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XENON RETRI EVAL SYSTEM AND RETRI EVAL DEVI CE [ Docurnent
title] Specifications [Title of invention] Xenon

WO eao8ioessadl system and retrieval device [ TechnoP@hiR2a07/054877
field] [0001] This invention pertains to a xenon
(hereinafter referred to as;"Xe") retrieval system and
retrieval device, and is useful especially in
retrieval systens and retrieval devices for xenon used
as an assist gas in production devices such as the
pl asma etching device that is used in sem conduct or
production factories. Here, "retrieval" neans to
sel ectively draw out specific conponents in a reusabl e
form 0 and
o SEVON RETRIEV AL, P e TR AT RE TRV DBMIGE e
IS used as assist gas in sen1conductor production

processes such as the plasma etching process. Xe is
DRemeshilpleePasifiGaiabei on, etc. during the process, and

Ti %Cﬁ %@Bﬂﬁﬁﬁﬁén‘?@tﬂb%l ta*f‘ud"\@irfﬁval gayipgn dioxi de
an reaction o ucts as fluoro

Thytmmcgicbldmd]( FC) such as CHF3, CF , C2F6 and C2F4.

ﬁ?Qﬂce Xe is extrenely expensive and a rare el enent,

0 rieval and recycle of Xe in waste gases have been

Trﬁ|§ mﬂﬁgn EREM3Ito @ieﬂ&{ (He| hﬁﬁe%%»fer‘réd teaglegd ?@t'n@vélo
l ect the waste gas froma section that does not

syafem endtratsieyshile\ier] arcois Lxsueﬁd @§Qec18hyem feitidenal y;ystlefnSt died

ecte from
reliibRoites fosienel UsBd asatbrseii R BBt uss iges suen
as(tBE)pladrhd @tdHigg GEvibe thavidieeam tbrddrideicidiprod@ton by
conbustion, catal ytic reaction or adsorption) of
fagteresi Tiergaselsevac meansde salrctiveliriraneauhspectiseomponents
in STRLEARYGIRroR BURIAINOROGRAmebhs BS RRIHBhS P
avol em corduct or “producti on process.
mmse@ran@qt he waste gas collected fromthis
section contai only approximately 0.1 ~ 1vol. %
[B@ﬁ@@}iﬂg ‘?W%’Sr ed to as "% ) of Xe, and
[0 g@%r oxi mately the equival ent concentration of other
stances such as water, CO2, and FC as inpurities,
Xe sausedmasassist gas in semiconductor production processes such as the

[
[
[
[

plasma etching process. Xe is not consumed by reaction, etc. during the
process, and is discharged as waste gas with water, carbon dioxide (CO5)
and such reaction products as fluorohydrocarbons (FC) such as CHF3, CF,,
C,Fs and CyF4. Since Xe is extremely expensive and a rare element, retrieval
and recycle of Xe in waste gases have been demanded.

[0003]

For retrieving Xe, it is desirable to collect the waste gas from a section that
does not affect the semiconductor process. Specifically, if the waste gas is
collected from the downstream of the detoxification device (detoxifies carbon
monoxide (CO), fluorine (F»), hydrogen fluoride (HF), etc. by combustion,
catalytic reaction or adsorption) of reactive gases located at the downstream
of the semiconductor production process, it is possible to avoid affecting the
semiconductor production process. However, since the waste gas collected

from this section contained only approximately 0.1 ~ 1vol. % (hereinafter
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technol ogi cal problemto be overconme. In other words,
to retrieve and concentrate Xe froma section that
wWQelo®s/06f83 negati vel y affect the process, it i SPCI/IB2007/054877
necessary not only to efficiently retrieve and
concentrate | owconcentratign Xe but also to
efficiently renove inpurities such as water, CO2 and
FC. [0004] Sone technologies to retrieve and recycle
nobl e gases such as Xe from such sem conduct or
refarc&motasn“r?/ Prodotes sed dppveximatsly thes bquibelent cem&rttlsaiiion of

eC|f|caIIy he fo g osalscnb i sted
oS St o Bl G OR BE: 95 WP YTs. Dee b ue
temégfeap&bslem&ﬁgé OVERIBNYES [rEotBiaP RBrdy, t6 PathicVé Radt he

pressure variabl e adsorption separation nethod (PSA)

coaseintraleoke frpm g sectiorethaldees aot apyativedys affeetitbe process, itis

g S8Rl dprtonafiehth Bt Ve R EObe SREUFTAL g ffation xe

but eldd e vetficieRle rains &s intpulitRisndhi 48 Wkl eCoa@8 FC.
di scharged fromfacilities that use nobl e gases,

[@%‘ﬂrl eve the noble gases by at |east 2 or nore gas

SRR IF B AB5R0 D0 ShEhted Soeegec

sefamcomduat@;prbfhattlm prowbb& ggﬁ@greg\/d(ﬁfw bten pa%m’gid
ocunent or, exa ef i pement net hods
Smicgﬁyethﬁf%o"wgﬁ% Scig|$ ﬁé ?9& at ed hydrocar bon by
d
QR b S T e e oA S
gases )ifremt waste g‘as;esé»yazqmtm)ung(th)e rmesxsweszanlable asoaptire,

f hj h dded I ,
sepamie pabEd iy snd BlaEh PR rouce VauPRs FRR ol
sepafdith MtHyd @érer &0 pRRne Bbsurhdan1 adr BRAM PT@ )y(He) and

hydrogen (H2) that are nornmally difficult to se arate

(2) r orhlatle e sga setsevarteyiasistyahiajiie wioekle\uasge cga din

wislB S Be AR RRrt o ATaEHEL B P hoBBoefnifitble R

nolde gasey by bt RBakentor phdrel geesk pangticip mésgémlar@alseom(e
2002- 126435 [ Patent docunent 213 Patent publis

refriqved igases baﬂﬁtqre@gltbﬂmzt@dbe F0g2$ %@@Mﬂlna@émﬁeﬁc”@?s

e G e

(3pppl Refatenmentm%oﬁéf@haﬁaﬂt@lmd o separafing hakgenated
hydrocarbon by low-temperature adsorption from waste gases discharged
from facilities that use noble gases (refer to patent document 4, for example).
(4) Devices that separate, refine, recycle and reuse high-added-value
gases (noble gases) by introducing methods, using PSA, to remove minor gas
components such as helium (He) and hydrogen (H,) that are normally difficult
to separate from waste gases containing high-added-value gases (noble
gases) such as krypton (Kr) and Xe (refer to patent document 4, for example).
[0005]

[Patent document 1] Patent published unexamined application 2002-126435
[Patent document 2] Patent published unexamined application 2002-097007
[Patent document 3] Patent published unexamined application 2003-062419
[Patent document 4] Patent published unexamined application 2005-246137
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[Problens to be resol ved by invention] [0006] The

foll ow ng problens, however, could occur with the
W@bwseessent i oned retrieval nmethods and retri eve€CT/IB2007/054877

devices. As to proposals ( 1) ~ (5); Method ( 1)

requires that the concentraﬁti on of noble gas in the

waste gas to be approximately 30% and is based on the

prem se that the other inpurity in the waste gas is

nitrogen only. Therefore, it can not efficiently
[Disefasoes bfgxlvbmlqnﬂre nobl e gas from waste gases with | ow

as con ation of approximately 0.1 - 1.0%
[Pgﬁ-ﬁemﬁgoi’ﬁé% E’VA%VGYE'SHI aining FC. It is also not
@wllcable vvhen FC exists as inpurity. Wth nethod

when the waste gas contains such inpurities as
Thﬁaﬂoﬁmwmgcpzroalems:@om@yeh apacb e cauwitiotheabavenmestioned

refivalels oo el PRy ReRons I HoPsHr (iobic: roam

M@tﬁ@d%mprequmy kihdtitBE cOhbéntFRTBH &F Adblé B8s MPHeewa s C?a%sm be
for exa , is stated, regarding the recycle

an@ml@a@%lx 30“/A§fldd3 fased onghe pagmise: thet thef@iber Rty it the

wia YA Arugh A CTnBe: ¢ St UeE iy pure
nomt gdefrorNwEse gv@shatraiow mbltelgasrmk:en@aﬁon of . the
rlty concentration is | pm or Iovver

anpearmaaly 0707 ﬂn@%raﬂdo\ﬁéf‘he %@apé@m%men[t@omsf%f Itdaelse not
t t I hi ghl
G e e e e B B o e ot () P

Wit swdthde(3), wlexqeuithesrvasmesgab lcoatatino$uch mmmﬂzles dsowater, CO,
renmnvi ng hal ogenat e droca

ARG JP R et e Biticionty Bhe PEinaRaRs

se%@F‘a"clo‘i‘n%rbBQs%é‘éhdoﬁ%f Ws@éarbﬁ@#ﬁéﬁb@%t their

herefore, 1t is difficult to apply it in this
dovensitnealmogind sbict inapuritisiseridl remaiotsthainable gas. éﬁefog;y

' d d k., pf
GBIt T P B aachr s SR N s 2R Aol PHaT 0 es
anmdurds ihpanfies Sl aSoxRidn, etidgedt, Waee 0w, €O, fmw@@a}bon

since it adsorbs Xe as wel'l as hal ogenat ed

hyeyeness @anBorrions dinifewpaiiaiegases, that cameothersempyed and
reffdfh BErE I UIE SRS AbbIRoBEBEETRelralib P HOGIRA B 1o 8s "
anidhddsiraibly €@sprh or lower” (paragraph [0048] of patent document 2), this
method can not supply highly-pure noble gas of 99.99% purity.

Since method (3) absolutely requires installment of a freezer for removing
halogenated hydrocarbon, it is not necessarily advantageous in terms of
energy when considering such performances as insulation. Therefore, it is
difficult to apply it in this technological field where methods with less energy
consumption are required. Moreover, as a drawback of adopting a low-
temperature adsorption method that uses an adsorbent, the Xe retrieval
efficiency is lowered since it adsorbs Xe as well as halogenated hydrocarbon,
and discharges Xe, at the same time, during the regeneration process of the
adsorbent.

With method (4), when the waste gas contains impurities that are easily

adsorbed, such as water, CO, and FC, and since these unnecessary gases
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adsor bed, such as water, CO2 and FC, and since these
unnecessary gasesare al so adsorbed wth nobl e gas by
W0 b@8A6I633t age adsorption cylinder, these unnePE€BER0§7/054877
gases remain in the noble gas as inpurities when the
adsorbed gas is separated by the pressure sw ng.
Therefore, this nmethod can not supply highly-pure
nobl e gas of 99.99% purity. [0007] As descri bed above,
t he met hods that have been reported so far are only
ara@isd adgsrbed avithauibde gas by the t1E‘-stage1 ade@np@'nn rcatimdm bk@se

appr oxi mat e 30. nd not . meant tr
urigBRBL Y R8s Toran indhe b RhSanas Rtities Whef fid Gt
gdsQ¥rsepaRRad b?tth@aréé%ué@swung ITRérefdve Ry Rlethddéah AGE
not ap ﬁl icable to waste %ases that contain such
supppURighlygairaokia gas ot82.99fdpmdy. [ 0008] At present,
[O(g(?@ conmbustion nmethod and pl asma deconposition net hod
generally used to renove FC. In the conbustion

Ag@tdwibedaibovaptHmetholsiiat kdveabeen feptsd ssfdrage only
assi st gas for combustion and the Xe concentration in

applieakigde avagte gases with high-epnesntiatiencttarpreymatelyidde
5og)ff,ﬁt%ﬁdtr%t %P%Hrﬂ;fb%ﬁﬁé rréﬁ&‘?&; le, b Qe fronT QR géeéé hih

nle t'he combust device. I'n ot r mnr
lowfoenaeniratioroXeyasit 19%3; Nmremeﬁm@/chrapwt applicdidd yo waste
10-fold. In this. case l e hanismw || be
gaﬁgéé@,%té}%m%'aﬁué ﬁmevef'%mas e«af%reﬁ} - and the

[0&5$| ciency of retrieving, concentrating, and refining
be | owered extrenely. Wth the plasma net hod,
Atqoepdrdt ther @robastionf mBthddsartl plasnd decosmgbsitiorc methned e

OB PIRTETE: Tiine oo LSRRG, Prdts -

voflirhé iof dlrtis uEQ@@Q]thé'légs@bg@é?fdr\t%nﬂfus‘hbh?an'drﬂﬁ@D(é on is
to provide to the user a sinple and efficient

coneeniratian innbevwaptagascithe evigt aidhe eembrigtion dﬁwce drops to

apgl%fnln%;f&y '/‘%H %§f tﬂgr%égné;éfﬁéﬁ?ﬁteit ?ﬁ'@w%{t Jf‘?ﬂg er ) e%h‘@b

as wa erel na

deatee’ | Inpihét wesls) tHe amowasbwgsteasas usmraammgpproxumately
| ow concent rati on Xe, from such sen conduct or

10pfotsiutht thsncase, edaeaesseale fRehanismiik be eRgs Ay de salrieve
srkAAGLHRSE, X! 3 FROSROLIRY LY RtE et o
refining will be lowered extremely Wlth the plasma method, complete
removal of FC is difficult, and since the FC removal efficiency greatly varies
depending on the FC concentration at the inlet, its applicability is difficult.
[0009]
The objective of this invention is to provide to the user a simple and efficient
retrieval method and retrieval device that can retrieve highly-pure Xe by
functionally removing such elements as water, CO, and FC (hereinafter
referred to as “impurities”) from waste gases, containing low-concentration
Xe, from such semiconductor production processes as the plasma etching
process.

[0010]
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Xe" nmeans Xe of 10% or higher concentration, and
“hi ghl y-pure Xe" neans Xe of 99.99% or hi gher
W@ owseeoBat i on. [ Means to solve the probl ens] PODIB207/054877
The inventors of this invention reached conpletion of

this invention after accumy ati on of dedicated
research to resolve the aforenenti oned probl ens, and
di scovered that it is possible to realize the
af orementi oned objective using the follow ng Xe

Haret Howicanceyisation Zadmeansixevell 1%enncentraidmiof lowsrs high-

nvention,i,Ss a_s e t retrieves xenon fr .
cob PSP Xet mEaE HesOndrtarer b el FAM, shdc bioblyspure
XeARe &K aOF 0019084 oPhigHe? €BRSEMeatRIPEr at i ons i ncl udi ng

at least the follow ng processing processes of said

[Meanpitesolve Ahe prefde@spt i on and renoval of
[O(Hbfl uoronet hane that is a type of aforenentioned
orocar bon, using an adsorbent, (A2) renoval of

THel iHoesteps Slothisiavemtibrsasadhal ednmpdstibri dfathis iaventiorpafterf
af orenmenti oned fl uorocarbon and concentrati on of xenon

acgdmyptigaofsiedigaied mesarseibliaraselvethgafargsriionsd rapllems,
T f.or 0t | : ' ,
e et Rl R Yt e R R R sing
théréotiowirhg e retrisvabsystbonarithnatgyaldesicer at ed bond, t hat
éi%]a type of aforenentioned fluorocarbon using a
[00®Hctant. (Caim ) [0013] As stated above, it is
THISRREALIO B é("b?é'te hét ??tﬁé\%?é ReddEb iSRS HRdt Rtain
nmeans to retrieve highly-pure Xe fromwaste gases that
xeaontaaidrat|least dlonoesarban,i and dwmraclgrized byygoerdsing operations
. in%ri i es ang)”that there is a limt even les:
Inudipp A5t e follgwing B'E‘%CSﬁS'HEe?ﬁ%Cef?a?\‘??rﬁ’gSaldr“faé%ﬁ?’
(AR INGdisBfstioAr shdepibval BEtrifllibpsthethanefthatis @ typgemt i on,
as a result of verifying the separation properties of
aforgmentignaf fleloedgasbemdisittpo gdaeansgar di ng separati on

(A30 LS\ BEGRRlo TERAS HBGULRG YT hoHS yRiheh (ags | 1

e conventi o Separ ati on neans; and the
afefiepiarioheé fflueedcavbort BAd abhaagedtivm ofoferiohasingrgass,

segia?act%\{ler;lg%btrgr?és,i tis

(A3) adsorption and retrieval of aforementioned xenon using an adsorbent
and separation of xenon from said adsorbent,

(A4) Removal of fluorocarbon having unsaturated bond, that is a type of
aforementioned fluorocarbon using a reactant. (Claim1)

[0013]

As stated above, it is impossible with only a single-function separation means
to retrieve highly-pure Xe from waste gases that contain low-concentration Xe
and various other impurities, and that there is a limit even combinations of
separation means having different functions are used. The inventors of this
invention, as a result of verifying the separation properties of individual
coexisting components regarding separation and refinement means including
various other means in addition to the conventional separation means, and
the distinct effect of the arrangement of these means, discovered that it is

possible to remove the impurities, which had not been possible with the
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possible to renove the inpurities, which had not been
possi ble with theconventional nethods, and obtain
W@210806®B3 pure Xe using the processing oper at PONIB2007/054877
i ncludi ng the processing processes of (Al ) ~ (A4)
above. [0014] Specifically,gwhile such el enents as
water and CO2 in the inpurity are renoved by
conventi onal adsorbents, as to FCs, it has becone
possible to effectively and efficiently renove
conwputional ewetbgds arisi otita exdemnelyipomne aﬁewsi@grﬂ\mpro@essing

trifl th F3 th _ad
onskater PR Rerheea racce RO st dsrenona
o6 ei nafter referred to as "saturat ed FC'), such as

tetrafl uoronet hane (CF4) and hexafl uoroet hane (C2F6),
Spadificagswhitepauelt elementsras araier 209 CQurin the dppurdy asad

rebENBH Ry Sy SRR EBHRE s, JORRS bedSife BRLLBle o

eﬂe@tlf/ag |almdr6fﬁc§|bbiﬂlyﬁn’e€?nc6\fé?llﬁ4bur&ié§ Hyeamﬁbmmmswpm and

react ant Mbr eover throu
remoagb@f tafluo(@mih@%@ldh)dﬁlﬂp Adsebent (A1) a@,p%r@ﬁgﬂ ahdon

reﬁﬁr\‘/‘?rﬁggc%ﬂawn Sba égf r?cf‘o ﬂ"ﬁ?ﬁ%ﬁ@ﬁ%ﬁ r8d ‘PcS 9§e§§tgﬁeﬁ‘éb

eCO possi al n
F@ ’l)lrmldhcnmieltr)aﬂaamlhétbahe X@lFM ahd Ihek&ﬂlmrbettmne'(@2§6) with
|nvent|on ma S e to retri eve Ure
GaRSPTARAN MamEs e (Rok Ppaseatia s sl S RESReUrae
un%a rH@deodrﬁfg Hefei ﬁbﬂ«?ect«%‘%d"té Q?]%r@a@@raf@& FCe)V§UcFi aki o,

synergi stic ef such 1 npurity renbval
teh‘raﬁlmroeﬂnyham (Eahg)aand hexasluorepropene (CHRY),1EIth matantt(ﬁé).

G S BT R5E DL 8 BRI Fbsear i sl

mEPBEArd Pprobésd ADAFCAIdobONSA IphbSedsq AR Laness beesmat
the discretion of 'the user. In general, in nost cases

pqssml%tqj@@,ﬁarrablgblytmirarar@rfgecmmﬂmaxcewtdiejwﬂh dttig Ings))
ThIS n"F\/A‘% |on {nagg%@lt pass t@ ??%FI%P?H’] g}l‘{\ﬁgﬁt%nf(g% 2h'H

I'S Ccon ﬁpUTI IeésS nave

prbﬂ@ﬂslymmempobgbleslandqorbhueéea sihtle asiFisvalaystgm with a high
rocessi ng rocess (Azf&’: in which the Xe concentration
regm@b@locwﬁ [YNBEHRI R et OFf Rush HnRgity rgmoyal fygction and

coPeBRESRARINRESS eSS (A4), in which new additional

Impurities such as water and CO2 are generated in the
[00®BIcti on process, it is desirable that the opti nal

AQler QL T heprocesses be set 1o AU {1 NG HIETRLS are
restrictions depending on the sample condition, it is basically possible to
arrange them at the discretion of the user. In general, in most cases it is
desirable to arrange them in the order of (A1) > (A2) > (A4) 2> (A3) so that
the concentration process of Xe is conducted after the impurities have been
removed, but since there are cases, as in processing process (A2), in which
the Xe concentration process can be conducted simultaneously, or as in
processing process (A4), in which new additional impurities such as water and
CO, are generated in the reaction process, it is desirable that the optimal
or&er of the processes be set to suit the sample condition. Since in this
system it is possible to arbitrarily combine multiple processing processes of

different forms such as adsorption, reaction and membrane separation, and
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W@ Es0at68HN,

systemit is possible to arbitrarily conbine nmultiple
processi ng processes of different forns such as
reacti on and nmenbrane separ ati on, PCT/IB2007/054877
andpr ocessi ng processes that individually and/or
si mul t aneously conduct inpuity renoval and Xe
concentration, it is characterized by the possibility
of establishing an extrenely versatile systemwth
such broad-ranging applicability that had
pProcessing prtelsEes ﬂmmdjvidualiy atd/er simultdmeouslye;onducﬁ impurity

refielBEaE XecrrEBRRalSH. b s “hmradedinn, Bt BESRds g "
e%&%ﬁﬁ%ﬁe%@rﬁ@ﬁer&é‘tﬁé s?él%nﬂﬁﬁ’th's‘%ﬁcbrbéé RéndiRg enabl e

to a broader range of e condltlons
aqpmoalalltthatshadwomuertblnnalaky be&@uoavaltabﬂe elaitheyrarenit is also

bov @E cterized by inclusion af t_the ¢
ooy Sl R ytCaPRL Plabetng nedfs (ishisoRwigRmgeature
prﬁs@r@mg@ s@@@@btwmaéésmg proveess efat Gl rﬁerﬁlﬁnéd\‘ﬂéter to

(A5) processing operation including separation of
enabloapplicadilibhise beordajeapgo ebsamaledeandiliansaper at ur e
[0 %ljdl tion |l ower than the boiling point of xenon, or

Sai‘d processing process (A5) and the foll ow ng

THis estiongs pixenes setriedd)systm isedtedmband charaeterizeaf by
residual inppurities using a high- terrperature getter.
inglasign @f sye f@'@N’}g mcﬁsﬁ'ngé%r?@@ﬁ&ﬁ '@)ﬁgﬂﬁ'ﬁf‘f’f@ﬂ e from

afSRMRRBNEN r?/b%%_sﬂ?gjg}_ﬁkgg/o@&fms |f g Xe of

appr oxi nat icult to
(Aéa)pcmmssmge)o&aﬁ@ﬁ mchidiyid yeparaton efxemomby la ghase-change

ordre e By Sis oo B Lin Badiod bbbl 698hon
orisRY bhdce8SinglpraBRIsNS A the IR WARGRIEQEHY 3kb6d)

this invention, it has beconme possiblé to
(Aéb fsepar@hcn ndrrémeyakokresittuay impuritieswesing arightempenagure

%for the first time by an efficient
ge?g i%‘t%l"g%%and concentration step using gas separation
oerpranes in the first stage, adsorption using an

adsor bent and sel ective concentration through
Wik @dﬁHﬁV@h system foaXe ferreseputes rantaiing %ﬁ@n@rﬁtﬁé‘on Xe

of%@ﬁp@&%‘@?%r@iW%Agpﬁﬁﬁmg%oﬁﬁeﬁﬁ%‘e E)J E‘P{Bﬁly Pure

e 1 npuritiés
degremwittl, a singldistatibiprocessiigeopdration oir nadtlpiemmgesomf dimilar

t hat. the phase-change tenperature at this tlI’[‘E shal |
typRs sigFsdh ggmlpjenalsgaomal inyurities at approximately the same

concentration. With this invention, it has become possible to efficiently and
consistently retrieve extremely pure Xe of 99.99% for the first time by an
efficient separation and concentration step using gas separation membranes
in the first stage, adsorption using an adsorbent and selective concentration
through separation from said adsorbent in the second stage, and low-
temperature phase-change separation from the sample, after most of the
impurities have been removed, in the third stage. A required condition is that
the phase-change temperature at this time shall be normal boiling point of Xe,
which is —108.1°C, or lower than its normal melting point of -111.9°C, at =110
~-150°C. Here, “low temperature” refers to temperature of —110°C or below.
[0018]
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which is - 108.1 0C, or lower than its normal nelting
point of - 1 11.90C, at - 110 ~ - 150C. Here, "l ow
W@ 20vpes@msire” refers to tenperature of - 110C PCT/BEGVAS4877
[0018] As to further highly-pure Xe that is demanded in
the |l atest sem conductor production process, it has
becone possible to efficiently and consistently
retrieve extrenely highly-pure Xe of 99.999% by
appl yi ng a separation and renoval operation of the
Ag esfudbal hightyspurei s thas iisidermahdeth in thedet%lt semkgmduetori n

I to third st { £
PraRIHpN R Pl R Rse BRaR GRS e and B Sibisal,
retﬂé’vé dxfreRTEl ARyhBpareXREen 90 @9‘9"’/@5?'ap§b9ﬁ'¥geﬁ13§béﬁa¢i@n and

above, characterlzed by conducting processing

remah@ﬁ)&ratlm ohtheshgsidved Inpurdisisi useng/\ﬁtfﬂgfptﬂrep%rattﬂecﬁetw;\ln

I d b t at the first
oo e 500 Rta Chad B Ll hEREN e
phasecpepyesepariRps (Al ) . (Caim3) [0020] As stated
above, the inventors of this invention have nade it

[0@b¥si bl e to retrieve desired highly pure Xe without

THIQ R ehti@NS 2 TRAEN BARETal &Y<t SHhtSH GBoFL SIRRL efded p
ﬁ] % %g %&S coexi y? V\% % % Conven?':tl Ona

cohdamlrﬁg(pro@@é‘slyigdjpfefatmﬂ tising gyethktic zeuktb ywitirspmg size of 4A
nmul ti pl e processi ng neans. Anong the FCs, as to F3

Ofﬁmﬁj@rﬁﬁm gisorbentgdhe gﬁﬁt@f ‘?rﬂ\d alwnainyiy pxide &t |
seEBﬁH s't%geciﬁ'bﬁ‘ggerﬁégﬁ (1R proBdddisd Emde%s?ﬂqi) f‘élgﬁﬁ B?’nel y

sorptlon process using alum nu
[O@Z(Dde Thi s fact has a significant inplication in Xe

r et al t by, furth
AL SalesE S Mt veptast of BiinEon 3% sedist asghle to
reﬁ@b'o@snr@& Hi v Ehféke%ﬂ%t IassTRIR Gl )éaé@éTﬁwV\ﬁhWﬁts@ch
ecane possible to further inprove the CH

elemsoms Wﬁtara@@zlétnjd Hys peexiehwhieh badrpenyantipmally been

R it by RahEy DR Rplo s S PP Blvona e

FOXizgdeto CHFPmsprE6TBE iPRSS rdlcalddinstbiseedrificativn that it can be
concentrate CHF3 t hrough separati on of CHF3 from said

exiigsw!y efficienily, andesriectiviehtiemensd Wit epiasisarption rRPESShas
usﬂ%glﬁ?mﬁﬁﬁsdﬁ(ﬁ& TLQ%&] has a significant implication in Xe retrieval

systems. In this invention, by further adding synthetic zeolite with pore size of
4A or smaller at the first-stage to selectively remove water and COy, it
became possible to further improve the CHF adsorption capacity by
preventing competitive adsorption at the second-stage that uses aluminum
oxide. Moreover, due to adsorption of CHF3; by aluminum oxide, it has
become possible to selectively concentrate CHF 3 through separation of CHF3
from said adsorbent and, hence, individual retrieval of CHF3; has become
possible.

[0021]

This invention is a xenon retrieval system stated above, characterized by
conducting processing operation using silicone or polyethylene hollow fiber
gas separation membrane modules as the gas separation membranes in

aforementioned processing process (A2). (Claim 4)
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This invention is a xenon retrieval system stated
above, characterized by conducting processing

WOp@BA6I6dN usi ng silicone or pol yethyl ene hol | BGI/IB20&Er054877
gas separation nmenbrane nodul es as the gas separation
menbranes in aforementionedy processi ng process (A2).
(daim4)[0022] In a retrieval systemfor Xe from
sanpl es that contain FCs, while it is desirable to
al so separate saturated FCs, such as CF4 and C2F6,

[OQﬁﬁler retrievabl e conditions, removal oper ati on of

I BTt Byt 50 B T B Fhp Bl R Sl s

deRablel to afls P Bepura e s urited hnc;s %m&h @BICENSnd C Fleé?ttmﬂér of
this invention discovered that it is cgossl eto

retérewaelueémdmnéwtﬂr@ogaitqmeaatm @fcsa@yraée Eﬁér@mgaan adsorbent
is RBP&%%ﬁcéigc{Jégtoﬁ{s @@Org o‘?/ﬁogﬂic}’e% Vég?M Tguggﬁén

as’ separation ne said

pr@@&sﬁ@‘ﬂarsaiysm’m nth@‘mh%lﬂorssofethi%dneérﬁt&ﬂidlseonﬁed that it is
concentratin and enabl es performance of both

POBER too?@m@ﬁﬂ)é FerRO¥R saBIates s by shseraratien pragess using
sﬂﬁbﬂg%ﬁ)ollyettryhéﬁ %ll&ﬁ?lggpéga %gpéﬁﬁl%%é}hgmmwu%@.

retrieva aration nmenbrane as
Mmreevemjsmcecxmqbgaemépa{ama?dweﬁib'rme isvasd effactive ia xenon

t | tated ab t db
copERTaE 1 b BLSH RS PEHRREANER OGP RIS UBHAT4 at ed
cof#hBR BondiBh MeiHLs AR prbSesy ?trbe%ﬁ?e §6§s‘?’ol8fto fonPh hl%hly—

| arger, nol ecular sieving carbon wth pore size of
puse Nemegaval systamcwitih saigh gasmsefaraties membrane agsts majar
in af o;emsnti oned processing process (A3). (O aimb)
° In a Xe retrieval system a high Xe retrieval
[0@dd)i ciency is also an inportant requisition in
addition to a high concentration rate fromextrenely
ThisivenRtenis axeeen seirieyal systamo staded gbeve chesaeiatized biii s

oo B ORRESPIRISc P9, B SR ATRPRE gLl

zeuhengitte pbfeesiza of bhadrddrgear bolecuiy sidwig cabenlwitrepade size
Of%&re size of 5A or |l arger, nolecul ar sieving carbon

T IBEsteE, @ 3 B0BPINAK0pIOT taesrens ABradzoRRRIMAIG B esHoned
préé}%%?(ﬁrrog??%g&%{ g(g;gélﬁ ggt has excel | ent adsorption
[0024]

In a Xe retrieval system, a high Xe retrieval efficiency is also an important
requisition in addition to a high concentration rate from extremely low-
concentration Xe. In response to such demands, this invention has made it
possible to compose a highly selective Xe retrieval system with little loss by
using either activated carbon, synthetic zeolite with pore size of 5A or larger,
molecular sieving carbon with pore size of 5A or larger, or a combination of
these as an adsorbent that has excellent adsorption and separation properties
for relatively large molecules, in addition to the gas separation membrane of
the first stage.

[0025]
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for relatively large nolecules, in addition to the gas
separati on nenbrane of the first stage. [0025] This

WO 200846368 i S a xenon retrieval system stated BGDUB2007/054877
characterized by conducting processing operation using
cal ci um conpounds as the reggctant in aforenentioned
processing process (A4). (Caim6) [0026] As to
unsaturated FCs, such as C2F4 and C3F6, unlike
saturated FCs, it is difficult to separate them under

Thiginveatiabliea rxendrn rétopga Iﬁytsterast&tdé @bbeeat chaacdtegasd by

PN bEfeRR BRI Rta pbing SRR D iqunds s e TEagat in
af&@méﬁﬂlofn%@'ﬁrééé%l Rﬁd&fss‘mﬂl} aitaifs) di scovered that

various conpounds at contain calciumin particular
[062®Ing al kal ine earth netals react selectively with

AL et B3 8007 RR FB A P ERRh oo B FER RS

diffiean e selsarateeteng andéeictlievadie teitoMIstERagbdstrdehtEnd
time, and enabl e performance of both functions under a

gascyRRRRatisharemiyanes 1 he irvanorsraf daisdnventiope thatie verification

PrB03E B il STl G B YO XFed ARV BB,

um co unds as onen

digddveremmwanous sompdends that kcahtamebaicmmm perienlar botong
a"éﬁﬂnpl es that contain xenon and at | east f| uorocarbaon,

e gRieta's seartselachyelygvith unsaturateq & Gsgindagicagditions
in W Qe fely %e?fs?mss%ﬁw%fteé ped. 9aGmRbSEr, sirfek %Ikélir{eséalﬂum

sorption neans ed wth syntheti'c zeo
cop)mp(mr@"lszafeca‘lsoﬂfuseful fomaeinevingrdO2lal thar samexinde, and enable

arra r a A2 as se aratlo maan conposed
pedforBRREe of Bolupbiohs Vedia oRahits o uen age Same

pré €9, tHRBMEEPBIANE tHBSkH 8highiiddurs %%ﬁ.éﬁéﬁ@wémmh
nmeans filled with either activated carbon, synthetic

Cariemi QoENRR UrispRs ks Biajer esmsonesyt. | ar ger, mol ecul ar
[O@ﬁ:vi ng carbon with pore size of 5A or larger, or a
i nation of these, (A4) and reaction neans filled

Thié ifventds isimdeoitpatadetes/dseamionrfiom (Sehile’ that cORRH
xenon and at least fluorocarbon, and characterized by having at least the
following processing processes of said samples;

(A1) first adsorption means filled with synthetic zeolite with pore size of 4A or
smaller and aluminum oxide, arranged serially,

(A2) gas separation means composed of silicone or polyethylene hollow fiber
gas separation membrane modules,

(A3) second adsorption means filled with either activated carbon, synthetic
zeolite with pore size of 5A or larger, molecular sieving carbon with pore size
of 5A or larger, or a combination of these,

(A4) and reaction means filled with calcium compounds as reactant. (Claim 7)
[0028]

To efficiently retrieve and highly concentrate Xe from samples that contain
impurities such as FCs as well as low-concentration Xe, it is vital to have not
only processing means with removal function of individual impurity and

processing means with Xe concentration function, but also to raise the level of
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To efficiently retrieve and highly concentrate Xe from
sanples that contain inpurities such as FCs as well as

WO osocfesnt rati on Xe, it is vital to have notPORIBR007/054877
processing neans with renoval function of individua
impurity and processing nmegps wWith Xe concentration
function, but also to raise the |evel ofcapacity and
functions of each processing nmeans, and conbi ne
processi ng neans with both functions to obtain

cappnity ghd functiohs ef each pradessivg means,eral catebineegprocessing

mEts R opfh L Petivns 10 ARERL R8RS aflpet IR dhe yppuetigval
de‘?/fdéc@éfdnﬁiﬁgﬁ@%% inveation! %@ﬁﬁWe%Hé?Qctﬁﬁé‘ﬂ'@bs dopaihhoh of

means and nenbr ane separatl on neans, to make effective
m'uiﬁﬁledf/pemf privcgsEing MRANSOhEt afe adshptignBasnsprensdssi ng

R B HaREe RERREI R DS dheald gl R e 6rin8 uniaue

fuf@cttmsﬁlera@h e 6f prdcessing nesaty, ahdnelotifsrscharadteristic is to
exanp as to the adsorption neans, by neking the

make 5%9 aﬁmmpp@fﬁﬁlmmﬁsan%sor that theovaras tere abROCESSB8
SR B TRACERS ( bloni A416 RECRR ARGy

mamhg thalfist adsdrption Ine¢aveetio fuhetiomas entay:isom‘rwairocess for
unctlon and Xe conce tratlon functio i S. made.

to..
impyatis&0RlYnaRH et RPN ”ﬁ%‘@sé% Ur?é'ﬁ&raét ff“@)ﬁAasorpt'O“
rH@é@%’ BPKe i td?@hrféz'nbﬁtbe%}?é‘@r‘?fﬁé f’fﬂmﬁﬂy F@rﬁB%lﬁHH&fdrPéhd Ke
concentrate e an he sane tine as a separa 1 oNn
compantsatiar fupation st mddeCA st thdhe afeecahidehtration furctioantheegas

usi an _adsor bent  a g the urities, d the
sepiAlfn DeRbEm o1 bR Thabeocentat bmeses fuidietBo i on
cofeaRFateBe BRY iaf theSsiie it bé @nlpabP rohebAs féH QRE8ENT

neans, it is possible to provide a sinple retrieval
FGrethat arewlifficut tgﬁemweut@m ae ffipetibent gmongtthe implieges, and

thé SEEATY EondtineBy8R e firCion P& gsclbliph EGPR,

méakihy @uth furivtionasissengf tﬁieémscdzésll@gjme‘alnsnlt istossubIe to prowde
af orementi oned processi ng nea

a $igRle é@?ﬁ%\‘%tqﬁ”@es‘@'ﬁbh&hl r@H'%bﬁg'CWVﬁ@at&ﬂ% @5%‘6% of
d at tenperature |ower than the boiling point

hlﬁﬂ/)@gﬁ%ﬁe or said processing neans (A5) and the

[0820]l owm ng processi ng neans; (A6) renoval neans

onsi s a high-t rature getter
Th?s nwenhon a xenon retﬁeva evﬁjcec ractenzecg g‘y%avmg the

following processing means in addition to aforementioned processing means
(A1) ~(A4);

(A5) low-temperature separation means having an open space maintained at
temperature lower than the boiling point of xenon, or said processing means
(A5) and the following processing means;

(AB) removal means consisting a high-temperature getter. (Claim 8)

[0030]

As stated above, it has become possible to retrieve Xe of extremely high
purity of over 99% by using the processing means (A1) ~ (A4) to remove most
of the impurities in samples that contain Xe of low-concentration of

approximately 0.1 ~ 0.5%. This invention further enables efficient and stable
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[0030] As stated above, it has becone possible to
retrieve Xe of extrenely high purity of over 99% by

WaQIg008H6I6BE processi ng neans (Al ) ~ (A4) to rePC/BXWUHLS4877

of the inpurities in sanples that contain Xe of

| ow- concentration of approximately 0.1 ~ 0.5% This

i nvention further enabl es ficient and

stableretrieval of Xe of extrenely high purity of over

99.99% by introducing the sanples to a | owtenperature
retS@RALAXeWT eXBRRfERYhIrRYy bP¥edread eI At By iBtroBEEIng BRs €

to apply a processing operation that acconpani es
sarpplesdo ehawdempasateioy separation meansdeaving pdewitemperadure

ongFEpeGh Eaul B rbk& Tl BoPlaBhah et chu etk Enoe.
Mohe & eifpas aiddesit pesdiBle theonBRtentR reRRAEd OMerxarinely high
rempval operation for residual inpurities at the

punityiof evesPRGAIYS by agAinD Gwranesisd neanscosepiFing advighreans.
erEHEES el Bl S DK RR el A SRR UG

impetticsen dhe rattiehethgarst suehnowtampaestugesapdratidi gleans.
retrieval efficiency that enable functional renoval of
[Efieehat i¥s BY¥eriQfth sanpl es that contain | ow concentrati on
[OOé?] and retrieve highly pure Xe. It is also possible
to add such neans as the | owm enperature phase-change
As stgiad abboe, ihisgpussirel withtthisrinventibnito previpe assilipke tedrieval

el ey Rhstems it RN geh VLA RSy M aneRia fgetional
renhdVat of MSINtieTorh Q8A%led Mt %Qﬁtfaiirgld)'i/\ﬁ&d')r%én‘?rfaltion Xe, and

i mpl ementing this invention is explained below. Thi's
retiemeeiighlyrpure Xe. sl & @lao tpeasiblector adsl sychxmeting as dberfsives

tent b P A B sl RePeuBllued® #48 SsfaBi e brSehis o
obtagMivtdler AighfHhGreUsd BY udihgaflese badkd furtibnsepar at i on
and rempval of saturated FCs (such as CF4 and C2F6)

[Orfinel configniatianifemimlenrenting Hus fwengenlar at i on

[00BB{TDr anes, (A3) adsorption and retrieval of Xe using
an  adsorbent and concentration of Xe by separating it

Thé configaatiomdsiongiemientiGdhis ireatitionis axlainedheddw.of

Thigqg\?énl%&)ﬁtig g slils err(l ?rlljaqthret?lsevgg I):(Aé rcr>]no1I s%smF;%s that contain Xe and

FC, and includes at least the following processing processes;

(A1) adsorption and removal of CHF3 using an adsorbent,

(A2) separation and removal of saturated FCs (such as CF4 and C,Fg) and

concentration of Xe using gas separation membranes,

(A3) adsorption and retrieval of Xe using an adsorbent and concentration of

Xe by separating it from said adsorbent,

(A4) reaction and removal of unsaturated FCs (such as C,F4 and CsFg)

using a reactant.

[0033]

Specifically, it is a system that uses a simple and efficient method to remove

water, CO; and such FCs as CHF3;, CF4, C,Fg, and C,F,4 from such samples

as the waste gas from semiconductor production processes, such as the

plasma etching process, containing low-concentration Xe of approximately 0.1
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using a reactant. [0033] Specifically, it is a system
that uses a sinple and efficient nethod to renove
waR08106566X2 and such FCs as CHF3, CF4, C2F6, apciT/O2per/054877
fromsuch sanpl es as the waste gas from sem conduct or
producti on processes, such as the plasma etching
process, containing |l owconCentration Xe of
approximately 0.1~ 1% and such el enents as FCs and
retrieve, concentrate and refine Xe. However, in such
~ APpans $ash aerhéts SBIF CHrahidaeaievier odhcdritte phdaefise Xehe
Xe concentration and the conponents and concentrati on

Hewerwip it SYGILBrOpEP§EA% MG SETBICABRUTAL PEIHURBR REPcasketne Xe
C(Qrﬂ:%n rgﬂgrq 'aﬁ%i the c@ﬁntpgﬁ?ﬁg%rw %ﬁ%ﬁtréﬁ%ﬁ’ of ﬁﬁ@ﬁﬁ%sa\ﬁa& he

ore or e Was

grteraﬁmj&pendlpgmmlsethéetr@(gés cahediatgly aftesthe process is
processed as the sanple, but if t hf? ctgncent rati

rmcsﬁseq 2s the $ryBRiepPE %%@8@%07%‘ & R W@%eﬂaﬁgﬁa&ﬁgm

eEQ dseté)‘(lﬁ(t,ﬁ fnbé/ ?Qé |§¥)Péﬂés€§@%§§ﬁegaﬁ¥plé‘ |f§ﬁe

ner gas as that "can
ccvrmmﬂredom)ys ltughslt sts@le b@bmaessnttwnimlttm fu@ctmns of thid s

gqg}t Tt|1 roceSS| means and Bro%es afe} tentfs

3PPy Rocese High HgeR 88 1Bt B % gas

thé‘tjégrﬁ BEIr€MoIBE byRARVRkstd?h PISETo id ih@roﬂh@i‘h@ﬁﬁtoqﬁls@j@%m
usi ng an adsorbént This i's a processing process for

Tl@HPB)Ctelsalﬂgl rseans gpe pedcessingonitents mge detailgaipesactapwcess

b I Is desirable that al um num oxide is used as the
%%lor bent. Al though synthetic zeolite and activated

[ood4pon have conventionally been used as the processing
adsorbent for CHF3, they were insufficient in the

(Alds oé\ﬁwr@hor@ aﬁddewv%moe@@%eg Areapsp A dirc'esitg afi on
ﬁ?ﬁ the verification process by the inventors of

s’invention. As to zeolite, for exanple, it was not
Thieds blprecéssirag pioeess sarfGHES Bt isaal $yyepof OO caedistiegival

SRPBER 1t D asSrte i i pxite in sSd o Sseroent
ARKG RS SyrRhethEr Efitd URY bcf.@éfewcaao&rﬁé’we%mm.bﬁa||y been
adsor ption capacity of Xe and ot her conponents i's al so
usedyas thasprceesiog adsorbeat fdri GlE:, dhey were tnaulitiendtieine | t
a%%)rﬁﬁ(?lﬁiﬁgézf?qj{%ﬂ’ﬂﬁ%@égqﬂ@%w-&mcen ra{: on ?;‘f—YFé’ in the ven?ga/f’on
process by the inventors of this invention. As to zeolite, for example, it was
not possible to achieve sufficient adsorption and removal using zeolite of any
pore size. As to activated carbon, it was revealed that it is not suited for the
purpose of selectively removing CHFj3 since its adsorption capacity of Xe and
other components is also high. As a result of verification, as stated later, it is
possible to obtain removal efficiency of over 99% by using aluminum oxide.
[0035]
The form of aluminum oxide to be used here, such as powder or granules, is
not stipulated but considering the pressure loss of the processing gas and
processing load at downstream, granules are desirable. It is also desirable to
use activated aluminum or sintered compacts that have large surface areas.

[0036]
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[0035] The form of al um num oxi de to be used here,
such as powder or granules, is not stipulated but
W@ si6esd ng t he pressure | oss of the processiPGI/IBE07/054877
and processing | oad at downstream granules are
desirable. It is also desirgble to use activated
al um num or sintered conpacts that have | arge surface
areas. [0036] Moreover, in this system it is desirable
to conpose a processing unit with synthetic zeolite
Mwiddvepdn ¢his isystenf, itdd desiralieltb eonatostheprocessing taievitmd

| d
SRl B SR B A R o
alﬁﬂ?n r{]%% rétQhé‘%cM %ﬁé% Sé/hfl@bﬁmﬁ Itﬂ%?:?l(@é itself ha? hlgh

y renovi ovvere eref of e
capasiy bf ad$mrb81gauater anb|(gD2,(ﬁHFBr|gmabpaﬂpofsemJ¢1tm9 system of

adsor and \[I t hes onents t
sqlweae @%1%&9 o s HoB et i PobeiBle. B shglre &
h.% ; Sat 3 fefiol gﬁgpcgf.éﬁ g%&@iﬂmﬁg%ﬂu%rrmm@e(ﬁég@aom POREAR

and’concentTati on processing process
thaf adéemose lilgely bscamistrimthosampledatdhe dirdtistadeal |
0@3 espond to the processing process that assunes
[ eration and renoval of saturated FCs, such as CF4

(A@'}d %&atlérﬁ‘ﬁhd @érﬂo@al%’r@@e@im%: @98 %F ShiurgtedFEdand
e, and at the sane tine first-stage

cmmoﬁatlmraprmsplncm@@e&@ofﬁﬁ@uel@g asts separation membsanes

1 EREh POt s P S bR R AR BRe BBt B
rePiRe bf Yatlitited #OY @b@h‘d abCF, ariteCrmy, evdtare artgps bf HCkur e
of the gas separation nenbrane is not stipulated as

caexifgingdn the raPien andrad thersatedines) the st ﬁ(ﬂﬁl@ cangengation,
heg&iR t
p,lotgss %%H&JSS%)@ & E?%gpoﬁ)l%é?\%ﬁe(%g%% SI Tblt cone

nonpor nmenbr ané nade
memiidranes thavbate b@mlymérmeattﬁgepmpeﬁy feraXé and poodgss by

o sereogR R R e TRAAReBbEh bt o8 gas
sépearmﬁdﬁméh@oraﬁg iORGH szfﬁiuhéfeatastl&ﬁgpsg ftHHahe AfordAntidhed

Iov_ver and the latter, wth a normal heat-resistant
funehqnm duuu ae tothexoot@rial of e mapibsanerit was &ungeihpt Rpgh

oAFP SR 4H 6 pRBlS ne LBVl etlormast et
th@QféPiﬁéamﬂbfo@@% bfishé BIV@RtcTS ofeidraRatien ds2esteitigter. The

forrrr%g?lrsagsnerg!?y suitable for use at ambient temperature and optimally at
temperatures of 40°C or lower, and the latter, with a normal heat-resistant
temperature of 200°C, is suitable for relatively high temperatures (above
ambient temperature, or approximately 50 ~ 100°C). It was revealed that
such porous membranes as ceramics membrane and zeolite membrane, as
inorganic membranes, are also usable.

[0038]

As to the structure of the membrane module, for non-porous membranes it is
possible to use, for example, a spiral type membrane module, pleats type
module or hollow fiber membrane module, and the inventors of this invention
found through the verification process that the hollow fiber membrane module

is desirable in terms of processing capacity.
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i norgani ¢ nmenbranes, are also usable. [0038] As to the

structure of the nenbrane nodul e, for non-porous
WOoremwBoetes it i s possible to use, for exanpl e, PET/BRR007A154877

type nmenbrane nodul e, pleats type nodul e or holl ow

fi ber menbrane nodul e, and éhe inventors of this

i nvention found through th& verification process t hat

the hollow fi ber nenbrane nodule is desirable in terns

of processing capacity.[0039] Since the nmenbrane area
[0a"o]t he gas separatlon menbrane affects the processing

capacity, is necessary to have a certain required
Slﬁﬁﬂﬂbﬁdﬁ@mﬁfﬁmﬁ aicagfdbe gas s@paraélonm@m@r@eaa@ts ﬂ”leger

proca Rt Bl TR AbNan dh ool et I divtiey

arexpag @atembaep avdrhbraneanes sarger teabihattiy n@f:e%ﬁf?%rtthét
perneates easi|y and increases anount of perneation of

pr%é@@tﬁfﬁ@”@d”'ﬂ@ﬁuﬁ@ﬁm{@m% teagnenphranetprpeessing effigieacy or

solBb AR ool PN B bt B sy

inc2@asesléio@nt of perefeatiah bégmthfah gopiot pernkale aRilp). et is
rate is set at 20 ~ 30Cslm [0040] By using the

therf@ﬁ%@ Sgairaklade é'sﬁét et angdima geeditiop. iSpesdisallyia this

v RhP eP 57 SpeRanateRLoy 0[0“?%&553%@%*% AR he
pranessimgtazmploflonf ratdis &t at @05~ 30466 t hat was 0.2 ~ 0. 5%

OC%:Q the time Xe was unprocessed in the sanple.
[ eover, as stated later, it is also possible to suit

ythﬂqgsma%@rrHaaﬁ@muue%éé aésmosmﬁ)ef atq%b%}@ne% dMin

only using a single nenbrane nodul e but al so conbi ni ng
remavaligiiciemendlreues 9Gdiorestirates bas aff 160 ~ot0GRapinaland at

0 SEAARSRIE et SBAPADRNBoShe KBS0 221 cRRREH ) <,

0. B%rmerm ti mtalmmémd%@e@ﬁ@ﬁ@%mblewabéw@paisﬁtat@ﬁ
Xe from adsorbent This corresponds to the

latelo ffde ﬁ{Spaqq%rbl@.t% gdit H}%@ar}ap@d&@ga@ens@& and srecifigayipes by
no grralgrﬂa%l fﬁgiﬁ%%raﬁé RS BulRIsE Cohinif #GtSE | S

er t
membrane modules in a parallel or serial arrangement, or combination of the

two.

[0041]

(A3) Adsorption and retrieval of Xe using an adsorbent and concentration
processing process of Xe by separating Xe from adsorbent

This corresponds to the concentration processing process of Xe in the sample
in the second stage. Since the molecular diameter is larger than other
molecules in which Xe coexists, it is possible to conduct a highly selective
separation process by performing an adsorption process using either
activated carbon, synthetic zeolite with pore size of 5A or larger, molecular
sieving carbon (MSC) with pore size of 5A or larger, or a combination of these
as the adsorbent. This process is divided into the adsorption processing
process and separation processing process, and it is possible to retrieve gas
that contain highly concentrated Xe by conducting the adsorption process for

a designated duration of time in the former, and then separating it by heating
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nol ecul es in which Xe coexists, it is possible to
conduct a highly selective separation process by

W@eoB06IsBg an adsorption process using eitherPCI/IB2007/054877
activated carbon, synthetic zeolite with pore size of
5A or larger, nolecul ar si1evi ng carbon (MSC) with pore
size of 5A or larger, or a %onbi nation of these as the
adsorbent. This process is divided into the adsorption
processi ng process and separation processing process,

theaddsdrbenhtsin RI9S fitlek € At ehi§ Ghid, YFulRér pltgingaABRIsB it Miith
concentrated Xe by conducting the adsorption process

a smell amguel efrined gaguefiicieohsenaration processeandienperforamdl.

soplfPal PRETp 8o sl sgFBL AR BRE PRE™ 10%adsor bent
cot¢dritration M id peesIsIBto Pétrib el dftedate aBEdiptibR AndsRPAFAIJrON
process can be perforned. Specifically, from

Prasespes s dsgapivih derfditht 9§ %xeorgerdgrationo o,
[00RA centration, it is possible to retrieve, after the
adsor ption and separation processes, a mxed gas wth

At ¥es tines A is-d8Sitaite ne anered thanflo 004 sahplehitshé bgorbieht
is desirable to reverse the flow of the sanple at the
by s B SRIRIOBFNE $EPRERIIONIPEPSAMHPEASEAPRR K Y5t SPeBY (iR
0 Lt - .
ad8/BEREAES, B LonFloit (b ducbifioA TaEaR st diy e airbent
unitiaint ahtite sameHienes aomdudt tee sepalation phecessp tiad dthrer

a0 BarBEfh s s SutHind fe iy stefon e chgdtibpime, ot

prae8SES 88§ be PridemBardbafingsLgent i nuously. [0043]
Al t hough, in general, the adsorbent units for the

[004@$or pti on and separation processes are fixed to the

ADGGT 26 6881 Y ol RS R P BePirta Bkfmareten
prdceesepatd et i tHe Xan ebtelovd HevRRITbG intkeking tHdeniadpasdent
units. Therefore, it is possible to nove a unit after

rerpRyaRitit Srrassibieio divisisr theisyatenn dtedhe apsrermsida aedm
' . he. ian. ,
coRh I SR BBRRER R KB5Sl Do«
unit afiducempletioglof the adsarption prquess e she Tipstsearh witd amchhen
i.ncrease the versatilit this syst meﬁtﬁnd are

f
el PIRATUYY BIoGess hihedpuestiean § whiem, and
thehdBHheF Rt BhiGbUHACARRDLENS THeSARRROhs RAAE the

> Xe retrieval device to an existing facility or
versgtility of tys system andeare @spevially useafubiretheraspestoihrgdiitiog

the restrictions in set-up conditions in cases of adding the Xe retrieval device
to an existing facility or expanding it. In the following sample processing flow
paths the upstream side of the flow of sample is referred to as “upstream” or
“‘upstream side” and the downstream side is 'referred to as “downstream” or
“downstream side.”

[0044]

Although the main function of the adsorption processing process is
concentration of Xe, the volume of adsorption of water and CO, also
increases at the same time. By adjusting the heating temperature at the
separation process, however, it is possible to purge them and increase

selectivity while maintaining the adsorption state of Xe. For example, it will be
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pat hs the upstream side of the flow of sanple is
referred to as "upstreamt or "upstream side" and the

w@ummsmeam side i s referred to as "downstr eanPCDIB2007/054877

"downstream si de." [0044] Al though the main function
of the adsorption processi ng process IS concentration
of Xe, the volune of adsorption of water and CO2 al so
increases at the sanme tine. By adjusting the heating
tenperature at the separati on process, however, it is

poBsidH tol farther sefyagete dienpenmshts itieatems @os separated cbryha/\tei e
mai nt ai ni ng_ t he adsorption state of Xe. For exanple

sep@raxnomcapag@s 3t heeadseTRiAN EFesR Py FRTBVIRg FRBANES S Wik
Iov@ ﬁs&g)ttloﬁ??ﬁg%Faqgreofhra?%‘?loW gﬁff‘é h20t SGRRN tﬁ@h

sor rocess reno conponent's wt

ap@tysmqbt proves$ sy Ianghﬁen/ipbraiugahhdaaivmtrgaper ature heat
(ﬁé} rge and then apply such processes as

@h tenperature heat purge. [0045] (A4) Reaction
(Aa?'Tweaclcneq?g@%%émoeé@&ﬁ&Er&fesg@%@h%t@&a&ad FCs Yshga a

t ant rocessi ng process that assunes
reactant i on and rem)val of unsaturated FCs such as C2F4

C3F6 th FCs h I
R o e

un%gﬂﬁéteaﬂf@é EL&Rbs YCZM bHd Mgt e d thes F‘@(st d‘Uél;ktstlng in the

fecting Xe. As to cal ci um hydroxi de (Ca 2)
Sacm’r@(ﬂmﬂ’@kaﬁ mﬁvaaﬂagemhtm@/mﬁa@wrwonmunds react speCIﬂcally

R ECel R bR S BT R SR

oric®nippemdbvatH calcibirahydroxide #3986 menmahp@ﬁéntpit &nasefalffor
unsaturated FCs of several | OOp ~ several 1000p

thisGustem sisce, it alsp eravsestsrifre 0 Ogueﬁ%ﬁﬁbaﬁa&p&% It

gkt et sk )
se@/el‘meDmsmrmsei/@rabmﬁmﬂd of these elenents (e.g. soda

Qﬁ%e etc.). Specifically, it is possible to renove
[0 4 by the following reaction formulas 1 - 3. Simlar

Hér%ae&bﬁm c%%oehaéhrb%% HRhDW RIS CAIThERyareMaES .

I's al so desirable to conbine these conﬁounds in
(Cta(ﬁ)lsl)gs)y@qleum carbonate (CaCO3) and/or tricalcium phosphate
(Cas(P0Qys)2), or compounds mainly composed of these elements (e.g. soda
lime, etc.). Specifically, it is possible to remove C;F4 by the following reaction
formulas 1 ~ 3. Similar reactions are obtained using other calcium
compounds. It is also desirable to combine these compounds in this system.
2Ca(OH), + C,F4 » 2CaF; + 2H,0 + 2CO --- (formula 1)
2CaCO; + C,F4 » 2CaF, +2C0O + 2CO;, --- (formula 2)
2Caz(POy), + 3CyF4 + 6H,0 - 6CaF, + 6CO + 4H3PO, - (formula 3)

[0047] '

The form of calcium compounds to be used here, such as powder or granules,
is not stipulated but considering the pressure loss of the processing gas and
processing load at downstream, granules or granular compacts made by
binding powder are desirable. It is also desirable to make their surface areas
large to secure reactivity.

[0048]
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2Ca(OH) 2 + C2F4 -> 2CaF2 + 2H20 + 2CO - (formula 1)
2CaC8 + C2F4 - 2CaF2 +2CO + 2Cx2 - (formula 2)
wQansNeEed) 2 + 3C2F4 + 6H20 - 6CaF2 + 6CO + 4H3RCHIB2007/054877
(formula 3) [0047] The form of cal ci um conmpounds to be
used here, such as powder Q granul es, is not
sti pul ated but considering the pressure | oss of the
processi ng gas and processing | oad at downstream
granul es or granul ar conpacts made by bi ndi ng powder

In @dgesdFFENiRRING. futther Bighlyssure &, itabldestrablerk %de‘(ﬁiE:? low-
surface areas large to secure reactivity. [00489 n

tempgyatiirefrhagechangs gepanetine Pregassing prgeesxand (A6) kigh-
' I AD) r r -

e N L
progetsiag ppocsResi(Ag) PALESBy ubingdtetd added furttions, it is

af orenenti oned processing processes (Al ) ~ (A4). By
posadblggetrieys dighlvdyre HBaf ic¥aEI91909 s PRYsi bl e retri eve
[ooﬁbg\:" y-pure Xe of over 99.999% purity. [0049] (A5)

Lowt enper at ure phase-change separati on processi ng

(AP ocewdeipesatue phyvesctesyet deqtaraii@msptdessiog pabcdssi | i ng
gint of Xe that is -108.1 C, . and. refine and separate
Thi%i'aﬁwoga%ﬁsethﬁéuwi qr @Pﬁf\arpe"ﬁrpégge-@ﬁswg@&ﬂra&
1 ISk S
A e o DA T € e it B8k eipnsb Thange
separptioabbtrenshmplediom alhicremost ohity inmardicsdwye bdesinl | ng
te rature than Xe, such as nitrogen 1L.oxygen
rerbGUR. o5 B CnP SRR E Bl ST Chahharegker
boilifg t&HHBErA@ERAAE NeS sGete Bs %ﬁrdqg#{('l\lz%ﬁ@?@e_ﬁ‘(@@) ARPHEJdN
they have | owconcentration, by introducing the sanple
(An) foanthepainelpdbat eandaing sexidudlc@nionenty such as st gases
i £ I Lt ]l . hj [ er
eveBtGiighiifiey fravé o SaeistioR, hEtlichd eSsiipe to 8
opémppacd thes id codléd td eved ~ofl SOBT.0Bpépifinallylitrise pvesible to
case the sanpl e before processing contains renmaining

higblsapurerXe f QY %YLt pﬂsw [ameye Hsaforneptianed
kR gy Y21 M0 BN P B
progedsiog menties tdrpaingty CBy ét iXeolsgibépial einmyyetihby cooling it to —
110 ~ -120°C, which is above its normal boiling point of —128.9°C.

[0050]

It became possible to efficiently and consistently retrieve Xe by applying the
condensation operation of the third stage using the low-temperature phase-
change separation after removing majority of the impurities, in addition to the
efficient separation and concentration step using the gas separation
membrane in the first stage, and the selective adsorption using the adsorbent
and concentration by separation from said adsorbent in the second stage.
[0051]

(A6) High-temperature getter processing process

This is a process, in addition to the aforementioned 3 stages, using a high-
temperature getter that is a means to remove impurities of molecular levels.
The process involves re-vaporizing the highly-pure liquefied Xe, remove low-

concentration residual components using the high-temperature getter, and
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condensation operation of the third stage using the
| ow-t enper at ure phasechange separation after renoving

wWoregostéey3 of the inpurities, in addition to thRCI/IB2007/054877

efficient separation and concentration step using the
gas separation nmenbrane in the first stage, and the
sel ective adsorption using the adsorbent and
concentration by separation fromsaid adsorbent in the
second stage. [0051] (A6) High-tenperature getter
furte? ¢efisd Ay pePrass XéWith éverphighecpsisty. iISpeatfidally,dn to
the aforenentioned 3 stages, using a hightenperature
sepieies antheme wshighhedindopeiahernaprengiis asidl2 gpd water that
r -
arq Rl o Y dime 41 Rede Rananieet e Gu aRBEIARD
phasscharde semratiempsoaessngnd bmaliiagiourdspérerhainghget t er,
andfurther refine and separate Xe with even hirghrc]e,r
compPNents Sgﬁbtﬁsf'féa@%y%”q 2.5 B pagkasdt pasribledpsgeyre highly
- b/ I
P R P AR A S e B B Glor 7l
gettenitaigrarspooge, fohazempha gzt is bpateat toaevprad€9SC. and
@ﬁ" anounts of remai ning conponents such as FC, 2,
[0 N2. It makes it possible to secure highly pure Xe

At His OHRS, oftfer WATRitamilrH ShbXgdYit FRIdRDbId BPuseRBh&VaRorable
through a netal getter, titanium sponge, for exanple,

gettemmaleasiateeat@duas aireaniemalanegiuntironcdBy](fram sughs ti me,

t th i tadi it ] i\ble t

RSy S B AR RO 31 e BRRG" rs! RoiEer,

degira510nb BarwraAmit6F bVerDeh lppvr {d themprouess nBiRgfias higher s
as SAES Cetters, Nuprure, and Pureron). It is,

termpoRRP gefesi Hapsample Wit large pmauny obmpivEiesds psgsiasspd.

not 8%% ﬂfrt&ﬁgﬁ%f the ggﬁérf\ﬁmfﬂ JRR Rt Hiso #ETdfthion 'rﬁdaﬁnot
Sa "'e” w arge nount o |rrpur|t|es I'S processed,

recover thergaftdre 1hdnistrespeatf it ishsuigétd for tive Hdfineenest fprocassruf

ut also its function y not recover thereafter,
mufiile Staebsesnis| Sl R e BocEsSiaH ErotaseBabis ouitable for
4 ] j ™
XotERTfaPs o thaflcRuRL ity Blid R b 8Yet ST Ay
suely 8 dings semicondeqioir peodesghl y pure Xe of over 99.999% i n

0(%rity such as the sem conduct or process. [0053]
[ Asi c conposition (conposition exanple 1) of the Xe

<Basicr dotEdsititiV {ceenposition example 1) of the Xe retrieval device
pertaining to this invention>

Figure 1 is an outline diagram showing a basic composition (composition
example 1) of the Xe retrieval device (hereinafter referred to as “this device”)
pertaining to this invention. Specifically, it is composed of first adsorption
means A1 in which 2 adsorbents are arranged serially, gas separation means
A2 comprising gas separation membrane modules, second adsorption means
A3 filled with adsorbent, reaction means A4 filled with reactant, third
adsorption means A1’ in which 2 adsorbents are arranged serially, low-
temperature separation means A5, removal means A6 comprising high-
temperature getter, and attachments such as the transfer means (pressure
booster and vacuum pump) and reservoir tank T.

[0054]
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pertaining to this invention> Figure 1 is an outline
di agram showi ng a basi c conposition (conposition
we@x@apbw3l) of the Xe retrieval device (herei nBET/B82007/054877
--referred to as "this device") pertaining to this
i nvention. Specifically, iéois conposed of first
adsorption neans A 1 in which 2 adsorbents are
arranged serially, gas separation neans A2 conpri sing
gas separation nmenbrane nodul es, second adsorption
It igTEB ExAAplel blitsblafdrib e tidieit caseS ARt iATINB Gesting waste
filled wth reactant, third adsorption nmeans A 17 in
gasgs tamzsemisendieriospradaction armgegseesuch ag plasma etching,

AR oG HER S erat (e Lo nafS yRHOREh iR 4
rerftNid] desideN SRl it ERisicaPleas Suhpldwosdieas titde that
vacuum pun{;ﬁ)&%nd reservoir tank T. [0054]1t is, for

CoRiRNYREr VY wiadion @it agentdamperature ebibissdevieg. 0.1~ 1%
| NMOJve ntieat, s fof 0 1 CQN i i
C YRl LA RES RS SE BRSOl OB SRS Shpceniation
Xes Biplasitidnangiagesssasnihly thaa tblbWisy pracesssedf sed sgmpleshis
devices as a renoval device. Specifically, it is
proyigfd balpwe It s Bawpyes netitgstided fp8Mhat “ contai n wat er

[Od§5§h saturation at anbient tenperature of this device,
.1 1% CO2, 0.01 ~ 0.1 % CHF3, CF4, C2F6, and C2F4,
Ananchniplé of tHepilooessing opetatminisard tie dekicel vaittathiedonetiions gf

ea) GomRtonesetriE] AEnRAE TGN ofor Saaels SR e 1
beldheMThé QRRELT e SarpR! @nPliniBeX P BRSESAIHSHoRBSS 8p&@BN is
of this device with the functiions of each conponent

equiveletétallimpteragriation kamplen loprovideddalepl e shown in
[0656?”6 1 below. The state of the sanple containing Xe
er each process operation is equivalent to

(1| "Fhesai@é inrdeadnd ﬁwié]szﬁéﬁvisctﬂ'dsép&tz@d-to iR B6%iIrdd 1)
The sanple introduced to this systemis pressurized to
Pressereles0r @d Mpakydur rresaurg. bapsienvh 2o thgn rieadiged to
L A o
cylmddrzdeffillad, ss miehtiened peevivardy, avitds ymtlesticozesdlive with tpore

S S 2R e L RS Tin A SR Hetedch
steRRCAN AHdBIDperated at ambient temperature. Mainly water and CO, are
adsorbed and removed at first-stage 2a and CHF3; is adsorbed and removed
at second-stage 2b. Depending on the adsorption capacity of the aluminum
oxide, water and CO, may further be removed at the same time CHF3 is
removed.

[0057]

(2)  Then the sample is pressurized again to a desired pressure (e.g.
2MpaG) by pressure booster 3, and then it is introduced to gas separation
membrane module 4 (corresponds to gas separation means A2 and such
hollow fiber membrane modules as those made of silicone or polyethylene are
preferred). At this time, the pressure of the permeation side of gas separation
membrane module 4 is reduced and adjusted to a desired pressure (e.g. —

0.1MpaG) by vacuum pump 5. This separates Xe to the permeation side of
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2b, and is operated at anmbient tenperature. Mainly
wat er and CO2 are adsorbed and renoved at first-stage
WQ200a106568HF3 i s adsorbed and renpved at secondPGI/HRPE07/054877

2b. Depending on the adsorption capacity of the

al um num oxi de, water and may further be renoved

at the sane tine CHF3 is r ved. [0057] (2) Then the
sanple is pressurized again to a desired pressure

(e.g. 2WMpaG@ by pressure booster 3, and then it is

the ghs adpe@tioh ongabradepaichsatarate® FUsaiehaslorg afd C,F, to the
(corresponds tont-gas separati on neans A2 and such

NORATBIRaLIPB StdeniHbe 476 SepalAtios membriaae tralipw @fﬂment
cofiphEAn SXPRh FeibLANE CH.all €L " Sobcindiy Rindedfe

essur erneatfion 3§ patati
to mamt:nsr&rme ed2itees 4old Sadtr&d\m:eabtamllreﬁldj chfS(éEtb dj\fer37 e sariced

res e . - 0.1 aG by vacuum punp 5. This
re S%Ef égé%gﬁ@ﬁﬂ@“ﬁgﬁ%ﬁh on side ofthe gas
[War ation menbrane and saturated FCs such as CF4 and
CaF6 to the non-perneation side of the gas separation
(3)me rrﬂ'mar&am;nje abhoentedtéd ait gas sepacdioh madibraresf m¥dulentlis

of CF4 d C2F6. S
oo aL 65 P et g rosstss ke Bop dMBAG) bY brassyie pBOSET Pnd
théﬁ mﬁ%dh@ed’ﬁﬁéd%’? 9|or§169\|rfo%¢l19?c&': G4 dsrécbﬁd 20B8M RN
| ower. [0058] The” sanpl e concentrate as
megssai 3k |Aﬂsqmmm1 @yl@dﬁ*odlall%ﬂmm wntbleﬁbeuaa:tz/@mbd oarzbon

syAffaME RERRE AT hiect o S LLRTOP ot i ERES Sighd afbon

withQsure @SR0sdsA bDIa‘ﬁ@@rCIBCée@éiﬁlQéWtdd%@rW@nsr H&33ample that

Adsorption cylinder 10 is filled with either activated

paéw%mﬁoug@ Aesripfien geliderd Ovip disnesed osirguesest. Afterdhe

{
=B8N oo S5H R0 523 DoaERE RO ARE, 21l
cylrates €@ thht adsgitbed Xerip heatedcyl 25016r byl Bleicticthees et tor

RETEM PR e e
ad§5‘r§ﬁloﬁ@§/%c¥&d1 oRith 8 é?ﬁé\t%ohﬁt ¢fe é}%ﬁé (E r%)::Nz fc. )h%ﬁic?ént

to séparate XE adsor In the c
separmon ipyograsgiangoe performet.i dhe ofe Gumenpatl@rm aﬁgzt m@mg will

bedth b SEER P leeh B s S85cm R e s et The e
appRXARaIcdaly B R Rite BYEHH Semplel ihtroduced to adsorption cylinder
10, Xe concentration in the sample, and adsorbent capacity, it is possible to
preset it. Itis also possible to make adsorption cylinder 10 to be a removable
unit and divide the device into upstream side U1 and downstream side U2 of
adsorption cylinder 10. In case this device, in its entirety, can not be installed
immediately near the Xe retrieval facility, the processes of this device in its
entirety can be performed by removing adsorption cylinder 10 this device and
transfer it to a device, having the means or functions stated below, set up at
the downstream side in other places. It only increases the process of
transferring it and does not affect its technological and product-related
performances. It is also possible to retain the sample containing Xe retrieved
and concentrated at adsorption cylinder 10.

[0059]
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be 70 ~ 90% Since the duration of the adsorption
process can be approximated by the flowrate of the
W@ 200pleseBnt r oduced to adsorption cylinder 10, MET/IB2007/054877
concentration in the sanple, and adsorbent capacity,
it is possible to preset i It is also possible to
make adsorption cylinder 10 to be a renovable unit and
di vide the device into upstreamside U1 and
downstream si de U2 of adsorption cylinder 10. In case

(4X hi ThdeydsantainingtXe eaparaeid/iro@atsostiddecylingert O @
i nmedi ateldg near the Xe retrieval facili t}é the
f]

terpperagibstileddn resgryolndanict. theniprgswtiized de yp Gesiregapressure

(o BE0 PR Y picR TR B AL AlRe R M Al e B kb
cylnder @3qcoresparidat tedebetionmeants A4). Reactien @9%%&&
side in other Flaces It only increases the process of

hegieghierthae desiged rﬁﬂ%raaﬁes(ergopvaf2%@).stel@@f@ﬁmﬂa&j?c?a|and
unéﬁl@reﬂfee% %If@n‘@fj grrgﬁﬁ)?/%ﬁ 'ﬁa\)lr?q kSt Q\ﬂt}s‘tgd

to retain ta|n|n d TR BVEd
and dine eampatied oﬁCaa@Bk),f :pde NaaOH'Ke gdﬁ]sdalﬁ)meﬁ ﬂmﬁﬂfhl(thaadThe
as _cont ai nj arated fr adsorptlon i nder
cyifiers 'ﬂéﬁffoh??‘? CPE PP ER TR (o8 SATRIet kRN 7150 b

re@b@@@gfihé%nﬁ@tlﬁ,edeSI red pressure (e.g. 0.3MaG by
pressure booster 2 1, and then introduced to reaction

[OQQﬂ]i nder 23 (corresponds to reaction neans A4)

O catbp Snile HEfordd o agaeth Slobates FetEar irosyced
to a@%mﬂ@@bylfrﬂieﬁ!(if(@on(ré%ﬁﬁs't@E!Hr(YadQ@Mbn'nSeéir%WY'?dThbé

having it react with and the conpound o

ad%%f@tuam Zyhnferdorpeted agam@lentﬁ@mneraw@d ig filledhwith

S FSE TS APt SRS ldfy S0P ©
aluhiauseoyide irdihecerogddtidgonb eaet canraydvadeterZhd 60O, as

. her intro ed to ads rption cylinder 24
'nw&htéee@ﬁa% g@ﬁ@?ﬁtm hals e&qwtr@@ahef igagtipn cylifider 23 of

(4)%‘?/6?&'0% ré%'oh@?@{t?lzénd @Qﬁ ggé ald It@ﬂh €85 ction between

tenperature, iIs |teW| th
calpiving oempeuods and onsatuabtediFC tah'ei szpmirt—sshlglg@uﬁﬂeatwn'dof Xe

M al um nu h’ secaon cgag and can re h
e e e ey e SPnaRe \?é‘eCB§S?ré’éatr?W8V? m
beRtrehdrRi g@mbiﬂd(ﬁ\@l@h% dueng theResMbhvteipettupé phdde-change
above, it can renove watér and CO2 generated by the
sep@ggpn orogssswasdrclog up the flow path. Hence it also acts as a
measure against this problem.
[0061]
(6)  The sample that passed through adsorption cylinder 24 is introduced to
cooling separation device 25b via pre-cooling section 25a to perform phase
change through liquefaction or solidification (together corresponds to low-
temperature separation means A5). Cooling separation device 25b has
insulated open-space section 25c¢ inside, which is cooled to the boiling point of
Xe or below, to —110 ~ -150°C by an adequate refrigerant (e.g. such as
liquefied nitrogen) for refinement using low-temperature phase-change. Xe in
the sample is either liquefied or solidified but the (remaining) sample that

contains impurities such as Ny, O, Ar, and CF, that have lower boiling point
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cal ci um conpounds and unsaturated FC, and supports
hi gh purification of Xe. Mreover, when water and CO2

W@e@soeiwBRhi ned, it is necessary to renove thenPCT/IB2007/054877

bef orehand as they condense during the next

| owt enperat ure phase-chaﬂgg separation process and
clog up the flow path. He it also acts as a neasure
agai nst this problem [0061] (6) The sanple that
passed through adsorption cylinder 24 is introduced to

thar0Ré aRE RERARE thRSUGFHEYh £R-ARthgd Wil eSO d s ER% UL Bas

25a to perform phase change through 11 quefaction or
or mnisedi flihedevelrof @ach démparitycmmpepen dts thediduefied digeidaarur e

separ at,i pn ans A5),. olin eparati on device 25b
solf ] S GreRe Ssed in dBPeLatbARR25e | noi do. whi oh i s
[0062¢! ed to the boiling point of Xe or below, to - 110 ~

-150 C by an adequate refrigerant (e.g. such as
(7)1 i qubeiligdefigd ensmidjfiedogampleiiifentbeat rarsapayized through

. hase- ch . inth le Qs .
ool A4 1 PR ARGLTRER wod o el RERIR o
SpGRIPLED (tb%étl"@@ BbakSSondRWenid\$ sl 46, Ndtanfn spbnge
and CF4 that have | ower boiling pointthan Xe and do
26k g hepfet e angrPpnatsdy epAitgandiwaten £Qt ansoedeeragly small
. : | exgel ~of h. i '
am SR Gl refiniR el S st 1REE1 QP qrdS B talle e be

remavedt thewsdedoft@1pmm Ty effielcdily use G2 ltitdnimTsp@nge,
liquefied or _solidified sanple if further re-vaporized
rempyey ¢ Nagass F f%éz?(yi RIRCeFIIRg nsdil) The) statpdd abpvscless

ne@8ahy! eWiﬁPnatﬁ%eﬁroEgéso‘t' %]n%ééésl, lﬁ%‘é? %%QH N@refRRr b %@gg g r

correspond to renmpva an t ani um sponge
puiity asefirtad graduch@gr oxi mately 650 C and water, CO2 and
Oogéiremsly smal | amounts of remaining el ements such as
[ , @, and N2 in the sanple can be renoved to the

In PledVerthe PutitpPsiTXe btahhidd mrs@ﬂm Mwél%rérhéﬁtidﬂéda;ﬂbé&sin%
sponge, renoval of various FCs by %rope33|ng means (
opgratios pegaimingitodbisdevies isdbtesionty whey istamardast, didess

Lo il [ : j : Y . 0 [ :
polinlkoRERR% Bub BBhLA el Y SR BRT U e
opettiahs ) + (B)oupis distepassiblerte nbisenies pprigasssd bygre-

gper ati ons pertaini ng to this device is inferior to .
subjggling thearapiadatrievedjand concentrated at adsorption cylinder 10 in

aforementioned processing operation (3) to aforementioned processing
operations (4) ~ (6).

[0064]

<Composition example 2 of this device>

Figure 2 is an outline diagram that shows another composition (composition
example 2) of this device. It shows a set-up with multiple units of processing
means A1 ~ A4’ (including A1’) of the composition example 1, with serially
arranged gas separation means A2, and other processing means arranged in
parallel. The basic functions are the same as composition example 1, and the
differences in composition and functions are detailed below.

[0065]

As 2 gas separation means A2 are arranged serially, its processing operation

and function is different. There is no difference in the objective of
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possible to raise the purity by re-performng the
af orenenti oned processing operations (4) ~ (6). It is
W@b®e/0pw3si bl e to raise the purity of Xe by  PCT/IB2007/054877
resubjecting the sanple retrieved and concentrated at
adsorption cylinder 10 in ?%orenentioned processi ng
operation (3) to aforenentfoned processing operations
(4) ~ (6). [0064] <Conposition exanple 2 of this
device> Figure 2 is an outline diagramthat shows
coAtaNithRingCTRAG irdin@RinGCOPPASd TLRY atdaARIsthgilictng dH S
device. It shows a set-up with multiple units of
popyefdens Rellave fiber membrang madule ps thergasgeparstion leembrane

it i 1 h. serd.al |
mERITRS IS b AEARE ¢ pebh b P ot L bRE RELRA57
membraingethd OF pandl0.Fl ard bepdrasidCatf ity 6dn-poAn@4atort e 5 ARE it
_as conposjtion exanple 1, and the differences in
IS %?@WQ(P tq igrravel thaperaratien and caacantralipnrifisancy.cuss)

retfiSval HRSerGPA R bg%oﬁﬁgﬂaﬁgﬁé rrgtti?rﬁ ?IB\W/gﬁqlalsc‘ ﬁ &)QJtil:%’I?r.

I'ts processing opera unction i's eren
[00B®dre is no difference in the objective

fc itrating Xe and renovi ng CF4 and C2F6, and in
Sp(égi?'gg'?f ir'1tl '% géﬁlﬁ%s FeR &P petasipd rﬁ’ég?fﬁﬂrﬁ 69 PEMpafahby ane
e j N i
réRe Boddiol Bafd iTRRoM AN BET MR I8 UL Sepdfarioh, |
merebianemeodind 4CHYt thisctira? Abegrezmeatian atdedofagas deparation

RS i S, el 5T R LRI -

0.1][1\'#Mci3)ewk/aa_ﬁljm0ﬁuﬁws. gheX® %B'dﬂ@érh%ioﬁfsid@sbriugher

e &R
ow paths in particular. [0066] Specifically, it
re-presssilized tula deskied gsegseie (2-esapprox(neatgly @2Mue&byby

pré¥siRy BogsBPBLAT b AIPob( o B RECHE I 45 separmtien
ménivranetrhedule 7meas ircthedirsiestafie aRe fepRaEbh @icTE HaljRREd to

dule 4 is reduced and adjusted to a desired pressure
a 3(%!@91 pregsure (B 8erO gMRARURMYFHHIN BUMmME. Ak s Eme, aggiun
j ' irSaifiULt - rd ired
MR R EbhATLATIS e rEslUASIFE pl PSRRI #AGE she sBpfiiih
mealarsne méjulamdancimfetiside ofthediisttstagbgasesepachtionage gas
aration nmenbrape e.r. in tg?nfi rst-st agneg’;as)

e 2B GHIP S SEUGP & NEYS {1 P gas (non-parmaats

of second-stage gas separation membrane module 7 merge with the inlet
section of first-stage gas separation membrane. Moreover, another return
flow path connecting the permeation side of the second-stage gas separation
membrane module 7 and its inlet side is set up to have a part of the
permeated gas of the second-stage gas separation membrane module 7
merge with the next process, and another part to re-merge with the inlet side
of the second-stage gas separation membrane module 7. By doing this, it is
possible to achieve both increase in the retrieval rate and increase in the
concentration rate of Xe. Specifically, it is possible achieve Xe concentration
of 10 ~ 20 times, and Xe capture ratio of over 90%. It is also possible to
reduce CF4 and C,Fs to 5ppm or below. Moreover, by using a third-stage gas
separation membrane module, needless to say even higher Xe concentration

and further CF4 and C,Fg reduction can be secured.
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a desired pressure (e.g. -O 1 MaG by vacuum punp 8.
At this time, a return flow path connecting the
w0 e@BaoB3 si de of the second- stage gas separ at PONIB2007/054877
menbrane nodule 7 and inlet side of the first-stage
gas separation nmenbrane nodule 4 is set up to have the
resi dual gas (non-per neat i &h gas) of second-stage gas
separation nmenbrane nodule 7 merge with the inlet
section of first-stage gas separation nenbrane.
[od@meover, another return flow path connecting the

perneation side of the second-stage gas separation
Asr pbitsaimecantdefl tbe PrecessingsmeaneA1direiuding 8dt), A and Adare

o B b PR LSS b ERDBE F15 Be
foMtPESmu0as brpethisedsy hArrhfgihg PISEERINY mBah8 ehdtcRially

side of the second-stage gas separation nenbrane
waiie @oltee anmpie dod Hpsehihe! aie progidedder sigenemtiparans e

s AeBRELTEREIPG Sl REEMTIAIG (5! FRSRuiines

refresghithe fRANHAKS thet KA WeRidrotheanddle -aZPtHd tegen
and Xe capture ratio of over 90% It is also possible

liney rersase flomupalfg taaresovgphiormepenemtiomandduaintenance
X r.d- ] . e. .

o 3Bk e 88 ARRRERTETelE0 TBTH BPE TR i

eath rﬂbh/epiatﬁlléfﬂtealad:eﬁﬁﬁﬁ?m(hi ptof time pagsde Aetw pritelsOing 7]
As 2 units jn each of the processin ans A1~ _

mqamﬂ&nﬁlgdmé\ﬁﬁ SrRPSH & @rr@ggnﬁa%@ aasqmp;am Fapacity

bytﬂﬁiﬁ%@ﬁégﬁﬁﬁﬁt APBEAhOBPs RGN DRI fﬁ%tst% L ofl sttually
designed for its continuous long-termuse by arranging

warkiog essthagampaesanchseparatingiHeysulsténams adserisecthph d. ssdto

t hose that are. provided.for regeneration and . .
PrORERINGHARARS Pt FaparsTdle to apieclite die Somble Caitaining
coht@tfed XeAb thé hexBPldc@ssihg PedrihEREand the ddsevhdrridhs

that actually work on the sanple, ‘and the broken |ines

the Bmecef sidtchingvirgratthe stateof ac@sﬂy weriied ondghe sample, and
o= ERNGAL LOMAREC RS BOARE, X, I PERUEE et R4 RS

posgiblecto cmdact haimteadiicealb ik suhcay tnakimgasplaceneintd ang
o processing neans A 1 (including AT), it

__passes. t )
mqp@%g@gpﬁsh@ FASOFREHH 198 MAYEh @”‘ﬁeor_%%%ﬁ”ﬂﬂ P%F_Pla‘éfé(ﬁ??cﬁ R§EHy

i
ol 007" poSEiRERha o e SUF i Bh0 G o
sagmpar His degsitdide thal shesecasitcdsg operdtions ican bascanducted at

ar B RE oL OBy liheS: BISP bS8 L pduce the
[0068]

[Embodiment example 1]

Using the composition example 2 of this device, its performance was verified
using N, balance gas, as test gas, comprising 0.3% concentration Xe, water
with saturation at ambient temperature of this device (e.g. 3.1% at 25°C
saturation), 0.3% concentration CO,, and as FCs, CF, with concentration of
1000ppm, CHF3; with concentration of 100ppm, C2F6 with concentration of
200ppm, and C,F4 with concentration of 500ppm, at a flow rate of 25sim.
[0069]



10

15

20

25

30

concentrated Xe to the next processing neans by
heating the adsorbent at the tine of switching from

wo b@sssmBe of actually working on the sanpl e, BEIB2007/054877

separating the substances adsorbed on it. As to
processing neans 4 , it is possible to conduct

mai nt enance work such as i ng repl acenents and

i nspections of the adsorbent of which the processing
capacity has been |owered, at the tine of swtching

Théﬁ@?egtajé‘?n f@ﬁc%dott) tﬁ%tdé&\‘/Jlée\’ a‘é’%rh%WhQn‘?@uFé‘Q %"J}J’F@éﬁmzbﬁ to

Sirable that these sw tching opérations can
0. 1cf\d:pmm¢1yqﬁesﬂurarbooatﬁr\m thead intrpdueedito adssirptien cylmeief QrWlth

SyRRF g PR LS IR S0 A AR P SSGATHL N U1 Lo 4 and

ald?ﬁhﬁﬁf&@@é@t #RSseeehiidtagk 98] A WatdralRnce, 46 rerdvé @ at
gas, conprising 0.3%concentration Xe, water with

firdstagea?a and &HRnibiremoved mp eecangd-stage 2t I iscben de- (e.qg.

presstead o PN RR Rt Ip neoslb oh R BTy 1

flrs‘f%ﬂfgﬁ‘bél%ﬂhs)%n@fhoh@@ﬁmr n§ehBramiet Mo QlRCE Rty Setnidation
C2F4 with concentration of 500ppm at a

SldBI lawdrttstt@ tﬁ -24MAAG ppasojumeureR 6. g4 93k aldhedsimegtion

sichs P T SR A2 RS FERNERFF S, o
theafisaogutaitocthll sedend-2tadd polgythlylepie mouaenmbdrenmbrarmar e

size _of 4A as an adsorbent at the first-sta 2a g>
maoglulr n s 19xthe Brsdstagee the permeatiayide s adiygt @@Q aG

by %u@]‘hg) dﬁst V%e@%sfﬁua??aﬂf&%rgf@i A ot ds%ch@rﬁrBYed

at sec age 2b epressuri ze
mé)nlirlﬂlﬁa@wb@ulprzlesse rpearltquﬁrmeaﬁpn @ad i$ hemgeaivitbdbe eext o

the f t ol I hol | fi
oriaga et RSt P Rl GRSk b b8l B sepror
of &@&ﬁdoytagéwmmédu@hﬁ AASr e ddMRcRRARAIdB side
I's re-pressurized to approxi mately 0.2MPaG by pressure

prénsusized t@o 4Afida® thyrpreasurediostet itindntsasitoed-te eggerption

oyt oW B Bthad A siET aEBRLR o Bt (B Théf™®

adb@@@ohxcymwum BBt tolPE0 by disztrigiasates 1 Mt getdeve the
the inlet section of nenbrane nodule 4 , one part of

gapsPRtining Rd§aededsXerer ged with the next process, and

[Odﬁﬁ rest of the permeation gas is re-nerged with the
nl'et section

At adsorption cylinder 10, not only Xe but also water, CO; and CyF4 are

concentrated. The gas separated from adsorption cylinder 10 is pressurized
to 0.3MPaG by pressure booster 21, then introduced to reaction cylinder 23
that is filled with soda lime (compound of Ca(OH), and OH) and heated to
350°C by electric heater 22 for the process to remove C,F4, and CoF4 is
decomposed through reaction and removed. Next, to remove water and CO.,
adsorption cylinder 24 that is filled with synthetic zeolite with pore size of 4A
at the first-stage 24a and aluminum oxide at the second-stage 24b is used
again, and water and CO, are removed at first-stage 24a and a small amount
of CHF3 is removed at ambient temperature at second-stage 24b. Then the
gas is introduced, via pre-cooling section 25a, to cooling separation device

25b that uses liquéfied nitrogen as refrigerant and cooled to —-130°C, to
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of second-stage nenbrane nodule 7. After the
concentrated gas is pressurized to 0.4MPaG by pressure
whowsneis3d

wher e
t enpe

cont ai ni ng adsor bed Xe.
not only Xe but also water,

rm%§+ gé%ﬁ%?ﬂ

t hat

p"‘@ﬁ)ssdﬁ
eleRiRStet B

reacti on an

it
rature.

plonencly U
g

it

is introduced to adsorption cyPCTHiBR20071(34877
i's adsorbed and stored at anbi ent

Then adsorptlon cylinder 10 is heated to
250 C by electric heater 1% to retrieve the gas

coHi&ing8$n ﬁféo at ﬂextf ﬂ%ﬂl(ﬁ%@ﬁﬁﬁuﬂﬁor

pressure
sohbmxtaMMZSgasﬁbdnhum@hqﬁwdmanbnLmdéﬁelendeﬁnhaﬁeal23

DB A T E Reedto S50V RE

IS pres

th

renoved

suril ze

NIYEHEP P
ﬁm)éesrﬁgli:émoﬁﬂ% Skt CA2qQ)]

to renove wa

Next ,

[mﬁh$orpt|on cyl i nder 24 that

| ' 4
AngfiieeiilS oo otafSiod orertbin
it lsagﬁtj@nt A té@l%ef imprifEt

4a and anount of

a snal

t003

gg@z_t h

er and

[0070] At adsorption cylinder
CO2 and C2F4 are

rough

is filled with synthetic

th

FESgeIH

e first

r enoved

at awb

$EHECedl®. As
a@%ﬁgg?ﬂg‘ééﬁ pRdcddsirif odragen are

ent

rem@vqxbr ﬁtaLaOesrmWSs@@bﬂm Xe Sigellpabtairgskis etqwaé@ﬁ tpXe

pradlicEAHEEAn 2ol S ARG RSB BleeePaiy
Xefretydlgestarieranslgsaodregretiter; éri?d)ls&ufﬁcﬂéﬁmmusamfomdct%l

the liquefied liquid or
applifatianfi ed solid is gasifi ed thr ough gasification unit

contai ned in the gas.

[ )

and as the final
sponge 26b t hat

Next ,

process,

R!e W08, The

oge

n as

i ntroduced to titanium
is heated to 650C by an electric

[Taidatl pCohoemteatmreaftaraddcharooedss of water, CO2, N2, and
(arl rﬂﬂ71'| y nal \ICI S raciyl t nf eachpr-oeces oSl nn
operd Fon ar own ppztabl Fapel o4 As i ZF% evi%ﬁﬁn
Testgasn oadh e 1,3 4mpuri bizes targepsd atooagh | ROOGES S| 5MWppm
operation arle renoved. It also shows that |[the Xe
finallly obtdined is|equivallent to X& prodiced thrlough
(A1$ nor medo, Pr adeghon| RESERT R0, GRNMPRIZDPP OR0bHME t{VE1oppm
he Xe recyclle rate{here i94 85%or| greatern, and ifs
O“@ﬁfflciently usabl e| f or prcd?ical appl i catli on. [0072]
(A2) Tablle 2B} Conerphd at ugppbral tjedo. gch| pogpeess 2ppm 500ppm
Outlet m
(A3) 85.2% 20ppm 3500pp | <0.1pp 11ppm 3ppm 3000pp
Outlet m m m
(A4) Balance | 100ppm | <1ppm | <0.1pp 11ppm 3ppm <0.1pp
Outlet m m
(A5) Balance | <1ppm <1ppm <0.1pp | <0.1pp |<0.1pp | <0.1pp
Outlet m m m m
(A6) Balance | <0.1pp | <0.05pp | <0.05pp | <0.05pp | <0.05pp | <0.05pp
Outlet m m m m m m
Normal | Balance | <1ppm <0.1pp | <0.1pp |<0.1pp | <0.1pp | <0.1pp
method m m m m m
[0073]

<Composition example 3 of this device>
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[0073] <Conposition exanple 3 of this device>Figure 4
shows an outline diagram of conposition exanple 3 of
W0 bios/oass3d ce. It shows a conposition in which PCT/IB2007/054877

processing neans A 1 and processing nmeans A2 are

swi tched in conposition exanple 1. The basic functions
are the sane as conpositioff exanple 1, and here the

di fferences in conposition and functions are provided.
[0074] It is best suited for application in cases

Fi%@lﬁéﬁdv&@aﬁ Hﬁﬂlnéﬁ??% o éﬁcdrﬂﬁﬁtléﬁéialﬂgler@t)f FROG&iGe. |

using a si r conposition as conposition
shewampt@ngdositidrain which girocessirtg mans#ﬂrmrbpmeysmg nsedns

A2 e nihedint CAIPRR LR ExAaie 1. vieCrasio naHonT A i same
as%%ﬁ’iﬁo%ltlo?l &(aq)ﬁple@o%nﬁq{e%vthé Blfﬁe?erfclé@lﬁ%ﬁ‘ﬁbéﬁl@n%dt he

difference from conposition exanple avi ng gas
furtipas ar¢ provideths A2 at the upstream By doing this, it
[OdJs possi bl e to conduct processing operations at the
stream whil e mai ntai ning a condition of

It i bebt sareeBE éabndwoxen cAsédsutsatiEsih sansrEHsahbsWthat
Xe at an early stage, and secure conditions that are

doqwy ganieiev@ier bsingé similar aemAPgikiPy agwompesitiomexemele 1.

| RGP PetABELRLEOR, PRTRSA) dedBUUBL R RERAAD,
waa@iSr@hmvlaOﬂJr@ﬁbh ad e dpsteain edRarwistet BoMtehsin thdsamipiée an
npact. Furthernore, as stated later, it

0. Oo1e/e &&@@l%sﬂs‘ﬁ mhéracéerﬁ%w mee@ﬁgwe;mceéfqm £0BN0sitiga
ex%(r@gn\%?}s_&ﬁéwﬁﬁg% s%%g@gw rﬂgaﬁ@}‘\ eﬁltﬁe g?&réﬁ %dcﬂﬁ‘g this,
it ixposgibkei tblomndaxmpbesglng)bpérmlsndevtrteeéoanmaen SvHileows

tl f 1 [ I f thi
maiaaittes areondh BT N hed R APB e OF BEERIR Bessi ng
coﬁ@@rﬁﬁatﬁtglxé high @awgta@el ahd %@u.%eéorsa@ndd@, tﬁ@f gidel in

osI 11 0n exanp I's best suited for
adamilage@m o reweamdsgblumue@vﬁeng\/lsmwesaumeemomgt hose

e St AR Bt oon B 0uPel KT OV KL RO
is S@d8ibleso stdrpﬁbrﬁdﬁﬁiﬂbﬂ%cor@é’tﬁbdﬂﬂ%&o iRg adsorption

di fferences in _conposition and
means A1) compact. Furthermore, as stated later, it becomes possible to
simultaneously retrieve large volumes of Xe by connecting multiple gas
separation means A2 at multiple sample inlet points.
[0075] .
<Composition example 4 of this device>
Figure 5 shows an outline diagram of composition example 4 of this device. It
shows a case in which multiple processing means A1 (including A1’) are set
up in parallel in composition example 3. It is best suited for application in
cases subjecting such samples as those that do not contain water, using a
similar composition as composition example 3. The basic functions are the
same as composition example 3, and here the differences in composition and
functions are provided.

[0076]
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functions are provided. [0076] One difference is its
processi ng operation and functions since 2 groups of
waersabioys ar ranged A2a and A2b are arranged i NPERIBE2007154877
in gas separation neans A2. Since it is not necessary
to set up first adsorption nmeans A 1 with water
renoval function at upstredm as in aforenentioned
conmposition exanple 3, when the water content in the
sanple is 0.01 %or below, noving it downstream does

Oﬁ@&lﬁ‘é"&‘f&%% ftE réc‘@gs!@a&p ﬂ% Bh@RuncliBht &iMe® gfc?sud&;og

possible to s e gas separation nedn
sefipihessangehAds bad ARb arewsarwhinaieiraltel nneg‘as gapamabidnl e

M5t BONERERL ABCRBRRY > Y6 U L A0R AP BRNSAd with
wa%'ﬂ fenidval BARtiSS BRUAH O ﬁ&@ﬂﬁaf%?angﬁrm&n 8§ﬁ6ﬁgb3E

~ gas separation nmenbrane nodul e ~ vacuum punp
exgr@ﬁ&r when st wateglsontaghin thepsaraplieds Orith oabelawdubeng it

dopshg A Rl angs 1ol A enghREY nfherBleEe LRy Sossivie
to 80U ufuips Bas sdbérfa@ibﬁrﬂﬁé’ansa,&% TorRESGRBBYE M~ gas

conposli t1on exanp e 2, isits processi ng oper at | on as
sepakatign s b epnedelestang vaeuws PAIMP Banchressuip Baoster 6@~

ao§ 3PapfotR ieBEHe L BIHEYY oo Brtu b RRDAET riluete aan

sepa@tlbm nadara B2 N (presereStiodtrBan gak Rapaationahbbhbréik
on the sanple and those that are provided for
mqdide AR raYasIMREMRR tht BrRsstEe PROBIGF BPIevas FeRramgten c

t.h
O 30800 9GRS o POPISHLADR, SYFER) o
retfio0d &irg¢ Fohomksneintenexssipuita?éowddy.ng t he conposition

nple 4 of this device, its performance was verified
[O(ﬁsﬁng N2 bal ance gas, as test gas, conprising 0.3%

An@ﬁfé‘r%‘ﬁér@hbé’rﬁsxﬁ af&e%@&@ﬂea%wdsﬁmn%mﬂadz it Cs,

wi th concentration of 100ppm
prcmm;@@@tcmrafm a$ viogpums @Fecessing ceace i GndlodingfA1’),

ABZ%)(PR?]AQ ggrgp%gép%g% o ]Ca(?gtarrr%tnbg in F)arsa 8Ppms geSIQned
for its continuous long-term use by arranging processing means that actually
work on the sample and those that are provided for regeneration and
maintenance in parallel. The basic functions are the same as composition
example 2, and here details regarding its functions are omitted.

[0078] '

[Embodiment example 2]

Using the composition example 4 of this device, its performance was verified
using N, balance gas, as test gas, comprising 0.3% concentration Xe, 0.3%
concentration CO,, and as FCs, CF4 with concentration of 100ppm, CHF3 with
concentration of 100ppm, C,Fs with concentration of 200ppm, and C,F4 with
concentration of 500ppm, at a flow rate of 25sim.

[0079]

The gas introduced to this device is pressurized to 0.2MPaG by pressure
booster 3, and then introduced to the first-stage silicone hollow fiber

membrane module 4, and its permeation side is adjusted to —-0.1MPaG by
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The gas introduced to this device is pressurized to
0. 2MPaG by pressure booster 3, and then introduced to
W0 b@863633 - st age silicone holl ow fiber menbrankCHIBRMO7054877
4, and its perneation side is adjusted to -0.1 MPaG
byvacuun1punp 5. The gas at the perneation side is
re-pressurized to apprOX|n§%er 0. 2MPaG by pressure
booster 6, and then introduced to the second-stage
silicone hollow fiber nenbrane nodule 7. As in the

va&umﬁrﬁtmﬁﬁﬁge,THe"@asOﬁrtHE@e'n%aﬁd)ﬁj 8idieSs AelprsdLflizE@ 10 0- 1

MPaG by vacuumg . The residual gas is nerged with
apph’-@(lmﬁteé)t Ogddita rbydiremfbmo)@taf@ @nd then grirodused tothe

sebfi SRoEricold ity thaFib Rl AotlE 7 rks i LEtFRRstege.
thé péﬂﬂ@btfﬂragée rmaagugt@a 60U PAG HW@a&Mﬁ SkipA8 etheas

i's pressurized to O MaG by pressure booster 1, then
residyal gpsde aerged adibripeiinat sgotionddrmemirarte epdtieet.iane part

of Rl A E Tl G 0 B B S e b b e

metged aith thatislet assliod@t sacend-etayeethedibrhhé slodillage T
and CHF2 is renoved at second-stage 2b. After the

copeRiEaied gpeds gresspEzet s dMpaszby @r@ﬁwwagoﬁtyer pr &sur e
AR Skl A LRI 2P Y B o

asam atboob derdt thaﬁ&tat&gﬁ%dnd@&mhﬂhﬁdmaé aditie eedond-stage

te ture hen adsor yl i nder 1 iS heated t
2bpapdt o 5 ke 2.86815%@9&53 Pﬁsgste&erzaeaa zgagemoveg at

se@&ﬁﬂ §!a@'er2b afger tﬁ%@%oﬁ%ent[r%g Yas O&?@&Qﬂ’n%b o) OQWIPQ@eHy

0, not only Xe but also water,
prQﬁanlC@hDosteea it WIetrgdecedwtaaﬁRmembn sylmdesQOrfllleédvmo
en intro ed to

b
syt Bl (iR S5e bt Hocth fasrBSlh RO LERE Y A%
stdr6@apaHitefitefapedth2. anterilisaptoh egtrRiér 10 iSheGtdato

el ectric heater 22 for the process to renove C2F , and

25¢ -byiclecide baples dd tenebieyn the gas containiag edrerbed. Xevext
[Odsq)]rermve wat er and CO2, adsorption cylinder 24 that

filled with synthetic zeolite with pore size of 4A

At adsdnipﬁoﬁ icyBdest i@y @oRdalytelbat also mamo@@izearad Chheare
secqond- t?%e 24h i s used again, water and CO2 are

CopeeRiAd £igastinediye za&r%ﬁﬁﬂmae@ ﬁ%pﬁl\éﬁa@rﬁy preseyfes
bob§teF Q‘fbm%ﬂ iffro QRSB gmg%ﬁﬁqubﬁzétth&qgﬂnéd a)itﬁ%%d%‘}%e

hen the gas is |ntro via pre-cooling section
(Ccm’oraqurtd)ofcﬁa (Ol aeipaHatndmediad 3B bhalectrivgseater 22 for
the pr%%%fss odrenrk(g\yeoggfg ,%%d C,F4 is decomposed through reaction and
removed. Next, to remove water and CO,, adsorption cylinder 24 that is filled
with synthetic zeolite with pore size of 4A at the first-stage 24a and aluminum
oxide at the second-stage 24b is used again, and water and CO, are removed
at first-stage 24a and a small amount of CHF; is removed at ambient
temperature at second-stage 24b. Then the gas is introduced, via pre-cooling
section 25a, to cooling separation device 25b that uses liquefied nitrogen as
refrigerant and cooled to —130°C, to remove Na, and O, contained in the gas.
Next, the liquefied liquid or solidified solid is gasified, and as the final process,
introduced to titanium sponge 26b that is heated to 650°C by an electric

heater to remove small amounts of water, CO,, O, and N,.
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refrigerant and cooled to -130 0C,

2 contained in the gas.
waelsmsIesrd solid is gasified,
i ntroduced to titani um sponge 26b that i

proce

SS,

Next ,

to renove Na2 and

the liquefied liquid or
and as the fi naPCT/IB2007/054877

S

heated to 6500C by an electric heater to renove snal |

anounts of water,

cx2, 2

dhd N, |

0081]

It was

confirmed that the purity of product Xe obtai ned
t hrough this device was over 99.999% and i s equival ent
[Odgﬁ]perfor mance to Xe produced through the conventi onal

production nmethod. The Xe retrieval

rate in this case

It wassc@tivned thaitheaurityatipiosdusuXe obtained througiythis flgvice

waldit B oelk s

GheBERTER Beediston

it

thed€tveptioraIBtb8udiorsmathdUt THdEe demigl alnfatd i thihewwe was

conmposition exanple 5 of

t

hi s devi

ce. It

shows a

90%oan@sataroand is suifiganily ueayeforgorasticsl apaligaiion.

B RLEEh e RRRNGT Fochprdy

Sesd to the upstream si de of
nmakes it to be | ocated at

the Upper nostHsd r eaincOLhe hagHR, f unck, ons| @R t he Cslye
as—canpostti-on—exanple_2—andherethe—differences—in
Tegbnpgsi-$fon pnd f unéPihs ar@OBH’eri 8PM o @?me pQOpPm
gabest suited for application in casles subjgcting such
—sanphes_as—those that_do-not_contalnvater,—4Usi-nRga
(AT} m | |a-5%onposTRAMN | AS%f or| SRERRR o R 0nph a1 PR of 520PPm
oganpl es 3 and 4 . That is, gince it i s npig necessary
to set_up first adsorptionimeans-A-1 withliwater
(Afenovial-5%unct FHPMat | £ARPTpS t0ekm WP at £F0-dBRt &REORRIM
-odiee slanple is 0.01 % or bellgw, it [is charagterized by
__having gas separation neang A4 at the—uppgrrmst-\:tream
(A3h t haltB-2isal 1PRANEd | FBRPE UdIF0aPPC [FPPRRY C3SEAPR hatoE0Rp
odiet be renoved by adsorptignyor nenbrane sgparat i @n
are rlepoved as muchlas posgible atl the upstream By
(Adbi ng Balance | 1R phsdPRiNe [t<0- 1APpr |0dPPR ek BilPP ¢ y <Bf!PP
odtlee processipg operations figp other inpurifies at nhe
downstream side. [0084] [Enbodinment exanple 3] Using
(APhe clBdieget | ofPRIXanpiieP® qf<Gtps (d&lAPee, | Fpdpp | <01pp
ot f or mance was verilfied m m m
(AB) Balance | <0.1pp | <0.05pp | <0.05pp | <0.05pp | <0.05pp | <0.05pp
Outlet m m m m m m
Normal | Balance | <ippm | <0.1pp | <0.1pp |<0.1pp |[<0.1pp | <0.1pp
method m m m m m
[0082]

<Composition example 5 of this device>

Figure 6 is an outline diagram that shows composition example 5 of this

device. It shows a composition in which processing means A4 in composition

example 2 is moved to the upstream side of processing means A1, which

makes it to be located at the uppermost-stream. The basic functions are the

same as composition example 2, and here the differences in composition and

functions are provided.

[0083]
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usi ng N2 bal ance gas, as test gas, conprising 0.2%
concentration Xe, 0.3% concentration CO2, and as FCs,
W@ESMGI6B3 concentrati on of | OCOQppm CHF3 W t h PCT/IB2007/054877
concentration of 100ppm and C2F4 with concentration
of 500ppm It was confirnmed that the device is
effective even if the proc%?sses for renoving C2F are
inserted in the upstream [0085] The test gas
introduced to this device is then introduced to
It i§ Bast dHRdGYt éﬁﬂ%ratlgﬁ |ﬁ Bé’éeé @mé&ﬁ@%d&%rﬁﬂeg a3hese Mat
pressure booster 1, d wth soda | (conmpound of
do @t Ceitain waterouging arﬁimlﬂeaccempos;tleﬁ ee@f@yenmmloned C

co%@?}%@éa%zﬁg}wes %ﬁé ISFthet ose throu ) %aer%/cttols%rt] u%r}lrst
adé@r’ﬂiﬂ@h el Al Wltﬁd/@éiémérﬁﬁvél)fuhél%ratahé %&tréémf\,{/ﬂmér?ﬂ/ater
with nthetic zeolite with pore size of 4A at the

comﬁelﬂétn eage e w015 anbelow, dis dbarctarizedsnchadng gage

serfiplpn s 98 oEins Whal R Bt 2R SABRE Finapon

as @,F5 8T tigi&adhot Ibe retndvearby &ddurpsevbr @Rethtirane
0. 2MPaG by pressure booster 3 , and then introduced to

separation pse reypavrd poMuahis eessiplglat die pPeiEeare Myrdaieg this,

it |{%8% @e‘*o impRse ﬁ&lkﬁ@ifﬁhe ggbsc%'s?lﬂg@e?gﬂldﬁtf?pofh%r 0.1

vac um pu ermeati on si de

lmpurltras-amlesSiUWnstfdamcsm@.pr oxi mately 0.2MPaG by pressure
booster 6, and then introduced to the second-stage
[0 yet hyl ene hol |l ow fi bernmenbrane nodule 7. As in the

[Erﬁ]b{)é,hbe?&@ggmpq@ghper neation side is adjusted to -0.1

y vacuum 8. The non-perneation gas is
Usn‘gt@ed:ompdsltldreexam;ele fsefcthisotevade ﬁiisrmrﬁcn*trmgleegw verified

us G £ Taei et o5 ebauis it 025 SoRee MR e D.o%
co.ﬁ@rﬂ@h@ﬂct% tdhdt xeFCB! eF, SattdPRehfraf@teNfOGURRNE CHF;
nbrane. After the concentrated gas is pressurized to

with conpradraio el Kilnpen ansk et With cencentrationsd $oaree It was
@ﬂ@fegdol {hecaéd.&dge d‘f‘e .(\jlé Sc;'t\/lgﬁ‘?f atha pl?o%% s'e\ﬁ‘%rer%n?cﬂﬁr?goﬁza

I'S” adsor

ard pgpredintie ugsteanadsor ption cylinder 10 is heated to
200 C by electric heater 11 to retrieve the gas
[0G8oht ai ni ng adsorbed Xe. [0086] At adsorption cylinder

ThAeelgh 01,06 BRI RN TR Riiner
23 tlydtiiapezsslbizes tpDeBdRaGAdpressure booster 1, filled with soda lime
(compound of Ca(OH), and OH), and heated to 350°C by electric heater 22,
and C,F4 is decomposed through reaction and removed. Next, it is
introduced, at ambient temperature, to adsorption cylinder 2 that is filled with
synthetic zeolite with pore size of 4A at the first-stage 2a and aluminum oxide
at the second-stage 2b is used again, and water and CO, are removed at
first-stage 2a and a small amount of CHF3 is removed at second-stage 2b. It
is then re-pressurized to 0.2MPaG by pressure booster 3, and then introduced
to the first-stage polyethylene hollow fiber membrane module 4, and its
permeation side is adjusted to —0.1MPaG by vacuum pump 5. The gas at the
permeation side is re-pressurized to approximately 0.2MPaG by pressure

booster 6, and then introduced to the second-stage polyethylene hollow fiber
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to 0.3MPaG by pressure booster 2 1, then adsorption
cylinder 24, as a water and CO2 renoval process, that

WO 20080636831 Wi th synthetic zeolite with pore siRET/TH20e7A54877

at the first-stage 24a and al um num oxi de at the
second- stage 24b is used again, and water and CO2 are
renoved at first-stage 24a’and a small anount of CHF3
is renoved at anbi ent tenperature at second-stage 24b.
Then the gas is introduced, via pre-cooling section

metRBrane6QAALIMAAS ﬁpt%ééﬂrStOé’taQQVthé%e?@éaﬁ@@%ldéﬁ@%djusted to
liquefied nitrogen as refrigerant and cooled to -13

-00d/PaG byevapuemaemartd T2e oontpgirmeatiom gaés @@sgedmth the

et Festigf] 5 Attt s Siaratlb femffngoond paft 3k on
gabliPaRrRSGed With tieslHeRthrbBedd, lamal aHBtRGOSLisdebnbRRYd wish the
heated to 650 OC by an electric heater to renove smal |

inlefngaatien Oéﬁeomfbstag@@emman%nﬂﬁwthe[mgemtratedm is

pr %ﬂf’lkéﬁﬁ?%%% ét‘b Hgéﬂir}é b% B%’%dgg%% it éﬂﬁga'tgggsorptlop

roug eVI V\BS over 'S equl val

cylirtiepeOf filehwith activated passtis achdrb itds @l sdivedcnmivstotddoaal
producti on nmethod. The Xe retrieval rate in this case

amba%nté@mp@ratgfeeaﬂé@n agsprpfien syifdet18ris hgateshin) 200 grby
ele%;r?&ﬁé&er ﬁremétﬁé\t/é[ ggas%;]&so{@%g C@?%go&ébg%ncem ration

ter each process ove, this
[0GBB)i ce nmakes it possible to provide a sinple retrieval

A Fabo R AIE Ry onate BuIbe ek ot 97 By e

cohé@Hthéd ey hé%srs"ebbkﬁéﬁ fdhg Qbé’or?%ﬁ c%‘?n(fe’rol'@ i lﬂ)@é‘ssunzed
anpl es that "contain | owconcentration Xe from for

to @Mﬂa@ bwgswrgatmosteirms dmircadeuption C)drms@mam aﬁ a water
0SS|

rocesses 090 r rds.. it LS
anf (T TR pike e BB Shnle o fP Mt et of
4Af4taRe $|ﬁétls¢égtdmé ahd @nmﬁmm Xid e 0 &R §6Sondastdge 4ai is uxed
that is equivalent in performance to Xe produced by

agpisy ged swieleantd EQeaparammoynd gt Hratstags &8 ARE asrbellamonnt
of @’Fﬂm?é ?&n?{/(%d ég%@g%ﬂt Pérﬁgé%tﬁr@ta{t g%é&@@%ﬁe?&’t?l ?h%ré the

approxi na 0 Of ence uces
gas Gsintroduped, Nmpm-bh@lmga&e&moalzaaotcap@mlmgl smdaedat}orﬂ@%ce

2563%[\]5’(I udseers I|q%e}i (? nIt%%tentahsere?aéeorg}ltt Xné) cooled to pqsg °C, to
remove Na; and O, contained in the gas. Next, the liquefied liquid or
solidified solid is gasified through gasification unit 26a, and as the final
process, introduced to titanium sponge 26b that is heated to 650°C by an
electric heater to remove small amounts of water, CO;, N, and O,.

[0087]

It was confirmed that the purity of product Xe obtained through this device
was over 99.999% and is equivalent in performance to Xe produced through
the conventional production method. The Xe retrieval rate in this case was
80% or greater, and is sufficiently usable for practical application.

[0088]

[Table 3] Concentration after each process

Xe H.0 CO, CHF; CF, C.Fs C.F4
Test 02% |- 0.3% | 100pp |100pp |- 500pp
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invention allows obtaining Xe nateri al
W@rwsnewdd stently even if the consunption of XeCEXRANTANS4877

in the sem conduct or
af orenenti oned Xe retrieval, nethod and devi ce concerns
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[0091] Al though the
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method and retrleval device for Xe, with high retrieval efficiency that can

functionally remove impurities and retrieve highly pure Xe from such samples

that contain low-concentration Xe from, for example, waste gas from

semiconductor production processes.

[0090]

In other words, it is possible to easily retrieve and reuse Xe from gases

discharged from semiconductor production processes, and obtain Xe that is

equivalent in performance to Xe produced by large-scale air-separation

plants. From the embodiment examples, it is possible to retrieve and recycle

approximately 80% or more Xe, and hence reduces the cost to purchase the

material to approximately 20%. Considering the fact the majority of Xe supply

is dependent on overseas sources (non-Japanese), this invention allows

obtaining Xe material domestically and consistently even if the consumption of

Xe expands in the semiconductor industry.

[0091]

Although the aforementioned Xe retrieval method and device concerns

samples containing low-concentration of Xe, it is by all means possible to

process samples containing high-concentration Xe under the same conditions
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2, 24 Adsorption cylinder 2a, 24a First-stage 2b, 24b
Second-stage 4, 7 Gas separation nenbrane nodule 5, 8

wo/awenesopiinp 10 Adsorption cylinder | 1, 22 ElIRCI/IB2007/054877

-heater 23 Reaction cylinder25a Pre-cooling section 25b
Cool i ng separation device %56a Gasification unit 26b
Ti tani um sponge 27 Final product A 1 First adsorption
nmeans A 1' Third adsorption nmeans A2 Gas separation
means A3 Second adsorption neans A4 Reaction neans A5

as hrtiopeBeiRvELS RRsthinlg tBmRem 8ildrieweyede@ENG inert
conprising getter T Tank U 1 Upstream side of this

gaglevi ce U2 Downstream side of this device[ Docunent

fi Ll - patent claim[Caiml 1 A systemthat
[Inglé?tf'gﬂe?ég%ggw@i from sanpl es that contain xenon and at
[0do2gst fluorocarbon, and a xenon retrieval system

characterized by processing operations including at
In theagtent I@éuﬁlBQI“@Mﬁg@d PR a8 Ss5agPIer BiesyeeMutanshe gpplied by

Va?@;i%?':@g}eoéﬁééﬁRpgn%ﬁéﬁgﬁg&m&é%g%g%rg?;menti oned
[00d3gor ocar bon, using an adsorbent, (A2) renoval of

In Ir:euf?erlgg gtrh%??h;nat\f’liensgerﬁi%gﬁégct:tgg itbigg?sot Sgstsiti)lg tg eta iPyere?Iieve
and reuse Xe from waste gases containing Xe that are discharged as similar
mixed gases. In this manner, this invention contributes to environmental
protection through efficient use of resources.

[Brief explanation of figures]

[0094]

[Figure 1] Outline diagram showing basic composition of Xe retrieval device
pertaining to this invention.

[Figure 2] Outline diagram showing another composition (composition
example 2) of this device.

[Figure 3] Outline diagram showing composition with processing means
pertaining to this invention arranged in parallel.

[Figure 4] Outline diagram showing composition example 3 of this device.
[Figure 5] Outline diagram showing composition example 4 of this device.
[Figure 6] Outline diagram showing composition example 5 of this device.
[Explanation of codes]

1, 3, 6, 9, 21 Pressure booster

2,24 Adsorption cylinder

2a, 24a First-stage

2b, 24b Second-stage

4,7 Gas separation membrane module
5,8 Vacuum pump

10 Adsorption cylinder

11, 22 Electric heater

23 Reaction cylinder
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af orenenti oned fl uorocarbon and concentration of xenon
usi ng gas separation nenbranes, (A3) adsorption and

WO 2408063633 of af orementi oned xenon using an adBOT/B207/054877

and separation of xenon from said adsorbent, (A4)
Renoval of fluorocarbon haygng unsaturated bond, that
is a type of aforenentioned fluorocarbon using a
reactant. rCaim2 1 A xenon retrieval system stated
in claiml characterized by inclusion of the follow ng
25pr ocessi Rgewpolrgsestionn addition to the af orenentioned

r ocessi [ ocesse to (A4); (A5) processing
25 peratioEQFﬁgggﬁPﬂﬁﬁgéQ%W ion of xenon by a
2e6phase- changdicatiosepg under a tenperature condition

| ower than the boiling point of xenon, or said
26Br ocessi Afapiust#RAgeA5) and the fol | owi ng processing

process, ration and renoval of residua
27inpuritigééﬁéﬁﬁg% hi gh-tenperature getter. [Caim3 1

A1A xenon Fabragorptiysicamsstated in claim1 or 2,
characterized by conducting processing operation using
Alsynt het i §hird dsptigntRed’s e si ze of 4A or snaller as
Aoan adsor tsé?%nhﬂﬁn%%&ﬁ%'Stage and al um num oxi de at
the second-stage 1 n arorenenti oned processi ng process
A3(Al1 ) . PBe€candradsdrpfionemnesng etrieval systemstated in
either of, claim1 through 3, characterized by
A4conductihﬁaﬁP%QB§§Vﬁg operation using silicone or

APl vet hy 6aRchilor i Lo EASn ARGl I on rembr ane

nodul es as the gas separation nenbranes in
AbBaf or enenRieoredl presnesommisprgpgetdsr (A2). rCaim5 1 A
T Xenon re ghgval system stated in either of claim1l
t hrough 47 'Characterized by conducting processing
u1oper at i opefEat Sié Bethiggéiivat ed carbon, synthetic
zeolite wth pore size of 5A or larger, nolecular
UZsj evi ng Pamwstedm sidgef thisdgwcef 5A or larger, or a
conbi nati on of these as an adsorbent in aforenentioned
processi ng process (A3).
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rClaim6 A xenon retrieval systemstated in either of
claim1l through 5, characterized by conducti ng
WEe@see®Bhg operati on using cal ci um conmpounds BGI/IB2007/054877
reactant in aforementioned processing process (A4).
rClaim7 1 A device that rgirieves xenon from sanpl es
that contain xenon and at | east fluorocarbon, and
characterized by having at |east the follow ng
processi ng processes of said sanples; (Al ) first
[Daclsvepttitieh Scepasf patenédlamnt h synthetic zeolite with
pore.size of 4A or smaller and al um num oxi de,
[géﬂelﬂ\ged serially, (A2) gas separati on neans conposed

e . .

A R PO KON PO ARl and aeast

fluokssasbdri, lahd ch xdriom retricvalt spstemvetiardctedrdd by psycadsitg ¢
zeolite with pore sjze qof 5A or |arger, nolecular,

o8 fionh deliiBe At [iash ool weeoTopeifia pracases of Srida

safpEy: nation of these, (A4) and reaction neans filled
wi t h cal ci um conpounds as reactant. fClaim8 1 A xenon

(At)ket etearptiod eni cemevak efdrifluorohstnarte thadise tyyd aled by

i n he.fol |l ow ng processing neans in addition. to
afog%ﬁgﬂ%ﬁ??e%%r&%r S NG AKEPEN ) ~ (Ad); (AS5)
(A2 PWrdradRe oA FIUS R CARIA BAVIRG sERAARIIFHING a3 PRPR sTPace
mai nt ai ned _at tenperature | ower than the boiling point

afosemeationed Broresatpoprancbeanasgtiation of KaBN HRIBgIdRS
seﬁé’r]altiBH"inﬂQnBFa%%ESSi ng neans; (A6) renoval neans
a 1,

consr sting I'gh-tenperature getter.
(A3) adsorption and retrieval of aforementioned xenon using an adsorbent

and separation of xenon from said adsorbent,

(A4) Removal of fluorocarbon having unsaturated bond, that is a type of
aforementioned fluorocarbon using a reactant.

[Claim 2]

A xenon retrieval system stated in claim 1 characterized by inclusion of the
following processing processes in addition to the aforementioned processing
processes (A1) to (A4); )

(A5) processing operation including separation of xenon by a phase-change
process under a temperature condition lower than the boiling point of xenon,
or said processing process (A5) and the following processing process,

(A6) separation and removal of residual impurities using a high-temperature
getter.

[Claim 3]

A xenon retrieval system stated in claim 1 or 2, characterized by conducting
processing operation using synthetic zeolite with pore size of 4A or smaller as
an adsorbent at the first-stage and aluminum oxide at the second-stage in
aforementioned processing process (A1).

[Claim 4]

A xenon retrieval system stated in either of claim 1 through 3, characterized

by conducting processing operation using silicone or polyethylene hollow fiber
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gas separation membrane modules as the gas separation membranes in
aforementioned processing process (A2).

[Claim 5]

A xenon retrieval system stated in either of claim 1 through 4, characterized
by conducting processing operation using either activated carbon, synthetic
zeolite with pore size of 5A or larger, molecular sieving carbon with pore size
of 5A or larger, or a combination of these as an adsorbent in aforementioned
processing process (A3).

[Claim 6]

A xenon retrieval system stated in either of claim 1 through 5, characterized
by conducting processing operation using calcium compounds as the reactant
in aforementioned processing process (A4).

[Claim 7]

A device that retrieves xenon from samples that contain xenon and at least
fluorocarbon, and characterized by having at least the following processing
processes of said samples;

(A1) first adsorption means filled with synthetic zeolite with pore size of 4A
or smaller and aluminum oxide, arranged serially,

(A2) gas separation means composed of silicone or polyethylene hollow
fiber gas separation membrane modules,

(A3) second adsorption means filled with either activated carbon, synthetic
zeolite with pore size of 5A or larger, molecular sieving carbon with pore size
of 5A or larger, or a combination of these,

(A4) and reaction means filled with calcium compounds as reactant.
[Claim 8]

A xenon retrieval device stated in claim 7 characterized by having the
following processing means in addition to aforementioned processing means
(A1) ~ (Ad);

(A5) low-temperature separation means having an open space maintained
at temperature lower than the boiling point of xenon, or said processing
means (A5) and the following processing means;

(A6) removal means consisting a high-temperature getter.



