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conpound havi ng chlorine atom vvlt Ahd UsE thereof. In the
process of the Priasde) (inventtimn flalggstwté(tdﬂ ®rovisional

Application 60/230,806 filed on September 7, 2000,

10 pursuant to 35 U.S.c. S111¢b).

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.

25



0 contai ning CF3CHF2 and a compound having chlorine at AN
nol ecule is reacted wth hydrogen fluoride in the presiﬁ%ﬁk%ﬁﬁégdbhﬁ

fluorination catal yst,

t hereby converting CCLF2CF3 as a main inpurity into

CF3CF3, and CF3CHF2 containing CF3CF3 is reacted wth fluorine gas in the

gaseous ph¥€:03824he presence of a diluting gas. 1 Nove®SEHPEQOHS6 \\O

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. 119(e) (1) of the fil PagkdaeendfAr® ovi si onal Application

60/ 230,806 filed on Septenber 7, 2000, 10 pursuant to 35 U.S.C. 111(b).
O HESrRE :

DETAI LED DESCRI PTI

EOrRGERIONDBEFELARFEST I9t@ Fess tehes| nvention 15

uor oet hane

The present invegtjceir,hfl 88 6fsdd FoRr 9§§r§;[§1e‘_f,0ras Rr odeei n(grat}lﬁt;(?fqlruor oet hane,

*conprising a step of

reacting a gas m xture contarniny pe

and a conpoundldevierpethitarbnesatemanisthrBy 8§ agan filiorsde,in the gaseous
phase in the presence of a fluorination 20 catatltyst to fluorinate the
conpound *havi ngPxlusttiimae oft bexafitherosttbpnef (heatinafgetrheegasrad Xidir €

cont ai ni ng peq&gtk%ﬁéggi$ane and the fluorinated conpound with fluorine

gas in the gaseous

n the presence of a diluting gas, and al so

rel ates (o the use ther eab: p2Raderh NPURTRECAI0? Y0 QLI9E240 PCTI IPO1105256

Background Art

r

following methods have been heretofore known:

(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 are used, the objective CF3CHF, contains a compound

having chlorine atom within the molecule as main

impurities. ‘The compound having chlorine atom within

the molecule includes a compound having one carbon atom

within the molecule, such as chloromethane,

25 ¢hlorodifluoromethane and chlorotrifluoromethane, a

compound having two carbon atoms within the molecule,

such as chloropentafluoroethane, dichloro-

tetrafluoroethane, chlorotetrafluoroethane and

2



Pent af | uor oet hane (hereinafter referred to as "CF3CHF2,"\)...) for
exanple, as a refrigerant for |owtenperature use or a%ngﬁ#i?a%'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¥? B¥8H%her et of ore known: (1) a nethod of f| udIGTHBR0AS

perchl oroet hyl ene 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
."unexam ned publ i shed Japanese patent application"), JP-A-6-506221,

JP- A- 7- 76534, JEHRIRthifdperoethane g.axgh @3 upAdt U e HNLELEE, sUGh(2) a

nmet hod of perfogrm dr.qgenol ysi s. of chl or opent af | uor oet hane
(CCl F2CF3), an%%%?loap&r%értl%oaog?gréglc‘?qeﬁg a fluorine gas-with a

hal ogen-cont ai ni ng etrhWmneatsess pll%d%fc]ihﬁgggfédré?)%rhitﬂ%%e met hods for

produci ng CF3CHF2 20 are used, the objective contains a conpound
havi ng chl ori nef u@nngttivon rehetivd eflllr@aasifgi CF;cudpUkitn @s. The conpound
havi ng chlorine_atomw thin the nolecule includes a conpound havi ng one
carbon atfom wi tHHF e 95| Bl e 15 GERCER: cohkoalinsetimr@mpdtnd

chl or odi f uoron?%st hane 3 chl orotrjfl uoronmethane, a conpound having two

carbon atoms withim ¥ & %FEEU?%?I“ it taShe AP kR BPeént ghlasieet hane,
di chi'or o el aki0inel RARGLs g0 CUAIALELT BLLESIASINARE :20d. 2 3 Joyerber
' 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
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

CF3CHF2 and elevating the purity of CF3CHF,, however,

3



chlorotrifluoroethane, and an unsaturated conpound su
chlorotrifluoroethylene. |In the case of producing @3%&%@%&&0})3“

fluorination reaction of reacting CF3CHF2 with a 5 fluorine gas (F2), if
CF3CHF2 contai ns the conmpound having chlorine atomw thin the nol ecul e,
chlorine, YW8¥en chloride, chlorine fluoride or diff@&HPO1IFNES 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

i n CF3CHF2, th%hg arises no partjcular problem however, for exanple,
hl or onet hane  ( GR3E1128r SthIPoPEEPE Pl ot e tthigndistEHAHEDR cosscts with

Lpaorine 0as o Reoduces, ClOALEL LiLelAadIang, (T3, The obj ective

CF3CF3 15 and chlorotrifl uoronet hane orman azeo Conposi ti on,

therefore, CClboitstabifitulils baar 8A®Veomee \LehoBYnRE {L:HNgRdbsELL! ati on,
adsorption for purification, or the-like. Accordingly, In tﬁe case of
reacti ng CF3CHF2temt within el melgaslée EpmoducezEb66I i c ixthieeappunt of

t he conpqynd having chlorine atomw thin the nolecule contained in CF3CHF2

shoul d be reduc8f #&=CHiRAF ddXFoBixbrEe YAddoFHFHF 2 8ndoaventsnal

production neth 3CHE2, the tatal _amgunt. of the conpound having 25
chl ori ne aton1m§gﬁf%8§%%q%b%ggﬁ e ?%h%8?%5?&231§§l¥ﬁiﬁ+°na§9356ﬁ%°ﬁ-voI@6

Therefore, a di shi bhatian-0cEaibhed hriGReaL el O ([ SMYLRMLheSe
conmpounds contained in CF3CHF2 and elevating the purity of CHF2,
however, 3 1 Novefbere®(@as "CCLlF,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.

4



WO 01/98240 PC /JP01105256 this has such a problemth t he .di sihl,| ation
cost increases, the distillation |oss is caused, the ?E\“’a’@ﬁ?b iltolb’f;y is bad
and some compounds having chlorine atomwthin the nolecule form an
azeotropic mxture or 5 an azeotrope-like m xture with CF3CHF2 and are very
difficult MOP&RMe only by the distillation operation. PCY¥Poyas2sé cul ar,

chl or opent af | uor oet hane (hereinafter referred to as "CClI F2CF3") is usually
contained in CF3CHF2 in a concentration of thousands of ppmor nore 10 but
since an azeotrqpic mxture is fornmed by CF3CHF2 and CCI F2CF3, the
separation is hardPyiafRdifed vy -8dP3%1 i1 ation which is a commonly used
separation and purifjcation el hod, tllfgés egrar ati n%? CCl F2CF3 contained in

CF3CHF2, 15 various nethods have Besrod: Sl58Sed, PFohLl&®earBrE, 161) a net hod

of adding a thinteCcaEppRp&ds t@@)a ] f CCl E2CF3 and
¢ £ 1@)arefhytdd & %tegégf%;%g%gg, Egﬁ_ 3 a

performng the extractive distillation (see, JP-A-

133240, JP- A-7- 258183cogponkil: 3@8a, tHP-mixButé3486ceu crg OankP-rel 0- 513190) ,
(2) a.nmethod of renoving CCl F2CF3 contained in - CF3CHF2 using an adsor bent
(see, JP-A-6- 928hdrdngompengntg. shgsrethadeft éRin tdfmillesan ssed bErei n neans

an "unexam ned_published internagtional patent 25 application”)), and (3) a
met hod of convefggﬁﬁe@f%%QCSaF%W'i ArdcERerstiag @£CE3LHF2 in the

presence of a Nydeedenatian readbeldptid 88 cdPafydiP9350audPesr 8- 40949,
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 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



1 Novenmber 2004 WD 01198240 PCB' /, 1POLl/ 052 56 301801 §E$#%Ph@%%%?51525).
However, these nethods have a problem that is, the oF requires
a step of recovering the third conponent fromthe m xture of CCl F2CF3 and
the 5 third conponent, the nethod of (2) requires a step of regenerating

t he adsorbé‘fﬂ?l‘ggﬁﬂ the nmethod of (3) suffers from reduBET/HNIPTSE he
catalytic life due to hydrogen chloride produced. 10 Problens to be Sol ved
by the Invention The present invention has been nmade under these

ci rcunst ances a%’nw%&ggj ect_of the E’Eesent dnvention is to provide a
met hod for producl ng F3 Thi% A2§BH T Hiof iHEBi FAG7 udrddergas ni xt ur e

cont ai ni ng CF3 u havi chlorine "atomw thin the
nmol ecule in tﬁggﬁg%ﬁ%ﬂ{?oa? dg%gggc?ﬂﬁow%ggn PEHIR 9&edeaSEHM et ching

or cleaning gastha 80 PIORL §3 sOhi PEOHI UoRGa8n 1 S8 BEORAVGIY deukce, and
al so provide a use thereof 20 Means to Solve the Problefs As a’redult of

ext ensi ve i nvesvights oflidmineobue it hthealpaveodessidsacd nprabl ens, the
present inventors have found that in the nmethod for produci ng CF3CF3, 25
when a gas ni xt BFeSR¥ift Afhitn§iErErFmagnd thecopourdescirdbedg chl orine atom
bresence of a Prooral i beaPaTYed "t RGP AR it hees &
accomplished based on this finding. fThe present
invention provides a process for producing CF3¢F3 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 Novenber 2004 WO 011987A O PCTIJPQO /05256 cont ai ned Hﬁgépet%ﬁa 5kxture,
into CF3CF3 and then performng a direct fluorination i 8 reacting
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-descwab@ﬂm%ﬁ probl ens can be sol ved. The present PAVEREOPAS has been
acconpl i shed based on this finding- The present invention provides a
process for producing CF3CF3 and use thereof, described in [1] to [19]

bel ow. [1] A process, for producing hexafluoroethane,--- conprising the

fol l owi ng two sfepsriked) iz dibponfliilearhiengin tos tuteiussowmntaf ni ng

pent af | uor oet hape and a.c ound having chlorine atom w th hydrogen
e BouS Y ﬁgggvf?ﬁtéﬁ}QéinﬁrEE%%C%PQﬂal&eﬂlﬁBthﬁuQ%ﬁw cat al yst

fluoride in the gaseo

to fluorinate t&g&td¥gngguQgehggéﬁg(fyﬂfgrhnfffécgg q%gg (2) a step of

reacting the gas m xture containing pentafluoroethané and the fluorinated

conpound obtained imthehstppoddsds WdrNpRolil&Pid MRxG2SubPod figapasgous 20
phase in the presence of a diluting gas. [2] The process for producing
hexaf | uoPoet handesgrihgdsénri bel ¢n [20],, viheein ntichaotalpanmeshthayd ng chl ori ne

atomis at |east one conpound selected fromthe group consisting of
chl or onet hane, “HhISFEPRPH| SRyt idrReinesaten srambesnad | Lordw fease,

di chl orotetr afl Jahathaee e LGS OhS! 437 U P81 ess.
[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



chiorotrifluoroethylene_ [31 The process for producin exaf,l u t hane as
6 1 Novenber 2004 WD 01798240 PCT/.1P01105256 descr i bgﬁqvﬁﬂbﬂ’%@ﬁ[ 2],
wherein the total amount of the conpound having chlorine atom contained in
the gas mxture of the step (1) is 1 volt or less. [4] The process for
produci ng NEXeYBU8r oet hane as 5 described in [1] or [2]pCT@R@nsisa t he t ot al
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

hexafluoroethan? as_described in any one of [1] to [41, wherein in the
step -10 (1), CHECFPEBRIDEr a8 €aTuFpERT jthey chypkotetwd fistoroettaaned by

addi ng i ndi umtQ,3n 0xX] Qm u 6] The process for producing
hexafluoroethanenagOgd%égﬁéqﬁﬁiqﬁﬁcgﬁgl%éﬁg(ﬁepﬁf EEO FS1theurdeBi i n the

step (1), the tenpehdidiss Herhe ERACLLGN ¢t h hydrogen 15 fluoride in the
presence of a fluorination catalyst is 1n the range of 150 to 480'C. [7]

The process for prodit®hgieeyabkass opbhandmes ingerei PR idetaA%.008 of [11
to [6), Wgerein in the step (1), the nmolar ratio of hydrogen
f1 uori de/dr gani 82387 iRed tith@@yceneaphetll kot H8J gasheredmiia ithei Btéhe range

of 0.5 to 5. [8],The, pracess for producing hexafl uoroethane as described
in any one of [1_2L} t otl%ﬂ ,oet\ﬂiePgPHB‘é 2t froromperpd ity idw shilerinat ent

containing hydragen @iy 23 PRLOYGE G LS candyc) eg, Refigre the step (2).

{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



[9] The process for producing hexafl uoroethane as descrihbed in one of
[11 to [8], wherein a step of separating chIorotetraﬁﬂﬁ%ﬁﬁgﬁﬁgﬁ@%and/or
chiorotri 7 1 Novenber 2004 WD 01/98240 PCT/. P01105256 fl uoroet hane, and
returning %ﬂ§ BL@rotetrafluoroethane and/or chlorotrifluoroethane
separated 9 UH&8tep (1) is conducted before the step PCHPUPHS 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
chl orine aton1cggtag ed .in the gas m xture_is 0.02 volt or less. [11] The
‘e

process for prodtérn A GEFBETRLES A HhesCerBEIOR Pfagpsone of [1] to
10), wherein ipg )., i nated d contained in th
[ 10) erein ip &E&&éihéﬂéﬁanﬁboFﬁgeff4ﬁ¥¥ﬂa%%?e %Bﬂpﬁgﬁuf ontained 1n the

gas mxture is nmainly conpose exaf1 uoroet hanes e process for
produci ng hexathuerned haire iasindeserifald idk 38y pherff-4 1] to [111,
wherein in the step (2), the diluting gas is a gas containing at |east 15
one sel ected fromt hELQr dupesshtistoaichafe pretinat| cumipymiihgne,

hexaf | uoroet hang , octafl uoropropane and hydrogen fluoride. [13J The
‘process' “for prgﬁﬁ%ﬁ%&erﬁ§%§PFuB?YEﬁ?EﬁLH?r&§Y 88529 489F veléngrone of [11
to [121, mhereiﬂ%£@ the 20 step (2), the diluting gas.is a gas rich in
hydrogen fluoride [141 The process for produci ng hexafl uoroet hane as

described i n any oneg0f] frhk ﬁ@xLéiﬂord@%ﬂﬁ%%npkgdﬁéEaas described in

[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®.



step (2), the tenperature at the reaction of gas 256 m re gontaining the
fluorinated conpound with fluorine gas is in the rangi%gwgﬁﬁ?r OQOO'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), tHe%%&Merature at the reaction of gas mi xturkCTEBMEISAi ng t he
fluorinated conpound with fluorine gas is in the range of 350 to 450'C.

[ 16] A hexafl uor oet hane product conprising 5 hexafl uoroethane havi ng-a
purity of 99.9997 volts or nore. [17] The hexafl uoroet hane product as
described in [161, wherein the content of the conmpound having chlorine

atomis 1 vol ppmor |ess. apdabheo£Qnieqt ot ife IR HGILAM | UOr oethane i's 1
vol ppmor |l ess. [18] An etching gas conprising the hexaflluoro- ethane

product described i nThd Gjreatudtish. pFdOdsA flre@RL O, AT GOBPERSIdYE t he
hexaf | uor oet hane product” described in [161 or [17]. 15 In summary, the
present inventi 8ACPFHiANdy 'the preeents frorenyiodusragi€d3dGhad aanprising a
step of eact i a.gas m xture contai ning CF3CHF2 and a conpound havi ng
chlorine#;ton1mﬁgﬁaﬁggﬁ%kﬁ¥1 fluoride in the gaseous phase in the presence

of a fluorination 20a¢ai@lHSbeliOabbPor i&gkﬁFt rparc%g’@oggdtﬁgvpirne%e%@ orine
ni-ng

atom and a step of reacting a gas m xtur coht al
invention is gemerally produced by fluorinating

perchloroethylene (CC12=éC12} 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
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



CF3CHF2 and the fluorinated conpound obtained by the igﬁye- esg*fg
with a fluorine gas in the gaseous phase in the presehd¥VGMOEr£00
gas", "an CF3CF3 25 product conprising CF3CF3 having a purity of 99.9997

vol % or nore",

"an etching gas conprising the above- described CF3

product” aMP9@8Peani ng gas conprising the above- descPCHERPLERECF3
9 1 Novenber 2004 WO 01/98240 PCT /JP01/ 05256 Mode for Ca
t he invention The production process for CF3CF 3 and use thereof a

to the present ] / I
above, CF3CHF2 POTEIRF95r70RE JFESENt FOFNnGEME h 118 §EneFi1atins oduced by

fluorinating pgeeRlc@l,08thyl St&ﬁ&g?%a_%@ha)neorg-oatgnlﬁlgé ide thereo

product ".

hydr ogen fl uoride (iF), an

invention are described in 5 detail below As describ

O .
ontarns a conpound havi ng

ed step
ting

CF3

rry out
ccordi ng
ed

f wth

chlorine atom dempyert fd<0Mt 06, SR Lsify MPiRIJedl £F1886ads L£hl or onet hane
chi orodi fl uoronet hane, chlorotrifl uoronmethane , chloropentafl uoroe
di chl or ot et r af | veaeEtdarshownchivotind efgldfoiagoedtimie-(@nhdor (2)

chl orotri fl uoroet hane In order to purify CF3CHF2 15 containing th

conpound
enpl oyed,
econom ca
difficult,
10
15
20
25

to a W&

A%, known nethods by a distillation operat

however, these nethods have such a problemthat these a
since the conpound and CF3CHF2 form an azeotropic mX

an azeotrope-like nixtureﬂééafng.g@rL&icat&gﬂmgy+s§@§ration iﬁJvery

t he

CF3CHCLF + HF — CF3CHF; + HCL {2)

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~.

In this fluorination reaction, the compound which
is converted into HFC or PFC is chlorometharne, chloro-
difluoromethane, chlorotrifluoromethane, chloropenta-
fluoroethane, dichlorotetrafluoroethane,
chiorotetrafluoroethane and chlorotriflucroethane.
These compounds are usually contained in CF3CHF, 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
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

t hane,

ese
ion are
re not

ture or



nunber of stages of the distillation tower or the nu of .th
distillation towers nust be increased, and the cost Pgﬁoélﬁmbﬁﬁéﬂp‘lor

energy increases In the present invention, the conpound having 25 chlorine
atom contained in CF3CHF2 as inpurities is fluorinated with hydrogen
fluori de aWQH/%8M8vated tenperature in the presence of PaTARILGFEMAti on
catal yst and thereby converted into hydrofluorocarbon (HFC) or 10 1
Noverber 2004 WD .01/98240 PCT/JP01105256 perfluorocarbon (PFC). For
exanple, in fluorinating CClF2CF3 or chlorotetrafl uoroethane contained as

i mpurities in CERECHFEMREREAGRYdr SP¥RVEruorseREdiag Feakl¢ on shown by the
follow ng formula . or. .(2) t akes place:,CF3CC1F 2 + HF CF3CF3 + HC
(1) CF3CHCI F +'L”ﬁlﬁéet1:|‘)fé’dﬁﬁ%nf Eésl@h? z‘)lpefﬁng'h?e%%‘aif&' tET ™R} e PFC free of
chiorine atom aand fedfiagencehbordda-d $:PEOFUCCCS sfoliye PIASL, [N the
present specification, the gas mxture containing CF3CHF2 and thé compound
havi ng chl ori nepat¢dumed byonbti desonpfedriod 60 &ILF,eFarid Ngpgasow xture”.

15 In this fluorination reaction, the conpound which is converted into HFC
or PFC i $ chl orbefst e thehrereenitationr ofre@tidheF: ahitwvisedi fhuor onet hane,
chl oropenta- fl u}groet hane, di chl orotetrafl uoroet hane,

chlorotetrafl yo‘? %F%&lgﬁdgaéﬁf‘b’f%’(rﬁ LEUDPRE e PPmoBr THRSe @hounds are
usual l'y contai ngghi 5362 E81R is produced when the concentration

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, adsorption for
purification or the like. Accordingly, it is preferred
that not only a compound which produces CClF3 upon
reaction with a fluorine éas is removed from CF3CHF, aé

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 éhlorine atom exceeds 1 vol%, the reaction must
be performed at a high temperature and the 1ife of the
'fluorination catalyst is disadvantageousgly 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



total anmount of thousands of ppmor nore. When the startin a | Xt ure
containing these conpounds is reacted wth a fluori ne?@@?%tﬁ’éioah

nmet hane-type conpounds are converted into CClF3 and the ethane-type
conpounds 25 are converted into CCl F2CF3, therefore, CF3CF3 obtained after
the reacti YO &§248i ns CCLF3 and CCI F2CF3 as main i npuPCTies/08Gk 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 inventors, for, exanple at a reaction tenperature of 400'C,
the amount of CBIE%®l: pFitfirc dadymt #rd HaCdHPosiR diYofeC]] K2OFB i s 1 ppm or

5 | ess when the_gon rat .on _of CCIFE2CF3 —contained i.n the starting gas
mxture i s about go%‘?%%niﬁ%!rh I%ess?,lp%?fateg;t(fgﬁ 9’éspp?ﬁ g?ulkcﬁfﬁ‘ély?%‘ produced

when the concentrating t1f d8Gel 52CH3% %@%@éaa@&glﬁéoga{m{% {LE3 forns

an azeotropic mxture with CF3CF3, therefore, even if the
concentration.isrébeavalily s:ncadpoing 4:mi/bf baetld110.51uoeiBYEedyY an
operation of distillation, adsorption for purification or the |ike.

Accordi ngly, ital¥mipas eideguprppstinmiragibyia rosfroabd yWAP chtpraxuces CCLF3
upon reaction Xviéh aInt ri ne gas igﬁrgrmv’ed from CF3CHF2 as 15 a
starting material but &l et'ﬁ%s‘fqﬁFf 3Pt iRl Yes . PREvt@d adva | ow

concentration ag,guGh-&F RO$8LILCco ta'lilﬁn%o&ﬂomgs f ;4 he conpound
havi ng chl ori ne atom contained In trhe starting gas mxture for use in the
present inventiocompengtef @nabhyviny dtéee +86%6 of nickel, zinc,
indium and/or garium to chromium of 0.01 to 0.6. In
. 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°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



20 nore preferably 0.5 volt or less, still nore preferi?#ﬁ@"ﬁ#%@bglt or

| ess.

vol % the reaction nust

of the

a side readY? ®WsHloceeds at the sane tine and

If the concentration of the conpound having ch
.be performed at a high tenperature and the life

%ceeds 1

fluorination catalyst i s di sadvant ageously shortened, 25 noreover,

t he prodd@ﬂﬂﬂﬂﬂ§ﬁdecreases

The fluorination catalyst conprises at |east one elenent selected fromthe
group consisting of chroniunt 12 1 Novenber 2004 WO 01/98240
PCT/ JP0O1/ 05256 %% i ndj nkﬁnd %%FIUH] ‘and may be a known

catal yst such ag %u

R 5951"%%

supported catalyst, carrier is preferably an alum na and/ or
fluorinated 5 alum na, and supporting ratio is preferably 30 w% or | ess-
In the case of the bul k cmicakFyst umarti-eutws ¥ upreferred gy those

cont ai ning chromi um as mai n conponent, and having atom c rat

Zi nc,

i ndi umand/or gariumto chromumof 0.01 to 0.6. In

ScBLaFYSt. In the case of the

partially

i o of nickel,
10 the present

|nvent|og most preferred is a bul k catal yst obtained by adding indiumto

an oxi de of
chlorine atom

480' C.

affected,

I f the reaction tenperature exc

proceeds, and this is not preferred- Although it may vary

disadvantageously proceeds.

chrom utt st RE2StEpR- (ﬁhqIr&GFFﬁ%¥|?EFHQ¥§t€6ﬁpb%nd havi ng

t t b| 15 f 150 t
fé Srotbi 130 Elbr g 2"885 %8 er%’ne S&Hct | :)gml s advgrsel y

for exangd@turdeh@xeabad Ybio deioer inet-ét 65 QAveRsdl 8L £AGHT ON

In the step of fluorinating a compound having

varies depending on the kind of the compound as

described above. Accordingly, in the case where

i0 chlorine atom, the reaction temperature sometimes

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, two or more units of reactors are

preferably used, though one unit of a reactor is

usuvally 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 molary 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 chloxine atom, the reaction pressure is

Preferably from atmospheric pressure to 1.5 MPa.

14
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dependi ng on the concentration of the conpound 20 contai,ped i.n starting
gas mxture, a preferred reaction tenperature can be zgjoé’mr?rgﬁérdi ng to
the kind of the conpound. For exanple, in the reaction of CC F2CF3 shown
in formula (1), the reaction tenperature is preferably 400'C or nore, and
in the rea®awMAsyd 25 CF3CHCIF shown by fornmula (2), tRerv®anizson
tenperature is preferably 300C or nore. In the case of a reaction of
chl orodi f I uoronet hane (CHCLF2) w th hydrogen fluoride, a reaction shown
by 13 I Novenmber 2004 WO 01/98240 P CTIJPO /05256 the follow ng formula
(3) takes pl ace®XERRITA -5+MPR: EpERPPRTatye]is (@)sBIviamtabpeuskact i on, the
reaction terrperaturiereifg pl;leferabl 150*C ,or nore and if the reaction
FPChBY S TS G &7EFEEATRAQY dRe 4i¥advant ageous| y

re
t enperat ure exceecﬁls

proceeds In the stepPfinll YOLLORL 7110, GQEPOURM %aavcjtqgm %gtﬁhl orine atom

the reaction tenperature sonetinmes varies depending on thé kind of the-

compound as despdidieth FhaveiddcrowHridihed Mnt hies GAsBWhEr&ran plurality
of .conpounds are contai ned and these are different fromeach other in the
opti mal Peact i ofleripeienaratralysyinsingr thheakboncawscatibed of each

conpound is high, two or ngr,e,units of reactors are referably used,
t hough one uni t* ¢ H PeFOLEF 1S . fath thersGF1GHEzenthlopHi@eambaRt of EF

used is, in terfgﬁéﬁiﬂﬂw%iqgggrméinly comprising HFC or PFC, and
‘ 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



20 ratio to the organi c substance of the starting gas xtur tai ning
CF3CHF. - "HF/ organi ¢ substance),;  suitably from0.5 to & <aﬁgﬁéréﬁﬁ from
0.5 to 2- If the nolar rati'o 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 proMQUBPU® Furthermore, in the step of fluorinaPCHEPMOS2omound
having chlorine atom the reaction pressure is . preferably from atnospheric
pressure to 1.5 NPa [+t .14 1 hbvenber 2004 WO 01/ 98240 PC

' 1JPA [ 05256 exEP g MPa, the ap tus h%:dlsadvanta eously required
to have’ pressure‘%ﬁ?rfi ﬁ%ﬁg%ra??ﬂ§ VFﬁS? &sdfit TR v%ﬁEQQ£1 t he

reaction with fyxdragenr bhupLhde;ds escrl@%{b&ehecﬂiséfmgmﬂ oas. 5

fluorination catalyst using the a ove react1on con and
then CF3CHFZ.. midfdabeyaiembvéd afedauel thi € SprBuudtlty s6R8PIhed Ng HFC or PFC,
and hydrogen chloride as a by-product are contained in the reaction
product - | n thecasss oh ERBCHFR effedtheuth zeawmtaduetienpef at ure becomnes

[ side reaction wth hydrogen chloride nore proceeds as shown in

hi gher - ?

the . fol Powi ng FHARHE 0% t2 CERGEPmPoupg) or (PdeHepe HLugFideasis | n the

case of contai , fI roet e, si de reaction

hydrogen chlog%g nd%e%géocéiéﬂfg ghownlaglfl tﬁgefo??% %ﬁgemPKFﬁﬁla (5):
the acid content is performed before the direct

fluorination reaction step. Examples of the method for

-removing the acid content_includee:
10 _tl) in the case of conteining'a large amount of
unreected 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 inventiop, the method for removing
the acid content is oot particularly limited and, for
exampIe, the method of (3)rmay‘be used. The alkali
ueed thereia—may be an aqoeous'sodium hydroxide

‘25 Solﬁtion, an agﬁeous potassiﬁm hydtoxide solution or
the like. The absorbed hydrogen fluoride may be
recovered and reused, and the gas passed through the

washlng solution is dehydrated using a dehydratlng

16



20 CF3CH2F + HC1 " _* CF3CH2C1L + HF (5) Therefore, ?f er the
fluorination step of (1), the acid content containing ﬁ%ﬁrﬂggﬁzgﬂﬁoride
produced is 25 preferably renoved. The acid content is renoved so as to
remove unreacted hydrogen fluoride (excess hydrogen fluoride) and

hydr ogen cM®MP8d0as a by- product- Hydrogen 15 1 Novenb@ETHI0As20 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 sopetines . causes an adverse effect.such as production
of a .5 chlorind2TntHck A§ &8%bbtRrd or chlorine fluoride as shown in the

formula (4) or (5). fﬂéegﬁgeﬁa£ﬁ1§‘%Hﬁﬂf¥3inégﬁ?ﬁﬁﬁgn%%gg5H“t4ﬁ§g%§£fOrnEd

before the direct fluorination Teaction's es of t hod for

removing, the agidl £t eBhtbRe! tel@siink0stl) sondiienzaE8n0h; £ONL i Ning a
| arge anmobunt of wuureacted hydrogen fluoride, a_ nethod of 1ntroducing an
ef fl uent. cont aiwpuyj titlee BCFA comRniwhirhoia whistddmpakiemyt ower, extracting

hydrogenschloride fromthe top and extracting organi c substance and
hydr ogen® 15 f|dt9d@atednPy nebd Faashiopoyish mstdragenf fuerbdei mpd he

hydr ogen chl ori de oduced a reacted, hydrogen fluoride with a
puri fyi ng agent™" asﬁp%( 3) “8°Fet %Iﬁ{]&r %ghi‘ﬁgpﬁ%rﬁé’ila TEBAThtPYi t h

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

17



20 water. or alkali water. In tpresent invention, the haod .f or, nmovi ng
the acid content is not particularly limted and, for é’%{ﬂb??zph met hod
of (3) may be used. The al kali 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 XxUMB¥8 hydrogen fluoride nay be recovered X6EIPBHSES6, 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 thr ou(g?e the acjd content-renoving step sonetines contains

as inpurities FEFCOreCEERNEER PREMIR- cEhpI Bt o3 1ingofFamiian by t he
ti ith h lyar i ' h a .. HCF CFC i
reaction w xﬁfag&{y Ld |FQkI 96 é‘(géeirroni rlsts‘é‘ir &é’@saeﬂn&& itﬁgor 'S

preferably renove distill'ing or et AT AT T8eT tion reaction

step. CF3CHF2 apghd®idh GRFROHPHEScYEN G IBY aBeo £ opt Aiied, (hP_CF};*é 2 are
shown, together with respective boiling 1H points in Table 1 Table I
Conpound NaneSt thettrizl BoiohingoforimilaReionhd (5 vikef cifiowehenetbaneCr4- 128
Trifl uorgmet haneCHF3- 84 Hexaf | uor oet hane CF3CF3-78.1 Pent afl uor oet hane
CF3CHF2- 28. 5 Ch¥&¥Bpeift sPPL8EBed niihdherddsti21ags minly comprising

CF3CHF, extracted from the top, is preferably 0.02 vol%
or less. The distillate mainly comprising CF3;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
to 5007 ¢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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2-Chloro-1,1,1,2-tetraf |l uor oet haneCF3CHCI F - 12

2-Chloro-1,1,1-trifl uoroet haneCF3CH2C1 6.1 15 The gas moﬂle{pb@&?ﬂpftsi 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 thewdi®o$Meation tower, and CF3CHCIF and CF3CHRCLAIPOa@s26he 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 circulated into the reaction with hydrogen fluoride of the step
(1). Here, thetldta <3F6uff SPEH@IEgnEEFfhads ng cHIGi%@ - at om 5 whi ch
I's contained i ILstillate mainly conprising. CF3CHF2 extracted from
the top, is prre]?éelrt}gbg? %?f)azéxlaoqq%ge(?‘rlgf‘%s%.Odﬁfee%dfiélfai ??a? PHEER ¥ Econpri si ng
CF3CHF2 is  usegtmscR, Stidddddg HRtefifl 1ddst BRadi 5661c f liQri nation
reaction with fluorine gas. 10 The step (2) of reacting the gas mainly
conprising CF3@dctivint B16WUPrpite@@s afddestd iheddiebewredheastep (2) is
performed in the presence of a diluting gas and the g as.nmai.nly

conpri si Ag CF3CHF2 iThe methed foxw emeddyingdre lgasedishahledenaxpl osion
range. 15 Speci{ically, t he CF3CHF2 caoncentration at the reactor inlet is
preferably set

6T T8 AbE P Gt 8S- (Thels RAtuPRAGLIEAL2TRY a gas
containing at |eastane Ael ehadashh OMIIS. QOYR,EO05L SLINGof
tetrafl uor onmet hane, (ahexa uor oet ha e, ~octatl uor opropane and ﬁ’{?drogen 20
fluoride, prefefadveaand hading, 0oy bkehpid, WAQGRomethane 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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fluoride The anount of fluorine gas used is, in ternms of, th r ratio
to CF3CHF2 (F2/ CF3CHF2), suitably in the range of O.S?Nﬁ)vf,m%ﬁfg'b@?’abl y in
the range of 0.9 to 25 1.3. The reaction tenperature is in the range of 250
1o 500'C, preferably in the range of 350 to 450'C. If the reaction

t enper at ur ¥OSE®4Ys 500' C, the objective CF3CF3 is di BaBRMORSEOouUS] Y

cl eaved to produce CF4 and 18 1 Novenber 2004 WO 01/98240 PCTIJPO /05256
in the case of containing CCIF2CF3 as an inmpurity, CCIF3 is

di sadvant ageouslly gr oduced dg)re?_to cl eavage of CCIFZCF3, whereas if it is
| ess than 250" GF4 A8 TPRat?Y SPIIABH §37 dsearYttareed L5 Yheeferred. 5

The met hod for Mioffyit%g F?%ggd}sq#%&%kgg.@éger farIl mt}lhe reactian step of

(2) is not particularl € remai ning anr eacted®¥ It e gas may

be renoved by agdiziginbocrEMRkcextFdddadorenRt PRderASdifGnaand then the
residue is distilled to separate, for 10 exanpl e, hydrogen fluoride and

or gani ¢ subst anigg:rofirgeds épbw athed slepdndgdhsfillertide icsweeusatens the
diluting_ gas in the direct fluorination reaction of the step (2) but may
al so be dsed a™ igexit PAg A drnidilupRorihatg @6r ithat Lew Pellciion of (1).
The conposition. of .t.he 15 orjgtalnaic%e ubstance separ at ﬁgggreatl differs

depending on the driut rhy gasafeed for=t He &R Prof28ntefFd he case of

using a gas ri cdigdiiihueegeroldlhadener gid ddig1yobbRbHl ¥ LR3CER, the
organi c substance obtained contains CFB%FB as a main conponent. n the
case of is extracted from the bottom and introduced 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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20 using tetrafl uoronet hane or octafl uoropropane as th diluyti ?gogas,‘- t he
gas is purified by again performng distillation. In ei HNEMREL&E,

hi gh-purity CF3CF3 can be obtained by repeatedly performng the
distillation operation according to the conpositional ratio of the 25
organi ¢ sub§tafit®8® obtained. In the distillation for pur PEVERAOFHI6 of the
organi ¢ substance, although it may vary depending on the conpositional
ratio, for exanple, an inert gas and 19 1 Novenber 2004 WO 01/98240

PCT/ JPO / 05256 CF4 .as _the low bailing.fraction gre extracted fromthe top -
of the first diastslﬁr?%toflgﬁc Bﬂ/\é\érevalrﬁft & Sggc’n‘é{"l"hl S PPsfng CF3CF3 s

extracted fromdiwnhold gasand i raducedyl BLo, L GRCQAAALSLLL! ation

tower. Then, 5 an inert gas and trifluoronethane as the oi ling
fraction are extamctsedufiog & heertiepnaictbe seenrel distillation tower and
the gas mainly conprising CF3CF3 is extracted fromthe bottom and

i ntroduced into the I khpdrueetss |oft menufaeerring extseadtohiighequrity CF3CF3

10 fromthe top t.herebéhperfor mng the purifjcation. The gas containing
CCl FZCF3~ col | S8 ¢S FERPt AR B0t 25 KT t RethHr (F dindekl Ealfohs nay be

circulated intad [ st iL.b bydr n fluoride.of (1), The
t hus- purifi ed CF?%F%?‘? E‘%gi&giﬁ‘gb'a|s%3‘st;@e%2n95‘g?g‘%§ﬁ’i dsgost 1ﬂ?gh"‘-‘%$ri ty
CF3CF3 can be aiaimias idherchud idoy tbPAr 8081 +$ui A9 LAFEL 40! %plyfore, and 1

vol ppmor |ess of the compound having chlorine atomand 1 vol ppm or |ess
of pentaf | uor oY@ tugr Eorommmimgdaashin or thick film, 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



inmpurities. 20 As the analysis nethod of CF3CF3 havin uni t f
99. 9997 vol % or nore, gas chromatography (GC) using T?&Bﬂ""%ﬁiqﬁ?&;éf’o& D

nmet hod (each including the precut nethod) or ECD nethod, or an instrunent

such as gas chromat ography mass spectroneter (GC-MS) may be used. 25 Use

of CF3CF3 BY%P#4Y by t he production process of the prléé'@ﬁ’t‘“"i’ﬁ?%nti on 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") 01/9824Q0_PRC./ .JPOL/ 6 a sem condyctor device and _al so can be used
Yool g{cg:?é"&fqﬁl;t Has pF o' Re s thndRuftbct uring a

as a cleaning gas at the: el Eanth
sem conduct or dewleeribl LR HHQACEFS o0k uf ri.ng a,sem caqnduct or

devi ce such as LSl ané TF£I)' ,Sa thin or tlﬁ;ﬁg'k E*ai e%citégnf %?rrr%efaatﬁrﬁg CVD,
sputtering or wapaoodepasiti afblAandatibenfjidfdaerabebethitedoOrdr @ circuit
pattern. In the apparatus for formng a thin or thick film cleaning for
removi ng unnecesizsy depotieon) suvlmheat etherddrrion’ wasnherthwal | of the

apparatug, jigs and the like is nperforned, because the produced
unnecessary depfFEitBuedadte® ARGt dPRoRTBFS YR t9%cfed HRY. Mustedstiosnoved on

occasi ons so a%etm%egggg#eog %io"@ h%\c/li nggloaord r%;@l"ia%%m%gg etf._hi ng process

using CF3CF3 can bep ornme under various a%ns such

as plasma et chiorgcadd, +Orgtavare &t Qhi(BHcoR@dredf3ChRT . MBYrRE Ysed by
mxing it wwth an inert gas such as He, N2 and Ar or

reaction, the removal of acid 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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with a gas such as HCl1 , 02 and H2 at an appropriate 0. .EX lles The
presentginvention I's described in greater detail beIomﬁ%&WP§#5¥?5ﬂ6 to the
Exanpl es and Conparative Exanples, however, the present invention is 25
not limted to these Exanples. Raw Material Exanple |I In the presence of a
fluorinati &P U84 yst, 21 1 Novenber 2004 WD 01/ 98240 PECTIRIPHE256
tetrachl oroethylene (CCl12;CCl2 ) was reacted with HF at a reaction
pressure of 0.4 MPa, a reaction tenperature of 300C and a nmolar ratio HF
/tetrachl oroethylene of 4 (first reaction) and then, the reaction was
further 5 continued at a reaction pressure of 0.4 MPa, a reaction
tenperature of B8P Matardaa Bmh@piea i o HF/ internediate (CF3CHC12+CF3CHCI F
) of 4 (second reaction). After the reaction, the renoval of acid content
and a distillation &Fer ¥atsniakre QfeGfofiid dpraidned e rithieconabve10 net hod,

and the distillate- sdanalxégd by gas chromatography, as a result, crude
CF3CHF2 (Raw . NBT &A1 ™6F ?ﬁﬁéfﬁﬁ%&&?ﬁbyadfﬂﬁﬁ6§pt#Bnashomn in Table 2

vas obtasned 1Al ofa EOHROMOAN Wild ¥nbVaL AL (FlP0aR% A0V FRY O- 0011

gas chromatography, as a result, crude CF3CHF,; (Raw
Material 2 of CF3CHF;) having a composition shown in

Table 3 was obtained.

ic Table 3

Componnd Purity (vol%)
CF3CHF, .99-8000
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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CHF3 0. 0224 CC1lF3 0. 0005 CF3CClF2 0.5216 CF3CHCI F 0. 00 ?lcggg%}é§® . 0009

CF3CH2CI 0. 0006 22 1 Novenber 2004 WO 01/98240 PCT/ JP

Exanpl e 2 Raw Mat er

i al

MWat eri al
1 of CF3CHF2 obtai ned by the above- -described net hod

was - r epeat edlé distilled by a 5 conventional nethod, and the distillate was

anal yzed by'@

2824hr omat ogr aphy, as a result, crude CF3EFEZPOAER¢ Materi al

2 of CF3CHF2) having a conposition shown in Table 3 was obtained. 10 Table

3 CompoundPurity ‘(vol % CF3CHF299. 8000 CHC1F20. 0002 CHF30.0038 _
nto.a 10 L-vol une contai ner

CF3CC1F20. 1960
containing 0.6
Cr (NO3) 3' 9H20

' " | | .
phd, Rl RN IR £ Rarin Eife g ea e e of

850 Qo nbalubrl cPHIRMALE a0 Godls hols 200 aGUeOUS

anmoni a were added dropwi se over abo

ig

15

20

25

a nitrogen stream to obtain a, catalyst precursor. Thig
catalyst pPrecursor was filleﬁ into an Inconel-made
reactor and subseguently subjected'to a fluorination
treatment (activation of catal&st) 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%
agueous ammonia were added dropwise over about i hour
while stirring under the control of respective Flow
rates of tﬁo aqueous solutions to give a reaction
solution having a pH of 7.5 to 8.5. fThe 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
pellets obtained were calcined at 400°C for 4 hours in
a nitrogen stream to obtain a catalyst precursor. Into
an Inconel-made réactor, the catalyst precursor was

filled and subsequently subjected to a fluorination
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1 hour while stirring under the control to give a reagtion soluti.gn havi ng
a pHof 7.5 to 85. The resulting hydroxide slurry Waiqulemstﬁrébbg
t horoughly washed with pure water and then dried at 120" C. The
t hus- obt ai g%%é%)l é}d was pul verized, mxed with graphite_23 1 Novenber 2004
WO 01/ 9824 20110525 6 and then pelletized by a tabtER>achi ne.
The pellets obtained were calcined at 400'C for 4 hours in a nitrogen
streamto obtain a,catalyst precursor. This catalyst precursor was filled
into an I nconelg r b ntly .subjected to a fluorination
treatment (act itvxfat%qglr?igf ?%g%gf%/s%q‘ 2# %ﬁggf SpHE ilg%e pPRS St ¥ eind 350' C in
an atnosphere afs Hn diakdl@de VEtdinp1Ri i @BePref I al Bafa PP HF stream and
further at 450" C in an atnosphere of HF diluted with nitrogen to 10
prepare a catal yst. 15 Catalyst Exanple 2 Into a 10 L-vol une cont ai ner
containing 0.6 L of _pure water, a solution containing 452 g of
Cr (N03) 3' 9H20. mpdeqlyts 3' ng20 (n is about 5) dissolved in 1.2
L of purg water, 31, of 2§%grq§g?eous amoni a were added dropw se

e

and_0.
over about 1 hour V\PIIQFE StTTFIMG YRR LSIOr o2 F S ddPieFe 1 ow

rates of two aquesdsesobsli OfifcH An@l %€18nd8RGE 9Ny, 205 5QUtjon, having a pH
of 7-5 to 8.5. The resulting hydroxide s{lurry was fl?fra e({ Pﬁ'oroughly
washed with 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 initiated. 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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pure water and then dried at 120'C for 12 hours. The i solid
was pul verized, mxed with graphite and then peIIetizig&§§%§) g@ﬁgtting
machi ne. The 25 pellets obtai ned were calcined at 400'C for 4 hours in a
ni trogen shﬁf@@?%ﬁ obtain a catalyst precursor. Into an Ipc?nel made
reactor, (g yst precursor was filled and subsequgﬁTFV’gﬁﬁfected to a
quorinatlon 24 1 Novenber 2004 WD 01198240 PCT/JPO1l 05256 treat nent
(activation of catalyst) in the same manner as in Catalyst Exanple 1 to
prepare a catal yst. (Exanple 1) Stye *é#ﬁ-S Into an I nconel 600-type
reactor having an inner diameter of 1 €h%and a | ength of I m 150 m of
the catalyst prepared in [Catal yst Exanple 11 was filled, and the
tenperature was el evated tp 440" C whit & gassing Hitrug:n. Ther et o,
hydrogen fluoride was fed gt Sedmpbdnbl. / |heusne, t RRy1sRayw Material 1---of
CF3CHF2 obtained in [Raw {Material Exanplie IT was ted at 3.5 NL/ hr. The
feeding of nitrogen gas was_stopsdidand tithe remagkren was initiated. After
2 hours, the exhaust gas was washed with an aqueous po{assi um hydroxi de
solution to 15 renove the jaci d®®ontent and tHe0dafter, {he gas conposition

was anal yzed by gas chronmstography, as aj result, a gas|having a
conmposi tion shown in Table—4—d§§i-obLaLned. S 0335

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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25 1 Novenber 2004 WO 01/98240 PCT/ JP01l 0525G Table 4 %@g%eg%b
(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
operatlons“ﬁblgﬁMOExanple 1 except for filling 150 m ofgpﬂ%“@ﬁ?%lyst
prepared in Catalyst .Exanple 2 as the catalyst- The 10 analysis results
are shown in Table 5 15 26 | Novenber 2004 WD 01198240 PCT/ JPOL/ 05256

Tabl e 5 ConpoundPurity (volt) CF3CHF2 99 2732 CF4 0.0170 CHF3 0.0212 CF3CF3

0.6720 CF3CCl F2 0-0068

Compound Purity (vol%)
CF3CHF, 99 .2732
CF, 0.0170
CHF 0.0212
CF3CFy 0.6720
CF3CC1F, 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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CF3CHCI F 0. 0098 CF3CH2C1F 0-0015 As is apparent fromt nal,ysi,a~kesul ts
shown in 5 Table 5, when a fluorination catalyst obta?ﬁgﬁeﬁg%ig Pﬁg i ndi um
to chromumis used, the conversion ratio O CCF2CF3 to CF3CF3 is

i mproved. 10 15 (Exanple 3) Step (1) A reaction and an anal ysis were
perfornmed YHII324he sanme conditions through the same oBET/ARUIERSS 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 WD 01/98240 PCT/
JP01/ 05256 Table' 6 ConpoundPurity (V%Egéﬁ 3CHF2 99.4314 CF4 0.0023 CHF3
0. 0221 CF3CF3 0.0387 CF3CCl1F2 0-4829 CI'F 0.0014 CF3CH2C1 0. 0005
(Exanmple 4) step (1) 5 A reaction and an analysis were perfornmed under the

sanme conditions through the same operati gns as in  Exanple 1 except for
changi.ng the reacti-on tenperatasmpouhad 500" furillie (@eakysis results are shown
in Table 7

CF3CHF, _99.4314

CF, 0.0023

CHF; 0.0221

CFP3CF3 0.0387

CF3CCLF, 0.4829

CF3CHCLF 0.0014

CF3CH,C1 0.6005

{(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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10 15 28 1 Novenber 2004 WO 01/98240 PCTIJPO1 /45256 lLe 7
ConpoundPurity (vol % CF3CHF2 99.1948 CF4 0.1488 CHF3T335%8§K%£@8ﬁ3 0- 5880
CHC1F2 0. 0069 CF3CClF2 0.0148 CF3CHCI F 0.0256 CFaCCl2F 0.0021 CF3CH2C
0_0022 (Exanple 5) Step (1) + Step (2) 5 Into an Inconel 600-type reactor
havi ng an MWh¥98248j ameter of 1 inch and a length of 2 i BRCTABMORSS 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 10 NL/hr and then Raw Material 2 of CF3CHF2 obtained in

[ Raw Material Exanple 21 was fed at 8.T3°ke/ Br . Subsequently, the feeding
of nitrogen gas was stopped and 2 hours after the initiation of the

reaction, the exhaust gaswas washed—wtfir—acgueous—potassi um hydroxi de 15
solution to renove the aciid cai¥s@dunalhe |r s &) NG o485 | CONPOSition was
anal yzed by gas chromat ogrfaphy, asa regult, a gas havjng the conposition
shown in Table 8 CF3CHF, 99.1948 '

CF, _0.1488

CHF3 0.0168

CF3CF; 0.5880

CHCLF, 0.6069 ‘

CF3CCLF, 0.0148

CF3CHCLF ~ 0.0256

CF3CCL,F 0.0021

CF3CH,C1 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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29 | Novenber 2004 WD 01/98240 PCT/JP01105256  was o?g&aggg) 2@@&
ConpoundPurity (vol % CF3CHF2 99.7922 CF4 0.0018 CHF3 3 0.1980
CF3CC1F2 0.0008 CF3CHCIF 0.0036 5 The gas having the conposition shown in
Table 8 after the renoval of -the acid content was collected wunder cooling
and purifi &P stillation according to a conventi onaFCHERMWENSE The gas
obtai ned after the 10 purification was analyzed and the results are shown
in Table 9. 15 20 30 1 Novenber 2004 WD 01/98240 PCT/JP01 /05256 Table 9
ConpoundPurity (yol iy, GE3CHF299. 7950 CF4 0_0019 CHF3 0.0035 CF3CF3 0.1988

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
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CF3CC1lF2 0.0008 As is apparent fromthe analysis resu
chiorotetrafl uoro-
renoved Using the gas mainly-conprising CF3CHF2 after the
distillation obtained above,

9, by performng distillat
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Subsequent |y, -the gas cony
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are shoyn i 8Fabl e 10. | Tablte00d5
CF3CF3 0.1988
CF3CC1F, 0.0008

Q%J¥ié§(@B?%PH

hydr ogen fl uori de was

20 Thereafter,
gas flow di verged
urs, the reaction

gas was washed with

pot assi um i odi de

fl uori ne gas.

chr omat ogr aphy. The

As is apparent from the analysis results shown in

ethane can be mostly removed.

Table 9, by performing distillation, chlorotetrafluoro-

Using the gas mainly -comprising CF3CHF, after the

purification by distillation obtained above, a direct

fluorination reaction 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 subjected to a passivation treatment with fluorine

gas at a temperature of 500°C) was heated to a

15

NL/hr.

Then, hydrogen fluoride was fed at 50 NL/hr,

temperature of 420°C while passing nitrogen gas at 30

and

into one gas flow diverged from the diluting gas, the

gas mainly comprising CF3CH¥F, 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,

31
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ConmpoundPurity (vol % CF3CHF20.0001 CF4 0.0456 CF3CF3 | F2
0. 0007 10 The gas after the renoval of the acid conten?%k%%ﬁﬁggﬁﬁééied
under cooling and purlfled by distillation. The gas after ‘the purification
was anal yzed y % chr omat ogr aphy using TCD net hod, FID nethod, ECD

met hod 15 WRPYE2WE net hod, and the analysis results ar ECEAROHPS25h  Tabl e
11. 32 1 Novenber 2004 WD 01198240 PCT/JP01l/ 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 % arent fromthe analysis results
shown in Tabl &P §E?3wa%ﬁﬁﬁﬁhephﬂggﬁr??|QQﬂﬁ°Bﬁ eehesf ¥ al nost  no

ot her | npuri U1 asq; LS, BB bk (AT eols gpLaLigd apd g purity

t hereof is 99.9997 vo nor e arativ n | ncone
600-t ype react cgolm\ibﬂgtanrém hydkag@ﬁefma‘na@ ﬁnmm@céaength of 500
mm (using a
. fluorine gas. Subsequently, the gas composition was
5 analyzed by gas chromatography. The analysis results

are shown in 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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heating system by an electric heater; the reactor had n ] ed to a
passivation treatnent with fluorine 15 gas at a tenpe??ﬁﬁ?gﬁ%?zgg%'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 verged f 10840 di | uti ng gas, Raw 20 Material 1 of CFBEMEPI8ES%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 PCTI JP01105256 diverged fromthe diluting gas to performa
reaction. After 3 hours, the reaction product gas was washed with an
aqueous pot assi um hydroxi de sol ution ggg“gqlaqueous pot assi um i odi de
solution to renove hydrogen fluoride and unreacted fluorine gas.
Subsequently, the gas conpqgsition was anal yzed by gas chromat ography. The

anal ysis results are show| in Table 12, Table 1Z 10 CompoundPurity (vol %
CF3CI 1 F2 0. 0003 CF4 0.0568 CCHeswon8g36 CHR3GHIOIv4160 [CF3CCL. F2 0.5233 As
is apparent fromthe analysis results shewn in -Table 1P, when CF3CHF2
cont ai ni ng a conpound havijng €F3CHF2 0.9 volppm

CFy {0.4 volppm

SFg 0.4 volppm

CF3CC1F, 0.1 volppm

CF3CFo 99.9993 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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chlorine atomwithin the nolecule as inpurities is 15 t Wi fluorine
gas, CClF3 (chlorotrifluoronethane) which is a subsﬁiﬁggﬁgﬁgéh@ﬂlt 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 W@y stillation. The gas obtained after thBCERMPI2EGtion was
anal yzed and the results are shown in Table 13. 34 1 Novenber 2004 WO

01/ 98240 PCT/JP01105256 Table 13 ConmpoundPurity (vol %- CF3CHF2 0. 0003 CF4
<0. 0001 CC1lF3 (,.0036 CE3 99. 9 CF3CCl F2 <0.0001 5 As is .apparent from
the anal ysis rggﬁfggegﬁgﬁﬁﬁié%e é%ﬁ%lﬁ%,g%in Pefgoﬁmc%dﬁﬁﬁﬂﬂ' rd to

separ at e EFFECEY 0% THEOLDYENEON oo d8SCELRRILJ Bakfa L GHAINGS DY USi NG

starting 10 gas m xture containing CF3 2 and a conpoun aving chlorine
at om hi gh- pur isny aGE36k3 paita s uir Bgaeesi danthiuttien hagh- furddue als3CF3
produced according to the present invention can be used as an etching gas
or a cl eani ng RPAgsEAMRhECHIIR e usfionahefermane hydaodsn sEvicedriduct or
devi ce. §5 . ' '

and unreacted fluorine gas. Subsequently, 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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1 Novenber 2004 WO 01/98240 PCT/ JP0O1/05256 CLAI M5 1. A, proges r
produci ng hexafl uoroet hane, conprising the follow ng FJ*R§W§E§§Q@Q(1) a
step of reacting a gas m xture containing pentafluoroethane and a conpound
having chlgrine atom with hydrogen fluoride in the gaseous phase in the
presence oV&YBU8rination catalyst to fluorinate said FEIHPYERHS 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 produci ng hexafl uoroethane as clainmed in claim
1, wherein said conpound. having chlogpipg.afpmis at |east one conpound
selected from the group consisting of c%loronethane,
chlorotril uoromet hane, chl or opent af | uor oet hane, 20
di chl orot etrafl uoroet hane |, chl orotetrafljuoroethane, ¢
,and chlorotrifluoroethyl ane. C@wolind prgcéssifor( u
t
(0]

| orotrifl uoroet hane
i'‘ng
hexaf | uoroethane as clained in claim1l ar 2, wherein total anmpunt of
25 the conpound havi ng chlloridF¥#8en contiai néh 4083t he m xture of the

e
, S

The procdss for produci pg hexafl uor oet hane
od

step (1) is 1 vol% or legs gﬁ? .
as 36 1 Novenber 2004 WO (3+98240—PCTiI3rgl [ oe2880d o inclaiml or 2,
wherein the total amount df  oep, 6.0036
CF3CF; 99.9959
CF3CClFy <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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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@rﬂ%§&ﬂﬁﬁg®@éthane 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 i ndiumto an
oxi de of - WE%#¥2 10 6. The process for producing. heREEIREBIEet 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 is in the range of 150 to 480'C. 15 7. The process
for produci ng hexaf!l uoroet hane as cl aFFet™i n any one of clains | to 6,
wherein in said step (1), the nolar ratio of hydrogen fluoride/organic
substance contained in the gas mxture is in the range 20 of 0.5 to 5. 8.
The process foriprodugiragebexabt upraridiagenasar bhadd®Makl, any one of claims
| to 7, wherein a step of renoving an acid content containing hydrogen
chloride 25 prothmred siiggc shdutektbwiefoteosatdpstep (2). 9 The process for
produci ng hexafl uoroethane _as claimed in any one of clains 1 to 8, wherein
a step og 37 1 Noverfddr 226868P\@F (R9asdsag pPCIRs MPOIKes 98B ming at i ng

Chi or ot ot 1ot | udaertang=oabat Sl A Rsborrd i A SRR o the
step (1) is canduched-BgEAr £1864 theti®P thé) 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
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5 10. The process for produci ng hexafl uoroethane as clainmed.in one of
clainms 1'to 9, wherein in said step (2), the total ahjﬂﬂY'QHer@ﬂgxconpound
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&I8MP' 10, wherein in said step (2), the PCHIRGAESEd 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

claims 1 to 11, wherejn in_said ste 2), the diluting gas is a gas
containing at | BnEtadPel e ERr g’r}fzefﬁéngﬁb%pt%lrs?@??%ﬁ >f

tet raf | uor omet hane. JiEXAbluRLOELDAlE o, AELALLLRT 0Bl oRaNe ;g Dyl ogen

fluoride 18. The process for producing hexafluoroethane as cI4i med in

any one of cl aingxthded ok2 thwhet&b N(d )N i9Aiods 48P dPheskhe diluting gas is a
gas rich in hydrogen fluoride. 38 | Novenber 2004 14. The process for

produci ng hexafl uoroethane as clainmed in any one of clains 1 to 13,

wherein pn said step (2), the tenperature at the reaction of gas m xture
cont ai ni ig t he 2 f | udMien RFLASES nfRfuRFARUCARS| herd Haiozeethane kg he range of
250 to 500C. 15,, _The pr.ocess for xaf lu %oethane as, claimed in

oduci ng. h I
any one of -l aicnlsalinetplf4?nﬁh%?%icggicgta§51lsdls %pl’( 2‘32‘ TPRB 1R Sfpet ature at
the react|0n ofg@ds (Xt ghe Efﬁ@fﬁﬂyﬁy$nthﬁtalyst 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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fluorinated compound with fluorine gas is in the range 50C. 16.
A hexaf |l uor oet hane product conpri sing hexafluoroethane1 9¥$ﬁﬁ§”268§rity of
99. 9997 vol % or nore, prepared by (a) reacting a gas m xture containing
pent af | uor oet hane and a conpound havi ng chlorine atomw th hydrogen :
fluoride i WOMARIYasesous phase in the presence of a fl| BTN cat al yst
to fluorinate said conpound having chlorine atom and (b) reacting the gas
m xture containing pentafluoroethane and the fluorinated conpound obtai ned

in step (a) with a fluorine gas in the gasesous phase in the presence of a
Gi 1 Utihg gas. TPPFREIREAFI U SUTRAIEChPOTRRS 4094PR| FAPTTFIcioai m 16,

wherein the co C Qund N rj IS vol ppm or

| ess and t he cgﬁﬁgﬁ?gg?ggﬁéiﬂggntaf §§¥%e€%%E%ﬁfg%%eg%%%%ﬁ#ﬁﬂe E&?E. 18. An
etching gas corgud/sirnght beo hiex@iddieeeahhansmiediegt todeserddigd (1np cl ai m 16
or 17. 19. A cleaning gas conprising the hexafl uoroethane product

descri bed i n cli@ wotBugkted 7oeBgre said step (2).

5
10. The process for producing hexafluoroethane as
claimed in any oné of c¢laims 1 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
15 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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14.

15.

le.

17.

18.

18.

1 November 2004

The process for producing hexafluoroethane as claimed in
any one of claims 1 to 13, 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
250 to 500°C.

.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 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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