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BACKGROUND OF THE I NVENTION 1. Field of the Invention 5 TfﬂeSpdalgqmn
i nvention relates to a gas separation apparatus for separating specific
gases froma a mxture gas containing a plurality of gases. 2. Description

e conduct o 10 manUf act UL, Boeps pepaRss dancadiad on the M} AN
exanpl e, perfluoro comounékg%%i%q‘gg% xture cg m. ng
fluorine conmpounds such as CF" NF" CzFs, C F' SF" and CHF, is u¥&’as a

reaction gas at the dry etching process or at the thin filmformng
process. In these processes, discharge S.] ced which ib contains
t he PFC gas. Because thes@(‘&ﬁ%@ﬁﬁ‘%@%&@@&@%ﬁﬁ&ppc cannot be di scharged
out of the manufacturing |ine as such, various nethods are enpl oyed for
treatind -t hBseldapfscherTdavenEaPing net hods include (i) deconposition in
whi ch the PFC gas is deconposed by conbustion, 20 catal yst heating, or
pl asfa deconptbeé tpreseniti jnvent bor FEIAtES bR 3 FagnfePRIHQD ﬁﬂPéFFgF§ are
separated by a menbrane; and (iii) subzero cooling separation in which the
separ at ifor sepacatingdspaifiis gaegst 4gemop 8 Halpt e GAfc £MyaLR&NEoR | i ng
points of the gases. 25 However, in the above nethod ( i ) , there are
short coplungality of tdwdess conpl ete deconposition is difficult and the gas
cannot be recovered for reuse because the gas is deconposed and di scharged.
I n the enmbpeser jpiomtiadfothe Relatedahttough nitrogen i'n the discharge gas
can. be renoved, the separation between CF, and NFj or the |like
Conventionally, various gases are used in a semiconductor

10 manufacturing processes depending on the process. For example,
perfluoro compound (PFC) gas which is a mixture containing fluorine
compounds such as CF,, NF,, C;F,, C,F,, SF, and CH?, is used .a_s a
reaction gas at the dry etching process or at the thin film forming

process. - In these processes, discharge gas is produced which

16 contains the PFC gas.

Because these discharge gases such as PFC cannot bé discharged

out of the manufacturing line as such, various methods are employed

for treating these gases. The treating methods include (i)
decomposition in which the PFC gas is decomposed by combustion,

20 catalyst heating, or plasma decomposition; (ii) membrane separation
in which these materials are separated by a membrane; and (iii)
subzero cooling separation in which the separation is achieved
taking advantage of the difference in the boiling points of the

gases.

25 However, in the above method (i), there are shortcomings in
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b which have similar nolecular size is difficult. In the above nethod (
iii) , the overall size of the apparatus becones |large, resulting in

i ncreased cost for the equi pnment and i ncreased running cost. Moreover,
because the boiling point difference between CF) and NF, is only 1 C, the
separation is difficult. 10 SUMVARY OF THE | NVENTI ON One object of the
present invention is to provide a_gas, separati on apparatus capabl e of
separ at i ¥pag @i senpletmdessrpagitienuisdififisuliaandokhe 9af faanot be

i nexpensively and with high purity. Ib In order to achieve the object
ment | onedegbvered amnreusg becaure 4heegas oks desoppesedtanthddfchargetdhere i s
provi ded a gas separation apparatus for separating specific gases froma
m xt ure Jastheomembrapeisepacattiaenniiig t abthpegh hitrggerdn thedippghangeas
conprising: a concentrator for concentrating the specific gases 20 within
.the m xigasecgrdd eehovedeatiesl;sepadazisapbetween faF, aid diFfatagthehlike! y
separating the m xture gas, with the specific gases concentrated by the
concept r gh@eh HavleOs fiarohol 6cuPdtiBaketiys @1 f fhsultons Thtthendlsove method
manner, by using a separator which perforns 26 chronmatographi c separation,

separ at i giliQf) , SBRE Iohle® a8 2S€6ze DC BheZappd 10t X dEpbfies dharge, a8sulEdng
contained in the mxture gas to be treated, which are otherwise difficult

to be separahefeasdd &t Horathe aglipMedt dhe Sepedaderr rGhniagdedbt. can
then be recovered and reused. b By providing a concentrator before the

separ at 0horEBeﬁfP%Cééaiu%e%ﬁs%oifﬁngeisamﬁk eaifFeretitd DEBwean drg 4red hah!l y

’
separated at the separator. Accordi'ng to another aspect of the present

i nvention atgg §ib|¢(8ﬁﬁ¥kggﬁ?§?€$%’ ;lgsgég{ﬁtfiiggtﬁgpar atus for separating

speci fi c15 0 be freated containing the
specific gases, the apparatus conprising: a separator for

chr od®t ographi cal |y separating the mxture, gas to be treated into each of
the plurality of gas constituents; and concentration nmeans for

i ndependent |y concent r at i ngSYMMARY QK THEGZIVENTEPNt ed i nto each of the
plurality b of gas constituents and obtained at the separator; wherein the
concentrat ed (Rresckiret refl Hye t presec cveRbioh 8 R RETEHSR 93sed. A
carrier gas (for exanple, nitrogen) is included in the chromatographically
separ at e§epptation apparatusycapabpde efFPparabinga mixtyxg gpsS NaWARPnpyi ng
the carrier gas by the concentration neans, the specific gases can be
recover ed piutaldgycelf gas constituents inexpensively and with high purity.
156 " In order to achieve the object mentioned above, according to
one aspect of the present invention, there is provided a gas
separation apparatus for separating specific gases from a mixture
gas to be treated containing the specific gases, the apparatus
comprising: a concentrator for concentrating the specific gases
20 within the mixture gas to be treated; and a separator for
chromatographically separating the mixture gas, with the specific
gases concentrated by the concentrator, into each of the plurality
of gas constituents.

In this manner, by using a separator which performs

25 chromatographic separation, separation of specifié gases, such,



_According to another aspect of the present invention, there is provided a
gas separation apparatus for separating specific gases froma m xture gas
to be treated containing the specific gases, 25 the apparatus conprising: a
front concentrator for concentrating 3 the specific gases within the

m xture gas to be treated; a separator for chromatographically separating
the gases, with the specific _gases concentrated by the upstyeam

concent r%PBr‘",xai“‘RtlS' SEGF AP N /R LA ST H%Eg@#pagw;%éeﬁggr&\ted,
concentratQrsfor independently 5 cqoncentrating the m xture gas se g{ated
into eacWhafhi pre ppthervise GLffdeuddnda dgefePazadedpt SpRel afefﬁé¥ y
separator; wherein the concentrated gas obtained by the rear concentrators
are recopEhiégvedd rRhectepayated ifs 3ppaids u3ant ke phei FeeovRERd 3t be
separated 10 effectively and in high concentrations. Therefore, each of the
obt ai nedrepeedfi c gases can be easily reused. According to another aspect
of the present invention, it is preferable that a m xture gas contai ning
the specific (Bweprbuvdimg. aa gingerntinatasf befoxmnthet raparatoryhetleF-C gas
di scharged froma 16 sem conduct or manufacturing process and the m xture
gas to bspecificdasest,afos exdampidggnCEg aadoNhecapadse réddabdyngeparatrest her
aspect of the present invention, it is preferable that the PFC gas contains
one of fhuotheesarvirds having at | east one of the elenents C, N, and S
as a conposition 20 el enent. According to anot her aspect of the present

i nvention, it Adco¥ddhngr 86lsndthidir hbpePEG Hahei peéseias iavenaiofF4hdde’ CzF6,
C, FB, SF6, or CHF3. According to another aspect of the present invention,

i4t I's 25ippebeiabda Jdnkepitativly appepates €6 raupaatinyispeciFiesgdsesei t her
10 from the mixture gas to be treated containing the specific gases,
tﬂ; apparatus comprising: a separator for chromatographically
separating the mixture gas to be treated into each of the plurality
of gas constituents; and concentration means for independently
concentrating the mixture gas sepafated into each of the plurality
156 of gas constituents and obtained at the separator; wherein the
concentfated gases obtained by the concentrator are recovered and
reused.
.A carrier gas (for example, nitrogen) is included in the
chromatographically separated specific gases, such, for example,
20 as CF, and NF,. By removihg the qarrier gas by the concentratioh
means, the specific gases can be recovered and reused.
According to another aspect of the present invention, there
is provided a gas separation apparatus for separating specific gases
from a mixture gas to be treated containing the specific gases,

25 the apparatus comprising: a front concentrator for concentrating



~a menbrane separator which takes advantage of the

permeabi lity/inperneability of a nmenbrane or a subzero cooling separator

whi ch takes advantage of the difference in boiling point. Wth such a
concentration nmeans, concentration of the PFC gas, for 5 exanple, can be
effectively performed. According to another aspect of the present

invention, it is preferable that a plurality of chromatoqraphi c colums are
provi ded %sm%ﬁpi%gééﬁ%é‘ﬁ@é}“ﬁyp%gilﬁbuﬁe §rta Peyrrsa ’ﬁﬁg?afﬂg"r
separation process can be perforned al nost continuously: 10 According to
anot her foFechromatographicakly SEPIASANT| the sgafes o Mifihe theafPeReiiGses
other than the specific gases separated at the separator contains nitrogen
as its mgiasesopentenkrateshbyt ke Mpstagam gercentratieyodinkoLagh ed thege.
Accordi ng to anot her aspect of the present invention, it is 16 preferable
to perfopiuzrapidyefscdns tridmentsgandoear coneentratins fondndependentligen gas
on the gas containing nitrogen gas as its main constituent. BRIEF

DESCRS PTkohcent FaEiaiRANENSEx 2 d-iggs deparateli agptareatioef mheapdshabhityf one
of the enbodi nents of the present invention. Fig. 2 is a diagram show ng a

structur efolgas ebhsthtogttphand seiperiatiest athithle ceparateref whepéim athey of
colums. Fig. 3 is a diagramshowi ng the treatnent of nitrogen. 25 5

DESCRI PTkehiceht PREEERREDoBMVBIARAMBYT t e pr € e coadentbatio ne rireot et beeped sent
invention will now be described referring to the drawings. A PFC gas is
suppl i edaghl geliBegf acturing process 10 such as b etching or thin film
formation at a sem conductor nmanufacturing plant. A discharge gas

contai ni ng t hey PHC G9fs | sppdPetud, OdiecdpetieitNh8besi 8@n0Obe as¥paraapunp 12
is connected to the path for the discharge gas and the di scharge gas

cont gh Ni pgrbBes FELY oM |1h Higthebaeentatiéne. Mrhehragbiel NBadh AL SENE0 by
t he vacuum punp
obtained specific gases can be easily reused.

According to another aspect of the present invention, it is
preferable that a mixture gas containing the specific gases having.
a plurality of gas constituents is the PFC gas discharged from a

16 semiconductor manufaéturing process and the mixture gas to be
treated confains nitrogen as another gas.

According to another aspect of the present invention, it is
preferable that the PFC gas contains one of fluorine compounds
having at least one of the elements C, N, and S as a composition

20 element.

According to another aspect of the present invention, it is
preferable that the PFC gas includes one of CF,, NF,, C,Fs, C;F,, SF,,
or CHF,. |

According to another aspect of the present invention, it is

25 preferable that the above-mentioned concentration means is either



10 12. As the m xed PFC gas, CF" NF' CzF" SF6, or the like or a conbination
thereof are suitably used. In this exanple, the PFC gas contains CF, and
NF3. Here, because the PFC gas deconposes in the manufacturing process |0
to generate hydrofluoric acid, the discharge gas al so contains hydrofluoric
acid. Because of this, 16 if the discharge gas is directly introduced into

t he vacuym pﬂgﬁg%]gne' t hse%%ﬂcatt%rp Pu%iil:ﬂ magaggs gagﬂpqq’%jq% or der cope

I n
with this pro nitrogen gas is supplie egas,o frot€he

di scharg to.the vacuympunp 12, to dilute the discharge_ gas. 20
The out | Be2BRaBELPel PuERIA TR B X melybraneoh?, 5 §ubzREBoERo1 4R The

di scharg as ich.s diluted by nitr n is_supplied to the scrubber 14.
The scrugﬁgﬁri‘ﬁgﬁﬁ&l&%stm%?ggﬁ%ﬁ%?e P%gﬁ?%géifgﬁg Bk B WEPeirtioric
acid (HFh.gfbt hi r}rthe di scharge gas. into water. 26 The di scharge gas from
the scruBBEP SR & CPRTENLHA REARY Foncenirasien iy theFRE 9a8, fvere
water_is renoved. The discharge gas fromthe scrubber 14 contains a | arge
amoun? ofX3HPLEs FRP ke i9§fG€§i1VagYeP?Bf‘P€H?f%'e wat er for the subsequent
processes. Any form of dewatering device can be used as the dewatering

devi ce 16, butAgrending pecargtdin aspectpPHithe presert inyendiione it ishi ch
water is renoved by reducing the tenperature of the discharge gas. The

di schar gergE@raple that egpluralhny gfishyomatograpeic thlsmobtaxiensxbvisieslippl i ed
to a concentrator 18. The concentrator 18 is for renoving nitrogen and is
pr ef er ab®pd aueedbriansespeacet or Byhiwsind aseduzadity pefneatliumnsyerdieane.
Wth this structure, nitrogen is separated fromthe di scharge gas and the
PFC mi xegleppia{iadF praceshiFcannbe hpexfimbidralmpsitsconbtrudustyed. It is al so
possi ble to use a subzero cooling device as the concentrator 18. More
specifi cal | y, Amicordigh tdanntiherngspectitcst the fFesentd iNvenationsiig ligr (- 128
C and 16 -128.8 C, respectively), the boiling point of nitrogen is

si gni f i qaweferatilid ehadttie §aEek)othbr thgmthasgduit ikegaass |sepethteat ed
using this difference in the boiling points in order to concentrate the PFC

gas. Aftar tReGepardtorcooataiisiddrogenhnas iangin donstdasent A syep! i ed
to a chromat ographi c separator 20. The chromat ographi ¢ separator 20

i ncl udem i reRjenyabi ibegewbdd #n degjives kishgel. The gas is passed through
the colum. In_this manner, the gas is separated into the constituents

because the capebriifgito Aavendr{spat oretRatiadnit RAvENEi &, ditf [T ence
inthe affinity 25 ( tendency for adsorption and distribution coefficient )
of tibe ga®férable to perform a process to remove gas constituents other

than the nitrogen gas on the gas containing nitrogen gas as its

main constituent.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is a diagram showing a schema of one of the embodiments
of the present invention.
Fig. 2 is a diagram showing a structure of a chromatographic
separator which consists of 'a plurality of columns.

Fig. 3 is a diagram showing the treatment of nitrogen.

25



constituents with respect to the filler. As a filler, for exanple, silica

'gel or nol ecul ar sieve can be used for separating CF, and NF,. In the

chromat ographi ¢ separator 20, nitrogen is used as a carrier gas and CF, and
NF, are separated by sequentially desorbing 5 and di scharging CF, and NF
adsorbed on the filer. Wen a fraction havi ng both CF, and NF, is
generated, it is preferable to return this fraction to the separator |nIet
side. For exanple, WRBSCRIFIIONgORi PREGBRRER SEMBODIMENS er mi ned anount of

di scharge gas can be m xed with nitrogen gas, and a 10 fraction contai ni ng

'CF, and a fr aktprefermedaembodiime®t, ofahhéepraantatiebgntbdn editlddnowtbe s al so

preferable to provide a plurality of colums as the chromatographic

separ at des@pibed e fertimglitec bhegdrgesng®. each col umm i n sequence, and
col |l ect each fraction fromeach colum in 15 sequence. Fig. 2 shows a
configurati ona orghe i# sMpplliedoiin & manatactaingOprodds 1angu@Rchar e
provi ded, and fractions are obtained by supplying the discharge gas to the
COl UBMS et 6h $6§| USH Gsh i - @1 19X EBPat 16h t 490 s enbivdiiuedBl MUAUS Yt Gy i ed to
t he col umms 20a, 20 20b, 20c, and 20d as a carrier gas, and the discharge

gas canppgnt nt rAOQliﬁeﬂaI:Qeté'@s nt@ning SREUERE QY isWehGBi peodded/al ves at
the colum inlet side in sequence. Because gas of nitrogen, gas of CF, and

nitrogedne U1 X Gide WE aaogcahﬁlrﬁaggg 12Nt Gshnekthh, tanéhé”% Q06 b, | ons

out from each of the col ums 20a 20c, and 25 20d, in that order, the

gases Cghehfy Qsam %@CQ%BE&@/ r?%s c%Wi:LEHi e pyal ¥§§ i the

columm exit side |n equence and actu correspon ng one Ol vacuum

\Y t t |
oto whis TEedar Lo 3‘%‘%‘3@“?@%. h g e Tree bV R Pl Pl U7
"1 Lp9ety 935 Unehy AR PR KAGENCEANdudzScl, N, AL Ndd 009 B LDt i ned

at the exit “of R ona aphi ¢ Yeparéat ot *20. I's pref I'é to

perfor%m,ﬁa%o%ctth%g{am J,Z,gee sqlgﬁf&qg,hsgsa ngwh&geeggﬂﬁ{n;h%h decf the

chr omat 6graphi ¢ separ € SWt e valves in F|g 2

conati IR ?3& Be gi?i‘égi s'%%ﬁerg%%c%%as cEpf s ﬁs%na%%@fes& b 2(TCD) or

F

o ehe RSP 3 hoBPE 2 Yo dehebfe BPHEbEEnR P BB o at e
fractlons of r,ogen, and

1 th tit 1 d th d
Lf” oF g, gon gﬁs%{]ﬁ%‘%lf&su:”Xdﬁﬁﬁlﬁ%rb%taa‘ilrﬁ’e‘d BEeauss R b8 et het
J t, Th bt . d t | dt 20
B e S5RE hat oR Sah g AIFSEELY pintgodilied ihtpothn YastihpbRe (o a

concent ator 24. As the c ncentrat s 22 and 24, .a nenbrane separator or a
subzer ot Lo &HENGRTRYT BMmPS %Jé‘é’d’ bg; a‘?’f‘% edy LROFIFT HR FAPE Wi this
particul a circulating the conc ntrated gas _several tines in a nenbrane
separeuﬂﬁ°9%em%y’U§Fﬁ§e§ Pt A§ EUPB ﬁﬁﬂbﬁ&né &F&P&rgaér &ZPRgthesubzero
cool i ng, separator, al nost 9 100% of the nitrogen_can be separated,

| eavi nfiSoharge 988opatdhLenthaVasnwt PerP Las tehdidRte the dipgbaggeai ned
CF, gas and NF3 gas can then be recovered and reused at the manufacturing
procesga0. 5 In this nmanner, in the enbodinent, the separation of CF, and
NF' which is difficult in other separation nethods can be reliably
acl#leved usi Fhetwd leftrpifa of thpiiasuwwaming be lEGEOHH‘Pét%Gé? asegubPerand NF,
can be recovered and reused. In particular, in the enbodi nent, a

concentldat oFhe glischayger gas dédcbeiﬁlfbﬂtqt@dchYdhﬁtmphScﬁW B¢ 20 for
removing nitrogen once. In this manner, CF, and NF, can be reliably

separ attde acrubizex idoneThe sephbbeschhenpdrysOvakgmghawer dyediasodvearri er
gas. The concentrations of CF, and NF, in the fractions can' be naintained
at a ceamgdambshrghhydéncEhiomid acid (HE)Msitbimrthe miscvhaggieodasenntof or the
fractions of gas of CF, and nitrogen, and gas of NF, and nitrogen; nitrogen
i s renmacerby separate concentration processors 22 and 24. Because of this,
al nrost 100% of nitrogen can be renoved, so that CF, and NF, can be reused
at 26 he manuf aRé Wisthaiigecgss fkom €he HoruBberghs imyhéencintdeduicedassi tion to
CF, and NF' C F, and



SF6," etc. These PFC gases can be separated relatively easily by various
devices. In the chromatographi c separator 20, these PFC gas constituents
appear as fractions that are far apart, and thus, the fraction containing

t hese PFC gas constituents can be 25 respectively separated fromthe
fraction separated as nitrogen in 10 t he above exanple. Also, nitrogen is

di scharged ,at _the, concentrator 18, chromat,ographi c_separator 20, and
concent ?aﬁ gfgagﬁr%%%flmﬁi i?bé” reKatek 1(5‘? Reroyetiy, %&e 13CRALGS 938 t he

dilutin as fore b the vacuum pu 12 and as the carrier gas for the
chr omat gg&fﬂh%%ﬁﬁﬁ\“&?ﬁ? %.c‘?"ctqué‘?ﬁeQQFSPea’B?‘éPEr%I"@tth r%élﬁlsétt A8

obt ai ned nitrogen gas . The decision on where the obtained nitrogen is

r eused céﬂ?%agﬂsiw HSFOVIeUVabRE i e thReSWbseAUeN: PX9CBESBFe tATY ¥REBUM
punp 12 is close to a crude gas, it is preferable to reuse nitrogen 10 as

t he di | utdfngdewatering ideviicghten reomsisideas hthe dewvateringedeyiee t16 ,bbuteused
contai ns sonme anount of the PFC gas. Therefore, it is preferable to process
t he nbtrddedsgpreferatimteo emplPFG (dewaty imige dpvdcesin whidhs watefreiabl e to
enpl oy a known nethod for deconposing the PFC i b gas, such, for exanple, as
pl asma deeneyedi by orequaires $hec dempstrabnreantl e alisthare®t igag.process. It.
Is also possible to performthe nenbrane process, subzero cooling

separ ati on, anThehtizotaygreaphsccorpaimingrtheg2Fa §as separiatrogent bthufFC gas
and reuse nitrogen. Fig. 3 shows an exanpl e where the plasna deconposition

process 2btainednlso¥efplAed douconddntaganrdi 8chamgedontenticatxnagnis at or
18, 22, and 24 is subjected to the plasnma deconposition process at the

pl asma deoepses idRVhEerdfed AndeLsd Iﬁi@i@rhbiﬁ%ﬁeﬁﬁ_iané%ﬁdﬁt%@ whiex
nitrogen is reused as the diluting gas or the carrier gas. Exanple 1 25 As
a sampl eudes CAYa@epdtneatidn Fembrans. Warit endsest havtuke lhitrogen is
separated from the discharge gas and the PFC mixed gas (CF, and NF,
in the embodiment) is concentrated. It is also possible to use a

subzero cooling device as the concentrator 18.- More specifically,

although the boiling points for CF, and NF, are similar (-128 °C and
16 -128.8 °C, respectively), the boiling point of nitrogen is

significantlf different (-195 °C). Nitrogen can thus be easily_
separated using this difference in the boiling points in order to

concentrate the PFC gas. |

After PFC gas is concentrated in this manner, the gas is
20 supplied to a chromatographic separator 20. The chromatographic

separator 20 includes a column filled with a desired filler. The

gas is passed through the column. In this manner, the gas is

separated into the constituents because the éonstituents have

different retention times due to difference in the affinity

256 (tendency for adsorption and distribution coefficient) of the gas



0 .01 %of CF, and 0. O1 %of NF, ( volune percent ) . The sanple

di scharge gas was introduced to the concentrator 18 of the apparatus shown
in Fig. 1, and processing experinment was perforned at each of the
subsequent processes. 5 ~ A nenbrane separator was used as the concentrator
18. the sanple gas was concentrated using the nenbrane separator to a point

where the both concentrations for NF, are ggqual tao or qgreater than
1006 - THOmSkiTSeBEA RN BeRBSF doith L e pacta Fh frn PoR e rtnple’
chronat ogr.aphi c separator 20 with the co{)urm filled with sili Cﬁ? 10 gel and
usi ng nifid§enged ar dreleqlamsigviescan: be Juseq ffax- sepagayaRd ofFarnder e
separated and di scharged in that order at the colum exit, due to the

di f f er edtfa-i in tder chsaMAbAITAPREC SRRAFANOLY @0 oRAERPISR i BhIsSd @B aand NF,
in nitrogen was 0.01% and the purity was 100% Hy renovi ng nitrogen at the
concent rcamier2g@asagd2ar | end iEhvreméepapatrad s spqueghiablydesprbing Nr,
wer e obtai ned each with al nost 100% concentrati on. The anal ysis of the

ni t r Sgeramsbtidsckarging OF, conk ¥R adsorbed orcbhenti ey apihensefxagtdeno, and
concentrators 22 and24 indicated that the nitrogen gas contained 10 ppm of
PFC gas haviing BBE€hgerR, \amsl RB, alsiumsnegatplet étyiseprefrsdd eartd retdened
harm ess by applying a plasna deconposition process to the obtained

ni t rogerchilst fvaetibnstsotlie remrhrdtalr tindeni sidgen gas is usable as a
diluting gas before the vacuum punp 12 or as a carrier gas for the

chr omat ogr aphpersepanple®) WRild Zpassimj ritmigenmerhs,s:a brefiegaxmiapdration
apparatus for separating specific gas constituents froma m xture gas to be
treat ed saRAhd BifNdischhygal 'Pas Baff bgamigedswitientitroganh dgappannsua
conprising: a concentrator for concentrating the specific gas constituents
Wi tHpn s@iadtibnt Wontdanihg e, t aaat ed; £o4wk fors epanta iidPrNF, can be :
chromat ographically separating the gas, with the specific gas constituents

concent rkad Ry NCoroieeirator, 10 into each of the plurality of gas
constituents. 2.7 A gas separation apparatus of claim1l, wherein said

mxture gas hayi ng A 4y #&%‘fk&%b?é 8 prRNd hUBMhEal StyRiE @dufinschar ged
froma sem conduct or manufacturing process and 15 said gas to be treated
cont ai ng p iR hgLp9PStor320A SfpRFRARA 1 SUhAYRAGAS 4D BheR! @l M 2,
wher ei nsi:sh% %ﬁg %?a?g‘%%algég oneo sz {1 uorlln% conmpounds i ncl udi ng at | east
one ele f:C S 08h b OFr £458 e roROedeh RoddmnSERAr at i on
appar at EE?QEJIFBC rzg:ism ,e%\%\%ér%ﬁ Cgozillcl F%hgagﬂl: ncl udesrgneeof CH" Nlr:l3, CzFs,
C FBg S o] CHF,. 5. A gas separation apparatus of claim1l, wherein 25
sai d°cofcentracor is a membrane separator which takes 13 advantage of the

perneability/gggsﬁinﬁﬂngiLyc8£f£§&?3ﬁ¥a%ﬂ%xamp1e in which four columns

20a, 20b, 20c, and 20d are provided, and fractions are obtained

by supplying the discharge gas to the columns in sequence. Fof
example, nitrogen can be continuously supplied to the columns 20a,
20 20b, 20c, and 20d as a carrier gas, and the discharge gas can be
introduced to the columns in sequence by switching the valves at
the column inlet side in sequence. Because gas of nitrogen, gas
of CF, and nitrogen, gas of CF,, NF, and nitrogen, and gas of NF,
and nitrogen flows out from each of the columns 20;, 20b, 20c, and

25 204, in that order, the gases can be separated and discharged by



6. A gas separation apparatus of claim1l, wherein said concentrator is a
subzero cooling separator which takes 6 advantage of the difference in the
boiling points. 7. A gas separation apparatus of claim1l, wherein said
chromat ographi ¢ separator includes a plurality' of chromatographic col umms
whi ch are used in sequence. 10 8. A gas separation apparatus of claiml,
wherein gas constituents_other th ecifjic constituents

h ,
separ at e§Watching @Bﬁc@ﬁAVSFOPQNéght?é%é?ﬁﬂﬁ%&%ﬂégggcbﬁtgFgu%R??Oa%ﬂ as

the main constituent and the nitrogen gas is reused |bh for a given.usage.
9. A gas as&patiny seragsapadingsmePhiviacyum MRS VP o Q3% CPRFaLRMRYi ng
gas constituents other than nitrogen 8as is performed on said, gas
cont ai ni bgthi G ,ashNEads sinavd atgdnte Ghespkumn,énto whdchihp,diseRarge on
apparatus for separating specific gas constituents froma m xture gas to be
treat ed gast dsnbeina jmturaducaed.of gas constituents, said apparatus
conprising: , 25 a separator for chromatographically separating a mxture
14  pas to belhrdiselanmén, emshobfnittrogehurgds of OF, gad ntidirogenueand: and
concentrators for separately concentrating the gas separated into each of
t he pl ur glaist yopf NFas amhshitueges awk obbhanped atatt h&hs sexpklr aodr ; ther ei n
the concentrated gases obtained by said concentrators are recovered and
reused. throfategr st aldparaapazatus of claim 10, wherein
It is preferable to perform the collection of the gas for each
constituent at the exit of the chromatographic separator 20 and
10 the switching of the valves in Fig. 2 based on an analysis result
of the gas at the exit. For example, constituents can be detected
using a differential thermal detector (TCD) or Fourier
transform-infrared analyzer (FT-IR), and the control can be
performed based on the analysis.
156 withthisprocess,thegasisseparatedintotheconétituents,

and thus, inthe fractions of CF, and nitrogen, and of NF, and nitrogen,

a pure mixture can be obtained with almost no other materials
present.

The obtained gas of CF, and nitrogen is supplied to a

20 concentrator 22 and the obtained gas of NF; and nitrogen is supplied

to a concentrator 24. As the concentrators 22 and 24, a membrane

separator or a subzero cooling device is used, similar to the

concentrator 18. In particular, by circulating the concentrated

gas several times in a membrane separator or by using a multiple

25 membrane separator, or using a subzero cooling separator, almost



10 said mixture gas having a plurality of gas constituents is PFC gas

di scharged froma sem conduct or manufacturing process and said gas to be
treated contains nitrogen as another gas. 12. A gas separation apparatus of
claimil, wherein 16 said PFC gas contains one of fluorine conpounds
including at |east one elenent of C, N, and S as a conposition elenment. 13.
A gas seﬁﬁr atiagn apparatus of cl aign 12, \/\he{:eciin i_ai d, PEC gasri ncl one
of CFa, NEV¥COEs the mitgagen, cajbe 56P3Hatedy,ceaUNAY 4f B Sspatat s of
claim 10, wherein at |east one of said concentrator is a menbrane separator
whi ch t aReBCaRtEAt iR off CFlacIderaReaNFisi 999 1 nperneabil ity of a menbrane. 25
15 15. A gas separation aEparat us of claim 10, wherein at |east onge of

sai d concent r &kh obkainednEEx Faso @ YFs A% S thenchet BRERVERAANMye of

the difference in the boiling points. 6 16. A gas separation apparatus of
cl ai m 10revsed sith tdai chaofestusgnapprecesspadilat or includes a plurality of
chromat ogr aphi ¢ col ums which are used in sequence. 10 17. A gas separation
apparfat us of clmithiigOpaner ciin ghe embostimentnt shesieparakaantdie CFpadid i ¢ gas
constituents, separated at said concentrators or at said separator,
cont ai NSNR,t whiyshn iasiitfife cudlitnic otb ey taep@ir adddntneet heidsr, ogsn bgase ) iahlaused
f.or a given usage. Ib 18. A gas separation apparatus of claim 17, wherein a
process &ohiewsthusimg ghe clusidtagaphictdepandtor 20 ¢ r Fhersqpraratedp@r § or ned
on said gas containing nitrogen gas as the main
and NF, can be recovered and reused.
In particular, in the embodiment, a concentrator 18 is
10 provided before the chromatographic separator 20 for removing
nitrogen once. In this manner, CF, and NF, can be reliably separated
at the chromatographié separator 20 using nitrogen as a carrier
gas. Tﬁe concentrations of CF, and NF, in the fractions can be
maintained at a certain high concentration. .
16 Moreover, in the embodiment, for the fractions of gas of CF,
and nitrogen, and gas of NF; and nitrogen, nitrogen is removed by '
separate concentration processors 22 and 24. Because of this,
almost 100% of nitrogen can be removed, so that CF, and NF, can be
reused at the manufacturing process 10.
20 The PFC gas may include, in addition to CF, and NF,, C,F, and
SF,, etc. These PFC gases can be separated relatively easily by
various devices. In the chromatographic separator 20, these PFC
gas constituents appear as fractions that are far apart, and thus,

the fraction containing these PFC gas constituents can be

26 respectively separated from the fraction separated as nitrogen in

10



constituent. 20 19. A gas separation apparatus for separating specific gas
constituents froma mxture gas to be treated containing a plurality of gas
consti-tuents, said apparatus conprising: a front concentrator for
concentrating the specific gas 26 constituents within said mxture gas to
be treated; 1G a separator for chromatographically separating the gas,

with the @{gaquv@ gggmg?g_st ituents concentrated by the concentrator, into
each of the plurality gas constituents; and rear concentrators for

separately congqgplatfiddis 038 Yo fgfead SEt reAboRbeh bt b1 LY Of

gas constituents ahd obtained at the se at or; ere n t he concentr &t ed

gases obtangd fyy ghﬂcresaerpafcc%p ntfqtor (B ol SHRUENEI ANy T Glisedy 10 20.

A gas separatlon apparat us 5 erérn saild mxture gas having a

I it d t
Panuf act (s YeRe Bl Ehe of Ry AR (55 %R R T 9B o %%a.sﬁg berose
th . 15 21. t d
PFC gls doif mgummuﬁ?‘?l afisn b%ﬂs%ﬁﬁﬁé?iq‘% 367 e Etionet oGk arE éﬁgm
of C, N, and S as conposition el ement. 22. as se aratlon gggarat us of
claim zlseméﬁépﬁ 30~ oot LrEAGEELOREI BBl Brtay e HERHNGR, o
or gas separ at.i on igﬁar atus of claim,19, wherein at |east one

of sal d E’dﬁEQHF 35 | The dreipianonEbere the ohirAiAeE AdT 098P B8RS ¢ he

permeabi lity/inperneability of a 25 nenbrane. 17
can’ be arbitrary, but because the diluting gas before the vacuum

pump 12 is close to a crude gas, it is preferable to reuse nitrogen
10 as the diluting gas.

It is highly probable that the nitrogen gas to be reused
contains some amount of the PFC gas. Theréfore, it is preferable
to process the nitrogen gas to remove the PFC gas. As the process,
it; is preferable to employ a known method for decomposing the PFC

16 gas, such, for example, as plasma decomposition process, combustion,
and catalyst heating process. It. is also possible to perform the
membrane px;'ocess, subzero cooling separation, and chromatographic
separation again for separating the PFC gas and reuse nitrogen.

Fig. 3 shows an example where the plasma decomposition process

20 is employed. As shown, nitrogen discharged at the concentrator 18,
22, and 24 is subjected to the plasma decomposition process at the
plasma decompose device 26 to decompose the PFC gas, and the obtained
nitrogen is reused as the diluting gas or the carrier gas.
Example 1

25 As a sample discharge gas, nitrogen gas was prepared having

11



. 24." A gas separation apparatus of claim 19, wherein at |east one of said
concentrator is a subzero cooling separator which takes advantage of the
difference in the boiling points. b 25. A gas separation apparatus of claim
19, - wherein said chromat ographi c separator includes a plurality of

chromat ogr aphi ¢ col uims which are used in sequence. 10 26. A gas separation

appar at ug, @i s sk o Vet Sl dﬂ%&l%g P@@ﬁt.s ot ?ﬁsal g@ietcp 3 eci f| c gas

constituents, separ ated at sai concentr t ors Separ a ﬁ’r cont ai n

ni tr 0gengag dde 1FREB46083 40 {HY BLehbFaBLETPOE 9% BRAIEYRTS dipherd ' VO

usage 27. A gaS separa |on apparatus o
renovi ngy onst ha tr,ogen gas |s rforned on said gas
cont ai ni nlgafflll%crEge#&gﬁ)sryo%seg%ﬁggn%x%gﬁ%%ﬁ ?’&éng r{%rm at each of the

. AY. A2, AIN. Aa. AY. Asal . AY. A; . A(s. A" . A; . A Al. A AY. A934Pj X: u9xK N
zupke® Z ‘-’c"aej“EaB]"E?SFEEeﬁft:a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] calU] ca] ca] ca] ¢

a] caj.ca] ca] cal.ca cRal c a calN g

—} LY]5g(V§ { UL] e] Uébi%)]’ c%?&%ﬁita% 3’}3 &feéq%aﬂ%@p@areawéaq &%) c&bpeca) cal c

aJcaJca] ca ca%ca] cal ca] ca] caj ca] cal] ca] cal]c

af 05Az &k%"d‘]%i g %I}Qfa}%t@g B3IRA RS 'ea}laaqrt,eafeaﬁaq%]teaq palios] ca] ca]

caj ca] cal ca! cal ca] ca] ca] ca] ca] ca] ca ca%ca ca] ca] ca! D.r ( Bw7

ol ##$3$9 ]’JJP(? ]qm%mr@&]leafelaarc F capéd]Feeqr@awaqb&pmecapcau] ca] ca]

ca] caj ca] ca] calca]Tca] caUr]’ cajcaJca]cajcalcalcajcal W& &&& 'm """ (@ (()?){)))*
hen, the concentrated mixed gas was passed through the

R #-~-d. /110" 1125_5d5{vql gb] X]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] C
a] ca] cajdapraategaraph i senardteos] @8] vatbatba] calumed cEilldaldc widh* S65778899: -
3; F
D ?%g«ﬂﬁi and>using NiTTregehwasha odrilerca] As] x desallta] gas caf «,capgal cal ca
. ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calca]ca]cal 3@aghA* B7
C{ CODEFRERGEHNF? #Bielsleparated and discharged in that order at the column .
K&KbKKKLBLpLLL| wrmhc”Y]]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cakds) cdjeate atfie ajiffiexance] da] thicaptehtige & dnddQMABANESNINNOTOZO000
P5PoPPPPI9Q QQQ RURRRRS} xsnid_Z]]]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cal

ca] ca] cepoagntiztiaras of] CB] aalichl £ ahoa trdges] wapcal Crd eakic 8h&GIMNIRYYSS
TTWTTUUUU' Ve VpVs VW[ WANAKT XXXXY8YoYYY%Z} xsnid_Z]]]]]]ca] ca]ca] ca]ca]ca]ca]ca

] ca] ca] wagcapos) caHy ajamdwiakealitabgehcatceheakontent el ol EFaleal cal ca
PO\ ZZZ[ K[ [[ [\
16 (membrane separators), gases of CF, and NF, were obtained each with
almost 100% concentration.
The analysis of the nitrogen obtained at the concentrator 18,
chromatographic separator 20 , and concentratoré 22 and 24 indicated
that the nitrogen gas contained 10 ppm of PFC gas. The PFC gas was
20 almost completely decomposed and rendered hafmless by applying a
plasma decomposition process to the obtained nitrogen. It was thus
confirmed that the nitrogen gas is usable as a diluting gas before

the vacuum pump 12 or as a carrier gas for the chromatographic

separator 20.

12
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a concentrator for concentrating the specific gas

constituents within said mixture gas to be treated; and
a separator for chromatographically separating the gas, with
the specific gas constituents concentrated by the concentrator,

10 into each of the plurality of gas constituents.

2. A gas separation apparatus of claim 1, wherein
said mixture gas having a plurality of gas constituents is
PFC gas discharged from a semiconductor manufacturing process and

15 said gas to be treated contains nitrogen as another gas.

3. A gas separation apparatus of claim 2, wherein
said PFC gas contains one of fluorine compounds i'nclud.ing at

least one element of C, N, and S as a composition element.

20
4. A gas separation apparatus of claim 3, wherein
said PFC gas includes one of CF,, NF,, C,F,, C,Fs, SFs, or CHF,.
5. A gas separation apparatus of claim 1, wherein
26 said concentrator is a membrane separator which takes

13
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b advantage of the dlfference in the boiling points.

7. A gas separation apparatus of claim 1, wherein
said chromatographic separator includes a plurality of
chromatographic columns which are used in sequence.

10
8. A gas separation apparatus of claim 1, wherein
gas constituents other than the specific gas constituents,
separated at said concentrator or at said separator,' contain

nitrogen as the main constituent and the nitrogen gas is reused -

16 for a given usage.

9. A gas separation apparatus of claim 8, wherein

a process for removing gas constituents other than nitrogen
gas is performed on said gas containing nitrogen gas as the main

20 constituent.

10. A gas separation apparatus for separating specific gas
constituents from a mixture gas to be treated containing a plurality
of gas constituents, said apparatus comprising: ,

25 a separator for chromatographically separating a mixture

14
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recovered and reused.

11. A gas separation apparatus of claim 10, wherein
10 said mixture gas having a plurality of gas constituents is
PFC gas discharged from a semiconductor manufacturing process and

said gas to bhe treated contains nitrogen as another gas.

12. A gas separation apparatus of claim 11, wherein
16 said PFC gas contains one of fluorine compounds including at

least one element of C, N, and S as a composition element.

13. A gas separation apparatus'of claim 12, wherein

said PFC gas includes one of CF,, NF,, C,F,, C,F,, SF,, or CHF,.

20
14, A gas separation apparatus of claim 10, wherein
| at least one of said concentrator is a membrane separator
which takes advantage of the permeability/impermeability of a
membrane.

25
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said chromatographic separator includes a plurality of

chromatographic columns which are used in sequence.

10 17. A gas separation apparatus of claim 10, wherein
gas constituents other than the specific gas constituents,'
separated at said concentrators or at said separator, contains
nitrogen as the main constituent and the nitrogen gas is reused

for a given usage.

16
18. A gas separation apparatus of claim 17, wherein
a process for removing gas constituents other than nitrogen
gas is performed on said gas containing nitrogen gas as the main
constituent.
20

19. A gas separation apparatus for separating specific gas
constituents from a mixture gas to be treated containing a plurality

of gas constituents, said apparatus comprising:

~a front concentrator for concentrating the specific gas

26 constituents within said mixture gas to be treated;

16
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separated into each of the plurality of gas constituents and

obtained at the separator; wherein

the concentrated gases obtained by said rear concentrators

are recovered and reused.

10 20. A gas separation apparatus of claim 19, wherein
said mixture gas ﬁaving a plurality of gas constituents is
PFC gas discharged from a semiconductor manufacturing process and

said gas to be treated contains nitrogen as another gas.

15 21. A gas separation apparatus of claim 20, wherein
said PFC gas contains one of fluorine compounds including at

least one element of C, N, and S as a composition element.

22. A gas separation apparatus of claim 21, wherein

20 said PFC gas includes one of CF,, NF,, C,F,, C,F,, SF,, or CHF,.

23. A gas separation apparatus of claim 19, wherein
at least one of said concentrator is a membrane separator
which takes advantage of the permeability/impermeability of a

25 membrane.
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said chromatographic separator includes a plurality of

chromatographic columns which are used in sequence.

10 26. A gas separation apparatus of claim 19, wherein
gas constituents other than the specific gas constituents,
separated at said concentrators or at said separator, contain
nitrogen as the main'consﬁituent and the nitrogen.gas is reused
for a given usage.
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27. A gas separation apparatus of claim 26, wherein

a process for removing gas constituents other than nitrogen
gas is performed on said gas containing nitrogen gas as the main

constituent.
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