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1 XENON RETRIEVAL SYSTEM AND RETRIEVAL DEVICE [Document
W éitzl%s%pgcggcations [Title of invention] Xenon retrieval system and retrieval
device [Téchnological field] [0001] This invention pertains to & %&rGro07/054877
(hereinafter referred to as "Xe") retrieval 10system and retrieval device,
and is useful especially in retrieval systems and retrieval devices for
xenon used as an assist gas in production devices such as the plasma
etching device that is used in semiconductor production factories. Here,
“retrieval” means to selectively draw out specific components in a
reusable form from a sample using such means as adsorption and
15membrane separation. [Background technology] [0002] Xe is used as
assist gesDRE MICPRITIAT REQdUCHON RFASHIBSRIHC SRS Rigsma
etching process. Xe is not consumed by reaction, etc. during the
20process, and is discharged as waste gas with water, carbon dioxide
[Dée@7Panghsuctpeeactismproducts as fluorohydrocarbons (FC) such as
LCHF3, CF4, C2F6 and C2F4. Since Xe is extremely expensive and a rare
[TiHfR{dRvSEinal ARl redjasad sxaifadle giises haguitrRen demanded.
IT40088]c2hEarfemieving Xe, it is desirable to collect the waste gas from a
section that does not affect the semiconductor process. Specifically, if the
[9GFddte gas is collected from the downstream of the detoxification device

Thidetosifiescphan neneide faeibprneFeeMydreoss Huorde by

etc. %combustion catalytic reaction or adsorption) of reactive gases

SYYHRAEI A FlHDEVHEMEaNPE0 6t HRsld Biasidaldr pridavabysigEes e
retifeR@ssiblecisaveidatipcissdhe semissrduelorPIRdHCHOBPIRGESSs such

owever, since the waste g[as collected from this section contained only
as %%r@%m%%}f@mg PERACH IR SRR D SRAFRA AR DERPHERR) and
fackpiseximately teeiequivatenicorcentsationPliraw out specific components

in a reusabie form from a sample using such means as adsorption and

membrane separation.

[Background technology]

[0002]

Xe is used as assist gas in semiconductor production processes such as the
plasma etching process. Xe is not consumed by reaction, eic. during the
process, and Is discharged as waste gas with water, carbon dioxide (CO»)
and such reaction products as fluorchydrocarbons (FC) such as CHF 3, CF4,
CoFeg and CoF 4. Since Xe is extremely expensive and a rare element, retrieval
and recycle of Xe in waste gases have been demanded.

[0003]

For retrisving Xe, it is desirable to collect the waste gas from a section that
does not affect the semiconductor process. Spedifically, if the waste gas is
coliecied from the downstream of the detoxification device (detoxifies carbon
monoxide (CO), fluorine (F2), 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 collecied

from this section contained only approximately 0.1 ~ 1vol. % {hereinafter
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other substances such as water, CO2, and FC as impurities, there was a
W {}t%gls (?6[(_3 ical problem to bg overcome. In other wqrds, to retriev? anéj} 054877

concentrate Xe from a section that does not negatively affectth® %ég s,

it is Snecessary not only to efficiently retrieve and concentrate

low-concentration Xe but also to effiéiently remove impurities such as

water, CO2 and FC. [0004] Some technologies to retrieve and recycle

noble gases such as Xe from such semiconductor production processes
refhaeel preaio(isl) bé&r repdrted rb@Bpeicilictdly cineifallovwiogreposads: caEn

be listed. (1)Methods of separating and, refining. high-added-value gases
O o e s 5y T il I B e e 2
techosoogiican pepaicatidn ethad(B84) andivelooity dgpéopressue sradable

adsorption separation meth efer to patent document 1, for example)., .
oo L Bl Lt ds e o e N Qe nran
nevsteryase odiscoasffeddniim rizicibtte satith t ose adhigcgasespretaniratine Xe

le gases by at least 2 or more.gas separation processes use the
o R A B S S S B S e
[00aéllities that use noble gases (refer to patent document 2, for example).

soffLIRfinement melhads charadterzed by separating balogepated, o
ydrocarbon*by low-temperature adsorption from waste gases discharge
seffnarnsfdoititie ptoaiuie mpble geses refe pte patesty deeummepbdefr

xample)..(4)Devices that separate, refine, regycle and reuse
Sp%fﬁ%ﬁ@d&éﬁ’%f?ﬁ@"g‘%‘s%? rf)rﬁo%gg %é:saens Eyiﬁil?rgducing methods, using

{1)PSAViethornmue sapwelay 26domiitingrtsbuetids haiumdbdathble
n re normally. difficult to separate from waste gases

g R O A e B S eeAie ST Ao

semhiien(neédntol PESH) dodurakntily, areremapley [GOGE] Patdsntption

t li i applicati 02-126435 30
s e R R S S R on
(2)2002i00F087yPateticict uinenes] iPatentrinusishbte wsamtinethined in
ication - tent. 4 e li
e o e B R A e A v e
nolpi glsieatsiy deleasbR el Hpveas esOBUe} e felieringnrobkentise
i oye- i0 retrieval d
o R S o e R s
thagorseentdifopeskerdbiéajds peliseiisstergantts, berapproniimately 30%, and
i< b ot o g .
Rl e el e G S,
hydrerpihesd gasesiannsoniuiehie epp tondermatiasiobases discharged
from facilities that use noble gases (refer to patent document 4, for example).

[l

{(4) Devices that separaie, refine, recycle and reuse high-added-valus
gases (noble gases) by introducing methods, using PSA, to remove minor gas
components such as helium (He) and hydrogen (H;) that are normally difficult
tc separate from wasie gases containing high-added-value gases (noble
gases) such as krypton (Kr) and Xe (refer to patent document 4, for exampie).
[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 unexaminad application 2005-246137
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10approximately 0.1 - 1.0% and, at the same time, containing FC. It is
also not applicable when FC exists as impurity. With method (2), when the

W a8bdefes tontains such impurities as water, CO2 and FC, sHEH /gagws/ 654877
can not be removed sufficiently at 2 or more gas separation processes
and the adsorption separation device at their 15downstream and such
impurities will remain in the noble gas. As, for example, it is stated,
regarding the recycled noble gas, "As to the slight amount of impurities

e SL 0 itragen, water, CO, CO2, fluorocarbon, hydrogen, and

LD%%%[%W%%&%@#@?\ gases that can not be removed and remain in the

[Prodidegds, be tiesdmpdrity tomedionation is 100ppm or lower, 20and

[ irably 10ppm or lower" (paragraph [0048] of patent document 2), this
method can not supply highly-pure noble gas of 99.99% purity. Since

Thméshodi(8) atssohutslyregaires ivstidimenitioiifréezablorremovipged

retl'-]31%9%Qéfﬁgo‘éyé’ﬁ%g"e@%@ait&%\ﬂ%g.e‘%?e??@@)’o@@é%ﬁiﬁfﬁ jn terms of

energy when considering such perrormances as Ins erefore, it is
MedBaiffidultequipgsiieiniteistecomndliatisabficidbihges mdihe dexalichdasdso be

ap Fb?ﬁ%?&&;@g,g&ﬁ@%!&%&’ %ﬂﬁ(‘%&%\%ﬁ(s@ﬁﬁt E%W@g.r‘;éﬁ ﬁ%esgﬁeﬁﬂﬁwgtﬁe

ow-tempe on me at uses an adsor
wamstrievalieffitiogey isribwerbdreiince, ittagsortss Xdicisiglratirisalogblyapede

d di t ' ing t
o R o e TR S R e e
apwastengteicoritairs Gitpandest the arerealilyeadsotbisdngudh. al wako not

' 4 I dsorbed
ap@ﬁ%b?@ﬁbﬁ& @@eﬂgﬁ? é@qg@gg&gcessary gases 4 are also adsorbe

noble gas by t st-st orption cylinder, these unnecessary

Widamesdirehéin iwhho Hublsagds asdropoidties ahdnitheuatissrssdygdsrisCO;
ing. - Therefare. thi |
A B S e P D S R e
S@Wﬁmﬁ@dmae@ andrihe p@h@@@pﬁo eperaretignapplicatné toawaste
doSASEEIMILRIBRANCROAEDiE (BRARKTAIE N H020) RNt

meant‘ .r retrieval an . ycle of Xe from waste gase with )
exaovpleoriderttatish reg2oding 1t ranpeiastop kkegase Astiapgpicaiigbtio

amWéﬁ%%?Qﬁﬁ&i&%&W%%?ﬁg%ﬁm%ﬁ%?‘\?v%*f@??@893@?4!5&0&9(?%,

At present, the combustion method and plasma decomposi on metho
hydipgenarsllyasagstbireitona e prues dorisastiont laetraosad and

renFAAMROHS ¥RWIER alr is,user asNEARSIRkERR 10k CRIBRUAIAR RRgkthe

Xe 15concentration in the waste gas at the outlet of the combustion
andjé@ﬁiéa@vm@ﬁpappfdawﬁéwﬁmem {Re4¢d @Bﬁ@é?ﬁtaimvmﬁézméh@r
me}HS&BE}PHB?%GQ@V'ﬁ?gIH%JGF‘é Wasds e araguH AT Wagle gasis

_increased approximatély 10-fold. In thiS case, a large-scalé mechanism
SinggIrbetheddssayselutarecrogigcbirdantrget vé adrrPary EficRINGY 6B

hal?%ﬁ%%% m&tﬁgﬁiﬂ%ﬁpﬁﬁg%@é@% MIRR Lowesed SXireRls Wth
energy when considering such performances as insulation. Therefore, it is
difficult to apply it in this technological field where methods with iess 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 impuriiies that are easily

adsorbed, such as water, CO; and FC, and since these unnhecessary gases
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removal of FC is difficult, and since the PC removal efficiency greatly
varies depending on the PC concentration at the inlet, its applicability is
WEFidUeSf3009] The objective of this invention is to provide to RR@/EEE6a/ 654877
simple and efficient 25retrieval method and retrieval device that can
retrieve highly-pure Xe by functionally removing such elements as water,
CO2 and FC (hereinafter referred to as "impurities") from waste gases,
containing low-concentration Xe, from such semiconductor production
arP RSB SRESHASH SRIRRTG S NG RFReess: 3U0QLAL R By linder, these
“low-concentration Xe" means Xé of 1% concCentration or lower,
UnTRgRsSERc SRFatoRNNaIMieHrS NAblsF 499@6RIgHBHed Mt ritAdaatbed
o IORBEeH T eans XS ALARAT" ShblalerconcenRion Maass
solve the problems] [0011] The inventors of this invention reached
SUBGH ISty R A5 ol BeroARSr W butiiittion of dedicated research to
ndgselve the aforementioned problems, and discovered that it is possible to
realize the aforementioned objective using the following Xe retrieval
Assystsiibacakatiey K1l 6o B0 EAhAYE0rEiRG tonenast asjeceiheniys
i ﬂ?aeéféo retr Xen | tali and
apgﬁ;}égsl%cfﬁﬁorocark%#%fgj mﬁ]@n%ﬁ%ﬁling t eﬁgtgz%%bgg Q@Ié% sorption
508nd aemovaresanifl dororieevahethatasysis pé St dforementipaeges with
lovfl4BrRcarhan ., Hsing any adsosbeni;az) remayal af dugracarhon haying. e
saturated bond that is a type of atorementioned fluorocarbon and
gasendbatemioRior sl Mg emesueasitib mentbianes, (A3) adsorption
retrieval of aforementioned xenon using an adsorbent and separation

of Xenon from said adsorbent, (A4) removal of fluorocarbon having
At prisstiifatba beRthubkesaaldcIdREvRRioned TDosdEboatDamMg

geFRAGIRNISEPELT NG R gseNt fIBRosLER RREs Ay §IeIR H‘rﬁ}rFﬁHiFé:jes

xenon from samples that contain xenon and at least fluorocarbon, an

volma&eﬁrziédiﬁﬁcbﬁ&%iags&ﬁj@aﬁé%crﬁﬁmﬁ’@o@t_ aeakthiefollowing
coRERRESRIDG PIRsESPaS9adFABRIEHt Y AdSemonNand rIR@lRlps to

trifluoromethane that is a type of aforementioned fluorocarbon, using an

appisoriaty (ADQerhbvalst Aabrecarpbrhalihg Blaieibrveralnatifna
delyRe qhaipremestinned dlugracaiRanandcone e trlian A XeRpRYR NG cly

as separation membranes, (A3) adsorption and retrieval of ‘
10-dpdfe i HhiSr b ReAdArOSISG AR BRGIBRIFNANYG SBP ARERFSBN KENGH AR

and¥GRAsRRNK 8 AW Remowal 9T dluerierign mdpa aaiuEHgad

bond, that is a type of aforementioned fluorocarbon using a reactant.

refipip gl A irvieng foaxsepaml. a¥iEe tha &Yesssray a e tfat
rerkBUIa (e NORifenl Samples dBaheantalr xrReN é‘ﬁ@iéﬁ%ﬁeag varies

fluorocarbon, and characterized by having at least the following; (Al) first
de%&‘é‘ﬁﬁi@ﬁ thedris mw&ﬁa&m@éﬁ& fle WWF@EIE@& diitigpit
[oog@laller and aluminum oxide, arranged serially, (A2) gas separation

means composed of silicone or polyethylene hollow fiber gas separation

Therelifrire PhaisI By gAY RéTEn RN JR0R eddiserfBaRftARREIcient
retREYPIESLRBEPARd FHIHBGHC aeolie wibRoTesieRf mAHK-anaex aplecular

sieving carbon with pore size of 5A or larger, or a combination of these,

funghignali RAIIONESASIREE WRPEHGHRH SoRpdlfdsad rsattaier

e fEARLBLASS AR ARy i mpassile it SR & SNER-REMRration
separation means to retrieve highly-pure Xe from waste gases that

Xe,cBrtainUeh SBRSEHIFASANRE RS iRg MASURGSY 2MPtRE ke

prol§e@dimit even combinations of separation means having different
functions are used. The inventors of this invention, as a result of verifying

[00d 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 6



conventional methods, and obtain extremely pure Xe using the processing

operation including the processing processes of (Al) - (A4) above. [0014]

Specifically, while such elements as water and CO2 in the impurity are

5removed by conventional adsorbents, as to FCs, it has become possible

to effectively and efficiently remove npurities by combining adsorption

and removal of trifluoromethane (CHF3) with adsorbent (Al), separation
Hergnd ethenarenitationaimgastiatdd tond thereicsrbaticR iid'aygs "hiah-

conSatueaied ke nrsghsagdesainorosaihmee Cond)angrdexailuorosthangure

(C2F6), with 1g§1as separation membrane (A2), and reaction and removal

Xe grealnasingheata atdietsn GIRERSRAIRN referred to as "unsaturated

[Md=as) iseehasietafiveiasthylene (C2F4) and hexafluoropropene (C9F8),
with reactant (A4). Moreover, through 2 stages of Xe concentration

EO%# cesses - gas separation membrane in process (A2) and adsorbent in

Therboess¢A3)ofitthas hecorienl Spassiile towipfatmhighly iseianention after

acdpsionally excellent Xeouith Ile pssyThis ndenion makes. OSIhIE Bng
retrieve highly pure Xe, which had previously been impossible, and

disprgeidd dhsitmplis retdsizesisaalinitile g esmetianediebwtiive using the

foii?é(ﬂ?é%“fe?f&%ﬁ %ké%&ﬂ %B%&Wé@&?%\é@%é@d@” and concentration
unction. 20]0015] As to the order of the processing processes (Al) - (A4),
OO0k there are restrictions depending on the sample condition, it is
AclasirdlYoPesaiblelg,arangethemab e discratianaf theeierkdnaanaraom

In most cases it is desirable to arrange them in the order of (Al) 4 (A2) 4

sarrlguiaby Y AL KeBIABhRb Rl JHPRSAERS D RE BBARAUGEPHRES the

steHie BNPYALESIIRYeIIRAN JRMPURHRIL SineR lbesenatRARsaRaSdNa type of
processing EEarocess A2), in which the Xe g%oncen ration roces? an be
i vali'ﬁ FPRRMmen

afoERMEHERIPYiUNAREERRT, 57139 RIpASEaLRTY LETRYS iR

haadgitieatataepuriitesisteht as watey s dof QEoacengetioraie dflndheaelactioand
roces{s, it is_desirable that the og)timaIEBOorder %fthe gr G85SE be set to d

o R RSO sS8ee TR L e T S o SRRy 2n

retitevabioke afurbiplenpioyess siagopr esisg emofdiiifebent fanthsepsration of xenon
dsorptj i r ' 7 i

frof! &%&Q%%ﬁgﬁ%&&%%@%g%%ﬁ?@ﬁ%&ﬁhQUﬁ’] JNQGEPIBY bond, that

processes or simultaneously conduct impurity
is adypevell aivteentntentfawopcirpoonmiacterraediepthe possibility of
blishing an extremely versatile system with such broad-ranging
applicability that had conventionally been unavailable. Furthermore, it is
Th%l@t?@@‘a%%‘f@éémmﬁé"iﬁﬁﬁtﬁ é&%@rﬁrﬁz%%@n%a‘ﬁ%@@ﬁ@ssamp!es that

con@yihterapeiAtyrRi PRasR-4ha a8 seBRi8HO PP CEsaras BrReRsVYhBF@igssing
mentioned later to enable applicability to a broader range of sample
g gl Selfogemotes;

OPRIGHERDMCIHSAB P! PAR IRGJALIBH REPIRTRIP RIRIVSFSS SR

(ABbowaghatmeteriged bysh@inelusioh dfifiedotieningerotessiry pepcagpes of
in addition t(? 1]ihe afor%mentio.ned proges in% processes (Al) to (A4);

aforementioned flucrocarbon, using an adsorbent,

(A2) removal of fluorocarbon having saturated bond that is a type of

aforementioned fluorocarbon and concentration of xenon using gas separation

membranes,

(A3) adsorption and retrieval of aforementioned xenon using an adsorbent and

separation of xenon from said adsorbent,



(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, 15(A6) separation and removal of residual impurities
using a high-temperature getter. (Ckggm 2) [0017] With a retrieval system
for Xe from samples containing low-concentration Xe of approximately 0.1

(Ad) 0 BerpveldipcliiureamentPreing WaHigRippuRepbadipte it ype of

afoRiNGAIRAGE MIOERSSINEPREAjienQidrwitiple stages of similar types since
the sample also contains impurities at approximately the same
[00¢6Akentration. With this invention, it has become possible to efficiently and
AcEsusistently miriave extremetygrurésXefidS0a%idoidharfsttimevay amnon
o flslenl.separation and concentiaton siomUsing 98 SERRIAION crerized b
rohamiBPared 36im the! ws?s?age, a(?sorp ion UsSing an adsorbent andt y
haiele civie #sin tentfalliomitty,o (W h) sésdrateor froon saideads Gieenhihtheynthetic
S : low; femp S atj the. .,
z O R N eloRy ey

(A2 gegsipdrebnditiereisstitatihessiibebstieangeoepshicrtinienat iblounier gas
sepi2ll e NEHRLRQing RaMt gixéfsé’t%wgé?s@- 33 e NES HAR Einer

normal melting point of -111.9C, at -110 - -150C. Here, low temperature”

actieriad wAdepertiels- zeotiortorctoolise ®hsf rirlasesigrmRlasdar
siedffgatiz demandsd mzt@%-ﬁ@ﬁs@ﬁ@mgéﬁaw&@émﬁmﬁ@pm,sqm and
n

has become possible to efficiently and consistently retrieve extremely
reagfignyrsaesdsst vilo sty 835]99@3%@%5?&%%”5nd removal

[ooo@Rpration of the residual impurities using a high-temperature getter in

5addition to the third sta oncentration gperation using low-temperature
s 3FalEd. BRaNGo L EPRBR AEOA B FLY A T I SR REBImEans 1o
retréystenigblatedraly drehanactizrigeddyy thahduating processtanptoatiie and

usin% nthetic z,{eolite V@%Q{){ﬁ size of A.t100r smalI(—i{-)r.ig];lsﬁap1 agfsofrabea%ﬁon
vari et?i}r%rt-'g?gag Shd ATmium oxide at the seé’ggn%?gaéealno S OPSER
meaferdmengatiidrprodessimnpracessgdl ) T{Claimesi¢o0 20 ias staeadion, as a

, X . L entian hav ) . )

oo A R Rl e B g L ¥Bonens
regaBéRgmepRaEWaeRdCEingRient S eseRi SN WERchHarsm ehfishangans in
ad 186N XtREel AiighdyLifectivsly HlagdnuHBlaMEORRIFIBY BMRANDT the

Among the FCs, as to CHF3 in_particular, it was revealed in this
A GRIRRISnthdhfsea MR rctiven Vet e iRt alhd SRS Ry romERBa YRt e

imANRESAUBIEH RIQFRIDUEIN B SddMiBwmIPMde. This fact has a significant
implication in Xe retrieval
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20systems. In this invention, by further adding synthetic zeolite with pore

size of 4A or smaller at the first-stage to selectively remove water and
W/ Hdéame possible to further improve the CHF adsorptithéHpaeit)54877

by preventing competitive adsorption at the second-stage that uses

aluminum oxide. Moreover, due to adsorption of CHF3 by aluminum

oxide, it has 25become possible to selectively concentrate CHF3 through

separation of CHF3 from said adsorbent and, hence, individual retrieval of

colbinddiag heaames passible R0k dhisinyeriing isstyemenieiavahg

system stated above, characterized by 30conducting processing operation
OPEERIPRIIRCHEIBE Sty RERGRITBOREVF SRt Sgals b par atidn AhSMfbrane
p@Aagules as the gas separation membranes in aforementioned processing

process (A2). (Claim 4) 9 [0022] In a retrieval system for Xe from samples

SnsgfliesitaiN e SURRIR e HSHAMEIR 419 Sl SHTREIEY #Cs, such
re@@ N AR R BtERIRYRRlecaRdHiRNS: FRIORINRSTBYSNINE (o

saturated FCs usingﬂ;n adsorbent 5 is not practical due to its low removal

effefibiehcy N FRBGE e FIMEBR SO &Y GPIMRIRYKASHBYIRDEHIBrS of

redisdnventiondisaavesad tatitispessiblepafficientyspmee safiwated
FC bi/ qisr]ecijﬁgratlon process using silicone or polyethylene hollow fiber gas
at

rengeNataid-mémprane bR S WM dsvsinefire ekl gadsapardivried
FOMeakiane kAaREfaaiednc fconsemiainicorrARIRNEDFE), with

performance of both functions under a common condition in the same

gaprRARtiPREEEMETABSSIAR 1o st P atigRR sLTe QY ARV SIS PSR with

unSatthaRSSERRIIRITRMEr ABRARHIINA CLASMPENEAFI0923] 4k Hais
invention is a xenon retrieval system stated above, characterized b

tetgHRIBRBARBEdSang G6rREOAHBRRREPadfvited MRS SRR

Mcrealiier Withopelie Siaa 9 S b N darerbameiepiHalrsieadag £argan walnpaen
size of 5A or larger, or a combination of these as an adsorbent in

MeRRERe Al RHRASSDERSEAYLROSSERGRE] RERSRT S| SBl00b AP Regeme
poseitirval systenhiagmighure selievatadiciepexismisn X@ IMPORtaBtioss.

requisition in addition to a high concentration rate from extremely

ThigNIYBRLRRAFRRGFE P P TP SR LB TP Y U IBIE i AFBNERR has
préVidef pessileroseaimnestiaphioily selpelbie rereiaevabaystominathigh
little loss by 25using either activated carbon, synthetic zeglite with pore
f’etgﬁ\éabf%mwiﬁr&éﬂ%F&&Hﬁ%@&%@u&&%ﬁ%ﬁ% 5678 QL ABFERNpANd

cofRSIeFaaha BotBldmation of these as an adsorbent that has excellent
adsorption and separation properties for relatively large molecules, in
[003Rdition to the gas separation membrane of the first stage. 30[0025]

As to the order of the processing processes (A1) ~ (A4), while there are
resfric’tions 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) - (Ad) = (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 {AZ), in which
the Xe concentration process can be conducied 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
oréer of the processes be set 1o suit the sample condition. Since in this
system it is possible to arbitrarily combine muitiple processing processes of

different forms such as adsorption, reaction and membrane separation, and
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10 This invention is a xenon retrieval system stated above, characterized

by conducting processing operation using calcium compounds as the
WeHetKe i aforementioned processing process (A4). (Claim 6){6088]5484377

to unsaturated FCs, such as C2F4 and C3F6, unlike saturated FCs, it is

difficult to separate them under retriekable conditions such as adsorbents

and gas separation membranes. The inventors of this invention, in the

verification process of this retrieval system for Xe from samples that

prEeBRAIRE G igcavared R RIS LRMRURShRI L AINAMR SRICHR Hrity

particular among 10alkaline earth metals react selectively with

refi@RUraR & ECanrIBradiondition Sir isienzrE\DyoBaRasRIP ERYUPAted
edtitHisMAP N Sice B kalins falcim COMRELnds Bf@a%ﬁ%ﬁm' for

removing CO2 at the same time, and enable performance o

appiraRiiY Ghakhadcemmyritieoaditibran teayafadisrofesd)arpsegniels also
aRSRIRISHR 08 %i%@&!%@%%é&%ﬁ%%ﬁ%ﬁ%ﬁbw% 1egaleHBerature

compounds as its major component. [0027] This invention is a device that
PHRSAEYER S BRPRORI R SIeS IPRECUINERT Xetieh aifdnaeissted later to

enHRE0a5ReR, ARAGNAIAGIRHIZEH, Hg&evg%@eéhmﬁofﬁgowing

rocessing processes of said samples; ) ) first adsorption means
{048 with synthetic zeolite with pore size of 4A or smaller and aluminum

THRGANARGEd SeriBl-(AR)H3S Seraatanimenans 89%%%@%65&9' pone

_or polyethylene hollow fiber gas separation membrane modules,

indggtonadeeristioning aiesresinathrerassekivaediierierihsynthetic

afdreRaliR M RYSSiR PhRALRELAYERMRleauar sieving carbon with
pore size of 5A or larger, or a combination of these, (A4) and reaction

(AmdyRsemeiaRAYakAMNEs AL AER S TeREANENIHM T PluBssTETange
pr&iicie iy B2 HeN R BB NIBD VNS RYAIR K QM SHIRISS LoAtConaifon,

30impurities such as FCs as well as low-concentration Xe, It is vital to
Or Al MBCBARI I EEesSHY (e hAB Wit reNWHIG eGSR BPtharBRss

(ABTBEHHANHPIAAESHIE, AIBRNS MAKEpRRERAIRY BARIRRpakiorto

raise the level of 11 capacity and functions of each processing means,
geHRE dbriiRelprocessing means with both functions to obtain synergistic
[oceffgct. In the Xe retrieval device pertaining to this invention, one of the

characteristic is combination of multiple types of processing means that

‘WQH?@éf@%?iﬁﬁbﬁyﬁ@ﬁh@?&f@’?‘sﬁ’@é&h’?%ﬁ@%ﬂ%@dﬁ@%@ﬂ@ﬁﬁo” Xe
of BRABRIHRTBRKS. efleglive, UseQliNeuNig¥Sncentrate Xe to a highly pure

degree with a single-stage processing operation or multiple stages of similar
types since the sample also contains impurities at approximately the same
concentration. With this invention, it has become possible to efficiently and
consistently retrieve extremely pure Xe of 98.99% 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 meiting point 0of -111.9°C, at —110

~-150°C. Here, "low temperature” refers 1o temperature of —110°C or below.

[0018]
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functions of each type of processing means, and another characteristic is
to make use of the processing means so that the same type of processing

- WOTESHEARYe different functions. For example, as to the adsorffftibREHEERS877

by making the first adsorption means to function as an adsorption process
for 10impurities only, and the seconé adsorption means to function as an
adsorption process for Xe only, distinction between the impurity removal
function and Xe concentration function is made. As to the Xe

AsCRNgemationHunstiandbe-gasseparatianmembranes ebieArtuctor

concentration means function to concentrate Xe and at the same time as

predesharBmrRfcaid ot bagnaePrrstiafaciicieicantbsensiietiting
retﬁ@@éﬂé%!:@ﬁéw%ww@wigﬁg9@%%?%&951%&@%@5@%&%%%8

function as Xe adsorption means. By making such functional use of the

refmrycd sunRgERRRS IadSEdym ENB WIoREBS IR Hishcipmparabyeoitar in
adhigbreligwalisfidency that-enabiesreisiavaloel highivonieXe«al0R29]

This invention is a xeénon retrieval device characterized by having the
Phisify IRy PeoeeRaIA§Means in addition to aforementioned processing
[odneans (Al) )(A4); (A5) low-temperature separation means having an
" open space maintained at 25temperature lower than the boiling point of

Thicebie diosdRI HreEEssit oY SIRE) BiRteH & PONEWTR BRIy
co H&&%‘Eﬁig %@Lé%@?%g 3l IReansCoRsis NG @ LighiemBaial rsoasisre (Gaim

8) [0030] As stated above, it has bécome possible to retrieve Xe of

or spirBipprRgRdeptagiciidheoavsingasing Heplucaserganidhs (Al -
setAAY IR BeFhah e duprdtiesdmsyRRIesdhal sontaim K e of

low-concentration of approximately 0.1 - 0.5%. This invention further
[0Qxfdbles efficient and stable 12 retrieval of Xe of extremely high purity of

AsVEIRP VAL YHBtRAUGHS e sRMRIeRTISRHaVEIRBRERINER SBRATSTION

means havin(ﬂ a low-temperature open-space to apply a processin

rety BupEBRIPAT HERYRYERIKE PHESAICIRSSJE T SRAEB0IE JBRES ima\&é%b such
cldPesaiiadqernsisientlyrettievaseaiewramelsdiethopHibnafip¥ien

99.999% b adding a removal means comprising a high- temperature
exigara! Y EipHf abyepHrstisR U IFEhBYHIRIp RGBS SRRARS ifipunbedhe

F&E_%t@@ﬁ%ﬂg SHRUGE lanriss RIS REpRsalioT mensiHE ke be
this invention] [0031] 10As stated above, it isg{/ossible with this invention

exiggpieNi@Eisienty and rrRipalivrHEIMME reEN AP RARCERIRA RIGETeRieval
usigicRRpnthatsnabletfuRctiona e mevaiot AnprbRslio M isatepies |

contain low-concentration Xe, and retrieve highly pure Xe. It is also

jsalso
sY§i88atldd RN ¥EEHIR RS U Bt AINe mpBngliterpRiS WA RGEe Size of
4ASEPSAIRN MepBTirndaRitelo 2Rk S H9FEIRIeV ipaRiaimiutiaes, highly

pure Xe by using these added functions.F[OptimaI configuration for

bem%ﬁ@ﬁﬁ%e[msfmﬁi&)ﬁmve 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 concenirate CHF 3 through separation of CHF;
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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[0032] The configuration of implementing this invention is explained

below. This invention is a system that retrieves Xe from samples that
WOHHEIRTKE and 20FC, and includes at least the following pro@&dsifigoe 7054877

processes; (Al) adsorption and removal of CHF3 using an adsorbent, (A2)

separation and removal of saturated®FCs (such as CF4 and C2F6) and

concentration of Xe using gas separation membranes, (A3)

adsorption and retrieval of Xe using an adsorbent and concentration of
[oXe by separating it from said adsorbent, (A4) reaction and removal of

unsaturated FCs (such as C2F4 and C3Fe) using a reactant. [0033]
In & fRigiRvall5Y R 8y stent A casRRiass IR e AHa Bfiiént b to
defaBI¥aPAwatebfafddertishattB FES S (diFas CR4 HF6 RNd SR 4

from such samples as the waste gas from semiconductor production

retpRYGEIS €O NSlitANSs TREBMA ARESRIRAG D RRIEERIDRtamity"d an adsorbent
is ARWSaREERtEAl R thanaraxiraRtahcRAc3 TAK RIS cR SIRBRNS as

FCs, and retrieve, concentrate and refine Xe. However, in such processes

Proge e EENCORIB RS HaNRRG PO CRSS e Man diRcaRERO A A ¢ {fie
00 &aRBANaHE MG FRnsRAEALIRN RhdN UtV aBpaFaadl deRendingieR

whether the gas immediately after the process is 5processed as the

siliganspis, YR WHDBIGHO W EITETARE FRRAEAHNS (rARPREM HrBOSLESS:
Mddelaxifispliondgaiacess)sisHuesrysatbasikesanpie baeiibe in

concentration is high, it is possible to process it with the functions of this
coRgRTAtRg 3‘8}|@ﬁ‘6?1961%‘85‘s°s%§90§@§‘% USR8 RIS e of
coAfoMabeanibe enrveshy Hiscexsiemdiaione prieadueing fbtmthisighly-
system. 10The processing means and processing contents are detajled
PUIB St FRUBLSEIRIBIN 068! €95 PRASGHAGTHERENGA] Brot¥¥eing
comRaess of CHF3 using an adsorbent 15This is a processing process for

CHF3 that is a type of FC coexisting in
[0023]

This invention is a xenon retrievai system stated above, 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 &)

[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 responée to such demands, this invention has made it
possible fo compose a highly selective Xe retrieval system with little loss by
using either activated carbon, synthetic zeolite with pore size of 5A or targer,
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 iarge molecules, in addition o the gas separation membrane of
the first stage.

[0025]
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samples, and it is desirable that aluminum oxide is used as the adsorbent.
Although synthetic zeolite and activated carbon have conventionally been
WQ L' YSRE processing adsorbent for CHF3, they were insuffféGeAETTHE 4877
adsorption capacity for especially low-concentration CHF3 in the
verification 20 process by the inventBrs 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

THkigNehauikad foxéhe puspase-nEselemtivelydemsying Sirscaincedsy
adsorption capacity of Xe and other components is also high, As a result .

COBEYEHRB RGN CaS SR RRFIAR NI RING HBELIIL $BTBBRIR YeAEVAP RRFERHE/N
af SYepVER e DY HebgAymiRkB:exide). [QBRaLTBe form of aluminum oxide

to be used here, such as powder or granules, is not stipulated but
[OQ:%Wsidering the pressure loss of the processing gas and processing load

AsbdVeaslieass Branuesiae desablgd Itsrads o tlasrabledaadvsss, it is

activated aluminum or sintered compacts that have large surface areas.

diffiseticp saMBsOUE TS STIRYARIR CRIAHLORS S Udhfpdadsproents and

g=Bresesaine M e syathetisz apliatwitaporessizecphibf, on sRallenmidhen
first-stage and aluminum oxide at the second-stage. While aluminum

Proi6de HSEhELIRYR CBHER 1o AR EMMGIERP 2P 69 THRY Stiginal
diRURROSE ahihispyaierBdhpe salectival\:cemaying Stk 3iploweairg.among

Therefore, it is possible to secure a high CHF3 removal function by

alkalissreMY NG RImERAS SRR M piRerS BlualRd hbr RERT (PRaBIGeE
in Whibe gRpRieatshefirpkatapeelPBEd (ADrSevarativaakemmovalcium

processing process of saturated FCs and 10concentration processing

CORRMRE S PeeARYHHY Sep RN & A% SR Re IR G T8 RIR

pe FRERSSHROPINSESRIRIARSUMRS seRswation anademavalipk saikated
FCs, such as CF4 and C2F6, that are a type of FCs coexisting in the

PraGhfipid! BREAMERISSE i otha irdo Bk Ed At FRUIRYA! R Gasaing

calioReesAblenandd is desjrrblerdmuagrgas separation membranes that
have highly-permeating property for Xe and poorly-permeating property

[0G4f katurated FCs. The material and structure of the gas separation

Thioemerans ik rotstipdaied psleneagdhbasibe feresentigneasbntain
functions, hut as to the material of trbe membrang, it was fo%%(g th%:
XeTm SO AL Rrsth DR B AR o PO BHAEHE D S IRV B BE I8 Fh i

folloplimppbio 2sibpyerificaticapracess byrimdnyventors of this invention as
stated later. The former is.generally suitable for use at.ambient,
(RS SA SPRAIR GBS IRUTE L P A B BT
smwitler aneramaheatresistanidempetasarady 200C, is suitable for relatively
igh temperatures (above ambient femperature, or roxjmately 50 - .
()RS SRR e A o TR ST E HEr R U8 By CEFapign foer
gasnesphraneranterasidednastrae, as inorganic membranes, are also
sable. [0038] As to the structyre of the membrane module, for ,
(e BORLE FEE RS DU BING RS, A Bempfe aelpirsrisdc
zedliemitanssreasipieo pRatsrtige30nmatstili ot kallow dheomenbrane size
odule, and the inventors of thi?ndﬂvention found through the verification

d
of S RBII YR @ IFSIOR BBE M2 FSRe module is desirable in terms of

(A4rasesgingteapatibhs filled with calcium compounds as reactant. (Claim 7)
[0028]

To efficiently retrieve and highly concenirate Xe from samples that contain
impurities such as FCs as weli as low-concentration Xe, it is vitai o have not
only proccessing means with removal function of individual impurity and

processing means with Xe concentration function, but also 1o raise the levetl of
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15 [0039] Since the membrane area of the gas separation membrane
affects the processing capacity, it is necessary to have a certain required

WOREIRIFEAE area or greater, but a membrane area larger thanRwhaB0 7454877

necessary for the 5processing amount will cause to lower the membrane
processing efficiency or separation tapacity (lowers permeability of gases
that permeates easily and increases amount of permeation of gases that
do not permeate easily). It is therefore desirable to use it under an optimal

caSapRitiany apesificallys Enthissystam-anarealiarprexmrielyd0essing

100m2 is preferable when the 10processing sample flow rate is set at 20 -
mez withdetb) Byaising inehainmarRaia e dbsdhpatPdrbiRd is
de@i%%ségi&é%%@@tﬁ%ﬂH\ﬁéhﬁgﬁi%ﬂ@’cﬁftﬁé%%ﬁ%tf@ﬁﬁ?étiéaééﬁwﬁﬁﬁﬁfrigﬂ

- 1000ppm, and at the same time make the concentration of the Xe to 5 =
muidolsthdiar £ orocessingunaeitethinlareanas i EMRRY ramion
meHBRIRAMAIRRYERASaladdater s Alsoraesiie tava lidbe parBRiRique

characteristics and specifications by not only using a single membrane

funeieniech sl byesrabitRGaRSINp B AN eENAA PSS §rte
ma3eliakarangement G minatan of theweaRRIQP4d l¥sh Adsarption

and retrieval of Xe using an adsorbent and concentration processing

masoe ey BN SSparkang XEFFsmainREbRh o 6 ASPREPMRUT RAR DY
mARGEAT FHANPIOGBFINGRI9GESS AintSidn e SABe ipHHe srREARE for

stage. Since the molecular diameter is larger than other 25molecules in

IMRHIERY@ BoeXistdNR REFE8SIRIETBHRRIREA MR BIER MRS b aRaRSRTION
proOEE RS NEPSHIONHEHANABRHIRM RARCRSS I oAibRs aGHKaR fand Xe

carbon, synthetic zeolite with pore size of 5A or larger, molecular sieving

cORGPRERINSENHIaN fodaife S0P BrsomiEINSHBRIGH HESISS
sefBeAsoReRbriNisEeees Sils e RtmdhensdsnsripRMsAGessing 30

process and separation processing process, and it is possible to retrieve

corratecSREamHG P HHREHIRESR HPEsRiRR TGRS Rassiaied

FC@@P&%“@P&ﬁi@@&i%%ﬁ%‘déré}gﬁg%ﬁi%B}%ﬁtf@?ﬂlﬁfgaﬁg heirities, and
separating it by heating 16 the adsorbent in the latter. At this time, by

therSRREPR YIS TS IR PEEREHAGEIMER AR adsPEIREMERN S Yent
maReReAONOFRIRR FABDSIRBE pihess ShRg pHialy, franpuBsimeassedvide

sample containing Xe of 5 - 10% concentration, it is possible to retrieve,
2 st tHaYahsRIra S RiaRiBH B )R EHiCEE Y HRlearGRanitRINe 6t 8b
highROjbueoReentration. [0042] At this time, it is desirable to reverse the flow
of the sample at the adsorbent by the adsorption and separation
essing processes, and set up multiple adsorbent units. By conducting

ThidhdsamiiRePteaessrairriaraeasisereatkiuritandraiving same time

conduct the separation process at the other ) ,
following processing means in addition fo aforementioned processing means

(A1) ~ (Ad);

(AB) 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 foliowing processing means;

(AB) removal means consisting a high-temperature getter. (Ciaim 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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adsorbent unit, and by switching the units after a certain duration of time,
both processes can be performed continuously. [0043] Although, in
Wgeas & adsorbent units for the adsorption and separatiof CT/IB2007/054877
15processes are fixed to the XE retrieval device, by making the units to be
removable, it is possible to divide the system into the upstream side and
downstream side of the adsorbent units. Therefore, it is possible to move
a unit after completion of the adsorption process at the upstream side and

then perform._the separation process at the tream side of th
St it N R AT
saifyiedcosinorersagbeversatifyatithissystenoaid areoespeciplyayseful
in the aspect of reducing the restrictions ipn set-up conditjons jn cases of
P AL 8 S Al CRARRS A CH NG FACR) ST U SRRV -
Mof:@hwlm a@?mgdﬂaﬁcggsmgieﬂ@w qEibBthetivpstream ﬁ:@@ﬁédﬁnﬁﬂ@ng/@ﬁgh
sample is referred to as "upstream” or 25"upstream side! and tt
U TR P e BN A TG RO AT .
tenioei4i AdtheuahithappaimnfuastieaiohthaAHSOLNBHPEOSBCEING PEORASS IS
concentration of Xe, the valume of adsorption of water and CO2 also

IMPIGHERASEES ATt SRR GhT!By A RTRG ThE st timparaRIE at the

[EThepaiatinnipreesss] however, it is possible to purge them and increase
0 Qsel]ectivity while maintaining the adsorption state of Xe. For example, it will
[ §é 17 possible to further separate components that are not separated or

As I@%M@@@@ﬂ_f@:}ﬁfp@@@iﬁ@@mﬁttﬂﬂe ad@@:mii@n?lmmﬂhaié bystetpRviagicval
compon nts wit w adsorption femperature throu ow-te eratur
Mot Bl GRY thER A S bt SR Al S HRCle L RAIRELaE fonal
renlawgB@ﬁ[ﬂ@éﬁii%43@@?@&@!@@%@%@&3@%@?@%%blr)satkalreded
FCs using a reactant This is a processing process that assumes reaction
et AV S Bt RERE LTI AL LR AU CHE AR F Oy pe
tenfrGsstoexistingeintibaddsapmnietiandhiekes adyaage ahthi kapbealpidry
co nds react specifically with ynsaturated FCs without affecting Xe.
o A R TN B RS UE H Botcram myChonie
[Opaisnts coaificcoatiponientrifpk osaithiptilusrsystéompince it also provides
[

Oo%ﬁneﬁect of removing CO2 in the sample. It is possible to obtain over 99%
oval efficiency of unsaturated FCs of 15several 100ppm - several

Thel 6007 pma{io044] i Meleneaitiugnticiznipanids esxpiiobCoripeunds as
Thi%:?glgfil%mig. ?ﬁroﬁ“s‘}% Cr%é%%%%ﬁ%%grﬂgcﬁ%br%ns?ataegé%asgﬁ)zﬁ) c%”n‘%é?é Xeand
ricaléium’ phosphate , of compounds mainly composed o

FC theseietdnients! (egstsbaal @nwviag et <Spaafimalts dtispossible to
(A15eme(1) seo% !|C:J§11 gxéhr%ggcl)l\?a igg é‘?%—‘??%&ng an adsorbent,

(A2) separation and removal of saturated FCs (such as CFs and CyFg) 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 CsFs)
using a reactant.

[0033]

Specifically, it is a system that uses a simple and efiicient method to remove
water, CO; and such FCs as CHF;, CF4, CiFs, and CF 4 from such samples
as the waste gas from semiconducter production processes, such as the

piasma etching process, containing low-concentration Xe of approximately 0.1
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formulas 1 - 3. Similar reactions are obtained using other calcium
compounds. It is also desirable to combine these compounds in this
WIS Ea(OH)2 + C2F4 2CaF2+ 2H20 + 2C0 (formula 1) BERE3Y 1054877
C2F4 -> 2CaF2 +2C0 + 2C0O2 --- (formula 2) 252Ca3(P04)2 + 3C2F4 +
6H20 --> 6CaF2 + 6CO0 + 4H3P0O4--4¢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
~ gg%%@&@@dﬂae‘ﬂeﬂ%&%\é’%%ﬁﬁ%%]’ag{@“ﬂé!fﬁé\%ﬂ IRl SRMAAEtS fRdRDY
inding powder are desirable. It Is also desirable to make their surface
Haveaelaiges teecane seasthstyhjoas]cagiusieasueicbaieninggosiHae Xe
cJINRNIS KE R AEHHBBIR LA AN BHASIEIF B RitRseveRpnae

separation processing process an igh- temperature getter
grprsbedsingnpiogess irhatitititha g dise raforshisdplicheer Brederssiags is

- ) ed FE ol
o e B8 men
prooeste(tptrsifiretiphaseckesije sapaasich pdbessmyrobesy s is a

o R A R o et

separate highly pure Xe

syBlsepayatiousithe saepte amseich most ofédrfrieis hareders
nSTIRYSEL ILRSOSPIR R SSRRES B0l e RS AATERTIS L e fover

emperature tha as nitrogen (N2), oxygen
Trergondesingrmesmsanglpritasingabesiessisl aat caimprtins e@h mecess
inert gases even though they have low-concentration, by introducing the
sample to an 150pen space that is cooled to -110- -150C. Specifically, it is
[0gd4sible to highly pure Xe of over 99.99% in purity and remove the

fore i j It I r,jn case
A B S e el o
ademibeetit by cooling it to - 110- -120C, which is above its normal boiling

TrRQirét_é’fg;%%%Qs%gz\pLBQéQi 'fb?ﬁﬁ%ﬁg RosERle fo-ctiigienty aiding in

consistently retrieve Xe by applying the condensation operation of the

samiadega@@uﬁsgiﬂférmt&ﬂbekamigé}ﬁha_ééi@ﬁ%hrg@%@gémiaﬁ%ffé?_nf-

A‘2&%@@2%@“2@%*&?’5%%%ﬁ?fﬁ%?é%%@%ﬁ?ﬁ%%ﬂ%ﬁﬁf%nm%"’*me frot
Mg

ussi g, MsdrEnssesdedivs serwptit tHeex e dns figiebhietitation
addb RS U fiemaald adsaiveptin e sscandrsteaealaPald ABkication

High-temperaturée getter fprocessmg process This is a process, in addition

Prasess SoiBmBeseE 9isthisdavasie a Aigho zeolite, for example, it was

not possibie 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 CHF; 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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30temperature getter that is a means to remove impurities of molecular
levels. The process involves re-vaporizing the highly-pure liquefied Xe,
WOSHIBEI6¥-concentration residual components using the ~ PCT/IB2007/054877
high-temperature getter, and 19 further refine and separate Xe with even
higher purity. Specifically, it separates and removes high-boiling-point
components as CO2 and water that are condensed at the same time Xe is
condensed at the low-temperature phase-change separation process, and

small amo nts of remaining 5components such as
M B SR R R e sl
symeddtig thelsamiile gadheiaghf @ Metatrgetier dith dirs spongeafat
exam le, th tls eated to several 1 0052] At this ti e o r.than
i el e R o PN E A
caauahitaszirdonibmgvanastiamiio o alidy (dmnshphmmfﬁdﬁmsesgsasm of
and Pureron). It is, however, desi to secure

E’g Iﬁsqfetters, Nu F@g ! Ve l
Tty Y(‘S@@}O@f@}%% r%@t&%vﬁffgges G tHe H%éﬁ% 8 UTe getter.
hi Pa@l&ﬁml@nmtmIatg@mnd&mbdémmugtwajlswmsgaueaetmnﬂwm&ents
function of th ter will b icient but als on may not
thaEALE DRI F%ﬁﬁ@?e%\ﬁe%’f‘ﬂ'{ﬁz %lt%ﬁz Q?ﬁaequflnement
[opBYgess of multiple stages of this system, and is a processing process that
is.suitable for Xe retrieval systems that require hi ure Quer |
(A SR CLEA A L EorE B o o Bbech i1 S Set
corBpestinn amma@m@mm@@ ogm@ s redpevatidevicenpertmiaing
s invention> Figure 1 is an outline dia showing a basic
Sl AR e B LR PR Mo 67 oRe S ARV aton and
re(h@c%li’rta’f@.ttmmmﬁmagucthlaﬁ@&%ﬁ@@h&ialmigatoaﬂm&|mmzntuﬁ|ﬁsz
ifically, it is compose offrst adsor. ton 5 AI n whi
COR B AT AP ety SAE Sparal s e e
p@@é@p@mmmhmmmmm@smab@wﬁba@ogaﬂme@ma’wm3 filled
with adsorhe ar}t reactlon neans A4 filled with r[e? t thlrd ad§§ ption
p

mﬁﬁ@%@"ﬁ‘f H?éﬁ%*%l%sar ar%naqu%rr? ed erla i iaow t%m rature
pesepaatitioproparty A5, smmmadj rﬁémsm coatprigirptighustempdisiges

s AR TR S aRiAs STl R arifheaishan
functions, but as to the material of the membrane, it was found that non-
porous membrane made of polyethylene or silicone rubber is most optimal in
the verification prbcess by the inventors of this invention as stated later. T_he
former is generally 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 ~ 1006°C). It was revealed that
such porous membranes as ceramics membrane and zeolite membrane, as
inorganic membranes, are aiso usable.

[0038]

As io the structure of the membrane module, for non-porous membranes it is
possible to use, for example, a spiral fype 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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20 It is, for example, suitable for application in cases that involve treating
waste gases from semiconductor production processes such as plasma
Wetshivip3a¥ter such acidic gases as HF and F2 are removed UB{{IBa¢H /054877
devices as a removal device. Specifically, it is applicable to samples such
as those that contain water with satyation at ambient temperature of this
device, 0.1 - 1% 002, 0.01 - 0.1% CHF3, CF4, 02F6, and 02F4, and 0.1 -
1% low-concentration Xe. Explanation mainly assuming the following
0 (ﬁsrgcesses of said samples is provided below. It is, however, not restricted
]nem. [0055] 10An example of the processing operations of this device

Sineithiiberfunetiensofeachr cosnpeneaparetdeiatlechpleng trestiovtied the

sample shown n figure 1 below. The state of the sample containjng Xe

ProgESP RS RARBTASs R ISHBRP RN G JVANSHE AR EREATSHSHYRAMPR 1]

ardQvideskiateh {Cb6l(1brEhe sasaplerdpiroduearhis tBissysteaSor the
pressurized to the desired pressureﬁ]e.g. 0.1MpaG) by pressure booster 1,
A

Progesthshamrsaticel fRHaedRRsrREiIRdBRD REBRR §BRRESATiR] ciency of
sepgisgidrieapacanslonesoiipieyingelr 4 istlefaas areriianedasily and

previously, with synthetic zeolite with pore size of 4A or smaller in the

IncHracempEs MY ARIMARIY b RbEaRah e haobpRId S heaRlis TS
thePpRiled st apnbiontiemnarabiiren Maihawaieamiosth COZ-aiecals o asls

and removed at first-stage 2a and CHF3 ig, adsorbed and removed at
SYSLeRh A5 R PP RRBEINGHIE b A tHe H¥E PR eighakis ¥R a3 fuminum

proR¥genyaiehandioRZmasiveher be remenad at the same time CHF3 is
removed. 25[0057] (2) Then the sample is pressurized again to a desired

ssure (e.g. 2MpaG) by pressure booster 3, and then it is introduced to

By g@msepar atiompranbrang moski a4 eose spends RQegél@ﬁE@]@rﬁii@Btain
means A2 and such hollow fiber membran[__e modules as those made of
A

e’ ey ethydie e dopreferaias b thild, thd BPesktré e fle

thepeimealing sideotigassepaiationmemyate imedulendisigtueedand
djusted to a desired pressure - 0.1MpaG) by vacuum [

e.g., ump 5, This
RGPS A I A PR T el e et
lateand Botisatpd S uchdsthd4angi€ 2hbrinthésion-pgatiepatvn sideoby
the gas separation membrane to allow efficient concentration of Xe and
oL GRIDVRI 9 Sl S TS S RS O GRBRE ShaMIRS Xe 2
metatfrdold rachigse taptpeeaidiaobXedoongighiermne veduneatid e

C2F6 to 5ppm or lower. [0058] (3)The sample concentrated at gas

twoseparation membrane module 4 is pressurized to a desired pressure (e.g.

[008:4MPaG) by pressure booster 6 and then introduced to adsorption
ylinder 10, (corresponds to secpnd adsorptio 1%}me ns A3%3Adsor tion
(A3 RSP TE TR N SR e AHBR ORI s e Pare
prosessofhprocdargef X molemdasitieviyfoanban sutheydre size of 5A or
ThiIarger to sel ctrfkvelg adsorb Xe. t?l'he sample. thaﬁrpassed Exuﬂ%

S RLTROBR K81 ORGSO REOSS AR T SISO TR HRAVBRL
in thecandueleddoe a Besignate dperind-oidiannc &udorptigar thaylivither 10 that
moiae%a%gearq %ﬁfﬁ’lr}?g tcegetﬁs SSOigsb )éc%esi tf'ect%e%g&&%ttg highly selective
separation process by performing an adsorption process using either
activated carbon, synthetic zeolite with pore size of 54 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 1o 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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separate XE adsorbed in the container. At this time, by purging the interior

of adsorption cylinder 10 with a small amount of inert gas (e.g. N2, etc.),
WHishE6Eparation process can be performed. The Xe conceHtraifitGters”’

purging will be 70 - 90%. Since the duration of the adsorption process can

be 20 approximated by the flow ratg; of the sample introduced to

adsorption cylinder 10, Xe concentration in the sample, and adsorbent

capacity it is possible to preset it. It is also possible to make adsorption

cylind mo |ta ivide the device, into re
the S B G B OB e 5 b A EShAAS 06 aerbehi
a soeMicaninuits @‘nh@tygeaneﬁ@tnbetleew@is@slmmet@yl mmpeln‘méeed.
S retFev I fgcmty, the proc ?fies of this dev ce in [%s eé;t%et% n be
PEEHEed BY RRSTiHT 3 c@ﬂﬁ P this Yevice °d transfer it to
c:ora:éﬂmmawmg)meameansmmtmsmgﬂbeipvxosewpsapmet:on
downstream side in oth% églac Ito &/ ncrease rocess of

PrOpERSRSHE AN FadYY Qts n%%ﬁ’%a Q 8 roduct-related
[ooagperformances It is also possible to retaln the sample containing Xe
retrieved and trated at adsgrptjon c der 10. 0059 22
A R B R R E A lE O R o5 TGP o NS
by m@@ammmcuhtaekdérﬁtﬁm resstiied W@QQ%QCEWESSU@(&Igmple
21, and then introduced to reaction

ter
g B S e 0 A THRLE R PeR B R csshen
unibheatedite &mmamq?ﬁdeﬁ?&ﬁfamees@s?rm @%ﬁb)@étﬁ@tﬂ@@ater 22,
unsaturated FC (specific 02F4 remov it react wit
QO A T RGNS QAR g NG kP Laa B i
protethe:syindes e daseddecens€@2giemaining in the sample, it can also

OO$§ removed at the same time. 1()[0060] (5) The sample discharged from
z;ction cylinder 23 is further introduced to adsorption cylinder 24
Alti{cayespogeisciathing adsonbiion memﬁm%&: 3ds adrorptinhseylmadna4,
erated at ient te ture s filled w etic zeolite with pore
ProSeR gt ZACIP R AN I erbih S LEAh A P SHTUHNR e SHIte 1 e
rensaxaiﬂd sttmge&ﬁﬁaiartd dandrermm/ewmgr jand B2 Mnee(ﬁ)sswemabove
d ocatln tatﬁ% E?] gn of re '(e)rne rllenq r23ogg ;%?80;%8\,5 can
OV\{ 'e"&l'tﬁy ereaction be een calcium
unrtcaf&manmmts!mtdwmfstamraﬂedt’é@orambmppmtsﬂheghppmmmmﬂhen
orRISRICLhen walsr and COZars contained, i nscgssany o femoye
PerRem 8beei%re and%s ey con ense during e REXT I0W-t2 perature
thermtﬁaﬁbemhmn@ess’eeanghepmm%mcm}uﬁ ﬂwﬂdwmamna-lenm gaibe
ea against this roble 00 6 t
v T P B e s R o S i Bteing
the seeﬁmaﬁnmrsdre@ee%bcmimim?sonluaﬁee@fomﬁﬂﬁagtmp@(&)rmm@ evice
han thruhll faction or solidificat ther c n
o A S S e T e S o
patmmmwam@@tvpemm&esﬁomonfmnpﬁde rwmmmbtomﬁeduettberbomng

| up&?é“t o *Or,t?g'ﬁ“’&& % 'éln?%%%%% deguate, ref&@% A0H{8ig gych

[o] ue nltrogen Frefmemen usm O tempera
“dowha&ea:ham@e "Xe in the sample is either liquefied or solidified but the
OOz%r maining) sample that contains impurities such as N2, 02, Ar, and CF4

hat have lower boiling point
Although the main function of the adsorption processing process is

concentration of Xe, the volume of adsorption of water and CO; alsc
increases at the same time. By adjusting the heating femperature 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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23 than Xe and do not go through phase-change will be disposed as
exhaust gas or reused. The level of each impurity component in the
WHGHEédarguid or solidified solid can be lowered to Ippm or b&eW HBHESF4877
5(7)The liquefied or solidified sample if further re-vaporized through
gasification unit 26a for the final pragess and then passed through
titanium sponge 26b (together correspond to removal means A6).
Titanium sponge 26b is heated to approximately 650C and water, CO2
remgly s nd
PR B e e e S e ey

sepgeatiia t:amumy spdng eyiermien @fm@;b}ﬂ@ﬁibyipm@@m@@&?ﬁé%wml)

- sta ove |s I in
o S D DL LA o7 oD O STy Hhe b
applyrisy ot MOMamdahrghgﬂemm;eemﬁme@ﬁmmﬁ@@ocessmg operations
Ooog?gtalnlng to this device is inferior to what is demanded, it is possible to

the purity by re-performing the aforementioned processing
(Adperatantdd rert@)v isralsespossibtects saietiseiponiycof Xe bying a
re-subjecting the sample retrieved and concentrated at adsorption cylinder
aféethOaforementloned processing operation (3) to aforementioned

Thmmes&rogeep&r@mmnse{de iH8) {0064k s Gamiiositon exaeyied of this

2 di th 1]
B e e A e
sauiils, efrpr Goess ingvaneaigs Af ﬂMfz(mcctalmngwc)mpmmdsrmmﬁuﬂ@ﬁmfscaﬂy

xam wijt erla arra rati
Wi R e ARG s T BT A 208 Ao
or asrapmpasitivithexalnipte hydnmkite dsfﬁ&enaesqnmommumﬁamfui for
funct ons are detajled below, 3 r
thi%ﬁ%%&&?ﬂ serlalety ! g rrooc\'gélgﬁqgggperafgnﬁgﬁ %%lon 18 d.ﬁﬁ%m h§r§ t
is m@smtdéf&reﬁrte;mdmr@ﬂ%memoﬁei&ffmeem@éma@ratﬂﬁrﬁ%@ﬁ’ng
et ré‘] qr&% C2F6 an\ge{,ré | one or polyethylene hollow fiber
embrarPéDmodu e as he ga separatlon membrane module (Xe is
[O(sHjjarated at the permeation side of the gas separation membrane and

nd
Hedceer‘}gneH%C%?n %%ﬂ %@é@ gsn@s’&;maa%ale@mmmae

improve e separati concentration eff|C|ency, and

(CacDidial efficiemoyaobXedty CorbiatiiuoftrapiiUTowhasRs#eparticular.
(C%ﬁf&é] SPes AN R PIessIAa B A S RYJUS SRR I D MpRL)

lime, etc.). Specifically, it is possible to remove C;F4 by the following reaction

formulas 1 ~ 3. Similar reactions are obtained using other caicium
compounds. It is aiso desirable to combine these compounds in this system.
2Ca(0OH), + CsF4 » 2CaF; + 2H,0 + 2C0 - (formula 1)

2CaC0; + C;F: = 2CaF,; +2C0 + 2C0O, - (formuia 2)

2Cas(POy)s + 3CoF, + 8H,0 = 6CaF, + BCO + 4H;PO, — (formuta 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 fo make their surface areas
large to secure reactivity.

[0048]
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pressure booster 3, and then introduced to the first-stage gas separation

10membrane module 4. At this time, the permeation side of gas
WeelhasaidoFsInembrane module 4 is reduced and adjusted to a RIEBIFRLH7/054877

pressure (e.g. - 0.1MpaG) by vacuum pump 5. The sample at said

permeation side is further re-pressuyjzed to a desired pressure (e.g.

approximately 0.2MpaG) by pressure booster 6, and then introduced to

the second-stage gas separation 15membrane module 7. As in the

first-stage, the permeation side is adjusted to a desired pressu&gﬁ(?e;g.

‘(5) SEiFFPS& BBy RHIG< G ' FeRIFPIRR S5 Coni@ting

teﬁﬂ%r%@ﬂﬂ%ﬁé@@%@ﬁﬁ%@%@ﬁ%@%ﬁ@% aneympgle 7

and inlet side of the first-stage gas separation membrane module 4 is set
iR LGOI iR YRS HHBRESSINSAIICGAS) BEorissemniengd gas
prevRiRitigNGaestanemMoqule) 7 Beraenyithdhe lebaetipmatdirststage

gas separation membrane. Moreover, another return flow path connecting

DO%@&F@%@%MH@-&WWQ&%@Sﬁaﬁg@&@a%/%@ﬁa%uon membrane
[oomgdule 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 25merge with the

(Aext-AHdesaraiAR StheF pARa0 Fe- SRy IAthmS TN g R e

ThEeeNErsass: JastseRa stiondembranmmediiest BYHeINg thigg it is
ossible to achieve both increase in the retrieval rate and increase in the

aﬂ@éﬁ@@ﬁ@&%ﬁ%@é@ RIGNGpREIRCAR/ LI IQpdeEIp akirRpEags-change

sesaRERMIEToR ebMbie2PdHNamianehX 6t GIRLL iehFLRies QRO It is also
possible to 30 reduce CF4 and C2F6 to 5ppm or below. Moreover, by

reniRRY a thifRSSRIIY IR At ERBRARSIRRRIE Haddiays Igway

boigMgndighanXeconserationrand filibes Cfid, arskf2rb redusiioncam be
secured. 25 [0067] As 2 units in each of the processing means Al
(Arai%aﬁama AP IRLCRARS SReiR_LGAPRPARIHRIFD R NRhgases

evarpeiatignsaee ifferent-bdecegianed ferilaeontiaugus008nerany s by

arranging processi eans that actually work on the sample and those
Opﬁﬁaﬁﬁﬁaep?%ﬁd%a% Jemaration b mainieEic@hh fdrduepsible
higbipasifieaty, #5808 IDfigie dridattersalicinerrepyeseshikamdew

. aths that actuall rk on the sample, and the broken lines represent
S AL B TP g B SRRt P RS SRR, Deore

proiceeathig tiomehnirgmgrin ASShow s ipdigline3d Benildscopssibiedmswiteh.-
Oeagh flow path after a certain amaunt of time passes, As g processing
oA K g SO S BOCTE PR P BHTERS T Adbonption
[00Bapacity by heating the adsorbent at the time of switching from the state of
actually working.on the sample, and separating the supstances adsorbed
e S e cheh S
conclentsdrtiog dpecaticenifatediXeitetthrenexhgriceksing:mpansiiy herting
the adsorbetnt at the time of switching from, the state of actual .Wor%in%on
i&fgon o the

O R P A PABR Y e LB Rl B B HEES 1o

effigieodessipgateansd chisposstiie kaondin thaigienaagemiisk such as
Ki t di ti f the adsorbent of which t

e ] GAUER A T BEEh S5 OHER A & e T iR B rarh o

andstatecehacttiat b weddagatinrifeosaryile ol 4o desitablethat thesessuitehing

[Gogﬁeraﬂons can be conducted at an individual cycle or desired time for
ch processing means. [0068] [Embodiment example 1] 25Using the

(Astorfpigkitiomexamnpte getbiniscRdemdgtprioerdesnance was verified using
This 18 8 proces S 2R O R e i G Y SRR A YT
temperature getier 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



10

15

20

25

30

with saturation at ambient temperature of this device (e.g. 3.1/0 at 25C
saturation), 0.3% concentration CO2, and as FCs, CF4 with concentration
WRRABIGPPYh, CHF3 with concentration of 100ppm, C2F6 withE ¢ T/IB2007/654877
concentration of 30200ppm, and 02F4 with concentration of 500ppm, at a
flow rate of 25sim. [0069] 26 The t@st gas introduced to this device, as
shown in figure 2, is pressurized to 0.1MpaG by pressure booster 1, then
introduced to adsorption cylinder 2 with synthetic zeolite with pore size of

adsor firstrs L Hin % the
fuF@&%%ﬁ%a%?%%ﬁ%%vﬁ%r@ﬁd%%‘jg\?g@rg%cl;}\jﬁgd %(IB5fIrSt-St@l;§]§ 2a and
se/GitfBIsremeoved et seghibitapedb! ogHeenss pressdrized water that
0.2MPaG by pressure ter. 3, an [plife} the first-stage
arep%?y%%ﬁ?%er%%ﬁ%vgﬁ@%%ﬁg m rﬁﬁrﬂ%ﬁ%ﬁ%ﬁ%ﬁé&ﬁ%&n side is
phasustetde @AM pyomas aousnped aTheUgés et thepieritation side
is re-pressurized to. approximately Q.2MPaG. r r d
oo o o e e P s oot o)
puraetelrhnecm@RIHROT, As pnithe iy skatdye Htisesperme @b nsidgis adjesedd
0 -0.1MPaG by vacuum pump 8. The residual gas.| ith the inlet
ge@%%tfﬁﬁ%?%é%r}%ﬁé%o& uﬁg%%%r{%a%é%%o %%E%’%égtlgo\%?g%jﬁsdym%rged with
OO} next process, and the rest of the permeation gas is re-merged with the
inlet sectiop 150f second-stage memhran le 7. After
e R o e R SR e b ovangrane
gefirtrodaicei ko sadsogstic rcoyiinicey Aitewhena e fsedidydiivec angitored at

ambient tempe . Lhen adsorpti i is, hea by
AR S St e S R X S50 70 A
desicsorptmraylirdanrt, oianen 9% privaisoivagepoe SR umitothe gl
trated. Th f ion.cyli i
o R R S o S R Bpoco

ressuriz

noteatyitmedyittion23 thatgsitedilite sedfclent {ubmpedisdiencligomyy not

recUd,QH! e}@ﬁﬁ%}e %e% %OF%%IE)%%P P Ys%ﬁﬁ%@&%@t%{ez?em{éﬂfeﬂg QAEERQ of

remove and ecomposed through reaction and removed.
mulipke, stagErs ovéhivasystand, GO jndugnrssogdinteress thal is MspRrior

ntheti ' | re si Irst- d:alyminum
X s A T e By B T
sucbrasved aefinsbstigd4aenraba small amount 30of CHF3 is removed at
[Og%régbient temperature at second-stage 24b. Then the gas is introduced, via
pre-cooling section 25a, to cooling separation device 25b that uses
<Blgifetieapitiigen ae reingtrnesad pisolePidha 360 a2 E/IG08 Na2

i m@qg\d@% as. Next, the liquefied liquid or solidified solid is
perg%g}@éd?ﬁ]rough gasii,ication unit 26a, and as the final process, introduced

Figwratarituan spdimgediapratdb e @ 2650 BPaRTiRtiRe eaHes
exéﬁ&%‘f&ﬁﬂ“ Ao QL NG AR rIta ARG OfrRIQUA LRI B vice)

ach processing operation are shown in table 1 below. As it is
persvidiag fodhistaptentiomp Sirsiliealetdd aceasy precekiish apaaitinare

meSaved, lLalse E%Q}gﬁ fhe e finglheahigingd ig g0 wuplantitiReans

produced through a normal production method by’ comparison of the two.
A2 Tenprising 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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10Xe recycle rate here is 85% or greater, and is sufficiently usable for
ractical application. [0072] [Table 1] Concentration after each process
W é’ﬁﬁ’?ﬁ”@gz CHF3I CF4 1. ¢ 02F6i,- 21 4 Test gas 0.3% 3 TORTE 5457
0Oppm 1000pp m 200ppm 500ppm (Al) Outlet 0.3% <1 ppm <1 ppm
<0.1pp m 1030pp m 200ppm 20

It Is, for example, suitable for application in cases that involve treating waste
gases from semiconductor production processes such as plasma efching,
after such acidic gases as HF and F; are removed using such devices as a
removai device. Specifically, it is applicable to samples such as those that
contain water with saturation at ambient temperaiure of this device, 0.1 ~ 1%
COs, 0.01 ~ 0.1% CHF4, CF4 CoFs, and CoF,, and 0.1 ~ 1% low-concentration
Xe. Explanation mainly assuming the following processes of said samples is
provided below. 1t is, however, not restricted to them.

10055}

An example of the processing operations of this device with the functions of
each component are detailed along the flow of the sample shown in figure 1
below. The state of the sample containing Xe after each process operation is
equivaient to [Implementation example 1] provided later.

00561

(1) The sample iniroduced to this system is pressurized to the desired
nressure {e.q. 0.1MpaG) by pressure boaoster 1, and then introduced to
adsorption cylinder 2 (corresponds to first adsorption means). Adsorption
cvlinder 2 is filled, as mentioned previously, with synthetic zeolite with pore
size of 4A or smalier in the first-stage 2a and aluminum oxide in the second-
stage 2b, and is operated at ambient temperature. Mainly water and CO; are
adsorbed and removed at first-stage 2a and CHF; 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 lime CHiFs is
removed.

100571

(2) Then the sample is pressurized again to a desired pressure (e.g.
2MpaG) by pressure booster 3, and then it is infroduced 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 moduie 4 is reduced and adjusted to a desired pressure {e.g. —

0.1MpaiG) by vacuum pump 5. This separates Xe to the permeation side of
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510ppm (A2) Outlet 7.2% <1 ppm 40ppm <0.1pp m 10ppm
m50 m (A3) 85.2% Outlet 20ppm 3500pp m <0.1pp m 1lppm
3%& E%Bp m (A4) Outlet Balance 100ppm, <1 ppm <O. 1336:%?%%%(%54877

3ppm <0.1pp m (A5) Outlet Balance <1 ppm
21

the gas separation membrane and saturated FCs such as CF4 and CoFs fo the
non-permeation side of the gas separation membrane to allow efficient
concentration of Xe and removal of CF, and CoFs. Specifically, it is possible
to concentrate Xe 2 to 5 fold, achieve capture ratio of Xe to over 75%, and
reduce CF4 and C;F5 to Bppm or lower.

[0068]

{(3) The sample concentrated at gas separation membrane module 4 is
pressurized (o a desired pressure {e.g. 0.4MPaG} by pressure booster 6 and
then infroduced to adsorption cylinder 10 (corresponds to second adsorption
means A3). Adsorption cylinder 10 is filled with either activated carbon,
synthetic zeolite with pore size of BA or larger, or molecular sieving carbon
with pore size of 5A or larger to selectively adsorb Xe. The sample that
passed through adsorption cylinder 10 is disposed or reused. After the
adsorption process is conducted for a designated period of time, adsorption
cviinder 10 that adsorbed Xe is heated to 250°C by electric heater 11 to
separate XE adsorbed in the container. At this time, by purging the interior of
adsorption cylinder 10 with a small amount of inert gas (e.g. Ny, etc.), efficient
separation process can be performed. The Xe conceniration after purging witl
be 70 ~ 90%. Since the duration of the adsorption process can be
approximated by the flow rate of the sample introducad to adsorption cylinder
10, Xe concentration in the sample, and adsorbent capacity, it is possible to
preset it. It is aiso possible to make adsorption cylinder 10 to be a removable
unit and divide the device into upstream side U1 and downsiream 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 technoiogical and produci-related
performances. It is also possible to retain the sample containing Xe retrisved
and concentrated at adsorption cylinder 10.

10059]
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<1ppm <0.1pp m <0.1pp m <0.1pp m <Opp m (A6) Balance Outlet <0.1pp
<0.05pp M <0.05pp<0.05pp mm <0.05pp m <0.05pp m Normal method
WOB%% i 5 ppm <0.1pp m <0.1pp<0.1pp mm <0.1pp m <0.1pp tABRIE74j4877
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(4)  The gas containing Xe separated from adsorption cylinder 10 is
temporarily filled in reservoir tank T, then pressurized to a desired pressure
(e.g. 0.3MpaG) by pressure booster 21, and then introduced to reaction
cylinder 23 (corresponds to reaction means A4). Reaction cylinder 23 is
heated 1o the desired temperature (e.g. over 250°C) by electric heater 22, and
unsaturated FC (specifically, C,F4) is removed by having it react with Ca(OH),
and the compound of Ca(OH), and NaOH (e.g. soda fime) filled in the
cylinder. In case there is CO, remaining in the sample, it can also be
removed at the same time.

100601

{(5)  The sample discharged from reaction cylinder 23 is further introduced
to adsorption cylinder 24 (corresponds to third adsorption means A1'). This
adsorption cylinder 24, operated at ambient temperature, is filled with
synthetic zeolite with pore size of 4A or small in the first-stage 24a and
aluminum oxide in the second-stage 24b, and can remove water and CO, as
in (1) stated above. By locating it at the downstream of reaction cvlinder 23 of
{4) above, it can remove water and CO, generated by the reaction between
calcium compounds and unsaturated FC, and supports high purification of Xe.
Moreover, when water and CO, are contained, it is necessary o remove them
beforehand as they condense during the next low-temperature phase-change
separation process and clog up the flow path. Hence it also acts as a
measure against this problem.

[0061]

(6) The sample that passed through adsarption cylinder 24 is introduced to
cooling separation device 25b via pre-cooling section 25a to perform phase
change through iiguefaction or solidification (together corresponds to low-
temperature separation means A5). Cooling separation device 25b has
insulated open-space section 25¢ 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, Oz, Ar, and CF4 that have lower boiling point
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Figure 4 shows an outline diagram of composition example 3 of this
device. It shows a composition in which processing means Al and _
Wop"i“g?géés’lﬁé means A2 are switched in composition example PP as4877
functions are the same as composition example 1, and here the
differences in composition and 5fungtions are provided. [0074] 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 1.

tha%— had ?ﬂ@@&%&?@%@%@%%ﬂ%&%ﬁ%f&ﬁ adsg 5%8“5@%%;%{%33

Owater removal functior at the Lipstream when watér content in
or redffsle 158G 0avs! oY Issioyirnisichyaraoterred by the differbaddidothor
soliSRBROe T SIARRSL LSRG AR8 SpRARION means Az atthe
upstream. By doing this, it is passible to conduct processing operations at
[00@%8 downstream while maintaining a condition of high-concentration Xe in

(7) o PAERE MRS RN iR PR SAIRARLISE o er

conditio at are advantageous for retrieving y pure
gasdisedioncuiigzadgorptionimaanrs s¢ soamstreampdeeshititrohghdéahieim

o dion. it ot " :
P P e A 2 o apgaoe
Z6hstateeriste foirhecorias ishs S (o 2osivaiarebusipdetritessliigemall

amé’SM?&Srgké%w%c&%ﬂ?ﬁ%gﬁ%%?éeg?rﬁ BEPAIN %et?'ésséﬁﬁfg can be

multiple sample ifilet points position example 4
remgeiaeds Fgueisrsidwramoutimedicigrin wictnmpikitidiesamyle 4 of

re .i?alﬂsw%dhgéﬁégwﬁ stéa%éq?g%%ng ﬁig!s @Pﬁéﬁ‘%gﬂﬁt@@& t

(including Al') are set up in parallél in composition’exampl

necegiteiviordpplicstion aeeadds susisislintpelrisalipldastiiosedhdt do

pur@?ta%ofméi VUG ysing a similar composition as composition example 3.
he basic functions are the same as composition example 3, and here the

[00&fferences in composition and 30functions are provided. [0076] 29 One

In t9T8VBRGE dSHLHRFFS8S NG IRRIGHARADH HECHBRSSLIRR A WBEsing

serially arranged A2a and A2b are arranged in parallel in gas separation
opeRmdigns RSMBEE iladhistirdeadaniRrisstiay s admRIsEMdaiss Al
posWiltvatendemval )G Al URSHRR RS NIHAIIAEBHRASSocessin

composition 5examplé 3, when the water content in the sample is 0.01%/0

opegliRiiswA hiolfng |t donpriresiieds riserbnde e witdad Gondition.
subjER@RIGR HdmpespibleieselippHKIRIE S8 SeRYINMEANSH AL 0 in

(pressure booster 3a - gas separation membrane module 4a - vacuum
Iy

FURGH B0 e PralefE Y0 SR 64 01y 43) de FHPARBIP RIS BFRRE RESEINE 7a -
opevgﬁyﬂm@pmmﬁa) and multiple gas

[0064]

<Composition example 2 of this device>

afo

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

[0065]

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

and function is different. There is no difference in the objective of
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10separation means B2b (pressure booster 3b - gas separation

membrane module 4b - vacuum pump 5b - pressure booster 6b - gas
W%é%“ﬂ%??&ﬁmembrane module 7b - vacuum pump 8b) at multi%?érggﬁﬁ%w:%”

inlet points to retrieve large volumes of xenon simultaneously. [0077]

15Another difference, as in aforemeationed composition example 2, is its

processing operation as two groups of processing means Al (including

Al'), A3 and A4 in composition example 3 are arranged in parallel. It is

coResigRat oK Bspanitous dong;tern @%ﬁ&%ﬂ%‘i‘%ﬂé’.@‘?ﬁﬁé@grmeam

that actually work on the sample and those that are provided for

PONSIBHISHRIGR Y osh ANe@RERRe MGHASIRE raniskeRATEionsara tigne

mARIRE(RE FO0RRRKIRR AXRMPIRAnadfhecr deialnd eprrdigLis ypctions

are omitted. [0078] [Embodiment example 2] Using the composition

MeSaAPRe N Ehis deice itS e Hoparaiee aidis viniTios Zaasting Nbh anddt
is @RSgASIast; 09@mpé?§%@ﬁ%%%ﬁ%ﬂ%&@%gﬁgg?QH&“0“

002, and as FCs, CH with concentration of 100ppm,
religleeptisisicvridtpbrcaniip atiene o ceivratisnop 20Gppn saiietERr 4
[Gg\ggp concentration of 500ppm, at a flow rate of 25s1m. [0079] 30The gas

introduced to this device is pressurized to 0.2MPaG by pressure booster
Spracifiralindhimiicaereass thafisekaheremearte (kallot Hideefitmbrane

preBnsidledo &ad dspermeativh side isadivsted Lo OAMPAG by 39i

vacuum pump 5. The gas at the permeation side is re-pressurized to

MEeFHNRIIAREN'D SMBHBBYiPrR 560 P HuRMEI0s, Sifd BianmEopRIGEwIL the
meRfsend shReeRilicanaholiey Qﬁﬁrﬁdﬁg@ﬂ?é%@%f&gw@%e.g. —

first-stage, the permeation side is adjusted to -0.1MPaG by vacuum pump
9-'1é/.‘m%)gréyw@a%%érg&wm@iﬁre%@cﬂ@mmﬁ@ﬁqamésmm
re-reRB0 AN 9b the POFRIERHOR-aRs (s MeAgsrWithuihg nexiprgeess, and
g

another part is re-mer%%d with the inlet section of second-stage

PrEgTMEb RIS RoduRDY e ibinctimratdel GassassredwingeorRs s eMIatoby
mepiBEsHEeRNster 1.,486R iR ORYCet iR agRopipnaviinfen? YWithsysbets

ze,oli%e1 with pore size of 4A 10as an adsorbent at the first-stage 2a and

a dERIGh QR bR & the SddMRaRtdye Vo LY RiTe Gnd LS Hragefnisieln
flovablistsiagedmandeGbibiddsiremeovadrat se6ond-stage ghsAlteLtagon

concentrated gas is pressurized to 0.4MPaG by pressure booster 9, it is
meiRsilioar %dé&ﬁﬁdﬁ'%&ﬁﬁfepa%'mr‘é*afvﬁiﬁgs%ﬁfeﬁ@%@n@fm (pore

mesibespicoA)hag|ant adsethenioand adrerhesrprd d5stored- phambianh gas)
¢ tem&%r_a ure. Then adsorption cylinder 10 is heated to 250C by electric
Of SHGRILT T EH BTV e (2 PETTAFARG SRdied R&To08dy the inle

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 CyFs to S5ppm or below. Moreover, by using a third-stage gas
separation membrane module, needless to say even higher Xe concentration

and further CF; and C,Fg reduction can be secured.
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At adsorption cylinder 10, not only Xe but also water, CO2 and C2F4 are
concentrated. The gas introduced is pressurized to 0.3MPaG by pressure
WOH808E8P>1, then introduced to reaction cylinder 23 that is fiﬁga%ﬁﬁqmms‘*g”
soda lime (compound of Ca(OH)2 and OH) and heated to 350C by electric
heater 22 for the process to remove$2F4, and C2F4 is decomposed
through reaction and removed. Next, to remove water and 002, adsorption
cylinder 24 that is filled with synthetic zeolite with pore size of 4A at the
[Odgﬁ-stage 24a and aluminum 25oxide at the second-stage 24b is used
again, and water and CO2 are removed at first-stage 24a and a small
As ambilikst i6f<aRiF 3fishe monss aingmienistérh pimdtuieatse sohd-stagd L 4ue
- . pre: ection. cealing ...
g R e e SR ST
for disotedtio U086 Eina-rermpved\aR amarP gontairess incthecges: BENext ity
uefied liqui i id i e : 0cess.
O o DS T e e R kB e
mafidgranoa direveisehalb peviiead \ofasatbov@OR fgREnd M2, teGsolid lines

O T L O Lpen et
1meé‘q(ﬁ’@aﬁf@@ﬂhfb@v‘f@aﬁﬁ@rié:@t@WWM@WWM@OMMatename
o RIS T O BT IS 0 o
eagomeerrtichtafiercsattirpesnesst XEHDE DO2CHFAE Grar02e&:0RF4
melRSLARTINANIRQ 810 1P9PBBLsible to regenerate the adsorpﬁoh capacity
by heating the adsorbent at the time of switching from the state of actually
working on the sample, and separating the substances adsorbed on it. As o
processing means 3, it is possibie to introduce the sample containing
concentrated Xe to the next processing means by heating the adsorbent at
the time of switching from the state of actualiy working on the sample, and
separating the substances adsorbed on it. As to processing means 4, it is
possible to conduct maintenance work such as making replacements and
inspections of the adsorbent of which the processing capacity has been
fowered, at the time of switching from the state of actuaily working on the
sample. It is desirable that these switching operations can be conducted at
an individual cycle or desired fime for each processing means.

{0068]

ITEmbodiment exampie 1]

Using the composition exampie 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, CF4 with concentration of
1000ppm, CHF; with concentration of 100ppm, C2F6 with concentration of
200ppm, and C,F4 with concentration of 500ppm, at a flow rate of 25sim.
{0089}
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100ppm 200ppm 500ppm (Al) ) Outlet 7.5% < ppm 1.6% | 1600pp m
m <0.1pp m 520ppm (A2) Outlet 7.5% <1 ppm <1 ppm <0,

W%%"%%“ hp m 520ppm (A3) Outlet 88.2% IOppm 40ppm f@"i&%zﬁ‘."”‘*““77

20ppm <0.1pp m
26

The test gas introduced to this device, as shown in figure 2, Is pressurized to
0.1MpaG by pressure booster 1, then introduced o adsorption cylinder 2 with
synthetic zeolite with pore size of 4A as an adsorbent at the first-stage 2a and
aluminum oxide at the second-stage 2b, and water and CO, are removed at
first-stage 2a and CHF; 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 potyethyiene holiow fiber membrane module 4, and its permeation
side is adjusied 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 membrane
module 7. As in the first-stage, the permeation side is adjusted to —0. 1TMPaG
by vacuum pump 8. The residual gas is merged with the inlet section of
membrane module 4, one part of permeation gas is merged with the next
process, and the rest of the permeation gas is re-merged with the inlet section
of second-stage membrane module 7. After the concentrated gas is
pressurized to 0.4MPaG by pressure booster 9, it is introduced to adsorption
cylinder 10 where it is adsorbed and stored at ambient temperature. Then
adsorption cylinder 10 is heated tc 250°C by electric heater 11 to refrieve the
gas containing adsorbed Xe.

[0070]

At adsorption cylinder 10, not only Xe but also water, CO; and C,F4 are

concentrated. The gas separated from adsorption cviinder 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 CoFy, and CoFy is
decomposed through reaction and removed. Next, to remove waler 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 24k is used
again, and water and CO; are removed at firsi-stage 24a and a small amount
of CHF3 is removed at ambient temperaiure at second-stage 24b. Then the
gas is infroduced, via pre-cooling section 25a, to cooling separation device

25b that uses fiquefied nitrogen as refrigerant and cooled to -130°C, o



3500pp m (A4) Outlet Balance <1 ppm <1 ppm <0.1pp m 20ppm <0.1pp

WOm <0.1lpp m (A5) Outlet Balance <1 ppm < ppm <0.1pp m Z%fm B
3(9‘?6 ) 3:20.1pp m (A6) Outlet Balance <O. pp m <0.05pp 6%%%1877
1 <0.05pp i m 1 <0.05pp m <0.05pp m
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remove Na; and O, contained in the gas. Next, the liquetlied hquid or
solidified solid is gasified through gasification unit 26a, and as the final
process, introduced {o titanium sponge 28b that is heated 1o 650°C by an
electric heater to remove small amounts of water, CO;, Ny, and O;.

[0071]

Analysis results of each processing operation are shown in table 1 below. As
itis evident from table 1, impurities targeted at each processing operation are
removed. it also shows that the Xe finally obtained is equivalent to Xe
produced through a normai production method by comparison of the two. The

Xe recycle rate here is 85% or greater, and is sufficiently usable for praciical

15

application.
[0072]
[Table 1] Concentration after each process

Xe H.O CO, CHF CF4 CaFs CoFy
Testgas | 0.3% 3.1% 0.3% 100ppm | 1000pp | 200ppm | 500ppm

m

(A1) 0.2% <1ppm <1ppm <0.1pp 1030pp | 200ppm | 510ppm
Outlet m m
(A2} 7.2% <Tppm 40ppm <0.1pp 10pom 2npm 500ppm
Outlet m
(A3} 85.2% 20ppin 3500pp | <0.1pp 1ippm 3ppm 3000pp
Gutlet m m m
(Ad) Balance | 100ppm | <ippm <{.1pp 1ippm  3ppm <0.1pp
Qutlet m m
(AB) Balance | <ippm <ippm <0.1pp <C.1pp <C.1pp <0.1pp
Outiet m ¥ m m m
{AB) Baiance | <C.1pp | <0.05pp | <0.05pp | <0.05pp | <0.05pp | <0.05pp
Outiet m m m m m m
Normal : Balance | <1ppm <0.tpp | <0 1pp <(.1pp <0.1pp <0.1pp
method m m m m m
{0073}

<Composition example 3 of this device>
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Normal method Balance <1 ppm <0.1pp m <0.1pp m <0.1pp m <0.1pp m
<0.1pp m_[0082] <Composition example 5 of this device> Figure 6 is an

wQ ﬁ'fﬁﬁgﬁafgéram that shows composition example 5 of this lodBGiEEBH07/054877
shows a composition in which processing means A4 in composition
example 2 is moved to the upstreamgside of processing means Al, 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

' iti d.f io rQVj 008 It is,best suited for
P S O R R
shaverer cosing aidimilavdonippsitims sis@foremeriored cooypasitionmeans

nd 4 is, since It is npt necessary fo set up first
A2 SRR AT AHE T SRR AR Ml A amaare
as penepStonteatimthle Jamplehs@. G18abfdrelovesitisochapactadzexhby

fun'&%@&@sp?g@%@ﬁi_on means A4 at the uppermost-stream so that

unsaturated FCs such as C2F4 and C3F6 that can not be removed by
[00Z&d$orption or membrane separation are removed as much as possible at

P RS TR B oL s
do fErhbodiaie maszamisie 3 pUsiniptheocomos diitionsexampiaibof thisrdpidce,
T e R e
waeC s opehitnebnoeritiationefre800per GEES content in the sample is
0.01% or below, it is characterized by the difference from composition
exampie 1 in having gas separation means A2 at the upstream. By doing this,
it is possible tc conduct processing operations at the downstream while
maintaining a condition of high-concentration Xe in the sample by
concentrating Xe at an early stage, and secure conditions that are
advantageous for retrieving highly pure Xe. Moreover, since moving
adsorption means A1 downstream does not change the low-load condition, it
is pussible o make adsorption cylinder 2 (corresponds to first adsorption
means A1) compact. Furthermore, as stated later, it becomes possibie to
simultaneously retrieve large volumes of Xe by connecting muliiple gas
separation means AZ at multiple sample inlet points.

[0075] .

<Compesition 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 paraliel 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 compaosition and
functions are provided.

[0076]
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with concentration of 100ppm, and C2F4 with concentration of 500ppm. It
W W.zasi corlfigmed that the device is effective even if the processes for B
Qeﬂ%@ﬁ?é ¢2F4 are inserted in the upstream. [0085] 20The té’%?%’ém” 034877
introduced to this device is then introduced to reaction cylinder 23 that is
pressurized to 0.3MPaG by pressurg booster 1, filled with soda lime
(compound of Ca(OH)2 and OH), and heated to 350C by electric heater
22, and C2F4 is decomposed through reaction and removed. Next, it is
inteduyced tgﬁﬁ}-:- : ian.cylinder 2, that is filled
Onl\)%]/ith 25syn:ter?égt‘i’i:i;?z%%g]lligtrlge3 wit p{)?r%%?]zée%o%%ﬁ:{ %%%ﬁ%’?’%@ gﬁggﬁé Eef

sewmmm%@d%?_e& el sheordestige gbds usedaligain, ga seaterdind CO2
me%rﬁsrﬁ@.oﬁﬁc@tg' @'ﬁ%@ﬁ&%@%}g %Sﬁ?lﬁﬁgg%gé%%gg isdgmoyed at,

second-stage 2b. It is then re ssurize Y pressure
waksgoseesahfvb aien mitraiicetto asd finitstagenfiolyathytenpdsitiow fiber
n i r ti ide i iusted to -0.1MPaG .
e e B R R e AR 1 B b TG
dowppksamaleBs01eMPaGdsytheeksirie dbostetitoand teafmtzoducemb tsittie
- | i emhrane module 7. As in the
t s
o B R e B T S e g

segrphearepeneation yés femerged withuheifiet sectisnod fistetagsa ~
0= O3S SERARIRLMEMRIENe,ANE AT oLRAINeANAN.495 B MegRi M 1be

next process, and another part is re-mefge
sepEnd-Sigganiethbzirs siftebdosieoitent e ¢ gpar s ipressemitedrto

moRdMRAG bycpigssue poaster,9. I inladucecio adsaration eylipder 10

filled with activated carbon, where it is adsor andstore ambient

mefaRiserRSUThER adetrption Ryl 16tishEtsdsar oyt elettricto
retMEASE AL I IBHIEYS, IR 887 SPRIAGING, adsorbed Xe. 10[0086] At

adsorption cylinder 10, not only Xe but also water, CO2 and C2F4 are
[00¢8hcentrated. The gas separated from adsorption cylinder 10 is

An&r@éﬁaﬁﬁgﬁe&%R%mﬁﬁﬁaﬂ%%ﬁ%ﬁ%ﬁm@@ jfylinder

24, as a water and CO2 removal process, tt synthetic -
ProgesiteiPERDIE SR ML SIVAS thieiesiossige prpaad dldiniudingxfdt Jat

A3 hesegand:siasss 3 ié%glégﬁg}ea&%‘?{s@% RELA2arg [empoved 2

first-stage 24a and a small amount of CHF3'is removed at ambient

for fsnoaiiitps al aEdRaTsHiGe 4R TIRGIN IHe geaSE narseesdthakactually
woRlereaalingseion 25 de Miaaﬁ%@@ém&%% {2 4BAt45es

mag%uefied nitrogen as refrigerant and cooled to -130C, to 20remove Na2

'GP oMt - thEgdee N O R§ Rl i AT Sraso Rame® SHRd is
exa@sified throuahodsififatianrait26a angasdbeafinahniegess, introduced

to titanium sponge 26b that is heated to 650C by an electric heater to
[Og?éﬁnove small amounts of water, 002, N2, and 02. [0087] 25It was

[Erssidirmed thatthespririty of product Xe obtained through this device was
,oveE}99.999% and is equivalent in performance to Xe produced throu%h

Usingale iU RRsHEPPr SR RN efbis TRdcte KstREVRITRRN AP tHHeE REs

usiRP¥, Wa%ﬂ@@@a@ﬂ@é&é&@é@ﬂ%ﬁﬁ%@lﬁé%B%%&%@@@g%ﬂoﬂe [@088]
BOEI'able BE%oncentratlon after each process

concentration 2. and as FCs, CF,4 with concentration of 100ppm, CHF; with

concentration of 100ppm, C,Fs with concentration of 200ppm, and CaF 4 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. TMPaG by



10

15

20

25

30

Xe H201 CO2 CHF3I OE, C2F6 CzEt Test 0.2% -10.3% 100pp; 100pp 1 -
500pp WO 2008/065633PCT/1132007/054877 34 gas mcm m
WQ&B@.’?%G@utlet <lppm <1lppm

30

vacuum pump 5. The gas at the permeation side is re-pressurized o
approximately 0.2MPaG by pressure booster 8, and then introduced to the
second-stage silicone hollow fiber membrane module 7. As in the first-stage,
the permeation side is adjusted to ~0.1MPaG by vacuum pump 8. The
residual gas is merged with the inlet section of membrane module 4, one part
of the permeation gas is merged with the next process, and another part is re-
merged with the inlet section of second-stage membrane module 7. The
concentrated gas is pressurized o 0.1MpaG by pressure booster 1, then
introduced to adsorption cylinder 2 with synthetic zeolite with pore size of 44
as an adsorbent at the first-stage 2a and aluminum oxide at the second-stage
2b, and water and CO: are removed at first-stage 2a and CHF; is removed at
second-stage 2b. After the concentrated gas is pressurized to 0.4MPaG by
pressure booster 9, it is introduced to adsorption cylinder 10 filied with
synthetic zeolite 5A (pore size of 5A) as an adsorbent, and adsorbed and
stored at ambient temperature. Then adsorption cylinder 10 is heated to
250°C by electric heater 11 to retrieve the gas containing adsorbed Xe.

[0080]

At adsorption cylinder 10, not only Xe but aiso water, CO; and C,Fs are
concentrated. The gas introduced 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 tc 350°C by electric heater 22 for
the process to remove C;F4, and C,F, is decomposed through reaction and
removed. Next, o remove water and COy, 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 242 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, 1o cooling separation device 25b that uses liquefied nitrogen as
refrigerant and cooled to —130°C, to remove Nay 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..

PCT/ABINOT/G54877
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<0.1pp m 120pp m <Opp m <0.1pp m (A2) Outlet 6.8% 1O0ppm < ppm

\wﬁéﬁﬁﬁs

[0081]

m 1 Oppm <0.1pp m <0.1pp m _1 (A3) Outlet 76.8% 9
35(8.31pp50ppm m <0.1pp m <0.1pp (A5) Outlet Balaridd

O]

Eg%% %‘)548 77

It was confirmed that the purity of product Xe obtained through this device

was over 98.998% and is equivalent in perfc_:)rmance to Xe produced through

the conventional production method. The Xe retrieval rate in this case was

90% or greater, and is sufficiently usable for practical application.

[Table 2] Concentration after each process

<Composition example 5 of this device>

§ Xe H,O CO, CHF3 CFy CoFg CaFy
Test 0.3% - 0.3% 100ppm | 100ppm | 200ppm | 500ppm
gas
(A1) 7.5% <ippm 1.6% 1660pp | Hppm <0.1pp | 520ppm |
Outlet m m
{AZ) 7.5% <ippm | <ippm | <Q.1pp | Spom <0.1pp | 520ppm
‘Outlet | m m
(A3) | 88.2% 1Gppm | 40ppm <0.ipp | 20ppm | <C.1pp | 35C0pp
Qutlet m m m
{Ad) Balance | <tppm | <1ppm | <0.ipp | 20ppm <0 1pp | <C.1pp
Outlet m m m
(AD) Balance | <1ppm <tppm | <0.1pp | 20ppm <0.1pp | <C.1pp
Outlet m m m
(AB) Balance | <0.1pp | <0.05pp | <0.05pp | <0.05pp | <C.05pp | <0.05pp
Oufiet m m | m m m m
MNormal | Bajance | <ippm | <0.1pp | <0.ipp | <Q.ipp | <C.ipp | <C.ipp
method m m m m | m
[0082] |

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 iocated at the uppermost-stream. The basic functions are the

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

functions are provided.

[0083]
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<1ppm <0.1pp m 50ppm <0.1pp m <0.1pp (A6) Outlet Balanc e <0.1pp

m <0.09p pm <0.05p pm <0.05p pm <0.05p pm <0.05p pm No _
Wor%%‘)t?%g%p%g)lanc e <1ppm <0.1pp m <0.1pp m <0.1pp m <O.1'\pl§)r¢%1}%6{.'%%34377
m [0089] As described above, this device makes it possible to provide a
simple retrieval method and retrievat device for Xe, with high retrieval
efficiency that can functionally remove impurities and retrieve highly pure

Xe from such samples 5that contain low-concentration Xe from, for
It isEENRIQiVERIE RFHEQMN in cases subjecting such samples as those that

do not contain water, using a similar composition as aforementioned
composition examples 3 and 4. That is, since it is not necessary to set up first
adsorption means A1 with water removal function at the upstream when water
content in the sample is 0.01% or below, it is characterized by having gas
separation means A4 at the uppermost-stream so that unsaturaied FCs such
as CoF 4 and CsFg that can not be removed by adsorption or membrane
separation are removed as much as possible at the upstream. By doing this,
it is possibie to improve flexibility of the processing operations for other
impurities at the downstream side.

[0G84]

[Embodiment example 3]

Using the composition example 5 of this device, its performance was verified
using Ny balance gas, as test gas, comprising 0.2% concentration Xe, 0.3%
conceniration CO,, and as FCs, CF4 with concentration of 1000ppm, CHF 3
with concentration of 100ppm, and C,F4 with concentration of 500ppm. lt was
confirmed that the device is effective even if the processes for removing CaF 4
are inseried in the upstream.

[0085]

The test gas introduced fo this device is then introduced fo reaction cylinder
23 that is pressurized (o 0.3MPaG by pressure booster 1, filed with soda lime
{compound of Ca{OH); and OH), and heated {o 350°C by electric heater 22,
and CoF4 is decomposed through reaction and removed. Next, it is
introduced, at ambient temperafure, {o adsarption 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 CHF; is removed at second-stage 2b. it
is then re-pressurized to 0.2MPaG by pressure booster 3, and then introduced
0 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 infroduced to the second-stage polyethylene hollow fiber
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semiconductor production processes. [0090] In other words, it is possible
to easily retrieve and reuse Xe from oases discharged from

GaicEnatictor production processes, and obtain Xe that is 18&qURALAPS4877

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

me?HQ@MM&E’ﬁ@dﬁnﬁﬁ%ﬁ@ﬂ%ﬁ@%@-%@éﬁ%@BQFHM&%S%%'?%B}’%{%%

allows 15obtaining Xe material domestically and consistently even |

~0.tHdEsHs limpyeeh ¢ Bxp ands in tiee seiicontionos sniduseaoogith the

inihlkReugh thealeementoned Xe retrieval method ‘?)'ﬂ%l%n}‘ﬂ?ﬁ EANERIY o

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

gapisproeasrisaifiptes Bemtenrig PighsbAcetheltiparke (mteeedsaitiethe

inlRdiiBRS 3R asnentignedahnve by

p %&F%@h ih.dilution,
processes using inert gas. [Industria a%%‘%aﬁhty] 0092Y%15In the event of

Pregsiviizrguienie - biikess by saepsereho eyitem dain béragphied by aapuiting
cylfiGPamPin PRI osiglion o this system if[%ogéé&ﬂb@& ({;ﬁ&d% grdpan

the semiconductor, it Is also possible to easily retrieve and reuse Xe from

ampigstel gases dohtain figrxectsritidies disbndryetdds sivaiied 10RMEE gases.
elefiribIgBANNEY (HNISIANEDYRR GONEDIES 10 eyliaAmental protection

0

through efficient use of resources. [Brief explanation of figures] [0094]

Gﬁi%ure 1] Outline diagram showing basic composition of Xe retrieval

At S@¥EBHRPENIRIBRING i3 MVENHOBt also water, CO, and C,F, ars

concentrated. The gas separated from adsorption cylinder 10 is pressurized

to 0.3MPaG by pressure booster 21, then adsorption cylinder 24, as a water

and CO; removal process, 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 firsi-stage 24a and a small amount

of CHF3 is removed at ambient temperature at second-stage 24b. Then the

gas is infroduced, via pre-cooling section 25a, to cooling separation device

25b that uses liquefied nitrogen as refrigerant and cooled to —130°C, to

remove Naz and O, contained in the gas. Next, the fiquefied liquid or

solidified solid is gasified through gasification unit 26a, and as the final

process, introduced to titanium sponge 26b that is heated o 650°C by an

electric heater to remove small amounts of water, CO5, N3, and Os.
{0087}

It was confirmed that the purity of product Xe obtained through this device

was over 98.999% and is equivalent in performance to Xe produced through

the conventional production method. The Xe refrieval rate in this case was

80% or greater, and is sufficiently usable for practical application.
[0088]

[Table 3] Concentration after each process

i
i

Xe H:0 | CO, CHF CF, CFe | CoFs

Test 0.2% - 0.3% 100pp 100pe |- 500pp
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[Figure 2] Outline diagram showing another composition (composition
woeﬁ%@%:‘?é?) of this device. [Figure 3] Outline diagram ShOWi”%ﬁ?Hﬁ?‘%ﬁW&%w
with processing means pertaining to this invention arranged in parallel.
20[Figure 4] Outline diagram showing composition example 3 of this
device. [Figure 5] Outline diagram sfiowing 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 252,
| @4&Adsorption cylinder 2a,24a 2b, 24b First-Stage Second-stage ré, 7
~ +

Gas separatjonmembrane-mpdute-5: 8- acuygy pump 30-10-Adserptet
(cyl nder 1% 22 Elec%cﬁweatgﬁﬁﬁn PR bD PP P
Outlet - m - m

(A2) 6.8% 10ppm | <ippm | <C.ipp | 10ppm | <0.ipp | <0.1pp

Outiet m m m
{A3) 76.8% | S0ppm | 15ppm | <0.1pp | 50ppm | <0.ipp | <0.1pp
Qutlet m m m

{AB) Balanc | <1ppm | <ippm | <0.ipp | 50ppm | <O.fpp | <0.1pp

Outlet | e m m m
(AB) Balanc | <0.1pp | <0.05p | <0.05p | <0.05p | <0.05p | <0.05p
Outlet e m om pm om pm pm

Normal | Balanc | <ippm | <0.ipp | <C.ipp | <C.1pp | <C.ipp | <0.1pp

method | e m m m m m
[0089]

As described above, this device makes it possible fo provide a simple reirieval

method and retrieval 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.

[0080]

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 1o Xe produced by large-scale air-separation
plants. From the embodiment examples, it is possible io retrieve and recycle
approximately 80% or maore Xe, and hence reduces the cost to puréhase the
material to approximately 20%. Considering the fact the majority of Xe supply
is dependent on overseas sources (non-Japanese), this invention aliows
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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23 Reaction cylinder 36 25aPre-cooling section 25bCooling separation

! evice 26aGasification unit 26bTitanium sponge 527Final product AlFirst
wel LEBIE means AlThird adsorption means A2Gas separatidfy FHEZAY/054877

~ A3Second adsorption means toA4Reaction means A5Low-temperature
separation means A6Removal meats comprising getter Tank
UlUpstream side of this device 15U2Downstream side of this device 37
[Document title] Scope of patent claim JClaim 11 A method to retrieve

as XA HOMARMPISS éBﬂE&%’E@'%?é@H%tﬂQQ!Qﬁé@?ﬁ?cﬁl’:&{%@r@ﬂgtﬁ%ﬁ

method comprising the steps Of:
gas.

lindusirial applicability]

[00ez2]

In the event of using liquefied gas as a sample, this system can be applied by
vaporizing the sample upon infroduction to this system.

[0083]

in the fields other than the semiconductor, it is also possible o easily retrieve
and reuse Xe from wasie gases containing Xe that are discharged as similar
mixed gases. In this manner, this invention contributes to environmenial
protection through efficient use of resources.

[Brief explanation of figures]

[0094]

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

[Figure 2] Outiine 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 exampie 3 of this device.
[Figure 5] Outline diagram showing composition example 4 of this device.
[Figure 6] Outiine diagram showing composition example 5 of this device.
[Explanation of codes]

1,3,6,9, 21 Pressure booster

2,24 Adsocrption 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 cvlinder
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5(Al)adsorption and removal of trifluoromethane that is a type of
W a&g(r}grin(e_ptioned fluorocarbon, using an adsorbent, (A2) removal of
GEorEE BN having saturated bond that is a type of aforemertioHEgR007/¢54877
fluorocarbon and concentration of xenon using gas separation
membranes, (A3) adsorption arifl retrieval of aforementioned xenon
using an adsorbent and separation 100f xenon from said adsorbent, (A4)
removal of fluorocarbon having unsaturated bond, that is a type of
Z5aforementiGned flalingcaebborusing a reactant. fClaim 21 The method of

glaim 1, further,comprising; 15 gjgﬁseparation of xenon by a
phase-char%gé) j|c=)fr]‘8c€'e‘loe saﬁﬁqg%? Berature condition lower than the

28#oiling poirttatikeabon (&6) separation and removal of residual impurities
tnging a higpﬁterpupf%rgt%rﬁﬁ%etter. JClaim 31 The method of claim 1 or 2,
characterizedagy conductig processing operation using 20synthetic
27 zeolite witi-puorkysizénot 4A or smaller as an adsorbent at the first-stage
A and alumir]iy[{,ns ox[ij%% a éthe second-stage in aforementioned processing
process (Al) ;& A 241 THe MR8 lHod of any of claim 1 through 3,
A1 'characteriZBusbyactsodpistingrpreagssing operation using silicone or
" polyethylela_jeagoslleg)w fit%er 25 30 38 gas separation membrane modules as
the gas separatio PO TR aforementioned processing process
A3 (A2). fClaidigsbitiedsetipdidofasyref claim 1 through 4, characterized by
4 conqluctir_qu%rggt%sﬁi%o eration 5using either ac_tivgted carbon, _synthetic
zeolite with pore size G 5A or larger, molecular sieving carbon with pore

A5 size of 5A botetgenperaiwenssipatigivofitikesesas an adsorbent in

Ag AlorementiQRRd DLRFRESINg RGNS Sl o1

T Tank
1 Upstream side of this device
12 Downstream side of this device
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The method of any of claim 1 through 5, characterized by conducting
processing operation 10using calcium compounds as the reactant in
aforementioned processing process (A4). fClaim 71 A device that
retrieves xenon from samples that contain xenon and at least
fluorocarbon, and characterized by having at least the following; (Al)first
adsorption means filled with synthetic zeolite with pore size of 4A or
smaller and 15aluminum oxide, arranged serially, (A2) gas separation
[Docurmess HiledSiRpeR & RENIG#E or polyethylene hollow fiber gas separation
[Claimnmembrane modules, (A3) second adsorption means filled with either

 metZSlSied coron, synthelc scolle Wil pare Si6e 0L 50 ST IaaS JBIgE Pine
siéving carbon with poresize o or Targer, or a 90combination of these,
methogag)ranis inssibgoriapeafis filled with calcium compounds as reactant.

A1) THRiR8dAxanemsetiey atRvisasRlesikelaitnpheharasierzed dhed

having the followin /ﬁrocessing means in addition to aforementioned
f‘“O’“OCﬁFBBESEm@Qn%Ea%%%’ §11(A4); 25(A5) low-temperature separation means
(A2) havioeganidhenspdos maitginetlzttd inpeidtatdd avieradaitrerbeilivged

fiuorocdBABH ARk SAI, RICLERHING MEeRs A ahsh the fatlowing

processing means; (A6)removal means consisting a high-temperature _
(A3) gﬂé{@,{ptiom and retrieval of aforementioned xenon using an adgsorbent and separation
of xencn from said adsorbent,
(Ad) removai of flucrocarbon having unsaturated bond, that is a type of aforementioned
fluorocarbon using a reactant.
[Claim 2
The method of cltaim 1, further comprising;
(A5) separation of xenon by a phase-change process under a temperature condition lower
than the boiling point of xenon, (AB) separation and removal of residual impurities using a
high-temperature getier.
[Claim 3]
The method of 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]

The method of any of claim 1 through 3, characterized by conducting processing operation

using silicone or polyethylene holiow fiber
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gas separation membrane modules as the gas separation membranes in aforementioned

processing process (A2).

IClaim 5]

The method of any of claim 1 through 4, characierized 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 prbcessing process (A3).

[Claim 6]

The method of any 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;

(A1) first adsorption means filled with synthetic zeolite with pbre 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.

IClaim 8]

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

(A8} removal means consisting a high-temperature getter.



