SEPARATI ON OF CF[err] AND cg;{ %Fbr ] gozz' )JRE
Fl ELD OF THE | NVENTI ON The stfe era rel j:EE}g;gT
separati on process. The inventibn particul ar relates to a process for
separating CF[err] and CJerr]F[err] froma 5 perfluoroco ﬁz

m xture by a hybrid systeminvol ving nmenbrane and adsorptlo I on

t echni ques. BACKGROUND OF THE INVENTICN1Var|ous fluori nated hydrocérbon
gases including tetrafl uoromagﬁ ,Efglé)opa fétéor%ljpane
(Cerr]Flerr]) are 10 used | gﬁggg 4%3?@?5 tch silica
materials for use in integrate 8 Cllefr]Flerr], for

exanple, is as a plasma etchant in sem conductor device fabrication. Gases
of high purity are critical for this application. It has been found that
even small anounts of 15 i mpurities |n t he etchant gas can increase the
defect rate in the production of EIik> OF BNTLE Thus, there has
been a continuous effort in the art to prOV|de a relatlvely S|nple and
economni cal process frHe predentngnetnbich @asasalllayiredatesi valaagaaint s of
impurities. 99 0 1 828 5

separation process. The invention particularly relates to

a process for separating CF, and C,F, from a
5 perfluorocompound gas mixture by a hybrid system involving

membrane and adsorption separation techniques.

BACKGROUND OF THE_ JINVENTION
Various fluorinated hydrocarbon gases inclﬁding
tetrafluoromethane (CF,) and hexafluoroethane (C,F,) are
10 used in the semiconductor.industry to etch‘silica materials
for use in integréted circuits. A major use of CF,, for
example, is as a plasma etchant in semiconductor device
fabrication. Gases of high purity are critical for this
application. it has been found that even small amounts of
15 impgrities in the etchant gas can increase the defect rate
in the production of these integrated circuits. Thus,
there has been a continuous effort in the art to provide a
relatively simple and economical process for producing

etchdnt gases having minimal amounts of impurities.

9901828-5
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2 Oie source of such etchant gases, of course, is the exhaust or vent gas
froma sem conductor plasma etching procéss. The exhaust gas often contains
unreacted CF[err] and/or Cerr]F[err], and other perfluoroconpounds (PFCs)
such as 5 SF[err], NF[ferr], and CHF[err] as well as N2. The exhaust gas is
usually recovered fromthe plasma etching process and concentrated froma
few parts per mllion to above 90% by vd@d une in a PFC recovery stage. This
concentrated exhaust gas i s soneti nes rg%ggred to as PFC m xture or a PFC
Soup. The 10 PFC m SPlr BOWEFRERY yPHGI(SHANERELBRES8 008 by Vi hre 61 T er r]
and/or (ferr]F[err], and about 10% by volune of N2, SF6, NF3, and CHF[err].
One way of pur EKPRE§EL RE PEEE 938 Ufeon @ ssracandussernelagny ehahdngr | err]
and/or Cerr]F[err] is by cryogenic 15 distillation. However, there are
sone dr awbacks procsssh aThe oexssusiCrgesgefitendconthing i wnrerdtesd r@RyUI r es
speci al equi pnment and has high utility costs. In addition, the PFC m xture

is difficult tendgear all,bynar ¥e8ERI Sef Bidddcdimpoindee (PPcs heswdy Sag al
properties of the gaseous components 20 t hensel ves; e.g., CF[err] and

NF[err], and Clggir]iber thaabftrCHE Qfdih H@r i an ﬁzee%e&gmge ghxt ygeyuhtiy gach
other. It is al'sé"knoWn in the®*art to use attivated carbon or
recovered from the plasma etching process and concentrated
from a few parts per million to above 50% by volume in a
PFC recovery stage. .This concentrated exhaust gas is
sometimes referred to as a PFC mixture or a PFC soup. The
10 PFC mixture normally contains about 90% by volume of CF,
and/or C,F,, and about 10% by volume of N,, SF,, NF,, and
CHF, .
One way of purifying the PFC wmixture to obtain
substantially pure CF, and/or C,F¢ is by cryogenic
15 distillation. However, there are some drawbacks to such a
process. Cryogenic distillation often requires special
equipment and has high utility costs. In addition, the PFC
mixture is difficult to separate by cryogenic distillation
due to the ph&sical properties of the gaseous components
- 20 themselves; e.g., CF, and NF,, and C,F¢; and CHF; form an
azeotropic mixture with each other.
It is also known in the art to use activated carbon or

zeolites to remove chlorotrifluoromethane (CClF,) and/orxr



zeofites to renove chlorotrifluoromethane (CO F[err]) and/ or 3
fluoroform (CHF[err]) fromderr]F[err]. See, e.g., US Patent No.

5,523, 499. However, this adsorption process is not said to be able to
remove Nerr], SF[err], and/or NF[ferr] froma gas m xture such as PFC soup.
5 Thus, it is an object of the present invention to address this
need in the art by providing a process B8hat can separate CF[err] and/or

Cerr]Flerr] f%ﬁzﬂbg??ifﬁ“ﬂ%/’%ﬁ gFr%'ﬁieéﬁ%}nd Siberg qpj e __§.o£a££§tilg(yenti on

wi || becone apparen [l owm ng specdification, and the 10
appended drawi ng_and clai ns. SUMMARY .OF THE | NVENTI ON The .present L npvention
felates to a pPoseastidr SEMEVRAAIE PESRFPLI HEGSPE AP AR Said €O
Cerr]F[err] froma gas. The process conprises the steps of: 15 (a)

contacting a ghs Abkeuke xomie NangSFé.) and/pEalF: JFoTHR BRFcREFLRFR
Cerr]Flerr], (ii) at least one of NF[err], CHF[err], and Nerr], and (iii)
SF[err] with asmehbaanBFatsagnditions effective to obtain a retentate
streamrich in SF[err] and at |east one of CF[err] and Clerr]F[err], and a
perneate stgream ri cftht8, ait | £8n @ et of the present invention to

address this need in the art by providing a process that

can separate CF, and/or C,F, from a PFC mixture.

This and other objects of the invention will become

apparent in light of the following specification, and the

10 appended drawing and claims.

SUMMARY OF THE INVENTION
The present invention relates to a process for
separating at least one of CF, and C,F; from a gas. The
process comprises the steps of:

15 (a) . contacting a gas mixture comprising (i) at least
one of CF, and C,F¢, (ii) at least one of NF,, CHF;, and N,,
and (iii) SF, with a membrane at conditions effective to
obtain a retentate stream rich in SF, and at least one of
CF, and C,F,, and a permeate stream rich in at least one of

20 NF3 7 CHF3 N and Nz 7 and



20 NF[err], CHF[err], and N err]; and 4 (b) contacting the retentate
streamw th an adsorbent at conditions effective to adsorb SF6 and produce
a product streamrich in at least one of CFlerr] and CJerr]F[err]. In a
preferred enbodi nent, the present invention 5 relates to a process for
separating both CF[err] and Clerr]F[err]- froma gas. The process conprises
the steps of: (a) contacting a gas m xt4dre conprising CFerr],

Clerr]Flerr], NF[er rﬂ;)[ Occ';"% & ddin NSl %cg{:gﬂg?t.sg [ﬂééanﬁ“v%i%hggnggg%gg%ﬁ%ér r

conditions effectiv obtain a-reten streamric rr
and Cerr]F[err], an‘g,a, 10 rneate streamyrich in NF err%, CHF[err], and
Ner ] Gha (bft:GRMSLEITR (HEBRat S0 SRPERnTTH PRIARGINS HERrofuat
conditions effective to adsorb SF[err] and produce a product streamrich in
CF[err] and (] 8Ergperi¢h BRIFF IsESCRORT ofl CF. PR BEAW NG 15 Fi gure
1 is a schematic diagram of a process according to the present invention.
DETAI LED DESCRI PTI QinChk pgtéE &3t feriEio dEMBOD|, MERE Soddmeerir dswenhtionent i on
provides a process for separating at |east one of CFlerr] and Clerr]F[err]
froma gassnm Xidi8tes to a process for separating both CF, and C,F, from a
gaé. The process comprises the steps of:
(a) contacting a gas mixture comprising CF,, C,Fs, NF,,
CHF;, N,, and SF; with a membrane at éonditions effective to
obtain a retentate stream rich in 8F,, CF,, and C,F¢, and a
10 permeate stream rich in NF,, CHF,, and N,; and
(b) contacting the retentate stream with an adsorbent

at conditions effective to adsorb SF; and produce a product

stream rich in CF, and C,F;.

BRIEF DESCRIPTION OF THE DRAWING
15 Figure 1 is a schematic diagram of a process according

to the present invention.

ETAILED SCRIPT OF THE EFERRED EM ODIMENTS
The present invention provides a process for
separating at least one of CF, and C,F; from a gas mixture.
20 The gas mixture preferably comprises (i) at least one of CF,

and C,Fg, (ii) at least one of NF,, CHF,;, and N,, and (iii)



20 The gas mixture preferably conprises (i) at |east one of CF4 and
C.err]F[err], (ii) at |least one of NF[err], CHF[err], and N err], and (iii)
5 SF[err]. Mre preferably, the gas m xture is an exhaust or vent gas from
sem conductor fabrication process which conprises CFerr], Cerr]F[err],
NF[err], CHF[err], Nerr], and SFerr]. The exhaust gas preferably has
undergone an initial recovery or concentration step. 5 The gas

m xture to be s r at r co [ out .10 to about 95% by
vol une of at Ie?gﬁ'onlggﬁé) %—e? eglr%’\i éf[’ eEB% F?%%r‘]('{.}g%%gbla ance xglfauts%eogrageng
m xture preferabl onprises SFlerr at | east one of NF[err], CHF[err],
T N or P < Tho G750 E000 SEBLPOPIELSY (M IoREAAT PROGASP oRPAGH T LS { he
steps of contacting the gas m xture with a nenbrane at conditions effective
to obtain a retd&fhat €55t r ¥Em & iNe. SEREr BFs-andhst espbavstogasoprefprably
and Cerr]F[err], and a perneate streamrich in at |east one of NF[err],

CHF[ err], and Nlers undemgonenaacinitidheramtvenyabe sbneantwatiomnstasisor bent
at 15 conditions effective to adsorb SF[err] and produce a product stream

rich in at lsast one el Ghbemniktand €d &id |SefRivalked presedabey etdmptiked €rm
"rich" means that the concentration of a particular conponent in that
streamis from about 10 to about 95% by volume of at least one of CF,
and C,Fs. The balance of the gas mixture preferably
comprises SF; and at least one of NF,, CHF,;, and N,.
Thé éfscess according to the present invention
10 comprises the steps of contacting the gas mixture with a
membrane.at conditions effective to obtain a retentate
stream rich in SF; and at least one of CF, and C,F,, and a
permeate stream rich in at least one of NF,, CHF,, and N,;
and contacting the retentate stream with an adsorbent at
is conditions effective to adsorb SF; and produce a product
stream rich in at least one of CF, and C,F..

As used herein, the term "rich" means that the
concentration of a particular component in that stream is
greater than the concentration of the same component in the

20 feed stream to that process step. Likewise, the term
"depleted" means that the concentration of a particular
component in that stream is less than the concentration of

the same component in the feed stream to that process step.



gredter than the concentration of the sane conponent in the 20 feed stream
to that process step. Likew se, the term"depleted" neans that the
concentration of a particular conponent in that streamis less than the
concentration of the sane conponent in the feed streamto that process

st ep. 6 Any nenbrane can be used in the process of the present invention
so long as the menbrane can selectively &etain SF[err] and at |east one of

CFferr] and (lerr] Fi\ﬁ‘ J\ Wi RASS @%EQ& Pﬁ*\gx{ UGAAENLE Fﬂet FellRt

m xture through. The e rane shou al so ubst ant | al reactive

wth the gaseoys conponent o be s arated Menbr an yi t Ie for use in
the present | ndBHEPHEOT 29 %%5@%%’?5%% AL I A T¥ TRERBRaRES

made preferably from polyim des; polyam des; polyam de-im des; 10
pol yesters pol pedr abnbeast anst fulFerend 4Bk yitider Pasedne; thel 9ele®r ket one:
al kyl substituted aromatic pol yesters; blends of polyethersul fone, aromatic
pol yi m des, ar compbnepos yan ttes gasomiatide stinowds., fiheo rembiredeasboal dc
pol yi m de, polyam de, and pol yam de-i m des; glassy 15 pol'ymeri c menbranes
such as thegse digel BeegubstdiftiNlly non-reactive with the gaseous

components to be separated.

Mewbranes suitable for use in the present invention
include glassy memﬁranes éuch as polymer membranes made
preferably from polyimides; polyamides; polyamidé—imides;

10 polyesters polycarbonates; polysulfones; polyethersulfone;
polyetherketone; alkyl substituted aromatic polyesters;
blends of polyethersulfone, aromatic polyimides, aromatic _
polyamides, polyamides-imides, fluorinated aromatic
polyimide, polyamide, and polyamide-imides; glassy

15 polymeric wmembranes such as those disclosed in USSN
08/247,125 filed May 20, 1994, the content of which is
hereby incorporated by reference; celluloée acetates; and
blends thereof, copolymers thereof, substituted polYmers
(e.g. alkyl, aryl) thereof and the like.

20 Other membranes suitable for use in the present
invention include asymmetric membranes. Asymmetric
membranes are prepared by the precipitation of polymer

solutions in solvent-miscible nonsolvents. Such membranes



08F247,125 filed May 20, 1994, the content of which is hereby incorporated
by reference; cellulose acetates; and bl ends thereof, copolymers t her eof ,
“substituted polynmers (e.g. alkyl, aryl) thereof and the like. 20

Q her menbranes suitable for use in the present invention include
asymetric menmbranes. Asynmmetric nenbranes are prepared by the
precipitation of polyner solutions in sblvent-mscible nonsolvents. Such

menbr anes 7 are typified b dense separ.at.i Lay t ed an
ani sotropi c s@5&t Fé(?égb?dagﬁr%a%?%eors§§ﬁ%%§ﬁé ggﬁégeﬁiﬁp;%%roglpg?gd in
one step. Exanpl es of such nenbranes and their nethods of manufacture are
di scl osed i n Bngsotroppg; ewpshEate £f £3 ggpged pergsaby. and AXS 526
4,474,662; 4,485,056; 4,512,893; 5,085,676; and 4, 717,394; all incorporated
herein by ref gemesallyhprepanednin’ GR6 Ferent Fxameeessel FUPn TGRS
asynmmetric separation nmenbranes from sel ected polyimdes. Particularly
preferred 10 arerdhediemethedpodyimamef asyureeriec djasleegdrin iWb®E renbr anes
as disclosed in the '676 patent. Yet other nenbranes suitable for use in
the preset patent Nos. 4,113,628; 4,378,324; 4,460,526; 4,474,662;
4,485,056; 4,512,893; 5,085,676; and 4,717,394; all
incorporated herein by reference. The '394 and '676
patents disclose preparation of asymmetric separation
membranes from selected polyimides. Particularly preferred
10 membranes are polyimide asymmetric gas separation membranes
as disclosed in the '676 patent.
Yet other membranes suitable for use in the present
invention include composite gas separation membranes.
These membranes typically have a dense separating layer on
15 a preformed microporous substrate. The separating layer
and the substrate are uéually different in composition.
Composite gas separation membranes have evolved to a
structure of an ultrathin, dense separating layer Supported
on an anisotropic, microporous substrate. These composite
20 membrane structures can be prepared by laminating a
preformed ultrathin dense separating layer on top of a

preformed anisotropic support membrane. Examples of such

membranes and their methods of manufacture are disclosed in



inﬁention I ncl ude conposite gas separati on nenbranes. These nenbranes

.4typ|cally have a dense separating |ayer on 15 a prefornmed m croporous

“substrate. The separating |ayer and the substrate are usually different in
conposition. Conposite gas separation nenbranes have evolved to a structure

of an ultrathin, dense separating |ayer supported on an anisotropic,

m cr oporous substrate. These conposite g0 menbr ane structures can be

prepared by lam nating a prefo r at hi_n,d e ' | ayer on to
of a preforneH'ﬁnigﬁFgﬁﬁiéb%Uﬁ%gﬁg”#%ﬁﬁr§ngQ9E§§ZbI£§ﬂg#ﬁ§%%ﬁ ne%branes aﬁd
their nethods of manufacture are disclosed in 8 U.S. Patent Nos.

4,664, 669; 4, 8894266871, 749588022 HEL6EEPT 249883 sHDL/ é@éi%feﬁ?ﬂf

4,714, 481; 4,602,922; 2,970, 106; 2,960, 462; 4,713,292; 4,086, 310;

4,132, 824; 4, 2997823064, 15367952 arfd 4.31260259%; 0861 310t dt poi%at®&E 5 herein
by reference. Alternatively, conposite gas separation nenbranes nmay be
prepared by myl tiost epaf abyish)798); ol asdEs, SAler elh fncstperatad sot r opi c,
porous substrate is fornmed, followed by contacting the substrate with a

nenbr ane- f0r MyRgein by reference.

Alternatively, composite gas separation membranes may
be prepared by multistep fabrication processes, wherein
fir;t én anisotropic, porous substrate is formed, followed
by contacting the substrate with a membrane-forming

10 solution. Examples of such methods are described in U.S.
Patent Nos. 4,826,599; 3,648,845; and 3,508,994; all
incorporated herein by reference.

U.S. Patent No. 4,756,932 describes how composite
hollow-fiber membranes may also be prepared by co-extrusion

15 of multiple polymer solution layers, followed by
precipitation in a solvent-miscible nonsolvent.

The membrane used in the present invention can be
post-treated with, or coated by, or co-extruded with, a
fludrinated or perfluorinated polymer layer in order to

20 increase its ability to withstand harmful constituents in

the gas mixture from which PFCs are to be separate, at low

levels or temporary contact with such components.



10 ° solution. Exanples of such nmethods are described in U S. Patent Nos.
4,826,599; 3,648, 845; and 3,508,994; all incorporated herein by reference.
‘U S. Patent No. 4,756,932 describes how conposite hollow fiber nenbranes
may al so be prepared by co-extrusion 15 of multiple polyner solution

| ayers, followed by precipitation in a solvent-m scible nonsolvent. The .
menbrane used in the present invention ©an be post-treated with, or coated

by, - ded, wi th fl ' f.l ' | I [
DN O RV AT O RN A

order to 20 i ncr U
gas mxture fromwhich PFCs are to be separate, at |ow | evels or tenporary

contact with HHAHENERREACTing sEep (Caf) dRTYuFEOBT 2PPRE G0 £Cure
and/ or the nenbrane during the contacting step can vary from about
-10[err] C to ahsnt 100 €rr] Breferdllwnbihe teapesaperatin ogtavasm wbertabout
10[err]C and 80[err]C. More preferably, the tenperature ranges 5 from
anbi ent, i.e.,1d%oamdbeafC20[Msrd @refezabdyr | Cthe t temgiEmat uG@] eanp€s It i s
preferred, according to the present invention, to have a pressure drop
across thes nend¥c&n®iene€sSil Ban from about 20°C to 25°C, to about 60°C.
It is preferred, according to the present invention,
to have a pressure drop across the membrane of less than
about 2,000 psig. More preferably, the pressure drop
ranges from about 3 to about 200 psig. Even more
1o preferably, the pressure drop is about 20 to about 60 psig.
The requisite pressure drop across the membrane can be
provided in one of two ways. First, the feed gas stream
can be compressed. Preferred compressors are sealed and
oil-free, such as the compressors sold under the tradename
15 POWEREX, available from the Powerex Harrison Company of
Ohio. Second and more preferably, the pressure drop across
the membrane can be established by lowering the pressure on
the permeate side of the membrane. To create the lower
pressure on the permeate side, a vacuum pump or any other
20 suction device can be used.
The flowrate of the gas mixture across the membrane

can vary from about 0 to about 10° Nm*/h per square meter of

membrane available for separation. Preferably, the



about 2,000 psig. Morre preferably, the pressure drop ranges fromabout 3 to
about 200 psig. Even nore 10 preferably, the pressure drop is about 20 to
“about 60 psig. The requisite pressure drop across the nenbrane can be
provided in one of two ways. First, the feed gas stream can be conpressed.
Preferred conpressors are sealed and oil-free, such as the conpressors sold
under the tradenane 15 POAEREX, avail abjge from the Powerex Harrison Conpany

of Chio. Seco g and nore preferably, th ressur op..acg 0ss, t.he nenbrane
can be establ'rF1 REG2HS T‘%m%‘?%gatfq\’&y&roesgtL?PS%SHHt ﬁ%q%“é?ﬁlegt'e ?I[Oe of the
menbrane. To create the | ower_ pressure on the gerrreate si de, a. vacuum punp
or any other PUeSgERP&Y. dele delntiSe 1fs EHOMTRROVE A &%PPPHE Jas ni xture
across the nmenbrane can vary fromabout O to about 10[err] Nnrerr]/h per
square neter offlenfr.ane avail able for separation. Preferably, the 10
flowate is fromabout 10[err] to about 10 Nnferr]/h-nferr]. More
preferably, the fl gneaihembsah¢ armmhaittioh 8tepoprbbertalflys vieldsr B/ h-nferr].
The nenbrane separation step preferably yields a .
5 retentate stream comprising from about 60 to about 99% of
at least one of CF, and C,F,, and from about 0.5 to about 4%
of SF,. The retentate stream may also contain trace amounts
of NF, and CHF,. This trace amount of impurities may be
removed in a subsequent adsorption unit. The membrane
10 separation step also preferably produces a permeate stream
comprising from about 10 to about 60% by volume of at least
one of NF,, CHF,, and N,.
The adsorption step in the process of the present
invention can be carried out by either pressure swing
15 adsorption (PSA) or thermal swing adsorption (TSA): ‘Both
adsorption techniques are well known in the art. This step
can be carried out with the adsorbent in a packed bed,
moving bed, or fluidized bed.
" The adsorption step may be conducted at a pressure
20 ranging from S0 to 1.5 bar, and preferably from 20 to 3
bar. From an economic standpoint, the adsorption pressure

is mostly dictated by the membrane retentate stream

pressure. The temperature for carrying out this step can



5 ‘retentate stream conprising fromabout 60 to about 99% of at |east one
of CF[err] and C[err]F[err], and from about 0.5 to about 4% of SF[err]. The
retentate stream may al so contain trace anounts of NF[err] and CHF[err].
This trace anmount of inpurities nay be renobved in a subsequent adsorption
uni t. The nmenbrane 10 separation step al so preferably produces a perneate
stream conprising fromabout 10 to about160% by vol une of at |east one of

NF[err], CHF[err], and N err]. The ads tign step in the, process of the
present invent F’B%chﬁoﬁe Bar'}‘i’ et bift- b lfﬂgF’rBnggﬁ’Feu%fﬁéicsﬁient
adsorption (PSA) or thermal sw ng adsorption (TSA). Both adsorption

t echni ques ar e (el - kEBRAC| Telority) carhivaryt EFoRad0 PRl Ar P ¥ bUlini t h t he
adsorbent in a packed bed, noving bed, or fluidized bed. The adsorption
step may be comddcpedferabhlyrfssurko 20in! rtang mgnfr.om 50 to 1.5 bar, and
preferably from20 to 3 bar. From an econom c standpoint, the adsorption

pressure is nostly @dn¢t abgedrbynt heanasdnare nat eRkapLosSésLaHBJUREY o The
tenperature for carrying out this step can ~ vary from30[err] to

100[ err] C. 5 Thent! weabRtPehveit {oRASOTRGY a6l the: adB8FSeEl QG LY) can vary
from20 min[err] to 0.1 mn[err], :
selectively adsorb SF, from a gas stream comprising CF, and
C,Fs. Suitable adsorbents include zeolites, activated
carbons, carbon molec;lar sieves, and polymeric adsorbent
resins.

10 Preferably, the zeolite used in the present invention
has a silica to alumina molar ratié of 1:1 to 100:1, and
more preferably, of 1:1 to 50:1. Even more preferably, the
zeolite is an X-type zeolite. Prior to use, the zeolite
should be ion-exchanged with Ca, Na, Li, Li/Zn, Be, Mg, or

15 Fe. Exemplary ion-exchanged, X-type zeolites include NaX
zeolite, CaX zeolite, and LiX zeolite.

Various commercially available activated carbons may
be used in the'present invention including BPL, F-300, F-
400, and PCB from Calgon, BAC from Union Carbide, and RB2

20 from Norit. PCB activated carbon sold by Calgon is
preferred.

Similarly, various commercially available polymeric

adsorbent resins may used in the present invention. An



and preferably from10 min[err] to 1 mn[err]. Any adsorbent can be used in
the process according to 5 the present i'nvention so | ong as the adsorbent
‘can selectively adsorb SF[err] froma gas stream conprising CF[err] and
Cerr]F[err]. Sui-table adsorbents include zeolites, activated carbons,
carbon nol ecul ar sieves, and polyneric adsorbent resins. 10

Preferably, the zeolite.used in the pregent invention has a silicato
alumna nolar ratio of 1:1 to 100:1, and nore preferably, %_ d;o 50:1
Even nore preF%#%ﬂ@ﬂertﬁeli@Eﬁ%q6?4%929?3% FeednzEBRt &S S?ﬁ??ﬁ & FPse, the
zeolite should be ion-exchanged with Ca, Na, Li, Li/Zn, Be, My, or 15 Fe. -
Exenpl ary i onumechangbe, presspe unittion iisc POWBEKa xwhieh| @ 5@k bol i te,
and Li X zeolite. Various conmercially avail abl e activated carbons may be
used in the pirsethemivalt compame) udi ng BPL, F-300, F- 400, and PCB from
Cal gon, BAC from Uni on Carbide, and RB2 20 from Norit. PCB activated carbon

sol d by Calgon is mi@f gmbGHt SF Mdg¥rtBentyYee@ys og0BBRESER Yarov@i | abl e
pol yneric adsorbent resins may used in the present invention. An
5 depending on the amount of impurities to be separated and
the desired purity of the product gas. Such a
determination is within the scope of one skilled in the
art.
Following use, the adsorbent is usually regenerated by
10 desorption of the édsorbed impurities such as SF,. Various
methods are known in the art for Aesorbing impurities
adsorbed onto the-adsorbent. Generally, desorption can be
effected by changing any thermodynamic variable which is
effective.in removing the adsorbed components. For
15 example, desorption may be carried out using a thermal
swing cycle, a pressure swing cycle, or a vacuum cycle; all
of which are known in the art. Alternatively, the adsorbed
components may be removed by using a stripping gas or
liquid. The stripping material may be one of the process
20 feed materials or anéther material such as N,, He, Ar, or

steam.



12 exenpl ary polyneric adsorbent resin that is suitable for use in the
present invéntion is DOAREX, which is sold by Dow Chem cal Conpany. The
‘anmount of adsorbent used, of course, varies 5 dependi ng on the anmount of
inmpurities to be separated and the desired purity of the product gas. Such
a determnation is wthin the scope of one skilled in the art. Foll ow ng
use, the adsorbent is usually regeneratex by 10 desorption of the
adsorbed inpurities_such as, SF[err]. Various nmethqds are known in the art
for desorbing inpurT??eSPQﬂkﬁﬁ%ﬁﬁjﬂ9ﬁtSaFﬁglﬁgs%Y%e ¢ XEAFECIRLYORy8EBPpt i on
can be effected by changing any thernodynam c variable which is effective
in renovi ng t henddshe rmpwthefestyirrépg1Bateri@hplid ampdoved oranabebe
carried out using a thermal swing cycle, a pressure swing cycle, or a
vacuum cycl e; aéhdbly wihetodrmaireedk bywonienof herditarial dleirllatiiny ¢hg, athe

adsor bed conponents may be renoved by using a stripping gas or liquid. The

stripping material 1Ry Becdna ot ke, PIRLASS 0, FiRedneBLaki aift@fe anot her
material such as N2, He, Ar, or steam '
5 can be further increased either by increasing the number of
separation stages or by incorporating one or more feedback
(recycle) loops. Such modifications are within the scope
of the present invention.
Furthermore, the process according to the present
10 invention can be employed in combination with a cryogenic
distillation column to produce high purity CF, and/or C,F;.
It can also be installed on-site of a semiconductor
fabrication facility with a typical PFC recovery unit.
This would reduce the Shipping volume for off-site
15 purification.
Figure 1 is a flow diagram of a preferred process of
the pfesent invention. A feed gas stream 1 comprising CF,,
C,Fs,, NF,, CHF,, N,, and SF¢ is introduced into a membrane
separation unit 10. The feed gas stream 1 is contacted
20 with a membrane at conditions effective to obtain a
retentate stream 2 rich in SF,, CF,, and C,F,, and a permeate
stream 3 rich in NF,;, CHF,, and N,. The retentate stream 2

s—

is then passed to an adsorption unit 20 in which SF; and any



13-The conditions for carrying out the regeneration step and the anounts of
stripping material, if enployed, can be readily determ ned by one of
“ordinary skill in the art. The recovery of CF4 and/or C2F6 fromthe gas

m xture 5 can be further increased either by increasing the nunber of
separation stages or by incorporating-one or nore feedback (recycle) | oops.
Such nodifications are within the scopd4of the present invention.
Furthernore, the _process.a j t ent j i :

enpl oyed in Cgﬁg‘?ﬁgﬁ, %nﬁ\%‘\i %}%%@g?‘goég%nia{c}% I st%ial'l a??lgnég%ﬁﬁn%%qﬁhoﬁﬁzcoe
high purity CF[err] and/or err]Flerr]. I.t.can SQ jpnstalled on-site
of a semi condREPIMCEELR| BEP ?ltféatcti[efal“lya‘ Fieh &% %1 (:"’lzftlllae ‘recovery unit.
This woul d reduce the shipping volunme for off-site 15 purjfication. Fjgure
1is a flow diagr aﬁﬁhéﬁ-eatgeemv?wcm s degp 9ﬁ§°ﬁ+’@%‘gn‘fl‘#hxpe*rﬁ TSN f eed
gas stream 1l conprising CF[err], Cerr]Flerr], NF[ferr], CHF[err], Nerr],
and SF[err] i smbodioented intbsatordrbrundersepadathah variatonsang eed gas
stream 1l is contacted 20 with a nenbrane at conditions effective to obtain
a retentate sSicBMidatiiehsi faphberrésorlideeto] asandll] keripparent tand a
perneate stream 3 rich in NF[err], CHF[err], and N err]. The retentate

stream 2 those skilled in the art. Such variations and

modifications are to be considered within the purview and

-

the scope of the claims appended hereto.



is then passed to an adsorption unit 20 in which SF[err] and any 14
remai ning NF3 and CHF3 are adsorbed. The adsorption unit 20 produces a
product stream4 rich in CFHerr] and CJerr]F[err]. Wile the invention has

been described with preferred enbodi nents, it is n m"mmmﬂm hat
variations and 5 nodifications may be resort ed tml ﬁ“ rent to
those skilled in the art. Such variationkss and nodi f4 cdti éns®ar® t'o be

consi dered w twi@\/—r@d t he scope of the clains appended hereto.
15 WHAT IS CLA . process for separ ating at | east one of CF4 and
Cerr]Flerr] froma_gas,_ said S Cco s ngt estepso

contacting a gas m;(tureAc?ﬁ&ﬁ*%) r%‘%r( sfpg é’é%t S3BTE CPfePf) Egﬁo"’md

Cerr]Ferr], at least one of NF[err], CHF[err], and N[err] and (iii)

SF[err] with agm%rrﬁﬁf%‘eaaﬁaéon%ﬁ’f‘i REOEFe COMPELELNG Hihe (PLeDSe Odrit at e
streamrich in SF[err] and at |east one of
(a) contacting a gas mixture comprising (i) at least

one of CF, and. C,Fs, (ii) at least one of NF,, CHF,, and N,,
and (iii) SF¢ with a membrane at conditions effective to
obtain a retentate stream rich in SF, and at least one of
CF, and C,F, ;nd a permeate stream rich in at least .one of
NF,, CHF,, and N,; and

(b) contacting said retentate stream with an

adsorbent at conditions effective to adsorb SFs and produce

a product stream rich in at least one of CF, and C,F,.

2. The process according to Claim 1, wherein said
gas mixture comprises both CF, and C,F,, and said .retentate
stream and said product stream are rich in both CF, and

C,Fe.

" 3. The process according to Claim 1, wherein said
gas mixture comprises NF,;, CHF,, and N,, and said permeate

stream is rich in NF,, CHF;, and N,.



CFlerr] and (Jerr]F[err], and a perneate streamrichrin at I east one of

NF[err], CHF[err], and N err]; and (b) contacti stream
with an adsorbent at conditions effective to ac‘muﬂlhg mm m‘eproduce a
product streamrich in at |east one of CF[err] rr rr

process according to Caim1l, wherein said gas m xture conprises both

CFlerr] and Cerr]Fferr], and said retepgate stream and sai d product stream
are rich in both CKHerr]. and err]Flerr 3. he p SS accordlng to
e rich n poth Celertheang. < & aiding ke STRFRT G R B er ]
and said perneate streamis rich in NF[ferr], CHF[err], and N err] 16 4.
The process aCORGATAGRE0IT BEFP 1 (2 WRIEITiSeapd LEBRET 2T SRR hatvaes abopt
conprise a tenperature between about 10 and about 80[err]C, a pressure drop
bet ween about 1® amd about 20CpsA Qremstire Airopr beéeween ealyatbwseandbout
10[err] and about 10 Nnferr]/h-nferr]. 5. The process according to Caim

1, wherein sala&oaﬁsabbepblgs and ed| f1evraard irsgkeBetReOO bt A@- yraa{d c
adsor bent resin.

about 10 Nm*/h-m?.

5. The process according to Claim 1, wherein said
adsorbent is a zeolite, activated carbon, or polymeric

adsorbent resin.

6. The process accoiding to Claim 1,.wherein said
membrane is selected from the group consisting of
polyimides, polyamides, polyamide-imides, polyesters,
polycarbonates, polysulfones, polyethersulfone,
polyetherketone, alkyl substituted aromatic polyesters, and
blends of polyethersulfone, aromatic polyimides, aromatic
polyamides, polyamides-imides, fluorinated aromatic

polyimide, polyamide, and polyamide-imides.

7. A process for separating CF, and C,F; from a gas,
said process comprising the steps of:
(a) contacting a gas mixture comprising CF,, C,F¢, NF,,

CHF,, N,, and SF; with a membrane at conditions effective to



6. - The process according to aim1, wherein SW cted
fromthe group consisting of polyimdes, polyam W&I

pol yesters, pol ycarbonates, polysul fones, polyether m
pol yet her ket one, al kyl substl tuted aromatic pol yest g bl ends of

pol yet her sul fone, aromatic polyi m des, aromatic pol yam des
pol yam des-i m des, fluorinated aromati c Iyol yi m de, pol yam de and

A P e Ele AL s L e

m xture conprising CF[err], C[err]F[err] NF[err] CHF[err] N[err] and
SF[err] with DPETRA S Streagordrhi SAsNEH T E8Fsveand N2; andobtain a retentate
streamrich in SF[err], CF[err], and CJerr]F[err], and a perneate stream
rich in NF[err], CI—P:E)er rdoptanuihlgesa}d mmbr(ﬁ;a)ta:caummﬂ withamd retentate
streamw th an adsorbent at conditions effective to adsorb SF6 and produce
a product streadzdsilsdhtd mtCldonBitieng &ffedqHfertd .adborb Bpg dGRESduce
according to Claim7, wherein said conditions of step (a) conprise a

t enperature be&vggga@g;plgtrggmag‘dlcﬁbgﬂtCISOL.,@HbGF a pressure drop between
about 3 and
8. The process according to Claim 7, wherein said
conditions of step (a) éomprise a temperature between about
10 and about 80°C, a pressure drop between about 3 and
about 200 psig, and a flowrate rate between about 10-* and

about 10 Nm?:/h-m2.

9. The process according to Claim 7, wherein said
adsorbent is a zeolite, activated carbon, or polymeric

adsorbent resin.

10. The process according to Claim 7, wherein said
“membrane is selected from the group consisting of
polyimides, polyamides; polyamide-imides, polyesters,
polycarbonates, polysulfones, polyethersulfone,
polyetherketone, alkyl substituted aromatic polyesters, and

blends of polyethersulfone, aromatic polyimides, aromatic



about 200 psig, and a flowate rate between about 10[err] and about 10
Nmferr]/h-merr]. 9. The process according to Caim 7, weretrfi—Ssad

adsorbent is a zeolite, activated carbon, or pol yngrg in. 1
The process according to Claim?7, wherein said msgalmm,] j ;Bﬂ!”mrf rom
1 7 &

the group consisting of polyimdes, polyam des, polyarme

pol yesters, polycarbonates, polysul fonegg pol yethersul fone,

pol yet her ket one, _al kyl. substituted aronmajic | yesters, and bl.ends of
Dol Yot her sul { oFBLYAFER! CPROY SIS P8 m E Lo E LA 44 G ARIGs.

pol yam des-im des, fluorinated aromatic polyim de, polyan de, and

pol yanm de-i mi d@elyimide, polyamide, and polyamide-imides.

0.



