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generally to storage and di spensing systens for the selective dﬁsgﬁgsing of
fluids froma vessel or storage container in which the fluid Jo nt (s)
are sorptively retained by a solid sor bent medi um and are desorptively

rel eased fromthe sorbent nmediumin the dispensing operation. Description

of the Related Art In a wide variety of industrial processes and _
applications, there is a need for a reliable source of process fluid(s) -
whi ch is conpact, portable, and avail-able to supply the fluid(s). on demand.
Such processes and applications include sem conductor manufactdring, ion
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applications involving de gasesetc. U
4,744,221 issued May 17, 1988 to Karl O Knoll nueller discloses a nethod of

Field of the Ihvenﬁon

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 sorptively retained
'by a solid sorbent medium, and are desorptively released from the sorbent medium in the

dispensing op&ation.

Description of the Related Art

In a wide v_ariéty of industrial Mssm and applications, there is a need for a reliable source of
process fluid(s) which is compact, portable, and available to supply the fluid(s) on demand.
Such processes and aﬁplications include semiconductor manufacturing, ion .implantation,
manufacture of flat panel displays, medical treatment, water treatment, emergency breathing
equipment, welding operations, space-based applications involving 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 énd subsequently delivering arsine, by contacting arsine at a temperatﬁre of from about -
300C to about +30°C 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 zeolite
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Storing and subsequently delivering arsine, by contacting arsine at a
tenperature of fromabout - 30[err]C to about +30[err]C wth a zeolite of
pore size in the range of fromabout 5 to about 15 Angstrons to adsorb
arsine on the zeolite, and then dispensing the arsine by heating the
zeolite 2 to an elevated tenperature:%f_up to about 175[err]C for
sufficient tinme to release the arsine fromthe zeolite material. The nethod
di sclosed in the Knollnmueller patent is disadvantageous in that it requires
t he provision of heating nmeans for the zeolLite material, which nust be
constructed and arranged to heat the zeolite to sufficient tenperature to
desor b t haophelevated teynperanive of wy oiabeutf1757E fdnsufficichi time forelehse the arsingdrom the
quantity. The use of a heating jacket or other neans exterior to the vessel
hol di ng t Iegolitesuatesiabear i ng: zeolite i.s problematic in that the vessel
typically has a significant héat capacity, and therefore introduces

~ 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 arrranged to

heat the zeolite to sufficient temperature to desorb the previously sorbed arsine from the zeolite

in the desiréd quantity.

. The use of a heating jacket or other means exterior to the vessel holding the arsine-bearing-zeolite
is problemat.i;: 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 hazard into
the process system. Additionally, such thermally-mediated decomposition of arsine effects
substantial mcrease in gas pressure in the. process system, which may be extremely.

disadvantageous from the standpoint of system life and operating efficiency.

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.

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 gas for

ultimate use.
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*a significant lag tinme to the dispensing operation. Further, heating of
arsine causes it to deconpose, resulting in the formation of hydrogen gas,
whi ch introduces an expl osive hazard into the process system Additionally,
such thermal | y-nmedi at ed deconposition of arsine effects substantial.

I ncrease in gas pressure in the proceSs:%ysten] whi ch may be extrenely

di sadvant ageous from the standpoint of systemlife and operating

ef ficiency. The provision of interiorly disposed heating coil or other
heating el ements in the zeolite bed itself is problematic since it is
difficult with such means to uniformy heat the zeolite bed to achieve the
desired uniformty of arsine gas rel ease. The use of heated carrier gas
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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
-vessel holding a solid-phase physical sorbent, and arranged for seleétively flowing gas into and
out of the ves;el. A sorbate gas is physically adsorbed on the sorbent. A dispensing assembly is |
coupled in gas flow communication with the storage and dispensing vessel, and provides,
exteriorly of the vessel, a pressure below the vessel’s iﬁterior pressure, to effect. desorption of
sorbate from the solid-phase physical sorbent medium, and flow of desorbed gas through the
dispensing ass.en-lbly'. Heating means may be employed to augment the desorption process, but
as mentioned above, heating entails various disadvantages for the sorption/desorption system,
and it therefore is preferred to operate the Tom et al. system with the desorption being carried
out at least partially by pressure differential-mediated release of the sorbate gas from the sorbent

medium.

The storage and dispensing vessel of the Tom et al. patent embodies a substantial advance in the
art, relative to the -prior art use of high pressure gas cylinders. Conventional high pressure gas
cylinders are susceptible to leakage from damaged or malfunctioning regulator éssemblies, 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 exaﬁlple derive from internal

decomposition of the gas leading to rapid increasing interior gas pressure in the cylinder.



*3 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 spensing system for

t he storage and di spensing of gases, e.g., hydride gases, halide gases,
organonetal lic G oup V conpounds, etc. which overconmes vari ous

di sadvant ages of the gas supply process4disclosed in the Knoll nueller
patent. The gas storage and di spensing systemof the Tomet al. patent
conpri ses an adsorption- desorption apparatus, for storage and di spensing
of gases, including a storage and di spensi ng vessel hol ding a solid-phase
physi cal sorbent, and arranged for selectively flowng gas into and out of
the vessel. A sorbate gas is physically adsorbed on the sorbent. -
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t he di spe '&gnmbl y. Heating nmeans nay be enpl oyed to augnent the

desorption process, but as nentioned above, heating entails various
di sadvant ages for the sorption/desorption system

The storage and disbpnsing vessel (;f the Tom et al. system typically corhprises a cylinder or gas
vessel of vertically elongate character, e.g., with an aspect ratio of height to diameter (each being
measured in the same dimensional units) which: m.a;.y. for example be in the range of 3 to 6.
-Although the dispensing flow circuitry associated with such storage and dispensing vessel may
be widely vaned, it is common to deploy a frit of porous sintered metal at the junction of the
flow conduit with the vessel. The frit interposes a physical filtering barrier to the egress of
particulate solids from the sorbent bed during desorption/dispensing of gas from the vessel.

Since the gas 1s discharged from the storage and dispensing vessel through the frit at only one end
of the vessel, the delivery rate of dispensed gas may be inhibited if the escaping gas molecules are
mass transport limited. Gas stored in the bottom of the vessel has to sorptively/desorptively
“work” its way to-the top 6f the vessel. Along such path, the gas inay be retarded or prevented
from discharge by the numerous gas adsorption sites presented by the sorbent bed (between the -
lower end of the vessel and the upper end of the vessel which is coupled with the external gas

flow circuitry).

Accordingly, at high discharge rates, and even during normal operation in some instances, the
delivery capacity of the gas storage and dispensing vessel may be mass transport limited and: less

than optimal.



and it therefore is preferred to operate the Tomet al. systemwth the
desorption being carried out at |east partially by pressure

differential -nediated rel ease of the sorbate gas fromthe sorbent medi um
The storage and di spensing vessel of the Tomet al. patent enbodies a

- substantial advance in the art, relative’to the -prior art use of high
pressure gas cylinders. Conventional high pressure gas cylinders are
susceptible to | eakage from damaged or nml functioning regul ator assenbli es,
as well as to rupture and unwanted bul k rel ease of gas fromthe cylinder if
the interngl re | i LSSy | 14l A h
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gas storage and di spensing’vessel of the Tomet al. patent thus reduces the
pr essur e oOfesstibedanass atfxiérdingatiosploblensyver si bl y adsorbing themonto a
carrier sorbent, e g., .a zeolite or activated carbon material.

" Other objects and advantages of the invention will be more fully apparent from the ensuing
disclosure. N

SUMMARY OF THE INVENTION

The present invention relates to a system for storage and dispensing of a sorbable fluid,
comprising a stdrage and dispensing .vessel constructed and arranged to hold a solid-phase

_ physical sorbm.an-t medium having a sorptive affinity for the sorbable fluid, and for selectively
flowing sorbable fluid into axid out of such vessel. A solid-phase physical sorbent m_edi__um.
having a sorptive affinity for the fluid is disposed in the storage and dispensing vessel at an
interior gas pressure. The sorbable fluid is physically adsorbed on the sorbent medium. A
dispensing assembly is coupled in gas ﬂow_com_munica_tion with the storage and dispensing
vessel, and constructed and arranged for selective on-demand dispensing of desorbed fluid, aﬁe_r
thermal gnd/or pressure diﬁ'erential-mediated desorption of the fluid from the carbon sorbent.
material, with the dispensing assembly being constructed and arranged:

(D 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 .desprl.)ecll.

fluid from the vessel through the dispensing assembly; and/or

-



The storage and di spensing vessel of the Tomet al. systemtypically
conprises a cylinder or gas vessel of vertically elongate character, -e.g.,
with an aspect ratio of height to dianeter (each being neasured in the sane
di mensi onal units) which nmay for exanple be in the range of 3 to 6.

Al t hough the dispensing flow circuitry Rsociated with such st orage and

di spensi ng vessel may be widely varied, it is cormmon to deploy a frit of
porous sintered netal at the junction of the flow conduit with the vessel.
The frit interposes a physical filtering barrier to the egress of -
particul ate solids fromthe sorbent bed during desorption/dispensing of gas
fromthe Wi seflow Sienmallyt desorbed fiuid tersthougheahdfcomprising meany fog deating the carbon

di spensing vessel through the frit at only one end of the vessel, the
del i very rsgthentypaterial toelect desarption pf Hie ﬂ“llﬂ'l%ﬁeﬁ'%' 3o that the %@Qﬁﬁl’fg”‘bggws from

nol ecul es are S rapsport linmted. Gas stored in the bottom of the
vessel haéﬁ%8“%%P§?h§%ﬁ¥$ﬂ%@%?ﬁ??@§1y "work" its way to the top of the
vessel . Along such path, the gas may be retarded or prevented from -

di scharge by the nunmerous gas adsorption.sites presented by the sorbent bed

(between ti@nt S4Bt of e ifenfiti thehfidHisdafhe ch@adtaintics ofithe Gluid fibraye e lelVeiEh

is coupled with the external gas flow circuitry). Accordjngly, at high -

di schar ge vesdcbare ilmpdved by adichanoejized stxbend bed it the istorage&iispensings vessele providimg
enhanced pathway(s) for egress of the stored fluid from the vessel into the associated exterior

dispensing flow circuitry.

In one embociime'nt of such aspect, a fluid-permeable flow conduit is provided in the interior
volume of the storage/dispensing vessel. The flow conduit has fluid-permeable, e.g., porous or
foraminous, wall surface and extends from a lower portion of the gas storage and dispensing
~ vessel to an outlet of the vessel at an upper portion thereof (the term “outlet” being understood

here as referring to the port or c;pening at which the vessel is joined to the dispensing assembly).

The dispensing assembly is coupled to the storage/dispensing vessel to provide an exterior flow.
path, comprising means such as conduits, flow channels, regulators, couplings, valves and/or
- other structures joined to the vessel for conveying dispensed fluid therefrom to a locus exterior of -

the vessel.

The flow conduit deployed in the interior. volume of the storage/dispensing vessel thus provides a _
‘non-sorptive flow path along which the gas contained in the vessel flows to the vessel outlet for
dispensing, but without contacting the sorbent medium along.such non-sorptive (sorbent-free)

path.



del i very capacity of the gas storage and di spensing vessel may be mass
transport limted and | ess than optinmal. 51t therefore is an object of
the present invention to provide an inproved storage and dispensing fluid
supply system of the type disclosed in the Tomet al. patent, which

obvi ates the above- . described mass transtfer limtation problens. O her

obj ects and advantages of the invention will be nore fully apparent from

. the ensuing disclosure. SUWARY OF THE | NVENTI ON The present invention
rel-ates to a systemfor storage and dlspen3|ng of a sorbable fluid,

conprising,a storage .a nsi onst t an hol d
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sorbabl e T i tiaPfidd mﬁro%xﬁ%éréislt){mugh the fluid-permeable wall of the conduit, so that the
fluid can flow without obsfmctton to the outlet of the vessel. The fluid-permeable wall of the

flow conduit may be formed of a porous medium, e.g., formed of metal, ceramic, composite

material, efc., or a continuous solid wall having perforations, openings, porosity, etc. therein.

The fiuid-permeable flow conduit may comprise a series of individual branch conduits of fluid-
permeable character, which are disposed in the interior volume of the vessel across the cross-
‘secﬁon of the elongate vessel, and which serve as feeder lines to effect the channelized, sorbent-
free flow of the desorbate and interstitial fluid from the vessel.

. The fluid-permeable conduit affords a low pressure drop pathway for flow of the desorbing fluid

to the outlet of the vessel.

In a pr_eferrqd embodiment, a foraminous walled conduit is centrally disposed in the interior
volume of the vessel and extends upwardly from the lower end of the interior volume of the
vessel to the upper end of the vessel. By such arrangement, diffusional and convective bulk flow
of the desorbate fluid moves radially toward the center of the gas storage and dispensing vessel -
and the gas then up the fluid-permeable conduit to the vessel outlet. |

In another embodiment of such aspect of the invention, enhanced flow pathways. for the sorbate
gas in the interior volume of the vessel are provided by mixing an amount of an inert material

(e.g., chemically inert glass beads) with the sorbent material,



Tlow ng sorbable fluid into and out of such vessel. A solid-phase physical
sorbent nedium having a sorptive affinity for the fluid is disposed in the
storage and dispensing vessel at an interior gas pressure. The sorbable
fluid is physically adsorbed on the sorbent medium A dispensing assenbly
is coupled in gas flow conmmunication with the storage and di spensing
vessel, and constructed and arranged for selective on-denmand di spensi ng of
desor bed fluid, after thermal and/or pressure differential-nediated

desor ption of the fluid fromthe carbon sorbent material, with the -

di spensi ng assenbly being constructed and arranged: (| provi de
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and conpr|5|ng means
__ communicating with one another, to form a multxplxclty of non-sorptive fluid flow paths

therethrough.

The inert packing material may be localized in discrete deposits or interspersed through the
sorbent material. The inert material may also be provided in an upper portion of the interior

| volume of the vessel, above the bed of sorbent material, to enhance the disengagement of the fluid
from the so.rb.ent material, by providing a head space or reservoir for the desorbed fluid.

“The use of packing material at the top of the cylinder may also have utility in leveling the amount
of sorbent so that regardl&ss of variations in cylinder volume or sorbent loading capacity, the

vessel will always load a constant amount of sorbate fluid.

Although generally preferred to operate solely by pressure differential, in respect of the sorption -
and desorption of the fluid to be subsequently dispensed, the system of the invéntion 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 sorbent medium, to effect
thermally-enhanced desorption of the sorbate fluid from the solid-phase physical sorbent

medium.

-Although any suitable sorbent materials having sorptive affinity for the fluid of interest may be
employed, preferrcd solid-phase physxcal sorbent media include crystallme aluminosilicate

compositions and aother so-called molecular sieves, silica, alumina, macroreticulate polymers,



Sorbent material to effect desorption of the fluid therefrom so that the
desorbed fluid flows fromthe vessel into the dispensing assenbly. In one
aspect of the invention, the fluid discharge characteristics of the fluid
storage and delivery vessel are inproved by a "channelized" sorbent bed in
t he storage/ di spensi ng vessel, providinggenhanced pat hway(s) for egress of
the stored fluid fromthe vessel into the associ ated exterior dispensing
flow circuitry. In one enbodi ment of such aspect, a fluid-perneable flow
conduit-is provided in-the interior volunme of the storage/di spensing
vessel. The flow conduit has_ fl uid-perneabl e gorous or é§ra ) NOUS,
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an exterior flow path, conprising neans such as conduits, flow channels,
regul ators, couplings, valves and/or other structures joined to the vessel
for conveyMoge spesifiealiy; dhd inventionlieoné aspect: wlates| to ugasssaragei and dispensing wistem) .

-

comprisi'ng:'

a vessel defining an interior volume therewithin for containing a bed of sorbent material having
- affinity for a gas to be stored and selectively dispensed from the vessel;

means for selectively establishing gas flow communication for discharge of such gas from the

vessel; and

‘means disp,oséd in the interior volume of the vessel for reducing the resistance to flow of gas from
the sorbent material bed during establishment of gas flow communication for discharge of gas

from the vessel.

The means for selectively establishing gas flow communication for discharge of said gas from the .
vessel, may suitably comprise a valve which is.selectively actuatable between open and closed
flow positions, a mass flow controller for regulating the rate of flow of gas from the vessel, or
other suitable flow.controllers and flow regulating devices commonly employed in the art of gas
dispensing from source vessels. |
The means disposed in the interior volume of the vessel for reducing the resistance to flow of gas

from the sorbent material bed during establishment of gas flow communication for discharge of



The flow conduit deployed in the interior volunme of the storage/di spensing
vessel thus provides a non-sorptive flow path al ong which the gas contai ned
in the vessel flows to the vessel outlet for dispensing, but wthout
contacting the sorbent nmedium al ong such non-sorptive (sorbent-free) path.
7 As aresult, the interiorly disposed Fow conduit allows i ngress of the
desorbed fluid and any interstitial fluid in proximty thereto, through the
fluid-perneable wall of the conduit, so that the fluid can fl ow w t hout
obstruction to the outlet of the vessel. The fluid-perneable wall of the -
- flow conduit be formed of a porous npdium .e.qg., .forned of netal,
cerani c, C(Sﬂi)gg‘i;tﬂéﬂ Yeaseh apay|suitahly.compsise an Wgi Packing Ratetdal Phthmtm;a@tﬁge of the
perforations, .openiNgs rosit etc, therein, The.fluid-perneabl e f]ow
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vessel acrossS the cross-
positioned in the sorbent bed for flowing gas out of the sorbent bed in the discharge of gas from
the vessel, or any other suitable means by which the resistance to flow of gas through the Sorbent

bed is reduced in relation to a corresponding system lacking such means. '

Ina particizlarly preferred aspect, the present invention relates to a gas' storége and dispensing

- system, comprising:

a vertically upstanding cylindrical vessel defining an interior volume therewithin containing a bed
of sorbent material having affinity for_ a gas to be stored and selectively dispensed from the

vessel;

means for selectively establishing gas flow communication for top-end discharge of said gas from
the vessel, including a gas discharge port at a top end of the vessel and a gas flow controller
coupled to the gas discharge port; and

a porous tube permeable to.- gas flow, coupled to the _gas discharge port and extending
downwardly in the interior volume of the vessel, for reducing the resistance to flow of gas from
the sorbent material bed during establishment of gas flow communication for discharge of gas
from the vessel.

Other aspects and features of the invention will be more fully apparent from the ensuing

disclosure.



Section of the elongate vessel, and which serve as feeder lines to effect
the channeli zed, sorbent- free flow of the desorbate and interstitial fluid
fromthe vessel. The fluid-perneable conduit affords a | ow pressure drop
pat hway for flow of the desorbing fluid_ to the outlet of the vessel. In a
preferred enbodi nent, a foram nous wal | ¢ conduit is centrally disposed in
the interior volune of the vessel and extends upwardly fromthe | ower end
of the interior volune of the vessel to the upper end of the vessel. By
such arrangenent, diffusienal and convective bulk flow of the desorbate
fluid noves radially toward the center of the gas storage and di spensing
vessel and the gas then up the fluid-perneable conduit to the-vessel
outlet. In another enbodi ' tion, enhanced
fl ow pat hways for the sorgagv t 5 fﬁEiﬁEVWﬂNégof the vessel are
provi ded by mixing an anount” of an inert material (e.g., chemically inert
gl ass beads) with the sorbent material.

Figure 1 is a schematic perspective representation of a storage and dispensing vessel and

associated flow circuitry according to one embodiment of the invention, featuring a porous tube

centraily disposed in the storage and dispensing vessel and connecied to a flow regulator

dispensing assembly which is secured to the outlet at the upper end of the vessel.

Figure 2 is a schematic perspective représentation of a storage and dispensing system according
to another embodiment of the invention, comprising an inert packing material in the interior

volume of the storage and dispensing vessel.

Figure 3 is a sectional elevation view ofa portion of the sorbent bedln the storage and dispensing
vessel of Figﬁre 2, showing the interspersed mixture of inert packing material and the sorbent

medium.

Figure 4 is a.perspective schematic view of a storage and dispensing vessel according to anothe.r'
embodiment of the invention, comprising a “spider” 'arrahgement of porous branch tubes.
communicating with a central flow-enhancing porous main tube, in another embodiment of the

invention.

Figure 5 is a schematic representation of a test setup for evaluation of gas storage and dispensing .

systems constructed in accordance with the present invention.



8 As used herein, the term"inert" neans that the appertaining material is
non-sorptive of, and non- reactive with, the fluid(s) being sorptively
stored in and di spensed fromthe vessel. The inert material has a packing
characteristic creating interstitial space conprising void vol unes

comruni cating with one another, to forma nulti plicity of non-sorptive
fluid flow paths therethrough. The inert packing material may be |ocalized
in discrete deposits or interspersed through the sorbent material. The
inert material may al so be provided in an upper portion of the interior
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subsequently di spensed, the systemof the invention may |n
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DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED EMBODIMENTS
THEREOF

The disclosure of U.S. Patent 5,518,528 issued May 21, 1996 in the names of Glenn M. Tom
and James V. McManus, and the disclosure of U.S. Patent Application No. 08/650,634 filed
May 20, 1996 in the names of Glenn M. Tom and James V. McManus for “FLUID STORAGE
AND DELIVERY SYSTEM UTILIZING CARBON SORBENT MEDIUM,” hereby are

incorporated herein by reference in their entirety.

- In the ensuing disclosure, the invention will be described with reference to a gas as the sorbate
fluid, however, it will be recognized that the invention is broadly applicable to. liquids, gases,
vapors, and multiphase fluids, and contemplates storage and dispensing of fluid mixtures as well

as single component fluids.

Referring now to the drawings, Figure 1 is a schematic representation of a storage and dispensing
system 10 comprising storage and dispensing vessel 12. The storage and dispensing vessel may”
for example comprise a conventional gas cylinder container of elongate character. In the interior °

volume of such vessel is disposed a bed 14 of a suitable sorbent'medium 16.



‘sone i nstances advant ageously enploy a heater operatively arranged in
relation to the storage and di spensi ng vessel for selective heating of the
sol i d- phase physical sorbent medium to effect thermally-enhanced
desorption of the sorbate fluid fromthe solid-phase physical sorbent

medi um Al t hough any suitable sorbent mdBerials having sorptive affinity
for the fluid of interest nay be enployed, preferred solid-phase physical
sorbent nedia include crystalline alumnosilicate conpositions and ot her

so-cal |l ed I St e Dieddfe I Sheh : ql,a)m;Fr ive 9
ki esel guhr %%%%ﬁm%th?(%vn\}a ?Jﬁbllg?@ssetglwl 1ne aoﬁnﬁﬁgsﬁe%%%&%%posi isgﬂ)sfwe

(zeolites) aﬂﬂﬂ?'cfaf 180 AufiQb Be Blored@ing ktitkquelity Bigpdieéd frith eHeovesset 12, R fioht etlich
carbon materials include so-called bead activated carbon of highly uniform

spherical jisr sorbdte isstuitghly’ detmrimblep dibiafriptea iclyde tehay stailinn aluniinosilicase compesition,
relates to a gas, storage and di spensing system . _
e.g., a micropore aluminosilicate composition with a pore size in the range of from about 4 to

. about 13 A, a mesopore crystalline aluminosilicate' composition with a pore size in the range of
from about 20 to about 40 A, a carbon sorbent material such as a bead ac’tiva;ed carbon sorbent of
highly uniform spherical particle shape, e.g., BAC-MP, BAC-LP, and BAC-G-70R bead carbon

* materials (Kureha Corporation of America, New York, NY), silica, alumina, macroreticulate
polymers, kieselguhr, etc.

‘The sorbent material may be suitably processed or treated to ensure that it is devoid of trace
components which may delet'eriouély affect the performance of the fluid storage and dispensing
system. For example, the sorbent may be subjected to washing treatment, e.g., with hydrofluoric
acid, to render it sufficiently free of trace components such as metals and oxidic transition metal

species.

The gas cylinder container 12 as shown is connected at its upper end to a gas regulator assembly
18 comprising pressure monitoring and flow control elements of conventional arrangement.
Within the iﬁten’or volume 11 of the vessel is disposed a porous metal tube 20. The porous
metal tube is centrally arranged in the interior volume of the storage and dispensing vessel,
extending from a lower region of the interior volume of the vessel, vertically upwardly to i"ts“
junction with the gas regulator assembly 18. The tube 20°has a series of openings 22 therein, .
along its length. The po:ﬁon of the tube that is disposed in the adsorbent bed 14 of sorbent

material 16 may have openings that are appropriately sized in relation to the particles of the



tonprising: a vessel defining an interior volunme therewithin for containing
a bed of sorbent material having affinity for a gas to be stored and

sel ectively dispensed fromthe vessel; nmeans for selectively establishing
gas flow conmmuni cation for discharge of such gas fromthe vessel; and nmeans
di sposed in the interior volume of the ¥éssel for reducing the resistance
to flow of gas fromthe sorbent nmaterial bed during establishnment of gas

fl ow comuni cation for discharge of gas fromthe vessel. The neans for

sel ecti vel stabl.ishjing.gas flow.conmmunication for di I f '

fromthe V&S t medip gﬁﬁ%ﬂ‘ﬁﬁ?%&%‘rqpﬂmﬁs Vﬁlr\ﬁ’epl\}\lﬁ?egr?qiogag‘%fig& ﬁ"\‘/"ei%gtk ok 483
act uat abl e{)g,ﬁmfen open and cl osed flow positions, a mass flow.controller
for regulating the rate of flow of gas fromthe vessel, or other suitable
flow controllers and flow.regul ati ng devices commonly enployed in the art
of gas dispensing from source*Vessels. The neans di sposed in the interior
vol une of The porss aketdl anber ithe iembodiment ofs Figuenlc may dbef ofoenyo Bpprapriste osize aad

sorbent material bed during establishnent of gas flow communi cation, for
di schar ge @imensions suitable for the particular gas storage and dispensing system employed in a given end

use application. ; _ ;

As an alternative to the porous metal tube shown in the embodiment of Figure 1, the tube may

_ comprise a porous sintered metal member, an elongate frit member, or any other fluid-permeable
structure which affords the fluid being dispensed an upwardly extending channel which extends
through the sorbent mass and which is devoid of sorbent medium therein. In such sorbent-free

. qhannel, the gas can flow without -obstruction from the sorbent medium, so that the radial
diffusive flux of fluid into suchchgnnel pennifs fluid to move upwardly toward the outlet of the
fluid/sorbent containment vessel, under an applied pressure differential including a lower pressure
exterior of the vessel which effects hydrodynamic flow of the gas from the vessel to an exterior
dispensing locus, with in situ desorption of the gas from the sorbent medium in the interior

volume of the vessel.

The gas vessel 12 shown in Figure 1 is of vertically elongate character, and may for example have
an aspect ratio of height to diameter (each being measured in the same dimensional units) of from
about 3 to about 6, It will be recognized, however, that the vessel may be of widely varying type .

(size, shape and diménsions), within the broad practice of the present invention.’



10 gas fromthe vessel, may suitably conprise an inert packing material in
the interior volune of the vessel which is perneable to gas flow, an inert
mat eri al dispersed in the sorbent material bed such as gl ass beads or other
sui tabl e divided or discontinuous material, or a perneable diffusion tube
positioned in the sorbent bed for flomd%a gas out of the sorbent bed in the
di scharge of gas fromthe vessel, or any other suitable neans by which the
resi stance to flow of gas through the sorbent bed is reduced in relation to
a correspondi ng system | acki ng sach neans. In a particularly preferred

aspect, the present I nvention relates to gas stora di spensi
system comigusRrig:a ﬁhGGF‘Eq E%.‘Pwtllﬁ)ﬁp&??&?‘ﬁ@‘b)‘?fl nﬂ?"f‘ @g@a—“ eﬁyf{%ﬁ’ndlgn
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upper region of the interior volume 111 of the storage and dispensing vessel 112.

The inert packing material, e.g, & porous foam material, a.sintered glass matrix, or other inert
packing material, serves to provide a sorbent-free head space for flow of desorbate gas, from the
bed 114, containing sorbent medium 116 having sorptive affinity for the gas, to the port 106 of

the vessel.

Port 106 of tl-le vessel is coupled in a known manner with the regulator assembly 118, which then
can be manually or automatically adjusted to effect pressure differential-mediated flow of the gas

from the vessel, through the regulator assembly, and to the downstream dispensing locus.

The use of ﬁaclcing material 130 in the top of the vessel 112 also has utility in leveling the
amount of sorbent 116, so that regardless. of variations in vessel volume or sorbent loading

. capacity, the storage and dispensing vessel will always load a constant amount of sorbate gas.

The sorbent material 115 in the vessel may also be enhanced to provide improved efflux of-.
desorbate gas from the sorbent material 116 under dispensing conditions, as shown in Figure 3.

Figure 3 is a sectional elevation view of a portion of thé_s_orbent bed 114 coniprising sorbent
material 116 in the storage and dispensing vessel 112 of Figure 2. As shown, the bed 114
comprises an interspersed mixture of inert packing material, in the form of glass beads 150, and

the sorbent medium particles 148.



means for selectively establishing gas fl ow communi cation for top-end

di scharge of said gas fromthe vessel, including a gas discharge port at a
top end of the vessel and a gas flow controller coupled to the gas

di scharge port; and a porous tube perneg?le to gas flow, coupled to the gas
di scharge port and extendi ng downwardly“Fn the interior volune of the
vessel, for reducing the resistance to flow of gas fromthe sorbent

mat eri al bed during establishnment of gas flow conmunication for discharge
of gas fromthe vessel. O her aspects and features of the invention wll be

nmore fully apparent fromthe ensuing disclosure. BRI EF DESCRI PTLO\bnO:
THE DRAW NE&e fner packing majerial s‘rx:mmmbp&n}setr@pwt intjmatelyjnictspaised i Swytable finely
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in particulate or other discrete particle form, e.g., of pellet or bead character.

The glass bead packing material is appropriately sized and shaped to _introduce significant
interstitial interconnected void volume in the sorbent bed. Such interstitial interrconnected void
volume thus provides channels through the sorbent bed 114 for enhanced efflux of the sorbate

fluid from the sorbent bed.

The presence of the inert packing material thus enhances the upward flux of the sorbate fluid
under desomﬁon and dispensing conditions, relative to a corresponding bed lacking such inert

backing material enhancement.

' In the abscnc;, of the packing material, the sorbent médium would pack in a manner which has
interstitial volume .bounded solely by the sorbent medium particles, and which thus would |
provide significant resorptive interaction with molecules of the fluid after its initial desorption.

- The repeated interaction of the sorptive medium thus forms a significant mass flow resistance, .
which in storage of the fluid is desirable for holding the gas in inventory, but which in dispensing -

mode serves to retard the desired efflux of fluid from the storage and dispensing vessel.

It will therefore be apparent that the “channelization" of the interior volume in the gas storage
and dispensing vessel of the invention, permits a more rapid and greater efflux of the dispensed
fluid from the vessel under dispensing conditions, than does the prior art storage and dispensing

vessel lacking the efflux enhancement of the present invention. The efflux enhancement of the



tentrally disposed in the storage and di spensing vessel and connected to a
fl ow regul at or di spensing assenbly which is secured to the outlet at the
upper end of the vessel. Figure 2 is a schematic perspective representation
of a storage and di spensing system accordi ng to anot her enbodi ment of the
I nvention, conprising an inert packing Fiterial in the interior volune of
the storage and di spensing vessel. Figure 3 is a sectional elevation view
of a portion of the sorbent bed in the storage and di spensi ng vessel of
Figure 2, show ng the_interspersed nixture of inert packing material and
the sorbent medi.um _ Fi 4 Ls erspective schem
and di sper&fF??&t \veatign, i) ng‘lyt °§ﬂ‘o£"ﬁ%‘fl’ %‘ﬁ%i’ 8ifrent it ofn{i %vognftgl angle
conprisin ngenent of porous branch tubes communicating with
g??b g%ganc ﬁ% "Por '

a central ous nmi n tube, in another enbodi nent of the
invention. Figure 5 is a schefatic representation of a test setup for

eval uation of gas storage and di spenS| ng systens constructed in accordance
with the rmgﬁterzlt isi nperspeciive schematic view of a storage and dispensing vessel 200 accordmg to

another embodiment of the invention, comprising a “spider” arrangement of porous branch tubes
communicating with a central flow-enhancing porous main tube, in another embodiment of the

invention.

" The storage and dispensing vessel 200 shown m Figure 4 comprises a vessel wall 202 of
cylindrical shape defining therewithin an interior volume 204. In the interior volume 204 is
disposed a bed 206 of sorbent material having sorptive affinity for the fluid to be stored in and
seleétiveiy dispensed from the vessel. The sorbent bed comprises a particulate sorbent medium

of suitable material.

Disposed in the sorbent bed 206 is é fluid-permeable efflux tube 208 comprising a main elongate
vertically extending main flow tube 212 having a central bore 210 therein for flow of the
desorbate fluid upwardly to the discharge port and the dispensing assembly of the vessel (not
shown in Figure 4). The main flow tube may be of a porous sintered metal construction, with a .
bounding wall surface allowing permeation therethrough into the central bore 210 of the fluid to
be dispensed.

As shown, the main flow tube 212 is provided with a series of branch feeder tubes 214, each_of
which extends outwardly from the main flow tube. The branch feeder tubes 214 are formed of a i
porous sintered metal or other fluid-permeable material, and allow flow of desorbed fluid

thereinto. Each of the branch feeder tubes 214 is of hollow construction, with an interior bore



12 Figure 6 is a plot of cylinder pressure (in nmHg) and of desorption
flowrate (in standard cubic centineters); as a function of desorption tinme’
in mnutes, for a gas storage and dispensing cylinder with a long frit
porous tube disposed in the interior volunme thereof (curves A) and a gas
storage and dispensing cylinder with a dBort frit porous tube disposed in
the interior volune thereof (curves B). DETAILED DESCRI PTI ON OF THE

| NVENTI ON, AND PREFERRED EMBODI MENTS TEEREOF The di scl osure of U S. Patent
5,518,528 issued May 21, 1996 in the names of denn M Tom and Janes V. _
McManus, and the disclosure of U S. Patent Application No. 08/650,634 filed
May 20, 196t showmd)evhichneommayniaates wyith\the Pontrad hare2ifbef the meinflows tubs,212r| Thep
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across the entire cross-section of the cylinder vessel.

Below the radiaily extended branch feeder tubes 214 is an array of alternatively conﬁgﬁred branch
feeder tubes 216, which are of “weeping,” or outwardly and downwardly arcuste configuration,
as shown. Each of the branch feeder tubes 216 is also hollow in construction, with a fluid-
permeable wall enclosing the hollow bore (not shown) which also is in fluid flow communication

with the central bore 210 of the main flow tube 212.

It will be apparent that the branch feeder tubes may be of any suitable size, shape, and axial or
radial distribution, and that other 'ﬂlﬁd-pemeaiale' channel conduit arrangements could . be ..
employed, and variously manifolded, to convey flow of desorbate fluid from the bulk volume of
the sorbent béd to the vessel port connecting with the dispensing structure for the storage and

dispensing system.

-The features.and advantages of the invention will be more fully apparent from the ensuing

examples.
EXAMPLEI

A test system including a gas storage and dispensing cylinder constructed in accordance with the

present invention was constructed and tested for efficacy, as described below.



'n the ensuing disclosure, the invention will be described with reference
to a gas as the sorbate fluid, however, it wll be recognized that the
invention is broadly applicable to. |iquids, gases, vapors, and nultiphase
fluids, and contenpl ates storage and di spensing of fluid m xtures as well
as single conponent fluids. Referring ndw to the drawings, Figure 1 is a
schematic representation of a storage and di spensing system 10 conpri si ng
storage and di spensing vessel 12. The storage and di spensi ng vessel may for
exanpl e conprise a conventional gas cylinder container of elongate
character. In the interior volunme of such vessel s _disposed a bed 14 of a
sui t abl e sJetiaprarafusti um 14 test syst@n Twas ssbup e shoveiniigurs S.neberein the serbatgngas
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helium (source not shown) is supplied by source line 324. The manifold contains a pressure

) fegulator PR for the sorbate gas. The gas storage and dispensing cylinder 306 was eqﬁipped with

a discharge valve 308 coupled to manifold line 314. The gas storage and' dispensing-cylinder 310

was equipped with a discharge valve 312 coupled to manifold line 316. Gas flow rate in the

manifold was controlled by means of the mass flow controllers 318 (MF' C-l)}and 320 (MFC-2).
.The manifold contained a series of automatic valves (AV-1, AV-2, etc.), and manual flow valves
MV-2) arraﬂged as shown. The discharged gas from the Mold was flowed in discharge line
322 to the discharge gas purifier unit 326 and the system scrubber 328 for discharged gas

purification and treatment in the test system.

Gas g_ylinder.s:: Two lecture bottle size gas storage and delivery cylinders 306 and 310 were
prepared for the test. Each cylinder was mounted vertically in the test setup manifold assembly
as shown schematically in Figure 5, and had a total length of 11.5 inches (not including the valve),

an outside diameter of 2 inches, and an internal volume of 0.44 liter..

Cylinder 306 was equipped with a 10.5 inch long x 0.375 inch outer diameter (0.25 inch inner
diameter) porous frit tube, which was attached to the inside end of the cylinder valve. Cylinder 2
was equipped with a shorter 2 inch x 0.375 inch outer diameter (0.125 inch inner diameter)
porous frit tube. o |
Both cylinders were filled with the carbon based adsorbent (Kureha Bead Activated Carbon G-
BAC, comme-rc‘ially available from-Kureha Chemical Industry Co., Ltd.). After helium leak



®.g., a mcropore alumnosilicate conposition with a pore size in the range
of fromabout 4 to about 13 A, a nmesopore crystalline alumnmnosilicate
conposition with a pore size in the range of from about 20 to about 40 A, a
carbon sorbent material such as a bead actlvat ed carbon sorbent of highly
uni form spherical particle shape, e.g. 28AC MP, BAG-LP, and BAC- G 70R bead
carbon materials (Kureha Corporation of Anerica, New York, NY), silica,

al um na, macroreticul ate polyners, kieselguhr, etc. The sorbent materi al

may be suitably processed or treated to ensure that it is devoid of trace
conponents which may del eteriously affect the performance of the flyid

st or age andhd:kﬁgeﬁsyhxglesyﬂmbeylmdém werealepassed 84H§0 ‘s6rfoeh? havry lméerswpedﬂ@ugt 0

washi ng treatnent, ., Wth hydro Iuorlc acj t o, render sufficien Iy

free of trélé@luéb 9r§er§uuqiglasnﬁaé ps306, PEFHPP‘?%WSH@%@*’%SP‘% and
speci es. as ner as shown is connected at its upper
end to a g& s‘%é"ﬁ'ﬁ?%‘ﬁﬁ %‘Bﬁ‘ﬁ%@b %%I’I sing pressure nonitoring and fl ow
control elenents of conventlonal arrangenment. Wthin the interior volunme 11
of the vessel is disposed a porous netal tube 20. The porous netal tube is

central |y afkapfst | Bothtlihdérewer' coliibctd®o the fetematitldgeshont ifl FiguenS. Pfter

vessel , -
the manifold was helium leak checked and evacuated to 6x10-5 mmHg, SFs was introduced into

both cylinders through a mass flow controller. The flow rates were in the range of 100 to 200
scem. The cylinder pressures were measured by two pressure transducers with an accuracy of

0.1 mmHg.

When the cylinder pressures reached the desired level at room temperatures, the SFg flow was
stopped. After cylinder pressure were stabilized, the amount of SFg introduced into the
cylinders were determined .by using the gas flow rate and adsorption time, and subsequently, the
SFs loading c;n the adsorbent was determined at the final cylinder pressure. Table 1 below

summarizes the loadings at three different pressures.

High Flow Desorption: After the cylinder were filled with SF to the desired pressures, the
cylinders were opened to the vacuum pump for 30 seconds with a base pump pressure of 6x107%-
- mmHg. When the cylinder pressures ‘were stabilized after the pumping, the pressure difference
before aﬁd after the pumping was recorded. Based on the pressure difference, the amount of SFg
desorbed was then extrapolated from the adsorption data generated in the adsorption tests, and
was used to determine the desorption rate for the respective cylinders. The dqéorption results
were summarized in Table 2 below. The desorption tests for both cylinders were carried out
under identical conditions. Both cylinders were connected to the same position of the manifold

to eliminate potential interference in desorption rate from the apparatus.



éxtending-froma lower region of the interior volume of the vessel,
vertically upmardly toits junction with the gas regul ator assenbly 18. The
tube 20 has a series of openings 22 therein, along its length. The portion
of the tube that is disposed in the ads rbent bed 14 of sorbent material 16
may have openings that are appropriatel%lsized in relation to the particles
of the 14 sorbent nediumtherein, so that such openings are not plugged
or occluded by the sorbent bed particles. The porous netal tube in the
enbodi ment of Figure 1 nay be-of any appropriate size and di mensi ons
suitable for the particul ar gas storage and di spensi ng systen1enp|oyed in a

gi ven end e applicat] a :ﬂﬁﬁ%’kht' Wn
in the enbg.gfﬁém.' %?""ﬁlu"g[}’r‘ee&i?‘ ({r} ‘{l)l%n%‘%ﬁ%é’%ﬁ Plg% a porous |net%gr§§ i
met al ”E”b?ésts,ﬁﬂa?éﬁﬂﬂﬁé&'eﬁmhﬂi@?@ﬁéw. or any other fluid-perneable

« Low Flow Desorption: In the low flow desorption tests, the SF gas in the cylindefs was

desorbed to a vacuum pump through a low flow mass flow controller (10 sccm-). Both the
cylinder. pressures and gas flow rates were measured for the cylinders, and are plotted in Figure 6.
Figure 6 is a plot of cylinder pressure (in mm Hg) and of desorption flow rate (in standard cubic
i centimeters), as a function of desorpﬁon time in minutes, for a gas storage and dispensing
| cylinder with a long frit porous tube disposed in the interior volume thereof (curves A) and a gas
storage and dispensing cylinder with a short frit porous tube disposed in the interior volume

thereof (curves B).
Results:

In the high flow desorption tests, the long frit cylinder showed ~60% higher desorption rate than
the shorter frit cylinder, as based on the amount of gas desorbed from the cylinders. In addition,
the higher pressure at the vacuum pump inlet during the desorption of the gas in the long frit
cylinder also suggested the long frit cylinder desorbed more éF5. Since all other qpnstruction'
materials were identical, the difference was attributable to the length of the frits. These data
support the conclusion that the longer frit gas storage and dispensing cylinder improved the gas
a transfer rate in the void space of the adsorbent media, relativé to the cylinder with the shorter frit:

(porous tube).



structure which affords the fluid being dispensed an upwardly extending
channel which extends through the sorbent mass and which is devoid of
sorbent nediumtherein. In such sorbent-free channel, the gas can fl ow

wi t hout obstruction fromthe sorbent nmedium so that the radial diffusive
flux of fluid into such channel pernmits¥4 uid to nove upwardly toward the
outlet of the fluid/sorbent contai nnent vessel, under an applied pressure
differential including a | ower pressure exterior of the vessel which
effects hydrodynamic flow of the gas fromthe vessel to an exterior

di spensing locus, with in situ desorption of the gas fromthe sorbent

medi um i n Infthe low desomption tdststhe dfowt Inte diffsrende. beiiiren glaestwoeedinders 3vas Hfoumd fonbe
Figure 1 is of vertically elongate character, and may for exanple ‘have an
aspect r atinininemh i gietlowdlayw manes dhe gas dlow matei in gnase limited §y i the AL desgmmtion rate
di mensional unjts f fromabolt 3, to gboyt 6. It will be_.recagnized
however, t %éaﬂ?glegfap°rﬁ§§“tﬁe¥a§)f’hﬁed§\“§¥\ya$§i% tapsfer istheovord Space of, the

di mensi OnSstoQ%ﬁtfﬂaﬂ.{cieQ.e broad practice of the present invention.

Table 1
Cylinder Pressure Loading
(mmHg @ 21-22° C) (2/100g)
0 0
9.3 ) : 5.8
304 11.9
122 24.4




15 Figure 2 is a schematic perspective representation of a storage and

di spensing system 110 according to another enbodi nent of the invention,
conprising an inert packing material 130 in the upper region of the
interior volume 111 of the storage and di spensing vessel 112. The inert
packing material, e.g, a porous foammatdial, a sintered glass matrix, or
other inert packing material, serves to provide a sorbent-free head space
for flow of desorbate gas, fromthe bed 114, containing sorbent medium 116
havi ng sorptive affinity for the gas, to the port-106 of the vessel. Port
106 of the vessel is coupled in a known manner with the regul ator assenbly
118, which then can be manually or automatically adjusted to effect T
pressure differential-nediated flow of the gas fromthe vessel, through the
regul ator assenply, and to’ the downst§edm di spensing |ocus. The use of
packing material 130 in @he|tdp of th essel 112 also has utility in

| evel i ng t he anpunt cﬁ%sérb nt 116, s¢ _fthat regardl ess. of variations in
vessel vol ume of sorbeht B dlngidép ty, the storage and di spensing
vessel will always lo é cqnst ant anmpunpt of sorbate gas. The sorbent
material 115 infthe vessal 1fay also b thanced to provide inproved effl ux
of e oo :

-

(m}/min)
1.99
1.78

0.996
0.89

{m))

{mmHg)
92
69
82

Short Frit
End Pressure Volume Desorbed Desorption Rate

Table 2
(litter/min)
3.21
2,78

L'ong Frit
1.61
1.6
1.39

3
“ong It Tow Tale - short T Tlow vate) X 100 7 short Ikt low mle

End Pressure Volume Desorbed Desorption Rate
(mmHg) ' (liter)
84
64
658
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desorbate gas fromthe sorbent material 116 under dispensing conditions, as
shown in Figure 3. Figure 3 is a sectional elevation view of a portion of

t he sorbent bed 114 conprising sorbent nmaterial 116 in the storage and

di spensi ng vessel .112 of Figure. 2. AsnzF the bed 114 conprises an

i nterspersed m xture of inert packing erlal in the formof gl ass beads
150, and the sorbent nedium particles 148. 16 The inert packing materi al
in this enbodinent thus is intinmately interspersed in suitable finely

dtvi ded formthroughoutthe bed 116 of sorbent material. The sorbent
material |ikewise my be in particulate or other discrete particle form
e.g., of pellet or bead character. The gl ass bead packing nmate+ial is
appropriately sized and shaped to introduce significant interstitial

i nterconnected void vol urie in the sorb@ablefed. Such interstitial

i nterrconnected voi d vol ume 't fius provi des channel s through the sorbent bed
114 for enhanced_efflux of the sorbate

Vacuum Level During Desorption (mm¥Hg)

Start Pressure Long Frit Shart Frit
Mm@z c 3.0 2.9

80@21°C 2.9 2.6

71 @20°C 2.8 2.7

Thus, while the invention has been shown and described with reference to specific features,
aspects and embodiments herein, it will be appreciated that the invention is suscepﬁble of a wide
variety of other embodiqlents, features and implementations consistent with the disclosure
herein, and the invention is therefore to be broadly cc-mstrued and interpreted, within the spirit

and scope of the foregoing disclosure.



fluid fromthe sorbent bed. The presence of the inert packi ng material thus
enhances the upward flux of the sorbate fluid under de '

sorptiom and —
di spensing conditions, relative to a correspondi ng bed i ' t
packi ng material enhancenment. In the absence of the pag”lili@"ﬂ#!ﬂﬂﬂﬁlﬂ[ﬂ&e
sor bent nmedi um woul d pack in a manner wfiXh has interstistial v ded
solely by the sorbent nedium particles, and which thus woul d provide
significant resorptive interaction with nolecules of the fluid after its
initial desorption. The repeated interaction of the sorptive medi umthus
forms a significant mass flow resi st FHECLAMIMSh in storage of the fluid is
desirable for holding the gas in inventory, but which in dispensi.ng node
serves to retard the desired efflux of fluid fromthe storage and

di spensing _vessel . It will. therefore be apparent that the "channelization"
of the intX¥hatis gJaimeddss n t he "gas storage and di spensing vessel of the

I nvention, permts a nore rapid and greater efflux of the dispensed fluid
fromthe vessel under dispensing conditions, .than does the prior art

storage ang di SR%?%J@Q%&/ gehﬁ'ﬁé(éy@ﬁmt,@&nﬁ'fsfﬂgyx enhancenent of the present

i nvention. The e nhancénment” of the

a vessel defining an interior volume therewithin for containing a bed of sorbent material having

affinity for a gas to be stored and selectively dispensed from the vessel;

means for selectively establishing gas flow communication for discharge of said gas from the

vessel; and

means disposed in the interior volume of the vessel for reducing the resistance to flow of gas from
the sorbent material bed during establishment of said gas flow communication for discharge of gas

from the véssel. .

2. A system according to claim 1, wherein said means for selectively establi;hing gas flow
communication for discharge of said gas from the vessel, comprises a valve which is selectively

actuatable between open and closed flow positions.

3. A system according to claim 2, wherein said means for selectively establishing gas flow
communication for discharge of said gas from the vessel, corriprise a mass flow controller for

regulating the rate of flow of said gas from the vessel.
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17 present invention, as illustratively shown herein, may be enbodied in a
variety of forns for various specific applications. Figure 4 is a
perspective schematic view of a storage and di spensi ng“m%
to anot her enbodi nent of the invention, _conprising a "Sg . nt
of porous branch tubes conmunicating w 2R a central fl;ﬂm nwml‘umﬂﬁmus
mai n tube, in another enbodi ment of the invention. The ®to¢age ands *

di spensi ng vessel 200 shown in Figure 4 conprises a vessel wall 202 of
cylindrical shape defining therewithin an interior volume 204. In the

interior vgl umea 2¢dent SocBidBips eRird 10RHerdid Gaidincany disyoked MitRE intdridd ¥¥hufé of the

sorptive affinity for the uid to be stored in and sel ectivel.y. di spensed

from the vasselford hedusiag ke tredistshee owp flose of ogap afirdm Cthk asozbeno r inatetial mbell doring
suitable material. Disposed in the sorbent bed 206 is a fluid-perneable
ef f1 ux t ubestabishneeytrof satd gag flowneammunieatign for discharge of gas from the vessel, comprise an

inert packing material in the interior volume of the vessel which is permeable to gas flow.

5. A system according to claim 1, wherein said means disposed in the interior volume of the
vessel for reducing the resistance to flow of gas from the sorbent material bed during
establishment of said gas flow communication for discharge of gas from the vessel, comprise an
inert material dispersed in the sorbent material bed.

6. A system according to claim 5, wherein said inert material comprises glass beads.

7. A system according to claim 1, wherein said means disposed in the interior volume of the -
vessel for reducing the resistance to flow of gas from the sorbent material bed during
establishmént of said gas flow corﬁmunicat’ion-for discharge of gas from the vessel, comprise a
permeable diffusion tube positioned in the sorbent bed for flowing gas out of the §orbent bed for
discharge of gas ﬁ'om the vessel. N

- 8. A system according to claim 7, wherein the vessel has a discharge port for said discharge

of gas from the vessel.

9. A system according to claim 8, wherein the diffusion tube comprises a straight porous.
tube joined at one end to the discharge port and extending at an opposite end into the sorbent

material bed.
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Vertically extending main flow tube 212 having a central bore 210 therein

for flow of the desorbate fluid upwardly to the di scharge port and the
di spensi ng assenbly of the vessel (not shown in Figure 4). The main flow

tube may be of a porous sintered netal nstruction, | Ilr un WH wal |
surface all ow ng perneation therethroug%gi nto the ce”“l "m “j ”"I t he
fluid to be dispensed. As shown, the main flow tube 212 fs 'prdvi ded*with a
series of branch feeder tubes 214, each of which extends outwardly fromthe
main flow tube. The branch feeder tubes 214 are forned of-a porous sintered

metal or other fluid-permeable material, and allow flow. o[ desorbed fl uid
t her ei nt 0.10EacHA ¥sterheackording fto iclaiady Whetsiisthe 1vessel iHa YSHY °§E§%‘Er’-’é’&‘? :

with an interjor bore 18 (pqt . sho ich co nicates with the central
bore 210 @nw,meﬁf%wmﬁﬁﬁe\*%ﬂs%&h@ﬁv sg‘gger tubes are each of
radi al |y extending character t'o provide pick-up of the desorbate
11. A system accordmg to claim 1, wherein the vessel is a vertically elongate cylindrical
‘ container, arranged for top-end discharge of gas from the vessel and the porous tube extends
vertically downwardly from the discharge port to a lower paﬁ of the sorbent material bed.

12. A system according to claim 11, wherein the porous tube is of sintered porous metal

construction.

13. A system according to claim 12, wherein the porous tube is substantially coextensive in
length with the vessel. '

14. A system according to claim 1, furrther comprising activated carbon sorbent material in

said sorbent material bed.
15. A gas storage and dispensing system, comprising:

a vertically upstanding cylindrical vessel defining an interior volume therewithin containing a bed
of sorbent material having affinity for a gas to be stored and selectively dispensed from thé
vessel; '

means for selectively establishing gas flow communication for top-end discharge of said gas from
the vessel, including a gas discharge port at a top end of the vessel and a gas flow controller

coupled to the—gés discharge port; and
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across the entire cross-section of the cylinder vessel. Below the radially
ext ended branch feeder tubes 214 is an array of alternatively configured
branch feeder tubes 216, which are of "weeping," or outwardly and _
downwar dl y arcuate configuration, as shown. Each of the branch feeder tubes
216 is also hollowin construction, witr8 fluid- per ' si ng
the holl ow bore (not shown) which also is in fluid fl mmmmmﬂ;‘!ﬂwth
the central bore 210 ofthe main flow tube 212. It w | [ '«Decapparents t kat t he
branch feeder tubes nmay be of any suitable size, shape, and axial or radial
di stribution, and that other fluid-perneable channel conduit arrangenents
coul d be enpl oyed, and variously manifol ded, to convey fl ow of:.zdesorbat e
fluid fromat perotis!|titbes periigableftot pis fowpeipldicth tthe tdae dischagk puit tandosrendingg
with the dispensing structure for the storage and di spensing system The

f eat ures amddwawezihyt inghssintetior velume of thei vessehifbt refucingothe résistange tp fawenfigas from

t he ensui ng exanpl es. EXAMPLE | A test systemincluding a gas storage and
di spensi ng tsortegematerial bed during establishmentof s3d gas flavcqmppaunication for discharge of gas

from the vessel.
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present invention was constructed and tested for efficacy, as described

bel ow. 19 Test apparat us: A test systemwas set up as shown in Figure
5, wherein the sorbate gas was SF6 supplied from source container 300,

equi pped with a selectively openabl e/ cl oseabl e val ve 302, joined in flow
communi cation with the nmanifold by suppl4®line 304. In the manifold, helium
(source not shown) is supplied by source line 324. The manifold contains a
pressure regulator PR for the sorbate gas. The gas storage and di spensi ng
cylinder 306 was equi pped with a di scharge valve 308 coupl ed_to manifold

line 314. The gas storage and di spensi gg,r%l I nder 310 was equi pped with a
di scharge val ve 312 coupled to mani f oE5TRRET316. .Gas flow rate_in the

o 50 (1P 2)" Thenmmant o e BB EE e e LIy paval ves (AL,

AV-2, etc.), and manual flow val ves ( MU4gANsAr I angeof3 as shown. The

di scharged gas fromthe manifold was flowed in discharge |ine
lkgasmbn@panddkpmnmq;smumgconqukkm;aveswlmﬁiﬁnganﬁmukrvnhnmeﬂmmwﬁﬂﬁn
for containing a bed of sorbent material having aﬁ‘x‘nity for a gas to be stored and selectively
dispensed from the vessel. A valve head, mass flow controller, regulator 'assembly,- or the like
_may be provided selectively establishing gas flow communication for discharge of-gas from the
vessel. .A gas-flow resistance reducing structure, such as a gas-permeable porous tube, inert
packing, or dispersed inert material, is disposed in the interior volume of the vessel for reducing
the resistance to flow of gas from the sori)ent material bed during establishment of said gas flow

communication for discharge of gas from the vessel.

Figure : 1 ..

-
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322" to the discharge gas purifier unit 326 and the system scrubber 328 for
di scharged gas purification and treatnent in the test system Gas
cylinders: Two lecture bottle size gas storage and delivery cylinders 306
and 310 were prepared for the test. Each cylinder was nounted vertically in

the test setup manifold assenbly as shblth schematically in Figure 5, and
had a tot.al I%pgth of 11.5 inches ot _including the valve), an outside
di ameter of 2 ches, a T nal volu of 0.44 liter. Cylinder 306

n
was equi pped m}\gba 10.5-nch | ong "5.‘ D i nch outer dianmeter (0.25 inch
I nner dianeter) rous (Frift t uisea Wik uels attached to the inside end of
t he cylinder val ve. Cylﬁﬁﬁ v 0RO fet=weh—a—Shorter 2 i-ach x 0. 375
inch outer dianmeter (O. _ [ v porous frit tube. Both
cylinders were filleg W\he carbon based ‘adsorbent (Kureha Bead
Activated Carbon G B Anercill |y avail abl e from Kureha Cheni ca

| ndustry Co., Lt el ium | eak '

Figﬁre 1
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~20 checking of cylinders, the.cylinders were degassed at 180[err] C for 12
~hours under 1x10[err] mmHg vacuum The adsorbent weight in cylinder 306 was
found to be 214 g after degassing, and the adsorbent weight for cylinder
310 was 222 g. Adsorption: Both cylinders were connected to the test
mani fold as shown in Figure 5. After tRé4manifol d was heli um | eak checked
and evacuated t.o 6x10-5 mHg, SF[err] was introduced into both cylinders
t hrough a mass flow controller. T&g ilom/rates were in the range of 100 to
200 sccm The cylinder pressures, T measured by two pressure transducers
with an accuracy of 0.1 mHg. ' Y% i nderagzessures reached the
desired | evel at roomtenperatures , was stopped. ~-Af ter
cylinder pressure were stabilize o : SF6 i ntroduced into the
cylinders were determ ned-#& ate and adsorption tine,
and subsequently, the SF6 Eeading on y e ag t was dete2@®Pned at the
final cylinder pressure. Tgbte 1 beld summariLze tggﬁyﬁaﬁ?ngs at three
di fferent pressures. High fFl.ow Desor%?ion: Af fer e cylinder were
filled with SF6 to the desired;pLéssr]es, the {
'/————r- ;' "’__:__-;
_206 . ) l}sl_- . <~ \212

e’ e~ 214
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. cylinders were opened to the vacuum punp for 30 seconds with a base punp
pressure of 6x10[err] nmmHg. When the cylinder pressures were stabilized
after the punping, the pressure difference before and after the punping was
fecorded. Based on the pressure diffeg t he amount of SF[err] desorbed
was then extrapolated fromthe adsorp?? n data generated in the adsorption
tests, and was used to determ ne the desorption rate for the respective
cylinders. The desorption results were summari zed in Table 2 bel ow. The
desorption tests for both cylinders were carried out under.identi cal
conditions. Both cylinders were connected to the sanme position of the
mani fold to elimnate potential interference in desorption rate”fromthe

appar at us. 21 The pressure level at the inlet of the vacuum punp were
al so recorded during the desorption tests, and are summarized in Table 3
bel ow. Low Fl ow Desorption:: * In the low fl ow desorption tests, the SF6
gas in the cylinders was ©

o o~
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tlesorbed to a vacuum punp through a low flow mass flow controller (10

sccm.

cyl i nders,
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(pormus fube). ' 22 In the | ow desorption tests, the f%%ﬁﬂue&ce

between the two cylinders was found to be mninum In the 1o I"o apge,

the gas flowrate is nore limted by the gas desorption raﬁz?arg_ Lbdgp
t

adsor bent pores into gas phase, than by the gas transfer i e void e
of the adsorbent particles. Table 1 Cyl, fr Pressure lPOS
Loadi ng (mrHg @ 21-22[err] Q) 1/4 (g/1009) 0
0 9.3 5-830. 4
_11. 9 18
A
4 N
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71@6-C = , 2.8 $ " 2.7 Thus, while the

I nvention has been shown and described with reference to specific features,
aspects and enbodi nents hereiin, it will be appreciated that the invention
i's susceptible of a wide variety of other enbodinents, features and

I npl ement ati ons consistent with the disclosure herein, and the invention is
therefore to be broadly construed and inte 4ted vmthln the spirit and
scope of the foregoing disclosure.- The ms: 1. A gas storage and

di spensing system conprising: a vessel defining an interior volume
therewithin for containing a bed of physical adsorbent material having
affinity for a gas to be stored and selgtlvel y di spensed fggom t he vessel ;
means for selectively establishi ng gas ¢y ow commugj cdtion fﬁr
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di seharge of said.gas fromthe vessel;” and means disposed in the interior
vol unme of the vessel for reducing the resistance to flow of gas fromthe
physi cal adsorbent material - bed during establishnent of said gas flow
comuni cation for discharge of said gas fromthe vessel. 2. A system
according to claim1l1, wherein said neans fpr selectively establishing gas
fl ow communi cation for discharge of sai }{) fromthe vessel, conprises a
val ve which is selectively actuatabl e between open and cl osed fl ow
positions. 3. A system according to claim2, wherein said neans for

sel ectively establishing gas flow communi cation for discharge of said gas
fromthe vessel, conprise a mass flow controller for regulating the rate of
flow of said gas fromthe vessel. 4. A system according to any one’ of
claims 1 to 3, wherein said neans disposed in the interior volunme of the
vessel for reducing the resistance to

DESORPTION FLOW RATE sccm
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flow of gas fromthe physical

adsor bent materi al

bed during establishnent

26 of wsaid=gas fl ow conmuni cation for discharge of gas fromthe vessel,

conprise an i nert packi ng material in the interior volu

wh | ow. 5. A system accor di ng | appititice . Of
C|%ﬁi§&: éﬁg re| n sal% neans di sposed in the interi Isg]ga,hm_g)f t he
vesser—for-Teducr g theTesTstance to fow of fgas rromt n% Tg I cal

alclm;rlﬂe nt TRETEQF THENRSTRACT {Gonsionation obitemehef thyf stghestigas f 1 b Zr’r%ﬂﬁ)@a
flfor—dirschrarge of gas fromthe VeSSer, conprise an inert naterial di sper Sed
in tAgas end disptosingsystemn(@ P)eqomprising: @ vedsel dpfining ydnterioryplame the |fen gontgining

[
A s yestied iof soseoiomatining (16 having affinity, forsgas ¢ be staxedianid selectivalydisnensed from the vessel. A
valve head, mass flow controller, regulator assembly, (18) or the like may be provided selectively establishing gas

* flow communication for discharge of gas from the vessel. A gas-flow resistance reducing structure, such as a gas-
permeable porous tube, (22) inert packing, or dispersed inert material, is disposed in the interior volume of the vessel
for reducing the resistance to flow of gas from the sorbent material bed during establishment of said gas flow

. communication for discharge of gas from the vessel.
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,c%:hi)r"l'ses! gl ass—-beads—F——Asystem according to any ong(%zn%fr@&-{?f,g

wherein said neans disposed in the interior vol une of th

reduci ng the [m mm !WOf gas from tjtr - ent mat grd
bed during es |* IJ; “ ln id gas flow co EMENTT SHE ?héulg“e @6@0
gas fromthe vessel, conprise a perneabl esli flff Usi on tube posMiPiya&ié‘n t he
0

adsorbent bed for flow ng gas out of the phy ical13cﬁ§vtmq
di schar ge Ofl‘lﬁ"‘@lﬁﬁﬁm the vessel. 8. A systlerp according tojfcllaim 7,
' | et ‘gas fromthe

wherein the nas a di scharge port for .
vessel . 9. A system according to claimS8, erein the diffusijon tube

conpri ses a_straight porous trg‘ie_j oined at oné end tqQ Ine darscharge port
and ext endi kg at S8R sEIagcAnG diSPRRSINESYSHGEY, COMRESHE nateri al bed.

a vessel defining an interior volume therewithin for containing a bed

of physical adsorbent material having affinity for a gas to be stored

and selectively dispensed from the vessel;

means for selectively establishing gas flow communication for

discharge of said gas from the vessel; and

means disposed in the interior volume of the vessel for reducing the
resistance to flow of gas from the physical adsorbent material bed
during establishment of said gas flow communication for discharge
of said gas from the vessel. |
2. A system according to claim 1, wheréin said means for selectively
establishing gas flow communication for discharge of said gas from the
vesseI; comprises a valve which is selectively actuatable between open and
| closed flow positions.
—

3. A system according to claim 2, wherein said means for selectively
establishing gas flow communication for discharge of said gas from the
vessel, comprise a mass flow controller for regulating the rate of flow of

said gas from the vessel.

4. A system according to any one of claims 1 to 3, wherein said means

disposed in the interior volume of the vessel for reducing the resistance to

flow of gas from the physical adsorbent material bed during establishment

A% a399% ~ €
\3/n),go



27100 A system cgEﬂleCﬁl;f‘No SﬂfﬁToLe of claims 1 to vessel

Is a vertically ate Yy ndr | container, arr ed for top-end
di scharge of gas f o] 1. A system accon Hﬂlﬂm
wherein the vessdl {i ”‘§r@\ym| kyiel ongate cylindr m , IMrranged
for top-end di schar ' L1 he vesyel and the porous Pub® ekt ends '
vertically dowmmwgrdly fromthe di sgharge port to a |ower part of the

physi cal soobesdi cation sformdisntmrde nof tgascfrmm e wdsseki n
the porous tube is of sintered porous netal construction. 13. A system
accordi ng t conipiise atp inettepeckingengterialsint dhe irdesiobstanmelofythe vessel
coextensive in length with the vessel. 14. A system according to any one of
clains 1 toWIEChflaqume&hiﬁﬁpl@rSnﬁoﬁmtlvat ed carbon sorbent material in

sai d physi cal adsorbent materi al

5. A system according to_ any one of claims 1 to 3, wherein said means

disposed in the interior volume of the vessel for reducing the resistance to

flow of gas from the physical adsorbent material bed during establishment

of said gas flow communication for discharge of gas from the vessel,

comprise an inert material dispersed in the physical adsorbent material

bed which is permeable to gas flow.

6. A system according to claim 5, wherein said inert material

. comprises glass beads.

7. A system according to any one of claims 1 to 6, wherein said means

disposed in the interior volume of the vessel for reducing the resistance to

flow of gas from the physical adsorbent material bed during establishment

of said gas flow communication for discharge of gas from the vessel,
comprise a permeable diffusion tube positioned in the adsorbent bed for

v flowing gas out of the physical adsorbent bed for discharge of gas from the

vessel.

8. A system according to claim 7, wherein the vessel has a discharge

port for said discharge of gas from the vessel.

9. A system according to claim 8, wherein the diffusion tube comprises
a straight porous tube joined at one end to the discharge port and

extending at an opposite end into the physical sorbent material bed.



bad. 15.

" A gas storade and dispensing system conprising: a

LAGRMENT SHEET

upst andi ng cyl4—nd+—t—c—&l——vesse1'—d§f“ ning an interior volune thegrew thin
cont ai ning a bed of sorbent material having affinifty f¢
to be stor ed ﬁma Bm”mspensed fromthe:vessel ; meand flor 3 NOA2000

sel ectively es
sai d gas fronlthe vessel i ncl udi ng a gas di scharge 28 po

ow:conmuniyati on for top- endm Scharge—e+

at a top end

of the vessel and a gas f1ow control | er coupl ed to the gas di scharge port,
and a porous tube perneable to gas flow, coupled to the gas discharge

10. A system according to any one of claims 1 to 9, wherein the vessel

is a vertically elongate cylindrical container, arranged for top-end

discharge of gas from the vessel.

11. A system according to claim 9, wherein the vessel is a vertically
elongate cylindrical container, arranged for top-end discharge of gas from
the vessel and the porous tube extends vertically downwardly from the

discharge port to a lower part of the physical sorbent material bed.

12. A system according to claim 11, wherein the porous tube is of

sintered porous metal construction.

13. A system according to claim 12, wherein the porous tube is

substantially coextensive in length with the vessel.

14. A system according to any one of claims 1 to 13, further comprising

activated carbon sorbent material in said physical adsorbent material
bed.

15. A gas storage and dispensing system, comprising:

a vertically upstanding cylindrical vessel defining an interior volume

‘therewithin containing a bed of physical adsorbent material having

affinity for a gas to be stored and selectively dispensed from the

vessel;

means for selectively establishing gas flow communication for top-

end discharge of said gas from the vessel, including a gas discharge




nbrt and extendlng downwardly in the interior volune of the vessel, for

reduci hg the resistance to flow of gas fromt he mumnmn
mat eri al - bed during establishnment of said gas fll ﬂﬁﬂﬂ for
di scharge of gas fromthe vessel.

' 28

port at a top end of the vessel and a gas flow controller coupled to

the gas discharge port; and

a porous tube permeable to gas flow, coupled to the gas discharge
port and extending downwardly in the interior volume of the vessel,
for reducing the resistance to flow of gas from the physical
adsorbent material- bed during establishment of said gas flow

communication for discharge of gas from the vessel.
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