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15 Background Art
Octafluoropropane is used, for example, as a dry-
etching or cleaning gas in the process for producing a
semiconductor device. With respect to the production
methods thereof, the following methods are known:

20 (1) a method of performing a direct fluorination
reaction between hexafluoropropene and fluorine gas (see,
Japanese Examined Patent Publication No. 62-61572 (JP-B-
62-61572) ), '

(2) a method of performing an electrolytic

25 fluorination of hexafluoropropene in hydrogen fluoride
(see, Japanese Examined Patent Publication No. 62-61115
(JP-B-62-61115)),

(3) a method of reacting hexafluoropropene with
fluorine in the presence of a catalyst (see, Japanese

30  Examined Patent Publication No. 1-45455 (JP-B-1-43455)),
and | . _ | _ .

(4) a method of reacting hexafluoropropene with a
high-order metal fluoride (see, Japanese BExamined Patent
Publigation No. 62-54777 (JP-B-62-54777)}).

35 However, in these methods, by-products such as
tetrafluoromethane (CF,) and hexafluoroethane (C,F;) are
produced due to cleavage, C:F,, and CF,, are produced due
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The present invention has been made under these
circumstances and the object of the present invention is

to provide a method for producing octafluoropropane of
high purity which can be used in a process of producing a

20 semiconductor device, to provide high-purity
octafluoropropane and to the uses thereof.

As a result of extensive investigations to attain
the above-described object, the present inventors have
found: that high-purity octafluoropropane can be produced

25 by using a production process comprising (1) a step of
reacting hexafluoropropene with hydrogen fluoride in a
gas phase at a temperature of 150 to 450°C in the
presence of a fluorination catalyst to obtain 2H-
heptafluoropropane and (2) a step of reacting 2H-

30 heptafluoropropane obtained in the step (1) with fluorine
gas in a gas phase at a temperature of 250 to 500°C in
the absence of a catalyst to obtain octafluoropropane.
The present invention has been accomplished based on this
finding.

35 More specifically, the present invention (I) is a
process for producing octafluoropropane, comprising (1) a
step of reacting hexafluoropropene with hydrogen fluoride



process for producing octafl uoropropane, conprising (1) a step of reactlhg :
hexaf | uor opropene with hydrogen fluoride WO 02/18305 PCT/JP01/07313 3- in
a gas phas@vaoz/wstsenperature of 150 to 450C in the preseoweroan7sms .
fluorination catalyst to obtain 2H heptafl uoropropane and (2) a step of
reacting 2H heptafl uoropropane obtained in the step (1) with fluorine 5
gas in a gas phase at a tenperature of from 250 to 500C in the absence of
a catal yst to obratrgastnbasgoabpr dprmperatiumeachr B kruced5@i0otinneme of t he

present |nVent'§£e£éﬂce dihe eiaaﬂmlweakugyeprwmamnhﬁ' ns at |east
one conpound sgl ect fromt g#’?‘ﬁ Cconsi
|

trn
di chl or odi f | uor °r°(?ﬁf’8?5% e ﬁgﬁg 8 c‘?ﬁ%ﬁ*&a@n?ﬁrl uor oet hane,
chiorotetrafl uoheetmmopem mhitamﬁdd;onobheydsm:e (13nerich £heosimep (1),

the fluorsnatigascaiad ﬁaéebé)é Ka %&x@b&a*cuf@i& BfroiP@Bbi 85 NG @y, Oxi de
ast, one nenber. selected fromthe

of chrom um and, gbt.ai n
group consistinb he %cﬁﬁﬂ%l 9 n"'t‘: (?kgf’ ObtRLR IS E RSP PRYPRARS -
hydrogen fl uorIUeamqmsdopmmrns qfnthheprese;ﬂ; finyenBignt ¢(r),3:1. in a

preferred enbodinendtHitilnde nBk LA rdgtpRhEOBondidd Jat gegkgg?ﬂé removi ng

I mpurities contained i t af | ugr.opropane I's praovi ore the step
(2); the inpurfPPRM récfese&pcpgg ?%é:h@o FEOURCWF LT PEom the group

consi stintf of téickidnmiidiiephanethane f Icmbmaéiflhmromethane,
chlorotrifl uoroaﬁw@ageenm&a&a&me@a@ﬁlaegtmﬁfddi% n%ﬁ e€hfigne; the
step of renDV|n$ WE%: es is.a.distil ation step,;
2H hept af | uor op BJb% 1z “8”%???&‘?% 6Bn’8h%o?ﬁed?nt( Lt Ghﬁl vol % or
less. In a pref Eivedinatiod rehalyst tise apbaikncatamﬁ madnlgl ), the step (2)
i's perforned '”céﬁﬁrﬁﬂfq?%ﬁeoﬂid@ &@cdiﬂom&hﬂgaﬂ&%ﬂmnfehebg Lad A 25 | S
at | east %e gag sel ected fromt ?%%gg%g conél stin rolg I uori de,
tetraf | uotdnet haRdSt HEGACHBPH Y B ?Iiﬁﬂ“g’pPGﬁ‘é gting Pk the
step (2), the npn@;uméuaigc.and nickel, and the molar ratio of hydrogen
fluoride/hexafluoropropene is in the range from 0.8 to
3:1.
~ Ina preferred embodiment of the present invention
20 . (I), a step of removing impurities contained in 2H-
heptafluoropropane is provided before the step (2); the
impurities are at least one compound selected from the
group consisting of tetrafluoromethane, trifluoromethane,
chlorotrifluoromethane, hexafluoroethane and pentafluoro-
25 ethané; the step of removing impurities is a
distillation step; and the 2B-heptafluoropropane has a
chlorine compound content of 0.01 vol% or less.
In a preferred embodiment of the present invention
(I), the step (2) is performed in the presence of a
30 diluting gas and the diluting gas is at least one gas
selected from the group consisting of hydrogen fluoride,
tetrafluoromethane, hexafluoroethane and
octafluoropropane; and in the step (2), the molar ratio
of fluorine gas/2H-heptafluoropropane is in the range
35 from 0.9 to 1.5:1, and the 2H-heptafluoropropane
concentration at the reactor inlet is 8 mol% or less.
In a preferred embodiment of the present invention
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is an etching gasg r|S|n des ri bed oct opr.opane
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chl or odi f | uor onet bgseud€Hdehip2 518§ octafluoropropane having a purity of
99.995 vol% or more. In a preferred embodiment, the
total amount of compounds having a chlorine atom within
the molecule and cyclic compounds is 50 volppm or less
20 based on the octafluoropropane product.
The present invention (III) is an etching gas
comprising the above-described octafluoropropane product.
The present invention (IV) is a cleaning gas comprising
the above-described octafluoropropane product.
25 Best Mode for Carrying Out the Invention
The present invention is described in detail below.
The hexafluoropropene (CF,CF=CF,) for use in the
present invention (I) may be obtained as a by-product,
for example, in the process of producing
30 tetrafluoroethylene (CF,=CF,) through thermal
decomposition of chlorodifluoromethane (CHC1F,), or
obtained, as described in Japanese Unexamined Patent
Publication No. 4-145033 (JP-A-4~145033), by a method of
chlorofluorinating, optionally with dehalogenation,
35 propane, propylene or a partially halogenated C3 acyclic
hydrocarbon. However, in the hexafluoropropene cobtained
by these methods, compounds having a chlorine atom within
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poi nts of 10he cdepownds having a 15 chlorine atomwi thin the nol ecul e,
whi ch are contained in the starting h 1lgugr opr opene, are approximated to

the boiling p i uoronronane therefore_these-
conpounds can EW ShF et ls FOFmUL R PYddrd: Pont 2o I n
t he process f ol Chioxhitifigoromathame opf opane CHCIK,he predent -amvention} (),
a step (1) of rEHI&fdﬁéntafluoroethane CF,CClF, -39.3°C
Octafluoropropane CF,CF,CF, -36.7°C
Dichlorodifluoromethane CCl,F, -29.2°C
Hexafluoropropene CF,CF=CF, -29°C
Chlorotrifluoroethylene CF,=CCLF -27.9°C
2H-Heptafluoropropane CF,CHFCF, -15.2°C
Chlorotetrafluoroethane CF,CHC1F -12°c

As is apparent from the boiling points shown in
Table 1, the boiling points of the compounds having a

15 chlorine atom within the molecule, which are contained in
the starting hexafluoropropene, are approximated to the
boilipg point of the resulting octafluoropropane,
therefore, these compounds can hardly be separated by
only a distillation operation.

20 In the process for producing octafluoropropane of
the present invention (I), a step (1) of reacting
hexafluoropropene with hydrogen fluoride in a gas phase
at a temperature of from 150 to 450°C in the presence of
a fluorination catalyst to obtain 2H-heptafluoropropane

25 is first performed. Step (1) has the following two
advantageous points.

[1] In the case of directly fluorinating hexa-
fluoropropene with fluorine gas or performing the direct
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comonl y uséd impurities in many cases and these compounds are
difficult to remove by a distillation operation. 1In the
present invention, at the same time as the reaction of
adding hydrogen fluoride to hexafluoropropene to obtain
2H-heptafluoropropane as an intermediate, compounds

20 having a chlorine atom within the molecule are

fluorinated using the hydrogen fluoride and thereby
converted into compounds which are easy to separate by
distillation,.

[

The reaction of adding hydrogen fluoride to
25 hexafluoropropene proceeds according to the following
formula (1) in the presence of a fluorination catalyst:
_ CF,CF=CF, + HF —» CF,CHFCF, (1)
The fluorination catalyst may be a commonly used
chromium-based catalyst. In the case where hexafluoro-
30 propene contains chlorine-containing impurities and the
chlorine-containing impurities are fluorinated and
thereby converted into other compounds, the reaction
temperature becomes higher, therefore, albulk catalyst
mainly comprising an oxide of chromium and obtained by
35 adding at least one member selected from indium, zinc and
nickel is preferably used, because this catalyst has
excellent activity. (performance) and high stability
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whereas if it is less than 150°C, the conversion in the
objective reaction is reduced or the fluorination
reaction of impurity compounds slowly proceeds, and these
effects are not preferred.

20 - The molar ratio (HF/FC-1216) between hydrogen
fluoride and hexafluoropropene (FC-1216) is preferably
from 0.8 to 3.0:1, more preferably from 1.0 to 2.0:1. If
the molar ratio between hydrogen fluoride and
hexafluoropropene is less than 0.8:1, the conversion of

25 hexafluoropropylene may fall, whereas if the molar ratio
exceeds 3.0:1, the cost for equipment for recovering
unreacted HF increases and this is not preferred.

As described above, the starting hexafluoropropene
may contain, as impurities, compounds having a chlorine

30 atom within the molecule and these impurities are usually
difficult to separate by distillation. Examples of the
compounds having a chlorine atom within the molecule
include chlorodifluoromethane, chloropentafluoroethane,
dichlorodifluoromethahe, chlorotrifluoroethylene and

35 chlorotetrafluoroethane. In the present invention (L),
these compounds having chlorine are converted into other
fluoro-compounds which are easy to separate by
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and 35 chl or ot et r aistbriostiloayeduting hephase nteddbiont LANtKe )stept BESE

conpounds havi ng [ I d._i.n t flLu . n whi ch
are easy o separ SPASLAL B8P 1RO ER A Tt D Aoseh LRI U e
during the mai n reaesenge of ehéluverinadfionr eakalysf Fexabtabt Afopene with
hydrogen fl uori deheptétBronpespase. of a fluorination catalyst to obtain 2H
hept af | uor opgopane. 5 _he | ori ne, conpounds n. be conyert in ot her
fluorine corr%ounds, fo.r&eefglﬁﬁ?:é?eb%°“ﬁ1r%nagl ?%r\g\n%\eg cornggﬁ?%n@ifzfs:ﬁ%r(S):
CHC1F2 + HF - CHFfluoxjzie cpmpoupds CErE €xXpPple > Wor3dRCEFLIPingl0 CF3CHCI F +
HF --~ CF3CHF2 + Khc#9nsCRIGCEE2(5H HF --~ CF3CF3 .+ EC (5) The boiling
poi nts of these fluorinated conpounds and 2H heptafl uoroprgopane as an

i nternedi ate are shown in SF&bFe 2EF 15 88k &t AMane of Co nd Struct ural
Forrmul a Boiling Point Tet taf L4Or ane 80'C Trif)luyoronet hane
CHF3 -84.40C ChIorotriqué?%netFSEEE€I1F§§§%§?'OC Hexaflu%ﬁoethane CF3CF3
-78.10C Pemtaf | uor oet hane CEECHQIF? +- 8. & Cr,GH#,Hemed | uor oprggpane CF3CHFCF3
-15.2C As is apparent from Table 2, there is obviously a large difference
in boiling point between 2(FsCClE, + HF — CF,CF, .+ HCL (3)

The boiling points of these fluorinated compounds

and 2H-heptafluoropropane as an intermediate are shown in

Table 2.
15 Table 2
Name of Compound Structural Formula | Boiling Point

Tetrafluoromethane CF, -128°C
Trifluoromethane CHF, -84.4°C
Chlorotrifluoromethane CC1F, -81.4°C
Hexafluoroethane CF,CF, -78.1°C
Pentafluoroethane CF,CHF, -48.5°C
2H-Heptafluoropropane CF,CHFCF, -15.2°¢C

As is apparent from Table 2, there is obviously a
large difference in boiling point between 2H-
heptafluoropropane as an intermediate and the compounds

20 fluorinated according to the above-described reactions,
as a result, separation of these compounds by
distillation is facilitated.

The gas mainly comprising 2H-heptafluoropropane
obtained in the step (1) is then introduced into a

25 dehydrohalogenation step of separating hydrogen chloride
and unreacted hydrogen fluoride therefrom. The hydrogen
chloride and hydrogen fluoride are further separated from
each other by distillation and thereafter, the hydrogen
chloride is neutralized with an aqueous alkali solution.
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25 dehydr ohal ogenation step of separating hydrogen chloride and unreacted
hydr ogen fluoride therefrom The hydrogen chloride and hydrogen fl uoride
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(2) but before her ane, ig; sphjected th°r Sdﬁﬁéﬁtm?i?‘b ip dbetillation
tower to renove stgpuri2)i bet bafdra radti nthéega’@-l—ﬂsepkefei:&lﬂl}t)propane 10
Exanpl es of the lmaubbasl&wt@u&@@lwaeﬁ ku%&re&g%aﬂ@dﬂ%' uge

tetrafl uoronet hane, trifl yor net hane orotrifluorone
hexaf | uor oet han&°RkgL nﬁgnf‘%fﬁlﬁ)rzge'i‘ﬁaﬁé IY4PERRFOPA8ri ti es are preferably
renoved byodi still at Examplas tdie thiestimphal thes tcomtaindd ietamf | uor onet hane,

trifluoronet hanq,ept%Eh.QBP% ‘{ %iﬁ&@ete%Uo%ﬁQ@{Ag&gé]e @l‘%ltuﬁe °Fop of

pent af | uor oet hane rac Ions. are extrac
the distillati ofOREP, ﬁhh‘”’éﬁ &BPEP!“ﬁBP%‘ﬁﬁ'oé’z%’Féf worsethanae@rd om t he
bottom This 20 pgad-agdinrgetime.i sthgséHitmptitfilesonopr ppaferakdyused as a

starting nateri glenotelihBy d&:[@&:[llfalt'igﬁ' nagh thdél' ?&%}t??ﬂata‘%ﬁ Rddior i ne gas.

Irrespectl e of .the presence or atron after the
dehydr ohal® genattle&‘fa%é'FBB"m?W%nFEﬁFEB‘Pr?}Pﬁ%nﬁe conpounds contai ned as

chlorotrifluoromethane, hexafluoroethane and
pentafluorocethane as low boiling fractions are extracted
from the top of the distillation tower, and 2H-
heptafluoropropane is extracted from the bottom. This
20 .. .gas mainly comprising 2H-heptafluoropropane is used as a
starting material in the direct fluorination reaction
with fluorine gas. Irrespective of the presence or
absence of distillation after the dehydrohalogenation
step, the content of chlorine compounds contained as
25 impurities in 2H-heptafluoropropane is preferably 0.01
vol% or less, more preferably 0.005 vol% or less.
The step (2) is described below.
The step (2) is a direct fluorination reaction step
of reacting 2H~heptafluoropropane obtained in the
30 fluorination step of the step (1) with fluorine gas in
the gas phase at a temperature of from 250 to 500°C in
the absence of a catalyst to obtain octafluoropropane.
This step has the following three advantageous points.
[1l] 1In the case of reacting hydrofluorocarbon with
35 - fluorine gas to produce perfluorocarbon, a huge heat of
reaction is generated. The heat of reaction is
proportional to the molar number of fluorine reacted per




25 inmpurities in 2H heptafl uoropropane is preferably 0.01 volt or less,
nor e preferably 0. 005 vol % or less. The step (2) is described bel ow. The
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vi ew of the cost, considerin aratron an urif om t
obj ective perfl UORBR IR i n h@?ﬁ"stﬁalsl ﬁt‘?%rﬁsstnéﬁmﬁﬂnt feddup 1815
I nvention (1), atanbeasdvamaggass seirectie¢ 6F othd twsgr,oumsm&mt ithg of

széﬁﬁﬁgrg:o?gggﬁg |é useéJ| u%gn%& g Q:’I aeiBE*Eon' Y %gggg %wabove descri bed
probl ens can be BeFfiprogsgrpor im, ?%%Pgégﬁtﬁi%éﬁﬂ?on In jthe preferttion
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2H—heptaf|uoroproggﬂgiégiﬂ%hgfrﬁfﬁgéaéﬂ Qﬁﬁgrléé, tetrafluoromethane,
hexafluoroethane and octafluoropropane is used as the
diluting gas, whereby the above-described problems can be
solved.

20 (2] In the present invention (I), the reaction may
be performed by setting the concentration of the reaction
substrate 2H-heptafluoropropane at the reactor inlet to
be lower than the explosion range using a diluting gas,
specifically, to 8 mol% or less. As described above, in

25 the direct fluorination reaction using fluorine gas, the
fluorine gas used is extremely abundant in the
reactivity, therefore, when the organic compound as a
substrate (particularly a compound containing hydrogen)
is exposed to the fluorine gas, combustion or explosion

30 may take place and this is dangerous. In the step (2),
since’ 2H-heptafluoropropane used as the substrate
contains a hydrogen atom, the matter of importance is to
prevent explosion between 2H-heptafluoropropane and
fluorine gas. In order to prevent the explosion, the

35 mixed gas composition must be out of the explosion range.
The present inventors have studied om the explosion range
between 2H~-heptafluoropropane and fluorine gas and, as a
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t he present invention uor i ne _gas .can in an excess nol ar
anount based on Ekﬁﬁeeﬁ{czéﬁsuﬂlf’gﬁf'o%‘h‘é“ ?gs§§ PR EidheRteLlorPRECRPIRM

efficiency and eheas fiai@lieveatgathe sremadonneéftedancyt lemd ehehi on producti on
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rcona {88, 0. BEh MG AREoR 20 T adE o SHSh ve e %?‘é:'aé‘ﬁ%é oxi de
such as al um nfleerigmigasi is aédk_’o.mm ‘tohperituorddarboreandd hydr@femot
preferred becaugendRifs. | ol eHEELIhPKHNexEEEE £ Olbrine gas, a method
of reacting the gas with an inorganic oxide such as
.- alumina or soda lime is known, however, this method is
20 .. not preferred because water is produced by the reaction
and causes corrosion of apparatus materials. In the
present invention (I), the excess fluorine gas can be
removed by contacting the gas with hydrofluorocarbon at
1.1 molar times, in terms of the chemical equivalent
25 ratio, to the excess fluorine gas.
The direct fluorination reaction of reacting 2H-
heptafluoropropane with fluorine gas proceeds according
to the following forﬁlula (6):
CF,CHFCF, + F, — CF,CF,CF, + HF (6)
30 This reaction may be performed using a catalyst but
may also be performed in the absence of a catalyst.
Furthérmore, as described above, the direct fluorination
reaction of reacting hydrofluorocarbon with fluorine gas
is accompanied with generation of much heat of reaction,
35 therefore, this reaction is preferably performed in the
presence of a diluting gas. The diluting gas for use in
this reaction may be at least one gas selected from the




and causes corrosion of apparatus materials. In the present invention (1),
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preferably set SUEBnEQ@éréﬂl%n”BEaf%ﬁﬂiirﬁ gfats];égq{giél"%e%étor inlet is

gas/ 2H hept af | uor oEr ggane becones from O. ; nore referably from
0.9 to 1.2:1. if PRETFFIRIY et sBRR Matatrsnmeiasdtatis gfvELuPLidear ratio
of fluorinel5gas/ ghke/izptledduadlapropesmanz’ beesmes aonD 0991toths:1, more

preferably from 0.9 to 1.2:1. If the fluorine
concentration is set to give a molar ratio of fluorine
gas/2H-heptafluoropropane of less than 0.9:1, the
conversion of 2H-heptafluoropropane may decrease, whereaé
20 if set to give a molar ratio in excess of 1.5:1, the step
for removing unreacted fluorine may disadvantageously
bear a burden, Furthermore, if the molar ratio of
fluorine gas/2H-heptafluoropropane exceeds 1.5:1, when
the outlet gas of the step (2) is circulated and reused
25 as the diluting gas of the step (2), the fluorine
concentration in the circulating gas (diluting gas) may
increase and there may arise a problem such as an
explosion.
The 2B-heptafluoropropane and fluorine gas diluted
30 with a diluting gas to a concentration lower than the
explosion range can be reacted in a gas phase, The
reaction temperature is suitably from 250 to 500°C,
preferably from 350 to 450°C. If the reaction
temperature is less than 250°C, the reaction proceeds
35 slowly, whereas if it exceeds 500°C, the carbon-carbon
bond in the objective octafluoropropane is liable to
cleave and this is not preferred.
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the step (2) is circulated and reused 25 &S the diluting gas of the step
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rate, a method of measuring the concentrations of
perfluorocarbon, hydrofluorocarbon and hydrogen fluoride
contained in the mixed gas according to an infrared
spectrometry may be used. By this determining, the
20 % operation can be continuously performed, industrially,
under safe conditionms.
In addition to the reuse of outlet gas of the step
(2) as the diluting gas by circulation, when unreacted
fluorine gas is contained therein, the reaction outlet
25 gas is preferably extracted in almost the same amount,
for example, as 2H-heptafluoropropane fed, introduced
into the step of removing unreacted fluorine and then
contacted with hydrofluorocarbon in 1.1 molar times in
terms of the chemical equivalent ratio to excess fluorine
30 gas, to remove fluorine gas. The contacting temperature
in the step of removing fluorine gas varies depending on
the kind of hydrofluorocarbon but it is preferably from
250 to 500°C, more preferably from 350 to 450°C. The
concentration of fluorine in the outlet gas after the
35 fluorine-removing step may usually be 50 ppm or less and
depending on the condition, may be 10 ppm or less.
Examples of the hydrofluorocarbon which can be used for




per fl uorocarbon, hydrofl uorocarbon and hydrogen fluoride contained in the
m xed gas according to an infrared spectronetry may be used. By this

det er m ni ng, wnev@B8soper ati on can be continuously perfornedTaPndassrial |y,
under safe conditions. In addition to the rguse of outlet gas of the step
(2) as the diluting gas by circul ation, when unreacted fluorine gas is
contained therein, the reaction outlet 25 gas is preferably extracted in
al nost the sane atbenteactiom wibhpémsesasflbbhime afdsudnopudpane fed,

introduced into EPEff&@fbn@th%ﬁ&PYié%&a‘f‘iﬁS?&é@l@aﬁé,U%h%fm&é%];ﬁ.ﬁnﬁ

contacted with hydrgfluorocar onin 1.1 nolar tinmes’in terns of the
r

cheni cal equi val eARdr HTRPRIGELNPERTAB2DSri ne 30 gas, to renove fluorine
gas. The contacting tenmperattilee gas dfhetepep2 pf eximsing of udvel peryjast
vari es dependi ng ' o ; g, u Ly Rt +hd 4 r;et.e |y
from 250 tog500C‘,Bﬁ?r[)(%tlgglér(ﬂe12%55 a T'P&ﬁ&ra%%%%@tcgé 450C9§Tﬁiéé,%%lrﬁ éﬁtgr,gtaigon of
fluorine in the ot Ete ghemfgdr +9ve WB5T; FLBPTIRE (GBS0 T FHRYLRG é:g‘eﬁﬁirnmual ly

be 50 ppm or | essiatoduspeiditnga opadttialcoondénsatiomyptep dftexppassihgss.
Exanpl es of the hw&i%ﬂﬁo&féc%'iQQPif!@ o%i‘ﬁ‘%b&t £d phar ndf3 Q:%/n’%:%ﬁgﬁts
14 SsS I nCl ude
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(2), is, when fluorine gas renmains therern rodu . ) a parti al
condensati on st eph¥t¥egehfdsondde Ak GREEEEIPNQRAIADABE SHTVA NG Yst ep. The
mai n conponents pépdletalitdset gas. amhehygddoggen filuoride sephrb®ed can
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cooled to cause l1quid separation 0 ydr ogen uoride, an
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separated can be ¢2yculriedaantlaielis edmbyis by rodyaFlubréprdgame, which
is separated as a gas, is passed through a dehydration
step, pressurized by a compressor and introduced into a
distillation tower.
20 After the gas mainly comprising octafluoropropane is
introduced into a distillation tower, low boiling
fractions are extracted from the top of, for example, a
first distillation tower. The low boiling fractions are
inert gas, tetrafluoromethane, hexafluoroethane and the
25 like, and can be used as the diluting gas in the direct
fluorination step (2). The gas mainly comprising
octafluoropropane extracted from the bottom is introduced
into a second distillation tower and in the second
distillation tower, octafluoropropane is extracted as a
30 low boiling fraction from the top and then introduced
into a product step. The high boiling fraction extracted
from the bottom in the second distillation tower may be
returned to the step (2) and used as the diluting gas or,
depending on the case, may be decomposed using a harmful-
35 gas rémoving agent or the like.
The objective octafluoropropane introduced into the
product step is further purified, if desired, and
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introduced into a distillation tower. 20,After the gas mainly conprising
octafl uoropropane is introduced into a di'stillation tower, |ow boiling
fractions are extracted fromthe top of, for exanple, a f| rst distillation
tower. The | ow Botkodgcéd aigtticorspaoduct rimﬂk,gdspehéim@.fdruajh@nehbél;le

hexaf | uor oet han@hgagiﬁhg ﬁl)dlrgn;oﬁ_rl_%_gﬁ %F @% dHqdi luting gas in

t he direct quorlng lon ste g nprising
oct af | uoropropaﬂ@ g ‘r‘%’é‘?%??ﬂaf‘ PF@MQ%W\“’-Q therperAust tRrkocanskeond
distillation todetezminéd byhensenahysidlindtlddasion é@V\(elr) gagt af | uor opr opane

is extractgd ascﬁrglqa{:@&ﬁgy igd) fﬁ@fﬁ# Gpd r ‘%‘Tbtg eg;}df(tzgﬁg?%nt roduced

into a product ség h boilin ract’i on ex e bottom
in the second dFSF 'I“?‘E\??Wht onars Haromedegr rﬂ@ﬁ"{‘l%)‘t h&he ggegentand used
as the dilutingigwenbion @EDeddi agh:bgh-tma:m:qsectaﬁyu&mpimmoﬁadimi ng a

harnful 35 gas e I e C ropane
i ntroduced i nt o;& f;?o%faggt sgtgg $’?§% C%Jllr(?h@r-gh WR"D'#E %é O%ft%gkga giggnd WO
02/ 18305 PCT/ JPERFORBYRICLLIONS Process R ddeg Wﬁsanbrmt%nl(l)dependl ng.

on the ca%e, tWibhghespatehitar ahé oimmireitieBheopuained Gin the

oct af | uor opr opa t d n ned by an
oct af | uor opr hodagtaﬁiﬁw;ﬁfs =hg} Otﬁ%?%aggaagoég.kuhé f@hﬁ%w@ﬁ&%
BCD, or (2) gas® gﬂ’r’ Fr'y' R sthe malecydet apd (eXslg) COmH@uW%s@ht
invention (I11) b8 wolpmyh-qxuilieby mdaﬁﬁejafdtmloamaenhacm Rghese purity of

99. 995 VOl | Of  ERpEri ULy 2000 ORI ol 1 VAP 0GB 0CCSS of the

pr esent g ention (I ect to s %onfarned in the
oct af | uor %ropane tRﬁe:?Ienﬁrrbﬁ n‘b‘f“{:dﬁ&&dnagd HeRe R¥eseRtori ne at om
within the nol eﬁ;niren’amh cj@)i, cwhibeip el uses of the high-purity

octafluoropropane obtained using the production process
of the present invention (I), are described below.
o The high-purity octafluoropropane of the present

20 - lnventlon (II) can be used as an etching gas in an
etchlng step in a process of producing a semiconductor
device and can also be used as a cleaning gas in a
cleaning step in a process of producing a semiconductor
device. In the production process of a semiconductor

25 device such as an LSI or a TFT, a thin or thick film is
formed using a CVD method, a sputtering method or a vapor
deposition method, and the f£ilm is etched to form a
circuit pattern. In the apparatus for forming the thin
or thick film, cleaning is performed to remove

30 unnecessary deposits accumulated on the inner wall of the
apparatus, jig, pipeline and the like, because
unnecessary deposits cause generation of particles and
must be removed, occasionally, to produce a good-quality
£ilm. 1In the use as an etching or cleaning gas, the

35 octafluoropropane of the present invention may be diluted
with an inert gas such as He, Ar and N,, or may be used
by mixing it with a gas such as F,, NF,, CF,, HCl, 0, and




50 vol,ppmor |l ess and the total anount of these inpurities can also be
reduced to 10 vol ppmor |ess. 15 The present invention (II1l) and the
present i nvemdoxssdsl V), which are uses of the high-purityCcraro/o73s

oct af | uor opr opane obtai ned using the productd Q1 process of the present
invention (1), are described below. The high-purity octafl uoropropane of
the present 20 invention (lI1) can be used as an etching gas in an etching
step in a processHpf yir edusppreprisgei tehtloct or devi ce and can al so be used

as a cleaning gas in am&';ﬁ@yeag ﬂ%ﬁl%naler@&m&h PhOGEEA G @etail

sem conductor de |g$ et% gr oduct i %&%r 0C ie a_sem conduct or 25

devi ce such as an®B&¥ EFring 49 05 B¥APR ~°r|"=1nﬁ\ FemPRHHFE using a CVD
met hod, a sputter Engmpfkeswdumevaryam preepoti inventienhsbioukhaathbef i Imi s

etched to fogm a cBhéG:‘:khédl%tL@iH mute@a 2BPekhédd I %xbRp189! M ng the thin

or thick film cleaning is perf orrre tQ rengve 30 unnecessary deposits
accumul ated on the i nnefaiidlg Yrterial jig, pipeline and the

| i ke, because unnecessasgampgsma'@emalsbegeﬁkm@mmpeheplaantzlrrsj dgdeand nust
be renoved, occasbgﬂﬁg,gymgnosg Q04- gual dga n[eHegftépathe use as an

etching or cleani ng a ct af uQr opr opane o resent__i nvention
Riza HFD

may be diluted wP Fioneandgdistlidption  gperation ofpEFR (haXAfiNoEead by
mxing it with a gaspsaeh oaﬂ:aEﬁédl\FéBh E3Fprodiitt iﬁﬂtaadprmes\wc@/ 18305
PCT/ JPOL/ 07313  1fipe 218} RRABD bt éhcﬂihf RIRAL ugntion is
described in great er err| anpl es and

Conpar ative ExanpPEET ‘FFER)%/QP a%‘i%l%*r é@eﬁ@ﬁﬁ rﬂlEon shoul d not be 5
construed as bei ngtetmfodbroethhbeme Exanpl es. Starting Material Exanple 1

A starting material hexafluorcapropene h%‘ébﬁlg j conposition shown in

Table 3 was obtained after a separation Istillation operation of HFP

(hexaf | uoro Name of Compound Chemical Formula Coﬁﬁzszﬁfon
Hexafluoropropene CF,CF=CF, 99.9685
Tetrafluoroethylene CF,=CF, 0.0033
Chlorotrifluoroethylene CF,=CC1F 0.0008
Dichlorotetrafluoroethane CF,CCL,F 0.0011
Chloropentaflucroethane CF,CClF, 0.0192
Pentafluorcethane CF,CHF, 0.0028
Chlorotrifluoroethane CF,CH,CL 0.0004
Chlorodifluoromethane CHC1F, 0.0039

15

Starting Material Example 2

A commercially available hexafluoropropene was
analyzed and found to have the composition shown in Table
4,



10 propene) obtained as a by-product in the process of thermally _ .
deconposi ng HCFC-22 (CHC1F2) together with water vapor on alumna to
produce TFBVO¥®B05af | uor oet hyl ene). Table 3 Nane of Conp®COWIPOTAZAS cal

Formul a Conposition (volt) |Ilexaf |uoropyopene CF3CF=CF2 99, 9685 Tetr af

| uor oet hyl ene CF2=CF2 0.0033 Chlorotrifluoroethylene CF2=CC F 0. 0008

Di chl orot etrafl uoroet hane CF3CC12F 0.0011 Chl oropent af | uor oet hane CF3CClF2
0.0192 Pentaf |uoroethane CF3CHF2 0. O(Rablecdl orotrif | uoroet hane CF3CH2C

0.0004 Chl or gdiTTUor OMEL ManNe CHCIFZ (.- 0039, 15 Star L My VESESS le 2
A commerci al | y| avaPPgfl et h%‘?{%‘?qqi’@r opr dp&he™iEel EeEmuiAcd| and gmggi to Ihavée1
t he conpositi ag—=sh HA—Fabl-e—d—WO{02/ 192ﬁ%-§,!(§__%#42@4- e
Name of Conpour](?xel?iffm%?r%ernrﬁul a ComiOSItlg %)  Hexaf k! opene

CF3CF=CF2 99. 911%‘-ra'fét19a¢¢m]@@ld1yl eng CF2= (}Ef@FQOOB 0.0008

Chl orotri fl uorEHTRFLEPEF Idordethy1gneo o o memel%éCle
0. 0414 Dichl Ir"f_?’-if Iunfnmet anp]](g:?‘??l:? Q 0748 lorodi k| uor onet 4ane

CHCLF2 0.0069 | HrsPBaRFR tbIRasHRBRe |CF2=CIfEICOLIB042 - Tpt r afd 1’4 1det hane
CF3CH2F 0. 0019 piléhadk6difTucondthanendl | on CacaLest 1 NLoj & 10 lozagt afner

cont ai ni ng O. GW—WH W-ef—a—S-eh-udon evc@-ned—b%ssﬁgLuLng
452 g of O (NELZTERDEHURKPREINAnS: ) | NoB) 3EBOFY n i s about %)09

Chlorodifluoroethylene CF,=CHC1l 0.0042
Tetrafluoroethane CF,CH,F 0.0019

Production of Fluorination Catalyst
Into a 10 L container containing 0.6 L of purified
5 water, a solution obtained by dissolving 452 g of
Cr(NO,);*9H,0 and 42 g of In(NO,),*nH,0 (n is about 5) in
1.2 L of purified water, and 0.31 L of 28% aqueous
ammonia were added dropwise over about 1 hour while
= -+ stirring under the control of respective flow rates of
10 .- two aqueous solutions to give a reaction solution having
a pH of 7.5 to 8.5. The resulting hydroxide slurry was
filtered, thoroughly washed with purified water and then
dried’ at 120°C for 12 hours. The thus-obtained solid was
pulverized, mixed with graphite and then pelletized by a
15 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 treatment (activation of catalyst) at
20 an atmospheric pressure and 350°C in a stream of HF
diluted with nitrogen and then in a 100% HF stream to
prepare a catalyst.
Example 1
Into an Inconel 600-type reactor having an inner
25 diameter of 1 inch and a length of 1 m, 100 ml of the
catalyst, prepared according to the method described in
the above Production of Fluorination Catalyst, was




1.2 L of purified water, and 0.31 L of 28% aqueous anmonia were added
dropwi se over about 1 hour while stirring under the control of respective
flow rates ofywdfhisy®® aqueous solutions to give a reaction psg@péiesashavi ng
a pHof 7.5 to B.S. The resulting hydroxide slurry was filtered,

t hor oughly washed with purified water and™ tHem dried at 120C for 12 hours.
The thus-obtained solid was pulverized, mxed with graphite and then

pel l etized by a 1E1naéaﬁtaﬂw&n@aﬁah;?@:atm E}SH@Iéan%aitBe@oW &H3akci ned
at 400C for 4 hours ip a nitro

mto.obtain St precursor.
Into an I nconel - mRGESHAAAGFCY ﬁet REFLHIRPYE & @Eﬁ‘?&o m§¥8F¥??’bd and
subsequent | y subj éduedide ovas ffledoat n&132)m1¢/heaamﬂamhe(na¢havgas oweigfly

wth ot 032 A r”e*a”%%*%&@n@t A s bl TR e
1 Into an In onel M@@BW?%& 8‘?0? &% ?nﬁ‘gr‘{) L/ - ] Qﬁeﬁé{‘pﬁi‘f"gl i nch
and a length of 1tie fé€&dirdg off nlhtrogmt dagst thereEartdnawasr thitg atedt he

met hod descri bed iy e d | was WO
03/ 18305 PoTl 301 1671 A er, FRFCHFARRoRR Tat Yl Fenhle AL ch o
400C whil e passi A§UAPEF CRJE?SFHBF‘e]PYf#‘?RﬁI’iie ?ﬂ%ﬁ“é’t‘?i‘ Yoy deBgES the @5ifde was
fed at 6.32 NL/ hr cantlentheand hbegasfiet nlthe gaspringpiosdthenavhsicammiyapdne as

described ifoStar gingad a't@é Eégmnﬁ]ea‘é’% f&hial, 3 gds Nddin %ﬁﬁfter

st oppi ng thefeedln of nit reaction was initiate 2

hours, the di schaf§ °§fa"s”%ﬁa§ %btll‘? anvag RREAdeelot assi um hydroxi de

sol ut i on to renove the acid content andTlabéeeafter t he gas conposi ti on

was anal yzed 10 Yy—ogas chrorat oot aphy & |u, as—a coui T 9 e om o

conposi tion-showh i nN7Eg| ef SCampoupt ai npdChamisiad Boxawda of E)

Chem cal Fornul alkComposition _(\Voloy
2H-Heptafluoropropane CF,CHFCF, 99.9611
Trifluoromethane CHF, 0.0053
Hexafluoroethane CF,CF, 0.0192
Pentafluorcethane CF,CHF, 0.0071
Octafluoropropane CF,CF,CF, 0.0004
Hexafluoropropene CF,CF=CF, 0.0052
Chloropentafluoroethane CF,CCLF, 0.0008
Tetrafluoroethane CF,CH,F 0.0008
Chlorotrifluoroethane CF,CH,C1 0.0001

The gas after the removal of acid content was
15 collected under cooling using a c¢ylinder container and
distillation-purified to remove low boiling fractions and
high boiling fractions by a known method. The
composition obtained after the distillation and
purification was analyzed by gas chromatography and found
20 to have the composition shown in Table 6.



2H- Hept af | uor opr opane CF3CHFCF3 99. 9611 Tri fl uoronet hane CHF3 0. 0053 .
Bexaf | uor oet hane CF3CF3 0. 0192 Pent afl uor oet hane CF3CHF2 0. 0071 Cct af-

| uor opr oparvéO G¥B3&8B2CF3 0. 0004 Hexaf | uor opr opene CF3CF=CFreT/e0d0513

Chl or opent af | uor oet hane CF3CC1F2 0. 0008_ Jgtrafl uoroet hane CF3CHZF 0. 0008
Chlorotrifluoroethane CF3CH2CL 0.0001 The gas after the renoval of acid
content was 15 col |l ected under cooling using a cylinder container and
distillation-purified to renove | ow boﬂﬁhigi&actlons and hlgh boi l'i ng

fractions by & ST tTonmobtar med mLL ebnbo5ition

distillation and EﬁPFfPEa??QPPW&ﬂs ang yRRRiSplgEOrERE® MRt Ogr and found
20 to have t hg “gggssléicn SRttt 183051 PCT/ JPQ1107318 19
ou

Tabl e 6 Nane PGEREOPAPC £ o nlul a Cﬁﬁ% on ( 0L989-§g€5
2H Hept af | uor gpenpaftu@redHa@E3 99. 9965 Penm'gd:mw oet hae CFGOHFP3 0. 0P03

Cct af | uoropr g 6§3§§3§;ﬂgfeeet——+ 20-661D
Chl or opent af | 1 rgmréﬁg?id;nn CEACTE? 0 00 7 Tetr AF 3 Udroet hane C 3@-@ 0. 9005
F From the redHPYXRELURRGPEIPEREnI e 6, il was OFeeTFEhat = ¢hl or P n@0%bnpolinds

cont ai ned as |upmasmpmtamwoatnemaﬂuoropcm,c@ae ca T ey 0 0] 01
vol % or | ess | Jﬁdr Beap-e—2 LEIP“ -he—g : 5 ng
2H heptafluoﬁoprooa rﬁfhe dlstlllatloﬁ égﬁglned | )

From the results shown in Table 6, it was found ihat
chlorine compounds contained as impurities in 2H-
5 “heptafluoropropane can be reduced to 0.01 vol% or less by
distillation.
BExample 2 -
Using the gas mainly comprising 2H-
heptafluoropropane after the distilletion obtained in
10 Example 1, a direct fluorination reaction with fluorine
. gas was performed.
A nickel reactor having an inner diameter of 20.6

'mm¢ and a length of 500 mm (using heating by an electric

heater; the reactor had been subjected to a passivation

15 treatment with fluorine gas at a temperature of 500°C)
was heated to a temperature of 400°C while passing
nitrogen gas at 20 NL/hr.

Then, hydrogen fluoride (diluting gas) was fed at 60

NL/hr through two branches end, into one gas flow, the

20 gas mainly comprising 2H-heptafluoropropane was fed at
3.24 NL/hxr. Thereafter, fluorine gas was fed into
another gas flow of hydrogen fluoride at 3.55 NL/bhr, the
feeding of nitrogen gas was stopped, and the direct
fluorination reaction was performed. After 3 hours, the

25 reaction product gas was washed with an aqueous potassium
hydroxide solution and an aqueous potassium iodide
solution, analyzed on hydrogen fluoride and unreacted
fluorine gas, and after removing the acid content, '
analyzed by gas chromatography. As a result, the organic




1,0 Exanple 1, a direct fluorination reaction with fluorine gas was
performed. A nickel reactor having an inner dianeter of 20.6 mm and a
| engt h of 50Gvomnsssi ng heating by an electric heater; theneaatras had
been subjected to a passivation 15 treatnen% with fluorine gas at a
tenperature of 500C) was heated to a tenpe Liure of 400C while passi ng
nitrogen gas at 20 NL/hr. Then, hydrogen fluoride (diluting gas) was fed at
60 NL/hr through rawerhsdngde fcund, tb HHreORBe0gdss fdamiosieonOslgnm ma nly
conpri sing 2H—hep%%%hgo?opropane was fed at 3.24 NL/hr. Thereafter,
fluorine gas was 0 another gas flow of hydrogen fluoride at 3.55
NL/hr, the feeding of nitrogen gas was é@@é&e&, and the direct
fluorination reaftlon WS perTOTﬂEU Aftie Tours, The 25 Teagds@R1Bhoquct

gas was washed With &ﬁmﬁhﬁ oBSTRRINAS si urh qﬁﬁﬁﬂ&? L ROEWHG i on aodopm)aqueous
pot aSS| um | Odl de anal \l7ed Fa¥al h ldl‘ aaan £ l_llf\l‘: rln anrl HAE ngn‘ eu
fluorine gas, a c§ i F%‘?ﬁaﬁ’&jt he acild cont EH(EF2CFanaI yzied b%? g} 32

chr omat ogr aphy. |Aetzafisotemettlameor gani o VE)02/38305 PCT/ J|PO1/ ®783231 20

material was four %‘a‘flﬂ&:“'&eéﬁ&ﬁe as—_conpgsrtron WW 7
ol1)

Nanme of Conpoun em cal Formila Conpoditian fl uoroprapan

CF3CF2CF3 99. 1042E-HEPEAf 1URNMROPARPe CH4 0. 06TLERGExaf | uor oet Hafd6@F3CH3

0.0017 2H Hept didnletopenPafiuddostikid 3 |0. 8 /6 LF,COLEY opentjal I udgy,ggbganc
CF3CC1F2 0. 0006 pP%%i Luerohexane G6F1-4-16—-0t62-5The awnuﬂiwe#—aﬁggﬁe%fw
fluorine gas in the reaction outlet gag was_O. SéﬂNL/hr he qa§ er_t

removal of acid content was collected under cooling using a cylinder
cont ai ner an® " The amount of unreacted fluorine gas in the reaction

outlet gas was 0.26 NL/hr.
The gas after the removal of acid content was

he

collected under cooling using a cylinder container and
distillation~purified to remove low boiling fractions and

10 high boiling fractions by a known method. The
composition obtained after the distillation and
purification was analyzed by gas chromatography and found
to have the composition shown in Table 8.

Table 8
Name of Compound Chemical Formula CQﬂaziigion
Octafluoropropane CF,CF,CF, 99.9992
2H-Heptafluoropropane CF,CHFCF, 0.0002
Chloropentafluoroethane CF,CClF, 0.0006
5 From the results shown in Table 8, octafluoropropane
obtained was found to have a purity of 99.999 vol% or
more.
Example 3
20 Into a nickel reactor having an inner diameter of

20.6 mm$ and a length of 500 mm, the outlet gas
containing unreacted fluorine gas obtained after the
direct fluorination reaction in Example 2 was introduced.
The gas composition was such that the hydrogen fluoride



distillation-purified to renove |ow boiling fractions and 10 hi gh boili ng‘
fractions by a known nethod. The conposition obtained after the

distillati JHO8MB30Spurificati on was anal yzed by gas chr omRCH@ase3 and found
to have the conposition shown in Table 8. ;Jable 8 Name of Conpound Chem cal
Formul a Conposition (Vol% Cctafl uoropropane CF3CF2CF3 99. 9992

2H Hept af | uor opr opane CF3CHFCF3 0. 0002 Chl or opent af | uor oet hane CF3CCLF2
0.0006 15 Fromfip¥ vasui2 S HeAT ntirg@icomatétink diiospmas 3ob6ai ned

was found to haNQ/BrpHﬁdt%é)funQQa@@@dVﬂu@r@ﬁxe Eﬁ&eflﬁb(% %b%uloo'ﬂko a
ni ckel reactor ggéhng |nner tF\ of 500

di a
nm the outl et Tton rﬁer?ﬁtﬁﬁrg%@%ﬁftfqﬁfof”laﬁengcéam a‘:|°néa aFt er the
direct fluori nattlt'@ﬁl\defa@némmenaEthQﬁmqmarbbnowhszdhd athabgas

conposi tiog wasosped GhAr tfenh¥HE osesbddgn Ilée VQa@%inE?e?a%ieECT/ JP01107313
21 flow was 62,82 N/ flo /hr. and the

mat was L
unreact ed f I uor FA8° ﬁgef?%%vqﬁggngﬁ&ﬂ?t?f’?g CNE‘PHP“"‘I% ""feé:z?claBPI]\'l ¥eferat ure
was el evat ed t ob39bLtratigrn |andr gaet ¢hrmmatodnaghyt | UThe cmduat ofs fed at

about 5 0. t286 Nllahbéatfzﬁt@d[ntﬁl%r&ﬁécéé’é wl@ﬁa og%deunggﬁﬁ%gnfghgg“ ne and
organic materia 0Si tJ e itrati

chr omat ogr aphy. {-:'g qbf“%ﬁ?%’é‘?ﬂ%é‘aﬂ%%? éBng‘“l‘:F 1988eufPet gas
after thelUreactthenOIAtlmt tgdsf hadr bhetdomposikiobOshoun dm ITadbde and 10 the

outl et gas had the conposition shown inplall @ 9. Table 9 Name of Conpound
Cheni cal For nul-a—Conposition —(v0l% Octal Tueropropane CEICE2CE3 91, 6849

Name of Compound Chemical Formula Coﬂgziéffon
Octafluoropropane CF,CF,CF, : 91.6849
Tetrafluoromethane CF, 5.2707
Trifluoromethane | CHF, 3.0232
Hexafluoroethane CF.CF, 0.0028
2H-Heptafluoropropane CF,CHFCF, 0.0029
Chloropentafluorcethane CF,CClF, 0.0006

-l Perfluorohexane CeFy, 0.0149

Subseguently, the outlet gas after the removal of
remaining fluorine gas was washed with an aqueous
15 potassium hydroxide solution to remove hydrogen f£luoride.
The gas after the removal of acid content was collected
under cooling using a cylinder container and purified by
distillation to remove low boiling fractions and high
boiling fractions by a known method. The gas obtained

20 after the purification was analyzed by gas chromatography
and found to have the composition shown in Table 10.
Table 10
Name of Compound Chemical Formula Com(;:;osli%t)ion
Octafluoropropane C}E‘-:,CE"ZCF3 99.9993
2H-Heptafluoropropane CF,CHFCF, 0.0001
Chloropentafluoroethane CF,CC1F, 0.0006

Comparative Example 1




Tetraf] uoronet hane CF4 5.2707 Trifl uoronmet hane CHF3 3. 0232

Hexaf | uor oet hane CF3CF3 0. 0028 2H Hept af |l uor opr opane CF3CHFCF3 0. 0029

Chl or opent af Iwopmsdsane CF3CCLF2 0. 0006 Perfl uorohexane @gFid01®78349
Subsequently, the outlet gas.-after the ren |_ of. ..remaining fluorine gas
was washed with an aqueous 15 potassium hydroxi de solution to renove

hydr ogen fluoride. The gas after the renoval of acid content was coll ected
under cooling using a aydireder fiaotmaisionandaptiiod icfd regctingti || ation to
remove |ow boilin .J&&ﬁ: ' I ok ale <0 no met hod.
The gas obt ai ned g‘&%??‘%‘? é’%%g?i %tﬁ%ﬁk\%‘g %é\%ﬁ}?zsegéggggges& b

chromat ogr aphy amdckelneackoraheving aoiposkt dbamatieawefi A0 Tawd 20d aTabl e

10 Nanme of Conpou ] F . bt Val, % t ,0pr opane
CPCR2CF3 99, 9993 L BEFFeoE S0 o th oLty ARt e fn Qe deed;

Chl or opent af Puor oébRaReacioschedobeepopdiecsaatatd RasEliAple® 1RO HeRE8305
PCT/ JP01/ 07313 - zdtR flucghef husranad itempeeatit®npOBoneast wag heated

hexaf | uor opr opene _wi t h i g .t Qr \ Rj r t.Qr ~havi ng
an inner dianeter t\g:‘ 525%%%%{%%35 %ﬂ%ﬁﬁagf%lﬁn{f&gg%nt%g%ia%’gsgy an
electric heater; HLYht vhnpuodr tnadbpanghesuybj Eatedne ndtpagen \gag dlow,
treatment . wth ftheogagengas yabompt BIHIRY Abithe1@dropidphnbadediiiR@ iho a

tenmperature . qgf 50G while sin trogen.gas_at_ 60 LLhr rough two

br anches. I%tgo ongtﬁflf+%%§%%§§%g?’r%§\?m&t%é 83% %%c?rﬂtyycg h{]]lt,&ugg

hexaf | uor opr opane Stbseauentdyi.n £1gosing tdasg WAt Eed aintpx anprhen niétropes at
3.24 NL/hr. Subsegggepidy.atf BUSKi RE/WAanE@EhEeditddto faRBL R4tV rogen gas

fyowal 3.55 N/ oanfl bSdl egkolhdie! | A3b2" ASAR.' Ao BSaREd;0" T
product gas was washed with an aqueous potassium
15 hydroxide solution and an aqueous potassium iodide
solution to remove unreacted fluorine gas, and analyzed
by gas chromatography. As a result, the gas had the

composition shown in Table 11.

Table 11
Name of Compound Chemical Formula Caﬂ?ziﬁ:fon
Octafluoropropane CF,CF,CF, 93.3518
Hexafluoroethane CF,CF, 0.0063
Chlorotrifluoromethane CClF, 0.0039
Chloropentafluoroethane CF,CClF, 0.0204
Dichlorotetrafluoroethane CF,CCL,F 0.0011
Perfluorohexane CeFye 6.6122
Octafluorocyclobutane C,Fg 0.0046

20
As is proved from the results shown in Table 11, the

method of producing octafluoropropane by a direct
fluorination reaction between hexafluoropropene and
fluorine gas was found to cause generation of
25 polymerization, cyclization addition or the like, and
decrease in the yield.
Then, the gas after the removal of acid content was
collected under cooling using a cylinder container and



product gas was washed with an aqueous potassium 15 hydroxi de sol ution and
an aqueous potassiumiodide solution to renove unreacted fluorine gas, and
anal yzed g ogassoshr omat ography. As a result, the gas h®RETUREOTH3npositi on
shown in Table 11. Table 11 Nane of Conpgynd Chemi cal Fornula Conposition
(Vol %9 Cctafl uoropropane CF3CFZCF3 93. 3515 Hexaf | uor oet hane CF3CF3 0. 0063
Chl orotrifl uoronmet hane CCLF3 0.0039 Chl oropent af | uor oet hane CF3CCLF2
0.0204 Dichl ordisaiﬂlahtdonemrta&ﬁemcm@wm.MboiPHQ | frmaHieomsnandsF1. 4
6.6122 Cct af ﬂf&rrp%qlmeukmﬁfsfﬂ b 80ffwn mR6a, | sy oved from t he

results shown in Table 11 net ho

r Gl poct af | por opr opane by a
direct fluori rie@RRRPitdQR; tham‘%/\@éﬁeﬁewéé) L%‘&H‘% a&ﬁfﬂ fluori ne gas
was found to copnelfjeatiahn vas cindlyzed pmaa&hmmatoqﬁplnatam £xalighict | on or
the like, and degy a%%s%hb”gbﬂﬁoyiteidi’x shBGR: id Meyias 13fter the renoval of

acid content was ‘collected uhder cooling using a cyllnder container and WO
02/ 18305 PCT/JPO1 /07313 23 distill axé-éﬁ—éa—rlfl ed to renove | ow boiling

fractions and [ hi DOT | racti on a.kn met hod. de Sidtijpms| i on
obt ai ned after| the ?ﬁ‘%t‘?ﬁ %98}*%% %Wgaﬂgﬁr .dsm:o

chr omat ogr aphy =i ~ .
Tabl e 12 Nane opoun emcal Fdroula COnfosftion | (

Cct af | uor opr opgitd agppepbefbuerpeFpgge |Chi or cﬁf’eﬁ'-&?é uor oe} hane® ¥ Ec1F2
0.0218 Cct af | [BEFIabPBEyeIebd¥dnE U. 0022 C,F, 0.0022

As is proved from the results shown in Table 12, it
is difficult to separate octafluoropropane, chloropenta-
<10 fluoroethane as chlorine compound, and octafluorocyclo-
' butane as cyclic compound, and thereby attain
purification to a high purity.

Example 4
A reaction was performed by the same operations and
15 under the same conditions as in Example 1 except for

changing the starting material hexafl ‘opropene to
Starting Material Example 2. The gas - 'ter the removal
of acid content was analyzed and four .0 have the
composition shown in Table 13.



As is proved fromthe results shown in Table 12,
separ at e oct af | uor opr opane,

chi or opent a-

it is d
.10 fl uoroet hane

ifficult to
as chlorine

conpound, andv@eisdsuor ocycl o- but ane as cycl i ¢ conpound, rergdrdthesisby
attain purification to a high purity. ﬁee 4 A reaction was perforned
by the sane operations and 15 under the s “conditions as in Exanple 1

except for

changing the starting nateri al

hexaf |

ropropene to

Starting

Material Exanple 2. The gaE 'ter the renmamlle 18f acid content was anal yzed
and foux .o hav r—Fable—33—WO CQT’i,ﬂ”“

PCT/ JPO1/ 07313 {24 NBalel of 1Comarumndof Cgbnpbemmbm@malaFc ﬁp g}"gHsutuon
(volt) 2H Hept afl uoropropane CF3CHFCH3 99.9079 Trifl uoro ane

0. 0098 Hexaf | 830@%9@@@9@99@@414 PerfBafEFCR:0et harfe CFYGHY%0. 0028
Chl orotrifl uor ofgEhE C‘t’&T‘I‘U’O‘F@*ﬁopane u—su—ag—qmggUUUb

Hexaf | uor opr ope chl or opent ¢ ne. ‘ 9004

Tetraf | uoroethar hI or odi ¥ ﬁporret hane CC1°2 214 001‘2

Chl or ot et r af | uol PetbafiaidEcaEHERE 0. 0005  Chi @FQCHEF,f | uor ogt haneo {HRBH2CL

0. 0041 The gas, WWW ] der

cool i ng using al|cyllnder confalnéi andl 5 purified®by distlillation'to refgove

| ow boi | i ng fra¢Pebatluanaprepgneboi | ing fractT8RLHhy a krjown niH®S. Thé

conposi tion obt #BREE A @propenBUT | 1 T CRTT 0N YHREFaCHE, YZed | Dy O0049

chr omat Ogr aphy bd-found-to ve—the-o P osi-ti-an shown—Hh—TFable—-14—10

Tabl e 14 Chloropentafluoroethane CF,CC1F, 0.0004
Tetrafluoroethane CF,CH,F 0.0029
Dichlorodifluoromethane CCl,F, 0.0012
Chlorotetrafluoroethane CFsCHC1F 0.0005
Chlorotrifluoroethane CF,CH,C1 0.0041

The gas, after the removal of the acid content, was
collected under cooling using a cylinder container and

5 purified by distillation to remove low boiling fractions
and high boiling fractions by a known method. The
composition obtained after the purification was analyzed
by gas chromatography and found to have the composition
shown in Table 14.

10 Iable 14

Name of Compound Chemical Formula COm(I:;)osli%t)ion
2H-Heptafluoropropane CF,CHFCF, 99.9925
Pentafluoroethane CF,CHF, 0.0009
Octafluoropropane CF4CF,CF, 0.0002
Hexafluoropropene CF,CF=C¥F, 0.0016
Chloropentafluoroethane CF,CClF, 0.0014
Tetrafluoroethane CF;CH,F 0.0025
bDichlorodifluoromethane CCl,F, 0.0009

From the results shown in Table 14, it was found
that chlorine compounds contained as impurities in 2H-

heptafluoropropane can be reduced to 0.01 vol% or less by



Name of Conpound Chem cal Formula Conposition (vol% ‘

2H Hept af | uor opr opane CF3CHFCP3 99. 9925 Pent af | uor oet hane CF3CHF2 0. 0009

Cct af | uor o WO MASSCF3CF2CF3 0. 0002 Hexaf |l uor opr opene CFBCHH@a7303 0016

Chi or opent af | uor oet hane CF3CC1F2 0.0014_ Jetraf | uoroethane CF3CH2F 0. 0025

| Di chl orodi fl uor onet hane CC12F2 0.0009 Fromthe results shown in Table 14,

it was found that chlorine conpounds contained as inpurities in 2H

hept af | uor opr opdistédkaboneduced to 0. 01 vol % or |ess by WD 02/ 18305

PCT/ JP01/ 07313 25 ﬂ*@{@ié(glon Exanple 5 A reaction was perforned by

t he sane operation der the sane co d'ti s as in Exanple 2 except

for 5 using the puri |%%acrp}r3t?dh3’?so?e %%[ ?of)‘?%é’r?@ra&éQErPB@d in

Exanpl e 4. The gaderathersanee copdbvidnmfas tineEaemple dhtenmteptwdercol | ect ed

under cool §ng ugbig athé)ﬂdﬂ%@dcﬁ%&icﬂ?rofa'iﬁ-?ag %fﬁ%é%rﬁlgﬁh{i' lation to
ctions

renove | ow boili,n raction 0 known

net hod. The conﬁsg?f'}%% 0’51%’5"1‘5‘8 ﬁa’g ar%eyﬂég'w t%’ésﬂlﬁ]m%rﬁﬁhy and
found to have thbecmybsqqnmt,SWchmemldeuﬁaerTeads:d]ei.nfg5ublan§ alf Conpound

Cheni cal Fornul g @m'édxﬁﬁméaéOAAa mtfa%hu By ORI SPENG: ﬁ ; 9979
Chl or opent afluoi et ha % g <§ g,\,ﬁo [od ororret ane 2F2

0.0006 15 As is % Jr’f‘-’b T 1?%%@’% hdg, 1‘?% J‘eacfaons by a

oct af | uor &dr opah@omwﬁf@qﬁ puffheycofipaitden vbiéined wase anadpzbd Pt ai ned.
Industrial Appl jasbéhidma Ay rdetg’ b€ deduhd 28 BQGS%@%&@%Eu&Qe” the

shown in Table 15.

Table 15
Name of Comp . - : Composition
me o Compound Chemic a_l Formula (vols)
Octafluoropropane CF,CF,CF, 99.9979
Chloropentafluoroethane CF,CClF, 0.0015
Dichlorodifluoromethane CCL,F, -~ 0.0006
15 - As is proved from the results shown in Table 15,

'octafluoropropane having a purity of 99.995 vol% or more
can be obtained.
Industrial Applicability
As described in the foregoing pages, when the
20 process of the present invention is used, high-purity
' octafluoropropane can be produced from hexafluoropropene
which may contain chlorine-containing impurities, and the
high-purity octafluoropropane produced by using the
present invention can be used as an etching or cleaning
25 gas in the process of manufacturing a semiconductor
device.




20 process Qf the present invention is used, high-purity octafluoropropane
can be produced from hexafl uoropropene which nmay contain

chl ori ne- contypg Hfaghsi Npurities, and the high-purity oct afdcyapfipraapane
produced by using the present invention can be used as an etching or

cleaning 25 gas in the process of nanuf&tt%ﬁrhg a sem conductor device. i

bi5 J W 02/18305 PCT/JPO /07313 26 - CLAIMS 1. A process for producing

oct af | uoropropane, conprising: (1) a stegiusr €acti ng hexafl uor opropene

with 5 hydrogen fluorjde in a gas %%?SE at. a tquﬁggiure of éﬁmwoxinately
[

from 150 to 450C in t he pr dsBREERT Lor progpreing PEF SRR C6bt ai n
2H hept af | uor opr opamprisimg (2) a step of reacting 2H hept afl uoropropane

10 obtained in step (1) with,flyopide Fa%ekhBt ndaedaR286r ShrogerceRBRAL UTE

of approximately from 250 t0°'500C |n the apsence of a catalyst to obtain
oct af | uor opr 8pane ¥ .°9frbr%€‘€§§g%s”blaaﬁ"f‘§dpgﬁs%l%ﬁ @ FETRREIRINE Ofe

hexaf | uor opr openeappn@aimeaw. Erarst158ndoc 6P OC nich stﬂﬂegapredendé dff em t he
group consisting efugi£{diRdibt 4Dy ARIN3BLaLR Wﬂ%&k%&%@dﬁ%g

chloropentafluoroetgane, chl orot etraf | uor oet hane
chlorotrifluoroet Bfene. 3. A process as clained in claim1 or 2, wherein,
in step (1), the fluorinati(@ catstestofi seachbind Wxhapyaflu@dprmpang

COMpr i S NG 39 x| B alnaiATLEL ANY) b a8DERLBEhDas 0A A thias! aene

menber selected fromthe group consisting. o | um_.zi nc_and ni ckel . 4.
process as cl ai ne@ FAPBERAWE 8F WREGREmEtedY Bromddleff P90 thesitdp (1),
the nol ar rati o obhbbgnkegeh a 2btdlymt itebebbeadf | artrafiluopepeopand.n t he range
fromo0.8 to 3:1. 2. A process as claimed in claim 1, wherein the
hexafluoropropene contains at least one compound selected

15 from the group consisting of dichlorodifluoromethane,
chlorodifluoromethane, chloropentafluoroethane,
chlorotetrafluoroethane and chlorotrifluorocethylene,.

3. A process as claimed in claim 1 or 2, wherein,
in step (1), the fluorination catalyst is a bulk catalyst

20 mainly comprising an oxide of chromium and is obtained by
adding at least one member selected from the group
consisting of indium, zinc and nickel.

4. A process as claimed in any one of claims 1 to
3, wherein in the step (1), the molar ratio of hydrogen

25 fluoride/hexafluoropropene is in the range from 0.8 to
3:1.

5. A process as claimed in any one of claims 1 to
4, which further comprises a step of removing impurities
contained in 2H-heptafluoropropane before step (2).

30 6. A process as claimed in claim 5, wherein the
impurities are at least one compound selected from the
group consisting of tetrafluoromethane, trifluoromethane,
chlorotrifluoromethane, hexafluoroethane and
pentafluoroethane.

35 7. A process as claimed in claims 5 or 6, wherein
the step of removing impurities contained in 2H-
heptafluoropropane is a distillation step.

AN




5. A process as clainmed in any one of clainms 1 to 4, which further
conprises a step of renoving inpurities contained in 2H heptafl uoropropane
before steWQOY183%0 6. A process as clained in claimb5, wEIRIATIHe
inmpurities are at | east one conpound selegged fromthe group consisting of
tetrafl uoromet hane, trifluoronethane, chiorotrifluoromnethane,

hexaf | uor oet hane and pentafluoroethane. 35 7. A process as clained in
claims 5 or 6, wherefn thorocegsotsrehuinedyinnpoyi et olrdmsed to 2H

e e et b it L
S - . r oCess |

clains 1to 7,géﬂ§?5$?1??ﬁ}§?ﬁ-ﬂ£p a?fd%?%%fﬁbiﬁﬁshas a chlorine conpound
content of 0.01 vol t9er | Feprocess Asmbiﬂe@d a5 shyiomal ofh clayimsnd ©é cl ai ns
L 10,5 B SAIEr o, PRkl Wiy (29" 18" BBkl LSS acicanonth UL 10 03
and the diluting.gas.is at | east. one.,gas, sele . .

consi sting of h%&gggéﬂgfqa(f‘oﬁnge?het g*ﬂ%ﬁ%ﬂ&ﬁefﬁaﬂ%,l% 0PB8t hane and
oct af | uor opr opafelegted (from phecgrxoupscerisiatagi of diyduogenitlobaide, 1 to

o }Ngg hept af | %eaafﬂud“mha%? Lhéﬁmld%ffgtr#géb&ﬁ) 1.5:1. 11. A process
gas ept af | uar ane is in the range . 1.5:1. :

as clainmed in aﬁ§ggﬁg&%ﬁ°QHQBaHE'1 to 15_10;_mherein, in step.(Z), t he
concentraiPon of 2H lheptlafirocespr apaskaimed he aspctre oflcdnims 8 twl % or

less. 12. A pr Ogesﬁhéﬁeﬁ{,ali'ﬁeété? f2Y, X HorakakaBid 4€ flliéri\‘i’ger ein at
| east a part of thzg t tal as o rstiee)xg (5? \ Zg is clircu ate0 ant reused as
a diluting gas PR=E¢ %‘?p(}) .fi??tmﬂ PPN 4D Epg; FREs F2aR CofetBf clainms 1
to 12, which cdrprilses a step of reacting at |east a part of

1ll1. A process as claimed in any one of claims 1 to

15 10, wherein, in step (2), the concentration of 2H-
heptafluoropropane at the reactor inlet is 8 mol% or
less.

12. A process as claimed in any one of claims 1 to
11, wherein at least a part of the outlet gas of step (2)

20 is circulated and reused as a diluting gas in step (2).

13. A process as claimed in any one of claims 1 to
12, which comprises a step of reacting at least a part of
the outlet gas of step (2) with at least one
hydrofluorocarbon to remove unreacted fluorine gas

25 contained in the outlet gas.

14. A process as claimed in claim 13, wherein the
hydrofluorocarbon is selected from the group consisting
of trifluoromethane, tetrafluoroethane, pentafluoroethane
and 2HE-heptafluoropropane.

30 -15. A process as claimed in any one of claims 1 to
14, wherein hydrogen fluoride contained in the outlet gas
of stép (2) is separated and the separated hydrogen
fluoride is returned to step (1) and/or step (2).

l6. A process as claimed in any one of claims 1 to

35 15, wherein at least a part of octafluoropropane is
separated from the gas after the separation of hydrogen
fluoride, and the remaining gas is returned to step (1)

* [ L M S *




t.he outl et gas of step (2) with at |east one hydrofluorocarbon to renove
unreacted fluorine gas 25 contained in the outlet gas. 14. A process as
claimed in clyo@kgns Wherein the hydrofluorocarbon is selpeglipfinhsigm t he
group consisting of trifluoronethane, tetrafl uoroethane, pentafl uoroethane
and 2H hept af | uor opropane. 30 15. A proce’ss2 S clainmed in any one of clains
1 to 14, wherein hydrogen fluoride contained in the outlet gas of step
(2) is separated and/épesegpaat.ed hydrogen fluoride is returned to step
(1) and/or step (2). 1? AIB_L'OCE%? as_clainmed in "nélt one o; claims 1 to 35
15, wherein at |east a-par P bPCFRELFPIRREBRBEPECTUCT SEPRFAFHIP f rom t he gas
after the separ at ioghabludgohnnpane having de puzhty tdfe F9%BIPAENVOLE s moge.
returned to step (1) 144113k ucntg%-huuaﬂrl ha Lohbaddl lasCokaadlD 92/ 18305

an r ep .. (; : . _An oc uor opr ne .pr.oduc
conprising dctaf Ic&Sﬂ'ﬂpi-g’paYﬁ’eeljlo’?d'%}i h%g TP pposrt ggg §§’§‘P98P$£§fav e? 1s.
An oct af | uor opr opahéopinel aitomawithan mgwe imolbculaiandl df wigel it cdarpeundsal
amount of conpoundg BaWdthd ofh8Es WasdlOBhLAL dodd¥ uBRbEEsdherNd Of
cyclic compounds is vol'ppm or | ess based on the octafl Uoropropane

50
product. . 19. AnPEP8WFhy gas conprising the octafl uoropropane 10 product
claimed in claim 17 or198. AR0etAhihgagangogpsisimprihe pgtafituoropropane

oct af | uor opr@pane ,rBEREL 1 Lhidld B &iniGl ahMb2719r 18. 111l Uhli hill
1111111111 C L M . ' i
- 20. A cleaning gas comprising the octafluoropropane
product claimed in claim 17 or 18.
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