RECOVERY OF Xe AND OTHER HI GH VALUE COMPOUNDS CROSS- REFERENCE TO RELATED
APPLI CATION(S) [0001] This applicant clains the benefit of priority under 35
USC 119 oWoUWofi/16B340vi si onal Patent Application No. 61/ 398r8%3o1flioksdo on June
25, 2010. FIELD [0002] The present invention relates to adsorptive recovery
of conpounds from a process stream material or environment containing
sane. DESCRI PTI ON OF THE RELATED ART [0003] I n many conmerci al processes and
i ndustrial applications, gaseous nmaterials are produced or otherw se
present, which are susceptible to |oss or degradation if not recovered,
recircul ated, angfE@OVERYEXSAND SIHERRAIEH VABUFRYOPRJUYNWDSduct s of

chem cal reactions or treatnent processes, inconpletely consuned gases in
gas-utilizing applications, gaseous effluents in mneralic extraction
operations, etc. [0004] These gaseous materials nmay have substantial val ue
as recircul ated feedstock or reagents, or as raw materials for further
processi ng or use. TROSSIRITIKFRENCGE TOREAIAIEDAPRLICAFION®rant source of
contam nation in the anbient environnent of the process or associ ated
facility, and therefore require capture to prevent such contam nation from
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FIELD

[0002] The present invention relates to adsorptive recovery of compounds from a process stream,

material or environment containing same.

DESCRIPTION OF THE RELATED ART

[0003] In many commercial processes and industrial applications, gaseous materials are produced
or otherwise present, which are susceptible to loss or degradation if not recovered, recirculated, and/or
reprocessed. Such materials may be byproducts of chemical reactions or treatment processes,
incompletely consumed gases in gas-utilizing applications, gaseous effluents in mineralic extraction
operations, etc.

[0004] These gaseous materials may have substantial value as recirculated feedstock or reagents,
or as raw materials for further processing or use. These materials may also be a significant source of
contamination in the ambient environment of the process or associated facility, and therefore require

capture to prevent such contamination from taking place.

SUMMARY
[0005] The present disclosure relates to adsorptive recovery of compounds from a process stream,
material or environment containing same.
[0006] The disclosure in one aspect relates to a method of recovering xenon gas from a process

stream, material or environment containing same, comprising contacting xenon-containing gas from
such process stream, material or environment with a carbon adsorbent effective to sorptively capture
same, free of or with reduced concentration of fluid species initially present with said xenon in said

xenon-containing gas in said process stream, material or environment, wherein the carbon adsorbent has



stream material or environnent containing sanme, conprising contacting
xenon-cont ai ni ng gas from such process stream material or environnment with
a car bon wo=oriesi42ef f ecti ve to sorptively capture sanepPClseo1ofo4@ro w t h
reduced concentration of fluid species initially present with said xenon in
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whi ch the ority of pores are in a rang from5 to 8 Angstrons.
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[0011] In another aspect, the disclosure relates to a system for recovering high-value gas from a
process stream, material or environment containing same, such system comprising a carbon adsorbent
arranged for contacting said process stream, material or sample from the environment to sorptively
capture the high-value gas. The carbon adsorbent can have a bulk density in a range of from 750 to
1300 kg per cubic meter (kg/m’), and a porosity in which the majority of pores are in a range of from 5
to 8 Angstroms.

[0012] In a further aspect, the disclosure relates to a carbon adsorbent having a bulk density in a
range of from 750 to 1300 kg per cubic meter (kg/m’), and a porosity in which the majority of pores are
in arange of from 5 to 8§ Angstroms.

[0013] Other aspects, features and embodiments of the disclosure will be more fully apparent from

the ensuing description and appended claims.



[0012] In a further aspect, the disclosure relates to a carbon adsorbent
having a bul k density in a range of from 750 to 1300 kg per cubic neter
(kg/ nB), wodor/1wed4esity in which the majority of pores &c@/tuseoia/ossRge of
from5 to 8 Angstrons. [0013] O her aspects, features and enbodi nents of the
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[0018] FIG 5 is a schematic representation of a series-connected arrangement of adsorbent

vessels, in which the vessels contain an array of flow-directing plate elements, for achievement of
desired hydrodynamic processing of a gas stream to be contacted with adsorbent media in the respective
vessels.

[0019] FIG. 6 is a schematic representation of a multiple adsorbent vessel arrangement, in which a
housing contains the respective adsorbent vessels and is rotated in carousel fashion, to successively
couple inlet and outlet conduits with a specific one of the multiple adsorbent vessels.

[0020] FIG. 7 is a schematic representation of an adsorbent vessel, containing an adsorbent bed, in
which feed gas is introduced through a distributor member having multiple gas flow orifices about the
perimeter thereof.

[0021] FIG. 8 is a schematic vertical elevation view, in cross-section, of an adsorbent vessel
containing a showerhead device by which influent gas is introduced for contacting with the adsorbent
bed in the vessel.

[0022] FIG. 9 is a schematic vertical elevation view, in cross-section, of an adsorbent vessel
containing a manifold device by which influent gas is introduced for contacting with the adsorbent bed
in the vessel

[0023] FIG. 10 is a perspective front elevation view of an adsorbent canister having utility for
detection and monitoring of radon gas.

[0024] FIG. 11 is a vertical elevation view of a fluid capture vessel that may be employed to
recover high value gas from a process or environment in which same is present.

[0025] FIG. 12 is a vertical elevation view of the fluid capture vessel of FIG. 11, in cross-section
section, showing the internal elements thereof.

[0026] FIG. 13 is a perspective view of the fluid capture vessel of FIGS. 11 and 12.

[0027] FIG. 14 is a cross-sectional elevation view of an upper portion of the fluid capture vessel of
FIG. 11.

[0028] FIG. 15 is a perspective view of the valve head and dip tube assembly of the fluid capture
vessel of FIGS. 11-14.



[0019]FIG 6 is a schematic representation of a multiple adsorbent vessel
arrangenent, in which a housing contains the respective adsorbent vessels
and i s roveted/ieds4ear ousel fashion, to successively couplCa/tusediensane out | et
conduits with a specific one of the nmultiple adsorbent vessels. [0020] FI G
7 is a schematic representation of an adsorbent vessel, containing an
adsorbent bed, in which feed gas is introduced throq? a distributor nenber
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[0036] FIG. 23 is a bottom plan view of the valve head of the fluid capture vessel of FIGS. 11-14.
[0037] FIG. 24 is an exploded view of a valve head, of a type similar to that shown and described
with reference to the fluid capture vessel of FIGS. 11-14.

[0038] FIG. 25 is a schematic representation, in perspective, of a xenon recovery facility utilizing
a fluid capture vessel of the type shown in FIGS. 11-24.

[0039] FIG. 26 is a graph of nitrogen and xenon adsorption isotherms on a carbon adsorbent
adapted for xenon adsorption, as annotated with a calculated separation factor of 7.67 based on such

1sotherms.

DETAILED DESCRIPTION

[0040] The present disclosure is based on the discovery that extremely efficient adsorptive
recovery of high-value gases such as xenon can be achieved utilizing carbon adsorbent having a bulk
density in a range of from 750 to 1300 kg per cubic meter (kg/m’), and a porosity in which the majority
of pores are in a range of from 5 to 8 Angstroms. Such carbon adsorbent desirably has a volumetric
sorptive capacity for xenon, measured at temperature of 273° Kelvin and 1 bar pressure, of at least 125.
The carbon adsorbent of such type desirably is characterized by a separation factor ox.x , in relation to
xenon and nitrogen, which is in a range of from 2 to 12.

[0041] It has been found that carbon adsorbents of the foregoing characteristics enable effective
adsorbent recovery of high-value gases such as xenon to be accomplished in a very compact sorbent
arrangement having a small footprint in the facility in which same is used, e.g., a semiconductor
manufacturing facility.

[0042] In specific embodiments, the carbon adsorbent may have a bulk density in a range of from
800 to 1200 kg/m’, and in still other embodiments, the carbon adsorbent may have a bulk density in a
range of from 1000 to 1150 kg/m’.



FIG 11. [0028]FIG 15 is a perspective view of the valve head and dip tube
assenbly of the fluid capture vessel of FIGS 11-14. WO

2011/ 1633%0RATI/168011/ 041420 [0029] FIG 16 is an expl odedTaseepsetieve vi ew
of the valve head and dip tube assenbly of FIG 15. [0030]FIG 17 is an
expl oded perspective view of an upper portion of the valve head and dip
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vessel
range of from 128 to 140, as measured on a volumetric basis at the aforementioned standard

temperature and pressure conditions.

[0044] Activated carbon adsorbents of such type are particularly advantageous for the separation
and recovery of xenon gas in gas mixtures containing nitrogen as the major gas component in the
mixture, in which xenon is present at least at part per million levels.

[0045] Considering the characterization of carbon adsorbents of the present disclosure that are
advantageously employed to recover high-value gases such as xenon from gas mixtures containing
same, equilibrium selectivity of the adsorbent material may be utilized as a parameter to describe the
ability of the adsorbent to separate xenon from a xenon/nitrogen gas mixture. Equilibrium selectivity of
the carbon adsorbent for such xenon/nitrogen gas mixture reflects the differential affinity of the carbon
adsorbent for the respective xenon and nitrogen species of such gas mixture. Carbon adsorbents of the
present disclosure are highly sorptive for xenon. Their equilibrium selectivity can be expressed by the

equation

OxeN = (nxe/ nn )(pXe/ pN)

in which ox.n 1s the separation factor of the carbon adsorbent for the xenon/nitrogen gas mixture, with
n being the amount of the specific component adsorbed, and p being the partial pressure of the specific
component in the gas mixture.

[0046] As discussed above, carbon adsorbents of the present disclosure desirably have a separation
factor ox.n for xenon/nitrogen gas mixtures that is in a range of from 2 to 12. In some specific
embodiments, the separation factor ax.x of the carbon adsorbent is in a range of from 3 to 10. In still
other embodiments, the separation factor ox.x has a value of at least 5. In yet other embodiments, the
separation factor ax.n has a value of from 4 to 8.

[0047] The carbon adsorbent of the present disclosure is advantageously used to adsorptively
recover high-value compounds from a process stream, material or environment containing same, €.g., in
arrangements for recovery of high-value gases for reuse, recirculation or other disposition that realize
value otherwise lost in the absence of such recovery.

[0048] As uvsed herein, the term "high value,” in reference to recovered gases, compounds, and
fluids, refers to such materials as having significant value upon recovery thereof, as compared to (i) the
loss, dissipation or degradation of such materials if not recovered and/or (ii) the cost of remediation,
abatement or other necessary action incurred in the absence of recovery of such materials as a result of

their loss, dissipation or degradation in the environment.
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powders having uniform particle diameter or powder is constituted by particles having a range of
particle sizes, e.g., within a range of 20 to 500 um. Carbon adsorbents can be utilized in the form of
beads/extrudates, e.g., having dimensions in a range of from 0.6 to 15 mm, or monolithic articles, e.g.,
having characteristic dimensions greater than 100 mm. Preferred carbon adsorbents preferably are
constituted by non-graphitizing, or hard, carbon, having a non-crystalline or microcrystalline
(disordered) morphology. Preferably, the adsorbent material is a pyrolyzed activated carbon in the
form of a monolith, e.g., as blocks, bricks, pucks, cylinders, rods, or the like. Alternatively, the carbon
adsorbent is advantageously provided in a particulate form, e.g., as beads or powder.
[0052] The carbon adsorbents of the present disclosure are readily utilized to recover high-value
fluid component(s) by contacting the carbon adsorbent with a fluid volume, stream or environment
containing such component(s). The carbon adsorbent may be utilized in the form of a bed, e.g., of
monolithic or particulate sorbent articles, in a capture or recovery vessel into which or through which
the fluid containing the high-value component is passed. Alternatively, the carbon adsorbent may be
utilized in an adsorbent bed in a vessel that is adapted for pressure swing adsorption and/or temperature
swing adsorption processing, in which fluid containing the high-value fluid component is contacted
with the adsorbent bed in the vessel, to sorptively capture the high-value fluid component. The bed
thereafter is desorbed, e.g., by pressure blowdown and/or purge gas flow and/or by heating of the bed to
desorptively release the adsorbed high-value fluid component.
[0053] Activated carbon material adsorption systems are described in the following U.S. patents,
the disclosures of which are incorporated by reference herein in their entirety: U.S. Patent No.
6,743,278 to Carruthers; U.S. Patent No. 5,518,528 to Tom et al.; U.S. Patent No. 5,985,008 to Tom et
al.; U.S. Patent No. 5,761,910 to Tom; U.S. Patent No. 5,916,245 to Tom; U.S. Patent No. 6,764,755 to
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specific heat, J kg K 800-1080 1000

Xenon capacity (V/V), 273K, 1 bar | 125-145 135

[0056] It will be recognized that the character of the carbon adsorbent can be widely varied within

the practice of the present disclosure, to provide an adsorbent material for a particular fluid recovery

application. As further specific examples, Table 2 below sets forth characteristics of two illustrative
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penetration agent comprise

[0063] In specific embodiments of the removal of the residual swelling agent and penetration
agent from the porosity and void structure of the porous carbon, after swelling has been taking place, it
is important that the removal not involve heating to temperatures of 350°C or higher, since
temperatures of 350°C or higher can result in loss of the increased loading capability that is otherwise
obtained when the removal of the swelling agent and penetration agent is effected at temperatures
below 350°C.

[0064] As a specific example, the carbon adsorbent can be pretreated by exposure to water vapor,
so that the carbon adsorbent takes up the water vapor. This water vapor exposure is followed by
contact of the carbon adsorbent with helium (or other inert gas, e.g. argon, krypton, nitrogen, xenon) at
elevated pressure, such as pressure in a range of from 100 to 500 psi. The helium then is removed from
the carbon adsorbent under vacuum, followed by a bake-out at elevated temperature, e.g., temperature
in a range of from 100°C to 300°C. This yields a pretreated carbon adsorbent having enhanced
adsorptive capacity for small molecule fluid species.

[0065] Such pretreatment method can be advantageously employed for any of a variety of fluid
species, and is most beneficially applied for enhancing activated carbon, e.g., in the form of beads,
granules, tablets, pellets, powders, extrudates, particulates, cloth or web form articles, monolithic
forms, composites of the porous carbon with other materials, comminuted forms of the foregoing, and
crushed forms of the foregoing, for use in capture and storage of a gas whose molecules are adsorbed
by the carbon adsorbent.

[0066] It will be appreciated that the carbon adsorbent can be treated or pretreated in any suitable
manner, to increase its sorptive capacity, modify its pore size or pore size distribution, or otherwise
prepare the adsorbent for use in recovery of recoverable fluid species.

[0067] The present disclosure in one aspect contemplates the use of carbon adsorbent, e.g., a

carbon adsorbent of the type described hereinabove, for fast radon and gas screening applications, in



0.15-0.36 0.24 radial perneability, Krn2 1000 - 3500 x 10-16 9 x 10-16
specific heat, J kg' K1 800-1080 1000 Xenon capacity (V/V), 273K, 1 bar
125- 145 ™86 20{10@856ER1It wi Il be recogni zed that the charaeCerusediiohe2ecar bon
adsorbent can be widely varied within the practice of the present

di sclosure, to provide an adsorbent material for a particular fluid

recovery application. As further specific exanples, Table 2 bel ow sets
forth ch d\fhé:gtﬂéer ﬁeg(tvFrel%le &S 1ts\m§101|fl |t}Pah égtl}rea?]_erft\}]é an environmental locus, e.g., a residential or

commercial building, potential building site, or other environment that may be susceptible to the
presence or incursion of radon gas.

[0068] The use of nanoporous carbon for rapid detection of radon gas can be effected by a simple
vessel containing a particular quantity of carbon adsorbent that is selective for radon gas, wherein the
vessel is closed until the protection usage is desired, whereupon the vessel is uncapped, punctured, or
otherwise opened, e.g., by removal of a sealing element or other closure member, to effect exposure of
the carbon adsorbent in the vessel to the environment in which the vessel is disposed subsequent to such
opening. The vessel may be provided with written instructions on or associated with the vessel,
concerning the activation and utilization of the nanoporous carbon-containing vessel for radon
detection.

[0069] Such packaged carbon adsorbent provides a rapid solution for testing of gases in residential
and commercial properties, such as is routinely carried out in transactions involving the sale or transfer
of rights in real estate. In some cases, routine gas analysis is required within specified geographical
regions, due to the geological history of such regions. For example, radon is routinely tested in the
Northeast United States as a result of radon formation from geological compositions specific to that
region.

[0070] Radon monitoring is also increasing worldwide in regions of geological activity, including
fault regions (earthquakes) and mountainous volcanic regions. Recent studies have shown an increase
in radon production prior to fault movements and resulting earthquakes. See For example
http://www.medicaljournal-ias.org/3_3/Khan1.pdf and
http://www.accesstoenergy.com/view/atearchive/s76a2283.htm. The present disclosure in specific
embodiments contemplates monitoring of radon presence or incursion in order to predict fault
movement and/or earthquakes, using high-performance carbon adsorbent materials of the present
disclosure for sorptive uptake of such radon gas. Vessels containing carbon adsorbent can readily be
utilized for ongoing collection of radon gas from an ambient environment, by exposing a fresh canister
at regular intervals and for a predetermined period of time.

[0071] For example, a fresh canister may be opened and exposed to an ambient environment at 9
AM each day, for a duration of exposure of one hour, following which the canister is recapped or
otherwise closed, with the adsorbent thereafter being heated in a closed test chamber to release
adsorbed gas for analysis, e.g., by mass spectrometry, NMR, FTIR, GC-MS, ICP-MS or other
analytical technique appropriate for quantitating the amount of radon gas adsorbed by the canister. A
longitudinal study of successive gas samples as captured by the corresponding series of canisters
exposed to the ambient environment therefore can provide data showing whether radon gas levels are
static, decreasing or increasing in character, over a period of time sufficient to support predictive

assessment for the environmental locus subjected to monitoring.
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carbon adsorbents, designated "Carbon Adsorbent A" and "Carbon Adsorbent
B," respectively, having utility for recovery of xenon. Table 2 Property
Car bon Adsorzbants33y2Car bon Adsorbent B bul k density, kg POTAIS:204Wm220 Xenon
capacity (V/V), 273 K, 1 bar 136 130 Xenon m cropore volunme (nL/g), 273 K,
1 bar 0.370 0.355 Neopentane m cropore volunme (ni/g), 273 K, 1 bar 0.295

[0072] Other adsorbent exposure techniques and analytical methods may be employed, to
determine safety of a given environment and areas in proximity thereto, with respect to radon gas or
other gas species or fluid components of interest.

[0073] The present disclosure also contemplates the treatment or modification of carbon adsorbent
to enhance its sorptive character for radon, e.g., by tailoring the porosity to optimize radon sorptive
capacity of the adsorbent. Such modification can be effected within the skill of the art, based on the
disclosure herein, by differential modification of the adsorbent, and empirical testing of the resulting
sorbate loading capacity of the appertaining adsorbent.

[0074] In this manner, the carbon adsorbent when exposed to the ambient environment quickly
adsorbs gases from the environment, enabling analytical monitoring of environmental gases.

[0075] In another specific application, the disclosure contemplates use of carbon adsorbent of the
present disclosure to recover xenon gas from gas mixtures containing same. Xenon exhibits unique
noble gas behavior, such as the formation of xenon difluoride, but xenon is extremely expensive, as a
result of its small natural abundance on Earth.

[0076] Xenon difluoride has found utility as a cleaning gas in semiconductor manufacturing
operations. In one such application, commercially available under the trademark Autoclean® from
ATM]I, Inc., Danbury, Connecticut, USA, xenon difluoride in packaged form is provided for cleaning of
ion implantation systems, including ion source chambers, and surfaces and components therein. The
xenon difluoride in such applications may react with deposits in the ion implantation system, so that the
fluorine component of the Xel, reagent forms a corresponding gaseous fluoride compound with
elements of the deposit, to enable the deposit to be removed by such reaction. In specific applications,
the xenon difluoride may be subjected to ionization, to create a corresponding plasma for reaction with
deposits in the chamber to be cleaned.

[0077] In such xenon difluoride cleaning operations, elemental and/or ionic xenon is generated,
and becomes a component of the effluent from the cleaning operation. The effluent may be subjected to
abatement processes that are ineffective for removing the xenon component. As a result, such xenon
component is thereafter vented to the atmosphere, and the significant value of such xenon is thereby
lost.

[0078] This is also true of other applications of xenon difluoride in semiconductor manufacturing,
e.g., for the selective removal of silicon in microelectromechanical systems (MEMS) applications, and
in cleaning of chemical vapor deposition (CVD) chambers.

[0079] In such applications, xenon difluoride readily disassociates on surfaces, producing atomic
fluorine that is highly reactive as an etchant and intermediate. When in contact with arsenic,
phosphorus, boron, silicon or germanium, the atomic fluorine readily produces ASF;, PF;, BF;, SiF,
and GeF, as etch by-products that are readily removed from the implant or CVD chamber.

[0080] The present disclosure in specific implementations utilizes the carbon adsorbent to

sorptively capture xenon gas for recovery and reuse thereof.
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vapor, arbg nta@l or automatic closure of the valve in the valve head of such vessel, with the vessel thereafter

being removed from the chilling apparatus, to subsequently reach equilibrium at an ambient

temperature. The xenon capture vessel containing recovered xenon gas then may be transported to a

reuse or reprocessing site. In some instances, the purity of the xenon gas may allow its direct reuse from

the capture vessel, i.e., with the capture vessel thereafter serving as a storage and dispensing vessel for

the xenon gas.
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penetration agent conprises helium [0063]In specific enbodi nents of the
renoval of the residual swelling agent and penetration agent fromthe

por osi ty woaouaicsB43t ruct ure of the porous carbon, after PemaisStomy4t3aes been
taking place, it is inportant that the renoval not involve heating to
tenperatures of 350C or higher, since tenperatures of 350C or higher can
result in loss of the increased |oading capability that is otherw se

obt ai ned [W&h t HeVidirgtseenies thah the 3Grany i‘“r‘?gi‘e%fﬁ‘echfi‘“o& Oﬁ‘é‘ﬁ‘éﬁ reat ’inB‘FPreaE)‘éPﬁ

ef f ect ed fiadt 11ﬁs93ﬂ‘¢beﬁ1a>t Udnesn b(ﬁétoﬂm&SSﬂsﬁes [£D06K] A8 mixsperi cfohpnceimnqadhethe tdve

car bon agﬂ Or b e I'eCO lt())? tﬁ%r et s egh orlde al’lgxﬁ%osurtlge tCO V\ﬂt F[hevx%r? S8 t{;lat t he
carbon a ent takes up the water vapor. Wat ef vapor e%<pos reis

f ol | owed Sidyecwémz aber mcessha qutbmm tQdyorbether ﬂ/ulct fpeie frapmhe gras oixivee. Suefer t

gas, e.g. ad(ﬁﬁ(glglrbrocggsﬁﬁgtﬂfa? be Eutﬁéa%g%stréﬁl%rb?mad@&nc@J)fe(Mealt)@Qenﬂlfeﬁ%&'&ﬁdenﬁu&h as
pressure in a range of Trom 100 to 500 psi. The heliumthen is renoved from
the car b@ﬁxe&a%ﬂ%ﬁ% opiviEAUeHe sshrondenstishearons) ohxpeidivsgite. hefors e reroad

t enper at wb@ainify Gas,prdded¥p @k atdhr @ndefsaBon’ @Gl of xch6OINRAC  AbBAR . sofpiles

yi el ds a pret rfetﬁ;lt ed carbon adsorbent havi ng enhanced adsorptive capacity
for smal I“MBf &cti’&"¥181 d speci es. [0065] Such pretreatment nethod can be
advant aged§zl y efpérapeptfkorn timyartwh adsorpartivelt yecofrapidiyiSdegipecioespommnthtivs nost
benefici gl by rgﬁ’s%ds% cfeQl arﬁ&hﬁpzﬁle@%tﬁ% AP AL ERARYR éﬂ%i}&c dechpds|iSn b m of
beads, granu l'et’s ets ers ext rudat partlg ates, cloth
or web f@Pbngc ftingsmatgsish of ‘PY[ WS@ﬁwﬁéreat@mfpt@soqu@g apHTORTiAE PRISEE &M kRIDON

Wi t h ot here aatiBlibaingsis Hembamtih@iled O @HonQhs ztdttﬁptfoﬁregm ng and crushed forns
of the fﬁ@ggpinq@ for use in ca tu e and st e of a as whose nol ecul es
are adso RE“Lr Bl AnsBrBe {es 68 F“?“ P XB%? 356?%“&3%1{“8‘8”?%& t he
carbon adswehiesuth gamilect areabjededod ppr@tingat@bye me ainyged g fabl de manmerg t o

| norease 14 inSQLRLLY B EAPARILY reu TOTbHY. dSUBRT B SpSic Yo RBRG HleGnon i
dlstrlbuglon erw se prepare t sor use I n recovery of
recover amceverqddiow apgem e lnflm?}mhentmge@ élh@ond?t@ﬂm@w@ cirporgeieaflpgidect

cont enpl 3§¢88) t herhls @pRcatoRd BOMe AGHRIREFre @hfblogy Df GRN REBnARRRLRE M@l t he
type described hereinabove, for fast radon and gas screenlgﬁ)appllcatlons

in  whi chPHE FSRoVeianich ab‘ﬁ%pt‘?“ssutlf&rd’(’ii‘i‘lﬂfl?f&’? ‘iafé’orb'i‘“’gasf!é}ﬂrfde apd fprstiRperBhent al

| ocus, e.g@s mix@res &indi@nink@l codtink@ramet ci al bui | ding, potential building site,
e e T ek
radon gasrrariopex@ph aatldtdony the climng apergiens eriew@l@htdascandgls asepdly enplayed in
quantit y aQ\flder@ﬁQQ@f p@&@s@ésbﬁgémg(tﬁaﬁctdr %aﬁﬁk@ﬁﬁlg \fr?adtlfﬁf)n {OQ:Q:QIH Vﬁ@%n 1%1@&%!1&’] the
vessel is closed until protection usage.is desired ereupon the

vessel i¢ %ﬂ@éba@%rcflepoawﬁwm@as X0 A ve PikH S8 ingEre gireud f@ﬂcauawmr%ﬁ&ﬂagh of a
seal i ng aebraedb eQﬁmthﬂfexGﬁaﬁ&Mﬁ@hdﬂfEﬂdbE[UV hﬂlegrqfhfyeﬁa to&xmbspu;@eeéroismeklﬁgar bon

adsor be r]tf ! ?nhtarrl]c%d v er(?tS %on o(t) hi; orees{sltv Id{lr? 1 mgtgltlm ! noperatlons égt%dé/ e semlcto?dugl sposed
subsequen 0 sucn opent ng provid

i nstruct imnlsfaqmmg,rxea@s@mnmeéds \fuet h)r t1¢neprv181§§3>aleng10®nmdngh rgghtnbre, lawtehargt | on

and utilizakion ﬁ?lfng Erla%lsg &%ﬂ%mf&%#ﬂ&[& 2P MG ¥59ekbasf OF radon
detection. LOOG% aged carbon adsorbent provides a rapid solution

for testi Qﬂg bf axity I]alghr\éiglp deqergry pf xenon is of corresponding importance in applications in

which xenon is used. The sorptive capture arrangements of the present disclosure may be integrated
with existing processes that isolate xenon for recovery in the first instance. One such existing process is
commercially available from Air Products & Chemicals, Inc. (Allentown, Pennsylvania, USA) under
the trademark XeCovery, in which vacuum swing adsorption (VSA) is utilized, in an arrangement of a
type disclosed in U.S. Patent No. 7,285,154, the disclosure of which is hereby incorporated herein in its
entirety. Such XeCovery process is capable of extracting xenon down to part-per-million levels from
process streams containing same, to produce an enriched mixture of recovered xenon, typically at low
percent levels, which is compressed and stored for subsequent processing by distillation or other

recovery technique. This process can be modified in accordance with one aspect of the present
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and comrercial properties, such as is routinely carried out in transactions
involving the sale or transfer of rights in real estate. In sone cases,
routi ne oai® 20nzleya2s is required within specified geographiusadiinegeons, due
to the geological history of such regions. For exanple, radon is routinely
tested in the Northeast United States as a result of radon formation from
geol ogi cal conpositions specific to that region. [0070] Radon nonitoring is
al so |ncP@QﬁWﬁ@“ﬁﬂ??dﬂPﬁ@Cﬂﬁn?@ﬁ?@ﬁ%h%ﬁmﬁﬁﬁPﬁﬂﬂ%ﬁwmdﬁiﬁ@???mgPﬁ€$ﬂ6W%g
faul t reget@nscohamifhgiakas)l ancnmmisit af RaUs wial Garileonr @giensof e perit
studi es have shown an increase in radon production prior to fault nmovenents
and resulflng earthquakes. See For exanple http

1wy, meefi92lal | diar thalrecoesy ofr @@ ekivamtle gabfs, gmblon adsorbents can be prepared with

ht t p: //%%C&%H%Q&thy f&O%vgag%&kg%rfqmr\éﬁl 84682283 1Rp@h, Hh&, %@énent
di sclosure in specific enbodi ments contenplates nonitoring of radon

pr esence 'GrMioeur dicabrn hogtepsidet sulyr deptuordey| 9o npPé middicaigh gager herein,
ear t hqualpesvinyseddgehlvrigh (W@)Q}ramrtﬁﬁoﬁaz&@(h[gh@dﬁlﬂz{nb@%s Rd eeraulgd smddhblé e

pr esent d| cl osure r ve. upt ake of suc

ont ai ni M0 Bonitionr Rt redaia B vy it PISSRHER” aNyERAS SuFiect i on
of radoncgagwhm@nmammannﬂenmnenV|ronnent by exposing a fresh canister at
regul ar | rval i [.00: .

Cxcanpi e, B e e B Rk ot bt P b el

envi r onméHelvae dghmhé%fﬁla%yeacmrm & cenifolied Imﬁm%ff tomyeslg tieecapn ahierbend iy a

fol | owi ngesvdd ¢himt be, carinSpoRkierl sarE&C@nasectm%n Ry seotkdr @giedlc WMint hThhe
adsor bent t hereafter bei ngraheat ed

p a cl osed test apber to.rel ease
adsor bed YGREPIGION AL 8 TaES gn PepieREY YR boF 8?%@‘6’&*‘9 OREON B [f KPR M,
| CP- M5 ondothhewitdeldydired¢gbpetteehni que appropri ate for quantitating the
armount  of (f9§]d0n 119% %ﬂ%réﬁgﬂa&%s opﬁb ypqgghrﬁtd?sclos& hﬁ H&lbljﬂéllts ?rg 'ﬁ

apt ur ed e c

successi ve gas sarrp es as orresponal ng serires o canl sters
exposed tartyrhandrebeventofdhid sneicretie adivghent grag be aviligse g iveried dapegemprdsailag

whet her RGN, dasrbkRY Bhy b@pBviddddh Eiterd® CLQRAS WE (N velsBIS HEIAS LIl T Gdigs act er,
over a period of time sufficient to support predictive assessnent for the

envi r onmBftEFIIhdtis SSUBHEE dyOtY Fishi A oP§ gecls Wp sequence. Allematively, parallel
2011/1633&2@6&&@32ak&maﬂiéﬁmn@p&%£$thewmﬁﬂ@@mb@wmdempmﬁmbankaﬁmmuques and

anal yt I C%l cﬂged T_1ass alRerna%nB yedﬂuc{] lge% S,‘rl‘ {rp %r Sarargneglx n s (czjhvear%allel
envi ronnent. a d)areas in proxfnlty ther et o, 5 Ct to “radoh gas or
ot her ga@rrwermneghedpsmqﬂm @sebnpbaemysapbe mﬁt@d ()3 sultalfle)ml}gThﬂenlfpﬂ@@eﬁc

d'SC|05U&@e@&§9m&9%&§%@%@%&§sB@%t%ﬁ@ﬁ%ﬁﬁﬂlwﬁkl&RQkﬁkgﬁ&hgﬁbykmﬁéﬂﬁm%
adsorbent to enhance its sorptive character for radon y tailoring

t he por oS¢ Buig diomnihs édﬁogf)af&nﬂl%v ptithy Bastagp gt theyreleed H@d aﬂa §df}uB<e‘f‘?§er°Such
modi f i catéparesiaprabi@tyedfoaet ®gosddnhi n t he skill of the art, based on the
dlsclosur gﬁrekph %y differenti al npd fic tuontof t he dsorbent ang
enpiri caI ting of thé Fesuf'fi"Rg Sor a?s" USRI HY C APAET 1Y b TPRET
appert ai memgs dddiog berbncef@Oaf] the tetriveralie rmlente, spedie iic ar ipoial wgsbrihienerisshen
exposed %Qka%s%ﬂ?kﬁ&%“%Hﬁks&ﬂﬂ@ﬁ%mauhﬁ&%xg@Héﬂ%@ﬁnﬂ%@%ﬁd LR B out of

envi r onnent enab anal ytical nonitori ng of environment al gases.
[ 0075] | n Skt ek t%‘“-p@‘b? 2] @ﬂ%ﬁﬁbgqs&awg dhiccted e adpcsrd aserpat-edndiepicarks Bkse of
carbon adsgr b@Ntwhd tht Mt Pis@s BMeind icBmbASHE Rith @ rdpREAWAT froéR B@BrbBASoftdiAM gas

m xtures co %ainjn anme. Xepon exhibjts ue .nobl e gas behavi such as
The. for mlf FORBE MK B O e, MU R PSS Shary S B aRUTUL S s a
resul t ofthat ths fresevkdsel hadomeathe hlxwadenc e prcdsang drande®Ond 6] Xeeonnidicttd ustelsde has
found utiglihtYend8sd afilufaR DG ORS vify SEM GG GE QlquBNWIBE f YFdaRBes from an

initial position in the array of vessels to a second, third, etc. position, in move up, move down or other

fashion.

[0096] Such a series arrangement is beneficial to ensure complete capture of recoverable sorbable

material, so that a subsequent vessel in a series arrangement captures sorbables material that may have

escaped sorptive capture in a prior vessel in the series.
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operations. In one such application, comrercially avail abl e under the
trademar k Autoclean(r) from ATM, Inc., Danbury, Connecticut, USA, xenon

di f | uori dwoi2n1pmsisaged formis provi ded for cleaning of PCoUS2oMploaaR@t i on
systens, including ion source chanbers, and surfaces and conponents
therein. The xenon difluoride in such applications may react with deposits
inthe ion inplantation system so that the fluorine conponent of the XeF2
reagent YR a Hudher égﬁ&fﬂilﬁd“@“&%%§a“ft1€&’6?qg6‘bfoéf?ﬁ‘i?6‘é‘f’fﬁ‘l%of the Sp¥sieifls of

t he deposirtselettoe @nRtdneortigasd e sietifid Gesb:efdir emveﬁbnbzyr Stieh, dr@agietfoimingl N

SpECI fic ag‘pl ! %aétrz{tlgrps t he Xe@rpnlvdlde ressurlz 10n anX/o ﬁea 11 l)feﬁlt gssglotl opi.gation,
to creaté a espan |ng &a}é fo preac 1on Wt degp03|fs i'n’ {he chanber
to be cl elemepdon proBe Zpdvared @r@bab}ceworﬂladthﬁﬂ’ gro pivekal fedne i icapgpro presseitol orservoir,

el ement alret@mgﬁg&hqugﬁrgceggg@qat bSogener at ed, and becones a conponent of the
ef fl uent fromthe cl eaning operation. The effluent nmay be subjected to

abat ementl098loc e S¥labenpepntaming VEties FaB ISP Pe argigedia r’fbf\lﬂuham'%oﬁ’é“eﬂfé ﬁf)ﬁw eGiPbnent .
Asda [1 es uﬁst:losu]geucbh ﬁ@ﬁﬂﬂﬁbl&@lﬁﬁ@ﬁh@ﬁ)ﬁ shﬁ)oftl"bﬁﬁ@&f:ih evithveanited cén@rol hiel abispher ei
and the significan such xenon is t ost. [0078] This is also
frue of SRk iR e APPSR Sy BN RRT p Bp i o hesa v rared S

manuf act wniagouse.sgpportfigp flhid @appet ebtionglep Wanwmatadfﬂomcirmmn sq that the vessel is

m or 0! SehIANRA AN k. SHALAIBAMENRLARA GERLLONS waRh Lncleanlageet

chemi cal epositio ers I'n suc Icatio

di fl uori d@thrsacécfﬁqdymau §&§r§b%realtl@t§ et §1?frald§’é‘€§t COpRIBEE PRy C@ttpgﬁwethfﬂpeuf&ﬂw ne
that is Rirgityhat QG alN&edheaRssEll £AARraAkEkd OtIRE DR dillat RsseM B @fcobfled @it ACt
with arsenic, hos rus, bor n, silicon or germanium the atom c fluorine
readily 6‘?‘68??& %O“B\ rcolgfi*?%“ty FAENEt and GeEt as etch by-products that are
readily renved If ndltonhibe prphaditcloire QvikngharbemgehGO30]whive dpr #8& ndpture

s S unGs MaRRECL b D! SITE0LAE L RSl A Sl A0 R, AURYIQRAL L ©
sorptively capture xenb recovery and reuse er eof

2011/ 1633@2%’@@%‘1@@@1@28915 [IIGMSIEHI Aorgiiogifti fdsekant badh atel revigrtsdviis trhixipish S

appr oach giffrdihRitorbR8. KRR Qﬁkt&&l&gmbetxﬁxtbl%s 6%@8&1&@%&&& %}arﬁne%( Ui WMoty Xenon
di fluoride, and xenon dif|luyoride is active to produce fluorination of the

car bon ad‘ésf)‘}nﬂ‘é‘}?t‘s fopesY |ﬂ??dhfifeﬁenf Horees- Flfes‘mﬁ%ﬁef P]&Y alﬁ‘é@fr SQBRETAGH. M £ UpiS

degr adat if@m, @OMkd ddbESte inbnolitl, cSﬁhﬁ&h@Hfﬁe@ﬂﬁ&bﬂiﬂ‘kp&ﬁedHﬁﬁn@ Meptﬁmtyeor@latwam ty and
utility of the carbon adsorbent asbeen dIlhscov wever  t hat t he
xenon- afd® SSARGHIG Y e 3% i ] nP%F"ﬁ’faﬁté R - 2 g mi‘}/ e te

t enper at @h@aceexpwglu rtlge, dlsmﬁrse,(mnelfemsl@ctﬂo@nmqorbhnt | compinelass é?sma sslmarl@hllmatnefpmal and
thereby effgaducichs mB&JT'Eh\{@lnaJsr %ﬂb&hﬁe@ﬁe(h%(%%posﬁé)'ﬁ{oﬂ&lﬂﬂs“ﬂa{%é%}ﬁl@d Whipr to
contacting the resulting xenon difluoride-reduced uid wth the carbon
adsor bent!CeIPEENFRYS CAPRONHTTS fglish HisrdrERFRgs ﬂ%é}tze%rﬁo@fstdf&l?% rheronelith, he

rapi dly aadnehdse®td e loyalﬁwldlemﬁﬂadr RISk loE @M @bnolifie ctc.aride Rudds Bd’teb@g'éﬁeousi 0

e o h A, B bl D R OB S TR A BOH
[0082] A pahtigueud 'ahlblyshea‘ta‘ cechtymv ef @ffpent atcussoc oatiidrue.at pagymerinresing, sreregpelt

i ncl udes ;a, it&lé’w%ﬁﬂﬁ%ﬁ@éqldé %?‘Bﬁfzequg foﬁf?ﬁ'lgﬁﬂﬁlﬁ%ér%ltpids&ﬁéﬁ?ﬁo&ilﬁa' uoride as a
solid material, upstream of "1 hé& carbon adsor bent | ow tenperature
condens ati¥HP017 o feriqrerangsmpn of rdrbien-centgaine pessski # o ContppRiatelain i broad
adsor bentpracti@ of &K preadiv@nionge 110{fvh1£ﬂ'@n§t1ﬂféﬁt3@§@§leaalb&ﬁ[aﬂiﬂlﬂ{bl&ﬁﬁ&&int Yedi@r the
xenon gas | nc%dent Po | ower. te ture ofng%s bei n acted with the

c
carbon ad€ofbEHtet iRy EEhe peif o4thg’ Frrf%?%‘g?“)}q? At 1 gy be

t enper at utengfcotshie vadise kiydicdtiogon tusiitel vagiels T rigerios fibvkdsecandighudegiiees of

syner gy %ﬁaﬂ:‘s%\éﬁgs pd%g < Lg% &Sﬁg&rﬁ%ﬁ Qs renoval of xenon difluoride and

sorptive capture of xenon B as t e xenon/ xenon difluoride gas m xture
flows in [Qﬁ}&des sgiu%ﬂq“odltew@glswméﬂﬁbb%@ﬁmgéd vottrdbn Setpallyzormeanyattivdaen t o

the car b%ﬂerﬁﬁ%@ﬂﬁﬁﬂtapp&&ﬁﬁ% pil'd@ri%le aQWsite8 P&b @ nbthi€ ﬂ%@ﬂﬁ'%’é@ﬁg} lc&ﬁlacﬁﬁign& tgnd/ or
t he carbon adsorbent zone of the processi n% system rra%g(hutl ize

super at n3SPRER MRyl (P it REper @e B TR MBS OB PRE BT d8hs at i on
of xenon eglinipliel @rmatBpizeaBe @na&\OE s @uidl WidaiNEithi (rdeplenadritoftherandiofiafeatehie
sorptive capture of xenon gas in the carbon adsorbent zone. [0084] The
carbon adsorbent zone nay be configured in a suitable manner. In one

enbodi nent,
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t he carbon adsorbent is contained in a xenon capture vessel, as a bed or
aggregate nass of the adsorbent, in which the xenon gas streamresulting
fromthe woerrouale3za xenon difluoride is flowed into thePKEUsSR01CAPLI4A0 €
vessel for sorptive renoval of the xenon gas by the carbon adsorbent. For
this purpose, the vessel may be chilled to reduce the tenperature of the
adsorbent therein, and thereby correspondingly increase the |oadin

capacity resfdench 4ms 95 B Heif srep “eﬂ’§ G?Séer%tﬁ?lﬁal‘a%veé%hﬁtdeﬁce‘e@é?ﬁ EEpFarf¥e xenon
gas. [ 008bijnEakdverablagprbditaspédids! of the xenon capture vessel with xenon gas,

t he vess n cl.os - O, ut omati ¢ f the valve
i the: vatuEAn o A8eEE e Gudy PhUTRINR e el LRI Bl e
f r om t he o€ i [aflsorpgntapisks enus, fabrigateshy e e nerifigureemotrdelglai ¢4 orermufrpratrevant.

ambi ent tRAREHRLIY Sntaikidf aB‘s@x'BQd“e SRRL WGy €5 28h AP BlsBidlid ﬁ&ﬂ!ﬁ{ @fbugenon
gas then may be transPorte to a reuse or re‘t])rocesm ng site n.sone

i nst ancedhe IPtﬁ%OprGPP‘W 8 venid: K R a dhermpgpolihic gdjorbent nefy bs dermed itk fleyom t he
capt ure \iessied pasdages thereiM, {othdt (e oGt vdluehe VLGS Rlsorbdeik ﬁﬁﬁtteﬁéctlscﬂf Milipg. as a

st orage ssel. for the xen

2051/ 6o Mty BEDG o RS tsgens) i VY g 5irs o5t omastng WP ¥non-
and xenonddithtuerdibeacdst ifmilivgedgasntmmoet! by eperific tind ifuiodgtion agb@mess. iray
contain e. EloWeGleSP ol 5 Ld the

| ow terrpg%%%rgﬂ weﬁlna\%/la(g%g%%t ﬁ%ﬂé%eﬁlgﬁngﬁﬁ T u FIB gt '1.{31 &ﬁgh s(gﬁoth?\%y\%g%t ure of
t he xenonears! exipaiofife adwirudede mogolst-her processi ng operations, to renove

ot her fl moaio@peqrheﬂmt] lc&pard beesegatﬁd Prodekddt fhd syldGild oadellﬂvelaiaatnapta@ﬁ@eﬁieﬂel may be
carried ou stream or in a nce o he | ow tcglgnrerature‘)fc?nge sati on of
a

xenon di fi' oV °d|‘é devs: ST G F?f YSGEN LCBREE TR o PeFEtD lglﬁaé’ﬂlb%
di f 1 uori desselhetombertinehex@rid napnon t@ieh higbega dagiad ucedkinnm suctheredadeirsat i on
r enoval xenan JHOL . Jtedyd p, . £ i enon
gas. T 00g A REARD. EL UL % LuR A L0, RyBRuphiny Sl FRAMLE licd Mg
Sel ect i viepdpompdetegaingiions ¢ag ba piadeentiigng uiyepitaglgpEangemeiredt inwsitoripg,flefgetiop l"t?fhr t ed

to the carhan o@dé%ae)moa@lﬁgéfttaﬁmcrmﬂtﬂ e SBSAIPAI -8, Gfardy HOLYHEFL
starting material, or post-pyrolysis treatpent, to provide aBpropnate

pore si z&4HY- ﬁ‘tﬁlﬁ’%‘ms‘iaﬁe’e dftsrt“t“leﬁtifl%i’t chafggt njtee @%E?fef‘?fé%é? Pa)?sefléltrP‘@ edliibr
Xxenon gasapmds odsgl, oo chah£08 Bledshie op sk esnt ordtttﬁﬁth@sbtraespeamt\eamt att £fuid esevery of
xenon fr ol Xt?nnolgz{dpnl L withIChLAA% rlpla))((lt b eq%ant fV\'{Bsocbabl% thcnrgi a3 totaIXzat!’l SO g‘sr e

subj ect ed 10 processing 1o renmove the rogen gas fromrt Xturé,

yi el d t heoxetednvigake fdsrrbanewi qorjuhcaei with moelt@geg ofr congehieation pfs@oslplthsm@les Ioh a

specific 1&&&9%‘1‘ deﬂ_ty othgmltﬁf)%r}gﬂmér%fféc%gé)%%(fﬁ%cé R &S omr%étl&f %tdr:ﬂﬁh Ufjl ng
xenon, nitrogen, silicon tetrafl uoride and carbon tetrafluorid 089

[.O
Ct her app aé%?tteatrtgr YRR o5 P5EG LaUBhHIeTH 8 %ectﬁ?fbtnt}gvthdte te??éerbtﬂ%%ﬁf)f
di scl osun@erésncl ude recovery of gas species such as krypton, suI fur
hexaf | uorbﬂﬂg] od'n wLet raf.l yori de and chl or95| Itane Clf rom IiI‘I ures or
envi ron con A'ni’hd “SANE 'Ej BIEREPEY T CHYTLER P gyt o %enoh' as a
r epr esenteattaivieg gasls Spes ie gechprdames witthths preght diselosuecioayehe wlca]ypflanetdam praqiss, tkenon
i n_addi ti Gt QoA rl a3z ARERANRNR) RLAK! AUShYel IPSELIOAne bsirddSRAd |V

enployed in a wde variety of processes I'n” sem conductor manufacturing, in
addi t i on coBPBFE@EL Y ent 63 Hupgrahto Bedlidgapwe ¢ebelvapor deposition
appar at U$0016@n07'[h@ RS ablb REaftQEs bMhEPtRAEEOIE Whd syEl@llﬂg h&]aiirbdéﬁed Rve] vi ng

hi gh aspect tio et ng, citatio dlu li thography, and
t o anan, Evarfies i Gl rRirb e iR B eabe BreE BhoFSTEe o)
during etid®s. mg6<qurarfat| ons. Qutside of sem conductor manufacturing, xenon is
utilized @qﬁoﬁ“e'Refe?rE 8y tcP{h?HMlVE 9'%1(?% D€ hemdild 'réa J?Bﬁ&ﬂt;!l StSaifdofe ener gy
| anps for 11ghting and d di spl ays as In a etic an trauma

medi cal a&jspliiecwsttmig., in [“@@tbrfrmeontenlna sfﬂtﬁngftométtewé,famnee@rﬁeﬁlylsmr%%é@ﬁlofﬁr is of
cor r espoREPaAGod JTRGoh BHE KerdoR dARRde GAd EPRR Jf the W0k Bypr&QN 1s used. The
sorptlveéé:qaﬁ%ure arrangenent s of t he present disclosure may be integrated

W th exi prI‘bé“éss’éeét%“ tiRagride §t§t‘“é‘tgesy§%%tﬁoan“‘?r6%e 1 d5peripe V‘“r?setl fe cpiiuge

i nstance xerfanehmmdib BxdosplédNg PUSGEFS pbrs 16 Ovites ﬁelemlhhg/lawa: Hla{bhengf ofotend r
Product s | nc. , n USA) 4N !

trademar k \';“g}e JISCharge o 1& 8 Iggvd%e%%\}\]fenvﬁ Vg?]gagrlgt %%ﬁ Y A‘?’Mj get Yep}e%ded in
an arrangenent of a type d| sclosed in U S. Patent No. 7 285, 154 t he

di scl osure of which is hereby incorporated herein in its entirety. Such
XeCovery process is capable of extrakting xenon down to part-per-million

| evel s from process streans containing sane, to produce an enriched m xture
of recovered xenon, typically at | ow percent |evels, which is conpressed
and stored for subsequent processing by distillation or other recovery
technl gue. This process can be nodified in accordance with one aspect of

oy



di sclosure, to effect sorptive capture of xenon fromthe enriched m xture,
e.g., containing nitrogen and xenon, containing percent |evel
concent r avpansl/wB342enon, with the carbon adsorbent of tReTAISeGI@0O81420

di scl osure. [0092] For the recovery of specific recoverabl e gases, carbon
adsorbents can be prepared with speci fic desired properties for the gas
speci es of i nt er est xenon ton, radon, carbon tetrafl uoride,
di car bon PRB& SPYd 1 adlganug&pjpﬂweqﬁgv}lgeﬂ Il% PEFé‘mg/é]PE‘“g Hmqdpigiquapt dg valys oy By

her ei n, p'ﬁ)lkfg/Ndacﬂlyél asdiesied.ahli@rdf dalaﬁﬁvmﬁsmﬁasﬁdeldar th@ﬂ*SseBIQﬁnziyltghhyhged with
advant ageogus and vzﬁve idi Ly amenabl e to tailoring to specific selectivity,
pore size, pore size di'st i but'ion, ppore densities, and | oading capacity
char act ef®8691cs ,Th¢ gmow dlﬂtaprdpéllsqh@ratd fomsthe fO8OB) isledtvding |éditavn anterhy prioeess

ef f ect ed ynbRYI0bYddaid 4fxuéﬂ%ﬁntﬁpp$hatgatttemﬁ’y@§e@t@e talﬁiglsmtlarlh@tameﬂ Jvol ving
de- hydr ohal ogenation reaction in a control manner , provi de the carbon

adsor bentchqmper apyiea jseugey hpgying, orgthgr C"n&’éﬁ‘%h"ftfﬁ\/\ﬂ’eltnplaﬁtﬁﬁ‘ B’afrfhbetqr difegnatiyely hon
nonol i t hspay @m@tsh @ depSidiidnabribef @Tanthenlite vqﬁﬁdﬁﬁm&ht(@@]m @pﬂatﬁﬁaﬁlﬂ fuflfer /B €S can

be select e)lly vari edfort ntrollhgdfortmat | t ntadsorf ent W th
the desi r&d" pr8perty 88> e“ﬁ 5 ‘%Pﬁsr”(%r%"“éaﬁlb‘ta“%%rte S%Sﬁ%” f 'Y HREPr Esent

di scl osurlewiohxenbn @ﬂumd@mtobl@whentarmcemredwtﬂome oapilodacanald r@goversyhepdin. f | ui d
speci es, ad hii Z Yapied.acr, n an
el o, MIRIRESRE SRR FRAC? o b et B0 1R L Sl ERE bRrak sl s
bei ng couflvey disthazge fip @Ptaewgéﬁeﬁtn fdifionyla amigasted agfon fillpeify Herbaerioarhy he
vessel s lxaqoﬁamuetteeueaedlt@aﬂetto\eﬁztnyoermaﬁetatmte 18r rangenent s of

adsor ben ta vessel s. e enployed, in which. the adsaorbent is
et pea 0P Firah hseER Hacite JRe ST PSRy e, ot Wb a8BEd o i n
ot her ar maxtgewetattsshe bw tsupehtupasepdriteh cambanife mewlich thigerpe giflecidevie tvessel s i n
e, ar oy, 6a i, ALLAR0 ST B ! BBLER! o SRDLACHSh BT xethGue il ©FF eCt
swit ch-over of vesse hat an of I-Stream vessel can be regenerat ed by
rel ease oltﬂutlﬁeasceptmr%smameé x¢nop gestthee Naws e 8xdovt hapasityre sappptipnshabage of

the rel eageghideloditdlmt qud p &Uhckoff tﬁé@a‘i%%a[d,28ro$Iﬁ{eQ;G&>§$!ufalQ:a¢té’&lv!a§sélm o vather
di sposition. [0095] ConS| ering a series arrangenent of adsorbent- cont ai ni ng

vessel s, NecH I‘EPF%fﬁd’eaH’é%PmﬂéVﬂ“ﬁﬁl £6 2 dayr nAdte‘é?ﬁtB’e‘é[otH%’éeﬁt"t LPPEYeHE P Fay be
recover abhtep;emwblatrems)pﬁm vaBre hdtualii, fbﬂ’upérhtain of/(ﬁs s@e iDthe the BRI 188 the bafenr e it

is fully t he sorbate speci ql o uc
vessel SRAEA°T AL Bt RRUEEh SR RRSER pr QRIS A0 RN Lh A
di r ect ed theolow tempeenatde adbaridyeshamb PL di msmtnve@},s@ bynshute# cdrrefagerang vadves, whi | e

the fir Stdeééﬁﬁﬁﬁlof te raﬁéewo&mﬁn%epklﬁtam In@nn@r E@lﬁet%%ﬂ;e éf @§Hls to effect
adsor bent - cont ai ni ng vessel being installed in its place. ngt

t hr ough tHEMREGHRE dejxgronsiifluggfedto vapqr fopanhg genep diffupridy vares ﬂemttl ltnﬁé4 for

vessel begapes3d érend ast haae S8 6l xehdh difi@rifi e GEISIB] With (B Vaid gRIMMRIRE hekl 38 bemg
series- connected vesse ith each.ve seI r|n t ervi.c i ng
ahi fted ORPGLAR THERE Ty TentebO S RIRRTS: s Cudlubr Pl RS Lo bRgsi i on
in the arpapy bé myes hedpsndddorgsushgmamnesk; 01tth¢ m@hualdtaud wipek42t mayny turrnberm\seet up, nove
down or %vla%f oh 2ahh A% vaIVQQc?@Jo?H&Qn %&rob&ﬁag%t‘i anGEERN farvk 1 Q@&%Te'h%idaés to
ensure conpl ete capture of recoverable sorbable material, so that a
subsequerit"¥&&8el in a series arrangement captures sor babI es material that
may have [@aeHRPeBySRY Pah ﬁleﬁam\wle FiCH) 1athps<¢neﬁ cdﬁ@féﬁ@tt oﬂtﬁe thén/ &8¢0 EBuoriddNO
2011/ 163342PCT/ U82011/$41420 97] Furt ]I% i es arraq]% t can
be arr ang&dFBE 1} BESRFT BUFACOR B HE TP8W“’<P1 é‘tﬁst’?“ i s T RV the

i sol ati oneion diiypaisss ©pardel s pevikd. dumeysipémitotly beptake frentinod4 © érvicdépe or for
perform rat [r@é vol ve depressurization

and/ or hggt I?dn{egtgqy%%ha\%g%szglf&q?uge %}Eﬁ?g&%{? or 5(?1 on of the recovered

sor babl e§001$‘8 t H&e- &lheychamelcgﬁs@ematmetﬁ rehen/pugeey pepargiewa seftent ). & viadex voi r,

retenti omif@eiof duEWgastWr&ﬁ%@cﬁtb RGoHPILE xendf cpdRIt. USE xenon/nitrogen gas mixture is
[0098]Adsorbent contai ning vessels can al so be_arranged in various

enbodi marlﬂt]g) 16:F: [()Hlée rﬁ‘foéfgé Hptem line 52, and passed in manifold line 54 to an on-stream one of the
two adsorbent vessels 56 and 64, each of which contains carbon adsorbent selective for xenon

adsorption, adsorbent 58 being shown in the partially cutaway view of adsorbent vessel 56 in FIG. 2.
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di scl osure, on translatable platforns or support structures, with suitable
control and nonitoring systens, so that the adsorbent-containing vessels in
t he nmountw0 20r/seqaported array are translated, e.g., onPaTAsec@udel426upport,
into fluid capture relationship with associated flow circuitry, so that the
vessel is coupled wwth a feed |ine supplying sorbable material, for capture
by the adsorbent in the vessel coupled with such feed Iine. After t he
requisit &Ufipg ppegfion, g %fd]éeothBé‘ﬁst"rbE‘Hr‘(F%iflh?%@Pd\ﬁéé%‘éﬂ S“E%rﬁ’r“évdlyﬁlttﬁmfo’ﬁ‘én"lnl ow

Ci rcui tryvhhase bﬁerad@ﬂiante/ved,ls dfhereues;sleg re@ernmged bﬁoﬂtet\atshsd“atueglsxﬁ@hfngtaﬁthd he
filled vegsel. 1s uncou new ve re.songinuity, of

oper at i o PEBOS T Qi oo B o AU Fhc PR o8 eERohhtiah Y

arr angenemos/nltmgwgratﬁ’ﬁreztlm@nfglpmceFS@alpthgFeearvteeeesltenciﬁ)nt ains a multiplicity,
e.qg., t\AQO@iS]rmrT‘ﬁus at cdi tllflegrﬁaﬁar%q{ngeﬂg m@iﬁﬁoﬁﬁn@é St theT@ﬁéﬁmoﬁ Q@telq|5§ ﬁta§)§é'”‘ e
contenpl ates fluid capture vessels in which conposite adsorbent beds are
provi ded SUsBly R ed P escopmmogiy fush érrrna&%%tfr%ﬁf@msueﬁﬁelmww QustrpRy alepft

m Xt ur es sefant @6PEGE, IaH(Esulalﬁif/theg hasg be SpeAntHESrangdee drbiBroDby Ddybleiim@i a@nbi nuous
forms of the drff erent adsor bent hf mtxtures may al so be consoli dat ed
into a ufitary" ¢ S?ar‘%ﬁe‘%e“%ﬁeﬁsureccc?%“&%%’{‘t EPHBRB1 i t hs, containing different

sor bent i@ﬂétﬁ]es Iin gheispgens e d@picicy it KIGE b,rthfdvq‘steeti@mtiy bate otrpomessted with thdhe gas
m xture t

Char act er iy AT R ARHEL L e L T o SR
subst ant |Carb<rryadémt>ehb$8rrﬁhfrﬁrldh@ RGEentgrasFiheIndiorted Aresiss bemgtdé%dr?a&erl yiemythe ¢ he
conposi t eysENBI link 3. U&Muﬂ&ﬂtl}f Qi RGseWbd B AL d&et@rae@eﬁmusu@&wm@ kdgbRfhtiond N
which a first adso is.localized in a first E])ﬂ%;;eion of the m)nollth a

b
second adB3t'3Bnte g‘&f&&% P84 Yoiela tar‘?é"rfber“b&‘i“@i?e OrsHat ideHPugt & For
such a heteem@emml xerwmga:sswhwm dis@aged fromresseUsliimdisdiinbé Bre@At fronaviidnhe

material %eno?ngypfﬂeé}cféd %g&a%S & QUi td%hl'é';l% Qoﬂﬂéb‘sﬁh tlechnr que in which sheets
or layers o erent’ precursor  nateri a : ymeric resins, are
arranged (P14 stsab%qwﬁfiYcWhtnsve§91b5§éﬂuwﬂeyedpt9ra@ﬁPSPE@dCYF]G foehpvertiekenpihasi | ayer

mul ti - adsgd BeRnofRRdch Hi‘xtur[; (4 Qb e #&S makifoRNGE B Bt veQll AASQULRERLE €A ai ni ng
vessel s are alsq contenplated in the broad practice of the present

di scl osurB MeipfsoRi ThvEshET A fisThirey aiuEeen BAeHIcRe AT R, b ‘i“ﬂ Kichaess JPbent

sSpeci es, 6e.\gssel Bshdiupor eillee h@dferateﬂ tS@dldaﬁ:Sthé/\tehdm pievﬁbuSlp@dEbﬂbbd?on\/tE&SzﬁiﬁirbenOl‘ in
ot her arran . %vanta i n val

oopi 1 cat g TRt et bR P farporeel e PP R ARE QR GorSPGRT: o
such as phatwsordyafsitoas, fans, helical d| spersing el enents, etc.

[ 00101] Slﬂ&diﬁ]' OVP‘I@'jl?ggdhagau@}eﬁ)fé%ﬂﬁﬁlsof%%wp%Iﬁécte@qg%%f\é@sf);bcﬁ@cskéfs 80, 82
horrzontallé,3 or at any _attitude or_qrientation IS approp riate to

provi de &4 WP‘éHmHBQEFr‘BHWéﬁﬁ TECOPrH QY HEh-gis grsor! h&atﬁltl%téetw%éhgwreormfbr bent
in the vegs&hlue pR spdiicS thERMMTREvs irt iﬂ&t RAE30riRe Adsoen tvaisd 30 gom@ﬁﬁgeidsdfveyn be

\(I:\llorﬁa{ Lg‘%gg:glloullr%ed i?ucfl Oés r%ent gﬁtlhe hi, gahgegg)z(il nclﬁtgraesstgﬁ}ecggﬁlrgégoa;ga%t%& gats th L‘ﬂ:)\?s ;sth(raeam
fluid stneamsienlitehet adagwrlbem‘tesscb&%ﬁt anpinng adegsel §8 deadndohc@eetinghethr equi si t e
capture Qfi lhe &8 1‘{ LRkl Ge Ewtﬁétcgnéo?e%(‘g'aﬁo J&QQth%J 1|n{3 9% f&?acﬁé/r%ﬁt V&Qﬁ%
monol i thic or bloc orm adsorbents are e Vf des and surfaces of
the adsorpEHkng pdspREEHOcEpm u@@a@tatbcat%wd t&awt féuhegedclar?fﬂugurleu BoThe

modul at e resfecBve veREIE Mithe Brics R @& shb\OWn @fch bO6r @WaSenCHRE aidﬂhdibgs asttﬁ&rlbabl e
red fluid flow hr ou

speci es in, so as to create a desj

PCer or e 5% A8 VRS ie P g A <opC O R L ST S8R may be
formed wildharfd 199+ idiwheb tehahgudpassages! doheinemnltipls @dotbait bedveof differeal ddsari@hune  of
the adsorngzgigtlnhlﬁ:n ﬂ:n h%tzfl%cetn Kseah%{) b"éIlt \JeésgleIGO C(IIIQIQ]]T%SA]CF Jn ARTES Ildsorbent 1nclud1n
sorbate-contai ning gas Into ui'd capture ve or contacti ng i th

t he adsorbedproetidprind drf@penatdé%bqyel%aéﬁhr Fangeied| 2asrresaiing fige gueh yordgseed Vit f1 ui d

intr OdUCtaHMbeﬁE [ @ANGE T8N hS: 1dwRNn BXRRPER,118 Q%&ﬁﬁl&%ﬁ@a@ss@t 100 0% 3 hiBin@ hdBMBEARNMENT S
may be e éed to_ influent gas over the full cross-sectional extent of the

adsorben O g anoici hresyligg LA R cafaging Wit d9s 'S and 2 B desses
and SyStﬂﬁﬂw@&dﬁh@aﬂmﬂﬁmkwﬁﬂlﬁBMdhdmﬁﬁphenEmedmeﬁhw%@manﬁﬂd&mmﬁﬁ&;
systens and techni ques for determ ning endpoint operation of the fluid
capture vessels, i.e., wherein the fluid capture vessel has been |oaded to
a maxi mum or ot herw se desired | oading level, so that the fluid capture
vessel can be renoved from active capture service. Such endpoint

determi nations can be made utilizingl®%ny suitable arrangenments of

noni toring, detection and analysis of the |evel of |oading of captured
fluid on the adsorbent in the vessel, or array of vessels. For exanple,
endpoi nt can be determ ned using a change in the flow rate of gas passed
through a qurd capture vessel or a change |n pressure of such ‘gas, or

. ™ S T T o



[00105]1It wll be recognized that the geonetry, confirmation and
construction of sorbent- containing vessels for use in accordance wth the
present dwechuswes®2rmay be widely varied in practice, toPaghiSema/ospecific
fluid contacting arrangenents and results, in respect of capture of the
desired fluid corrponent(s) of the influent gas introduced to the fluid
capture vessel. [00106] The features and advantages of the present

di scl osur@orahyessiand WRderspy sadsicd wi e ey adserbensy 1941Bp-d0% 114 y

appr eci ataediir om t he ensui ng di sclosure, with reference to the draw ngs of
FI GS. 1- re [.0 Referri raw n

Schemat  EVERr eddichtt SRt 5o shBfbri? i e BB G afarb o, i o
xenon- corif@indilny iefhithtbntesfesopntaihen wtap ahllavgdisper ataeotenicsts, frraclessmeht POr

separ at i QR4 Ig?@ﬁﬂfrﬂmﬁcr RABE M Hi étﬂe!ﬁﬁ fo Hé%ontzﬁ:(&@ wWaRRIsbrb & b dil MEhHEPQve
byproduct . In this xenon difluoride cl eanln system a storage and

di spensi ﬂass%sééﬁorbw Vet la meritesiihen st from dier diae il é‘&ﬁ@P'@’ﬂs Qov-Airgfide har ge
port 16 whfflks B86f BeGAnd 140eink& inkdr vAlump @Bsbng: RfseX B8R @ Restlt, il @t iggheromlaed

di schar ge. t. 16 | rovi ded head.14 of .the.vessel..with the

var vo ottt Chet a3 aRrel 5 haniaY o fer Ry Sipdast i GoSin 'l

openi ng/ otwdimy shownfpd vty oFheotsptdiec bdﬂmsel% ni3B e 1¥@akv es Heacdicddvasatesi r ed.

In Tieu QfiRdRAY@iadhd ]?Jsfﬁﬁrﬁt THNEE hovhn thgﬁ% éﬁ@%ﬁﬁéd ﬁTtH@é’afth]f% séhﬁrg&ﬁd with
The x

an automatic vapve actu or autonm erati on. non
di f 1 uori d@mdiesehbged ﬂf)%ﬁh tFapderive d ¢4 t01aésqrb?9bveﬁ%bb48l hreinteBor oS 1pHeb t he
process GHAMIRIveRE lt@EorEdlr@alGiliégtaﬂ)}f sp‘éééﬁja SHATRates THR athiBERAEN mldil%ﬁs

exanpl e conprise an ion inpl an ion source housing, or
other conpartbrnAe e R o Pﬁﬁ’gtb b arodiBPR A ey

conpri se 1a0 leposisfer ir 1¢hartitercafod dachelgehfi@alessehpidlin depasi link ¢46. ( CVD)

appar at u?ﬁﬂlﬁ]l ! IIt Mrb% Q?ﬂ’recm{eg?roﬁlnﬁabbe ﬁlgt sﬁtgblé) Ia.rra%% gty a#cfob eﬁat&o%%?bdfﬁe whi ch
deposits or contam nant's are susceptible to renov Xenon

di f1 uori dites mag beraplobietntseproyide gositiaetenigiiethot ¢gre ﬂOthérﬂP?ainte@QIr Yodpaesof ghrd
conponentgotRflceitlning LLIQL prdnsuT@ﬁll GhERM ?I@Q cORRLAL drQR gﬁ@@ﬂﬂﬁé forbddt MbaDer 20

produces an effl uent, di scharged an effl uent dlscharge line 21, containing
xenon i n hyarencghe ??SWP‘eélaf’twé‘d“ LeoRdilfY UAdPde deriving fromthe xenon

di fl uori deo1s1]r e amna. |6rit ] Ebduﬁzﬂid retpfese@hadsmera nabipierndfoaretk vkssaenar&eme[nam&ﬂl}tﬁf omthe
A L e e
xenon di flhe beusige isj mountad oy o suitahlx ratatable) syppognedethes g hpesingad iO&teﬂolr e dtrmgn

di sengagiyQeta by %R0 indIE! M ch el fﬁ&mnttb @uc&gﬂ% &Q}% e Inf3t fSudeDidnbER s as
m xture. The separated xenon gas then fromthe | ow tenperature

separ at i 3R K atPETiveD With 2spqBic one qféhetlﬁéﬂnlerﬂd&rbeﬁb‘fefselﬁ 40 B W@ervafﬂ% Sead 28
of the xmeﬁ |1r1ﬂ(b gh @apPbl RsMEm8 @bn-@fdorbeing@s Malisviarde adreR8m, focd elese langmnual
hand Whee%u unt1 the r;llsor g'zAl\sl ltoz? 1nna(;[n|t%1/ el ({rbenr| 1% esggc 1cco% t%elélllile\fe VS%SS reacﬁ rray be
equi pped ‘w'tfi "ah Auto e att f'orPopera 4% in

t he val venahmdlozstherﬁvlsthledmedextem[ 00112] After the xenon gas has been
recover edogi st he:fid Wb dinkamt Ua{r&sé/lq§§)‘?alted49 uncfolﬁﬁe e nﬁétgﬁé é‘&tfeP&n&J‘ts tﬁlafi dlé)W
tenperature separation chanber I's discontinued, g., by shutoff of

ref ri ger &nttreya|vowd, andeheealist i%%lg@? spiRe With flRq Bt a{CFe@ﬁng fgsprbens vegselnigrthe
suitabl e cﬂameéntlalgosutda@tvetahelgeh@,nbfaressaz 1R hikBpurpo @, B keplings BblvbdmAd @R of the
xenon diflcg de tdo v%@otp ?rm xenon glﬂ uor.i de va 1Q;.)jor Eil O¥/VS inline 34
to the i APeL™ b 8E he ‘i}a?PQ/ 381“33%f £ SRSRINC dFPTUBRY §& % dsBEF 40,

wi t h t he coakatguiaiidisoemlevtehiread, (3 8ccheinpdpteaixedhaigoovacoaimogate of resfelsow gaf  t he
xenon dif he vessel 40. The hand wheel 42 of vessel 40 may
be nmanual %Cg%(%}’p %rag&spé(;rcg%lhch pur pose, or the nmanual hand wheel 42 may in
turn be d¥Ht, HG T hworhepptimpraigniaiatodn gdipihent sestal 48 comdimipgds adsorepy

openi ng aad ! Q,alc&meakkeh\g@sl M6 1inB 18N8a ¥Rl et NBAD0I8om A QGRS SR Yas 116HO113] By

the arrangement shown in FIG 1, the Xenon conponent of the xenon/ xenon
di fl uori d(éthe distributor member 200 having multiple gas flow orificés about the perimeter thereof, m the

interior volume 186 of the vessel. Thus, gas is flowed into the inlet line 182 in the direction indicated

by arrow A, distributed by the distributor member 200 over the full cross-section of the adsorbent bed
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gas mxture is recovered for reuse or other recovery disposition. In the
speci fic arrangenent shown, the xenon difluoride is separately recovered,
but may awvoeonatsd3sely be recycled fromline 34 to the feeu/useoma/oid2or
directly to the chanber 20, for reuse in the cleaning operation.
[00114]FIG 2 is a schematic representation of a xenon/nitrogen separation
system 50, in whjch m xt ure of such _gases is processed to recover .the
xenon coﬁ%%ﬁ%ﬁ?“h?ﬁﬂl&%ﬁBWFh?F 3%@ﬁmﬁﬂ§“ﬁ?ﬁFﬁw€ﬂW§nPW§%BHUE@anﬁs?H%S
recoveryaﬁmgaﬁaﬁb@mmmneyﬂﬁmbQﬁdﬂ@@sSﬂﬂmfmbﬁﬁﬁnﬁ@Mﬁmhmﬂa854muauaabﬂmxstream
one of t@elawﬁﬁlgmggﬁﬁﬂt %%?&ﬁa.asgm each of which contains carbon
adsor bent el Ive enon a sorptlon adsorbent 58 being shown in the
parti al | yold2FlanwdJG\8 iensabémaid sotipéeltvayasaet, ib@oss-necienGof 4 adsofhgntivagelapEt at i on,
one of tRe,diR QQﬁ&%Q%QId&ﬁ%%ﬁk%yi@n@ﬁﬂﬂﬁﬁtgé19“m§ﬁ&ﬁ@%h<%ﬁ&&M§kaQﬁPtUV'”9
xenon, while t%e ot her adsorbent "vessel is off-stream being regenerated or

ot her wi s@9qR&ntOFhyl2dpihe eﬁﬁ%g“eﬁshwréheﬁfb%@%H%dwgfééql de infgsighvole A &hent  of

a rGQUIShﬁ&M%@NQMiﬁﬁm@ﬂﬂ&ﬂkéwﬁﬁﬂwﬁﬂgﬂiﬁﬁﬁﬁ%dDﬂii%&m%ﬁﬂ&ﬂhﬂh%k@g&ﬂﬂ@as

stream beji n ed in ara syst em 50, 115] Thu t he feed
oo areinn bl e R FERHSG ABuTF SPeRtap i SOREH Y3 TS0 rmy
be sui t alyhop deatevedhdt gasachantmodatressshedhll absseeonert sectgpn@f the beal of e@p@eﬂt imke
vessel s hetween onstream and of f stream conditions, and such valves may be
operatively arranged for control by a cycle tinmer systemor other control
ar r angene®t261t o FERSP @ sehempticryigtics) e éf’a“@bé‘?‘é{lpéﬁ’ss “FODLIBPP Alphen 3984 & as
depi C; ed chitailih&Gn 1, intdde vol@ssBb ﬁéﬁ:onmadﬁﬁldtdl@@ce%@ ]gvmeadmysem 8 whidh {nhuahha
xenon/ nitrogen gas. mxture enteri suc ro e
Xenon beithg? BTG HET S e STh bR taBERE CR Rete tovel Shn ey ki Bhan gas
as the n@mmﬂdmﬂmbemm$pgmha&mmemngs&msmhaﬂgémeﬁmmmrmhen$¥&mmnmhmﬂ&$a§362.
Concurr e% (Lége w¥dt:ll§ VXI'?G% & ach@eéxlfe lh§8 %d'epsrésglﬁggﬁ) %%OWSHQS 1&%5@&%@9& td%lred
regeneration operation, e. at ng of “the vessel sor bent

cont ai nedortifeprtpqting chgafe‘fflfhetbft ad@lié thstP¥h of previously adsorbed xenon gas,
whi ch i s [g1gahanged ofiy LRY&ESEkonBdevatbondiiSCdIah 8Rorbé? SanfBr 2d0rHarh MG Yot he

xenon may be recycl ed, packaged, or sub&ected to other use or disposition.
[00117] S&B@%‘G‘& é‘}ﬁ‘t“i‘%‘?“"%ﬁ éﬁra%‘sgése | The ganfies 2Q0dpRM et e PPS CuiesT PP ro e e,

swi t chov Qﬁanh@zkﬁﬁarlﬁﬂnad@rbeﬁ@O hzhrﬁlg)ﬁﬁt’:lblﬁ/sd]échﬁfyqai’tadﬁl)ghdjTFB: dohi@iferi230 hdsawgd from
B e
discharg@mqwmﬁqmpfmkﬂmﬁmrEﬁﬂﬂhém@uﬁwﬁmm¢@Z%bﬁm@g@meﬁam@d70ﬂ@em@keése t he
xenon pr %M‘)ML(XM@@@ 'f(p @(gthH of I}Q&m%gé@a{t l?sq}?éserhs B thesegwwﬁﬁl%ntloﬁ th!: @anfs@fmved from
vessel 56 in discharge line 66 an hen recycl ed ackage, or subjected to
ot her usélW#8lyj dhpsiiysas sy g ey Prgﬁqum%srugt@ﬁ% ¢lj2d2 P‘é B EXEOf At6h of a
seri es- cmﬁﬁeghﬂdmaméayoﬁﬁeaﬂ&@fbB@@nMﬁaﬁehﬁmﬁanﬂazmauﬂzﬁﬁymmh@ﬁﬂeﬂﬁytbe
utlllzedtﬁor recovery of gplvalﬁ 1% Ihe nfl uent..gas |ncI one or
nor e hl gh Vaﬁr O unczg)s Sca%l(s:i:réig oheéi ¢ the o canis elr m p ac 11’1 a S]i)eCl 1 eggon suc SOI‘ bent
vessel 8@logdmb@ mi arrgveauig erdg@rtor 8Gice bmlldmapbuar @eoﬁedsmudfﬂ ddsor ﬂgéqfwmg)‘fvhltlhe

hi gh- val ye 9a%,9f27h ML g;r% with W BS ‘f'ﬂlet L RGCR af %ggeng% an aﬁlﬁi}hcflﬂ c‘ﬂwﬁlsdr;ﬂ

transfer line 94 to adsorbent vessel 82 contalning adsorbent 88 therein,
for cont dbpiieg Wir thassiiemenedd dhsrapetiet has kspy whwrbry Weéﬁfb?fh@S?f@e@H?gpldH@lgdbﬁnt acted
gas fl owgperdida o'fE Bsutet sich @&be%mm@aamwehaﬂimv@saﬁg m&fo 0. n’n@l cbfigadesisar bent

90, fron1 |ch al | tac dIS |l uent Jine 98. The
ospect i dd ped urdriter 0B vESr 85 Sl et b D RGE o on
Si zes andxammpaamnagl§hmmnmai#ﬁﬁ&meﬁm$ﬁ&mmﬂmm$amImEMQWBEgdwhemﬂesaﬂmat|on
of serie ecte 0 1 whi ch
each ads%?%@%? %gsge?g%%ﬁgg §£%§ f?% g&aﬁn%}%giﬁﬁ%ﬁ§étgf aﬂ%f@%éﬁ%al

adsor bentadyyghgitavity pipradelprmingd Pofensiqej pere $ike ditribaia, agrevy bientityy BdYe loadin

cont ai ni NEurREAIPRRI t € adsorbent including an adsorbent 104 and different
adsor bent _106. The cont act ed gas. resulting fromsuch contacting with

adsor bent®13Ys AHaS 1584 thanareuswisws Al defiindradiuid qapre 1 pel (st masbirwwived essel
102, contiuathepadicadsierphaat 8isd@8e, d lbovan@drbhll2 gas Th@ed@sapplestitnt.i ng from such
contacting with adsorbents 108, 110 and 112 then is discharged from

adsor bent vessel 102 in discharge line 120. The gas in flow ng through the
respecti ve adsorbent vessels 100 and 102 thereby is contacted with the five
di fferent adsorbents 104, 106, 108, 110 and 112. [00120]FIG 5 is a
schematic representation of a series2tonnected arrangement of adsorbent
vessel s 130 and 148, in which the vessels contain an array of
flowdirecting plate elenents, for achievenent of desired hydrodynanm c
processing of a gas streamto be contacted with adsorbent nedia in the
respectlve vessels Adsor bent vessel 130 receives |nfluent gas fron1feed
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[00121] It will be appreciated fromFI G 5 that any suitable arrangenents
and orientation of baffle plates may be enpl oyed, to provide specific

ori ent at iwo 20ft/gas2fl ow in the interior volunme of the a#gsoriseoti/oewnt ai ni ng
vessel, to ensure full and conplete contacting of the gas with the
adsorbent nedia in the respective vessels (not shown in either vessel 130
or 148). &00122]FIG. 6 is.a schematic representation of a nmultip

adsor bentO%2¥s e G I Ay umisat clevpipn vy @ apﬁd@§Wh§“T%§mc%ﬁW%Wﬁ§e?ﬂ@mdm
respECtiVﬁmﬁﬂﬁ@hb@MégMGBﬁeﬁ§m&£ﬂoﬂ@wﬁ&ﬁwﬂﬂh@mRB&mMDk@ﬁBﬁi7®m9ﬂmdh@uﬂousing.
The, houst gty TRAALES o QR Rl ok 40 &, URPRL oy g g hous N
f ashi on, wmgf@u@cegsﬂvevyee@mpmeimnmemmaﬁdgddmwepmmwndumﬁbmraeﬂandmmﬁe
respecti \gke. T tfegse@maQ&g 'afn!z& pglrlllgl’l %4 b RicA! sEéuR}lde g,aqﬁrcﬂhpﬁl@lgle yr%§g%§1lal§ aln
this manner, influent gas is_ flowed into an adsorbent vessel and

non- adsorB&d hepds3 s Hreseﬁarcglétﬂ‘ﬂfahé’r)@r P &nyant R5r ofginy puEAE H2 dhgbh Pt e,
unti | themadaﬁmh&dhgﬁ&mmﬁmdﬂhgm@&mhhauﬁd&aement in the specific onstream

[ 00123] FOEM ng Tt i e carar ol 75t SEATHS MIkEaLA T REEE: and

out | et cmmdmﬁk$h&ﬁdwmbhbe@maMreanMMeseémmmahdmth@eeaﬁneauWEmengugmteane

Wi th the ;pexteHeeaadl rta?mﬁl 09%&; eqré@fae@h' arr,utsh%esgdrt gérﬁt QI Ll sattwh n
successi ve arrangenent o sel's. I'S purpose e coup I ngs bet ween
t he i nl ettheafdeléun p epragonesi 94 withgdisnsesingmresl4and outl et ports of the

succeSSId \rmmqsset?] 178Y/a Q@tm@lfel@atﬂidlviémﬂfé%'id’ c?pth@ I@egdelusspmneptn &hakaaber, to
accompdate the cha geover in t e vessel S as recovery

oo At o BPboRaie N oeTSiEres T b Bee it s ST

adsor bentdipugssed foll B€hensw@nt gis iiomgheanssaldsdr Hlewtr dipaabepBBipon 28d coupl ed wi t h gas
inlet Ii 2 ) i t 182, gas flows
to the d?st%ﬁbu?@glg% %H&%S%”hﬁcﬁH%%%ﬁfﬁkggg%%ﬁgﬁﬂtgdf%?ﬁ i ces about the
peri met ed0MPlr edfiG- I 3 diess-paqtianpl edavatipp Vige! aB@PGPottipreolvkedied captp yessel glhs i s

flowed ing@ ltl h&s iHdlBlnd N B8@is afardoftEin Abk 8SthrhHibalidhO ikt iBE: 129, (8 LdOWii
distributed by the di stributor menber 200 over the full cross-section of

t he adsoﬁﬁehﬁﬁﬁeamTﬁgwIﬁﬁﬂ”ﬂ?§@ﬂé@6@%@?ﬁ gas outlet line 190 in the

di recti onodigsli cat@dshya pispastivBriewl bethé Rfideeat angaip tiba atstintly af thafge ophire
contains a qorﬁaﬁlq gas that is captured by the adsorbent bed 188, so that
sorbablesﬁ%ple effluent is discharged in outlet gas |ine 190.

[ 00125] FIl@13@ | 1@ I$ahansplodedperspaciawg] vies izt vabyn headanyl dip tube psesbly efcklison,  of
an adsorhent vessel to 10 containing a showerhead device 216 by which
influent gas is introduced for contacting with the adsorbent bed 212 in the
vessel . SGho iy He Arrgarlpdee Popsctive Viay shysBeeriprriehed thenflif P iRl 214 of
t he Vessekmmﬂﬁdfﬂﬂf&D@&dm@ﬁkﬁﬂﬁﬁ&vﬂ'Hﬁ@huﬁmﬁc@ﬁﬁm&mﬂﬂmk&ﬂﬂm&hﬂ&m3$&m
connecte% the s mFrh% d devrc 216, Q sho ead éqe 1@

i ncl udes E’ﬁnsc ar gePSpeAr ngs oenc"FﬁSB"ﬂ m\%é’a“so?“ charge S ace' Of uch 1éevt‘%e

t hat gasdmsmdmsthhutbdmdwndE§lﬁh@m&mhh¢GWO@B£§écmd®QMSEBﬂ|on of the bed of
adsor bentgygg)t Ny egseh, e)[pQ)ge]dZIﬁal‘s%!ecﬁfe el 3¢ & 1&%@ g&ﬁén! & HEip Ittﬁ)@"ass@rhﬁ%@ﬁ Ion

view, in cross-section, dsor bent vessel contaihing int
i nt eri or HG|larrhovoagpthe ﬁeh@e$16aanﬁaﬁitrr@lealedé\w dozdat alpye e‘i*ﬂﬁilteé]ﬁ’ BB8 by which
i nfluent [@as9)i S HIGS.MOBYGRE {RibusCRBtsasttmen@ivaintd drhie Rats @ipReNtesPeth which i n the
vessel . The nanif Id deV|%§ 36 is 0|ped in f|0p%% Ep%ying relationship to
gas feed PPHEEFH Pafhéreﬁ‘ﬂ RS RPNl JERERReCd? NN, L s 238 may be wi del y
vari ed, ted1aahi eRKe 1P liven tofergam el Iniesslue Bead pfoje famdcafaﬂlmweedélsf FIGB Ul len
character i1CS r rbgnt bed
%@%jl_‘_ll G.F(#@%'O 1seaq)eifs€é’ct1\;ehf?e\xpdqme%?l(/e 8q &ftheQﬁﬁSd VESQ& ?qgﬁ 12 g

250. [oo{ is a perspective front eIevat|o V|em10 sor bent
cani st er [9B&2IhaiGig it frent glevagen e efchq wive depd o iflpidcintge wiset ofddnS-das. The
cani ster 1260 includes a can-type container 270 containing a quantity of

car bon adsorbent 290 havi ng. sujtable selectivity for radon . The

cont ai net94) hd0-22d5 %d“’t“ gt perostsratprs diheeyagetehte 8 fePfevtisher

open end oofIGShAa-@iont ai ner 270, preferably to narntarn a gas tight seal of

t he cani Pr@h-:to enmoval .of 80.f hom.the con 2[00, to
expose.  I01ed], PG Z LRI of SR B R BPune RORLERR EON ARSI LR o
in the environnent of the canister. [00128] The canlster as shown may have
a printed instructions | abel 292 on an exterior surface thereof, to
facilitate use of the canister. The-Printed instructions on the |abel 292
may for exanple direct the user to uncap the canister and to | eave the open
canister in place in a specific environment, such as a closed roomin a
dwel I'ing structure or office building, for a specified period of tinme,
follomnng mhrch t he contarner 270 |s recapped mnth cap 280 The canrster
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in the practice of the present disclosure, to recover sorbable gas in
specific applications. WO 2011/163342PCT/ US2011/041420 [00130]FIG 11 is a
vertical wDevariésss2vi ew of a fluid capture vessel 300 t iratr/usayiiloer4eopl oyed
to recover high value gas froma process or environnent in which sanme is
present. The fluid capture vessel 300 includes a main cylindrical body 302
having a enerall%.flat | oner peripheral surface, whereby the vessel nay be

mai nt ai né@P1HH ad® ﬁétlsaﬂﬁ‘(ﬁxﬂﬁdef}é}efvloéélvalﬁﬁ?% Plghty R imailaf fogbt S@W“&P%@F“@Ef’pport

surface. witheetress @l the AGH ug@se aesmeewlcsrltmgn T394a1¢eaqu41thdllﬁle§zeWeeﬂdy e.g.

by threadabl e en nent ad 3 Jmain ¢ ndri¢ ody 302
can be 019" g]fr%%feéemsllmzvzhlc Ose% %u %cfsrcéT P odi m rglfekdesvhc?:h cy ?I Wdri cal

body encllm)@@k)dal igloliapsiap tof thej Galye, bo{lmm E?aThlel Wélaﬁeathée{dﬂt:ﬁw aj gl mdfwslat manual

hand Whe@fb9 %qgwervé‘pih@lg'ilma%n h}gbepgpli}ﬂ[e ﬁm%ﬁﬁ Illsbanma)fglalﬁg nf€Rb %lg(gshgyln% val ve
actuator of autommtic character. The valve head is a two-port valve in the

i | | ust r atadodst iRt thgjvelpe Bodyjarq a BB?&P@% WY PR hEYPR Bachitg 41 Bt essure
devi ce, ep@rpackigg supprely, baieilie tadhe @S8S @dlvel Hand Wheal 433 Qfda@&i wiRdenseund. Wi th a

di spensi rt 31 00132 |G 12 i.s a ver al evat | on Vi ew of . the
fLoraron B aCulr vl PORTERE R afoef sRuEub o GLERRH]L arhfing tho

i nt er nal cedfgmemrsartyhné raeeficty A susthidenformg, e recqiteere¢ayerabio kasnfer @mtatthne wibgbe|
contai ns a1 it Hlp%té%ﬂa thﬂﬁe ﬁiﬂ%‘)\%&%ﬂ A1 cﬂéﬁarge QM- Qﬁortﬁﬁg ga% ffo 1$hrl11é"‘ | over

di p tube portion 318 13 I's a perspective View o
capture wésEeR hasnopppgye aﬁim%irfhlrlwthe FOtrERE] qPFf@Oﬂlﬁ the gecgvegablsas i§ drMixBital
el evati omlﬂms&wng{ adBftbddpper portion of the fluid capture vessel of FIG 11.

As shown, hﬁ F{[' ort 306 i.s arranged.in flow c m‘runlcatloanIth &filter
330, to Ao tgad Sid%e‘rfaP‘ééeP‘&?fe“B % i1 PATRE A fretY, et gooy gy ity
cont am nariigng J fORU3HHE MESsel 1B df heayppeospaciGye lvidew of the val ve head and

di p tube (ﬂﬁgﬁnbl&l sf?an 19%1(}]c !25‘”ng1 Q%Q&tﬁﬁlg%%{le Vgl.}re gf og!: 'feegilldﬁl%bZ t(l 0\91%‘&191] FI G

16 is an exploded perspective view 0 t ube assenbly
of FI G 7Psmp 504 or other process interface. From the process interface, the xenon -containing gas mixture is

flowed in line 506 to the xenon concentration unit 508. In the xenon concentration unit, the xenon gas
may be concentrated to a higher than influent concentration. The enriched xenon gas then is flowed in
flow line 510 to the xenon capture vessel 512.

[00149] The xenon-containing gas flows from line 510 into and through the carbon adsorbent 590 in
such vessel, with xenon being sorptively taken up by the carbon adsorbent, and xenon-reduced gas
being discharged from the vessel into recycle line 520, from which the xenon-reduced gas is
recirculated to the feed gas line 506 to the xenon concentration unit.

[00150] The xenon recovery unit 508 as illustrated includes a pair of adsorbent vessels 530 and 532,
each of which contains a bed 580 of carbon adsorbent. The beds are manifolded with an inlet manifold
524 and an outlet manifold 522, each of which is suitably valved for switching of operation of the
respective vessels 530 and 532, so that one of the vessels is actively processing xenon-containing gas
for adsorption thereof on the carbon adsorbent, while the other of the vessels is off-stream, and
undergoing regeneration by purging during the off-stream period.

[00151]  For this purpose, the outlet manifold 522 may be coupled with a source 540 of purge gas,
so that purge gas can be flowed from such source in line 542 to the inlet manifold, for counter-current
flow purging of the off-stream vessel. In this arrangement, the inlet manifold is coupled via purge gas
exhaust lines 552 to a purge gas treatment unit 550, and purge gas discharged from the bed being
regenerated in the off-stream vessel is treated in the purge gas treatment unit.

[00152] The on-stream vessel, subsequent to adsorption of xenon from the feed gas mixture
containing same, to a predetermined extent or for a predetermined time, may thereupon be subjected to

depressurization blowdown, to release previously adsorbed xenon to the outlet manifold 522, for flow

S22



[00137]FIG 17 is an expl oded perspective view of an upper portion of the
val ve head and dip tube assenbly of FIG 15, showing details thereof. The
parts andwoammarsidies of the dip tube assenbly are nunbered/userinespend ngly
wi th the correspondi ng parts and conponents shown in FIGS. 11-16. The dip
tube assenbly includes dip tube 316, connector adapter tube 332, and
reducer 334 ﬁ[é00138 JFIG 18 is an expl oded perspective view of a | ower
portion &t lie OH’i‘be eeyey yssdnbd 9““(5‘fvesl‘§?1(§“e“ 195take§ H%\}\Pﬁﬂldtsr‘té“&flﬁ’ CYHeErs, and
a filter egl, ®ﬁﬁﬂgln§kﬂhldlhs ptﬁ&@d:vﬁhslﬁoff smem ved redéivds Renodicghtdindiyegas idQA318d FI GS.
19 23 ShOV\{ a\ét?‘\rela Slfl)S tlgl I'OCG Sll’lg to SOI‘pth& remov Xel’lOI’lC%I'OIIl[E'el ttluen gls I(I:lla)'( ture Vessel in
whi ch corrponents ?s are nu erecf correspon mg%/ respect to

FI GS. 11{(1(853][0(&%6]5@15@30 419l 533 inghet xgponplosaantyiienung 50§ mey Wlbverrztnee;tto effect he
fluid Ca@%s‘éfp%oﬁ/ ﬁ}sl§:§tlmg01§tlhlz:|n atlﬁglcoq-lé"%daQQ %6211‘4: ILeghve OasI s%héﬁta@c%ﬁ?ﬁﬁ&tateg% Vi ew
of the valve head of uid capture vessel GS. 11-14. [00142]FI G
21 is a f16rP- el evati on vr ew of the val ve head of the fluid capture vessel
of FI GS. [(10154]14 It {v@me%doglh@d @2 theSxeAdh @h&mﬁtb@mmvism s&mmeﬁoemsshs@ﬁtahd)n of
t he val ve he N e fl ucgﬂeagtulre vess C{] ) t %00 44] FIG 23
is a bot oM grgﬁsm ‘ew of*f e vaive 058%8“8? Rherrard %te uPEE s%s i

Fl GS. 11-SSLS4emSV®02®w&H1&6@8@9@&'%&18@0@1%@&114@@2@ 00145] FI G 24 is an epr oded
vi ew of e Abff’rﬁjer Afiadn Y Bﬁer§f0m1+cﬁaﬁ?st fPovJ Bk, %%té‘{ﬂch@cﬂga s t\(c;tfee i t%qlc]i 412

reference to the I d capture vesse GS.
i ncl udes X&Pop&RRAES BEseR: HEVINEFRetheFperithef ttlﬁhears &ripg adsprbeghingthe F%b°6|a§%96’§@d a
burst di $6d #libiha Rch-JAERST W@ odnBlal BfingdRMé & A RiersBROWNNhE tusewlt adiedd in the

a seat |n403 as | ement 402, a

g R g AR ot Y L R L gt
411 and autgéqaaly Riatvlydld. frofl BOvesitbypon bpengg piriodedifeaih@ddsapsdiop the previoasly al ve

body are aﬁsOleé{‘%nﬁrgaﬁ&' s[hﬁzl I%&BFO% V(\:/g)Qlﬁre v%se§g§¥£@% zglgo(%ﬁégrr%%no%ogfd n%ﬁ i%&%&f

packi ng suppor t ers Z Wwheel and hand
wheel i ndwergtitigliand We@e&e]frert nigpgen, By peeddlgAily aperhiate nveng thaf e sepn iy e

vessel ofvite RELSQNe1d bS A QUAHKRnITRYiIOBe ﬁf&@%e'ngyrtﬁdwd &rany, Ofaséy, idhl |t y of
suitable forns, to receive recoverable or contacting with the

adsor bent’*$¢h RRE© dFPBRI ﬂ\‘?&F‘tﬁ’Hﬁ"ré‘tﬂlset‘Hé“r\li‘%ré’é‘e?FSSIH%nd wi th di scharge of
non- adsonisg gase uerofwhicabn t:alpereadassar bt xhas cﬂt&eﬁﬂﬁ(}iﬁ uniteprévfidel Righificandur i ng
overabl e N, xture

the cont aCt ! e agxgntf%ao J?Taﬁ}pk 1n£%ntraset?0 a circ mstan{;eqin whlcﬁ nitro as mixthre elrlrrllctl"led'S uch

non- adsor E)OH(O:I gas IS a SC I C repres n ation,
per spect ity efewgfercent p&xpoen ¥ dlowsdeinty nfudfiple] dnypy (BEEontaining adsorbent) vessels, "for further

separation processing and concentration of xenon, a single xenon capture vessel containing monolithic
carbon adsorbent of the present disclosure can replace 29 empty vessels of comparable volumetric
capacity. This in turn achieves a substantial savings in the number of vessels required, and in the
associated storage, transport and processing costs.

[00157] The disclosure thus provides a method of recovering xenon gas from a process stream,
material or environment containing same, by contacting xenon-containing gas from such process
stream, material or environment with a carbon adsorbent of the character previously described, which is
effective to sorptively capture the xenon.

[00158] In such method, the xenon-containing gas advantageously is treated prior to such
contacting, to remove one or more components of the xenon-containing gas that are deleterious to said
adsorbent. The one or more components can include at least one of xenon difluoride and nitrogen. For
example, such components can include nitrogen, with the xenon-containing gas being treated to
sorptively remove nitrogen therefrom, to yield a nitrogen-reduced gas for the further contacting. Such
components can alternatively, or additionally, include xenon difluoride, e.g., with the xenon-containing
gas can be treated to condense said xenon difluoride to a solid form, to yield a xenon difluoride-reduced

gas for the further contacting.
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utilizing a fluid capture vessel 512 of the type shown in FIGS 11-24.

[ 00148] As shown in FIG 25, xenon-containing gas mxture is flowed in feed
| i ne 502 wo 2a1tvasxsam punp 504 or ot her process interfac@CTRISoMIONE2Pr OCess
interface, the xenon-containing gas mxture is flowed in line 506 to the
xenon concentration unit 508. In the xenon concentration unit, the xenon
gas may be concentrated to a higher than influent concentratlon The

enri ched [9%n 53%Zﬁﬁéﬁ¥ﬂ?OFWB%§Hmﬁﬁ%ﬂﬁﬁv¥$ﬁ%m§Tﬁmf83%%ﬂ”%€ﬁ8ﬁﬂﬁéﬂkhre
vessel 5bisenf ARddQicThe X @RaaHLIP Nisehlnfon gergASiddolpoivg The qiaph i enrbthfd iwithca and

t hr ough tg»lg%&g%gmodéorb§9%7§ edOnsu%t,lls%glvessel wi th xenon bei ng
sorptlvely ake 'he "Carbon "adsor ben and xenon-reduced gas being
d|schargéﬂH6Monﬂth@lveﬂgewmﬂnmmﬂwesymtéﬂmhm@e@@@m%ﬁﬁenwﬁhwmﬁyphemmﬂms
xenon- r edpELdn Q@S5 teednG4hRaked to the feed gas |Iine 506 to the xenon
concentration unit. [00150] The xenon recovery unit 508 as illustrated

i ncl udes 9P1pH; r Ippneprdgpiaehihe Jisdawiesomapplaid X5 canyse WPHRUHAIRISES Nt ai ns a
bed 580 kaﬁﬂmﬂmnwﬁﬂsorbent The beds are nanlfolded with an inlet manifold
524 and an ut | et

swi t chi nd BPOLIRYL "8 ﬁheé’fes‘“t“fiéscf“’é%rﬁé“ tP? %mmg‘%%tgfséel 5%8}1312%5%8%@0“ ag%?rbte‘i‘%és[ one
of the veésmk@hrsmaa@svely processi ng xenon-containing gas for adsorption

th f
ereo %ﬁ%ﬁ d%gl% ger n 4R r@a}gms\ﬁﬁ LR Qc%mﬁenptﬁgebﬁmvﬁ%ﬁ@ A fg?lsﬂow

of f-stream nera ion gl ng urlng stream
period. [BEABTErer anPn gonrﬁm%cgé% s0 ﬁ%teth%&aﬂ?%tadwdmtf%lleﬁlvészz Sﬁﬁwsw aubd ed
wth a safwsaauéésodlgﬁar@uhaamga& nofiQerdol @ks @H?@@nt@&%f @aaedagc(;dtm@dgag r om such
source in line 542 to the inle nanlfo d

counter-currqﬁ % w&Purg|ng
of the off2°8FRINTHPRLUY MeRIOEly; 0y, Fldrod spiginmenh esqh Y i ahped 1Y Hoy
coupl ed vhegipusfge gas-cexthausg tas| wihes chb@rrdnodigchpplr geasgas the @atimendt vesdlt 550,

and pur ggygas d'@&:}%ﬁo‘ﬂe&p{l{e Jgﬁk&rms héd bp% od %&ﬁrlﬁé ?%gwtrm& Of fpgt ream

vessel is treat he pur gas treatne t uni t he on-stream
vessel , sibsingudtionthy Qs guSe 06 peneh-compRe ﬁ%orﬁlleh@nqne@ﬂtu@a@mﬁty@t ypebe

cont ai ni a8 Rith $he scrd ro?%t)@édﬁlaﬂﬁ% BXEdalpisi a §Qbn &nRheARH %ﬁlmhﬁled%erﬁtbm , may
t her eupon be subjected to depressurlzatlon b omdomn to rel ease previously

adsor bed 'XBHEHE FYOR FAcHiRICR! harfopbrogtasss eas gm paig-milipn)tp pracespes IFVcﬁlst he
recoveryzneﬁamkvﬁﬁa;mSumheve&&ﬁhmhbﬁmggscmahamkahmmhmﬂamamﬁmﬁmbpﬁﬁgaﬂ to

regener at 1 Q recélve xel%n dlf?u\én& cle%mgg %asvf\gm a xen(al dlf?uOIhlge serI;:evi“ OU% l 0¥1 dCH 1‘1(?6 SO rcem
vessel I’eCGI ves Xenon-contal n asS ahn carril es OUt acXt| ve a Sorpti on

proce33|WQYﬁmeg@mbﬂpmehyaW@#ﬁV@ﬁxemMmmgmmmmﬁbmwhmh@@nmmg@@nn1xture
[00153] T(lﬂﬁ64’j es %1?!1 ﬁlrtﬁé QSP@H Qhescﬁs%loklﬂe éﬁgmﬁﬁﬁpﬁag&m%rfn@aés%w Qbrhprégg may

al so be arranged to effect desorption by heating, utilizing heating coils
560 and 362REspectively, as schenatlcally illustrated in FIG 25.

[ 00154] | ta ciy énlgagbmervamgabmef foahcldsb e KeR@RolGAneaM dakina@n unit 508 is
schemat | Ca}:larlb n a sor ent 1n sdald container, such carbon adsorbent being selective for radon in relation to
atmospheric gases; and

written indicia constituting instructions for use of the radon monitoring assembly.

[00165]  The written indicia may specify temporal exposure for such monitoring.

[00166] Another aspect of the disclosure relates to a method of detecting radon contamination in a
locus susceptible to presence or incursion of radon, involving placement of a radon monitoring
assembly as described above, in an uncapped state, in the target locus, to enable contact of the carbon
adsorbent with ambient gas, and recapping the container after a predetermined period of time to provide
a contained sample for analytical testing for radon contamination.

[00167] Another aspect of the disclosure relates to a method of recovering high-value gas from a
process stream, material or environment containing same, by contacting the process stream, material or

sample from such environment with a carbon adsorbent of the present disclosure, which is selective for

such high-value gas.
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general ly described, as regards the details of operation and construction

t hereof, inasnmuch as such systens are of a well known and w dely used

char act erwpreotihe3zet . [ 00155] A further variation of operatriuseoiiteisades fl ow
of the Xe-enriched gas m xture into the xenon capture vessel, with the
xenon conponent of the gas being adsorbed on the carbon adsorbent, and with
t he non- adsorbed nitrogen gas being present in the interstices of the

adsor bentOB&Y  arye icpberhaises H%Sp%l%“é“’%c?\?ré‘ert heeeiny ep0 dieiB 3t P2pisfate gp ppnolithic

ar r angenegstin. pe¢ carttos adstu@erd eairbad$§abbadprnd11icr@g@ﬂlytlﬁylbelesambﬁcmquem 3 ywlsalreﬁwl y

bl ed fronﬁthe \élES,‘SS uctltjl&)sq)een ocessecgfol I‘I OI‘ r(t)los1set]:)fn% (?osq ﬁloe{egtt tlo ta%e 0} he
previ ous!’ y P RSSFBEd "% Ehon: such By s&° The ca vessel icont ai ni ng
adsor bed thednghryalug rg@ls n@nbmm@@mebemcludmgeat @mttonfa‘bf veatad, stremdispeieon’ fas edevated

nitr Ogennenﬂﬁhétu%n&tlb\la e@ reEsQret §£H%%Hs%$b@ﬂt%a1ﬁd@%¥£ hfQtkkabmt he xenon is
"tigh tI " sorptively on the adsorbent, while the nitrogen is "bl own

of f" é0016?le| das é‘és"be‘Pto“‘r‘i‘? ke by eleplayed 1 amuliple sserheny vEE§IH Areeh tHhishxBon f or
reuse or pfdaés& BeLmPhACEs si ﬁ@ple[fﬁﬁﬂtﬁ@}air@eedm@m&ﬁt ia ﬂxemmf captinge ivesmed Wi th

a xenon co ntration unit nifi c nt e c. advant a £ For
g o S R R S e TR e A T

enri ched nupipl hdwbper cents ofn svmlmm diferepd @d@rbemtm oTlmJ Iatraqgcl:menemy inClhdt

cont ai ni 9, AASAHLENNVAISE he of Ue LHGHOGA0DERALALL OBORARAL D8LA0R,
concentrati xenon, a single xenon capture vessel contal nmonol i thic
carbon adssihehe vepels p cpnas AFflesdplaey @fsqmeéﬂ%rﬁqucw Aerenpo Thprprspsrasbel s of
conpar ablagans@d ARhikarCarR@ RAC dtin, fdiTkedink Bf dabl hfbudIE DicR¥@SorR of B SRl ivakelsavi ngs
in the nunber of vessels required, and in the associ ated storage, transport
and procésify costs. [00157] The di scl osure thus provides a nethod of
recoveri ng1x@nonn gasud ¢foim fareprigressgesibite A pravads srdaal maneriae nvdamola i mt the

cont ai ni g, & AGonil SR HLINENENC R E LA LAY 35, AN R G RIPEARS
stream teria envi ronment a car bon adsor bent t aracter
previ ousla9sod>él$té¢flcbfé%?tmg/\h| ch is effective to sorptively capture the xenon.

[ 00158] | foE#0h NBLRAEY ahhre NP EORRS M DY sURToRHNAN R BBAUSLY ¢dsFrohd £at ed
pl’l or to such contacti ng, to renobve one or nmore conponents of the

xenon- comt4rhishg™y é}?teflﬂa‘ir RPN ORI GY SR 1 D éI&Fs BFH8 ri’f‘d“d% é °6rﬁ‘ép or
nor e Conpadabts, (BlaﬁresteﬁlCchSdldﬁlrtﬁhrrdn@ﬁHbr cmﬂnﬁcuﬁg th r0Hs d]leifuh Uﬁhltdrldl&)r amgblertidnt ogen.

For exa lee gtu&lbflr(g:n%le Onesgltp 1vegy {;aé) dlre,[ h Vafu ?sen’l“he carbon araforbent can

Xxenon-contal Nt ng gas el ng tl \' renove nitrogen tbnear ef rom
t 0o yi el d parohykis prodeshofr erplyyanllidsas chaide tehle ef&m mcrlysc,smda@tﬂilamgas bSuahiocweponent s
can al t erakint&lyolysRM o aghdis} ﬁtpgalow s fot ﬁlﬁh&dﬁ tﬁ%emgnvamef gayosuhdgs b}ﬁtr&tmenw th

t he Xxenon- cont al ni Nng gas can Dbe treated to condense said xenon difluoride
to a sol i urﬂ@gmle%SbO%P%wera“%a@nﬁfﬁetHP?q gorefedued BB YASITH HHETE APt her

cont act i Rgbon M@r}%ﬁﬂ&ﬁﬂeﬁﬁ&ﬁﬁﬁﬁﬂ&lﬁ%&ﬂ;&ﬂ%%ﬁrs{u@l@ﬂ&@)]sdzl G 26 is a graph of

nitrogen g%xe or i sot h dsorb nt of th
pr esent ]OSlr,iI‘I‘ I sts s% m, IrT)he a(asor elntcclzj]il gﬁ’ ﬁlome% 11? lIﬂu tlpfg sore ﬁrg ﬁfesae Sttct)lrou%h \81’110

graph is tl&nprgttea%t gatani mhtelaalc)alswumatﬁeuh thepariwninen i dovar foofcm?taOGﬁg lvak abke on
such i sotAgrIE:  {ARIEUbdaintinls! inC1ARRLEGAL &F WhAL ol BR( RIRS 6Nkhe q{nﬁ&‘ﬂl@s ure

enconpasses a wide variety of apparatus and nmethods utilizing carbon
adsor bentgsorrpoesdy 1A Obﬁﬁerglaéﬁewﬁlﬁ imgpiiple adspebepf \osplp St HEPEM HHORERS 2R xenon
capture appahabithe n@@PRS ddSdrf@i vessels contains multiple adsorbents therein; the vessels contain

baffles, plates or other flow-directing elements; the vessels are arranged in a unitary array for rotation,
for feeding of gas through a selected one of the multiple vessels at a time; and arrangements in which
the process stream, material or sample from the target environment is flowed through a showerhead
device or a nozzle-equipped manifold to the adsorbent for contacting.

[00173]  The disclosure accordingly contemplates a wide variety of applications in use of a carbon
adsorbent having a bulk density in a range of from 750 to 1300 kg per cubic meter (kg/m), and a

porosity in which the majority of pores are in a range of from 5 to 8 Angstroms. Such carbon adsorbent
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a contai nment vessel; a carbon adsorbent of the present disclosure in the
cont ai nment vessel, in which the carbon adsorbent is selective for xenon
gas. [O00NMsO2te3EA0N capture apparatus may include a ceoraiSaomiosiseessel
that is adapted for flow therethrough of xenon-containing gas, so that the
carbon adsorbent selectively adsorbs sane, and the vessel allows discharge
t herefrom of non-xenon gas conponent (s) of the xenon-containing gas. The
xenon caﬁ?%?%mﬁﬁba?%X6§7%YW@VﬁéﬁPV@i? Wﬁ&aﬁ?H?%H%Sﬂp@ﬁd?HPWﬁgﬁgwﬁé§§bl t hat
i s adapt e@ldatr shdcwy abdfer @bride @nddubdep@niddpaning onbai specivg. gas, W t hout
concurrent discharge of gas fromthe contai nment vessel. [00163] The xenon
capture apparatus may be arranged w th the contai nnent vessel in flow
receiving relationship to a source of xenon-containing gas. The xenon

capture 3gAadat UshillBle Reendsd ROGES 1 bhln tdtg@nﬁe@%&ﬁ iR rXEROR SORERLPIRI gas
corrprl Si ng a xenon concentration unit that oper ates to increase xenon

concent r A BY letixerBIIEsAE &F Hentygis- froindpaprredni-hat eyt the

per cent agechtRWal Sot Mss anmddNest Maed aidnds (endSa@Us RSO nXBNEHR- dﬂ&ﬂtv&iialﬂbﬂ%g gas
can |nclud§ an ion i Ignter ﬁggﬁratu§>arra ed to rﬁcel ve xen Iuoride
cl eani ng "SALCHiPBHAn AWEREY FOPITEN dev st Yok ShBnC 8 1 ur ce
may for éxiEngltee pospr msatien, dawd oe theedisddsure dnteami NCorgspoedingly, dhq‘ 1numtlprdes on a
support gRLL kQ0FE4) Jln@ecﬂo bUE LR coRSRECHd intdifedl, SCGLARMY, %11%&&1%%%@ es a
radon nonitoring asse , nprising: a container: a cap engageable with
sai d con@éﬂﬁ@ﬁwﬂ%méH@F@%ﬁ”ﬂﬁmﬁﬁﬁé%Wé@nvﬁWHﬁﬁ“éﬁm?he contai ner; a carbon
adsorbent in said container, such carbon adsorbent being selective for
radon in relation to atnnspheric gases; and witten indicia constituting
instructions for use of the radon nonitoring assenbly. [00165] The witten
indicia may specify tenporal exposure for such nmonitoring. [00166] Anot her
aspect of the disclosure relates to a nethod of detecting radon

contam nation in a |locus susceptible to presence or incursion of radon,

i nvol ving placenent of a radon nonitoring assenbly as described above, in
an uncapped state, in the target |ocus, to enable contact of the carbon
adsorbent with anbi ent gas, and recapping the container after a
predeterm ned period of time to provide a contained sanple for anal ytical
testing for radon contam nation. [00167] Anot her aspect of the disclosure
relates to a method of recovering high-value gas froma process stream
mat eri al or environnment containing sanme, by contacting the process stream
material or sanple from such environment with a carbon adsorbent of the
present disclosure, which is selective for such high-val ue gas.
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WO 2011/ 163342PCT/ US2011/ 041420 [ 00168] The carbon adsorbent as nentioned
earlier herein can be in a particulate or nonolithic form The carbon
adsor bentwoaniie3m2pyr ol ysi s product of a pol yvi nyl i den@Cthiseotiidel4e@si n,
e.g., wherein the pyrolysis product has been processed follow ng pyrolysis
to nodify porosity thereof for uptake of the high-value gas, e.g., by
treatnent including at | east one of water, steam penetration gas, elevated
tenperature and el evated pressure. Stk JeMMSent can be in a nonolithic
form [00169] The adsorbent can al so be deployed in nmultiple adsorbent
vessel s tVihapisghimddich t he process stream material or sanple fromthe
target environnent is flowed for contacting. In various enbodi nents, at

| east some of the nultiple adsorbent vessels can be of differing sizes,

and/ or t heamélnbé Bt Bcodd@ &Qﬁﬂ%as‘f%ﬁﬁﬁﬂr&e%@ﬂea@p ohalid ofifviamRitcoRains bant s. The
arrangenents. can include arrangenents in which at | east one of the nultlple

adsor bentOYRIELR CQCHR ST ACORFIIR SR TR LS BRI S Ut FRIHR OTHR IRRERY Y Tan
contain baﬁ&iﬂ&nmmtaﬁe&woﬁsﬁﬁhewcﬁhﬂmsdmxeﬁimng“aheﬁmaﬁammihﬁmmeQSBms can
el oot od s BN LE M Al Al @ SR A My STOG PR e Bk P T
f or egoi ngrarrangerersinghe ¢aten p@serbe@élam bléladﬁnswmtl eringd ofofrons A19p é3d0rkamet he
target ewmé %@Pnsg/n@%n@@ phloQWeiH WHYh AR Rhairis RO YWED&R D dEMIsE Bf BbmB to 8
nozzl e- e pped mani fol d to the adsorbent for contacting. [00171]In anot her
aspect, SUi8$cl osure relates to a systemfor recovering high-val ue gas
froma process stream naterlal or environnent containing sanme, in which
e o B BHES Bag B90 PR a6 PSR b S PR Fap 20
enV|ronnﬁﬂth0w$omgmwmemyﬂcaﬁwu¢emmhemhmgmgwamm@Bgagﬂﬂﬁhesmémb@hﬂadsorbent
can be a pyrolysis product of a polyvinylidene chloride resin, e.g., a
yronS|s roduct that has been processed follow ng pyrolysis to nDdlfy its
por osi ty 3f dke gpthetkel gpim hewhsreghsaihprgecrgere compdiens mspde pelggshratft off ¥EPudi ng
at | east qgneriRfan@t-@fen. St eam penetration gas, elevated tenperature and
el evated pressure. The carbon adsorbent can be in a nonolithic or
particulate formfor such purpose. [00172]1n this system the adsorbent can
be depl oyetheinmthouibf dlgph @, adsorhBidnte v@ssslosmpdnantoinghdephirogent he process stream
material or sanple fromthe environnent is flowed for contacting with the
adsorbent. Various enbodi nents include arrangenents in which: at |east sone
of the mil Thephahoddd sleivehtwhprtishd xengr-eontgining) ghf Brtjetigf] ©jsprptveln BovRUligdaeH] e
adsor bentinuesseb FiekiQHioth-did i LLERE saadsandigpt s; at | east one of the
mul ti pl e adsorbent vessels contains nultiple adsorbents therein; the
vessel s contain baffles, plates or other flowdirecting elenents t he
vessel s ar quanietmmgieﬂhiﬂm, veheteiti shidfoye @ fifoddycofnpdnetit®inaltide® Renoti difludridedi ng of gas
through a selected one of the nultiple vessels at a tine; and arrangenents
in which the process stream material or sanple fromthe target environnent
is flowed. tThe owuthhd af shiowér wbagn diesykapen-emtaping ogay |ie treatpdi  pretkdensgndafdotedort o t he
adsor be ntdlfi‘ueﬁdeq&moﬂ@%dnﬁgo yie8QLkdh meor%%ah&a %55%1%@ Q5filcigl y contenpl ates a
wi de variety of appl ications in use of a carbon adsorbent having a bul k
density in a range of from 750 to 1300 kg per cubic neter (kg/n8), and a
por osi ty 8i Thewhdd@h of B&imN® jwérkih Yai@Eartp@ a@Srbait@ad Nbudk deafigen Ofangd @mom %00 tB
Angstronﬁzmﬁgﬁg carbon adsorbent has particular utility for recovery of
xenon, as as utility for sorptive capture of other small nol ecul ar
species, and for storage and subsequent dispensing of such species.

[ 00174] Woi 11 fiSa bYEAKI ARrHAIIIREEH NasrREERN «PesaNidbedn. herein in reference
to specific aspects,

10. The method of claim 9, wherein said carbon adsorbent is in a fluid containment vessel arranged to

receive said xenon-containing gas for said contacting.

11. The method of claim 8, wherein said carbon adsorbent is in a monolith form.
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features and illustrative enbodi mrents of the invention, it will be
appreciated that the utility of the invention is not thus |imted, but
rat her exwerdsl/tee34and enconpasses numerous ot her vari at iPomgjS2emaifseecat i ons
and alternative enbodi nents, as will suggest thenselves to those of
ordinary skill in the field of the present invention, based on the
di scl osure herein. Correspondingly, the invention as hereinafter clained is
intended to be broadly construed and interpreted, as including all such
variations’nﬁmdmbdaamm@ms“aadmahaeﬁMﬁmﬂMewﬁmbﬁdEmam&ﬁmmmﬁﬁhkﬁlhﬁﬁgﬂpjrit
and SC(:)p(:f‘ec 1ve sa1 xenon COIT a1n1n as for sa1d con actcljngI S 1. A method of recoveri ng
xenon gas from a process tream’ matertal or environment cont ai ni ng sane,
conprising contacting xenon-containing gas fromsaid process stream
mat eri al 19%11%'?1\’&%@@1"851& Wihbleid SGREHAR aag)%ﬁthgQ%{n@f}rglg%aﬁé?oftagpo%gfnpﬁdeﬂe,el y
capture sane free of or wwth reduced concentrati on of speci es
initiallyh ngsﬁﬁt with said xenon in said xenon-containing gas in said
process stream naterial or environment, wherein the carbon adsorbent has a
bul k density in a ran m 750 w50 1300 er_cubi / nB and
o bor ost oy T MR RETRE | Ry TSP BT RS e g do TR et 75 5
Angstronmwdﬁ&mm$heﬂM®@ﬁ@d¢mﬁmoia&nmm wherein the xenon-containing gas is
treated prior to said contacting, to renpbve one or nore conponents of said
xenon- contarnrng as that are deleterious to said adsorbent. 3. The nethod
of claimi2,T Wﬁf‘ﬁ@gr?f slaing Lo diesin g rcarbeipserhanhss topr Pragrescd o MHStPOBKY of
xenon di fkektor fodl @dsaipordtxE RBEFY: treafmentlif@udit M QAstQhe 61 Wit deamp@E@IBL A1 d One
nor e coqgonents |nclupesdn|tro gen. 5. The nethod of claim4, wherein
the xenof < CORETRTHG FAECTLIPFEd%ed to sorptively rempve nitrogen
therefrom to yield a nitrogen-reduced gas for said contacting. 6. The
met hod of 0, ncl udes xenon
d|f|uor|&echébgh%HﬁWﬁ%gE%ghaghgw%%ﬁ?g&k§ﬁ%§gﬁﬁﬁgﬁgﬁggﬁgﬁ’contalnrng gas is
treated to condense said xenon difluoride to a solid form to yield a xenon

di f1 uori de-1eduaedoddsn i OfneRal Qld%%h@%télﬂ% gas & supphi€d B1EL RAGh r@(fové}% BrloBBsdl,
wherein said carbon adsorbent has a bul k ensrté in a range of Tfrom800 to

1200 kg/ (fPICenUgingpRonid 18ie &1 WP Hog Pl uilinn Bygiyo B%t?aBB%e 5%Sor bent is in
a particulate form 10. The nethod of claim9, wherein said carbon

adsor bent, i g, 1 0.2 f Luld contal niren xvr%%ségntalargr %ngl‘?ds 5 cher Ve e
xenon-contai hi g gas for Sald Conta TH #The “neth al m

wher ei n smmdmmambammamsdﬁbé@pﬂﬁesWﬂmmgnonmwﬂwmﬂtornt

19. The method of claim 18, wherein said cleaning process comprises a plasma cleaning process.

20. The method of claim 18, wherein said cleaning process does not employ plasma.

21. The method of claim 18, wherein the semiconductor manufacturing apparatus comprises an ion

implanter apparatus.

22. A xenon capture apparatus, comprising:

a containment vessel;

a carbon adsorbent in the containment vessel, wherein the carbon adsorbent is selective for xenon gas,
and wherein the carbon adsorbent has a bulk density in a range of from 750 to 1300 kg per cubic meter

(kg/m?), and a porosity in which the majority of pores are in a range of from 5 to § Angstroms.

23. The xenon capture apparatus of claim 22, wherein the containment vessel is adapted for flow

therethrough of xenon-containing gas, so that the carbon adsorbent selectively adsorbs same from the
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12. The method of claim 11, wherein said carbon adsorbent is in a fluid
contai nnent vessel arranged to receive said xenon-containing gas for said
cont act i nyO 201131633 e net hod of claim 8, wherein said carbomSadsostaent is a
pyrol ysis product of a polyvinylidene chloride resin. 14. The nethod of
claim 13, wherein said carbon adsorbent has been processed foll ow ng
pyrolysis to nodify poraosity thereof for adsarption of xenon. 15. The
met hod o?“@PéWﬁ?ﬂﬂggﬁhﬂwé?%“§%lﬂkﬁﬁﬂﬁﬁﬁ@5&§ﬁﬁﬁgﬁﬁ‘ﬁ%éﬁﬁ%éﬁ‘ﬁ@@@@?&éafto
nodi fy pohiosdnby.cinhéiieahs. f or adsor pti on of xenon, by treatnment including at
| east one of water, steam penetration gas, elevated tenperature and
el evated pressure. 16. The nethod of claim 15, wherein said carbon
adsor bent24] Ehej xynen ¢! dpphiites ffodlamn 22] Wherdil ghenehtaiodherd fvesblab mlapted igreltasi n sai d
Xenon‘N”Mé&m%£mh£@§mk§m§HH£ngQm9Mc@m&%&@ﬂuﬁﬁ&gﬁé&Mhﬂf@&&ﬁém&&ﬂ%&@hrat'”9
xenon in a source gas mxture, frompart per mllion |evels to percentage
| evels. 18. The nethod of claim1l, wherein said xenon-containing gas is
Supp|iedZBYHﬁ)&ﬁﬁﬂ&@mﬂu@p@ﬁmﬂﬁnm%ﬁQkuwkﬂgl&BQ&&ﬂhﬁ&t@&&ﬁﬂiﬁﬂm@ﬁﬁﬁeﬁﬁ

.met hod of claim 18, wherein said

ut|I|2|ng xenon ? ? f e
cl eani ng F SR ELIREHR G 4 S@%rceoﬁf%gﬁ%n WEHAng process. 20. The method of
claim 18, wherein said cleaning process does not enploy plasma. 21. The

met hod ofyq Chl Mod 8 tu‘lé\-’!]%%ﬁhtﬁ's &f*&ﬁﬁ%‘ﬁ&&g k'a% &Ercg‘é‘ﬂéfuﬁa%%lhﬁ %QB&%&E&E’S

conprises an ion | er appar at us. . A xenon capture ppa tus
conpri si ﬁ@wnaw%maa?rhwwr%@& gfnon aor@@%te?ﬁ Oédﬁlwﬁ@ﬂfoqt%m@aw@s oM AT PRE N
vessel , Wigib@iohekbRgERION adsorbent is selective for xenon gas, and
wherein the carbon adsorbent has a bul k density in a range of from750 to
1300 kg per cubic neter (kg/nmB), and a porosity in which the mgjority of
por es are7rmWaﬂmaagann@pﬁmmnﬁammds&wkngs@ﬁamsauﬁzﬁmnEMmmmenynam@ﬁ@ume

appar at us, 0 .%n Pa*af'é} @ﬁ%%ms \M]a%r B 0K GO ‘%ﬁr[hﬁﬁ&t cl%{laglﬁg gstfrén %g(%ﬁ’o%ecﬂﬂ&%e tlow

t her et hr oug on-cont 4 |n|ng gas, sot on adsor ben

sel ecti vébyceadsor bs sane fromthe xenon-containing gas, and the vesse
al l ows di scharge therefron1of non- xenon gas conponent(s) of said
Xxenon-containing g 24. The xenon capture apparatus of clajm 22, wherein

the cont &bty é@’é"é‘f appranol s1ady 23 Sheren 5! £evah dlparige e gmprises a source
Xenon- c oRta¢ RédkgnifiaSnonwiiflddadit onaGipuit ek di scharge of gas fromthe
contai nment vessel .

29. A radon monitoring assembly, comprising:

a container:

a cap engageable with said container to enclose an interior volume of the container;

a carbon adsorbent in said container, said carbon adsorbent being selective for radon in relation to

atmosphere gases; and

written indicia comprising instructions for use of said radon monitoring assembly.

30. The radon monitoring assembly of claim 29, wherein said written indicia specify temporal exposure

for said monitoring.

31. A method of detecting radon contamination in a locus susceptible to presence or incursion of radon,
comprising placing a radon monitoring assembly as claimed in claim 29 in an uncapped state in said
locus to enable contact of said carbon adsorbent with ambient gas, and recapping the container after a
predetermined period of time to provide a contained sample for analytical testing for radon

contamination.
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25. The xenon capture apparatus of claim 22, wherein the contai nment vessel
is arranged in flowreceiving relationship to a source of xenon-containing
gas. 26.wOheixess®n capture apparatus of claim25, wher@cm/tsadid/iosaee ce of
Xenon-contai ning gas conpri ses a xenon concentration unit increasing xenon
concentration of said xenon-containing gas frompart per mllion to
percentage |evels 27.. The xenon capture apparatus_of claim 25, wherein
sai d sourée® B]Fm%?fdﬁoﬁeé% Bﬁg]i‘livﬂbe %jégrm&&rl?ﬁ’fc?sé gecammategil ‘i’rrFﬁY“é?ﬁ’fn&‘F %i%‘ﬁ‘i‘gat us
ar r anged sirte, I‘sﬁﬂem\i’tﬁocb(edﬁﬁp’msﬁlgfdotit@d’tingi&aﬂ| paRkNgrgAs el & Xipd fdinf baitodr i de
source. nv1r0nmen?w)§e£]9ar ong‘&)sor"tl) n%seailé?: rsalﬁhl I]Vﬁ ll.leal m 25 V\Iher el il Sal d xenon
dlfluorlﬁe source conprises a Source vessél con alnlng xenon difluoride on
a support matrix. 29. A radon nonitoring assenbly, conprising: a

cont ai nemns e GRAMRENARUE 3D e inti é@b@a&&ﬁ&qﬁﬁa@ &hulk @en%'fsﬂlh Q356 tholt 7%() kT
vol ume of t he container; a.carbon adsorbent in said container, said carbon

adsor bent! 3¥ieder whie ateter (e/n¥ b pndrapgeopty; 1p whish Se pyierity ol BepGEpRar@eydee S and
witten ihgAgds@oONPri sing instructions for use of said radon nonitoring
assenbly. 30. The radon nonitoring assenbly of claim?29, wherein said
witten indicia specify tenporal exposure for said nonitoring. 31. A

met hod of34digt eethpdgf claad&h whaeih said qagton ayorbent & il DI ulsy scepplibicdormo pr esence
or incursion of radon, conprising placing a radon nonitoring assenbly as
claimed in claim?29 in an uncapped state in said | ocus to enabl e contact of
sai d car Bénhadrstpdehtlaiy3tnvhsresl eidtcagesadseprt is @ PaiepFh grofireoicombainglidenaf t er a
predet er rhivedt @y i od of tinme to provide a contained sanple for analytica
testing for radon contam nati on. 32. A nethod of recovering high-val ue
gas froma process stream naterial or environnment containing sanme, said
met hod conaprhie siethgd cfondinadh,i wigregiashid pproysie podigt hag denan pratsexdi fallowarg psaiyeils & f r om
sai d envi I sel ective for said high-val ue gas.
33. The I&EﬁyggkSM%%%ﬁﬁﬁﬁ%QV£g%§%ﬁV?ﬁyémarbon adsorbent has a bul k density
in arange of from?750 to 1300 kg per cubic neter (kg/nB), and a porosity
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34. The met hod of cIa|n133 wherein said carbon adsorbent is in

par ti cul A1E°bior HHSIAf tigh P, by tggtmentjaclydine i leah PG T AR, ?ZfammPFé?tE?fl?P said
car bon adsoelbart enperanpynddipaiesppssaduct of a pol yvinyli dene chl oride resin.

38. The method of claim 37, wherein said carbon adsorbent is in a monolithic form.
39. The method of claim 32, wherein said adsorbent comprises adsorbent in multiple adsorbent vessels
through which the process stream, material or sample from said environment is flowed for said

contacting.

40. The method of claim 39, wherein at least some of said multiple adsorbent vessels are of differing

sizes.
41. The method of claim 39, wherein said multiple adsorbent vessels contain different adsorbents.

42. The method of claim 39, wherein at least one of said multiple adsorbent vessels contains multiple

adsorbents therein.

43. The method of claim 39, wherein said vessels contain baffles, plates or other flow-directing

elements.
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36. The nethod of claim 35, wherein said pyrolysis product has been
processed follow ng pyrolysis to nodify porosity thereof for uptake of the
hi gh- val wwogasl/1638Z. The net hod of claim 36, wherein saiPdTge@lipsiszo pr oduct
has been processed to nodify porosity thereof for uptake of high-val ue gas,
by treatnent including at | east one of water, steam penetration gas,

el evated tenperature and el evated pressure. 38. The nethod of cl|aim 37,
wher ei n $4i Hecnsgr! £hun Phetteraing sajdyvesseligoiTapaiddn fopiry auey forHatioet iRod of

cl ai m 32 feeding bdaftheagith @dsar de of sadamdiplesesclagdacinbent in mul ti pl e adsor bent
vessel s through which the process stream material or sanple fromsaid
environnent is flowed for said contacting. 40. The nmethod of claim 39,
wher ei n &@b. The asthod ofimining B2, gdedinrrut piopdsestzels.ondtrsipl or yepdelran grdengifongieftfier i ng
Si zes. 4@waﬂﬂ§mﬁ§thg@w&%mﬁ'@%ﬁ&%?m WQ%E%?ﬂné@hﬁmﬂaéﬁéQk 2REBQN RENLaivessel s
contain different adsorbents. hod of claim39, wherein at |east
one of s&PHXHA ti pl e adsor bent vessels contains nultiple adsorbents
therein. 43. The met hod of clain139 mherein said vessels contain baffles,
pl ates or, 0 he{ f,owdlre L % ement t et E ctai

wher ei n $5i ‘4N ERIEECRTRE Biep ARG (R4 Pf"r%uestS afryartay eP“F"SPl%II |°%“r‘iam“i*%r

f eedi ng @mmg&ﬂibﬂmmﬂghxamgekammedﬁﬁnmwoﬁmsaﬁmcmmkmwpmépm@gsskgmammgwt|ne.
45. The ?%h@ﬁ AbmClafil éHvi%&Tn §r§) ve‘i?' qul}é %@%% %9%@3 WIRLES ih@lcaBbn SANPI €

from sai ronnent 1Is owerh eviceg or a

nozzl e- edtioPpadanaiils ndy i Rpg Oéﬁg@ﬂg%fﬁtﬂ@(ﬁ% P§fa?UB1° ST et hapd 2 pesitp
system f of whi@COYRkbMY of Yol né & Ah@nQasid O PARERGRSS stream material or
envi ronnment containing sane, said system conprising a carbon adsorbent
arranged for contacting said process stream naterial or sanple from said
envi r onmatTht eysgorqtciaineddy woaph drearbai dsdnbegihay abulle dgaisy, in wirdpeofriroii®0 car bon
adsor bent; bul k density in a range of from 750 to 1300 kg per cubic
nmet er (kgf‘%% and a porosity in which the mpjority of pores are in a range
of from5 to 8 Angstrons. 47. The system of claim 46, wherein the carbon
adsor benyyghgs sﬁteﬂllblf Klalgﬁlﬁsxlvﬁe)/elﬂ éﬂld@a&m%r&ﬁt if hQPaBBfad & oafnik el . 48. The
system of claim47, wherein said carbon adsorbent is in a particulate or
nmonolithic form 49. The system of claim48, wherein said carbon adsorbent
i's a pyrabykiesyyiodutin o, vaepdlsyidicirydn denienciih@piodes p@sichof a plvinfitensyst em
of claimd9. wherein said pyrolysis product has been processed follow ng
pyrol ysis f) dlfy porosity thereof for uptake of the high-value gas. 51.
The system of claim49, wherein said pyrolysis product has been processed
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including at |east one of water eam penetration gas, Y;
t enper at GRHRPRIOSEY Bgrselder uptleced e gigh-value gas.

51. The system of claim 49, wherein said pyrolysis product has been processed to modify porosity
thereof for uptake of high-value gas, by treatment including at least one of water, steam, penetration

gas, elevated temperature and elevated pressure.

52. The system of claim 51, wherein said carbon adsorbent is in a monolithic form.

53. The system of claim 46, wherein said adsorbent comprises adsorbent in multiple adsorbent vessels
through which the process stream, material or sample from said environment is flowed for said

contacting.

54. The system of claim 53, wherein at least some of said multiple adsorbent vessels are of differing

sizes.
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52. The system of claimb51, wherein said carbon adsorbent is in a
monolithic form 53. The system of claim46, wherein said adsorbent

conpri seswadsartsasd2 i n nul ti pl e adsorbent vessel s throughTwiseeh/ostaeo pr ocess
stream material or sanple fromsaid environment is flowed for said
contacting. 54. The systemof claimb53, wherein at | east sone of said

mul tiple adsorbent vessel s are of differing sizes. 55. The system of

cl ai m 53> wheraieR g 5ﬁu‘IV]ieFe|b‘1 i ppltiplagdiproediacsel eontapn it aerP@isent

adsor bent s. 56 The system of claim53, wherein at | east one of said

Syst em of ol T et s oo fr e s AR S BBl fer
fl ow di r edwoibags ébrement s.  58. The system of clai m 53, mhereln sai d vessel s
are arranged in a unitary array for rotation, for feeding of gas through a
sel ected one of said nultiple vessels at a tine. The system of cl aim
46, wher e nTeaivdeBrcddn S5t B SpdrvEtlalconstn Safe) élafeﬁ d’ﬁ]oé’éi dowdstiement

i s flowedeetbiiugh a shower head device or a nozzl e-equi pped nmanifold to the
adsorbent for said contacting. 60. A carbon adsorbent having a bul k
density in a range of from 750 to 1300 kg per cubic neter (kg/n8), and a
porosity SB.r‘iFthBistcm dof bleimg) wlrcrdiysaglfvepds @s argangedi ima enitgyngey of rofai@niob feedng

Angst T ouell NG1ERY BRI BHPANARDLs QL of] @hm 60, 11 the form of a
pyrolyze nnno 62. e carbon adsorbent of claim 60, having a

vol unetric sorptive capacity for xenon, neasured at tenperature of 273

Kel vi n and. the BatendreBinMLIE whétbin 8did hi8asd sudadd n\é@rlblr@%rﬁiﬁﬁﬂﬁr{ vl dﬂﬂ'ﬁ)ﬂﬁl@lﬂtb@n
adsor bent <§§F%epe ﬁerb adsor bent on clal q% cte%i% ny
separat i Jlgwe a&?,"Ne n"PEf &t i oﬂOZESe%H? ‘6" &R A% in a

range of chwtgring® to 12. 64. The carbon adsorbent of claim60, having a bulk
density in a range of from800 to 1200 kg/nB. 65. The carbon adsorbent of
claim 60, having a volunetric sorptive capacity for xenon, neasured at

t enper at 6P eA sRrbaT Blsechgny hay ingragd budin denpighy in gy @ags A dronpTS0ftp A0 ISPy UGS Megp| unes

Xenon/ Vol ue’) Gad DRRosad SFRE Me- maidB, of s £8hR0m263RDADE ARfsushai m 60,

characterlzed by a separation factor ax,,N, in relation to xenon and
nitrogen, which is at |east 5.
61. The carbon adsorbent of claim 60, in the form of a pyrolyzed monolith.

62. The carbon adsorbent of claim 60, having a volumetric sorptive capacity for xenon, measured at

temperature of 273° Kelvin and 1 bar pressure, of at least 125 volumes xenon/volume carbon adsorbent.

63. The carbon adsorbent of claim 60, characterized by a separation factor ox.n , in relation to xenon

and nitrogen, which is in a range of from 2 to 12.

64. The carbon adsorbent of claim 60, having a bulk density in a range of from 800 to 1200 kg/m’.

65. The carbon adsorbent of claim 60, having a volumetric sorptive capacity for xenon, measured at
temperature of 273° Kelvin and one bar pressure, of from 125 to 150 volumes xenon/volume carbon

adsorbent.

66. The carbon adsorbent of claim 60, characterized by a separation factor ox.n , in relation to xenon

and nitrogen, which is at least 5.
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