WD 01198240 PCT/ 3P01/ 05256 DESCRI PTI ON Process for Pr oduci ng
Hexaf | uor oet hane and Use Thereof 5 CROSS REFERENCE TO RELATED APPLICATICN

Thi's applicgfd Ansta an application filed under 35 U S. C pddiddoivhs2sé @i m ng
benefit pursuant to 35 U S.C. 19(e)(1) of the filing date of Provisional

Appl i cation 60/230,806 filed on Septenber 7, 2000,. 10 pursuant to 35

U S.C 11.1(b). DETAI LED DESCRI PTI ON OF THE | NVENTI ON Techni cal Field of
the Invention 15 The present inventigggdipiey t0 a process for produci ng
hexaf | uor oet hane, conprising a step of reacting a gas m xture contai ning
pent af | uor oet hanereessafopnppodick iy Hagachhoroschorand trehwilegol
fluoride in the gaseous phase in the presence of a fluorination 20
catalyst to fluorinate the conmpound having chlorine ' atomand a step of
reacting the gas mxture containing pentafluoroethane and the fluorinated
conpound with fluorine. gas in the. gaseous phase in -the presence of a
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as This application is an application filed under 35
U.s.c. §111(a) claiming benefit pursuant to 35 u.s.c.
§1i9(e)(1) of the filing date of Provisional
Application 60/230,806 filed on September 7, 2000,

10 pursuant to 35 ©U.s.c. S111(b).

DETATLED DESCRIPTION OF THE INVENTION
Technical Field of the Invention'.

15 . The present invention relates to a process for
produc1ng hexafluoroethane, comprising a step of
reacting a gas mixture containing pentafluoroethane and
a compound having chlorine atom with hydrogen fluoride
in the gaseous phase in the presence of a fluorination

20 catalyst to fluorinate the compound having chlorine
atom and a step of reacting the gas mixture containing
pentafluoroethane and the fluorinated compound w1th
fluorine gas in the gaseous phase in the presence of a.iu

dlluting gas, and also relates to the use thereof.
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"CF3CHF2") s used, for exanple, as a refrigerant for |owtenperature use
or a starting material for the 5 production of hexafl uoroethane

(herei naf t eryé giRsdped to as "CF3CF3") For the producti opcqiyphimasdgr2, for
exanpl e, the follow ng nethods have been heretofore known: (1) a nethod of
fluorinating perchloroethylene 10 (CC12=CCl2) or a fluoride thereof with

hydrogen fluoride (see, JP-A-5-97724 (the term"JP-A" as used herein

means an "unexani ned published Japangéglg#_ag,ﬁ{g Application”),
JP- A- 6-506221, JP-A=7-76534, JP-A-7- 118182, JI§-A- 8- 268932 and

JP-A-9-511515), 15 (2pentaEliebérinprr fiaedbngaids ofernaided $o0khs

chl or opent af | uor oet hane (CCl F2CF3), and (3) a nethod of reacting a fluorine
gas wWith a hal of€R:Gu"di disnysetfihyfenceXamwd e, RsAalx8843d¢rant\heor t hese
met hods for produci ng CF3CHF2 20 are used, the objective CF3CHF2 contains a
compound  havi ngleﬂrg?‘f‘ﬂ%"%ﬁ‘b‘?ﬁ Waehiox fhetabreulvaeeripdi (Fori ®periti es- The

conpound ving ¢chlorine atomwthi.n _the nol ecul e jncludes conpound
havi ng onte}’acar boh -t 67} 13&‘%#“&‘?’?%%885%‘,‘35 - S H 5&3??‘[5!5?9, t95
chl orodi f I uor onepgamgr il »ghl orotrifl uoronethane, a conpound having two

carbon atons wthin the nolecule, such as chioropentafl uoroethane,
di chi oro- tetrafl uor ordhatiee Eidaucatiohr afl opjamt,hagerasdamdple, the

following methods héve been heretofore known:
(1) a method of fluorinating perchloroethyvlene
10 {CClz=CCl,;) or a fluoride thereof with hydrogen
fluoride (see, JP-A-5-97724 (the term "JP-A" as used
herein means an “"unexamined published Japanese patent
application®), JP-A-6-506221, JP-A-7-76534, JP-A-7-
118182, JP-A-8-268932 and JP-A-9-511515),
15 (2) a method of performing hydrogenolysis of
chloropentafluoroethane ({(CClF,CF3), and
(3) a method of reacting a fluoriﬁe gas with a
halogen-containing ethylene (see, JP-A-1-38034).
When these methods for pfoducing CFgéHFz
20 are used, the objective CF3CHF, contains a compound
having chlorine atom within the molecule as main
impurities. The éompound having chlorine atom within
the molecule includeé a compound having one carbon atom
within the molecule, such as chloromethane,
25 chlorodifluoromethane and chlorotrifluoromethane, a
compound having two carbon atoms within the molecule,
such as chloropentafluoroethane, dichloro-

tetrafluoroethane, chlorotetrafluorocethane and



WO 01/98240 PCT/JP01/ 05256 chlorotrifluoroethane, and an unsaturated .
conpound such as chlorotrifluoroethylene. In the case of producing CF3CF3
by a direcovoof/4se4sr i nati on reaction of reacting CF3CHF2 RETHPI/ORS6| uori ne
gas (F2), if CF3CHF2 contains the conmpound having chlorine atomwi thin the
nol ecul e, chlorine, hydrogen chloride, chlorine fluoride or different

ki nds of chl orofluorocarbons are generated in the reaction wth fluorine
gas. Even whenchidrottriflwoardimmane HeAE 40 wrsgymnialtedr coapband £HIRFC) are
contained in CF3CHF2, there arises no particular problem however, for
exanpl e, chi or 8fireehbeee P BEProsthyheBeodi f | uor onet hane (CHCIF2) reacts

ith fl ' t d I i fl - t CCl F3). Th
obj ect i ve.  CracEs”  TRVHRG ARt Pl PFPRIGT S TRe oA 2T S kot ropi c
conposition, tggﬁg{pﬁ&igpjﬁgclﬁogl EEi fé’é&tfxﬂ:; rc?rﬁ@ﬁﬁ kvg_\ﬁnaby perform ng

distillation, adsorption for purification, or e Accordingly, in:

the case of rescdiinge GaXCHFZ) W 1D cpfoHwgr bovt4nss thepeofif6an&F3CF3, 20 the
anount of the conpound having chlorine atomw thin the nolecul e contained
in CF3CHF2 shobaviie chdutied atomnmwibhis thos sidllegulde cchliorigpd 0
conventional production nethods for CF3CHF2, the total anount of_ the _
conpound havi nB¥35°¥8R Fhlaridesntit Prive t Harardidec aredf SE%ARE iXdddisas hi gh

as about 1 volge TNRLEl O &rodafhaht! 4L QIhRT R 18 the reaction
with fluorine gas. Even when hydrofluorbcarbons (HFC)
10 or perfluorocarbons (PFC) are contained in CF3CHF3,
there arises no particular problem, however, for
example, chloromethane (CH3€1) or chlorodifluoromethane
{CHC1F,;) reacts with fluofine gas to produce
chlorotrifluoromethane (CClF3;). The objective. CP3CF3
15 _ and chlorotrifluoromethane form am azeotropic
composition, therefore, CClF; is difficult to remove
even by performing distillation, adsorption for
purification, or the like. Accordingly, in:the case of
reacting CF3CHF; with a fluorine gas to produce CF3CF,,
.20 the amount of the compound having chlorine atom within
the molecule contained in CF3;CHF, should be reduced as
much as possible.
According to conventional production methods for
CF3CHF;, the total amount of the compound_having
25 chlorine atom within the molecule is sometimes as high
as about 1 vol%. Therefore, a distillation operation
is repeated for removing these compounds contained in

CF3CHF; and elevating the purity of CF3CHF;, however,



I's repeated for renoving these conpounds contained in CF3CHF2 and

el evating the purity of CF3CHF2, however, 3 WO 01/98240 PCT/ JP01/ 05256

this has sugi giiia@bl em that the distillation cost incrercspseo1nsess
distillation loss is caused, the profitability is bad and sonme conpounds
having chlorine "atomw thin the nolecule forman azeotropic m xture or 5
an azeotrope-like mxture with CF3CHF2 and are very difficult to renove
only by the distthiathas opeh a ipreblelnthatt thel distidlarieperbatl uor oet hane
(hereinafter referred to as "CO F2CF3") is. usually contained in CF3CHF2
in a concentrati dpcoeasapusthrigligtigmtdponnbees 10s (raussdicdhgn azeotropic
m xture is formed b and CClI F2CF3, the separation is hardl

attained by di sPFP%%’E?FggFW&? ad; angnfpMey C LR HeHPPGn © ap,an%{e
purification net hggm O\E.h SERAL atm c%g Fggg% %19”&%3@1% Q‘t %F%g_‘?gaaﬁ s

various methods Rave Deén propose

third conponent ba fzedtxépkLeli¥e Q&%@HEZ ﬁ'ﬂdhc@ﬂﬂl@%aﬁ&daﬂérxfﬁjﬂ ng the
extractive distillation (see, JP-A-6-510980, JP-A-7- 133240, JP-A-7- 258123,

JP- A- 8-3082, JP- AiBE£i143486tamntemo@ SHiA- HY- EAS1AYtiIAtianTebBodt bén .
renovi ng CCI F2CF3 contained in CF3CHF2 using an adsorbent (see,
JP- A- 6- 92879 andIgPea¥ticwlren7 Fhlororentaf lupregthang sheriednafheneans an

referred to as "CClF,CF3")  is uswally contained in
CF3;CHF, in a concentration of thousands of ppm or more

10 but since an'azeotropic mixture is formed by CF3;CHF,
and CClF,CF3, the separation is hardly attained by
distillation which is a commonly used separation and
purification method.

For separating CClF,CF3; contained im CF3CHF,,

15 various methods have been proposed, for example,

(1) a method of adding a third component to a
mixture of CF;CHF; and CClF;CF; and performing the
extractive distillation {see, JP-A-6-510980, JP-A-7-
133240, JP-A-7-258123, JP-A-8-3082, JP-A-8-143486 and

20 JP-A-10-513190),

(2) a method of removing CCLlF,CF3 contained in
CF3CHF,; using an adsorbent (see, JP-A-6-92879 and JP-W-
8-508479 (the term "JP-W" as used herein means an
"unexamined published international patent

25 application”)), and

(3) a method of converting CClF;CF3; contained in

CF3CHF, into CF3;CHF; in the presence of a hydrogenation

catalyst (see,. JP-A-7-509238, JP-A-8-40949, JP-A-38-
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"unexam ned published international patent 25 application”)), and (3) a
met hod of converting CC F2CF3 contained in CF3CHF2 into CF3CHF2 in the
pt esence okoa1/dsgar ogenati on catal yst (see, JP-A-7-509238CT/JI1/05286 40949
JP-A-8 4 WO 01/98240 PCT/JP01/ 05256 301801 and, JP-A-10-87525). However,

t hese net hods have a problem that is, the nethod of (1) requires a step
of recovering the third conponent fromthe m xture of CCl F2CF3 and the 5
third conponent30%8fd mwchdB-df1028752duires a step of regenerating the
adsorbent, and the nethod of (3) suffers fromreduction in the catalytic
life due to hydrogdiP?¥ERESy i HReHE RRIAOES PBVErRPERRIGN Pdasoffed by the

| nventi on The prese invept i has .been_ma under these_ circunstances
and the object p% < tn%gghﬁrﬁeggnt(f?nz\./e:% J'|roe% & Eggg ?3?01\'/?c X RG K88 for

produci ng CF3Chdd Ro@@8Hent! £fddh altd ili%tusknNgs acélﬁa%cﬁkxiﬁﬁ GcyePNt ai ni ng
CF3CEi F2 15 and a conpound having chlorine atomw thin the nolecule in the
met hod fBr prodtGindy cohd6hdnihi tHe inetheaddods (2N rehrilvdy) a0stepeani Nng gas in
the process of. producing a sem conductor device, and al so provide a use
thereof. 20 MxegsneyaSbngethécaduoblents asdatheswgtthast ofxt{8hsi ve

i nvestigations to solv :
9 suffers %rom reduction in the catalytic life due to

hydrogen chloride produced.

10 . Problems to be Solved by the Invention
The present invention has been made under these

circumstances and the object of the present invention
is to provide a method for producing CF3CF3; with good
profitability using a gas mixture containing CF3;CHF,

15 .- and a compound having chlorine atom within the molecule
in the method for producing CF3CF3; which is used as an
etching or cleaning gas in the process of producing a

semiconductor device, and also provide a use thereof.

20
Means to Solve the Problems
Ags a result of extensive investigations to solve
the above-described problems, the present inventors
have found that in the method for producing CF;CFs,
25 when a gas mixture containing CF3CHF, and a compound

having chlorine atom within the molecule as impurities
is reacted with hydrogen fluoride in the presence of a

fluorination catalyst to convert CClF,;CF3 which is

5



t he above-descri bed probl ens, the present inventors have found that in the
met hod for produci ng CF3CF3, 25 when a gas m xture containing CF3CHF2 and a
compound biotesaf! orine atomwithin the nol ecul e as i npeCT/ARRSS256 S
reacted with hydrogen fluori'de in the presence of-'a fluorination catalyst
to convert CCLF2CF3 which is 5 is WO 01198240 PCT/JP01/ 05256 contained in
the gas mxture, into CF3CF3 and then performng a direct fluorination
reaction of reactbfigaifd® JreUHd igag @axtiisl Uirts OTR,TFYi &gd CHadadF2 and
CF3CF3 with a fluorine gas in the gaseous phase in the 5 presence of a
diluting gas, thpeabomeintescrdivedt Flobrénstiem teaciionedf Feecpingent

i nvention. has been acconplished based on this_ finding-_The present

i nvention provi dERe X pFYidng &5s ﬁF&&HE?nE;mEF%{?‘Sn%rﬁf%cggé W (FHCFa
described in [1] to [19]. below 10 [.1] process far praducing.

hexaf | uor oet hane‘,’”g]&oﬁp‘ll’lr‘%‘?‘ﬁd‘et 98 5 <[3‘PI B%naa?%u%tp}ﬁs’%oe B %éest ep of
reacting g gas MLyl WK al MildesRenbak] UBKOSHIANS it apeampound having
chlorine atom wt ydrogen fluoridé i'n {he gaseous phasé in the 15

presence of . a.ptbyDémeladddbel Foavial tThd Igisendt envhati 60RO NBedaVI Ng
chlorine atom and (2) a' step of reacting the gas m xture containing

pent af | uor oet hanaceomplishdd barsedaped tbospbimdindt aPhedpresent
invention provides a process for producing CF;CFs; and
use thereof, described in {1l] to [19] below.
10 [1] A process for producing hexafluoroethane,
comprising the folléwing two steps:

(1) a step of réacting a gas mixture containing
pentafluoroethane and a compound having chlorine atom
with hydrogen fluoride in the gaseous phase in the

15 presence of a fluorination catalyst to fluorinate the
compound having chlorine atom; and

(2) a step of reacting the gas mixture containing
pentafluorocethane and the fluorinated compound obtained
in the step (1) with a fluorine gas in the gaseous

20 phase in the presence of a diluting gas.

[2] The process for producing hexafluoroethane as
described in [1], wherein the compound having chlorine
atom is at least one compound selected from the group
consisting of chloromethane, chlorotrifluoromethane,

25 chloropentafluorocethane, dichlorotetrafluoroethane,
chlorotetrafluoroethane, chlorotrifluoroethane and
chlorotrifluorcethylene.

[3] The process for producing hexafluoroethane as

6



in the step (1) with a fluorine gas in the gaseous 20 phase in the presence
of a diluting gas. [2] The process for produci ng hexafl uoroethane as
descri bed waoi/dspso Wherei n the conpound havi ng chl ori ne Pavarmiios2sat | east

- one conpound sel ected fromthe group consisting of chioronethane,
chiorotrifluoronmethane, 25 chl oropentafl uor oet hane,

di chl orotetrafl uoroet hane, chlorotetrafl uoroethane, chlorotrifl uoroethane
and chlorotri desotdeédyienkl] [0l [Bhe pheress fthy tHotaduamb@nt of
hexaf | uor oet hane as 6 WD 01/98240 PCT/JP01/ 05256 described in [1] or [2],
wherein the tothe ammmmnn@ﬁhawﬂns'@bﬁpg@nq dbem repndialioeidndn atlhen gomt ai ned in
the gas mxture of the_step ( 1, volt or less. [4] The process for

pr oduci ng hexaFFﬁBFB%t?EuﬁP%ﬁftQ? dé%c??b%dv?}ﬁ [°H %ﬁSS[Z] mhereln t he total
amount of the cpnpgygd {ﬁ%uﬂg% QIOEEstgﬁéﬁgl &%ﬁQEEOFQOEEE nlxture

of the step (1) is ESs rocess pr o qucT ng

hexaf | ugy oet hapgs@pinél®std | BQd o [37Y WREr&in [tHe tBthilam¥tik & I N the
step 10 (1), the fluorination catalyst is a bul k catal yst obtained by

addi ng i ndi um the acomxdwiel dfavdihigorhiorige)atine qunradasdf b fhHedes ng
hexaf | uor oet hane as described in any one of [1] to [51, wherein in the
step (1), themiztpesRirdiastere (Leasidrb \Wakh 9pdiegen 15 fluoride in the

presence of a quorqutl Q;%%%%L%it

for producing hexafluoroethane as
described in any one of [1] to [4], wherein in the step

10 (1), the fluorinmation catalyst is a bulk catalyst
obtained by adding indium to an oxide of chromium.

[6] The process for producing hexafluoroethane as
described in any one of {1} to [5], wherein in the step
(1), the temperature at the reaction with hydrogen

15 . fluoride in the presence of a fluorination catalyst is
in the range of 150 to 480°C.

[7] The process for producing hexafluoroethane as
described in any one of [1] to [6]1, wherein in the step
(1), the molar ratio of hydrogen fluoride/organic

20 substance contained in the gas mixture is in the range
of 0.5 to 5.

(81 The process for producing hexafluoroethane as
described in any one of [1] to [7), wherein a step of
removing an acid content containing hydrogen chloride

25 produced is conducted before the step (2).

[29] The process for producing hexafluoroethane as

described in any dne of [1] to [8], wherein a step of

separating chlorotetrafluoroethane and/or chlorotri-



in the range of 150 to 480C. [7] The process for producing hexafl uoroethane
as described in any one of [1J to [61, wherein in the step (1), the nolar
rati o of hyqi@@ggadel uori de/ organic 20 substance contai ned dcijplisesds
mxture is in the range of 0.5 to S. [8] The process for producing
hexaf | uor oet hane as described in any one of [1] to [7), wherein a step of
renovi ng an acid content containing hydrogen chloride 25 produced is

conduct ed bef or e filudrdeehand) . ahd] rdherfinRf ahe COloR6LEUEL fiicroethane
hexaf | uor oet hane as described in any one of [1] to [8], wherein a step of
separ ati ng chl or @ndi/ioxf khdevethifitucl thranehlsepetrated HK)EHéS§£é$O(1)

PCT/ JP01/ 05256 f| uoroethane, and returning the chlorotetrafl uoroet hane
and/ or chl or ot ri fifuGPHEPRERE seperatere tsFePhd2dtep (1) is conducted before

nccrt 524 7N aby “one. 3¢5 SFERCP{Gfedt 1A Hgﬁﬁé'ﬁ%%%fefx?%“oeeq%%eq el
amount of §he corRja@e Qav g I to cqgt ai the xture
BdpBavip a&yh d g @0, 791 2 wiged 25 gLex!

is 0.02 vol%or less. [1 The process for produclng hexXa ot 68

described in any (@pe Qﬁe[&btip iﬂ&ﬁnt\Mﬁekﬂbncbﬂpéﬂﬂdjﬂhﬁiﬂﬁ)dﬁ&brlbge
fluorinated conmpound contained in the gas mxture is mainly conposed of
hexaf | uor oet hane atpm2ofhaipedcis scHeogas adutiing hexafd2iorcast banteas .

[11] The process for'producing hexafluoroethane as
described in any one of [1] to [10}, wherein in the.

10 step (2), the fluorinated compound contained in the gas
. mixture is mainly composed of hexafluoroethane. .

[12] The process for producing hexafluoroethane as
described in any one of {1l to [11l, wherein in the
step (2), the diluting gas is a gas containing at least

15 one selected from the group consisting of
tetrafluoromethane, hexafluoroethane, octafluoropropane
and hydrogen fluoride.

[13] The process for producing hexafluoroethane as
described in any one of [1] to [12], wherein in the

20 step (2), the diluting gas is a gas rich in hydrogen
fluoride;

[14] The process for producing hexafluoroethane as
described in any one of [1] to [13}, wherein in the
step (2), the temperature at the reaction of gas

25 mixture containing the fluorinated compound with
fluorine gas is in the range of 250 to 500°C.

[15] The process for producing hexafluoroethane as

described in any one of [1] to [14], wherein in the

8



described in any one of [1] to [111, wherein in the step (2), the diluting
gas is a gas containing at |least 15 one selected fromthe group consistjng
of tetrafwooerssat hane, hexafl uor oet hane, oct af | uor opr opan@roiaseds hydr ogen’
fluoride. . [13] The process for produci ng hexafl uoroethane as described’
in any one of [1] to [12], wherein in the 20 step (2), the diluting gas is
a gas rich in hydrogen fluoride. [14] The process for producing '

hexaf | uor oet harsteps (20lesthe beehperanireone ehe|AgadinidnlIE gakerein in the
step (2), the tenperature at the reaction of gas 25 m xture containing the
fluorinated comiFkugencontaining jthe Fiyorinahed eomopwpd wfitk50 to 500C.

[ 15] The process for. producjng, hexafl uoroethane as described in any one of

[1] to [143, wiMerinendefiecty WD 0e 58296 REI I =56 step (2), the
t t t th t] ' i ni .the fl [ ted
enperature a e ?ggf A OR. °ﬁﬁ5§5§r§r§$ﬂ§§kﬂ#§3&§6 . uori nat e

compound with fluorine gas 1s 1n e rang [161 A

hexaf | uog oet hanRxaEPHEEHe CIAMY IHIviGhigP a%iﬁéﬂ:ﬂﬁ%@@ﬁ@b@?h%hﬂg&IOUF ity of
99.9997 volt or nore. [171 The hexafl uoroethane product as described in

[16J, wherein mbeecontent of the compound having chlorine atomis 1 vol ppm
or less and the content of
[17] The hexafluworoethane product as described in
[16], wherein the content of the compound having
chlorine atom is 1 volppm or less and the content of

10 the pentafluoroethane is 1 volppm or less.

[18] An etching gas comprising the hexafluoro-
ethane product described in [16] or [17}1."

{19] A cleaning gas comprising the
hexafluoroethane product described in [16] or [17].

15 ‘) In summary, the present invention provides "a
process for producing CF3CF3;, comprising a step of
reacting a gas mixture containing CF3;CHF, and a.
compound having chlorine atom with hydrogen f£luoride in
the gaseous phase in the presence of a fluorination

20 catalyst to fluorinate the compound having chlorine
atom and a step of reacting a gas mixture containing
CF3CHF; and the fluorinated compound obtained by the
above-described step with a fluorine gas in éhe gaseous
phase in the presence of a diluting gas", “an CF3CF3

25 product comprising CF3CF3 having a purity of 99.9997
vol% or more", "an etching gas comprising the above-
described CF3CF3; product” and "a cleaning gas

comprising the above-described CF3CFi product®.

9



10. the pentafluoroethane is 1 volppmor less. [181 An etching gas
conprising the hexal uoro- ethane product described in [161 or [171. [19] A
cl-eani ng gagoGedddid Si ng the hexafl uoroethane product desect/dredoeszss [ 16] or
[17]. 15 in summary, the present invention provides "a process for

produci ng CF3CF3, conprising a step of reacting a gas m xture contai ning
CF3CHF2 and a conpound . having. chlorine atomw th hydrogen fluoride in
t he gaseous phase in the presence of a fluorination 20 catal yst to
fluorinate the conpound having chlorine atomand a step of reacting a gas
m xture contai ning CF3CHFMedel fdwe Ganyor On&t thecompenimitbobt ai ned by t he
above-described step with a flugrine gas in thg{l}gaseous has%.e:gn t he

presence of a diluti Mgy Rroduckto 9% % éFF?:oqﬂ)‘?i_ en(j" $€E3 havi ng
0P LY O3 RRrdild & B Brppofl EAGTCOMELED Lo cbove
above-desgri bed §53GH3 jaeduct™. -9 i1 WO 01/98240 PCT/JP01105256 Mbde for
Carry Qut the Invention The production process for CF3CF3 and use thereof
.according to the presaentddsardibeioabeve, dEFCHFhefor ube diat ahle lpalesents
descri bed above, CF3CHF2 for use in the present
invention is generally produced by fluorinating
perchloroethylene (CClp=CCl;} or a fluoride thereof
with hydrogen fluoride (HF)}, and CF3CHF, contains a
10 compound having chlorine atom derived from the starting
material, such as chloromethane, chlorodifluoromethane,
chlorotrifluoromethane, chloropentafluoroethane,
dichlorotetrafluoroethane, - chlorotetrafluoroethane and
chlorotrifluoroethane. In order to purify CF3;CHF,
15 containing these compounds to a high purity, known
methods by a distillation operation are employed,
. however, these methods have such a problem that these
are not economical since the compound and CF3CHF, form
an azeotropic mixture or an azeotrope-like mixture, the
20 purification by separation is very difficult, the
number of stages of the distillation tower or the
number of the distillation towers must be increased,
and the cost for equipment or enexrgy increases.
In the present invention, the compound having
25 chlorine atom contained in CF3CHF, as impurities is
fluorinated with hydrogen fluoride at an elevated

temperature in the presence of a fluorination catalyst

and thereby converted into hydrofluorocarbon (HFC) or

10



i nvention'is generally produced by fluorinating perchloroethylene . .
(CC12=CC12) or a fluoride thereof wth hydrogen fluoride (HF), and CF3CHF2
cont ai ns avdoymasepound havi ng chlorine atom derived froRCT/IRS103256t i ng '
mat erial, such as chi oronet hane, ehl orodifl uoronet hane,
chlorotrifluoronethane, chloropentafl uoroethane, .

di chi orotetrafl uoroet hane, chl orotetrafluoroethaneeand

chl orotri fl uor perfizmerotarmmd(PRC)Y -pUFeAf \exgp@lel-2in SEeeridatiing t hese

conpounds to a hi ?h urity,  known t hods 9% a distiJlation operation are.
empl oyed, howS§eF2CEnOTc ChEPRBHS GO G Hr DB EMFhtP® hese  are not

econom cal si nge é?ftfggﬁh%er%éeggfi %ggz%gfggggbnagl%ﬁqé’og C mxture or an

azeotrope-|like ure, u Separation is very

difficult, the..puEbsh Howd dLETnQ’ rbiiCowisd iddratuian (hpwee ¢3) the nunber
of the distillation towers nust be increased, and the cost for equi pnent

or ener@ increakes.placéhe present invention, the conmpound having 25
chlorine atomcontained in CF3CHF2 as inpurities is fluorinated with
hydrogen fluoride at an elevated tenperature in the presence of a

fluorination catalyst and thereby conyertegd into of | uor ocgrbon (HFC)
or 10 WD 01/ 98240 PCT/JF‘E?PFGQ%%* rfluoro‘g%?Fg'an*( ). For eg’;?rrm e, in

fluorinating CCl F2CF3 %F;%Fi'b%'pn-eﬁf'a'ffl uor qgf eaRg Lol ned asgay npurities
i n CF3CHF2 usi ng hydrogen uoride, a

10 ~ The product is HFC or PFC free of chlorine atom,
and hydrogen.chloride is produced as a by-product.

In the present specification, the gas mixture
containing CF3;CHF; and the eompound having chlorine
atom is sometimes referred to as ”"starting gas mixture~.

15 . In this fluorination reaction, the compound which
is converted into HFC or PFC is chloromethane, chloro-
difluoromethane, chlorotrifluoromethane, chloropenta-

fluoroethane, dichlorotetrafluoroethane,.
chlorotetrafluoroethane and chlorotrifluoroethane.

20 These compounds are usually contained in CF3;CHF; in a
total amount of thousands of ppm or more. When the
starting gas mixture containing these.compounds is
reacted with a fluorine gas, the methane-type compounds
are converted into CClF; and the ethane-type compounds

25 are converted into CClF,CF;, therefore, CF3;CF3; obtained
after the reaction contains CClF3; and CClP,CF; as main
impurities.

CClF,CF3 scarcely reacts with a fluorine gas at

11



reaction shown by the followng fornula (1) or (2) 5 takes place: CF3CCLF2
+ HF CF3CF3 + HCl1 (1) CF3CHCIF + HF CF3CHF2 + HCl (2) 10 The product is
HFC or PFC fyW@@ighechl orine atom and hydrogen chloride | phypeises as a

by-product. In the present speci fication, the gas mxture containing
CF3CHF2 and the conpound having chlorine atomis sonetines referred to as
"starting gas mxture". 15 In this fluorination reaction, the conpound

which is convertie# téhperitureds Bbfetér chdidr@mbgare, tali or o-

di fl uoronet hane,. chlorotrifluoromethane, chloropenta-

fl uor oet hane, . di ¢hiresbigdtbdisidnoahleapessenhl uvsettaraf,| foroekhapeeand
chlorotrifluoroethane. 20 These conpounds are usually contained in CF3CHF2
in a total amuftF 6fr?%'&’s%d'se“lﬂerﬁ-§ﬁ1r6r°ﬁn4%° C\ére amounst aft CAYFgas

' t h 0 IS eacted with a f]uorine gas t he
et hane- type corBEaiess #E TR dsrenntei bt fmicPaci T B
compounds 25 ar e1 608\ A A dRrdeLiE2CE Sdn L e GL, try ESiEa '”ed after

the reaction contains CC1F3 and CCI F2CF3 as nal n ur| t1es. ni:2CF3
scarcel y reacts wvhéhsBaftisy it gastake 4d é&z&l]ﬁﬁﬁi&mpg}/ 4B0d/ 056 | ow

t emperatures. However, according to the investigations by the present
i nventors, for eﬂbﬂ!ﬁeﬁ ppm of CClF3 is produced when the concentration

of CClF;CF3 exceeds about 2,000 ppm. CClF; forms an
azeotropic mixture with CF3CF3, therefore, even if the
i0 concentration is low, this compound is difficult to.
remove by an operation of distillation, adsorption for
purification or the like. Accordingly, it is preferred
that not only a compound which produces CC1lF; upon
reaction with a fluorine éas is removed from CF3CHF, as

15 a starting material but also the CClF,CF; content is
reduced to a low concentration as much as possible.

The total amount of the compound having chlorine
atom contained in the starting gas mixture for use in
the present invention is preferably 1 vol% or less,

20 more preferably 0.5 vol® or less, still more preferably
0.3 vol% or less. If the concentration of the compound
having éhlorine atom exceeds 1 vol%, the reaction must
be performed at a high temperature and the life of the
fluorination catalyst is disadvantageously shortened,

25 moreover, a side reaction proceeds at the same time and
the productivity decreases.

The fluorination catalyst comprises at least omne

element selected from the group consisting of chromium,

12



at a reaction tenperature of 400C, the anpunt of CCLF3 produced by the
deconposition of CCOF2CF3 is 1 ppmor 5 | ess when the concentrati on of

CCl F2CF3 owobrmesed in the starting gas mxture is abouPCBIBESe or | ess,
and about 2 ppm of CCl1F3 is produced when the concentration of CCl F2CF3
exceeds about 2,000 ppm CCLlF3 forns an azeotropic m xture with CF3CF3,
therefore, even if the 10 concentration is |low, this conpound.is difficult
to. renove bynaskeperainen igfdigmsenfd| artrinm, asbmayi be acknowwmurification
or the like. Accordin it i referred that not_only a conpound which

ly,
produces CCl F3°gpBhys e%‘(’:‘t'}il‘ E?r?l \%"E’P%tﬁu%??ar?é’ Ha P SuLENGIEYFom CF3CHR2
15 tarti ' | h t ] dt
SEEEEHC TR et e

| ow concentration as nuc 0SSi € conmpound

having chloring-gE@PasPPt & NAGmiRal Qﬁd}&ﬁrﬁﬁéf&aﬂalgr Fhab¥iRafed Use in the
present invention is preferably 1 vol%or less, 20 nore preferably 0.5 vol %

or less,sstill amaménp) eded ahipporidgvedtbiorid qaeeferbhbipe3dgomcerds ati on of

t he conpound having chlorine atom exceeds | vol % the reaction nust be

perforned at alkeBgh tlontdeacase afdthedullf cagplypt, Paxiprdwdarilyn cat al yst

I s di sadvant ageouglg sgorte ed, 25 norepver, a side reaction proceeds at
RE+-<thHe

the same tine & ﬁ%ﬁ&ﬁ%ﬁf’%ﬁi&}%é&?ﬂﬁﬁé‘ PPuBPiRation catal yst
conprises at | egal 008  &lf{"8Aki5§! QE&:@Q:: fFmd % 9hayR: Copaisting of

chromum 12
indium and/or garium to chromium of 0.01 to 0.6. Imn
10 the present invention, most preferred is a bulk.
catalyst obtained by adding indium to an oxide of
chromium.
In the step of fluorinating the compound having
' chlorine atom, the reaction temperature is preferably
15 .. from 150 to 480°Cc. If the reaction temperature exceeds -
480°C, the reaction is adversely affected, for example,
the catalyst deteriorates or a sidé reaction proceeds,
and this is not preferred.. Although it may vary
_ depending on the;concentration of the compound
20 contained in the starting gas mixture, a preferred
reaction temperature can be selected according to the
kind of the compound. For example, in the reaction of
CC1F,CF3; shown in formula (1), the reaction temperature
is preferably 400°C or more, and in the reaction of
25 CF3CHC1F shown by formula (2), the reaction temperature
is preferably 300°C or more.
In the case of a reaction of chlorodifluoromethane

(CHC1F;) with hydrogen fluoride, a reaction shown by

13



WO 01/98240 PCT/JP01/05256 nickel, zinc, indiumand garium and nay be a
known catalyst such as supported catalyst or bulk catalyst. in the case of

t he support Qgoepdsadeyst, carrier is preferably an al uni na gidfeainseartially
fluorinated 5 alumna, and supporting ratio is preferably 30 wt% or | ess.

In the case of the bulk catalyst, particularly preferred is those
contai ning chromumas main conponent, and having atomc ratio of nickel,

zinc, indium angher £gaib¥ihd CESHAE U OkaReBlpifcd; 6. In 10 the present
i nvention, nost preferred is a bulk catalyst obtained by adding indiumto

an oxide of chromum In the step of fluorinating the conpound having
chlorine atom the reaction. tenperature is preferably 15 from 150 to
480' C. If the reaction tenP&EaureBExceeds %&JC,‘“ BS& reacti ddlis adversely
affected, for exanple, the catalyst deteriorates or a side reaction
proceeds, and this is not preferred. Al though. it may vary. depending on

the concenration of hectpmmaund 20, CORLALIEd:} o  DnsLAILI05gas m xture
ecte |

a preferred reaction tenperature can be se acc ng to the kind of

the conpound. Foprexap@bty 130 1d@x Rl aRaoks €k FRLESGsdwown in formul a
(1), the reaction tenperature is preferably 400'C or nore, and in the

reacti on of 25 CEgfpEerdtwhevexdeedsor®dl’8 62)mpotde & comtdrsie treapeiahure i s
preferab[y SOOIcﬁgéagsggtageously proceeds. .
In the step of fluorinating a compound having
10 chlorine atom, the reaction temperature sometimes
varies depending on the kind of the compound as
described above. Accordingly, in the case where a
plurality of compounds are contained and these are
different from each other in the optimal reaétion
15 temperature region or the concentration of each
compound is highf two or more units of reactors are
preferably used, though one unit of a reactor is
usually sufficient.
The amount of HF used is, in terms of the molar
20 ratio to the organic substance of the starting gas
mixture containing CF;CHF; (HF/organic substance),
suitably from 0.5 to 5, preferably from 0.5 to 2. If
the molar ratio is less than 0.5, the reaction is hard
to proceed, whereas if it exceeds 5, a large reactor is
25 necessary and this is not profitable.
Furthermore, in the step of fluorinating a

compound having chlorine atom, the reaction pressure is

preferably from atmospheric pressure to 1.5 MPa. If it

14



In the case of a reaction of chiorodifluoronethane (CHCLF2) w th hydrogen
fluoride, a reaction shown by 13 WD 01/98240 PCT/ JPOL/ 05256 the follomﬁng
fornul a (3yonmdses pl ace: CHCIF2 + HF : CHF3 + HO (3) S5PCMIRMI0S2sseaction,
the reaction tenperature is preferably 150'C or nore and if the reactioﬁ
tenperature exceeds 400' C or nore, a reverse.reaction disadvantageously
proceeds. In the step of fluorinating a conpound having 10 chlorine atom
the reaction t@xseedsuieS sthei | thes apparnsys dépeditiatyagtagheurind of the

conmpound as described above. Accordingly,.in the case where a plurality
of conpounds aF@q@&ﬁﬁglﬁ%dh%ﬁﬁiH4ﬁ§§¥r§r§esaFF?%ﬁ%ﬁﬂr1§uﬁnﬁé§Eh other in the

opti mal reaction 151£egﬂgﬁ§%%g%%é' %&%Bt?%nthEh§O¥5§%¥5r%Fk9@h°f each

conmpound is high, two or reattors are preferably used,

though one uni thyfa&oaeﬁeafwhaé iglpadleb¥medf {A ChiphtprelB@canpeng of HF used
Is, in ternms of the nolar 20 ratio to the organic substance of the

startingsgas Mlabitisatdeh aratilysEracing thie/ abgeerdesertibednce), suitably
fromO0.5 to 5, preferably fromO0.5to 2. If the nolar ratio is |less than

0.5, the react reRctionaremdibiqnsocasad, t%%r%%%cﬂf’fzn? i atom-3 | ar ge

reactor is 25 neces ar nd thi iLS not ofitab
free impzrftfgs mé%nly compg£s{ng HFC ‘or PFC, and

hydrogen chloride as a by-product are contained in the
reaction product. In the case of CF3;CHF,, as the

10 reaction temperature becomes higher, a side reaction
with hydrogen chloride more proceeds as shown in the

following formula (4):

CF3CHF, + HC1 — ' CP3CHC1F + HF (4)
15
In the case of containing 2,1,1,2-
tetrafluoroethane, a side reaction with hydrogen
chloride more proceeds as shown in the following
formula (5):
20

CF3CH,F + HC1 — CF3CH,Cl + HF (5)

Therefore, after the fluorination step of (1), the
acid content containing hydrogen chloxride produced is
25 preferably removed.
The acid content is removed so as to remove
unreacted hydrogen fluoride (excess hydrogen fluoride)

and hydrogen chloride as a by-product. Hydrogen

15



Furthernore, in the step of fluorinating a conpound having chlorine atom
the reaction pressure is preferably from atnospheric pressure to 1.5 MPa-
1f it .14 Wadd@aBdd0 PCT/IJP01/ 05256 exceeds 1.5 MPa, thecanpan@biss i s

di sadvant ageously required to have pressure resistance or the like. In the
present invention, the reaction with hydrogen fluyoride is perforned in the
presence of a 5 fluorination catal yst using the-above-described reaction
condi tions, and fheorFSGHEAgs abloati pe allversé reffdatpuni thesdimesty
conprising HFC or PFC, and hydrogen chloride as a by-product are contained
in the reactionfpreriration nesetdene séerPatHRXdTqgen i¢hlbgideatsi on

t enperature becones_higher, a side_reaction ,w th hydrogen chloride nore
proceeds as showﬂr?$FY$h}yfﬁﬁWQ¥ﬁdnﬁeF6PﬁﬁlEhfﬁ)PrQ§§§§ﬂP?m$tHETsCFSCHCIF +

W (4) 15 1N tNEagase Al SRLAINIRebi sdeR ol igdIAReLRARe, a si de
reaction with hydrogen chloride nore proceéds as shown in the foll ow ng,

formula. 65) @ 26n{&{A&iconddthikh3ebatduia ¥r (h1oriber €habeiadf 46r the

fluorination step of (1), the acid content containing hydrogen chloride
produced is shown in the formula (4) or (5). The step of removing

the acid content is performed before the direct
fluorination reaction step. Examples of the method for
removing the acid content inecludes:

10 (1) in the case of containing a large amount of
unreacted hydrogen fluoride, a method of introducing an
effluent containing the acid content into a
distillation tower, extracting hydrogen chloride from
the top and extracting organic substance and hydrogen

15 fluoride from the bottom,

{(2) a method of contacting the hydrogen chloride
produced and unreacted hydrogen fluoride with a
purifying agent, and

(3) a method of washing the acid content with

20 water or alkali water.

In the present invention, the method for removing
the acid content is not particularly limited and, for
example, the method of (3) may be used. The alkali
used therein may be an aqueous sodium hydroxide

25 solution, an aqueous potassium hydroxide solution or
the like. The absorbed hydrogen fluoride may be
recovered and reused, and the gas passed through the

washing solution is dehydrated using a dehydrating

16



25 preferably renoved. The acid content is renbved so as to renove

unr eact ed hydrogen fluoride (excess hydrogen fluoride) and hydrogen

chl ori de asoaismgsopr oduct. Hydrogen 15 WO 01/ 98240 PCT/ JPCra®Bas36 f| uori de
brings about no adverse effect in the direct fluorination reaction step
but hydrogen chloride is preferably renoved because this product sonetines
causes an adverse effect such as production of a 5 chlorine-contai ning
conpound or chlagentestfor$ dee@isiteshown in the fornmula (4) or (5). The step

of- renoving the acjd content,is perfornmed before the direct fluorination
reaction step. Exanrﬁ}g‘ﬁsg%? PP (R T 82 %ﬁgp?ﬁ%e‘icgb"%ﬂ ent

ol udes: 10 ( hel ek Boc 0808 Ol SAALNLOG, S LAUOS AU LR, 40" o2Ct e

hydrogen fluoride, a ne uent contai nrng the acid
content into aj;npgushtibata®fc taRIFc GREERCEE Ntb YRR Oride from the
top and extracting organi c substance and hydrogen 15. fluoride fromthe
bottom %2) a maubeinated oy attid ngpaichéohywli tig ciydddgen dauopiddiicanaand
unreacted hydrogen fluoride with a purifying agent, and (3) a method of
washi ng the acii® svaRechtcawe.h HCRE Wat EFCots Rrefigrahdterempyed ey pr esent

i nvention, the t hod, for. renovi . . .
dqgtilging before gﬁ% direct fluorimnation reaction step.

CP3CHF; and main compounds which may be contained
in CF3CHF, are shown, together with respective boiling

10 points in Table 1.

Table 1

| compound Name Formuia | point (")

ﬁ Tetrafluoromethane CF, -128
Trifluoromethane : ' CHF 5 -84

.| Hexafluoxoethane : - CF3CF3 -78.1
Pentafluoroethane CP3CHF, -48.5
Chloropentafluoroethane | CF3CClF; -38.7.
2-Chloro-1,1,1, 2-tetrafluoroethane CF3CHC1F -12
2-Chloxro-1,1,1-trifluoroethane CF3CH,C1 6.1

15 The gas mainly comprising CF3CHF, is introduced’

into a distillation tower, then CF,, CHF3, CF3CF3,
CF3CHF; and CClF,;CF3 as the low boiling fraction are
extracted from the top of the distillation tower, and

CF3;CHC1F and CF3CH,Cl as the high boiling fraction are

17



the acid content is not particularly limted and, for exanple, the nethod
of (3) may be used. The alkali used therein may be an aqueous sodi um
hydroxi de 2go5@)sish ON, an aqueous potassi um hydroxi de sol ptT/gmn05256t he

| i ke. The absorbed hydrogen:fluoride nmay be recovered and reused, and the
gas passed through the washing solution is dehydrated using a dehydrating
16 WO 01/98240 PCT/JP01/ 05256 agent such as zeolite. The gas mainly

conpri si ng CF3CHEepaasall fdridiotple bbbeomCi dheontight boEDiwd NBrastteiprsomet i mes
contains as inpurities HCFC or CFC which is not conpletely 5 fluorinated
by the reaction ewtﬂadgﬂﬂwﬁygm'thﬁobpubomanﬁ cineudadieda inkoetb®iCFC or CFC i s
preferably renoved by, distilling before the direct fluorination reaction

step. CF3CHF2 anteafliirt &Wuﬁ‘ﬁérWHFEhf?‘r’é?r%ﬁe cﬂf'nt%enéﬁeplr‘ tr3digzear e

shown, together ectlv [ .. N Table 1
Conpound Nane St¥ %;#?t BO gggF%11 ° rif"%'éngT F?ﬂ%r%ﬁé?hane CF4

- -128 Tr'%'UOf0”@ﬁi&ﬁ“ﬁé}ﬂaita&ﬂeaHQﬁaEhQOﬁfgﬁiﬁﬁy%ecﬁagﬁﬁ é8mprisin
Pent af | uor oet hane CF3CHF2 -48.5 Chl oropentafluoroethane CF3CCL1F2 %8.7

CF3CHF,; extracted from the top, is preferably 0.02 vol%
or less. The distillate mainly comprising CF3CHF; is
used as a starting material in the direct fluorination
reaction with fluorine gas.

10 The step  (2) of reacting the gas mainly comprising
CF3CHF, with fluorine gas is described below.

The step (2) is performed in the presence of a
diluting gas and the gas mainly comprising CF;CHP,; is
set to a comcentration lower than the explosion range.

15 Specifically, the CF3CHF; concentration at the reactor
inlet is preferably set to about 6 mol% or less. The
diluting gas is a gas containing at least one selected
from the group consisting of tetrafluoromethane,
hexafluoroethane, octafluoropropane and hydrogen

20 fluoride, preferably a diluting gas rich in hydrogen
fluoride.

The amount of fluorine gas used is, in terms of
the molar ratio to CF3CHF,; (F,/CF3CHF;), suitably in the
range of 0.5 to 2, preferably in the range of 0.9 to

25 1.3. The reaction temperature is in the range of 250
to 500°C, preferably in the range of 350 to 450°C. If
the reaction temperature exceeds 500°C, the objective

CF3CF3 is disadvantageously cleaved to produce CF, and

18



2-Chloro-1,1,1,2-tetrafl uoroet hane CF3CHCI F -12

2-Chioro-1,1,1-trifl uoroethane CF3CH2C1 6.1 15 The gas nmainly corrprlsmg
CF3CHF2 i swontisesuced’ into a distillation tower, thenPCHIPOUEHSE, CF3CF3,
CF3CHF2 and CCI F2CF3 as the low boiling fraction are extracted fromthe
top of the distillation tower, and CF3CHCI F and CF3CH2Cl as the high
boiling fraction are 17 WO 01/ 98240 PCT/JPOL/ 05256 extracted fromthe
bottom The hi ¢# bbel Fﬁgeﬂi’%cﬂqmlnéﬂﬂr‘éﬁ%w%rém amelmittidtiri s circul ated

into the reactign with en fluor de of  t e 1 Her e he total

amount of the EGMByURY %ﬂdﬁén&ﬁFSWﬁ rcﬁﬂuc% %ﬁﬁg §; %1% aes r?eettj in the

distillate mai I&EXFC&;E% eggaFF%:l—fg J-'esxt:L agt gﬂagrggrat@e dyp, is preferably
e

0.02 volt or less stillate mainly conprising CFSCHFZ is used as a

starting mater b-ahctfoh Ne161P Prddedaki §ad | @i s riRAGIILOBrEbhr-éd UOri ne gas.
10 The step. (2) of reacting the gas mainly conprising CF3CHF2Z with

fluorine gas .is destrhéhmeitled dur pheisybpy (e lgnspdiboiniediout he presence
of a diluting gas and the gas. mainly conprising CF3CHF2 is set to a
concentration Eoemr tbﬁahei!%%km%m 8f fahges ook ppaéirndarly, the CF3CHF2

concentration at the_reagto nl et 's f t ot bout .6 | t
| ess. The ! di | dEPAEQas Eq%se é'eﬁ‘laént‘:ﬁ?]!t% %&%étaghéggﬁn%réasaé%%c?@drmf ro%rt he

group ConS'Stlnggae&eﬁﬁaiéd%ﬂg%”%ggagﬁample. trifluoromethane as HFC

and then the residue is distilled to separate, for -
10 example, hydrogen fluoride and organic substance. The
separated hydrogen fluoride is reused as the diluting
gas in the direct fluorination reaction of the step (2)
but may also be used as a starting material in the
- fluorination reaction of (1}. The composition of the
15 . organic substance separated greatly differs depending
.. on the diluting gas used for the reaction and in the
case of using a gas rich in hydrogen fluoride or in the
objective_CE3CF3,hthe organic substance obtained.
contains CF3CF3 as a main component. In the case of
20 using tetrafluoroﬁethane or octafluoropropane as the
diluting gas, the gas is purified by again performing
distillation. In either case, high-purity CF3;CF; can
be obtained by repeatedly performing the distillation
operation according to the compositional ratio of the
25 organic substance obtained.
In the distillation for purification of the
organic substance, although it may vary depending on

the compositional ratio, for example, an inert gas and
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hexaf | uor oet hane, octafl uoropropane and hydrogen 20 fluoride, preferably a
di'luting gas rich in hydrogen fluoride. The anobunt of fluorine gas used
is'i‘nterrrﬁloq‘f”9 e nolar ratio to CF3CHF2 (F2/ CF3CHF2), p&tyisodesass i N the
range of 0O , preferably in the range of 0.9 to 25 1.3. The reaction
tenperature is in the range of 250 to 500'C, preferably in the range of
350 to 450C. If the reaction tenperature exceeds 500C, the objective

CF3CF3 is di sadv@at ageeys! Yow! seveithd ErRiceduacatElerbehctdl WRR1/£923240
PCT/ JP01/ 05256 in the case of containing CClIF2CF3 as an inpurity, CClF3
I s di sadvant ageotosy o fpridcucdatsttudisbil etahageofer GCAFRRE3gasvimaiely i f it
is less than 250'C, the reaction slowy @roceeds and this is not
preferred. 5 Thecqmnﬁkﬁiqgompﬁ?a fif GFEERE gasfﬁ?%t?hﬁr &KPHe® apfom t he

reaction step of, (2) iIs not partlcularl (ﬁirﬁj d. .The. renai ni ng unreacted
fluorine gas may* ‘tﬁa‘f dr"&ﬁ?vé&tBy ﬁﬁd??ﬁf’y‘? sé')i‘a}ﬁﬁlt ony F?V‘Fﬁorécrl?%t“hane as
HFC  and ghen t alsS alhSt %kf&éaﬁ}%&% AL &:8%%9 dﬁ i ori
hydr ogen Iuor| ani c su ance separ at ed hydrogen Tl uoride
is reused as theffhdﬂs.tdm&reg@&thacta@ £ dne Gdnd e bEathenséesed i on of the
step (2) but may also be used as a starting material in the fluorination
reaction of (I|).dfEHE 1Gamion ttoweroand hehd ez gerind ys ebebahsing cfRyCised
greatly differs depending
is extracted from the bottom and introduced into the
third distillation tower to extract high-purity CF3CF3
10 from the top, thereby performing the purification. The
gas containing CClPF,CF3; collected from the bottom in
the third distillation may be circulated into the
reaction step with hydrogen fluoride of (1).
The thus-purified CF3CF; contains almost no
15 impurities and high-purity CFiCF3; can be obtained. The
purity thereof is 99.9997 vol% or more, and 1 volppm oxr
less of the compound having chlorine atom and 1 volppm
or less of pentafluordethane are contained as
impurities.
20 As the analysis method of CF3CF3; having a purity
of 99.9997 vol% or more, gas chromatography (GC) using
TCD method, FID method (each including the precut
method) or ECD method, or an instrument such as gas
chromatography mass spectrometer (GC-MS) may be used.
25 Use of CF3CF; obtained by the production process
of the present invention is described below.

The high-purity CPF3CF3; can be used as an etching

gas at the etching step in the process of manufacturing

20



on the diluting gas used for the reaction and in the case of using a gas.
rich in hydrogen fluoride or in the objective CF3CF3,.the organic
“substance wobmesaerd. contains CF3CF3 as a main conponen!’C’l‘llIPmmﬁé(case of 20
usi ng tetrafl uoronmet hane or octafl uoropropane as the diluting gas, the gas
Is purified by again performng distillation. In either case, high-purity
CF3CF3 can be obtained by repeatedly performng the distillation

operati on accordieegirondnetenmsodicei endl atae i eamfbe eed28sopgani ¢ subst ance
- obtained. In the distillation for purification of the organic_substance,

al though it maflearynded %?lcﬁ‘hgth(?n °1Fﬁ81€8n§6%‘? t¥oridie PEPFESS18F exanple, an
I nert gas and 1 n\é@ gé{l?f%%% i‘zng%&?%% as the I ow boiling

fraction are extrac s “distillation tower and

the gas mainly conpgi Eh@%x@é’e@é o'fsmﬁﬁﬁf%ﬁzﬁﬂﬁ%%s@hﬁcgﬁhﬁe%ﬁnd

I ntroduced into the second distillation tower 5 an inert gas and
trifluorsonet hadevaget fech cag 1@ lang TFracai timroxr ebiickCcEelmfiom the top of
the second distillation tower and the. gas mainly conprising CF3CF3 is
extracted fromtenmegonsbrg WP, ﬁm&eeéugiwaﬁm depopdtipni 294t i on t ower

to extract hi gh purlt CF3CF rgmthe to ere erform.ng the
purification. bﬁé HfRLh C%T 3%’0'1% é’&tﬁéﬁﬁ] omin the
third distill agbBQrQ§¥st¥%f”féyﬁliBeg Eﬁi& éénihick £film, cleaning
for removing unnecessary deposits accumulated on the
i0 inner wall of the apparatus, jigs and the like is
performed, because the produced unnecessary deposits
cause generation of particles and must be removed on
occasions so as to produce a f£ilm having good quality.
The etching process using CF3;CF3; can be performed
15 under various dry etching conditions such as plasma
etching and microwave eteching, and CFiCF3; may be used
by mixing it with an inert gas such as He, N; and Ar or

with a gas such as HCl, O and H, at an appropriate

ratio.
20
Examples
The present invention is described in greater
detail below by referring to the Examples and
Comparative Examples, however, the present invention is
25 not limited to these Examples.

Raw Material Example 1

In the presence of a fluorination catalyst,

21



reaction step with hydrogen fluoride of (1) The thus-purified CF3CF3
contains almost no 15 inpurities and high-purity CF3CF3 can be obtai ned.
The purityvidnefiisgedo i S 99. 9997 volt or nore, and 1 vol ppmpgiraph@isssof t he
conpound having chlorine atomand 1 vol ppm or |ess of pentafluoroethane
are contained as inpurities. 20 As the analysis nmethod of CF3CF3 having a
purity of 99.9997 vol % or nore, gas chromatography (GC) using TCD net hod,
FI D net hod (eachtienchunlogostieypee Wicclyetbng) wals EeBcreih@dih OIF ag:

i nstrunment such as gas chromatography nmass spectroneter (GC-MS) may be
used. 25 Use of BF3ERStibbn apyrsbune tofe OploMBet i anrgaciess tenpetrheupeesent
invention is described, bel ow. The high-purity CF3CF3 can be used as an

) Y
etching gas at PHe380chi 2 & dPliar erdigr BEEsstrmrchinnaetdvitensgof2¢ WO
01/ 98240 PCT/ JP 6 £1m.con or deyice and, al so can be used as a
cl eani ng gas at Otj(ﬁggggeﬁﬁg%gl%rf)eﬁﬁ%ﬁ%ﬁg'pE§8e§§a‘6'fl°m EEPeRg a
sem condugt or dexbgeinhkdalie Lr f act Lgi em_c r 5
devi ce such as LSl a#(lj TFT, aaptfrﬁaﬁ:%grogt ?%E%?%mgf s(p’g]f gﬁr%édaug?%g%%,
sputtering or vapempéeposidich,33ae¢ ahBeafl nblai srftxd etk fiatkon@adaghr Cui t

pattern. In the apparatus for formng a thin or thick film cleaning for
‘renovi ng unneces$8FyCHERAEFCHGuMA & déecandheeaction). After the

reaction, the removal of acid content and a
distillation operation were performed by a conventional
10 method, and the distillate was analyzed by gas
chromatography, as a result, crude CF3;CHF, (Raw
Material 1 of CP3CHF;) having a composition shown in

Table 2 was obtained.

15 . Table 2
Compound - Purity (vol%)
CF3CHF, 99.4513
CH5C1 0.0011
CHC1F, 0.0008
CHF3 0.0224
CClF, 0.08005
CF3;CC1F, 0.5216

- CF3CHCLF 0.0008
CF3CC1,F 0.0009
CF3CH,C1 0.0006

22



10 inner wall of the apparatus, jigs and the like is perforned, because .
t he produced unnecessary deposits cause generation of particles and nust
be removedvomi/sseaicasi ons so as to produce a film havi ngPGBERM{ERA6Ity. Thé
etching process using CF3CF3 can be perfornmed 15 under various dry etchi'ng
conditions such as plasma etching and m crowave etching, and CF3CF3 may be
used by mxing it with an inert gas such as He, N2 and Ar or wth a gas
such as HCl, 02 and H2 at an appropri ate ratio. 20 Exanples The present
invention is degg %rhgﬁgr g, pdetail below by referring to the
Exanpl es and npara Ies however, the present invention is 25
not limted to thesgaﬁmem:gﬁgl 1Raw &h;cgmzabbEaﬁﬂma;ﬁ tHe &bevieresence of a
fluorination catalyst, 21 WO 01/98240 PCT/JP01/ 05256 tetrachioroethylene
(Cd a=CC12) wadleseaibed metHodiwast repeatadly dlighiddedrbyod 0.4 MPa, a
reaction tenperature of 300'C and a nolar ratio HF/tetrachl oroethyl ene of
4 (firsk reacFPEﬁ?n'aWQ%é‘r?thPﬁe P@ﬁcﬁ‘brﬁ%lflﬁrtﬁhHPSSam*?%&y at a

reaction pressure o om MPa, .a reaction 3% C and a nol ar
rati o HF/int er fB8i §PE ?%3&%5?3%% ?1 eaction). After
the Material 2 of CF3CHF3)} having a compos1t10n shown in
Table 3 was obﬁained..
10 Pable 3
Compound - Purity {vol$%)
CF3CHF, 99.8009
CHC1F, 0.0002
CHF3 0.0038
CF3CC1lF, 0.1960
Catalyst Example 1
15 Into a 10 L-volume container containing 0.6 L of

pure water, a solution containing 452 g of
Cr(NO3) 3 9H,0 dissolved in.1.2 I, of pure watexr and 0.31
L of 28% agqueous ammonia were addéd.dropwise over about
1 hour while stirring under the control to give a

20 reaction solution having a pH of 7.5 to 8.5. The
resulting hydroxide slurry was filtrated, thoroughly
washed with pure water and then dried at 120°C. The

thus-obtained solid was pulverized, mixed with graphite
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reaction, the renoval of acid content -and.a distillation operation were
perforrred by a conventional 10 nethod, and the distillate was-analyzed by
gas’ chromatpgppsis as a result, crude CF3CHF2 (Raw Mat egdrtroihos2ds
CF3CHF2) having a conpositi-on shown in Table 2 was obtained. 15 Table 2
Conmpound Purity (vol % CF3CHF2 99.4513 CH3Cl 0.0011 CHClF2 0.0008 CHF3
0.0224 CCIF3 0.0005 CF3CClF2 0.5216 CF3CHCIF 0.0008 CF3CCl12F 0.0009

CF3CH2CI 0. 0006 &t \YReR1p88240i PET /KPRl /tdpA%% tiRgnAbh B1d al Theanpl e 2 Raw
Material 1 of CF3CHF2 obtained by the above- described method was

repeat edl y di sti Ideddelbp absatxyﬁ@mt@nalqimteﬂodt 400° ¢ hioxli sthdurat dnnvas
anal yzed by gas chromat ograph as a result, crude CF3CHF2 (Raw Materi al
2 of CF3CHF21 hawk Rd tX°g8RpS F?%nt%mw#nna Tabpiy St \REc@NSMedThis Tabl e

3 catalyst precursor was filled into an Inconel-made

5 reactor and subsequently subjected to a fluorinatiom
treatment (activation of catalyst) at an atmosphe;ic
pressure and 350°C in an atmosphere of HF diluted with
nitrogen, then ip a 100% ﬁF stream, and further at
450°C in .an atmosphere.of HF diluted with nitrogen to

10 prepare a catalyst.

Catalyst Example 2
Into a 10 L-volume container.containing 0.6 L, of
pure water, a solutiom containing 452 g of
15 Cr(NO3)3°9H;0 and 42 g of In(NOs)s'nH;0 (n is about 5)
dissolved in 1.2 L of pure water, and 0.31 L of 28%
agqueous ammonia were added dropwise over about 1 hour
while stirring under the control of respective flow
rates of two aqueous solutions to give a reaction
20 solution having a pH of 7.5 to 8.5. The resulting
hydroxide slurry was filtrated, thoroughly washed with
pure water and then dried at 120°C for 12 hours. The
thus-obtained solid was pulverized, mixed with graphite
and then pelletized by a tabletting machine. The
25 ¢ pellets obtained were calcined at 400°C for 4 hours in
a nitrogen stream to obtain a catalyst Precursor. Into
an Inconel-made reactor, the catalyst precursor was

filled and subsequently subjected to a fluorination
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Conmpound Purity (volt) CF3CHF2 99.8000 CHC1F2 0.0002 CHF3 0.0038 CF3
CCLF2 0.1960 Catalyst Exanple 1 15 Into a 10 L-vol ume contai ner contai ning
0.6 L of woorsasmter, a solution containing 452 g of CPCRIBNABSBEH20
di ssolved in 1.2 L of pure water and 0-31 L of 28% aqueous ammpnia were "
added dropwi se over about 1 hour while stirring under the control to give
a 20 reaction solution having a pHof 7.5 to B.S. The resulting hydroxide
slurry was fil trakt@ent h(raugiationnafheatalyst)pume thet eamandathen dried at
120' C. The thus-gpbtained solid was pul verized, mxed with graphite 23 WO
01/ 98240 PCT/ JPB11B5S3R L% Y wlﬁeEI EP i DXRPARP & CaBPLYEFng nachine. The
pell ets obtained were calcined at 400C for 4 hours in a nitrogen streamto
obtain a catal yst precursor. This catalyst precursor was filled into an

| nconel - made 5 (k@aeh0é ﬁndsgggqgguent |y subjected to a fluorination
treatment (activation of catalys at an atnospheric pressure and 350'C in

an atnosphere of HFImitd Wredndohkl 606 +EweN rdatadri Ratidd0de Hmsdy eam and
further at 450" C in.an atnosphere of HF diluted.with nitrogen to 10
prepare a cat afjameter of 1 inch and a length of 1 m, 150 ml of the
catalyst prepared in [Catalyst Example 1] was filled,
and the temperature was elevated to 440°C while passing
nitrogen. Thereto, hydrogen fluoride was fed at 3.5
10 NL/hr and then Raw Material 1 of CF3CHF, obtained in
[Raw Material Example 1] was fed at 3.5 NL/hr. The
feeding of nitrogen gas was stopped and the reaction
was initiated. After 2 hours, the exhaust gas was
washed with an agueous potassium hydroxide solution to
15 “ remove the acid content and thereafter, the gas
' composition was analyzed by gas chromatography, as a

result, a gas having a composition shown in Table 4 was

obtained.

20

25
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Cat al yst Exanple 2 Into a 10 L-volune container containing 0.6 L of pure
wat er, a solution containing 452 g of 15-Cr (N03) 3' 9H20 and 42 g of in
(NGB) 3' nH2 js$godbout 5) dissolved in 1.2 L of pure wgis 3eks0. 31 L
of* 28% aqug(l)éj@/dg?}‘ﬁ‘?oni a were added dropw se over about 1 hou{mﬂhﬁﬁ%
stirring under the control of respective flow rates of two aqueous
solutions to give a reaction 20 solution having a pHof 7.5 to 8.5. The
resulting hydroxide slurry was filtratgd, thproughly washed with pure
water and then dried at 120'C for 12 hours. The thus-obtained solid was
pul verized, m xed with graphite and then pelletized by a tabletting

machi ne. The 25 pellets obtfined were calciined at 400 C1g¢r 4 hours in a
nitrogen streamto obtain acat @oypbupdecul Sniritnt Broid) l[nconel - made
reactor, the catalyst precufsor was filled and subsequenily subjected to a
fluorination 24 WO 01/ 98240 | PCT/CYPCEFH5256] tr &H.32A8 (acfi vati on of
catalyst) in the sanme mannef as in Catalys$t Exanple 1 tojprepare a

catal yst. (Exanmple 1) Step (1) %Fento an |hcond.09438-typelreactor having an

inner dianmeter of 1 inch apd a Jength of | m 150 nl of fhe catalyst
prepared in [Catalyst Exarrp--e—]r]gggé-s—f—i—l—Le-t, 2 erature was
el evated to 440' C whil e pass$i ng ~pniirogen. | There hydr ogen fl uori de was
fed at 3.5 crith; 0320

CF3CClF, 0.0156

CF3CHC1F 0.0112
CP3CH,C1 0.0011
5 (Example 2) Step (1)

A reaction and an analysis were performed under
the same conditions through the same operations as in
Example 1 except for filling 150 ml of the catalyst
prepared in Catalyst -Example 2 as the catalyst. The

10 analysis results are shown in Table 5.

15
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10 NLj hr and then Raw Material 1 of CF3CHF2 obtained in [Raw Material &
Exanple 1] was fed at 3.5 NL/hr. The feeding of nitrogen gas was stopped
and the rapobhi/mmo was initiated. After 2 hours, the exhzostrmasseas washed
with an aqueous potassi um hydroxi de solution to 15 renove the acid content
and thereafter, the gas conposition was anal yzed by gas chromatography, as
a result, a gas having a conposition shown in Table 4 was obtained. 20
25 25 WO 01/98240 PCT/ 001/ 05256 Tab¥&bXe Gnpound Purity (vol %9 CF3CHF2
99.3273 CF4 0.0113 CHF3 0.0215 CF3CF3 0.6120 CF3CClF2 0.0156 CF3CHC F

0.0112 CF3CH2A 0.0011 (Exanple 2) ep (1) A reactjon and an anal ysis
were performed under the|lsane conditiong through the shne operations as in
Exanpl e | except for fill|{ng €ompoyndyt ¢ hPuriity] J¥pl¥hrbpared in
Cat al yst - Exanple 2 as the caE&Lxﬁﬁé The 992732

CF, - 0.0170

CHF3 0.0212

CP3CF; 0.6720

CF3CC1F, 0.0068

CF3CHC1F 0.00698

CFsCH,CL |  0.0015

As is apparent from the analysis results shown in
5 - Table 5, when a 'fluorination catalyst obtained by
w-adding indium to chromium is used, the conversion ratio

~=70f CCLF,CF3 to CF3CF;3 is'improved.

{Example 3) Step (1)

10 A reaction and an analysis were performed under
the same conditions through the same operations as in
Example 1 except for changing the reaction temperature

to 300°C. The analysis results are shown in Table 6.

15
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10 anal ysis results are shown in Tabhle 5. - 15 26 WO 01/ 98240 PCT/JP01/ 05256
Tabl € 5 ‘Conpound Purity (vol % (CF3CHF2 99.2732 CF4 0.0170 CHF3 0.0212
CF3CF3 0. 6730 ofsfs34eCLF2 0. 0068 CF3CHCI F 0. 0098 CF3CH2CL pemdPdiz0st5s

i s:apparent fromthe analysis results shown in 5 Table 5, when a
fluorination catal yst obtained by adding indiumto chromumis used, the
conversion ratio of CClIF2CF3 to CF3CF3 is inproved. (Exanple 3) Step (1)
10 A reaction and an anal ysis were perf 8ehdd 6nder ' the same conditions
through the same operations as in Exanple 1 except for changing the
reaction tenperature to 300C—Fhe—analysis+results—are ghown in Table 6.

15 27 it WO 01/98240 PCT/JP)l/Oég%gégggble’ ﬁLrity (vol%)
CF3CHF, 99.4314
CF, 0.0023
CHF; 0.0221
CP3CPy 0.0387
CF3CC1F, 0.4829
CF3CHCIF 0.0012
CF3CH,CL 0.0005

(Example 4) Step (1)

5 A reaction and an analysis were performed under
the same conditions through the same operations as in
Example 1 except for changing the reaction temperature

to 500°C. The analysis results are shown in Table 7.

10

15
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Compound Purity (volt) CF3CHF2 99.4314 CF4 0.0023 CHF3 0.0221 CF3CF3
0.0387 CF3CCl1F2 0.4829 CF3CHCIF 0.0014 CF3CH2C1 0.0005 (Exanple 4) Step
(1) 5 A raesbirsmoand an anal ysis were perforned under eoBIManEseonditions
t hrough the sane operations as in Exanple 1 except for changing the
reaction tenperature to 500'C.. The analysis results are shown in Table 7.
10 15 28 WD 01/98240 PCT/ JP01/ 05256 Table 7 Conmpound Purity (vol %

CF3CHF2 99.19 48 CF4 0.1488 CHF3 0. 0%@&8le OF3CF3 0.5880 CHCLF2 0.0069
CF3CC1F2 0.0148 CF3CHCLF 0.0256 CF3CCl2F 0.0021

Compound Purity fﬁol%)
CF3CHF, __99. 1948

CF, 0.14$§

CHF, 0.0168
CF3CF; 0.5880
CHELF, 0.0069 '
CF3CCLF, . 0.0148
cracnélr ___0.0256
CF3CCL,F 0.0021
CF3CH,C1 0.0022

. (Example 5) Step (1) + Step (2)

5 s Into an Inconel Goo—type reactor having an inner
diameter of 1 inch and a length of 2 m, 150 ml of the
catalyst prepared in [Catalyét Eiample 2] was filled,
and the temperature was elevated to 430°C while passing
nitrogen. Thereto, hydrogen fluoride was fed at 5.0

10 NL/hr and then Raw Material 2 of CP3CHF2; obtained in
[Raw Material Example 2] was fed at 8.0 NL/hr.
Subsequently, the feeding 6f nitrogeg gas was stopped
and 2 hours after the initiation of the reaction, the
exhaust gas was washed with agqueous potassium hydroxide

15 solution to remove the acid content. The resulting gas
composition was analyzed by gas chromatography, as a

result, a gas having the composition shown in Table 8
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CF3CH2A  0.0022 (Exanple 5) Step (l) + St ep (2) 5 Into an Inconel 600-type
react or ‘having an inner diameter: of" 1 inch and a |l ength of 2.m 150 m of
the catal ysjopiRpared in [Catal yst Exanple 2] was fill edporapédshs
tenperature was el evated.to 430' C while passing nitrogen. Thereto,
hydrogen fluoride was fed at 5.0 10 NL/hr and then Raw Material 2 of
CF3CHF2 obtained in [Raw Material Exanple 2] was fed at 8.0 NL/ hr.
Subsequent |y, theakeeBtagn&d.nitrogen gas was stopped and 2 hours after
the initiation of the reaction, the exhaust gas was washed w th aqueous
pot assi um hydr oxi de 25 solution to renove the acid content. The resulting
gas conposition was anal yzed by gas chromat ography, as a result, a gas
having the conposition shown in Table gTapge 01/98240 PCT/JPOL/ 05256 was
obt ai ned. Table 8 Compound Purity (vol% CF3CHF2 99. 7922 CF4 0.0018 CHF3

0.0036 CF3CF3 0.1980 CF3CeHZ2—6—08608—c3aHEH—0-0036—45
Compound Purity (vols%)
CF3CHF, 99.7922
CFy 0.0018
CHF3 0.0036
CF3CF3 0.1980
CF3;CC1F, _ 0.0008
CF3CHC1F 0.0036 |
5
The gas having the composition shown in Table 8
after the removal of the acid content was collected
under cooling and purified by distillation according to
a conventional method. The gas obtained after the
10 purification was analyzed and the results are shown in
‘Table 9.
15
20

30



The gas having the conposition shown in Table 8 after the renoval of the.
acid content was collected wunder cooling and purified by distillation
accordi ng woomeseenvent i onal nmet hod. The gas obtai ned af PETIRNIGS256 '
purification was anal yzed and the results are shown in Table 9. 15 20 ‘30
WO 01/98240 PCT/JP01/ 05256 . Table 9 Conpound Purity (vol% CF3CHF2 99. 7950
CF4 0.0019 CHF3 0.0035 CF3CF3 0.1988 CF3CClF2 0.0008 As is apparent from
the analysis results shown in 5 Tabl®aBleb¥y performng distillation,

chl orotetrafl uoro- ethane can be nostly renoved. using the gas mainly
conprising CF3CHF2 after the——ypuriticationby distillation obtained
above, a direct fluorination reactu n w t.h f.l uor| n ap was perforned. 10
An | nconel 600-type react 31=—-h-g-v-i'3¥ “é] u.tumi(t b?%g 20.6 mmt and a

| ength of 500 mm (using &. h@guhﬁg systnnl g;_agsglectrlc heater; the
‘reactor had been subjected—to apdassrvaftrom treatnment—w th fluorine

U

CF, 0.0019
CHF3 - 0.0035
CF1CF3; 0.1988
CF3CCLF, 0.0008

As is apparent £from the analysis results shown in
5 Pable 9, by performiﬁg distillation, chlorotetrafluoro-
ethane can be mostly removed.

Using the gas main;y-comprising CF3CHFz after the

}ipurification'by distillation obtained above, a direct

_fluorinationzreaction with fluorine:gAS was performed.

10 An Inconel 600-type reactor having an inner
diameter of 20.6 mmd and a length of 500 mm (using a
heating system by an electric heater; the reactor had
been subjectgd to a passivation treatment with f£luorine
gas at a temperature of 500°C) was heated to a

15 temperature of 420°C while passing nitrogen gas at 30
NL/hr.

Then, hydrogen fluoride was fed at 50 NL/hr, and
into one gas flow diverged from the diluting gas, the
gas mainly comprising CF3;CHF; was fed at 3.5 NL/hr.

20 Thereafter, fluorine gas was similarly fed at 3.85 NL/h
to another gas flow diverged from the diluting gas to

perform a reaction. After 3 hours, the reaction
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gas at a tenperature of 500 CD was heated to a 15 tenperature of 420'C
whi | € pdassing nitrogen gas at 30. Ni/hr. Then, hydrogen fluoride was fed at
50° NL/ hr, aRrggoisbéy One gas flow di verged fromthe diluti KoTPteskie  0as
mai nly conprising CF3CHF2 was fed at 3.5 NL/hr. 20 Thereafter, fluorine gas
was simlarly fed at 3.85 NL/h to another gas flow diverged fron1the
diluting gas to performa reaction. After 3 hours, the reaction 31 WO

01/ 98240 PCT/ JPO}kBadee g#s: Mtw&%d}/\/&&mfa&hedqﬁ%&&b o tAPLAQES Ppot assi um
hydr oxi de sol uti on and an aqueous potassiumiodide solution to renove

hydr ogen fl uori deydnoxiife esslwdiorf landr aneagasouSubssipteinind \odiide gas
conposi tion was 5 anal yzed by gas chronatography. The analysis results are
shown in Tabl e 16°1ubbPRe 49 Wmmdweﬂﬁlyf}v@%e B oarzaptedol CF4

0. 0456 CF3CF3 99,9536 CF3CClE2 0007 _ 10 The gas after ,the renoval of
the acid content THECTIRG| §3%+ eﬁ“ﬁﬁﬁg’t’e‘&m'l n‘bhear?%spﬁPF‘PPéathd‘f’ﬁl |l ation.

The gas afg er thgngﬂrké&cﬁ'&a& V@ﬁ'o?ﬂ%%fgghgy 922 analysis results

are shown in Table 10.

Table 10

Compound Purity (vol%)
CF3;CHF, 0.0001
CFy 0.0456
CF3CF, 99.9536
CF3CCIF, 0.0007
10
The gas after the removal of the acid content was
collected under cooling and purified by distillation.
The gas after the purification was analyzed by gas
chromatography using TCD method, FID method, ECD method
15 and GC-MS method, and the analysis results are shown in

Table 11.
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chromat ogr aphy using TCD net hod, 'FI D net hod, ECD nethod 15 and GC-MS
‘nmethod, and the analysis results are shown in Table 11. 32 WD 01/98240
PCT/ JP01/ G bmes2dbabl e 11 Conpound Purity (vol % CF3CHFRCOI®I1INSSHpmM CF' s’
<0.4 vol ppm SF6 <0.4 vol ppm CF3CClF2 <0.1 vol ppm CF3CF2 99.9998 vol % 5"
As is apparent fromthe analysis results shown in Table 11, CF3CF3 after
the purification contains alnost no other inpurities, thus, high-purity
CF3CF3 is obtained and the purity thereof is 99.9997 volt or nore. 10
(Conparative Exanple 1) An Inconel 600-type reactor having an inner

di anmeter of 20.6 mm¥ and a | ength of Tdde At (using a heating system by an
electric heater.; the reactor had been subjected to a passivation
treatment with fluorine lpgas—at—atenperature—of—566) was heated to a
tenperature of 420C whil e| pasghRediid I 09P b 3A%yAYy39a) N/ h. Then, hydrogen
fluoride was fed at 50 NL{twT—and nto pne gas frow diverged fromthe
diluting gas, Raw 20 Mategri akriced, CF3OIHR. phicappad | nj (Raw Materi al

Exanpl e T

CF, <0.4 voippm
SPe 0.4 vdlppm
CF3CClF, <0.1 volppm
CF,CF, 99.9998 vol%
5 As is apparent from the analysis results shown in

Table 11, CF3CPF3; after the purification contains almost
no other impurities, thus, high-purity CF3CF; is

@;obtainéd and the purity thereof is 99.9997 vol% or more.

10 (Comparative Example 1)
An Inconél SOO—Eype reactor having an inner
diameter of 20.6 mnd ard a length of;soc.mm (using a
heating system by an electric heater; the reactor had
been subjected to a passivation treatment with fluorine
15 gag at a temperature of 500°C) was hgéted to a
temperature of 420°C while passing nitrogen gas at 30
NL/h. |
Then, hydrogen fluoride was fed at 50 NL/hr, and
into one gas flow diverged from the diluting gas, Raw-
20 Material 1 of CF3CHF; obtained in [Raw Material Example
. 1] was fed at 3.5 NL/hr. Thereafter, fluorine gas was

similarly fed at 3.85 NL/h into another gas flow
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1] was fed at 3.5 NL/hr. Thereafter, fluorine gas was sinilarly fed at
3.85 NL/h into another gas flow 33 WD 01/98240 PCT/JP01/05256 di verged
fromthe di lgdbixsksas to performa reaction. After 3 hourggrdebfesegact i on
product gas was washed with an aqueous potassi um hydroxi de solution and an
aqueous potassiumiodide solution to renmove hydrogen fluoride 5 and
unreacted fluorine gas. Subsequently, the gas conposition was anal yzed by
gas chromat ogr apiyvefhea féth Wie diautlihg a6 66 PEridrml aDhRabZiohabl e 12
10 Compound Purity (vol% CF3CHF2 0.0003 CF4 0.0568 CCl1F3 0.0036 CF3CF3
99. 4160 CF3CC|] Faf0e5233hgvsrs s tdpparcact-ibroprodectarngds)/ sias washletiswibhwn in
Table 12, when CF3CHF2 containing a conpound having chlorine atomwthin
the nmol ecul e as PRpBEFEPRS RQtapsiugy bydgonifs $elmpiare agds anCcegpgous
(chlorotrifluoropne nce diffic to _separate, is

h whi ch i b t
produced. Then, Pﬁéagg’g‘)‘%a’v‘%‘ﬁ&% %@q@iﬁﬁgts?f’iB?f“%%m%rr?ge?aﬁllﬁ ¥398fter the

removal ofg the aghg gRPLEM @S vorine gas. Subsequently, the gas

composition was analyzed by gas chromatography. The

analysis results are shown in Table 12.

Table 12
19
.Compound Purity (vol%)
CF;CHF, 0.0003
CF; - |- 0.0568
CC1lF3 0.0036
CF;CF3 99.4160
"CF3CC1lP. - 0.5233
As is apparent from the analysis results shown in
Table 12, when CF;CHF, containing a compound having
chlorine atom within the molecule as impurities is
15 reacted with fluorine gas, CClF,
(chlorotrifluoromethane) which is a substance difficult
to separate, is produced.
Then, the gas having the composition shown in
Table 12 after the removal of the acid content was
20 collected under cooling and purified by distillation.

The gas obtained after the purification was analyzed

and the results are shown in Table 13.
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20 col l ected under cooling and purified by distillation. The gas obtai nhed
after the purification was analyzed and the results are shown in Table 13.
34 WO 01/ 98@dMes@T/ JP01/ 05256 Tabl e 13 Conpound Puri t yPCUIRPS2SCFICHF2
0.0003 CF4 <0.0001 CC1F3 0.0036 CF3CF3 99.9959 CF3 CCIF2 <0.0001 5 As
is apparent fromthe analysis results shown in Table 13, CC1F3 is a
conpound hard to separate. EFFECTS OF THE | NVENTI ON As described in the
foregoi ngs, by using starting 10 gas m xture contai ning CF3CHF2 and a
conpound having chlorine atom hlgthurlt CF3CF3 can be produced, and

t he high-purity CF3CF3 produced acco GP&G ¥ the present invention can be
used as an etching gas or a cleaning gas in the process. of manufacturing

a 15 sem conduct or devi ce—35—wWoo0te8H4—+—+H++H—++—+t+t-1 1" 1" 1~ 11|
PCT/JP01/05256 N S 111111 CLALMRWha A Pl 3583%yf QolEPdci Ng
hexaf | uor oet hane,

CF4,CHF, 0.0003

CF, <0.0001

CClF; . 0.0036

CF3CF3 99.9959

CFaCClP, <0.0001

5 As is apparent from the analysis results shown in

Table 13, CClF3 is a compound hard to separate.

EFFECTS OF THE INVENTION
As described in the foregoings, by using starting
10 . gas mixture containing CF3;CHF, and a compound having
chlorine atom, high-purity c?3CF3 can be produced, and
the high-purity CF3CF; préduced according to the
present invention can be used as an etching gas or a
cleaning gas in the process of manufacturing a

15 semiconductor device.
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conprising the follow ng two steps: 5 (1ij—a-step-of reacting a gas mxture

containing pentafluoroethane andta.conpound havi ng chlorine atom wth

hydrogen f| way dikg24don t he gaseous M”mu"ﬂ(ﬂu,'”m‘sﬁgcgt gmmgfﬁgmfﬁo“?% [ gn

catalyst to fluorinate said conp
step of reacting the gas mixture containfnd" pentaf.| uoroethane and the
fluorinated conpound obtained in said step (1) with a fluorine gas in the
gaseous phase in the presence of a dil wtiagmMggas. 15 2. The process for
produci ng hexafl uoroethane as claimed in claim1, wherein said conpound
having chlorine atomis at |east one conpound selected from the group

consi sting of chioronethane, chlorotrifl uoronethane,
chl or opent af | uor det hafhePT2%e%E A% PFOSRCing BrERt apkeethane,

chiorotetrafluor n chl orot.ri f l.uor get hape and
chl orotrifluoroe ﬁ%?gﬁg%ng3£hﬁTé?ﬁ%9¥33§s%F8rsg? %Ucing hexaf | uor oet hane as

claimed imclaiml or(2) Mer& e Beaketal aNPStnOfrurd éoh‘ﬁ:a@.ﬂ'iﬂ?und

having chlorine atomcontained in the gas mXture of the step (1) is 1
vol % or | ess. 4. pé&heaplosossctaie pnddaccbgpbexafl havineidare-ias a36mV\O
01/98240 | 1111111111111111)11111111111: |1PCT/JP01/ 05256 ¢ L clainmed in
claim1l or 2, whwithphy@eogen filvonidet iof thhecgzonpos mhameiimg thel ori ne at om
contained in the gas nixtgre of the sqeg g1% is 0.5 vol % qr |ess.
_ presence of a fluorinatio atalyst to fluorinate said
compound having chlorine atom; and
10 (2) a step of reacting the gas mixture containing
pentafluoroethane and the fluorinated compound obtained
in said step (1) with a fluorine gas in the gaseous

phase in the presence of a diluting gas.

15 2. The process for producing hexafluoroethane as
claimed@ in claim 1, wherein said compound having
chlorine atom is at least one compound selected from
the group consisting of chloromethane,
chlorotrifluoromethane. chloropentafluoroethane,

20 dichlorotetrafluoroethane, chlorotetrafluoroethane,

chlorotrifluoroethane and chlorotrifluoroethylene.

3. The process for producing hexafluoroethane as
claimed in claim 1 or 2, wherein the total amount of
25 the compound having chlorine atom contained in the gas

mixture of the step (1) is 1 vol% or less.

4. The process for producing hexafluoroethane as
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5 S. The process for produ hane as claimed in any gne of _
clains 1 to 4, wherein in said step (1), the fluorination catalyst is a
bul k cat alwebni/sadst ai ned by m,' T t n oxi de of PCTMPOMEFIN 10 6. °
The process for producing h HMHHMVH’FS clainmed in any one of )
claims 1 to 5, whereinin sail Stép ¢1)s tfie tenperature at the reaction
with hydrogen . fluoride in the presence of a fluorination catalyst is in
the range of 1508aipedgbn Glaim 1 oF 2Theheretrsthea diotplodueuny of

hexaf | uor oet hane as cl ai one of clains 1,to_6, wherein in said

d.i,n an .
step. (1), the frBfaforReY 2 Bééﬂrf'?ﬁo??‘ﬁ‘é/‘iﬂnd%ﬁ?‘@d LBHER&RR® cont ai ned
in the gas m x .S 1, 20.0 Dt The process for
produci ng hexa?#%g?%gt gnéeﬂggssrt%%lggﬂmgsiIr’f%n‘gﬂo%geo%oflgcszﬁéi ne 1 to 7, wherein
a step of renoving an acid content containing hydrogen chloride 25
produced is conducted before said step (2). 9. The process for producing
hexaf | u@ oet hafie asThe|prowsts foanprodeciig HeaflubrbetBanatws ein a step of
37 WO 01/98240 | 111111 111221 1101111221 11 1111 PCT/JP01/05256 C M 'S
separating chl taieed ain (RBHOONRaRE GhHAIBE LHivrot MherpiRotBeAFthe, and -
;g;g[ nng the chegrg e}( rgffe' 491,985 180 Con 20N Ay Q" O Lh {4 UL OB ANe

obtained by adding indium to an oxide of chromium.

10 6. The process for producing hexafluoroethane. as
claimed in any one of claims 1 to 5, wherein in said
step (1), the temperature at the reaction with hydrogen
fluoride in the presence of a fluorimnation catalyst is
in the range of 150 to 480’C7

15

7. The process for producing hexafluoroethane as
:claimed.in any one of claims 1 to 6, wherein in said
step. (1), the molar ratio of hydrogeq fluoride/organic
substance contained in the gas mixtuxe is in the range

20 of 0.5 to 5.

8. The process for producing hexafluoroethane as
claimed in any ome of claims 1 to 7, wherein a step of
removing an acid content containing hydrogen chloride

25 produced is conducted before said step (2).

9. The process for producing_hexafluoroethane as

claimed in any one of claims 1 to 8, wherein a step of
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i s couducted,.before said st
hexaf [ uor oet hane as

cess for producing

clainmed in any one of clainms 1'to 9, wherein in said

step (2), tReobhMsada anount of "m Em] ng chl ori neTakeRseent ai ned
in-the gas mxture is 0.02 vol H Bmllﬂm ﬂm The process for producing

hexaf | uor oet hane as

step (2), the fluorinated conpound contained in the gas 15 m xture.is
mai nly conposed sépaexaidg aeirdiaeerafliord&thii®casyy or0chpbodueing
hexaf | uoroethane as <clained in any one of clains | to 11, wherein in said
step (2), the difhu¢¥@PEhEP¢é;aydgastuaniaﬂnthg chlaxsgstra§luacoethaseed

clainmed in*any dne"f Sclains 1 to 10, wherein in said

fromthe group conS|st|n t.etrafl uoronet hane, hexafl uor oet hane

oct af | uor opr opan@®d ?éhﬁ%ﬁﬁﬁ+fﬂP86PFHEaniSSeH?E?ﬁﬁqo6@5§ FoPtﬁPoéﬁblng
hexaf | uor oet hane, as ne. of alns 1to 12, wherein in
said step (2), %% C%E?ﬁ I ng gé?rf é éas r c n hydrogen fluoride. 38 WD
01/98240 Is 11111111121121221222 11112 112 1if PCT/JP01/05256 CL MS 14. The

process for produci ng hexafl uoroet hane as

claimed in any one of clains 1

to 13, wherein inosaiThe Jimprelsd) forhprbéupliqthea Aucrbethanet 4&n of gas

10

i5

20

25

claimed in any one of claims 1 to 9, wherein in said
step (2), the total amount of the compound having
chlorine atom contained in the gas mixture is 0.02 vol%

or less.

-21. The process for producihg hexafluoroethane as

claimed in any one of claims 1 to 10, wherein in said
step (2), the fluorinated compound contained in the gas

mixture is mainly  composed of hexafluoroethane.

12. The process for producing hexafluoroethane as
claimed in any one of claims 1 to 11, wherein in said
step (2), the diluting gas is a gas containing at least
one selected from the group consisting of
tetrafluoromethane, hexafluoroethéne, octafluoropropane

and hydrogen fluoride.

13. The process for producing hexafluoroethane as
claimed in any one of claims 1 to 12, wherein in said
step (2), the diluting gas is a gas rich in hydrogen

fluoride.

38



m xture containing the fl ' nd with 5 fluorine gas&&s.,gnthe
range of 250 to 500C. 15. The process for produci ng hexafl uoroethane as
cl ai med i rwanysseswe of cl al ’"ﬂ m nin said eCEIPIIA256t he
tenperature at the reaction @l’m" me containing the fluorinated "
conpound with fluorine gas i's Yn'the range of 350 to 450C. 16. A
hexal uor oet hane product conprising hexafl.uoroethane having a purity of
99. 9997 vol % oAd4.15Thererodess Tex mgéﬂcymdaxaeﬁi@omos@bene as clained in
claim 16, wher in the, content of the ¢onpound having chlorine jatomis 1

vol ppm or | ess ﬁamfﬂe"%o?ﬂ%rﬂneont ﬁéaiﬁsp%n’f%ﬂ%or”’&@FﬁéﬁelPssil@ol ppm or
| ess. 18. An ets%gbz tﬁ;é)c %AQuEQeaPe%&?é II%% %q'%HaQEG%Q%OdUCt descri bed

in claim16 or _ &N ng gas conpri'sin | uor oet hane
pr oduct descr|h@ﬂthﬂecééﬁiaiHiﬂy'tig f@@orlnated compound. with

5 fluorine gas is in the range of 250 to 500°C.

15. The process for producing hexafluoroethane as
claimed in any one of claims 1 to 14, wherein in said
step (2), the temperature at the reaction of gas

10 mixture containing the fluorinated compound with

fluorine gas is in the range of 350 to 450°C.

16. A hexafluoroethane product comprising
hexafluoroethane having a purity of 99.9997 vol% or

15 more.

17. The hexafluoroethane product as claimed in claim
16, wherein the content of the compound having chlorine
atom is 1 volppm or less aﬁd the content of the

20 pentafluoroethane is 1 volppm or less.

18. An etching gas comprising the hexafluoroethane

product described in claim 16 or 17.

25 19. A cleaning gas comprising the hexafluoroethane

product described in claim 16 oxr 17.
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