent, avoids the process difficulties (including the risk of high pressure gas
cylinder rupture, the risk of overpressure from decomposition of gases in situ,
and the difficulties associated with monitoring and regulating very high
pressure gases, which in the case of hazardous gases requires special safety

20 and handling measures commensurate with the dangers involved). The
sorptive medium of the invention permits ready storage of the fluid and easily

effected pressure differential and/or thermal desorption dispensing.

As used herein, the term “carbonaceous” in reference to the physical sorbent
25 material of the invention, means that the sorbent material comprises elemental
carbon as its major component in the sorbent mass. Preferred forms of carbon
sorbent materials include: carbon formed by pyrolysis of synthetic
hydrocarbon resins such as polyacrylonitrile, sulfonated polystryrene-

divinylbenzene, etc.; cellulosic char; charcoal; activated carbon formed from
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compounds. Illustrative exanples of the foregoing include arsine,

phosphi ne, germane, chlorine, NF[err], BF[err], BC[err],

di borane (B[err]H err] and its deuterium anal og, B2D6), HCL,
HBr, HF, HI, tungsten hexafluoride, and (CH3)3Sb. The present 10

i nvention al soVRrd#&8s a new | ow pressure storage and del i vePOT/HBI®PMOM -as a
conpact, portable, point-of-use source fluid supply neans. As
used herein, the term"low pressure” means a pressure not substantially
exceeding | atnosphere, e.g., a pressure [err] 1.25 atnosphere, nore
preferably a 15 pressure < 1.0 atnosphere, and nost preferably a
pressure within the range of fromabout 0.1 5 to about 0.8

at nosphere. It will be recognized that the storage and

di spensi ng syst enhdiral spurce malerigls such as coconut shellsepitch Wvoedypatroleypme coaled at

hi gher pressures {han in the above-described | ow 20 pressure regine,
within the broad practice of the invention, however such st or age
and di spensi ng system has particular utility in applications in which

the fluid is enpl t ﬁh&& r [ 1 eX lesin ion

I mpl ant ati on applg?g%mg%\ds. nsg}t}% enmgaagg?d{%ﬁ%ﬂ%%ﬁ%&rﬁ fS%?i%é’FforWent I on
perﬂi ][S flddto biaca'bcu{ mdmcg hhjri hqaang’t gdn?latted @harpoat 36 .Lappropgﬁt_e ?levatg[dh By
suc oW pressure,_operatio €. S er. o e, nventi on obvi ates e
necessity in nanytegg’ﬁfalag%t ch?ﬁtspr?%PX(i?'ﬁﬂi’ep?%?@ﬁq |caFogn af ectiyatedne prjor
art Whiatbor) ehere diecieads) 5o/ chiglfhe inifsifidiaretsrt ipherfRPpdrGaLd, AR
Particularly Wner@w . . hazardPPs %ﬁ‘iﬁ@ are invoTvedi,) t he 8‘2‘2 of high
pressure vessel s AYEZdiametey inthe range of frorg ddo pbauk 1 sentiraeters god MA® harm t o

persons and/ or prpeRedbly froflabbit 025(t6 abdu€2 millimeters diameter.
27 WD 97/44118

PCT/ 1 B97/ 8043 . ~ low pressure system of the present
invention, where Cofimelcially #VEihbldCafboM sBfbent materials which are preferred in the

broad practice of the invention include bead carbon materials designated as
BAC-MP, BAC-LP, and BAC-G-70R, available from Kureha Corporation of
America, New York, NY; Ambersorb® carbonaceous sorbents commercially
15 available from Rohm & Haas Company, Philadelphia, PA as grades
Ambersorb® 563, Ambersorb® 564, Ambersorb® 348F, Ambersorb® 575,
Ambersorb® 572, and Ambersorb® 1500; Calgon Filtrasorb 400® and BPL
GAC carbon sorbent materials commercially available from Calgon Carbon
Corporation; and bead activated carbon sorbent materials commercially
20 available from Blucher GmbH, Erkrath, Germany. Among the aforementioned
carbon sorbents, the Ambersorb materials have substantial pore volume in
pores greater than 50 Angstroms, and in general such large pore sized materials

are less preferred than those having pores not exceeding about 40 Angstroms.

25 The sorbent used in the storage and dispensing system of the invention may
have any suitable size, shape and conformation appropriate to the end use
application and the specific sorbate fluid species involved. The sorbent
material may for example be in the form of beads, granules, pellets, tablets,

powders, particulates, extrudates, cloth or web form materials, honeycomb
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stored at near anbient pressure |evels, and dispensed in a ready and
control | abl e manner. 5 The fluid source system of the invention
conprises a | eak-tight vessel, such as a gas cylinder
containing the fluid to be di spensed, adsorbed into a sorbent

mat eri al comWOSV#g18a physi cal adsorbent material. In the casarssn@geLseOoUS
sorbates, such as arsine and phosphi ne, the sorbent reduces the vapor
pressure of the sorbate gas to [err] 1 atnosphere. 10

While the invention is discussed primarily hereinafter in terns of the

st or age and delivery of arsine and phosphi ne gases, it wll be
recogni zed that the utility of the present invention is not thus
limted, but rather extends to and is i nclusive of a w de

vari ety of ot hermateig asomiithyebinpesites i(qfli khets sorbeny iwvith \oslhed r cohiponents), oFi xt ur es,
etc. Illustrative exanples include silape diborane, . arsine, phosphine,
phosgene, chl ori‘f?é'fm'ﬁgefgrrﬂ's,he% PPﬁt,k’eﬁriﬁpﬂglﬁf’%fg 0P hgst en hexaf | uori de,
hydr ogen fluoride, hydrogen chloride, hydrogen iodide, hydrogen
brom de, germane ) ammoni g, .. sti bi ne, hydrogen sul fide, hydrogen
cyani de, hydr ogeroliestivaly, jhe storage and %"'l"’eﬁyﬁﬁsﬁgbﬁf&q prgseny dnvegtion maxt ed
hydrides, ghal i deus@ﬁ!ll&%hdis@ofb&ﬁma?&&aﬁ hd, an@WCyhfider valve or ofhkt'AbwN€)
gaseous compounds such as NF[err], ClF[err], GeF[err], Sprerr , organo
conpounds, and odispensingassembly (egnlasory, monisersn sensersc flows digeghipg mdang.er r | Sb.

28 4 . .. .
BCT/ | B97/ 0094 3V\Qarggs{n% Jn]mﬁ'ollers, mass flow controllers, piping, valving, instrumentation,

automatic start and shut-off devices, etc.) coupled to the cylinder, with the
cylinder holding the carbon sorbent material. After loading of sorbent into the
10 storage and dispensing vessel, the cylinder is subsequently filled, e.g., to a
pressure below 1 atmosphere pressure, with a sorbate fluid, to yield the

product storage and dispensing system.

In use, fluid flow from the storage and delivery system of the invention by
15 pressure differential desorption may be readily carried out by utilizing a
pressure differential between the pressure in the interior volume of the storage
and delivery system and a lower pressure exterior to the sorbent-containing

vessel,

20 For example, the sorbent-containing vessel may hold a reagent gas such as
phosphine at a subatmospheric pressure, e.g., 600 Torr, for use in an ion
implantation process, where the ion implant chamber for implanting the
phosphorus constituent is maintained under vacuum conditions or
alternatively at low pressure, e.g., below 100 Torr, and below the pressure of

25 the interior volume in the storage and dispensing vessel. As a result,
phosphine gas will desorb from the sorbent in the vessel and flow to the ion
implant chamber, when gas flow communication is established between the ion
implant chamber and the storage and dispensing vessel containing the sorbate
phosphine gas. The storage and dispensing system thus effects flow of the

30 phosphine gas through the connecting piping, valving and instrumentation, and
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The novel neans and nethod of the present invention for storing and
delivering fluids at [err] O psig greatly reduces the hazard posed by these
fluids. The inventive technique involves the adsorption of these
fluids into a car bonaceous physical adsorbent. By adsorbing the
fluid into a War¥i¥sdBeous 5 sol i d physical sorbent, PHEIBY ?
pressure of the fluid can be reduced to [err] O psig. The rel ease
potential fromthis systemis greatly reduced as the driving

force of pressure is elimnated. The sorbent enployed in the
broad practice of the present invention nmay be 10 any suitable type
havi ng sorptive affinity for the fluid to be stored on and

di spensed fromthe sorbent in the practice of the inyention. The sorbent

may, isaradily sentrollable gfsesized Hlow, gt [ lizing; A qsXICR Gl 45 A MASS) Ui num
phosphate, clay, floy conteoller a 3&%&1{ ﬁ&vcﬁfﬂe%ﬁ&%d(ab'ﬂfé 4ibent) vSs Prsssiref | on,
macroreticul ate p gl assy dommi n pol yners), alum num
phosphosi | i cat e, dmabesnmﬂmoshm&ﬂsilspmsmg operation. Preferred sorbent
materials in the practice of the invention include zeolites and

carbon sorbents. Preferred forns of carbon sorbent materials
i ncl ude: @&arbon Mdinibxhllyymﬂﬂtemﬁvely, mepﬂkﬁd)ﬂiﬁmmingﬁssslylhlyrvé'ﬁhecsmm adar bon

A A TSI REEE L e —
activated carbonpfagigk b thermmy\aésurbabrbmutmthefefremi 8hch lieumkg 186an€ QAN xlt o
etc t houg

shel | s, pitch, wg eum, coal

car bon sor bent nﬁlc&dFé% s&f‘%b??(hﬁ%%ﬁfmﬂé# r OF heaf gxchangs, dSE’éT‘f’ &E’E‘E}“‘Tgﬁr

exanple in the tasﬁmkvh% a&féﬂe%vély@mt.cﬁea e.am&hé fofentmuiefll taffectt y Of

I ndustrial processes, VOC abatenent_  in the sgﬂpcondug&’gr I ndustry

by sorptith of th@‘mh?ff’@fmf?’héhe&‘?ll drspptien rof athe oTprents, e JerosRlds of

carbon, there nopghisl egfud)dte HRGMt riﬂveﬁaéxbe&u&ﬁsm{ek\&ﬁmmw presips.cd
storage 30 and di spenS| ng system for suppl yi fluid reagents and
process gases i nmedigted dispensing of sorbate fluid from the sorbent onw ich same is stored. 29

Referring now to the drawings, Figure 1 is a graph of an adsorption isotherm
15 for arsine, shown as a plot of the arsine loading, measured in grams of arsine
per liter of sorbent material, as a function of the pressure, measured in Torr,
for each of an illustrative carbon sorbent (curve A, data point symbol D) and
for zeolite SA molecular sieve (curve B, data point symbol ). The carbon
sorbent material is a Kureha BAC-G-70R carbon material, having the following

20 physical properties set out in Table I below.
TABLE1
Bead Carbon Sorbent Material
True Density 1.9-2.1 g/ml
Bulk Density 0.5-0.62 g/ml
Surface Area 800-1300 m2/grams
CCl4 Activity >= 55%
Kindling Point 400°C
Autoignition Point (in air) 400°C
Ash Content <=0.5%
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WD 97/ 44118

PCT/ 1 B97/ 00943 first instance. Accordingly, the present
i nvention represents a substanti al advance in the art, by
utilizing carbon sorbent materials which are readily

commerci al | ywouHBl e in a wide variety of sizes, shapes, sorig2soasecas,
conpositions, to provide an effective fluid supply system which obvi ates

the 5 dangers, deficiencies, and di sadvantages of the prior art
practice of supplying process gases and fluid reagents from
pressurized cylinders. The prior art has utilized gas
cylinders extensively, for supplying welding gases, anesthesia

gases, oxygen, chem cal process reagent gases, etc., and has 10

used cylinder \@stddSizewvaikbilsxt renel y thi cCk |@4-D.Emimo contai n the hign
pressures Paticic Side SFBACIGTOR ST 11CE tITE TY[} , : nt
of di spensabl e Fonicle e o R o functlon ot Bha 25%), <" () T\

cylinder, and i H@F@&s@ﬂf"’bressure | evel s <% are consistent with
i ncreased cylinder dispensing capaclty. 15 The present 1 nvention,
by utilizing a S@’Eﬁpt I ve nmedi ug] vi,z., a_ carhonaceous . sor bent,
avoi ds the proc Birespret OF the dregaing: thatyths gnaistre Gortentyef thisghead carbanr e gas
cylinder ruptur enatdraP id iisrtheP frediié8d By CRGHAE ahd AVhEAREH B SthE | Qbdf agases in
situ, .and the difficulties associated with nonitoring and

regul ating very ofgigally supplied from the vendoretoglevels as Jgyw ah 0i03% ped below. of

hazar dousy gases g 8llelrEamsR et it : %qul asures
conmensurate w tl’{]‘ t#g g@r‘?gers @n%o%?g&eaplﬁ%so of bendHfih org?lgbhg;amadi um of
the invention pandasirable adsorped impusities ip thetdsgedeived darboromatensall vy

effected pressure differential and/or thermal desorption dispensing.

As used herein, the term "carbonaceous" in reference to the physical

sor bent 25 Figureiisarplet| of ccuningdatedpare tvblome, insmbic ceftirheters @es gratent

mat erial conpri elenental . . carbaon as . its nmajpr conpopent in
t he sorbent rrasé?gﬁ‘rné:ﬁ%?&tepd’r? fojait ﬁgsé@%b%’r?he bead carbon §45$‘B’éﬁ?aq%§?eri al s
i ncl ude:1@ar bon of DabteHl(cogve ) mad §o8 samoddditional itibstative commercially Byslasle ar bon
resins such as pol rylLonitrile, sulf te ol ystryrene- )

di vi nyl benzene, a‘é‘f")é. ! @Fﬁ?’éﬁ?‘ﬁ (W;&ﬁﬁ‘?‘dﬁ@g‘?ﬁe@& S’E‘@& REagtise Af £ or med

from the present invention. As shown, the curve C bead carbon material has an

accumulated pore volume of from about 0.3 to about 0.7 over the range of pore
sizes from 10 to 10,000 Angstroms. The other carbon sorbent materials of
15 curves D, E and F have a wider range of accumulated pore volume.

In general, it is desirable to utilize a sorbent material having a substantial
portion, preferably at least S0%, of its pores in the size range of from about
10 to 1000 Angstroms. More desirably, the sorbent material has a major
20 fraction, i.e. more than 50%, of its pore volume, comprised of pores with a
diameter in the range of from about 2 Angstroms to 100 Angstroms, with
preferably more than 80%, and most preferably substantially all of the pore

volume of the sorbent material, being in such range.

25 Preferred sorbent materials include sorbents having an average pore diameter in
the range of from about 10 to about 20 Angstroms, and a major fraction of the

pore volume within such range, with preferably more than 80%, and most

preferably substantially all of its pore volume being in such range.
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30 WO 97/ 44118

PCT/ 1 B97/ 00943 natural source materials such as coconut
shells, pitch, wood, petroleum coal, etc. A
preferred carbon sorbent material is activated carbon, a highly sorbent
form 5 WQT44HBhon produced by heating granul ated char 88%4‘“%7490943"
appropriate el evated tenperature. Most preferred are the
so-cal | ed bead carbon forns of activated carbon, where the
beads, i.e., highly uniformdianeter spherical particles, my

have a dianmeter in the range of fromabout 0.1 to about | centineter, and
nor e preferably fromabout 0.25 to about 2 mllineters dianeter.
10 Commerci al ly avail abl e carbon sorbent naterials which are
preferred in the broad practice of the invention include bead

carbon materi al s glesh NG 6P hclude materials ha@ﬁ@'a'\%z\e Rolfimb 'fcur&ﬂﬂ:ﬁAEi&Nz{p R

avai | abl e from Kureha Corporation merica, New York, ;
Anber sorb[err] caolumehindbrrangeonfifiom aboybd@ue ebeut 20 aqubic centimeters\ofipotbl e from

Rohm & Haas Co ny, ' ' as grades

Anber sorb[err] %@?ﬂ%yg‘%’%?ﬁ?@@ Anber sorb[err] 348F,

Anber sorb[®rr] 575, Anbersorb[err] 572, and Anbersorb[err]
e s 0o e RGeS b B SRt yoe USRI o,
?nd be?d ﬁCt i \C/;}:) @dnfgarﬁemri]spaﬁshgnsysﬁai of tiel iava?]ﬁmﬁs’f Belowl aboﬂﬁl.(‘zjoo Torravai | abl e
rom Bl ucher H rkrath, Germgny. Al t he orenenti qn

carbon sorbents, thg"a PETSHFrAL éﬁl?‘%’llr@gﬂ@?e ag@msamq %{'Fﬁﬁg}clé’v(/m%ne in
pores greater thapmOppstidiagt suara@lmsgh&ww@@dumsuph\el Pied MAd &n 3heed

materi al s are | ess preferred than those having pores not

exceedi ng1@bout stprazepad dispgnsing yessel, the risie(of leaks jgad pulksdigparyion 198 thg or age

and di spensing SY3Hopll id 1d'e 'aRbRAE ERfkoliftnt is obviated, in cOAMEt R"Mhe HbE abl e
si ze, shape and contornmati on a%proprl ate to the end use
art practice where high pressure containment of the fluid entails a constant and

significant risk, and corresponding safety and handling issues.

15 In another specific aspect, the present invention relates to a fluid storage and
dispensing system of the type broadly described hereinabove, comprising a
high Sorbent Loading Capacity, high Percent Desorbable Sorbate, and high
Sorbent Working Capacity

20 The Percent Desorbable Sorbate desirably is on the order of at least 15%,
preferably at least 25%, more preferably at least 50%, and most preferably at -
least 60%.

The sorbent material desirably has the characteristic of readily sorbing the
25 sorbate fluid in the first instance, at suitably high rate, and correspondingly
releasing the previously sorbed fluid in a rapid manner in response to (1) a
pressure differential between the interior volume of the storage and dispensing
vessel and an exterior locus at lower pressure, and/or (2) heating of the
sorbent, when the storage and dispensing system is in a fluid dispensing mode

30 of operation.
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application and the specific sorbate fluid species involved. The sorbent
material may for exanple be in the form of beads, granules, pellets,

tabl et s, powders, particul ates, extrudates, cloth or web form
mat eri al s, honeyconb 31
WO 97/ 44118 wo 97144118 PCT/IB97/00943 - -

PCT/ 1 B97/ 00943 matrix nmonolith, conposites (of the sorbent
wi th ot her conponents), or comm nuted or crushed forns of the

f oregoi ng confornati ons. Col |l ectively, the storage and
delivery systemof the present invention may 5 usefully consist of a

standard gas cylinder, and a cylinder valve or other flow

di spensi ng assenbly (regulators, nonitors, sensors, flow directing neans,
pressure controllers, mass flow controllers, piping, valving,

i nstrunent ati on, automatic start,. and shut-off devices, etc.)
coupled to the ferrnéiaqrbemwn@h@seful in the fluid stasage anddispepsing systeme car bon
sorbent materi gy, u{%&:}} ﬁ‘Pﬁﬂ s IAAhESE Bre'vﬂﬁlﬁlet(aﬁmﬁﬁwe void voluxﬁé)orage and
di spensi ng vessef nder |s subsSe uently e.g.,

pressure bel ow if the rap ragn pbasts Hilr e, abmlttﬁ()&“@@)ﬁmtﬂ afepretvalumeel d the

product gt or age aanfssB%ﬁ{ &eé&f,fsaﬁltﬂ eferabgfromabogtO&@; Hsae 2/0 dtbfd 10w from

the storage and®Q& ery sys em o nt1on pressure
differenti al demrmwmmfmvommeqndgdamufaonbemmmial by utilizing a

pressure differential between the pressure in the interior volunme of the

st or age and delivery systemand a | ower pressure exterior to the
sor bent - cont ai nHiply preferred materidl€icite sorbenits having an avdfsgé pemﬂtadneber inhe

sorbent -contal ntlhg 9&%3%? F omnggut gotlo qxbgutrz%agr? strox% ana a major fractxon of the
10 pore volume within such range, more preferably more than 80%, and most

preferably substantially all of its pore volume being in such range.

High performance carbon sorbents useful in the broad practice of the present
invention include those having a Sorbent Working Capacity, Cy, measured for

15 arsine gas (as the reference fluid) at 40 Torr and at 650 Torr, of at least 50,
preferably at least 100, more preferably at least 150, and most preferably at
least 200, grams arsine per liter of sorbent material. The Percent Desorbable
Sorbate desirably is on the order of at least 15%, preferably at least 25%, more
preferably at least 50%, and most preferably at least 60%.

20
Bead activated carbon materials, having a highly uniform spherical shape, with
a particle size in the range of from about 0.1 millimeter to 1 centimeter
diameter, and more preferably from about 0.25 to about 2 millimeters
diameter, are highly advantageous in the practice of the present invention. It
25 will be recognized that the sorbent particle size, shape, and pore size

distribution may be independently and significantly varied in the practice of
the invention, to adjust the packing of the sorbent particles and the loading
density of the sorbent material in the bed.
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phosphi ne at a subat nospheric pressure, e.g., 600 Torr, for use in an ion

I npl antati on process, where the ion inplant chanber for inplanting the
phosphorus constituent is maintained under vacuum conditions or
alternatively at |ow pressure, e.g., below 100 Torr, and bel ow the pressure
of 25 t RRO ¥W4-I8i or vol une in the storage and di spensi n@CFABYONI3- A5 g
result, phosphine gas will desorb fromthe sorbent in the vesse
and flowto the ion i npl ant chanber, when gas fl ow conmuni cati on
i s established between the ion i npl ant chanber and the storage
and di spensing vessel containing the sorbate phosphi ne gas. The
storage and di spensing systemthus effects flow of the 30 phosphi ne

gas through the connecting piping, valving and instrunentation, and
32 Thysoptrntmategals usetul in the fluid storage and dispensing system of the

PCT/ 1 B97/ 00943 . : eneral [ [ 0 | dred flow
rate. Utilizing LR VS sutlzlh s %vgngag‘g satati Bz %@P’o%dgg%ltﬁ?%ﬁﬁgé’, a
constant fl ow caincluding baadsy granules, philetss deliletsit popaiesse | papicalatesy extrudates,
decreases with c i | | ion. . | ti.gnally, or
o ternatively « Ratnd? e it BERRUGhoRRRDRE by mofllits, apd comPhfleh (&

di spensi nd syst ethecbrbetuewitinothert componenys), ascivellss coraminutéd or trasted fornishe

sor bent terial, to thernall,y desorh sorbate fluid therefrom
Such heating neaﬂgth%egomgcon}onnan%gﬁsg LRS-t abl e heat transfer or

heat exchange devi ces, structures or apparatus, which are
operatively assocjated with the sorbent material to _effect 10

heating ther eof, ﬂ‘ﬁfmg‘ﬁ’él"ﬁéq"“ﬂ@%f’?ﬂ‘l’r&? agy SP’I‘P??"SHF‘BH‘SE’“FIP@W PPRYIMERY pent
nmedi um  Thus, theg. Prafk&porous vdioh Mik SyMershgiRisy BRdinPolRh&ISUr e-

medi at ed di spensi n% of sorbate fluid fromthe sorbént on which same is
stored. 10 etc.), alpinum phegphitsy\clays. genlitesy potouy silicqn, hepexcomb mafrixgr aph of

an adsorption isgﬁm&m terials, i@ arsine, shown as a plot of the arsine
| oadi ng, measured I n grans of arsine per liter of sorbent

material, as a function of the pressure, nmeasured in Torr,
Most preferred sorbent materials include zeolite sorbent materials and carbon

sorbents. Among the preferred carbon sorbent materials, bead activated

15 carbon materials, having a highly uniform spherical shape, with a particle size
in the range of from about 0.1 millimeter to 1 centimeter diameter, and more
desirably from about 0.25 to about 2 millimeters diameter, are most highly
preferred.

20 Again using arsine as the reference gas for the characterization, particularly
useful sorbent materials in the fluid storage and dispensing system of the
invention comprise materials which have an arsine gas adsorption isotherm at
25°C, measured in grams of arsine adsorbed per liter of the sorbent, as a
function of pressure in Torr, with the following adsorption loading

25 characteristic:

Pressure, Torr Loading (grams of arsine per liter of sorbent) of at least:

25 30
50 62
30 100 105
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for each of an illustrative carbon sorbent (curve A, data point synbol D)

and..____ . for zeolite 5A nol ecul ar sieve (curve B, data point synbol
[err]. The carbon sorbent material is a Kureha BAC-G 70R carbon
material, having the follow ng 20 physi cal properties set out in
Tabl e | bel oWO97/44118 PCT/IB97/00MEBE |
Bead Carbon Sorbent Materi al True Density

1.9-2.1 g/m Bul k Density 0. 5-0.62
g/ m Surface Area 800- 1300
nerr]/grans Cl[err] Activity >= 55%
Ki ndl i ng Poi nt 400[err] C

Autoignition Point (in air) 400[err] C Ash Cont ent
33 20010 97/ 44118 145

PCT/ 1 B97/ 00943 304 Particle Si ég Avail ability

0.4-0.7 mm Particle Size of BAC §0R : 0.7 mm Avg. ;

>. 84 mm (25% ; 400.59 nm (5% Mbi 97%r e Cont ent

<5% Note in respect of the for elggl ng that the noisture content
of this bead ca%ﬂgon material is fdrther reduced by heating and
evacuati dn of t35@ carbon as origilgglly supplied fromthe vendor,
to levels as | ogg as 0.01% and below. 5 Such pretreatnment of the
carbon sorbent 99 also of benefit in respectw%f ot her

undesi rabl e adsorbed inpurities in the as-received carbon material .

Although it generally is desirable that the sorbent materials employed in the
storage and dispensing system of the invention have as high a loading
10 characteristic as possible for the sorbent fluid which is to be stored thereon
and subsequently dispensed from the sorbent, extremely high sorbent loading
capacity may in some instances be disadvantageous from a heat of sorption
standpoint, in respect of the manufacture of the storage and dispensing
system. The sorption of the sorbable fluid on the sorbent is typically
15 exothermic and for gases such as arsine and phosphine, the exotherm,
depending on the fill rate of the gas onto the sorbent, may entail temperature
rises on the order of 1008C or more. Accordingly, it may be desirable to
utilize a sorbent medium having high sorptive capacity within a range which
does not entail a large heat of adsorption effect during the initial loading of the
20 sorbent medium with the fluid to be stored thereon for subsequent dispensing.

Accordingly, sorbent materials useful in the practice of the invention may
include materials having an adsorption isotherm for arsine gas, at 25°C,
measured as grams of arsine adsorbed per liter of the sorbent, as a function of

25 pressure in Torr, which is within the adsorption isotherm range bounded by
curves G; and Go in Figure 1. Such sorbent materials have the following
sorbent loading characteristics.

Pressure, Torr  Loading (grams of arsine per liter of sorbent):

30 25 30-106
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Figure 2 is a plot of accunul ated pore volume, in cubic centineters per

gram as a function of pore size, in Angstrons, for the bead
carbon sorbent material 10 of Table I (curve C and for sone
additional illustrative comrercially avail able activated carbon

sorbents (curWO@P™MIE and F) useful in the broad practice of PCTIBI7N00943.. t e
present invention. As shown, the curve C bead carbon material has an
accurnul at ed pore volune of fromabout 0.3 to about 0.7 over the range of

por e sizes from 10 to 10,000 Angstroms. The ot her carbon sorbent
materials of 15 curves D, E and F have a w der range of accumul at ed
pore vol une. In general, it is desirable to utilize a sorbent
mat eri al having a substanti al portion. preferably at |east 50%
of its pores in3Phe size range of from about 62-138 10 to 1000
Angstronms. Moredgsirably, the sorbent materig-jgasa major 20

fraction, i.e. nore than 50% of its pore volune, conprised of pores with a

di ameter in the208nge of from about 2 Angstr&%23% 100 Angstroms, with
preferably nore Ean 80% and nost preferabl #gs_%),stanti ally all of the pore
vol une of the sdorbent material, being in such range. 25 Preferred
sorbent n#terialdd0i ncl ude sorbents havi ng anl&#288%ge pore diameter in

t he range of frggbabout 10 to about 20 Angst E%I\?Q%and a major fraction of

t he e volume within such range, preferably nore than
80% and nost 550 preferably substanti88-Bys all of its pore vol une
being in such range. 34
WO 67/ 44118 630 192-330

PCT/ 1 B97/ 00943 Desirabl e sorbents include materials having

a pore volunme (cumul ative void .. . .volume) in the range of from about
0.2 to abBut 2. Prefemed caron sophepbmaterials jhthe fluid storage and dispgpsing,Bistem am of

sorbent materialof the invention comprise carbon materials which have an arsine gas
adsorption isotherm at 25°C, measured in grams of arsine adsorbed per liter of

the sorbent, as a function of pressure in Torr, with the following adsorption

loading characteristic:
15
Pressure, Torr  Loading (grams of arsine per liter of sorbent) of at least:
25 35
50 75
100 100
20 200 160
300 200
400 225
500 240
550 250
- 25 650 ~300.

Suitable carbon sorbent materials may for example have the following
adsorption loading characteristic at 25°C temperature:

30 Pregsure, Torr Loading (grams of arsine per liter of sorbent):
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5 The interior pressure in the sorbent-containing vessel of the

| ow pressure storage and di spensing systemof the invention is
bel ow about 1200 Torr. Preferably, the pressure is bel ow 800
Torr, and nost preferably bel ow 700 Torr. By providing a

sub- at nosphewio®7p4igssure of the sorbed fluid in the 10 PCHiBO/6E .and

di spensi ng vessel, the risk of |eaks and bul k di spersion of the
sorbate fluid to the anbient environnent is obviated, in contrast to the

prior art practice where high pressure containnment of the fluid
entails a constant and significant risk, and corresponding
safety and handling issues. 15 I n anot her specific aspect, the
present invention relates to a fluid storage and di spensi ng

system of the pgpe broadly described herei ngeye, conprising a
hi gh Sorbent Loadi ng Capacity, high Percent_Desorbabl e Sorbate, and high

Sor bent Worki nd%Capacity 20 The P&+E¥ht Desorbabl e Sorbate
desirably is ongghe order of at |east 15% 19g-115 preferably at | east
25% nore preferably at | east 50% and nost preferably at | east
60% 200 The sorbent material desi i&bllﬁ has the characteristic of
readily éorbi ngehhe 25 sorbate fl uigghdsng he first instance, at
suitably high rate, and correspondi ngly rel easi ng the previously
sorbed fluid i 408 rapid manner in response 225-245 a pressure

differenti al bg)ﬁ2 en the interior volune of éd}fmstorage and di spensi ng
vessel and an erior locus at |ower pressa e, and/or (2) heating of the
sorbent, when t58@ storage and di spensing sy2§®2¥ds in a fluid di spensing
node 30 f operation.

35 65810 57/ 44118 260-300.

PCT/ | B9Yg 00943

Highly preferred carbon sorbent materials useful in the broad practice of the
invention include materials having an adsorption isotherm for arsine gas, at
25°C, measured as grams of arsine adsorbed per liter of the sorbent, as a
function of pressure in Torr, with the adsorption isotherm characteristic of

15 curve A in Figure 1.

It will be recognized that the pore size, pore volume, and surface area
characteristics of the sorbent may be widely varied in the broad practice of the
present invention, and that the skilled artisan may readily determine suitable

20 sorbent characteristics for a given end use application of the storage and
dispensing system of the present invention without undue experimentation
using surface area and porosity determinations, e.g., with mercury
porosimetry techniques, and affinity studies for the particular fluid sought to
be stored on and dispensed from the particular candidate sorbent material.

25
Referring again to Figure 1, an isotherm for a sorbent material and a specific
sorbate gas is generally useful in predicting the quantity of sorbate removable
at a given pressure.  This is due to the reversibility of the
adsorption/desorption process for the physisorbed fluid species. For
30 example, for the bead carbon sorbent material of curve A, if the sorbent
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Preferred sorbent materials useful in the fluid storage and di spensing
syst em of the invention include materials having a pore vol une
(cunul ative void vol une) in the range of from about 0.1 to about
5.0 cubic centineters of pore volune 5 per gram of sorbent nmaterial,
and pref er ablYOoR?/éibout 0.5 to about 2.0 cubic REBIHPE s of
pore vol unme per gram of sorbent material. H ghly preferred

mat erial s i ncl ude sorbents having an average pore dianeter in

the range of from about 2 to about 20 Angstrons, and a major fraction of
the 10 pore volunme within such range, nore preferably nore than
80% and nost preferably substantially all of its pore vol une
being in such range, h performance éar bon sorbents usef ul

Hi, )

in the broad pr m@bomwhish@e@rs@seé}wglswrbewdesorbm Prriadressye PLERD t hose
having a Sorbent ' iob YronObhen B isdthn biebicisOthat 140 gbpi ne gas
(as the referengg“?hl%%)gssg?% Tor,or_arfa(rtll at 650 TE(;rr,c ofaat I%rglgt ,
preferably at | eeine peoliter ofipotbeptmdtenial (37) grams- Bidsgramsd 140 geanes) shoult ef er abl y
at | | %&9, | At cﬁr%gd .al . The
Per cent Desorba?f??gs ' ﬂé%‘fiﬂﬁﬁi&ﬂ %‘:@géﬁ’ér‘)gblﬁ{/w?éa%ﬁ&t Etesor ef&)g? at | east
15% pref&r abl y azame peessurodifferential cexhibits desorption pf exfly 8715| graras of salsate 50% and

nost preferably at st _60% .20 Bead activated carbon
mat eri al s, havi ﬁ@“%&ﬁgmﬂﬁ? —SSJI’?&'F‘EQI shape, with a

particle size in the range of fromabout 0.1 mllinmeter to 1 centineter

di aneter, and e preferably fromabout 0,25 to out 2 mllineters
di ameter, are hi F’)’I‘%W%fﬁ’fg sbrte pecoystRblefromthe. carban sophent, .2 $pALE y ent i on.

It 25 Wighl dispensin® wystemd dfhfte idventiodl DRREn RPéried! By Sprssurshape, and
pore size . distribution may be ind endentli‘gnd significantly
vari ed i H0t he prdssqrptiqn qyer the specified pressyrg, zangg, ob 3G Torr 19 400 dpirsis €02 packi ng

of the sorbent Raded faRShBeblitdSA ! RAEKAD S the prior art storde bt disphsihg'e Sor bent

material in the bed.
36 systemg Acgerdingly, the performance of the carbon sorbent material of curve

PCT/1B97/00943 4 iy Figure 1, as representative of the performance of the carbon sorbent
media in the broad practice of the present invention, evidences a surprising and
15 unexpected improvement in the ability to desorb the sorbate fluid from the

sorbent material for dispensing.

Figure 3 is a schematic representation of a storage and delivery system
according to one embodiment of the invention.
20
In the schematic storage and delivery system shown in Figure 3, a gas storage
cylinder 10 is provided which may be filled with a bed 17 of suitable physical
adsorbent material, e.g., a bead activated carbon physical adsorbent medium of
a type as more fully described hereinabove. The gas cylinder 10 contains the
25 bed 17 of sorbent material, with the sorbent material having a physically
adsorbed gas component(s), such as arsine or phosphine, adsorbed on its

surfaces (including pores as well as exterior surface of the sorbent media).

The cylinder 10 is connected to a manifold 12, having disposed therein a

30 cylinder vaive 14 for controllably releasing gas from cylinder 10, upstream of a
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The sorbent materials useful in the fluid storage and di spensi ng system of
t he I nvention generally may have any suitable size, shape, and
conformati on, i ncl udi ng beads, granules, pellets, tablets,
powders, particul ates, extrudates, cloth or web formmaterial s,
honeyconb neawoist/44msdiol it h, and conposites (of 5 t hePETTHITON943M- t h
ot her conponents), as well as comm nuted or crushed forns of the
foregoi ng conformati ons of sorbent materials. The sorbent
material may conprise any suitable material, including polyners

(e.g., mcroporous teflon, macroreticul ate pol yners, glassy donmain

pol yners, 10 etc.), alum num phosphite, clays, zeolites, porous
silicon, honeyconb matri x materials, carbon materials, etc.

Most pref er r ed sgfopydiader isletion; valve 16, yhichemay beiselectivslybraatagatoeclogg s and
car bon ovli d'éPfd’t‘S%ﬁzmuﬁEm&ﬂﬁh%ﬁﬁﬁéla‘?ﬂ carbon sorbent materials,
¥ on materials, '

bead activated car | having a highly uniform
spherical shape, with a particle size in the range of from about

0.1 miIlimeter 40 1 | met er . di_ame and nore . {rably from
about. 0. 28 1 o IEaPmSE bt Frtet AeARE L el By WRe of whicty e maifod

preferregl. 2Q2 is coupled idgas flow sommunication withsa biaach mirge tine 20 Gaving or t he
characterization, particul ar.l . sef ul sor.hent terials in the
fluid storage ¥fg FE&B‘@?\?PﬁBmzY@Y% ‘B‘F’e‘f‘h‘@ﬁlmeby the mmp°ei$ﬂ"% P‘b"ﬁe‘torrpri se
materi al s whi Chyithan@t i3, grick td\actiga spagtionrdeliveeylof & fioar dyliader 10. 25C,
measured in grans of arsine adsorbed per liter of the sorbent, as a
function of pressure in Torr, with the follow ng adsorption |oading 25

characteri sti Cpownstream from the Hit88g ¥8,5the hdinifold contals®aWoNeLcb&EsRE 0T arsi ne
per liter of sor bents) %fs at |east: 25
an

30 10 dilters 2
105 which may, for example, have a pressure operating range of fidm about 0 to

t:
0, intermediate of which is disposed a pressure tgmsdyger 32 100
about 25 psia.

The manifold 12 is connected downstream of gas filter 30 with a branch fitting
i5 34 to which is coupled a bypass conduit 36 having bypass isolation valve 38
therein. The manifold 12 downstream of fitting 34 has a gas flow on-off valve
40 therein, downstream of which is disposed a mass flow controller 42 for
controllably adjusting the flow rate of the gas dispensed through manifold 12.
At its terminus downstream of mass flow controller 42, the manifold 12 is
20 connected by coupling fitting 44 to dispensing line 46 filing flow controi valve
48 therein, and also being coupled in gas flow communication with bypass line
36 via coupling fitting 50. The discharge line 46 is as shown joined te an ion
source generating means, schematically shown as element 52. The other end
54 of discharge line 46 may be suitably coupled in gas flow communication
25 with another gas dispensing means, as desirable or necessary in a given end use

application of the Figure 3 storage and delivery system apparatus.
Shown as an optional feature of the storage and dispensing vessel 10 in the

Figure 3 embodiment is a heat exchange passage 11 which extends vertically
30 upwardly through the bed 17 of sorbent material. The heat exchange passage
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Al though it generally is desirable that the sorbent materials enployed in
t he storage and di spensing system of the invention have as high
a |l oading 10 characteristic as possible for the sorbent fluid which
IS to be stored thereon and subsequently dispensed fromthe
sorbent, extrenely high sorbent | oading capacity may in sone

i nst ances be di sadvant ageous from a heat of sorption st andpoi nt ,
in respect of t hisjninedabity msnec@ve lawer anduppes eads telihsyeanchiange fluid feed

system The sorp fyat f t Got S caIIy 15
exot herm c¢ and fg{rlézggge]g %gc as ar |ndéwaggﬁg toag?ﬁ'nhir%éq Fhle5 eTL%{ﬁler

dependi ng on t heefchirge flatdefeerdt lntehhntglﬁmaylumtwmbe ;mnekiemh suitabje sovkrei daf

t enperat ure rde err1.C or re. .
Accordingly, it Peat e’l‘)ﬂ“"ggiﬁl?da@fn gl}oéms) witfch iy t'i"%lg %S qf%e?ﬂm fedi um
havi ng hi gh sor pbume.r, resisance heatet, bhbtheraxeatmggmanmecd‘ing to selectively héd@@ife not

entail a large heat,.pf. adsorption effect, durj the [ i.al" | oadi ng of the
20 sor beﬁ?‘hﬂg P tpateral when {f isd ?PSP“@ "t“lsug'P@o‘he feysel
subsequent di speng. Thérmal desorption thus nﬁ@CISH &Xfed el Yoy ﬁ&gég@rbtf AREGBI Hesr USEr ul

in the practice of the jnvention I ncl ude materi als having an

adsor pti on i sot hefshaagsfluid troygh ﬁlﬁgeedéﬁleti'gf &3 thecheat exchange passageddsanded as
grams of arsine ggsuilednnat dfsbﬂa?ée HHe if‘efo?%aﬁ:mahoﬁﬁﬁgr ];#rg Nafdl 25

pressure in Torr, which is wth he ads tion 1sot V ounded by
curves G¥}r] angpsenveir peapsy gt FQGWE) through dbe heat echangergireit; aSls:hHummgt he

fol |l owi ng tﬁé} doft C

Pressure, Torr Loaegirllsng rans Oo?gg%g}}%rega%g@ﬁd lgjrrlino ¢ bg? l%%%ﬁ fl?fﬁ?ﬁm

25 elevated temperature for thermally-assista ddsOfption to take place.

D\U

By the arrangement schematically shown in Figure 3, thermally assisted
15 desorption and dispensing of the sorbate fiuid may be carried out alternative
to, or in combination with, pressure differential-mediated dispensing of the
sorbate fluid, with the choice of the speciﬁé desorption modality being readily
selected and/or determinable without undue experimentation by those skilled
in the art.
20
In the manufacture of the storage and dispensing system of the invention,
the storage and dispensing vessel is cleaned, if required, to ensure the absence
of any contaminants or species therein, including out-gassable species in the
walls of the vessel, which may adversely impact the storage and dispensing
25 operation subsequently carried out with the vessel. For this purpose, it may
be desirable to bake out, solvent degrease, or otherwise subject the vessel and
its interior surfaces to cleaning, removal or treatment steps, to provide an

appropriately clean container for the subsequently installed sorbent material,
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Preferred carbon sorbent materials in the fluid storage and di spensing
system of the invention conprise carbon materials which have an
arsi ne gas adsorption isothermat 25C, neasured in grans of

arsi ne adsorbed per liter of the sorbent, as a function of

pressure in TorFThe soibelit hdieridl tHeh isdoadpdants thepintedor volume of the stovapdiand

|C|h? ;?Cgf ' Isi Ibgrﬂlﬁpeﬁ&ngﬂesiseéa@fi tﬁeexslesslsjerl% tma? ! em&%g Ian(?J séage anfheogor rn§i ne per

igO - 5ngerxal may be cleaned or processed prior to its introductiéf to gne vessel, so 100300
200 4bw the sorptive capacity of the sorbent medium is maxnngg5 Additionally, gqq
240 5 %%tcmauvely, the sorbent medium may be cleaned or pro%g’sge@ﬁl situ, to 650
~300. Suitabl'e carbon sor bent materials may for exanple have

the foll owi ng ensure maximum sorptive capacity, e.g., by bake-out of the vessel containing
the sorbent, at sufficient elevated temperature and for sufficient time to desorb
and clean the sorbent material of extraneous sorbate species. For example, the
vessel may be evacuated (degassed) for an extended period of time, e¢.g., 48
10 hours, at a suitable elevated temperature, e.g., 200-400°C, using an
appropriate vacuum pump or other evacuation means. After evacuation, the
vessel is allowed to cool to room temperature over a suitable period of time,
e.g., ~6-12 hours.

15 After the evacuation/degas procedure, the evacuated sorbent conmtainer is
connected to a sorbate fluid fill manifold. It will be recognized that the
sorption of fluid species may involve significant exotherm due to heat of
adsorption effects, and therefore it is desirable to maintain the vessel and
sorbent material at suitable temperature so that the sorbate fluid is not

20 desorbed by such heat effects afier its initial take-up by the sorbent material.

In order to maintain an approximate isothermal condition, the cylinder may for
example be immersed in a thermal ballast liquid, such as for example an
25 aqueous ethylene glycol mixture maintained at a constant temperature of 25°C.

The sorbate fluid fill manifold may be evacuated prior to sorbate fluid

dispensing to appropriately low pressure, e.g., to less than 103 Tormr, to
remove non-condensable gases that may be present in the flow passages of the

30 fill manifold. Afier such evacuation, the carbon sorbent-containing vessel
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adsorption | oading characteristic at 25[err] C tenperature: 30
Pressure, Torr Loading (grans of arsine per liter of sorbent):
39 WD 97/ 44118

PCT/ | B97/ 00943 25

35-60 WO 93/34118 75- WB97100943 ve
100 100- 115 200
160-175 5 300 200- 220
400 225- 245 . 500

240- 260 550 250- 275

650 260- 300. 10 Hi ghl y

preferred carbon sorbent materials useful in the broad practice of the

i nvent i on i ncl udeayrhetfidled atith thessprvate Buid atsoutphle sate Pl ithedesired pregyuse ne gas,
at 25[ : ' Lter of
The sorbent, ag ‘v i veacBE W Bl BF @ficRy, By BE 4Bk W0l it

adsor pti on i sot lpressure ofitheotssel during theffillléperation with @ suitable/pressutéingenitor 1.

It will be recognized that the pore, siz ore volune, and surface area
characteristi cs%P@ﬁ@'&’%ﬁerﬁﬁfﬁﬁwgl#V%ari ed in the broad practice
of the 5 present invention, and that the skilled artisan may
readily determ ne suitaple 20 sorbent characteristicsg.fqr a given
end use appl i ca{b‘ﬂ?ﬂgdi‘e gﬁ?@gBPﬁ?sé’gtbetéﬁ’@mt“’e °gthe vess %&ﬁ&eﬁﬁiﬁgﬁm of the
present inventi QankVhiloWe WiddpéhdentBe horiofed! ifldhg with the sorbatd NGgur f ace
area and porosity determ pations, e.g., with nercury .
temperature, for process conirol purposes. Pressure is monitored to
determine the endpoint of the fill process.
10
It may be desirable to fill the vessel with the sorbate fluid in stages, and to
allow equilibration of the system so that the temperature effects are at least
partially dissipated to the ambient environment or to a heat transfer medium
such as the thermal ballast liquid described hereinabove.
16
Alternatively, it may be suitable to fill the vessel to a specified pressure, and
then allow the vessel to cool to a final temperature and pressure condition of

the sorbent bed and associated vessel.

20 Thus, dose filling or continuous filling of the sorbate fluid may be carried out,
to introduce the sorbate fluid into the vessel for sorptive take-up by the
sorbent material therein. Following the fill sequence, the vessel, after its
disengagement from the fill manifold, may be shipped, stored, or arranged for
subsequent dispensing use by attachment to piping, coupling, and dispensing

25 circuitry at the dispensing site.

Figure 4 is a plot of cylinder pressure, in Torr, as a function of time, in hours,
graphically showing the pressure decay of arsine gas on carbon sorbent in a
storage and dispensing system according to the invention, after the termination

30 of the arsine filling operation. As shown, the pressure in the sorbent-
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porosi netry techniques, and affinity studies for the particular fluid

sought to be stored on and di spensed fromthe particul ar

candi date sorbent material. 25 Referring again to Figure 1, an
i sothermfor a sorbent material and a specific sorbate gas is
general ly usedot/iadnrs predi cting the quantity of sorbate renRGIIR27/00943..

at a given pressure. This is due to the reversibility of the

adsor ption/ desorption process for the physisorbed fluid species. For 30

exanpl e, for the bead carbon sorbent material of curve A if the sorbent
40 WO 97/ 44118

PCT/ 1 B97/ 00943 material on which the arsine fluid is
sorbed, is desorbed froma pressure of 650 Torr to a pressure of
100 Torr, thencomsining vesselr decayscfiorotan initiak préssireylesetsofofS0 Torr (at time ar si ne per

liter of sorbent terial 7 rans- 135 granms = 140 grans) shoul d

be desor bed. Tﬁ@“ggﬁﬁﬁggnggéﬁi?g@ﬂTaf sieve, by contrast, when desorbed
over 5 a same pressure differential, exhibits desorption of only
87.5 grans of rbate_ . fluid 15 grane.-127.5 grans = 87.5

gr ans) | e Bt Sepigure 4 vt it oA BT PARPE EGHID S Yershy : he

carbon sprbent af thedcontlasion Of the arsine fill opefdiodll SPAENGLI Pofy,StRMeat ofhe
i nvention, when operated by pressure 10 desorption over the specified

pressure range adsorpting effacts praducgp 1edptively;highspressure (in comparisongpehe t han t he
zeolite 5A mat %iallag : | e ‘@Bﬁﬂ '

system According ﬂﬂﬁﬂ%ﬁgﬁé%aﬁ%ﬁégeﬁa?ﬁg ggér]g%gr%b or Eﬁ%ﬁrnga‘tiegﬂr al of
curve is duk tp thefcioglingcof the sprbentbrdcand rvesse] after dlie tetrainptionf ofitheince of t he
car bon sor bent : =P . QLA f resent

I nvention, evi &é]nogggatlgn'sﬁ‘r:%ﬁ%@*glpfatsnags rfgﬁag% u%g%?g%sg%rati%b?lo@gnent I n
the abi10ty t o stheagerandt Hispansing axessel | follawing dhe tflike step, after the heat pEnt

material for di e soi NGe t< have been dissi F'_gure 3 is a schematic _
representation T 55’ et 13181 N’%‘ﬁ/ system according to one
enbodi ment of the invention.
Figure 5 is a plot of pressure decay rate, in Torr/hour, as a function of time, in
hours, for the arsine storage and delivery system according to the present
15 invention, whose post-fill pressure characteristics are shown in Figure 4.
Figure 5 shows the decay rate curve, which is determined as the derivative of
the curve shown in Figure 4. The rate curve of Figure 5 shows that pressure
fluctuations in the storage and dispensing vessel subside to a stable level as the
decay rate approaches zero after about 2 hours.
20
Further, the plots of Figures 4 and 5 show that the pressure in the storage and
dispensing vessel after sorbate gas fill is decreasing, not increasing, from which
it can be inferred that the arsine sorbate is not decomposing in situ in the
vessel. This is significant, in that sorbent materials may contain contaminants
25 or trace species which can serve to mediate or promote the decomposition of

sorbate gases such as arsine.
In order to assure the absence of undue decomposition of arsine or other

sorbate gas species, it is desired that the carbon sorbent medium in the practice

30 of the present invention be devoid of trace components, such as those selected
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20 In the schemati c storage and delivery system shown in Figure
3, a gas storage cylinder 10 is provided which may be filled
with a bed 17 of suitable physical adsorbent material, e.g., a
bead activated carbon physical adsorbent nmedi um of a S
more fully ded¥PPU¥i8,erei nabove. The gas cylinder 10 contaiﬁEHPh%ﬁg%s"
bed 17 of sorbent material, with the sorbent material having a physically
adsor bed gas conponent (s), such as arsine or phosphine, adsorbed on its
surfaces (including pores as well as exterior surface of the sorbent

medi a) . The cylinder 10 is connected to a manifold 12, having
di sposed therein a 30 cylinder valve 14 for controll ably rel easing
gas fromcylinder 10, upstream of F\ - . .

a1 fropyrshe grovn gansisting of water, metals, and oxidic transition metal species
PCT/1B97/ 00943  (¢g. oxides, sulfites andft? hitfards), "wlEficién® B dhéeftatioh ¥ Aeddmposbi Ch may
be selectively actuated to close . cylinder 10 to comruni cation

wi th the nanif ol dbeisorbate fluid in said storagepnd dispesByeHsls a branch fitting 18
therein, by nmeans of which the manifold 5 12 is coupled in gas flow
comuni cation with a branch purge |ine 20 having I nert gas purge

i sol ati on §al ve 21 thestoragerand dispensing system ofi thiefimtesitiona thelsongentratian on the

with inert gas, prior t t ratl | ¥er Lyl jender 10.
Downstream from t%“?ﬁ?‘??’ﬁé“%,ﬁl @%d%ﬁ%{i@h%ﬁ%ﬁfgn %&ﬁ)eng{ﬁlg{c%s io\k/e gas 10
filters 28 and 3Qrace cbmponetisasetected frbrncthe igsowd equsisting of pvates sandeoxidiansducer

32 about 0 o EhsEE el fpe SR TR N RS AR LK i 539° ©f

and preferably more than 1% by weight of the sorbate fluid after 1 year at

10 250C and said interior pressure.

This criterion ensures that sorbate fluids such as hydride gases, e.g., arsine,
phosphine, etc., which are otherwise susceptible to decomposition in the
presence of water, metals, and oxidic transition metal species (e.g., oxides,
16 sulfites and/or nitrates), are maintained free of substantial exposure to such
species, so that significant ievels of decompaosition of the sorbate gas, and

resulting pressure buildup problems, are avoided.

Preferably, the concentration of trace components selected from the group
20 consisting of water, metals, and oxidic transition metal species, based on the
weight of the carbon sorbent material, is insufficient to cause decomposition of

the sorbate fluid resulting in more than a 25% rise, and preferably more than a

10% rise, in interior pressure after ! week at 250C in the storage and
dispensing vessel.
25
" Carbon sorbent materials advantageously employed in the practice of the
present invention include carbon materials which desirably contain less than
350, preferably less than 100, more preferably less than 10, and most
preferably less than 1, pari(s)-per-million by weight of trace components
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The manifold 12 is connected downstreamof gas filter 30 with a branch
fitting 15 34 to which is coupled a bypass conduit 36 havi ng bypass

i sol ation val ve 38 therein. The manifold 12 downstream of
fitting 34 has a gas flow on-off val ve 40 therein, downstream of
whi ch is di sWOP2d4148 mass fl ow controller 42 for POTIBITDELL y
adjusting the flow rate of the gas dispensed through manifold 12.

At its term nus downstream of mass flow controller 42, the manifold 12 is

20 connected by coupling fitting 44 to dispensing line 46 filing flow
control valve 48 therein, and al so being coupled in gas flow
communi cation with bypass |ine 36 via coupling fitting 50. The
di scharge line 46 is as shown joined to an ion source generating

means, schemnat isslected fromahegroup eonsisting ofSgater Bhé oxidia dransitich metal species, 54 of

di scharge |line é‘aQe thgsiel%lﬂ&f%’éé'arb%%us&l g&nile .gas flow conmuni cation 25
w t h anot her gas di Spensi g neans,  as &esi rabl'eé or necessary in a given end

use application of the Figure 3 storage and delivery system

appar at us. . . ho as_an, opt.ional feajure of the storage and

di spensi ng vessl:e‘gmfé‘??\pﬁﬁ%fl\g]" arsmeadso'%f’?—'f ﬁf#&“‘ép&ﬂ% 8% #ene ?qaé‘n&- Reat
exchangespassaggarhd/lith) ia§ b fistiGinéfstorQletahd dispensidP vessel pressiB¥Gih dloyr, bR ough t he
bed 17 of sorbent material. The heat exchange passage

42 a bead agrbon serbgnt material. From this adsorption isotherm, which has
PCT/ 1 B97/ 00943 gybstantially th Ibe as Yhd8linB tagbdrStidne | and upper
ends to heat exs(?hsan g ¥I u? ém?%tsad ' in(%rgt%&ﬂ &E@g%\sgﬁ%gt exchange

fluid ef fluent (@uyeias e warking Sorbent Working: Capacity, Cw, mezsurst fagersinkui d f eed

inlet line 13 ' urn Loikned to _a,suitabl e source of heat
exchange fluid ngt%sﬁ%rméowgﬁo%r?“s‘ém%ﬁserat Ively associated with a 5

burner, 10esi stance heater, or other heating neans serving to selectively
heat the ed of.. sorbent nateri en it Jjs desired to

di spense fluid from %e(“g/eéls“soféf“m gas, I grams, °“i‘631°ﬁ%g%ﬁ“%4838’w’??%ﬁ t hus may
be effected by -f¥Wsighigtarsine g, i eramsibri ane literaf sorbent at 50 Torr and @Xehange fl ui d t hr ough
the feed inlet line 13, the heat exchange passage 11, and t he

fluid effluent discharge line 15, for_recirculation (e.g., by punp and
is (278-70 =208 grams arsine per liter of sorbent.

15
As discussed hereinabove, preferred carbon sorbent media in the practice of
the present invention include sorbents having arsine (used as the reference
measuring gas sorbate species) adsorption isotherms with a shape
corresponding to the shape of the adsorption isotherm characteristic of curve

20 A in Figure 1, which also is the adsorption isotherm shape shown in Figure 6.

Figure 7 is a perspective schematic view of a storage and dispensing system

200 according to another embodiment of the invention.

25 As shown, the storage and dispensing system 200 comprises a storage and
dispensing vessel 204 which is joined at its upper portion to a valve head 206
comprising part of a dispensing assembly including manual actuator 208 for
the valve head on the cylinder. The valve head is joined by means of coupling
210 to a dispensing conduit 212 having disposed therein a pressure transducer

30 214, an inert purge unit 216 for purging the dispensing assembly with inert
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10 reservoi r means, not shown) through the heat exchange circuit.

Such heati ng nmeans thereby function to heat the sorbent nedium
in the bed 17 to sufficient el evated tenperature for
thermal | y-assi sted desorption to take pl ace. B

y the
arrangement scWeAE#MHKI |y shown in Figure 3, thermally assi st¥d/HB8%00943 ..
desorption and di spensing of the sorbate fluid may be carried out
alternative to, or in conbination with, pressure
di fferential -nnedi ated di spensing of the sorbate fluid, with the
choi ce of the specific desorption nodality being readily
sel ected and/or determ nabl e wi thout undue experinentation by those skilled
in the art. 20 In the manufacture of the storgﬁe and di spensi ng

system of the i neenteineass flow controller 220 fap mainginipgconsigntoflay s thigpahdbe o) i s
cleaned, if requ'diéi@nsxﬁ%ocdgxl it 2£2 Bﬁﬁgﬂﬂéﬁﬁﬁ&xsxng operation, an‘afa ffier 22NfoRM Nant s

or species therein, Inc ng out-gassable spécies in wal | s

of the vessel, wiheobvingpartieneesiom thmélamnsq%&as@rler ssgetsalwsh@g%@m@ﬁg 25

operati on subseq out with the vessel. For this purpose, it
may Liﬁ %J% é%%édﬂ?g bake out, solvent degrease, or otherw se

subj ect thg vessel and its interior surfaces to cleaning,

Container for ¢ neliE.fieeaRoh P s Aoumpisa i cmind P R Sty ¢! o2

43 ehfdgihg/thed ditPensing assembly with downstream piping, valving, or other
PCT/ 1 B97/ 00943 e sorb nt t | then is |oaded into
the interior vol Lﬁ%‘cﬂfcﬁsﬁ&"*’é“["o‘?%@ € lggys fise of the des g?egag‘ﬁgi ng vessel, and
the vessel is final assenbled and seal ed. The sorbent mat eri al
may be cl eaned or_processed prior to its introduction to the vessel, so
that the 3BrptiveFigHpa8iisye Procese SEXPBeAP0 Hacyding 2sstamas and edispensing’

Addi tionally, arrangement for delivery of gas, in accordance with one embodiment of the

invention, for ion implantation use of the dispensed gas.

As shown, the apparatus includes a storage and dispensing vessel 302 having
15 joined to its upper end a valve head 304 coupled with a manual valve actuator
wheel 306. The valve head is coupled to a VCR filter gasket 308, which in
turn is coupled with flow conduit 312. Flow conduit 312 communicates with
the pressure transducer 310, as well as the check valve 314 and nitrogen purge
inlet. The nitrogen purge inlet is employed for introduction of nitrogen or
20 other purge gas for clearance of the dispensing assembly flow passages, for

subsequent dispensing of gas from vessel 302.

Flow conduit 312 has further disposed therein a flow control valve 307, a span

gauge 320, a flow controller 322 and flow control valve 309. The flow conduit
25 312 also is coupled in flow circuit-forming relationship to the bypass conduit

325 having by-pass valve 324 therein. The flow conduit 312 is joined at its

right hand end as shown, to gas box manifold conduit 326. Conduit 326 has

valve 311 positioned therein, and has a coupling 330 opposite the end

communicating with the gas box manifold, for coupling of the storage and
30 dispensing system with the ion implantation chamber.
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5 or alternatively, the sorbent nedium nmay be cl eaned or processed

in situ, to ensure nmaxi mum sorptive capacity, e.g., by bake-out
of the vessel containing the sorbent, at sufficient elevated
tenperature and for sufficient tinme to desorb and clean the

sorbent nat ewoat44is extraneous sorbate species. For exanpl eectiner/00943-.
vessel may be evacuated (degassed) for an extended period of tine, e.g., 48

10 hours, at a suitable el evated tenperature, e.g., 200- 400[err]C
usi ng an appropriate vacuum punp or other evacuation neans.
After evacuation, the vessel is allowed to cool to room
tenperature over a suitable period of tine, e.g., ~6-12 hours.
15 After the evacuati on/ degas procedure, the evacuated sorbent
container is connected to a sorbate fluid fill nmanifold. It will
be recogni zed hat t he sorpt.i on ecie I nvol ve

si gnifi gant ex Btﬂstf@"hg’ﬁt”fhem ed (mot .%owngals%qrﬁfq e @?ﬂﬁg%{l and

therefore it i Sreséasso:zam(ﬁvédq:x fletvitoaduit 3126and @ESBdx Mafifold conduit 326 usor bent

mat eri al at suitaple teng@rat re so that tﬂﬁgsorbate fluid is not 20
desorbed by sullif Kedmpiepiatie & hagpiges ot & confrallgble, ate Accanpolled byidlaver bent
materi alg controller 322. |'I'heoér@ﬁﬁret PariiBhces mmmap bé%éﬂﬁbé@tc%ublé@ttﬁ‘er mal
condition, the cyllnder anpl e be inmersed in a thernal
bal I ast |i qui dFelatippshipdo ﬂ@w contplisr S28pswell as other clepgnsoae. ¥alvgs, dme gl ycol

m xture mainta The
sorbate fluid ?ﬁlﬁeqjovﬁ%lﬁ%t @3’2 {r’%’g%'b%gg}\%g%ﬁgl eg %a%%r%“r&%ntta nmt‘l

di spensi ng to appitablerhanmet. y Iow pressure, e.g., to less than 10[err] Torr,
to remove non-condensabl e gases that may be present in the flow
passages of the 30 fill manifold. After such evacuation, the

car bon Hbr bent Figurd Qiisna perspeetive eross-sectional view of the storage and dispensing

Iié'l' /1 B97/ 00943 vesygg 3%5 o%élgure 8, showing the interior structure of such vessel.

. As shown, the vessel 302 comprises a wall 346 enclosing an interior volume

352 of the vessel, and containing a particulate sorbent material 350 therein. At

156 the upper end of the vessel, at the port to which the valve head 304 is joined,
the port may feature porous centered tube 360, or other foraminous or

otherwise gas-permeable structure serving to preven entrainment in the

dispensed gas of particulate solids from the bed of the sorbent material.

20 Figure 10 is a schematic perspective view of a cryopumping storage and

delivery system apparatus according to a further embodiment of the invention.

Although the fluid storage and dispensing system of the present invention has
been described hereinabove with reference to low pressure dispensing
25 applications such as ion implantation, where the locus of use of the desorbed
sorbate gas is at vacuum or very low pressure levels, it will be appreciated that
the utility of the invention is not thus limited, but also encompasses
applications in which the storage and dispensing vessel must fumish sorbate

gas to a downstream use point at higher than atmospheric pressure.
30
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may be filled with the sorbate fluid at a suitable rate until the desired
pressure | evel is reached. For purposes of efficiency, it may be
desirable to nonitor the pressure of the vessel during the fil
operation with a suitable pressure nonitor or other (e.g.
transducer - bas¥@p748tsi ng neans. 5 During the fil9G¢TMBIRBBess,
the tenperature of the vessel and the thermal ball ast tank may
be i ndependently nonitored, along with the sorbate fluid

tenperature, for process control purposes. Pressure is nonitored to
determ ne the endpoint of the fill process. 10 It may be
desirable to fill the vessel with the sorbate fluid in stages, and to

al l'ow equilibration of the systemso that the tenperature effects are at
| east Fouapplishtignsdn sehichAt isodesised toopranide caases dpr nyeosinie highesr to a
heat transfer megium. 3 ,Rg;"- I | dFARL stk
descri bed hereina O\I;aééchfge pressure M%%F%ﬁéér}ﬁgél v_e“g,w%g't@l Antgy Bdg}aggiag%bl e to
fill the vessel tdelivery mestent, vatdbus pessue byildingrircuits, pressurizing lequipaientowr t he

vessel to cool to,a final te ratur [ [ dition of
t he sorbent bed é’ﬁﬁ’rggeg??c‘?'gfeggﬁ%%gggﬁmgﬁsﬁ%%%m&o% ius, dose filling or

continuoussfilling of the sorbate fluid may be carried out, to
i ntroduce the sorpate fluid into the ve%?el sorptive take-u ﬂt% t he
1%

for
iArqvided foctaise the pessire

sorbent material FOREFUPRIS, YEBIUARTRS AL : _ after
Its disgspizagasatsclettedplelird level aboveitha® bthe SMdBhead (SMBE,
stored, or arranged for subsequent di spensing use by attachnment
to piping, coupl icubx}éeaﬁeptﬂplg@élﬁsﬁqﬁbe@@mdmg th‘_’ gas; eing dippepsed). t MeRpensi ng
site.  sucH V& pfimbihg BrihgdineRs y51d O Bispdds &P gasl £ the Nelbbted . as a
function of time, in hours, graphical |y showi ng the pressure

decay of ¥@sine dighevpressireployel. suehharrangements nonetheless entailsdilytion of thedgas
O PenLrD, ot TRARSARE 0 § U, Al b LD, 20
45 diypesed gasift@n the cylinder.
PCT/ 1 B97/ 00943
Such carrier gas dilution effects may be satisfactory in some applications,
15 however in some uses, these dilution effects may represent a significant
constraint on the overall process system, e.g., in instances where neat gas of
high purity is desired to be supplied from the storage and delivery system.
Mechanical pumps may be used in place of venturi pumping means, but
mechanical pumps entail the disadvantage of a significant number of moving
20 parts, which can cause problems associated with the formation of particulates
in the pump and/or entrainment of lubricants in the gas stream. Again, these
may be tolerable concomitant effects in some applications, but in other uses,

the supplied gas must be maintained at high purity and free of particulates or

other extraneous material.

25
In instances where the gas supplied by the storage and delivery system must
be furnished at high pressure in a high purity, neat condition, the provision of
a cryopumping assembly in the storage and delivery system may be
advantageous.

30
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contai ni ng vessel decays froman initial pressure |evel of 750 Torr (at

tinme zero) to 688 Torr alter 10 hours. The pl ot of
Figure 4 shows the non-equilibriumcondition existing in the vessel 5
at the conclusion of the arsine fill operation. At such point, the heat of

adsor pti on ewoasuapr oduce a relatively high pressure (in cepopmovemss-to the
final equilibriumpressure |level after cooling). The subsequent pressure
decay is due to the cooling of the sorbent bed and vessel after
the termnation of the fill operation. Accordingly, it is
appropriate to assess the pressure level in the 10 storage and

di spensing vessel following the fill step, after the heat of

adsorption effects have been di ssi pat ed. Figure 5 is a plot of
pressure decay Figire 10 ista stiientatib erspective aicwuoiCiuciva cofophmping starage and

hours, for the arsine storage and, delivery syst accoydjng t he present
15 i nv ‘P’%,syms@%ﬁﬁé'{s- f&?'la"fﬂ‘é‘é% ﬂ#é Fraﬁ’f‘é‘?‘i“?g‘?tc‘% e shown in

Fi gure 4. invention.Fi gure 5 shows the decay rate curve, which is

determ ned as the derivative of the curve shown in Figure 4. The
rate curve of Figure 5 shows that pressure fluctuations in the
storage gnd di SRERSENEMFHIRESyshrlthdlRainQyfindet A62 SodiBiEh s@fiblet@rbo

decay rate approggielgggero%xt er about c2):yhours. 20 FuPt her, the

pl ots of Fi gur esoraenh matesiak{notyshawm), havingploaded therepm at yyitale sprbgle gasd
di spensi ng vessgl, . Rﬁ% Lh |~ ' [ asi ng,
from whi ch s%emgg ttoed|’etsﬁca gyl n %’is%%dci’lﬁlgtgp ﬁ%:ﬁ%h@?%%dqggtp 62\{5 (LY% I S not
deconposi ng i n lal assemblyhd04 including main oydindar| valve 406, whichiigin thec'fif’, i n t hat
sorbent material s. my ﬁ%né?‘i"& 0 1t am'iplant S 25 or trace species
whi ch can ser vePPHORSGPE SR 'ﬁer ST 8 RE“HBt onposi ti on of
sor bat e1gases such as arsi ne. In order to assure the absence
of undue deconpgsition o si ne or other, .. . Sorbate speci es,
"t i est req ¢ e vaidhead 4B ¥ SR A7 crHEit AP crpaioe ol seive 10 of
de present i nvggdsi w BshtdBMd1d, Rblatisrbedves o1 ahid Biyopuhp (41 6asCéie sel ected
408 is in turn coupled to conduit 409 containing isolation valves 418 and 422
and product dispensing regulator assembly 430 having discharge port 434
15 coupleable to a downstream process system. Joined to the conduit 409 is a

medium pressure storage vessel 420.

The cryopump 416 coupled to conduit 408 is provided with a liquid nitrogen
(or other suitable cryogenic liquid or fluid) inlet 428 and a liquid nitrogen
20 outlet 426, with a liquid cryogen flow path being provided intermediate the
inlet 428 and the outlet 426 which is circumscribed by heating elements 424 as
shown. The liquid cryogen inlet and outlet of the cryopump may be ‘suitably
joined to a source of liquid cryogen, as for example a cryogenic air separation
installation or a cryogenic cylinder source of liquid nitrogen or other coolant.
25 The cryopump thereby forms a cryotrap apparatus. The outlet of the
cryopump thus is provided with an isolation valve 422, and the medium
pressure cylinder 420 is isolatable by means of the isolation valve 422.
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PCT/ 1 B97/ 00943 fromthe group consisting of water, netals,
and oxidic transition netal species (e.g., oxides, sulfites
and/or nitrates), sufficient in concentration to deconpose t he
sorbate flui dWO#7441% st orage and di spensing vessel . 5  PCTABITAOMY -1
storage and di spensing systemof the invention, the concentration on the
carbon sorbent material (based on the weight of the carbon sorbent

materi al ) of trace conponents selected fromthe group consisting
of water and oxidic transition nmetal species, desirably is
I nsufficient to deconpose nore than 5% and preferably nore than

1% by wei ght of the sorbate fluid after 1 year at, 10 ) 25[err] C and
said interior prgssuse transducer 411 is  proyidedcin; qapdvip 408 ud rig Lopplsd oy bat e

fluids such as _&Eﬁréﬁmqm&bﬂegu?gh%ga Sy 1fer 402 for monitohnggfwmm@ inetc.,

whi ch are otherw se suscept| conposition int presence
of water, netal she exligdenand respansiyelyiadjustingthe isplatignovalveesdiBe. g. . oxi des, 15
sulfites and/or nitrates), are maintained free of substantial exposure to
such species, so that significant |evels of deconposition of the
sor bat e g&s, andrhe operation of the stotage rand plelivesy rsgstemi showyn gohednhtivatly imr e

avoi ded. . Pr.efera t he concentrati on of trace ,conponents

sel ected fromt @gﬂ?éﬂﬁ‘%%ategl’&bw“eg‘ﬁgg?ﬁen‘@ % ttg? ,gasn%’fcgﬁds",nqgﬁd oxi di ¢

transition met alcafjofCdoftsent imPtinded 402eand to be delivertibiagRuitable telaedr bon

sorbent material, is insufficient, to cause, dec ositjon of, t he
plober 2 t

sorbate fluid rd¥EssWeAd;nitrogsp as the gryogen & be em FW@P%ﬂyidﬂBre than a

10%rise, in inttﬁééxggp@i,ﬁmusela@fﬁaeabanmgp&ma;f-ﬂﬁ[ﬂe@_}&scéxnift-iaa agjorage and
di spensi ng vessel. Carbon sorbent material s, advant ageously

enpl oyed1Pn t he 3ipelting paintof 183 ,degrees Centigrade, agd gitrogen hasadeiling ®oiv@f ade car bon

materi al s whi ch ARSI deglakycafibhad N | ess than 350, preferably |less
than 100, nore pret ereg%%y Ieglrg than 10, and nost preferably | ess

than 1, part(s)-per-mllion by weight of trace conponents
Silane has been selected for illustration purposes since it is relatively difficult

to deliver at suitably elevated pressure (in relation to other hydridic gases such
15 as arsine which have higher boiling and freezing points, and thus may be more
easily cryopumped with less cryogenic cooling being required).

If at the outset valves 410, 414, and 406 are open, with valves 418 and 422
being closed and under vacuum, and the temperature in the cryogenic pump is
20 lowered to liquid nitrogen temperatures, silane will condense and freeze in the

cryopump, even if relatively low internal pressures exist in the supply
cylinder 402.

The mass flow controller 412 allows for accurate determination of the quantity
25 of gas being transferred to the cryopump 416. Such accurate determination is
important because overpressurization of the cryopump is desirably avoided.
Under such operating conditions, silane will be above its critical temperature
so that the ultimate pressure in the cryopump can potentially become very
high.
30
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PCT/ 1 B97/ 00943 sel ected fromthe group consisting of water
and oxidic transition netal species, based on the wei ght of the
carbon sorbent nedium Figure 6 is a plot of an arsine
adsorption | wota84m8 plotted as arsine loading, in 5 PCT/MIBINOD43 i.t er ,

as a function of storage and di spensing vessel pressure, in Torr, on

a bead carbon sorbent material. Fromthis adsorption isotherm which has
substantially the same shape as the arsine adsorption isothermof Figure
(curve A), the working Sorbent Working Capacity, Cw, neasured for arsine

'_\

gas at 40 Torr and at 650 Torr, neasured as 10 Cerr] =
(Wei ght of arsine gas, in grans, on one |liter of sorbent at 650 Torr and
25[err] Q After the-cofrét iagiotintaff gas ks ibeergieansfermd tor thersxyopump AES, Ithe er of

per Titer of sovtptalDad 44 ak dosed. The gamdensed sork 06k i Sl B kel oy o
carbon sorbent mdieat mﬁlpexlaﬁu&t autd leatingf is carried out by trtehlﬁeaﬁﬂi@ﬁeﬂis 428yention

i ncl ude sorbents v used as the reference measuring
gas sorbate speé‘f eFIPTiRe thﬁ‘“‘g heatersbut could be any
corresporgli ng t emidmz Eéﬁﬁl&em@instahﬁoﬂﬂﬁerf& suBh sér%iot. hf!‘hénsﬂ?ziﬁarg%?&&E ippti c of
curve 20 Figure 1, which also is the adsorption isotherm shape
shown in Figur eﬂGl'ebyha"e tONheatedM}QEh temperatures, aud the stabilityand sEidhof ¢ vi ew of
a storage and dignes di b glggﬂ copdli r

enbodi nent of the nvengﬁ%%ﬁf?ggnse is thereby e Qﬁétéhﬂggnn? %%gl‘r?l

di spensi ng syst dmtiR0eccumence iof slegradatipn ofighe silade gas with consequent advcrse
effect on its purity and further stability.
10
The pressure of the silane gas after the warm-up in the cryopump may
become significantly elevated, and effectively the gas thereby has become
compressed, in a high purity state, and without exposure to a mechanical
pump with many moving parts, the use of which may otherwise result in

15 contamination of the product gas.

The inventory of gases in the overall system may be quite low at this point,
with most of the silane residing in the sorbent vessel, cylinder 402, at low
pressure.
20
Opening valve 418 will then allow gas to flow into the medium pressure
cylinder 420; if valve 422 is open, then product silane gas can flow to the
downstream process through discharge port 434, as monitored by the
monitoring means (e.g., flow pressure) associated with the regulator assembly
25 430. The regulator assembly 430 has associated pressure transducer 432
which may be operatively coupled in the overall system with the other valves
and cryopump components so that the product gas is delivered at a selected

pressure and volumetric flow rate.
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di spensi ng vessel 204 which is joined at its upper portion to a val ve head

206 conprising part of a dispensing assenbly including nmanual
actuat or 208 for t he val ve head on the cylinder. The val ve head
is joined by neans of coupling 210 to a dispensin% conduit 212
havi ng di spos™@274418i n a pressure transducer 30 214 FCHIBY7R03 - -

purge unit 216 for purging the dispensing assenbly with inert
48 WD 97/ 44118

PCT/ 1 B97/ 00943 gas, a mass flow controller 220 for
mai nt ai ni ng constant flow rate through the di spensi ng conduit 212
during the dispensing operation, and a filter 222 for r enovi ng

particul ates fromthe di spensed gas prior to its discharge fromthe
di spensi ng assentffojrespopdingly, the varioys,evalies,,818s fipva coBirpiies CTYQPHEIP,

conprises a couplyfg ead and Riguldidt G B operatively inter@nAREdTE dnp Suithii®ENSi ng
assenbly with downstream pi ping, valving, or other structure

associ ated with trwanémegs with aycle tigier;tand preosesy saéely fsysienss, to gagry out the Fj gure 8
s a process system 0_Lnpgl udi no. ' '
arrangenent for d%ﬂa{}‘g'g?“%?a‘ag‘g,&?‘r‘ﬁ’&?%g‘?‘ an{:bg&%a %Llﬁ,%ggigédgﬂ S%flmr?gﬁ le of the

i nvention,sfor i andrepeddacibleimameruse of the di spensed gas. As
shown, the apparatus includes a storage and di spensing vessel 302 having 15
joined to its upper end a val ve head 304 coupled with a manual val ve

actuator Accoriit®y, thléperatiof of ahe/ syshend dehiematicully| showh dn FigdeiR101 | t er
gasket 308, which, in L. tuci r& IS ,COE'BI ed. wwfth flow, conduit 312. Fl ow
conduit 312 conmfigsisabiis tned,to avoid disruptiop g o5 fegce Withs frealo  as

vel | as the checkyyalyfowkl Bigal fitint he GfSs ot 8éhtroller and pressurk HaBbducdie
nitrogen purge inlet is enployed for introduction of nitrogen or 20

other pur@@ gas figithe Feyapump &nd fmediien prespes danks caw be peadyinf apgptomatedges, f or
subsequent di spengbQgs SistefSTHe cPYBpUMD T bSHRled 10 move gases from the storage

and delivery system to the medium pressure cylinder 420 to maintain a
constant pressure at the outlet of the regulator.

15 Figure 11 is a schematic representation of a delivery measurement apparatus
500 for evaluating the performance of a storage and dispensing system 502
according to the invention. The storage and dispensing system 502 comprises
a storage and dispensing vessel 504 containing a sorbent material (not shown)
and a fluid dispensing assembly comprising discharge flow line 512 having

20 cylinder valve 506, gas cylinder isolation valve 508, and (0-1000 Torr)

pressure transducer 510 disposed therein and arranged as shown.

Line 512 is comnected by suitable connector means to connection line 522
having T-connector 516 therein joining inert gas purge line 518 containing inert

25 gas purge isolation valve 520 connected to inert purge gas source 514, Line
512 also contains mass flow controller 524 therein for maintaining constant
pressure and flow rate in the connection line 522. A gas on/off valve 526 in
line 512 serves to selectively flow gas through line 522 to line 530 joined by
connector means to line 522.
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Fl ow conduit 312 has further disposed therein a flow control valve 307, a
span gauge 320, a flow controller 322 and flow control valve
309. The flow conduit 25 312 also is coupled in flow circuit-formng
rel ati onship to the bypass conduit 325 havi ng by-pass val ve 324
t herein. Thewdgemsanenduit 312 is joined at its r pgiBoveodadd end as
shown, to gas box manifold conduit 326. Conduit 326 has val ve
311 positioned therein, and has a coupling 330 opposite the end

comuni cating with the gas box manifold, for coupling of the storage and 30
di spensing systemwith the ion inplantation chanber.

49 WO 97/ 44118

PCT/ 1 B97/ 00943 In operation, gas fromthe sorbent bed
(not shown) in dfimer S3Peisacodnatied pt rome vgd to a vacuum systens $38 aB@ 2o iasliquidwed i n
flow conduit 312, and ox .mani f o onduit 326 to . he ion

i npl ant ati on chdMHPEF? %@‘g%?{?’r‘bﬁs?%g’?g 3d se?ppzfg%:c?ﬁil'r drtegnedidre dhey 5
controller 322. rddpectiveenids,are disposes dnloey 538had 58Yaditlusiardat i vel y coupled in
relationship to flow controller 322, as well as other elenents, e.g.,

val ves, in the flowcircuit, to carry out the dispensing of the

gas for ign i npl@RigafivePymeastirement apparatus sho®H ik RiguR ¥TEPERAIs the Ad of
Figure 9 Is a perspective cross-sectional view of the storage and

di spensi ng sorbate flujdbgutcof thrpstorgge mddisnensing vessaliSAd) at meontrelled rate

structure of su S Onpri ses a
wal | 346 encl osictﬁdﬂ %ﬁi&fnt%xgmfa%s‘rﬂo\%?ol?ggllﬁ v ?ﬁé"’aeso%bgga}éf§§ﬁééx s%jtgéassgf’ and
cont ai ni ng a parthéncedligeted indiquishnitregenshilled reggivertviasseled 34, aftgr fisv though t he

upper end of t Nque8FLy) Gha SAtFtoRBER viSelWY Efbrbifd Blok ek @fihgl S | 01 ned,

10 of the appropriate valves in the various lines of the overall system.

At liquid nitrogen temperatures, the vapor pressure of the sorbate gas is
essentially zero Torr, which permits desorption of the sorbate fluid from the
carbon sorbent medium even at low storage and dispensing vessel pressures.

15 The experiment is typically run until the test vessel 504 is at a pressure on the
order of ~50 Torr. At such point, there is typically insufficient pressure
differential to sustain a suitable flow rate (~5 sccm) through the mass flow
controller.

20 The quantities of the sorbate fluid flowed from vessel 504 to the chilled
receiver 534 then is determined by independently totalizing the mass flow
(using mass flow controller 524) and by weighing the storage and dispensing
vessel 504 before and after desorption has been carried out.

25 In a illustrative experiment using the delivery measurement system of Figure
11, arsine gas is dispensed from a storage and dispensing vessel containing as
the sorbent a carbon material having the characteristics of Table I herein. The

results of this experiment are shown in Table 2 below.
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the port may feature porous centered tube 360, or other foram nous or

ot herwi se gas-perneabl e structure serving to preven entrainnent in the

di spensed gas of particulate solids fromthe bed of the sorbent material.
20 Figure 10 is a schematic perspective view of a cryopunpin
storage and WO9744118 de|jvery system apparatus according t)é’cg"%f“??%%r'
enbodi nent of the invention. Al t hough the fluid storage and
di spensi ng system of the present invention has been descri bed
her ei nabove with reference to | ow pressure di spensing 25

applications such as ion inplantation, where the | ocus of use of the

desor bed sorbate gas is at vacuumor very |low pressure |evels,
it will be appreciated that the utility of the invention is not
thus limted, but also enconpasses Table2 5ppjiications in which the
storage and di spensing vessel nust furnish sorbate gas to a
downstream use point at higher than atnospheric pressure. 30

50 WO O7Mekddptidn Capacities of Arsine from Bead Activated Carbon

PCT/ 1 B97/ 00943 For applications in which it is desired to

provi de gases for_use at a higher- t han- di ?charge ressure from
t he sorbent - cont dPesomiion Capagitydyy Mass BHewr age dA¢igrams of Arsinepegbitenal,

system various %ﬁ‘?‘@“&q"‘m dle0 circuits, prgR&BEatZi Ng equi pment, or
ot her nmeans or ods may advant ageously be enployed. 5 For

exanpl e, venturi punps may be provided to raise the pressure of the

l'ied : A . ' head
Cof the. 0% 1 “oagEh ThpRTy i AehDifechal He pt o il e L g

di spensed). Al t hoDetermination such venturi p\dspibagt arr angenents yield the
di spensed gas at the selected 10 hi gher pressure |evel, such
arrangenents nonet hel ess entail dilution of the gas bei ng

di spensed with a Pat-Desdrpias Adsorpiien Ciyacityr ri €67 gemmsiof Azsine gar Riter ofi t h t he
di spensed gas fromthe cylinder. Adsorbent

5 The foregoing adsorption/desorption capacity data reflect an approximately
two-fold improvement over a corresponding storage and delivery system
utilizing a typical molecular sieve sorbent material such as 5A molecular sieve,
and further evidence the substantial and unexpected character of the present

invention relative to the prior art.

10
Figure 12 is a graph of performance of a storage and delivery, system
comprising SA molecular sieve as the sorbent material (curve M, data point
symbol A) and a storage and dispensing system comprising bead activated
carbon as the sorbent material (curve N, data point symbol ~), showing
15 pressure in the storage and dispensing vessel, in Torr, as a function of hours in

operation at a flow rate of 1 standard cubic centimeter arsine per minute.
These curves show that at a constant flow rate of 1 sccm dispensing of arsine,
a storage and dispensing system comprising bead activated carbon (curve N)

provides an improvement in dispensing service life approaching 2000 hours
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Such carrier gas dilution effects may be satisfactory in some applications,
15 however in sonme uses, these dilution effects nay represent a

signi ficant constraint on the overall process system e.g., in

I nstances where neat gas of high purity is desired to be

suppl i ed froWwe9m44g80r age and del i very system Mrchandmosq3 PUNPS
may be used in place of venturi punping neans, but nmechani ca
punps entail the disadvantage of a significant nunber of noving 20

parts, which can cause problens associated with the formati on of

particul ates in the punp and/or entrainnment of lubricants in the
gas stream Again, these may be tol erable concomtant effects in
sonme applications, but in other uses, : t he supplied gas nust be

mai nt ai ned at hamghthptuthiet storaged add disperising asystemubfic@ve vV has a dispensingOt her

extraneous nateri n i nstances where the gas supplied by
the storage ands“&%‘f"i\féﬁ‘el”g%“@rh°%§? be furnished at high
pressure in a high purity, neat condition, the provision of a

cryopunpi ng assgnbl int st orage and del i ver stem may be
adz aﬁt ggeog S, 'gh stora age an defivery system apparatus am?/ me¥hod of the invention g5

WD 97/ 44§18 rovide a significantly safer alternative to the current use of high pr
PCT/ 1 B97/ 00943 P e Y Figure 10 is a schenatfcg%gregi)ué%gasve vi ew of

such a cryopunp®igders Jerathe storege and dispensing) of isotbable Q}Eﬂﬁerﬂ'@pmmons 400,
according to a f fd@fd@ﬁe% Qttraﬁépo}trhgtor and 4(B:Hver sb{&‘ﬁ@ i fro

In the cryopunpling syst mal n-cy contal ns a sw'?é‘bl e carbon
sorbent materi a¢ylmgtor9ﬂm\msselhawmgs1$oaded t hereon a suitable sorbate gas
species to be subsequently dispensed. Cylinder 402 is equi pped with a valve

10 With only low level heating of the sorbent material in the practice of the
present invention, by so-called thermally assisted delivery, it is possible to
augment the delivery rate of the desorbing gas, so that flow rates of up to 500
sccm and higher are readily achievable. Nonetheless, high rates of gas delivery
are achieved in the broad practice of the present invention with adiabatic
15 operation (no supplemental input of heat or thermal energy to the sorbate-
laden sorbent medium), solely by the pressure differential existing between the
sorbent vessel and the reduced pressure of the external dispensing locus, e.g.,
in a semiconductor or other industrial or manufacturing process facility, such
as an ion implantation chamber, molecular beam epitaxy unit, or chemical

20 ~ vapor deposition reactor.

The apparatus of the present invention may be readily provided in a unitary
apparatus form, as for example by disposing one or more storage and
dispensing systems of the invention in a gas cabinet. In such gas cabinet
25 arrangement involving a multiplicity of sorbent vessels, each of the vessels
may be manifolded together for selective delivery of sorbate gas from one or
more of such vessels. The cabinet may further include therein independent
thermocouples, or other temperature sensing/ monitoring equipment and
components, for preventing overheating of the vessels and/or other internal

30 components of the gas cabinet, in use thereof.
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head assenbly 404 including main cylinder valve 406, which is in the "off
position at the start of the dispensing process. 10 The val ve
head 404 is coupled to conduit 408 containing isolation valve 410,

mass flow controller 412, isolation valve 414, and cryopunp 416. Conduit
408 is in turrWeSUMIB to conduit 409 containing isolation vAGEBYMM3 N
422 and product dispensing regul ator assenbly 430 havi ng

di scharge port 434 15 coupl eabl e to a downstream process system
Joined to the conduit 409 is a medi um pressure storage vesse
420. The cryopunp 416 coupled to conduit 408 is provided with
a liquid nitrogen (or other suitable cryogenic liquid or fluid)
inlet 428 and a liquid nitrogen 20 outlet 426, with a liquid cryogen
fl ow path being provided internediate the inlet 428 and the

outlet 426 whi chgyd dak W&h&qﬂaybmhmnmcnaa@mtb& meaﬁr element
-shown. The liquid cryogen inlet and outlet of the cryog may be suitably

joined to a sour o seléctive gugmentivehegiing ofske YWWW&T@H@ eneynd g sprinkleri r
separation ot he§ys&en3lag%§:¥1%gﬁéa't SdhsSt: ﬁ?cx?({ % g&ﬂl‘ltﬁ ichrﬁl&;tmﬁg W Gff©f 11 quid

ni trogen or 0 ourrp orms a cryotrap
appar atus5 The dowh ¢hie afpatats when toxic gas 1s:sqpsqd,|mcntbhs orsb\pikmmrpimn vm th an

!SO| ation val ve % fﬁém}edg%rﬁep SS angl epcﬂajxére oﬁé&%e%n&yWi&dsq{chizo s

i sol atabl e by ne

52 sfdﬁgs andidelil ey system apparatus, delivery rates of gas of 500 sccm at 15

PCT/ 1 B97/ 00943 pressure transducer 411 is provided in
conduit 408 and P%‘ge{%fﬂdélﬁa‘tﬂnable pressure nonitoring rel ationship
to cylinder 402 for nonitoring of pressure in the cylinder and

respon5|vely adjusting the isolation valve 418.
10 In the preferred practice of the invention, the solid-phase carbon physical

sorbent medium is devoid of trace components selected from the group
consisting of water, metals, and oxidic transition metal species in a
concentration which is insufficient to decompose the sorbate fluid in the
storage and dispensing vessel. In this respect, it is to be noted that the
15 significant presence in the sorbent material of any water, metals, or transition
metal oxides tends to promote undesirably high levels of decomposition of the

sorbate gas.

The solid-phase carbon physical sorbent medium in the preferred practice of
20 the invention therefore contains less than 350 parts-per-million by weight of
trace components selected from the group consisting of water and oxidic
transition metal species, based on the weight of the physical sorbent medium,
more preferably less than 100 parts-per-million by weight, still more
preferably less than 10 parts-per-million, and most preferably no more than 1
25 part-per-million by weight of trace components selected from the group
consisting of water and oxidic transition metal species, based on the weight of

the carbon physical sorbent medium.

Correspondingly, the solid-phase carbon physical sorbent medium

30 concentration of trace components selected from the group consisting of water
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5 The operation of the storage and delivery system shown

schematically in Figure 10 is illustrated below with reference
to silane as the gas sorbed on the carbon sorbent in cylinder
402 and to be delivered at suitable el evated pressure, and

nitrogen as WMW@9¥d1i8gen to be enpl oyed as the working fl ui dericeare7/0094s. .

the cryopunp 416. Silane has a boiling point of -1 1 1.5 degrees Centi grade
and 10 a nelting point of 185 degrees Centigrade, and nitrogen has a
boiling point of - 195. 8 degrees Centigrade. Si | ane
has been selected for illustration purposes since it is relatively
difficult to deliver at suitably elevated pressure (in relation
to other hydridic gases such 15 as arsine which have higher boiling
and freezi ng pandiogidicarasitibmmetabspedies (epr, ©xides, sulfites and sigaies)y basey @punped with

| i | i, i i d . I.f .at i h t set
Vo ves 4a80M, S 00 Sl gt ShE Dl Soffeht, mdfumy praterably, if iSutmicient 36 5t i
cl osed and undefecyRpesd Thoré fin D8 b} Wfaﬂﬁé%o}bﬁtes#f\ﬁérypggﬂia? Rogp is 20

| owered to liquid nitrogen tenperatures, silane condense and freeze in
t he andyiprionpressyre gonditions| ati vel y | ow i nternal pressures exist in
the suppky cyl i nder 402. The mass flow controller

412 allows for accurate determ nation of the quantity 25 of gas being

transferred to TheefeatuyespmdadvdhtagesSof thecinesntiah aredmbrer fiily ahdwn bly Sthe

i nportant beca averpressurization of the cryopunp is desirably avoided.
Under such ope?@ﬁ?mgg%ﬁﬁpﬁﬁ"ﬁﬁ’?f“pﬁ ane Wi |l be above its critical

t enperature so that the ultimate pressure in the cryopunp can

porentially vecorevers o ki
PCT/ | BOT600943. .
74.7 grams(130 ml) of Kureha carbon was loaded into a clean 150 ml Hook
stainless steel sample cylinder. The cylinder was fitted with a Nupro DS
series diaphragm valve. The valve inlet port was modified so that a 30 micron
Mott Metallurgical sintered metal polymer filter could be installed. The
16 polymer filter served to contain the carbon particles inside the sample

cylinder.

The cylinder was then evacuated (degassed) for 48 hours at a temperature of
300°C. The vacuum pump (Alcatel Molecular Drag Pump) used for degassing

20 had an ultimate pressure of 1 x10°6 Torr. After the degassing period, the
cylinder was allowed to cool, at room temperature, for ~6 hours.

The general properties of the Kureha carbon used are shown in Table 1

hereinabove.
25
The results of the degas procedure are shown in the Table 3 below:
Table 3
Carbon Sorbent Degassing Characteristics
30
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After the correct anount of gas has been transferred to the cryopunp 416,

t he val ves 410 and 414 are closed. The condensed silane then is
war med to near anbi ent tenperatures. The heating is carried out
by the heating nmeans 424, whi ch in the enbodi mrent shown c¢ rise
band heaters YWMBd be any 5 sui tabl e heati ng rreaﬁ§TQﬁ?ﬂ°8%rate
for such service. The silane gas does not t hereby have to be
heated to high tenperatures, and the stability and purity of t he

product gas to be dispensed is thereby enhanced, since heating may result
in the occurrence of degradation of the silane gas with consequent adverse

effect on its purity and further stability. 10 The pressure of
the sil ane gas fter the wvarm un in the cryvonunn ey becono—

significantly e|@ylindexTareWeightfectively the |[Jd25¢68HBby has becone
conpressed, in Y ] B Sy 01 MY re1T0 a neciantcar
punp with many %@li&r?gr%vgirgw&C e_use of V\Mﬁ%mﬁf@g@ﬁerw se result in 15
cont am nat i on of CylimdepWeight+ Cashon after Degas 1268 hGrams/ent or y of gases in
t he overall sys-enhn%ﬁzﬁerﬂgg;géafaﬁﬁf +-R-S—RetAt ettt
the silane resi {iMa#FQ by, Degas| c?qu@@’rs 402, at Iow

pressure. 20 W ng val ve 418_V\A 14 FG&hs 1 OW gas to 110w rngo
t he medi um presg Carbon cight' Wet cvlinder 420:1 jf valve 422 is open. then
product sil ane ;ﬁsrbomWeiglmErjto the T2dfiragsr eam process thr ough

di scharge port aS—oattot-et—by—the —Ferort+Rg—eaRs—(e—g-
fl ow pressure) t@@@@FXP@%‘AY#h t he regulator]égggnbly 25 430. Thé
regul ator assenbl'’y 430 has associ ated pressure transducer 432

whi ch may be operatively coupled in the overall systemw th the other

val ves and cryopunp conponents so that the product gas is
delivered at a selected pregsvpEEd volunetric flow rate.
54 -

5 After the degas procedure of Example I, the evacuated carbon sample cylinder

was connected to an arsine filling portion of an arsine fill manifold. In order to

maintain an approximate isothermal condition, the cylinder was immersed into

a dewar flask containing an ethylene glycol mixture held constant at 25°C.

The fluid was circulated through the dewar flask using a Neslab RTE-100
10 recirculating constant temperature bath.

The entire manifold was then evacuated to less than 10~3 Torr to remove non-
condensable gases. After evacuation, the carbon sample was filled at with
arsine at a rate of 25 sccm until the a pressure of 760 Torr was attained. The
15 pressure was monitored using a MKS 0-1000 Torr Baratron l;ressure
transducer. During the filling process, the dewar flask temperature, the carbon
cylinder pressure, and the ambient hood temperature (of the hood environment
in which the fill took place) were monitored and logged using a Fluke electronic
data logger.
20
A fill rate of 25 scem was chosen in order to speed up the time it took to
measure the adsorption capacity. However it was not possible to attain a true
isotherm due to heat of adsorption effects. Even though the cylinder was
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PCT/ 1 B97/ 00943 Correspondi ngly, the various valves, nass
flow controller, cryopunp, transducers and regul ator may be
operatively interconnected in any suitable manner, e.g., wWth

cycle tinmer, WaHM8l8cess safety systens, to carry out the PCI/IB97/00943..
demand- based delivery of silane or other sorbate gases, in a readily
controllable 5 and reproduci bl e manner. Accordi ngly,
t he operation of the system schematically shown in Figure 10

desirably is tinmed to avoid disruption to or interference with downstream
process flows. Signals fromthe mass flow controller and pressure

transducers 10 in the cryopunp and, nmedi um pressure tanks can be used
in an aut onmt edmmersed in a constan seaperatyre dlid, thenrate: pf heat, exchange BeBvedpc| ed to

move gases 11 OMyk i1 Gdsorbent was not AMHciERly MBI WhICH RULLA AR medi um

pressure cylin to marntain nstant pressure at the
outlet of the rastifitisliyohigh pregsure during the fill process. | Bhis issshewnaini Eigueedesent at i on

of a delivery ng S#’ %\fna grllnés aaf]\'g)g- lyfiiilRum condition sglrars]eg%gt tfoq{llir?g\./al uating the

per formance of HHg I'Spensi ng syst according to

the invegtion. The storage and di spensing system 502 conpri ses a
storage and di spensi ng vessel 504 .caontai ning.a sarben terial .(not shown)
and a fluid dis ﬁB‘f‘ﬁ%""a&?@#‘rﬁ‘lﬁ?a ﬁgﬁ’-‘*&‘ﬁﬁ °§‘?‘§’§r‘?§?‘&ea‘%ts?‘g’§f’ﬁ‘irbﬁ‘ga§%z havi ng
20 cyl i ndefmimationcofSisine @ow. CYhd hedeevilved il iherbedaduing 68 fillaipd (0- 1000
Torr) pressure trans uceréglo di spgsed therein and arranged as
shown. process |Wagedus to the; heal of adsarpiqny Jypicalty, & &YRHRBGM Weans to

connection |inepkpsded b¥ allowing t_hbaws&?ﬁa_n GREGSS 18 restchOeduil DEifin béfoleni Ng 1 nert
gas purge line 518 containi ng inert 25 gas purge isolation valve 520
connect 8@ t o i nettaining s gresyyse dajp peink  Eigure Sishaws the derivative off thequevs cont ai ns

mass flow cont rﬂbmfag.ﬁ%& %vgﬁﬁe}aeldé e ﬁ}@ésn{eadeeamiéon% A ¢

pressure and flow e connection line 522. A gas on eo?l%w(/sal ve 526
in | that pBdssure eflyctuations subsidg itey cd \stableolevgla gs tthe odeghy | iatee 522 t o

|5i5ne 530 | oi ned, Oy aches zero in abofiP? B6GS.C'CriRANS irhfbriaht) the’ prossut is not

increasing, evidencing that the arsine is not decomposing.
16

An approximate isotherm was constructed and is shown in Figure 4 hereof.

The adsorption capacity was quantified by integrating the mass flow rate of
arsine for the duration of the experiment. The endpoint of the adsorption
20 measurement is taken as 760 Torr or a pressure of 1 atmosphere. The
adsorption capacity was also verified by mass, by taking the difference
between the tare weight of the unfilled cylinder and the full cylinder at an
arsine loading of 760 Torr.. The results for the adsorption capacity
measurements are shown in Table 4.
25
Table 4
Adsorption Capacity Results

Tare Weight of Empty Adsorption|1268.1 Grams
Cylinder
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Li ne 530 is connected at one end to a
vacuum system 538 and to a liquid

ni t rogen chiIIed receiver

vessel 534 at its opposite end. Internediate the C_l]oectlve
ends, are di spge&y ves 536 and 532 as illustrated. 5 /IBY}9943 . .

del i very neasurenent apparatus shown in Figure 11 permts the flow of
sorbate fluid out of the storage and di spensi ng vessel 504 at a controlled
rate by neans of the nass flow controller 524. The desorbed and

di spensed gas is then collected in liquid nitrogen chilled

recei ver vessel 534, after flow though lines 512, 522, and 530
to such vessel, - b - ' 10 of—t-he
appropri at e val [Seight' oh&Cxfindero afien Filing owith | 303 3bams system

At liquid nitrog t he vapor pfessure of the sorbate gas is

%lh@f&’ﬁoafd:‘{ es,

essentially zerq_Torr. which permis desorption of the sorbate fluid fro

t he dGramosn Arsiveec didsorbell URer ebiter af ] 3@ivd Gtagrsage and di spensi ng
vessel pressures The experinment s typically run until the tept
vessel 504 is at Cg‘rlbonggsure‘ hon t he order of ~50 Torr. At such
poi nt, there is |iGtams aAdsinel Pa&uLiterc ByniTopliging Y2%0.63 Grams ditferential t P

sustain a suital ph the mass fl ow

e flowrate (~5 sccm) throu
ﬁass ?OW ne sorbate fluid fl owed from

controller. 2( The quantities of t
vessel 504 to t cni11ed recel Ver o534 thenm s oetermmned oy
I ndependently totalizing the mass fl ow (using mass fl ow

control | er 524) diha nsipr aeti ysine gorage and debivpay syistenti phnolngpighased on the

vessel 504 beforg %@f&s&uﬂ%ﬁ%m RB1cBAS. RIS Jorb ! bk Dol emonsl?;led
In a illustrative experinent using t ivery rreasurerren of
Fi gure to have aahyshrogen grasluctiongiatepafiabeut § (Tom persdayr a@lea:rdsedt spensi ng

LeseeL O L iy o, syl ® iR, i e
experinment are sleompositionhipland Ambtidbmaily from the zeolite molecular sieve materials,

and which have been shown to possess a high degree of stability and freedom

from decomposition effects of the sorbate species.

10 Accordingly, consistent with the improved working capacity, desorption, and
other functional characteristics of the carbon sorbent in the storage and
dispensing system of the invention, it is evident that the system of the
invention achieves a marked advance in the art over zeolite-based storage and
dispensing systems, as well as the prior art practice of dispensing gas

156 materials from high pressure cylinders.

The storage and dispensing system of the present invention may be
operatively connected with any suitable downstream process, for utilization
of the dispensed gas. For example, the storage and dispensing system may be
20 joined in flow supply relationship to an ion implantation chamber, a silicon
semiconductor processing plant, a compound semiconductor processing plant,
a flat panel display manufacturing facility, organic synthesis equipment, a
pharmaceutical manufacturing facility, a dispensing mask for anaesthesia gas,

and air treatment or water pollution abatement facility, a stove or burner in the
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PCT/ 1 B97/ 00943 Table 2
Desorption Capacities of Arsine from Bead Activated Carbon

Desor pti on CXeV44118by Mass Fl ow 132 grans of Arsine perciriseroosb. .
Control | er Measurenent Adsor bent Desorption
Capacity by Weight Difference 166 granms of Arsine per Liter of

Det er mi nati on Adsor bent

Post - Desor ption Adsorption Capacity 167 grans of Arsine per Liter of
Adsor bent 5 The foregoi ng adsorption/ desorption capacity data
reflect an approxi mately two-fold i nprovenent over a

correspondi ng stase afjeocking ghsts, veayy othet elmable downstreamjmehnszbﬂgrmessypi cal

nol ecul ar si eve b teri suc nDI cul ar and
further evi denc%%@h'é%n{]gg'éﬁ?t?% nﬁﬁ &Oghﬁ?h%f?'égﬁ ap §fSP?'ﬁH'gpr esent
i nvention rel at sysent of thbinvesitionr art. 10

5 The storage and dispensing system of the invention may be practiced with a
wide variety of sorbent materials, of widely varying pore size, porosity,

morphology, and chemical composition.

The storage and dispensing system of the invention may be utilized for
10 delivery of liquids as well as gases, vapors, multicomponent and multiphase
fluid streams, etc. The storage and dispensing system may also be employed
for dispensing of sublimable solids, and the storage and dispensing system
may be coupled with reaction vessels serving to react the dispensed fluid to an
intermediate or final product for ultimate usage. For example, the storage and
15 dispensing system may dispense boran trifluoride gas to a downstream
hydrogenation chamber, in which the boran trifluoride is contacted under
appropriate reaction conditions with a hydrogenating agent such as magnesium

hydride, to yield diborane, for subsequent use, e.g., ion implantation, doping,

or other usage.

20
lon implantation is a particularly preferred application for the storage and
dispensing system of the invention, and in the dispensing of diborane,
germane, silicon tetrafluoride, and antimony-containing gases.

25 For thermally assisted desorption of the sorbable fluid from the sorbent bed in

the storage and dispensing vessel, any suitable energy source may be
employed to effect such heating, including RF, IR, and UV radiation,
ultrasonic and microwave radiation, as well as heating by other direct and

indirect means and methods, such as electrical resistance heating, deployment



Figure 12 is a graph of performance of a storage and delivery, system
conprising 5A nol ecul ar sieve as the sorbent material (curve M data point
synbol [err]) and a storage and di spensing system conprising bead activated
carbon as the sorbent material (curve N, data point symbol ), show ng 15
pressure in t O8I ¥ge and di spensing vessel, in Torr, as a RGIABYH8M3of
hours in operation at a flowrate of 1 standard cubi c centineter
arsi ne per mnute. These curves show that at a constant fl ow
rate of 1 scam di spensing of arsine, a storage and di spensing
system conpri sing bead activated carbon (curve N) provi des an

i nprovenent in dispensing service |ife approaching 2000 hours

57 WD 97/ 44118 )

PCT/ 1 B97/ 00943 of extended heat transfer syrface ordeat exhangegrasggesdfidheisapam dehg syst em
of curve M has agdi spensing service |ife approaching 1000 hours.
The storage and Jellvery system apparatus and nethod of the invention 5
provide a significantly safer alternative to the current use of high

pressure gas rs,f h I ?‘ﬂg IeS | f

sor babl e gases. Hﬁe pln"rtfem V‘L"Wﬁ Bas %h& i %%e\?in%gng e ggp%ﬁlli I ?‘%“?o
transport 5 st or ematetiald ehd dmcesmdmtﬂtkerfghsacuﬁsmﬁmgpmaess operations, whary iti nder or
ot her vessel at zer

Si ... 10 " Ieve ati 9 of the
sorbent materialP W"H%F%b B?ba\% qn dgmgpd 91‘?8"’”;3"5 8- %‘ k‘f’ﬁ@ A¥fon,
so-cal | ed ther rragdsyol@s&gﬁabﬁad:amelmmpyv doinpbBnds O8], hhauduﬁg for example, augmi‘nt

the delivery rate of the desorbing so t hat f|OV\i)I’ateS of ug to 500
sccm and hi gher $ilages, dikerans, geomansy °€n°’I\HH@P’H%IE§‘§ phife.q arsing; sUbige. gas
del i very dydro esumdal ﬁy&dgémséléiﬂﬂebwé’x‘ég&{ 2MeE Wirod REMIYHAEENt

invention with adiabatjc peration (no suppl emental input of

heat or tWermal borep 5’91“98‘1% Hogsten W@“““‘le’ chlorine, hydroggp ghletide, Bydroga@di um)
solely by the prggahdenflirbden idiiidd, &id Bdkpkh NGoriae! Ween t he

By providing an economical and reliable source of such gases, in which the gas
is safely held at relatively low pressure in the adsorbed state on a carbon
15 sorbent medium, and subsequently is easily dispensed to the point of use of
the gas, the present invention avoids the hazards and gas handling problems

associated with the use of conventional high pressure gas cylinders.
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sorbent vessel and the reduced pressure of the external dispensing |ocus,

eg., in a sem conductor or other industrial or manufacturing
process facility, such as an ion inplantation chanber, nol ecul ar
beam epitaxy unit, or chem cal 20 vapor deposition reactor.

The appar at uWO97/4H8 present invention nay be readily provi edegnberosmssnitary
apparatus form as for exanple by di sposing one or nore storage and

di spensi ng systens of the invention in a gas cabinet. In such gas cabi net
25 arrangenment involving a multiplicity of sorbent vessels, each of
t he vessels may be mani fol ded together for selective delivery of
sorbate gas from one or nore of such vessels. The cabi net may
further include therein independent t her nocoupl es, or ot her
tenperature sensing/ nonitoring equi pnent and conponents, for
preventing overheating of the vessels and/or other internal 30

conponents of the gas cabinet, in use thereof.

58 WO 97/ 44118 THE CLAIMS

PCT/ 1 B97/ 00943. . Such gas source cabinet nmay additionally
include a fusible |ink heater el enent for selective augnentive
heati ng of the Whatislcdaimed isor bent therein; a sprinkler system

an exhaugt heat sensor; a toxic gas nonitor which functions to shut 5
down t he¥apparatus when toxic gas is sensed; a scrubber or bulk sorption

devi ce; and r edundant. A siscrptich-desorptionmsparitus; for GRRige @hd GRPSing\0Ftlah such a
storage and del i vel;ogr@{itgig\ apparatus,, delivery rates of gas of 500 sccm at
15 pliorhp & i@%ﬁ?ﬁ%ﬂ%ﬁn& 10 In the preferred
practice of the invention, the solid-phase carbon physi cal

sorbent nediumis devoid of trace conponents selected fromthe group
consi sting of water,asrags and dispgnsing veseel constructed and sreanged fophelding aj n a

10 solid-phase carbon physical sorbent medium, and for selectively flowing fluid

into and out of said vessel;

a solid-phase carbon physical sorbent medium disposed in said storage
and dispensing vessel at an interior gas pressure;
15
a sorbable fluid physically adsorbed on said solid-phase carbon
physical sorbent medium; and

a dispensing assembly coupled in gas flow communication with the

20 storage and dispensing vessel, and constructed and arranged:

(I) to provide, exteriorly of said storage and dispensing vessel, a pressure

below said interior pressure, to effect desorption of sorbable fluid from the

solid-phase carbon physical sorbent medium, and fluid flow of desorbed fluid
25 through the dispensing assembly; and/or

(II) to flow thermally desorbed fluid therethrough, and comprising means for
heating the carbon sorbent material to effect desorption of the fluid therefrom,
so that the desorbed fluid flows from the vessel into the dispensing assembly.

oy



concentration which is insufficient to deconpose the sorbate fluid in the

storage and dispensing vessel. In this respect, it is to be noted that the
15 significant presence in the sorbent naterial of any water, netals,
or transition nmetal oxides tends to pronote undesirably hi gh

|l evel s of decO¥¥¥48n of the sorbate gas. PCTABI7/00 ﬂe'
sol i d- phase carbon physical sorbent nmediumin the preferred practice of 20
the invention therefore contains |less than 350 parts-per-mllion by weight
of trace conponents selected fromthe group consisting of water
and oxidic transition nmetal species, based on the weight of the
physi cal sorbent nedi um nore preferably |less than 100
parts-per-mllion by weight, still nore preferably | ess than 10

parts-per-mllion, and nost preferably no nore than 1 25

part-per-mllion by weigiardhs debcgiflg EOSHBIE Wherefifthe 6drbsh $drbetit infierial oup
consisting of water and oxidic transition netal species, based on the

wei ght of has an adserptigm lixothen fon Hne &3 Bt Criddh fyption of pressure,
Correspondi ngly, yhiiRe &QhdsHipRBRRGER dafcRAMR o Blrve ATdTEHurd ERlri 30

concentration of tracCe conponents selected fromthe group consisting of
wat er 5 59

WD 97/ 44118 . . . ,
PCT/ | B97/ 00943 3. Apparatus according {0 claim 1, wherein the carbon sorpent material o

oxi des, sul fites hasah arsine gasedjorptiomsisatheym at 25°C, as a functibe ofipregsure, ofith he

physi cal sorbent {,u preferably is,insuff.icient to
deconpose nore tﬁgeﬁéj’g%amfpgﬁPP%&“?ﬁl@“?M fe gas after 1 year at

25[err]C and interior pressure conditions. 5 The
features ?8 d advq{;‘tesggl%’s Tc?r; i(? inwti) arnsir?erp%r 1te{' gf Jor"gean) o?gto l\é\gst:by the
25 35
50 75
100 100
200 160
15 300 200
400 225
500 240
550 250
650 ~300.
20

4. Apparatus according to claim 1, wherein the carbon sorbent material
has an arsine gas adsorption isotherm at 25°C, as a function of pressure, with
the following adsorption loading characteristic:

25 Pressure, Torr Loading (grams of arsine per liter of sorbent):

25 35-60
50 75-100
100 100-115
200 160-175
30 300 200-220
67
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follow ng non-limting exanples.

EXAMPLE | 10 74.7 granms(130 m ) of Kureha carbon was | oaded into
a clean 150 nm Hook stainl ess steel sanple cylinder. The
cylinder was fitted with a Nupro DS series di aphragm val ve. The
val ve inlet W2744H8 nodi fied so that a 30 m cron PCTMI/00943 . .

Metal lurgical sintered netal polyner filter could be installed. The 15
polymer filter served to contain the carbon particles inside the sanple

cylinder. "The cylinder was then evacuated (degassed) for 48
hours at a tenperature of 300[err] C. The vacuum punp (Al catel
Mol ecul ar Drag Punp) used for degassing 20 had an ultimate

pressure of 1 x10[err] Torr. After the degassing period, the

cylinder was al40fwed to cool, at room tenpe2d’-@d4¥, for ~6 hours.

The gener al pr@yties of the Kureha carbon g&gg are shown in Table 1
her ei nabove. 2 The results of tf% L %as procedure are shown in

t he Tabl e 3 bel350. 250-275 Table 3
Car bon Sor bent gassing Characteristics 30
60 8‘8\/\0 97/ 44118 260-300.

PCT/ | B97600943

5. Apparatus according to claim 1, wherein the carbon sorbent material
has a pore volume in the range of from about 0.2 to about 2.0 cubic

centimeters of pore volume per gram of sorbent material.

10 6. Apparatus according to claim 1, wherein the carbon sorbent material
has a major fraction, i.e. more than 50% of its pore volume comprised of pores

having a diameter in the range of from about 2 Angstroms to 100 Angstroms.

7. Apparatus according to claim 6, wherein the carbon sorbent material
15 has more than 80% of its pore volume comprised of pores having a diameter in
the range of from about 2 Angstroms to 100 Angstroms.

8. Apparatus according to claim 6, wherein the carbon sorbent material
has substantially all of its pore volume comprised of pores having a diameter
20 in the range of from about 2 Angstroms to 100 Angstroms.

9. Apparatus according to claim 1, wherein the carbon sorbent material
has an average pore diameter in the range of from about 2 to about 20
Angstroms.
25

10. Apparatus according to claim 9, wherein the carbon sorbent
material has a major fraction of the pore volume within said range of from
about 2 to about 20 Angstroms.

L )



Cylinder Tare Wi ght 1195.4 G ans Cyl i nder Wei ght

+ Car bon 1270.1 G ans Cylinder Wight + Carbon after
Degas 1268.1 G ans Mass of Vol atiles Renoved by Degas 2.0

G ans Car bgn Wi ght Wet 74. 7 Grans

Car bon Wi ght MG 374118 72.7 Grams PCEIBREM/0! une
Vet 130 m

EXAMPLE 1| | 5 After the degas procedure of Exanple I, the

evacuat ed carbon sanpl e cylinder was connected to an arsine
filling portion of an arsine fill manifold. In order to mai nt ai n

an approxi mate i sothermal condition, the cyI I nder vvas I mrersed into

a dewar flask containjng an ethyle glyc | d constant at
25[err] C. HnApRagates \ﬁﬁ%?“g{!& &% cgﬂ“ﬂgat Wt‘l ?h@“lf&/\éﬁ"?’ﬂ‘ask usi ng
a Neslab RTE- 100m3ﬁnal has at leds€80% 6Fhe pbré FoRuRie Sitkir sal GE 0N abbik 2-

The entire manifold then evacuated to less than 10| err] Torr to renove
non- mbdétr‘%)amgﬁg@&es After evacuation, the carbon sanple was
filled at with arsine at a rate of 25 sccm until the a pressure
of 760 Torr was attained. The 15 pressure was nonitored using a MKS

0-1000 Tolr Baratron I eApparatus according to dlaimn®dwberein ther ¢anbpnt lserbéatl | i ng

process, the de c nder
pressure, and twl entSElﬁo ﬁ%rrpeo}fysmg B%pehw‘ mos&‘ r% #8
i n which the fil hbdub2hko ghoat2() Angstemsoni t ored and | ogged using a Fl uke

el ectronic data | ogger. 20 Afill rate of 25 seem was
chosen in order to speed up the tine it took to nmeasure the

adsorption capacity. mw thd dOBIdiR®tto R D! Whéreinadht akdiboh sbibent
| sot herm due to heat, of sorp tlor‘im(laffects Even thou?h the cylinder was
61 1 meseyal Perbent Working Capacity, C, measured for arsine gas at 40

PCT/1B97/ 00943  1opp and at 650 Torr, of at least 100.

14, Apparatus according to claim 1, wherein the carbon sorbent
‘ material has a Sorbent Working Capacity, Cw, measured for arsine gas at 40
15 Torr and at 650 Torr, of at least 180.

15. Apparatus according to claim 1, wherein the carbon sorbent
material has a Sorbent Working Capacity, Cw, measured for arsine gas at 40
Torr and at 650 Torr, of at least 200.

20

16. Apparatus according to claim 1, wherein the carbon sorbent
material has a conformation selected from the group consisting of beads,
granules, pellets, tablets, powders, particulates, extrudates, cloth, web form
materials, honeycomb matrix monolith, composites of the carbon sorbent with

25 other components, and comminuted and crushed forms of said conformations
of carbon sorbent materials.

17. Apparatus according to claim 1, wherein the carbon sorbent

material comprises a bead activated carbon material.
30

L :



i mMmersed in a constant tenperature fluid, the rate of heat exchange between
the fluid and the adsorbent was not sufficiently rapid, which resulted in

an artificially high pressure during the fill process. This is
shown in Figure 4 whi ch evi dences a non-equilibriumcondition
subsequent tWOPT44lI8ng. 5 Thi s pressure decay waspcanspidossed t o
the cooling of the adsorption bed after termnation of arsine
flow. The heat evolved in the bed during the filling process was

due to the heat of adsorption. Typically, a true isothermis

obtained by allow ng the adsorption process to reach equilibriumbefore 10
attaining a pressure data point. Figure 5 shows the derivative of the curve
fromFigure 4 which yields the pressure decay rate. The rate curve shows

t hat pressure fl uctiBatAppasatisulasiotiing ¢ #laimab| whereinethe aearbane serberty r at e

approaches zero in .abo [ S | 1l cal lggg tp@;f sure i s not
I ncr easi ng, evﬁ“ﬁ%ﬂ@icﬂ’&g{iﬁg Egalnaeﬂ%%il‘r"’gfdn'g‘édri&)g1 Aﬂ%‘fﬂ ec%’rrp sfﬂégﬁigﬂ tie An
appr oxi mat e i sahgesfifronbaboatth b millinteted toalneéntimetehdiametem Fi gure 4 hereof .

The adsorpti.on capacity was quantified by integrating the mass flow rate of
arsine for the duration of the experiment. The endpoint of the adsorption

20 5 Measur emeryt Appakatise dcddedid o i D wherpinethe Uthbsi sbrbehtTOspher e.
The adsorptign capacity was al so verified by mass, by taking the
di fference  material compgisesa bead gotivated earhon ’&ﬁFﬂ%fW‘%pﬂﬁ?lFls}zédn 1 i nder and
the full cylinggpe affrddiiabout 0.25 to about® MilRAetbe@dieerof 760 Tom  The resul ts
for the adsorption capacity nmeasurenents are shown in Table 4.
25 Tabl e 4

Adsor ption Capacity ion- i | fdi ; dsorption
1268. 1 G ans 2605 iption desorpion appalbid for il Rl of

62 10 a gas, comprising:

a storage and dispensing vessel constructed and arranged for holding a
solid-phase physical sorbent medium, and for selectively flowing gas into and
out of said vessel;

15

a carbon sorbent material disposed in said storage and dispensing

vessel at an interior gas pressure;

a sorbate fluid physically adsorbed on said carbon sorbent material;
20
a dispensing assembly coupled in gas flow communication with the
storage and dispensing vessel, and constructed and arranged for selective on-
demand dispensing of desorbed fluid, after thermal and/or pressure differential-
mediated desorption of the fluid from the carbon sorbent material, with the
25 dispensing assembly being constructed and arranged:

(I) to provide, exteriorly of said storage and dispensing vessel, a pressure

below said interior pressure, to effect desorption of fluid from the carbon

sorbent material, and flow of desorbed fluid from the vessel through the
30 dispensing assembly; and/or

70
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WD 97/ 44118

PCT/ 1 B97/ 00943 Wei ght of Cylinder after Filling with
1307.3 G ams Arsine to 760 Torr Grans Arsine Adsorbed
Per Liter of 301.5 G ans Car bon By Wei ght G ans
Arsine Per LitWo9MAltBot al i zi ng 290. 63 G ans Mass FICHABI7/00943 . -

The prior art arsine storage and delivery systemtechnol ogy based on the
adsorption of arsine on zeolite nol ecul ar sieve sorbent, has been

denonstrat ed to have a hydrogen production rate of about 5 Torr
per day. The present 5 I nvention utilizes carbon sorbent materials
whi ch are distingui shabl e conpositionally and functionally from
the zeolite nol ecul ar sieve nmaterials, and whi ch have been shown
to possess a high degree of stability and freedom from

deconposi tion ef f(ﬁ(ﬁéﬂg‘;ﬂﬁ F.l led FRRCthERthroughOand com nsxﬁ%ﬁ‘%ﬁﬁy Rl Y.
consistent with t | Mprove I'ng capacity, desorptl

ot her functi onal hehm@heembmtsod:enuhateﬂmt@eﬁfmdesgmnbmnfﬂnrﬂmmmemﬁomge and
di spensi ng system e evi d h at the s of the
vent on ach ev e taetpkdesebeTiid Bavs fropine Yspe e I Hogbag s ieri-ct o nge

and 5 di spensi ng systems as well as the pri or art practice of
di spensi ng gas 15 ) ter| s from hj sure I i nders
The storage and dVRSEER e gar b poaterral lﬁg‘gg‘g‘ fio |tﬁ%ﬁ? B‘?Peﬁtéysel?@ted

operatively connefd the grédp o@ﬁsistﬁ:glomlaieﬁ M@%hﬂ%ﬂiﬁicﬁfaﬁﬁﬁ&rﬁmefapﬁ gefes| i zation
of the dispensed gas. exanpl e, the storgge and di spensj ng stem may be

20 j oi ned Sufficign jp %W"?’é?"a@qceﬂg?ﬁe ¢ serhgie flyid in spid s

chanber, a sili CQfjspenging ves sem conduct or processing plant, a corrpound
sem conduct or procepeS| ng pT ant , a flat panel di spl ay

manuf actudPng facility, organic synthesis equiprent, a

pharmaceut | cal - manuf ok iiah@biti o Aafh 20 SfiRliueTBkehbARERE oo 2

gas, and air eat nent or “wat er tron atenent tacility, a
stove or burner icarbonesorbent material of trace components selected from the group 63

consisting of water and oxidic transition ‘metal species, is insufficient to

decompose more than 5% by weight of the sorbate fluid after 1 year at 250C
15 and said interior pressure.

22. Apparatus according to claim 20, wherein the concentration on the
carbon sorbent material of trace components selected from the group
consisting of water and oxidic transition metal species, is insufficient to

20 decompose more than 1% by weight of the sorbate fluid after ! year at 250C
and said interior pressure.

23. Apparatus according to claim 20, wherein the concentration on the
carbon sorbent material of trace components selected from the group

25 consisting of water, metals, and oxidic transition metal species, based on the
weight of the carbon sorbent material, is insufficient to cause decomposition of

the sorbate fluid resulting in more than a 25% rise in interior pressure after 1

week at 25°C in the storage and dispensing vessel.

* [~ L M S *



WD 97/ 44118

PCT/ 1 B97/ 00943 case of cooking gases, or any other
sui t abl e downst ream nmeans or process facility, for end use of
the gas dispensed fromthe storage and di spensing system of the
i nvention. Wa97/44118 The storage and di spensi ng system of pCivisIrae9ani.i on
may be practiced with a w de variety of sorbent nmaterials, of

wi dely varying pore size, porosity, nor phol ogy, and chemi ca
conposi tion. The storage and di spensing system of the

I nvention may be utilized for 10 delivery of liquids as well as
gases, vapors, nulticonponent and nultiphase fluid streans, etc.
The storage and di spensing system may al so be enpl oyed for

di spensi ng of subl i nahlApparatus dscordingitotchadm 20pwherein dindcoahcamation oy tley st em

may be coupled wifh reaction vessels serving to reac he di spensed fluid
to an Sicbehy STRERH FASTET Of | GasF (VRIS £ SRR G, BB  For

exaﬂ)l e, Ei he st es@tingbflwifer, metals, adﬂ%ﬁ&iﬁ&iaﬁ%tigﬂﬁie&ﬂhpm s,cBasaieh rtgsmdopra\r;m o
trifluoride gas to,a downstrea . rogenatiqQn chanher, _in ic
the boran trif!| Wsighy tf’%"”é‘éﬂﬁ‘&éﬁ%ﬁ“ﬂfﬂ?&‘s insufficientlo °a‘§5§»?‘i9mwat1%“ ¢kacti on
condi tioms W t hgR dyaieTHAD Rishifidg AR tRAACH 16 I3 S Mfdridfbressure after 1 Nydri de,
to yield diborane, for subsequent use, e.g., ion inplantation, doping,

or ot her usage. wek at 250C in the stotage andwlispensing vesseli s a particularly preferred
application for the storage and di spensi ng system of the

I nvention, and in the dispensing of diborane, germane, silicon
tetrafluoride, and aps$.i AppiratGe nibcdrding)® GRER20, whékein the carbolrGorehier mal |y

assi sted desorption of the sorbable_fluid fromijhe sorbept bed in
the storage and“ﬁ?‘ﬂ%ﬁg‘i"ﬁ‘ﬁs\)ﬁ?sg?af‘ 3%@ @Ufss‘ﬁﬂT‘Ehlé%i’ij“? b B8R be

enpl oyed|g 0 ef f gghpsiieaid sBabd fiom thé gloud icBiskidtng of Ratef BAH SAdik adhadfidPN.
ul trasonic and mcrowave radjiation, as well as heatin 'bé ot her direct and
i ndirect means MlﬁﬂcMﬁ%hﬁ’ﬂslgbqOé&eﬁatb&PS?@%ﬂﬂgﬁﬁ@ heati ng,

depl oynent

26. Apparatus according to claim 20, wherein the carbon sorbent
material contains less than 100 part(s)-per-million by weight of trace
15 components selected from the group consisting of water and oxidic transition

metal species, based on the weight of the carbon sorbent material.

27. Apparatus according to claim 20, wherein the carbon sorbent
material contains less than 10 part(s)-per-million by weight of trace
20 components selected from the group consisting of water and oxidic transition

metal species, based on the weight of the carbon sorbent material.

28. Apparatus according to claim 20, wherein the carbon sorbent

material contains less than 1 part-per-million by weight of trace components

25 selected from the group consisting of water and oxidic transition metal species,
based on the weight of the carbon sorbent material.

29. Apparatus according to claim 20, wherein the sorbate gas is

selected from the group consisting of silane, diborane, arsine, phosphine,
30 chlorine, BCI3, BF3, B;Ds, tungsten hexafluoride, (CH3)3Sb, hydrogen

UL .
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PCT/ 1 B97/ 00943 of extended heat transfer surface or heat
exchange passages in the sorbent bed, etc. The
present invention has utility in the manufacture of sem conductor 5
material s and R4  and in other gas-consuning process op@CIIBYNGM3wher e
It provides a reliable "on demand" source of gas, e.g., hydride
gases, halide gases, gaseous organonetallic G oup V compounds,
etc., including, for exanple, si l ane, di borane, germane,
fluorine, ammoni a, phosphine, arsine, stibine, hydr ogen sul fide,
hydr ogen sel eni de, hydrogen telluride, boron trifluoride, 10 bor on

trifluoride, tunﬂst en hexafluoride, chlorine, hydrogen chloride, hydrogen
bromi de, hydr ogefuarisig; hydrogemehlorider Geféw St denierted hydrides, hydrogen wdideyr ovi di ng

X | . . f i i h
'S Sarely hol d ol FRRMRES i soRid. BAGRS iubbeld silhel By dloy

Is safely held at a ssure int sta n a carbon
15 sor bent selenifleyhydrepen tellutids gudNF3.y i s easily di spensed to the .point

of use of the gas, the present invention avoids the hazards and

gas handl i ng probl ens associated wth the use of conventiona

hi gh pressure gas cyl301dfparatus according to claim 20, wherein the carbon sorbent

material has been treated to enhance the sorptive character thereof,

31. Apparatus according to claim 30, wherein the carbon sorbent

material has been treated to functionalize the surface of the sorbent with

10 chemical moieties which enhance (1) sorption of a specific fluid on the sorbent
medium when the sorbent is originally loaded with the fluid to be
subsequently dispensed, and/or (2) desorption of the fluid when the sorbent is

subjected to process conditions for dispensing the fluid from the storage and

dispensing vessel.
15
32, Apparatus according to claim 20, wherein the carbon sorbent
material has been treated by application of a sorption-enhancing material on
the surfaces thereof to enhance the sorptive character of the material.

20 33. Apparatus according to claim 20, further comprising a
chemisorbent material in the storage and dispensing vessel having affinity for
contaminants that are adverse to sorptive efficacy of the sorbent material.

34. Apparatus according to claim 33, wherein said chemisorbent is

25 selected from the group consisting of:

(A) scavengers including a support having associated therewith, but
not covalently bonded thereto, a compound which in the presence of such

contaminant provides an anion which is reactive to effect the removal of such

A .,3
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PCT/ 1 B97/ 00943 THE CLAI M5
What is clainmed is: 5 1. An adsorption-desorption
apparatus, for storage and di spensing of a sorbable fluid, said
appar at us conpPP¥aY a storage and di spaTaBsmpeysssel
constructed and arranged for holding a 10 sol i d- phase carbon physi cal
sorbent nedium and for selectively flowing fluid into and out

of said vessel;

contaminant, said compound being selected from one or more members of the

group consisting of:

(i) carbanion source compounds whose corresponding

5 protonated carbanion compeunds have a pKj value of
from about 22 to about 36; and

(ii) anion source compounds formed by reaction of said

carbanion source compounds with the sorbate gas; and

10
(B) scavengers comprising:
(i) an inert support having a surface area in the range of
from about 50 to about 1000 square meters per gram, and
15 thermally stable up to at least about 250° C; and

(ii) an active scavenging species, present on the support at a
concentration of from about 0.01 to about 1.0 moles per liter
of support, and formed by the deposition on the support of a
20 Group 1A metal selected from sodium, potassium, rubidium,
and cesium and their mixtures and alloys and pyrolysis

thereof on said support.

35. Apparatus according to claim 33, wherein said chemisorbent is
25 selected from the group consisting of trityllithium and potassium arsenide.

36. Apparatus according to claim 33, wherein said chemisorbent
is present as a separate bed of chemisorbent material in fluid flow

communication with the carbon sorbent material in said storage and dispensing
30 vessel.

UL ,4



a solid-phase carbon physical sorbent nedium di sposed in said storage

and di spensing vessel at an interior gas pressure; 15 a
sorbabl e fluid physically adsorbed on said solid-phase carbon

physi cal sorbent nedium and a di spensi ng assenbly
coupl ed i n gasMABMHErmuni cation with the 20 st or age PETVEBI?/00943 . .
di spensi ng vessel, and constructed and arranged: (1) to

provi de, exteriorly of said storage and di spensing vessel, a pressure
bel ow said interior pressure, to effect desorption of sorbable fluid from

t he sol i d- phase carbon physical sorbent nedium and fluid flow
of desorbed fluid 25 - t hrough t he di spensing assenbly; and/or

(I'1) to flowthermally desorbed fluid therethrough, and conprising neans
for heating the carbon sorbent material to effect desorption of

the fluid therefrom Aé, paratus ﬁ%&&ﬁ@k cfaﬂﬁﬂ%@@\%ﬁ&%&%ﬁi"’s fromthe

vessel into the di sp enS|n asse
PCT/ | B97/ 00943 s dlspersed in the carbon sorbent mpteriplip Ahecstaragecand dispensipgtvessel- ai m 1,
wherein the carbon sorbent materi al has an adsorption isotherm
for arsine gas, at 25[err]C, as a function of pressure, havi ng an
adsor pti onbi sot her m ci38 Antaésdrmtdnsdesdrpmappavam;‘ foFstgrage afid Hispenising of 5

wher ei.n t he carbon sorbent materi al

3. Apparatus accordin
has an arsine gas sg&léa%}e q‘@ﬁalpggﬁaﬁﬂsrﬁogl PiP8ferr]C as a function of

pressure, with the foll ow ng adsorption | oading characteristic:
10 Pressure, Torr Loagl n ﬂ) f arsine per liter of sorbent) of
at | east: torage an dls%ens g vesse constructed and arranged for holdjng a

solid-phase physical sorbent medium, and for selectively flowing fluid into
10 and out of said vessel;

a solid-phase physical sorbent medium disposed in said storage and

dispensing vessel at an interior gas pressure;

15 a sorbable fluid physically adsorbed on said solid-phase physical
sorbent medium; and

a dispensing assembly coupled in gas flow communication with the

storage and dispensing vessel, and constructed and arranged:

20
(I) to provide, exteriorly of said storage and dispensing vessel, a pressure
below said interior pressure, to effect desorption of sorbable fluid from the
solid-phase physical sorbent medium, and fluid flow of desorbed fluid through
the dispensing assembly; and/or

25

(I) to flow thermally desorbed fluid therethrough, and comprising means for
heating the sorbent material to effect desorption of the fluid therefrom, so that
the desorbed fluid flows from the vessel into the dispensing assembly,

AT "



50 75 100

100 200 160 15 300
200 400 225 500
240 550 250 650
~300. 20 WO 97/44118 4. Apparatus according to clai m bCTaépznes4y. .t he
carbon sorbent materi al has an arsine gas adsorption isotherm at
25[err]C, as a function of pressure, with the foll ow ng
adsorption | oading characteristic: 25 Pressure, Torr Loading
(granms of arsine per liter of sorbent): 25

35-60 50 75-100

100 100- 115 200

160-175 30 whereiB(Be apparatus is characterized by at least one of the foll@®idg220

67

PCT/ 1 B97/ 00943
225- 245

550

260-300. 5

the carbgn sor begnt1smieri al

from about 0.2

10

15

20

25

chaaggigiz:é 6?’%% 400

500 240- 260

250- 275 . . 650
(D) the Percent Desorbable Sarhate,of the sarbent materigl fop agsing;gas is atyher i n

has a pore volune in the range of

to about 2.0 cubic centineters of pore volune per
gram of sorbent nmaterial .

(II) the Sorbent Working Capacity of the sorbent, measured for arsine gas at
40 Torr and at 650 Torr, of at least 50; and

(III) the apparatus constitutes a compact, portable, point-of-use source fluid
storage and dispensing system, and said interior gas pressure is less than 1200

Torr.

39. An adsorption-desorption apparatus according to claim 38,
wherein said sorbable fluid is selected from the group consisting of gas, vapor,

liquid, multiphase fluid, and fluid mixtures.

40. An adsorption-desorption apparatus according to claim 38,
wherein said sorbent material is in a form selected from the group consisting of
beads, granules, pellets, tablets, powders, particulates, extrudates, cloth or
web form materials, honeycomb matrix monolith, composites of the sorbent
with other components, comminuted forms of the foregoing, and crushed

forms of the foregoing.

41. An adsorption-desorption apparatus according to claim 38,
wherein said sorbent material is selected from the group consisting of
polymers, aluminum phosphosilicate, clays, zeolites, porous silicon,

honeycomb matrix materials, and carbon materials.

L ve



10 6. Apparatus according to claim11, wherein the carbon

sorbent materi al has a nmgjor fraction, i.e. nore than 50%of its
pore vol une conprised of pores having a dianeter in the range of
fromabout 2 Angstrons to 100 Angstrons. - 7. Apparat us

according to cYVRi?¥#18 wherein the carbon sorbent material 15 PCTABI700843s.
nore than 80% of its pore volune conprised of pores having a dianeter in
the range of from about 2 Angstronms to 100 Angstrons.

8. Apparatus according to claim®6, wherein the carbon sorbent materi al

has substantially all of its pore volume conprised of pores having a

di aneter 20 in the range of fromabout 2 Angstrons to 100 Angstrons.

9. Apparatus according to claiml1, wherein the carbon sorbent paterial
has an average pore di4dnehkradsorptiofdesgrpiien o fPRaFalRs a’ﬁﬁﬁi‘“@ tPo"‘éi_S‘buﬁ-ZO _
ANGSLT OME. 25 wherein said sorbable fiuld i YeRRIeA fHoin e Broflp tndidting! of filaie, Wherein
t he carbon sorbent material has a nmpjor fraction of the pore

vol ume wi t hi n saidiberanegersipe, phasphine, phosgene, chigsive: BO13; BFaphBoRe 20ngaHst r ons.
WD 97/ 44118 . . . . ae

PCT/ | B97/ 00943  hexafluoride, hydrogen fluoride, hydrpgen chioride, hydrogen jodie, hydrogen, . 1\ o

wher ei n thg car bosromile) @&inane, ammonia, stibiee hiydrogénasulfide, | ydsige8 Qyanifle,t he pore

volunme within said range of, from about, 2 t Q, about, 20 Angstrons.
5 iyarogspelspide, BeeoRenRistide, dauipraied hygpdeso Pider gt oon
sor bent confds, HlgaktAcornpuliisAhtiofdahmathllic 8bmpdi@dnor e vol ume wi thin
said range of from about 2 to about 20 Angstrons.

10 43. An adsorption-desorption apparatus according to claim 38,
wherein said sorbent material is selected from the group consisting of zeolites

and carbon sorbents.

44, An adsorption-desorption apparatus according to claim 38,

15 wherein said sorbent material comprises activated carbon.

45. An adsorption-desorption apparatus according to claim 38,

wherein said sorbent material comprises bead activated carbon.

20 46. An adsorption-desorption apparatus according to claim 46,
wherein said bead activated carbon has a diameter in the range of from about

0.1 to about 1 centimete.

47. An adsorption-desorption apparatus according to claim 38,
25 wherein said sorbent material has a major fraction of its pore volume,
comprised of pores with a diameter in the range of from about 2 Angstroms to

100 Angstroms.

48, An adsorption-desorption apparatus according to claim 38,
30 wherein said sorbent material has an arsine gas adsorption isotherm at 25°C,

A



13. Apparatus according to claim1, wherein the carbon sorbent 10

mat eri al has a Sorbent Wrking Capacity, Cerr], neasured for arsine gas at
40 Torr and at 650 Torr, of at |east 100.

14. Apparatus according to claim1, wherein the carbon sorbent

mat eri al has VO&W¥#BINt Worki ng Capacity, COw, neasured for armimesgmsssal 40
15 Torr and at 650 Torr, of at |east 180. 15.
Appar atus according to claim1, wherein the carbon sorbent

mat erial has a Sorbent Working Capacity, Cw, neasured for arsine gas at 40
Torr and at 650 Torr, of at |east 200. 20 16. Appar at us
according to claim1l, wherein the carbon sorbent materi al has a
conformati on selected fromthe group consisting of beads,-

granul es, pel | emegsutediin grams ofmvideadsorbpdi peri ligen oftthe sorbenty asdmfuastioncdfot h, web

; F , Py . S| fth
cg; [)non sor bent %%bﬁlo&wﬂﬂ&%@&éﬁn@@%ﬁlg%&%hﬁc@%ﬂgﬂ Eagsagd E:rﬁshed

fornms of said conformations of carbon sorbent materials.
17. Apparatus agcordi to claim.l, wherein the carhon, sarhent
nmaterial conpri M" act i SR2FEEAR gIsine per it °?s por) o P st WO
97/ 441185 25 30
PCT/ 1 B97/ 00943 18. aratus according to claim1,
wherein the carP®dn sorbent mat er i conprises a bead activated
carbon material 1ggpth a particle size in the 105 range of from about
0.1 mllineter to 1 centineter dianeter.
200 145
300 168
10 400 177
500 185
550 188
650 192,
15 49, An adsorption-desorption apparatus according to claim 38,

wherein said sorbent material has an arsine gas adsorption isotherm at 25°C,
measured in grams of arsine adsorbed per liter of the sorbent, as a function of

pressure in Torr, with the following adsorption loading characteristic:

20 Pressure, Torr  Loading (grams of arsine per liter of sorbent):
25 30-106
50 62-138
100 105-185
200 145-232

25 300 168-263
400 177-288
500 185-308
550 188-315
650 192-330.

30
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5 19. Apparatus according to claim 1, wherein the carbon
sor bent mat eri al conprises a bead activated carbon material with
a particle size in the range of from about 0.25 to about 2

mllinmeters di %%ﬁi‘ 20. An adsorption-desorption
apparatus, for é‘e" and di spensing of 10 a gas, CcorR§ITIBIHIge43. .
a storage and di spensing vessel constructed and arranged for holding a
sol i d- phase physical sorbent medium and for selectively flowng gas into

and out of said vessel; 15 a carbon sorbent
mat eri al di sposed in said storage and di spensi ng vessel at an
I nterior gas pressure; a sorbate fluid physically

adsorbed on said carbon sorbent material; 20 . lespensi ng
assenbl y coupl ed i n g9 FANAISEHORIAGSCIRIPH APRAFANS, foy storage and dwpcns%ﬁ(@)%;f age and
di spensi ng vessel qﬂﬂ-% iH e Gnirikiagged for sel ective on-

demand di spensi ng”‘%’?ﬂi %aesorl tesél ?Pﬁ;% a]ptﬁ,gr hermal and/or pressure
differential - nmedi at ed desorption of the fluid fromthe carbon
sorbent material, wth ispensing ThsePEdRiride P areaRhyedfel RadBgast r uct ed
and. arranged: aété}?ge(z%i dtlstge%s?n&v%e, exteriorly ofysai d storage and
di spensi ngsvessel solid-phassphysieal sorbent mediuny and frsselegtively dewine fidddgre to

ef fect desorption of fluid fromthe carbon sorbent material, and
flow of desorbed PHAYOFPINSHEE vessel through the 30 di spensi ng
assenbl y; and/or 70 WO 97/ 44118

PCT/1B97/00943 a solid-phase physical sorbent medium disposed in said storage and

dispensing vessel at an interior gas pressure;
10
a sorbable fluid physically adsorbed on said solid-phase physical

sorbent medium; and

a dispensing assembly coupled in gas flow communication with the

15 storage and dispensing vessel, and constructed and arranged:

(D) to provide, exteriorly of said storage and dispensing vessel, a pressure

below said interior pressure, to effect desorption of sorbable fluid from the

solid-phase physical sorbent medium, and fluid flow of desorbed fluid through
20 the dispensing assembly; and/or

(ID) to flow thermally desorbed fluid therethrough, and comprising means for
heating the sorbent material to effect desorption of the fluid therefrom, so that
the desorbed fluid flows from the vessel into the dispensing assembly,

25
wherein the Percent Desorbable Sorbate of the sorbent material for arsine gas

is at least 15%.

51. An adsorption-desorption apparatus, for storage and dispensing of
30 a sorbable fluid, said apparatus comprising:

9
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(I'') to flow thermally desorbed fluid therethrough, and conprising neans
far heating the carbon sorbent nmaterial to effect desorption of
the fluid therefrom so that the desorbed fluid flows fromthe
vessel into the dispensing assenbly, 5 wherein the carbon

sor bent nmat eWW@97/44E18devoi d of trace conponents sel ected PCT/IB97/00845 0M t he
group consisting of water, netals, and oxidic transition netal species
sufficient in concentration to deconpose the sorbate fluid in said storage
and di spensi ng vessel. 10 21. Apparatus
according to claim 20, wherein the concentration on the car bon
sorbent material of trace conponents selected fromthe group

consisting of water and oxidic transition nmetal species, is insufficient to
deconpose nore than 5% by weight of the sorbate fluid after 1 year at
25[err]C 15 and sai d, interior pressuyre . 22.
Appar at us accordi ng ?%"?ﬁ%f“ﬁq S’GPe“%ﬂ%rvgﬁgﬂ ﬁ“ﬂ%“’&&ﬂ&&ﬂ%%@fdwl%a

carbon sorbent rEliEpHas¢ pRfsidal 36:DHeRORPINIR A RBE seledtiRvelyl flewihg AGid0neIP
consisting of water and oxidic transition nmetal species, is insufficient to
20 decoapbewt oftaidvessdln 19 by wei ght of the sorbate fluid after 1
year at Zp[err]C and said interior pressure.

23. Apparatus according to claim20, wherein the concentration on the

carbon sorbent nat er  &plidyphase physiea spdsutnmedivm| disposad inr s3id storaggandip 25
consi sting of : ; Il nsition netal species, based on
"SR B e

t he the car or t material, is insufficient to
cause deconposition of the sorbate fluid resulting in nore than
a 25%rise in interior_pr []Cinthe

SMI. f1. 1 . k,at 25[ er
storage and di spensi ﬁgsovgglge 918 phySiEdlly adsorbed, g 35'94%’\,\%3?53“ pRysica
PCT/ 1 BO71®0943 sorbent medium; and

a dispensing assembly coupled in gas flow communication with the

storage and dispensing vessel, and constructed and arranged:

15 (D to provide, exteriorly of said storage and dispensing vessel, a pressure
below said interior pressure, to effect desorption of sorbable fluid from the
solid-phase physical sorbent medium, and fluid flow of desorbed fluid through
the dispensing assembly; and/or

20 (1) to flow thermally desorbed fluid therethrough, and comprising means for
heating the sorbent material to effect desorption of the fluid therefrom, so that

the desorbed fluid flows from the vessel into the dispensing assembly,

wherein the Sorbent Working Capacity of the sorbent, measured for arsine gas
25 at 40 Torr and at 650 Torr, of at least 50.

52. A compact, portable, point-of-use adsorption-desorption
apparatus, for storage and dispensing of a sorbable fluid, said apparatus
comprising:

30
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24. Apparatus according to claim 20, wherein the concentration on the
carbon sorbent material of trace conponents selected fromthe group
consisting of water, netals, and oxidic transition nmetal species, based on
t he wei ght of the carbon sorbent material, is insufficient to

cause deconpodQ¥HEs 5 the sorbate fluid resulti ngCHABHIMU3t han
a 10%rise in interior pressure after 1 week at 25[err]Cin the
storage and di spensing vessel . 25. Apparatus according
to claim20, wherein the carbon sorbent material contains |ess
than 350 part(s)-per-mllion by weight of trace 10 conponent s

sel ected fromthe group consisting of water and oxidic transition

net al species, based on the i,ght of the carbon ,sorbent terial.
26. Apparatus accor di A§©rse V\gf’ ng Yiwe WW&“MW@@?%M&W

material contai n%oii&Pﬁas& fpﬁgsiéa@(%o&aﬁzt fédin e fnd For seieétively MGWiBE uRf irt ace 15

conponents selected Tromthe group consisting of water and oxidic
transition and out ofiseigvessgleci es, based on the wei ght of the carbon
sorbent material . 27. Apparatus according to claim 20,
wherein the carbon sorbent material contains |ess than 10

part(s)-peb-mllion by selid-ghaseqghysical ortent medium disposedimsnid stomge @anded from
t he group consi stj. A i di | 1J Olh: net al
speci es, based ond'{}%%s%ﬁe‘ly%%f gt(?ﬁ I}gﬁg&ggg?’%ggﬁﬁ%@?’ '1';e’ér"1"l f&%lezp? gf’r.r;

28. Apparatus according to claim 20, wherein the carbon sorbent

Component & 25 < actoRBblc R BAPEY resEi. B G, Pl afcal ng

oxi di ¢ transiti orsoffithBthed@RGings, based on the wei ght of the
carbon sorhent material. 29. Apparatus according to
cl aim 20, Qherein the sorbate gas is sel ected fromthe group

consi sting of silane, sddifRhaARE assembly@upledas BR Néw c3Rmunication with! @ei ne,
BC [err], BFferr], Blerr]Dlerr], tungsten hexafluoride, (CHerr])[err]Sh,
hydr ogen storage and dispensing vessel, and constructed and arranged: 79

(I) to provide, exteriorly of said storage and dispensing vessel, a pressure
15 below said interior pressure, to effect desorption of sorbable fluid from the
solid-phase physical sorbent medium, and fluid flow of desorbed fluid through

the dispensing assembly; and/or

(I1) to flow thermally desorbed fluid therethrough, and comprising means for
20 heating the sorbent material to effect desorption of the fluid therefrom, so that

the desorbed fluid flows from the vessel into the dispensing assembly.

53. An adsorption-desorption apparatus according to claim 52,
25 wherein said sorbable fluid is selected from the group consisting of gas, vapor,
liquid, multiphase fluid, and fluid mixtures.

54. An adsorption-desorption apparatus according to claim 52,
wherein said sorbent material is in a form selected from the group consisting of

30 beads, granules, pellets, tablets, powders, particulates, extrudates, cloth or

81
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WD 97/ 44118

PCT/ 1 B97/ 00943 fluoride, hydrogen chloride, GeF[err],
Si F[err], deuterated hydrides, hydrogen iodide, hydr ogen
brom de, germane, ammoni a, stibine, hydrogen sul fide, hydrogen

sel eni de, hywooyemi& el | uride, and NF[err]. 5 PCT/IBZI00943 . .

Appar atus according to claim20, wherein the carbon sorbent

mat eri al has been treated to enhance the sorptive character thereof.

31. Apparatus according to claim 30, wherein the carbon sorbent

material has been treated to functionalize the surface of the sorbent with
10 chem cal noieties which enhance (1) sorption of a specific fluid
on the sorbent medi um when the sorbent is originally |oaded with
the fluid to beveb form materialschancyopmbrmatix ananoliths cempasitely of theXorbkator pti on of

the fluid when v{iﬁxﬁo@% : #od.eﬁts,[ ﬁ%mm%nuted foﬁﬂp{?‘?%ee?orég%ir&f %gg Sc?us?xgcpdi tions

for dispensing rom st orage an I spenst ng vessel .
15 forms of thid ZForegyimgar at us according to claim20, wherein the

car bon sor bent mat eri al has been treated by application of a
sor ption-enhancing material on the surfaces thereof to enhance

t he SSVFB ive Chalr acssr Aaf a?iwpt{r?%tcﬁsét?{ion appratus according to clajﬁB-SZ'?\ppgr at us

according to claim 20, further, conprising. a .chem sor bent

material in thehstep Sorfenyrapgeial ilﬁgéelfegeaef@mawngfoapfmwsr of |

contani nants t hajynRhg ANMBRES bﬁbsgmsmdate,e glajsd, Cacolitdd] pdrBuSOLiREH, mMaterial.

34. Apparatus according to clalm33, wherein said chem sorbent is 25

sel ected from theseygemh matrixaaterials, gndgarbon materials. (A) scavengers

i ncludi ng a support having associ ated therewi th, but not

coval ently bonded thereto, a conpound which in the presence of such

cont ami Hant provi de$6arnanisonpticin-dsisoption capparatus taccopdingado tlaim rioval of

such wherein said sorbable fluid is selected from the group consisting of silane,
diborane, arsine, phosphine, phosgene, chlorine, BCl3, BF3, B,Ds, tungsten
hexafluoride, hydrogen fluoride, hydrogen chloride, hydrogen iodide, hydrogen
bromide, germane, ammonia, stibine, hydrogen sulfide, hydrogen cyanide,

15 hydrogen selenide, hydrogen telluride, deuterated hydrides, halide gaseous

compounds, organo compounds, and organometallic compounds.

57. An adsorption-desorption apparatus according to claim 52,
20 wherein said sorbent material is selected from the group consisting of zeolites

and carbon sorbents.

58. An adsorption-desorption apparatus according to claim 52,
wherein said sorbent material comprises activated carbon.
25
59. An adsorption-desorption apparatus according to claim 52,
wherein said sorbent material comprises bead activated carbon.

T .



WD 97/ 44118

PCT/ 1 B97/ 00943 contam nant, said conpound bei ng sel ected
fromone or nore nenbers of the group consisting of:

(i) carbanion source conpounds whose corresponding 5

prot onat ed car¥@M%onpounds have a pKa val ue of PCT/IBY7/00943¢ . )

about 22 to about 36; and (i1) anion source
conmpounds formed by reaction of said car bani on source
conpounds with the sorbate gas; and 10 (B) scavengers
conpri si ng: (1) an inert support having a

surface area in the range of fromabout 50 to

about 1000 square neters per gram and 15 . ., thermally
stable up to at |east G_Qbo‘gl aﬂ&ﬂ"@“@‘ﬁﬂmmn apparatus according to claim 39, 3p
active scavengi NOyidpsik SR8 bedd RECAED Sfbdn s 2Ry iR thedrange of from about
concentration of fromabout Q.01 to about 1.0 noles per Titer

of support, and fQ} tacaboy/l eqtimgBposi ti on on the support of a 20

Goup IA netal selected fromsodium potassium rubidium

and cesium and their m xtures and alloys and pyrolysis

t her eof on5sai d suppor@l, An adsorption-desorption app@fatusAppeordingistoackim didyg t o
claim 33, wherein i em.sarb . 5 . sel ected fromthe group
consi sting of tr i?@‘%’gt%au%&g%é ’gg%'éé'iﬁaﬁn% X0Rick  fragtion Of 1S “pore Volume, 36.
Appar at us accor didognprisedodfpores 38th awliemesériin theirshge b fromabiard Angstroms to i's

present as a sepafo%tfnggggmé)f chem sorbent material in fluid flow

10 62. An adsorption-desorption apparatus according to claim 52,
wherein said sorbent material has an arsine gas adsorption isotherm at 25°C,
measured in grams of arsine adsorbed per liter of the sorbent, as a function of

pressure in Torr, with the following adsorption loading characteristic:

16 Pressure, Torr Loading (grams of arsine per liter of sorbent) of at least:
25 30
50 : 62
100 105
200 145

20 300 168
400 177
500 185
550 188
650 192

25

63. An adsorption-desorption apparatus according to claim 52,
wherein said sorbent material has an arsine gas adsorption isotherm at 25°C,
measured in grams of arsine adsorbed per liter of the sorbent, as a function of

pressure in Torr, with the following adsorption loading characteristic:
30
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conmmuni cation with the carbon sorbent material in said storage and
di spensi ng 30 vessel .
74 WD 97/ 44118

PCT/ 1 B97/ 00943. . 37. Apparatus according to claim

33, wherein 30 9%/4318m sor bent I s dispersed in th®CFaBy®nm43or bent
material in the storage and di spensing vessel. 5 38. An
adsor pti on-desorption apparatus, for storage and di spensing of a
sorbabl e fluid, said apparatus conpri sing: a storage

and di spensi ng vessel constructed and arranged for hol ding a

sol i d- phase physical sorbent nedium and for selectively flowng fluid into
10 and out of said vessel; a solid-phase

physi cal sorbent medi um di sposed in said storage and di spensi ng

vessel at an interior gas pressure, 15 \ _ _a sorbable fluid
physi cal l'y adsoMﬁ%iMmMﬂ&MmL sor bent medi um

and a di spensi ng assenbl yoq@gpl ed in gas flow

conmuni cati on vvl2 h the storage and di spensi ng vessel, and
constructed andsarranged: 20 (1) #213Bovide, exteriorly of said
resaure 8o ef ROGT desorption of sorbanl e f18Fd% rom the oo o
200 145-232
300 168-263
400 177-288
500 185-308
10 S50 188-315
650 192-330.

64. A process for supplying a fluid reagent, such process comprising:

16 providing s stovage and dispensing vessel conlaining a carbon sorbent

material having a physically sorptive alTinity for said fluid reagent;

physically sorptively loading the fluid reagent on the carbon sorbent
material, to yicld a sorbate fluid-loaded carbon sorbent material;
20
desotbing sorbate fluid from the sorbale fluid-loaded carbon sorbent
matcrial, by reduced pressure (pressure differentinl) desorption and/or heuting

of the sorbent materiat; and
25 dispensing the desorbed fluid from the storage and dispensing vessel.

65. A process according to claim 64, wherein the fluid reapeny
comprises a fluid selecied fromn the group consisting of silane, diborane, arsine,
phosphine, chlarine, BCI3, BF3, B, tungsten hexafluoride, (CH3)38b,

30 hydrogen fluoride, hydrogen chioride, denterated hydrides, Geldy, SiF,,

L —
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sol i d- phase physical sorbent nmedium and fluid flow of desorbed fluid

t hr ough t he di spensi ng assenbly; and/or 25 (rr) to
flow thermally desorbed fluid therethrough, and conprising neans for
heating the sorbent material to effect desorption of the fluid therefrom

so t hat WO 9744l8e desorbed fluid flows fromthe vessel PRIIBHQP4S-.

di spensi ng assenbl y, WO 97/ 44118

PCT/ 1 B97/ 00943 wherein the apparatus is characterized by at
| east one of the follow ng characteristics (i) - (iii):

(I') the Percent Desorbable Sorbate of the sorbent material for arsine gas
Is at 5 | east 15% (I'l) the Sorbent Wbrking Capacity
of the sorbent, neasured for arsine gas at 40 Torr and at 650

Torr, of at | easkydségenaiodide, Hyiirogen bromidgl getmant carampris. attibince ddraeent es a
conpact,, portabl e’lfigg.xic,l) h{r‘i{gg%_#ﬁﬁg?ﬁﬁpﬁugeg JQH\III’%B NFE3., and :Pixhﬁésq \aeér, and

di spensi ng syst efl} as pressure’is [ess than 1200

Torr. 39. An adsorption-desorption apparatus according
to claim38, 15 wherein said sorbable fluid is selected f‘r,omthe
group consisting of g6, Avpasess ascording to claim iy gvhersin the, pxgasometailiy  4ng

fluid m xtures. ” : ol AR h@Re SgFPar at us
accordi ngt#o cl aﬁlﬂ‘§‘§‘,““ comprises m%g‘?‘g?lﬁrhggggggor g%t gﬁng‘? gﬁ%ﬂ% Fs in a
form sel ect ed fr alintitnen,didup, soativs,gallipny inddon, tungsten, ankimeoy, silyeragold.es,

llets, tablets, pond ] , . clath .
Web form mt er i aPuRHmeptaifiiinsired. fbar Pelssir S, labPh, yirium, o oo

zirconium, Jead, tantalum, niobium, vunadium, platinum, thallium, bismuth,

tin, tellurium, scleniim, nickel, zinc, tungsten, manganese, iron, cobalt,
10 molybdenum, magnesium, scandium, chromium, copper, cadmiumn, lanthanum,

and ceritnm,

67. An adsorption-desorption apparatus, for storage and dispensing of
fluid sorbable on a carbon sorhent material, comprising:
15

a storage and dispensing vessel construcied and arranged for holding a

carbon sorbent maferial, and for selectively flowing fluid into and owt of the

vessel;

20 a carbon sorbent materinl disposed in the storage and dispensing vessel
at un interior fluid pressure;

a sorbatc fluid physically adsorbed on the carbon sorbent material;

25 a dispensing assembly coupled in fluid flow communication with the
storage and dispensing vessel, and construcied and ayranged (o provide,
exteriorly of the storage and dispensing vessel, n pressure below said intetiot
pressure, to effect desorption of sorbate gas from the carbon sorbent material,

and pas flow of desorbed gas through the dispensing assembly; and
30
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wi th ot her conponents, comm nuted forns of the foregoing, and crushed

forms of the foregoing. 25 41. An adsorption-desorption
apparatus according to claim 38, wherein said sorbent materi al
Is selected fromthe group consisting of pol ymers, al um num
phosphosi | i cwD97/4¢li8ys, zeol ites, porous silicon, PCTIRIYYA94NLH
matrix materials, and carbon materi al s. WO 97/ 44118

PCT/ 1 B97/ 00943 42. An adsorption-desorption
apparatus according to claim 38, wherein said sorbable fluid is
selected fromthe group consisting of silane, di borane, arsine,

phosphi ne, phosgene, chlorine, BO[err], BFferr], Blerr]Derr], tungsten
hexaf | uoride, hydrogen fluoride, hydrogen chloride, hydrogen iodide,

hydrogen 5 tr @@ayopisnp ceuphainie, the dispenisag astonibily dor prysutigiog el i de,
hydr ogen cyani “5{9 £ %g en telluride,

deut er at ed hydr'ﬁa’@?"dfﬂf‘élaf‘@g‘ %Eﬁ@ sSlllmEiyprdwg ‘5) organo conpounds,
and organonetal Iic conpounds. 43 An

adsor pti on-desorpti on apparat us accor d| to. claim., 38 wherein
sai d sorbent nateri 8 APregsss é‘d"ﬁgf’d"ﬂf‘ P&Pg’g]%?ffb‘t‘%g" B8R i t es
and carbgn sorh t material, comprisin 44. An adsorption-desorption
appar at us accorﬁ% g['no cmal m%8 g15 wherein said sorbent materi al
conprises activated carbon. 45. An

adsor pti on- desorptlon anppar at.us n 0 [ wherein
said sorbent materia™® X‘@ﬁﬁﬁrﬂ 5'8'?3% ‘gdi ;9s| ' é’%@a@%ﬁg a °“§‘6°" sorbent
46. An adsorpti pateflglsor pti on appar at us accordi ng to claim 46,

10 adsorbing such fluid on the carbon sorbent mudterial;

establishing, exteriorly of the storage and dispensing vessel, a pressure
below the interior pressure, to effect desorption of sorbate fluid from the
carbon sorbent material, and flowing desorbed fluid oul of the storage end
15 dispensing vesscl; and

cryopumping the desorbed fiuid from the storage and dispensing vesscl
to a predetermined pressure, wherein such predetermined pressure is higher
than the pressurc of the desorbed Ruid flowed out of the storage and

20 dispensing vessel.

69. An ion implanlation system, comprising a rcagent source for

reagent source material and an ion implantation spparatus coupled:in gas flow

25 communication with said reagent source, and wherein the reagent source
comprises;

an adsorption-desorption npparatus, lor storage and dispensing of a
gns, said apparatus comprising:
30
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wherein said bead activated carbon has a dianmeter in the range of from
about 0.1 to about 1 centinete. 47. An
adsor pti on-desorption apparatus according to claim 38, 25 wherein
said sorbent material has a major fraction of its pore vol une

conprised of WO¥H4WBth a diameter in the range of from abouFCHIERTEMS s
to 100 Angstrons. 48. An

adsor pti on-desorption apparatus according to claim 38, 30 wherein

said sorbent material has an arsine gas adsorption isothermat 25 err]C,
77 WO 97/ 44118

PCT/ 1 B97/ 00943 nmeasured in grans of arsine adsorbed per
liter of the sorbent, as a function of “‘pessureln Torr, with the
fol | owi ng adsor pti on h@ladigugnnwhpramhemcwl eonstructed and arrangad fog Bellwg Aoy ¢

Iégadl ng (or amsoof Lpfmsc pPysu.a Int dﬁu&r Ql%ft)r sgltulﬂfulyl @@vﬁhg L"ﬁm" and 025

105 20@Qut of said vessel; 145 300
168 10 400 177 500
185 550 188 650
192. 5 a solid-phase carbon physical sorbent medium disposed in said storage

and dispensing vessel al an interior gas pressure;

a sorbate gas physically adsorbed on said solid-phase carbon physical
sorbent medium; and
10
a dispensing assembly interconnceting the storsge and dispensing
vessel and said ion implantation apparatus in gas flow communication with
one another, and constructed and arranged to provide, exteriorly of said storage
and ;lispensing vessel, o pressure holow said inferior pressure, to effect
15 desomplion of sorbate gas from the solid-phase physical sorbeat medium, and

gas flow of desorbed gas through the dispensing assembly 1o the ion
implantation apparatus.

70. A process {or supplying a gas reagent to an ion implantation zone,
20 comprising:

providing & storage and dispensing vessel containing a solid-phasc

carbon physical sorbent medium having a physically sorplive alfinity for said
gus rengent;
25

physically sorplively loading on said solid-phase carbon physical
sorbent medium a sorbate gas, to yield a sorbate gas-oaded carbon physical
sorbent medinm;

30
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15 49. An adsorption-desorption apparatus according to claim

38, wherein said sorbent material has an arsine gas adsorption

i sothermat 25[err]C, nmeasured in grans of arsine adsorbed per
liter of the sorbent, as a function of pressure in Torr, with

t he foll ow NMYOSUMI8t i on | oadi ng characteristic: 20 PCTABYMBe;, Torr
Loading (grans of arsine per liter of sorbent): 25

30-106 50 62- 138

100 105- 185 200

145-232 25 300 168- 263

400 177-288 500

185- 308. 550 188- 315

650 selectively desorbing sorbate gas fgym g@Osorlgde gas-loaded catbon \\O

97/ 44118 . . . . .

PCT/ | B97/ 00943 physical sorbent medium, by reduoego;?re ure %sgxfppt) on, rt;qr d%‘g%ernﬁlf‘ﬁon
apparatus, for théresfag®l and di spensi ng of a sorbable fluid, said
apparatus conpri sing: a storage and di spensing vessel
constructed and arranged for holding a 5 sol i d- phase physi cal sorbent
medi um gnd for sel giowingethé ddsorbed Gorbltel ghs ifRin® the storage and didpen@ing Of sai d
vessel ; . . a saqlid-phase physical sorbent nedi um di sposed
in said storagevesssto the ion implantajpr gonési ng vessel at an interior gas
pressure; 10 a sorbable fluid physically adsorbed on said
sol i d- phase physi cal sor bent nedi um and

A .
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a sorbable fluid physically adsorbed on said solid-phase physical 10

sor bent nedi um and a di spensing assenbly coupled in
gas flow communication with the storage and di spensi ng vessel
and constructgﬂ g@a_ ranged: 15 (1) to provide, exteriorly of
said storage a 2 |§§%nsing vessel, a pressure be | REANBLA/H943 . .

I nterior pressure, to effect desorption of sorbable fluid fromthe

sol i d- phase physical sorbent medium and fluid flow of desorbed fluid

t hr ough t he di spensing assenbly; and/or 20 (Ir) to
flow thermally desorbed fluid therethroug@, qd conpri sing nmeans for
heating the sorbent material to effect de ﬁﬁﬁtion of the fluid therefrom

so t hat the desorbed fluid flows fromthe vessel into the
di spensi ng assenbl vy, wherein the Sorbent Wrking Capacity of
the sorbent, neasured for arsine gas 25 at 40 Torr and at 650 Torr,
of at |east 50. 52. A conpact, portable, point-of-use
adsor pti on-desorption apparatus, for storage and di spensing of a
sorbabl e fluid, said apparatus conprising: 30 WO
97/ 44118 0
PCT/ 1 B97/ 00943 t prade larjd [difspeps] np vesde
constructed anSer nged! forl Rolldiln golli d- phasp ph?ﬂ;g
sorbent nedi um —ang_tof kel ectli dellv i {oW ha] T di d iindo ——Tard out
of said vessel gng i
— 275
&
e
g 250 G1 = A
@ 225 P
< v n
o 200 v n
o | /! et
g 175 7 ]
g 150 /e =
-
2 [ 7
& 100 ~
4
5] 2 CARBON
| D L L L
50 - = ZEOUITE 5A
25
0

0 50 100 150 200 250 300 350 400 450 500 550 600 650
PRESSURE (TORR)

FIG. 1

SUBSTITUTE SHEET (RULE 26)



5 a solid-phase physical sorbent medi um di sposed in said

st orage and di spensi ng vessel at an interior gas pressure not
exceedi ng 1200 Torr, a sorbable fluid physically
adsor bed on sawdggghyg phase physi cal sorbent nmedium and 10

a di spensing assenbly coupled in gas flow comruni cati on with RGRIB97/00943..
storage and di spensi ng vessel, and constructed and arranged:
(I') to provide, exteriorly of said storage and di spensing vessel, a

pressure 15 bel ow said interior 25; uL to effect desorption of
sorbable fluid fromthe sol i &¢/phase physical sorbent nedium and
fluid fl ow of desorbed fluid throu t he di spensing assenbly;
and/ or (11) to fl oﬁQ&rﬁZEl QISI&BUBIQN fluid therethrough, and
conpri sing nmeangy,for %g tT Ty tre—sorbent—ratets to effect
desorption of th! flg theretromn sSo tiaf —=="thé—dqsorbed fluid
flows fromthe iassel imto the dispemsing|asserbly.| .7

53. An adsorpti -deBOé t i on appqr at us Lot di + et 3, 25

wher ei n sai d sor habl o d be=gH-et Asdsting of gas,
vapor, i qui | es.

tz
54. An adsorpti gesor pti
wherei n said so@e\g{ 0 )
consisting of 31 ©
particul ates, extrudateg,
81 0/ 116
PCT/ 1 B97/ 00943

;’group

jr anul es, | pell ets, powder s,
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web form materials, honeyconb matri x nonolith, conposites of the sorbent

w th ot her conponents, COhTTi nuted forns of the foregoing, and crushed

forms of the foregoing. 55. An adsorption-desorption
wherein said sorbent materi al

apparatus acc cl ai m 52,

is selected f%&ﬁ’gﬂsgr oup consi sting of : pol yners, WITABOTIeN933 ..
phosphosilicate, clays, zeolites, porous silicon, honeyconb
matrix materials, and carbon material s. lIO 56. An

adsor pti on-desorption apparatus accordi n}/t o1cl aim 52, wherein

said sorbable fluid is selected fromthe group consisting of silane,
di bor ane, arsine, phosphine, phosgene, chlorine, BC[err], BFferr],

Bl[err]Dlerr], tungsten hexaf | uori de, hydrogen fluofde, hydrogen
chl ori de, hydr ogen,ﬁ odi de, hydrogen brom de, gernma®®, ammoni a,
stibine, hydrogen , hydrogen cyani de, 15 hydr %en sel eni de,
hydr ogen tel |l uri d(L @3 rat e&, hydri des, hal i de gaseous 8
conmpounds, organo gnp d orgn@‘et al | i® conmpoungs.
57. An adsorpti on; 9) |on ' o cl akm 52820
wherein said sorb<% riral i € d t gEsting of
zeolites ¢ an& qar bon bent g 38, An
adsor pti on- desor pf | on ar at us accor@i o clai %52 o wherein
said sorbent material conprises activaye bo . 25 = 59.
An adsor ption-desorption apparatus :itc @O| Ckdi m 52,
wherein said sorbent nateri al corrprQe d Mt gt ed car bon.
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60. An adsorption-desorption apparatus according to claimb59,
wherein said bead activated carbon has a dianeter in the range of from

about 0.1 to about 1 centinete. 5 61. An
adsorption-deﬁgég%kﬁﬂ;apparatus according to claim 52, wherein
sai d sorbent | has a major fraction of its pore vol uMeCTIB7/00943 ..

conprised of pores with a dianeter in the range of from about 2 Angstrons

to 100 Angstrons. 10 62. An
adsor pti on-desorpti on apparatus according ao claim 52, wherein
said sorbent material has an arsine gaszaé detion I sothermat 25[err]C,
nmeasured in grans of arsine adsorbed per liter of the sorbent, as a
function of pressure in Torr, with the follow ng adsorption
| oadi ng characteristic: 15 Pressure, Torr Loadi ng (grans of
arsine per liter of sorbent) of at |east: 25
30 50 62 100
105 200 145 20 300
168 400 177 500
185 550 188 650
192. 25 63. An adsorption-desorption apparatus according
to claimb52, wherein said sorbent material has an arsine gas
adsorption isothermat 25[err]C, measured in granms of arsine
adsorbed per liter q% e sorbent. as a function of pressure in
Torr, with the follo dsor ptji on{ lfopdi nd ¢Hafaktlefi|sTiC] BO
WO 97/ 44118 1
PCT/ 1 B97/ 00943 Eg
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Pressure, Torr Loading (grams of arsine per liter of sorbent): 25

30- 106 50 62-138 5

100 105- 185 200

145- 232 Q 168- 263

400 wo srisile 177- 288 BODIBY7/00943 ..
185-308 10 550 138- 315

650 192- 330. 64.
A process for supplying a fluid reagent, such process conpri sing: 15

provi ding a storage and di spensing vessel_.c f ai ning a carbon sorbent

mat eri al having a physically sorptive aff5/ﬁj & for said fluid reagent:
physically sorptively |l oading the fluid reagent on the carbon sorhent
material, to yield a sorbate fluid-|loaded carbon sorbent material; 20
desorbing sorbale fluid fromthe sorbate fluid-Ioaded carbon sorbent
material, by reduced pressure (pressure differential) desorption and/or
heat i ng of the sorbent material; and 25

di spensing the desorbed fluid fromthe storage and di spensing vessel.

65. A process according to claim64, wherein the fluid reagent

conprises a fluid selecled fromthe group consisting of silana, diborane,

ar si ne, phosphi ne, chlorine, BC[err], BF3, Blerr]Derr],
tungsten hexafluoride, (CHerr])[err]Sh, 30 hydr ogen fl uori de,
hydr ogen chl ori de, T h FAaSTTTE 2t i.[I -
84
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WD 97/ 44118

PCT/ 1 B97/ 00943 hydr ogen i odi de, hydrogen brom de, gernane,
anmoni a, stibine, hydrogen sul fide, hydrogen sel eni de, hydrogen
teluride, NF[ el gnd m xtures thereof. 66. A

process accordlng to 2 ai m 65, wherein the organonetallic 5 FPCIIBY7/89aphound
conprises a netal noiely selected fromthe group consisting of
al um num barium strontium gallium indium tungsten, antinony, silver,

gol d, pal | adi um gadoliniym calcium |ithium potassium cesium
titanium yttrium zircﬁb? | ead, tantal um niobium vanadi um
pl ati num thallium bisnuth, tin, tellurium selenium nickel

zi nc, tungsten, nmanganese, iron, cobalt, 10 nmol ybdennum nagnesi um
scandi um chrom um copper, cadm um | anthanum and cerium

67. An adsorption-desorption apparatus, for storage and di spensing of

fluid sorbable on a carbon sorbent nmaterial, conprising: 15

a storage and di spensing vessel constructed and arranged for holding a
carbon sorbent, material, and for selectively flowing fluid into and out of

t he vessel ; 20 a carbon sorbent materia

di sposed in the storage and di spensing vessel at an interior
fluid pressure; a sorbate fluid physically adsorbed on
t he carbon sorbent material : 25 a di spensing assenbly
coupled in fluid fl ow comuni cation with the st orage and

di spensi ng vessel, and constructed and arranged to provide,

exteriorly of the stora@@8and di spunsing vessel, n pressure bel ow said
interior pre sure, to effect 3@90rpt|on of sorbate gas fromthe
car bon sorbent nater B 514 and‘gés fl ow of desorbed gas through

t he dlspenS|ng asseryp lﬁnh )Ir
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85 WD 97/ 44118

PCT/ 1 B97/ 00943 a cryopunp coupled to the dispensing
assenbly for pressurizing the desorbed gas and di schargi ng the
resallingly Pr&; surized gas. 68. A process for storage
and di spensi ng P"#9% 0 sorbable on a carbon 5 sor benPCTHOWOGY4d ...
conpri si ng: provi ding a storage and di spensi ng vessel
hol di ng a carbon sorbent : mat eri al : 10 adsor bi ng

such fluid on the carbon sorbent materi/a/11
establishing, exteriorly of the storage”and dispensing vessel, a pressure
below the interior pressure, to effect desorpﬂon of sorbate fluid fromthe
carbon sorbent material, and flow ng desor xﬂn uid out of the storage and
15 di spensi ng vessel and Q cryopunpi ng the
desorbed fluid fromthe storage and \\\a'--.‘:i’a to a
predeterm ned pressure, wherein such \ ,; xwnhed pressure is higher
than the pressure of the desorbed fluid ro out of the storage and 20
di spensi ng vessel. \
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69. An ion inplantation system conprising a reagent source for
reagent source nmaterial and an ion inplantation apparatus coupled in gas

flow 25 comuni cation with said reagent source, and wherein the
reagent source conpri ses: an

adsor pt i on- dasBPPT#I® apparatus, for storage and di spensing OPCEUB97/00943 ..
gas, said apparatus conprising: 30 WO 97/ 44118

PCT/ 1 B97/ 00943 a storage and di spensing vessci
constructed and arranged for holding a sol i d- phase physica
sorbent nedium and for selectively flo 'gg as into and out of
sai d vessel; 5 a solid-gﬁ sl car bon physi cal sorbent nedi um
di sposed in said storage and di spensi ng vessel at an interior gas
pressure; a sorbate gas physically adsorbed on said

sol i d- phase carbon physi cal sorbent nedium and 10

a di spensi ng assenbly interconnecti ng JAE_SteQge and di spensi ng
vessel and said ion inplantati GO6xpRY
one anot her, and constructed and arf dQ o) prdvi de, exteriorly of said
st orage and di spensi ng VEX a’/pregpure below said interior
pressure, to effect 15 desor ¥ ¢ate gas fromthe

sol i d- phase physical sorbent nedium =y "’ gas flow of desorbed
gas through the dispensing assenbly to ua-l v i npl antation
W
5
22

appar at us. 70. AN ppl yi ng a gas reagent
to an ion inplantation zone, 20

L — 302
o

FIG.9
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provi ding a storage and di spensing vessel containing a solid-phase
carbon physi cal sorbent nedi um having a physically sorptive affinity for

sai d gas reagent; 25 physical ly sorplively

| oadi ng on saiqw§ghh§3phase car bon physi cal sorbent nedi um a
sorbate gas, to yield a sorbate gas-|oaded carbon physical PCT/IB97/00943. .

sor bent nedi um 30 87
WD 97/ 44118

PCT/ 1 B97/ 00943 sel ectively desorbing sorbate gas from
t he sorbate gas-1oaded carbon physi cal sorbent medi um by reduced

pressure desorption, for dispensing Q/11 thereof; and 5
fl ow ng the desorbed sorbate gas from t‘he storage and di spensing

vessel to the ion inplantation zone.
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