PROCESS AND SYSTEM FOR SELECTI VE ABATEMENT OF REACTI VE GASES AND
RECOVERY OF PERFLUOROCOVPOUND GASES The invention relates in
general to processes and systens for treating a gas m xtur t{ai nj n ot h
reactive and relatively inert gases. Mre,particularly, thm%r%ni

relates to the abatenent of the reactive gases in a first stage, and
separation.and recovery (or disposal) of the inert gases in a second stage
Th& semi conductor industry is now using extensively perfluoroconpounds such
as CF[err], Cerr]Ferr], CJerr]F[err], Cerr]Flerr], CHF[err], SF[err],
NF[err], and the like, in the sem conductor manufacturing processes
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step of the manufacturing process. ose perfluoroconpound gases are used
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processes involving gases, particularly in the various etching steps of the semiconductor

manufacturing processes as well as in the chamber cleaning step of the manufacturing
process. Those perﬂuorocompoun& gases are used either pure or diluted, for example with
air or nitrogen or other inert gas or in admixture with other perfluorocompound gases or
other carrier gases (for example inert gases). All of those gases do not necessarily react
with other species during the manufacturing processes: accordingly, when reactors are
cleaned or evacuated to carry out another step of tfxe manufacturing process, the effluent
gases or gas mixtures cannot be vented, even if they are largely diluted with air or any other
gas such as inert gas, because most of these gases are known as having a potential effect on
the earth global warming. Most of the perfluorocompounds (also cglled PFCs) have
lifetimes measured in thousands of years in the atmosphere and are also strong infrared
absorbers. In the “Global Warming Symposium” held on June 7-8, 1994, in Dallas, Texas,
USA, carbon tetrafluoride (CF,), hexafluoroethane (C;F), 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 Reduction 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 for the abatement (destruction) of various gases which otherwise
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USA, carbon tetrafluoride (CFlerr]), hexafluoroethane (Clerr]F[err]),
nitrogen trifluoride (NF3), and sul fur hexafluoride (SF[err]) have been.
identified as greenhouse gases of concern to the sem conductor industry.
In~the presentation made at this synposiumby Mchael T. Mcella and
entitled "Perfluoroconpound Emi ssion Reddction From Semi conduct or
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with an oxygen source and decomposed or oxidized in a high temperature reaction chamber.

The effluent gases and particulates from the chamber typically comprise F, SiO,, P,Os,
depending upon the corresponding precursor gases, and are normally scrubbed out via a wet
caustic solution. There are some safety issues associated with the hydrogen or natural gas
fuels used in these combustion-based processes, and all the PFCs (if the combustion
temperature is even high enough) will produce HF as a combustion product, whose
emissions are also of concern and must be dealt with also. Further, as illustrated in FIG. 1,
the destruction efficiency varies greaﬂy within those gases commonly included in the
category of PFCs (as discussed further herein), thus dictating a high combustion chamber
temperture and sufficient residence time t20 ensure destruction of PFCs such as CF, and
C,Fs. A combustion system for destroying PFCs in high nitrogen content effluent gas
streams is disclosed in the article entitled “Vector Technology’s Phoenix Combustor” by
Larry Anderson presented at the above-referenced Global Warming 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);

. Plasma-based decomposition processes, which involve the use of a plasma (ioned

gas chemistry) such as produced using coupled radio frequency systems. The gases to be



The effluent gases and particulates fromthe chanber typically conprise
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evaluated for the destruction of PFCs are quite inefficient and costly, due primarily to the
inherent stability of PFCs.

Recovery processes wherein the PFCs are recovered instead of being destroyed in

-

order to be recycled have been discussed in the literature (in the Mocella article mentioned
above, for example). This kind of process is of a great interest because it is considered as
the “greenest” one. Different schemes, according to the author, are possible “based on
combinations of adsorption or low temperature trapping of PFCs”. There are, however,
several challenges such as dealing with the large amount of nitrogen associated with the
‘pump operation, the close boiling points of CF, and NF;, the mixing of various process
streams and/or possible reactions with adsorbents. While recycle is suggested, there are
obvious questions about recycling such mixtures.

In an article presented at the June 7-8, 1994 Global Warming Symposium by AT&T
Microelectronics and Novapure Corporation, 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). Briefly, this process
is disclosed as the use of a dual bed adsorber (activated carbon), wherein one of the beds is

in the adsorption mode, while the second bed is regenerated: the PFCs are adsorbed on the



react wwth an el ectrode to depletion. Surface reconbination reactions strip
and deposit solid conponents of the hazardous gases on the el ectrode as
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original pressure of the feed stream but is vented, which means that such system is not

energy efficient, all the energy of the feed stream (pressure) being lost.

Also, it is disclosed in PCT/CA 90/00195, a selectively permeable membrane formed
from an amorphous polymer of perfluoro-2,2-dimethyl-1,3-dioxole which is usable for
separation of hydrocarbons or chlorofluorocarbons from, for example, air. Sucha
particular membrane apparently permeates oxygen and nitrogen 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 a2 membrane is suitable for separation of PFCs
from air or nitrogen.

There is still presently a need for improved “green” processes for abatement of

reactive (and potentially harmful) gases and concentration and/or recovery of inert gases
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gases, and carrier gases, the process comprising the steps of:
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a) providing a gas mixture comprising at least one perfluorocompound gas, at least .
one carrier gas, and at least one reactive gas, the gas mixture being at a predetermined
pressure;

b) directing the gas mixture to an abatement unit, wherein the reactive gases, and
preferably only a minor portion of the perfluorocompunds gases and carrier gases in the gas
mixture, are converted into substantially inert (preferably particulate) species, and thereby
forming an intermediate gas mixture consisting essentially of the perfluorocompound gases
and the carrier gases;

c) 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 gases;

d) contacting the feed side of the at least one membrane with the intermediate gas

mixture;



‘There is still presently a need for inproved "green" processes for
abatenent of reactive (and potentially harnful) gases and concentration
and/ or recovery of inert gases

5 (such as PFCs) froma gaseous stream here is especially a need for
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perfluorinated membranes. However, the glassy polymeric membranes used in accordance
with the invention can comprise a layer, including a posttreatmént layer made of a
fluorinated polymer such as polytetrafluoroethylene, amorphous perﬂuoro—JZ,Z-dimethyl-lﬁ-
dioxide, and the like.

As some of the glassy membranes are sensitive to certain products which may be
harmful for them, i.e. which may destroy or plug them quickly, it is preferred to remove the
harmful species from the intermediate gas mixture prior to sending it to the membrane.
Preferably any kind of species which is present in the intermediate gas which may harm the
membrane is removed by a scrubbing step after step (b) and before step (d) of the inventive
process, including any harmful gaseous HF, NH;, WFs, O3, BCls, and any corrosive species,
also any pyrophoric species including silicon hydrides such as SiF,, but also any kind of
particulates and any oil mists. Indeed, it is preferred that compressors used in the methods
and systems of the invention be sealed and oil-free.

According to a preferred process of the invention, after concentrating the PFCs with
a membrane, the various PFCs are separated from each other, by well known methods per
se, such as selective condensation or adsorption in order to recover either separate PFCs or
mixtures of PFCs having close boiling points. According to another preferred embodiment

of the invention, the PFCs gas mixture is concentrated again, for example, with a second or



b) directing the gas m xture to an abatenent unit, wherein the reactive
gases, and preferably only a mnor portion of the perfluoroconpunds gases
and carrier gases in the gas mixture, are converted into substantially °
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one perfluorocompound gas, the membrane unit connected to the abatement unit via an
abatement unit effluent conduit, the membrane unit having a permeate vent conduit and a
non-permeate conduit.

Preferred system embodiments include the provision of connecting the non-permeate
conduit to a process which may use the perflurocompound gases, such as a semiconductor
manufacturing tool. Also as herein disclosed, a plurality of membrane units may be
arranged in series, either with or without provision of sweep gas of non-permeate on the
permeate side of one or all membranes. Further preferred embodiments of systems of the
invention include a damper or surge tank in the non-permeate conduit (i.e. between the first
or plurality of membrane units and the semiconductor manufacturing tool); and the
provision of a compressor, heat exchanger, cryogenic pump or vacuum pump on one or
more of the non-permeate, PFC enriched stream(s), allowing the PFC enriched stream(s) to
be stored in liquid form for future use. Also preferred are appropriate valves which allow
the damper or surge tank, and the compressor for creating the liquid PFC mixture, to be
bypassed, as explained more fully herein. Also, the abatement units may be point of use (i.e.
one abatement unit per gas mixture to be treated), general (i.e. one abatement unit for
treatment of multiple gas mixtures), or combination of these.

Preferred system embodiments of the invention comprise:



‘l ayer) menbranes. Preferably, these glassy polynmeric nmenbranes do not

I ncl ude perfluorinated nenbranes. However, the gl assy pol yneric nmenbranes
used in accordance with the invention can conprise a |ayer, including a
posttreatnent | ayer nade of a fluorinated polymer such as

pol yt et raf | uor oet hyl ene, anorphous perfl doro-2, 2-di met hyl -1, 3- di oxi de, and
the like. a) As sorbatementhmitgidapted towective thegas mixtues, thet dbatentent gt t ai n
products whi.c be harnful .for the i.e.  which may destroy or plug them
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any kind of species which'is present in the internedi ate gas whi may harm
t he menbr aintemeediatergasavixture eonsisting bssentially of thefpecfucsoeamyaund gasiarskthe carrist ep
(d) of the inventive process, including any harnful gaseous HF, NHerr],
WF[err], OB®r], BC [err], and any corrosive species, also any pyrophoric
speci es 1 ncl udi By Si licoRibréayé dotRcur it lthé Bbabbrhbit ufk thrBtgh & Saréifdht il Of
particul ates and”any oil msts. Indeed, it 1s preferred that conpressors
used i n t hdisorpecendaitgthecomprassarfadapted toprevide arcobpressed intermediateigasf r ee.

According tqQ a preferred proces f the invention, after concentrati th
PFCs with MMLQQ%PW?@?%W% l{ét;separ ated from each ot helr.,ngby. ©
vel | known et hogls Pepiidial hethd i Sosifafidant B (8 ABABRARL MhschirgBUSAIY | ON 11

order to recover” either separa m Xt ures I ng cl ose

boi | i ng poadipted tdcgrovide aglesicedasonipressedointeimediate gastempienatate; add t he i nventi on,
the PFCs gas m xture is concentrated again, for exanple,.wth a second or
7 nore menbrane 5 or aff?é“lﬂ*’@é“%a‘fﬁs@ﬂ?@q @‘%@W’&fng?gf‘éﬁﬁgéawaf%e

process (W é@h??ﬁ a‘%pa : egm f
the i nven\t,\%itgg’ #’g a ysftﬁ r% con%ﬂyg#%igs%; at eﬂﬁ%@@lgm bF res’cglv r ywuﬁclﬁy @l&?g(?rwp
treating gfibersi befing pameablpto therarrier pay dndbeingsobsiantially gas-peaneabledd iav eagtas,

and a carrier gas, the conbination conprising: .
one pgrﬂuorocompoun gas, the membrgr% unit co%nected to the compressor via the

compressor discharge conduit, the membrane unit having a permeate vent conduit and a
non-permeate conduit.

Other preferred process and system aspects of the invention include provision of a
process step where the PFC gas mixture is concentrated using a plurality of membranes
arranged in series, with the possibility of the concentrated PFC gas mixture from each
membrane unit being capable of use as a sweep gas of the permeate side of any one of or all
of the membrane units in the series.

Preferred systems in accordance with the invention include provision of post-
treatment means, such as dry or wet, (or both) scrubbers, thermal decomposers, catalytic

- decomposers, plasma gas decomposers, pulsed corona reactors, and various filters as herein
disclosed, prior to the non-permeate stream entering the semiconductor manufacturiong
tool.

Membrane units useful in the invention may be operated at a constant concentration
set-point for the PFC concentration in the non-permeate stream from each membrane unit.
In this preferred system and process, the set-point concentration of the PFC in the non-
permeate stream from each succeeding PFC membrane separation unit would of course be
higher than the immediately preceding one. Appropriate sensors can be inserted into the

non-permeate effluent conduit from each membrane unit to continuously or non-



a) an abatenent unit adapted to receive the gas m xture, the abatenent
unit selected fromthe group consisting of conbustion, thermal-chem cal,
pl asma deconposers, pul sed corona reactors, and conbi nations thereof, the
abat ement unit adapted to produce an internedi ate gas m xture consisting
essentially of the perfluoroconpound gas9and the carrier gas; _ b)
at | east ofRntinuensivanalyze for BEG epnogniratiana of, samples may be taken padodicaliyroteat e
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Al so as herein disclosed, a plurality of nenbrane units nay be arranged in
series, eiloopamangement. wi t hout provision of sweep gas of non-perneate on

t he perneate si of e or all menbranes. .EFurther preferred enbodi nents of
Systons of he PREaReERed Froberer A duRns of e tPRlioR R thos RER A 1Bt noa o
condui t (i steeanPRbiQ@bhtdthehd virfi ﬁeﬂﬁerﬁirétfe’i'trh&*op& poREreatiRnt) s hisedab Gehdifte

sem conduct or nmanufacturing tool); and the provision of a’conpressor, heat
exchanger , org grogerei perfiuorpcamporads; omothenpsefil speciesy whinbrmayothen he purified for

non- perneate, PEC enriched strean(s), allowing the PFC enriched strean(s)
to be sto_r'é%?qrr‘?allei quid formfor future use. Also preferred are appropriate
val ves which al Fry 1#3@ i’ﬁﬂ)iﬁﬁstﬁﬁ'ting%Q&ﬁé&?%fd&s@ﬁcﬁ&?oﬁmﬁﬁﬁﬁ'bumversus
creating the liquid PFC m xture, To be bypassed, as explained nore fully

herei n. Al the butriee flainetemperatuce{prior a)y be point of use (i.e. one abatement
unit per gas m re. to be treated)., neral, (i, e, one tement unit for
{reat hent o miFIG s agsbemtiigeion BFA s hubbaetim ohibe diventor,
Preferred fystRiRgeBRRHeAEMdSreSdvehy enit Spesitidngn conpri se:

FIG. 3 is a schematic illustration of a first specific hybrid system of the invention,

illustrating combustion, wet scrubbing and membrane recovery unit operations;

FIG. 4 is a schematic illustration of a second specific hybrid system of the invention,
illustrating plasma, wet scrubbing and membrane recovery unit operations;

FIG. 5 illustrates PFC concentration on the residue side (permeate) of the membrane
versus the pressure differential across the membrane, for different flowrates of the feed
stream;

FIG. 6 illustrates PFC concentration on the residue side (permeate) of the membrane
versus the pressure differential across the membrane, for different temperatures of the feed
flow;

FIG. 7 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; and

FIG. 8 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.



8 a) an abatenent unit adapted to receive the gas m xture, the
abatenent unit selected fromthe group consisting of conbustion,

t hermal - chem cal, plasma deconposers, pul sed corona reactors, and

conbi nati ons thereof, the abatenment unit adapted to produce an internediate
gas m xture consisting essentially of thdOperfluoroconpound gas and the

carrier gas; Using th teachings ofthe pacsert ifveRtiek it ifehsible be atidte teativy gadéy dnd
t hrough an abatenent unit di scharge conduit, the conpressor adapted to

provi de a JdBTRYPEREHYOToRPmPYRd SaseSIToM S B35 mixfree comtaniegibethc dig cembisation of
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separation unjt having a feed side and a perneate side, and conprising a
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conpr essor newemideepossiblerbyhe presért idvanitich wirpkidsdntially £ 1w ﬁ@%ﬁﬂﬂ:ebﬁ‘ abatBA¥AtNg a
pernmeate vent conduit and a non-pernmeate conduit. = . her preferred
process an®fEsjatively reagtivegasess andyecovercefi mone stabls, relativelydnert PR using certaimes s

step where ) re.l rated using a plurali of

menbranes at' gr? ggﬁyﬁﬁﬁg‘gﬁ%’g‘eﬂ‘é‘fﬁ%ﬁ‘@%@& g iggf o %P“ﬁé‘% g’h‘g%?f?ﬁ’ rated PFC
gas m xt ur gedoveringthe hofifpehnédte flowion thehdBpsiarak! shledf thS@BeRbrage SWeep gas of
the perneate side of any one of or all of the nenbrane units in the series.

Preferred systens in accordance with the invention include provision of
post- treatyy trrre NS s ch as dry or wet, (or both) scrubbers, thernal
deconposers, YA 3?@'??8 conposers, plasma gas deconposers, pul sed corona

reactors, and v@eHRiosodonmpgoahds, &r the peripdseibfahis @eR8tiom atddefind ¥ €ompounds
non- per neat e St_l’ eam enterin t he sem conduct or manuf’act uri ong t OO?.

Menbr ane ugpmprisiagCufS and/or heatoms avhereimalhonalbimt ope hydregershave beemeeplaced by
ConCent R TPl s P i LS bt BBl B BARRYSs e
set - poi nt @@ﬁg@ﬁﬂdsaﬁm? Hubfindt&E hfdlrbcarbors RBEHRICE PESIERLR, Si, S afy biy each
succeedi ng PFC nenbrane separation unit woul d of course be
fluorinated compounds such as CHF;, SFs, NFs, and which are not harmful for the
membrane. In certain cases, PFCs may also include BF;, COF,, F», HF, SiF,, WFs, WOF,,
as long as they are not harmful for certain types of membranes. Perfluorocompounds do
not include chlorofluorocarbons, or compounds comprising two hydrogen substituents or
more, since such compounds do not usually behave as PFCs vis a vis the membrane and are
not useful in semiconductor manufacturing processes. The gas mixture containing PFCs to
be separated usually comprises at least one PFC and at least one carrier gas such as air,
nitrogen, argon, helium, or the like and mixtures thereof.

In Table I are listed the most usual PFCs and other gases from waste streams from a
semiconductor manufacturing process (not all of those gases are necessarily present--only
some of them may be present in the exhaust). |

The most common PFCs are usually the following ones:

. for chamber cleaning: carbon tetrafluoride (CF,), hexafluoroethane (C,F),
nitrogen trifluoride (NF3), perfluoropropane (CsFs), sulfur hexafluoride (SFs),
trifluoromethane (CHF;);



hi gher than the imedi ately precedi ng one. Appropriate sensors can be
inserted into the non-perneate effluent conduit fromeach nenbrane unit to
conti nuously or non- 9
conti nuously anal yze for PFC concentration, or, sanples may be taken
periodically or continuously fromthe nob- perrreate effluent from each
menbrane unit, ehi chforrﬂ;eétdnngesteps,dlmmedm(}sdram&ynsedbatmrsemamthu or
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unit oper [
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schematic illustration of a second specific hybrid systemof the invention,

i |l ust ra]t m@stpn@slnﬁhe feed. Bowmswer itds preferied to reash alevebips egch harmiyd substancens:
FIG 5 t f h
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different $eparytcdiFFC ﬁén—b&@nefaﬁﬂream using one or more of those methods, referred to herein

as post-treatment.

TABLE I
Symbol Name Harmful to membrane
PFCs
CFs Hexafluoroethane not harmful
CF, Tetrafluoromethane not harmful
CHF; Trifluoromethane not harmful
NF; Trifluoride not harmful
SFe Sulfur hexafluoride not harmful
CsFs Perafluoropropane not harmful
COF; Carbonyl fluoride not harmful
Other gases (carrier gases, etc.)
Ar Argon not harmful
AsH; Arsine not harmful
BCls Boron trichloride not harmful
BF; Boron trifluoride not harmful




stream

menbr ane,

FIG 6 illustrates PFC concentration on the residue side
(perneate) of the nenbrane versus the pressure differential
for different tenperatures of the feed flow,

FIG 7

across the

il Fustrates PFC concentration on the recovery side (non-perneate side) of
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N0 Nitrous oxide not harmful

NH; Ammonia harmful above 1%

NO Nitric oxide not harmful

0O, Oxygen not harmful

O; Ozone harmful above 1%

PH; Phosphine not harmful

Si(OC,Hs)a Tetraethyl Orthosilicate (TEOS) not harmful

SiF, Silicon tetrafluoride not harmful

SiH, Silane harmful above 1%

WFs Tungsten hexafluoride harmful above 1%

WOF, Tungsten tetrafluoride oxide not harmful

SiFs, WFs, WOF,, HF, F, while being perfluorinated compounds are usually not

considered as PFCs.

Reactive Gases

Reactive gases may be any gas which can be abated to a reasonable extent by one or

more methods, such combustion, plasma, pulsed corona discharge, and the like.
Representative examples of reactive gases include SiHy, SiCli, WFs, BCh, AsH;, NHs,
PH,, tetraethyl orthosilicate (TEOS), and the like (note that some of these are also in Table

1).



-Per fl uoroconmpounds, for the purpose of this invention, are defined as
conpounds conprising C, S and/or N atons wherein all or all but one

hydr ogen have been replaced by fluorine. The nost commobn PFCs i ncl ude,

wi thout being limted to, any of the follow ng conpounds: fully fluorinated
hydrocarbons such as CF[err], (err]FlerrB, Clerr]F[err], Jerr]F[err], and
ot her fl uorAbstemeéntStepounds such as CHF[err], SF[err], NF[err], and which

are not harnful for .the menbrane. In.certain cases, PFCs.may .al sq ing¢lude
BF[err], OCOR[ er r}e fbpiSent step-ay ppmpeiseranc e morgbatpment Ujhadg may indhideng as
they are ”%ox@%ﬂ?i‘etggéo%ﬂﬂeﬂtfe%ﬂﬁ Lof nenbranes. Perfl uoroconpounds do
not include chlorofludrocarbons, or conpounds conprising two hydrogen
substituents or nore, since such conpounds do not usually behave as PFCs
vis a vis the nmenbrane and are not useful in sem conductor manufacturing
processes. The g‘QsCPrF‘iE‘&?%"cont ai ning PFCs to be separated usually

conpri ses at | egg ?ﬂﬁxsﬁﬁ&s%ﬁﬂﬁc&%ﬁ%ﬁ%ﬁﬁﬂs ??ﬁ@@%eﬁ&ﬂénﬂﬁra@%’(?lca)oipe |

ni trogen, argon, hélium or € an ures’ thereo

are |isted d griorigrotessiaFofh@mpi) é/heh e hirdaed darder ised Thetehiperire of i a
sem conduct or manufacturing _process (not_all of those gases are necessarily

pr esent - - orflaesuhigh isrreached, 1halmostcl90% eENFs, iGClladwhichas aeta PFC butis The nost

. ! :
Creant ng: SRR GstcPby BUefbeirRRE Sadusty), CHE, and Sy Ble SURIRE,
ni trogen t r(pélerdingdeF aAd-bther dndesipdld épéeie?pcsmam AFlaty oy partinlly destrayéd)r

hexaf | uori de (SFGI)y, trifluoronethane (CquLerr] ) . )
11 particularly (2Fs whichiis aaly §0%: destroyedi dhe sombuystion gases carnet peserdingly beut

i th | oth LT ide . chl ofi.68,: :
hydr ogen. brisHoRe FSA PSSRt i B i ARRE Shice phAERrabbll PISELi s, e,
silicon tetgogsble @ destroyanskt of thel CFg while still gede@ilingindesiRdR pasies are

sonmetimes harnful for the nenbrane (as indicated in Table L
A suitable combustion abatement unit is that known under the trade designation

CDOQ, available from Delatech Corporation which comprises an oxygenator section and a
thermal reaction section where decomposition and oxidation occurs. Examples of oxidation

reactions are the following:

2) Chemical-thermal

Chemical-thermal methods are one of a number of preferred methods of abating
undesirable gases. Typically, thermal techniques generate conditions within a reactor under
which breakdown of undesirable molecules is achieved by heating the gas mixture to a high
temperature; such temperatures ranging from about 200 °C to about 1500 °C. The
temperature used, typically provided by electrical resistance heating, is preferably only high
enough to destroy the molecules of interest, but not excessively high so as to make the
process energy inefficient. This is because the effluent gas stream from this type of abateent
unit needs to e cooled in order that the steam may be compressed, or routed directly to the

polymeric membrane separation unit.

3) Plasma discharge
Another method for breakdown of undesirable gases which is useful in the present

invention involves the use of non-thermal plasmas within the reactor. Dielectric barrier types



1), and it is preferred to renmove themor destroy themfromthe feed gas

m xture sent to the nmenbrane. Usually it is preferred to renopve the
fol | owi ng conmpounds prior to sending the flowto the nmenbrane: W[err], HF,
F[érr], NHerr], Cf[err], HBr, HO, (erny], and any silicon hydrides,

: | . A
ger mani um hyd and the like, .o do th i
dich s vt gLk SR BReor T diRosd P ERmAE P S PRENI 48885800 1 ¢ on,
pl asma de§,§MG%d §ieéxa,&ea éog]gé&gﬂgaﬂ,, WilEbneh 8nd Sk, trespecinly. aSuch\oh-

usually b ow’about 1% vol . of sai arnful substance in the feed. However,
it is prefthermaliplasma systdmsutilize edtating spaciogaps.ceomstant woltage resistive ehasging path 10

ppm nost preferably | qwer than m .Jt is also possible to treat the
separ at ed Yseof glgme rtﬁ’rg‘?ﬂ’bthgpf'%?#%ﬁagagﬁgaﬁ?s‘ nore of those nethods,
referred to herein as post-treatnent.

TABLE | Synbol Nane
Har nf ul t o nmenbf)ahdsed corona discharge PFCs (derr]F[err]

Hexaf | uor oet hane
Tet r af | uor oret HaHsed corona discharge is anqag:t{ p%éq%bateg%? é\H.t’od. Conventional
R : ]]: : 38; i"ﬁﬁé&ﬁ "¥6rona discharge units, as described in gts ﬁﬁ; 1#}59?,6%@358 f(% Mizuno et al.,
u err
gglr ;;Jlr ugregﬁfjogu;%ﬂeewed. More preferred aregl;&t pugsadrrgoalbnac%gm]s disclosgd in U.S. Pat.
fl uori de 18 .5,490,573. In accordance with;thig gﬁtﬂﬁ Filscllljarge condineornrs ]with'm a pulsed co{fCar%gpyl

gases (c ar\{eL&Br A8 EshtroRbE 1d optﬁ‘ﬁize the efficiency of cheniié4] Bfeakdown of undesirables.

not harnfu
Electrical efficiency is maximized by charging a capacitor from a constant current supply of

power, by resonantly transfering energy to the reactor using hydrogen spark gap switching
and by suppressing thermal arcing via disabling the power supply after the current monitor
detects a streamer discharge. These operational aspects are preferably performed within an
integrated geometrical arrangement of ﬁpparatus which virtually eliminates electromagnetic
interference with surrounding equipment and allows adjustment of discharge conditions
within the chamber of the pulsed corona reactor in order to select optimizing pulse
parameters and scaling to accommodate different flow rates of inflowing hazardous gases.
The reactor preferably includes a plurality of individual corona discharge modules

electrically connected in parallel to a switching assembly.

Recovery Step

Membranes useful in the invention are preferably glassy membranes, such as
polymer membranes made preferably from polyimides, polyamides, polyamide-imides,
polyesters; polycarbonates, polysulfones, polyethersulfone, polyetherketone, alkyl
substituted aromatic polyesters, blends of polyethersulfone, aromatic polyimides, aromatic
polyamides, polyamides-imides, fluorinated aromatic polyimide, polyamide and polyamide-
imides, glassy polymeric membranes such as disclosed in US SN 08/247,125 filed May 20,
1994, cellulose acetates, and blends thereof, copolymers thereof, substituted polymers (e.g.
alkyl, aryl) thereof and the like.



AsH err] Arsi ne not har nf ul

BA [err] Boron trichloride not har nf ul

BF[ err] Boron trifluoride not har nf ul
géCH[err] OH h o Met hanol 15 not har nf ul
Flerr] Asymmetric mem%pp% rairthgrepared by the precipitation o‘} pg{ er ﬁ@oﬁ?ﬁﬁ' %ab ove
1% H err] solvent-miscible nonsolvents, Such meéBF@€kre typified by a dense separating | :
har nf ul % drogen bromd etyp y P hgrﬁr%“éﬁl above

1% Hd supported on an anisbtdopic substrateof iageaded porosity and are generallyrprepargd dvenel o,

E; i um step. Examplle?/ of such rr]ne];xlblrj'aonreta and their methads,of mpﬁfagﬁrftgr:éidxsc{%sef in'U's. e

m: { ; gggnox}’aﬁgnts 4,113,628; 4,378,324,@%%{199.;]6;?#?316%% &éﬁ)ss 4,512,893, 5,085,676, and

Ammoni a  4,717,394. The ‘394 and ‘676 pateitsadistiose pxbparetldr% asymmetric separation
membranes from selected polyimides. Particularly preferred membranes are polyimide
asymmetric gas separation membranes as disclosed in the ‘676 patent.

In a pressure driven gas membrane separation process, one side of the gas
separation membrane is contacted with a complex multicomponent gas mixture and certain
of the gases of the mixture permeate through the membrane faster than the other gases.

Gas separation membranes thereby allow some gases to permeate through them while
serving as a barrier to other gases in a relative sense. The relative gas permeation rate
through the membrane is a property of the membrane material composition and its
morphology. It has been suggested in the prior art that the intrinsic permeability of a
polymer membrane is a combination of gas diffusion through the membrane, controlled in
part by the packing and molecular free volume of the material, and gas solubility within the
material. Selectivity is the ratio of the permeability’s of two gases being separated 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
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in order to increase its ability to withstand harmful constituents in the gas mixture from

which PFCs are to be separate, at low levels or temporary contact with such components.

The hollow-fiber spinning process depends on many variables which may affect the
morphology and properties of the hollow-fiber metﬁbrane. These variables include the
composition of the polymer solution employed to form the fiber, the composition of fluid
injected into the bore of the hollow-fiber extrudate during spinning, the temperature of the
spinneret, the coagulation medium employed to treat the hollow-fiber extrudate, the
temperature of the coagulation medium, the rapidity of coagulation of the polymer, the rate
of extrusion of the fiber, takeup speed of the fiber onto the takeup roll, and the like.

According to 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. C;F¢ decreases on the non-permeate or
“residue” side of the membrane while this PFCs concentration increases on the permeate
sidé of the membrane. Accordingly, it is preferred, according to the invention, to have a
pressure drop AP across the membrane which is not high, usually smaller than about 13,600
kPa (2000 psig), preferably ranging from about 120 to about 1450 kPa (from about 3 to
about 200 psig) and most preferably from about 240 and to about 510 kPa (from about 20
and to about 60 psig).

As far as the feed gas mixture is usually obtained at substantially atmospheric
pressure, there is either the option to compress this feed to have a sufficient pressure drop

across the membrane (but this is not preferred because usually, many of the species present



13 Abatenent Step The abatenent step nmay conpri se one or nore
abatenent units, and may include nore than one type of abatenent techni que.
1) Conbustion FIG 1 illustrates the efficacy of a burner to destroy
PFCs versus tenperature ([err]C) in a prior art process. For exanple, when
an air-fuel burner is used, the tenperatlfe of the flame which is reached,
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process en ecause the uent gas streamfrom
this type gdreslefhRaibtane units) generally ranges from about 2:1 to about 10:1, it being

appreciated that supplemental compression may be required at other membrane feed

locations in a series of membrane units. It may be necessary to provide heat exchange
between the compressed feed stream and a coolant, such as liquid nitrogen, for example if
the temperature and/or pressure of the feed 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 to about 0.5 Nm*/h-m?%,

Alternatively, the compressor may be positioned after the pretreatment means (dry
and/or wet scrubbers, filters, and the like).

The temperature of the feed flow and/or the membrane shall also have an influence
on the recovery of PFCs on the non-permeate side of the membrane. Usually, when the
feed and/or the membrane temperature increases, then for a constant flowrate and pressure
drop, the species of the gas mixture tend to permeate more through the membrane,

particularly those which already permeate faster at lower temperature. For example,



unit needs to e cooled in order that the steam may be conpressed, or routed
directly to the polyneric menmbrane separation unit. 3) Plasma .
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Appropriate sensors can be inserted into the non-permeate effluent conduit from each
membrane unit to continuously or non-continuously analyze for PFC concentration, .or,
samples may be taken 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 air gases from process
gases.

Other preferred processes and systems of the invention are those wherein a waste
stream from a pretreatment step for the gas mixture emanating from the semiconductor
process is used to generate one or more perfluorocompounds or other chemicals, which
may then be purified for use in the semiconductor process, or other chemical processes.

After this first concentration step with one or a plurality of membranes, it is

preferred to then carry out a second step wherein the various PFCs are at least partially
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menbr anes are eogledepd, tiqdefied and collected based upon the temperature at the cooling coils. The

higher the liquid nitrogen flowrate into the exchanger, the lower the temperature at the
cooling coils, and therefore, more of PFCs will be liquefied.

In some preferred embodiments, the PFC mixture after concentration comprises
species whose boiling points are close and it is therefore difficult to separate them by
fractional condensation. For example, C,Fs has a normal boiling point of -78.2°C and CHF;
has a normal boiling point of -82.1°C; CF, has a normal boiling point of -127.9°C and NF;
has a normal boiling point of -129°C. When it is desired to separate a mixture comprising
at least two species having close boiling points, then a first separation by, for example,
condensation is made between the various species having boiling points not too close from
each other in order to provide substantially pure species or a mixture of species having close
boiling points. Then, the mixture of species having close boiling points are separated by
another process, for example, adsorption when one of the species of the mixture is more
polar than the other. NF; and CF, may be separated using molecular seives (such as NaX,
CaX, and NaA, wherein the “A” designates 5 Angstrom cage size, and the “X” designates a
10 Angstrom cage size); activated carbon; or the like, wherein the polar species (such as

NF; and CHF3) are preferentially adsorbed, as opposed to non-polar species such as CF,.

Secondary Abatement
The scrubber means to remove the harmful product for the membrane can be a dry
scrubber (which usually removes at least F,, HF, HCl, HBr, Cl,, NHs, WF; and SiH,). Dry



asymmetric gas separation nenbranes as disclosed in the '676 patent.

In a pressure driven gas nmenbrane separation process, one side of the gas
separation nmenbrane is contacted with a conpl ex mnulticonmponent gas m xture
and certain of the gases of the m xture perneate through the nmenbrane
faster than the other gases. (Gas separat2®n nenbranes thereby all ow sone
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preformed anis opl ¢ support nenbrane. Exanples of such nmenbranes and
t hei r et hphigging oftherhembrane are di sclosed in U S. Patents 4, 664, 669;

4,689, 267; 4, 741, 829; 947, 687; 2,953,502:.3,616, 607; 4, 714 48]
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wherein first aThgpendhlfoftufes of@pestessatesiding o theinventioncire flobtratedih FIG. 2,

wherein a semiconductor manufacturing process is represented by the reference numeral 20

(which may be any type of process using PFCs and rejecting PFCs). The PFCs and carrier
gases feed to process tool 4 are represented by 2 (bulk and/or cylinder delivery through
traditional bulk systems or gas cabinets well known in the electronic industry).

A waste gas mixture of PFCs, carrier gases and any other gases 6 (such as chemical
gases) is recovered from process tool 4 on an exhaust line 6. The gas mixture is then routed
to an abatement unit 8 to remove most of reactive species, according to the nature of the
gas mixture provided in 6. Optional streams may be necessary, depeding upn the aatement
unit operation cjosen, for example, if the abatement unit is a combustion apparatus, then
stream 10 may be air or oxygen. Heat (designated in FIG. 2 by “Q”) may need to be
supplied via stream 12, for example, if the abatement unit is a thermal-chemical unit. A gas
mixture in 14 no longer containing any substantial amount of harmful component for a
polymeric membrane is routed to a recovery unit 16, which may comprise one or more sub-
units, as further explained herein. For example, recovery unit 16 may actually comprise
firsta wet scrubber and then a embrane separation unit. therefore, allowanceis made for
optional streams 22, such as water stream, and waste stream 20. Gas stream 18 designates

the abated and recovered PFC non-permeate stream. The non-permeate stream which



16 contacting the substrate with a nenbrane-form ng sol ution. Exanpl es of
such nmethods are described in U S. Patents 4, 826, 599; 3,648, 845; and

3,508, 994. U S. 4,756,932 describes how conposite holl owfi ber
menbranes may al so be prepared by co-extrusion of multiple polymer solution
| ayers, followed by precipitation in a sélvent-niscible nonsolvent.
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acr oss t he fosing peacfionssoccdd bet ween the feed and the perneate), the
tenperature of the feed (ir.e. the tenperature of the nenbrane after
tenperature equilibration between the feed flow and the nenbrane itself)
and the feed fl ow at %iﬂlgg_ as i8R flpscovered that, for a certain constant
flowate of the feed ga ot t he rane and tenperature of the feed gas,
when the pressure di fNH; e@,=eNOgevB® t he nenbrane increases, the recovery
of PFCs |ike e.qg. C[e‘garh_] F[errk@decreases on the non-perneate or "residue"
side of the nenbrane 5 +O2TMeOprdS concentration increases on the
perneate side of the nenbrane. Accordingly, it is preferred, according to
the invention, to have a pressure drop [err]P across the nenbrane which is
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remaining gases in stream 14 discharge from wet scrubber 16 and pass to 4 membrane unit
116, producing a non-permeate stream 24 rich in PFCs, and permeate stream 26
comprising carrier gases N, He, and residual O,.

FIG. 4 is a schematic illustration of a second specific hybrid system of the invention,
illustrating plasma, wet scrubbing and membrane recovery unit operations in a parallel
processing embodiment. This system and process are useful in recovering PFCs from a set
of tools producing effluent streams containing different chemical species. Process gas
streams 2 and 2’ enter reactors 4 and 4°, respectively, producing effluent streams 6 and 6’.
Effluent stream 6’ is directed to a plasma abatement unit 300 to produce a plasma unit
effluent stream 32 devoid of WF6, and stream 6 and 32 are compressed and diluted with
nitrogen in compréssors 66 and 66’, respectively. Compressed streams 6a and 32a,
emaating from compressors 66 and 66°, respectively, are combined into a single waste
stream which is a wet scrubber feed (WSF) stream, which flows into a wet scrubber 16,

which abates hydrides. The scrubbed stream 20 is then sent to the membrane unit 116,



‘pressure, there is either the option to conpress this feed to have a
sufficient pressure drop across the nenbrane (but this is not preferred
because usual ly, many of the species present
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feed flow §efaea of dbout 0.2 m” wherein the feed flow is sent into the hollow fiber with a permeation

towards the outside hollow fiber. FIG. S clearly illustrates for low pressure drop between
the non-permeate and the permeate sides of the membrane, no concentration of C,Fs occurs
(0.2% of C;Fs recovered on the non-permeate side with the “residue”). For higher pressure
drops, depending on the feed flow, the concentration of C;Fs then increases with an onset
point of about 7 x 10° N/m? (AP across the membrane) for a feed flow of 130 mV/min. For
higher flowrates (170 m./min.) the onset point is obviously higher (increases with feed
flow). '

FIG. 6 illustrates the effect of the temperature of the feed flow (or of the
membrane)--same membrane as used for FIG. 5. For a higher temperature of the flow, a
higher differential pressure across the membrane is needed to achieve the same
concentration of PFCs.

FIG. 7 illustrates the recovery rate of C;Fs 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,Fs
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).



‘'such a systemcan work with a variable flowate of the feed): the highest
the feed flow, the highest the recovery. This feed flow can vary from near
zero to about 10[err] Nnferr]/h per square nmeter of menbrane avail able for
separation, preferably from about 10[err] to about 10 Nnferr]/h- nferr],
and nore preferably fromabout 0.1 to ab&ut 0.5 Nnferr]/h-nferr].

Al teernativel y, FiGe Sdtiusgratessbe effiecy ofitemperiture foreaiflak tof 1 7@ ind/npin.c twhiletomlynan

means (dry and/ or, wet scru s, filters nd th i ke). Jhe

t enper at ur EtEsmelyigw amepnt P@b)ﬁb\ﬁ[&rmpﬁ?atﬁ% 2 ’ﬁ%%ék# It perracatesap S 556 for a

i nfluence Rgnzon t he non-perneate side of the nenbrane.
Usual |y, Wﬁgﬁ&Fﬁg%ﬁggéﬁéﬁ /o}ézhe frenbr ane tenperature increases, then for

a constant fl owmheta fstdvérystadpsint(FiGs. 7 dnd 8)[ieisi thas ldtter feopsaatenit kighr € t end
to perneate nore through the nmenbrane, particularly those which already

permeat e fBavatesand agmpient tempseature fora give pressugeprap.

18 ni PER Y . .
ronr ane-than tROTHRCE: 4 P SHiaF R EREb A Dah E3HSH s nBERHEN o e
faster thresrgin puiity 6ECEF.aand thus Ricafsin comoemestionyr e, e.g. 50[err]Cto

60[err] C Usual | the tenperature of the feed and/or the nmenbrane
can vary from ab#ther modgfjcatipnstorthe inyension will be ppparent tp ghase skiflod iy th

10[err] C tg _about I rtjc Lve 1 i f

anbi ent t cperaana Glbine MR AR bisfith ot B SRRty iRk B ..
Preferred gésesgsones and systens of the invention include operating one or
nore of the nenbrane units at a‘constant concentration set-point for the
PFC concentration in the non-perneate stream from each nenbrane unit. In
this preferred system and process, the set-point concentration of the PFC
in the non-perneate stream from each succeedi ng PFC nenbrane separation
unit would of course be higher than the i mredi ately precedi ng one.
Appropriate sensors can be inserted into the non-perneate effluent conduit
from each




menbrane unit to continuously or non-continuously analyze for PFC
concentration, or, sanples may be taken periodically or_cantinuously from
t he non-perneate effluent from each nmenbrane unit, which may be sent to

dedi cated anal yzers either on-site or off-site. This |mm ] i
preferably then forwarded to a process c@Atroller whic mmm’mmlw
exanpl e the pressure of the feed to each nenbrane unit, *teffpetattires 4 ow,

and the like. Al so, when discussing the use of a sweep gas arrangenent, the
sweep gas rWhatisichaimedds:control | ed via an open |loop or a closed | oop

t. ' f th
prcoont 1 nvent dnh RioPfd Roplinit Kabrihe B Athob B Fo R RIAGHERII. 7 | |12
first or supgfpfisingdeastiv@gies)peifludravompoand gases,tand Camieppises, thopsesst he

carrier gas_and other process gases are recycled). The carrier gases nmay be
recycl ed dichel@ﬁﬂeyzqctb)tihe react or chanbers, or may be delivered to heat

exchangers, co m%é %ﬁiﬁﬁiﬁﬁ\a %ggm}){?\gre %@n&nﬂé ek Dnb B%B@ghﬁﬂ%@cﬁr MRt

storage or futur yC rane naey be provi oning to

separat e aigne @aGRE gis, aiid &Y o4t bfie EFAGIR gas; O her preferred processes
and systens of the invention are those wherein a waste streamfroma

pretreat ment st &) direetingithe gasmixtyre to an abateraent yaits wherein ganajerportine aEther

process is used to generat 0 . . r

Cherm cal s, "oeen ol SRR oaau St HRLEC RN BhmBRdE’ | oo
or other cheeihetiate F@@ﬁs@@e.consisﬁng esseffislBroftthe perflisratompandniasatdndnhst ep
with one or a plurality of nenbranes, it is preferred to then carry out a

second st esamfesgases; t he vari ous PFCs are at |east partially

9 d f . DLEf al | i
separati ng two o) Prorang et Bl ot msbEic s8R BRlRE s WehS BERONSE olafly natymer,
adsor pt i on, mGRNERRS ieindimbratsurif WavinglefeePsiaé idd barmeandidie R IRHoW beRYofbE

nmore appropriate for the streams which are com ng out of a sem conductor
manuf act ur itheymembtaneanit beingpermeadle tothe atdeast ane easriersgag and, being gon-permsghle

to the at least one perfluorocompound gases;

d) contacting the feed side of the at least one membrane unit with the intermediate
gas mixture, the intermediate gas mixture being at a predetermined pressure;

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

f) 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.

2. Process in accordance with claim 1, further characterized by said
predetermined pressure being supplied by compressing said gas mixture with a sealed, oil-

free compressor.

3, Process in accordance with claim 1, further characterized by said feed side of
the membrane unit having a bore side of each of said plurality of hollow fibers, while the

permeate side is an outside of each hollow fiber.



known under the tradenane SOLVAL of Air Liquide America Corporation
disclosed in the Technical Bulletin entitled "Sol val" jmmn I on
and Recovery Systent, 1994. Basically, in this conden ﬂmmﬁﬂﬂwwe
ef fluent fromthe non-perneate side of one or a plurality ‘of Lnembran S
fed into a heat exchanger. Liquid nitrogey or another cooling mediumis

i ntroduced into 4he I'?.q,;; % aRftn lais gﬁré . i hb&ure | N€
m xture of PFC V\Ini't h N erﬁg fg&:i‘a%ﬁ‘gducle‘%i I nt bﬁﬁ?gps e 4@&0@8?&%{1%5%}"&
exchanger éebeihg droeffiuent streain fiom cprocess aeledted fromsthe gidupaonkistinpeofeshing The

m xture i s cool ed and_part..of the PFC vapors are coal esced, |iquefied and

col | ect ed HPIOERSSEsIRFuding oxidesfactal anddielectsic; deposition progessesdnclydiag miiganse VD e
liquid nitr [ ofheE , the lower the tenperature at
the cool | ngﬁgﬁla?{s%&%%ﬁ?ﬁe#{ggégﬁa m)rgﬁggﬁéFCs will be Iiquefied. In
sone preferred enbodi nents, the PFC m xture after concentration conprises
speci es whose boiling points are close.and it is therefore difficult to

separat e t hem by-f r acfiP5eeess asardingclaim 1, figthes charpcterized by the mpn-permentes a -

of - 85, 11 or R Ak{Ring a jedf ot BloncRBfionlla ik et 3ot B Mhun kit ) ™
has a nor meCF CHF; QR ONR4, SBE,-CsPPamd mixturedhereoft is desired to separate a

m xture conprising at | east two species having close boiling points, then a
first separation by, for exanple, condensation is nade between the various

speci es havi ng ilin ' A 0 S h.other.in aorder .to
provi de subst an'??€3 al | yﬂ{gﬁé’%e%%cggfdggt%rchgﬁx%, %ﬁeg%%géﬁ%deé’ th?i?ﬂ 8'%35(9%‘3
boi |'i ng poisalested He the! drbuprtorsistify 6f Af DGCKe,SX¢)aVd, 100, HeOHS AlPhdd dbnied Nt
are separated by anot her process, for exanple, adsorption when one of the
speci es of thereofyi xt ure is nore pol ar than the other. NF3 and CF4 may be
separ ated usi ng nol ecul ar seives (such as NaX, CaX, and NaA, wherein the
"A" designates 5 Angstrom cage size, and the "X' designates a 10 Angstrom
cage size); actipatedAprédesdiccoiding® didisel, furiRE ehdtadtbiized Yyahe Flla@a?'ﬂ%ﬁyn(e‘iUCh
as NF3 and CHF[err]) are preferentially adsorbed, as opposed fo non-polar
speci es sudnembramrheing made ofittdeast puropalymenselected fronTths growpibdnsistingafis t o

renove the r ref,ul oduct for t.he .menbrane can be a,dry scrubher (which
usual ly re des pﬁm&:eg,[peo:ﬁ(a]n}xﬁ'qg"-_xfmf% ?orIY_cﬁgfe’rs, &ﬁ&?‘#’f"}%ﬁﬁq@?}%@ﬁﬁq and
SiH err]). dalpethersulfone, polyetherketone, alkyl substituted aromatic polyesters, blends of

polyethersulfone, fluorinated aromatic polyimides, polyamides and polyamide-imides,

copolymers thereof, substituted polymers thereof.

8. A process according to claim 1, further characterized by the membrane being
an asymmetric hollow fiber membrane comprising a core and a skin which are made of
different polymers, the permeability of the polymer of the skin being lower for

perfluorocompound than for nitrogen.

9. A process according to claim 1, further characterized by the intermediate gas
mixture which is contacted with the membrane comprises less than 1% vol. of each of

gaseous components which are harmful for the membrane.

10. A process according to claim 1, further characterized by the intermediate gas
mixture which is contacted with the membrane comprises less than 10 ppm of each gaseous

component which is harmful for the membrane.



20 scrubbers are usually resin-type scrubbers, or soda- Ilne mhlle sone dr
scrubbers conprising catalysts |ike MiQ2 can al so renove ozonﬂu]mj m“u”ull””"l
gaseous hydrides may be renoved according to the nethods disc I

Patents 4,743, 435; 4,784,837: 4,910, 001; .4, 996, 030, 5, 182,088 and"

5,378,439. Wen diff ent scrubher e i,nst rmve
the various harr]rg B@Fﬁs@@?ﬂr “8%?4%&“67@(‘2‘ ggrcgergﬁgp%ﬂr ﬁ% J‘%ﬁ

scrubber ( gfixtafe Wﬁ totéled QAR th'MeMBiand 66!'!! lesbEiah 1G5 bEédeh gasdons

scrubbers, filtérs to remove particles fromt stream are usually
necessary (omponent whichisharirduldor thevmengbranedi arreter | arger than 20 microns)
and it is recommended according to the invention to provide a filter
upstream havi ng a pore size dianeter |ess than 20 nmicroneters and
preferably Iess jphan A;Lgr sraee%ﬁ.g%ocmqhﬁmepmcﬁ&rzwsyﬁ&naﬁanédﬂwgds
droplets to avor " pluggi ng of the menbrane. A wet Sscrubber is, Tor
exanpl e, dinfixtucespribrito being fed tocthe menbrarief isdbdoughetet pteﬁgxrawtlbh{lbeﬁ'ﬁ]ctlﬁo foryour
Particul ar plication” from or atj on. n ral
features OF%BSB%@S%&'%%# e"ﬁl—{‘é“’f’ m@&rsgrgaqﬂmgfﬂg? FIG 2,
wherein a m%b%}hme%%em Bk i pérfiA6rOE6p etibe

ref erence nurre whi ch nmay be any type of process usi ng PFCs and

rejecting %ﬁpmw&d:g%@mm& carrier gases feed to process tool 4 are
represented by 2 (bul k and/or cylinder delivery through traditional bulk

systenms or gas cabinets well known in the electronic industry). A
waste gas m xtung of fgx%%ess?%y}r‘dﬁf 15 3B 1%&@9&&4&&&%2% SreéshbCor 1AE
chem cal gases) |s recovere rom process t ool on an exhaust line 6. The

gas ni xt ur éntesnddiute gasauixade ranging fatra (10T Bascaltnil0® Bascal. r enove nost  of
reactive species, according to the nature of the gas m xture provided in 6.
Optional streanms may be necessary, depedi ng upn the aatenent unit operation
cj osen, for exangl e, g{dﬁgq it H B9 tidH- atel hen
stream 10 may bgaal r ‘%F’“%“E%%E Btczdﬂ{e]s}l Sirfg‘fﬁ%&?%%wgby " Qﬁ%rﬁl?ra need
t o be supplsiresin being sbmpresseiand/arrcoeled nquidestored irt sterag® neamsefior furthier prasessing.
thermal -chem cal unit. A gas mxture in 14 no | onger containing any
substanti al anmount of harnful conponent for a

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

the first non-permeate stream being recycled.

16. 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 SFs, C,Fs, CHF3, CF, and NF;.

17. A process according to claim 1, further characterized by at least one of the
perfluorocompound gases of the non-permeate stream is further separated from other

perfluorocompounds in said non-permeate stream.

18. A process according to claim 17, further characterized by separation of at
least one less volatile from more volatile perfluorocompound gases is made by condensation

in a heat exchanger using a cooling fluid at an effective temperature and flowrate.



‘pol ynmeric nmenbrane is routed to a recovery unit 16, which nay conprise oné
or nore sub- units, as further explained herein. For exarrpn” ' '
16 may actually conprise firsta wet scrubber and then a e Mgﬂﬂmﬁﬂﬂmﬂm
uni't. therefore, allowanceis nade for optional streans 22, sSuch as water =
stream and waste stream 20. Gas stream 28 desi gnates the abated and
recovered PFC ndf: perAipakcessacearding td bhin 07 fafthéfahbActerizebby fledsba portion

21 conpri se; the PFCs (concentrated) may, be recovered and either directly
recycled t@&

theqwapermegte stream, consisEpg gsseptially ok NFy ardbCF gis sentite @8 @dsarption ocess
tool 4 or | Nk 0 ; : FIG 3 is a schematic

Il lustrati g%ﬂ%n{xgg{e.%}x}g?g §§§%¢?§£%dy%Fﬁ l3“‘s)t)‘/st em of the invention,
illustrating a conbustion abatenent unit (burner) 8, a wet scrubber .unit 16
and a nenbrane recovery unit 116. Stream 6 may have the indicated

conposi ti on of &PH ek processpaseqriing\w-claim 17, fuytt envpemqemdebs; Yilesst 3 p?lﬁqper r],
F . . ) t t
QYD react oPEtheionTsimentd ieat piislting SAdehiay of CHIF, oRE CHEYT Sl Lo B st

known undegystdif wheriteCHF, udborded &ddC,KslionatDel at ech Corporation, as
previ ously descri bed herein, having an oxygenator subunit and a thermnal

reaction subunit. In the thermal reacton sub-unit, the follow ng reactions

; j.H ] 0 =. S . .1.0 .
Nforr] + oferrPle nd Bpesashiring o Sl vl crafibleigia by B debppeginey
Werr] J er his gtemperatdfetasfing #6M208C163o0¢ fromthe the abatement unit
woul d preferably then conprise SidJerr],

22.  Process in accordance with claim 1, further characterized by at least a
portion of the non-permeate stream is used as a sweep gas on the feed side of the first

membrane.

23.  Process in accordance with claim 15, further characterized by the portion of
the non-permeate streath which is recycled is routed to a surge tank prior to re-entering the

process, or prior to being routed to storage.

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

same or different.

25.  Process in accordance with claim 1, further characterized by said abatement
unit being selected from the group consisting of plasma decomposition, thermal

decomposition, catalytic decomposition, scrubbing, and adsorption.

26. A process to recover at least one perfluorocompound gas from a gas mixture
mixture flowing from a semiconductor manufacturing tool, the gas mixture comprising at

least one carrier gas and at least one reactive gas, the process characterized by:



‘N err], Werr]O[err], HF, Nerr], He, Plerr]O[err], (err]FE NF err
CFlerr], and F, along with some particul ate speci es. In wet ,Bm}, jwl.lmlﬂ
16, water 22 is used to scrub out SiQ2, NO[err] and V\[err]

refrai ni ng gases in stream 14 di scharge fromwet scrubber 16 and pass to a
menbrane unit 116, producing a non-perne@ge stream?24 rich in PFCs, and
pernmeate streamy: gﬁlrécﬁiiﬁﬁrthégﬂgmﬁﬁfré tccdn dbateptentlhsit, Wherdi® a nidjét ﬁdi‘ﬁdndbﬁhe
Jerr]. 4 schemati c |IIustrat|on of a second specific
hybrid systweastive gasepaterppayrriedrintosubsiantially inetf spreiesrand thereby fonming A and

b e hi
R e s C T L
produci ng @hfrepgiNes;st reans containing different chem cal species. Process

gas streams 2 and 2' enter reactors 4 and 4' respectively, producing
ef fluent streand) Glremmgeht? ingrmiediatetgas mixture isto & feediside of atfeass one pnembme

e Cang s i vigs a sy o B BlaSS PRty Hiet mefitranéi g Heon e i e e
conpr essor §,eﬁﬁeae@§1d EGhe hcsmpm%rs ¥othY meﬁmmmémgtﬁeﬁaw&@ tﬂé‘dt ﬁzs@one

emaating from conpressors 66 and 66', respectively, are conbined into a
singl e msmgmmmmqnspm@ﬁﬂe tocthe B fone gerfiugrocomppurthgasesii ch f | ows
into a wet scrubbe .Which h i des., The SE r ubbed [
then sent to th é:? Fagwég ﬂﬁ“ttﬁi%ﬁg de\{)ﬁhe mermbrane unit 4 anon-pgx'}x{egf%@r%gm at
22 wherein ?)r@é%ﬁre%al?ﬁtsﬁbﬁir{tﬁﬂﬁkqtﬁ'ﬂfd the predetermiried pk&st%oﬁbkﬁﬁdntra'ts&lg@ _
perneate streamrich in carrier gases is emtted as stream 2 It is
i nport ant tnaixtaod eomprising essendially theas teasti one pecfhioresopound gas aofl t he

2cr 055 Lhe h@m"?ﬁﬁe&d?&qﬁﬁéniﬁgﬁmes e i o e e 0B ERpraRe B B PR GAE L
on the per @ﬁ@&ﬁaﬁieﬁﬁteﬂ v§1a| mﬂ?é@n@i@ﬁng’\ékb&ﬁiaﬂfspﬁh@% fha Jn@%ﬂrrﬁ?‘%asat about

at nospheri c pressufe ch 1's usual I'y about” the pressure of the gas
m xture rel eased fromthe sem conductor manufacturing process. As

.-

27. A system combining abatement and recovery units for treating gas mixtures
comprising a perfluorocompound gas, a reactive gas, and a carrier gas, the system
characterized by :

a) an abatement unit adapted to receive the gas mixture, the abatement unit
selected from the group consisting of combustion, thermal-chemical, plasma decomposers,
pulsed corona reactors, and combinations thereof, the abatement unit adapted to produce an
intermediate gas mixture consisting essentially of the perfluorocompound gas and the carrier
gas; and

b) at least one membrane separation unit having a feed side and a permeate
side, and comprising a plurality of glassy polymer hollow fibers, the glassy polymer hollow
fibers being permeable to the carrier gas and being substantially non-permeable to at least
one perfluorocompound gas, the membrane unit connected to the abatement unit via an
abatement unit effluent conduit, the membrane unit having a permeate vent conduit and a

non-permeate conduit.

28. System in accordance with claim 27, further characterized by the non-
permeate conduit being adapted to be removably connected to a processing tool, the

procesing tool adapted to use the perfluorocompound gases.



'Iong as usually only the carrier gases perneate through the nbrane, those
gases cannot damage a vacuum punp or ot her vacuum systean\mu!ﬁulH w l
contrary, conpressing the gas m xture upstreamfromthe " S
onl'y nean conpressing nore gas, but it would also nean a risk for the
conpressor neans. FIG 5 illustra2®s at 20[err]C for two different

fl ow ates of theofeeSybtemiinatcotddhceiwithictuirar28, fushenthanicterized bp dmi proedsyingon a
hol | owfi ber penbrane, nage of polyi m de hlavi ng a surface of about 0.2
nerr] whefQql Reinga semison WG3OF FATURGHTING H08L t ho hol | ow fiber with a
permeation towards the outside hollow fiber. FIG 5 clearly illustrates for
| ow pressure drop between the non-perneate and the perneate sides of the
menbr ane, no cogOent rS%ﬁﬂeﬂﬁn@écdﬁi’d?ﬁd ecu;iuhldaim(Zﬁ ﬁ%ﬂleiclﬁ?&ﬁeﬁzedbydieed on the
non-perneate side with the "residue For hig pressure . dro .dependi ng
on the feegemicepductorananyfacturingdeoltisingselested fropy @Frgfo‘%msﬁm%é)ﬁ @ingyi t h an

onset poin 1 9@;& t he nmenbrane) for
a feed fl O\E/\?og% d?ﬁ%élﬁrﬁx}toﬁls %g’t["%}’%g{rc%péomélét%éh& %?s mn.) the onset
poi nt is obviously higher (increases with feed flow). FIG 6

illustrates the effect of the tenperature of the feed flaow (or_ of the
rrenbrane)--sarre 3kenbr System in accordanesy with clainn27, farthes chageterizeddypinc

Of
achi ove. t B SRR oo e oBRRE, EnReA by JRRRRTRnd i BEFRE” 1 °

recovery r pe@ndate édndiit] F[err] on the non-perneate side of the menbrane
versus the differential pressure across the nenbrane for two different
flowates: for very low differential pressure, about aII of the

Che: menbrane. pr 3ar eod DB Pminhg BobEhen dh Kol anfth ForRa IS bad Wit 9"
][Tgpbrlggem %mH%Bngﬁ% 8 fbﬂﬁxbﬁ%‘bhib@uﬁ&giseﬁ réadfivd gakCind déﬁlﬁéﬁ@% ﬁh@@y@@ﬁe curves

characterized by:

=D

C

a) an abatement unit adapted to receive the gas mixture, the abatement unit
selected from the group consisting of combustion, thermal-cherpical, plasma decomposers,
pulsed corona reactors, and combinations thereof, the abatement unit adapted to produce an
intermediate gas mixture consisting essentially of the perfluorocompound gas and the carrier
gas; |

b) a compressor connected to the abatement unit through an abatement unit
discharge conduit, the compressor adapted to provide a compressed intermediate gas
mixture through a compressor discharge conduit;

c) optional heating or cooling means in the compressor discharge conduit
adapted to provide a desired compressed intermediate gas temperature; and

d) at least one membrane separation unit having a feed side and a permeate
side, and comprising a plurality of glassy polymer hollow fibers, the glassy polymer hollow
fibers being permeable to the carrier gas and being substantially non-permeable to at least
one perfluorocompound gas, the membrane unit connected to the compressor via the
compressér discharge conduit, the membrane unit having a permeate vent conduit and a

non-permeate conduit.



©23 FIG 8 illustrates the effect of tenperature for a fl
mM/mn.: while only an extrenely | ow anount of Cerr]F[err] Hlﬂﬁﬁwﬁ ||"“"
20[err]C, alnost half of it perneates at 55[err]C for a pres ¢ arit s %

abéut 7 x 10[err] N nferr]. From a recovery standpoint (FIGs. 7 and
8), it is thus better to operate at higl8d | ow ates and anbi ent tenperature
for a give pressire Systém in accordanédwith Elaic 32 Bdaphell 10 retuiveraplardlingsf gus
substantial pressure drop is _necessary to have a certain purity of C2F6
(and t hus mixtunes in spasaliel operating mayle, further charmtxwérbyméﬂasﬁmwfdgesm t he

i nvention w

e T ol | ouPFRPEY B e te, 6% aoRoRue™ 5aiting Rk Sbaem@Ryhsl ToP

f oregoi ng description. What is clainmed is: 1. A process
to recover at |east one perfluoroconpound gas froma gas m xture conpri sing
reactive gases, perfluoroconpound gases, and carrier gases, the process

characterized by: a) providing a gas m xture conprising at |east one
per fl uoroconpound gas, at |east one carrier gas, and at |east one reactive
gas; b) directing the gas m xture to an abatenent unit, wherein a

maj or portion of the reactive gases are converted into substantially inert
species, and thereby formng an internmedi ate gas m xture consi sting
essentially of the perfluoroconpound gases and the carrier gases;



c) providing at |east one nenbrane unit having a plurality of hollow gl assy
pol ymer menbranes, the nenbrane unit having a feed side and a perneate
side, the hollow fibers of the menbrane unit being perneable to the at

| edst one carrier gas and being non-perneable to the at |east one

per fl uoroconpound gases; d) cdhtacting the feed side of the at |east
one nenbrane unit with the internedi ate gas m xture, the internedi ate gas
"m xture being at a predeternm ned pressure; , 1 1 h | m t he
feed side of. tl?goﬁg%ﬁéﬂ@ ﬁﬂ%%gkf FF&FWSK%@PR@Q’E‘@% 8%2%&&%‘;%r essure
whi ch i s substanti abAYESCAND RECOVERY) OK| RERFHUOROGOMBOIND: GASESoncent r at ed
gas m xture conprising essentially the at |east one perfl uoroconpound gas;

and f) withdrawing fromthe perneate side of the at |east one
menbrane as a perneate streABSTRACTEOFMTHEDISCLOSUREoNsi sting essentially
of the at |east one carrier gas. 2. Process in accordance with

claim1, further characterized by said predetermned pressure being
suppl i ed by COWE&%&Q%&@M&S rédovbidtdeast bk Ferfi@itoesmpdiind-gak G0 a gas
conpr essor. 3. Process in accordance with claim1, further
char act er i mixtuteare pravidede dn onelembodiment the inveating pracess isohrragterizedbythei de of
cach of S oot Brotiing a 428 misttive domprising B leaSt oni peRfilorSntpothd §ad snd
55 - feast onte%aﬁfeegas, ithe S3GRIXKARO BEnYht d'prelatenthihed pressube b) providing & i zed
sai as mxture
g J least one glassy polymer membrane having a feed side and a permeate side; c) 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 non-permeate stream at a pressure which is substantially
equal 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
membrane as a permeate stream a depleted gas mixture comprising essentially the at least

one carrier gas.

Figure 2



being an effluent streamfroma process selected fromthe group consisting
of etching processes including oxide, netal and dielectric; deposition
processes including silicon CVD, tungsten backetching, and dry chanber

cl éani ng. 5. A process according to claim1, further
characterized by the non-perneate streamincluding at | east one

per.fl uoroconpound gas sel ected fron1the'ﬂ§fup consisting of CF[err],
CHF[err], Cerr]F[err], NF[fer], SFerr], err]F[err] and m xtures thereof

6. A process according to claim1, further characterized by the carrier
gas being selected fromthe group consisting of Ar, Nerr], Kr, Xe, Ne,
O[err], He, Herr], Air and m xtures thereof 7. A process

according to claim1l1, further characterized by the glassy pol yner nmenbrane
bei ng made of at | east one polyner selected fromthe group consisting of
pol ym des, pol yam des, pol yam des-im des, polyesters, polycarbonates,

pol ysul f ones, pol yet hersul fone, pol yet herketone, al kyl substituted aromatic
pol yesters, blends of polyethersulfone, fluorinated aromatic polyim des,

pol yam des and pol yam de-i m des, copolyners thereof; substituted polyners

t her eof 8. A process according to cIa|n11 further
characterized by the nenbrane being an asymetric hollow fi ber nenbrane
conprising a core and a skin which are made of different polyners, the
perneability of the polyner of the skin being | ower f&r perfluoroconpound

than for nitrogen. - 1rprUtess-atturdrrd3to claim1, further
characterized by theNinternediate gas mixture whichlis contacted with the
nenbrane conprises Ipss than 1% vol . of eachdvf gasqous conponents which
are harnful for the penbrane. ft&f%’ T o
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10. A process according to claim1, further characterized by the
internedi ate gas m xture which is contacted with the nenbrane conpri ses.

| ess than 10 ppm of each gaseous conponent which is harnful for the

nmeftbr ane. 26 11.
A process according to claim11, further characterized by the internediate
gas m xture, which is contacted with tgi nbrane conprises less than 1 ppm
of each gaseous conponent which is har for the nenbrane. 12.

A process according to claim1l, further characterized by the internediate
gas m xture prior to being fed to the nenbrane, is brought to a pressure
which is effective for carrying out the separation of the perfluoroconpound
gas or gas mxture in order to recover a non-perneate streamwhich is
concentrated in perfluoroconpound species conpared to the gas m xture.

13. A process according to claim1, further characterized by the pressure
of the internediate gas m xture ranging from 10[err] Pascal to 10[err]
Pascal . 14. A process accor@ng to claim1, further
characterized by the non-perneg}e st ream bei ng conpressed and/ or cool ed,
and stored in storage neans foe& fur pr ocessi ng.
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15. A process according to claim1, further characterized by at |east a
portion of the first non-perneate stream bei ng recycl ed. 16. A
process according to claim1, further characterized by the non-perneate’

st Feam conprising a m xture of perfluoroconpound gases selected fromthe
group consisting of SF[err], C[err]F[err] CHF[err], CF[err] and NFferr].
17, A process according to claiml, g her characterized by at | east one
of the per fl uoroconpound gases of the nYh perneate streamis further
separated from other perfluoroconpounds in said non-perneate stream

18. A process according to cl a| m 17, further charact erl zed by separation
of at least one less volatile ‘rgm nore volatile perfl uoro@rrpound gases is
made by condensation in a heatge®changer using a cooling fla;u d at an
effective tenperature and flowsége.

27 19. A process accwmr®&ing to claim17, further &naract erized by
at least a portion of the non-pgrneate stream consisting egsentially of NF3
and CF4 is sent to an adsorptiofi system whereigd NF[err] is fadsorbed and

i N © o ©
CF[err] is not. Q8 © Sy <
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20. A process according to claim17, further characterized by at |east a
portion of the non-perneate stream consisting essentially of CHF[err] and
Cerr]F[err] is sent to an adsorption systemwherein CHF[err] is adsorbed

and C[err]F[err] is not. 21. A process according to claiml1,
further characterized by the internedi ate gas has a tenperature rangi ng
from20[err]Cto 120[err]C. 22 Process in accordance with claim
1, further characterized by at |east a ﬂégtion of the non-perneate stream

is used as a sweep gas on the feed side of the first nmenbrane. 23.
Process in accordance with claim 15, furtherfcharacterized by the portion
of the non-perneate streamwhich is recycledl is routed to a surge tank
prior to re-entering the process, or prfbr tlo being routed to storage.

24. Process in accordance with cl ai er characterized by a
plurality of like or unlike sem conducfoimanufacturing tools are arranged
in parallel flow relationship, and eacpgsol a;dedicated correspondi ng
abatement unit, said abatement units EF§$ e or different.

25. Process in accordance with cl ai | characterized by said
abatenent unit being sel ected fron1;Pg -t-i Ng of plasm

deconposi tion, thermal deconpositior, deconposi tion, scrubbing,
and adsorption.
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26. A process to recover at |east one perfluoroconpound gas froma gas

m xture m xture flowing froma sem conductor nmanufacturing tool, the gas

m xture conprising at |east one carrier gas and at | east one reactive gas,
th& process characterized by:

28 . a) directing the gas m xture to an abatenment unit, wherein a
maj or portion of the reactive gases amnverted into substantially inert
species, and thereby formng an inter ate gas m xture consi sting
essentially of the perfluoroconpound gases and the carrier gases; b)
directing the internedi ate gas mxture into a feed side of at weast one

=
menbr ane unit haprg pHtryettty—of WW = t he
menbrane unit haying g perneate|side] the|lhollpw fi bers of tire SArenbrane
unit bei ng pernegbl e { hg at Ijeast |one ¢arripr g4
non- perneabl e tojthe gt | egst CpeT anpound
wi thdrawi ng fronjthe fleed qi ge qf the nmenbrane| uni {™s
stream at a prespure whichlig sybstamtially equal t ¢ _prledeter ni ned
pressure, a concgentratled ggsf m jturejconpti sing esg i | hegxat | east
one perfl uoroconpound|gas; gnd d) wthdfaw r per neat e side
of the at | east pne ngnbrang as |a peffneat ¢ strpam g gas m xture
consisting essenfially of the at] | eagt on¢ carfier 27. A
syst em conbi ni ng| abat gment &nd rlecov¢ry upits for t ¥siom Xt ures
conprising a per 4unrgmrrpoind—gas,—§ —eattvergas, /& -Flﬁr gas, the
system character{zed Qy: 1= a) an abat efrent cuni t ledSt 0 recei ve
the gas mxture, |the gbatengnt ynit gelec{ed fyfomEhe gr .onsugtl ng of
conmbustion, therfal-cheni cal, pllasna|decopposefs, E ! =
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‘pul sed corona reactors, and conbi nations thereof the abatenment unit adapted
to produce an |nterrred| ate gas m xture consisting essentially of the

per fl uoroconpound gas and the carrier gas; and b) at | east one
meftbr ane separation unit having a feed side and a perneate side, and
conprising a plurality of glassy polynmer hollow fibers, the glassy pol yner
hol,l ow fi bers being perneable to the caﬁﬁﬂ er gas and being substantially
non- perneabl e to at | east one perfluoroconpound gas, the nenbrane unit
connected to the abatenent unit via an abatement unit effluent conduit, the
menbrane unit having a perneate vent conduit and a non-perneate conduit.

28. Systemin accordance with claim?27, further characteri zé"cb by the non-
per neat e conduit]|belind adapfed tq be renovahly connectéd to fa gocesm ng
tool, the proces}ng tdol to usp the |perfljuorocpnpourfd gases.
29 29. By st e gnce W th clfaim characterized
by the processinj tool m conpduct orf manufiact ufi ng tjool .
30. Systemin pccord | ai mR9, fdrther ifzed by the
sem conduct or MapuH-aeH |thei-rgl-sel-edqied fr pgLonsi sting
of etching tools] depdqsition to®s, tupgster] bac®eychi hg tod s'\ and dry
chambers. & B -
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"31. Systemin accordance with claim 27, further characterized by

i ncluding the provision of a conpressor, heat exchanger, cryogenic punp_or
vacuum punp in the non- perneate conduit. 32. A system conbi ni ng
ab&t ement and recovery units for treating gas m xtures conprising a

perfl uoroconpound gas, a reactive gas, and a carrier gas, the system
characterized by: a) an abateznyt unit adapted to receive the gas
m xture, the abatenent unit selected fr t he group consi sting of
conmbustion, thermal-chem cal, plasna deconposers, pul sed corona reactors,
and conbi nations thereof, the abatenent unit adapted to produce an
internmedi ate gas m xture consisting essentially of the perfluorgponpound

gas and the carrier_qgas; b) a_conpressor 0 &he
abat enment unit thfough an atemgnt unift di sgharg e gonpressor
adapted to providp a fonpresssed ifntermgdi ate| gas m igh a
conpressor di schajge fonduitf; C option - cool i ng
means in the conpfesspr disichargg condgi n desired
conpressed i nternpdi af e gasj t enpar at ur 'eggt one
menbr ane separ at i pa—tftt—hef- ng feedtst e, —and
conprising a plurplity of gl agsy fpoly ragsy pol yner
hol | ow fi bers bei hg pgerneabl e o|the c st antial ly
non-perneable to ht |past oheSper|f I uor Lane unit
connected to the fponpfessor| via tlhe co i t, the
menbrane unit having B perneate \ent per meal e€“ondui t .
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30

plurality of gas mxtures in a parallel
characterized by at

33.

Systemin accordance with claim 32 adapted to receive a
oper ati ng node,

cofpositions requiring differing abatenent units.

8/8

&

g

further

TEMPERATURE - 20°C

Q
&/ I
jTo)
l p—
m -
oc
S
/= )
T
[+
Lt
m -
=
& 5
=
é .
E -
e 5
-—
[
| / g
| =
[T
Q -
| TU]
/ )
m p
' L3 L] L3 LS L 2L 2 X L L | L3 L ] K L J L] L] L) L] L S l L] ¥ LJ L]
R R = = R =R =R
o =] Q o [=} (==} (=]
E (=} [--] ™~ (-} [Ty <

301S JLVINYIANON LY 8420 40 AU3NBIH
%

4x10° 5x109 6x10° 7x105 8x109

5
3x10
DIFFERENTIAL PRESSURE ACROSS MEMBRANE, N/m2

| east two of the gas m xtures having differing gas -
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