?i TS AN | MPROVED PROCESS AND SYSTEM FOR SEPARATI 01%00{ -2

:AND RECOVERY OF : PERFL UOCROCOVPOUND GASEi:é) :
{Field of the Invention The invention relates to gas Maw
ipr ocesses and nore particularly the separation and recovery (or
%di_sposal ) of perfluoroconpound gases froma gas m xture. Especially,
5 the invention relates to concentrating | ow concentration gas
i xt ures conpri sing perfluoroconpound gases suéh as those present in
the effluent of a sem conductor manufacturing process, particularly

10 BACKGROUND OF THE

t he etching and cl eani ng steps.

1 NVENTI ON The sem ﬂ?giﬁ)r ' t | nds .
such as Cr[err], er?ﬁ%‘r@r , C[Pgrogf.ﬁﬂé 82 5\5?’10&[ g%Werr] ,
SF[err], NF[err], and the like, in 4 ﬁﬁ&l rGA@gufacturing

processes invol vi ng gases, particularl'y 1n various etching steps of

- the sem conductor 15 manufacturing processes as well as in the chanber
cl eani ng step of the manufacturing process. Such perfl uoroconpound
gases are used eithegieg_grgfqhgiiﬁ%ﬁgiog or exanple with air or
nitrogen or other inert gas-or in admxture with other

.berfluoroconpound gases eﬁeCEAy%Et§8£r£é¥acQ§Sés;g&&oge§a§HE¥AE processes and
' more pérticularly the separation and recovery (or disposal)
of perfluorocompound gases from a gas mixture. Especially,
S the invention relates.to concentrating low concentration gas
mixtures comprising perfluorocompound gases such as those
presént in the effluent of a semiconductor manufacturing

process, particularly the etching and cleaning steps.

10 - BACKGROUND OF THE INVENTION

The semiconductor indu#try uses perfluorocompounds such
as CF,, GF,, CF,, CFy,, CHF,, SF,, NF,, and the like, in
semi;onductor manufacturing processes involving gases,

.particularly in Qarious etching steps of the semiconductor
15 wanufacturing processes as well as in the chamber cleaning
step of the manufacturing process. Such perfluorocompound
gases are used either pure or diluted, for example with air -

Oor nitrogen or other inert gas or in admixture with other

perfluorocompound gases or other carrier gases (for example




2 - inert gases). Al of the perfluoroconpound gases do not

necessarlly react with other species during the manuf act uri ng
progesses. Further, when reactors are cleaned or evacuated to carry
out another step of t he manuf acturing 5 process, the effluent‘ ses or
gas m xtures are preferably not vented, eveg e—larqely
diluted with air or any ot her gas such as i fhe

per fl uor oconpounds (al'so called "PFCs") hayl gd i'n

t housands of years in the atnosphere and are alSO Strto ared 10
absorbers. In the "d obal Warm ng Synposium held on June 7-8, 1994, in

Dal | as, Texas, USA, carbon tetrafluoride 2 (CF[err]), hexafl uoroethane
(CJerr]F[err]) itrogen trifl N and sul fur hexafl uoride
(SF[err]) were i gﬁﬁﬁ f9388shs ‘glileé’%hﬁéﬁél fﬂ%ﬁ&"@@mﬂ?‘i GBfedr9P tett he

sem conductor in 5 pﬁ%e t he above
synposi um by ﬂuééi ﬁﬂ% rea%teldighgﬁeﬁlsggéﬁsgfguuorO(t::grgrpound Em ssi on

Reduction From Seahefartneting proareesesng Fizeher, Ahefmsadtens are @le@hédons
And Strategies”, various possible strategies to control em ssion of

these gases in tRE BYIFVESREr &0 GAEY 9%t ;ﬂ"@EB‘h’E eﬂ"e? of the mampfaqturipe
process repl aC?”FPScQQ’s,”QHePfgﬁueﬁ‘évgééés or g\%:easr Qxa! veea&éaﬁ?"m or

under devel opnen mcal -t h er na ecorrpos tion
vari ous act i wat ecernteidal evarh difethey heres paryelyediNeted with mist oReany5
di sposed. This nethod is.presently considered commercially prom si ng
but unproven tecRRe¢H@rs such as inert gas. Most of the perfliuorocompounds
(also called “PFCs") have lifetimes measured in thousands of
years in'the atmosphere and are also strong inframed
10 absorbers. In the "Global Warming Symposium" held on June
7-8, 1994, in Dallas, Texas, USA, carbon tetrafluoride
(CF,), hexafluorocethane (C2F;), nitrogen trifluoride (NF,),
and sulfur hexafluoride (SF;) were identifisd as "greenhcuse
gases" of concern to the semiconductor industry.
15 In a presentation made at the above symposium by
Michael T. Mocella entiﬁled *Perfluorocompound Emission
Reduction From Semiconductor Pfocessing Tools: An'0verview
Of Options And Strategies", various possible strategies to
control emission of these gases in the atmosphere were
20 presented.
o Apart from process replacement by non PFCs, several

methods are already known or under development:
- chemical-thermal decomposition with wvarious
activated metals wherein the spent bed mateyial must He
25 disposed. This method is presently considered cemmercially

promising but unproven technology.

This Sheet Has Been Re,

i




3 - conbusti on- based deconposition process (or

cheni cal™-thermal process) using a flane to supply both the t her mal
energy, and the reactants for the deconposition. Here, there are sone
safety issues associated with the 5 hydrogen or natural gas fuels used
and all the PFCs w Il - produce hydrofluoric acid (HF) as a conbustion
product (if the tenperature is high enough), whose em ssions nust al so
be abated. It was suggested that deconposition tenperatures may al so
be generated using a resistance heater. 10 - pl asma- based
deconposition process which invol ves " the use of a plasma such as
coupl ed radi o frequency systens . to partizally deconpose (ferr]F[err],

wi th over 90% deconposition of . CIerigF[err]. However, such systens are
not yet comercially ~ pfoRRusticRybrsed decenpasivioratodess @ ve t he
deconposition 15 to non PFC:igélducts, and the problematic generation of HF
woul d be present. CShemical-the BEBGRTS) NPSRESs EAABS dion suprlPhoshatke

r ecover ed | NStEAHA! BELNG RS SHallallIBhy | DR LECYCLE]  Thi s

kind of process is of a great interest because it Is  20°€0Tder8®: as an

environnent al | y r eBeonsitheee appr eand. safetyDidduiscass&iACBR SN @hauggest ed
. as possi ble "based on conbi nati ons of adsorption or |ow'tenperature
trappi ng of PRATogeRePE DEtErah RS Erele siasdapnd (Al hedFdsuwhlhs

dealing with the | AR Alopi & " N &G gt ed 25 the p '
operation, the C|J§égﬁbiLI%g£%OIﬁts 5%ggFferf] an NEP@%?T? pr°d“FﬁePﬂ$xing,
. of various processtisd teaperftiiteol s (figh Bhéugh), whose emissions must also

be abated. It was suggested that decomposition temperatures

may also be generated using a resistance heater.

10 C - plasma-based decomposition process which involves

the use of a-plgsma such as coupled radio frequency systems

to partially decompose C,F;, with over 90% decomposition Of

C,F;. However, such systems are not yet commercially

proven. Oxygen is usually needed to drive the dscomposition
15 to non PFC products, and the problematic generation of HF

would be present. '

- recovery process wherein the PFCs are recovered
instead of béing destroyed in order to be recycled. This
kind of process is of a great interest because it ié

20 considered as an environmentally responsible .approach. --
Different schemes were suggested as ﬁossible "based on
combinations of adsorption or low temperature trapping of
PFCs". There are, however, several-challenges such as
dealing with the large amount of nitrogen associated‘with

25 the pump operation, the close boiling points of CF, and NF,,

the mixing, of various process streams and/or gossikle



4 reactions wth adsorbents. Wile recycle was suggested, t here
are obvious questions about recycling such m xtures. Anot her
conmustion system for destroying high nitrogen content effluent gas
streans conprising PFCs is disclosed in 5 an article entitled "Vector
Technol ogy' s Phoeni x Conbust or” by Larry Anderson al so presented at
the sanme synposi um June 7-8, 1994. This abatenent system al so uses a
gas fl ame (natural gas or hydrogen with air), which | eads then to the
sanme problem of HF generation together with the need for 10 further
destruction (plus the Generation of No[err], CJerr] I nherent to any
conbustion process). In the artid e presented at the sane

synposi um June 7: . 8, 4 J&TL M croel ectrani cs_and Novapure
Cor por ati on r%aflﬁ:ﬁn%dwéggé%%ﬁé%%sﬁat %’ﬁ'eaﬁ glt?yc‘ﬁ'ﬁﬁ"s,"‘ﬁ%tﬁ thors 15
acknow edge t he elwfitadgeshbeiods)queSEidne! FbRUtOSeEFAS nYhbGdh mixta¥ok d

production of carbon dioxide, NJerr], and HF (conpared to conbusti on
processes). The proc@sether farbugtion systemffoy destmdyihg tuihadsbrogen

(activated carbo erein gne_of the beds.,is _in the gdsorption node,
while the secondg%%t _n\llt\,rs]eggglerr%ggﬁ_%r%'i%&f"st?l°é"pﬁg&“9alpgcﬁd’s’b|‘§1€&98 ed He
carbon sieves s an \dHtli@1shéntiGakli €fectd@SPSohndYEdy, '35 pHbd L Q0RBmolyds0gen are
not -adsorbed and are vented-to the exhaust system When the systemis

swit ched on t he Bedewdyadindsiron, alée presented at ditwosbue §wipoedvualed: Usi Ng
a vacuum punp, apfg}llgsgfflfﬁ?;tabatement system also uses a gas flame

(natural gas or hydrogen-with aif), which leads then to the
same problem of HF generation together with the need for

10 further destruction (plus the Geﬁeration of NO,, CO,
inherent to any combustion process).

In the article presented at the same symposium June 7-

8, 1994 by ATST Microelectronics and Novapure Corporation
entitled "PFC Concentration and Recycle®, the authors

15 acknowledge the advantages of the recovery processes which
avoid production of carbon dioxide, NO,, and HF {compared to
combustion prdcesses). The process disclosed the use sf a
dual bed adsorber (activated carbon), wherein one of the
beds is in the adsorption mode, while the second bed is

20 regenerated: the PFCs are adsorbed on the carbon sieves
while the “carrier" gases, such as nitrogen, hydrogen are
not adsorbed and are vented to the exhaust system. When the
system is switched on the second adsorber, the first
adsorber is evacuated using a vacuum pump, and the effduent

25 ig recompressed and the PFC gas mixture is recoverxred. One

| of the issues not yet resolved with such a system is that



25 is rgéonpressed and the PFC gas -m xture is recovered. One of the
| ssues not yet resolved with such a systemis that

-CF[err], which is non polar, is not readily adsorbed by the car bon
sieve, but is then rejected with the vent gases. Al so, any adsorption
systemis very sensitive to noisture and any trace of water has to be
renoved fromthe feed fl ow 5 It is known fromU.S. Patent 5,281, 255
i ncor por at ed herein by reference, to use nmenbranes made of rubbery
pol ymers such as poly dinmethyl siloxane or certain particul ar polyners
such as a substituted pol yacethylene to recover condensabl e organic

conmponents having a boiling 10 point higherSthan -50[err]C, essentially
hydr ocar bons (CH eLr] rr]H err . lj.ke aid.h gcar bons
havi ng the proper %"oﬁh%g ToJerJr?élaPll’%lagr't ﬁ?%ﬁtrg%hdiﬁea%?g%eeé; b%ﬁg}{%ef aster
than air, and chbBon IeQLer bty ieNthéie Hegestai @wish dthedivehbegdByEr ane sai d
hydrocarbons. The perneate (hydrocarbons) is then recovered 15 at either
substantial |y at mdépherany paeamiienofYstafedis verypsensifiigenhp|woistare

LonDer e, (€ Oaphlol RIEL %A\l o LB BTN GG ra it

However, by this 3ﬁ - pressure éenerg e
streamis lost.s 1t Al Rfowd from disclpasest is) 280 B 186620 rutleldi shed
20 Decenber 27, 1990, a selectively perneabl e nmenbrane forne from an

anor phous pol yner hetejpe ity wefershce, dtaetsey metbines made of rubbery
polymeré such as poly dimethyl silcxane or certain
particular polymers such as a substituted polyacethylene to
recover condensable organic components having a boiling

10 point higher than -50°C, essentially hydrocarbons (CH,, CH,

and the like)}, said hydrocarbons having the property of
permeating through said membranes much faster than air, and
‘then recovering on the permeate side of the membrane said
hydrocarbons. The permeate (hydrocarbons) is then recovered

15 at either substantially atmospheric pressure or lower
pressure while the non-permeate (e.g. N,) remains at the
feed pressure and is vented. However, by this approach, all
of the pressure energy of the feed stream is lost.

Also, it is disclosed in WO 90/15662, published

20 December 27, 1990, a selectively permeable membrane formed
from an amorphous polymer of perfluoro 2-2 dimethyl 1-3-
dioxole which is useful in the separation oI hydrocarbons or
chlorofluorocarbons from, for example, air. Such a
particular membrane apparently permeates oxygen and fiitrogen

25 faster than hydrocarbdns and chlorofluorocarbons which can

be recovered unexpectedly on the non-permeate side of the



di oxol e which is useful in the separation of hydrocarbons or

chl orof 'uorocarbons from for exanple, air. Such a particul ar nmenbrane
apparently perneates oxygen and nitrogen 25 faster than hydrocarbons and
chl or of | uorocar bons. whi ch can be recovered unexpectedly on the

non- perneate side of the

6 menbrane, contrary to all of the nenbranes, including those
di.sclosed in U S. Patent 4,553,983 and 5,281,255. In this PCT
application, there is also disclosed a m xture of the anor phous

pol ynmer of perfluoro 2-2 dinethyl 1-3 dioxole and 5

pol ytetrafl uoroethylene. Al these perfluoro polyners are known to be
resistant to nost of the harnful chl orof | uorocar bons and hydr ocar bons
whi ch m ght suggestbrane, tdrtivargonaealli af the malibrddey, f OkcKIGRSERMAL | ON.
However , such polymer is not well suited for PFC recovery, having 10

only limted utifHi5°56d SRy TEhcBAEIRR oS3, 983 and 5, 28Ke2%5 .exIat chis need
for an environ I e ._concentration and/ or recovery
MepdRldnk1$OM Ly, thedd \(I)\%i %ﬁsg %rz.sgfé)os ?;a Bifsirs of the | ow

of PFCs froma gaseous stream can
conprising or sangpheuspdlymetDos tpar@Eludtt @h2Caimetale! ¥-3 H2oRe1W fg
recovery and/%r cqoncentration of PFC s even with | nportant or extrene
vari ations of | ghpbuoroethyinneent Ak ithasarnerthiore dodymant gxeoduce

hydrof luoric acCiygoun . to be resistant to most of the harmful
| chlorofluorocarbons and hydrocarbons which might suggest

their commercial suitability for such separation. However,
such polymer is not well suited for PFC recovery, having

10 only limited utility .at low concentration.

There exists a need for an environmentally sound

process for concentration and/or recovery of PFCs from a
gaseous stream, which can be used with a feed flow
comprising or saturated with, moisture, which can safely

15 handle recovery and/or concentration of PFC's even with
important or extreme variations of flows and/or
concentration and which does not produce hydrofluoric acid
(HF) as a by product.

20 SUMMARY OF THE INVENTION

It has now been unexpectedly found that effluent gases,
-for example, from a semiconductor manufacturing process,
which comprise perfluorocompounds can be treated efficiently
by using certain, preferably hollow fiber, membranes wé;ch
25 permeate much faster the "carrier gases" of the effluent gas

mixture, such as air, nitrogen, oxygen, argon and/or helium,



(HF) as a by product. 20 SUMVARY OF THE | NVENTI ON

It has how been unexpectedly found that effluent gases, for exanple,
froma sem conductor manufacturing process, whi ch conprise

per f 1 uor oconpounds can be treated efficiently by using certain,
preferably hollom1f|ber menbranes which 25 perneate nuch faster the
"carrier gases" of the effluent gas nlxture such as air, nitrogen,

- oxygen, argon and/or helium

7 than the PFCs of the gas m xture which are then recovered on

t he non-perneate side of the nmenbrane. One aspect of the
invention relates to a process to recover at |east one

perfl uoroconpound gas from a gas 5 m xture, conprising the steps of

a) provi di ng a §banntbe @F@Sc@ﬁrmlies'gng miktieagthich areheperétammredospound
gas and at | east g e carrier g ga m xture being at a
predet er mi ned pr e§8g PR -permedte a1l °ftfPe firng at | east one nenbrane

having a feed 10 sideRNdsfedC/dEehe fivitriddGeTERDS ﬁe&eaeéb'%%%%

. preferential pernmeation of at |east one carrier gas a
rel atively non- pereeetsr atoledst eaet parfduorocqpoithd OyGC Erpm UL @ASE0US
speci es and f or V\Qi’(::t_hurseel %8&1;':1\-/:{;13419 the SsItE:Iéplssogreat er than 1.0.

_ a) providing a gas mixture comprising at least
one perfluorocompound gas and at least one c¢arrier gas, the
gas mixture Seing at a predetermined pressure;

b) providing at least one membrane having a feed
10 side and a permeéte side, the membrane exhikiting
preferential permeation of at least one carrier gas and
being relatively non-permeable to at least one
perflucrocompound gaseous gpecies and for which selectivity
SEL is greater than 1.0.
1s _ wherein, SEL is [D.] [S.]/([D,] [s,]
D, 1is the mobility selectivity of a
perfluorocompound gés
S, 1is the solubility selectivity of the
perfluorocompound gas B
20 ' D. is the mobility selectivity of a carrier
gas
S. is the solubility selectivity of the
carrier gas
c) contacting the feed side‘of the at leéét one

25 membrane with the gas mixture;



15 . wherein, SEL is [Derr]] [S[err]] / [Derr]] [S[err]]

D err] Is the nobility selectivity of a

per fi uoroconpound gas Slerr] is the solubility
selectivity of the perfl uoroconpound gas 20

Derr] Is the nobility selectivity of a carrier

gas Slerr] Is the solubility selectivity of the
carrier gas c) - contacting the feed side of the at | east
one 25 nenbrane with the gas m xture; d)

wi thdrawi ng fromthe feed side of the menbrane as a first non-perneate
stream at a pressure which I's substantially equal to the predeterm ned
pressure, a concendly at ad thdsavwing @rem P Eeed G dessendtienl |y at | east
one 5 perfluoroconpound gas, and e) wi t hdrawi ng fromthe

pernmeat e si de BfTRFane as 3 LimstopentReyPLAtR Sh¥eam fdr AeBressivecsiieh depl et ed

gas - mxtu ﬁgg LSLk i of .t t. |l east one carrier

gas. 10 {"?e err%g%{:%r%%}fgaggia@eltéfaé%eﬁ ?)8 y"r?ee(ral r?r%sr}greangs, nor e
preferably asysomidrnt@atéd (R @Skt €rdRBRPAIERg essen%ﬁaiETaiﬂ MeaBt A

pol ymeri c nmenbranes nost useful do not I ncl ude perfluorinated

menbr anes. FowesRflucrRgorpqms) gas, and

- e) withdrawing from the permeate side of at
least one ﬁembrane as a permeate stream a depleted gas
mixture consisting essentially of the at least one carrier
gas.

10 Preferred mewbranes are glassy polymeric mewbranes,
more preferably asymmetric or composite membranes.
Preferably, glassy polymeric membranes most useful do not
include perfluorinated membranes. However, the glassy
polymeric membranes used in accordance with the invention

15 can comprise a layer, including a posttreatment layer as

[¢H)

disclosed in USSN 08/138,309 filed October 21, 12¢3, an
which is incorporated herein by reference, made of a
fluorinated polymer such as polytetraflueroethylene,
amorphous perfluoro 2-2 dimethyl 1-3 dioxide, and the like.
20 According to another aspect, the invention alsc relaéés
to a process to recover a perfluorocompound gas or gas
mixture derived from a semiconductor manufacturing process.
In this aspect, the invention comprises the steps of
pretreating the gas mixture to substantially remove .

25 components (acid gases, silanes, particles, and the like)

which are harmful to the membrane and delivering a



pol yneric menbranes used in accordance with the invention 15 can conprise
a layer, including a posttreatnent |ayer as di-scl osed i n USSN .
08/ 138,309 filed Cctober 21, 1993, and whi ch is incorporated herein by
reference, nmade of a fluorinated pol ymer such as

pol yt etraf | uer oet hyl ene, - anor phous perfluoro 2-2 dinethyl 1-3 dioxide,
‘and the like. 20 Accordi ng to anot her aspect, the invention al so

rel at es .to a process to recover a perfluoroconpound gas or gas.

m xture derived froma sem conduct or manufacturing process. In this
aspect, the invention conprises the steps of pretreating the gas

m xture to substantially renove 25 conponents (acid gases, silanes,

particles, and the Iike}__ whi.ch are harnful to the nmenbrane and
delivering a Pretreated gas mixture to at_least one size selectivg

pretreated gas m pdidr@nbOhdidfaSEedi'SighZins sl | . =33 TENDL ane. havi ng
a feed side and a perneate ;igg, G%ntaéting < Sg%ﬁ%&Fegﬂ*§i§gno?cﬁﬁﬂ§
menbrane with theths dieedasiit gfisthe membiraheldtht tie fpreStediaS gHEe,

wi thdrawi ng in the, residue the 5 perfluoroconpound gas or gas mxture at
a pressure whi ch Tture ag f) Sizat | pyaspusguAithgranad ipsthyresidue thed

W thdraw ng a s pedLBEASIASaAad o3€ ol e waich is | r ,than

t he first pr%ssur e f ror%q’t Eea%aer ﬁ‘%aﬁ%yg?g%g?ﬁ%thgmﬁ%erﬁ)sru ﬁe‘.’gﬁé 18
semi conduct or narmfethotisijypeqesb toishagtiEEsprassure add wehesi®thd Lom
etching processes including oxide, netal and . dielectric; deposition
processes i ncl udiR‘?’d’“‘?F‘F?cﬁﬂ? et second pressure which is lower than the

first pressure from the permeate side of the membrane. The

semiconductor manufacturing process using PFCs may be

10 selected from etching processes including oxide, metal and
dielectric; deposition processes including silicon CVD,
tungsten. backetching, dry chamber cleaning, and the like.

Some of the size selective membranes used in this

invention are sensitive to, and may be harmed by certain

15 harmful by-products, i.e. harmful components which may alter
via coating or chemical or morphological modification. It
is accordingly preferred to treat the gas mixture to remove
or treat these compounds prior to introduction o tha
membrane. Preferably all species in the feed flow stream

20 which are potentially harmful to the membrane are remoﬁéﬁ by
scrubbing, adsorption or chemical reactive capture means,
including harmful gaseous HF, NH,, WF,, O0,, Bcl,;'éorrosive
species; any pyrophoric-species including silicon hydrides
such as SiH,; particulates having average diameter greater

25 than about 20 micrometers, and any oil mists. Additionally,



tungsten backetching, dry chanber cleaning, and the |ike. Some of
the size selective nenbranes used in this I nvention are sensitive to,
“and .may be harmed by certain 15 harnful by-products, i.e. harnfu
conponents which may alter via coating or chem cal or norphol ogi cal
nodi fication. It I's accordingly preferred to treat the gas m xture to
T enove . or treat these conpounds prior to introduction to the

menbrane. Preferably altl species in the feed flow stream 20 which are
potentially harnful to the nenbrane are renoved by scr ubbi ng,

- adsorption or chem cal reactive capture neans, I ncl udi ng harnfu
gaseous HF, NH[err] W[ err], O[err] B [aor]; corrosive’ speci es; any
pyrophori c-speci ¢ |nclud|n | i con hydri des such as SiHerr];
particul ates havHﬁg"&vBF &Faﬁﬁ*'er“@?ﬁ%ﬁsé’\rs vspd Hanthe etheds namt onet ers,

and any oil nist t ol
y %ys‘egﬁus SO Ynvention be seal |ar§1dt ﬁélﬁfﬁ%dds and

10 it is preferred that conpressors ised
systens of the inventOnea hefeentdchsprdt M theethvention relatedEo Ry eferred
aspect of the invention relates to a process to recover at |east one

per f | uor oconpoun®*GEESBrtqy§cover af Ledste ongopsriilsicngceuroustieges afr gas
a) prOV'd'ngsanﬁkfﬁég,QQM%QE%¥EF@BL%Q§§Qann9 a feed side and a

per neat e si de; providing a gas mxture at a first
pressur e conpri sing. a) | epsdvidifg e iglhsey GRFREH HenBRERO UsvIRECLES,
feed side énd a permeate side;

b) providing a gas mixture at a first pressure
comprising at least one perfluorocompound gaseous species,

10 at least one harmful speciés for the membrane, and at leaét
one carrier gas;

c) treating said gas mixture with a dry scrubber
and/or wet scrubber, or contacting in scrubber means to
substantially remove species harmful to said membrane and

15 reduce the concentration of said harmful species to an
acceptable level for said membrane resulting in a scrubbed
gas mixture at a second pressure;

d) cont#cting thg feed side of said membrane
with said scrubbed gas mixture at substantially said second

20 pressure or at a higher preésure;. -

e) withdrawing a concentrated gas mixture
comprising a higher concentration of the at leasﬁ one
perfluorocompound gas, relative to the scrubbed gas mixture,
from the feed side of the membrane as a non-permeats stream

25 at a pressure which is substantially equal to said second

pressure, and



- 10 at | east one harnful species for the nenbrane, and at | east one
carrier gas; c) treating said gas mxture with a dry
scrubber .and/ or wet scrubber, or contacting in scrubber neans to
substantially renove species harnful to said nenbrane and 15 reduce the
concentration of said harnful species to an acceptabl e [ evel for said
menbrane resulting in a scrubbed gas m xture at a second pressure;

d) contacting the f.eed side of said nmenbrane wi th said scrubbed gas
m xture at substantially said second 20 pressure or at a higher pressure;
e) wi t hdrawi.ng a concentrated gas m xture conprising a higher
concentration of the at |east one per fl uaroconpound gas, relative to

t he scrubbed gas m xture, fromthe. feed side of the nenbrane as a

non-perneate stream 25 at & prwkthirawing ¢h depletidds gantdniday wipdaire 0 sai d
wi t hdrawi n

second pressur. a f a
depl eted gas or’ gaf:rort% gﬁ%. (?méatef?i&% ?ﬁeﬁa&gr ﬁ%"élfrgflgi o[ %PeﬂFﬁthﬂg as
a permeate streamwhich ¥dicriched i Gh8&kHiRragEd adnliCie it AN dn daR ghed in
“the at | east one perfl uoroconmpound. 5 According to a preferred
aspect of the invésesbnonafpeyfluorocoppermht rating the PFCs. with a nenbrane,

t he various PF are . '
C§ According to a preferred aspect of the invention, after

concentrating the PFCs with a membrane, the various PFCs are
separatéd from each other by a process such as selective
condensation or adsorption in order to recover either
separate PFCs or mixtures of PFCs having close boiling

10 points. According to another aspect of the invertison, the
PFCs gas mixture is concentrated again, for example, with a
second membrane, or the PFCs gas mixture is stored or |
recycled.in the process (with or without additional
treatment).

15 Other preferred process and system aspects of the
invention include provision of a vacuum pump, heat
exchanger, compressor, or cryogenic pump in order that the
PFC gas mixture may be cowpressed, at least partially
liquefied, and stored for future use. Another feature of

20 the invention includes concentrating the PFC gas mixture

| using a plurality of membranes arranged in series, with the
possibility of the concentrated PFC gas mixcure.from each
membrane unit being capable of use as a sweep gas of the

-permeéte side of any one of or all of the membrane unlits in
. 25 the series. A further aspect of the invention is the

provision of a PFC gas mixture surge tank prior to recycling



separated from each other by a process such as sel ective condensati on
or adsorption in order to recover either separate PFCs or m xtures of

PFCs having close boiling 10 points. According to a

not her aspect of the

i nvention the PFCs gas m xture is concentrated again, for exanple,

with a second menbrane, or the PFCs gas m xture
recycled in the process (with or w thout additional
O her preferred process and system aspects of the
provi si on .of a vacuum punp, heat exchanger, conp
punp in order that the PFC gas m xture may be co
partially | i quefied, and stored for futl®e use.

the invention includ concentratipng the PFC gas m xt, g
plurality of manblfg?l}zmér F%n'&EdsFﬂlg‘é‘f “€§?’~‘\M‘a?’H%Fﬁ?‘-‘m9 PBESsi| PFy of . the

concentrated PFC gagodiet! HEfnd ERHbERM ed and§iHRE 206

use as a sweep gas of the perneate side of any o
renbr ane units i nad&pthenser ictber Amdanst her wasedtt®
provision of a PFC gas m xture surge_ tank, prior, to r

12 the PFCs to t R8O AREGEIDT HEntHFRAIPR nip
to being fractifnagadARduPlld fyBledYedbtOIRY ©

nmeans, or routed to st or age.

is stored or
treatnent). 15
i nvention include
ressor, or cryogenic
npressed, at | east
Anot her feature of 20
ture using a

| ¥§g§ capabl e of
lr%’gl% oé;:g'lcl of the
fstbhage nvention is the
ecycling
Br §eBieendyetor  prior

adsor ption or other

. a) at least one reactor chamber adapted to receive

perfluorocompound gases, carrier gases,

and the like, the

reactor chamber having a reactor effluent gas conduit

attached thereto;

10 b) at least one size selective, preferably

glassy polymer, membrane geparation unit having a feed side

and a permeate side, the membrane being

preferentially

permeable to at least one carrier gas and being

substantially non-permeable to at least

one

15 perfluorocompound gas, the membrane unit connected to the

reactor chamber via the reactor effluent

o Dae —_—
Toiduls, 22

20

25

membrane unit further having a permeate vent conduit and a
non-permeate conduit, the latter adapted to direct at least
a portion of a perfluorocompound containing non-permeate

stream from the membrane urnit to the reactor chamber. —
Preferred systems in accordance with the invention further
provide pretreatment and/or post-treatment-meané, such as
dry or wet; {(or both) scrubbers, thermal decomposers,
catalytic decomposers, plasma gas decomposers or filtérs,

prior to the reactor effluent stream entering the membrane

unit. In another embodiment, a plurality of membrane units



Anot her aspect of the invention is a sem conductor 5 manufacturing system
conpri si ng: a) at |east one reactor chanber adapted to
receive per fl uoroconpound gases, carrier gases, and the like, the
react or chanber- having a reactor effluent gas conduit attached
thereto; 10 : b) at | east one size selective, preferably

gl assy pol yner, nenbrane separation unit having a.feed side and a
perneate side, the nmenbrane being preferentially perneable to at | east
one carrier gas and being substantially non-perneable to at | east one
15 perfluorocompound gas, the menbrane unit,gonnected to the react or
chanber via the reactor effluent conduit, the menbrane unit further
havi ng a per neat ems#grbe aepahgdd dndseries, BthPCWIERIGr GREHMIY probesigit er
adapted to direct at |east a portion of a perfluoroconpound cont ai ni ng
non- perneate 20 Sf rHafrs g3 IhEhgeppmeste Ffide P§ enfe orealtl embande: .

Preferred systens in Lth,the i.nventiop further provi de
pretreat ment and/ or p?ﬁ%?%gggécﬁ%\é\%%%fns, ]évfljec%sa(s’P SYStSW o SRt , (or both)
scrubbers, ther nein¢aRrABR0SEETuded a dadipakydd Gualge OfgHRS €hSehd Indsom gas

deconposers or filters, 25 prior to the reactor effluent streamentering

the menmbrane S BeAeatenc e (prefrgbherketvgep| thealfirgt ofr pdubabity units

13 of membrane units and pﬁrification unit or storage chamber, .
or recyéle to the reactor chamber); and the provision of a
compressor, heat exchanger, cryogenic pump or vacuum pump on
one or more of the non-permeate, PFC enriched stream(s),

10 preferably allowing the PFC enriched stream(g) to be stored
in liquid form for future use. Also preferred are valves
which allow the damper or surge tank and the compressor for
creating the liquid PFC mixture to be bypaésed.

Preferred processes and systems of the invention

15 include operating one or more of the membrane units at a
constant concentration set-point for the PFC concentration
in the non-permeate stream from each membrane unit. In this
preferred system and process, the set-gpoin: ccooczncrzzlion of
the PFC in the non-permeate stream from each succeeding PFC

20 membrane separation unit would be higherhthan the .
immediatel& preceding one. In this embodiment sensors can
be inserted into the non-permeate effluent conduit from each
membrane unit to continuously or non-continuously analyze
for PFC concentration, or, samples may be taken periqgically

25 or continuously from the non-permeate effluent from each

membrane unit, which may be sent to dedicated analyzers



may be arranged in series, either with or without provision of sweep
gas on the perneate side of one or all menbranes. - Furt her
preferred enbodi nents of systens of the i nvention included a danper or
surge tank in the non- 5 perneate condui-t (preferably between the first
or plurality of menbrane units and purification unit or storage
chanber, or recycle to the reactor chanber); and the provision of a
conpressor, heat exchanger, cryogenic pump Oor vacuum punp on . onhe or
nore of the non-perneate, PFC enriched strean(s), 10 preferably allow ng
the PFC enriched strean(s) to be stored in liquid formfor future use.
Al so preferred are val ves whi ch al | ow t#e danper or surge tank and the
conpressor for . af he | |l FC it Xt b passgd.
Preferred pr ocessggtgégaé%/srlggksgﬁféﬁgqF%Verﬁ%nﬂ{t%éig%lcq%ugé Bﬁ%treeéialbﬁ'ﬁ one

or nore of the nmemheAnforiirddedato aa procésd) sonBiolIRACRRLdR ma@Nc&firdlOEs: fOr
the PFC concentration I n the non-perneate streamfrom each nenbrane

unit. In this ey¥pEple rthe pyssaunenrd phodesd, tq irachanembyiane wwitcentrati on -

of the PFC in_the_ non-perpeate stream.f.tomeach succeeding PFC 20
menbr ane separ at i ct):%mﬁﬁf%tuv\x%m %‘se' rﬁ“&hgge t]‘r%%'tﬁzg'sm V%i?erﬂr?df‘ﬁ | W3r ecedi ng
one. In this enbodirFRAfersRtS A6Susel]) the HepNgas g eidrert Be &atAAneRate
effluent conduit from each menbrane unit to continuously or

non-conti nuousl y ¥Aal §2epen lpop @ra@ gherashileap iayrangementanpl es may be
taken periodically 25 or .continuousl romt non- e effl

each menbr ane” uni - QRCENPRE zﬁgdg@fﬁ?tetmoa%g(ﬁrggfg%reﬁg ACIS °L%e%ef rom
' . present invention includes the recycle of the permeats
stream of either the first or succeeding stages of the
10 membrane units (in this case, the carrier gas and other
process gases are recycled). The carrier gases may be
recycled directly to the reactor chambers, or may be
liquefied for storage or future use. AaAn additional recycle
membrane may be provided, functioning to separate carrier
15 gases from process gases.
dther preferred processes, and systems of the invention
are those wherein a waste stream from a pretreatment step
for the gas mixture emanating from the semiconductor process
is usea to generate one or more perfluorocompounds or other

20 chemicals, which may then be purified for use i- tke 3
semiconductor process, or other chemical processes, as more
specifically described in assignee's copending ‘application
serial number 08/666,694, filed June 14, 1996 which is
incorporated herein by reference. s

25  Still other preferred processes and systems in

accordance with the invention are those wherein one or more



14 gither on-site or off-site. This information is preferably

then forwarded to a process controller which may control for exanpl e
the pressure of the feed to each nenbrane unit, tenperature, flow, and
the like. Al'so, when a sweep gas 5 arrangenent is used, the sweep gas may
ei ther be controlled via an open |loop or a closed Ioop arrangenent .
Anot her preferred system and process enbodi nent of the pr esent

i nvention includes the recycle of the perneate stream of either the
first or succeeding stages of the 10 menbrane units (in this case, the
carrier gas and ot her process gases are recycled). The carrier gases
may be recycled directly to the reactor Qanbers or may be :

| i quefied for storage or future use. An addiTional recycle menbr ane nmay

be provided, functhomigegneatrsefaicans Lalpokettrebtedass Thbod RQCcESS gases.
O her preferred processes, and systens of the invention are those '
wherein a waste stPEEMUOrEAPERGIEE: eaQQPénFrSQ'é'}?nt me‘ﬂmdsth@fg@slndgture

emanating fromthe é&gé&ggguqﬁg%ggéggeﬁgtlll diSaUsEd ﬁggenerate one or
ot

nor e perfluoroconpoun or & cal l°ﬁM1 Bh&F be purified

for use senmi commhgprw&msw wRhbesndd Qe sxaitaimeCQ&S %%etééam&
specifically described in assignee's copending applicatioen seri al
nurmber 08/ 666, 64, °F jthed fged aar] to 10Ys mﬂbwq .S i ncor por ated herein by

reference. 25 StrII other gref gggg_§ses and s¥sgfn% in
accordance with the inv8REToh % ose et RBTRed of recovery

of a relatively pure PFC stream from a vent stream from one
or more gas cabinets, tube trailers, cleen rooms, oxr the
like using a membrane unit as described herein.

10 Further understanding of the processes and systems of‘
.the inventiOn will be understood with reference to the brief
description of the drawing and detailed description which

follows herein.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph illustratinglthe efficacy of
destruction of PFCs with a burmer versus the burner flame
temperature (prior art);

FIG. 2 represents a schematic drawing of one process

20 and system according to the.invention; -

FIG. 3 is a detailed view of a portion 6: the process
and system of FIG. 2;

- FIGS. 4, 4a, 5, 6 and 7 illustraee different

- -

embodiments of the invention;



non- perneate streans is post-treated to renove non-

per fl wor oconpounds. Post-treatnent nethods nmay include adsor ption,
cryogenic distillation, extraction, or scr.ubbi ng, previously nentioned
as>suitable for pretreatnent 5 of the feed gas to the nenbrane

Anot her aspect of the i nvention is a met hod of re
relatively pure PFC streamfroma vent streamfro '%ﬂ§3HeETHﬁSEEm% gas

cabinets, tube trailers, clean roons, or the Illaaﬁﬁﬁhmfﬁpnenb ane
unit as described herein. 10 Further under st andi ng of the processes
and systens of the invention will be understood with reference to the -
bri ef description of the drawing and deg ai |l ed description which

foll ows herein. BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a graph i I I l?§f"r a?r’r?&“?ﬁﬁa"e?sf PEQCTPRntratings pRUEhS PRTBEARFCs Wit h
a burner versus t o (3B an { G
2 represents a sc matlc aXJ\xM NG OFf ‘?tﬁ%ﬁg%%egégség & fgeé%mﬁaéc%?ﬁ"(ﬁsng to

the invention; the membEiuﬁ ForsdnEftatent | EXbwraers GJF &héofédd)ﬁtﬁéadi,he
process . and system of FIG_  2; FIGS. 4, 4a, 5, 6 and 7
illustrate different FIG.chiddigbratesoPFE RonNCepEFRYion: on the permeate

5 side of the membrane versus the pressure differential across
the membrane, for different temperatures of the feed flow;

FIG. io illustrates PFC concentration on the recovery
gide (non-permeate side) of the membrane versﬁs the pressure
differential across the membrane, for different flowrates of

10 the feed stream;

FIG. 11 illustrates PFC concentration on the recovery.
side'(non-permeate side) of the membrane versus the pressure
differential across the membrane, for difﬁerent temperatures
of the feed flow;

18 FIGS. 12a-12a illustrate schematically a prior art gas
cabinet and various gas flow modes of same;

FIG. 13 illustrates schematically a gas cabinet
including a wmembrane recovery unit; and

FIG. 14 illustrates multiple gas cabinets venting into

20 a common membrane recovery unit. . -

DESCRIPTION OF PREFERRED EMBODIMENTS

Recovery of PFCS, for example, from a semiconductor
‘ . %
manufacturing process, is now made possiblz: kI, ths gresenc
25 invention using size selective membranes and concentrating a

gas mixture comprising PFCs by recovering the non-permeate

R
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FIG 8 illustrates PFC concentration on the perneate side of the

menbr ane versus the pressure differential across t he nmenbrane, for -
di ff.erent flowates of the feed stream FIG 9 illustrates PFC
concentration on the perneate 5 side of the nenbrane versus the pressure
differential across the nenbrane, for different tenperatures of the
feed flow, FIG 10 illustrates PFC concentration on the recovery
si de (non-perneate side) of the nenbrane versus the pressure

differential across the nenbrane, for different flowates of 10 the feed
stream FIG 11 illustrates PFC concentration on the recovery.

si de (non-perneate side) of the nenbrane vetBus the pressure

differential acroggsd 1 differ t enperat ures ., of the
feed flow, 15 ° Flr% @?gbﬁﬁ%ﬁgﬁgé?eeggﬁg %%ﬁ%n‘&?“?’&&f‘?y ”Z\‘“d‘lel grsePt gas
cabi net ; nén-harhFul | 615 tthat egvisoheam ipedhéit tgﬁéu?alygget

I ncl udi ng a nenbrane recovery unit; and FIG 14 iTlustrates

nul tipl e gas cabi REFrapenapd Famthen i@ dirertionventest aneredeiedry THiS .
DESCRI PTION OF P ED, ENBODI.VENT overy of_ PFCS, for

exanpl e, froma s rﬁ@cgogr?dﬁ%tsozfmpler %%Q’%GPX%’E‘EH“FHgg b Eadendlien, Shappmeny
‘possi bl e by the peeissiihg ghoddusent i %&ﬁb@@ba&h&@té@t@@%vﬁﬁ@h@@%e and
concentrating a gas m xture conprising PFCs by recoveri'ng the
non- per neat e rercuted to the semiconductor manufacturing reaction
chamber, routed to a storage facility for future use, or
routed to a PFC recovery épparatus for separation of PFCs,
either on-site or off-site.

10 Perfluorocompounds, for the purpose of this invention,
are defined as compounds comprising C, S and/or N atoms
wherein all or all but one hydrogen have been replaced by
fluorine. The most common PFCs include, without being
limited to, any of the following compounds: fully

15 fluorinated hydrocarbons such as CF,, CJF,, C,F,, C,F,,, and
other fluorinated compounds such as CHF,, SF,, NF,. 1In
defining our invention, PFCs also include BF,, COF,, F,, HF,
SiF,, WF,, WOF,, as long as they are not harmful for size
selective membranes. Perfluorocompounds do not include

20 chlorofluorocarbons, or compounds comprising two hydrog;p
substituents or more, and such compounds are not used in

semiconductor manufacturing processes.

Size Selective Membranes

In accordance with the present invention, membrafie
25 materials suitable for high pressure concentration of PFC's

sed
KSR

1

~ from semiconductor gases exhibit size-<zlz:zi--z Tzh



17 flow on the non-perneate side of the nenbrane, while gases

non- harnful for the environnent perneate through the menbr ane and can
then be directly vented or recycled. This process is S|npler and
environmental ly friendlier than many 5 existi

non- per meat e stream may either be rer out ed 0nhbe%5§hﬂﬁ§ﬁﬁkﬂ t

‘manuf acturing reaction chamber, routed to al|stor aRerEARED | r
future use, or routed to a PFC recovery app - separation of
PFCs, either on-site or off-site. 10 Perfluoroconpbunds for

t he purpose of this invention, are defined as conpounds conprising C
S and/or N atons wherein all or all bas one hydrogen have been

repl aced by Iuorlne he nost common PFCs include, w thout being
linmited to, any SPe¥eRY r@eeaﬁﬁoiﬂ?a‘s“f%r 1”9 He| gre| prsifiengntiplly

hydr ocar bons suc r r]Flerr], and
ot her fl uori nat ege%(ﬁjerfﬁ;ﬁgé}sstﬁr&%sl [err F% ﬁ%;%hlu—‘rgze alf 8

defini ng our invehasompf BECgmﬁ&immewzl-anéemEéﬁrarl] whidb-lakgély Eb@rﬁ.blt HF,
SiFlerr], VF[errk WOF[ err as long as they are not harnful for size
sel ective menbrahBts gheree ﬁ%ﬁ&ﬁp Suibabiy mepbrange maperials are not

chl or of | uor ocag bgQSy ; 3l «GOPH UHY S?Qé%éﬁgiﬂ&lt S0 hydrogen substituents

or nore, and such corrpounds are sem conduct or
manuf act uri ng processmportant facterSahrtl ay cHRADFAFIRSty and free | N
accordance with the present invention, menbrane
. volume axe conventzonal measures which can be used as a
first-order screening means to identify suitable polymers.
However, a complex interaction of these and other membfane
10 factors, as well as the unique physical characteristics of
the PFC gases, complicates selecting of a membrane material
with appropriate size-selective capability. Suitable
materials can be identified in mixed gas, or in wmany cases '
even pure gas, flux measurements. In accordance with this
15 invention, the important criterion for suitable materials is
a dominant gize selective or mobility selective transport

mechanism. A suitable polymer in the practice of this

invention exhibits:

D,]” [s,] .

The cowponent mobility (D) and solubility factors can
20 be determined as taught by Chern, R.T., W.J. Koros, H.B.
Hopfenburg and V.T. Stannett, Chap. 2 in D.R. Lloyd (Ed.)
ACS Sym. Ser. 269, "Materials Science Aspects of Synth;cic

Membranes,* ACS, Washington, DC (1984), or Koros, W.J., M.R.

/
Has Been Reraced

"



25 materials suitable for high préssuré concentration of PFC s from
sem conduct or gases exhibit size - selective behavior
18 .© whereby smaller species such as N err] or He are preferentially

perneated versus the |arger PFC s. d assy polyners are one cl ass of
pol ynmeric menbrane material which |argely exhibit this character.istic,
but suitable nmeabrane materials are not 5 limted to only gl assy

pol yners. | nportant factors such as chain rigidity and free

vol ume are conventional neasures which can be used as a first-order
screening neans to identify suitable pol ynens. However, a conpl ex

interaction of these and other nenbrane 10 factors, as well as the unique
physi cal charact er¢eliemes aid D.R. Bhewaaﬂierga'mtr@bkqd PeztezsbiddbgcPolygrent a
menbr ane materi al Wi th a%ﬁnoprl ate sjze- %etectl ve_capapi | |Sy Sui t abl e

materials can be |WP‘T“F%‘OI" Hr ERY -g¥8te%yr SPh ffry 28a8esl1992) even pure
as, 11 Ux measur ement s g} uAAEH dARR AL ol SuickBIMUENMDR, 1)1

inportant criterion for suitable materials is dom nant size sel ective
or mobility sel ectiypdcalynspotiable ormychwhns:rra d\naéw raliye. pEFoynbsw i frelehe
practice of this i nventiqn_exhi_ bit

[err]>[err] S vo M?H?%ﬁﬁéﬁemh%bﬁ?lw eBHRifd2sRARHMLEY factors can
20 be determ ned J 0 Hopf enbur
and V.T. St annett%&% ﬁgﬁlgﬁfﬂﬁ@ygﬁ Eé\.é)s' « E:%%% %}b% Ser. 229-, )

"Materials Sci encmpﬁa&pﬁﬂﬁa&:mﬁ Syntdimd s6lubility ratio is the ratio of

component critical temperatures. For N, versus C,F:

T,/ ey, =125/293=043
As poiymer-free volume increases or with greater
10 polymer/C,F, affinity, the N,/C,F, solubility ratio declines
due to a greater impact on C,F, solubility.

In accordance with the invention, -all selectivity
between a carrier gas (c) and a perfluorocompound (p), which
is defined as- (D] [S1/[D,) [S,], is at least 1.0. 1In the

15 preferred case, a minimum economically acceptable overall
selectivity N,/C,F¢ > S is needed, and a minimum mobility

selectivity is then estimated,

[ DN:]
[ DC:”‘]

. The overall selectivity for some polymers useful in the

>11.6

20 invention is quite large, so actual mobility ratio's” exceed

the minimum value shown (e.g., ~12). For example, test case



"Menbranes," ACS, Washington, DC (1984), or Koros, WJ., MR
19 Col eman and D. R B. Wal ker, "Controlled Permeability Polyner ~
"Menbranes," Annu. Rev. Mater. Sci, 22, 47-89 (1992). Solubility
"selectivity for suitable polynmers is typically variable only within a
smal | range. For |low free 5 volunme naterials, which do not exhibit a
parti cul ar physi ochem cal affinity for PFC s, ‘a reasonabl e
‘approximation for the solubility ratio is the ratio of conmponent
critical tenperatures. For N2 versus (Jerr]F[err]:
Tlerr]|[err] = 125/ 293 = 0.43 As polynmer-free vol une increases
or with greater 10 polyner/Cerr]Flerr] affinity, the Nerr]/err]F[err]
solubility ratio decl,ne eto aﬁ%reater i mpact on Cerr]F[err]

o

nes u
sol ubility. Selectivifies &gﬁ erdet ALt 3 hAvR Hes9nobsgyvesh| getfar ty

bet ween a carri 85m@amteC)adith, A Per fhaior oconpound (p), which s
:defined as [D[err]] [S[err]]/f %rr]][S[err]], Is at least 1.0. In the 15
preferred case, a nilm Euovndorenwich theatompioahy e mwbiahés most G8&MAl i Vity

N[err]/C[err]F[fréhl[qrr] 5 is needed, and a_mnimumnobility
selectivity is Phdheednvantiqn are preferably glassy membranes, such as  [err]

> 11.6 5 polyll$ AYREAldesSRLES el YatlY e8QMBAPINIELS useful in the

polyamides, polyamide-imides, polyesters, polycarbonates,
polysulfoﬁes, polyethersulfone, pélyetherketone, alkyl
substituted aromatic polyesters, blends of polyethersulfone,
aromatic polyimides, aromatic polyamides, polyamidesimides,
10 fluorinated aromatic polyamide, polyamide and polyamide-
imides, glassy polymeric membranes such as disclosed in USSN
08/247,125 filed May 20, 1994 and incorporated herein by
reference, cellulose acetates, and blends thereof,
copolymers thereof, substituted polymers (e.g. alkyl, aryl)
15 thereof and the like. Also sulfonated polymers as taught by
U.S. 5,364,454 are within the scope of membranes useful in
carrying out the present invention.
Asymmetric membranes are prepared by the precipitation '
of polymer solutions in solvent-miscible nonsolvents. Such
20 wmembranes are typified by a dense separating layer supported
6n an anisotropic substrate of a graded porosity and are_-
generally prepared in one step. Examplas of such membranes
and their methods of manufacture are disclosed in U.S.
Patents 4,113,628; 4,378,324; 4,460,526; 4,474,662; s
25 4,485,056; 4,512,893; 5,085,676; and 4,717,394 all

incorporated herein by reference. Particularly preferred



20 invention is quite large, so actual nobility ratio 's' exceed t he
m ni rum val ue shown (e.g., [err]12). For exanple, test case

20 . selectivities on the order of 200 have been observed, so for "
sone materials Dierr]/Derr] =450. In accordance with the
f oregoi ng, menbranes nost usef ul In the inventft

gl assy nenbranes, such as 5 pol yner nenbranes nade ThiSe$SREEDHAS BEam
pol yi m des, pol yam des, pol yanm de-i nmi des, pol ylest er BEPpACEDBar bonft es,
pol ysul f ones, pol yet hersul fone, pol yet herketone, al Kyl substrtoted
aromati c pol yesters, blends of polyethersul fone, aromati c polyi m des,
aromati c pol yani des, pol yani desi mi des, 10 Rtuorinated aromatic pol yan de,
pol yam de and pol yanj de- I g des, glassg ol yneri c menbranes such as

i stl osed |n USSNWeRbTangs 36 ROLimifie FRYEPESHLS P88 SSRRTaEACD TRIbIRERS
herei n by rebgr 88 osel! 1N RSe 3Ce9§, and bl ends thereof,

copol yners thereof, substituted polyners (e.g. alkyl, aryl) 15 thereof and
the Iike. Al so sulfonsimednpotpoigmeras weslighfitbythe crite®iabfeb4gided are

Wi thin the scope of _nenbranes useful in carrying out the present

i nventi on. ~ seloghinme Of | SRS BALARPE FATBRAPRES hPREhERY R pi tati on
of pol ymer sol ugi Bgili&ﬂhveg% Tﬂ?a%ﬁi@é eof”@ﬂégdrﬁtéggﬁé'in@éﬁgiogp HRIAPLR0ES

are typified by a dense séparati'ng |ayer supp on an ani sotropic
substrate of a gradath paiehi hyveibdear @escribed for membrane application are

carbon-sieve and zeolite membranes. Both of these media
separation species by a moleéular sieving mechanism.
Because of the highly discriminate nature of this process,

10 very high selectivities can be achieved even between
molecules of very similar size. For instance, a typical
upper bound for 0,/N, selectivity for polymeric media is 8-
10 while carbon sieve'membranes have exhibited selectivities
on the érder of 12-14.

15 The most successful means of producing carbon sieve
membranes has been performed by pyroliysis of a polymeric
membrane precursor. Means of producing such membranes and
characterization for separation of gaseous materials are
described in:

20 A. Soffer, J. Koresh and S. Saggy. U. S. Patent 4, 685,
940 (1957); H. Yoneyama and Y. Nishihara, U. S. Patent
5,089,135(1992); C. W. Jones and W. J. Koros, Carbon, Vol.
32, p. 1419(1994). '

Zeolite coated or filled membranes have also been shown

25 to offer benefits for gaseous and vapor components, and are

described in:

This Sheet Has Been erilaced
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general |y prepared in one step. Exanples of such nenbranes and their
nmet hods of manufacture are disclosed in U S Patents 4,113, 628;

4,378, 324; 4,460, 526; 4,474,662,

4,717,394 al

25 4,485, 056; 4,512,893; 5,085,676; and

i ncorporated herein by reference. Particularly preferred

21 menbranes are polyim de asymretri c gas separation nmenbranes.

disclosed in U S. 5, 085, 676.

Sonme non-pol'yneric nedia fit the

as

criteria for size- sel ection of gaseous and vapor conponents, - and nay
be 5 utilized in the practice of the present invention. Two such

medi a whi ch have been described for nenbrane application are car bon

sieve and zeolite nenbranes. Both of thege nedia separate speci es by

a nol ecul ar sieving mechani sm

bet ween

upper bound fo
whil e carbon s
of 12-14. 15

precursor. N?
separation o
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Because of the highly discrimnate
nat ure of thi s pr oc8sskusak@beers. [Foghshideechi Wuriabs aeh SheMaodnkeyed.even
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iYQKe ﬁ?rmfsmaseraiaeye.xm{yaﬁnad §e|mfé%ké(ﬂé ise$., voNibhe order

The nmpbst successful 'neans of producing car on Si éve
menbr anes has lpeeﬁspélﬁs’cir)rrea ®. Gensl B yaof Vekkpwl yWET.We Bakkewerdndane

S ofdgr dyci ng, such nemhranes and characterization for
géséo

18y | Bjgropegous Magetey Yodq 1n:P- 381 (1993: goffer,
J. Koresh and §ndsﬁgg.¥ sjders Paenind L. 6§§lmaz, JQ%nﬁﬁ%ﬁZ)Sc# vgpeyanma

and Y.’ lehlhara U S.. Pat en

10

15

20

p. 77 (1994).

Such zeolite coated or filled membranes may be useful
in the practice of the present invention.

In a pressure driven gas membrane separation process,
one side of the gas separation membrane is contacted with a
complex multicomponent gas mixture and certain of the gases
of the mixture permeate through the membrane faster than the
other gasés. Gas separation membranes thereby allow some
gases to permeate through them while serving as a barrier to
other cases in a relative sense. The relative gas
permeation rate through the membrane is a property of the
membraée material composition and its morphology. It is
believed that the intrinsic permeability of a polymer
membrane is a combination of gas diffusion through the _
membrane, controlled in part by the packing and molecular

free volume of the material, and gas solubility within the

. material. Selectivity is the ratio of the relative

25

permeability of two gases being separated by a material? It
is also highly desirable to form defect-free dense

separating layexs in oxder to retain high gas selectivity..



5,089, 135(1992); C. .\W Jones and W J. Koros, Carbon, Vol. 32, p.

1419(1994). Zeolite coated or filled nmenbranes have al so been
shown 25 to offer benefits for gaseous and vapor conmponents, and are
descri bed in: : ' ' 22

K. Kusakabe, S. Yoneshige, A Mirata and S. Morooka, J. Menbr ane

Sci ence, Vol. 116, p. 39 (1996); S. Mrooka, S. " Yan, K. Kusakabe and
Y. Akiyama, J. Menbrane Sci., Vol. 101, p. 89 (1995); E. R Geus, H
van Vekkum WJ.W Bakker and 5J. A Mulijn, Mcroporous Mter., Vol

1, p. 131 (1993); and M G . Suer, N Bac and L. Yilmaz, J. Menbrane
Sci., vol. .9, p. 77 (1994). &uch zeolite coated or filled
menbranes may be usefu .. n _the practice of the presenf.invention. 10

In a pressure driven PRENDY S7E SERMT PBINTPEERRY FYPICaghe MeVEeof t he
gas separation megbhsdes rE@ng’ﬂ‘Q.h?Qr\c’ﬁx{ Lihﬁreﬁorm%'mﬂc‘%pﬁyéﬁé %&EQQ%@%hgas

m Xture and certain of the gases e m xture perireate throug
menbr ane faster tfibe sdparatingtlayergasttheGadssepte arneonsnahly aicsei-bet eby
all ow sone 15 gases to perpeate through them while serving as a barrier to

other cases in a f"élcﬁ“m?é"ﬁé?&'e. CPMROF e B7% Fegatation ﬁ‘él“hﬁ%&‘?sbﬁ‘a?’at e |
through the Mendrapsivey 2oPhORStull df8n ule ABARE AR £L4AlacGRGPOSI Li ON

and its norphology. It Is

layer supported on an anisotropic, microporous substrate.
Composite membrane structures can be prepared by laminating
a. preformed ultrathin dense separating layer on top of a
preformed anisotropic support membraqe. Examples of such

10 membranes and their methods of manufacture are disclosed in
U.S. Patents 4,664,669; 4,689,267; 4,741,829; 2,947,687;
2,953,502; 3,616,607; 4,714,481; 4,602,922; 2,970,106;
.'2,960,462; 4,713,292; 4,086,310; 4,132,824; 4,192,824;
4;155;793; and 4,156,597, all incorporated herein by

15 reference.

Alternatively; composite gas geparation membranes may
be prepared by multistep fabrication processes, wherein
first an anisotropic, porous substrate is formed, followed
by contacting the substrate with a membrane-forming

20 solution. Examples of such methods are described in ﬁ:s.
- Patents 4,826,599; 3,648,845; and.3,508',994, ali
incorporated herein by reférence. '

U.S. 4,756,932 déscribes how composite hollow-fiber
membraneé may also be prepared by co-extrusion of multiple

25 poiymer solution layers, followed by precipitation in a

solvent-miscible nonsolvent.



bel i eved that the intrinsic perneability of a polynmer 20 nenbrane is a

conbi nati on of gas diffusion through the menbrane, controlled in part
"by the packing and nol ecul ar free volunme of the material, and gas
solubility within the material. Selectivity is the ratio of the
relative perneability of two gases being separated by a material. It

25 is also highly desirable to form defect-free dense separating | ayers
in order to retain high gas selectivity. _

23 Conposite gas separation nmenbranes typically have a dense
separating |layer on a prefornmed m croporous substrate. The separating
| ayer and the substrate are usually di f f eréht I n conposi tion.

Composite gas separ abi-ag dBHPEENGRs NAKEdindhreYe! MEH pL8s o HENERUI S, Of an

ultrathin, dense separating yer supported on-an ani sotropl C,
m cr opor ous substheatmembrane caanpe pdst-peadredneith, wet dofssd df, bex pr epar ed
by | am nating a prefornmed ultrathin dense separating |layer on top of a

preforned ani sot?‘?ﬁiﬁté'“gﬁ‘?)dﬁrtthfnénﬁ‘%ﬁ?é"?a%ﬁﬁl Beriduorigated; pohymey anes and
18, 12100 SN 5 st ey ol oo
4,602, 922; 2, %7/0zddfituents? i966hd GRis hixthire? E20m A¢hA8h, B adel62 K24,
4,192, 824; 4,155,793; and 4,156,597, all incorporated herein by 15
ref erence. separate, at low levels or temporary contact with such
components. |
The hollow-£fiber spinning process depends on many
variables which may affect the morphology and properties of
10 the hollow-fiber membrane. These variables include the
: composition of the polymer solution employed to form the
fiber, the composition of fluid injected into the bore of
the hollow-fiber extrudate during spinning, the temperature
of the spinneret, the coagulation medium employed to treat
15 the hollow-fiber extrudate, the temperature of the
coagulation medium, the rapidity of coagulation of the
polymer, the rate of extrusion of the fiber, takeup speed of
the fiber onto the takeup roll, and the like. It may be
preferable to modify the membrane morphology to enhance the
20 separation efficiency. One such method is taught by U.S-
5,468,430, - B
In accordance with the process of the present
invention, the gas mixture containing PFCs to be separated
usually comprises at least one PFC and at least one carrier

25 gas such as air, nitrogen, argon, helium, or the like and

‘mixtures thereof.



Al ternatively, conposite gas separation nenbranes nmay be prepared by
.mul tistep fabrication processes, wherein’ first an ani sotropic, porous.
substrate is forned, followed by contacting the substrate with a
menbrane-form ng 20 solution. Exanples of such nethods are described in

u. S Patents 4, 826,599; 3,648, 845; and 3,508,994, all i ncor por at ed
.herein by reference. U S. 4,756,932 descri’bes how conposite

hol | ow-f i ber . menbranes may al so be prepared by co-extrusion of nultiple
25 polynmer solution layers, followed by precipitation in a

sol vent - m sci bl e nonsol vent.

24 According to one enbodi nent of %he present invention, t he

menbrane can be post -t ggaFfdWhtire qrisEQ@ttﬁﬂ R¥st Usual PF@%M&@?&: with, a
fluorinated or perfluorinated pol yner | ayer in order to 1ncrease its

ability to wthst adeRafrdmnla sedigmdsctonamnefactuiieggprodasst Unst falamoghi ch
‘PFCs are to be separate, at IOM/Iegﬁés or tenporary contact with such

conponent s. mse'ﬁiaes%o PFBVRIISFEATLT RRPATP OB SWep 8f dsheth maany
variabl es which mayg giégblryt he norphol ogy and properties of 10 the

hol | ow-fi ber nenbrane. These variables include the - conposition of the
pol ymer sol uti oA enpl oy¥icad PBEsnfolresemicondbetqor plrecemsyxoarei €e of flui d
injected into thefggigufgg:
for chamber cleéning: carbon tetrafluoride (.CF‘) P
hexafluorcethane (C,F;), nitrogen trifluoride (NF,) ,
perfluoropropane (C,F,}, sulfur hexafluoride (SF,),
10 trifluoromethane (CHF,);
for etching, the same PFCs are usually used but
with several other gases such as argon, boron trichloride,
chlorine, hydrogen bromide, hydrogen chloride, hydrogen .
fluoride. phosphine, silane, silicon tetrachloride, and the
15 like.

_ Some of these gases are sometimes harmful for the
membrane (as indiéated in Table 1), and it is preferred to
remove or destroy them before introduction or possible
contact with the membrane. It is preferred to substantially

20 remove the following compounds prior Eo sending the flow to
the wembrane: WF,, HF, F,, NH,, Cl,, HBr, HCl, 0,, and a;y
silicon hydrideé, germanium hydrides, and the like. To do
this, wvarious methods can be used such as using scrubber
means {(dry or wet scrubbers), thermal decomposition, jplasma

25 destruction, catalytic removal, and the like, to reach a

level preferably below about 1% vol. of said harmful



the hol |.owfiber extrudate during spinning, the tenperature of the
spinneret, the coagul ati on nedi um enpl oyed to treat 15 the hol |l owfi ber
extrudate, -the tenperature of the coagul ation nedium the rapidity of
coagul ation of the polymer, the rate of extrusion of the fiber, takeup
speed of the fiber onto the takeup roll, and the like. It may be
preferableto nodify the nenbrane nDrphoIogy to enhance the 20 separation
efficiency.. One such nethod is taught by U S 5,468, 430. In
accordance with the process of the present i nvention, the gas m xture
containing PFCs to be separated usual |y conprises at |east one PFC and

at | east one. carrier 25 gas such as air, #ftrogen, argon, helium or the
l'i ke and ' t hereo
25 BT 58 0% imeroemtag, Ofo ST £8P SRS e

gases froma SenHéﬁékEBtCt 13 ﬂaruﬂu&uyrpmeafsu:%sréé@{ adhbv®f for eathoOse
gases are necessarily present--only sone of them may be present). 5

Typi cal PFCs for baenfwomybstancelowes $dgnat@ npe most prefémalilyy lower

for .chanb I b fl d hexaf,| th
(Qorrirrore]) . RHEF dodRmcr PrdeEuct e Breqieie [ degznin ibpiogae.
(err]Flerr] _)5 84 érdachenafl ddiiratea (5¥d 86fJpermeate stream using one or

more of _those methods, referred to herein as post-treatment.

Harmful to

Symbol Name
membrane

BPFC'S
C,F Hexafluoroethane not harmful
CF, Tetrafluoromethane not harmful
CHF, Trifluoromethane not harmful
NI-‘,. Trifluoride not harmful
SF, Sulfur hexafluoride not harmful
C,F, Perafluorcopropane not harmful
COF, Carbonyl fluoride not harmful

Other gases {carrier gases,

ate.)

Ar Argon not harmful
AsH, Arsine not harmful
BC1, Boron trichloride not harmful
BF, Boron trifluoride not harmful
CH,0H Methanol not harmful
Cl2 Chlorine harmful above 1%
P, Fluorine harmful above 1%
H, Hydrogen not harmful
HBr Hydrogen bromide harmful above 1% ‘
HCL Hydrogen chloride harmful above 1%
HF Hydrogen fluoride harmful above 1%



10 trifluoronethane (CHF[err]); - for etching, the sanme PFCs
are usual ly used but Wi th several other gases such as argon, boron
trichloride, chl orine, hydrogen bromi de, hydrogen chloride, hydrogen
fluoride, phosphine, silane, silicon tetrachloride, and the 15 Ilike.

Some of these gases are sonetines harnful for the menbr ane (as
indicated in Table 1), and it is preferred to renove or destroy them
before introduction or possible contact with the nenbrane. It is
preferred to substantially 20 renove the follow ng conpounds prior to
sending the flowto the menbrane: W[ errgs HF, Flerr], NHerr],
Clerr], HBr, Hd, (Jerr], and any silicon hydrides, gernmanium

hydri des, and the |ike.gdo do t hi ge14Ar I OUS Met hods, ¢ used such
as using scrubber nmeans (dry or wet scrubbers), thermal deconposition,
pl asma 25 destruction, Matalytic rend?5¥°%hnd the |ike ™ ESaFe¥th a '
I"'evel preferably bel ow ®mbout 1% vol .Nigfousaixtdehar nf ul not harmful

26 substance as a centage of to f.eed to the ,g@gﬁ :

However, it is usuallypﬁr’ef erred to r_eé“ghuaa. | evel for eac ia"’!ilgwhél?rrfuI
substance | ower than 10Rtbpm nost pr B¥EFRBEF | oner FREF=™HPm  Furt her,
it is possible in certapn enbodi nents okygew treat the sepamatwdi PFC

non- per neat e stream usi By one or i

Ozone harmful above 1%
81 (oC.H,) Tetraethyl Orthogilicate not harmful
(TEOS)
PH, Phosphine not harmful
SiF, Silicon tetrafluoride ’ not harmful
simE, Silane harmful above 1%
WP, Tungsten hexafluoride harmful above 1%
WOF, Tungsten tetrafluoride oxide "not harmful

SiF,, WF,, WOF,, HF, F, while be'ing perfluorinated
compounds are not considered PFCs.
The scrubber means to remove components potentially
5 harmful to the met;\brane may include a dry scrubber (which
usually removes at least F,, HF, Hc1, HBr, Cl,, NH;, WF; and
SiH,)' a wet scrubber, or a combination. Dry scrubbers are
usuaily resin-type scrubbers, or soda-lime, while some dry
scrubbers comprising catalysts like MnO, can also remove
10 ozone. Also, gaseous hydrides may be removed accordiz;;' to
the methods disclosed in U.S. Patents 4,743,435, 4,784,837;
4,910,001; 4,996,030; 5,182,088 and 5,378,439 incorporated
herein by reference. When different scrubbers are ,i'nstalle§
in order to remove the wvarious harmful constituents, it is

15 preferred to flow the gé.s mixture first to the dry scrubber



more of .those nmethods, referred to herein as post-treatnent. Synbol
Nanme : Harnful to

menbr ane "PFC S Cerr]Flerr]

Hexaf | uor oet hane not har nf ul CFlerr] Tetraf | uor onet hane
not har nf.ul CHF[ err] Tri fl uor omet hane not har nf ul

NF[ err] Trifluoride : not har nf ul SF[err]

Sul fur hexafl uori de not har nf ul Cerr]Flerr]

Per af | uor opr opane not har nf ul COF[err] Car bonyl

fluoride not har nf ul Ot her gases (carrier gases,
etc.) Ar Ar gon 28 not har nf ul

AsH err] (or AESil¥ers) and thereaftépttohé‘ﬁéﬁv}élt sc*ﬂul'sbe*BCI 'L-ﬁ_l_ri_fe]rs

Boron trichloride not har nf ul BF[ err]

trifluoride to remqve hartfigles from tm[s&reymre usually Nétéﬁmﬂly

~not har nf ul % rfbé har nf ul above 1%
Flerr] =it f particles haﬁ?i? H 1apsheE jsgger than g
Hydr ogen ﬁ%&&&”ﬁé" ferred HBr £ 1ded" rom de
har nf ul above 1%lcr°ns pre errI-ely rogglr.lo% eOI’I de ¢ 919%}Iaelrom‘ ul above
1% HF 5 system up@uineageqaf ftlheomemla'ane havimgr af pdrealsdve dLameter
27 He . Hel i u not_ har nf ul
N[ err] legp; Fl&j’éﬁo m:.crometers anq.|5\prﬁ epqgﬁepably less tlpqrbrlp] ®)
Ni t rous oxide £ L ::@H r Dia
harif ul above 1 (%J.crome eri? N&ﬁ@féﬁ)ﬁ emoving ﬁa 185 lxgi liquid drd% e
har nf ul - toChesid imparting memﬂ:g!nglperformance. not har nf ul
O[err] Qzone har nf ul _ above 1%

Si(oderr]Herr]) [ erkwet serpbbex A9y £9% KFeMPIvatdsclosednin the nf uI

- (TEOS -
(Si F[ e)rr] 10 bgg{:ﬁ%%’]n e uoér:) Egé@ﬂ-{f% PRt 5 wPHT e (081 SiH err]

Si | ane | rr] Tungst en
Apﬁ%:?% oﬂabove %)&‘]EJ(“I‘ECH Corpora\@_E.L)g

hexaf | uori de
According to a preferred aspect of the inverticn, there

exist some relationship between the pressure drop across the

membrane {(i.e. AP between the feed and the permeate), the

15 temperature of the feed (i.e. the temperature of the
membrane after temperature equilibration between the feed
flow and the membrane itself) and the feed flowrate. In
accordance with the pi:esent invention, for a given constant
flowrate of the feed gas on the membrane and temperé.ture of

20- the feed gas, when the pfessure differential across the —_-
membrane increases, the recovery of PFCs like e.g. C,F
decreases on the non-permeate or "'residue" side of the
membrane while the PFC concentration increases on the
permeate side of the membrane. Accordingly, it is

25 preferred, according to the invention, to maintain a

pressure drop AP across the membrane which is less than



WOF[ err] - Tungsten tetrafluoride oxide not har nf ul
SiF[err], WF[err], WOF[err], HF, Flerr] while being perfluorinated

conpounds are not consi dered PFCs. The scrubber means to rempve
conponents potentially 5 harnful to the nmenbrane may include a dry
scrubber (which usually renoves at least F[err], HF, HO, HBr,
Cllerr], NHerr], Werr] and SiHerr]) a wet 'scrubber, or a

conbi nation. Dry scrubbers are usual ly resin-type scrubbers, or
soda-lime, while sone dry scrubbers conprising catalysts like M err]
can also renove 10 ozone. Also, gaseous drides may be renoved accordi ng
to the nmethods disclosed in U S. ‘Patefits 4, 743,435, 4,784, 837,

4,910, 001; 4, 996aK03MF 13, 4621238 (866b Ds318, ﬁ%femryps?aegﬁsa from dGhiei N by
reference. Wen different scrubbers are |nstalled ' order to renove

t he various harn¥4ft teopbout Us80skPa t(firom dboutr 20 grsiadto cabiduav2 0t epsiag
m xture first tOtc£ ;__y SC{ @Bg
FEELSTAPLIK Rom aBoYY, 345,eand, £oBBRNE 1ERF1RA to

28 (or scru

remove particl esdﬂ&ﬁh&@@t Sstoraﬁm@seabuaeaidovpefgﬁssary (renoval of
particles having a dianmeter |arger than mcrons) and it is
preferred to provi deBacduse dhei ﬁe¢<h@as lﬁimbehs Eskn esbbhadhetihaet nenbr ane
havi ng a pore si ‘-ﬁ’ di angt than 20 microneters_and nore
preferably |ess % aﬁﬁlany aﬁ?‘%?%ﬁ@r%“%?eb‘f AERRASHLIBaF®i cl es and -

liquid droplets compreb® @MUY ¢ebdPA haod &‘3&’9&?&@ &SEL@H‘%%S across

the membrane (but this is not preferred because usually,
many of the species preseﬁt in the feed may deteriorate the

10 compressor), or alternatively create on the permeate side of
the membrane a pressure lower than feed gas pressure (which
is preferred because most of the species which may harm the
vacuum means are retained on the non-permeate side of the
membrane), or a combination. To create this lowered

15 pressure on the permeate side of the membrane, a vacuum pump
or any other suction means is employed. Alternatively, if
the feed stream to the wmembrane is to be compressed,
compression is preferably carried ocut after the feed stream
has been pretreated using wet or dry scrubbers, filters,

20 catalytic removal, pulsed corona destruction, thermal-
decomposgition, and/or plasma decomposition, as explaiA;d in
copending application serial no. 08/663,884, filed June 14,
1996, incorporated herein by reference. Preferred
compressors are sealed and oil-free, such as the compressors

25 knqwn under the trade designation POWEREX, a&ailable from

the Powerex Harrison Company, -of Ohio, USA. Compression



A wet scrubber is, for exanple, disclosed in the 10 brochure entitled

"Selecting a CDJ err] for your Particul ar Application” from DELATECH .
~Cor poration. According to a preferred aspect of t-he invention,

t here exi st sone relationship between the pressure drop across the
menbrane (i.e. AP between the feed and the perneate), the 15 tenperature
of the feed (i.e. the tenperature of the menbrane after tenperature
‘equi |l i bration between the feed flow and the nenbrane itself) and the
feed flowate. In accordance with the present invention, for a given
const ant flowate of the feed gas on the nenbrane and tenperature.of
20 the feed gas, -when the pressure differddtial across the menbr ane

i ncreases, the tecoyef f0f RS thekfaicdosr Gsbhifd &l khe coffftelgases on the
non- per neat e or "resi(ug%%?cfe@of t he ° %rrbr ane while the PFC
concentration i cetbasedvided Iy the perswazé aatsitie cimpirkeesorninland. of
Accordingly, it is 25 preferred, according to the invention, to nmaintain a

préessure drop [ BR®|FomRERESST (i HehBfth ERGHITI LS WSS (P fhe first
29 about 1‘35&3%51&? ni000 P3bBes REChaAbLY mr&gngréfmpout

140 to about 13 m about psia to about 20 sra) and nost
preferably fronrahged £3ém aivsht @:aboaitabdbG851deRa it beipbr swpwdediated0 and to
about 150 psia). 5 Because the feed gas m xture _is often obtained at

that supplemental compression may be required at other
membrane feed locations in a series of membrane units. It
may be necessary to provide heat exchange between the
compressed feed stream and a coolant, such as, for example,

10 ambient liquid water or liquid nitrogen, if the temperature
and/or pressure of the feed flowing into a particular
membrane is to be controlled, or the PFC congentration in
the non-permeate stream is controlled at a set-point value,
as disclosed herein.

15 The temperature of the feed flow and/or the.membrane
also has an influence 6n the recovery of PFCs on the non-
permeate side of the membrane. Usually, when the feed
and/or the membrane temperature increases,'then for a given
flowrate and pressure drop, a greater quantity of the gas

20 mixture will permeate through the membrane. -

Preferably, on-line performance measurements are made
using at least one NDIR analyzer which has beeﬂ calibrated
for C,F,, or another component of interest. Remote
monitoring and control may be incorporated, for better,

25 performance, particularly during excursions in flow and

concentration of gas mixtures to be separated.



substantially atnospheric pressure, it .is possible to conpress this
feed to have a desired.pressure drop across the nenbrane (but this is
not .preferred because usually, many of the species present in the feed
may deteriorate the 10 conpressor), or alternatively create on the
perneate side of the nenbrane a pressure |lower than feed gas pressure
(whi ch I's preferred because nost of the species which may harmthe
vacuum nmeans are retained on the non-perneate side of the menbr ane) ,
or a conbination, To create this towered 15 pressure on the perneate side
of the menbrane, a vacuum punp or any ot her suction neans is enployed.
Al ternatively, if the feed streamto th& nenbrane is to be conpr essed,
conpressi on s pref e gayef Ay, o Wenbktuld e G5 SL6CAR/ox chES been
pretreated using wet or dry scrubbers, filters, 20 catalytic renoval

pul sed corona deshéutirian@Nvatisdy et aboutdeLEAPESidbotd, 16078, PrdHeraBBy

deconposi tion, as explained in copendi ng application serial no.,
08/ 663, 884, fil ededi@ndde 10°c €0 Ubout NEPCPOAY RdrbfaiaR1PYpreehsnge.
Preferred conpressors are sealed and oil-free, such as the conpressors

25 known under 't hgaddiade rp6s i GRabhO Pt ERR e WALd12Y SubdtOMooc td he
Power'ex Harrison Cbnﬁé%i, of Chi o, USA Cbnpféssion ¥

30 ratio (defidresd as IRl 8ddcQ of pressure at the conpressor out | et
di vided by the pressure at the conpressor inlet) of

Another preferred method of operating the membrane
separation units of the process and system of the invention
is by operating each membraﬁe unit to have a constant, set-
point concentration of one or more PFC gases in the non-

10 permeate stream exiting one or more of the membrane units.
Among the advaﬁtages of operating the process and system of
the invention in this manner are that feed pressure.
fluctuations can be smoothed, and that the life of the
membrane can be prolonged significantly. One way of

15 maintaining the set-point concentration of the PFC in the
non-permeate stream is to pass a portion of the non-permeate
stream, preferably counéercufrently, by the extermal side of
the hollow fiber membrane {that is, on the permeate‘side of
the hollow fibers of the membrane unit). This practice is

20 more fully describéd in U.S. Patent Nos. 5,240,471 and
5,383,957, both assigned to L'Air Liquide S.A., with the
_exceéption that the patents do not describe separation of
PFCs using these techniques. Both of these patents are
incorporated herein by reference for their teaching of sweep

25 gas techniques. Thus, a portion or all of a non-permeate

stream of a first membrane stage N can be used as feed



t he conpressor which feeds the nenbrane unit (or the first
unit of a series of nenbrane units) preferably

about 10: 1,

requi red at other menbrane feed |l ocations in a series of menbrane

units. It

it

menbr ane
5 ranges fromabout 2:1 to

bei ng appreci at ed t hat suppl enmental conpression nay be

may be necessary to provide heat exchange between the

-conpressed feed stream and a cool ant, such as, for ‘exanple, 10 anbient

liquid water or liquid nitrogen, if the tenperature and/ or pressure of
the feed flowng into a particul ar menbrane is to be controlled,
PFC concentration in t he non-perneate3§trean1is controlled at a

set - poi nt val ue, as di scl osed herein.

feed flow and/ ogeidign FRRDEALR: Ne1 ShGorR82 ATkdcf | IENGE 0N T,

15 The tenperature of

or the

t he

ery of

;
PFCs on the non- perneate side of the nenbrane. Usual yﬁn%ﬁeﬁﬁ¥%e f eed
and/ or the menbrhere tienpenally.e innprastsice, 4 lmeall gremsyie edrop betvéw at e

and pressure dro€ a_greater qyantrt of the ga
t hrough the nmenfl

are nmade

for (Jerr]F[err], or another conponent of I1nterest.

20 m xture wll per

, s
3 N. stage N+lppnd Sftage Nvdy, 8Crne Thist Bedns baketleur

UShAGssiirel 2SR RenNR Fieditd! YESla Whagh ogg%%%e% ggl i brat

meat e
enment s
ed

nmoni t ori ng

and control riygbeatieac chaoritee grebsureent tiie £2BA PEIde0bHBAGE supdbiiiand ar | y

during excursions in flow and

separ at ed.

10

15

20

25

stage, such as N+1 or stage N+2.

After this first concentration step in embodiments
comprising one or a plurality of membranes, it is preferred
to then carry out a second step wherein the various PFCs are
at least partially separated from each other, or more
abundant PFCs separated from minor amounts of other PFCS.
Different separation techniques for separating two or more
perflucrocompounds can be used such as distillation,
adsorption, condensation, and the like. Preferably, and
because it may be more appropriate for the streams which are
coming out of a semiconductor maﬁufacturing tool, a
condensation process can be used such as the one known under
the tradename SOLVAL of Air Liquide America Corporation

disclosed in the Technical Bulletin entitled *"Solval™

Solvent Condensation and Recovery System", 1994, and
incorporated herein by reference. Basically, in this
condensation process, the effluent from the non-permeate
side of one or a plurality of membranes is fed into a heat
exchanger. Liquid nitrogen, argon or another cooling m&dium
is introduced into the heat exchanger and flows through the

cooling coils. The mixture of PFC with N, is introduced

concentration of gas m xtures to be



31 - Preferably, the tenperature of the feed and/or the

-menbrane varies fromabout -10C to about 100[err]C, preferably from
about 10[err]C to about 80[err]C, and particularly preferably rangi ng
from anbi ent tenperature (usually about 20[err]Cto 5 25[err]C) to about
60C. ~Anot her preferred method of operating the nmenbrane
separation units of the process and system of the invention I's by
operating each nmenbrane unit to have a constant, set- poi nt

concentration of one or nore PFC gases in the non- 10 permeate stream
exiting one or nore of the nenbrane units. ;5 Among the advantages of
operating the process and system of the rnvention in this manner are

that feed pressurgénto tHe BRélRIdFOBRe QidathaxshiRieheshd Fdws Natodnleshéf e of
t he menbrane can be prolonged significantly. One way of 15 maintaining
t he set-point con€ekts &si éh RASIeKctiughntheshell. ndtheppinture ist cealnd s to

pass a portion of € _non- per.neal strea ref erably countercurrently,
by the external sfded ok rflheegkgwa@ﬁr i BT rgr?ge e (‘t‘hé?fo‘ieg, aﬁ% t he
perneate side of collddtedhpadddvubbharie ebmbpdiatiREiRBeUBLdDingTBLS1PT act i ce
is 20 nore fully described in U'S, Patent Nos. 5,240,471 and

5, 383, 957, bot ¥ atlke drigherothe Aiguid piitgegen £lownrte) inke the exghamgry,on

that the patents do not describe separati of .. PFCs. usi ng t hese
techni ques. Both 6fc t1T¥SE bit sAlESHFTe agnﬁ'}f?cgﬁﬁ%’r’ﬁ Sq+her @’ﬂ% by reference

for their teachi Ngh&fefoWREPnordd c8aprdLeWHN WELYiqddtieq.a portion or all of a
non- per neat e streamof a first menbrane stage.N can be used as feed
In some preferred embodiments, the PFC mixture after
concentration comprises species whose boiling points are
10 close and it is therefore difficult to separate them by
fractional condensation. For example, C,F, has a normal -

beiling point of -78.2°C,and CHF, has a normal boiling point
of -82.1°C; CF, has a normal boiling point of -127.9°C and
NF, has a normal boiling point of -129°C. When it is

15 desired to separate a mixture cémprising at least two
species having close boiling points, then a first sepatration
by, for example, condensation is made between the various
species having boiling points not too close from each other
in order to provide substantially pure species or a mixture

20 of species having close boiling points. Then, the mixture
of species having close boiling points are separated by
another process, for example, adsorption when one of the
species of the mixture is more polar than the other. Nf,
and CF, may be separated using molecular sieves {such” as

25 NaX, Cax, and NaA, or the like); activated carbon; or the

like, wherein the polar species (such as NF, and CHF,) are



32 .Streamfor stage N+1 and/or N+2, etc., bearing in mnd that

there is usually, in practice, a small pressure drop between - stage N,
.stage N+1 and stage N+2, etc. This neans that the pressure on the
non-perneate (feed side) of stage Nis 5 greater than the pressure on the
feed side of any subsequent stage, such as [WI or_stage Nr2.
After this first concentration step in enbodi men| sTHIS SHEES 3%‘?% Ene or a
plurality of menbranes, it is preferred to fhen BT a_sedcond
step wherein the various PFCs are 10 at |east partially separated from
each other, or nore abundant PFCs seﬁgrat ed from m nor anmounts of

ot her PFCS. -Different separation techniques for separating two or nore
per f | uor oconpouptsefeaxmcial i edisanbéd Asdbppddedatd Qibn-polar afeeiRsi ON,
condensation, and the like. Preferably, and 15 because it may be nore
.appropriate for5¢pl 3 CEans which are com ng out of a sem conductor

:manuf acturing tool, Be. 1 fﬂ&gg%{q:gﬁepé\%ﬁ%?acgp ab ugggld t%uggﬁgf%é ihgnone

known under t he trédenama \ _ ui'de America Cor
di scl osed in therdecrisaa! cdieratire 6RE) tied pSidyyakt Brdces2? SRiwent
Condensation and Recovery Systeni, 1994, and I ncorporated herein by

reference. Basié&gdiple,i Shédish air-oudldbasméy A8 s cthe tdeehblbends from
t he non- perneate side of one or a plurality of nenbranes is fed into a
heat exchantfed flppguvigieh deogercheds gbk admoah kA9&r o ML neChEdi um 25 is
dntroduced into heat ch ws Lt hrough th cpol i.ng coils.
:The m xture of c\;m1 ? % Rﬁ;rar %@'?gﬁ\ftﬁ{l (rgogiﬁ%er(? ftluézooc%mpgux?d used By tae
o electronic industry), CHF,, and SF, are destroyed

T

(generating HF and ther undesirable species), C,F; and CF,
10 are only partially destroyed, particularly C,F, which is
| only 50% destroyed: the combustion gases cannot accordingly
be vented. However, when using an oxy-fuel flame which

temperature is about 1400°C, it is possible to destroy most

of the C,F;, while still generating undesirable species. 1In
15 the pi‘esent invention, combustion at 900°C may remove all

PFCs but C,F, and CF,, which may then be separated and
optionally recycled.
The general features of one embodiment according to the

invention are illustrated in FIG. 2, in a semiconductor

20 manufacturing process 1 {(which semiconductor process may-be
any type of process using PFCs and rejecting PFCS). The
PFCs and carrier gases utilized in process 1 are -represent:ed
by 23 and 22, respectively (typically bulk and/or cylinder

delivery through traditional bulk systems or gas cabine?:s

25 well known in the electronic industry) .

This Sheet Has Been Reﬂlaced
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33 - .into the shell of the heat exchanger and flows around the
coils as it passes through the shell. The m xture is cool ed and part
of the PFC vapors are coal esced, liquefied and col | ected based upon
the tenperature at the cooling coils. 5 The hi gher{rtie1 | n
flowate into the exchanger, the lower the tenp f%ﬂ%?%gﬁ;%ﬁ%ﬁ%%gﬂjng
coils, and therefore, nore of PFCs will be liqu fiedF —l

sone preferred enbodi nents, the PFC mi xture after concentration

conpri ses speci es- whose boiling points are’ 10 close and it is therefore
difficult to separate them by fractional condensation. For exanple,
Clerr]F[err] has a nornal boi l'i ng poiﬁ? of -78.2C and CHF[err] has a
normal boiling point .of _- : r.G I | Lheilkihg

poi nt of -127.9[err] C?%r%ug em@%ﬁ _e?? gggzl?én%r“lriml oi%lfinggagbi nt 0%9_ 129C.
Wien it is 15 dgabestadd aa@patifize gases X (Sucorsr chenigradly| semit ifva0
speci es having close boiling_ points, then a first separation by, for
exanpl e, condens&apes) iis Fyedeverad\EEAm BROCeEF | bR exhaugfoline ?‘ravffgg
boiling points not _top close fr L.OwOFder. t Q. prow
substantial ly puggss EeTeS of %P%e%?gﬁ&%aggggfthgﬁgg?gésl %g\ﬂ %%; ca%\gsgﬁg%)i i ng
poi nts. Then, §heofibxdsHed in a donpReSEAS d1avheGonpdessd® ghis N@ifitiret $sar e
separ at ed by anot her process, for exanple, adsorption when one of the
speci es of the ntRemreptisnadly FRUtsd £ cPAEDHORehealer] & kP Provigdgda

Crlerr] my be sapaialed kog Il oyl Al BLAYARLAUE Bachie MmN

NaA, or the |ike aroon; _
mixture is then preferably scrubbed in dry scrubber 3 to

remove moét of silicon hydrides, NH,,, AsH;,

10 tetraethoxysilane (TEOS}, halogen, halides, then preferably
scrubbed in wet scrubber 4 to remove most of hydrides,
halides, halogen gases (depending upon the nature of the gas
mixture provided in 2, only dry scrubber 3 or wet scrubbexr 4
may.be necessary), then filtered in a filter Sb to remove

15 dust, particles, droplets, and the like, having size greater
than 20 micrometers. Additionally, particles and dust may
be removed in a filtexr upstream from dry scrubber 3. A gas
mixture in 25 no longex contains any substantial amount of
harmful component for membrane unit 6. Gas stream 25 is sent

20 on the feed side of a plurality of hollow fibers of membrane
unit 6, the carrier gases of the mixture then permeat;-
through the hollow fibers of membrane unit é and are
recovered or vented as a waste gas 7 (if, for example, the
carrier gas comprises helium, and also argon, it wmay be

25 useful to recéver it and recycle it in the process, with

further purification or not). The non-permeate stream which

This Sheet Has Been Re

G



|l i ke, wherein the polar species (such as NF[err] and CHF[err]) are

34 preferentially adsorbed, as opposed to non-pol ar species such.
as CF[err]. FIG 1 illustrates the efficacy.of a burner to
destroy PFCs versus tenperature ([err]C in a pnf

5 exanpl e, when an air-fuel burner is used, the tenpgra %”S%I‘Egﬁigéggﬁ W
flame which is reached, if alnost 100% of NF[err], fm' EL tl)

(which is not a PFC but is chlorofl uoroconpound used by t he el ectronic
i ndustry), CHF[err], and SF[err] are destroyed (generating HF and

ot her undesirable species), Cerr]F[err] %@d CF[err] 10 are only partially
destroyed, particularly Clerr]F[err] whic only 50% destroyed: the
conbusti on gasesomarizels amsmra(jiolﬁgty PFCs (&snceabiftkd) Have \sdcovebed i ng an
oxy-fuel flanme which enperature i s about 1400[err]C, it is possible
to destroy npst& and eéFh‘Fﬁéi’G[eéF?']’F’f%’IYF}edvﬂﬂ pEoagsd L femetaredgin

may remove al| DU spcBe itk dy SR EF AN phOER P dn-BB0R A Bonon be |

separated and sentOfol anséparateencheit, for example Heof@tyatlicheaiit es of
one enbodi nent according to the i nvention are illustrated in FIG 2, in
a sem conduct®ri0 20 IxpAondansting Widcdls qh@ahlwhgem%mmevw process

may- be any i;ychad%ler gfegsi.gui'nnslﬁi% g&c{e?#sggtéh%gg omngy 23 and

PFCs and carri er Ses rocesd are repre
22, respectivelpoirtyppeaidsy oy ksﬂ@l/deff@edtnﬂmwratesd@f in¥gJ YeHeNr ough

tradltlonal bul k systens or gas cabinets 25 well known in the electronic
i ndustry). condensation of various products is controlled) which are
recovered as a liquid on line 12 and sent to, for example,
10 an adsorption process which separates the polar fraction
from the non-polar £raction {respectively 19, 20), which
fractions are either recovered in 21 for furthsxr treatment
- on-site or off-site (the dotted lines indicate that this is
not the preferred alternative) or recycled/stored in process
15_ 1.
The gaseous fraction from condenser 10 is sent through
line 14, to for example a pressure swing adsorption system
13 (or any other adsorxption system) wherein the adsorbed
species (one or several) are recovered in line 17 and
20 wherein the non-adsorbed species {(one or several) are -
recovered in line 18. Both products in lines 17 and 18 ;re
either recovered in 21 (for example off-site treatment) or
recycled to process 1.
Those species or mixture of species are éither recycled

25 to process 1 or recovered in PFC recovery unit 21. At 24

are the other gas inlets in the process (for example

Sheet Has Been Re laced




35 “ In this enbodi nent, waste gas m xture of
gases and any ot her gases 24 (such as chemcally react
recovered fromprocess 1 in exhaust line 2. The
preferably passed through filter 5a, and then 5 conp
conpressor C. The conpressed gas m xture is t hen
a cooler or heater Qto provide a desired tenpera
conpressed gas m xture. The gas m xture is then p
dry scrubber 3 to remove nost of silicon hydrides
tetraethyl 10 orthosilicate (TECS), hgy ogen, hal
scrubbed in wet scrubber 4 to renove nost of hydrides,.
hal ogen gases (depswidialggapen dther rictaw 8FC$ andeoglaesr th
in 2, only dry scrubber 3_or t scrubber 4 may b

filtered in a fiP8eH Sttt heeotier gaees FafPiRY=Ss

PFCs, carrier
Ive ‘gases) is
gas mxture is )
ressed in a _
optionally routed to
ture for the
referably scrubbed in
, NHerr], AsHerr],
des, then preferably
hal i des,
an carttietegasayi ded
e necessary), then

2dFRAeEd . " and the

like, having sizenlLdkfbr Oga,setsh ZomEt EhARKBES -wrAdd Léé)@é.drh%%p@%éicl es

and dust may be renove
m xture i n 25 nothengebranst forsetampleuBSHIRF], abndmhen
conponent for menbrane unit 6. Gas stream 25 is_sent

In a filter upstreamfromdry scru

r
fliké) and RRLiEHK Ul
20 on the feed side

A gas

of a plurality’® ofrhASeGunit s sferfk b, S manufaghurigy pyacesgr pf et gases

of the m xture tgggidgggggg&p " through the hollow fi
6 and are recovered or vented as a waste gas 7 (if

carrier gas conprisesibel3 uin aaddefiled pafaal viewwf b
recover it and recycle it in the process, wth fur
not). The non- peR¥REETEedPempFARA| gyetem and the condensat

bers of nenbrane unit
, for exanple, the
. 2bosaful to

ther purification or
ion system. A

feed stream 41 (wherein harmful components have been

10 removed) is compressed in compressor 40 and

the stream is

fed to thé feed side 43 of membrane 42. A permeate stream

45 from the permeate side 44 of the membrane is usually

vented. A pressure regulator 46 which may or may not be

required controls the pressure downstream cf the membrane

15 (on the non-permeate stream), while non-permeate stream 47

is fed, for example, to a condensation system 48, wherein it

is separated by heat exchange with liquid nitrogen LN, to

result in condensed stream or liquid stream

49, and

uncondensed stream or gaseous stream 50. After heat

20 exchange, the liquid nitrogen LN, is substantially totally

vaporized as gaseous nitrogen GN,.

FIG. 4 represents a simplified schematic diagram of one

process and system embodiment of the present invention.

Feed gas 90 from a semiconductor manufacturing process is
' d

25 compressed in compressor 92 prior to entering a first stage

membrane Ml1. First stage (N) membrane M1 creates a permeate



36 conprises the majority PFCs (concentrated) are recovered in 8
and either directly recycled to process 1 (or stored in bulk to be

| ater reused in process 1) through a line 9 or sent to a separation
unit, for exanple a condensation unit 5 10. In condensation unit 10, a
heat exchanger receives I|qU|d nitrogen LNJerr] in line 15, which is
war med and | eaves unit 10 via line 16 as LN err]J/G\err]. Unit 10
condenses the high boiling point species (by using different flow ates
of LN2, the condensation of vari ous products is controlled) which are
recovered as a liquid on 10 line 12 and séft to, for exanple, -a pressure

SW ng adsorptlon PSA oce Uni t arat es the polar
fraction from t hE RO pot (ﬁpe‘pr"s ‘fffﬂ'f“ﬁﬁ r\é\%peﬁn\? I?nélé’mfﬁfs RTeEn
fractions are eith@r ar g6 MRIrRdate stir@aklod,Olentikidacint sRAlNERErO bERGL € OF
off-site (the dotted |lines indicate that this is not the preferred

alternative) or raéchatkedstssurd dégulatpr AFeprotides a pressurdFhdrgmseous
fraction fromcondenser 10 is sent thro to for exanple a

second pressure S%FRES pee o‘f‘?sygf’ﬁnﬁ’&meatis’“(rﬁﬁma?ﬁ/ SeReF= W 0Ppt i on
system wherei 8 HecAESAR] (x+1) rRRBEASS MRONErdduciBY o Fekoffi SndiiCOVered in

line 17 and 20 wherein the non-adsorbed species (one or several) are
recovered in |inget8eatlotHFCpeotinites! phr¢am@g, 1ahdapdsdGomay etage peximchte

recovered in 21 (for exanple off-s te treatne recycled to
process 1. treaw ngga%‘gi Brimg d‘zrar§bﬁ’6|aé¥? Brecess gases

recycled 25 1to ghe Eﬁsérel :.%eﬁg o ed dd Bf%éwﬁér%@%ic@]are At 24

are the other gas inlets in process (for exanple
permeable to the M2 membrane. A second back pressure

10 reguiator 99 maintains a pressure drop across second stage
membrane M2. Optionally, streams 94 and 100 may be combined
and either disposed of, or recycled as shown for stream 100.

Optional and preferred components of the system embodied in
Fig. 4 include p;ovision of a valve 104 and conduit 106

15 which allow a portion of the PFC product stream 98 to be
swept across the . permeate gside of membrane M2, thereby
affording process efficiencies as described in the '471 and
'957 patents, previously incorporated by reference. Also,
an optional vacuum means 102 is illustrated on the recycled

20 gas stream. Vacuum pump 102, if present, allows recycled
gas stream 100 to reenter the system with the feed gas. =
Optionally, where vacuum means 102 is provided, itmay be
utilized with or without the pressure of compreésor 92.

FIG. 4a repi'esents the embodiment of Fig. 4, where the

25 vacuum and compressor means are not installed. ‘



37 «chem cal gases other than PFCs and other than carrier gases

used to dilute the other gases or to purge a chanber). Those ot her
gases are sonetines those which are harnful for t he nenbrane (for
exanple SiHerr],W[err], and the |ike) and which 5 are used in other
steps of the manufacturing process of a sém conduct or. - FIG
3is a detailed partial view of FIG 2 of a preferred nenbrane system
and the condensation system A feed stream 41 (wherein harnfu
conponents have been 10 renoved) is conpressed in conpressor 40 and the
streamis fed to the feed side 43 of nenbrane 42. A perneate stream
45 fromthe perneate side 44 of the nenbrage is usually vented. A
pressuré regulator 46 which nmay or nmay not be - required controls the
pressure downstream ofIG.hé adldgtates 1b s(yenem mdnpnemsrraabaatmaanr} whi | e
non- per neat e stream 47 to a condensation system

48, wherein it ® ?'%c%"é’[?&f:ﬁt‘é’cfhoﬁhﬁ'égﬂf g)’l‘ﬁha"ngé’iﬁ}‘ttﬂ‘q PEAY+Rian: PEgRN
LN[err] to readtad %e&ﬂ@gxﬁé'ﬁgeam L9010 ks med ﬁgre%&‘ 49, and

uncondensed stream Or gaseous st Af ter eat 0 exc ange t he
liquid nitrogen bbEbengllys psoiiedntiscd lopntioinllly and weapaki &g az2gaseous
nitrogen G\2. FIG 4 represents a sinplified schematic di agram of

one pr ocesd whick \AIoHF eFRRATTAAR R Fﬁ‘éy‘ﬂteeg‘%‘h‘?ra}nﬁv%t?%ﬁarrler Feed
gas 90 froma SGEAQQQ.O'P%_QF rOBPAGL4d 19 RERRAES10S are comprised

primarily of other process gases as defined herein.
FIGS. 6 and 7 illustrate two other possible embodiments
of the invention. In FIG. &, several identical or different
10 processes 60...61 are present {(either simultarsously or
not), using similar or different PFC gases and other gases
designated as process gases. The gas exhausts from 60...61
are preferably scrubbed in scrubbers S,, 8,, and then are
preferably diluted with N,, and compressed respectively in
15 62...63, and mixed together as a single stream 67 (in fact
the various processes 1...N may either successively or
gimultaneously discharge exhaust gases). Single stream 67
is then preferably filtered at S, as a final cleaning step,
then fed to a mémbrane unit M1 of the invention wherein the
20 permeate 65 may be vented and a non-permeate 66 and G;_a
{(concentrated PFCe) may be recycled to one or several of the
processes 1...N, respectively 60...61. Altematively, non-
permeate stream 66c may be routed to one or more membrane
units M,, M;,...M,, thus improving the purity of the PFCs.
25 Preferably, a sweep gas stream 66b may be employed to sweep

the permeate side of Mi. Membrane units M,, M, and M, also



25 conpressed in conpressor 92 prior to entering a first stage menbr ane
ML. First stage (N) nenbrane ML creates a.perneate

38 ° stream 94 conprised primarily of carrier and process gases,

~and a non-perneate stream 96, enriched i'n one or nore PFCs. A back
~pressure regulator 97 provides a pressure drop ' ‘

Non- perneate stream 96 then enters a 5 second st afeiINSHEETEARST ,

produci ng a second non- permeat e PFC enriched sifreammeprLAGRP llond
st age perneate stream 100 conprised primarily o process

gases whi ch are inperneable to the ML nmenbrane but which are

pernmeable to the M2 nenbrane. A second bacKoOpressure 10 regulator 99
mai ntai ns a pressure,  drop across second sta menbr ane M2. Optionally,

e
streams 94 and 15'6Yn3§7"eoew88?rb$arfe&tream%ndogP?’hé?reaF%&aB‘F?esonr ecycl ed
as shown for stregaiklQhodimenOdd Qﬂ@'_thEBEfﬁ{crlgge Cﬁ{%)gf}g@%%o%f ghe

I valve 1 and condui t

system enbodi ed in Fig. 4 include provision of a
106 15 which al boe ar peorei eacwin phep#HEgar aulli@9bs | r £ HDgl8ptesdide PFC SWept
across the perneate side of menbrane M2, thereby af fordi ng process

ef ficiencies as §ES¥I9DIEsEAlifh 2ndfonfysurge ok f4¢ eAsan HxaPPdeses

i ncor porat ed by hgj_@{ﬁl_.c %igéééeg-;tg grocééke%?t Eé’g?xo}éé@é‘ W‘g%na? irr?é(g%li S

illustrated on t recycle S stream uum punp-1 present,
al l ows recycl ed oxidgasch,r eadahkdOmight denarotide ¢t candi ¥4t anecheed gas.
Optionally, where vacuum neans 102 is -provided, itmay be
. ' might be a tungsten CVD process.
Furthexr illustrated in FIG.6 is a mass flow measurement
device 100 on the non-permeate stream 66 of membrane unit M,
10 which may be used to control the flow of the permeate stream
indirectly via controller 200, which in this case accepts a
signal from flow measurement device 100 and adjusts flow
control valves in conduits 67 and 65. Conduit 66 also
preferably includes a backpressure regulator, which is not
15 illustrated for clarity. Backpressure regulators 102, 104,
and 106 serve the function as described above for
backpressure regulator 97 depicted in FIG. 4. For example,
it may be advantageous, as previously mentioned, to operate
Ml using a set point PFC concentration in the non-permeate
20 stream 66. In such embodiments, the flow measurement device
may also include analysis'equipment to determine the PFé-
concentration in conduit 66. Similar process controls may
be used for membrane units M1, M2, M3, and MN as desired.
Also, similar piping arrangements may be employed in the

25 down stream membranes units, as denoted at 108a, 108b, 108c,

104a, 104b, 104c, 106a, 106b, and 106c.
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utilized with or without the pressure of conpressor 92. FIG 4a
represents the enbodi nent of Fig. 4, where the 25 vacuum and conpressor .
nmeans are not installed.

39 FIG 5 illustrates a system and process s\ Sﬁ_@g‘nghaﬁy, S BEEN
accordance with that of Fig. 4, with the provision of 4§ @IA
menbrane Merr] in recycle gas line 100.. Al so opt i leaadd v provi-ded4-5'a
conduit 110 and vacuum punp 112 5 which al | ows separation vi a recycle
menbrane MR of carrier gases. The recycle gases in conduit 108 are
conpri sed prlnarlly of other process gases as defined herein.

FIGS. 6 and 7 illustrate two other possiblga enbodi nents of the

invention. In FIG 6, several identical or different 10 processes 60...61
are present (either ErGul T dfeduBaxAldel progegsing erbAdinenti Whaerein daicher ent

PFC gases and otphr%rcecslgsgqf__N 6Fyggsogﬂ%%g§ F&tg;o&bi@-gpse.s_ The _gas exhausts

from60...61 are prefera scru noscrupbers Serr I g[Brt], and

then are pr el abkyrdididhedehddtid@ly and7¢ R 0sFasidreapashbialey i N 15
62...63, and m xed together as a single stream 67 (in fact t he various

processes 1... N swefeni MherMsureepettiveyypraccordingmbt ah\%dwleytmsc har ge
exhaust gases gl.e stream 67, - Is then preferably fil at S[err]
as a final § rﬁ%r‘f'g1 5?%% stream %%‘n' ’f73d§? o{]% ﬁgrﬁ)r"‘g rﬁ% t‘he

I nvention wher ei @ittheprg&eg%hgg@tgfsﬁémgeg;.b_es nglt&d_-egggirﬁ noq.hger neate 66

and 66a
permeate- gases are vented together at 78 while each non-

permeate 79, 80 is recycled, preferably to its correséonding
process. Preferred features of this embodiment include a
.10 redundant membrane uniﬁ M, -preferably having its own .
pretreatment unit S,. Also preferred is a recycle membrane
unit M;, which separates usable reactive process gases from
carrier gases. With suitable arrangement of valves, this
eﬁbodiment can operate in parallel or series (cascade) mode.
1s For all different embodiments of the invention, it is .
preferred to create a pressure drop across the membrane. In
one embodiment this may be done by creating vacuum on the
permeate side of the membrane while keeping the feed gas at
about atmospheric pressure, which is usually about the
.20 pressure of the gas mixture released from the semiconductor
manufacturing process. Because usually only the car;ier
gasés permeate through the membrane, damage a vacuum pump Or
other vacuum system is minimized, while on the contrary,
compressing the gas mixture upstream from the membrane would
25 not only mean compressing more gas, but it would also mean a

risk for the compressor means.

N\
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(econcentrated PFCs) may be recycled to one or several of the processes
1... N, respectively 60...61. Alternatively, non- pernmeate stream 66¢C
may be routed to one or nore nmenbrane units Merr], Merr], ...Merr],
thus inproving the purity of the PFCs. 25 Preferably,_ﬁ:;mep%ﬁu"“ﬂ
66b may be enpl oyed to sweep t he perneate side of {MIHI$BHWBERRASBHENS
Merr], Merr] and Merr] also ' REPLACED - 40
may have sweep gas streans. Qther preferred features o thrs
enbodi nent of the invention include the provision of one or nore
vacuum punps (69a and 69b), a high pressure PFC . storage vessel 68,
and/ or a surge tank 64..As an exanpl e of 4% multiple different processes,
one process nmay be a netal " oxide etch, another m ght be an oxide etch,
and yet. anot her BRGhe bblustraresahn 208 sredifferent Sdpwrataemfi ane MR

may be included in preferred systens, wherein all ortlon 65a of
pernmeate stream BBe eBPHELPE P &7§e‘b1a4“31”ean§013° BZ'E’&' §3§%% YiVEAYe PR i er

gases. EULS TRl hsS e & ol P d1358y MY kL ‘rﬁ%swe"ent
device 101 on the non- S'er nmeat e str%ém 66 of érrgrg%ne Eﬁltq\ﬁer whi ch
may be used to csutfade blicabdurw0ol mhehgesiteahe Hiedefibdvw is isadtrbgdid y via
controller 201 which in this case accepts a , 15 signal fromfl ow

measur ement devi ERe MPRIQoEiRAT #LER 13 RErmeatiqn, LP¥TdR PR O PId8ndui ts 67

and 65. Conduit preieer #bkdeari! lepre ator,
whi ch is not ﬁé} ﬁ?ﬁ?‘%ﬁa or - Fa%ﬁl/t ;fggBia%kagas%?eB%eg&rﬁgrsggg% 105,
and 107 serve therdp dcwesn ashel @oarpdrimatboaei fthe pe'&Qleb.aé ket s vEethe

regul ator 97 depicted in FIG 4. For exanple,
membrane, almost no concentrat:.on of C,F‘ occurs (0.2% Of

C,F; recovered on the non-permeate side with the "residue").
10 For higher pressure drops, depending on the feed flow, the
concentration of C,F, then increases with an onset point of

about 7 x 10° N/m’ (AP.a'cross the membrane) for a feed flow

of 130 ml/min. For higher flowrates (170 m./min.) the onset
point is obviously higher {(increases with feed flow)}.

15 FIG. 9 illustrates the effect of the temperature of the
feed flow (or of the membrane)utilizing the same type
membrane as used for FIG. 8. For a higher temperature of

~ the flow, a higher differential pressure across the membrane
is needed to achieve the same concen;ration of PFCs. -

20 FIG. 10 illustrates the recovery rate of CF,, on the
ﬁon-permeate side of the membrane versus the differential
pressure across the membrane for two different flowrates:
for very low differential pressure, about all of the C,F, is
recovered while the rate of C,F, permeating through 65;'

25 membrane progressively increases with the pressure drop
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It may be advant ageous, as previously nentioned, to operate ML using a

set point PFC concentration in the non-perneate stream 66. In such
enbodi ments, the flow measurenment device may al so include anal ysis
equi pnent to determne the PFC 25 concentration in conduit 66. Simlar
process control s may be used for nenbrane units ML, M2, M3, and MN as
desired. Al so, simlar piping arrangenents nmay be enployed in the
down stream nenbranes units, as denoted at 108a, 108b, 108c, 104a,
104b, 104c, 106a, 106b, and 106c.

41 FIG 7 is a parallel processing enbodi nrent wherein each
process 1...N is associated (after dilutionfhith nitrogen and

conpr essi on respeghi Vel ¥hi nTJ;&z%ﬂQ, ’SlenMehile ajﬁl@?@é faster Sc'é?:'}zgé@ﬁe:f ced

Merr]...Merr], respectively, according to the rnvention.

stream 74. .. 75 i sti@drdtesa(canparancunysst €6xr M3er ] /minV @hd1170 ml/fihf h
pretreatnment systens Slerr]...Serr] if necessary). The per neat e
gases (76, 78) are vedlfd ibgddyerratiesyghprefiect of bpmperptyre Iforex 76a and
78a to recycle nmeppr a non- perneate 79, 80, 81 is

; _Whi
recycl ed, preferably & 0% '?]tlgllgbrlr&ehg&%né?mﬁgaﬁr%&%seg‘e ¥ 294 RBSUR® 0L goa

and 8la, L SEECidthkdres atPRO¥E! beflosd BALHI&S icO%enﬁéyc%_s gobagment
i nclude a redundant nenbrane unit Merr], preferably having its own

pretreat ment unit£Sf & blessfes drpp e aboat i B10° NgeyCl e menbrane unit
- Merr], which separates usable reactive process 15 gases fromcarrier
gases. W th suitabl e FapRadgaseRerpfstandpedntyeEIGq nil apdddi whav ttris

operate in.parallgl, 00 SPL1 4% operdPSEHE 88 J830LA{10,PT ovi ous! Y

temperature for a give pressure drop. But FIGs. 8 and 9
10 indicate that a substantial pressure drop is necessary to
have a certain purity of C,F, (and thus a certain
concentration) . _
FIGs. 12-14 illustrate another aspect of the invention.
Gas cabinets (sometimes known as gas panels) are well known
1S in the semiconductor manufacturing art and need little
explanation to the skilled artisan. A gas cabinet for PFCs
will have a PFC vent stream. PFC vents from tube trailers,
clean rooms, gas packéging facilities, and the like, also
are well known and need little explanation. Although the
20 following discussion is for gas cabinet vents, the iaga
pertains to the recovery of a relatively pure PFC stream
from any venting of PFCs. Automated cabinets employ
specific purging routines before and after cylinder change.
Pre-purge routine generally is utilized to purge process gas
25 while a post-purge routine is generally used to remove

purging intrusions.
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FIG 4, 'a portion of each non-perneate stream may be used as a sweep of
t he perneate side of its respective nenbrane, - 20 via |lines 79b, 80b, and .
81b. For all different enbodi ments of the invention, it is
preferred to create a pressure drop across the nenbrapne__ln _—_one-
enbodi ment this may be done by creating vacuum on thej tHis BREFEHAS BEF_(NE of
. the nmenbrane while keeping the feed gas at 25 about tnnsp#mw;_mavessuﬁe,
whi ch is usually about the pressure of the gas m FSee— o
t'he sem conduct or manuf acturi ng process. Because usually only the
carrier gases perneate through the nenbrane, damage a vacuum punp or
42 ot her vacuum systemis mni m zed 4%hil e on the cont rary
conpressing the gas tu ) not only
mean conpressi ng rmrerp Ig;ési:’e ililau%# gggg é%%ﬁeggg "p roﬂskmf’o? PR

conpr essor meansprc Btream td laGgad ¢Aﬂm&trﬁseata& 2HhklE atavpodi f ferent

fl ow ates of the feed flow of 170 mM/mn and 130 mM/mn, respectively,
on a hol | owi¥iuseratedifan elapikylof §4l%1339§°i{§©¢ Vil hvga rvgna tube

surface of about_O. eed fl w I s sent .int :
ol | ow 11 ber i 1T SBEPRE A AR RS, HE S peuPiras SRS R 80 R G
8 clearly il ustgatigs E%oﬂ%rﬂé&@élg&eam 2200680 DYvreicd R BGR- REY NeAt €
and the perneate sides of menbr ane, al nost no concentration of

Clerr]F[err] occas Mazﬂeda‘herem- Clerr]F[err] recovered on the
non- permeate side MAEQGt 14 11§usgra Jg schematically the provision of

multiple (in this case three) gas cabinets 1%50a, 150b, and
150c, all venting into a common membrane recovery unit 200.

10
EXAMPLES
Example 1
A feed stream comprising 0.95% vol. C; Fg, 1.03% vol.
CHF3, 1.10% CFy, and 96.93% nitrogen at a pressure of
15 544,218 Pascal, a temperature of 293K (20°C) and a flowrate
of 193 sl/m (standard liter per minute) is fed on the feed
side of a polyimide membrane made according to USP
5,085,676. A vacuum system creates a low pressure on the
other side of the membrane: the permeate stream recovered
20 is at a pressure of 6,579 Pascal, a temperature of 293K and
a flowrate of 181 sl/m, while on the non-permeate side, the
pressure remains 544,218 Pascal, the temperature 293K and
the flowrate 12 sl/m. The non-permeate (concentrated) --
stream from the membrane comprises:
25 C:F¢ 15.66% vol.
CHF3; 9.54% vol.
CF, 18.15% vol.
N2 56.65% vol.
The permeate stream from the membrane comprises:
30 Cz2Fs 0.02% vol.

W\
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For hi ghér pressure drops, depending on the feed flow, the 15
concgntration of Clerr]F[err] then increases with an onset point of

about 7 x 10[err] N nferr] (AP across the nenbrane) for a feed flow of
130 mM/mn. For higher flowates (170 m/mn.) the onset point is
obvi ously higher (increases with feed flow). FIG 9-illustrates
the effect of the tenperature of the 20 feed flow (or of the

menbrane) utili zing the sanme type ~menbrane as used for FIG 8. For a -
hi gher tenperature of the flow, a higher differential pressure across
t he menbr ane is needed to achieve the same concentration of PFCs.

FIG 10 illustrates the recovery rate of Ceas]F[err], on the 25

non- perneate side of the nmenbrane versus the differential pressure
across the menbrane for twCEfsf PehBhtvadl-ow at es: for very |ow
differential pressure, abouwral lo.oistda.Clerr]Flerr] is recovered
whil e the rate of C[err]F[e,ffr] Bgrwtvjogg t hrough the menbr ane
progressively increases wtif thé“pressuré drop

43 . across t heThfemonapermaeatehstraan facfunthiengséntstter a fenyogenke

flowates (compa econdeastis sydCedldsTddscPolbal KOrddroFeherein 0.4942 FI G
11 illustrates the effec flow of 170 M/ mn.

f t erature for a )
While only an ext rpe?lr“é’ldy#o%qa“r’f%lqﬁf ¥q9en BEO RSP FP L MOPBETIRS oSt IRam 46,
al nost hal f of it grateshed dwathed§| exgtia@ge, thusoromdqmsésgumastdofptivd BECsUL
7x10[err] N Merrlas indicated hEk@RFHr.CCONE bnBbAARRLN s dHCRapdP ARd 11
show it is . : -
liquid streams are the following:
10 Vapor Stream:
: CzFs¢ 1.03% vol.
'CHF3; 0.69% vol.
CFy 16.5% vol.
N, 81.78% vol.
15 This vapor stream comprises essentially CFy diluted in
nitrogen.
Liquid Stream
CaFg¢ 47.83% vol.
CHF; 29.00% vol.
20 CFy 21.81% vol.
Nz 1.37% vol.
The ligquid stream is essentially concentrated into three
liquid species C;F¢, CHF3; and CFs. The liquid stream is then
either recycled into the process from where the feed flow
25 was coming or recovered and shipped for further treatment
(concentration, separation, etc.)

The vapor stream is preferably recyclad to the input of
the cryogenic condensation system or may be treated {for
example scrubbed) and discarded.

30
Example 2

[\

Under the same conditions as in Example 1, a feed
stream comprising 0.95% vol. C; Fg, 1.03% vol. CHF;, 1.10%



t hus better to-operate at high fl owates and anbi ent tenperature for a
gi ve pressure drop. But FIG. 8 and 9 10 indicate that a substanti al

pressure drop i s necessary to have a certain purity of Cferr]F[err]
‘(and thus a certain concentration). FIGs. 12-14 illustrate
anot her aspect of t-he invention. Gas cabinets (sonetines knovvn as gas
panel s) are well known 15.in the sem conduct or{FFes and need
little expl anation to the skilled artisan. Tg'é?ssbaleHéB E‘E(EN FCs

wi || have a PFC vent stream PFC vents from tubg traRERLACED ¢| gan roons,

gas packaging facilities, and the |ike, als are wel I knowr and need
littl e explanati-on. Although the 20 foll o ng di scussion is for gas

cabinet vents, the,idg g6. 99@rﬁlaaregeﬁ%t RepE&sRRr ¥ Of, A igd phiugly pure
PFC stream from an%%ventl n Eﬁ’ omat ed _.cabi nets enpl oy

speci fic purgi ng YFEEF eoé’ifog% Qiddaft BrovERre ifet 9 ndh e (standasds pyr ge
routine general | iteruper idedteDd jpursget porodhessyes meﬁsramta Iae in (KxGmppEr ge
routine is genergl| }éai'?%nﬁ)gaﬁgr%& confiEtdlNgs | i UShOSyogenic

44 FLG ‘13 | ustrates schiematically the provision a pure PFC
‘streamto a gas CSSPRRPLASFYEERR YsiRer ﬁh‘l‘b"daflgtme“' The n@BrPRISRteOr
clarity). Condui{coh2énfarareidi esttedm feoiHies medtirane comprigas: cabi net 150.
Gas cabi net 150 has a ven% FUbge Ofeecqpgui t 180 5 which leads to a

~menbrane separator unit 206 having a non- perneate stream 220 and a
permeate stream 240 as ex;ﬂHEP ndcbdtemetn. FIG 14 illustrates
schematically the provisi @r,0f18.15% vol. :

10 N2 56.65% vol.

at the same temperature and pressure as the feed stream, but
at a flowrate of 12 sl/m.
- The perﬁeate stream from the membrane comprises:
_ CyFg 0.02% vol.
15 CHF3 0.48% vol.
CF; ©0.01% vol.
N2  99.49% vol.
The non-permeate stream is further sent to the cryogenic
separation system disclosed in Example 1 and the fellowing
20 vapor and liquid streams are obtained:
Vapor Stream:
CaFg¢ 1.03% vol.
CHF3; 0.69% vol.
CF¢ 16.5% vol.
25 Np 81.78% vol.
Liguid Stream
CF¢ 47.83%

CHF; 29.00%
CFy 21.81%
3¢ ' N2 1.37%. -

The liquid stream is essentially concentrated into three
liguid species C;Fg, CHF; and CFy. The liquid and vapor
streams are e.g. treated as explained in Example 1.
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multiple’(in this case three) gas cabi nets 150a, 150b, and 150c, all
venti,ng into a conmon nenbrane recovery unit 200. 10

EXAMPLES Exanmple 1 A feed stream conprising 0.95% vol. (Cerr]
Flerr], 1.03% vol. CHF[err], 1.10% CF[err], and 96.93% nitrogen at a
pressure of 15 544,218 Pascal, a tenperature of 293K (20[err]C) and a
flowate of 193 sl/m(standard liter per mnute) is fed on the feed ,
side of a polyimde nmenbrane nade according to USP 5,085, 676. A vacuum
systemcreates a | ow pressure on the ot her side of the menbrane: the
perneate streamrecovered 20 is at a pressure of 6,579 Pascal, a
tenperature of 293K and a flowate of 18%7sl/m while on the

non- per neate side, the pressure remai ns 544,218 Pascal, the tenperature
293K and the flowate 12 sl/m The non-perneate (concentrated) stream
fromthe nenbrane Exemple Ses: 25 - (err]Ferr] 15.66% vol. _
CHF[err] 9.54%vol. Under th CE Lgﬂd 18- 19%.V ek N err]
56. 65% vol . The pern%ftre s?rseaénﬁ from the ne %laneamolﬁprlfsaesfee?o

C[err] Flerr] O. 02®EFBpm comprising O. 20% vol Czrs, 0.01% vol. CHF;, 0.06%
5 crgHE.e1%] NE, 48%0MOISFe and 99.71% nitroden atra grdskuruol .
Nerr] 99, 49% vgl 714,206 82000 PST PRI RMLEUR b od Uld'ST £36RMadl0 08

cryogenic 5 condens 1on sy s her eabove erern
pound of |iquid niBPogbin ﬁéﬁamwd liten@erpoipite) elstsadnrhsthe sament act ed

by heat exchange, mbayﬁaz@ademlm&mmstl ofsa&bauéiﬁgane beidg bamé&teadto
hereafter. The cg_ggom tions of.

an c sepaégiion s ste u'g 24! are the
fol l owi ng: 10 VAT CEYPEhh b tar+ ’T‘ 530l .
CHF[ err] 0.69% 90l The non-permeate (cgn?qnﬁ:Ptg@lgﬂﬂvgm from the membrane N err]
81.78% vol . 15 Thicemyaid¥s:Stream conprises essentially CF4 diluted in
I 0,
ni trogen. Liquid ét ead?5381% vol. Clerr]Flerr] 47.83% vol .

CHF[ err] 29.00% vol .
CHF; 0.02% vol.

CFy 0.1611% wvol.
- 15 NF; 0.0245% vol.
SF¢ 0.0271% vol.
N2 99.2291% vol.
(At the same temperature and pressure than the feed stream,
but at a flowrate of 73 sl/m.) -
20 The permeate stream from the membrane comprises:
C:F¢ 0.0041% vol.
CHF2 0.0047% vol.
CF: 0.0014% vol.
NF; 0.0016% vol.
25 SF¢ 0.0004% vol. —
N, 99.9878% vol.
The pressure of the permeate is 6579 Pascal with a flowrate
of 126 sl/m. The non-permeate stream is further sent to the
cryogenic separation system disclosed in Example 1 (0.4335
30 pound of LN; for each pound of non-permeate stream) ‘and the
following vapor and liquid stream are obtained:

Vapor Stream:



20 * CFlerr] 21.81%vol. N err] 1.37% vol . The
liquid streamis essentially concentrated into three | irqui d speci es
Cerr]F[err], CHF[err] and CF[err]. The liquid streamis then ei t her
recycled into the process fromwhere the feed fl ow 25 was conmi ng or

recovered and shipped for further treatnent (concentration, separation,
etc.) The vapor streamis preferably recycled to the input of

t he cryogeni c condensation systemor may be treated (for exanpl e
scrubbed) and di scarded. 30 Exanpl e 2 : Under the sane conditions
as in Exanple 1, a feed stream conprising 0.95%vol.. (Jerr] F[err],
1.03%vol. CHF[err], 1.10% 48 . )

46 CF[err], and 96.93% nitrogen at a pressure of 544,000 Pascal, a

tenperature of 20[err]C afeFea $133dfht e of 193 sIBFRFPEHSINAAFS 286 Prpeat per
mnute) is sent on the sagHFjyrTE0UdI26® as i n Exanple Tekpes@tulatenpyfne

bei ng connected to the Sagp, Cry. @ghkC 5 separati Oan‘%"f‘tgﬁqg} us;zrlgn%‘irtgﬁ.ied

nitrogen. The non-perneate concentrated) stream he “1e

conpri ses: NEj er®ORfé%r] 15.66% vol . CHF[ err]
9. 54% vol . 5 SEf[ evoi18%18. 15% vol . 10 N[ err]

56. 65% vol . at the sa L ePgEgEdr e and pressure as the feed stream
but at a flowate of 12 sl7m The perneate stream fromthe nmenbrane
conpri ses: LiquidGferedm-[ err] 0.02% vol . 15 CHF[ err]
0.48% vol . - cif 9. b1ofk 01% vol . pressure: 714, 2WeCPhical

99. 49% vol . The non- pgégegst EQQ eami's further set to the erf? nic
separation system di scl os&d"3 ™" le 1 and the fol | 6RPREFFFFapo d
liquid streank®are obtai n€8 0.9900% Vapor Stream Flowrate: 0.2 sl/m.
Cerr]Flerr] 1.03%vol. xr; 0.1400% CHF[err] 0.69% vol.
CF[err] 16.5% vol. 25 6 {)\gerr] 81. 78% vol . Liquid
Stream d ePFq F%fPP0%7. 83% CHF[err] 29.00%
CF[err] 21.81% 30 Nz  2\P8eey 1.37% The liquid streamis
essentially concentrated into three liquid species CJerr]F[err],
CHF[err] and CF[err].. The liquid and vapor streans are e.g. treated as
expl ained in a 4 ' -
Under the same conditions as in Example 1, a feed
stream comprising 0.20% vol. CFs, 0.01% vol. CHF;, 0.06%
CFs, 0.01% NF3, 0.01% STg and 99.71% nitrogen at a pressure
of 319,728 Pascal, a temperature of 20°C and a flowrate of
20 170 sl/m (standard liter per minute) is sent on the same
membrane as in Example 1, said membrane being connected to
the same cryogenic separation system using liquid nitrogen.
The non-permeate (concentrated) stream from the membrane
comprises: - ' -
25 C,Fs 0.5600% vol. '
CHF; 0.0200% vol.
CF¢ 0.1700% vol.
NF; 0.0300% vol.
SF¢ 0.0300% vol.
30 N2 99.2000% vol.
(At the same temperature and pressure than the feed stream,

-

but at a flowrate of 112 sl/m.)



47 - Exanpl e 3 Under the sane conditions as in Exanple 1, a
feed stream conprising 0.20%vol. Cerr]Ferr], 0.01%vol. CHF[err],
0.06% 5 CF[err], 0.01% NF[err], 0.01% SF[err] and 99.71% nitrogen at a
pressure of 714,286 Pascal, a tenperature of 20[err]C and a flow ate of
199 sl/m (standard liter per mnute) is sent on the sane menbrane as in
Exanpl e 1, said nmenbrane being connected to t he -sane cryogenic
separation systemusing liquid nitrogen. 10 The non-perneate (concentrated)
stream from the nmenbrane conpri ses: Clerr]F[err] 0.5381%
vol . - CHF[ err] 0.02% vol . ~ CF[err] 0.1611% vol .
15 NF[err] 0.0245% vol . 49 SF[err] 0.0271% vol .

N err] 99. 2291%1\‘{)4 berme t{eAts t he s%ma H}anper ture and jgres.sure t han t he
feed stream but: SETESHTDRERER o OP3 LT AFRP IS FREPHEYFEat e stream from
t he menbrane conpri ses: Clerr]F[err] 0.0041% vol .

CHF[ err] 0.0047% vol . C;Fs 0.0154&Fk8ir] 0.0014% vol.

NF[err] 0.0016% vol..25 Flerr] 0.0004% vol . _

N err] 99. 9878% vol . Fﬁ’@’pf’e%%"dr eL'B{“'the perneate is 6579 Pascal with
a flowate oBF 126 sl/m CFhie 000039%8r mehte streamis further sent to the
cryogeni c separation systemgli sgl @mRd 8L Exanple 1 (0.4335 30 pound of LN2

for each pound of non-perneafe stream and the foll owi ng vapor and
liquid stream are obtai ned:SFs 0-0009%aby St yeam

48 _ _ N2 99.9738% vol.
) ' The pressure of the permeate is 6579 Pascal with a flowrate
10 of 112 sl/m. The non-permeate stream is further sent to the
cryogenic separation system disclosed in Example 1 (0.4335
1b. of LN, for each lb. of non-permeate stream) and the
following vapor and liquid stream are obtained:

Vapor Stream:

is C2Fg 0.0072% Pressure: 714,286 Pascal
CHF; 0.0003% Temperature: 144K
CF; 0.1145% Flowrate: 72.8 sl/m.

NF; 0.0197%
SFg 0.0003%

20 N, 99.8580%
Liquid Stream
C,Fg 80.67% Pressure: 714,286 Pascal
CHF; 2.88% Temperature: 144K
CF, 8.21% Flowrate: 0.2 sl/m.
25° NF; 1.52% -
SFe 4.34%
No 2.38%
Example 5
30 Under the same conditions as in Example 2, a f;;d

stream comprising 1,.,00% vol. C;Fs, 0.01% vol. CHF;, 0.01%
CF,, and 98.96% nitrogen at a pressurs <£ 9££,6525 Pascal, a

temperature of 20°C and a flowrate of 5,003 sl‘m (standard



Cerr]F[err] 0.3418% Pressure: 714,286 Pascal

CHF[err] 0.0125% Tenperature: 144K

CF[err] 0.1592% Flowate: 72.8 sl/m

NF[err] 0.0242% 5 SF[err] 0.0118% N err]

99. 4505% Li quid Stream . Clerr]F[err] 85.9100%
Pressure: 714,286 Pascal ' CHF[err] 3.2800%

Tenperature: 144K 10 CF[err] 0.9900%. )
Flowate: 0.2 sl/m NF[err] 0.1400% SF[err]
6. 6900% Nerr]- 2.9900% 15 Exanple 4 Under the
same condi-tions as in Exanple 1, a feed 5%t ream conprising 0.20% vol .
Cerr]F[err], 0.0 K] 5 &0 % CE 0 [ &40 0. 01%
SF[err] and 99.71 o%él/‘{)}}’(?r%ﬁg egl ﬁ?e%‘%&r%n the g?m%%&%f%k%a%éc t a .

tenperature of 20PFRYA@eANgS AL EsaFRl® lof 534 PPEPEINPELRa RPN PE i per
B‘i,nut e) is senéI of §é&naﬁmembranermm@m asndett&ﬁnplnenipeﬁmaderrernlm aﬁed
ei ng connected t . the s r e ragj Sys i 1 qui

i trogen o CTheli PR Y E5id citecef A Bhad 7Y ChEY adh ot
conprises: 25 5 (concentrapgdy strpap frop. SEO@kreh|membrane comprises: CHR[ err]

‘0. 0200% vol . CF[err] 0.1700% vol . NF[ err]
0. 0300% vol . ‘ Fl.er ~0300% vol . 30 ' N err]
99. 2000% vol . (At the %’atls‘re%%é%%er‘%tzlure and pressure than the feed
strean but at a flow@i® &F1TAXH-/m) -

49 - The perneate streagpfr @mifeydenbrane conpri ses:

Cerr]Ferr] 0.0154% vol . CHF[ err] 0.0041%vol. 5
CFlerr] 0.003%% vol . NFs  0.17% YQdriorr]  0.0019% vol .

SF[err] 0.0009% vol . SFs 0.31% vdlf.err] 99. 9738% vol . The

pressure of the perneate ig, 65¢3 Ppscah.with a flowate 10 of 112 sl/m

The non-perneate streamis %urther sent to the
: . At the same temperature and pressure than the feed stream,

but at a flowrate of 150 sl/m.
15 The permeate stream from the first membrane comprises:
C.F¢ 0.0012% vol.
CHF; 0.0053% vol.
CFs 0.0009% vol.
NF; 0.0052% vol.
20 . 8Fs 0.0009% vol.
Nz 99.9865% vol.
The non-permeate (concentrated) stream from the second
membrane comprises: \
' CzF¢ 96.52% vol.
25 CHF3 0.23% vol.
CF, 0.81% vol.
NF; 0.24% vol.
SFs 0.81% vol.
N2 0.39% vol.
30 The permeate stream from the second membrane comprises:
C2Fs 0.0636% vol. '
CHF; 0.1358% vol.



cryogeni ¢ separation systemdi sclosed in Exanple 1 (0.4335 | b. of LN2

for each | b. of non-perneate stream and the foll owi ng vapor and liquid
stream-are obtained: Vapor Stream 15 cerr ] Elerr]
0.0072% Pressure: 714,286 Pascal THIS SHEET HaGHE sy 1]

0. 0003% Tenperature: 144K _ BEPL@EEer 1]
0.1145% Flowate: 72.8 sl/m : NFEF !

0. 0197% - SF[err] 0.0003% 20 N err] 99. 8580%
Liquid Stream Cerr]Flerr] 80.67% Pressure:
714, 286 Pascal CHF[ err] 2.88% : -
Tenperature: 144K CFlerr] 8%1%

Flowate: 0.2 sl/m 25 err] 1.52%

- SF[err] 4;%,4%0.042w[vo : Nerr] 2.38% Exanpl e
5 30 Under the sane c¥iudi ©i-33%%%yolln Exanple 2, a feed stream
conprising 1.00% vol. Cerrgf] er.bsoés ¥bYovol . CHF[err], 0.01% CF4, and
98.96% nitrogen at a pressuyre of 595 Pascal, a t enper at ure of
20[err]C and a flowate of %iz 0069-5?6764%%( ZPhndar d

50 liter p& mnute) is sent on the sane nenbrane (first menbr ane)
as in Exanple 1, siifhgignerane being connected to a second nenbrane
(cascade connection: non-perneate side of the first to the feed side of

the second). The non- pSpAatde SapR FRAGAEICRTAP &R (BX2APE? Om @hEeed st
menbr ane conpri sesstream comprising 1.00% ebl] RfE¢,r P.238. Qo amd 98.9%

CHF[err] 0.17% vol ;¢ £ Qkr 273 %1318 . 10
NF[err] 0.17% voInl rogen at a press err % glgﬁ%%//%llf 4 temperature of

N[err]  65. 11%%A0°C andp flowrabeof SnPes HTaRE/ B HF Sl o0t Kh® $3%e f ced
st ream but atmewbirhaur £8 enoExdmbles U, nsaikb méer4iR BeShE donheadted reymat he
first nmenbrane co . SEeS.... . rr rrl..0.0012% vol .

CHELerr] 0. 005306 vifcuun switch adsorptign Sgr‘]ee"-‘ ST oeR f AR Ry eime
NF[err] 0.0052% \*fi 152pin. The non-pegmpate | (copcef@yedb|stream from the

membrane comprises:
15 C,Fg 74.2% wt.
CF; 10.8% wt.
N2 15.1% wt.
At the same temperature and pressure than the feed stream,
but at a flowrate of 84 grams/min.
20 The permeate stream from the membrane comprises:
Cz2Fs 0.001% wt.
CFy 0.014% wt.
N,  99.985% wt.
The VSA non-adsorbed stream comprises:
25 CzF¢ 94.9% wt.
CF, 5.1% wt.
The VSA adsorbed stream éomprises:
CFy 30.9% wt.
N> 69.1% wt.

Exampla 7
A system of the invention was used to recover PFCs from

an effluent stream from a semiconductor tool. A first

_—
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N err] 99. 9865% vol . The non- pér nmeate (concentrated) streamfromthe

second menbr ane conpri ses: Cerr]Flerr] 96.52% vol. 25
CHF[ err] 0.23%vol. CF[err] 0.81%vol.

NF[err] 0.24%vol. SF[err] 0.81%vol.

N err] 0.39% vol . 30 The perneate streamfromthe second nenbrane

conpri ses: Cerr]Flerr] 0.0636% vol. - CHF[ err]
0. 1358% vol . _ 51

CF[err] 0.0424% vol . - NF[err] 0.1339% vol .

SF[err] 0.0406% vol . N err] s299.58739% vol. 5 Exanpl e 6
Under the sane conditions as in Exanple 2, a feed “stream conpri si ng

1.00% vol . C er rfeshnane septcrhicynit inatudmgl ghgee hollewdfdbesit a pressure
of 213,315 Pascapundels¢Mieiial W Sefdnd edbifid eparitianf bW aher@ded, 366

grans/mn. is sent on the ane sai rrenbr ane
bei ng connected Y% ° %@n?ﬁ'nféwgg’“é‘a@‘érpfﬁsa&hn‘é%° mL'%gA}’ f?‘u
switching tine equ#l 18 surfaceéharemn-thusnehe difeomeshrang ad)itspresidedr om

t he menbr ang QQNEY k$RSs the surface area E& hb5E Urahsfér MWl did the
CF[err] 10.8% wt 9 e sane

N[.err 5. 1% Wt . [t
tenperature and PretsBPRsran EafiR q"é'@hes?f%%ﬂhseyt}fufmgmh@f‘f’ﬁﬁf ate of 84
grams/ mn. 20 Thédesmibedtin Exasphe f¥.onAt eedrtibeam ecowpniginge2083 ppm

Clerr]F[err] O. . 1
Norr] 09, opmfiit’ “o PR SRy end batatce fifchopest A Dpsasaure of

Clerr] Flerr] 94.3uh 540 kiloPascal, a temperaturs qf 3K (32°CHhandisn adsor bed
st ream conpr ixesflowrate of 201 scfKF[ear B SYaOYstdndard liter per minuMegdrr]

69. 1% wt. 30 wa ¥R §a % feed &m 108 i dle phpventd Qo yas used to
recover PFCs from annetfhfel ugﬁt ss ream% m9a semmcond'uct or tool. A first
accorxrding to USP 5,085,676. The PFC material balance

indicated that the PFC flow in the feed was about 0.4590
scth, or about 0.217 sl/ﬁ.; the product (non-permeate stream

15 from the second membrane unit) had a PFC concentration of
about 64.7%, and a nitrogen concentration of about 35.3%.
The PFC recovered in the non-permeate from the second
membrane was about 0.457 scfh, or 0.216 sl/m, for a PFC
recovery of about 99.5%.

20 Further modifications to the invention will be apparent

to those skilled in the art, and the scope of the following
claims are not intended to be unfairly limited by the

foregoing description.



52 mEnbr ane separation unit included three hollow fiber bundl es,

whi | e aWar ation unit included onl y one hol |l ow fi ber
bundl e. | | ow fiber—bundl e was equal gg? us the
first neﬁmm M’ ded 5 three tines t eTiéiéar?'"éFcFJ %rrrrass
transfer ﬂ,’lfl rst bundle. Each biindl e BFELA hol | ow
fibers . describéd fn Exanple 1. A feed -streantconprisi ng 2083 ppm
Clerr]F[err], 595 ppm CF[err], and bal ance nitrogen, at a pressure of
about 540 kil oPascal, a tenperature of 305K (32C) and a 10 flowate of 201 -
scfh, or 95 sl/m(standard liter per m nutep3 was fed on the feed side of
a poI yi m de nmenbrape nmde _ cording to USP 5,085, 676. The PFC material -
bal ance i ndi cat®dtt hatchatme éF:E?‘f low in the feed was about 0.4590

scfh, or about 0.217 s{/m 5 gggc@gsoqggc}eédqgg Q@r;@;@& 4 ream 15 fromthe
.second menbrane uni't) had a PFC concentration of %out 64. 7% and a

ni t rogen concent r geréhuofocmpotndgad¥from albes REGtuee pveampetising the
non-perneate fromthe second menbr ane was about 0.457 scfh, or 0.216
sl/m for a PFC StPEE®%ry of about 99.5% 20 - Furt her modi i cati ons

to the inventiog will be appar S agpd the
scope of - the foPI oW ng le a?%ovg'%n%% |%t§n§gget e u?i?gl%fy I|mted

by the f or egoiong ﬂeﬁiﬂuq&bcempound gas and at least one carrier gas, said
53 What is clainmed is: process to_recover at |east one
per f | uor oconpound 9g8s™iFSifiea PHART rﬁthuFFStcBﬁﬁﬁ‘?an"@r?eflrStst eps of 5

a) providing a anpg}&g&ree conprising at |east

b) providing a first membrane having a feed side
10 and a permeate side and exhibiting preferential permeation
of the carrier gas, having select1v1ty SEL, defined as
D.S./D,S, greater than 1.0,
wherein,
D

e is the mobility selectivity of a

15 . perfluoroc compound gas
S, 1is the solubility selectivity of
the perf}uoro compound gas
D, is the mobility selectivity of a
carrier gas
20 8, is the solubility selectivity of
the carrier gas ; -
c) ccntactlng the feed side of gaid
membrane with said gas mixture,
a) withdrawing from the feed side of said

25 membrane as a first non-permeate stream at a pressdre which

is substantially equal to said predatsyminzd pressure a

This Sheet Has g
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one perfll roconpound gas and at |east one carrier gas, sai d gas
nlxtuTe being a ressure and a first tenper at ure;

provi wm I’# t menbrane having a feed pat e si de
and exhi bi W !ﬁ per meat i on of vi ng
sel ectivity*SEE, d Dlerr]S[err]/D S O than 1.0,
wher ei n,. D err] Is the nobility selectivity of a
15 perfl uoro conpound gas
Slerr] is the solubility selectivity of
t he perfluoro conpound gas 54 Derr] Is the
nobi-l ity selectivity of a carrier gas 20
S[err] i s the swingbntrageds ghecmmwy mmpnsmg essentially the at least
the carrier gas ; c) contacting the feed side of said
menbrane with sai®e gagrm&‘i?Fs‘“Pmd gas; and d) wthdrawi ng from
the feed side of said 25 nenbgpne @3sparduingt FARD R’ PEAlALS EEMNAA a
pressure which is substantially equal to said first pressure a
54 concentr atsaidgmembmadeuae & diipst sperpeass estiriean| 3 ddpdesed| st one
per f | uor oconpound and W thdrawi ng fromthe
perneate side of t“§%1|‘i?”f?é‘ﬁﬁ?"é$€s§§nﬁ"§]ﬂ1¥sf’f ‘gg“’wéﬁt' S38Y g8fh et ed

gas 5 m xture (‘ggggl sting essentially of the at |east one carrier

2. The process according to Claim 1 wherein a
selectivity ratio "SEL," is between about 5 and about 1,000
10 for any of said at least one carrier gas to any of said at

least one perfluorocompound gas.

3. Process in accordance with claim 1, wherein said
gas mixture pressure is supplied by compressing said gas

15 mixture with a compressor.

4. Process in accordance with claim 3, wherein said

compressor is oil-free and sealed.

20 5. A process according to claim 1, wherein said-gas
mixture is treated prior to entry to the feed side of the
first membrane to substantially remove most of the species
harmful for the membrane prior to feeding said gas mixture
to the feed side of the membrane.

25

5\
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gas. \ZR_T_Jrocess according to Caim1l V\,herel n the

sel ec1|v o "SEL," is between about 5 and about 1,000 10 for any of
said at m jl jm"m gas to any of said at | east one
perfl uor 3. Process in accordance with claiml1,

wherein said flrst pressure is supplie ) T, S3i d gas
15 mxture with a conpressor. 4, oﬁ% P "i\%%oé%ﬁﬁ%e wth

claim3, wherein said conpressor is oil-freetand.s 20 1| 5.
A process according to claim1l, wherein said--gas m xture is treated by
a pretreatnent process prior to entry to the feed side of the first

menbrane to substantially renove species Sshar nf ul for the menbr ane pri or
to contacting the feed side of the %anevgs Ei s m xture. 25
6. Process in accordfnce BROERSEILR AFIO PelfHS% Sigim 8 eredn 5Fig | s
treated prior to gp&gggdr%n gotfeeégg_&e ¢8RS doUke
conpr essor . % ,%\ process I(;Jéogr ding to cf’g?r{m f V\%erel n said
first menbr ane:ompoancse harafhkaic the naprasgoqr ef erential to the
permeation of said at |east one carrier gas.

5 7. A process accoxding to claim i, wherein said first

membrane is a size selective membrane preferent;al to the

permeation of carrier gas.

8. A process according to claim 7, wherein the

10 wmembrane is asymetric.

9. A process according to claim 7, whereln said

membrane comprises a plurality of hollow fibers.

15 10. A process'acco;ding to claim 9, wherein said feed
gide of the membrane comprises a bore side of each of said
plurality of hollow fibers, while the permeate side is an

outgide of each hollow fiber.

20 11. Process in accordance with claim 1, wherein said
| gas mixture comprises an effluent stream from a proceéss
selected from the group consisting of etching, chemical

vapor deposition, and chamber cleaning.

£

25 12. A process according to claim 1, wherein the

perfluorocompound gas is selected from the group consisting

This gp,
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9. A proc | ai m 7, wherein said nmenbrane conprises a
pl ural i ty 10. A process_ac claim?9,
wher ei n sald feed S|de of the menbr ane co
sai d plurality of hollow fibers, while the"
out si de of each holl ow fi ber. 20 11. e wth
claim1l1, wherein said gas m xture conprises an effluent stream from a
process =~ selected fromthe group consisting of etching, chem cal

vapor deposi-tion, and chanber cleaning. 25 12. A process according
to claiml1, wherein the per fl uoroconpobfd gas is selected fromthe
group consi sting . , 56 of
fluorocarbons, NPT EPMPEOSRFRNS MRyl §5enSRAPTTINSTRRF  nPRE Jpadures

t-her eof . thereck3- A process according to claim1, wherein the at

| east one 5 carrier gas is selected fromthe group consisting of Ar,
Nerr], Kr, Xe, Ne, Jerr], He, Herr], CO CJerr], Herr]O and

m xtures thereof including air. .
: 13. A process according to claim 1, wherein the

8. A prbcess a ml ’IEI Ia| m 7, V\,herel n the 10 menbrane is asymetric.

5 carrier gas is selected from the group comsisting of Ar, N,,
- Kr, Xe, Ne, O0,, He, H,, CO, CO,, H,0 and mixtures thereof

including air.

14. A process according to claim 7, wherein the
10 membrane is a glassy polymer made of at least one polymer
selected from the group consisting of polymides, polyamides,
polyamides-imides, polyesters, polycarbonates, polysulfones,
polyethersulfone, polyetherketone, alkyl substituted
aromatic polyesters, cellulose acetate, blends of
15 polyethersulfone, fluorinated aromatic polyimides,
polyamides and polyamide-imides, polyphenylene oxide,
sulfonated polypﬂeeylene oxide, polysulfones,
polyethersulfones, polyetherethersulfones, polyetherketones,
polyimides, copolymers thereof, and substituted polymers
20 thereof. | -
15. A process according to claim 1, wherein the
membrane is hollow fiber membrane comprising a polymer core
and a skin, the permeability of the polymer of the skjn

25 being lower for perfluorocompound than for nitrogen.

_—

Ths&ma

I

f each of



14. A prb?essw;)ﬁgl aim7, wherein the 10 nenbrane is a gl assy
pol yner f at |eas pol ymer selected fromthe group .
consi sti m@@m ol yam des, pol yam des-i m des, polyesters,
pol ycar bona s W#Mes, pol yet her sul f ' ed

aromatic pol yester§, teliul ose acetate, fludripatasmonmbESN
pol yi m des, pol yphenyl ene oxide, 15 sulfonated pol yphapyl &oepoxid

pol yet hér et her sul fones, pol yet hér ket ones, copeiyn - ends
t hereof, and substituted polymers thereof. 15. A process
according to claim1, wherein the menbrane i s hollow fiber nmenbrane
conprising a polyner core 20 and a skin, tdve perneability of the pol yner
of the skin bei ng | ower for perfluoroconpound than for nitrogen.

57 16. A pr dEesd PXEEREF MFCOEIEIGtR d1aifhdy cYhereia ghe gas

m xture which is t i r ' . 1%
vol . of each of d‘g%gggg vg%rré#o%gn‘t%s]&\ﬂn%?c "?iirq;gi Egﬁe&? fand q%gpr%ﬁ?aé mENbr ane.
17. A process acathagi 0y vl .Cbfii 6adh ofhgasscust bemmments whilch Hre hddnthli S

contacted with the nenbrane conprises | ess than 10 ppm of each gaseous
conmponent whi ch' i¥®*hhefRambrgpe.  the nenbrane. 10 18. A
process according to claim1l, wherein the gas m xture, which is
contacted with the nenbrane conprises | ess than 1 ppm of each gaseous

conponent whi ch i s hatwf ula p@bcess according to claim 1, wherein tile gas
mixture which is'-contacted with the membrane comprises less
than 10 ppm of each gaseous cowmponent which is bharmful for
the membrane.
10
18. A process according to claim 1, wherein the gas
mixture, which is contacted with the membrane comprises less
than 1 ppm of each gaseous component which is harmful. for .
the membrane.
15
19. A process accofding to claim 1, wherein the gas
mixture prior to being fed to the membrane, is brought to a
pressure which is effective for carrying out the separation
of the perfluorocompound gas or gas mixture in order to
20 recover a non-permeate stream which is concentrated.in

perfluorocompound species compared to the gas mixture.

20. A process according to claim 1 wherein the ratio
of absolute pressure of the feed side to the permeatg side

25 ig between about 2 and about 10.

. \
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t he menbrane. 19. A process according to claimt, wherein the
gas . m xtu | contacting the feed side of the nenbrane, is
br ought to e which i's effective for carrying out the.

separation mﬁ l’,"ﬂ onpound gas or gas gsxture in order to 20

recover a non-pe m whi ch i s concent l{a oconpound
speci es conpared to the’ gds mi xture. ording to
claiml wherein a ratio of absol ute pres; : ifide to the
perneate side 25 is between about 2 and about 10. s

58 21. A process according to claim1, wherein the first

pressure of the gas m xture at the feed to she nenbrane s - betmeen
about -10[err] Pascal to about 2.0x10[e Pascal. . Process

according to claima1, %erélﬁ’FWésd%?ﬁ g9 to cdaim rﬁ'xf"l}ﬁee’rfs tlhﬁ f1 ow
communi cat i on w tg %éu‘%‘é’ BE S r%gfsrhﬂetu% 8t the ¥§§&“{:'3' Eg%rk?emb ane i

23. A process according to c Y herein at | east por t7OR B the
first non-permeat BeSidnabbsie IVNPdsRad €€ atbout 2 0x10” Qfasaalsecond menbr ane,
sai d second nenbrane producing a second non-perneate stream nore

concentrated in per fl uorocompounds than-said first non-perneate stream
sai d Procesgs cont 13U n tcre"s;%uggc&tﬁ%nb)ég%aﬁ\agewhere:m the deleted

gas is in flow communication with the low pressure side of

vacuum means.

23. A process according to claim 1, wherein at least a
10 portion of the first non-permeate stream is sent to a feed
side of a second membrane, said second membrane producing a
second non-permeate stream more concentrated in
perfluorocompounds than said first non-permeate stream, said
process continuing through N-stages.
15
24. ‘A process according to claim 23, wherein the
number of stages N is at least 2, and wherein at least a
portion of the permeate of a stage less than N is removed,
and further wherein at least a portion of the permeate of a
20 stage is recycled to the feed side of an upstream stagé.
25. Process of claim 20 further comprising increasing
the preseure of the recycled portion prior to its contact.
with the upstream stage. Py

25
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24. A process according to claim 23, wherei n the nunber of stages Nis
at | east Eh’aruh_e,r_ej_n—%—east a portion of the permeate of a stage
| ess t han I's renoved and further wherein at | east a portion of the

per neat e of ﬂmﬂ‘\gﬂu\ m ecycled to the f eam st age.
25. Pr ocess\\m“ her conpri sing i NcivEEsSSHEET HAS BRENpltessur e of
the portion df the perrreate of a stage Wmchl S REPBAGEDed prjior to its
contact with the upstream stage. 25 '
59 " 26. A process in accordance with claim23 wherein N ranges
from3 to 10. 27. A process according to claim 24, wherein the
5 second nenbrane has a selectivity ratio f8# carrier gas which is
greater than a sel ecti ty,l rati o of i_r.st

Process .i n accordance %\lléth c?’é"?ﬁszlﬁhae‘fc rRaRge f&tgg‘rr‘%r’ﬂh@:;s‘f%eg?&nawe
present and the proREsSS fromOBCfatied at a - constant concentration
‘set-point for one or nore per fl uoroconpound gases in a non- perneate
stream of stage N. 15 - 29. A process according to claim 23,
wherein the second._menmbrane has a sel.ectivity, ratlo for carrier gas

which is less than a stl'ecfi BTISPSFapFPERI ke GlpLp 24, wherein the

5 second membrane has a selectivity ratio for carrier gas

28.

which'is greater than the selectivity ratio of the first

membrane.

28. Process in accordance with claim 23 wherein N
10 membrane stages are present énd the process is operated at a
constant concentration-set-point for one or more
perfluorocompound gases in said non-permeate stream of stage

N.

is 29. A process according to claim 23, wherein the
second membrane has a selectivity ratio for carrier gas
which isg .less than the selectivity ratio of the first

membrane for carrier gas.

20 30. A process according to claim 24, wherein the
second membrane has a selectivity ratio for carrier gas
which is less than the selectivity ratio of the first

membrane for carrier gas.
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menbrane: for carrier gas. 20 30. A process according to claim 24,
wherein the second nenbrane has a selectivity ratio for carrier gas
V\hlchls,Lesmwtyratio of thefirst menbr ane for

carrier gas

31. A proceﬁﬂ‘!ﬂm ““ \I\‘ u“\:l aim1, wherein the non- per?ngate stream
S 0

I S conpres rncoal et, and stored I n storage nmeans for further
processi ng. A process according to claim1, wherein the gas
m xture is deri ved from a manuf acturi ng process and at | east a portion
of the first nonperneate streamis recycleghto the manuf act uri ng
process. 10 33. A process according to claim 12, wherein the non-
per neate stream conpﬁﬂ-sesAePl-’mcﬁﬁﬁr%chw qu;slm@ouharem tgasle@,n-sel ect ed

fromthe group COI’ISIS | of SELe ‘%’ e a]f‘ Perr% rr]
and NF[err]. Ee eamA ;L:‘)roc 53%%%0 4 dglffiai?‘ﬁ‘% Stmﬁ%‘?e}r’h at
| east one ofsgda;el Chédnd IR OMpaHNae gg&@gsgﬁgthe non- per neat e stream
is further separated from ot her perfl uoroconpounds in
5 32. A process according to claim 1, wherein the gas
mixture is derived from a manufacturing prccess and at least
a portion of the first nonpermeate stream is recycled to the

manufacturing process.

10 33. A process according to claim 12, wherein the non-
permeate stream comprises a mixture of perfluorocompound
gases selected from the group consisting of S¥,, C,F,, CHF,,
CF, and NF,.

15 34. A process according to claim 1, wherein at least
one of the perfluorocompound gases of the non-permeate
stream is further separated from other perflucrccompcunds in

said non-permeate stream.

20 35. A process according to claim 33, wherein -
separation of at least one less volatile from more volatile
perfluorocompound gases is made by condensation in a heat
exchanger using a cooling £luid at an effective temperature

and flowrate.

L\Y
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sai d non-perneate stream - 20 35. A process according to claim 33,
Wnergi n separation of at |east one less volatile fromnore volatile
perfl uoroco'nl'iound gases i s made by condensation in a heat exchanger

cx "0 * TN e e EGSFS?%t“fHW;TH;;‘;ﬁ;S?m' = 4
5 O

portion of t ffe fon” pef nefat e stream consi sts esglent | a\FxE)ﬁLACEl [err] and
CF[err] and is sent to an adsorption system wh ' S
adsorbed and CF[err] is not. _ 37. A process according to claim
34, wherein at l'east a portion of the man-perneate stream consists
essentially of CHF[err] and CJerr]F[err] and is contacted with an

adsor bent whereby CHF[8f¢] A prpredasserding tadelaimeds. Ivherein at leags. A
process according to claim34.  wherein_ at |east one_of the_ .

per f | uor oconpounds* ips?t%é%%r‘%t Eaef’?"cf‘ﬁp{eﬁ'é‘eantc?n?%mam SEF eI 5% CrEam ¥ Y
menbrane system hasf Ng, QR@ 6F, HBM fent toBAHEBLPESRRAGPELAN whe2d€S NEOis
39. A process according to claim1, wherein the gas m xture first .
tenperature as it adsorbed tdnd FBniisanpet {f eed side is between about
-40[err]C to 129[err] C.

37. A process according to claim 24, wherzin at least
a portion of the non-permeate stream consisting essentially
of CHF, and C,F; is contacted with an adsorbent whereby CHF,
is preferentially adsorbed;
10
38. A process acdofding to claim 34, wherein at least
one of the perfluorocompounds is separated from the non-
permeate stream in a membrane system having one or more
membrane separation stages
- 18 _
39. A process according to claim 1, wherein the gas

mixture first temperature as it enters thz membrane feed

side is between about -40°C to 120°C.

20 '40. A process according to claim 1, wherein the gas
mixture is heated to a second temperature before feeding gas
mixture to the membrane, said second temperature ranging
from about -40 to about 120°C.

25 41. A process according to claim 1, wherein the gas

mixture is cooled to a second temperature before sending the

—_—
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20 -40. A process according to claim1l1, wherein the gas mxture is

heated_to a second tenperature. before feeding gas m xture to the

menbrane, said second tenperature rangi ng " from about -40 to about
120[err]lﬂ'““]ﬂﬂllllluluﬁm A process according to claim1, wherein the gas
m xture cond tenperature before sending the

62 gas mi xt'ur€ oh to the menbr ane, said second tenperature rangi ng
from about -40 to about 120[err]C. - 42. Process in accordance
with claiml, wherein at 5 least a portion of the first nonperneate
streamis used as a sweep gas on t he pé?rreate'si de of the rrenbrane

43. Process in accordance with claim?2 wher el | east portlon of

a Nth nonper meat 828t PEEHFr 8fh §2 Reqplacang, s§§°’%f1 SRR Y2 %0n t he
perneat e side of r§H¥1xP§ efgoguga%ut BPS algugnfdpe, on the perneate side of

menbrane stage N Procéss I n accordance with claim 32,
wherein the portion of the non-perneate streamwhich is recycled is 15.
routed to a surge tank prior to re-entering the process, or pri.or to
being routed to storage. Process in accordance with claim 1, wherein at

5 least a portion of the first nonpermeate stream is used as a

sweép gas on the permeate side of the membrane.

43. Process in accordance with claim 23, whereln at
least a portion of a Nth nonpermeate stream from stage N is
10 used as a sweep gas on the permeate side of any previous

membrane and/or on the permeate side of membrane stage N.

44. Drocess in accordance with claim 32, wherein the
portion of the non-permeate stream which is recycled is
15 routed to a surge tank priof to re-entering the process, or

prior to being routed to storage.

45. Process in accordance with claim 1 wherein the
process is cperated at a constant concentration set-point
20 for one or more perfluorocompound gases in said first non-

permeate stream.

46. DProcess in accordance with claim 23 whersin each
stage is operated at a constant concentration set-point for
L 4
25 one or more perfluorocompound gases in each stage by

controlling at least one membrane operation parametexr



45. Process in accordance with claim1l wherein the process i s operated
at a constant concentration—set-point 20 for one or nore perfl uoroconpound

gasesS in saj [ | perneate stream 46. Process in
accor da_nce_r I "ﬂﬁ Imwlzuuﬂer ein each stage is operated m;ﬁ;—ﬁ-onstant
YIBEERS

gg)gcentratlon settpot nis Ter 25 one or nore per ] éww I n each
ge by controlling at 1east one nenbrane {p CLep ReEm et er

63 selected fromthe group consisting of f o

rate, feed pressure, transmenbrane pressure ratio, and ‘tenperature.

5 47. - Process in accordance with clagm 1, wherein the per neat e
streamis recycled to the process, or to storage. 48. Process

i n accordance w sbledtssdnfromties eirbup consiptinigabEt §lowf rhtke sifeepnbhde

sem conductor manufacturing 10 tools are arranged in parallel flow

rel ati onshi p, an¥at@ctfeed Pre3funtastianfgrerAned PERFTUESEAEI g adnbr ane

separation unit, tampe aq:i“_drerrenbrane units being the sane or different.

49. Process in accC ance With claima48 wherein there 15 exists one or

nore spare nenbranes, which allow one or nore menbranes to be serviced

or otherw se by-passed.
S 47. Process in accordance with claim 1, wherein the

permeate stream is recycled to the process, or to storage.

48. Process in accordance with claim 1, wherein a
pPlurality of like ox unlike semiconductor manufacturing
10 tools are arranged in parallel flow rzlatiznshkip, and each

tool has a dedicated corresponding membrane separation unit,

said membrane units being the same or different.

49. Process in accordance with claim 48 wherein there
15 exists one or more spare membranes, which allow the primary

membranes to be serviced or otherwise by-passed.

50. Process in accordance with claim 5, ‘wherein said
treatment is selected from the group consisting of plasma
20 decomposition, thermal decomposition, catalytic -

decomposition, scrubbing, and adsorption.

51. Process in accordance with claim 50, wherein a
waste stream from said pretreatment is used to éenerate
£

25 perfluorocompounds.
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50. Proceéss in accordance with claim5, wherein said - pretreat ment

process‘t—swaihe group consi sting of Yo
t her nal g osition al ytic deconpositig H&:SUE@T Ags g

adsor pt i Wﬁ,”(’"u 1. Process in accordance MF&AGEBO whi
wast e st MM etreat ment process is used o FeReai-o

perfluoroconpound§

64

52. Process in accordance with claiml, wherein at | east a portion of
t he non-perneate stream from one or nore initial menbrane stages is
treated to renove non- per fl uor oconpoungk gases and ot her materials
which may be 5 harnful to the nenbrane . Process in

accof dance with cl ai msf wheassh %ﬂf“rda"b‘feo@é?é ‘F]§‘16‘pér EFeaE 3F const ant
carrier gas flow a pottion of ok poft n?éﬁ%%%é £ afC VG o?:lte Efaﬁ:? one

per f | uor oconpoun gas or gas m xture as mxture

sem conduct or manidiaghlr méfbyaneCessges is t:ﬁemtretistdﬂg:d‘mbee&t&p-s of :

a) providing a first gas m xture conprising at 15 | east one

per f | uor oconpoundPeFds-uorpcorpeynd Breas) 88d cathexr FRtATipd s awhich may| Rerer

menbrane, and at o] r S; -~ b) provi di ng
! nenbra%&ﬁ%ne S G s ﬁﬂrag:%e

sai d pol yner aving a d side and a perneate side;

roma

53. Process in accordance with claim 1, wherein said

process is operated at a constant carrier gas flow rate.

10 S4. A process to recover at least one
| perfiuorocompound gas or gas mixture from a gas mixture
flowing from a semiconductor manufacturine process,
comprising the steps of:
a) providing a gas mixture comprising at
15 least one perfluorocompound gas, at least one harmful
epecies, and at least one carrier gas;
b) providing a polymer membrane having a
feed side and a permeate side,
Q) pretreating said gas mixture to reduce
20 the concentration of said species harmful to said membrane
and obtaining a treated gas mixture; B
d) contacting the feed side of said
membrane with said treated gas mixture;
e) withdrawing a concentrated gas mixture
25 comprising a higher concentration of the at least oné

perfluorocompound gas than in the treated gas mixture, from

\
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c) pretreating said first gas mixture to reduce 20 the concentration of

sai d species harnful to said polymer membrane and obtaining a treated
gas. m : d) cont acti HJJB?SESLEE{JH%S%EEEW sai d

pol yner N Mth said treated gas m xt e)
W t hdre“ﬂ“‘\l\“ﬁmmﬂ\ ed gas m xture 25 conptisi mfsf%c&’?pr
s ¢! LOT M

concent the at |east one per fl uoroconpound gas than in the
treated gas m xture, from ' 65
the feed side of the polynmer nmenbrane as a non-perneate stream at a
pressure which is substantially equal to a pressure of said gas

m xture; and f) Wi t hdé&wi ng a permeate gas mi xture

from 5 the perrneate side of i.d polyner nmenbrane, said perneate gas
m xture enri ched% ?3?¢i eggg?the wenirane as-3 noR-peRrRARfIgETeI™ at a

manufact uring sy¢h@eLeodRiHithNgs substantially equal to #dig at |east one
reactor chanber adapted to 10 receive a gas m xture conprising

per f | uor oconpounergdetsrwimgdd pressume; eandjases, the reactor chanber having a
reactor effluent gas conduit attached thereto;

: b)
at | east one size sel ective nehbraffethdrawing a2 gas,Rr 938 MEGHFY EF%Feed si de

and a per eat esSile, pSfldheeld; AP 306 Bkl YeebeOlilY DELIIRAD! e Lo at

| east one carrier gas relative to at ast one p uor OCOFTpOUI’]d gas,
sai d menbrane uniehriehekdincdatficnigdst eact or chanber via the react or
effluent conduit, said nenbrane unit having a
55. A semiconductor manufacturing system comprising:
a) at least one reactor chamber adapted to
10 receive perfluorocompound gases, carrier gases, and the '
like, the reactor chamber having a reactor effluent gas
conduit attached thereto;
b) at least size selective membrane
separation unit having a feéd side and s perm22tz side, said
15 membrane being preferentially permeable to at least one
carrier gas relative to at least one perfluorocompound gas,
said membrane unit connected to said reactor chamber via the
reactor effluent conduit, said membrane uri:c having a
permeate vent conduit and a non-permeate conduit, and
20 c) means to recycle at least a portién of
said non-permeate stream from said membrane unit back to the

at least one reactor chamber.

56. System in accordance with claim 55, further °
25 comprising treatment means in flow communicaticn with the

reactor effluent conduit and the membrane unit, said

\\\\
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per neat e \ n- perneate conduit, and 20

c)  peans st a portion of a non-pefneate stream
fromsaid n%ﬂnl BE Eu} ﬁ to the at | east ' nmber
56. System i «th claimb55, furthgr A§BBgNtfeatnent

means in flow communication with the reac OIH% seatepondui§ and the
menbrane. unit, said _ ' 66
treatment neans sel ected fromthe group consisting of plasma _
deconposition, thernmal deconposition, catalytic renoval, scrubbi ng, and
adsor pti on. 5 57. Systemin accorddtfce with claim55, conprising a
plurality of size selective nenbr i LIS [ % i ries.
58. Systemin a(:cot?:lr aag:ggm\;’vi R i ggfnigg%?p% et?Irgl g’?&&p cg{’:é:gés‘f%% Bgr?sfacﬁ?a of
first perneate str&aibmpbeitiod, thbrmal) deRshpcrieisep VathlPhidi Hehotl vent ed
in the vent conduit and at | east a portion of downstream perneate
streamfroma - SfWEPirgamndeadserrtioBparation unit is recycled to the
feed side of an upstream nmenbrane in the neans to recycle. 15

59. Systemin accordance with claim55, conprising a plurality -of size
sel ective nenbrane sepgrat isgysten {1 Rcoragsk witRadlAiness, wherein a

plurality of membrane units are arranged in series.

58. System in accordance with claim S7, wherein at
least a portion of first permeate stream from a first
10 membrane separatibn unit is vented in the vent conduit and
at least a portion of downstream permeate stream from a
downstream membrane separation unit is recycled to the feéd

side of an upstream membrane in the means to recycle.

15 59. System in accordance with claim 55, wherein a

plurality of membrane units are arranged in parallel.

60. System in accordance with claim 55, wherein the
membrane unit comprises a sweep gas conduit.
20 | -—
- 61. System in accordance with claim $7, further
comprising a damper or surge tank positioned in a non-

permeate conduit.

25 62. System in accordance with claim 55, further

comprising means to flow at least a portion of a compressor,
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60. Syst-emin-accordance with cl ai m 55, wherein the menbr ane unit

conpri.ses swee as conduit . 61. Systemin accordance with
cl ai m 57, @muﬂﬂ Iﬂ HH" ISI ng a danper or surge tank positioned in a
non- - 62. CCOl e wth claim
55, further corrprl Si ng rreans sel ect ed: ‘Bﬁﬁt&‘l’é:-E'gr \25 sting of
conpressor neans, heat exchanger means, cryggeni CRB \‘ﬁ‘)‘? ans, or
vacuum punpi ng neans in the non-perneate cofndort,

67 all owi ng a second portion of said non-perneate streamto be
stored in condensed formfor future use. 67 _ 63. Systemin

accordance with claim55, further . 5 conprising a post-treatnent neans in
fl ow communi cat i oheat exchanighri h&manpermtermduﬁtpunwabd tdos trianeat nent
means selected fromthe group consisting, of pl asrra decogrlpp i tion,

ther mal deconposi BREHE%Syt RFGt FRTIERE BFreaT: r ghinvgS Shy ption.
10 64. Bragil &PBAUG Sedraal a&gfo&aﬁskwmmlaag

a) at | east one reactor cha adapt e receive a gas mxture
conprising perfl uoroconpound gases, and carrier gases, the reactor
chanber having a reactor. ' .
. s 63. System in accordance with claim 55, further
comprising post-treatment in flow communication with the
non-permeate conduit, said posttreatment means selected from
the group consisting of plasma decomposition, thermal
decomposition, catalytic removal, scrubbing, and adsorption.
10
64. A semiconductor manufacturing system comprising:

a) at least one reactor chamber adapted to
receive perfluorocompound gases, carrier gases, and the
like, the reactor chamber having a reac*c* effluent gas

15 conduit attached thereto;

b) compresaion means located in the reactor
effluent conduit to compress an effluent gas from the
reactor chamber,

c) at least one membrane separation unit having

20 a feed side and a permeate side, said membrane being
permeable to at least one carriexr gas and being
substantially non-permeable to at least cne
perfluorocompound gas, said membrane unit comnected to said
reactor chamber via the reactor effluent conduit downstream

¥

25 of the compression means, said membrares unit having a

permeate vent conduit and a non-permeate conduit, and said
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15 effluent gas condwt attached thereto; b) corrbression

nmeans.| ocated—+n-the reactor effluent conduit to co ). effl uent
gas fromt reactor chanber, :

menbr ane samwmmrlm ing 20 a feed si THIde‘éE : de sai d
menbr ane b Ie to at |east one darrie®! d—heiHg
substantially non- perrreabl e to at least one T uor oconpound gas,

sai d nmenbrane unit connected to said react or chanber via the reactor
effluent conduit downstream 25 of the conpression neans, said nmenbrane
unit having a pernmeate vent conduit and a non-perneate conduit, and
sai d 68 68 menbr ane having a
selectivity ratio, "SEL, " greater than about 1.0 for any of said at

| east one carrier mg!a%ramﬂ davieg a seflgchiNityf rakiad é$EIIué'a§Fe%#R;‘ than
per f 1 uor oconpound

SEL = [D{err]] [Srgovﬁ ]1 /0 fﬁf e?mj ]of[ §f§$ aﬁwgeaset ohe carr:.er gas re\kﬁ'éf‘é? n,

SEL is the sel ectt¥idny o3t bRid at least one perfluorocompddh@lgds 1S the

mobility selectivity of a perfl uoro conpound
gas 10 S[whexpin, s the solubility selectivity of

t he perfluoro conmpound gas rr] is the nobility
selectivity of % SEL = (D] {S.] / &P‘Tﬁ%ﬁ gas

Slerr] is the solubility sel agddrélihy of

SEL is the selectivity ratio

D, ig the mobility selsctivity of a
perfluoro compound gas
10 S is the solubility selectivity of

the perfluoro compound gas
D, is the mobility selectivity of a
carrier gas
- S, is the solubility selectivity of
15 the carrier gas
c) means to recycle at least a portion of
said non-permeate stream from said membrane unit back to the
at least one reactor chamber
‘d) pretreatment means in flow communication
20 with the reactor effluent stream-entering and tiz membrane
unit, said pretreatment means selected from the group
consisting of piasma decomposition, thermal decomposition,
catalytic removal, scrubbing, and adsorptionm;
e) the membrane unit comprising s swasp gas
25 conduit in f£flow commuhicaﬁion with the non-permeate conduit

and the permeate side of the membrane,
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15 . the carrier gas d)

means to recycle at least a portion of a non- perrreate stream from
said menbrane unit back to the at | east one re anber ;

©pr emmmﬁmlmﬂl n flow communi gatFefi— 21 \mgb\am reactor effluent .
streame mbr ane uni tTH§a‘$ &ggoeatrre t nmeans sel ected
fromthe gro p " cdnsi'sti ng of plasm ) z%- mal
deconposi tion, .catalytic renmoval, s bi ng, and adsor ption;
f) t he rrerrbrane unit conprising a sweep gas 25 conduit in f1 ow
communi cation with the non-perneate conduit and the perneate side of
t he nmenbr ane, a danper or surge tank in
flow comuni cation with the non-perneate conduit; and
h) a conpressor, heat exchanges), C&YR@@BkCor surde!HAn®l iNACIHHM pUNP in
fl ow communi cation with the non- S perneate conduit upstream of the surge

tank, allowing a - comwtaeé@@mmm@wcmegnmmtbeam ored inliquid

form for future use. ) stem for overlng

perf | uor oconpound gas 10 from & gasal rﬁ°>?‘?ﬁ? 0% ha® ﬁ/?f‘&ﬁ?‘b%?ﬁj TYPRpnic
a) treatnent neagsmd Qr GheRln rmma i F2bR kommun St 1B XL LEE Hdl hakle for
conpr essi on, b) a conpressor for conpressing the

treated gas Sm pemmeateocdmiuhtaupsiyeamset dhgasurgexttank; aliidwing a

perfluorocarbon enriched stream to be stored in liquid form

for future use.

65. A system for recovering a perfluorocompound gas
10 from a gas mixture, the system comprisings:
a) treatment means for creating a treated
gas mixture suitable for compression,
b) a compressor for compressing the treated
gas mixture to form a compressed gas mixturs; aznd |
15 c) at least one glassy polymer membrane
separatioh unit having a feed side and a permeate side, said
membrane being permeable to at least one carrier gas and
being substantially non-permeable to at least one
perfluorocompound gas, said membrane unit connected to said
20 compressor via a conduit,.said membrane unit having a

—

permeate vent conduit and a non-permeate conduit.

66. System in accordance with claim 65, wherein said
© glassy polymer membrane made of at least one polymer
25 selected from the group consisting of pclymidss, polyamides,

polyamides-imides, polyesters, polycarbonates, polysulfones,

I
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15 \‘~\\“M‘\\\““r‘+east one gl assy pol ymer ‘menbrane separation
uni t haw ng 'l!l’fﬂgm,lf @ﬁa perneate side, said menbr ane bei ng
perneable to rrier gas and belng substantlal

‘non- perneabl e to at PMeast per f | uor oconpaLL , ‘ ]
connected to said 20 conpressor via a conduit,
perneate vent conduit and a non-perneate condui
accordance with claim65, wherein said gl as&y=potym

at | east one polynmer 25 selected fromthe group consisting of polym des,
pol yam des, pol yam des-i m des, polyester% pol ycar bonat es,

pol ysul f ones, ' - 70

pol yet her sul f one, gahkutnstRatrchy! gibigkeRBtNetoRe). 1 %?Qr&bstltuﬁéﬁl ul ose

acetate, fluorinated aronmatic pofy|n1des pol yphenyl ene oxi de,
sul fonat ed pol ypheaphahic palyesters, pelywldasret¢nat9ulbt#uﬁs of

pol yet her ket ones, cqpol 5 thereo ends there nd substituted
pol yrer s t heP& ggetgers’ﬁfme' ré?%rt aFﬁm%F&EoP‘agWL"E' th claim 65,

further i ncl u@bmgaala@scw@aagg 18e{1RHe60EBIYRBAY e Vbkilad hE -non- 10
per neat e conduit stemin accordance with clai m 65,
further conpr |sgﬂ.ﬁgnate<h@o\’zgplyen1«1|enefmdleecm]ansplﬁéna, | east a portion
of ~ a non- perneat§ stream_from sai nonxp Lneate condui t

yethersulfones, polyetherethersulfones, polyetherketones,

polyimides, copolymers thereof, and substituted polymers

thereof.

10 67. System in accordance with claim 65, further
including a vacuum pump in f£low communication with the non-

permeate strean.

68. System in accordance with claim 65, further
15 comprising a recovery unit for recovery at least a portion

of said non-permeate stream.

69. System in accordance with claim 65, further
comprising a recycle conduit for recycling at least a

20 portion said non-permeate stream.

70. System in accordance with claim 65, further
comprising a second membrane separation unit adapted to take
as its feed at least a portion'of the non-permeate gtream.

25

-
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15 ) Systemin accordance with claim65, further conpri sing
a recycl e condui recycling at |east a portion of a non-perneate

stream f romJ ' n- per neate-condui t . 20 70. Systemin accordance”
with claim Wﬂlm,ﬂ/m nmprising a second nenbrane separation unit _
adapted to takec ™, 4 ”””ﬁed at least a portion of a non-perneate stream
via said non-perneate cdnduit. ' '

71 71. Systemin accordance with claim 70, adapted to recycle
at least a portion of the perneate streamfromsaid second menbr ane
unit to the feed of the first nenbrane unit 71 5. 72. Systemin
accordance with claim 70, further, . including a third nenbrane_separation

unit adapted to take 71- aWFSmf%&cﬁ?ﬂaé’&a“'t iGN bf afARteRGReat e
stream from S@:‘eg%é?g ofd {aEDP rf‘}t%r‘éféﬁ ‘of 5%‘&}%'3???% ﬁstgfeaéﬁgéﬁ 's@.id'

accordance with clal , wWherern | 'ea
non- per meat e str eg@cbhamadrané it to theemeednst thet fifstad@fibeshd anbe.

recycled to the feed of the first nmenbrane unit. 15 74. System
i n accordance with claim 70 further
5 72. System in accordance with claim 70, further

including a third membrane separation unit adapted to take
as its feed at least a portion of the permeate stream f£rom

said second membrane unit.

10 73. System in accordance with claim 72, wherein at
least a portion of the non-permeate stream from said third
membrane unit is adapted to be recycled to the feed of the

first membrane unit.

15 74. System in accordance wiﬁh claim 70 further
comprising means to flow sweep gas to the permeate side of
said second membrane, wherein said sweep gas comprises at
least a portion of the non-permeate stream from said second
membrane separation unit.

2 0 | .

75. A system for recovering a perfluorocompourd gas,
the system comprising: -
a) compression means adapted to compress a gas
mixture containing a carrier gas and a perfluorocompound

L4

25 gas;



corrprl sing neans to flow sweep gas to the perneate side of sai d second
nmenbg ane, wherein said sweep gas conprises at Ieast a portion of the
non per rom sai d second ment - pt. 20

A sysmm!w recovering a perfluorocompquithSyAsEET HAS BEENsY st em

corrprl sing ,”“mu”, )  conpression mgans aBERLABEPO conpress a gas
mxture co ﬁ gas and a perfl ;

Sat*| east one size selective menbrane separation
unlt havi ng a feed SI de and a perneate si de,nsal d menbr ane bei ng

preferentially perneable to at | east one carrier gas and being
substantial |y non-perneabl ¢t 0 & 1ead3t! &@SlifdcsdIekt i v rRe8RINd gas, said

menbrane unit in flow comuni cation with said conpression neans, a
per neat e vent separaitidn aniit ehavtingperﬁa@elt eidomadi & permeate side, said)
means to recycle at ] east orti non r neat e treamfrom said
nmenbr ane unit bacR‘eF‘Br%Pes&?f*g eSFn%%ﬁl&Ygﬁgr‘?ﬁa%iEr? at Toast’ ome d)

gas treatment meapsposi (gaaneflaiditls bibddificialnyd@dnlieiulbsl NNy the

menbrane unit, said gas treatnent means sel écted Tromthe group
consi sting of p$adeast onedgeoﬁpamotcnmpqundwgaaralsaddcmel amit dat 8lywi c
renmoval , 15 scrubbing,, and adsorpti ¢n; e) t he nmenbrane
unlt conpri si ng acgmgg&;ﬁ;&éOn with said compression means, a permeate vent
conduit and a non-permeate conduit,
Q) means to recycle at least a portion of said
non-permeate stream from said membrane unit back to. a source
10 of said gas mixture;

d) gas treatment means positioned prior to the
gas mixture entering the membrane unit, said gas treatment
means selected from the group consisting of plasma
decomposition, thermal decomposition, catalytic removal,

15 scrubbing, and adsorption;

e) the membrane unit coﬁprising a sweep gas
conduit in flow communication with the nonpsrmeats cconduit
and the permeate side of the membrane,

£) a damper or surge tank in flow communication

20 with the non-permeate conduit;

g) liquefying means selected from the group
consisting of a compressor, heat exchanger, cryogenic pump
and a vacuum pump, in flow communication with the non-

permeate conduit, allowing a perfluorocarbon enriched stream

25 to be stored in condensed form for future use. -

-_
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conduit in flow comunication with the nonper meat e condui t and the

per neat e ste—@LJiwmﬁmma, f) a danper or surge tank in
fl ow comunication 20 wt he non-perneat e conduit; g)

| i quefyi ngjﬁaﬂs" j ﬂmjom t he group consi sting of a conpressor,
heat excha e I np and a vacuum punp, in flow comrunication
with the non- per me4t € conduit, allow ng a perfluorocarbon enriched
stream 25 to be stored in condensed formfor future use. '
73 76. A process according to claim7 wherein the menbrane is a
carbon si eve nenbrane. 77. A prdf3ess according to claim?7 wherein

the S nmenbrane is a_zeolite coated or _zeolite_ filled menbrane.
76. A process according to claim 7 wherein the

membrane is a carbon sieve membrane.

77. A process according to claim 7 wherein the

S membrane is a zeolite coated or zeolite filled membrane.



