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DETAILED DESCRIPTION OF THE INVENTION
Technical Field of the Inventionl.
i5 The present invention relates to a process for
producing 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 with
fluorine gas in the gaseous phase in the presence of a

diluting gas, and also relates to the use thereof.
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Gazette. (54) T| t I,;ac SS FOR PRODUCI NG HEXAFLUORCETHANE AND USE THEREOF

O (57) Abstract® 535 &s’ent inventi on intends to provide a process for

produci ng CF3CF3 W|t Y ~HS 3HF2 con- taining a
0080 BESGA A oY cHakd 4 Bl N9

conpound havi ng chl ori ne atom w t OF aFitf
process of the fARAhg RYERAGEOhavd: BRSnMhEt Srore known :

In the

(1} a method of fluorinating perchloroethylene
i¢ {CC1,=CC1,) 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
chloropentafiuoroethane {(CCIF,CF3}, and
(3) a method of reacting a fluorine gas -with a
halogen-containing ethylene (see, JP-A-1-38034).
When these methods for producing CF,;CHF,

_20 gre used, the objective CF3CHF, contains a compound
having chlorine atom within the molecule as main
impurities. fThe éompound having chlorine atom within
the molecule includeé a compound having one carbeon atom
ﬁithin the molecule, such as chloromethane,

25 chiorodifluoromethane and chlorotrifluoromethane, a
compound having two carbon atoms within the molecule,
such as chloropentafluoroethane, dichloro-

tetrafluoroethane, chlorotetrafluoroethane and
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0 contai ning CF3CHF2 and a compound having chlorine at 1.t 0l
nol ecule is reacted wth hydrogen fluoride in the presiﬂO\éﬂeﬁB"'ngﬁﬁ

fluorination catal yst, thereby converting CCLF2CF3 as a nain inmpurity into
CF3CF3, and CF3CHF2 containing CF3CF3 is reacted wth fluorine gas in the
gaseous phds@%%¥¥24¥he presence of a diluting gas. 1 NoverR6EHPHIHSHE WO

01/ 98240 PCT/JP01/ 05256 DESCRI PTI ON Process for Produci ng Hexafl uor oet hane
and Use Thereof 5 CROSS REFERENCE TO RELATED APPLI CATI ON This application
is an application filed under 35 U S.C 111(a) claimng benefit pursuant
to 35 U.S.C 1985 uifgroppethane npathed spspEevd tsdmanponpdl sealt i on

60/ 230,806 filed_o te r. 7 000, 10 pursuant to 35 U S. C. 111(b).
DETAI LED DESCR %’h %@%qﬁgﬁpm&?m&chm cal Field of the Invention 15
The present inventi oh n@ledtc8get 85 FHIVRRESS EQECFapﬂpdyc&J{}:gchexafl uor oet hane,
*conprising a step of reacting a gas m xture contai ning pentafl uoroethane
and a conpoundfhaming tdlenoreaet ibw o fideh chyfg ogefenirl, uprixle, i n the gaseous
phase in_the presence of a fluorination 20 catalyst to fluorinate the
conmpound *havi ngt HHMng25at Brd add £FsEidfe sbnteans | vie tdvepgasdni xt ur e

cont ai ni ng perﬁ‘%{] uorglgtohane and the fluorinated conpound with fluorine

FELOFRAEHEC R GEIRE She drotRgube nghgesinand al so

gas in the gaseousmﬁ‘na

el ates 19 e Mndduel elorfhe ! dNRERPRES0N. R QR19E2L0, RGTILP01105256

of chlorofluorocarbons are generated in the reaction
with fluorine gas. Even when hydrefluorocarbons (HFC)

10 or perfluorocarbons (PFC) are contained in CF3CHF,,
there arises no particular problem, however, for
example, chloromethane {CH3Cl) or chlorodifluoromethane
(CHC1F;) reacts with fluorine gas to produece
chlorotrifluoromethane (CCiF3). The objective CF;3CFy

15 and chlorotrifluoromethane form an azeotropic
composition, therefore, CCIlF; is difficult to remove
even by performing distillation, adsorption for
purificationr, or the -lIike. Accordingly, in the case of
reacting CF3CHF, with a fluorine gas to produce CF3CFj,

_20 the amount of the compound baving chlorine atom within
the molecule contained in CF3CHF,; should be reduced as
much as possgible.

According to conventional production methods for

CF3CHF3, 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

CF3CHF2 and elevating the purity of CF3CHF,, however,
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Pent af | uor oet hane (hereinafter referred to as "CF3CHF2,")..1S .U for
exanple, as a refrigerant for |owtenperature use or a&qvﬁ‘?qeﬁ?&%teri al
for the 5 production of hexafl uoroethane (hereinafter referred to as
"CF3CF3" ) For the production of CF3CHF2r for exanple, the follow ng
met hods haV¥0 $é&8#0her et of ore known: (1) a nethod of f| uBEFHBAI0FASS

perchl oroet hylene 10 (CC12=CCl2) or a fluoride thereof w th hydrogen
fluoride (see, JP-A-5-97724 (the term "JP-A" as used herein neans an

S A s, R R0 R SR Bt oy 12 )
met hod of perfonpi-pg,sbydragenglysi hl_or epent af | uor get hane
(CCl F2CF3), and (3) a n%ttﬁ%d%gfsxfs‘%g%ﬁ%ngﬁé’sfsl ﬁ%r?%‘ésﬁ‘ﬁs- %th a

hal ogen- cont ai nipag tetAyi BNy (i$€8adJPnd\-slomB3thhoun YV &iLJiHESEnBLEQds for
produci ng CF3CHF2 20 are used, the objective CF3CHF2 contalns a conpound

havi ng chl ori nea&penvikhin rhehmohptetel| foms anmikBeotgpid WikSurdherconmpound
havi ng cl"g orine_atomw thin_the nolecul e includes a conpound having one
carbon atom wi £fii AZERETMA ddirPemiZtere 4 the R et BRdnere 25 ry

car bon at om wi PREEEEREE ) 2BP8e SRl IR RC AT ol Cietiion GBFBRTiaRe,

dichioro- tetlakhupioeldang, cneblal@lhabligERBle ¥k Aaed, NovenDer
referred to as "CClF,CF3”") is usually contained in
CF3CHF; in a concentration of thousands of PP Or more

10 but since an‘azeotropic mixture is formed by CF3CHF,

and CC1F;CF3, the separation is hardly attained by
distillation which is a commonly used separation and
purification method.

For separating CClF,CF3 contained in CF3CHF,,

15 various methods have been proposed, for example,

(1} a method of adding a third component to a
mixture of CF3;CHF, and CClF,CF3; and rerforming the
extractive distiliation {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 CClF,CF; 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 methoq of converting CC1F,CF; contained in

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

catalyst (see,. JP-A-7-509238, JP-A-8-40949, Jp-A-8.
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chlorotrifluoroethane, and an unsaturated conpound su a
chlorotrifluoroethylene. 1In the case of producing CF3 Vﬁ@’baergiopéct
fluorination reaction of reacting CF3CHF2 with a 5 fluorine gas (F2), if
CF3CHF2 contai ns the conpound having chlorine atomw thin the nol ecul e,
chlorine, YRM¥YEn chloride, chlorine fluoride or diff&cE&amoks2nes of

chl or of  uorocarbons are generated in the reaction wth fluorine gas _ Even
when hydi of | uoracarbons (HFC) 10 or perfluorocarbons (PFC) are contained
in CF3CHF2, there arises no particular problem however, for exanple,

hl or onet hane  ( C43EP} BPdc‘J%Por"ﬁdrB?P%B)rorret hane (CHCIF2) reacts with

fluorine gas to prodyg I rotrlfl r t hane The objective
CF3CF3 15 and chl oro%irlgﬂ%%rgtne “fane é)s K0 32%%?1?30‘*’;5‘?'0 thasnpssi ti on,

therefore, CClithel melhbdidnll 1)t ee&eﬂpé@a e¥ep by P g&&ngtﬂ' stillation,
adsorption for purification, or the-like. Accordin i'n-t he case of

reacting CF3CHF 2 biicfihcomponsarti feogashé anixtateces CES@:&F;; 2%hd heyaanount  of

t he conpound having chlorine atomw thin the nolecul e contained in CF3CHF2
shoul d be’reducd#ité comranens.psbsipeehoddodord @l mpedwi menvestepnat
production methods _for the total ampunt of the cog‘gound havi ng 25

chl orine atom wi fﬁ?nef%%l%gg‘(?ung?ﬁb%elaflﬁe@%sm?ﬁw ofs {About 1 vol %

Therefore, a di i p fo noyi ng, t hese
conpounds cont a?&ggg?ﬁ @f&n@%@%%ﬁﬁn ;fxgvtgl% i %g‘g?%étlpcurllt% é?l *cE3cHr2,

however, 3 1 NougabeseR (i oride 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 CFyCF; with good
profitability using a gas mixture containing CF3CHF,

15 and a compound having chlorine atom within the molecule
in the method for producing CF3;CF3 which is used as an
etching or éleaning gas in the process of producing a

semiconductor device, and also provide a use thereof.

20
Means to Solve the Problems
As a result of extensive investigations to solve
the above-described problems, the present inventors
have found that in the method for producing CF3CF,,
- 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



WO 01/98240 PC /JP01105256 this has such a problemt h I | ati on
cost increases, the distillation |oss is caused, the ty I's bad
and sonme conpounds having chlorine atomwthin the nol ecul e form an
azeotropic mxture or 5 an azeotrope-like m xture with CF3CHF2 and are very
difficult M PE%HMe only by the distillation operation. PCTHPORBS284 cul ar

chl or opent af | uor oet hane (hereinafter referred to as "CCl F2CF3") is usual |y
contained in CF3CHF2 in a concentration of thousands of ppmor nore 10 but
since an azeotrgp (%u.re i.s formed by CF3CHF2 and CCI F2CF3, the
separation is har am Tt athddenyas gt T et A8ROWHT 32 20d emonl'y used

separation and gyﬂ){ﬂ] 1.0 od. Far separati CCl F2CF3 contained in
CF3CHF2, 15 various flﬁLodsQ11 EE gleueonrlnra% (Pi'lsleﬁea rgronef?gr’rﬁf"%c 29 a net hod

of adding a thi kHeCoepENEIHy h@samlﬂtﬁ(ﬁéﬂc%n%lg CE% and
performng the extractive distillation (see, JP-A- 51 980 Jp

133240, JP- A-7- 258128 fAn8- §682in Jﬂ:hed\g&sﬂeéﬁé&ﬁlaaim in2@nd P- A- 10- 513190)
(2) a nmethod of renoving CCl F2CF3 contained in - CF3CHF2 using an adsor bent
(see, JP-A-6- 92B7YS AR F5- W d813bBay Fast. heheerbevatdegerabedsed herein neans

an "unexam ned_p é%c"rf"flcgternﬁ (?nal gatent 25 agpllcatlon" ), and (3) a
met hod of conve?tl n | 5 BT nedPF PrEeEHERVEREPRORSEHPR S N t he
bresence of a hxd&&&%ﬁéﬂéanbagé'&aéxysém%s%?mds?ﬁ’g - 1200288, I P A 8- 40949,
invention provides a process for producing CF3CF3 and
use thereof, described in {1] 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
pentafluvoroethane 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 hexafluorocethane as
described in [1}, wherein the compound having chlorine
atom is at least one compound selected From the group
‘consisting of chloromethane, chlorotrifluoromethane,
25 chloropentafluoroethane, dichlorotetrafluorocethane,
chlorotetrafluorogthane, chlorotrifluoroethane and

chlorotrifluoroethylene.

[31 The process for producing hexafluoroethane as



1 Novenmber 2004 WD 01198240 PCB' /, 1POLl/ 052 56 301801 ﬁ@?ﬁ%P'A'1?'§Z5Z5)'
However, these nethods have a problem that is, the 8”19” 9 requires
a step of recovering the third conponent fromthe m xture of CCl F2CF3 and
the 5 third conmponent, the nmethod of (2) requires a step of regenerating

t he adsor b®¥1015%8HA t he method of (3) suffers from reduET/ERPLOFSE he
catalytic life due to hydrogen chloride produced. 10 Problens to be Sol ved
by the Invention The present invention has been made under these
circunmstances and the object of the present invention is to provide a

met hod for prodd@FFgRaBdes [ tor gbdd wheotirabie itofadsamgumt ga ni xt ure
cont ai ni ng CF3CHI136.2 15]:n and ahco ound havi g% chlorine "atomw thin the

mol ecul e in the FETROS For PBY O% HHPTERSCEEOMT W 3i8edsEl Hae MRS et chi ng

or cleaning gasgiftdNe ¥ QRESS oqyci ng I conduct or devi ce, and
al so provide a use thereof 20 tIi/‘gétn‘sal)to Sol v%fgf hczregregﬁl’errs As a result of

extensive investigati4dgnsthe poby&ss tie akeUEc e W heduhrobleim: Lhe
present inventors have found that in the nethod for produci ng CF3CF3, 25

when a g&s ni xtdescxidedaiini iyl GFBOEA2 ahdreaixorpoundal hanéwe 38 or i ne at om
within the nolecule as inpurities is reacted with hydrogen fluoride in the
presence of a FHUSTRIEPENERELT il ozrdne oabeR tcantpinet3in vidicgass 5

mixture of the step (1) is 0.5 vol% or less.

[5} The process for producing hexafluoroethane as

described in any one of [1] to {41, wherein in the step
<10 (1), the fluorination catalyst is a bulk catalyst
obtained by adding indium to an oxide of chromium.

[61] The process for producing hexafluorcethane as
described in any omne 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 gny'oné of [1] to [6], 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.

[8] The process for producing hexafluorocethane 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).

[9) The process for producing hexafluoroethane as

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

separating chlorotetrafluoroethane and/or chlorotri-

7



1 Novenber 2004 WD 011987A O PCTI JPQO /05256 contained in,the ga L, Xt ure,
into CF3CF3 and then performng a direct fluorinati on1%°a’@{'?‘%€§6’54r eacti ng
the resulting gas m xture containing CF3CHF2 and CF3CF3 wth. a fluorine

gas in the gaseous phase in the 5 presence of a diluting gas, the

above- descMOEPHO probl ens can be sol ved. The present iPEFERALI05I6has been
acconpl i shed based on this finding- The present invention provides a
process for produci ng CF3CF3 and wuse thereof, described in [1] to [19]

below. [1] A pr&gess for lgr oduci ng.  hexaf| uoroet hane, --- conprising the
fol l owing two stéB8¥epEyane s SPTRERLRY ridien cdorat s tradivoneedbanrg

ent af | uor oet ha havi chlorine atom w th hydrogen
1I‘DI uoride int hegggzggu%g%%g&%gu?ﬁge%nﬁ esseé’ﬁfé‘tSﬁ% YO t¥RforstRRt i8R cat al yst

to fluorinate the cendperdr adwkRItRD! ordg9tom and (2) a step of
reacting the gas m xture containing pentafluoroethane and the fluorinated

conmpound obt ai ned i BLeherist epoctlsWdh mrddudehbNBegas ddtdeh8agasgous 20
phase in the presence of a diluting gas. [2] The process for producing
hexaf | uordet han8e8sTikrd dm Fad pae[af , [MhdioeilA] t hehexnipound thaviagpchl or i ne
atomis at |eas ne_,Cco und _sel ected fromthe group consisting of

chl or onet hane, t‘%ﬁl of ot FQIJQ%a o?ﬂﬂﬁf‘ﬁa‘?ﬂg,thﬁs CORPBTB} M Shder hane,
d|Ch|OrOtetraflHQBQG&$KH%%nedCQ£0Eﬂ£egééﬂﬁfﬁ%ﬁggtangloz vol% or less.

chlorotrifl uoroethane an
{11} The process for producing hexafluoroethane as

described in any one of [1] to [10], wherein in the
i0 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 [1] to [11], 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 bproducing hexafluorcethane ag
described in any one of [1] to [12], wherein in the

20 step (2), the diluting gas is a gas rich in bhydrogen
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 ig the range of 250 to 500°C.

[15] The process for producing hexafluoroethane as

described in any ore of {1} to [14], wherein in the



chiorotrifluoroethylene_ [31 The process for producing hexaflu t hane as
6 1 Novenber 2004 WD 01798240 PCT/.1P01105256 descr i bgd\"? \ehbgr %@ﬁ[ 2],
wherein the total ampunt of the conpound having chlorine atom contained in

t he gas ' r f the step (1) is 1 volt or less. [4] The process for
producingnh%i§¢§ﬁ@roethane as 5 described in [1] or [2]1’CT f%&%5H the total

anount of the conpound having chlorine atomcontained in the gas mxture
of the step (1) is 0.5 volt or less. [5] The process for producing

hexaf | uor oet hane_as esg: %q in any one of [1] to [41, wherein in the
step -10 (1), tReEPfTor it iCEAPEEREPYR12Y She BRRRtEGH é?fy§tasobt ai ned by

addi ng i ndi um t g; 2P, PXi 48 Qf gggoghgnkligﬂl Ffpgggg %ﬂg rodUC|ng
7 1 g

hexaf | uor oet hane as descri i'n any one 0 re|n in the

step (1), the teupeind Waa ak EHEtﬁ§a£5ﬂ§E1d@ BRohydrpgen 15 fluoride in the
presence of a fluorination catalyst is 1n the range of 150 to 480'C. [7]

The process for prodliciing ﬂnsxafluormtﬁmmemdudescdsmﬂaﬁmlmg any one of [11
to [6), @pereln in the ste % the nolar ratio of hydrogen

1 uori delor gani B LiAFAehaR S CBRY Hgicy oo itheo§al? 9% Turvelksorn the range
of 0.5 to 5. [8],Jhe process for producing hexafl uoroethane as described

in any one of [11 to [7], wherein a step of renobving an acid content

contai ning hydr ogen givionkdendsa Brasiinashas £0BANGE ol RLarenLhesster (2).

[161, 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 hexafiuoro-
ethane product described in [161 or [17].

[18] A cleaning gas comprising the
hexafluoroethane product described in f16]1 or [17].

15 - In summary, the present invention provides "a
process for producing CF3;CF3, comprising a step of
reacting a gas mixture containing CF;CHF, 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 a gas mixture containing
CF3CHF; and the fluorinated compound cbtained by the
above-desceribed step with a fluorine gas in ghe gaseous
phase in the presence of a diluting gas", "an CF3CF,

25 product comprising CF3CF3 having a purity of 99.9997
vol% or more", “ap etching gas comprising the above-

described CF3CF3; product” and "a cleaning gas

comprising the above-described CF3CF3 product®.



9] The process for produci ng hexafl uoroet hane as desgribed .in one of
%1% to [8], wherein a step of separating chlorotetra ﬁhﬁ’&@?ﬁgﬁgxand/or
chiorotri 7 1 Novenber 2004 WD 01/98240 PCT/. P01105256 fl uoroet hane, and
returning the hlorotetrafl uoroethane and/or chlorotrifluoroethane
separated P&t ep (1) is conducted before the step RCIPPUSIS6 The
process for produci ng hexafl uoroethane as 5 described in any one of [1) to
[9], wherein in the step (2), the total anount of the conpound havi ng
chlorine atomcontained in the gas mxture is 0.02 volt or less. [11] The
process for produci ng hexafl uoroethane as described in any one of [1] to

[10), wherein in the 10 st@Bat2ier tdre A ngiggéqﬂngggﬁ%gnd contained in the

gas mxture is nmainly conposed of hexafl uoroet hane. ] The process for
produci ng hexaf | uor Be¢ haneiwtiodepeocded for apycoNenal ukd] cisrdolell,
wherein in the step (2), the diluting gas is a gas containing at |east 15
one sel ected frB8RFPFRELRE difp teenoIrseemy ofventépnabteotonstibene in
hexaflqupethang £ o%tafluoropropane and hydrogen fluoride. [13J The
process' for prodtidthdS¥%af | uoroethan. e as described in any one of [11

to [121, wherein in 4heidf.sken (Rive! NG Bibulin0 985 5cR gas rich in
hydrogen fluoride [141 The process for producing “Rexaf| Hor dEtsRe as
described in an¥n@@£tiﬂn[iﬂ gefekdBly pRRRER bLP ffﬁbrinating
perchloroethylene (CC12=éC12} or a fluoride the¥eof
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
chlorotrifiuoroethane. In order to purify CF;CHF,

15 containing these compounds to a high purity, known
methods by a distillation operation are employed,
however, these methods have such a probiem 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
ngmber of the distillation towers must be increased,:
and the cost for equipment or energy increases.

In the present invention, the compound having

25 chilorine atom contained in CF3;CHF, 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



step (2), the tenperature at the reaction of gas 25 nii%gie éont bging t he
fluorinated conpound with fluorine gas is in the rang r 00' C_
[ 151 The process for produci ng hexafl uoroet hane as described in any one of
[1] to [14], wherein in the 8 1 Novenber 2004 WO 01198240 PCT/JPQO /05256
step (2), 01{%Ber at ure at the reaction of gas m xt uPETERMOEHI ng t he
fluorinated conpound with fluorine gas is in the range of 350 to 450'C.
[ 16] A hexafl uor oet hane product conpri sing 5 hexafl uoroet hane havi ng-a
purity of 99.9997 yolts or z %17 The hexaf | uoroet hane product as
described in [8%T Wﬁﬁﬁ?ﬁﬁ?°?h PEGht e fPToP*X3MRE rotBo S RHORERAHGS chl ori ne
atomis L ol PPaDkdsssranth s 00 eRb: 0Lkl REaPENIAL | or ot hane i 1
e

vol ppm or | ess. tching gas conprising t exarl yor o- et hane
product descri bﬂdplhfh.t{:ﬂ&;] i@r cFidirF, bi;@hg%fdl%@nnglgaﬁ(@@ﬁgl sing the
hexaf | uor oet hane product described in [161 or [17]. 15 In summary, the
present inventioragrion cdowhabyptie efsl Yowtingr detei g (TF36E3(2xonpri sing a
step of reactln a gas m xture containing CF3CHF2 and a conpound having
chl ori ne>at om w# WI35§en fluoride in the gaseous phase in the presence
of-a fluorination 20 catalyst to fluorinate the conpound having chlorine
atom and a step of reacting a gas m xture containing

CF3CClF, + HF — CF3CF3; + HC1 (1)
CF3CHCLlF + HF — CF3CHF5 + HCL {2)
10 The product is -HFC or PFC free of chlorine atom,

and hydrogep chloride is produced as a by-product.
In the present specification, the gas mixture
containing CF3;CHF, and the compound 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 chlorometharne, chloro-
difluoromethane, chlorotrifluoromethane, chloropenta-
fluoroethane, dichlorotetrafluoroethane,
chiorotetrafluoroethane and chlorotriflucroethane.

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 CC1F,CF;, therefore, CF3;CF; obtained
after the reaction contains CC1F; and CClF,CF; as méin
impurities.

CC1lF,CF3 scarcely reacts with a fluorine gas at

i1



CF3CHF2 and the fluorinated conpound obtained by the

with a fluorine gas in the gaseous phase in the prese

ARGVEmtEt ghpacT ot P

gas", "an CF3CF3 25 product conprising CF3CF3 having a purity of 99.9997
vol % or nore", "an etching gas conprising the above- descri bed CF3CF3
product"” aNeQ e1P8beani ng gas conprising the above- descPCHERIERICF3
product”. 9 1 Novenber 2004 WO 01/98240 PCT /JP01/ 05256 Mbde for Carry out
t he invention The production process for CF3CF 3 and use thereof according
to the present invention are described in 5 detail below As descri bed
above, CF3CHF2 tOf tRPSHRtuREsSpr dkwiRveri mentddagi sogelrral |y produced by

hydrogen {1 dor | BETTHESa igh BRothe-Peesnn) ROV 918 o SREoRHIRAA ng
chl orine atom d@flav%afat%ht RenstAltdr0 o s B S & a'uhesaﬁbuéé &,?l 8 qret hane
uor oe

chi orodi fl uoronet hane, chlorotrifl uoronethane , chl oropenta

t hane,

di chl or ot et r af | posdstdtamy thehbecqigisiafibiospetdiances aid 1 ppm or

chl orotrifl uoroet hane In order to purify CF3CHF2 15 containing these
conpounds to a Hegh YRS the RABupRtyARinBdef KSCHF4Fstdddtained dperation are
enpl oyed however, these nmethods have ,such a problemthat these are not

econom cal si nce?§ HE-AFSHBguARS Rtk tuEe3 EBFRP P oY R0 RPRz &5t 155 ¢ 294 xture or
an azeotrope- | i kgodf % W okhecef, BY bELGAldPInRY SERAU IO LS YerY

difficult, the

of CClF;CF3 exceeds about 2,000 ppm. CClF; forms an

azeotropic mixture with CF3CF;, therefore,

even if the

ic concentration is low, this compound is difficult to

remove by an operation of distillation,

purification or the like. Accordingly,

adsorption for

it is preferred

that not only a compound which produces CClF3 upon

reaction with a fluorime gas is removed from CF3CHF, as

15 a starting material but also the CCLlF,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 chlorine atom exceeds 1 vol%, the reaction must

be performed at a high temperature and the 1ife 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 one

element selected from the group consisting of chromium,

12



nunber of stages of the distillation tower or the nu of .th
distillation towers nust be increased, and the cost Pgﬂ(ﬁ/&mbﬁﬁéﬂp‘lor
energy increases In the present invention, the conpound having 25 chlorine
atom contained in CF3CHF2 as inpurities is fluorinated with hydrogen
fluori de atWai/Brvated tenperature in the presence of PETAPUMFISAAt i on
catal yst and thereby converted into hydrofluorocarbon (HFC) or 10 1
Novenber 2004 WO 01/98240 PCT/JP01105256 perfluorocarbon (PFC). For
example, in fluoripating, CCI F2CF3 or_chl orotetrafl uoroethane contained as
inpurities in CR3EERD Lr%r'H-"g Hrdivgedrd 1976 8e, 224 Pads enksowmn by t he
follow ng formu r akes pl.ace; 3CC1F.2 + HF. CF3CF3 + HC
(1) CF3CHCI F +EE|E£§%%$§‘@+a%c%“p’(%@eﬁc‘?ﬁ%‘%?%a‘ﬁ%tb‘%‘- GRER¥FEPFC free of
chiorine atom = and fneoeasenber b dippBiodacetasd bysproduct, In the
present specification, the gas m xture containing 3CHF2 and the conpound
havi ng chl ori nepa¢beralslys @uehilmini edisl/oedpadt Bsl 18 tRAMbirigagas M xture”.

15 In this fluorination reaction, the conpound which is converted into HFC
or PFC i S chl or 3h¥timhe and Sugper tiRg |Tadionds hereferadiivoBot ves | amor onet hane,

chloropenta- flyoroet ti%ng di chl orfgt trsfl uor oet hane, X
chl orot etraf | uot 06t hartd SR8 2% HottPer PibF st porwirad@rddnpounds are

usual l'y Containﬁﬂefé&féﬁSQﬂF%hBQeacontaining chromium as main

component, and having atomic ratio of nickel, =zinc,
indium and/or garium to chromium of 0.01 to 0.6. In
- 10 . the present inveantion, 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°C. If the reaction temperature exceeds
480°C, the reaction is adversely affected, for example,
the catalyst deteriorates_or a side 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 cén be selected according to the
kind of the compound. For example, in the reaction of
CClF,CF; shown in formula (1}, the reaction temperature
is preferably 400°C or more, and in the reaction of

25 CF3CHCIF 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



total anmount of thousands of ppmor nore. When the startin a i, Xture
containing these conpounds is reacted wth a fluori ne?é\&%",eﬂft%éiom

nmet hane-type conpounds are converted into CClIF3 and the ethane-type
conpounds 25 are converted into CCl F2CF3, therefore, CF3CF3 obtained after
the reacti SYP ¥4 ns CCIF3 and CClF2CF3 as main i npuCRIBE/0635F F2CF3
scarcely reacts with a fluorine gas at 11 | Novenber 2004 WO 01/98240

PCT/ JPO / 05256 | ow t enperatures. However, according to the investigations

by the present [pveptors,, for. exanpl at a reaction tenperature of 400" C,
the amount of CE%': Of%orwd&?cgar‘ﬂ'ilf%)hgj)dézf'%ﬁ'ﬁog???%h of CCIF2CF3 is 1 ppm or
5 l ess when the concentration of CCl F2CF3 contained in the starting gas
m xture i s about 800 ppmor |ess, and about 2 ppmof CCLF3 is produced
when the concentration ahHcCE, |+23HHF3 excaads+ahout 2, 000 (ppm CCIE3 forns
an azeotropic mxture with CF3CF3, therefore, even if the 10

concentration.is low, this conpound is difficult to. renove by an
operatiog of distillatiqgn, adsorption _for purification or the like.
I

Accordingly, it is preftfed=athie? ndtbeomepchiednpBrgairenisroduces CCLF3
upon reaction ig%et-%%lfhgl]lf%bns i 1S rg%rgo\{%dtﬂr om_ CéF.SCHFZ as 15 a

starting materi arso the cont ent TS raduced to a | ow

concentrati on agedBpldhAsePexsbblS 100 et Abak, OMNfeak LhS. cospouUNd
having chlorine atomcontained in the starting gas m xture for use in the
present inventidbsadvgriebgerably drogididsor | ess,
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
prlurality of compounds are contained and these are
different from each other in the optimal reaction
15 temperature region or the concentration of each
compound is high, twq 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 CF3;CHF,; (HF/organic substance),
suitably from 0.5 to 5, preferably from 0.5 to 2. If
the molar ratio is less tham 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 chloxine atom, the reaction pressure is

Preferably from atmospheric pressure to 1.5 MPa. If it

14



20 nore preferably 0.5 volt or less, still nore prefer .3 .t or
| ess. If the concentration of the conpound having chl iﬂ(’g@nﬁ}e&%\{}gﬁceeds 1

vol % the reaction nust ..be perforned at a high tenperature and the life
of the fluorination catalyst is disadvantageously shortened, 25 noreover,
‘a side rea¥awMAsydd oceeds at the same tinme and the prodecriroipseseecr eases.
The fluorination catalyst conprises at |east one elenent selected fromthe
group consisting of chromum 12 1 Novenber 2004 WO 01/98240

PCT/ JP01/ 05256 nickel, zinc, indiumand garium and may be a known

catal yst such a®*%tRfork-8dMEat atystamparefuR éatdlsadvanthgeohelrase of the
supported catal yst.,. cad'ri et i S referabléy an alum na and/or partially
fluorinated 5 aftmnac &d ?ﬁﬁp%ﬁ&f&ﬁ’dfer trISFRNGT 1o R5 y1%8- wt % or | ess-
n the case of the byl kneababysle BAIIaUar e RLELSLLOGs g t hose

cont ai ni ng chrom um as nmai n conponent, havi-ng atom c rati o of nickel,
zinc, indium amngiygegariiubri@e Cid GHnforaba0iflekd eBenkd od 0yt he present
i nvention" nost preferred is a bulk catal yst obtained by adding indiumto
an oxi de®of chfbmuimationt hetslwyk ofingl tbei aAkdtargidskeibedpound havi ng
chlorine atom the reaction.tenperature_is preferabl 15 from 150 to

480' C. If the rERSTSOF CoRperitie A &bge g’éﬁf@,th- h%ﬁ%‘%i‘@tei 8%°Rks adversely

af fected, for Iﬁ,p g@g g ?1] t deteriorat or. @ i de reaction
’ ur e CO) ] C
proceeds, and this s not pre erréd- AP hoUgh I’IFE[s ey V'7§ryané
hydrogen chloride as a by-product are contained in the
reaction product. In the case of CF;CHF,, as the
10 ‘reaction temperature becomes higher, -a side reaction

with hydrogen chloride more proceeds as shown in the

following formula (4):

CF3CHF; + HCL — CF3CHC1F + HT (4)
15
In the case of containing 1,1,1,2-
tetrafluorcethane, a side reaction with hydrogen
chloride more proceeds as shown in the following
formula (5):
20

CF3CH,F + HC1 —> CF3CH,C1 + HF {5)

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

and hydrogen chloride as a by-product. Hydrogen

15



dependi ng on the concentration of the conmpound 20 contzgre ;@g starting
gas mxture, a preferred reaction tenperature can be 6rding to
the ‘kind of the conmpound. For-exanple, in the reaction of CCl F2CF3 shown
in fornuLag%ﬁ% the reaction tenperature is preferably 400 C or nore, and
in the reaABM8¥P 25 CF3CHCIF shown by fornula (2), tREFFRIAEIHON
tenperature is preferably 300C or nore. In the case of a reaction of

chl or odi f [ uoronet hane {GHC1F2) w th hydrogen fluoride, a reaction shown
by 13 | hbvenbeE1200%ﬁ§Q 01/98 40 P CTI%PC)/OSZ 6 the foll formul a
(3) takes place’ VEEi® 95 1A Fh?éd% ion, the
reaCtlon tenperf&dﬁfinéiloﬂrEé&%é%ﬂﬂ’é@@% Gﬁtoﬂydgg&% @ﬂlbi &4“3 [eaction
tenper ature exceeds 400* nore, a reverse reaction dlsadbantageously
proceeds | n "t hep:sdfepanh yf kuﬁbvémtbétguﬁeceﬁﬂg%bgbdwﬂ BEmetdfasl Ori ne at om
the reaction tenperature sonetines varies depending on the kind of the
conmpound as ckﬁﬂﬂﬁqﬁe@nabéver8¢¥ﬂﬁﬁﬁﬁtnghyh &5 pivglucadenwbierae a plurality
of conpognds are contained apd these are_ different fromeach other in the

optimal Peacti oty PEnFERERtI LS é‘gam@ﬁuaﬁ PheeRiGHdaat FheeBiiofaseach
d hi f bl d,
conpound is higl, Jn‘ﬂﬂln%h@%&rdm 549 PFy?E’t OF 53,87 e% ;_Pﬂ‘jff ergﬁ.ﬁu “Se

t hough one wunit of reactor - usua Sutficreh
used is, in Ierﬁﬁé(ﬂhlhh@oﬂﬁéﬁi is performed before the direct

EF

fluorination reaction step. Examples of the method for

-removing the acid contenf_includeé:
10 _tl) in the case of con;eining'a large amount of
unreecﬁed hydrogen'fluoride .e hethod of introducing an
effluent contalnlng the a91d content into a
dlstlllatlon tower, extractlng hydrogen chloride from
the top and extracting organic substance and hydrogen
15 fluoride from the bottom,
{2y a method of contactlng the hydrogen chloride
produced and unreacted hydrogen fluorlde with a
purlfylng agent, and
' fﬁ) a method of washlng the aold content with
20 water or alkali water.

_ In'the—present inventioo, ohe method for removing
the acid content is oot particularly limiﬁed and, for
exampIe, the method of (3)rmay‘be used. The alkali
ueed thereia—may be an aqoeous'sodium hydroxide

‘25 Solﬁtion, an aoﬁeous potassiﬁm hy&foxide solution or
fhe like. The absorbed h&drogen fluoride may be
recovered and reused, and the gas passed through the

washlng solution is dehydrated using a dehydratlng

16



20 ratio to the organic substance of the starting gas xtur ai ni ng
CF3CHF  HF/ organi c substance), suitably from0.5 to Oaﬁmb&fgﬁ% from
0.5to 2- If the nolar ratio is less than 0.5, the reactlon is hard to
proceed, whereas if it exceeds 5. a large reactor is 25 necessary and this
is not proMGHHMHEe Furthernore, in the step of fluori naPCHIPIAS266npound
havi ng chlorine atom the reaction pressure is preferably from atnospheric
pressure to 1.5 MPa. If it .14 1 Novenmber 2004 WO 01/98240 PCl
'/ JPOI / 05256 exceeds 1. z‘ MPa, the apparatus is disadvantageously required
to have pressurddFusi¥Eneg 8P Heeiike. In the present i nventi on, the
reaction with hydr u resence o
fluorination catal y??l%ss%%gﬁ%}{ﬁe abc}\;@%r&fggégegp#ﬁr Elpsbenéee%lﬁé’ lglfhons and
t hen CF3CHF2. ﬂ’i&Q{d:ﬂecaheghtfféﬁ:#ﬂﬂéu%ltfebe§oxﬁ@dﬁléé eOHPA S NG HFC or PFC,
and hydrogen chloride as a by-product are contained in the reaction
product - | n thelwxayd tdfesCEGSEEFEy GRC i chOi s evast icwmpllegpeyat ure becones
hi gher, g side reaction wth hydrogen chloride nore proceeds as shown in
o]

the fol Pow ng #Jdmﬁ}fﬂe ted)k Ycﬁe@wctwmcwlt@gmegemflwmg #nd n the
ﬁszsog]encoghﬁeﬁrg% m)re p% cteedél'a('II o g‘%hgﬂgﬁée%ﬁgo%gﬁé‘gé‘?&%}g (5):
distilling before the direct fluorination reaction step.
CF3CHF,; and main compounds which may be contained
in CP3CHF, are shown, together with respective boiling

10 poings in Table 1.

Table 1
Compound Name Structural Boiling
Formula Point (°C)
Tetrafluoromethane CFy ~-128
Trifiuvoromethane CHF5 -84
Hexafluoroethane CF3CF4 -78.1
Pentafluoroethane CF3CHF, -48.5
Chloropentafluoroethane CF3CCl1F, -38.7
2-Chloro-1,1,1,2-tetrafluoroethane CF3CHCLF -12
2-Chloro-1,1,1-trifluorocethane CF3CH,C1 6.1
15 The gas mainly comprising CF3CHF, is introduced’

into a distillation tower, then CF,;, CHF3, CF;3CFi,
CF3CHF,; and CClF,CF3 as the low boiling fraction are
extracted from the top of the distillation tower, and

CF3CHC1F and CF3CH,Cl as the high boiling fraction are
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20 CF3CH2F + HC1L " _* CF3CH2C1 + HF (5) Therefore, r.t.h
fluorination step of (1), the acid content containing?hbﬁ?gggﬁzgﬂﬂoride
produced is 25 preferably renoved. The acid content is renoved so as to
remove unreacted hydrogen fluoride (excess hydrogen fluoride) and

hydr ogen cM®#%8H0as a by-product- Hydrogen 15 1 Novenb@CTZPO#5230 01/ 98240
PCT/ JP01 /05256 fluoride 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 chlori nBXEoH EhiTHG c SRBORALED?- chlre ki froddindefractitown in the
formula (4) or £2), %gghfﬁf%ﬁ Qﬂerﬁﬁ%ﬁgéuls Lhe aeld ganlent,is performed
ki i i ac SHp & ot

before the direct uorinationre lon"stép. Fhe method for

removing, the agése i eAlknl Aghbdesn Hldrhhel Brt Hige GASS Qh)cOnfaiding a

| arge anobunt of wuureacted hydrogen fluoride, a_ method og i ntroduci ng an
ef fl uent. cont atim ngpidie amondtcofit et donipouaddhsdidd ahiteriheWetemeXtracting
hydrogen chloride fromthe top and extracting organic substance and
hydrogen® 15 f1¥ie S comtehBedotn dife Aiptalhpteioeioflyconracishagt he

T e o oo CP i B LB DY o0eR LA 9 o L,
or less. The distillate mainly comprising CF;CHF, is
used as a starting material in the direct fluorination
reaction with f£luorine gas.

i¢ fhe step {2) of reacting the gas mainly comprising
CF3CHF, with fluorine gas is deseribed below.

The step (2) is performed in the presence of a
diluting gas and the gas mainly comprising CF3CHF, is
set to a comcentration lower than the explosion range.

i5 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;/CF3;CHF,}, 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
te 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
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20 water. or alkali water. In tpresent invention, the hod .f or, nmovi ng
the acid content is not particularly limted and, for ﬁ'BTb(.?rzph met hod
of (3) may be used. The alkali used there may be an aqueous sodi um

hydr oxi de 25 sol ution, an aqueous potassi um hydroxi de solution or the

i ke. The Wésu$sdel hydr ogen fluoride may be recovered aauiIRoeo3se, and the
gas passed through the washing solution is dehydrated using a dehydrating
16 1 Novenber 2004 WO 01/98240 PCT/JP01/ 05256 The gas mainly conprising
CF3CHF2 passed through the_acid content-renoving step sonetines contains
as inpurities HCRESraBECOhNTEHainingt CEbRiITat 8F yas IMmgHitivat ed by the

reaction with rrogen Lluorid and _in such a case CFC or CEC is
pref erably renork%l/éejl(f%b_?s éllsé (|£‘fa}nﬁir?gc’e8_‘é?%¥ep]f%ée:uc§%r @(‘ff’_ Fe ul?;{r?%ve?tgieor?fr eaction
step. CF3CHF2 ane rYBFD, GAIGIQARAS WL Cfy MR D@NGANSSh Ned v CF3CHF2 are
shown, together with respective boiling 1H points in Table 1 Table I -
Conpound NaneStrewcttioal sBowly ngrdigas akai thi{ Qs et skbaeras®et haneCF4- 128

Trifl uoronet haneCHF3- 84 Hexaf |l uor oet hane CF3CF3-78.1 Pent afl uor oet hane
CF3CHF2- 28. 5 Chl or of&st BtFaed oktthameiCE3OCIF® B8 Bistilled out

from the reaction step of (2) is not particularly
limited. The reméining unrecacted fluorine gas may be
removed by adding, for exémple, trifluoromethane as HFC
and then the residue is distilled to separate, for

140 example, hydrogep flvworide and organic substance. The
separated hydrogen fluoride is reused as thé 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 CF3CF3, the organic substance obtained
contains CF3CF; 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 CFiCF; can
be obtained by repeatedly performing the distillation
operation according to the compositional ratio of the

25 organic substance cbtained.

In the distillation for purification of the

organic substance, although it may vary depending on

the compositional ratioc, for example, an inert gas and
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2-Chloro-1,1,1, 2-tetrafl uor oet haneCF3CHCI F - 12

2-Chloro-1,1,1-trifl uoroethaneCF3CH2CL 6.1 15 The gas mWPPLESAEPEsi ng
CF3CHF2 is introduced into a distillation tower, then CF4, CHF3, CF3CF3,
CF3CHF2 and CCIF2CF3 as the low boiling fraction are extracted fromthe
top of theWPuP¥H¢ation tower, and CF3CHCIF and CF3CHPCIMPOXES28he hi gh
boiling fraction are 17 1 Novenber 2004 WO 01/98240 PCTI JP01 /05256
extracted fromthe bottom The high boiling fraction extracted fromthe
bottomis circul ated igto the reaction with hydrogen fluoride of the step

(1). Here, the toPll “afotfit "or1LRE EHHYANT RavPRETRAFYE ifFematd® 5 which
is contained i nl._grh%fdlti%l 55@%/§|%}f§tgbxﬁggggrﬁder}g.ang% angxrﬁ%f tygd from

the top, is preferably €SS. e distil‘Fat 8l onpri sing
CF3CHF2 is usasbmafgigisbactidyy WBtEfimlcicd FhRemdineatodddioLigat i on

reaction with fluorine gas. 10 The step (2) of reacting the gas mainly
conprising CF3G@HE2dpiced fhtorilee sgaenisdiescrlididdnbebontr. Tieeatep (2) is
performed in the presence of a diluting gas and the g as.nmi.nly

conpri si Ag CF3EFZnext gas 3f dridduenerathane lagwehet haw el ioxpi osi on

range. 15 Specifical.ly, the CF3CHF2 concentration _at _the reactor inlet is
preferably set ré“% gét ag* rr%%a&te%eggc-’m#ée R gfi ﬁiaegﬁ‘éc‘?%d a gas

containing at |@atiiene:se! €stad anli ofbt s HAMCeBbS1 5N Hr.cr,
tetrafl uoromet hane, hexafl uoroethane, octafluoropropane and hydrogen 20
fluoride, prefersakkyracded ufidig @asSbbtthn idhdidt@gaiced into the
third distillation tower to extract high-purity CF3CF4
10 from the top, thereby performing the purification. The
gas containing €CIF,CF; collected from the bottom in
the third distillation may be circulated into the
reaction step with hydrogen fluoride of {1).
The thus-purified CFiCF3 contains almost no
15 A impurities and high-purity CF3CF; can be obtained. The
purity thereof is 99.9997 vol% or more, and 1 volppm or
less of the compound having chlorine atom and 1 volppm
or less of pentafluorcethane are contained as
impurities.
20 As the analysis method of CF3CF; having a purity
of 99.9397 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 CF3CF3 obtained by the production process
of the present invention is described below.

The high-purity CF;CF3; can be used as an etching

gas at the etching step in the process of manufacturing
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fluoride The amount of fluorine gas used is, in ternms of, th . ratio
to CF3CHF2 (F2/ CF3CHF2), suitably in the range of O.S?th{?v?,m%ﬁ?gb@?abl y 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 450'C. If the reaction

t enper at ur &EXE¥8Ys 500" C, the objective CF3CF3 is di $&EFRHO#SEouUs] y

cl eaved to produce CF4 and 18 1 Novenber 2004 WO 01/98240 PCTIJPO /05256
in the case of containing CC F2CF3 as an inpurity, CCF3 is

di sadvant ageous] y_ pr.oduced, due. t 0. cl eavage of | FZCF3, whereas if it is
& g - dtes

| ess than 250' & COPEACFPE NS SR ¢ oS dS* AR (4SS P& Aot preferred. 5

The method for guddidgngabher 6a% digbhlihglselh 1. NG LB EERChE ON Step of
(2) is not particularly Ilimted. The renaining unreact ed uori ne gas nmay
be renpved by meddifiegtufrdng ex asmplieonkiizictbyoaewmtdane as HFC and then the
residue is distilled to separate, for 10 exanple, hydrogen fluoride and
organi ¢ substance. Tife theeprrerssd Ay troyéactixing de semicoudedtas t he

di luting. gas id1 t.he di rﬁct fluorination reaction of the step (2) but may
al so be Used as & $aftFRg®Rdttr 22 TE%t he s Fadcsntitacison of (1).

The composi {i ofk finddGslag ERN It RIS ARCE, SERALAIY QeaLly differs

depending on the diluting gas use e reaction-and 1A the " case of
using a gas riathd Fihwdisgerchddiadll #8rAr ai BitdE ¢ QRirethve GF3GR3, the

organi ¢ substance obtained contains CF3CF3 as a nmain conmponent. In the
case of apparatus for forming a thin or thick £ilm, cleaning
for removing unnecesgary deposits accumulated on the
iy 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 gquality.
The etching process using CF3;CFs; cén be performed

ik under various dry etching conditions such as plasma
etching and microwave etching, and CF3;CF3; may be used
by mixing it with an inert gas such as He, N, and Ar or
with a gas such as HC1l, 0, and H, at an appropriate

ratio.

Examples
The present invention is described in greater
detail below by referring to the Examples and

Comparative Examples, however, the present invention is

1A

not limited to these Examples.

Raw Material Example 1

In the presence of a fluorination catalyst, -

21



20 using tetrafl uoronet hane or octafl uoropropane as th as,
gas is purified by again performng distillation. il °r¥8Fn 2@09

hi gh-purity CF3CF3 can be obtained by repeatedly perform ng the
distillation eration according to the conpositional ratio of the 25
organic suWé’t“é’ﬁ@é“ obtained. In the distillation for purPETEUNBH of the
organi ¢ substance, although it may vary depending on the conpositional
rati o, for exanple, an inert gas and 19 1 Novenber 2004 WD 01/ 98240

PCT/ JPO / 05256 CF4 t he boi g tion ar e extracted fromthe top
of the first di'sty ﬁalc PoRc %’ gctnlﬁe&b]aé W8P nF §2Ceshpritsi Hf &E3CF3 is

extract ed fromd heqhekbam aadsi.l 1dyCetysa! tg%c%%gnge&;,esga i on

tower. Then, 5 an inert gas an Iuoronet ane as t

fraction are exif acbed hrana the :0pa0fot iR/ 6QGNG1 odbath)]aid Y ower and
the gas mainly conprising CF3CF3 is extracted fromthe bottom and

i ntroduced int olfiiyst reartichlstadd aheon theereaariext wast fddigherpurity CF3CF3
10 from ghe top, therehy performng the purification. The gas containing
CCl FZCF3” col | ecef'é*anPSrr? he FRIGAR Rresfiere mfr& éu ¥P2| |ty FHIRR be

circulated int t ep wi.th rogen r.i de of The
t hus-purified %ﬁ%’%%ga%ﬁ% a‘:’ﬁgﬁy 2Pdn3 %{jl rrpurlltol gg/%ﬁﬁﬁe eé%(‘}%l?rl ty
CF3CF3 can be oftrgined,+cHenchry idey of N8EEGhA | SeR%12997 V%0 aore, and 1
vol ppmor |ess of the compound having chlorine atomand 1 vol ppm or |ess

of pent afl uor oetchardéonar che ardmiviaddod@Sacid content and a
distillation operation were performed by a conventional
10 method, and the ﬁistillate-was analyzed by gas
chromatography, as a result, crude CF3CHF; (Raw
Material 1 of CF3CHF,) having a composition shown in

Table 2 was obtained.

15 Table 2

_ Compound Purity (vol%)

| CF3CHF, 99.4513
CH;C1 0.0011
CHC1F, 0.0008
CHF; 0.0224
CCl1lF, 0.0005
CF3CC1F, 0.5216
. CF3CHC1¥F 0.0008
CF3CCL,F 0.0009
CF,CH,C1 0.0006
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inmpurities. 20 As the analysis nethod of CF3CF3 havin uri t f
99. 9997 vol % or nore, gas chromatography (GC) using Tgﬁ%‘%ﬁt}%é@% D

nmet hod (each including the precut nethod) or ECD nethod, or an instrunent
such as gas chromat ography mass spectronmeter (GC-M5) nmay be used. 25 Use
of CF3CF3 SMUPR¥A by the production process of the pr&&MFIention is
descri bed bel ow. The high-purity CF3CF3 can be used as an, etching gas at
the etching step .in the process of manufacturing 20 1 Novenber 2004 A

-, f") 01/98240 PC / JPOLl/ 05256 a sem conductor device and al so can be used
as a cleaning gas at the cleaning step in the process of manufacturing a
sem conduct or diew eatedriathexpheress of manufacturing a sem conductor
device such as LSI and TFT , a thin or thick filmis forned using CVD,
sputtering or vapor fgpdatersal hrmf QFaEHT; [obtadned ded-heoabovera circuit
pattern. In the, a CY t us {_‘or formng a thin or thick film cleaning for
r enovi ng unnece%es%‘% c?glpgfit 84 MAHMAPEREEILE ¢hridled PYrgr-wal | of the
appar at ug, jigS@tbdiiGnhh KGelfoa PY{LTIR s PECAUSE e RLAduced
unnecessary deposits cause generation of particles 378 WS BS P¥roved on
occasi ons so asgd® dhredkdeegiabhy MAnw ResgoOd GHald ¥ cdre (Rhghi ng process
using CF3CF3 can be performed wunder various dry etching conditions such
as plasma et cHfaferind @i of oW Fel chanipig andomGF8UEDmBoke ised by

mxing it with an_inert gas such as He, N2 and Ar or
Table 3 was obtained.

19 Table 3

Componnd Purity (vol%)
CF3CHF, .99-80{)0
CHC1F, 6.0002
CHF4 0.0038
CF3,CClF, 0.1960

Catalyst BExample 1

5 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 L of pure water and 0.31
L of 28% aqgueous ammonia were added 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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with a gas such as HCl

02 and H2 at an appropriate

[es The

ratio. EX
present invention is described in greater detail beIomﬂE&NPH#5¥§5ﬁ6.to t he
the present inventionis 25
‘Exanple | In the presence of a

fluorinati & ¥&840yst, 21 1 Novenber 2004 WO 01/ 98240 PECT/IRY§3266256

Exanpl es and Conparative Exanpl es,
not - limted to these Exanpl es.

t et rachl oroet hyl ene

however,

Raw Mat eri al

pressure of 0.4 MPa, a reaction tenperature
/tetrachl oroethyleng of 4__(fi.rs eactiqn)

further 5 conti%ﬂédgéﬁnefﬁ%ggﬁ?F8§ %¥é§§ﬁ&gfﬁflﬁg4miﬁﬁiPea refction
temper at ure of 3391 G dNhh RleAe 8t i HENLE FRIALE . (FAGHCIZHCRICHO F

) of 4 (second reaction). _
and a distill ataoniopayeat isaresRr €c psh ORI chYa By HO0PHRBLESHA]
and the distillate-was anal yzed by gas

After the

reacti on,

(CC12; CC12 ) was reacted with HF at a reaction

of 300C and a nol ar rat

io HF

and then, the reaction was

e réenpval o dc

CF3CHF2 (Raw . MBfEr}wtt prsicugcrgecHF2s fihiadyg iate carpdichbineh-Bsaden i n

was obt aigned. 15 Table 2 Co

CHC1F2 0.70008

ig

15

20

25

oundPurity

reactor and sggsequently subjected to a fluorination

treatment (activation of catalyst) at an atmospheric

pressure and 350°C in an atmosphere of HF diluted with

nitrogen, then in a 100% HF stream, and further at

450°C in .an atmosphere of HF diluted with nitrogen to

prepare a catalyst.

Catalyst Example 2

Into a 10 L-volume container containing 0.6 L of

pure water, a solutiomn containing 452 g of

Cr(NO3)3"9H,0 and 42 g of In(NO3)3; nH,0 (n is about 5)

dissolyed in 1.2 L of pure water, and 0.31 I, of 28%

agqueous ammonia were
while stirring under
rates of two aqueous
solution having a pH

hydroxide slurry was

added dropwise over about 1 hour

the control of respective flow

solutions
of 7.5 to

filtrated,

to give a reaction
8.5. The resulting

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

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

24

ont ent

whQ et hod,
chromat ography, as a result,

crude
Table 2

vol t) CF3CHF299. 4513 CH3C 0.0011



CHF3 0. 0224 CCLF3 0.0005 CF3CClF2 0.5216 CF3CHC F 0. 0008, CF3 1%5 . 0009
CF3CH2C 0.0006 22 1 Novenber 2004 WO 01/ 98240 PCT/JP 7‘%%‘? SR Vet er i al
Exanple 2 Raw Material 1 of CF3CHF2 obtained by the above- described nethod

was repeat QJ lgﬁitilled by a 5 conventional nethod, and the distillate was
anal yzed b§"é§ hr omat ogr aphy, as a result, crude CFSEEEQ?%@iﬁﬁ Mat eri al

2 of CF3CHF2) having a conposition shown in Table 3 was obtai ned. 10 Table
3 ConpoundPurity (vol %9 CF3CHF299. 8000 CHC1F20. 0002 CHF30.0038

CF3CC1F20. 1960 tégit%gn@aRQL¥§$aé?8ﬂ“%fecata P52 5L 10ﬁhﬁvolun§ﬁﬁ§¥£glner

contai-ning 0.6 L of pure water, sol uf 1om cont Al

Cr (N03) 3' 9H20 ol Q&ObﬁedlYQt ]-E)?an{pl@c 1Pebepife @ANdaPabBdst L Of 28% aqueous
anmoni a were added dropw se over about

_ (Example 1) Step (1)

5 Into an Inconel 600-type reactbr having an inner
diameter of 1 inch and a lengtﬁ 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
IRaw Material Example 11 was fed at 3.5 NL/hr. The
feeding of nitrogen gas was stopped and the reaction
was ipnitiated. After 2 hours, the exhaust gas was
washed with an aqueous 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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1 hour while stirring under the control to give a reagtion sol uhi.gn havi ng
a pHof 7.5 to 85. The resulting hydroxide slurry Waiqu’lem%aelréébQ

t horoughly washed with pure water and then dried at 120" C. The
thus-obtaigﬁgg%ﬁgid was pul verized, mxed with graphite 23 1 Novenber 2004
WO 01/ 9824 PO110525 6 and t hen pelletized by a taBF@’ml"Hasﬂachi ne.
The pellets obtained were calcined at 400'C for 4 hours in a nitrogen
streamto obtain a,catal yst precursor. This catalyst precursor was filled
into an Inconel -nade 5 reactor and SU%%% uently subjected to a fluorination
treatnment (activation of catalyst) at §tﬁnspheric pressure and 350'C in
an atnosphere of HF diluted with nitrogen, then in a 100% HF stream and
further at 450" C in an atposphere of HFdrtoted—wth—mtrogen to 10
prepare a catalyst. 15 Catpl yséompeimal € 4 bhatoc@ &fdilyvol une contai ner
containing 0.6 L of pure water, a solutijon containing #52 g of
Cr(NO3) 3' 9H20. and .42 g of | I n(¢&GHE> ng2® (n 9% 3abeut 5 di ssolved in 1.2
L of pure water, and 0.31 |L of 28% aquequs amoni a wer ¢ added dropw se
over about 1 hour while stirr®fg under tlhe do®ladl of fespective flow
rates of two aqueous solutjions_to give ajlreaction 20 s¢lution having a pH

of 7-5to 8.5. The resulti : at ed, thoroughly
washed wi th | CF3CF3 0.6120
CF3CCLF, 0.0156
CF3CHCLF 0.0112
CF3CH,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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pure water and then dried at 120'C for 12 hours. The - obt ali solid
was pul verized, mxed with graphite and then peIIetiziggﬁyﬂgmgggﬁgtting
machi ne. The 25 pellets obtained were calcined at 400'C for 4 hours in a
nitrogen streamto obtain a catal yst precursor. Into an |Inconel-nade
reactor, tRNO®¥4Pyst precursor was filled and subsequBRTAPIEAS ected to a
fluorination 24 1 Novenber 2004 WO 01198240 PCT/JP01l 05256 treat ment
(activation of catalyst) in the same manner as in Catalyst Exanple 1 to
prepare a catal yst. (Exanple 1) Stye gli 5 Into an Inconel 600-type
reactor having an inner dianeter of ¥ PhehSand a | ength of I m 150 m of
the catalyst prepared in [Catal yst Exanple 11 was filled, and the
tenperature was el evated t : i i i en.  Ther et o,
hydrogen fluoride was fed |[at ZHorpblndl- / | heeand, tReRsRapy Material 1---of
CF3CHF2 obtained in [Raw{vaterial Exanplje I was fed a 3.5 NL/hr. The
feeding of nitrogen gas wgs stoyumed and the neagyssn was initiated. After
2 hours, the exhaust gas yas washed w tlh an aqueous pof assi um hydroxi de
solution to 15 renove the laci@«<ont ent and tWeogadter, fhe gas conposition
was anal yzed by gas chronttoq&%ghy, as af result, a gas|having a
conposition shown in Tabl ¢4 % aobtai ngd 2Q0282

CF3CF3 0.6720
CF3CClF, 0.0068
CF3CHCLF 0.0098
) CF3CH,C1 0.0015

As is apparent from the apalysis resuits shown in
5 Table 5, when a fluorination catalyst obtained by
adding indium to chromium is used, the conversion ratio

of CClF,CF3 to CF3CF3; 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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25 1 Novenber 2004 WO 01/98240 PCT/JP0O1l 0525G Table 4 gﬁggggﬁgggbity
(vol %9 CF3CHF299. 3273 CF40_0113 CHF30. 0215 CF3CF30.6126 _6156
CF3CHC1F0. 0112 CF3CH2C 0. 0011 5 (Exanple 2) Step (1) A reaction and an

anal ysis were perforned under the sanme conditions through the sane

oper at i ons VEAOW3240Exanpl e 1 except for filling 150 nml ofCTMROIERSGE| yst
prepared in Catal yst .Exanple 2 as the catal yst- The 10 analysis results
are shown in Table 5 15 26 | Novenber 2004 WD 01198240 PCT/ JPOL/ 05256

Tabl e 5 ConmpoundPurity (volt) CF3CHF2 99,2732 CF4 0.0170 CHF3 0.0212 CF3CF3
0. 6720 CF3CCI F2 0-0068

Compound Purity (vol%)
CF3CHF, __99.4314
CFy 0.0023
CHF,3 0.0221
CF;CF3 0.0387
CF3CC1F, 0.4829
CF3CHCLF 0.0014
CF3CH,C1 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

28



CF3CHCI F 0. 0098 CF3CH2C1F 0-0015 As is apparent fromt lhenhesul ts
shown in 5 Table 5, when a fluorination catalyst obta?ﬁgﬁaﬁg%ggﬁpﬁg I ndi um
to chromumis used, the conversion ratio O CCF2CF3 to CF3CF3 is

i nproved. 10 15 (Exanple 3) Step (1) A reaction and an anal ysis were
perfornmed YWIUM24he sane conditions through the same oBEFHNBI}ES as in,
Exanpl e 1 except for changing the reaction tenperature to 300C. The

anal ysis results are shown in Table G 27 1 Novenber 2004 WO 01/98240 PCT/
JP01/ 05256 Table' 6 ConpoundPurity (vol %9 CF3CHF2 99.4314 CF4 0.0023 CHF3
0.0221 CF3CF3 0.0387 CF3CCLF2 0-4829 @BS¢BCIF 0.0014 CF3CH2C1 0.0005
(Exanmple 4) step (1) 5 A reaction and an analysis were perforned under the

same conditions through t same-operatigns—as—+n—Exanmpl e 1 except for
changi ng the reaction tenperatddupouh 50Q' furifie @Rakys|s results are shown
in Table 7 )

CF3CHF, 99.1948

CFy _0.1488

CHF; 0.0168

CF3CF; 0.5880

CHCLF, 0.0069 ‘

CF3CCLF, 0.0148

CF3CHCLF ~ 0.0256

CF3CCL,F 0.0021

CF,CH,CL 0.0022

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

5 Into an Inconel 600-type reactor having an inner
diameter of 1 inth and a length of 2 m, 150 ml of the
catalyst prepared in [Catalyst Example 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 CF;CHF, obtained in
[Raw Material Example 2] was fed at 8.0 NL/hr.
Subsequently, the feeding 6f nitrogen gas wag stopped
and 2 hours after the initiation of the reaction, the
exhaust gas was washed with aqueous 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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10 15 28 1 Novenber 2004 WD 01/98240 PCTIJPO1 /45256 le 7
ConpoundPurity (vol % CF3CHF2 99.1948 CF4 0. 1488 orre | SRyEatber2008, o ses0
CHC1F2 0. 0069 CF3CClF2 0.0148 CF3CHCI F 0.0256 CFaCCl2F 0.0021 CF3CH2C
0_0022 (Exagﬁle 56 Step (1) + Step (2) 5 Into an Inconel 600-type reactor
havi ng an MIAEPE2%i aneter of 1 inch and a length of 2 i RETARHORE of t he
catal yst prepared in [Catal yst Exanple 21 was filled, and the tenperature
was el evated to 430' C while passing nitrogen- There-to, hydrogen fluoride
was fed at 5.0 %Q%h%ﬁﬂgﬁ%gd then Raw Material 2 of CF3CHF2 obtained in

[ Raw Material Exanple PWas fed at 8.0 NL/hr. Subsequently, the feeding
of nitrogen gas was stopped and 2 hours after the initiation of the
reaction, the exhaust gas was washed with aqueous potassi um hydroxi de 15
solution to renpbve the acid content. Tadieegulting gas conposition was
anal yzed by gas chromat ography, as a result, a gas having the conposition
shown in Table 8 -

Compound Puritf {vol%)
CF3CHF, _99.7922
ci'-'4 0.0018
CHF; 0.6036
CF3CF3 0.1980
CP3CCLF, 0.0008
CF3CHCLF 0.0036 -
5
The gas having the composition shown in Table 8
after the removal of the aecid content was collected
undgr cooling and purified by distillation according to
a conventional method. The gas obtained after the
i0 purification was analyzed and the results are shown in
Table 9.
- 15
20

30



29 | Novenber

2004 WD 01/98240 PCT/JP01105256 was o i . l,e 8
ConpoundPurity (vol % CF3CHF2 99.7922 CF4 0.0018 CHF3?3&H%§gE%E@§ﬁ3 0. 1980
CF3CC1F2 0.0008 CF3CHCI F 0.0036 5 The gas having the conposition shown in
Table 8 after the renoval of the acid content was collected unde
and purifiwe®aiesdbstillati on according to a conventi onaPCHBOkeHs6
obtai ned after the 10 purification was analyzed and the results are shown
in Table 9. 15 20 30 1 Novenber 2004 WO 01/98240 PCT/JP01 /05256
ConpoundPurity (volt) CF3CHF299. 7950 CF4 0_0019 CHF3 0. 0035 CF3CF3 0.1988

10

15

20

Table 9
Compound Purity (vol%)
CF3CHF, ___99.7950
CFy 0.0019
CHF3 0.0035
CF3CF; 0.1988
CF3CC1F, 0.0008

As is apparent from the analysis results shown in
Table 9, by performing distillation, chlorotetrafluoro-
ethane can be mostly removed.

Using the gas mainly -comprising CF3CHF, after the
purification by distillation obtained above, a direct
fluorination reaction with fluorine gas was performed.

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 subjected to a passivation treatment with fluorine
gas at a temperature of 500°C) was heated to a
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 CF3CH¥F, was fed at 3.5 NL/hr.
Thereafter, fluorine gas was similarly fed at 3.85 NL/h
to another gas flow diverged from the diluting gas to

pexrform a reaction. After 3 hours, the reaction

31

r cooling
The gas

Table 9



CF3CC1lF2 0.0008 As is apparent fromthe anal ysis resul I 5 Tabl e
9, by performng distillation, chiorotetrafluoro- et hzz\lﬁ;é%gﬁ%st |y

renoved Using the gas nmainly-conprising CF3CHF2 after the -purification by
distillation obtained above, a direct fluorination reaction with fluorine
gas was peMOMA¥AL 10 An Inconel 600-type reactor havi nECEIFOUPIE di anet er
of 20.6 =44 and a length of 500 nm (using a heating systemby an electric
heater; the reactor had been subjected to a passivation treatnent with

fluorine gas at tﬁﬂger ature of 500 Cl)l was heated to a 15 tenperature of
420' C whil e pasps‘ﬁ%ﬂ)“’ i EPBGEHS JEERe Yot NIT HYIUSPHENPO RS R BYEN fl uori de was

fed at 50 NL/ i, 0 I fromthe..djl uting gas,
the gas mainl G{Yg(;:r@r)%qulgi %%&C%B%—iggﬁméé %%géo\e{lltesr g).%gas%lwlﬁrl.o%erher eafter,
fluorine gas waslsitAbhatdYyrémshedthydr8§en NV dbrilse Rt hgrefasd | ow di ver ged
fromthe diluting gas to performa reaction. After 3 hours, the reaction
31 1 Novenber . Z00br@=044982 4$68bPEFISRAV.03286gaproshiads igdenwaaswashed wit h
an aqueous potassium _hydroxide solution and an aqueous potassium i odi de
sol ution’to refPEYR§Er %&jeﬁﬁaﬁf |FFOrgECSFRP N eBBE ARV iGr FREVGES.
Subsequently, the gas conpqgsitii o was 5 anal yzed by gas chromat ography. The
anal ysis results = are shown m?l'abl'e 10. Table 10

Table 10
. Compound Purity (vol%)
CF3CHF, 0.0001
CFy 0.0456
CF3CF3 99.9536
CF3CCIF, 0.0007
10
The gas after the removal of the acid content was
collected under cooling and purified by distillétion,
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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ConmpoundPurity (vol % CF3CHF20.0001 CF4 0.0456 CF3CF3 ?%%ggﬁﬁmﬁﬁﬁ | F2
0. 0007 10 The gas after the renoval of the acid conten col ted
under cooling and purified by distillation. The gas after ‘the purification
was anal yzed b %as chr omat ogr aphy using TCD net hod, FID nethod, ECD

met hod 15 %H"é?—ﬂ/s met hod, and the analysis results ar BCEHHROMASEH Tabl e
11. 32 1 Novenber 2004 WD 01198240 PCT/JP01/ 05256 Table 11 ConpoundPurity
(vol 99 CF3CHF20.9 vol ppm CF4 <0.4 vol ppm SF6 <0.4 vol ppm CF3CCI F2 (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 CE3(f3,4 s obtained and the purity
thereof is 99.9997 vol % or nore 10 (Conparative Exanple 1) An | nconel
600-type reactor having an inner dianmeter of 20.6 nmand a | ength of 500

mm (using a

Compound Purity (vol%)
CF3CHF 5 0.9 vélppm

CF, <0.4 volppm

SFg 0.4 volppm

CF3CC1F, 0.1 volppm

CF3CF, 99.99%8 vol%

5 As is apparent from the analysis results shown in

Table 11, CF3iCF; after the purification contains almost
no other impurities, thus, high-purity CF,;CF; is

- obtained and the purity thereof is 99.9997 vol% or more.

10 (Comparative Example 1)
An Tnconel 600-type reactor having an inner
diameter of 20.6 mm® and a length of 500 mm {(using a
heating system by an electric heater; the reactor had
been subjected to a passivation treatment with fluorine
15 gas at a temperature of 500°C) was heated 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 CF;CHF; 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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heating system by an electric heater; the reactor had n _subjected to a
passivation treatnment with fluorine 15 gas at a tenpe?gﬁﬁ@gﬁggz@@é'C3 was

heated to a tenperature of 420C while passing nitrogen gas at 30 NL /h.
Then, hydrogen fluoride was fed at 50 XL/ hr, and into one gas flow

di ver ged fwgr?ﬂ’?’f?é" diluting gas, Raw 20 Material 1 of CF 18H8%i ned in

[ Raw Material Exanple 1] was fed at 3.5 NL/hr. Thereafter, fluorine gas
was simlarly fed at 3.85 NL/h into another gas flow 33 1 Novenber 2004 WO
01/ 98240 PCTIJPQ1105256__di ver fromthe diluti as to performa
reaction. Aft éi% Vfg Sér froq h%erggdgétuitﬂirn‘gp?%%}c? P§§ggﬁgsavﬁ%affpeto‘c{ﬂ't h an
aqueous pot assiAfpehYdr axhes, SaldibicaRe b MbLARMEQUS POl ASSIJYNJ:Qgi de
solution to renove hydrogen fluoride 5 and unreacCted fluorine gas.
Subsequent |y, taie agagous opgpesd £iluen hydsoRide YAt thyngasd CA eipim=aphy. The
anal ysis results are shown in Table 12. Table 12 10 ConpoundPurity (vol %
CF3Cl | F2 0. 000Potr2sHup568diR] FR10td 086t TREEFE 0 dyd160eCHIO0k iR 0. 5233 As
S appar gnt from.the anal results shown in Table 12, when CF3CHF2

[
containlng a Cgﬁgoaﬁaeﬁge%id%uorlne gas. Sgbsequently, the gas

composition was analyzed by gas chromatography. The

analysis results are shown in Table 12.

Table 12.
10
Compound Purity (vol%)
CF3CHF, 0.0003
CF, 0.0568
CCl¥Fs 0.0036
CF3CF3 99.4160
CF3;CCl1F, 0.5233
As is apparent from the analysis results shown in
Table 12, when CF3CHF, containing a compound having
chlorine atom within the molecule as impurities is=s
15 reacted with fluorine gas, CClF,
{chlorotrifluoromethane) which is a substance d@ifficult
to separate, is produced.
| Then, the gas having the composition shown in
Table 12 after the removal of the acid conﬁent was
20 collected under cooling and purified by distiliation.

The gas obtained after the purification was analyzed

and the results are shown in Pable 13.
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chlorine atomwithin the nolecule as inpurities is 15 ted w fluorine
gas, CClF3 (chlorotrifluoronethane) which is a subsﬁiﬁ%'ﬁﬁ%q$ﬁﬁ1t to
separate, is produced. Then, the gas having the conposition shown in Table
12 after the renoval of the acid content was 20 collected under cooling
and purifi &P YP*WPstillation. The gas obtained after th&GFIPIHBEti on was
anal yzed and the results are shown in Table 13. 34 1 Novenber 2004 WO

01/ 98240 PCT/JP01105256 Tabl e 13 ConpoundPurity (vol % CF3CHF2 0.0003 CF4
<0. 0001 CC1F3 0.0036 CF3CF3 99.9959 CF3CCI F2 <0.0001 5 As is apparent from
the analysis results shown in Table 13, CCIF3 1is a conpound hard to
separate EFFECTS OF THE I NVENTI ON As dgsgLifpgd in the foregoings, by using
starting 10 gas m xture contai ning CF3CHF2 and a conpound having chlorine
atom high-purity CF3CF3 can be produced, and the high-purity CF3CF3

produced according to the | present Invent{ion can be used as an etching gas
or a cleaning gas.in the jprocdeswosndmanyf Betiicy nired %15 | sem conduct or
device. 35 :

CF3CHF, 0.0003

CFy <0.0001

CClF; 6.0036

CF3CF; 99.9959

CF3CClF, <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 CF3CF3; can be produced, and
the high-purity CFa3CF5 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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1 Novenmber 2004 WD 01/98240 PCT/ JP0O1/ 05256 CLAI M5 1. roge r
produci ng hexafl uoroet hane, conprising the follow ng ?@%R§$§§§§0@a(l) a
step of reacting a gas m xture containing pentafluoroethane and a conpound
having chlorine atom wth hydrogen fluoride in the gaseous phase in the
presence oVOPWP¥dbrination catalyst to fluorinate said PEHMIYOTHP havi ng
chlorine atom and 10 (2) a step of reacting the gas m xture containing
pent af | uor oet hane and the fluorinated conpound 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 he¥af¥%or oet hane as clainmed in claim
1, wherein said conpound having chlorine atomis at |east one conpound
selected from the group consisting of chloronethane,

chl orotril uor onef hane procebkorepepitafddiRgo8bRafPuorft thane,
di chl orotetrafl uoroethane , chlorotetrafl uoroethane, chlorotrifluoroethane

, and chl or ot r i f¢arprdetingl the. foBlowirg wocessp$or produci ng
hexaf |l uogoethane as , clained in claim1l or 2, wherein the total anount of
25 the cdnpound havilld BnFERPnRE ARRtASAt &i ARS Phetwre gastaimdadire of the

25 36 1 NoverbdiSGEE B5 rals AANbAT TRET PSR APHBEITR UM m 1 or 2.
wherein the totalendiParbgeh filuoride in the gaseous phase in the
presence of a fluorination catalyst 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,
chiorotrifluoromethane, chloropentafluoroethane,

20 dichlorotetrafluoroethane, chlorotetrafluoroethane,

chlorotrifiuoroethane and chlorotrifluoroethylene.

3. The process for producing hexaflunoroethane 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

36



t he conpound havi ng chlorine atomcontained in the gas 1 Xt ur the step
(1) is 0.5 volt or less. 5 5. The process for producin&hg§§hﬂrﬁgﬁhéthane as

claimed in any one of claims 1 to 4, wherein in said step (1), the
fluorination catalyst is a bulk catalyst obtained by adding indiumto an
oxi de of - WHB#MM 10 6. The process for produci ng. heR€FIRUEFBEt hane. as
claimed in any one of clains 1 to 5, wherein in said step (1), the
tenperature at the reaction with hydrogen fluoride in the presence of a
fluorination catalyst Ln.the ragge of 150 to 480'C. 15 7. The process

for producing H ﬁfbh%efﬁﬁﬁ@ 8T raiEdeth Gy e lofTerAF M | to 6,
ner BT 50 stk WPl af 480 Sl VOISR oSS oL

subst ance contal ne as mxture 1s he range

The process formpiaguciorg chexatéporgetihanesasoi £l Mdgi n any one of clains
| to 7, wherein a step of renoving an acid content containing hydrogen

chl oride 25 produced is conducted before said step (2). 9_ The process for

produci ng hexafl uoroethane as clainmed in any one of clains 1 to 8, wherein

a step of 37 1 NovefRer PFOO2SHTF O /OPFAGipg hexafiyprosBane separ at i ng

chl orotetrafl uorqeth and/or chlorotri - fluproethane, . and returning the
chl orotetraf| uo?‘lgae “ﬁa%gm aBRAPRE ThIDAIEE i E%r et"ﬁ‘gﬁ M W% to the

step (1)7 i's CQﬂQﬂPtﬁﬁ.b%ﬁerﬁléﬁiihéﬂfﬂa Eglalyst is a bulk catalyst

obtained by adding indium to an oxide of chromium.

10 6. The process for producing hexafluorcethane 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 fluorination catalyst is
in the range of 150 to 480°¢C.

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 hydrogen fluoride/organic
substance contained in the gas mixture is in the range

20 of 0.5 to 5.

8. The process for producing hexafiluworoethane as
claimed in any one 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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5 10. The process for produci ng hexafl uoroet hane as cl g i one of
clainms 1'to 9, wherein in said step (2), the total ah@hﬁ%qgkggﬁgxconpound

having chlorine atomcontained in the gas mxture is 0.02 vol% 10 or

| ess. 11. The process. for produci ng hexafl uoroethane as clainmed in any :
one of cl aM@P82Y’' 10, wherein in said step (2), the PEURNARSEd conpound
contained in the gas 15 m xture is mainly-conposed of hexafl uoroethane.
12. The process for produci ng hexafl uoroethane as clained in any one of

clainms 1 to 11, wherein i aid st 2), the dilytin as is a gas
contai ni ng at I%ﬁ%ﬁ?agéngnghi%ﬁ%ﬁﬁﬁﬁﬁ%gPéﬁ%??R?%ﬁwﬁﬁﬁ Bﬁng?§§§9ﬁf%ﬂ

tetrafl uoromet hang, JRexaf L uor et oGt af ﬂgg drogen
fluoride 18. The pfggesgﬁ%br pro_uc!ﬁé %exa%ﬁ%%%%%?ﬁgﬁgf%s _ t%ﬁ%%ened in
any one of cl aiaf@/brt @hidro W RidTokeRhafk Geefd@t c@2teo tHE Sidditi1ng gas is a
gas rich in hydrogen fluoride. 38 I Novenber 2004 14. The process for
produci ng hexafisusoydvhtné lsfotaismdd Bhepaf®) one of clains 1 to 13,
wherein in said step (2), the tenperature at the reaction of gas mxture
contalnlﬁg the fluorinated conpound with fluorine gas is in the range of

250 to 500C. 15., Th rocess f rodycin exafl uoroet.hane as clained in
any one of cl a;Eir(r’é 1%{' (8) gﬁ?éﬁse%lgpfﬁgg%%’% rslfeécﬁ tJ(l YProeliing &fperat ure at

the reaction ofciGamed XhUsSy CSHY JINcRFihH€: to 9, wherein in said
step {2), the total amount of the compouﬁd having
chlorine atom contained in the gas mixture is 0.02 vol$%

10 or less.

11. The process for produciﬁg hexafluoroethane as
claimed in any one of c¢laims 1 to 10, wherein in said
step (2}, the fluorinated compound contained in the gas

Y 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
20 one selected from the group consisting of
tetrafivoromethane, hexafluoroethane, octaflucropropane

and hydrogen fluoride.

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

fluoride.
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A hexaf | uor oet

fluorinated compound with fluorine gas is in the range1gkweﬁﬁQ”@@0450C. 16.

hane product conpri si ng hexafl uoroet hane

aving a purity of

. 99.9997 vol % or nore, prepared by (a) reacting a gas m xture containing
ane and a conpound having chlorine atomw th hydrogen
fluoride tA- tRBegBERSR PRadE fictMe rradénercuthagef BioFLAERIDLR cat al yst
to fluorinate gajdogOrpoOUNGikaVvingo chi oniReeint oM sand skbp repctinyg the gas
nin ent af | uor oet hane and_the fl uorinated conmpound obtai ned

pent af | uor oet h

m Xture conta
in step (a) w
di | uting gas.

FRMESHAER AE BRR TSRARE" gAS EuEBhEse THTaERENHr Ut

fTuodiher thex abhpormetianer piduet gas € ailmetel Raghdil i

nce of a
16,

wherein the cog%&nt t he conpound having chlorine atom is 1 vol ppm or
et °

| ess and the ¢

the pent af | uoroet hane is 1 vol ppmor | ess.

18. An

et ching gas conprising the hexafl uoroet hane product described in claim16

or 17. 19, Ac
describedlpn c

le.

17.

18.

18.

| eani ng gas conprising the hexafl uoroet hane Eroduct
F%?n?ﬁ%?%ﬁs fp; @godu01ng hexafluoroethane as claimed in

any one of claims 1 to 14, wherein in said step (2), the
temperature at the reaction of gas mixture containing the
fluorinated compound with fluorine gas is in the range of

350 to 450°C.

A hexafluorcethane product comprising hexafluoroethane
having a purity of 885.9997 vol% or more, prepared by (a)
reacting a gas mixture containing pentafluorocethane and a
compound having chlorine atom with hydrogen fluoride in
the gasesous phase in the presence of a fluorination
catalyst teo fluorinate said compound having chlorine
atom; and (b) reacting the gas mixture containing
pentaflucrcethane and the fluorinated compound obtained
in step (a) with a fluorine gas in the gasesous phase in

the presence of a diluting gas.

The hexaflucroethane product as claimed in claim 16,
wherein the content of the compound having chlorine atom
is 1 wvolppm or less and the content of the

pentafluorcethane is 1 volppm or less.

An etching gas comprising the hexafluoroethane product

described in claim 16 or 17.

A cleaning gas comprising the hexafluorcethane product

described in claim 16 or 17.
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