1 PROCESS AND SYSTEM FOR SEPARATI ON AND RECOVERY OF PERFLUCRO4EMp éﬁgf SES
“The invention relates to gas separation processes and nore partic | ¥ t he
separation and recovery (or disposal) of perfluoroconpound gase&ﬂﬂ@ﬁﬂ; ? st
m xture. Especially, the invention relates to the concentrating of W
concentration gas mxtures of perfluoroconpound gases such as those present
in the effluent of a sem conductor manufacturing process, particularly the
etching and cl eaning steps. The sem condgctor industry i s now using
extensively perfluoroconpounds such as [err] [err], and the like, in the
sem conduct or manufacturing processes involving gases, particularly in the
various etching steps of the sem conductor nanufacturing processes as wel |
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on June 7-8, 1994, in Dallas, Texas, USA, carbon tetrafluoride (CF,), hexafluoroethane (CFs),
nitrogen trifluoride (NFs), and sulfur hexafluoride (SFs) have been identified as greenhouse

gases of concern to the semiconductor industry.

In the presentation made at this symposium by Michael T. Mocella and entitled
“Perfluorocompound Emission Reéuction From Semiconductor Processing Tools: An
Overview Of Options And Strategies”, the various possible strategies to control emission of
these gases in the atmosphere were explained.

Apart from process replacement by non PFCs, several methods are already known or

under development:



coupl ed radi o frequency systens to partially deconpose [err], with over 90%
deconposition of C2F6. However, such systens are not yet comrercially
proven. Oxygen is usually needed to drive the deconposition to non PFC
products with, however, the generation of HF which needs to be thereafter
managed. [err] recovery process wherein the PFCs are recovered instead
of being destroyed in order to be recycled. This kind of process is of a
great interest because it is considered ;s the "greenest” one. Different
schemes, accor dhdicdi el dubPdsitioh rtPOst i Phdlivaldd MRAIOMEOHRAG PehiWhy Of
adsorption or low tenperature trapping of PFCs". There are, however,
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to the safre problem of HF generation and further destruction (plus the
gener at i onlsofof tencein gndrmyst bertealtovith als. dligh temperatutes mayp alse be ggnerated vding a
article present eg at the same synposium by AT&T M croel ectronics and

Novapur e ('fft'sgw& PHE- and entitled "PFC Concentration and Recycle", the
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recovered at eithey substantially atpospherd. ressure or lLower pressure
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comprising PFCs is disclosed in the article entitled “Vector Technology’s Phoenix Combustor”

by Larry Anderson presented at the same symposium June 7-8, 1994. This abatement system
also uses a gas flame (using natural gas or hydrogen with air), which leads then to the same
problem of HF generation and further destruction (plus the generation of NOx, CO; inherent to
any combustion process).

In the article presented at the same symposium by AT&T Microelectronics and -
Novapure Corporation and entitled “PFC Concentration and Recycle”, the authors
acknowledge the advantages of the recovery processes which avoid production of carbon

dioxide, NO, and HF (compared to combustion processes). Bﬁeﬂy, this process is disclosed as



pressure of the feed streambut is vented, and all of the pressure energy
-of the feed streamis lost. Also, it is disclosed in PCT/CA 90/00195, a

sel ectively pernmeabl e menbrane fornmed from an anor phous pol ynmer of
perfluoro 2-2 dinethyl 1-3-dioxole which is usable for separation of

hydr ocar bons or chl orofl uorocarbons from for exanple, air. Such a

particul ar nenbrane apparently perneates oxygen and nitrogen faster than
hydr ocar bons and chl or of | uor ocarbons whdch can be recovered unexpectedly on
t he non- pthe ummt‘ea duableedcddsdrber (aetidatedrvarboa)) ntherein/otecofahd bedk isih eheadsdrpéioes,

i ncl uding t di sclosed in U.S. Patent 4 553, and 5,281,255. In this
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There is stl present a need for a "dreen” procéss for cohcentration
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such as acompanents bgéng abmjlwpomtahlglmm thandS@&C, kssentially hydrauarbm (BHGSCATs, t he
gas m xture en .rec vere on the n- errre te side of the
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menbranes. Preferably, these glassy polyneric nmenbranes do not i nclude
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the |ike. One aspect of the invention relates to a process to recover at

| east oneloptarfl uoroconpound gas froma gas m xture, conprising the steps
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pressure; frbm da'#norphotd polymef afperfiisto Q@diﬁx\éth?ﬂ-&!@éxdl@ﬁbkﬁiﬁxsﬁlﬂ& forg a feed
side and a perneate Si de t he menbrane being perneable to the at | east one

carrier geepagtign o hysdgoeasions or shlatsfluctosarbers fiam,| foreampis; aise Sach dpastiemsound
_ gaseous s R\%&b&%e apparently permeates oxygen and mtrogen faster than hydrocarbons and

chlorofluorocarbons which can be recovered unexpectedly on the non-permeate side of the
membrane, contrary to all of the membranes, including those disclosed in U.S. Patent
4,553,983 and 5,281,255. In this PCT.application, there is also disclosed a mixture of the
amorphous polymer of perfluoro 2-2 dimethyl 1-3 dioxole and polytetrafluoroethylene. All
these perfluoro polymers are known to be resistant to most of the harmful chlorofluorocarbons
and hydrocarbons which make them commercially suitable for such separation. However, this
membrane is not currently available and there is no indication in this patent application whether

" or not such a membrane is suitable for separation of PFCs from air or nitrogen.



c) contacting the feed side of the at | east one nenbrane wth the gas

'm xture; d) withdrawing fromthe feed side of the nenbrane as a first

non- perneate streamat a pressure which is substantially equal to the
predet erm ned pressure, a concentrated gas m xture conprising essentially
the at | east one perfluoroconpound gas, and e) withdrawing fromthe
perneate side of the at | east one nenbrane as a perneate stream a depl eted
gas mxture consisting essentially of tHe at | east one carrier gas. 5
According to aflsr&rstidpreseitly atrdeed foraeigtdenn pricess forcdontentration ahdlsrae@ient O
recover a%fc@g% or oconpound gl?s or gas mxture froma gas m xture flow ng
out from ' B82Ye8Ys FtEsaly which cambe pied vatha feed Aoy cemprisinger satusased of
pretreati t ' ' .t he har,nf ul
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havi ng a feed ,side. and a pe ate si contacting the feed, side of the
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t he perflmﬁmmqﬁgpmleq@g@,ﬁe{ﬂoﬂﬂér@e romthe feed side of the menbrane
at a pressure which is substantially equal to the first pressure and

wi t hdr awi ng a It bes nhwebepainexpestedlyfourl thatcefBuentgasis, €ér exampleyfesmiahan t he

first pressure . fromth erneate side . of the nenbrane. The semi conduct or
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sone of tfrarrigr gasey” ofithe effluent gas mixdenessuch ueait, mitcegehpoxygen, acgontand/ohhelfunry be
harnful feor t.h I 6. Which may,.destroy or plug themquickly, it is
preferr edg'?%&l??r?& qﬁlée %}éé‘“’Fﬁ‘S&%ﬁ‘g" Het rF?.P‘)g@ﬁ‘gﬁ"rf pon-prymeste sidg ebthene .

Pr ef er abl jembyn&i Nnd of species which is present in the feed flow stream

whi ch may harmthe nmenbrane is renoved by the scrubber neans, including any

harnful gaseouBrefarred I[n_mmb]arﬁsngreaiwmmlyrﬁsiqmemmndsempa@rd‘erahlmtsmmlemtomri c
speci es | ing .silicon ri des such as [ert], ny particul ates
hgvi ng vaéébr%ﬁgltgﬁgﬁh?%ﬁsy@% € gqrﬁyﬁgdgﬁra%. ﬂ?f?rgﬂﬁtg?% ,gPaéWcP g |
msts. | ngi@@branésdd &t[ﬂicﬁfd%rp@ﬂﬂofiﬁﬁéd fRBfaRes qqan&%gghepgg%gﬁ?ng@w@ds and

systems of the invention be sealed and oil-free. aspect of
t he i nvenmewbranes usedin accordanpneovithethe invemtionmas compriseadsyer,aneluding a

perfluoro nd.gas_or i xt ur conprising-the steps of. a) p oviding
b ol assy DORYTIPE YEr ade 0ha Aegnated olimet thoh ah Rolitefafyneostiyleregnotppious
provi di ngpeflgis 272 diméktsl &3 diosfidd, ahd thedik8Ur € conprising at |east one

per fl uoroconpound gaseous species, at |east one harnful species for the

menbr ane, and @ne aspactof thecnvention eslatefeto:a prpcess toanecongr atdeast gues ni xture in
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a second pressure; d) contacting the feed side of said menbrane with said
scr ubbed ef 885 dhagas minureheingat a\predetegmined prassuse;essur e or at a higher
pressure;

b) providing at least one glassy polymer membrane having a feed side and a permeate

side, the membrane being permeable to the at least one carrier gas and being non-permeable to
the at least one perfluorocompound gaseous species;
| ¢) contacting the feed side of the at least one membrane with the gas mixture;

d) withdrawing from the feed side of the membrane as a first non-permeate stream at a
pressure which is substantially eqdal to the predetermined pressure, a concentrated gas mixture
comprising essentially the at least one perfluorocompound gas, and

e) withdrawing from the permeate side of the at least one membrane as a permeate

stream a depleted gas mixture consisting essentially of the at least one carrier gas.



6 e) wthdrawing a concentrated gas m xture conprising a higher
-concentration of the at | east one perfluoroconpound gas than in the
scrubbed gas m xture, fromthe feed side of the nenbrane as a non-perneate
stream at a pressure which is substantially equal to said second pressure;
and f) withdrawi ng a depleted gas or gas m xture fromthe perneate side of
said nenbrane as a perneate streamwhich is enriched in a carrier gas and
depleted in the at | east one perfluorocqempound at a third pressure.
According to a,pref.erred aspect of the jnventipn .after concentrating the
PrCa wi i1 o meMBPEiEE (o fneRER Amsei toapGntih S5t 84 whocssi BIER B her - by
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i-nvention_include provisron of a vacuum p;g) heat exchanger, conpressor,
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with the possibility of the concentrated PFC gas m xture from each nenbrane
uni t bei nyitedrpwings residupsgasat a second presgre which isflewpraharethe dirstipmssuse figmythene of
or all of r ' ' \ &Gki
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PFCs bei nglecedytdne tching prédesses icluding dutide ometateand fdistéctrid; depdqaitionpsscesses pri or

to being routed to st%p? e. Anot her aspect_ of the invention is a
sE‘H@

sem condudtiydingsilicene step bpeketchinginy shamper gleaning, and thedike. one react or

chanber adapte ' ] | &y and the
i ke, the reacg%%&gﬁgﬁgé%&ﬁ%%%@e?‘égﬁgg‘%ﬁ?I%Elga:lfl pgdg{é&%&\hé%la@%et ached
theret o; hgrmful fod thepisd. whivh iBayedesiropor pligthemiyuivkhy i is prefen®t ite scrubnthe gasvi ng
a feed side and a perneate side, the nmenbrane being &erma,abl e to at |east

one car r i BPUYEPrignte weding it-anyle membeane.y Prefrabbesnydeng of specias whigh ispreseat in
perfluor Oﬁngﬁ%;ﬂbgf ?F‘fj‘é’ Whith H@g’:ﬂ% ﬁ?%ﬁ‘g N YefroWeld &;ﬁth@@&uﬁ@&‘fﬁe%s chamber

via the reacto nt con rane unit ‘having a permeate vent
condui t aindludingany harmfelagaseons ER)NH;, WiFg, 0:2BCh| araldemytcertosive stiecies; talsatany east a

portion of a perfluqQrac ound contai.ni ng nop-perneate streamfromthe said .
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means, suc or wet, ( got
cat al yt i ccatspressprsamsed in the astioodg asd sisteospbthensveatich besealed and pilfree.s as herein
di scl osed, _pri8r to.t he reactgr effl yuent. stream entering the. nenbrane unit.

Al'so as her ei nOBf Brefesead pspect of the iaveptionselates tg, RERESIRHiP tleastoneanged in
series, epéfigbrodbhpourid g bP8as mixture, comprising the steps of:

a) providing a glassy polymer membrane having a feed side and a permeate side;

b) providing a gas mixture at a first pressure comprising at least one
perfluorocompound gaseous species, at least one harmful species for the membrane, and at
least one carrier gas;

¢) treating said gas mixture in scrubber means in order to*substantially remove harmful
species for said membrane and reduce the concentration of said harmful species to an
acceptable level for said membrane and receiving a scrubbed gas mixture at a second pressure;

d) contacting the feed side of said membrane with said scrubbed gas mixture at

substantially said second pressure or at a higher pressure;



provi sion of sweep gas of non-perneate on the perneate side of one or al
‘menbranes. Further preferred enbodi nents of systens of the invention

i ncl uded a danper or surge tank in the non-perneate conduit (i.e. between
the first or plurality of nenbrane units and the reactor chanber); and the
provi sion of a conpressor, heat exchanger, cryogenic punp or vacuum punp on
one or nore of the non-perneate, PFC enriched strean(s), allow ng the PFC
enriched strean(s) to be stored in liquigl formfor future use. Al so
preferred are eppitiapiviaga coaderttedahriixtlrt eamﬁﬁﬁgd@mgwr cBhceRttitith dfahka: and
the conpressor for. creating the |liquid PFC m xture, To be bypassed, as

expl ai nedleagoae pepflugrogempeund gas Hrapiin the sprubled<gas mixtnee, Sowitherteedside ofthe

concont r amERarEEs RGBSRl whiaf s ORORMARRL Sl b Gt feade ™

stream fr presstee;landrenbrane unit. In this preferred systemand process, the
set-point concentratiqgn of the PFC in the non-perneate stream from each
succeedi ng PFC)vathdrasrieg a depleted Basrorgas mixturgifeonbthe potmente side ofi sgidanenbirame t he

I medi at e i ate _sensors .c .lpnserted into the
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non- cont i petflusiogorapaindze a tliird gprefsukoncentrati on, or, sanples may be taken
periodically or continuously fromthe non-perneate effluent from each

menbrane uni t , AGFArdIAG $9 Prafereed aspach ofthe invantion, after|oppeantrating the PFEs withe or

off-site. b Sinl e | f Ok a . pr.ocess
controll e‘rn-gg)h?dgh’%ngg coh?? g%ﬁﬁeg{eﬁ Jé%ﬁ%"é‘ {EEQQ%]F gé’%egigf’&ﬁﬁg’t&géaeﬁs& each
menbr ane suchtas sélesive caidensatioh b wdsofptidn iherdes foarecoies €itherbsparaté BRCS& ng t he
use of a sweep gas_arrapgenent,_ the sweep gas nay either be controlled via

- P : \ .
an open | Bifuiss oLPRChaving, clesg bailing pejatse diccordingitn apothercaspedt efithe yrveatiorand

process e d?"g@ m%g | AN.ERL ' .Ld r cle aof the

per meat e gitg(ri‘e#am o% el gﬁgfcﬁgﬁ%?érds}{gg%'r ﬁ% ﬁga{gnedelgﬁ}ﬁlglf egglgcgmgflg%ﬁ 9 rane
uni ts (i nPBChgas miztutis js stdred oevetyolsd it procksOWieH orpwittas addiisiabtrédt@ent).
recycl ed). The carri(\g‘é_r ases may, .be recycled direct|y to the reactor
chanbers, or nB{hepareiered.prpcsss ad yatam aspectsalghe igventighqnchigds pravisiomef & he | ke

to reduce bl _Jrenbr ane
oy’ Do pr R, O cRera i cofprabet, By Ghenla fhbitn 08ty e B o070
8 O her pmbfteremaay bercompsesee, atldass patialiysliquéfigd) end storedtforofture asel aehenrher ei n
a waste stream roma‘géstregt nt step for the geas m xture emanating from
the seni cHABYRPHthe pivertiendncludes dheproyisign AR REQsess fEePaYhese the PFC gas mixture'is

perfluor Oe&ﬂﬂ%%ué?ﬁgpfgmﬁii?pm#%rs aﬁ%‘k&%}ﬁ (i:rg?e\‘ieg, Réith e gQ&é@lﬁ ﬁfith or use

I n the sem conduct or cess, or ot processe ot her
pr ef er r edconcenteatedBFG gas mixture fioni each membrima anit beihg) capableiof usedsiasweep gas dose

wherein oge or nore,.non-perneate streans jSs post-treated to_renove non-
per f 1 uor oﬂﬁ?ﬁﬁﬁﬁﬁ?‘d%g’t“g OPe g %ﬂf“rr?@’( HS‘BE_’“P‘EE‘F‘EC!% therssdes. o fipther,aspgot of
ment i onediasnvertidiid!tRe HrovisiohoF a PECTHRS hﬁ:?{x}retsbg%eftﬁﬁdprﬂﬁio te flilit‘% b 3 ?‘3’2@9

Anot her aspect of the invention is a nethod recovery of a reld
pure PFC into theisemicondustargnanufactusingpracess, orgriasito heing rayed tocsborage s, t ube

neren . purtFeRofEReeR Rl B oAb B 5 o

will be undersgpod atleast one reactor chamber adapted to receive perfluorocompound gases,

carrier gases, and the like, the reactor chamber having a reactor effluent gas conduit attached
thereto; ' '

b) at least one glassy polymer membrane separation unit having a feed side and a
permeate side, the membrane being;permeable to at least one carrier gas and being substantially
non-permeable to at least one perfluorocompound gas, the membrane unit connected to the
reactor chamber via the reactor effluent conduit, the membrane unit having a permeate vent
conduit and a non-permeate conduit, the latter adapted to direct at least a portion of a

perflucrocompound containing non-permeate stream from the said membrane unit to the



with reference to the brief description of the drawing and detail ed
description which follows herein. FIG | is a graph illustrating the

ef fi cacy of destruction of PFCs with a burner versus the burner flane
tenperature (prior art); FIG 2 represents a schematic draw ng of one
process and system according-to the invention; FIG 3 is a detailed view of
a portion of the process and systemof FIG 2; FIGs. 4-7 illustrate four

di fferent enbodi nents of the invention; FIG 8 illustrates PFC -

concent r aréactor chambiee. Peeferckdesystents in qpeondendeayithathe inventionrihdladecprodision of t he

pressure differenti-aé/ across the rrenbragg, for different flowates of the
feed streBFFrepiment and/or past-fregtamentspeans, sHelbas dry of Wat, &or kot scabbers.thermab

(perneat e | | al r { he
obr anc, CfOmBSRPERRN R ek ahS, bR LS TR Mty il QR SHBTAR sl o
PFC concedisclasddpprientotthereactopefflugnt sirekim ¢nteringnthe meabeansiudie) Aldo dsherefienbr ane
Ver sus thﬁ. Elr essurg'égj fffrgﬁ%i al across the nenbrape, for different

f1 owr at es 315F034dea plusality pf membrape unitsyay, be arapgedsin serssceitherwith of withet on t he
recovery sidifsida iy 1 Fﬂm ure
di fferent |§al étcross t%ﬁﬁ%’?é’%@“ﬁ?ﬂ ?P ere{r?tasmtéednf%éggt?ﬁlﬁglgmgif:ﬁﬁe feed
flow Hurtheg preforred ¢mbadimends of systema of thelidventiominclodedoa dangyees oc alrgé &ink & d
various gas flow nodes of. .. FI G il lustrates schematjcally a gas
cabi net i %W&Tﬂ?&"ﬁﬁqﬁﬁmﬁ"&ﬁgﬁ’@wyvlém ‘Ir;p&l‘{iﬂﬂy R} memyrane PF‘EFS’(“F*&K%@&QOY

nul tiple ghRdmbed?amnbihe préadion |

Recovery of F‘%@g for pexagrlr?:)l gfdﬁr@pﬂ@g@ﬁ&%ﬂﬁﬂ%ﬁﬁ%ﬁ%ﬁﬁgﬁuﬁ ocess, -
i S now naéempessngoemoye oftbe pow-pemteaienPEQR earivhedistream(s)ealionwing theRRC @nriched

pol ymer nenbranes .and congentrati as mxture, conprising PFCs, by
recoverin {‘I%‘?gg}nt&?-e g‘?’ﬁ‘gﬁ'ﬁ@“ﬁ%wg%'ﬁwge Vﬁﬁnﬁzﬁrﬂfﬁf‘&f"éggfed’é’l’ rig¢valygdrir ane,
whi | e non whithdibw tBé8ffpdr OF s RYAddQREESHh i i qﬂ;ﬁ;m{ ne
and can then be di recitﬁllsgl rveﬁt[ggtaglr’#'{ggycl eo?res%{@g%feg{é@s@u? mgitiﬁ.p er e{%d
envi r onneta bg bypassed casceixplained more fullyhereini st i ng processes, as descri bed

her eabove. Theynen-perneate stream mgy, either be . rerouted to the

seni conduct or Rﬁ%ﬂf%rﬁfﬁsﬁﬁ an é%s?‘?nbsnngféh%'ﬁﬁg\%?“ F}gh{dg(?pg@tlgg-glg%qrdggefogg}q ity
for futur geritbPane@nits A Eshstaft onbértralibis ¢ Polht FIRRRE PEC SodRhtratfiddh e M- Of
individual or like PECs either, on-site or off-site prior to reuse.

Per f | uor o@&fmsatefirsamifiam each membsaneanis In thispreferred systam aud prodess, the setepoint

conpounds 1,81 N and/ aor N ato wherein all or all t one

hydr ogen l’ﬁ'§1[\s/)éez}f\)t[5£1et2‘?’1l (‘gé% %@%H’ npp-l%gr}eﬁga‘_;str% ﬂ&a‘sﬁa"% BWB?P?%%Q MEBIOTRRS

wi t hout  beépagation finit Sebuldof cYsede highr fhah {re%msdis&wgﬁwﬁ]g Jné! | pfdﬁm{ei nat ed
hydrocarbons such as [err] and ot her fluorinatéd conpounds such as [err]

and whi chsensarscan be inserted infogthe npe-permenteefiuent conduit from each membrane unit to

continuously or non-continuously analyze for PFC concentration, or, samples may be taken

periodically or continuously from the non-permeate effluent from each membrane unit, which
may be sent to dedicated analyzers either on-site or off-site. This information is preferably then
forwarded to a process controller which may control for example the pressure of the feed to
each membrane unit, temperature, flow, and the like. Also, when discussing the use of a sweep
gas arrangement, the sweep gas may either be controlled via an open loop or a closed loop
arrangement.

Another preferred system and process embodiment of the present invention includes the
recycle of the permeate stream of either the first or succeeding stages of the membrane units
(in other words, the carrier gas and other process gases are recycled). The carrier gases may
be recycled directly to the reactor chambers, or may be delivered to heat exchangers,
compressors, and the like to reduce them to liquid form for storage or future use. A recycle

membrane may be provided , functioning to separate carrier gases from process gases.



In certain cases, PFCs may also include [err] , as long as they are not
‘harnful for certain types of nenbranes. Perfl uoroconpounds do not include
chl or of | uorocar bons, or conpounds conprising two hydrogen substituents or
nore, since such conmpounds do not usually behave as PFCs vis a vis the
menbrane and are not useful In sem conductor manufacturing processes.
Menbr anes useful in the invention are preferably gl assy nenbranes, such as
pol ymer nenbranes made preferably from @l yi m des, polyani des,

pol yami de-i mi d@ther prefeyred ipadcessed Mdysystens 6Athe SnveRGor &o ko3 Gherein a waste

pol yet hersul f gne, pol yet herketgne, al kyl substituted aromatic pol yesters,
bl ends of stwﬁmmwpm,t stgp &arabe gas Rixtyre sronnating:fromthe semicongugtoiprocess

pol yam dess,kdi i i n.de, i nd

Dol yam das LR 8 enerpie 436 of ob peth BHBLdnipoRY e Yufccn BRIHE Mleh Ff the

bl ends t hmurified forasp i thesemicomiucro brocesspst dthert chdmppal provesses( €. 9. al kyl, aryl)
t hereof and th§ii i Ee. 18 Asynmetric nmenbranes are prepared by the

preci pi tation i Yhenpreferre PipcPsspRsand systems rsccorrdance wvith thoisyentiea aresthosuch
menbr ane Wi ] ted on an

ani sotr o;s)vgérgﬂtl?\s‘tg?g%ngpeo@ﬁa& gr?l g%ggtr%g@gé?é%—@%ﬁégﬂ%(?éengogﬁgﬁé—l ly prepared in
one st ep. peftuorpéarspanhds URdst-treathiearaethediinéliidy thoseyirbritksslyomeritioned aduitille ar e
di sclosed,in U. S Patfetgt 3@3 113, 628; 4,378,324; 4,460,526; 4,474,662;

4, 485, 056for Breifgatmegtot the fgd gayto themembrane.7 304. The ' 394 and ' 676 patents
di scl ose prep i g?;gye B Co i r

pol yi m des. P:éﬁﬂg%ﬁc)t/@g%he er éﬂéﬁl I%E%E@tgeog?%ﬁ 5]? 3?‘?@3‘@%@%@%&%’6%
separ at i dfiomarventesteesmaoml bsebrmen gascabirets, 6ib6 trailérsdleanirooms, e drdike@sidgi ven
gas nenbr anewﬁre aration Qr.o%ﬁ_!ss, one side of the gas separation nenbrane is

cont act ed® FPFR' e byt At descrbadiher®hponent gas mixture and certain of the
gases of the nfuHHef ﬁn&?itf@?r%ﬁot{tm ﬂ‘g?é}%éstlﬁ? F%s@?ﬁsa&ﬁhé ﬁ%rﬁiroPWQe Eﬁﬂ%{%&&fer

gases. Gas separation ne es t eby al ['ow sonme gases to pernea

t hrough twishref¢rence to ¢he/brief descriptidneofitheedratvingaind eletaieds descriiption whidtefollows sense.
The rel atj ve gas perneation rate through the nmenbrane is a property of the
menbr ane lf‘Fé?’%ri al conposition and its norphology. It has been suggested in -
the prior art ty ; A E i SE ﬁ{gﬁgi' : .S a
conbi nati on ofFrggé ’%??ﬁﬂ’gf‘lyﬁﬁtﬁ'ﬁ%&ﬂgﬁ t okg%?zgﬁ%ﬁof??rﬁé @F'}e |§1ra‘;|c}gsru by
t he packi thg bumer floheteniperatire €priorait)ne of the material, and gas solubility

wi thin the mat | . Selectiyity.is the ratio of th ernmeabi |ity's of two
gases being se@rgf gtrgﬂ'ewtsaf’ 5%?’8%}" rawipg OEgn%g?rggesa%ﬁ;}gteabgcmrgtgqgéotdgp form
def ect - f riggentigRse separating layers in order to retain high gas
selectivity. Conposite gas separation nenbranes typically have a dense
separating | ay‘aﬂjéns a desaidgdoviens of apontion of the prongsssandaystem EEIG.Xyar at i ng | ayer

and t he substr L8 usual different in conposition. Conposite gas
separati on rren@ﬁ'gh@'g d*‘éts\%fé?ee{%ﬁ‘w’r', fe t_oe 09{"?‘3_3{‘[‘{?5_@3 We'g‘ﬂ“ul trathin, dense
separating | ayFIG. 84li@ates PFCtonen@Rficiodr M résidulliside (Pfeats) SriRS iembfane These
conposite nmenbrane structures can be prepared by Iamnati'ng a preforned

ul t r at hi nvesmisshe prepsurediffergntial perossthe membrane fopdifierent/fiowveates o thedpidcstesampor t

menbr ane. Exa . nbr anes and.t hei ods of uf acture are
di scl osed in @?%@{sgﬁt% %E,Eeéﬁ’ﬂfegg'@,mf%@@f?é{?;egﬁfe ermeass) 6@?’@5‘?, e
2, 953, 502vershs tlidopresiire différbhtial @dross’thé MiémBrade, f3r GifférehPRmperatures of the feed

flow;

-

FIG. 10 illustrates PFC concentration on the recovery side (non-permeate side) of the
membrane versus the pressure differential across the membrane, for different flowrates of 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 different temperatures of

the feed flow;



2,960, 462; 4,713,292, 4,086, 310; 4,132,824; 4,192,824; 4,155,793; and
4,156,597. Alternatively, conposite gas separation nenbranes may be
prepared by nmultistep fabrication processes, wherein first an anisotropic,
porous substrate is fornmed, followed by contacting the substrate with a
menbr ane-form ng sol uti on. Exanpl es- of sugh nethods are described in U S
Pat ents 4,826, 599; 3, 648, 845; and 3, 508, 994. 11 U. S. 4,756,932 describes
how conposite hol |l owfiber menbranes nay al so be prepared by co-extrusion

of MUl (T pl e Pol B! 1o Bk oAb f lo: GGl B bl g0 ok 2

sol vent- m sci b e nonsol vent cor ment of the present
i nventi on, moles ofsaine;ane can be post - treat ed with, or coated by, or

coextruded wit h, L pat herf I (er to
i ncrease its ablpllét d“ @H\f\nﬂ%hsg?egg‘é‘cﬁgr n#ﬂ%ﬁﬂ(g%ﬁirf&ﬁdﬂ@ﬁ%’@@:ﬁbﬂhﬁrgéoaa lfr?nﬁkt ure
fromwhi chaFCs are to be separate, at low |levels or temporary contact -with
such corrponents h :
vari abl es which r*é ?41“ %%ﬁgﬁ%rggﬁéﬁ%gﬁggﬁ g@%ﬁ%ﬂq&‘f‘ﬁw&%‘m

hol | ow-fi bemitmarrbr ane. These variables include the conposition of the

pol ymer solutio Io oformt |ber th

I njected into t X@?F# 'h%’ﬁaanGAfm “gﬂ &&go? e ?P‘ttdr‘]g&s‘%;%% #ggovf he

t enper at ur enadé pbhdblsby mq:tsbnt ihveaticrovsing qmamnmeedf polymerphembeshes and r eat t he
hol | owfi ber exirudate t enmper at t he
rapidity of E%BEEH %%%thmﬁr%g?@ﬁi??sgﬁé&?gr& %?euieogtdreﬁgelaggﬁﬂ#% e fiber,
t akeup speamnqirméae fiddosfithompmbeahe whileaop hamiful gmcfo:t the ehvitopmerXipermeats

m xture confaini ng PFECs to arated usu ) I e PFC
and at | ears}%" g&éﬁgéﬁ"? ?"°g“3§ @ﬁ“é digpcsly vﬁ‘?‘f‘* %‘g‘éﬁ'@ S@W&h ef %]}mrgé} t he

li ke and mmﬂwhelﬁoxﬁﬁbﬁfaﬁsbffnémhaiahhﬁmhnﬂxmlhg §ioed;sé;shas dmcrtbedlheraiboﬁFthand '
ot her gases from vvaste strea emn conduct man ur| rocess
(not al | ofRoarRsEReatR, %@%@%Eﬂt‘t@ ‘Bf’&s‘&m"“ B‘N‘g rﬁgcrﬁlngﬁay be
pr esenE i n]éﬁa@b&x h@u&ﬂ)o aIio&gWﬁhtyﬁﬂmtd;EE}Sor&bﬂe?lfumPF% récoeery iatﬂacmsrﬁgr
ones err for, c arbon tefraflyoride [err

hexaf | uor octREHAHY o ip ‘V%bﬁt"trgééﬁg{:? g‘#}e&o‘?‘ﬁ"%‘@ of géfis]te PP Irﬁﬁgopr opane [err],
sul fur hﬁxaf | uor glﬁilﬂuﬁz%bddlpouhdsl Fétbtﬁé pﬁf@éé&%@ﬂus ineéntibn,* ar? deﬁnfe@as tongpoandshi Eg
steps, the sane, are usyal ly seyvera ases ch as
argon, bor ofPRRLISING &rs apd. °‘c'ﬁlatﬂ“}sn‘§‘°"?ﬂ'§/6‘r 8@3‘1{"51"5#&%" °H ipfﬁ Bﬂsj
hydrogen fl gQédifée. TH RGP BoiRon PFCanﬁtudsI&i&@md@tlrxﬁ&hlt@rwcfﬂmmdmg i ke.
Sonme of these gases are_sonetinmes har nful _f or h&g (gg @ﬁ@rﬂna i,ndicated in
Table 1), o FRTPAUgE; fllycfivorinated hydrpeasbons such a8 (8w B o traby O t he feed
gas m xt ur efgériMarddtopurnd® SRR THIYS M-‘ | dnd iwhidl ¢ Béthaginfubfof GieRNémbrie.

fol | owi ng corrpounds prior to sending t 4 ow to_the_nmenbran rr
any si i conlhgrtaingeases, QEFWV&FPW@@y CQFpgl oo FIF vIQ‘E'e.WFFo“@"t&ﬁ ;%‘Sﬂbu

met hods can gRengd RBGhRILGH céttain ' §be%bf membranes. Perfluorocompounds do not include
chiorofluorocarbons, or compounds comprising two hydrogen substlituents or more, since such

compounds do not usually behave as PFCs vis a vis the membrane and are not useful in
semiconductor manufactufing processes.

Membranes useful in the invention are preferably glassy membranes, such as polymer
membranes made preferably from polyimides, polyamidis. polyamide-imides, polyesters,
polycarbonates, polysulfones, polyethersulfone, polyetherketons, alkyl substituted aromatic
polyesters, blends of polyethersulfone, aromatic polyimides, a.romatic polyamides,
polyamides-imides, fluorinated aromatic polyimide, polyamide and polyamide-imides, glassy
polymeric membranes, cellulose acetates, and blends thereof, copolymers thereof, substituted
polymers (e.g. alkyl, aryl) thereof and the like.



12 scrubber neans (dry or wet scrubbers), thermal deconposition, plasma
-destruction, catalytic renoval, and the like, to reach a | evel usually
bel ow about 1% vol. of said harnful substance in the feed. However, it is
preferred to reach a | evel for each harnful substance |ower than 10 ppm
nost preferably lower than 1 ppm It is also possible to treat the
separated PFC non- perneate stream using one or nore of those nethods,
referred to herein as post-treatnment. TABLE | Synbo

Nare Asymmetric membrane$iare preparddbytherpriecipitationGf p{)l@fﬁei solutions in
Hexaf | uor oet hane not harpful [err]
Tetrafl uo;cﬁyp@f—ﬁaﬁ:@le nonsolvents. Such membranes arefypified by & ﬂer{sg geparating layer

Trifluoro
: . %[@tpgﬂ&?on an anisotropic substrate of a graded:}gair %gr ﬁ? g %egélﬂy prepared in one

Trifluori

Sul f ur hestep.| Brarples of such membranes and their methods dfaiiaiiﬁfabtu['eire Misclosed in U.S.
Per af | uor gpr opane

Car bony| FHERs fdd3,628; 4,378,324; 4,460,526, 4,474 W@t 4 ﬂ§§ Rﬁxl“ 5&2&9? $98%87¢ @8d ri er

gases, etgasg ‘ ¢ not
harnful | g’r Hﬁ@{ The ‘394 gnd 676 glatr%gﬁcﬁqsclose preparation of asymmetric separation ot

har nf ul [ membranes from selected pélginddest Partichilarly ﬁ&ferred membranes are polyimide  not
harnful [err Boron trifluo not
har nf ul &g@%etnc gas separation\membyangs as dIsclosed in the ‘676 patent. : not
2‘3{){/‘2” |1%Cé g In a pressure drive u@?@ﬁrgne separation process, one side of the gas separatnﬁ{i Il:ﬁn'?{.ll
above 1% hi2mbrane is contacted thH—@/cbtmgenmultlcomponent gas mixture and certain of the gasesatf

h | HBr ha I
agg\r/n;u 19 [femixture permeate thro%ﬁzp ?%}%{Pﬁtqrdgan the other gases. Gas separation |, apfn:cj ul

:Egzg i?ﬁ H‘:eembranes thereby allow scl)'l_%f F%rgh?ﬂ) 6eln'r19£té ﬁﬁough them while serving as a barrier ﬁfg‘[ nf ul

har nf ul NBther gases in a relative stisd. rTigﬂlalative gas permeation rate through the membrane israot

EZ; E 3: mpzzg)perty of the membrane ik Olllzor?l)pfosmon and its morphology. It has been suggest?fgn'nmc ul

above 1% the phidr MY that the intri rrhdabilit memb bination of gas N0t
ot Ui [errﬁ}% at the in ns‘&?f/’gena ityofRfdkfiner membrane is a com ination of gas 00" .

[err] diffusion througly theanembrane, controlled in part by the packing and mmcnlfaufreawume 1%
I[Dﬁ(r); ]p hi ne°f ;Ex%tnqa%grﬁarl] A gag Po?usmhty w1t e % Elaotsq)qa*, rﬁe{gc{] iyt ’F ?w ratio oFthe Silicon
tetrafl uopksifeability’s of two gases beld@lsepli#Ated by a material. It is also highly desirable to form
defect-free dense separating layers in order to retain high gas selectivity.
Composite gas separation membranes typically have a dense separating layer on a
preformed microporous substrate. The separating layer and the substrate are usually different
in composition. Composite gas separation membranes have evolved to a structure of an
ultrathin, dense separating layer supported on an anisotropic, microporous substrate. These
composite membrane structures can be prepared by laminating a preformed ultrathin dense
separating layer on top of a preformed anisotropic support membrane. Examples of such
membranes and their methods of manufacture are disclosed in 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.
Alternatively, composite gas separation 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 solution. Examples of such methods are
described in U.S. Patents 4,826,599; 3,648,845, and 3,508,994.



[err] Si | ane har nf ul above 1% [err]

. Tungst en hexafl uori de har nf ul above 1% [err]

Tungsten tetrafl uori de oxide not harnful [err] while being

perfluorinated conpounds are usually not considered as PFCs. The scrubber
means to renove the harnful product for the nenbrane can be a dry scrubber

~(which usually renmoves at least [err] and [err]. Dry scrubbers are usually
resin-type scrubbers, or soda-lime, whilg some dry scrubbers conpr|5|ng

catal ysts |ike r e
renoved accordrlrgrg ?l)”?ge rretﬁbéé g%r sgﬂosegmug\gva%gr&gatsgﬁt&sw{}g , 4357 ej)
4, 784, 837;byko0érusion of huRpee, foBaner Solién Bgérs,HoltoveedbiEprédpitativoh éma sbivdner ent
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of the nmenbr ane. for® ex dIS I'n the brochure
entitled "Sel ec’fheig;llawffd:er pidniag process Eepemds:on many‘yaviablesiwhish 'nay affact ke ATECH
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tenperature ter tenperature equil i brat et ween t he
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decreases on the nonrﬁperrreate or "residue" side o rane while this

14 PFCs cocmnqton@f therfiber; ¢aksup epeed of théibpmmgdteeabﬁuaeomfandm likerbr ane.
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Accordingly, it referred accor to t aye
pressure drop A-B1 ¢, EouiinIDg g](g %ecsﬁpqr}eﬂgfu Yﬁ?f“plﬁﬁaeﬁﬁﬁ IF'S’F\/Qﬂ%?f(er

t han abomatiki%t@éi@téﬁﬁ%aﬁ?e@ &k d0ich 89 air, Rt f@ﬁaa%dh hélieh, b9 tHe' IEaad RidktufesO tO
about 1450 kPa (from abouf 3 to abdut 200 psig) and nost preferably from

about 240 thereofo about 510 kPa (from about 20 and to about 60 psig). As far
as the feed gas; e i uaII ob ed .at, substantial |y atno herrc
pressure, there W&gg’gﬁﬂﬁbaﬁﬁ )i BW#@@O‘WSI‘&%%%W Fb‘gﬁ“%/g §P

suf fi ci ent sei@snAUESr MaMFadGinS rotddS (o Bl bEthOsd gdés drb hécebsariiPreseheidaly ed
because usual ly, many of the species present in the feed may deteriorate

the compr esasen of them gray be presentimthesxhavstlt e si de of the nenbrane a pressure

| ower than atno yred because nost of the
speci es which ngﬁpﬁg%trﬁof}%i%{(%mgﬁyﬂ?fo@% :‘:'{rﬁagd on the non-perneate
side of the rrerrbraneﬁorcﬂmberem:ﬁng hmohwﬂﬂeohder(e}ﬁ)r,lhecaﬂﬁmbmamoware si de
.of the menbrane, a vacuum punp. or any other suction neans is usually

adequat e. PiOSeMEMuoHds/(NEs), psrﬂ@orwage (G subtur hexafluogide(§Ee); mﬂueromethane
(CHF;);
. for the etching steps, 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 like.

Some of these gases are sometimes harmful for the membrane (as indicated in Table I),
and it is preferred to remove them or destroy them from the feed gas mixture sent to the
membrane. Usually it is preferred to remove the following compounds prior to sending the
flow to the membrane: WFs, HF, F,, NH;, Cl,, HBr, HCI, O;, and any silicon hydrides,

* germanium hydrides, and the like. TFo do this, various methods can be used such as using
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H,

Hydrogen

not harmful

HBr

Hydrogen bromide

harmful above 1%

HCl

Hydrogen chloride

harmful above 1%

Hydrogen fluoride

harmful above 1%

Helium

not harmful

N,

Nitrogen

not harmful

N,O

Nitrous oxide

not harmful

NH,

Ammonia

harmful above 1%



perneate side of the hollow fibers of the nmenbrane unit). This practice is
more fully described in U S. Patent Nos. 5,240,471 and 5, 383, 957, both
assigned to L'Air Liquide S.A., with the exception that the patents do not
descri be separation of PFCs using these techniques. Both of these patents
teach sweep gas techniques. Thus, a portion or all of a non-perneate stream
of stage N can be used as feed streamfor stage N+1 and/or N+2, etc.,
bearing in mnd that there is usually, i practice, a snall pressure drop
bet ween sitnge N, st agpNitcbxed stage N+2, etc. hobhdiR@Ns that the pressure
on the n ' | iIre on
the feed [fde of any pU®8¥quent stage, such as NHothamfyt age N+2. Aftér this
first conggntration s§ Th one or a prararittylof brapges, Tt TS
preferre C(?’n then mr*?ﬂ’}ﬁ:ﬂt a_second step wherej ‘%f'ﬁéelpa\g‘gvfib"us PECs arne at
| east parltSi@CiHs)s epar pTacetiyl Onhositicale (TEGS)r, or nof wt kefadant PFCs separrat ed
frommn PEETOUTTES of Tgther—PFCs—DBrf-ferent—separaton—technhtegues—Fof
separating two or nor eﬁﬁgﬁi'l’uoroconpounds can be| W& ch as 16
di still at|is#f, adsor pt | silicon&aifBAidkat i on, and the | ikmamfaf €f erably, and
because if—ray-—be—+orp—approprate—tor—the—st+eaps—whi-ch ' jut  of
|,

are—com-ng—g
a sem con or manuf pHaRR i ng too a condensat i prrpllgbevsd®%can be usdd such
as the on own undef t SOCVAL of A ATErica
oWk TGl te R Fard WA

Cor por at i lon—disclosed e Technical Bulletin bnti ol val [err]'
Sol vent (o¥@Bnsat i on pluhgRedamiuoridxiic enl', 1994. | Babirefal |y, in this

‘condensat on process, the efffoemt—fromtihe monpermeate—strde—of—ore-or a

plurality of r SuabeSe | . Nt heat exchanger. Liquid nitrogen or
anot her cool i %W@m"@ﬁ ﬁfqr %’d‘ﬁ@?ﬁ’e"“ﬁt%ﬁﬁ’ﬂgmrﬁgfowgﬁ5"@r"s%&hi “g? ows
t hr ough t hansidéed REPECQY | S. The m xture of PFC with N2 is introduced into
the shell of the heat exchanger and flows around the coils as it passes

t hrough t he shélhe scrpbberrmeans teeremove the hatmfishproguest forthe rembRIRE caraloa dryar e

coal esced,_.] i fihed and, col | ect ypqn..the. .t ergtur t he

cool i ng cosf*u?.ggriﬁvg’%i"ﬁ’;Qrfﬂqusiaﬁ%gﬁ%’c en Lo 3’ivﬁ#@“§§zﬁ’éxbﬂnger,
the |over scibbérs@RAIsBAIY Rsidltyge}orubBas, d?Sodlihs wiilRQomB @ icﬂfb%ersrﬁﬁfng iGthg PFCS
will be liquefied. In some preferred enbodi ments, the PFC m xture ?te%

concent r atGatys lseiremoveheroae. bAlsb; gagequsihydrideamaybeosmovedd it is

ag
exanl o, oRarEdo 1nd SRR RGBT e 570000 £ TELEE R BPokas o
nor mal  boi4,996003005,182,088 a%P5, 378439, , Whass differetf SERILLERIHal &' tGhd4lled in order to
of -127.9[err] and [err] has a normal boiling point of-129[err]. Wien it is

‘desired tdemaythgvarienstagmivl eonstituents.dt isgreferredtadnstallfirstthe diysssrubber (og cl ose

boil . ‘ . ! Lo —cond ; :
rade bt EttbBers) i ingh the Wit s ERREUpaikaibhiefird IneRitBes BT8R O 1 o
each ot herparticlerfebmi teGtresif dretsusityofecéssiry fehdvil OTpaiiRRS h&Vingdd didmeiex lavge® Of

speci es hayi-ng close _boiling points. Then, the mxture of Species having
cl ose boi It Bicrens) andsit isgeqnamended pecordingtorthe fnyention tofpsevideefilfsr apstream

‘adsorptio :Of o j . ) ' . n e
other | N AURER RAHE dihees RENET 26 idifed s bhd RUITREE WS 16 s
CaX, and Nebich reimewves partitles dndl liqdiddrgplets €s avoid'plggging of theafenbrae. and the "X
desi gnates a 10 An?str mpa{%g size); activated carbon; or the |ike, wherein

the pol ar speci®¥e ef ¥, foE example, disclosed in the broghuse eqtitled "Seleging adPBBY, as
dt = . . 0.5 . j | lustrat th ffi
P A R S e 75 1 10

Accordingto a preferred aspect of the invention, there exist some relationship between

>}

the pressure drop across the membrane (i.e. AP between the feed and the permeate), the
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. It has been discovered
that, for a certain constant flowrate of the feed gas on the membrane and temperature of the
feed gas, when the pressure differential across the membrane increases, the recovery of PFCs

like e.g. CFs decreases on the non-permeate or “residue” side of the membrane while this



prior art process. For exanple, when an air-fuel burner is used, the
tenperature of the flanme which is reached, if alnost 100% of [err], [err]
(which is not a PFC but is chlorofluoroconpound used by the el ectronic

i ndustry), [err] and [err] are destroyed (generating HF and ot her

undesi rabl e species), C2F6 and CF4 are only partially destroyed,
particularly [err] which is only 50% destroyed: the conbusti on gases cannot .

accordingly be 17 vented. However, whkEh using an oxy-fuel flanme which
t enper at urRFOs<ondentratidnlifiClesses bn thetpermeaposide &f the membant.r Aycordiagly df ist he
[err], while still .generating undesirable species. In the present

i nvent i on Prefemwes; assasding to the inventiqn, tabave apseasurg dropdl acrpssthe membrane whichy r ] |
whi ch . . , L. f
B cor di ng 4 ASHHEE uhBRY SmBler HARShORT13 6DO ReQaRORH-ig) SRLrHIRR e Hork h6GLR°°

sem condudi0rto aboug 1450 kP4 (ftbnpabkues 3o alsout 200 ﬁﬁﬁﬁhﬂdndlt’prb&fhblyeﬁ-&ﬁ%&ﬂ 23gner al
1 (which maé be ané tége of process using PECs_and rejecting PFCs). The
PFCs and @@fte abouy 4@ kPa tfeam abpub 20 andsto about @0 psifdr esent ed by 23 and 22,

respecti vel ' . LN EehY.: L I .adi 1] | . bul k
syslto ens or éag t%d(‘:ga%T ?\sre}g é ?e\rixeg %?Q Jl?[r)l(cq)mg\;vh 'sﬂ%l‘%%e({bg '%Jcata(r? gnglg Eahl{lﬂﬁua&?{}ﬁ?ncﬁ? W% gas
m xt ur e ofthéteGseitherthe ioptiorpascdmpadss tidfeed tdleave gaaiisiedpréssuRlirgpacibatheal | y

reacti.ve gases) is recqvered fromprocess | in an exhaust line 2. Tghe gas
i xt ur e ié““ﬁ?@'f"é’r@m \?!Sﬂaegtaaefsﬁ%hrgnuqeiqswm weny ofiike peeies prevept indbefeedn a
conpr essor, . a
cool er or a‘%egérh%é&‘? ﬂﬁ@?%é&zg&?gﬁgﬁée%@?ﬁ? ax?éb*@?ﬂ[ehér&érg‘d ?%gérgd gas
m xt ure. Towerthan aimosphesicipeessure (whiclefay boprefesred bbiaask mostaf deyspeciesubliick 3 to
renove nost of silJicon hydrides, [err], .tetraethoxysi!|agne (TEOCS), hal ogen,
hal i des, (rjl‘aﬁ‘f“é*%Ya&BW '%“éP’bHSéﬁL‘PFf{ %“Wétmg'@leﬁ'éﬂ%ﬁrs‘ q%éher'@%bfé“%%’ of

t TN
hydri des, fakd gﬁsmw@@h%g,yrg 3?‘3&5150‘*?‘3%@% gugsffhg ﬂmrﬁ@tﬁ@aﬁ p[r}glg ol Ay

m xture provid In 2, or wet scru
necessar y)athérisectidni théamns iscisuallyadéquatec rAltdmatively sifithedecdistream oo tHeingdnstgane is to

droplets, ,and the |jke, haying size gregter than 2 I Cronet ers.

Addi t i onameﬁonwa?sm% FUBPIEHRP gfef%lgbg Famip wwgar ﬁhﬁ%%FTst’FQ‘gﬁ%{‘ peesieated om
dry scrubhg ' I el ' : i al
arount of pung byt e GRPscRIbbA e citalyIprerAC P iR RcBRerR BRI 2. o
the feed Sledempdrition, sndier) plasimaxdepbrapasitiony Poéfedned ¢amprésstmage sehledramdoibfiee,uni t

6, the carrier gases of the m xture the er neat th ol l ow fibers
of monbr aricly e gomRssrKIRAT P Gade Brmede croP O EREK, aigios tram the o
exanpl e, tﬁﬁv&éfmﬁfsoﬂélémﬁﬂﬁpbféﬁé USA! WBmpr&Sion ritd @EGHRA as te iRy oP€ USET Ul

to recover it and recycle 1t In the process, wth further purification or
not). The pressugeaat theatompsessarautiehdivided byrthe ipsassure htthPE@upresson intat) ofithed) are

d in 8 and eitber di |y | ed.t 1 St d jn bulk
Lo be | at GOMPRRE PR et e monbrahe AU (G o BBGRe baihel 51 SLpEPRRREY
uni t, for g gbferallyGRALES Bof 6ot 241t abldlt lPﬂ, 1t B8idg Apptbdifted hat §u@é@megtﬁheat

exchanger receives liquid nitrogen LN2 in |line 15 condenses t )
boi | i ng pmr@p@eiwkbgqmd ayother hembrane fepdlocations inog serirpof membrepgumtssi | y

"gut a on 1 e B8 58GRtany B ovifl hiad ERcrBhgscbveen REL e Bisp BTG Wi o,
separ at es ¢doRnR@LéH astliqaRt diRdgen! R ekditplOTThaRMPEralur e/ préss@eRE e fe&l Y 19,

20), which_ fractions | .
_ flowing into a particular membrane is to be controlled, or the PFC concentration in the non-

permeate stream is controlled at a set-point value, as disclosed herein.

| Whatever pressure drop across the membrane is chosen, according to the disclosure
given hereabove, it is preferred to have a higher feed flow than a lower feed flow (even if such
a system can work with a variable flowrate of the feed): the highest the feed flow, the highest
the recovery. This feed flow can vary from near zero to about 10° Nm®/h per square meter of
membrane available for separation, preferably from about 10 to about 10 Nm*/h-m? and more

preferably from about 0.1 and to about 0.5 Nm*/h-m”.



18 are either recovered in 21 for further treatnent on-site or off-site
(the dotted lines indicate that this is not the preferred alternative) or
recycled/stored in process 1. The gaseous fraction is sent through line 14,
for exanple a pressure swi ng adsorption system 13 (or any other adsorption
systen) wherein the adsorbed species (one or several) are recovered on line
17 and wherein the non-adsorbed species (one or several) are recovered on
line 18. Both products on lines 17 -and 1§ are either recovered in 21 (for
exanpl e of f - si tAdternatielyghe yoropressoc may belpositioned afber thel prefreaimentapeans (dry or

m xture of @gecigs.q%e eé#her rﬁggﬁ%ed in process 1 or recovered in the PFC
recovery GREPT Wt SCRivoss, eés’taﬁgt ! ¥ gas inlets in the process (for

exanpl e chemi cghe 6afRvat@leUTthd ReMAKY Qﬁdr{&nn%e 9§ehﬁfl_aﬁﬁa e eﬁ.ﬁf Hav€ hn BBiEReRET € O

dilute the other gases or to purge a chanber). ose ot her gases are
sonet i mes theygeevepheRFCaran the non-permfeate sideof therrhersbrene| fldsualiy avheh ¢he{feed | and

" Sert oondnaPn Y nidhitant (8 BGatyls Bhrtates ShftBn constane Bpwieandpremteatiop, -
menbrane sheipeiedofihé Bas HRAME RRAlh BEMRYR R tioddfille ﬁk&ﬁ?&ﬁh,‘lﬂu&m@gh@seﬁ' |

har nf ul conponents have been renoved) is conpressed I n conpressor nd
t he streaiWhich alieadyt permpate fastds atlowsr tepefaturenBorexampl, niffogerpamdraxggen @iry eam

ogut ot or VHIHGRRE nbif focfed oFhdn' Ve TRRRIERT Bian She S, a bl esmoetginlre Wil
downst r eapetnheatd @R RRR st tﬁrﬁﬁ%mgh&%%@ta?mgﬁér? eéatw tk]%bSd‘% t0 60°C.

non-perneate stream47 is fed, Tor exanple, td a condensa n system 48,
whi ch separ at edsbsllyhthettermperhtarmgef the feed hadjor the metmbrage carl M2y flom abetrld03ed
streamor |i Uith@;ﬁéﬁa e49 fromthe uncondensed stream or gaseous stream

50. After 'adqu rably &rom ghouti 101G to3heut 802€ rgndipsrtisylasly arrferably yangingal | y

vapori zed | r b o rese sinplified
schemati c %ﬁagﬁ%ﬁgémgéﬁé&gg@&% aé%]ué 2§y€f°efrfs1 @ﬁg%@%gﬁﬁ"cgf t he inventi on.
Feed gas 90 fr duothes preferreddisthed of Gpatitiag the eMbrieQRpaEtdBuRQBPHRTT6&sE N 2

conpressor 92 prior to entering a first stage menbrane ML. First 'stage
menbr ane B89 gysiem ekthg inyentigns by operating cagh mempiane uwit to hava aicpystant, sstrpointr  and

process 933fcntrditth & JAR%: R‘S)%gg% gl & fnet_ﬁghgxgger%gegg'g%m Ig%}lgé] §n$érrfgn${ge,?£ I?{?&Cs '

A back pressure regulator es a pressure.

Non- per neatembsaneanmits. 98omé efthe atieintages ofspeiiting tiRGRoCREIRIEYSteMlof thY BediEioRy 2
second non-perneate PFC enriched stream 98, and a second stage perneate

stream 106 Bare that dead; nressere flugiuptions cambe smantheds andithetthedifecof the e
I mper ”Eablnf‘exﬂbgar{? i A I th rane.
A second 1 g%ﬂ V%)Plg)gs eg ?@gﬁgﬁﬁ{n& 0 rG%Q%nvg? n éﬁ%@aﬁﬁ %é gﬁﬁ'@ k%’fcgﬁt%iﬂnos S
second st aftherRithinahendRperfeateatrednh s to passazyvticirofaheinddPeriite REesnTHi ned
and either %J saosed of, or r Ecé\(él ed a ,a?howg for stream 100. Optjonal and
pr ef er r ed PECHBYN cppntersprrently, By, &fﬁeé’??f)ﬂ eithe hollgwyfiber membranedthst isyersthen of
a val ve 1Qdrmdatk SRGkthd ' 4y O : astiream
98 to be swept across t ﬁ%‘gg‘ém’gtgﬁtﬂé Pﬁ)gbgpp%lhbmﬁﬁ{,}gtl ﬁgé;ee %ﬂg#%rrm}hng
process efii Uf. PatentNos. 5,240,471 and 5,383,957, both assigned to L’ Air Liquide S.A., with the

exception that the patents do not describe separation of PFCs using these techniques. Both of

these patents teach sweep gas techni'ques. Thus, a portion or all of a non-permeate stream of

stage N can be used as feed stream for stage N+1 and/or N+2, etc., bearing in mind that there

is usually, in practice, a small pressure drop between stage N, stage N+1 and stage N+2, etc.

This means that the pressure on the non-permeate (feed side) of stage N is greater than the

pressure on the feed side of any subsequent stage, such as N+1 or stage N+2.

After this first concentration step with one or a plurality of membranes, it is preférred
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 perfluorocompounds can be used such as



as described in the '471 and ' 957 patents, previously incorporated by

reference. Also, an optional vacuum punp is illustrated at 102 on the
recycl ed gas stream Vacuum punp 102, if present, allows recycled gas
stream 100 to reenter the systemwith the feed gas. FIG 5 illustrates a

system and process substantially in accordance with that of Fig. 4, with
the provision of a recycle nenbrane MR in recycle gas line 100. Also
provided is a conduit 110 and vacuum purig 112 which all ows separation via
recycl e ngtilaizg, AdsofptionAdontiéisatiis &d thelike Prferdbdy; WAd Becddsecmhybemprelli t 108
are conprised primarily of other process gases as defined herejn. FI Gs. 6
and 7 i | | apprepriate forshe strrams yhicly as¢ eoming ot afeatemicondygtier manufacturisg toglna k| G

6, several

Cei ther o RePaof Bl i e Eoet el REEAE Rahitpndi? wRfadi s AL Bt A7
ot her gas Qﬁqtﬁ&%ﬂ@ﬁ&@brﬁéﬁﬂé@ﬂi@a&eﬁaﬁﬂ\% Tethfical Ball&inltatifléds" Sohval™M &lvenHl ar e
preferably scrubbed in scrubbers erri and then are preferably diluted

with N2, &mdwmmﬂ&cpmswemellw nB&sically,ds thiserdensgtion nrggeés,rtbtt as a

single strgam f act th es

successi v& t?g%rfnmﬁqogr%ewgqgs@ ‘8 gyﬁﬁtzgfmgg\gxéagry?%&dné{] }é"taF eam 67
i's then pregéfahgdt! Liduid hifrogéh e:tanbﬁfef todling eliiufpis inttodacddistoheReat bkshAndeed t 0
a menbrane unit ML of the invention wherein the perneate 65 may be vented

and a no nlimil) ﬂﬂWﬁ threughehe aeclzg £oils oFheamixiuge etPFG-with Nyds/intredyced | }fév the shell efie
or severa eohegi eX( -1 g%‘%‘fg w%%roPtll\ciﬁhg g&% s a@ie\é tlﬁ-gu@ tﬁ% nbt)eﬁl tﬁxé t _lye 1% Y,

non- per medt e or err]

thus i npr @éore ahchpart)&f ﬂh&PFvaab&@ a%les&ﬂeﬁcﬁfeﬂ&i ahd @llédtmsgﬂﬁpdhttheam 66b
may be enpl oyed to sweep the perneate side af . Menbrane units [err] and

[err] al sdempsratenas theraofing sailss The Aigher the Higyid ﬂl"@lgéi' flawrateinta the sxchangese
' nvention 4 neldig &gé@xgge%t%}’é tﬁ'tf?@co% mg gﬁlsoﬁrgf‘fgér%fo\‘é‘%@omég@%%@ﬁgiﬂed@ 9b).,

a high pressure orage ves rra surge

exanpl e of nul tIn adnﬁe iefér:aaeamboarm&;s&ewmﬂmm eReroncenirativn conpeises speciesie
etch, anot her an OXI de etch, andd;/i% anot her m ght be a tungsten
CVD procegéhose b 01 GSPQIMSH&C pse and ity i therefors diffieylisto sepagatethem by Fagtiogals ur enent

d 100 t

be. used ¢ GOBTEIEN EAE PRI e B R holing FBIER b8 C ahy BIFy bt Wik ™
control | erpofifd@.p oMbeBZaPEGEF%@ aSndamal boill ngrpoidtewm@sgraﬁm hsiﬁymd‘rﬁxarloo and
adj usts fl ow control val ves in conduits 67 and 65. Conduit 66 al so

pr ef er abl yboiling|poiht of a1 292C k Whea stuis desired td separate avnixture compusing dtlleast twat ed f or

clarit Back r | at or 104, ans r t he, function a
ooty | bod SEUPIEE st PAIRE Lo, (165 AEE Stpagimop by dor SyAmpls, FondepiponLy "
control s qmtv@éeﬂ tﬁ@&érﬁh.@ kpecies ﬁﬁhﬁﬁ BoilifgPoirfts ﬂ(’iﬂ:tbs cloké froM¥adlfother in order

advant ageous, as previ ousl Yy ment i1 oned, to ogser at e err usi. ng a set oi nt
PFC concertorpaovidesubstantially rpureqpeumtaanxmrea pecies hayi doilingipeistst Thephe

fl ow nmeas nent device | ude anal SIS ui nt_t term ne
the PRC. oo bt ghecies Tenacioee e 82 shpastted Y eI oractst o e
for menbr agamyR i&soPﬁkmn'Wnen WRe ofthd sPdlics of R Mikiek is Mor@ polar thin the othep) NI
arrangenents may be enployed in the latter nenbrane units, as denoted at

108a, 108mndﬂmcnay1hezsapara_tedb$mgm&culmwes (svelas Na¥, G and Blady
Fegul at or S Rielarks's AnBafdHh bide HeOHERL A EERRHIT D AVBREGH BagtllyPT OCCSS

1...Nis adsot%
activated carbon; or the like, wherein the polar species (such as NF; and CHF:) are

S8
=

preferentially adsorbed, as opposed to non-polar species such as CF,.

| FIG. Lillustrates the efficacy of a burner to destroy PFCs versus temperature (°C) in a
prior art process. For example, when an air-fuel burner is used, the temperature of the flame
which is reached, if almost 100% of NFs, CCLF; (which is not a PFC but is
chlorofluorocompound used by the electronic industry), CHF; and SF are destroyed
(generating HF and other undesirable species), C;Fs and CF, are only partially destroyed,

particularly C;Fs which is only 50% destroyed: the combustion gases cannot accordingly be



(after dilution with nitrogen and conpression respectively in 72 and 73)

W th a nmenbrane system|[err], respectively, according to the invention.
Each feed stream74...75 is fed to a nenbrane system[err] (wth
pretreatnment systens [err] if necessary). The perneate gases are vented
together at 78 while each non-perneate 79, 80 is recycled, preferably to
Its correspondi ng process. Preferred systens of the invention include a
redundant menbrane unit [err], preferabl}? having its own pretreatnent unit
[err]. Al ¥6ntsd.eHomeuer, Whemusinggrotswy-freflamarvehichtempérRurensiaboutsldpeiGiitss usabl e

reactive I Ler.gases. Note that wth suitahle
arrange neﬁ:{o?sglﬁé \§,°aﬁ9‘%§'§? “{Qr%fg? ‘gﬁyé%r Wgﬁet 3@&3"?%&8&{ CHO G IPEHESe I a}e PEESeNtes
(cascade) invegition, cbmbastiofa@ DO miyoreiol&all PRECs §uR C,B dndid¥ES®hidh Firﬁﬂ:@ﬂ" be
enbodi ments of the invention, it may in some instances be preferred to

Ccreate a ﬁP‘é@?ér‘%mp across the nmenbrane. In one enbodi nent this may be

done by creati n_th erneat e side of, the nenbrane whil.e epi ng
the feed gas a’fﬁl gt%ﬁ#%ﬂa@%rse% HgPﬁ?%Pfﬁfeé%é‘ifP@f‘j“%ﬁi%W tl?&?é?ﬂ?“@f)"rﬁlhf‘ Fliqslef»
pressure okherdi®a g@ficoRdtictor ManBfaBRFRE plocedlid réfreSahf ity Féf&%nd@ﬂﬁe?ﬁﬁ uring
process. A(s | ong as usually only the carrier gases perneate through the

menbr ane, (Whisk@aybeaay bipe b prassssasing RFCa and rejesting PHEs) o {The PFCa andicarserst em

merbr ane. e s Heskes® DA TR 22 3T 28 Sl PR AL rean a
risk for tdeliverpthpowshaedditioralbulk systef OFFEE caBinkts veHtknd A Sn fHe efRIr8Ait knduiSy)t WO
different flowates of the feed flow of 170 m/mn and 130 m/mn

respectively, dhWastegps Bistyre o6 PFGs enigngasesand any othsr gases 2 (swal anchemically f ace

f ab . ' f i i he hol.| ow fi ith
o per ot HeictiyEllsee) 0 fcBvded Bompradsd | WhnlelndiSine " Barleliis gt reRribins
for | ow prpasssd trodigtofiltdr Shy@ethéheonipPebsddtih ARBIPredstst C. "Ph @nifras & SisF@ztund

t he nenbr ane, no,cog}cé:entration of [err] occurs (0.2%of [err] recovered on
t he non- pd$them prticnally ropted torgeooler oF heptas'Q to prayide p ¢psived tempasatnes far thes |

d di f . A ' th ' i th
o onset o Sofplddfed GE i Tiells GRAGRTE ) i@ty (b W £ By HEBRASSS 1)
feed fl| owrerhovedfiostiof silicon Ryadrides, NH| ASHLQ wtakthoxy(sila (TEOS), halogefl thalBdésEtheR Oi Nt
i's obviousl h{)lgherpé%‘{}greases with feed flow). FIG 9 illustrates the

ef fect of PFHigra & Wit semybber g remexs mast oblrydrides, halidss.chalogen gases

menbr ane s ' . fial fl hi gher
T ey ont (jcdRiits fothe hdite F the s ol EISLIALERTE DAYy d? sclionel S of wihterbil
concent r at4i may tef neRésSary), Fthen filtéred fin aifilter 3b €6 rentove dastpytivles, Araplas, ahe thelliken

t he non-perneat.e side of the nmenbrane versus the differential pressure

h
across t h&@2WBEHEaaksates than 40 rejerometen Aqdidaqally, particlesand dpst maylpedemeveddnai al
ressure, i ;
or et | nateh s fm Sy SchBbls, & ehRAUEE oMY find Bntalb Bl upsblial
drop acr oswouhtofihanbfubcamponentfor a membrane anis 61 Gab siséan 25 Brsehtmnthe fdedsidat es
conpar e rves, {.0 30..m /g n. d 170 m,/mn), FIG 11 illustrates the
(ef fect of %F%'ﬁﬁﬁfil?{ﬂ “PBW of Nofliy Hees oF gnemoraherinit &, fhe carrigs [B9ses Af themixivgs
| ow anpunithé pehfiédtd tHRREESERE ROl B 6f hémbray 6 &l dre Pcobéred? 6F VEMBAAER A1

] ¢ Eﬂﬂt}
55[err] for a pressure drop of about 7 x 10[err] From a recovery st ano?poi nt
(FI Gs. 10 waste gps ¥ (f] for example,shbeartiengas comprisesheliuay add ajbo drgomyritmeysbemsful
? gg![ egt s L Sg?%h?%ru{ z-g'\ndf r%yc e P in'the er'oecgsg,u \;n%h glrrt%gr pu%qitcatchlnGgr' no%. aﬂlde n%n-l-prégrlnga%é ©
stream which comprises the PFCs (concentrated) are recovered in 8 and either directly recycled

to process 1 (or stored in bulk to be later reused in process 1) through a line 9 or sent to a
separation unit, for example a condensation unit 10. In condensation unit 10, a heat exchanger
receives liquid nitrogen LN in line 15, condenses the high boiling point species (by using
different flowrates of LN, one can easily control the condensation of various products) which
are recovered as a liquid on line 12 and sent to, for example, to an adsorption process which

_ Separates the polar fraction from the non-polar fraction (respectively 19, 20), which fractions



pressure drop is necessary to have a certain purity of [err] (and thus a
certain concentration). FIG 12 illustrates the general operation of a gas
cabi net where Figs. 13-14 illustrate an aspect of the invention. Gas

cabi nets (sonetinmes known as gas panels) are well known in the

sem conductor manufacturing art and need little explanation to the skill
artisan. A gas cabinet .-for PFCs will have a PFC vent stream PFC vents from
tube trailers, clean roons, gas packagi A8 facilities, and the |ike, also
need | it t Re eithen rasaveredrin 2 \forrfurther treatment ph-sitg ercpfBipita(thesdasted ligesrindicage that

cabi net vapi; ' NS L very of a relatively pure PFC
stream f-rg{ri%lgm{@gﬁk&%gedgg{eb%&é or?ec%gl%%ﬁ%?e;aﬁgﬁ&cﬁés ‘as cabi nets enpl oy

speci fic purgi THe garebisTestion istem thitiighlihe14, forl dxample a%@s@%-swﬂgead%@ﬁwr ge
routi ne generall é} is utilized to purge process gas while a post-pufge
routine i 8ystRend3 fariapy gtheradsorptiomsysiemliwbgrein thendsorbed specied fanefop séverdlaye

describes_diffe . 0 Lonal .nodes of ,a,typi cal gas cahinet, wt

refer encer%é@%g.%_ﬁ@ be Plf-é'gdég Segel&lge Riradserp f/d 7\%8188 &"8 gé ggve&ﬁsar? Fe5QeTeG PR ¢

t hrough Vine I$)eBothipredigts dh (e $7 bid>18 £€ ¢ithétFedovered #f 2F (forékammpRbAAFOUTN V7.
Val ves V2, V3 and VS are, bypassed during the process gas delivery node.

Pre- purge“R%fﬂ\ePﬁ@"Mt’le‘Pm@'@@lée t he process gas cylinder valve has been

| osed, th ' . ' ' V4 and th t
Cinects pur ged TP Stk o BBLGUOIE Bl Febyed [II6CHsY L obibodiBred T 7
al so evacBECeecortrytumit21t i Av24 avé thestlidn@ls mlet ift thedgtoedss!(fof éxatmplethetnicai | | t he

area between V. a&ld Vo with nitrogen., Vent Mode Wth V7 closed and V4 on,
the proce8%eyather thag RECs and other an catriergasesusedtocdibyte the ethengases onthepurger ess

fel | a :
A 0aor ofETRE) ot FRERRE fe ROEAEH T S sof e S bR IR 1 &
restrict  tkempleSiH,\WF; ad thalile) aMbwhichatdagded i dther éeps 6f thY maghfs@dngnd V2

opened, a vacuurp of 22-24" Hg is generated between V1 and the cylinder
val ve. NoPEcesipipseny ¥ osed during the purging routine. Nitrogen

Pressure Node W& ¥4 @B e diiooPENSSe ik inReRSlatlu gyl "o it rogen

pressure (80 psi) to overco he vacuum an ressdrl ze the systemwth
ni trogen bendessatioviystemtl Alfeedostienmaidr(whereineall hdfirfal ddmponests havetbeemrenasiddym i S

t hen agai n generated between V1 d the ¢ylinder valve (Figure 12d). V6 is
Cycl e on ARSI cbmpTRasalr 4 38d e STRum 6 ed g 00 ide et dieeane 42. The

vacuun pr gesak siidhifli48 %o fHe Parmeate ik 44 of the membrane is usually vented. A pressure

regulator 46 which may or may not be required controls the pressure downstream the

membrane (on the non-permeate stream), while the non-permeate stream 47 is fed, for
example, to a condensation system 48, which separates by heat exchange with liquid nitrogen
LN the condensed stream or liquid stream 49 from the uncondensed stream or gaseous stream
50. After heat 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 invention. Feed gas 90 from a semiconductor manufacturing process is
compressed in a compressor 92 prior to entering a first stage membrane M1. First stage
membrane M1 creates a permeate stream 94 comprised primarily of carrier and process gases,
and a non-permeate stream 96, enriched in one or more PFCs. A back pressure regulator 97
provides a pressure drop across membrane M1. Non-permeate stream 96 then enters a second
stage membrane M2, producing a second non-permeate PFC enriched stream 98, and a second
stage permeate stream 100 comprised primarily of carrier and process gases which are

impermeable to the M1 membrane but which are permeable to the M2 membrane. A second



Ni trogen Purge Gas Bl eed Once pre-purge is conplete, a pigtail purge bl eed
is activated by partially opening V6 while V3 is open. Wen the process gas
cylinder is renoved, a pre-set flow of nitrogen will flow fromthe pigtail
preventing atnospheric intrusion. Post Purge Routine Wth V4 on and V2
opened, a vacuum of 22-24" Hg is generated between V1 and the cylinder

val ve. N trogen Pressure Mode Wth V4 on, V2 and V3 opened, V6 is opened
all owi ng nitrogen pressure (80 psi) to d%rcone the vacuum and to

pr essur i zbackpressyest regulatot 9 maintaingeapresstuseatrop Mrossrsdcdndatagy miembeane 2 ve. Wien

V6 is clo , vacuum.. s agai n gener at.ed. befween V1 and e cylinder
val ve (Fi Sﬁkilgnaﬂlgdit_rea% 9|4§“é|§®1@ﬁ)gg‘ﬁ° "%#?“drﬁfh?"! %?PQS%%@¢W°{£@§K@NE)ur ge
to creat e fifreXA60 ORISR AP prefti-a eemasﬂen&rbft%@% Gaiboafed ifRPSs Mchidet Ne

pigtail up to V1 under vacuu Process Gas Hl e process gas cyli nder
val ve i s powisigreofadvalved 0dsind comiait 106 weich dlowra péitiorsofithe REQ prodext stkéami 98

Chr ough af BF potas adross e Demfeetesiint Hemnbrane Ay ety HHFasciog Bibaes cEiasmates o
the Procegsdésefibédthithecuy1 Mapos7 Eh&ts,lﬁeﬁbwssmg 2 s.(%teaoayereméne@ Ao Ld3e

provision a pure PFC streamto a gas cabi net the“Internals are not
i |1 ust r at egtional vaguami pugp. is Bustratehatrl®? ob3be reaycled gasstreanub¥aammcmmopil @2, 130

whi ch | eads t nmenbr ane separatgr unit 200 havi ng .a,nqn-perneate stream
220 and an"@FfﬁEQ{O& S§F?y8§ﬁmgﬁﬁ ream @Qﬁ? 5‘?“1‘??(‘]9%’@"15??.V%§1 tée?% 88%| ustrates
schematically the provision of multiple (in this case three) gas cabinets

150a, 150b, an@IGSilustdtés /sySleinid ipPécesssubRamtially FRAEa6ARke WAOKEY Of F}?MI, 200.
Various exanples will now exenplify aspects of the invention. 2

EXAMVPLES mithihe proyisionsof adeeycle saambranedyik in negycle gmsding 400. Adsegrovideddss vol .

[err], 1.1Q%. e 6 Y% 1y L1 t kes 44 218 Pascal, a
t enper at u%gl@'{“ Qéﬂfﬂd?%'["g} ?"]%ip% d&'iz"al&??]o%w&aﬁeéarg?&ﬁ@%;%ﬁ% Pg?‘gfagﬁg&%sl I ter
per m nut eirriepgdsesl Thusitherebpielgubsia cohdult 108l aré BorAsise® PHMam9 ofBehRr proceysdi ng
to USP 5,085, 676. A vacuum system creates a | ow pressure on the other side
of the negBieadtdefingd hpreineat e stream recovered is at a pressure of 6,579
Pascal, a tenperature of 293K and a flowate of 181 sl/m while on the

o e e TS SR GRS A O PR b MREIROLYE
t he menbr aeseral duntical es diffesent protéssé&saith. \adl are fwnilalle Soruddeithér. sihsltanéouslyldt. 15%
vol . [err ]not), us?t?g' gx%%grvo?'ldiﬁ'e-wn% PB%rggEe%tagd %Ehre?gar.ge; crié)sgg]ntatr;g asnglq)iggs% %gse%.o %2 igg.seS :
exhausts from 60...61 are preferably scrubbed in scrubbers Sy, Sy, and then are preferably
diluted with N, , and compressed respectively in 62...63, and mixed together as a single stream
67 (in fact the various processes 1...N may either successively or simultanebusly discharge
exhaust gases). Single sfream 67 is then preferably filtered at S,, as a final cleaning step, then
fed to a membrane unit M1 of the invention wherein the permeate 65 may be vented and a non-
permeate 66 and 66a (concentrated PFCs) may be recycled to one or several of the processes
1...N, respectively 60...61. Alternatively, non-permeate stream 66¢ may be routed to one .or
more membrane units M, Mj, ... My, thus improving the purity of the PFCs. Preferably, a
sweep gas stream 66b may be employed to sweep the permeate side of M1. Membrane units
M, M; and My also may have sweep gas streams. Other preferred features of the invention
include the provision of one or more vacuum pumps (69a and 69b), a high pressure PFC
storage vessel 68, and/or a surge tank 64. As an example of multiple different processes, one
process may be a metal oxide etch, another might be an oxide etch, and yet another might be a

tungsten CVD process.



[err] 0.02%vol. [err] 0.48%vol. [err] 0.01%vol . [err] 99. 49% vol .
‘The non-perneate streamis further sent to a cryogeni c condensati on system
as discl osed hereabove wherein 0.4942 pound of liquid nitrogen per pound of
non-perneate streamis contacted by heat exchange, thus condensing nost of
the PFCs as indicated hereafter. The conpositions of the vapor and liquid
streams are the follow ng: Vapor Stream C2F6-1.03%vol. CHF3 0.69% vol.
CF4 16. 5% vol . N2 81. 78% vol . 252@hi s vapor stream conprises

tially CF %ol . [err]
20 00% vol | [ory sy gl TGRS mast ol SpeablsRERWBlE] Loc'tn PR

essenti al Igel‘msﬁeémaﬂm@df inembrabdumeM, Mdpwhdnayrimmsaisto[cenrrbl t&ﬂﬂc\;\ﬁfbﬂﬂe} hTh;a .
I d h ith nt rocess ere e fee
] o s BRReAe® s inS S i G BlIe R0 Aigh Aetebie Sfenat i Ao imeasurement
(concent r adévivs, lOBQﬁ@&(ﬁﬁdtQﬂow%ﬁtral valves MaBRduis l675RTs5 ScBﬁ&Jfé@&?&%;E %ﬁ-%ﬁﬂ ed

to the input of the cryogenic condensation system or
exanpl e scﬂﬂb%@ba&meﬁu@daﬂdﬁdu vibichrip het iltusthatedrfor ¢iaritg. aBnckpwsshrb iregudatés i N

1096 Ler r] 1 16 daSt IO BRRIRR inpliotesdoncppd S 55t b ipssminsemlaon 7 (G

t enper at ur4). GtheQreédsd c&%l Schbineyird icertfihly t3ivk! /Fa}é:&hﬁigl?{{ﬂar#eﬂr%ef per

mnute) is sent on the same nmenbrane as |n Exanmple 1 rane being
connect ed 3dyantageoys,as praviauglymentiongsiatcaoperate Miatsmgaiset puint| ER{LGahceittatiog @n .

The non-p e ream.fro nmenbrane copprises: [err]
15. 66% voF‘ﬁ‘g‘F ﬁf%’g@zf’g‘n %/"8%{5 ?%F"r‘]“ % gﬁg{%l oW dsyremen SMAY IS0 ot
the sane tiactnds aalysie equiPmpritas deferming tﬁehlfd SoierfifatiBARH conbbit aé sTr[.iSng Es% of
12 sl/m The perneate streamfromthe nmenbrane conpri ses: rr % vol .
[err] O. 459ntrgls may be used for membrane units M1, M2, M3, and as desared Also similar

piping arrangements may be employed in the latter membrane units, as denoted at 1082, 108b,

108c, 104a, 104b, 104c, 106a, 106b, and 106¢. Backpressﬁre regulators

FIG. 7 is a parallel processing embodiment wherein each process 1...N is associated
(after dilution with nitrogen and compression respectively in 72 and 73) with a membrane
system M;...My, respectively, according to the invention. Each feed stream 74..75isfedtoa
membrane system M,...My (with pretreatment systems S,...Sy if necessary). ‘The permeate
gases are vented together at 78 while each non-permeate 79, 80 is recycled, preferably to its
corresponding proéess. Preferred systems of the invention include a redundant membrane unit
M,, preferably having its own pretreatment unit S. Also preferred is a recycle membrane unit
Mg, which separates usable reactive process gases from ca:rrier_ gases. Note that with suitable
arrangement of valves, this embodiment can operate in parallel or series (cascade) mode. :

It is important to note that for all these different embodiments of the invention, it may
in some instances be preferred to create a pressure drop a:cross 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 pressure of the
gas mixture released from the semiconductor manufacturing pro.cess. As long as usually only
the carrier gases permeate through the membrane, those gases cannot damage a vacuum pump
or other vacuum system, while on the contrary, compressing the gas mixture upstream from the

membrane would not only mean compressing more gas, but it would also mean a risk for the

compressor means.



[err] 0.01%vol [err] 99.49% vol . The non-perneate streamis further
'sent to the cryogenic separation systemdisclosed in Exanple | and the

foll owi ng vapor and liquid streans are obtained: 26 Vapor Stream [err]
1.03%vol. [err] 0.69%vol. [err] 16. S%VOI . [err] 81.78% vol . Liquid
Stream [err] 47.83% [err] 29.00% [err] 21.81% [err] 1.37% The liquid

streamis essentially concentrated into three liquid species [err] and

. The Ii . Q. t d | al I,
Banpi e 1. Exanbi GiuEs =« A3 odiffur Aonetg 2 Bt 48 sy 10 mig g
[st re ?m co rrmg ml/min, Qesag%édy').l ong lﬁill?iwﬂb@r. féfibrame made of p@lylu?de%‘\%ﬁ e rslirl‘ace of Pl%
err n i trogen a ressure. o scal, a
t enper at ur éb (54 Séd%e °f°“éﬁ'8 1?‘{ é&ém&? &ES@P‘H F’S‘Pér?&%{?eﬂ“?“i ‘PE"‘%@‘F

m nute) i sostsidé hollowt fiter.s BIG: mmIIyalmums fon Ioxpreysiue diop tetwedn dRmon-perteltei Ng

connect ed h ane aration s 5| Iy trogen.
The non- pe%‘s?ndeIh §er?°ce$tﬁ(§@ﬁ'¥&q$eﬂf QW?‘FB‘PH“{%@? é(gg#pq(}(g%‘s [err]
0.5381% vol. [err] 0.02%vol. [err] 0. 1611% vol. [err] 0. 0245% vol .
[err] 0. OeperRd,er the Ren-pérmeate gide witlothe"vesidue”).AFox kighes pressurecdrpps; dependingand
pressure than the feed stream but at a flowate of 73 sl/m) The perneate

stream fr Omﬁﬂﬁm,%cﬁim&eo? .fn] m&uQ%’% ¥dnserlpBint o Boktd PV o! -
[err] 0. (%1014% vol . [err 0. 00169 vo

/m?* (AP across the mémbrane) for a feed flow of 130 ml/min For higher flowrates (170
m./min.) the onset point is obviously higher (increases with feed flow).

FIG. 9 illustrat®s the effect of the temperature of the feed flow (or of the membrane)—

same 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 concentration of PFCs.

FIG. 10 illustrates the recovery rate of C,F, on the non-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
the membrane progressively increases with the pressure drop across the membrane, such rate
increasing faster for lower flowrates (compare curves for 130 ml/min. and 170 ml/min).

FIG. 11 illustrates the effect of temperature for a flow of 170 ml/min.: while only an
extremely low amount of C,F, permeates at 20°C, almost half of it permeates at 55°C for a
pressure drop of about 7 x 10* N/m?, |

From a recovery standpoint (FIGs. 10 and 11), it is thus better to operate at high flowrates
and ambient temperature for a give pressure drop. But FIGs. 8 and 9 indicate that a substantial
pressure drop is necessary w0 have a certain purity of C,F, (and thus a certain concentration).

FIG. 12 illustrates the general operation of a gas cabinet where Figs. 13-14 illustrate an
aspect of the invention. Gas cabinets (sometimes known as gas panels) are well known in the
semiconductor manufacturing art and need little explanation to the skill artisan, A gas cabinet for
PFCs will have a PFC vent stream. PFC vents from tube trailers, clean rooms, gas packaging
facilities, and the like, also need little explanation. Although the following discussion is for gas

cabinet vents, the idea pertains to the recovery of a relatively pure PFC stream from any venting
of PFCs.



[err] 0.0004% vol . [err] 99.9878% vol The pressure of the perneate is
6579 Pascal with a flowate of 126 sl/m The non-perneate streamis further
sent to the cryogenic separation systemdi sclosed in Exanple 1 (0.4335
pound of [err] for each pound of non-perneate strean) and the follow ng
vapor and |iquid stream are obtained: Vagér Stream [err] 0.3418%
Pressure: 714,286 Pascal [err] 0.0125%

Tenperature: 144K [err] 0. 1592% Fl ow at e:
72.8 sl/m [ er #il sugongapetias.chloinety emplOy spetigivoppeging] routimes beforsmy pfter dytindsr r eam

gerzrg% 0 %85 <RahE.”°rhe pre-purge routine generally is “““ﬁ%’ﬁ‘{!, g?:}%! gf‘oé:esz %ﬁs 4ﬁ Si; Qiﬁﬁlrs& err]

- 9900%
FI owr at e: routinedq ganerally nsel to emovs Qosgirgantrgsions.s The fdlpavingrdegcri &Y% Exanpl e

ol - Coro. PR AN o s iifed o ot P Botfend b BEE 17" 050, G0 7 00 20

99.71%nnitrogen at_a pressure of 319,728 Pascal, a tenperature of 20[err]
rogess Oas standard liter per mnute) is sent on the sane

2EIyeryl vigds

menbrane as in Exanple 1, said nenbrane being connected to the sane

cryogeni c separ ;
(concentrat ed) @?éﬁﬂf?@gﬁﬂ’ﬁ?‘%ﬂoﬁﬁg&cﬁﬁwgg@ J;f‘eﬁ‘{&% @gtgg@f %/dglﬁ.mt err]
0. 0200% v dhrougteVy] Valyey ¥3p¥3 \2od VS[ass bypaseddwingtheprocess gggielivery mode.0. 0300%
vol . [err] 99. 2000% vol . (At the same tenperature and pressure than the
feed stregp.phith Rbuige fl owate of 112 sl/m) The perneate streamfrom the
menbr ane conprises: lfeerr] 0.0154% vol . [err] 0.0041% vol. [err] 0. 0039%
vol . [err] 0. 0019% vol .

Vent Purge

Once the process gas cylinder valve has been closed, the vacuum generator is activated
with nitrogen by V4 and the vent line is purged for atmospheric removal. The vent area between
V2 and VS5 is also evacuated at this time. V4 is then cycled on and off to back fill the area
between V2 and VS with nitrogen.

Vent Mode
With V7 closed and V4 on, the process gas is vented through V5 and V1 remains open
until the process gas safely reaches atmospheric pressure (sensed by a pressure transducer). A

.040" orifice is located on the vacuum inlet of the vacuum generator to restrict the venting flow
rate. '

Yacuum Mode

~ With V4 on, V1 closed and V2 opened, a vacuum of 22-24" Hg is generated berween V1
and the cylinder valve. Note: V1 is always closed during the purging routine,

Nitrogen Pressyge Mode

With V4 on, V2 and V3 opened, V6 is opened allowing nitrogen pressure (80 psi) to
overcome the vacuum and to pressurize the system with nitrogen between V1 and the cylinder
valve. When V6 is closed, a vacuum is then again generated between V1 and the cylinder valve
(Figure 12d). V6 is cycled on and off multiple times in the pre-purge to create the
-vacuum/pressure purging action.



[err] 0. 0009% vol . [err] 99.9738% vol . The pressure of the perneate is
-6579 Pascal with a flowate of 112 sl/m The non-perneate streamis further
sent to the cryogenic separation systemdisclosed in Exanple 1 (0.4335 I|b.
of [err] for each 1b. of non-perneate strean) and the foll ow ng vapor and
liquid stream are obtai ned: Vapor Stream [err] 0.0072%

Pressure: 714,286 Pascal [err] 0.0003%

Tenperature: 144K [err] 0.1145% Fl ow at e:
72.8 sl/m [err] 0.0197% [err] 0.0083% [err] 99 8580% Li quid Stream
[err] 80.67% : Pressure: 714,286 Pascal [err]
2.88% L Tenper at ur e: 144K [err] 8.21%

Fl owr at e: DitipeenPugge Gag Bleed 1 5206[err]  4.34% [err] 2.38% Exanpl e 5

Under the sane conditions as in Exanple 2, a feed stream conprising 1.00%

v]?l [err], O. (Ilﬂdnptﬂ-purieeiﬁ Edmpltﬁ’e Qb‘i@t{tﬁ;ﬁd&dcm%dxs%m&%b@ipmmweﬁg%pressure
of 866, 595

erat ure of e ate 5, 000
sl /m (st anggr d ‘xogfh perenrr?lﬁ nge)s pas cylinder if)ﬁ°"[°h§{ ézi’ﬁ’eseh@%? g(“f ?"ﬁlsqw
menbr ane) fromitke fxtailpieeenting smbgpherizriltnaine. bei ng connected to a second
menbr ane (cascade connection: non-perneate side of the first to the feed

side of theo®@e@PRbutiniNe non-pernmeate (concentrated) streamfromthe first
menbrane conprises: [err] 33.93%vol. [err] 0.17%vol. [err] 0.31% vol .

[err] 0. 1.7/% val err] 0.3 1% vol. [err] 65.11% vol. At the sane
terrperaturglﬂ"l‘l‘ﬂf%?%%sure than the feed stream but at a flowate of 150
sl/m The perneate streamfromthe first nenbrane conprises: [err] 0.0012%
vol. [err] 0.00%6% Vbbn ax{deV?rc}pcnedOa 980QH00 81-24"[Hy is|generdied@EH@8H Vhind the

cylinder valve,
Nitrogen Pressure Mode

With V4 on, V2 and V3 opened, V6 is opened allowing nitrogen-pressure (80 psi) to
overcome the vacuum and to pressurize the system with nitrogen between V1 and the cylinder .
valve. When V6 is closed, a vacuum is then again gencrated between V1 and the cylinder valve
(Figure 12d). V6 is cycled on and off multiple times in the pre-purge to create the
vacuum/pressure purging actioh. This sequence ends with the pigtail up to V{ under vacuum.

Erocess Gas Flush

. The process gas cylinder valve is now opened. V4 is turned on and then V1 s opened.
Next V5 is cycled on and off sllowing process gas t0 be flushed through the vent through an
orifice. Once this sequence is complete the system retuns to the Process Gas Delivery Mode.

FIG. 13 illustrates schemaﬁcally.me provision a pure PFC stream to a gas cabinet 150 (the
internals are not illustrated for clarity). Gas cabinet 150 has a vent tube or conduit 180 which

leads to a membrane separator unit 200 having & non-permeate stream 220 and a permeate stream
240 as explained hereln.

FIG. 14 illustrates schematically the provision of multiple (in this case three) gas cabinets
150a, 150b, and 1S0c, all venting into & common membrane recovery unit 200.

Various examples will now exemplify aspects of the invention.



[err] 0. 0009% vol . [err] 99. 9865% vol . The non-perneate (concentrated)
stream fromthe second nenbrane conprises: [err] 96.52%vol. [err] 0.23%
vol . [err] 0.81% vol . NF3 0.24% vol . [err] 0.81% vol . [err] 0. 39%
vol . The perneate stream fromthe second nenbrane conprises: [err] 0.0636%
vol. [err] 0.1358%vol. [err] 0.0424% vol . [err] 0.1339 %vol. [err]

0. 0406% vol . [err] 99. 58739% vol . 30 Exanple 6 Under the sane o
conditions as in Exanple 2, a feed st r edfh conprising 1.00% vol. C2F6, 0.2%
CF4, and 98.9%nitrogen at a pressure of 213,315 Pascal, a tenperature of
20[err] and a flowate of 6,366 granﬁmxdtg sent on the same nenbrane as
I n Exanpl e 1, said nenbrane bei ng connecte 0 a vacuum swi tch adsorption
system (VEAwmplé h a switching tine of 15 mn. The non-perneate
(concentrated) streamfromthe nenbrane _conprises: err!a 74.2% W . [err]
10. 8% wt . [ er r A feed steeamgompprising 0:95& ¥elnE2 Ko i é?"'a‘{%réﬂﬁn . 19¥eCEw gd 909304t he

feed stre t rans/.nn at,e sStrea m

e oo Wloah Fhreduld SHE0LA B SLABAI e B3R, ARG RGOk 69

. 99. 985% Wiskm [endérdlitep perafingie Rdedér fie feed GiRI0f 8 PolyirhidE tefibrih¥onpide CF4 5. 1%
wt. The VSA adsorbed stream conprises: CF4 30.9% wt. N2 69. 1% w .

Exanpl e 7 agcosding EnTISP 5085,478v dnvacuum spsteny seeates 8 love pessaure prrths dthessidgref the

orf | uent, onfRihe! ' REDAnRRYRARHEbMred RY a plasded 8F 6 SR PARUISa RERYAIL QP U !

i ncl uded three ho
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 sm. The non-permeate
(concentrated) stream from the membrane comprises:

C.Fs 15.66% vol.

CHF; 9.54% vol.

CF, 18.15% vol.

N  56.65% vol.
The permeate stream from the membrane comprises:

CFs  0.02% vol.

CHF; 0.48% vol.

CF, 0.01% voi.

N, 99.49% vol.
The non-permeate stream is further sent to a cryogenic condensation system as disclosed
hereabove wherein 0.4942 pound of liquid nitrogen per pound of non-permeate stream is
contacted by heat exchange, thus condensing most of the PFCs as indicated hereafter. The
compositions of the vapor and liquid streams are the following:

Vapor Stream:

CFs 1.03% vol.

CHF; 0.69% vol.

CF, 16.5% vol.

N, 81.78% vol.



whil e a second nenbrane separation unit included only one hollow fiber
bundl e. Each holl ow fiber bundle was equal in surface area,; t.hus the first
menbrane unit provided three tines the surface area for mass transfer than
did the first bundle. Each bundl e al so used the hollow fibers described in
Exanple 1. A feed stream conprising 2083 ppmJ[err], 595 ppm[err], and

bal ance nitrogen, at a pressure of about 540 kil oPascal, a tenperature of
305K (32[err]) and a flowate of 201 scf® or 95 sl/m(standard liter per
mi nut e) wakhi$ ¥apop streaecdmprises¢ssentiolly GF pdilupediin disrogembr ane nade according to
USP 5, 085, 676. I];ngldpfrg terial balance indicated that the 31 PFC fl ow
in the feed was Ol§ . 4590 scfh, or about 0.217 sl/m; the product

(non- per meat e st r eang,Ff op7tgle, ssicond menbrane unit) had a PFC concentration
of about 64.7% and a nitrogen concentration of about 35.3% The PFC
recovered in the norCH&r 2840% volom t he second nenbrane was about 0.457
scfl, or 0.216 sl/ mgqdor rrecovery of about 99.5% Further

nodi fications to thecé‘nvgﬂtﬁ%:v% be apparent to those skilled in the
art, and the scope qf, thg Imf{emi ng clains are not intended to be unfairly
limted by _the foregoing description. 32 What is clained is: 1. A
process t olhedigyidestream is essentialiyeongenttatedvintoctbreediguid speviesfC,5eCHE3and OFs! The,

characteri - a).prqvidin as mxtyre conprising at
east one MG fikaiCtEh SREr ooy ikt (' rbdtth for Sheth bt Hed glw s comigle
m xt ure beecayerdd and shippdd for Rfither Reamentd corickfttatioRReparalioH, Qic)p) Providing a
first glassy paolyner nmenbrane having a feed side and a perneate side; c)

contacting the Theompey Heapiis prafegebly resyclodetottheinputyaif the apogenigaondénsatione; d)
W ¢l aw gL PSR T Bl AP bn TRERLRRS 35 a 751

non- perneate streamat a pressur ially equal to said
predeterm ned pressure a concentrated gas m xture conprising essentially
the at | east one _perfluoroconpound gas; and e) withdrawing fromthe
‘permeat e ORI 2said first nenbrane as a first pernmeate stream a depl et ed

gas m xture coRsi&l i 2k al Ly, t. deast one car.rier S., R.
Bracess in acoorier R4aaE Eitiddhs of intonenitlc £ mfe@iieaRtomiRipe Bost Nt Cire

m xture prie@3%avel. BEFa0l. 50%3 (O, ahd!D6. IBOFRILOEEI £ prévsire GRS 441 P0P PhRalVat h
conpressor. 3. A process accordi né; to claim1, further characterized by
sai d gas #%Pﬂ?@f%%ﬂ%gctaﬂé&tfbwﬁtpioﬁi } o/me(stanglard diter iper iinute)ds stot od thelsemé i r st

mb t ' t of th ocj es harnful for the,
enr ane. et @ ERamate 1Y GeliBhe Brine S ERAE e 0 trogsic sasration
merbr ane. sfstem usiip tiqeid RitfogeAC ThE ASREEmMbhe fcdicaitrited) bttédnd Bomah@ bRk zed by

said gas nmixture being treated prior to conpression to substantially renove
nmost of t/fOMPPESt es harnful for the conpressor prior to conpression. -

CFs  15.66% vol.
CHF; 9.54% vol.

CF¢  18.15% vol.
N, 56.65% vol.

at the same temperature and pressure as the feed stream, but at a flowrate of 12 sl/m.

The permeate stream from the membrane comprises:
CFs  0.02% vol.
CHF; 0.48% vol.
CF:; 0.01% vol.
N, 99.49% vol.
The non-permeate stream is further sent to the cryogenic separation system disclosed in

Example 1 and the following vapor and liquid streams are obtained:



5. A process according to claim1 further characterized by said nenbrane
-conprising a plurality of hollow fibers. 6. A process according to claim
5, further characterized by said feed side of the nenbrane conprising a
bore side of each of said plurality of hollow fibers, while the perneate
side is an outside of each hollow fiber. 33 7. A process according to
claim1, further characterized by the perfluoroconpound gas bei ng sel ected
fromthe group consisting of fluorocarbdfs, NF3, SF6, [err] and m xtures

t hereof . 8. VAparrStoeass according to claim1, further characterized by the
carrier gas being s 21'?%0?8 omthe gr oup con5|st| ng of Ar, [err], Kr, Xe,
Ne, [err], He, [err? ¢ [err] and m xtures thereof including air.
9. A process accg[.mng@%‘;d ai m 1, further characterized by the gl assy
pol ymer menbrane bei ng made” of at |east one pol ymer sel ected fromthe group
consi sting of pol ynCles, 166%aki des, pol yani des-i m des, pol yesters,

pol ycar bonat es, pol ysul f ggg‘, \P?l yet her sul f one, pol yet herket one, aI Kyl
substituted -aromati t?2pol g r ®l- bl ends of pol yet hersul fone, fluorinated
aromati c polyi Eiﬂﬁﬁsw&?d yam des and pol yam de-i m des, copolyners thereof,
substituted polyhers thereof. 10. A process according to claim1 further
characterized by th€:Hsi ré’fSB%n perneate stream being sent to a feed side of
a second nenbrane V\/g:k_@h gi 8 j,mlar to the first nenbrane, said second

menbr ane produci ng éc 8 r/l’on pernmeate stream nore concentrated in

per fl uoroconpounds giggn g i rst non-perneate stream said process
continuing through N-stages. 11. A process according to claim 10 further
characterized by t h&hf i r $837%er neat e stream bei ng vented and a second

per neat e ream,f omthe S nd msrrbr ei n cle e de of
Phe 71 r ot THE R S s Seehia Copeaeated anp diri i SeRent 2o Fhs mef CE.. St
character 'li?@id ahavaﬁorlsﬁaasﬁs de QY Erbﬂ@d &fexbiamea in Brdanipt Per neat e stream bei ng
recycled. 13. A process according to claim1, further characterized by

t he non-perneate stream conprising.a m xture of perfluoroconpound gases
sel ected @%om h group consisting of [err] and [err]. 34 14. A
process a g to claiml, further characterized by at | east one of the

per f 1 uor oconpoWidedhe @&n@éoﬂdhﬁmlﬁﬁ‘mmmﬁl%tlea Fed SB8AR eoMPriding 0.26% e BFAt ed
from ot her perfl uoroconpounds in said non-perneate stream 715. Process in

accor danc&.84% wolc CHF g 0106% GFac.0 2R ANFa.Q.@41% SEdansi,B%'ﬂ% amgenappresore off t he
]]: : ; 2: Rg Rgﬁg,ﬁgg ﬁ' g,rtgn?pngrabtsul'eno% 2‘658 and & fidwrate of 199 aﬁm?gtampard L’t%(ra gersr{u'gn(?te }cs the

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:

C.Fs 0.5381% vol.

CHF; 0.02% vol.

CF:, 0.1611% vol.

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.)
The permeate stream from the membrane comprises: '

CFs 0.0041% vol.

CHF; 0.0047% vol.

CF, - 0.0014% vol.

NF; 0.0016% vol.



16. Process in accordance with claim 10 further characterized by at | east
a portion of a Nth non-perneate streamfrom stage N being used as a sweep
gas on the feed side of any previous nenbrane and/or on the feed side of
menbrane stage N. 17. Process in accordance with claim11 further
characterized by the process being operated at a constant concentration
set-point for one or nore perfluoroconpound gases in said first

non- perneate stream 18. Process in a2tordance with claim1 further
characteri zed by thFsperh@4es wilr eam bei ng recycled to the process, or to
storage. 19. Process il?%ﬁ%%g‘prd nce with claim11, further characterized by
a plurality of |ike“or - 4N9ki conduct or manuf act uri ng tool s being
arranged g praisitd 6tthd baiiek8ihs 79 PallaPwith B HoRRRE of PRY AR STRE iiRCHcrALAY
correspondi ng menbrane separation unit, said menbrane units bei'ng e sane
or di f f er streiam i further sénbtocthe ciyogenic separatioresystenhdisdlasednin Bxadmplé h€0.4335 pound

characteri one or re spare nenbranes, ich allowthe.prinmar
o aneeoH g eBkpoRRd b on B SEeu) 2% Disdiliowits Yapesas Gu¥ e dre
accor dancgpdinbd? ¢l aim 3 further characterized by said treatnent being

sel ected fromthe group consisting of plasnma deconposition, thernal
deconposi ti on, Vaparfitseamc deconpositi on, scrubbi ng, and adsorption. 22.

Process in accordange. W L,ai m 21 further- charactgrized ste stream
from said pretreat né%t‘ b%?‘h‘é/gsed to generate perfl W&H&-ngg%ﬂ%}iﬁm 35 23.
A sem conduct or mangfpetelhizye, syst em characterized by: Pamperatie: 1898t oOne
reactor chanmber adapted to receive perfluoroconpound gases, carrier gases,

“and the |like, the r€Bct d159%%ber having a reactor eff |Flowateyd2.&shmlui t
attached thereto; h%‘lg st one gl assy pol ymer nenbrane separation
unit having a feed ﬂe‘g 2J’aper neate side, said nmenbrane bei ng perneabl e
_to at |east one cargrer @osigdd being substantially non-pernmeable to at

| east one perfluoroconmpound gas, said nmenbrane unit connected to said

react or chamber viaNthe 9%4¥5% ef f|l uent conduit, said nmenbrane unit having
a perneate venfg. C uit and a non-perneate conduit; and c) nmeans to
recycle at |ea 1 *M on of said non- pernmeate stream from said nenbrane

unit back to the atclmgasgsompeys eactor chanber. 24. presfurg€mi4 086 P&
manuf acturing system characterized by: a) at | east one reactor chanber

adapted to recei ve EHF|388@%npound gases, carrier gasEempesaturet H44Ki ke,

t he reactor chanber Jhavi eactor effluent gas conduit atta t her et o;
b) conpr essi on mg hs ‘?g%(gq%éd in the reactor effluent FE%WB{TT Wg/"&‘onpress
an effluent gas froNF} heo.n46084 0r chanber; c) at | east one gl assy pol yner
menbrane separation unit having a feed side and a perneate side, said

menbr ane bei ng per nBBbl 6.6900% | east one carrier gas and being

substantial ly non-pgrne at | east one perfluoroconpound gas, said
menbr ane unit K aEbSO&%)

Example 4
Under the same conditions as in Example 1, a feed stream comprising 0.20% vol. C5Fs,

0.01% vol. CHF;, 0.06% CF,, 0.01% NF;, 0.01% SFs and 99.71% nitrogen at a pressure of
319,728 Pascal, a temperature of 20°C and a flowrate of 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:

C:Fs  0.5600% vol.

CHF; 0.0200% vol.

CF, 0.1700% vol.

NF; 0.0300% vol.



connected to said reactor chanber via the reactor effluent conduit
downstrem of the conpression neans, said nenbrane unit having a perneate
vent conduit and a non-perneate conduit; c) means to recycle at |east a
portion of said non-perneate streamfrom said nenbrane unit back to the at

| east one reactor chanber d) pretreatnent means positioned prior to the
reactor effluent streamentering the nmenbrane unit, said pretreatnent neans
selected fromthe group consisting of pl2gsma decomnposition, thernal
deconposi tion, catakpficobseo¥abl. Scrubbing, and adsorption; e) t he
menbrane unit conprising a sweep gas conduit connecting the non- perneate
conduit and the perNeat e9320¥%#¥ok he nenbrane; a danper or surge tank

positioned,in the non-perneate conduit: 3 ) a . co ssor, heat
bchanger (AbfhestBs REEaR bl it s 8utendrnd e p opfet SRR B3R, o
condui t UThé perBatefstrchif ol B8 niedibfaneohipyibedd a perfl uorocarbon enriched
streamto be stored in liquid formfor future use if so desired. 25. A
system for recyclin§dsr P8&8%wohg a perfl uoroconpound gas froma gas

m xture, the syste iara&bﬁo}z by: a) "an optional treatnent neans for
creating a treated S3mXturd itabl e for conpression; b) a conpressor
for conpressing theCF;ead@d3®asoln xture to forma conpressed gas m xture,
and c) at | east one gl assy pol ymer nmenbrane separation unit having a
feed side and a per MW¥at eoé)%%%vghi d menbrane being pernmeable to at |east
one carrier gas andchein tially non-perneable to at | east one

per fl uor oconpound ggg‘, sgi()g%#gpane unit connected to said conpressor via
a conduit, said menbhane99p3i8%ayl.Nng a perneate vent conduit and a

non- perneate conduit. A process to recover at |east one

37 26. .
per f | uor oddepeassure ghthepeangate iy 8579 Pascalmathcbiigvnate of g 12 shwy The ngarpesmeate
perfl uoro , calrli . Fq Sl
R T L s s T TR
per f | uor oENyforndh 2 of nd-périate stresmcandithefollgaing vaper ald ligeidstresiare eact i ve
.gas; b) directing the gas m xture to an abatenent unit, wherein a nmgjor
portion oPbtaned; eactive gases are converted into substantially inert

speci es, and t%%gpgu;&;:m ng an

0

C.Fs 0.0072% ‘Pressure; 714,286 Pascal
CHF; 0.0003% ' Temperature: 144K
CF; 0.1145% | Flowrate: 72.8 sl/m.

NF; 0.0197%
SFs  0.0003%

N2 99.8580%
Liquid Stream .

C.Fs 80.67% : - Pressure: 714,286 Pascal
CHF; 2.88% Temperature: 144K
CF, 821% Flowrate: 0.2 sl/m.
NF; 1.52%

SFs 4.34%

N,  238%

Example § .
Under the same conditions as in Example 2, a feed stream comprising 1.00% vol. CaF,
0.01% vol. CHF;, 0.01% CF,, and 98.96% nitrogen at a pressure of 866,595 Pascal, a



internedi ate gas m xture consisting essentially of the perfluoroconpound
gases and the carrier gases; c) provi ding at | east one nenbrane unit
having a plurality of hollow fiber glassy pol yner nenbranes, the nmenbrane
unit having a feed side and a perneate side, the hollow fibers of the
menbrane unit being perneable to the at | east one carrier gas and -being
non- perneable to the at | east one perfluoroconpound gases; d) contacting
the feed side of the at | east one nenbra#® unit with the internediate gas
m xture, tteraperatues of29° Gand g flownitg 0fi 5,600 o/m (standard literqe minuté)riesenportrur e; e)

i b ne sab ERuTalF I i meorees Rois sopasedion reerd

-
z

w t hdrawi ng_from.the
stream at '“BF‘&“&’G‘}"S%
pressure, riembrame(cERadEnhedtide: A88-pEimehtd shleT Y firs thhceﬁé@ElBtSHhX sbd¥ndpt

| east one perfluoroconpound gas; and f) wi t hdrawi ng fromthe perneate

si de of t hhegontpermeatesoncastried)siraam from thefirgtanembuane compeisest a depl et ed gas
m xt ure consi sting glsﬁent:;h?éw f the at | east one carrier gas. 27. The
process accordi ng tod%tt ai 6{," erein said predeterm ned pressure is
supplied by conpresUOHE, 98,98t M xture with a sealed, oil-free
conpressor. 28. The process according to claim26, wherein said feed side
of the nenbrane uni Clom®3¥eyola bore side of each of said plurality of
hol | ow fi ber and gl y r, menbranes, while the perneate side is an
~outside of each hol ﬁ?ﬁ‘f& f%ﬂgy/yg?lassy pol ymer nenbrane. 29. The process
according to claim&F, WoI1ehRolsai d gas m xture conprises an effluent
streamfroma press _selected fromthe group consisting of etching processes
i ncl udi ng oxi de, netNel afd-ldPevalctric; depositi.on processes including

It R LT AT
gas is selHrtpetinéatosmdahefrérh thedfiremembrand\éniPrisése’ r] and mi xtures

CF¢ 0.0012% vol.
CHF; 0.0053% vol.
CFs 0.0009% vol.

’ NF; 0.0052% vol.
SFs  0.0009% vol.
N2  99.9865% vol.

The non-permeate (concentrated) stream from the second membrane comprises:
CFs  96.52% vol.
CHF; 0.23% vol.
CF:s 0.81% vol.
NF; 0.24% vol.
- SFs  0.81% vol.
N2  0.39% vol.
The permeate stream from the second membrane comprises:

C.Fs  0.0636% vol.
CHF; 0.1358% vol.
CF, 0.0424% vol.
NF; 0.1339% vol.
SFs  0.0406% vol.
N2  99.58739% vol.




thereof. 31. The process according to claim 26, wherein the carrier gas is
‘selected fromthe group consisting of Ar, [err], Kr, Xe, Ne, [err], He,
[err], Air and m xtures thereof. - 32. The process according to claim 26,
wherein the gl assy polynmer nenbrane is nade of at |east one pol yner
selected fromthe group consisting of polyimdes, polyam des,

pol yam de-i m des, polyesters, polycarbopates, polysulfones,

pol yet her sul f one, pol yet her ket one, alkygosubstituted aromati c pol yesters,
bl-ends of pol yethersul fone, fluorinated aromatic polyi m des, polyam des and
ponanideEhﬂL@@%, copol ynmers thereof, substituted polyners thereof. 33. The
process according to claim26, wherein the nenbranes each conprise a core

and a skin whi Uhderttife sipRconditions dsan BERimploR yifeed strdafitcangrising 110004 yoloC,Rshe
pol ymer of the skin being |ower for perfluoroconpound-than for nitrogen.

40 34. Th@2¥r %« 8and 3% 8% niiregentap a@rrr]easm gnﬁzlwr@w,tmmpﬁwmoac@ngasl f
i xt ich.i t ed . . t ' . % vol .
oo 1 oach e ST CE SahEl's fot OFGITHRE PRARGREH biampBT s BRubrintre

i nt er medi béifg Emedtbdiod facaliinGitck adsoitiag s (V5A) With ARUREIHALtIME BP15 AP

| ess than_10 ppm of said reactjve gases. 36. The process according to claim
26, wher eThe Ronepermeate (eanicentrated) stream fromghevmemhbrane comprisgsit ed with t he

menbrane conprises S ppm of said reactive gases. 37. The process
according to clai mé%s‘ \A#e?%iv%t'the internedi ate gas m xture prior to being

fed to the menbraneCFjs 10.84a{ to a pressure which is effective for
carrying out the separation of the perfluoroconpound gas or gas mxture in
order to recover saNd fil51%Wh- permeate stream which is concentrated in

per 1 or RPTRMRY 30841 SATALTE v AR R50 O S i Res FLFL BIAA, .,
ranges fr The pérmeate bftearivionthe nfentdbaneicothpfisefascal . EPLACEM  SHEET
CFs 0.001% wt.
CFs; 0.014% wit.
N, 99.985% wt.
The VSA non-adsorbed stream comprises:
CFs 94.9% wit.
CFs 5.1%wt.
The VSA adsorbed stream comprises:
CFs 30.9% wt.

N; 69.1% wt.

Example 7

A system of the invention was used to recover PFCs from an effluent stream from a
semiconductor tool. A first membrane separation unit _includeci three hollow fiber bundles,
while a second membrane separation unit included only one hollow fibgr bundle. Each hollow
fiber bundle was equal in surface area; thus the first membrane unit provided three times the
surface area for mass transfer than did the first bundle. Each bundle also used the hollow fibers
described in Example 1. A feed stream comprising 2083 ppm C;Fs, 595 ppm CF;, and balance
nitrogen, at a pressure of about 540 kiloPaScal, a temperature of 305K (32°C) and a flowrate
of 201 scfh, or 95 sl/m (standard liter per minute) was fed on the feed side of a polyimide
membrane made according to USP 5,085,676. The PFC material balance indicated that the



41 39. The process according to claim 26, wherein the first non-perneate
‘streamis conpressed and/or cool ed, and stored in storage neans for further
processi ng. 40. The process according to claim 26, wherein at |east a
portion of the first non-perneate streamis recycled. 41. The process
according to claim40, wherein the portion of the first non-perneate stream
which is recycled is routed to a surge tank prior to re-entering the
process, or prior to being routed to std¥lage. 42. The process according to
cl ai m 26, PERdloar in thérfeed aas about 4590 scfhy orsibaygt G2Teslm. the pradiet (aon-peraeateone

perfl uoroconpound .gas conpri ses S .S ted framt { consi sting of
[err] and St F mzfg‘? “Fﬂ%%ﬁ'@@gg%@?&f’ﬁf? gagcteafign 9 &%%2‘?’%3&% east
one of thejtRipyeh torteRPRAIERAVIABEASSY%.0Thé PEC kicobéredRhOREMBaIRaRIFRHe! S
further separated from other perfluoroconpounds in said first non-perneate
stream vi &eqeond aembsaneovasabeys 0.457 s¢th, 910.276 8/myfor @ BEC aeanyenyiof gbous 991586.m 43,
wherein said separation step enploys a heat exchanger using a cooling fluid
at an effective tenperature and flowate. 45. The process according to
claim 43, wher Fufthétmddifidations 3Qhé irdentidn will 8 hpgabdnt BPhoReskiRA e thetakC and
-consi sts essentially of“%err]. and [err] and said _se?ar.atl on step is an
adsor pt i othesscepe ofthe &llowing ¢ljims arenns dntprded smbe pafairly limited by theforegding process
according to cl.aim43, wherein at |east a portion of the first non-perneate
stream Coﬁ‘gf"&? ssential | y of [err] and [err], and said separation step is
an adsorption systemwherein [err] is adsorbed and.-[err] is not. 47. The
process according to claim26, wherein the internedi ate gas has a
tenperature ranging fromabout 20[err] to 120[err]. 48. The process
‘according to claim 26, wherein at |east a portion of the first non-perneate
‘streamis used as a sweep gas on feed side of the nenbrane. 43



49. The process according to claim 26, wherein said gas mxture is emtted
froma plurality of like or unlike sem - conductor manufacturing tools. 50.
The process according to claim 26, wherein said abatement—uni-t—ts Selected

fromthe group consisting of plasma deconposition, thermal de i 0N,
catal yti c deconposition, scrubbing, and adsorption. Jm‘“m !ﬂ%ﬂﬁm '
recover at |east one perfluoroconpound %as froma g e M i1g from
a sem conduct or nmanufacturing tool, the das nixture conprising at |east one
carrier gdthatigclaimedisst one reactive gas, the process conprising the steps
of : a) directing the gas m xture to an abatenent unit, wherein a ngjor
portion of the reactive gases are converted into substantially inert

speci es, and tler eby frocess tugreadver B 14stOAk Pérfudiaconipotnt s FEA 2igat mblure,
essent al I%/ of th er fl uorgconpound gases and the carrier gases; b
directing® q{%c"?'wglbgrébﬁs&?@"&as mxture into a feed side of at |east one

menbr ane unit IO} ' " I i | ass ol yner ranes,
t he nenbrane ugﬁ{ﬂoha{/ r??agl;’g;é"#’%%cé’g Nl ééﬁ\é’%sgeﬁeeﬁ%ﬁ%w%ﬁ%wﬁ&?%@@ﬁw&ner
44 nenbr aose cdrriergas,nsaidogas febxturd Beingeit @ $irg? ?femab bd 4 first fnpRtatirgast one

carrier gas ang}]&gi&&? nop- perneable to the at | east one perfluoroconpound

gases; c¢) Wi g4 firsloglassy, polymermembranghavinga feedisideand a permeate side;
non- perneate s [ | . tally.equal to the
pr edet er m ned %yr"gg@tf?;elg ﬁ\aeﬂ‘e(’:e?f]sg&eé; rsgrpg?dﬁéﬂaeglbﬁhg%@yb%#@ﬁg essentially

the at |east odpwjshdrhwingrfronothedesickidpasftheafirst mi¢mbraité isWifirstidhdpermedte bid6am
perneat e sj de of thﬁjﬁ t | east, ﬁ;e menbrane as a, perneate stream a depl eted
gas ni xt ufE? GRS E'se%' gantially equabto saidpredetermined pagssure aconeentrated gas2. A

syst em COm{ s Al ' i gas m xtures
conpri si ngmgmp?g? P@E%?gg%ﬁ%téﬂgﬁegagg&\ﬁg&% glg{uﬁoé:fog%g?&%’ iga}%car rier gas, the
syst em conpri sehwithdywing finathe pemeatenside afdaif fiest nietnbrafeais Wdirétpermicise sieahur €,
t he abate ntI unit selected,fromthe grg%g consi sting of conbusti on,
t her mal - cﬁgﬁ? glaft gagnixture coRSisting gisentially gf the atjleast oge sarriesgasor s, and
conbi nations thereof, the abatenent unit

2. Process in accordance with claim 1 further characterized by said gas mixture

pressure being supplied by compressing said gas mixture with a compressor.

3. A process according to claim 1, further characterized by said gas mixture being
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.

4, Process in accordance with claim 2 further characterized by said gas mixture
being treated prior to compression to substantially remove most of the species harmful for the

compressor prior to compression.

5. A process according to claim 1 further characterized by said membrane

comprising a plurality of hollow fibers.

6. A process according to claim 5, further characterized by said feed side of the
membrane comprising a bore side of each of said plurality of hollow fibers, while the permeate

side is an outside of each hollow fiber.



adapted to produce an internmedi ate gas m xture consi-std Lal _of the
per fl uoroconpound gas and the carrier gas; and 45 b at | east one .
menbrane separation unit having a feed side and a perbim w”um‘smm"
conprising a plurality of glassy polyner hollow fiber3¥ 'yrrer
hol | ow fi bers being perneable to the carrier gas and being subt anti &l | y
non- perneable to at | east one perfl uorog npound gas, the nenbrane unit
connected to th abg‘&emant unit, via i’;\n ﬁd% ment unit effluent conduit, the

. t ]
menmbr ane unit havi ng*@TYRESTASSPHIngIA clajg Ftﬁe’aﬁ'i‘amﬁteﬁé?iup’e‘hﬁeate condui t.

53. The sy E6HAp ' : ' R nQN- S
adapt ed toﬁéég‘ﬁérgmvaﬁnsgg%ﬁﬁgéct@é%}%ﬁgﬁ 0a pr&?t’a s"f°ﬁ35t%mt[’ %gltgggﬁggg’i%?]d’tool
adapt ed t oCiFs@nd mixtpees thenenfoconpound gases. 54. The system according to
claim53, wherein the processing tool is a sem conductor manufacturing
tool. 55. The system according to claim54, wherein the sem conductor

manuf act uring tgol i Rﬁ@ée%{)cggfiel{g?mctahﬁ I%PH& %ﬁ@%ﬂgﬁ%ﬁﬁ%%@%&ﬁ%&l S,

deposition tools, tungsten hing tools, ers. VENT
SHEET 4elegted fiom theygroemeansistingiofiy, Na, Ki, XieiNE,20,, Hep HyCOQCOH) #E.0raadi Si on
of a conpressor, .heat. exghanger, cryogenic punp or vacuum punp in the

non- permea‘ﬂf rg%ﬂ'l&{ﬁohnc@!ng system conbi ni ng abatenent and recovery units
for treating gas m xtures conprising a perfluoroconpound gas, a reactive
gas, and a carrier gas, the system conprising: a) an abatenment unit
adapted to recefve tA@repess atcardingso claine 1 afasthenchatacterized tyethe glassy gotyawert he
group consistin f. combusiiqgn, thermal -chem cal, plasm decqnposers,.

pul sed cor lgﬁ'gt"}ag%g?'% g‘%%ﬂf]“@%?'ﬁ&"ﬁ%?g S‘QF@F{%‘P‘T‘ tf%% SeNSERS °€P91Y"“des’
adapt ed t opdlyides; paRarideLiniBEY, pbigests, pilychrbbima&OPStySAfoRds R of
the'perflﬁ%r%ﬁgnﬁogglg ﬂgs and fgéél?car r’ip'grl gas; b Béli’a corrb?gggoérhg@ﬁ%ect ed
to t he abapalystherketane, alkyl subgtituted aromatic polyesters, blends of polyethersulfone, fluorinated

aromatic polyimides, polyamides and polyamide-imides, copolymers thereof, substituted

polymers thereof.

-10. A process according to claim 1 further characterized by the first non-permeate
stream being sent to a feed side of a second membrane which is similar to the first 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.

11. A process according to claim 10 further characterized by the first permeate
stream being vented and a second permeate stream from the second membrane being recycled

to the feed side of the first membrane.

12. A process according to claim 1, further characterized by at least a portion of the

first non-permeate stream being recycled.

13. A process according to claim 1, further characterized by the non-permeate

stream comprising a mixture of perfluorocompound gases selected from the group consisting
of SFe, C;Fs, CHF;, CF, and NF.



an abatenent unit di scharge conduit, the conpressor adapte

‘conpressed internedi ate gas mnixture through a conpress ' e condui t;
C) optional heating or cooling neans in the conpressﬂ"’”l&@ﬁﬂ@ﬂlﬂmﬂuit
adapted to provide a desired conpressed internedi ate gas e End

- d) at | east one nenbrane separation unit having a feed side and a

perneate side, and conprising a plurali of gl assy polyner hollow fibers,
t he gl assy pol r hollow fibers bejn PLACEMENT SHEET Q3 DEC 1998 47
perneabl e to t#fca‘ﬁrﬂ"é‘?esb%méifﬂﬁ tBé’laHg Ig F’%PT“&?WQ at leastopeafithe ¢ o at

| east one Q?ez, t o 3ee] Hnl
conpresso?a@?(gljogﬁgt co% esg)gr |°gc‘ﬁ§1r‘ge cf)egg‘we#g %ﬁggﬁg%%tgﬂgbﬁrﬁt{;@havi ng a
per neat e perfloorocordpoundsindsail nomrpepmeatestteamcondui t. 58. The system accordi ng

to claimb57, adapted to receive a plurality of gas mxtures in a parall el
operating node, wherein at least two of the gas m xtures have differing gas

composi tions [ eul I pRReddil heobdilo Nl BIRI1 Aol Sharatferized BY RAERFa pBftichi3P
separation and recovery of at [ east one perfluoroconpound gas Troma gas
m xt ur e cthetfstmonepeanedteststamcbeingnmed asr sweep gasion the fealoside afithe first membrane.
per fl uoroconpound gas, said process conprising the steps of: (a)
conpressing a gas mxture containing at | east one carrier gas and at | east

one perfl uor ocegPOUPEhcERTin aéddtdanEvith Blaitl 0'fidiher EHardctiired By & lﬁﬁwg&‘%lir €

sufficient to selectively increase perneation of said at |'east one carrier
gas; (c) obmNtkcnonperswate styaam friont stage N\beihg usedash sweep gisionithepfeediside efanyai d

at | east one,carrier gas,faster n,said at | east one perfl uoroconpound
Gas. Lo obPEVIREAMSTPrAS ABLF P fir R RSP rasegREe a3 DEC 1068 4B 1 ch
in said at | east one carrier gas and a non-perneate
17.  Process in accordance with claim 1 further characterized by the process being
operated at a constant concentration set-point for one or more perfluorocompound gases in

said first non-permeate stream.

18.  Process in accordance with claim 1 further characterized by the permeate

stream being recycled to the process, or to storage.

19.  Process in accordance with claim 1, further characterized by a plurality of like
or unlike semiconductor manufacturing tools being arranged in parallel flow relationship, and
each tool has a dedicated corresponding membrane separation unit, said membrane units being

the same or different.

20.  Process in accordance with claim 19 further characterized by one or more spare

membranes, which allow the primary membranes to be serviced or otherwise by-passed.

21.  Process in accordance with claim 3 further charagten'ied by said treatment being
selected from the group consisting of plasma decomposition, thermal decomposition, catalytic

decomposition, scrubbing, and adsorption.

22.  Process in accordance with claim 21 further characterized by a waste stream

from said pretreatment being used to generate perfluorocompounds.



streamrich in said at |east one perfluoroconpound as and (d) con I ng

'sai d non-perneate streamw th one or nore rrenbranes I d at
| east- one carrier gas faster than said at |east one u;ﬂ gas
to obtain a second perneate streamrich in said at Ieast orfe dar sl e¥ gas
and a second non-perneate streamrich in said at |east one

per fl uoroconpound gas. 60. The process gcordi ng to claimb59, further
conprising re clln saj d second streamto, s ep (a). 61. The
process accordi s‘é‘?“&?‘l‘ﬂs‘ﬁ?r BE@“H“&&YSEF% ractepized BY'i s scr ubbed pr| or
to step (c) t sub%%&e&{ SEMRLANAGhES | REL -

The process acc)ordl ng to glrg?% ere ?n SJE;.I&E éj{é r%%ﬁ“@rné € stream
i s passedcariersgases| ant the like; tecreactat chamber hndxgarrpaatmfﬂueaggs coduifldteachedcess
accordi ng ht o, claim62, wherein said second non-perneate stream conpri ses
[err]. the®leis. The process according to claim®62, wherein said gas
mxture is an gf {1 ugilasf SRBIASH BOIyHErYHlHifbahe SERRGGT LA ha¥thed REFSIGe Aih S
second non- perl?r)eate starsea'%rg ssfgéc‘}/’cﬁfeﬂ to t%@ser‘r@gondﬁct §Fy nﬁﬁ?aoturl ng
process. pamedtesides aikbmembranobengpermeatlé ti anléast onnfeannr gassmd@eggs m xture

conpri ses erfI Or 0conpo s se]ected fromthe sisting of [err
amrjrp [ lar r]s 8%““%@05 ngxééggée@bieaqt 9ge pPerfluprocem H#‘@%’H‘% Enxt Lr e
is an eff t4imeéted {PMicred @B SRAMBELYiR EheWB&Ht'(fnaéfﬂdéht Ohdb %ﬂ%ﬁemﬁzne Mngcess

according to claim66, wherein said second non-pernmeate streamis. recycled
to the semmu&entcamdmambamn-pgmamcceséut 681 The process according to

claim 59, whergin said s . selecte fromthe nsisting of
ol yi i des. poyar Bt BB By SR AtlsSs &ipaBDon o arid 85 pRSedlsHpat Aoat Hd

pol ysul foﬂéﬁxbraﬂ@hbﬁ%ﬂﬂtftﬁlﬂkéﬁfl&%t oY@ @hingéones, cel lul ose acetat eS and
copol ynmers and bl ends thereof. REPLACEMENT SHEET O 3 DEC 1998

24. A semiconductor manufacturing system characterized by:

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;

b) compression means located in the reactor effluent conduit to compress an
effluent gas from the reactor chamber;

c) at least one glassy polymer membrane separation 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 reactor chamber via the reactor effluent conduit downstrem of the
compression means, said membrane unit having a permeate vent conduit and a non-permeate
conduit;

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) prefreatment means positioned prior to the reactor effluent stream entering the
membrane unit, said pretreatment means selected from the group consisting of plasma
decomposition, thermal decomposition, catalytic removal, scrubbing, and adsorption;

e) the membrane unit comprising a sweep gas conduit connecting the non-
permeate conduit and the permeate side of the membrane;

f) a damper or surge tank positioned in the non-permeate conduit; and
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g) a compressor, heat exchanger, cryogenic pump or vacuum pump positioned in

the non-permeate conduit upstream of the surge tank, allowing a perfluorocarbon enriched

stream to be stored in liquid form for future use if so desired.

25. A system for recycling or recovering a perﬂuorocompqund gas from a gas
mixture, the system characterized by: _
- a) an optional 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
mixture; and
c) af least one glassy polymer membrane separation 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 perﬂuordcompound gas, said membrane unit
connected to said compressor via a conduit, said membrane unit having a permeate vent

conduit and a non-permeate conduit.



