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FLU DS WO | BAGKGROUND Or TRETRSBIAtA "o
Field of the Invention This invention relatés generally to stor age
and di spensi ng sYBULK STORAGE AND HISPENSING S¥STEM FOR FLUIDS” ui ds from a
vessel in which the fluid conponent(s) are sorptively retained by a solid
sorbent nmedium and are desorptively released fromthe sorbent mediumin
t he di spensing 10 operation, .Mre particularly, the present invention
relates to a bulk storage and di spensing system of such type.
Descrintion of the Rel ated a vm de varjiety of industrial
processes and applicati on&4 LD O PP INVENTIQN abl e source 15 of

proce fluid(s) which is conpact portable ‘and available to supply the
fluid(’s) on denmand. Such processes and applications include

sem condugbialof tREBivaatib i NY. i on inpl antation, manuf acture of flat
panel di myrmw#t reatment, water treatment, energency breathing
equi prentThisiventite relaes %&ﬂe@ﬂb}' to sﬁafgeah&&@p&nﬁa%hysféﬁd R thel seéptivel digaeﬂﬁhg very
of liquids and gases,’ etc S. Patent 4,744,2 I ssued
May 17, I¥Suitdofrisar i vedselkinowhichehd fuidddomponeae(3) _m'ermﬂimﬁl}oietamed by asblid i ng
and subsequent.l y delivering arsine, by contacti'ng arsine at a tenperature
of from sorbent metiwm, an@GfedespPptivelyabloased £ thersotbent miedinuny éwthet dispehsipgr e
size jn the range of from about 5 to about 15 Angstrons to adsorb
ar si 4 orpperatione More Partichlarly ibe pesepdpvmtion ralatesaloss btk s{oragecand ispensing 25
zeolite to an Ieﬁgtted tenperature of up to about 175[err]C for sufficient

time to r&¥HE arsine fromthe zeolite material . The
met hod di scl osed in the Knollnueller patent is disadvantageous in that it
requires the provi sion of heating nmeans for the zeolite material,

whi ch nuShedefinfion of tHeqtAsted At 21 I anged WO 98/ 52677

PCT/ US98/

In a wide variety of industrial processes and applications, there is a need for a reliable source
15  of process fluid(s) which is compact, portable, and available to supply the fluid(s) on demand.
Such processes and applications include semiconductor manufacturing, ion implantation,
manufacture of flat panel displays, medical treatment, water treatment, emergency breathing
equipment, welding operations, space-based applications invelving delivery of liquids and
gases, etc.
20 _,
U.S. Patent 4,744,221 issue(iE May 17, 1988 to Karl O. Iénollmmller discloses a method of
storing and subsequently delivering arsine, by contactiné arsine at a temperature of from
about -309C to about +300C with a zeolite of pore size in the range of from about 5 to about
15 Angstroms to adsorb arsine on the zeolite, and then dispensing the arsine by heating the
25  zeolite to an elevated temperature of up to about 175°C for sufficient time to release the

arsine from the zeolite material.

The method disclosed in the Knollmueller patent is disadvantageous in that it requires the

provision of heating means for the zeolite material, which must be constructed and arranged

S/

50
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to heat the zeolite to sufficient tenperature to desorb the previously
sorbed arsine fromthe zeolite in the desired quantity.

The use of a heating jacket or other means exterior to the vessel hol ding
the arsineoOde§i§ 5 zeolite is problematic in that tRCT{SIRS
typically has a significant heat capacity, and therefore I nt roduces

5 e S g R PR A ool ifnabipibnd’
ydr ogenA%%lﬁﬁi%c‘fbs#ﬁs%@ﬂH@es an expl osi ve azard into the process

system her mal | y- medi at ed deconposition of-

arsine effects substantial increase in gas pressure in the process system
whi ch may be 10 extrenely di sadvant ageous fromthe standpoint of system
life and DPreast omphatihg gdckercot. other means eXtefonoahe yeseel tolding therdrsind-beating posed
heating coil or other heating elenents in the zeolite bed itself is
pr obl énmat zeoligd is peoblematis inl tHat thewlesseltypicallybds ansignificanbheah cépacie, gndhtherefarbie
zeolite bed to . ..achieve the desired uniformty of arsine gas release.
15 intrpdudgs a signifisanitegtivg iq the ﬁhsgwﬂgtqpéaﬁﬂn-pawé@a heating pflarsmecapsss of

zeolite ipn its containnent . vesse over co t he foregoing .

Gor ci onch & dRssiRpoNn SSNUHREIn fhe, frmHian 66 bYAReeP s HEh introdudes a exBBise, o
carrier s desorption of i ne A undesj.rably hi . 0 M

Cnsui £ abi e 86 She 5oy BitEirc aToby. A el midhlled e iR 55,
ot her tregtd ' | '. bk | . 2 ' f

Gl 1 et o e UiecR ABAGE Incrbust AR Yok ABlys in he EEESRER, fERn ly pe
nanmesy(Of &uRipfelyMisaboaat ¢ RORShe/standpoint of SYSR/RHE djé‘;fe?z[ti RfficengpS Storage
and di spensi ng %gﬁ em o? t he stsornaggma?ld di spenglil ng of n@ y;jlases,
e.g., hydride gases, halide gases, organonetallic G oup V conpounds, etc.
which 25 overcones various di sadvantages of the gas supply process

di scl osedThepronisionroflintexienly disposed heating goid or other heating elgmentgan thetzsplitgdedind

di spensi n, stem of the Tomej al.. patent conprises an _adsorptj on-
desor pt | ks Rropisraaticrsifce dt ig diffigu H&%P@b@ﬁ@sﬁg ua'ffogﬁx beat thegaoliig; beg ta

;t orage a&‘c%ie%e%l?q%%%%@ﬁty of arsine gas release.

PCT/ 4§28/ 10298 vessel holding a solid- ph.ase physi cal sorbent, and
arranged for selectively flowing gas into and out of the vessel. A

sorbat e goRe use Phihcatedadalricrafs atrermis Padsddfircuh MR bed 6 £HoBREMSiks hntainment
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

20  dispensed gas for ultimate use.

~ U.S. Patent 5,518,528 issue_c} May 21, 1996 in the names of Glenn M. Tom and James V.
McManus, describes a gas storage and dispensing sy_steni, for the storage and dispensing of
gases, e.g., hydride gases, halide gases, organometallic Group V compounds, etc. which

25  overcomes various disadvantages of the gas supply process disclosed in the Knollmueller

patent.

The gas storage and dispensing system of the Tom et al. patent comprises an adsorption-

desorption apparatus, for storage and dispensing of gases, including a storage and dispensing
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"assenbly is coupled in gas flow communication With the storage and
di spensin and provi des, exteriorly of the \
pressure g‘gpﬁf?ﬁ;’.’e vessel's interior pressure, to. effect P&‘Eﬁﬁ@@g@%r ption
of sorbate fromthe solid-phase physical sorbent medium and flow of
desor bed vessel holdipgs sdlidephgde physicali sorbens; iand) anampediboryselddanély fipwingpss iy be
enpl oyed to augnent the desorption process, but as nentioned above,
heati ng emtaivk of thervessel & serbategasigephysioallyt asorbed on thes sorpeitonA dlispensing on
system and it therefore is preferred to operate the Tomet al. systemwth
t he desoraStsmiy ieionpied i Baslpw, commpunication: wightheistarage andl disnensipg yessel, and
di fferential,-nedi ate he sor batgj, gas fromthe sorpent

. rel.ease of 10
e o | PrOVidSs, exoiy B U8 ekt 2P belg T Yarel s nemior PEARUE: B SR ent
enbodizes ' A : L1, t] Lpr art
ise of” niOHat 8ot RONCRE Sofdoase physief Sorfih i fyf i obl Jrteadibde | 2
cyl i nder I Pl d g i m IR 0, %ﬁEn
regul at Ofgaﬁl\‘.gmﬁg!gg?e%ﬁngig?%gs we I%Jsaﬁfto reupturg%gnﬁnﬂﬁﬁwn%é& ul Egl?eel ease
of gas frdesorptién processdBiit dsf medtRned above, hédtig eataild dariblisc &S sdvantafest fof the
cylinder exceeds permssible limts. Such overpressure may for
exanpl e defptiod/desopptionsystempanddethertfuas istpreferred tol dperagiethe Tontletdd. systemayithdl
St or age. hclddiomnbFiag crmisd et sficwhpartll o prteuroretdlmesintedisieste ohe
st or age ndeing cawis: e pra$su i igted vhe
pressure of stored sorbate gases by reversibly adsorbing themonto a
carr iIQr s‘BT'Ef.Bh%t? g@.fgﬂﬂ,‘ u'&i.s?@&l“i'{‘?éh‘&?- ~activated carbon material .
Many industrial applications exist wherein a bulk storage and di spensing
systemfor fluids is 25 hi ghl y advant ageously, and wherein existing high

pressure teHidtge %g’ﬂg%aﬂsﬁﬁ%éel 81 the %&ﬂ&ta;jiﬂ:[gtsepﬁgmbodjési 28ubhia AhGinte iPSUES.

relative ag ture of suc )
3 the art, relati Vo ¥ ﬁ?&%ﬁ use of high pressure gas c%'linders. Conventional high pressure
PCT/ US98/ 10298 It" therefore I's an object of the present Invention to

provi de sgashcylinders karet susegptiblendo deskagesiréry damaged so1s tnsalfunbiioding vegulawes t he
af orenenti oned di sadvantages of the prior art utilization of high
15 assemblies, as well as to rupture and unwanted bulk release of gas from the cylinder if the
internal gas pressure in the cylinder exceeds permissible limits. Such overpressure may for
example derive from intemnal decomposition of the gas leading to rapid iﬁcreasing interior gas

pressure in the cylinder.

20 The gas storage and dispensing vessel of the Tom et al. patent thus reduces the pressure of
stored sorbate gases by reversibly adsorbing them onto a carrier sorbent, e.g., a zeolite or

activated carbon material.

Many industrial applications exist wherein a bulk storage and dispensing system for fluids is
25  highly advantageously, and wherein existing high pressure storage tanks present a substantial

risk and safety issues, relative to leakage and rupture of such tanks,
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"pressure storage and di spensing tanks. 5 O her objects and advant ages
of the invention will be nore fully apparent fromthe ensuing

di scl osure. SUMVARY OF THE | NVENTI ON

10  The pMWR®R6TInvention relates to a fluid storage and BFEEEHRRY system
I ncl udi ng a.storage and R di spensi ng vessel containing a solid-phase

physi cal r bent .mat er. gl _-f.or ' . or | tive
t ranspor tﬁgﬁei%llg%égﬁ S%iog P r%%ﬁ@%&%?"oé@%@" g‘r’%‘ : ad?%%%%@%%“v@%%&ﬁ? The.
st orage ' ' ' ﬁa%g [ Ty e s, d
into thea%}'g(seg{e‘?mggr%&gd&asﬁgthf %@fhﬁan %&?%?g%g hgﬁ{? ‘étgoléfln P%%?‘ggieﬂ# I ng.
The sorbaﬁﬁgufd*@ﬂgm%hﬁygﬁﬁmrbed on the 15 sol i d- phase physi cal
sorbent nedium may be sel'ectively desorbed by pressure differential
desorption and/or thermal desorption, to dispense gas when the vessel is in
notive transport and/ or when the vessel is at rest. In a
parti dul aDthes petts andh edyantagenof themventiomwilkbamese fullyzappareit fyosh theudnguing
transport fluid storage 20 and di spensi ng system conprising:

a st or agedisglesug®.spensi ng vessel constructed and arranged for holding a

sol i d- phase physi cal sorbent nmedium and for selectively flow ng
fluid into and out of the vessel; 25 a solid-phase physica

sor bent nedi um di sposed in kiﬂum;"" j 'ég vessel ;

a sorbable fluid physically=xtsotise . pttase physi cal sorbent
medi um and 4

WD 98/ 52677 '

PCT/ 498/ 1025 8sent inventjon relates téla ARid Hétaged MHPehsiNENseH] REUSRS 8 kdge and
structurally coupled to the storage and di spensi ng vesSsel for notive

t ranspor t diggensing vetsel agaaiaing adsalidephasenphysiealssorbent material for fokdingoalkérbable
vehi cular transport fluid storage and di spensing system may further
conpri se Buid, ®xd a ;ptive Rpsportiassersbly assopigted 34 dvthe gtorrge prddispensing vessglodhe
conmmuni cati on vviét&ithe_storae,and . . -
storage and dispensing vessel is arranged for selectively flowing fluid into the vessel for
storage, and out of the vessel for dispensing. The sorbable fluid physically adsorbed on the
15  solid-phase physical sorbent medium may be selectively desorbed by pressure differential
desorption and/or thermal desorption, to dispense gas when the vessel is in motive transport

and/or when the vessel is at rest.

In a particular aspect, the present invention relates to a bulk vehicular transport fluid storage

20  and dispensing system, comprising:

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;

- 25 a solid-phase physical sorbent medium disposed in the storage and dispensing vessel;

4

a sorbable fluid physi’baily adsorbed on the solid-phase physical sorbent medium; and
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di spensi ng vessel, and constructed and arranged to effect pressure
differential - nedj ated desorption, concentration

di fferent i‘!P-%?@B‘{"it ed desorption and/or thermally-mnmedi aPCH/US98/10298
desorption of sorbable fluid fromthe solid-phase physical sorbent nedium
and flow of 3 motictew@ndpefrt VeHibwlart BisemBly Eﬁk_ﬁbt&hﬁﬁ%ﬁ?é& t3S R MRodage avd

As used herein, the term"pressure differential -nedi ated desorpti on" neans
desor pti odi ng vessel for motieé trexspen ofithe storage pnd disperneing veskel.i on t hat causes
the sorbed fluid on the sorbent material to be desorbed fromthe
sorbent nmaterial. Such pressure condition nay i-nvolve a differential in
pressure between the i nmedi ate environnment of the sorbent in the interior
of the veSyeh bulksvehicalgn transport fluidh stosage padtdispensing aystaye nayafutherheomprise @i or

A B e el B o AL 1 2
t L . .
ConS n L 08, K8k 4 S A
interior ‘ates&'ﬁﬁ?on‘,’ € 8GiidbntrafioA Qﬁ?er%i@da{-ﬁxg@aéﬂs%gﬂﬂt%f OfRdId?€ thermally-n@faféant

material in the interior volune vessel . As used herein,

the term qedppiion otyso¥BblaaFaid H6MOthe tsoRA phaRRApHysichICsoisun® mikidivan, &id flowi¢f from
the sorbent material that occurs when the sorbent material is heated.

Desor pt i odesrbdd ftuidehedugh thid dispdnfingasséhblysor bent nmaterial in the practice of
the present 25 I nvention nmay be carried out in any suitable manner, and
may | A8l ude pressure-di fferential nmedi at ed desorption (which nay be

ef f ect edmt;%/ ourrﬁi ng or inposing suctign on the vessel cont ai_ni ng the
sor bent ne¥sisEd herpiB; Ge teymy pEesse gifferential-mediated desomtion; means desorption that is

1L B o o L B Rl 2
gf the fl lﬂ%@rb&{}@éxgglf%glgf}é}ﬁlnlﬁéﬁd 'Sﬁ&?gregﬁﬁ@ 'Z:mdit%ﬁ' may involve a differential in
PCT/ US98/ Haiite between the Txﬁﬁe&ﬁie!‘en\bﬁbﬁrﬁé&#tadf thE ABARAY In theUinterivh @F A8 vadsl

di spensi ng system of the inventi.on may further - conprise, in a
parti 86| arcontainixdy the sdrbera nistaial bed, and tHerexterior envifnirennafcthewedseln Thue, ifther age
and di spensing vessel, with the coil coupled in circuit-formng
rel at i onshessel goruaigsoglpcsgrhgm h@:hgt a pressure condition which is greater than the pressure
condition outside the vessel to which the interior volume is being discharged, then gas will
flow to the exterior locus from the interior of the vessel, and gas will be desorbed from the
sorbent material in the interior volume of the vessel.
20
As used herein, the term “thermally-mediated desorption™ means the desorption of fluid from

the sorbent material that occurs when the sorbent material is heated.

Desorption of the sorbed fluid from the sorbent material in the practice of the present
25  invention may be carried out in any suitable manner, and may include pressure-differential
mediated desorption (which may be effected by pumping or imposing suction on the vessel
containing the sorbent material holding the sorbed fluid), concentration differential-mediated
desorption (which may be effected by flowing a carrier gas through the vessel, to effect

desorption and entrainment of the fluid) and/or thermally-mediated desorption.
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‘5" ‘exchange fluid. The heat exchange fluid may for exanple conprise a
coolant for chilling the sol i d- phase physical sorbent nmediumto
i ncrease adsorption, or it may conprise a heated fluid for heating
t he sol i d-woaggzgtysi cal Sorbent nmediumto thermal |y assi SCTASSAORASI On.
The bul k vehicul ar transport fluid storage and di spensing system of the
I nvention may be of 10 any suitable type. It nmay for exanple include
wheel s or tires for notive transport of the storage and di spensi ng

| ed fl f i
VheSet or aqbemlk WAL e ng%%; seblage ] citeneifie soniean oF Ok fveion mELRRR ©
di t

PP e "BolBReEn a particulal PHbREinElR! ARATRY ool Uif Codeindd Gilnad shd dbrafioth

vehi cul ar dls}:éﬁk‘iﬂ?%ssélf wifhethe (el *8EIaNH SitRIoThing rerm? 18 arsa.aieetof heat

assenbly, ship, barge, etc. In a specific aspect he gas storage and
di spensi ngxéehaage luida The hed ekéhahge fuid may for @ndplesoniprise acoclimtfopctiltinpkhe, i n
whi ch the storage and di spensing vessel constitutes a casing whi ch
may for exsalig-phase physieal parbentafediunbwdistrease atsomtionf ot may kemprisera heated fluid
conponent structure or part thereof. 20 In the bul k vehicular
transpor t f61 heatingthosalié-phasd physisabsasbentymegismetnthermalieassist dasomption. a

plurality of storage and di spensing vessels nay be nounted to the notive
transport vehicul ar assenbl y. Anot her aspect of the

[ es toabulkv hi.cul ar tr ort qur '%oraeand

i el.a
i Sponsi ndhe I Pk e sranepart fiuld Slocdie anf 3 smgrﬁgrsams i8S o ng

G
;(r)regs%erjg %e%'sn tJbYcF d"é’é"or%t"f’%’ﬂf"?“{% rYEg} Ion er ent a’ﬁog‘ye transpor Ogl e at ed
desor pt i oRyRg/ dﬂa drslf,@ﬁdiﬁé eksdTRCE. 2 WhketLASD BEd @ﬂreerortnkkﬁwfewmdmﬁrmﬁéaeof

sor bent terial, a notive transport vehicular assenbly nounting the’

vessel t heh&euoragarana mxipeﬁsiﬂg vessel. Ay aiothey @kahplethe anorage and dikpensing ivessel
transport vehicul ar assenbly, an on-board heat source on _
t he noti venayberdstashably atduatedde suchwchlds bpd trailet. Stilirather exarsplesincludea yaikkoad | i ng

and heating the sorbent_ material in_the vessel with the on-board

ref ri ger aﬁ%ﬁfﬁﬂﬁ‘@evmlﬁfﬁgnﬁﬂ?ﬂb?fdhﬂ sfosage and dispensing vasgel & socketoassmblyvel y .
k vehr | ar t ui d stor e _and di spensin st.em may

Por olfmptrd bares, et B sipetifif SRS ek s 3 Asndibingcavip iy Shniltils 5

ot her ot 'p%ﬁ}&nﬂ%%%%ﬁ?%%? 'l\i Which the storage and dl%&nﬁﬂgnr %} %I nétftlibs £ Easﬁr&e

i nvention ranspor or a spensi ng
which may for example define part of a booster stage of a rocket, or other component

structure or part thereof.

20 In the bulk vehicular transport fluid storage and dispensing system of the invention, a
plurality of storage and dispensing vessels may be mounted to the motive transport vehicular

assembly.

Another aspect of the invention relates to a bulk vehicular transport fluid storage and
25  dispensing system, compﬁsing 2 vessel containing a sorbent material having sorptive affinity
for a fluid which is desorbable by pressure-mediated desorption, concentration differential-
mediated desorption and/or thermally-mediated desorption of the fluid from the sorbent
material, a motive transport vehicular assembly mounting the vessel thereon, an on-board

refrigeration source on the motive transport vehicular assembly, an on-board heat source on
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'systém of the invention is coupled to a fixed use facility, such as a
sem conduct or 10 manuf acturing plant. Thus, for exa a_tube
trailer uniORMEL ¢ uti ng a bul k vehicular 2) trané%'é'f' 819298 ¢
storage and -di spensing system may be transported to a sem conduct or

manuf act ur. t B*H?+l nt

I nf rastruct;tlﬂ(F}:aorﬁlvéllﬁt‘mﬁﬁﬁt Mfchﬁfiggﬁrg?@eaécgﬁ{eﬁxg %U\Igi]éveh I"cu gﬁgﬁgﬂéﬁgﬁ h? | uid
st or age andrséntparsiahih thy sese) with thédod-kofd lﬂéfﬁgerauon source andf 1B ohltRafdildat i ty.
Such bul k source arrangenent is advantageous for the storage and dispensing
15  of flsokds, sspebtivady.si | ane at a seni conductor manufacturing plant.

The sorbent nmediumin the storage and di spensing system may include any

sui t abl e sor bent material. Preferred sorbents i ncl ude
crystalline Ium osi|.icate conpositions with a pore size
in the® arﬁﬁs ﬂbNP@s@e& anwaﬂa@eﬁtswwm&demwm éyswe aney fg example

| | Il ed
eeopor e (SRS ¢ prae Yahicln S Pailer RO o Giher Shoti ¥ Slsp @ BRI Toi [rom |

about 20 to about 40 A are also potentially usefully enployed in the broad

practice of the invention. Exanpl es of such crystalline
al um nosi 'Ih%hfhe@%ﬁ&%ﬂth@ﬁﬁedﬁbﬁ' R Dub vaRb e RS pott ﬂx‘ﬁ% std'i-&gi and dlsp%ﬁsm
preferably a binderl ess nol ecul ar si eve. PotentTally usefu

carbon sorsypein Rtk iidventionds Wwdepled-6ah | feddbardfaility,Vichdac ar fiiceidubloghl y
uni form spherical particle shape, e.g., BACMP, BAC-LP, and BAC- G 70R,

avai | dfl e haorfacturing plant. Thisy &raex@mpleo ratubo trailér wnit constitutidg\w Yk kehisilar

WD 98/ 52677 ' ) _ ] _

PCT/ US98/ 1toansport fluid storpgen i iispemsing, sydem dats bantiansponsdytoe sgmigenductor

st ances, PR BRI S B BBk KRCrioaplng fon(peu e e, o T

conpri se I I I cul

i esel gum&‘ﬁﬁﬁmﬁw bt R0 oSt hEF ol B Bop BBkl OBk RO D
treated t ofopiRYAIty Such BAK séurte ﬂ%@éﬂerﬁfis advantageoi§ &ﬁ@h&aaagaﬂmtcﬁspehmﬁg
del eteriously affeCt the performance of the gas storage and

di sperid ngofijddsasach aosilaax atrsemicondudisrmanfdoning plaay be subj ected to washing

treat ment, e.g., with hydrofluoric acid, to render themsufficiently
free of trace conponents such as metal s and oxidic transition met al
speci es. The formof the _ipnvention nay be wi dely var

ed,
i ncl udi ng 1‘1& sosheakpIedivn Hothe slomee and dispeRsing system may include any suitable Sorbent
material. Preferred sorbents include crystalline aluminosilicate compositions, e.g., with a

pore size in the range of from about 4 to about 13 A, although crystalline aluminosilicate
20  compositions having larger pores, e.g., so-called mesopore compositions with a pore size in
the range of from about 20 to about 40 A are also potentially usefully employed in the broad

practice of the invention.

Examples of such crystalline aluminosilicate compositions include 5A molecular sieve, and

25  preferably a binderless molecular sieve.

Potentially useful carbon sorbent materials include so-called bead activated carbon of highly
uniform spherical particle shape, e.g., BAC-MP, BAC-LP, and BAC-G-70R, available from
Kreha Corporation of America, New York, NY.

THIS SHEET KAS BEEN
7 REPLAGED
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"shi pment of the vessel. The bul k vehicul ar assenbly of the invention may
conprise a storage and di spensing vessel, with or without a fluid
di spensing assenbly therefor. In other words, _the apparatus of the
_invention WaY93s26%7 a native or "on-board" di spensing assenBCTUSWA9Be 15
di spensi ng neans may be stationary in character, being depl oyed only when
the notive

hi cl i [.udi t he bulk d qi 1 .
assenbly | AIBOHSh o SOIbens e TOIP e s msterials SOk ae Ceypuafiing R mORieAE s ng
nbl [ . . . . . E HE
AR GG | Pieferred i Ay instagees, the aqlidephase, ghysical Shibnt Rl Hahbsbhun] 1C.
Sccor O ng st SRR idecHEREN Allics, lumina AR Ao pUOMCR kiiibtib o, | |

enpl oyed for the storage and di spensing of fluid. Figure 2 is a
schemati c perspective view of a trailer-nmounted fluid storage and

\O/lxio S Bg ?;52 g%‘he sorbent Siy@érials may b sultably jrocessed o nieawd & Bhsued thahthey areadevoid of

PCT/ US98/ 10&28 componentsFwhiche d€letesiouslys affectathiec peréormpeet iof chei gay stbrage and
railroad car conprising a fluid storage and di spensi ng system

accor di ng dispensinghesterpbinti e¥ampleo tarbem sothents maybe subjected to fyaghing twatmeniy ¢ op

pl an vi ew of a .spac ehj cl e, incofporati an_oxi di zabl e fuel conponent as
5 "the. sofBedViBhEYAINaRs 35 K0 JERAeh e ACITiGIeRIBE Hiop 1 e componghis et &5

operatively _jntear ' 3 oxi dant systemto facilitate highly
efficient éleiggbea%gio%ﬁ%%ﬁbﬂ r?e&aellsp%cﬁ%. oxi dant Figure 5is a

schemgjd ¢ perspective view of a barge assenbly including the storage and
di spensi ng vessel of the invention. 10 Figure 6 is a schematic

el evation 'Yh@fﬁrﬁfqf&héﬁh&nddﬂ%%ﬂid@lg_&ﬁaﬂécﬁ%l@iﬂg fir eR&Nple Ak onffRe for cargo
according to the invention. igure 7 is a schematic perspective

vi ew of a shiphemrof tef veaseh eThectonikl vetticuiarrmsenibicofithe fnyention mayaeonhprisy a storage
interconnected with a tube trailer constituting a bul k vehicul ar assenbly
accor di ng tnsl dispensing ypasele Mt withoubs fluidadispanaing assembly therefor. In other words,

the apparatus of the invention may have a native or “on-board” dispensing assembly, or the
"15  dispensing means may be stationary in character, being deployed only when the motive
vehicle including the bulk storage and dispensing assembly is brought to a destination where

the stationary dispensing assembly resides.

20 BRIEF DESCRIPTION OF THE D GS

Figure 1 is a schematic perspective representation of a storage and dispensing vessel and
associated flow circuitry according to one embodiment of the invention, which may be

25  usefully employed for the storage and dispensing of fluid.

Figure 2 is a schematic perspective view of a trailer-mounted fluid storage and dispensing

systemn, according to one embodiment of the invention.
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20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON' AND PREFERRED

EVMBODI MENT.S. THERECOF The di scl osures of the followng U S. patents
and U. S p‘HPe‘?P(P%m i cations are hereby 25 incorporat edP 0%?9
reference in their entirety: " U S. Patent Application

No. 08/ 80Bigdd3 fis h%ﬁleﬁ’ﬂuﬂpeisgecﬁbggﬂew of a railroad car comprising a YiuRl sfoRie8 Hnd
5,518, 528 issued May 21, 199 ]iJ g Pat ent 243304 965

i ssued Jadispensing s$8GR according to another embodiment of the invention.

9 WD 98/ 52677 . _ -
PCT/ US98/ 10298 U.S. Patent 5,704,967 issued January 6,
1998; U S. Patent 5,707,424 issued January 13, 1998;

u s Pat eFigurghisiaden Plan viey, ofGepacsyehiple, meorparajing ampexidizatie fueh gmponent as

| 09/0 278 filed _ De
I n t he eng\f %&2‘%‘%‘@{? stppage F“f‘f@‘@ﬂﬁ‘ﬁﬂé V\?esF‘T ‘Bg‘eﬂgs@’r”fa%ﬂywt?ﬂmf’%f"éﬁhence
t 0 a. gas ?l?o*lg&t [ Stem aﬁlg?% ﬁgﬂi%létﬁ% enp&\éfe\ﬁg{ﬂg OEB Mﬁglhél aP&OJEla&RgnI Zed t hat

the invenflon 15 broadl gases, Vvapors, and
mul ti phase fluids, and contenplates st orage and dlspen3|ng of fluid
m xtures as well as single conponent fluids. 10 Referring now to

the draw Pigare 5iigW &hémtic BerSeev@view 628 HRERNIssmBN ifdluding iy %ﬁg&-mﬂd
di spensi ng system 10 conprising storage and di spensi ng vessSel 12.

st or age adidpensing vessdi cfibimvegionessel may for exanple conprise a
conventional gas cylinder container of el ongate character. In the
i nterl®r volume of such vessel is di sposed a bed 14 of a suitable 15

sorbent nedi um 16. The vessel 12 is provided at its upper end with
a convent FigNEs 6d3/p |5W“ﬁélfé!aq%¥18w f Apudip ing dmg a storage and dispensing vessel

according to the invention.

Figure 7 is a schematic perspective view of a portion of a2 semiconductor manufacturing
15 facility, interconnected with a tube trailer constituting a bulk vehicular assembly according to

one embodiment of the invention.

20 DETAILED DESCRIPTION OF T ON PREFERRED
EMBODIMENTS THEREOF

The disclosures of the following U.S. patents and U.S. patent applications are hereby

25  incorporated herein by reference in their entirety:

U.S. Patent Application No. 08/809,019 filed April 11, 1997;
U.S. Patent 5,518,528 issued May 21, 1996;

U.S. Patent 5,704,965 issued January 6, 1998;
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"assenbly 18 coupled with the main body of the cylinder 12 at the port 19.
Port 19 all ows fluid flow fromthe interior volune 11 of the
cylinder into the dispensing assenbly 18. To 20 prevent entrai nnent of
part i cul atWo9¥s36®s in the fluid being dispensed fromthe EGFUSRIAP98t he
port 19 may be provided with a frit or other filter neans therein.

The vessel 12 may b rOVi | I nternal ] ng means such as heating
coil 25 which %.@f#gﬁ&?ﬁ%ﬁmﬁ?vu&gﬁg%ddesmpt ion of the sorbate
fluid. Preferably, however, the sorbate 25 fluid is at least partially,
and nost pref er abl y Ur-3nBajent §7Q1 43 kisvped Jgmatyid, 899 age and di spensi ng
vessel containing the adsorbed fluid b ressure differential - nmedi at ed
desorption. .Such  U.S.PatentApplicatien N'De&/ A2 fited Moy 20549981 andhed by fl ow
conmuni cati on between the storage and

10 WO 98KES.Patent Application No. 09/002,278 filed December 31, 1997.
PCT/ US98/ 10298 di spensi ng vessel, on the one hand, and the exterior
di spensi ng environnment or |ocus of use, on the other. The -

sorben® nedium 16 may conprise any suitable sorptively effective material,
havi ng 5 sorptive affinity for the fluid tQ be stored and subsequently
di spensed In thheasying, disclasure, the ipwgntion will be desgribed Hith referercenior b gpssas et apl y
desor babl e. appl.es include a crystal.li l.um nosilicate .

CoNnposi t i éﬂr,bgé. @Ed‘ E°WF‘6‘F’080‘?"§ éﬁ 5’3574]%@1%5 PYRMARD, 35 %‘}‘?a%' {@RPlicapls @ < ;e
I n the rarge: f r t | L ne
al um nosi I ﬁlgg ,egaggsr,rpvgg P %nm \;ﬁ\}q ?#h?%p%@gg i coﬁ?ég{ﬁzaé@sl %Ef‘ﬁg%‘gﬁ%éé‘%@’%f (erom
about 20 tRPheiredtss ﬁellﬁsﬁﬁ%@&hﬁdﬂéﬁﬁﬂﬁdsﬁme” al such as a bead 10
activated carbon sorbent of highly uniformspherical particle shape, e.g.,
BAC- MPQ BAC- LP, and BAC- G 70R bead carbon materials (Kureha
Corporation of. Anerica, New York, NY), silica, alumna,

macr or et i Referting powytee the, drawings| Fighwe, 1 d¢ @. schematic repreisentationbefna stomagerandl may
be suitably processed or treated to ensure that it is divoi d of trace 15

conponent SISRRAKNE W’He?%t";@?‘?’éﬂ%ﬂ plogagecand dispensing yestelnde ofhe sorage and
ubj oot ed e, VAeL P e aiplegShmprite & SHRonRont o HIBPR BT o
render it . CJ .of .t > 1d.
e & SR SHERLE BAE ki RR OTRRRSELE BBl [RALE by
form @f pabivest B&diu@nagnul es, extrudates, powders, cloth,

The vessel 12 is provided at its upper end with a conventional cylinder head fluid dispensing
assembly 18 coupled with the main body of the cylinder 12 at the port 19. Port 19 allows
fluid flow from the interior volume 11 of the cylinder into the dispensing assembly 18. To
20 prevent entrainment of particulate solids in the fluid being dispensed from the cylinder, the

port 19 may be provided with a frit or other filter means therein.

The vessel 12 may be provided with intemal heating means such as heating coil 25 which
serves to thermally assist desorption of the sorbate fluid. Preferably, however, the sorbate
25  fluid is at least partially, and most preferably fully, dispégsed from the storage and dispensing
vessel containing the adsc;rbed fluid by pressure diffe;rential-mediated desorption. Such

pressure differential may be established by flow communication between the storage and

10
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‘web materials, honeyconb or other nonolithic forns, conposites, or other
sui tabl e nfor mati ons of useful sorbent naterials | orptive
affinity f%?”’f@gfl uid sought to be stored and subggﬁﬁgdﬁ{]ﬁ’g?ﬁ

di spensed, and satisfactory desorption characteristics for the

di spensi nglispRRingtvesstl, ondBe one hand, A 8 BktbRass eﬁélﬁgeﬁ@fbnhiengmeé@ dftuise,S
preferred to operate solely by pressure dlfferentla respect of
t he sor pt onthessierdesor pti on of the gas to be subsequently di spensed, the
syst em of the inventi'on gay in sonme instances advant agéously enpl oy

a heater operatively arranged in rel'ation to the storage and

dispensi ng vessel for selective heating of the solid-phase physjcal
WO 98/ 526 Ahe sorbent medium 16 may comprise any suitable sorptively effective material, having

PCT/ US98/ 10298 o.effec herma hanc
B ASaiton sty fos3e Pd tugeftew?@nis@amuam y dispensetpriadhe feyea 0 and
sor bent diu at i be..des rabl

ef fect de ‘E?Fp‘ﬁ“%%wf%g’ ’ﬁﬁ‘ggﬁyh%f‘frﬁ%b 8 m%luden%é tﬁ“\“ﬁ ‘h"é@}ﬁa%at i on

di ff
slor bg;]tent :NEIIDPO%% qg]conce tra ?‘fc‘)’}\r%aﬁ%télrcenpgﬁﬁmt @1& %bré &gr?g?%n € t he
gas from R about 4 16 b4 TIB }@'&%&Bbéﬂlcﬂ}i&ﬂhédﬁﬂﬁﬁ%héﬂe &&ﬁp&ﬁfoﬁ'\ﬁih Qiﬁrc

stream For exanple, in the Figure 1 enbodinent, a port 32 is
provi ded aize 4n tiewangepal fromfaboth 20sb abageld AOa carbowl setbam ansértuy swchssed bdadl
Such port is joined by neans of carrier gas supply line 30 to a

sour c028 agtvatsdroatbon sgebent of Mlh@u@mh@icabpamcée shapoi ¢.2.cBACaME B4CG-LR

carrier gas, The carrier may conprise an _inert gas such as

argon, ni @PGM GniR QFﬁdo‘iaﬂ’t%é“?tF‘k%s (@W%S:OWPW@P“ of Americg New Y koY),
speci es prqw di ng the desglc $ﬁ n%ss transi%“[lﬁ gdr| ving force for desorption

of the 168, AP, Raciofet Ypprsdiesg ®f ) owed from port 32 through
t he bed of sorbent and through 15 port 19 into the dispensing assenbly
18. The fluid storage and di spensi ng vessel of Figure 1 represents
the feat urgg sedbet URESA mdyRlsuitably prd&@ééed)@r &Eatéd' té%ﬂsdr@ thdd & 15’ 'Eié‘ﬁﬁd efude t he
i nvention, as a conponent “or subassenbly of bul vehi cul ar
transpbrt cﬁmpo:cbne;t ohide neap ddelitarjomslyi affect hé qm'foﬁﬁarherﬁﬂ tef flaid stesgei dad i n
various 20 enbodi nents of. the invention. The apparatus of the

i nvent i on dispensinga$yistermaifomexamples theusoresat wiay tbesubjstted tp vasking lepatmeat, e.g.,
with hydrofluoric acid, to render it sufficiently free of trace components such as metals and

oxidic transition metal species.

20 The sorbent may be provided in the form of particles, granules, extrudates, powders, cloth,
web materials, honeycomb or other monolithic forms, composites, or other suitable
conformations of useful sorbent materials, having sorptive affinity for the fluid sought to be
stored and subsequently dispensed,. and satisfactory desorption characteristics for the
dispensing operation,

25
As mentioned, although it generally is preferred to operate solely by pressure differential, in
respect of the sorption and desorption of the gas to be subsequently dispensed, the system of
the invention may in some instances advantageously employ a heater operatively arranged in

relation to the storage and dispensing vessel for selective heating of the solid-phase physical

11
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"Sorbent ‘nmedi um being present in the storage and di spensing vessel together
wth a chem sorbent material having a sorptive affinity for

contam nants, e.g., deconposition 25 products, of the sorbate fluid
therein. wo9ss267Fi gure 2 is a schematic perspective vi ewPGi/uS§98/10298 _
trailer-nounted fluid storage and dispensing . . system 200, according
to one enbodi nent of the inyention. The_ storage and di spensi ng

syst em 208rbepRadivm, 1§ effest hermallyenhanced desorniion & (ke sossal fiwig frop,thg golid-

sorbent bed 206 of , 12
sui t abl e PRASP BRYNCHSABY MBI ng  sorptive affinity, and suitable
desorption release - characteristics,- for the fluid to be stored and
sel ectively dispensed fromthe vessel. The : sorbent bed contains a

sorbat e nRdiaBinkd SiERRive s rhiPBE deshrible 1 LAY BeRRPEUSE B R8E YR the YSrBent
The vessel 204 is in the formof a container which may be insul ated,

ref ri ger ainediundby coficentratidhediffefential) itident toeflowrud aacanterogd thioaghk @R bet et
sorbent therein at a predeterm ned t enperature condition for

r et ent i onsmxberthwherbpahe cbheentratiom differentiali mediates desorptiamaf whee gas from the
desorption fromthe sorbent bed. The contai ner constituting the
vessel 20sorbentpndenursnmenttiereofin the/cairiepgasstreamdul e 212 10  including a
fill port 214 with collar 216 for initial introduction of the sorbable
fluid into the sor bent bed 206, and a discharge port 218 with collar

adsor bent UL R HEZIRES 4 e SEET AP0 2 it BIRVTOER SbR Ay PaY B e Jories

n
and/ o§pth - ' d q{?m@ G b | Di ST, .
cont ali%er S\rlid;ws#%hﬁl %ecf%e?qz' eﬁf/}\nﬁt a Hgg‘tg?tr’l%} cooﬁ ?ﬂngmé%i%%sfgéﬂf%h% ﬁglﬁggd,
Wi th ext esduée 2PUPELAE gas Ssiidh RO hivieSidBorkderadificotdining the carvivr Gas. "Riye &derier
coupled in circuit-formng fashion to a source of heat exchange fl uid.
The heat gaschmapgeniprise dningt gasisuchsas argomaliaogenf helivmhiok Ithen ke, har dnydothay
maxi m ze sqrgt ive ) take-up of sorbable fluid when the sorptive fluid
i S i niti abuitablengascipeeiediproyidingthelenises mpasdransfer driving ferge forr desprppion of the4, by
of fsetting or aneljorating the heat of adso;l'%;iogrzvgf Lgétf of such_ 20
sorptive BRYE g8s-of e RETIEHEIFAS flowed dfomn port 32 through the pph pf §axbept apd, ropight
fluid to heat the bed at the tine of

g?ggg ?nfg%’ﬁi%gi%g¥qeg£%é%iﬁgﬁ%§£§fé’sﬁsst t he desorption process, for egress of

fluid through the

The fluid storage and dispensing vessel of Figure 1 represents the features of a vessel that
may be utilized in the practice of the invention, as a component or subassembly of a bulk
vehicular transport fluid storage and dispensing system, as hereinafter described in various

20 embodiments of the invention.

The apparatus of the invention optionally may be constructed with a solid-phase physical
sorbent medium being present in the storage and dispensing vessel together with a
chemisorbent material having a sorptive affinity for contaminants, e.g., decomposition

26  products, of the sorbate fluid therein.
Figure 2 is a schematic perspective view of a trailer-mounted fluid storage and dispensing
system 200, according to one embodiment of the invention. The storage and dispensing

system 200 comprises a storage and dispensing vessel 204 containing a sorbent bed 206 of

12
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‘disdharge port 216. 25 As shown, the container vessel 204 is
nounted o |l ed flat bed trailer 210 provided ] ling
structurergyﬂggﬁ connecting the trailer portion conprisiﬁ%hﬁﬂﬁﬁ@%ﬁtainer
vessel " and the flat bed, to the tractor 201, to yield the

i | [ ustr at ghtableagéident! Adtbrtd] BSGEorptive! afffitybeand  suitable'S @ésekption $<lEme
I nstances for the container vessel to be det achabl y secured to the flat

bed, so characteristics, for the fluid to be stored and selectively dispensed from the ¥dssel. The
WD 98/ 52677

PCT/ US98/ s8a8bed contains deorbatdmediom therensn; as/leadadlfocaoragepmdmaubsegumuwed
fromor installed on the flat bed trailer For exanple, the

cont ai ner The¥eses] 284 is ip they emo%ﬁcwwm&hfmwb%wﬂw%mfésemd othepviseed as
cont ai heri zed ca o on_a ge ,for oceanic:-or n_shi msnt

SO Fid o eonsiaciet, 950 irlerd, B ofen oBt APeeDt SRR B f crpasatrEngl

conprisin . n spensi n rdi n not her
enbodi mn?"'@*[{ot"wor re%%}]?xnﬁ%gﬂ?e&baxe ﬂu"iihlmdo | ﬁm;{i{ P%‘BB‘%‘&@" g&ﬁn%&ﬁ%rl ses
a sorbent ghed+304hherein within enclosing walls and top and fl oor
menbers constituting a contai nnent vessel 302 which may be sealed 10
hermetically or otherw se be made |eak-tight in relation to the anbient

envi ronnent . The railroad car 300 features a fill/dispense nodul e

319 on it Thé @pntainkt comstitueing theolesss] 1204 fis | provided withontfilbdi3pense mbdupe242 port
322. The railroad car has a conventional boxcar shape and general

o it gyl e atos i o e

] Ioggglr)]ts | X@dgﬁiﬁech%fsc cﬂogw}hﬁa ﬁ%ﬁ%ﬁmg ua‘r%ée by desetb wgs&asw;afggﬂgﬁ?a
Srelrficgtranegqs %" ntng%f% R%Qgeﬁ%"g mi)f %)l??r%‘ a{:ﬁr{&%&rg&a& af"HP ﬂ’g?rgn@%a};égtg%;n];(or
may al sg %& Fﬁggﬂglmr)ldclfi@ﬂcfegﬁ mﬁr&?@ést'e@%g%an ﬂ?@ﬂﬁélgiﬁh Pﬁﬁﬁi }’iﬁ%m ?he

| arger vegeFin tBoded|Shth aaeﬁtﬁedmhabn ¢hd portions 206 %Hd 228 drhman@pw ¢oupledan .
Figure 4 is atop pI an view of a space vehicle, incorporating an OXI di zabl e

f uel Inpcineitforning fashion to a source of heat exchange fluid.

pd

The heat exchange fluid may comprise a coolant for chilling the bed to maximize sorptive

take-up of sorbable fluid when the sorptive fluid is initié]ly introduced to the sorbent bed

through fill port 214, by offsetting or ameliorating the heat of adsorption effects of such
20  sorptive take-up of the sorbable fluid.

Alternatively, the heat exchange fluid may comprise a hot fluid to heat the bed at the time of
dispensing, so as to thermally assist the desorption process, for egress of fluid through the
dischargé port 216,

25
As shown, the container vessel 204 is mounted on a wheeled flat bed trailer 210 provided
with coupling structure 207 for connecting the trailer portion comprising the container vessel
and the flat bed, to the tractor 201, to yield the illustrated tractor-trailer assembly. It may be

useful in some instances for the container vessel to be detachably secured to the flat bed, so

13 EN
-] THiS SHEET HAS BE
R PLAGED
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t he sorbed gas in the bulk storage and di spensing vessel, which is
operatively integrated with 25 an oxi dant systemto facilitate highly
ef ficient dispensing of both fuel and oxidant. ) As illustrated, the
space vehiwbes44sd7 i ncl udes a mai n body vehi cul ar portion #2t0/usepuiorysed

with laterally extending wngs 420. At the rear portion of the vehicle is a
nozzl e 422 of the engi ne 460, which-in propul sion operation of the
vehi cl e r &hastheconigines Neasehgap be wpigaiily remoyved from or installed on the flat bed trailer 210.

14 WD 98/ 52677 .

PCT/ US98/ Fepgmmple, the contaiger yossek may,be remoyeshirem; the, flatbed failer 210 208 plased aspj ch

Is coupled wth.liquid oxygen = vaporizer. A25. The engi ne 460
during pr8 F’gf’%?dgc Oa(f"i%sﬂ“%?ﬂf%f\%ﬁe “é%%?i‘{é??‘é‘ﬁmt'recei ves fuel from

5 storage and di spensing vessel 430, which is constructed to contain a

bed of sorbent having sel ective sorption affinity for the gas
const i fut iFighré Bes 4 eHematic perspectivd Vet ofla@hiBO8d ERBO0 chmprifingh ABASstorage and
sorptively retained on the sorbent material, with the sorbent in the

bed (not dispensingmystem ereordingo ardther eonbodiagntogf the inveritiohi on of | i qui d oxygen
t hrough the 10 heat exchange coils 432 disposed in the sorbent bed in
vessel 430. This cooling is effected by flowing |iquid oxygen from
the |iquid oxygen tank 424 through |line 434 hy the action of i quid
oxygen purjeza .ai?%é“ﬁﬁ%S]\?&ﬁtcaFWESQSIWbEWéW theggiy Withinenelogipng wallswidch | s
open

oy 1 R S el o VB 1 ST
con 24, el BEShechis oo BELOR S H5eidh B LAY 2" T

control unit may conprise a flow control valve which is selectively
openabl e or closeable 20 to recycle or shut off the flow of oxygen to the

tank 424 fihemilrbsd €@ Q00 fegtudes d fill/dikpense motiile 319 on its topuwall memperainsludingdillude a
condenser or other means for re-liquefying the oxygen in the event

that the Ipert320anddispenskport 332 Theiltpad cirrhag hconviendonahboxcar sheps andegéneraluses

t he gasification, of the liquid oxygen. |f the liquid oxygen is

gasi fi ed FANfORRAtQTapd ds mouped Lnowhaeh assemplicsy 306 and 3Qf as shown o5 tengationen
9as MY Deicamradk 510 Hcplol niive rlhERaHp & 1880metiver Blef diver bidats?® |1 121 €
The mobile fluid storage and dispensing system may optionally include a pump and
compressor arrangement to motively deliver, or pump, the sorbate into a compressor for
delivery to an application. A smaller and, perhaps, mobile reservoir tank may also be
- 20 included; the reservoir tank would be refilled from the larger vessel and used as needed in a
given end-use application. _‘
'Figure 4 is a top plan view of a space vehicle, incorporating an oxidizable fuel component as
the sorbed gas in the bulk stdrage and dispensing vessel, which is opéraﬁvely integrated with
25  an oxidant system to facilitate highly efficient dispensing of both fuel and oxidant.

As illustrated, the space vehicle 400 includes a main body vehicular portion 410 equipped
with laterally extending wings 420. At the rear portion of the vehicle is a nozzle 422 of the

engine 460, which in propulsion operation of the vehicle receives oxidant via oxidant feed

14
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"25 ' positive-pressure punping of the liquid oxygen fromthe tank 424 to

t he vaporiger and the engine of the craft in
oxi di zed. ﬁﬁtggl?ﬁzi vely, gasified oxygen may sinply mbﬁ@swﬁé\/@d from
the cooling coils 432 to the engine, for mixing wth the fuel gas.

15 line 426 frf &%@ﬂfﬂﬁqmd oxygen tank 424, which is coupled with liquid oxygen
PCT/ US98/ 10298 When t he fagel vessel is convertped from?i sto?’%ge
node to avdparirenddSag made, the chilling with liquid oxygen is

term nated, by closing the valve 438 (and the valve in the control unit
440), and control units 444 and 450 open valves therein. Hot fluid fromthe
nozzl e 422 then nped by the control unit 444 through |ine 442
and i nput '11h|= r?@gma @6p é‘"ﬂﬂé pma%sqummg@ of the vehicle cencagently gmeeivppfyel from

t her et rou ot fluid af sage t hrough the hea e coils
435 ¢ nin_ SOMgeOn dpensine viaed 430 whER 5 oairiiah  sonba 4 Ty o SROREY Rt 450
throuhbr 428 from which the hot fluid
i's regycl e%@{i@etswgug%afl‘ﬁ#e?ﬁgge #ag chﬁsﬂmnﬁg%%élh cle. 10 During this
heating of the sorbent bed in vessel 430, the sorbent rel eases the

sorptively held fuel, and sanme is discharged fromvessel 430 into

fl ow condp b stbedpe aivsdle] the fdefogms \sbrplivélyfetained on the e6bentandistial,f with thelserbeme
engi ne 460 for oxidation thereof in the presence of oxygen gas as the

oxi di zi ngimthetibsd(not stidhvn) bEingichyagericallyrgelst by cir¢ilstionad tiquidtoxygén thtomgh the

conbustion gases is recovered and used to heat the sorbent bed to
desor BOt héenmchaf\g@eﬁlks |4§2 dispered in (he gorbent beil ircvesseh 43Q.0Fhis sooling igeffesteddye at
very high

has a ver 0&%@' oxyeon Ty shy Devid oy gl%tslf 637 chroSa . 43% i B¢ et ng

enpl oyed { h t
cryogeni c ltq il &&é% ?ﬁrH]ISZBI& rr?a‘é‘&biﬁ #]O\A%H qui d %(%evr?l vev4<33r8 ;‘h%g%h‘ﬁﬁﬁigs R%e“of
the fuel v&Qnth&ﬂ’éwGP&yE&aﬁQlQéxf‘e\ied to enhance the econonmcs of the

vehi cul ar operati on. Figure 5 is a schematic perspective view of a
barge assenbly 500 including.a storage and : di spensi ng vessel away
504. In this illustrated enbodi nent, the barge 502 has nounted

t heredh a 'mnlltqu;d mxygtrythofebytfbwagmoandl titosghethe ihngt exebangt $ol0432 e apwel510,
secured to the per deck face of the barge. The respective vessels
506, 508 &ABtaning tag éo@g}grbepobmrepgn@ to the liquid oxygen tank in line 429 operatively

controlied by the control unit 440.

The control unit may comprise a flow control valve which is selectively openable or closeable
20 o recycle or shut off the flow of oxygen to the tank 424 from the cooling coils. The control
unit may also include a condenser or other means for re-liquefying the oxygen in the event
that the heat gain by the liquid oxygen in chilling the sorbent bed causes the gasification of
the liquid oxygen. If the liquid oxygen is gasified in the cooling coils 432, then the resulting
cold oxygen gas may be employed as part of a pressure-building circuit to facilitate the
25 positive-pressure pumping of the liquid oxygen from the tank 424 to the vaporizer 425 and
the engine of the craft in which fuel is oxidized. Alternatively, gasified oxygen may simply

be flowed from the cooling coils 432 to the engine, for mixing with the fuel gas.

15
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feni fol'd 520 which in turn is joined to a punp assenbly including punp 512,
di scharge |ine 514 and coupling 516. The coupling 516 enables the

bar ge- based storage and di spensing © systemto be joined to end use

faciliti esdossztie sorbate gas held in the sor bent bed i NPCTES98/10298

vessel s 506, 508 and 510. °

16

e/ Usos/ s e tuel vessel i '?Ca%‘f“-é‘e% from & sEs faRdeoa %%&“P‘é‘ﬁ mdenhSrehifling;

nvent 1 onio Ry iR o8 Rindd BY SR HERRS 48 cnd e YibvIRE ot bt 7

efficacy Oﬁ&aﬁ m I ons.
The VesSe{@éﬁ%ﬁ%@ﬁd@@h@%hﬁg@&eﬁ@ﬁﬁrﬁyﬁ%ﬁtﬁI ng auslgerrg\t&&g‘géﬁ I nCc g’lﬁng a
nozzl e 608 pufifped by BRY Gnfe] G644 Rough line 44&%& éﬂt U6 446 mnbmeamamge For
this purpose, 'the dispensing assenbly may include val ving dflow
regul &t orcotts @02 Tosflownherethivagh.The Botfﬂ:lﬁd afteri gassageiraupt/the hewo Bidh&ideldﬁgs t he
gas flow fromthe vessel 602. 10 Figure 7 is a schematic

per spect 432 thereiy dischargedin dischasge lines#48 andrpassed by contelf undtt 440 thrpugh branch
facility 702 including a coupling assenbl | nterconnected to a tube
trailer dinestixieifiawy candyin 428 from WW@hﬂ@Lh"glﬂulﬂﬁé?ﬁYP 7@0“%@@}}%@990&‘53 one
enbodi nment otl t he inventi on. The sem conduct or manufacturing
facility VRIS ncl udes a recei vi ng station 712 nmounted on a concrete
pad 714 or other support foundation. The receiving station 712 may be
variously 15 constituted to include a surge tank or hold-up vessel, a

conpr@ss %uﬁ%thﬁmﬁ% of B sBibeht¥ed in vessel 9@5?{ %ﬂaem H&ses%é) Qﬁfv HPd 0!

equi pmant su erature, pressure an t'ori ng
equi prrentfuexf lafdlVs£iRd is" dibchirted] Fom VESEl 4300MtoCIsW esﬁduﬁr@s #ndus MRkvkd wahvas, and
t he I ke. The receiving station 712 is joined to a discharge conduit
716 whi checycﬂe’rhmd'mastcame engine 460rfuniokialatiorc therbof in thd Preselice offexygen lgas asahelui t
in turn comunicates with branch conduits 720, 20 722, 724, 726 and 728,
as shown.oxydigingmedivie| d assenbly thereby provides for distribution

of fluid fromthe receiving station 712, to various |ocations of the

sem conduct or manuf acturing facility 702. The recei Vi ng

25 180s LS ot Pnsl b e By o Bamodtin aboe e BB b St Wea <
coupl ec '&rﬁé&@\%d to desorbAE AN EH 1 Ron ST S904\thé et LSS kb

storage and di spensing vessel 704, nount ed on t he
t ube trai¥e?y high temperature, it is possible to use as the fuel medium a gas which has a very strong

sorptive affinity for the sorbent material being employed. Further, since the sorptive material
is cooled to cryogenic temperature regimes by the liquid oxygen, very high loading of the fuel

20  gas can be achieved, to enhance the economics of the vehicular operation.

Figure 5 is a schematic perspective view of a barge-assembly 500 including a storage and
dispensing vessel array 504. In this illustrated embodiment, the barge 502 has mounted
thereon a multiplicity of storage and dispensing vessels 506, 508 and 510, secured to the
25  upper deck face of the barge. The respective vessels 506, 508 and 510 are each joined to a
manifold 520 which in turn ig joined to a pump assembly including pump 512, discharge line
514 and coupling 516. The coupling 516 enables the barge-based storage and dispensing
system to be joined to end use facilities for the sorbate gas held in the sorbent bed in the

vessels 506, 508 and 510.

16
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17 WD 98/ 52677 g
PCT/ US98/ 10298 The tube trailer 700 is a notive trailer structure
provi ded W WS§2el s and adapted for i nt er connect iRETRWY¥IE ¢ act or
unit (not shown in Figure 7): to constitute a vehicular tractor-
trailer unit. 5 The tube trailer 700 is provided with a
heati ng/cooling unit 705 nounted on the bed 706. The heat i ng/ cool i ng

unit 705 Figu@MBas ﬁfséﬁéﬁiaiic erevﬁﬁgwgegw dsHiF60F Elu e &Qﬁgggncfﬁ? wsddvely

heat or cool the bed d- phase physi sof bent min the
vessel . |602sqo8rdingtbane ifvention. The vessel™602 higy M%xmbleehdm algbfbaieZRs hAViHg &
refrigeration unit. Alternatively, it may be desirable to utilize no
cool i ng oceffibaextfommeatment of riparant waters s tombat deleterives smiditithd. The Ivessel 602 is
double-wall 10 construction, utilizing insulation nedia therebetween, so
that the ¢aupled with @r@smnafasﬁsmyba 604 including a ywezle 0640 | digpersingrdasorbed

appreci ably, affected by anbi ent er at congdi ti ons and

oo at UIoEbR gD the vedie. B bis TipRses e CisBrsRECAHGDI JRayclgee valving

i1 lustrat n t on
I T R e e R e e
di spensed&{,ﬁqugvesselﬁozthe activated carbon bed in the vessel on the tube
trailer. The tube trailer vessel may be initially charged with
silane to be sorptively retained on the bed therein, follow ng which the
tube trailer is transported by a tractor unit, form' ng a tractor-trailer
uni t 10 t hFigtwe 7 iba sthemdtier perspective view of & portion ofl Lac semicominctbr atanufactyring
facility 702. At-the facility, the tractor disengages fromthe 20 t ube
trailer. fatrilhé' U2suelydige @ couplingassembly; intéreonneeted tsf a tub tailerconstitutinge bulk

sem conduc manuf acturing faciljity, and, coupled to the receiving
station 7% lqﬂ,arwggnp}yn@ﬁw@ggdapggp%embodlmeng mvem? Thereafter, the

Som conduliAentGRbAR aRsarke iR PR 2GS s deching BEadE P L Ahrfon
fromthe gy Qfef’&ga PP o SRE® ¥Rndflon, The receffflg 3RtiBE 998 thayhé ﬁﬁgﬁsly
8 an g%& %

assenbly 70 the conpres In receiving statton 712, so that the
t ube 15 ai ¢drktitaRkd b Gidlhde 4 Burpt AR or Mol ee%%and%dmpﬂfss&@opéompreﬁma%ﬂ the
SI | ane source for the

desorbed fluid, process coritrol equipment such as temperature, pressure and flow rate

monitoring equipment, flow control valves, mass flow controllers, shut-off valves, and the
like. The receiving station 712 is joined to a discharge conduit 716 which terminates at
manifold conduit 718. The manifold conduit in tum communicates with branch conduits 720,
20 722,724, 726 and 728, as shown. Such manifold assembly thereby provides for distribution
of fluid from the receiving station 712, to various locations of the semiconductor

manufacturing facility 702.

The receiving station 712 is coupled by coupling hose 710 to pump assembly 708. The pump
25 assembly 708 is mounted on the bed 706 of the tube trailer 700, and is coupled in flow
~ communication by supply conduit 707 to the fluid storage and dispensing vessel 704, also

mounted on bed 706 of the tube trailer.

17
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PCT/ US98/ 10298 Such arrangenent thereby avoids the transport,

set-up, use, change-out and disposition of smal | -si ze cylinders of

si |l ane gaswoags/s2e77cur rent’ conventional practice. Such cur rECEUSesaess ce,
utilizing high pressure silane gas in small-size cylinders, presents a
significant safety hazard, o hi ch i s-substantially obviated by use of
a | ow (eg. Thes et Tadler A00yis A Pﬂ?gﬁﬁéglé‘& stgjcpurs (prevideds with sWheglso aneh adaptsd, o8 | 1y
the tube trailer epbodiment ill uskr ati']vel é?.hown7 and descri bed, In
the gener JRSHRIREGHOR Wi B acton Yak {rah showm in Fighteq/)JP SPRTHINR 2 Jrhiculan fatidrent | y
desor bed nd1 it di spensed fromthe physical sorbent nmedium nmay conprise
any suitab %eﬁg?"species for which t he physical sorbent nmediumin the
gi ven application has appropriate sorptive affinity. For 10 exanple,
such gas may include gas species useful in sem conductor manufacturing

oper at igoNSThd dibe t4ile?T00 RAsTEvideb M ih d hedting/cbSlingdMiti 705 nidtelicdd@n theTBEdTTEAThON,
epi taxi al grow h, et ching, chem cal nechani cal planarization

| i t hogr aphheating/eeolingmnitf70f inopesati vetyarmngel wittetespect to vessel P04 to seidctively hant
speci es include arsine, phosphine, ammonia, hydrogen sel eni de, hydrogen

t el | uri de, orstoobthechednfrsolid-phase iphysical sprbeatrmedivm ik itheovesseh, Inisdime tnstapces, it

"hydrogen chl oride, hydrogen 15 fluoride, hydrogen brom de, chlorine,

xenon di f |1may bgdesisblepeutilize nnhy praefigrretion nuit.d Altespatively, it gpasnbe: desirblp do

i Spensi natiEE i coping;fr Beris CHHe ) 19 SORCE the vessel, ey 4 GpepHo el her
sor bath® roetptrctbhy WA RS TIARGa AroPeo of e o A48 et S e

IM.r g(ran Lgfi Z%Ptrgaclﬁ{lgxb is, '@gmﬁcia%:ag&tg@yb)ﬂlaﬁﬁiéﬁ? Rpehble (OHdiR¥ndBd OF 2
19 temperature changes.

The tube trailer 700 may by way of illustrative example contain a bed of particulate activated

'15 carbon sorptively retaining silane as the fluid to be storéd and subsequently dispensed from
the activated carbon bed in the vessecl on the tube trailer. The tube trailer vessel may be
initially charged with silane to be sorptively retained on the bed therein, following which the

tube trailer is transported b}} a tractor unit, forming a uéctor—uailer unit with the tube trailer,

to a semiconductor manufacturing facility 702. At the facility, the tractor disengages from the

20 tube trailer. The disengaged tube trailer then is left in place at the semiconductor
manufacturing facility, and coupled to the receiving station 712 by coupling hose 710 as

shown.

Thereafter, the tube trailer functions as a stationary source of silane gas for the semiconductor
25  manufacturing facility. The silane gas is withdrawn from the storage and dispensing vessel
704 as needed, by pump assembly 708 and the compressor in receiving station 712, so that the
tube trailer can remain in place for an extended period of time as the silane source for the

facility.
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" PCT/.US98/ 10298 Co 5 1. A bul k vehi-cul ar transport fluid
storage and di spensing system conpri sing: a storage and
di spensi nQVQ 88677 construct ed and arranged for hol di ng a REH/VERSAPI8

physi cal sorbent nmedium and for selectively flowng a gas reagent out of

id 1 W . ' I Y f i . | :
521 VeSS lan Uil trpty ot o8 K0S 102 e A ook oe!
oo 20e SBBOEINEN SRR e oot cpntcomepiont o, GRH Sk MRAES]

thereon, wuilizifdhigh!prwsat slare dab iPsRdll-ax8 cyliiddrali pleséBs 29 gnifiedt safety hazard,
a wheel ed notive transport vehicular assenbly of elongate formwth a

| engt h anevhich is substantlatly fobvisteduby useabt ¥ 1ow (plks Gubnaritially atraosphieric) stessure

di spensi ng vessel, and constructed and arranged for self-powered
vehi cub ar silroeigessourceris gertubetrailen embodimeny dliustrativel s shomni and desesibed. ; 20
wherein the storage and di spensing vessel is substantially coextensive in
| engt h and width to the wheel ed notive transport vehi cul ar

bl y. 2  bul k. vehi cul. fluid d
G Spons) nlp By RepiFRLRREIG of it e, e Al sordd &% BRY bytedhenty pPERA 2

i th 1o SopeisBRR AERARE SNt BBl o e oo F LR LN which
eff ect pragSpHySical sorbent medithhi inohe giver applRaMicH R4 %ﬁ?ﬁ%i Bfptive WHGREL M Pdrl ON

di fferential-rmedi at ed desorption, and/or her mal’l y- nedi at ed
desor B0 i oexampls,0 s\hmb?es frhayi dnélﬁdvn(fhh&psﬂési dsefinge sEmicindatios Ghirffdcturing
medi um and fl ow of desorbed fluid through the dispensing assenbly.
20 operations, inclug@ling thosé gaséskusefi ifarudopingt aminiop dmiplantationl, epitaxial grosutie
di spensing system according to claim 2,
etching, chemical mechanical planarization, lithography, cleaning of process equipment, etc.
Particular gas species include arsifie, phosphine, ammonia, hydrogen selenide, hydrogen
telluride, stibine, boron trichlotide, boron trifluoride, diborane, hydrogen chloride, hydrogen
15 fluoride, hydrogen bromide, chlorine, xenon difluoride, silane, organometallic fluids for

chemical vapor deposition, etc.

As discussed earlier herein, the storage and dispensing vessel of the invention may assume a
wide variety of other forms, for bulk storage and dispensing of any of a wide variety of
20  sorbable fluids which are adsorptively retained on and readily desorbed from the sorbent

material, which may also be constituted by any of a wide variety of suitable sorbent media.
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~Tif t Hef “Conpri $i'ng~a heati ng/'cool i ng coil contained within the storage and

di spensi ng vessel, the coil coupled in circuit-formng
relationship to a source-of heat exchange fl uid. 5 4 Afluid
st orage andwvgissszmsi ng system according to claim 3, wher ePQTAURIS/N29GL
exchange fluid conprises a coolant for chilling the solid-phase physical
sorbent nediumto I ncrease S I on. 5. A bul k
vehi cul ar transport fluid storage arﬁ%ng SYS ' to claim
3, '"10 wherein the heat exchange fluid conprises .a ted fluid for
heati ng the solid-phase physical - sor bent ne @i’m lﬂ)lﬂﬁ ,m“m

assi st des tiiQQlaimedis- 6- A bul k -vehi cul ar

st orage anﬂévp'eﬂ?r'rrg—s' ystem according to claim1, ' wherei ff t he
physi cal sorbent medi um conprises activated carbon. 15 7. A

bul k vehicular transport fluid storage and di spensi ng system according to

claimls 1. A bulkWiehiildr tfabspopfiuid SOHQE ind disiRnbing Systeng eompsisingt ed from
t he group consisting of silane, ger mane, anmoni a, phosphi ne,

arsine, stibine, hydrogen sulfide, hydrogen telluride, hygrogen
sel eni de and gaseous hal i de conpounds.

veh| cul ar transpdtarage] mdddlmslagéfe%ﬁﬁ’dcmsm% %W@ﬁfa@@ﬂﬂlarﬁghﬂﬁhﬁeal m
hi_cul | | ud
wheel ed {1 BRSPS ey, m)t." o BrrisiBEARRY dowie Bitiflo s R sid2oSer age and

di spensi ng vessel. : A bul k vehicular transport fluid storage
and di spensing system accordl ng to claim S8, wherei n the storage

ggd di gpensi ng K%&ﬁ?{,hdsépﬂﬁ&?mﬂm%“m @6poh€i HhGid stoge BGd aispéising vessel;

PCT/ US98/ 10298

a sorbable fluid physically adsorbed on said solid-phase physical sorbent medium; and

a motive transport- vehicular assembly structurally coupled to the storage and

15  dispensing vessel for motive transport of the storage and dispensing vessel.

2. A bulk vehicular transport fluid storage and dispensing system according to claim 1,
further comprising a filling and dispensing assembly coupled in gas flow communication with
the storage and dispensing vessel, and constructed and arranged to effect pressure differential-
20 mediated desorption, concentration differential-mediated desorption, and/or thermally-
mediated desorption of sogbable fluid from the solid-phase physical sorbent medium, and

flow of desorbed fluid through the dispensing assembly.

3. A bulk vehicular transport fluid storage and dispensing system according to claim 2,
25 . further.comprising a heating/cooling coil contained within the storage and dispensing vessel,

the coil coupled in circuit-forming relationship to a source of heat exchange fluid.
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"10. © A bul k vehicul ar transpor ' nd di spensing system
according to claiml1, f“wmm-mmmlnve transpo& \égﬂ | ar
assenbly c L a railroad.car feor yothvé * veRCEH 0? anspor t

of the stor-age and di spensi ng vessel. 5 11. A bul k vehi cul ar

transportaflui g el fofediita igRAaAL rs?sms;cengaldafgcw Uahd 50 wherbile heat

wherein the notive tranSport vehiculaf assenply conprises a rocket

assenbl y. exchange fluid comhprises aAoBlahkfor @hilliiy Me sblidphdze phyditdliserbehmadigmasd

di spensing system according to claim1, wherein a pturality of

st or age aimdredsesglsorptiony vessel s are nmounted to the notive transport 10
vehi cul ar assenbly. 13. A bul k vehicular transport fluid
storage and di spensing system according to claim 17, wherein the

notive_transport vehicul ar assenply conpri ses a barge. 15 4. A
bul k v&hi ul arAt ¥?]B?‘4”f%?ﬂ9“§'ﬂ¥é@?gﬁﬁag GISREISHNG ﬁfgtcgy%%m'&'ecfiﬂ% to

C ol & wheri e noa EREShIS A0 oTBbAYS 08 By B GHMRLso B RS Mo e
and dis peﬁgb&g WmmM# hs%is[‘&es?xa)‘fisﬁ.sel cont ai ni ng a sorbent

mat eri al ving sorptiv Nty r a gas reagent which is desorbable by
20 pressure-nedi at ed desorption and/ or thernmally-nmedi ated desorption of
the gas reagent from the sorbent material, said vessel being
construct 6d and wulk etdeudarfttinsgortoNdio GtopRe ahé dgpeisinp dysein according to cldf H
vessel w thout a sinultaneous flow of gas into the vessel, with a gas
reageb® pivhetieinsthg motive transport adbsioulbeaksembly dncltides wheels forametiveatiransporti of ther ed

t hereon without flow of gas into or out of said vessel, a

sel f - pr ops&torage anchdispeasing ¥essglor t vehi cul ar assenbly nounting the vessel

t her eon, an 25 on-board refrigeration source on the notive transport
vehi cul ar assenbly, an on-board heat source on the notive

heat gt - ol vARATH aenoll VndsRhteianh ahphifie it Slbiddd 8 Al 1, |
sour ce andéh M8 motive wransport A 3RmbP HichiRes HRAPRF bh(REYrandE 8¢ ihe! he

notive transport asser?b y conprises a support  structure
for t9% Vvewofpbami@ispensinf vedseingate form having a length and width, supported
22

PCT/ US 98/ 10298 on sai d wheel ed support structure along the |ength
of the vessel, and substantially coextensive . in length and width to
t he wheel 8d sufpmk vehieulasttcangport fluid storags and dispensing systemcancarding toralgior 1.

fluid storage, apnd di.spensin stem according to claim 15, ) )
wherein the motive transpo v%cu&ar assem%?y includes a whee?edrHat ged trailer for motive

transport of the storage and dispensing vessel.

20
9. A bulk vehicular transport fluid st.orage and dispensing system according to claim 8§,
wherein the storage-and dispensing vessel is detachably mounted to the flat bed trailer.

10. A bulk vehicular transport fluid storage and dispensing system according to claim 1,
25  wherein the motive transport Vehicular assembly comprises a railroad car for motive vehicular

transport of the storage and dispensing vessel.

11. A bulk vehicular transport fluid storage and dispensing system according to claim 1,

wherein the motive transport vehicular assembly comprises a rocket assembly.

This Sheet Has Been Rerlaced
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“Whetei n The notive transport “vehi cul ar’ assenbly conprrses a'sbace vehi cl e.

5 17. A bul k vehi cular t fluid storage and di spensing
system conprising: a vehi c sel ected fromthe group consisting of
tractor-trywoermserrrail road ﬂ![w, wat er craft aoI/Uses/ 10298
spacecraft; 10 = a*stoo pensi ng vessel nmounted on said

%

vehicle for transport by said vehrcle during vehicular travel, said
storage and drspensrng vessel being constructed and arranged for

hol di ng a soI I d- se, physi cal ent nmedi.um and for select.l ver W ng
gas out of -sar & g““% vehlc&égg@}spom?]{u%ggrage & dispeRsiag SYS19Mm @66 m@% the
\Slglszelst or W r% F H}‘i“?]b‘gn%l %O Ld ?xsperiglh S\Ireg asrgrntl)gu%ednt%dt € m&g Sgggpd it "

physi cal | sai d soI I d- phase physical sorbent nmedium and stored
t her eon }6%1%9@?(%%?&\@&( gas into or out of said vessel, 20

whereig . the vehicle is of elongate formhaving a length and width, the
vessel is of el ongate form supported on said vehicle along the

I engt h of 18he WAebulklvehiouldr gaiixpbm Muidstbige and dxspemﬁgtswm wéecording englaim fnd
width to the wheel ed support structure. 25 A system according to

cl ai m 17, whiereirihe mdtive grasspost vwhicelat asserhblgmompasegra(bmge.consr sting of

hydri de gases, halide gases and gaseous organonetallic G oup V conmpounds.
23

PCT/ US98/ 10298 ystem according to claim17, wherein
the gas i $4sel écbulk vehighiar H@%P’Glﬂb“‘i:ﬁ%g%??‘h@s?msmg system ggcogdipg ieclaigefnane,

Pyar obn ety e mapie FadtmonS hip PG et SR a sk 5™ 07" W Thulk
vehi cul ar transport fluid storage and di spensing system conprising:
15. A bulk vehicular transport fluid storage and dispensing system, comprising a vessel
containing a sorbent matcrfa] having sorptive affinity for a fluid which is desorbable by
pressure-mediated desorption, concentration differential-mediated desorption, and/or
15 themally-mediated desorption. of the fluid from the sorbent material, a motive transport’
vehicular assembly mounting the vessel thereon, an on-board refrigeration source on the
motive transport vehicular assembly, an on-board heat source on the motive transport
vehicular assembly, and means for selectively chilling and heating the sorbent material in the

vessel with the on-board refrigeration source and the on-board heat source, respectively.

20
16. A bulk vehicular transport fluid storage and dispensing system according to claim 15,
wherein the motive transport vehicular assembly comprisés a space vehicle.
17. A bulk fluid source installation, comprising:

25

a bulk vehicular u'axisport fluid storage and dispensing system, including: a storage
and-dispensing vessel constructed and arranged for holding a solid-phase physical sorbent
medium; a solid-phase physical sorbent medium disposed in said storage and dispensing

vessel; a sorbable fluid physically adsorbed on the solid-phase physical sorbent medium; and

This Sheet Has Been Repla THIS SHEET HAS BEEN
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a trailer unit constructed a r coupl ing wwth a tractor unit to
forma tractor-trai Hm’mim ﬁuﬂ[ unit being of elongate form
and conpri sWA§¥826Fheel ed suppor ucture havi nBCHUSHARIR and
wi dt h; 10 an el ongate st or age and di spenS| ng vessel

mount ed on, t s

(ract or - raraive b villier Beahtif B couple to e o8adh md. dopearing
general ly vessel formom}gqfah;ﬁﬁttﬁéw ali gned and substantially coextensive in
length and width with the trailefr unit in t he el ongate direction

of the vessel, and said storage and di spensi‘ng vessel being constructed 15
and arranged for hol di ng a sol i d-phase physical sorbent nedium and for

sel ectivel gnd | owi ng gas out of said vessel, with a sinmultaneous
flow of gas into the vessel; a solid-phase physi cal

sor bentd medi um di sposed in said storage and di spensi ng vessel;

and 20 sically adsorbed on said SO|Id phase

physi cal sor bent fixediy Bﬂi‘%ﬁﬁd% ]r‘&d%r utilization of spid soghablg; fld,said f‘iﬁb%f’ﬂg&s
consi ot i o FeBRAFL VAR S SRk el Romaipl bl s i, of e foriaBle fuia
hydrogen Sfﬂng: Blr%ucal sorbent Y ARLP R il gehbilb 'of fre éa%flﬂfe%ﬂd %%hﬂﬁk‘!&&@ %nd

gaseous hal
24 dispensing vessel to said facility for use therein.

10

18.  Aninstallation according to claim 17, wherein the facility comprises a semiconductor

manufacturing facility.

19.  An installation according to claim 17, wherein said solid-phase physical sorbent

156  medium comprises an activated carbon sorbent material.

20.  Aninstallation according to claim 17, wherein said sorbable fluid comprises silane.
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