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-1- = - PERFLUOROCCOVPOUND SEPARATICN AND ’ }P v
PURIFICATICN METHOD AND SYSTEM BACKGROUND OF THE Dss
TNVENTION 1. Field of the Inventlon The present invention rel at es &Y.

‘to a nethod for separating and purifying perfl uoroconpounds. The invention
also relates to a systemfor separating and purifying - perfluoroconmpounds.
The inventive nethod and system have particular applicability in

sem conduct or manufacturing, for exanple,lin the treatnment of an exhaust
gas froma sem conductor processing tool-~" 2. Description of the

Rel ated Art In the sem conductor  manuf Qggstry, ext ensi ve
use i s nade of perfluorocoﬁﬁﬁ FlHeR ggﬁﬁgzmm% ﬁ%ﬁ are required
in various etching processe®PUREK g F@EHODnEFBIsgﬁﬁmﬂlelectric et chi ng
steps. In such processes, a gas or a plasna atnnsphere sel ectively renoves
portions of a |ayer deposited , : or oconpounds are

al so enployed in deposition processSes 5 chem cal vapor

deposi tion (QVD), ﬁ% MEelds ﬁe' &%@ﬁb@@nl ng of sem conductor processing
chanbers. PeriTuoroconpound gases used in the above-nentioned
processes i ncl ude, THopmesen dnvemtion nfeﬂaaesubmdemeémérﬁc}?

hexaf | voroet hane (ol S L EL il e A8l Het10BL SBSRSo LRS! "M {dent son

also relates to a system for separating and purifying

perfluorocompounds. The inventive method and system have
particular applicability in semiconductor manufacturing, for
example, in the treatment of an exhaust gas from a

semiconductor processing tool.

2. Description of the Related Art

In the semiconductor manufacturing industry, extensive
use is made of perfluorocompounds'(PFCs). For example, PFCs
are required in various etching processes, such as oxide,
metal and dielectric etching steps. In such processes, a
gas or a plasma atmosphere selectively removes portions of a
layer deposited on the substrate. Perfluorocompounds are
also employed in deposition processes, such as silicon
chemical vapor deposition (CVD), as well as in the cleaning
of semiconductor processing chambers.

Perfluorocompound gases used in the above-mentioned
processes include, for example, carbon tetrafluoride (CF,),
hexafluorocethane (C,F¢), perafluoropropane (C;Fyg),
trifluoromethane (CHF;), sulfur hexafluoride (SF¢), nitrogen
‘trifluoride (NF,) and carbonyl fluoride (COF,). Such gases
can be used in either a pure or diluted form. Common

carrier gases include air and inert gases, such as N,, Ar,



trifluoronmethane (CHF[err]), sulfur hexafluoride (SF[err]), nitrogen
trifluoride (NF[err]) and carbonyl fluoride (COF[err]). Such gases can be
.used in either a pure or diluted form Conmmon carrier gases include air
~and inert gases, such as Nerr], Ar,

-2- He and m xtures thereof. Perfluoroconpounds can also be wused in a

m xture w th other PFC gases. When used in etching and cl eani ng
processes, the PFCs generally do not congletely react. As a result,
unreacted PFCs may be present in the exhaust fromthe processing t ool .

In addition h ggg gygﬁhgggi?hafgﬁgt fﬁé?%é% epaf PFCs,

it is well ocumente amam1rommMa MerMa

upon re|easeubaﬁolhha mikouspheieh éthémeEE(gxdeé&urn ng Synp05|un1 June
7-8, 1994, Dallas, Texas, CF[err], C[err] err], NF[err] and SF[er%] wer e
i dentified as beWhgngﬂééﬁhbﬁs%t 23 d T PLROSESES i FhenEFCs :

 cond PFCs
e ComRuet oo RRE 6L Ml G DS AVety rescd " L ARG T ERLARERALS

extent of PFSFcrsehla?sael ﬂi‘@séﬁ@ fh Npted hextleaidte vty pﬁ:l’o%elslﬁﬂﬁg tool.
devel opment. For exanpl e, chenical -thermal deconposition of PFCs using

various activatedIneediithan %@eﬁh%rﬁﬁkﬁﬁﬁptlﬁknﬂgﬁﬁ'aﬂﬂﬂ?%@ﬁ@ﬁtwbéb the
material s must bﬁag'sfggsﬁgcgf 1t¥m5r§hﬁif%8l LD &%% that PFCs

envi r onnent aPPyc & CobustT On- ase €CoImposi
process i.e. grehefiyeabnhbRt ARy PdeEeERenttal hifth HeRdasRs ibdoh thie thermal
atmosphere. In the Global Warming Symposium, June 7-8,
1994, Dallas, Texas, CF,, CFs, NF; and SF, were identified as
being greenhouse gases of particular concern in the
semiconductor manufacturing industry.

-In additioﬁ to replacing PFCs with other, less damaging
materials, several methods for reducing the extent of PFC
release into the atmosphere are known or are under
development. For example, chemical-thermal decomposition of
PFCs using various activated metals has been proposed.
However, the spent bed materials must be disposed of, which
itself can prove to be environmentally hazardous.

In the combustion-based decomposition process, i.e.,
chemical-thermal process, a flame supplies both the thermal
energy and the reactants for decomposition of the PFCs.
There are,.however, some safety issues associated with the
use of H, and natural gas fuels. Furthermore, assuming a
sufficiently high temperature, all of.the PFCs treated by
this process will produce hydrofluoric acid (HF) as a
combustion product. The emissions of HF are also of great
concern and must themselves be treated. Furthermore,

combustion processes undesirably produce NO, and CO,.



energy and the reactants for deconposition of the PFCs. There are,
.however, sone safety issues associated with the wuse of H2 and natural gas
fuels. Furthernore, assuming a sufficiently high tenperature, all of the
PFCs treated by this process will produce hydrofluoric acid (HF) as a
conbustion product. The em ssions of HF are also of great concern and nust
t hensel ves be treated. Furthernore, conbustion processes undesirably
produce NJerr] and CJerr]. 3 - 3-

Pl asma- based deconposition has al so been proposed as a method for treating

RF coupl ed oyst emPlapRnAsed Sleqbrbng oty Ber) tFEf rHeenypTain 48 &1 o
deconposi ti on afy (1 &) FhQIdi nd Predtai Mabkepradels Sy SIFedsiltthdi0t et '

commerci al |y ‘proven. reover, this deconposition process results in the
generati on ofgdfferation dittshpdssma Wiy, clfoPFEsampier g \RF eeRurled HKsieam t o

bei ng destroyed, are considered to be_t he t vironnental l y soun

si nce the PFEL @A e lldl SEFOBRER %’ho&@iﬁhgﬁgf S?E?m%?%%*g%r%gtgﬁ‘

I nterest. ig aﬁ;ﬂ‘{af:i!rié%l%ow‘éyrsiﬁﬂl‘éeﬁfebﬁéedyéﬂ SR P4 10RE foven.
adsorption or Tow tenperature trappi ng has been proposed. These adsorption
processes poMprediesn Hirishlderemposditian pdeaksagresults aimethgounts of N2

associ ated wi th vacuum punp__ operation, the closeness in boiling points of
CFlerr] and 'ggnaygtion @f HExing of various process streams, and the

potential for Methods in which PFCs are recovered, as opposed to
being destroyed, are considered to be the most
environmentally sound, since the PFCs can be reused. Such
methods, therefore, are of great interest.

Perfluorocompound recovery based on combinations of
adsorption or low temperature trapping has been proposed.
These adsorption processes pose several problems, such as
dealing with large amounts of N, associated with vacuum pump
operation, the closeness in boiling points of CF, and NF,,
the mixing of various process streams, and the potential for
reaction between the PFCs and the adsorbents.

In the article PFC Concentration and Recycle, presented
at the Global Warming Symposium, the advantages of..recovery
processes which avoid the production of CO,, NO, and HF are
acknowledged. A process is disclosed which uses a dual bed
adsorber with activated carbon. The PFCs are adsorbed on
the carbon sieves while the "carrier" gas, e.g., N, H;, is
not adsorbed. One of the issues not yet resolved with such
a system is that CF,, which is non-polar, is not readily
adsorbed by the carbon sieve. Moreover, a PFC purity higher
than that achieved.with such an adsorption unit is desired

for reuse.



reacti on between the PFCs and the adsorbents. In the article PFC
Concentration and Recycle, presented at the G obal VWarm ng Synposium the
‘advant ages of recovery processes which avoid the production of CJerr],
NJ err] and HF are acknow edged. A process is disclosed which uses a dual
-bed adsorber with activated carbon. The PFCs are adsorbed on the carbon
sieves while the "carrier" gas, e.g., N2, H2, is not adsorbed. One of the
i ssues not yet resolved with such a syste‘{nis that CF[err], which is
non-polar, is not readily adsorbed by the carbon sieve. Mreover, a PFC

urity higher than that achi eved with such_an, adsorptio ni [ i
1I‘Oor rguse.g To meet the requirements of the se £°°ngugt : Irr;ze'(tjetsIh(raEd

requi renents of e ! I ULBCLYLLAGmE NEHSt dYs AMFah©ayEr sPME
the di sadvant“éag%lisf%cf %Iﬁ%o;le ate arq?i,a F? 'S an t([)lbj ect ofsthe pr egée(nt

i nvention to ths avdXiered sl inetisoanf objeepaoét the present i fyvemtion to

m xture of perfluoroconpounds, and in particul ar for tégf&{]ﬁ%an exhaust

st rea&n_ from @?@fﬁ%rﬁll}'&‘(ﬁl meshessitRy separating arddel i®s achi eved
according to t I nvent | uc h oflyet s can be
recycl ed. Con'%’é’au%%? I%é%ﬁ%%%?@pgﬁﬁgé@%lﬁt ghtggftggﬁloﬁhere and the
envi ronment al ¢ SeE0ey aas eRilied dtaeaw firomcansbeiavnddetor Fprodesain®, t he

recovered PFCs can be. recycled to the processing tool .., which can result in
tool. The prg&uct puritiespachievedgaccording to the

inventive process are such that the PFC products can be
recycled. Consequently, thé_release of PFCs into the
atmosphere and the environmental damage associated therewith
can be avoided. Furthermore, the recovered PFCs can be
recycled to the processing tool, which can result in
substantial savings since lesser volumes of new materials
would be required. The purified product can also be
recycled to the purification system itself, which allows for
control of the incdming gas composition as well as
facilitating stable and reliable operation. _

It is a further object of the_present invention to
provide é system for practicing the inventive method for
separating and purifying perfluorocompounds, and in
particular for treating an exhaust stream from a
semiconductor processing tool.

Other objects and aspects of the present invention will
become apparent to one of ordinary skill in the art upon
review of the specification, drawings and claims appended

hereto.



substanti al savings since |esser volunes of new materials would be
required. The purified product can also be recycled to the purification
Systemitself, which allows for control of the inconing gas conposition as
well as facilitating stable and reliable operation. It is a further
object of the present invention to provide a systemfor practicing the
I nventive nethod for separating and purifying perfluoroconpounds, and in
~particular for treating an exhaust stream from a sem conductor processing
t ool . Ot her objects and aspects of tRe present invention will becone
apparent to one of ordinary skill in the art upon review of the
specification, drawi ngs and cl ai ns appended hereto.
SUMVARY OF THE | NVENTI ON TEﬁﬂﬁéﬁiﬁ%&lﬁﬁﬁ¥?ﬂ§ﬂ@§iﬁﬁ are nmet by the
met hod and system of the present 1nventron. According to a first aspect of
t he present inventThe, fareguihg nabjeck fves reecowerti by &he pethébdi agd

(a)

perfl uoroconpounds is_provided. The, nmethod conpri ses .the stepg,of: '
i ntroduci ng aSMEFFWUBFoEBﬁpBH%’EF’EBn’c%‘f?ﬂ??_d’rb'as Agcordlng tot Rebt¥Phto a _
first d|st|Ilggbgggﬁgkrgﬁ%VPreseﬂ ) 1 ARl ] %_?bggg ﬁé@ﬂg&tfg£0n1the first

col umm, ng a heavy product fromt Irst _

col um; teroiraringuandgphhef¥iric tpearf Innxrdcogipbupdsediist protrbded.
second distillation colum; (d) renmoving a light product fromthe
second col umThe method cemarigs® fhr) sESR&1AF :product from the second

col um; (e) i odugy de&Jﬂd% p F'¥a) Xo)

third distiIIationwéélu%ﬁ#ggﬁggﬁmiqgg%%jﬁg%DV|ng an%ﬁghgﬂgg%gﬁgé ??gnlthe.
third col um, stream into a first distillation column;

(b) removing a light prodﬁct from the first column,
and removing a heavy product from the first
column;

(c) introducing the first column light product into a
second distillation coluﬁn;

(d) removing a light product from the second column,
and removing a heavy product from the second
column;

(e} introducing the second column light product into a
third distillation column; and

(£) removing a light product from the third column,
and removing a heavy product from the third
column.

According to a second aspect 6f the invention, a system
for recovering and purifying perfluorocompounds is provided.
The system comprises: | .

(a) a first distillation column and a line connected
to the first column for introducing a |
perfluorocompound-containing stream thereto, and a
line for removing a heavy product from the first

column;



and renoving a heavy product fromthe third col um. -
According to a second aspect of the invention, a systemfor recovering and

purifying perfluoroconpounds is provided. The system conpri ses: (a) a
“first distillation colum and a |ine connected to the first
colum for introducing a per fl uor oconpound- cont ai ni ng stream
thereto, and a line for rennving a heavy product fromthe first
col umm; (b) a second distillation coluam and a |ine
connecti ng the first columm Wlt The second colum for
conveying a |ight Product fromthe f;ft col u t he second
col umm, -and a Iine®or areﬁﬁﬁﬂ gtion co ump?%‘él&thf?%rﬁ‘?rﬁée%te’&ﬁ]d
col umm; and (c) g Qs@ %uunﬁt WeBnCehdMBeddia dodl i RBRCC! I N0
the second col umn with the ird colum conveying a |ight
product fromthe second:om;iayrmg a light produtteftdmrthedfimst colume or
renmoving a heavy product _fromthe th|rd colum, and a line for

removi ng a Ilght pr odudtS ESFOPRe CPAPRE - cBPdnR. 1ine for removingg greavy
DESCRI PTI ON OF THE DRAgllg(a%ct from! BR g%gﬁﬁ @gﬁuﬁrgeitaé]fl qges of the

i nvention will becone &pparent fromth ow ng d ed description of
the preferred enbedi nentchitrideddetilacdonecdlann vahd & Hieine cssmmpsetyimy

drawi ngs, in which like reference nunerals designate_|like elenents, and in
whi ch: FIG 1 illthe secead;cgéumpariphothe sthisly sokumndR®ering and

purifying a gaseous ef {Jycal sLEOR 43gneCPLEaRANCE AN RS S8 @ hvimn

to the third column, a line for removing a heavy

product from the third column, and a line for

removing a light product from the third column.

RIEF DESCRIPTT F_TH RAWING

The objects and advantages of the invention will become -
‘apparent from the following detailed description of the
preferred embodiments thereof in connection with the
accompanying drawings, in which like reference numerals
designate like elements, and in which:

FIG. 1 illustrates a general process flow for
recovering ‘and purifying a gaseous effluent from a--
semiconductor processing tool;

FIG. 2 is a process flow diagram for the
perfluorocompound purification method and system according
to a preferred embodiment of.the invention;

FIG. 3 illustrates two distillation colummns which are
stacked and thermally linked to each other which can be used
in the method and system of the invention; and

FIG. 4 illustrates three distillation columns which are
stacked and thermally linked to each other which can be used

in the method and system of the invention.



FIG 2 i's a process flow diagramfor the perfluoroconpound purification
net hod and system according to a preferred enbodi nent of the invention;

FIG 3 illustrates two distillation colums which are stacked and
thermally |linked to each other which can be used in the nethod and system
of the invention; and FIG 4 illustrates three distillation colums

which are stacked and thermally |linked to each othér which can be used in

the nethod and system of the invention. _,_

-7- DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS OF THE | NVENTI ON It has now surprisingly and unexpectedly
been determ ned that perfluoroconpounds (PFCS) present in an effluent gas

stream for exanple, from g el UTHD rPREFER®FS Ng tool s, can

be recovered and purified 'rLEMBdﬁfMEﬁTsﬂbﬂﬂmﬁ@e&NV i per fl uor oconpound

purification process according to the 1 nvention, the exhaust froma

seni conduct or procESshm@ mqwﬂsunpniﬁingiyaandnuuexvactedlycbﬂg@nents and

purified. Accordin o.a preferr urificatio ess, the end roduct s
i ncl ude a pur% ﬁg ?%éﬂ$ :ﬁﬂﬁﬂp FReungs pBR?&ﬁ%uP???%§§
Cerr]Flerr] éffﬁgené ahotlan 0 RAMdxERill| §3bm 8n8UEE MBrof f gas stream

in the ppm or sub-ppm range, and ‘an SF[err] waste stream As used
herei n, the taembcdpdundtewrmourgaring taood s,PEEh bar recsearédtamdhangeabl vy,
and are defined as, ngoundszgngr|S|n C, Sand/of N atgfs wherein all or
all but one Purified in an effective manner. In the perfluorocompoun

purification process according to the invention, the exhaust

from a semiconductor processing tool is separated into
various components and purified. According to a preferred
purification process, the end products include a pure CF,
stream (less than about 10 ppm impurities), pure C,F¢ (less
than about 10 ppm impurities), a pure N, offgas stream in
the ppm or sub-ppm range, aﬁd an SF; waste stream.

As used herein, the terms "perfluorocompound" and "PFC"
are used interchangeably, and are defined as compounds
comprising C, S and/or N atoms wherein all or all but one
hydrogen have been replaced by fluorine. The most common
PFCs include, but are not limited to, any of the following
compounds: fully fluorinated hydrocarbons such as EF4,<LF5,
C,Fg, C,Fy, and other fluorinated compounds such as CHF,,

SFs, and NF,. PFCs may also include B¥,, COF,, F,, HF, SiF,,
WFs, and WOF,. Perfluorocompounds, however, do'not include
chlorofluorocarbons, or compounds comprising two hydrogen
substituents or more. | -

Also as used herein, the term "heavy product" refers to

a stream removed from a portion of the distillation column

below a feed stage, which is not returned to the column.



hydrogen have been replaced by fluorine. The nbst common PFCs include, but
are not limted to, any of the follow ng conpounds: fully fluorinated

- hydrocarbons such as CF[err], Cerr]Ferr], derr]Ferr], Cerr]Ferr],
and ot her fluorinated conpounds such as CHF[err], SF[err], and NF[err].
PFCs may al so include BF[err], COF[err], F[err], HF, SiF[err], WHerr], and
WOF[ err]. Perfl uoroconpounds, however, do not include chlorofl uorocarbons,
or conpounds conprising two hydrogen subq&i}uents or nore. Al so as-
used herein, the term "heavy product” refers to a streamrenoved froma
portion of At sbil] i oI Bel 8% 3L 2805 ' 856/ o T d Peacpye

heavy prOdUCTanQia@.sb?)xje'fe%agﬁ?e%ﬁo%@Q/ Brof thélUbstdmiss cH&diun] ef erably
renoved fromthe boftom of the col um. Al so as used herein, the term

"light product" r @flees aso usadsheraimy; etbeetlefm ol ghgorpraduaf” ttefers to
distillation colum above feed stage, .which i.s not returned to _the
colum as 1 & BEESSMESRRYRE SEOMEI PEEHIER oh thy AR AR @1y d
state, and i gHaref of #le EeERECdwhieM §8enbOPrdiutdl P48 column € -
met hod and system of the invéntion will now be described generally wth

ref erence torefGuxl, hiecAighitl prodattscan phecissa fdamears@ami/ay teo a first

enbodi rent qf, the invention. ., , ith reference.to FIG, 1, the process

begi ns with afTUdeh&héteyadng %FuPEe%Bﬁ’PiaY SEFYR R %cté@siqé I,

whi ch may be @Ay type of tool which uses or generates PFCs. The exhaust

gas m xture, contalining-PFCs, carrier gases and _
The method and system of the invention will now be

described generally with reference to EIG. 1, which
illustrates a process flow according to a first embodiment
of the invention.

With reference to FIG. 1, the process begins with én
exhaust gas mixture from a semiconductor processing tool,
which may be any type of tool which uses or generates PFCs.
The exhaust gas mixture, containing PFCs, carrier gases and
any other process gases, is removed from the processing tool
through an exhaust line. Prior to being introduced into the
gas purification system, the.gas mixture is preferably

. passed through a filter, and then compressed in a __
compressor. The compressed gas mixture is then optiocnally
routed to a cooler or a heater to provide a desired
temperature for the compressed gas mixture. The gas mixture
is next preferably introduced into a diy scrubber and/or a
wet scrubber to remove silicon hydrides, e.g., NH; and AsH,,
tetraethoxysilane (TEOS), halogens and halides. The exhaust
stream can next be filtered to remove dust, particles,
droplets, and the like, having sizes greater than, for
example, 20 um. -Additionally, particles and dust may be

removed in a filter upstream from the scrubber.



any "ot her process gases, is renoved fromthe processing tool through an
exhaust line. Prior to being introduced into the gas purification system
the gas mixture is preferably passed through a filter, and then conpressed
in a conpressor. The conpressed gas m xture is then-optionally routed to a
cooler or a heater to provide a desired tenperature for the conpressed gas
m xture. The gas mxture 1is next preferably introduced into a dry scrubber
and/or a wet scrubber to renove silicon hydrides, e.g., NHerr] apd

AsH err], tetraethoxysilane (TEOS), hal ogé&ts and hal i des. The exhaust
stream can next be filtered to renove dust, particles, droplets, and the

| i ke, having sizes Thecgrbaushastream drappeferdoly @agsad Adyaudinagne or
particles and_dust may be .rempved in_a filier upstrea om.t.ne scrubber.

- 9- The “?fﬁaﬁgtﬁjé?ﬂseg% Fgcﬁygre?‘a'ﬂﬂ/&f)’a%%ecgétt?ﬂeo[?ﬁ{sor’@l € hore -
systems tO I eGRYRctd ndRlaOhatibretyt B PhEScibii®r JIAC! | MatpTRILId y Of
the carrier gases. Exanples of suitable PFC recovery units are plentiful.
For exanpl e, iemikaplef @FCedeeatetinanitstare axlentsifyas For lexaowite,t dm

nb it th h_which,t i f the m te, and
T ate e ca P rathand glnbdSught, | Eho PERERuAL daif dhn e Bedio i d & 2"
recycl ed accopgdinbdahne GROWNtARA(1Sh *hEEHCERd I 8ch FFGdRad o | i

fromthe non-perneate side of the nmenbrane unit. Thi s concentrated
PFC feed strepermsatikenand:t avdutedoivared sopurénteshtdsoe spsttemgashiwiiich

produces purified, produgt..strea and waste.streangy,. The PEC feed stream
Can be | ntr odEEEROBPRE AR PRBAPT oreeyal S A1 AR froiAoNs means. &
sem conduct or pheeessheedt 8Rt BbelihSt1E4RVET dwd! From Hhd HIN-Peliaticor age
medi um such as a cylinder, a bulk storage

side of the membrane unit.

This concentrated PFC feed stream is then introduced
into a purification system, which produces purified product
streams and waste streams. The PFC feed stream can be
introduced to the purification system directly from the
semiconductor processing toocl or the recovery uﬁit, or from
a gas storage medium such as a cylinder, a bulk storage
tank, or a tube trailer.

The inventive method and system are nbt limited in any
way by the existence of any specific type of upstream
systemn. Nor are the method and systém limited to the

treatment of any specific PFCs or PFC mixture. For purposes



tankK, or a tube trailer. The inventive nmethod and system are not
limted in any way by the existence of any specific type of upstream
~system Nor are the nmethod and systemlinited to the treatnment of any

- specific PFCs or PFC m xture. For purposes

-10- of discussion, a breakdown of the PFCs present in a typical PFC feed

streamis as follows: Clerr]Flerr] 61.0 nmol %
CF[err] 30.0 nol % : . SF[err] 2.0 nol %
NF[ err] 1.5 ol % _ -10- CHF[err] . 0.5 mol %
Nerr]. 5.0 nol % Wth reference to FIG 2, which shows the

purification oEydiegussioncs drapkdewm ofokbenPFEscHresFeEnt ety a3t fypheal
fromthe rec Ye Unit_ i S t _pressure lower than about 30
bar, prefer agjlybf/\éifne esjérrger?grgr% %f%r g%lég)g%t' 5 to 15 bar, and rore
preferably fromabout 7 to 12.bar, and is cooled to a tenperature in the
range of from about -120 to -30[err]C, preferablx fromabout -30 to
-60[err]C, by, for exanple, a h&aFsexchan§ér02mol? PFC feed stream 1

is then fed to one or nore cold é&.dsorptiggl ugitslg i n which any existing
inpurities in the formof, for exé&nple, 9[ rW?, Clerr]F[err], and
NF[err], are renoved SF, 2.0 mol%

NF, 1.5 mol%

CHF, 0.5 mol%

N, 5.0 mol%

With reference to FIG. 2, which shows the purification
system in greater detail, concentrated PFC feed stream 1
from the recovery unit is compressed to a pressure lower
than about 30 bar, preferably in the range of from about 5
to 15 bar, and more preferably from about 7 to 12 bar, and
is cooled to a temperature in the range of from about -120
to -30°C, preferably from about -30 to -60°C, by, for
example, a heat exchanger 24.

PFC feed streém 1 is then fed to one or more cold
adsorptién units 2 in which any existing impurities in the
form of, for example, CHF,;, C,F,, and NF;, are removed
through cold adsorption. The non-adsorbed gas species in
the effluent 3 from cold adsorption units 2 ineclude, for
example, SF¢, C,F¢, CF, and N,, and may include trace amounts
of the aforementioned impurities, i.e., CHF,, C,F,, and NF,.

Suitable cold adsorption units 2 are known in the art,
and are described, for example, in Perry's Chemical
Engineers' Handbook. Suitable sorbent materials include,
but are not limited to, 13X, 10X, 5A, 4A, 3A, Dowrex, PCB,

and other ion exchanged zeolite adsorbents.



t hrough col d adsorption. The non-adsorbed gas species in the effluent 3
fromcold adsorption units 2 include, for exanple, SF[err], Cerr]Ferr],
‘CF[err] and Nlerr], and may include trace anobunts of the aforenentioned
inmpurities, i.e., CHF[err], C[err]F[err], and NF[err]. Suitable cold
adsorption units 2 are known in the art, and are described, for exanple,
in Perry's Chem cal Engineers' Handbook. Suitable sorbent materials .
include, but are not limted to, 13X 10X, 5A, 4A 3A Dowex, PCB, and
ot her ion exchanged zeolite adsorbents. -11- Adsorption unit

effluent 3 is next fed to first cold_ distillation colum 4, where effl uent
3 is fractionat ed AdgarpyiQmutitoafdlusning h%aﬂ?x'forg%‘gc'io gt 15§fe col :

Clerr]Flerr], ; CE r d a I L thes Li 6HE§§ ; i ch
i deal |y cont a‘?"rﬁéﬁ;?b%tr%gorqqe C¥t>!LJ‘§In 4r5pm%gf% gEFg?ﬂaHt S%E}s% a%%%ﬁy a dgjfnef@he
SFlerr] introdyeedidthnet ig Hndliiavy priodact ok unmTHe | @R enOPgdirich Noheavy
product 6. Heavy product 6 al so includes those conmponents which are

heavi er (i.e.aréirgraveshiin e dightspredprt andwhdyh | ety SHREF Mt er

(i.e., lower-boiling) 0 t | 0
pressure in tH2 '?%%etrbq’% ?%%%pgo&F‘S t%‘ﬁi%é%)ngiglg:?d]aglt %‘ri;rp?rh%furé ?n t he
range of frofp@kaicdd tintPHiargt] Qisyidlatabhycélann abolg rdfioved in -

-45[err]C. Control of the pressure and tenperature inside distillation:
colums is cdmany prodigtstood HRAWWh @FOdRE| feal s ipelydes those

components which are heavier (i.e., higher-boiling) than SF,
and may include some lighter (i.e., lower-boiling)
components.

First column 4 operates at a pressure in the range of
from about 5 to 15.bar, and a'temperature in the range of
from about 0 to -90°C, preferably from about -10 to -45°C.
Control of the pressure and temperature inside distillation
columns is commonly understood by those skilled in the art.

The cooling duty for condenser 7 of first column 4 is |
provided by a refrigerétion unit 8. The operatibnal
pressure of first cblumn 4 is such that conventional
refrigerants can be used in condenser 7. Suitable
refrigerants are known to those gkilled in the art, and
include, for example, freons such as freon 22.

Means for ﬁroviding the heat duty for the reboiler 9 of
first column 4 are known in the art. For example, the heat
duty can be provided by a heat source 10, such as an
electric heater, an ambient vaporizer, or a heating .medium
stream, for example, a water stream.

Light product 5 from first distillation column 4 is fed
to second distillation column 11, which is fractionated into
heavy product 12 containing purified C,Fs, and possibly

containing impurities such as CHF,;, and light product 13



The ‘cool i.ng duty for condenser 7 of first colum 4 is " provided by a
refrigeration unit 8. The operational pressure of first colum 4 is such
that conventional refrigerants can be used in condenser 7. Suitable
refrigerants are known to those skilled in the art and include, for
exanpl e, freons such as freon 22. Means for providing the heat duty
for the reboiler 9 of first colum 4 are known in the art. For exanple,
the heat duty can be provided by a heat squrce 10, such as an electric
heater, an anbi ent vaporizer, or a heatiﬁ&gﬁbdiunl stream for exanple, a
wat er stream _ . _Ligh% %Hﬁguct 5 fromfirst distillation colum 4 is fed
to second di s¥PiFE: ipalnde q 809, ch bight R%Q dd MR¥o CREE®Dor oduct
12 .cont ai ni ng,§ ig{gﬁg1C1£§ﬁ}fﬂfg§J,s&gﬁiégxﬁﬁaply- containing inpurities
such as CHF[err]|, and light product 13

-12-  which i ncl udéscéid ecoluremdl NEreferdhlghtoperatiest at3anpyessurai hn
additional inpurities, sucP as NF erré{ Second columm 11 preferably
operates at atpretauge ¢hH L¥om "’Pl?a{-lﬁ'b"e €% dgmPasoandsat fepeparusf i the

temperalure | Bahe of 3l b0 AU Rc) ahAOREE] CraPOrbiPY Serom

preferably from~about -25 to -100[err] econ
13 is next feabdatth2$decodixadid.ati on columm 14, which is fractionated into
a light product 155eggr(1jd accbfx?n\\/r%/ irg%{jtu%ro]a%ctl_il%hg.sp;lgggc}:’ec]i'Stti)Stl!:lizrd
distillation column 14, which is fractionated into a light
product 15 and a heavy product 16. Light product 15 is N,
gas, which may contain impurities, such as other air
impurities. Purified CF, is removed as heavy product 16.
This product may include impurities such as NF,.

Third column 14 preferably operates at a pressure in
the range of from about 1 to iO bar and a temperature in the
range of from about -50 to -200°C, more preferably from
about. -90 to -180°C.

Second distillation column 11 is preferably thermally
linked with third distillation column 14 by a common
reboiler/condenser arrangement. This thermal linkage
utilizes the heating and/or cooling capacity of one or more
streams or stream portions from one distillation column to
provide reboiling and/or condensing duties, respectively, to
another columh. |

As shown in FIG. 3, the thermal linkage of columns 11
and 14 can be accomplished by physically stacking one column
on top of the other column. The two columns can be
contained in a single shell.

In this unique configuration, condenser 17 of second
column 11 is at least partially immersed in the liquid at

the bottom of third column 14. The vapor at the top of



gas,” which may contain inpurities, such as other air inpurities. Purified
CF4 is renoved as heavy product.16. This product -may include inpurities
such as NF[err]. Third columm 14 preferably operates at a pressure in
the range of fromabout 1 to 10 bar and a tenperature in the range of from
about -50 to -200[err]C, nore preferably from about -90 to -180[err]C.

Second distillation colum 11 is preferably thermally linked with third
distillation colum 14 by a common rebmlﬁﬁjcondenser arrangenent. This
thermal |inkage wutilizes the heating and/ cool ing capacity of one or

nore streans or strea&gortlons fromone distillation ¢colum.to rovi de

reboi | i'ng andPEFORENERHEIRGL futs econyeusgsh Amte (i re, colipn it EBFEH%I.‘
As shown in F&Qndﬁnsgbeﬁ heL{ gl 3 hd NkROC i QRS pldviaBd +4p6303105

acconpl i shed by physically stacking one colum™ on“t.op of the other~col um.
The two col umdstygahobthirdn¢calured 14 forsivagploristiabl at least|a pbirtioni gfie
configuration, copndenser, 17 of second colum 11_is at |east partially

i mrersed in th@el}aﬁFﬂdaint¢EFtRR§QﬁW(ﬁftqhﬁqﬁ CORURR 34: The vapor at the
top of £ £ izing the- 1i8668N§nLC '
conveyed into thi rﬁncoﬁlﬁ r%%e?%r%u%apocrolnzd'g seéé-l%lélﬁgal ?rﬁee%ggaT%%%h@%por
provi des rebol#| nheaut i/stvetdwed Tdmthel 4rafpor daptihei by by thasliquid
portion of the liguid:.in the bottomaqf third colum 14, In the process

of vapori zi ngtRhERHFGUPL AR 1t r FRBIUTA4D REaleREE BABYEAL f rom the vapor
n line 18 by if8ehstidn! &t N LU, Yhat! §5HbL ! NErbi fhe! E854eRBLE @

outlet, the condensed portion of the stream is returned to
second column 11 as reflux. The vapor portion is introduced
into an intermediate portion of the third column.

The thermal linkage can also be achieved by
transporting, e.g., by pumping, either the liquid to be
vaporized to the reboiler or the liquid reflux resulting
from the condensation back to the column where the
condensing vapor is originated. For example, it is
additionally or alternatively possible for columns 11 and 14
to be located adjacent to each other, rather than being
stacked.

In such a configuration, condenser 17 can be located
external to the column, and the heavy liquid from column 14
can be conveyed to condenser 17, where it is partially
vaporized by the warmer vapor from the top'of second column
11. The resulting condensed portion of this stream is
conveyed using a pump or other suitable mechanism chk'to
column 11 as reflux. The vapor portion is introduced into
the third column as in the previously described embodiment.

The pressures in second column 11 and third column 14
are controlled such that there is ample temperature driviﬁg

force for the colder CF, containing liquid in the bottom of



condensation of the vapor in that line. Fromthe condenser outlet, the
condensed portion of the streamis returned to second colum 11 as refl ux.
The vapor portion is introduced into an intermediate portion of the third
col umm. The thermal |inkage can al so be achieved by transporting,

e.g., by punping, either the liquid to be vaporized to the reboiler or the
liquid reflux resulting fromthe condensation back to the colum where the
condensi ng vapor is originated. For exanple, it is additionally or
alternatively possible for colums 11 and™ ¥4 to be I ocated adj acent to each
ot her, rather than being stacked. - In such a configuration, condenser
17 can be | oc&hé@Fdecodiny 1fotPneor8enaf, the ¢ ight FERAY 19y feFanc M IMm
14 can be conveyed r ell L.al4l i zed by the
war oy vapor fim CROSFONEERIg, Lhe HORATELL A8 BB e oot
portion of thirefiigeaationc@byeyhd se&6nd acHlun aforiddiayers U7t aare bEechani sm
back to colum _11 as reflux. The vapor portion is introduced into the third
col um as in eAdminakedusly described enbodi ment. The pressures in

d I 11 ' GQREEOI h [
ol ot enper at ur e PRt Pt AL IR e SRR EBRECE IO, (i d i

the bottom of provides the refrigeration in the condenseld20 0F thigd um 14
to condense the_light vapor of second colum 11. Consequently, the need
for an externgelymnr 34, ofndeipi tonat ton oty temtermadndadicgm®icondenser 17
can be elimnpa . . Ligu r [ I Ni,G SQur 19
provi des the ?8???88?3 i8R %%&#ggggdﬁgéﬁgg%ﬁgdnﬁft%ﬁgkgcgg%ﬁg%hl§4?%§hgiis
thus the onl ywhshestah aotvheemallyreifkgerstadited eplivied ddnrieeeatiand is
third colums 11 and 14 when such a thernally |inked stacked col um
confi gur ati onuged.usén. PravHadng dreel | degy dif \they thiad iwodgmsol urm
condenser 20, the liquid.N2_pr sujtable cr n_i{s_vaporized, in_the.
process. The FggﬁFpﬁgﬁ gPyoﬁgﬁiclg%ﬁ%fﬁ%f¥gggﬁffb§§nc ogerlis vaporized
in the process. The resulting cryogenic vapor stream 21 can

be used to provide at least a portion of the ccoling
requirement in heat exchanger 22 for PFC feed streém 1. A
ligquid N, stream can also be injected as reflux liquid to
the column thus economizing the reflux condenser. _

The means for providing the heat duty for the reboiler
of second column 11 can be the same as those specified above
with reference to the first colﬁmn, e.g., heat sources, such
as an electric heater, an ambient vaporizer, or a heating |
medium stream, for example, a water stream.

Second and third column heavy product streams 12 and 16
can each be fedlinto a separate storage tank 23 and 24,
respectively. A portion of the product is vaporized in each
of tanks 23 and 24 as purified C,F, and CF4‘vapor strxeams 25
and 26, respectively. At least portions of vapor streams 25
and 26 and first column heavy product 6, as well as any
other product streams, can be recycled and combined with the
PFC feed stream to control composition, and to dampen out

any large fluctuations in the composition or flow of the



be used to provide at least a portion of the cooling requirenent in heat

exchanger 22 for PFC feed stream1l. A liquid N2 streamcan al so be
injected as ref lux liquid to the colum thus econom zing the refl ux
condenser. The means for providing the heat duty for the reboiler of

second colum 11 can be the sane as those specified above wth reference
‘to the first colum, e.g., heat sources, such as an electric heater, an
anbi ent vaporizer, or a heating medium stream for exanple, a water
stream Second and third colum heé&?'product streans 12 and 16 can
each be fed into a separate storage tank 23 and 24, .respectively. A
portion of th%e%doddﬁhlﬁquﬁﬂxﬂq9§§Fq|¥%§¥ e &f P%ﬁ?%cﬁggﬁﬁﬁ 24 as purified

qe”]F[e”]V%%g?r%:%fé&ls V%q%eﬁ 1%5%325 and 26, respectively. At |east

portions of eans nd first columm heavy product 6, as
wel | as any ot heragéseitinig Yo eatthexaenbedieent| eff the tuvémnion wi showhe

PFC feed streamto control conposition, and to dagpen ouf.any |ar
fluctuations im FHe. chnpers thigietor sacepdrnd,Ehixd glstlilat{?%eﬁgfﬁﬁ?§
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According to _ ( e 1nventfon, shown in Fl 4, the
first, secondypig didn bithet, |imtd ammenminildyr té that ldesenibed ssboked
on top of and thermally linked wth each other, in a manner simlar to

that descri beditlhovefeienee g drheh daa-CANEY RETEEFRRA- st Tk t TPEUMAH Can

colums can alternatively be disposed adjacent to each other while being
thermally linked, as described above.

In this three column, stacked structure, first column 4
is preferably disposed on the bottom and third column 14 on
top. Given this arrangement, the process can be controlled
such that the condenser 7 of first column 4 provides reboil
duty to second column 11, and the condenser 17 of second
column 11 provides reboil duty to third column 14. This
embodiment is particularly advantageous, since the only
required source of refrigeration is liquid N,, or some other
suitable cryogenic source.

According to a further embodiment of the.invention, a
fourth distillation column can be provided to further purify
heavy product 12, i.e., the C,F¢ product, from second
distillation column 11. In particular, use of a fourth
distillation column.allows for the removal of the remaining
impurities, such as CHF,;, from second columﬁ heavy stream
12. ' -

In yet another embodiment of thé invention, one or more
cold adsorption units can be added to remove remaining
impurities such as NF; from the CF, heavy product of third

column 14. Advantages of this embodiment include



alternatively be disposed adjacent to each other while being thermally
1inked, as described above. In this three colum, stacked structure,
first colum 4 is preferably disposed on the bottomand third colum 14 on
top. Gven this arrangenent, the process can be controlled such that the

- condenser 7 of first colum 4 provides reboil -duty to second colum 11,
and the condenser 17 of second colum 11 provides reboil duty to third
colum 14. This enbodinment is particularly advantageous, since the only
requi red source of refrigeration S quur&ﬁN[err] or sone other suitable

cryogeni c sour cor her nbodi nent _of, the invention,
2 Y ourth of seLEmsEREHIG imPRan Ll fh A& -GRPARERGR paf FybRedvent
product 12, i38gg 5@%%@&{:}&[%&&%@&@@1 frcom,seeewtﬁestlh\bhe&t%scol um
11. In partrcular use of a fourth distillation colum allows for the

removal of the renﬁmnamgpherqnmquxmgnmnnﬁ1uhe CHFeBLibn, f cobdsadsadptbbum

heavy stream 12 yet a other di nent of .the_inyention, one_or
nore col d adsﬁ?b??o% ?ﬁﬁt?@ %FﬁﬁoﬁgmﬁgﬁﬁFﬁ}Kg OYHBEFERMeST

such as NF[er gl f¢ o ey L £ lcmﬁfw P odyCiendk ERkEY 188htMPrdduct s

Advant ages of this enbodi ment include
- 16- eIrnrnﬁromgth@efpnsSrdmsunklaﬁlqn}qmiymmpﬁbomnanddsqbdeqoehhe Ioss

of a desired product ) C[err F er , the i ritie
anot her enbodgﬂﬁﬁﬁpﬁﬁoqréb* FﬁPﬁoﬁg?fBﬁPFsSErﬁiﬂ B%lﬂ%ved

to a positiongigngdi é@é%ﬂafHWKEiﬂfﬁﬁﬂdH column 11.

This configuration makes possible the elimination of
the PFC-containing stream pre-cooling step prior to
introduction into the first column.: In such a case, the
cryogenic source may be used elsewhere. Purther advantages
associated with this embodiment include a decrease in
adsorption unit size due to the removal of heavy components
such as SF¢ in first column 4 prior to adsorption.
Additionally or altermatively, the adsorption can be
performed at colder temperatures due to the elimination of
such heavy components, which freeze at warmer temperatures.
_ Because the gas feed to the purification system can
include recovered exhausts from multiple semiconductoxr
processing tools and from multiple manufacturing sites, wide
variations in feed gas composition are possible. By
.recycling the purified products to the purification system
gas feed, an excebtional method for controlling the
composition and flow rate of the feed stream is provided.
This facilitates a stable and reliable operation of the
purification system.

Additionally or alternatively, at least portions of one
or more of the product streams can be recycled directly to

the semiconductor processing tool, or packaged in suitable



first distillation colum 4. In-this case, light product 5 fromthe first
distillation colum is introduced to the adsorption units 2, with the
resul ting effluent stream being fed to second distillation colum 11.
This configuration nakes possible the elimnation of t he PFC-contai ni ng

stream pre-cooling step prior to" introduction into the first colum. In
such a case, the cryogeni ¢ source nmay be used el sewhere. Further
advant ages associated with this enbodi ne i ncl ude a decrease in-

adsorption unit size due to the renoval of~heavy conponents such as SF6 in

first colum i,or to adsorption. Addi tjonal l.y or .al terpnati,vel t he
adsorption ca a% lonngFOFﬁ‘EHgilF Eﬂgdﬁ?u?%n’pférs&’tcﬁilé?o&ﬁe tgnof‘ﬁéd@ ABl&at i on

of  such heawyGQRRORGAL SesWtChiHhEECERe Mo RidRIE IFR/0RE BheS®Sals which
Because the gas teéd to the purification systemcan include recover e&

exhausts fronmmuskt bpl pusehaseddaathobe piguifhtant iyoalesiuged.from nul tipl e
manuf acturing sites, .Wwide variations in feed conpos,i t.i on are_possi bl e.
By recycling the Phiiei EHepFBHﬁEF_éo’PoQ?%}?ﬁf??%s&fgg’Gﬁ %Fs&?ﬁ‘?l&ag’lf:@ed,
an exceptl Onakeﬁ‘ékgﬁgef 26 %ﬁé&i?ié!?ﬂb&&ﬁn&?&@ driedE , 254 &h@g’ pate of the
feed streamis provided. Is facilitates a stable and reliabl e operation
of the purifepparentsyst those skilledi in cried |artorthaltt sardbuse changes| east

portions of one_or nore of the product streans can be recycled directly to
the seni condu@Pgr "BRdELSFAGRF oG B 'B%Fi‘k'agaé'ﬂi S YA gpcE” employed,
-17- :

without departing from the scope of the appended claims.



fashion for recycle and reuse in such tools. Considerabl e savi ngs can
resul t—since the volunme of fresh materials which nust be purchased can be
S|gn|f|cantlﬁ reduced. Wil e the invention has been described in

det ai | mm Hm"mm[e’”m speci fic enbodi ments thereof, it will be apparent
to thos art that various changes and nDdlflcatlons can be
made, and eqU|vaIenfs Bnpl oyed, w thout departing fromthe scope of the

appended cl ai s. -18- -18- WHAT IS
CLAI MED | S: 1. A nethod for purifying perfluoroconpounds, conprising

the steps of wuar rs(erarmepoggei ng a perfl uoroconpound-containi ng gas
streaminto a first distillation colum; (b) -renmoving a |light product
fromthe first collunmp method forapuriEving enf QIRSRRES «f r om t he

first col.urmi:he é ntrodUC|ng the first columm |ight
product i nt oCgmPrising s&EB Stlllatlon col um:; (d) renoving a

l'i ght product frqubhe1ﬁ§986dc§ﬁ§Uaﬂ?erfluorocompdﬁHHJdaﬂﬁdﬂﬂing Reavy
product fromthe second co (e) introducing the second

colum |ight product istveam into a first rdiettilation eelvsmum:; and

(f) renoving a I| product fro third col [ enovi ng
a heavy product fr g&\tﬁsm?ﬁFP% M1 gﬁt proék) om the f¥EStTﬁ§ ﬁgFHod
according to claiml,- gﬁargéﬂoﬁbﬁgpgrﬁéyqug ¥R FrRn tdenifigs@as st ream
conprises CJerr]F[err] and . The nethod-according to

claim2, wherein the Cpelupﬂferr] |s Teaned as the heavy product fromthe

second col um and e CR(ergl | 3o EARVEL, 85 dRnlPTHLHY ek IMDS

second distillation column;

(d) ‘removing a light product from the second column,
and removing a heavy product from the second
column; _

(e) introducing the second column light produét into a
third distillation column; and

(f) rewmoving a light product from the third column,
and removing a heavy product from the third

column.

2. The method according to claim 1, wherein the
perfluorocompound-containing gas stream comprises C,Fg and

CF,.

3. The method according to claim 2, wherein the C,F
is removed as the heavy product from the second column -and
the CF, is removed as the heavy prodﬁct from the third

column.



-19- e nmethod according to claim3, wherein the second colum

Th
heavy-_FSEGE?‘EﬁﬁféTﬁ§‘tTerr]F[err] with | ess than about 10 ppm
i rrpurlt ﬂﬂ ""”mulw The net hod accor di ng to claim3, wherein the third
col um 'uu tains CFlerr], with I ess than about 10 ppm
|npur|t|es : The met hod accordlng to claim3, wherein the
second colunn heavy product contains CJerr]F[err], with less than about 10
ppminpurities, and the third colum heayy product contains CF[err], with
| ess than about 10 ppminpurities. % The net hod according to claim
2, wherein the perflu C d- ' rLa I ri ses
2 and SFlerr]. |- 53 REBRMG ACABEALAL A A R RS RE IR NG
is renoved aacbha bbdbimphedwet pkoanct heohtd it ayFyMwitindddme tIBR6 i s

renoved as the heavy product fromthe first colum. 9. The net hod
accor di ng t oablositml®, pamedsprrikdesecond and third colums are thernally
| i nked toget her. 10. The nethod according to claim9, wherein the -

second colum and the third colum are stacked on top of each other.
11. The nmethod aceQr di RGet MethddMadBording et d¢liein IB,r ditleatedimm tilee sftricdded
on the second col umm.

column heavy product contains CF,, with less than about 10

ppm impurities.

6. The method according to claim 3, wherein the
second column heavy product contains C,F¢, with less than
about 10 ppm impurities, and the third column heavy product

contains CF,, with less than about 10 ppm impurities.

7. The method according to claim 2, wherein the
perfluorocompound-containing gas stream further comprises N,

and SF.

8. The method according to claim 7, wherein the N, is
removed as the light product from the third column, and the

SF, is removed as the heavy product from the first column.

9. The method according to claim 1, wherein the

‘second and third columns are thermally linked together.

10. The method according to claim 9, wherein tpe
second column and the third column are stacked on top of

each 6ther.

11. The method according to claim 10, wherein the

third column is stacked on the second column.



- 20- 2—Fhe—rethod according to claim9, wherein the second col umm

and t hapwg! e contained in a single shell. 13. The
et hog;ﬂummlmﬂgﬂnrﬂgi{al m 9, wherein a liquid in the bottomportion of the
third eol enmmt conden vapor from an upper portion of the second col um.
14. The nethod according to claim11, wherein the first, second and third
colums are thermally |Iinked together. 15. The nmethod according to
claim1, wherein the first columm operateg.at a pressure in the range of -

fromabout 5 to 15 bar, and at a tenperature in the range of from about O

to -90[err]C. 12. 16rp ThE RS AL REERHY 7P b2aGhabM dneplSheiRet he

second col urm operates at a pressure in the range of from about g to 12
bar, and at aséedmdredlum iand rhe ahgerdicdlumm atreutofitatned2fhear $inghad
the third colum_ operates at a pressure in the range of fromabout 1 to 10
bar, and at ash?%hperature in the range of from about -50 to -200[err]C.
17. The method according to claim16, wherein the second columm operates
at a tenperature in the range of from about -25 to -100[err]C.

13. The method according to claim 9, wherein

a liquid in the bottom portion of the third column condenses

vapor from an upper portion of the second column.

14. The method according to claim 1, wherein the
first, second and third columns are'thermally linked

together.

15. The method according to claim 1, wherein the first
column operates at a pressure in the range of from about 5
to 15 bar, and at a temperature in the range of from about 0

to -90°C.

16. The method according to claim 1, wherein the
second column operates at a pressure in the range of from
about 5§ to 12 bar, and at a temperature in the range of from
about 0 to -120°C, and the third column operates at a
pressure in the range of from about 1 to 10 bar, and at a

temperature in the range of from about -50 to -200°C.

17. The method according to claim 16, wherein the

d

second column operates at a temperature in the range of from

about -25 to -100°C.



-21- 18. The method according to claim 16, wherein the third col um
'ip re in the range of from about -90 to -180[err]C.
9

) hod according to claim1, further conprising introducing the
secoMill@mm’nﬂglﬁmt oduct into a fourth distillation colum. 20.
The o claim1l1, wherein the perfluoroconpound-containing
gas streamis fed to a cold adsorption unit prior to being introduced into
the first colum. 21. ‘The met hod_ggcording to claim20, wherein the
per fl uor oconpound- contai ning gas streamis cooled to a tenperature in the
range of from aboylg - 134! ge ﬁghe-ﬁ&ggaﬁngrtopéiﬂmt Deig-diaf de the cold
adsorption unit. 52. % e nethod acTording to claiml, #Lﬂt er
conpri sing r etiaid relain epetratepoati antempenstwre N echef rargyepradtl fitom
streanms to a point upstream of the product streans. 23. The net hod
accor di ng t 0 3%tm-29, tPurtf&C-conprising recycling at |east a portion of
one or nore of- the product streans to the perfl uoroconpound-containi ng
stream 24. A method for purifying perfluoroconpounds, conprising
the steps of: 19. The method according to claim 1, further

comprising introducing the second column heavy product into

a fourth distillation column.

20. The method according to claim 1, wherein the
perfluorocompound-containing gas stream is fed to a cold
adsorption unit prior to being introduced into the first

column.

21. The method according to claim 20, wherein the
perfluorocompound-containing gas stream is cooled to a
temperature in the range of from about -120 to -30°C at or

prior to being fed to the cold adsorption unit.

22. The method according to claim 1, further
comprising recycling at least a portion of one or more of

the product streams to a point upstream of the product

streams.

23. The method according to claim 22, further
comprising recycling at least a portion of one or more of
the product streams to the perfluorocompound-containing

stream.

24. A method for purifying perfluorocompounds,

comprising the steps of:



-22J---~_LQL‘LQ%%ES$§jng a perfluoroconpound-cont ai ni ng gas

strea onpri sing e Flerr], CFlerr], Nerr] and SF[err] into a first

di sti WMBWH"{H ; (b) renoving a |light product conprising
il m,r”]” nd N2 fromthe first columm, and renoving

derr]

a heavy s product conprising SF[err] fromthe first col um;

(c) introducing the first colum |ight product into a second
distillation colum,; (d) renoving-a2-i ght product conmprising CFlerr]
and N err] fromthe second colum, and renoving a heavy

product conpri si ng() eriddde@iudirdy &Wl&@%&dmﬁ@hﬂdnéontainiﬁ%)gas

I ntroduci ng the second columm |ight product into a third

di stillation colum; arffream comprisd®syCels.aOFugh. Bndd&Es ebmra skt

N err] fromthe . third colu and renoving a heavy product .
conprising CFlerr]-f rorﬁltshteﬂta‘rﬁtrl(?ncglogn#ﬁ'?' - 25. A systemfor purifying
per f1 uoroconpoundsp) CargMdEindda light( prodacti éshpgising | @lF OncppldHy and
a |line connected to the first columm for introducing a

perflyoroconpound-cohtd%nfﬁgmsth@aﬁirﬁbr@mknmnwuﬁnﬂ removing a [heayyf or

Second di ot i Tati on colFRfRt SERAE L8, fEe AR tHe TR cpfunfy)

colum with the se9nd iGRIrsdudi®Y the first column light product into a
second distillation column;

(d) removing a light product comprising CF, and N,
from the second column, and removing a heavy
product comprising C,F; from the second column;

(e) introducing the second column light product into a
third distillation golump; and

(f) removing a light product comprising N, from the
third column, and removing a heavy product

comprising CF, from the third column.

25. A system for puriinng perfluorocompounds,
comprising:
(a) a first distillation column and a line connected
" to the first columm for introducing a i

perfluorocompound-containing stream thereto, and a
line for removing a heavy product from the first
column;

(b) a second distillation column and a line connecting-
the first column with the second column f6¥
conveying a light product from the first column to

the second column, and a line for removing a heavy

product from the second column; and



conveying a Hght—product fromthe first colum to t he second

28: 35:”"“”3"”!”@@”@‘5em)VI ng a heavy E)rzgfluct froEnC'; h: tSﬁ;:(r)gd

di stillxatkont a line connecting the second colum wth
“the third colum for conveying a light product fromthe second

-col um to the third colum, a line for renoving a heavy

product fromthe third columm, and a |inegfor renoving a |ight

product fromthe third col um. 26. The system according to claim 25,

wherein the secong.yand tdings Al a#hSnt BELERA! ¥ndi AkBLhd C@SiNEEE in
27. The system according to claim 26, wherein the second colum and the

third colum are stackatheosenmndmuilugn. with the 2ghifhecelwnmefercording to

claim27, wherein the third columm _i,s,stacked on_the second colu
29. The system accor di PYERE A ﬂ-?-?%?F@gﬂthgro‘f‘i%b‘?ds?? t?@%t om

of the third colum prqy 485 GG IAGmAUL ¥ 1 Pnd NEoS eLQR Loy WMheiRd t he

vapor in the second colum provides reboiling duty in the thitd col um.
30. The system accor di @rdductd dyon? Ehewhbdiedncolemn semmdca chinemfemnd t he
third colum are contained in a single she

hel | . 31. The.sysiem
according to clai m 26, RaRe ﬂqélﬁhtsPFOQBEBnﬁr%‘Hdtlﬂ?]i?%1%%|?th%‘“%7e
thermally |inked
26. The system according to claim 25, wherein the

second and third columns are thermally linked together.

27. The system according to claim 26, wherein the
second column and the third column are stacked on one

another.

28. The system according to claim 27, wherein the

third column is stacked on the second column.

29. The system accordifig to claim 27, wherein the
liquid from the bottom of the third column provides
condensing duty in the second column, and the vapor in the

second column provides reboiling duty in the third column.

30. The system according to claim 26, wherein the
second column and the third column are contained in a single

shell.

31. The system according to claim 26, wherein the
first, second and third columns are thermally linked

together.



t oget her. ' - 24- 32. The system

according to cl ai m25, r conprising a line.for introducing the .
'second coI?ﬂ"ﬂH into a fourth-distillation columm. 33.
The system m’m@mﬂw m 25, further conprising a cold adsorption
unit upstredm from and s n's conmuni cation with the first colum. - 34.

The system according to claim 33, further conprising nmeans for cooling the
feed to the cold absorption wunit to a texperature in the range of from

about -120 to -30[err]C 35. The system according to clai m 25,
further conprisigg,. a theesyoEem esyEdidihd o Wlatk @5Qf fulrehproduct
streans to a point upstream of the product streans. 36. The system

accor di ng t ocompris$sg &ulinerfoxoipraduring |thee segonbe epdRghEAYYor nore

of the prOdug%oaaégaggtéOaafggggﬁcﬁhétillation column.

33. The system according to claim 25, further
comprising a cold adsorption unit upstream from and in

communication with the first column.

34. The system according to claim 33, further
comprising means for cooling the feed to the cold absorption
unit to a temperature in the range of from about -120 to

-30°C.

35. The system éccording to claim 25, further
comprising a line for recycling one or more of the product

gtreams to a point upstream of the product streams.

36. The system according to claim 35, further
comprising a line for recycling one or more of the product

streams to a semicon.



