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propane, arndgsugses thereof. Background Art 20 Heretofore, in the process of
produci ng sem.conductor devices, a gas etching for partially renoving a
thin-film¢miEterial is performed for formng a circuit paﬂ@ Re A0S vari ous
thin-filrpaéferials constituting a semconductor circuit and at the sane
time, renpvd. -of deposits using a 25 cleaning gas is perforned to renove a
thin-filmstarting nmnaterial deposited to the reactor during the thin film
1 SF-814 16 June 2005 formation.DBReRoPTUSEf ul et ching gases or cleaning

. gases conventional for the production process of a sem conductor device .

i s octafluoropropane (hereinafter referred to as "FC218"). 5 On the other
hand, to keeB UE mﬁt? recent, tendency toward higher performance, smaller

si ze, hi gher "G8n&PEy O FiPRg fof el E6trifdalo rom relrecta, o ows phent , t he
circuit patterns ar%)beconjn finer and in order to forma higher- -

preci sion circuit patterit by et'dH mp useie? @shi Ghepeefty 10 etching gas
fromaghich inpurities are elimnated as much as possible is demanded. \Wen
an etching gas contains an inpurity even a very small anount, this my

cause genecal ketrdiadd 0K, LNe gurlng the formation of ‘a  fine
pattern and increase of defects’in the pr having 15 a high density
integrated cimpuist apphsedit dhe Pracess, of . 1y pg, deposits ysing a
U.5.C. SIil(a) claiming benefit pursuant to 35 U.s.cC.
§118(e) (1) of the filing date of Provisional Application
10 60/264,320 filed on January 29, 2001, pursuant to 35 U.S.c.

§111 (b).

Technical Field
The present invention relates to a process for
15 purifying an octafluoxoﬁropane; a process for preparingwa'
_highmpurity octaflucropropane, a high~purity octafluoro-

propane, and uses thereof.

Bacquound Art
20 - - Heretofore, in the pfocess of producing semiconductor
devices, a gas etching for partially removing a thin-film
material is performed for forming a circuit pattern on
various thin-film materials constituting a semicﬁnductor
| rcircuit and at the same-time;,removal of -deposits using,ar
25 cleaning g;s is performed to remove a thin-film starting

material deposited to the reactor during the thin film -




cl eani ng %? residual inmpurities in the production process of a
sem condu o? device after cl eani ng nust be reduced as nuch as possible so
as to provide a high-purity and high 20 quality device. FJP{RE<0Burpose, a
“high-purity cleaning gas containing substantially no inpurity is demanded.
"Wth respect to the production process of FC 218, for exanple, a nethod of
electrolytically fluorinating 1- chl oropropane (see, U S.. Patent
3,709, 8009 od trifluoro entachloropropane W th
nmanganese ??ﬁ%?ﬁ%&ldéﬂgsééé‘{fgfﬁieg%%?l%g59%5 919 aRdeankBehedsels 2 “
SF- 814 l6chnen 2005511 t orlde and chlorine wth such as
propane and propyl ene ?ggetﬂg %¥ggatgg?k 55665§3f%ﬁe5ﬁm&ﬂ?n dyhever, in
t hese netdwdisse ai €apoanty s d_as £ startl ng
material and therefore, .a ch?%??%%ﬂg gg%?%#ﬁ?ﬁéegonpgeﬁ&e Y6 Gduced as a
by- productFGaidiati)xed into FC-218 as inpurities. On the other hand, with
respect to the nethod of producing FC 218 using chlorine-free starting
materbals, fom exenpiehen metdodt6f kebpchpokythcaklby kil 'ﬂgﬁldgq{%g 10
propane is known (see, U S. Patent 3,840,445). However, ese t hods are
_|ndustr|§PW?xﬁi§Edﬁéﬁ1aga@mgmmmwﬂﬁmsm$mﬂeﬁp@ﬁﬁ@lUﬁléﬂékeégﬁsh% very
conplicated and the yieldis low In addition, a nmethod of quorlnatlng
hexaf | uo?”&ﬁtlﬁlﬁeﬁ’ ﬁ%@r@%ﬁ%@%cﬁﬂﬁ@&mxefmw%émasmé% Fenizl6") to

pr oduce F 518 i S kno%p For exanple, a nethod of reacting: FC-1216 with a
f1 uori neP g “GAfef e becoming finer and in order to form a higher-

precision circuit pattern by etching, use of a high—-purity

lQ etching gas from which impurities are eliminated as much as

possible is demanded. When an etching gas contains an.

impurity even a very small amount, this may cause
generation of a large width line during the formation of a
fine pattern and increase of defects in the product having
15 a high density integrated circuit.
Also-in the process of removing deposits using a
cleaning gas, residual impurities in the production process
~of a semiconductor device after cleaning must be reduced as
.much as possible so as to provide a high-purity and high-
20  quality device. For this purpose, a high-purity cleahing
gas containing substantially no impurity is demanded.
With respect to the production process of F¢—218, for
example, a method of eléctrolytically fluorinating i—
chlo;opropane (see;_U.S, Patent 3,709,800}, a method of
25 réacting trifluoropentachloropropane with manganese

trifluoride (see, U.S. Patent 2,578,721) and a method of




dilution with an inert gas and a reaction product gas a nethod of

el ectrol ysrealhy fluorinating FC 1216 in hydrogen fluoride (see,
JP-B-62-61115) (the term "JP-B" as used herein 20 neans an®&R&f0R2d
Japanese patent publication”), and a nethod of reacting at |east one

. high-val ence netal fluoride selected from cobalt trifluoride, nanganese
~trifluoride and silver difluoride wth FC 1216 (see, JP-B-62-54777) are
‘known. In this case, to produce FC- 1216, for exanple, a process conprising
t her mal detapoR¥t hpAregensiBugrigedans dhierd0e5 withl eredi flsuor onet hane
(hereinafter sonetimes referred to as "HCFC 22") and a process conprising

f1 uori nafirREP pethPdgeater] Cisicor Bf buokuoartbon2havisy) 2reakxkem at ons and
fluorination product to produce FC 5 1216 (see,

t hen dehal ogenating t he
U.S. Pat %”9%"@0%'7,%%4?“%%% RABWALS HoRevemPolnso con tehesagmebhods nea -

chl ori ne-.cont ai ni ng . compound i s_usual y used as a starting material and
t her ef orelf:5 t %Cgbef ai%e%%@ﬁ%ﬁé“%gﬁﬁir?g 20t APRg=aOTEN| Br r:%éoé:o@mi ni ng

conpognd IR g esult,. 10 FC-218 produced starting fromthis
FCSEZ%G é%ﬁ?%lnSI% é%%ﬁﬁﬁﬁénéfc%ﬁ?%?%?ﬂgaéoﬁpBgﬁHIPSBEFh@PdmﬂﬂHQ@nreacted

FC 12161H®5uy@ﬁgmﬁ3@Stg§?ﬁ§f%§%?ine-containing conmpound and fl uorocarbon
i mpurities such as FC- 1216 nust be renoved...15 from FC 218.

On the other hand, with respect to the method of
producing FC-218 using chlorine-free starting materials,
for exaﬁple, a method of electrolytically flucrinating

10 propane is known (see, U.S. Patent 3,840, 445) . However,
these methods are industrially disédvantageous because the
apparatus therefor is very complicated and the yield is low.

In addition, a method of fluorinating
hexafluoropropene (hereinafter_sometimes referred to as

i5 "FC—1216")7to produce FC-218 is known. For example, a
method of reacting FC~1216 with a fluorine gas under |
dilutioﬁ with an inert gas and a reaction product gas
a method of electrolytically fluorinating FC-1216 in hydrogen

fluoride (see, JP-B-62-61115} (the term “JP-B” as used herein

means an “examined Japanese patent publication”), and a method of

- 20
1 reacting at least one high~vélence metal fluoride selected from
~ cobalt trifluoride, manganese trifluoride and silver difluoride
with FC-1216 (see, JP-B-62-54777) are known.
| In this case, to produce FC~1216; for example, a process
" comprising thermal decomposition of |

25




For exanpl e, separation of these inpurities fromFC 218 by distillation or
the |i ke Bg-&8flenpted. More specifically, inpurities contained in FC 218
can be theoretically renoved by distillation if these hav'& “Q@OB%iling
point different fromthat of FC 218. However, as shown in Table 1 bel ow,
chl oropent af | uor oet hane, (hereinafter sonetines referred to as "CFC- 115"),
FC- 1216, dichlorodifl uoronethane (hereinafter sonetines referred to as
"CFC-12") and HCFC-22, which are mxed in nmany cases as 25 inpurities, each
has a boi fihg"pot htUapprekilpBeedhesctihe fisai ISomptpoicnt reffekGe2l&o as
Therefore"H%§C%? yer¥ gifficult 4 SF-814 16 June 2005 to separate these
impurities by St1 1% i onPandc8bt SPRPrRisghgpddivey iIFEt208. Tabl e 1 Conpound
C) Cctafl uoropropane (FC 218)

cracracrd e T LR ekt Y Lhrephaneopchevias) S0os FRoR3ats6ie7 and
A R e S R g
puri {5 catizons method iptdierpdhap. theos sepagation by distillation, such as
extractive distillation, nenbrane Separa i 9h%a %dsorption separation, is
bei ng _ However, alsc in these methods, a'chlorine—containing
compound is usually used as a starting material and
therefore, the cbtained FC-1216 usually contains a
chlorine—containing compound as impurities. As a result,
10 FC-218 produced starting from this FC-1216 contains the
chlorine-containing compound together with unreacted FC-
1216. |
| Accordingly, these chlorine—containing compound and
Tluorccarbon impurities such as FC-1216 must be removed
15 from FC~218. | |
For example, separation of these impurities from FC~
218 by distillation or the like is attempted. More
specifically, impurities contained in FC-218 can be
theoretically removed by distillation if these have =2
20 boiling point different from that of FC~218. However, as .
shown in Table 1 below, chloro?entafluoroethane,_
(hereinafter sometimes referred to as "CFC-115"), FC—-1216,
dichlorodifluoromethane (hereinafterlsometimes referred to
as "CEFC-12") and HCFC~22,'which are mixed in many cases as
25 impurities, each has a boiling pointrapproximated to the

boiling point of FC—218. ‘Therefore, it is very difficult




attenpted. 10 However, the extractive distillation nmethod has a problemin
t hat the sgugpaent costs highly and the process is cunbersone. The
nenbrane separation nethod has a problemin that an appr ofr{uaee08ad
practical menbrane having properties necessary for separating FC-218 from
15 inpurities is not known, and purification to high purity, for exanple,
~such that the content of inpurities in FC-218 is | ppmby mass or less, is
dlfflcult Al so, as shown in Table 2, there is alnbst no difference in the
ol ecul art i SAPLcHl @ Ut kr e mmiaieQObﬁt@bielﬂﬁtﬁoﬁtéHStHB@alHet ween

FC- 218 and C- 115 or_ FG 1216, there is no difference in the boiling point
bet ween 15 %FI8Y4 46 Hfurd ©005 FC 218 and inpurities, and FC 218 and
inmpurities are approximted in the structure and phy5| cal properties.
Therefore, purification.to a high purity by the renoval of inpurities

cannot be attai ned by an adsorption separation 5 nethod using a known
etivatedcarbon T2%ig jleg gel . zeolite (nolecul ar sieves)

adsor bept—suech—as—act
and nol <=g@h@5un§y f\iag car bon (herel naf t er |reefeidied 40 S0iMbkg) . Tgble 2
Conmpound Nane nol ecul ar size (calcul ated vaowg),1a Cct af{}ggégp,rgp(g)ane
(FC— 218 | P ftooroetfhane—{EFC-115 A
Hexaf | uagggrgff‘ggﬁgogjﬁp?% QFE: grﬁsﬁ 5.9 A CFsCFCF; | -36.7
Ch oropentafluoroethane (CEC-115) |CClFyCFs ~38.7
Hexafluoropropene (FC-1216) . CF3CF=CFy 31
Dichlorodifluoromethane (CFC~12) CCl,5y -29.8
Chlorodifluoromethane (HCFC-22) CHC1F, : -l ]
5

Therefore, a purification method other than the
separation by distillation, such as extractive distillation,
membrane separation and adsorption separation, is being
attempted.

10. e However, fhe ext?active distillatioﬁ method has a
problem in that the equipment costs highly and the process
is cumbersome. The membrane Separation method has a
.problem-in that an appropriate and practical membrane
having properties necessary for separatinngC—218 from

15 impurities is not knoewn, and purification to high purity,
for example, such that the content of impurities in FC-218
is 1 ppm by mass or less,_is difficult.

Also, as shown in Table 2, there is almost no’
difference'in the molecular size (calculatéd value at

20  stable state structure) between FC~218 and CFC-115 or FC—

.1216,.there is no difference in the boiling point betweeﬂ




10 Anong these, FC- 1216 which is one of inpurities can be renoved by
adsorpt i 0§Fu§}{1@g activated carbon or MSC, however, chlorine-containing
conpounds such as CFC-115 cannot be separated. 15 Accor ditglupe 2085
conventional purification nethods, it is difficult to obtain high-purity
FC- 218 by reducing the concentration of fluorocarbon inpurities including
chl orine conpounds such as CFC-115 to less than 1 ppmby nmass. As a result
of extensive investigations to solve 20 these problens, the present

i nvent or Srhees faundithati vhes, sradecostaf LyQr opsePape.£onLai ni ng
inmpurities such as chlorine conpounds is contacted w th an i npurity
deconposiawp agemia oohtiai Mg S donr OXi e snes an, al ﬂﬁ%%@?’c@eg.:'sj'él 16 June
2005 earth netal conpound and then with an adsorbent, these inpurities
can be suBxtzitdzd | yursmoved: Wit hteasehidbreaspegi by cahd Yrehhoapr ggent
inventors have found a purification process of FC 218, where FC- 218

- cont ai ni AFWFIGo AT it tdissdunh as CROAAS; oG d@dbatr CF6 12,

CFC 1% (chlorotrifluoronethane) and HCFC-22 in a concentration of 10 to
10, 00 pﬁ}ﬁtg@qnﬁsl“igs A FRCAET edsEtentars udtpurs tacdieconpbsi ngbagent  and
further vviith an adsor begt, and thereby these inpurities can be reduced to

| ess t hart 10 Tpin'by 4Rdd LeTHEG S BT ishvAsiftd Jorsshsndsesmu laoconpl | shed

based 0nsﬁ%5§n%'%§&%%h QREE%En%%t%QeI£ %SQ%kPQO as "MSC").

Table 2
Compound Name Molecular Size
(calculated value}.
Octafluoropropane (FC-218) _ 4.9 to 6.1 A
Chloropentafluoroethane (CFC-115) 4.3 to 5.6 A
Hexafluoropropene (FC-1216) 4.9 to 5.9 A
10
Among these, FC-1216 which is cne of impurities can
be removed by adsorption using activated carbon or M3C,
however, chlorine-containing compounds such as CFC-115
cannot be separated.
15 Accordingly, in. conventional purification methods, it

is difficult to obtain high-purity FC-218 by reducing the
concentration of fluorocarbon-impurities inéluding_chlbrine
compognds such as CFC-115 to less than 1 ppm by méss.
| As a result of extensive investigations to solve
20 these problemé, the present inventors‘have found that when
" crude octafluoropropane containing impurities-such as
‘chlorine compounds is contacted with an impurity

decomposing agent containing an iron oxide and an alkaline




An object of the present invention is to solve the 15 above-descri bed
probl ens 44 ventional techniques and provide a process for purifying an
oct af | uoréoﬂgr%%gne, where inpurities can be substantially Yeee®0brom a

. crude octafl uoropropane containing inpurities. Another object of the
present invention is to provide 20 a process for preparing an

.oct af | uor opropane, conprising the above-described purification steps, and
also provide a high-purity octafluoropropane and uses thereof. Summary of

the | nverddrarh 25 tHie qungeessd fond pﬂlﬁéff}nghaélnoga%ky%f?gf 99@%@ accordi ng
to the present invention is characterized in that 7 SF-314 16 June 2005 a

crude. oditmafinidriepr epan e aniles i Mg & DY +&h&ed Swi €ntasted with an

i mpurity deconposi ng agent under elevated tenperature (heating) and then
with an adsor Bente tapecsibistant v al tlye renevent hentvapusi-ti BsvEr emuthescrude 5
oct af | uor opropane. The inpurity deconposi ng agent preferably conprises an
i ron oxi &&radd can 1eik &riose ssarat et 8 c onpoun diC-ThES | comt Oxh degi S

prefe abl)_(L a ferric oxide and the ferric oxide is preferably a T -iron
hydr oxi d&1ERTE2ERGPo A PHT 14 TP S 119 @0 ife-1 The BOIKH21Gie @arth2 et al

conmpound .i.s._preferably at _ | east one conpound sel ected fromthe group
consi st i ﬁg%’o 3 6§F38§%tﬁﬁéﬁbﬁr@§?%%}a%d{%@‘(ﬁ2 am a kal i ne earth

et al Ofcgﬁggﬁﬁkggﬁogag%igglt%tﬁ%quﬁnﬁ%ﬁ ‘?ﬁﬁggs is contacted with
| an impurity decomposing agent and further with an adsorbent
and thereby these impﬁrities can be reduced to less than
10 .lppm by mass. The present invention has been accomplished

based on this finding.

Object of the Invention
An obiect of the present invention is to solve the
15 above-described problems in conventional techniques and
.provide'a process for purifying an octafluoropropane, where
 impurities can be substantially removed from a crude
roctafluoropropane containing impurities.
Another object of the present invention is to provide
20 a process for preparing an'octafluofopropane, comprising
the above—described'purification stépsL and also proviae a

high-purity octafluoropropane and uses thereof.

Sunmmary of the Invention
25 The process for purifying an octafluoropropane

according to the present invention is characterized in that




15 The inmpurity deconposing agent preferably contains from5 to 40% by
mass’ of %&45 ) oxide and from60 to 95% by nmass of an al kaline earth
met al conmpound, based on the entire mass of the inpurity Welos@d85ng
agent. The inpurity deconposing agent is preferably a 20 granul e conprising
~a powder of the iron oxide having an average particle size of 100 mor

| ess and a powder of the alkaline earth netal having an average particle
size of 100 n or less. The inpurity deconposing agent is preferably a 25

granul e havimgiarn avet Bger perépshe §62€a0hifgdikg,u10+am, ;Lhe crude
oct af l uoropropane is preferably contacted 8 SF-814 16 June 2005 wth the

i npur i ty adedenpos] ng dgem atpwr L enpes abibes 0hg250ent 0,3806. cThe sadsor bent
is preferably at |east one nenber selected fromthe group consisting of
‘act i vat edeawebmtursd holaculer sidvehamdys ioh esul afssirByhagrgar bon. The
crude oct afl uoropropane may contain the inpurities in an amount of 10 to
10, 000 pFPSyardsisil L yTheendsurtiheg inppref ee abf yomt theastugae conpound
selected fromthe group consisting of 10 chl oropent af | uor oet hane,

hexaf1 uoPEHPSFEIRE PPN ot ri f | uor onet hane, di chl or odi f| uor omet hane and

chlorodifluorqnethane..Afte the inpurities are substantially renoved, the
concentrati on OF iR e SGEHRN HeP | 30 @e preferably comprises

an iron oxide and an alkaline earth metal compound.

The iron oxide is preferably a ferric oxide and the

ferric oxide is preferably a 7 -iron hydroxide oxide and/or
10 a 7-ferric oxide.

The alkaline earth metal compound is preferably at
least one compound selected from the group consisting of
oxides, hydroxides and carbonates cf an alkaline earth
metal of magnesium, calcium, strontium or barium.

15 .The impurity deéomposing agent preferably cbntains
from 5 to 40% by mass of an iron oxide and from 60 to 952
.by mass of an alkaline earth metal compound, based on the
entire mass of the impurity deéomposing agent.

The impurity decomposing agent is preferably a

20 . granule comprising a powder of the iron oxide having an
average particle size of 100 pl or less and a powder of the
alkaline earth metal having an average particle size of 100
pm or less.

‘The impurity decompoéing agent is preferably a

'~ 25 granule having an average particle size of 0.5 to 10 mm.

The crude octafluordpropane is preferably contacted




15, octafl uoropropane can be less than 1 ppm by mass. The process for
prepari nggpng@gt af | uor opropane according to the present invention is
characterized by conprising the steps of producing a crudé June 2005

oct af-l uoropropane containing inpurities, and contacting the crude 20

oct af | uoropropane with an inpurity deconposi ng agent under heating and
then with an adsorbent to obtain an octafl uoropropane from which
inpurities are substantially renoved. The step of producing a crude

oct af | uoreptlopame iRB5uednyalptogpbBRUAI HLRS e f L uarinatd f “
hexaf | uor opr opene. Al so, the inpﬁritybnag-ben§¥ ?e§%E§§ﬁ§%§r§F%§12ﬁ¥% June
2005 conpod $al ected fromthe group consisting of

chl or opent af | uor oet hane, hexaf!| uoropropene, chlorotrifl uoronethane,

di chl or odi f | uotoRethapeband ieshboebddirhbler anetlbase. cheThemget-af | uor opr opane
according to the present invention is characterized by containing |ess
than 0. OGBS IR s ofh @ erbar | pren ebmpouadofindchavingdacpupbhy of

99. 99 9@6Qé_na s or_nore. The gas according to the present invention is 10
char att ef1Z&d¢ by congr Sy tihel bbb deseyibedcachaf | uor o- propane. The
et chi ng gas aqﬁprq;n to the present invention is characterized by

conpri sing the above: soc(ﬁao%ﬁl%%?r%%“%l@%mfﬁ@n*gasnat:h@rdi ng to the

present HRYeRLEORs in an amount of 10 to 10,000 ppm by mass.
The impurity is preferably at least one compound
selected from the group consisting of
-10 chlorcpentaflucoroethane, hexafluoropropene,
- chlorotrifluoromethane, dichlorodifluoromethane and
" chlorodifluoromethane.

After the impurities are substantially removed, the

concentration of impurities remaining in the
15. 'octafluoro?ropane can be less than 1 ppm by mass.

The process for preparing an octaflucropropane
according to the present invention is characterized by
comprising the steps of preoducing a crude octafluoropropane
coﬁtaining impurities, and contacting the crude

20  octafluoropropane with an‘impurity‘decomposing agent under

- . heating and then with an adsorbent to obtain an
octafluoropropane from which impurities are substantially
removed. |

The step of producing a crude octafluoropropane

25 containing impurities may be the fluorination of

hexafiuoropropene. Also, the impurity may be at least one




15 is characterized by conprising the above-described gas. Detailed
Descriptigm@fs ! nvention [Purification Process] The process for purifying
an oct af | uor opropane 20 according to the present inventionlfchimerdo§es t he
step of contacting a crude octafl uoropropane containing inpurities wth
an inpurity deconposi ng agent under heating (elevated tenperature) and
then with an adsorbent to substantially renove the inpurities fromthe
crude oct afl uoropropane. 25 This purification process is described below in

~detail. chmpdurdidelosttadd ubrapriopangroas Ys8dispithes,present 10 SF-814 16
June 2005 invention neans an octafl uoropropane containing inpurities,

which i s Gigeeesgde Tlvcougitrepur i fécaf i oorspe@poéme f he  present invention
Al so, the "substantially renove" as wused herein neans that absolutely no
i mpuriti &8 ler cdirgd T s it tdiesh by eodiont @ neekt hd m@Uiid y Deconposi ng
Agent In e present invention, an inpurity deconposing agent conprising
an iron 6%58§°9ﬁ§¥%9§%méﬁﬁﬁﬁ@-earth metal conpound is preferably used. 10

Exampl es of t%@é ron oxide include ferrous oxide and ferric oxide. Anbng
these, ferric F&Y HETVRNE FRrRrerd i o oxidasseqarr) - FeOOH

(T-iron k L xi d é an T-Fe203 (T-ferric oxide) are preferred, and 7
' Fe igXQ%gﬁgggrg er 5§c%erlzedg%y'conta1nlng less than 0.0001%
by mass of a chlorine compound and having a purity of
199.9999%% by mass or more.
The gas according to the present invention is
10 characterized by comprising the asbove-described octafluoro—
propane.
The etching gas according to the present invention is
_characterized by comprising the above-~described gas.

The cleaning gas according'to the present invention

15 is characterized by comprising the above-described gas.

Detailed Description of Invention
[Purification Process]
The process for purifying an octafluoropropane
20 according to the present invention comprises the step of
. contacting a crude octaflucropropane containing impuriﬁies'
with an impurity decomposing agent under heating (elevated
'temperature) and then with an adsorbeﬁt to substantially
: removg the impurities_from the crude octafluoropropane.
25 This purification process is described below iﬁ detail.

The "crude octafluorcpropane" as used in the present

10




15 These iron oxides, can be used individually or in conbination of a
pluralitygpighgon oxides. The reason why (err) -FeOOH and (err)-Fe2Q3 are
preferred as conpared with (err)-Fe203 is considered to Hdéwhnee0asi on to
the activity of iron oxide. The Y -FeOOH and (err)-Fe203 are higher 20 in
the reactivity and the activity with chlorine conpound is in the order of
(err) -FeOOH > (err)-Fe2G3 > (err)-FeOOH >Fe203 >> a- Fe203. This
difference in the activity with chlorine conpound is presuned because the

bondi ng eheveyt bet weeananan i 6Oba A1 8T 8PEoBANOXYFLN= & O R Y 12E€00H or
(err)-Fe2@B is 25 lower than that in a-FeOCH. Theaal klg?lgi nrgbggrltgﬁersrét al

conpound Ylokcluses i mot heasddd SFr BddgH 6a Jpinei 2005t 1 o eseay {AVEALi on is
preferably a hydroxide, an oxide or a carbonate of an alkaline earth

nmetal . BRIPIE of 1R kal | Ad sear tthenBtsalbsteltudd Ivagresiwem Lal ci um
strontium apd barium 5 Anong these al kaline earth netal conpounds, a

hydr oxi dé'359 I 10 e T di i ura o bred ey abd yised, t snd o cad Thast hydr oxi de
is nog e pref.erred. These al kaline earth metal conpounds can be used

i ndivi dudl9 YRS ot TatG B2 9te % plural ity of alkaline earth netal

ivent | on Brerer o AL SIS r on owi de and the  al kalihe earth metal
oA TRt L G TR R ERL
met al COEE@H%dCQmprising an iron oxide and an alkaline earth metal
cdmpound is preferably used.
10 Examples of the iron oxide include ferrous oxide and
ferric oxide. Among these, ferric oxide is preferred.
Among ferric oxides, 7-FeOOH (7 -iron hydroxidé oxide) and
T -Fey03 (T -ferric bxide) are preferred, and? -FeOQOOH is
more preferred.
15 These iron oxides can be used individﬁally or in
combination of a plurality of iron oxides.

The reason why 7 ~FeCOH and7 -Fe,0; are preferred as
compared with g-Fez03 is considered to have relation to the
activity of iron oxide.'The ¥ -FeOOH and 7 -Fe»0: are higher

20 in the reactivity and the activity with chlorine compound
is in the order of ¥-FeOOH > 7-Fe03 > g-FeOOH >FeyO3 5> g
Fez03. This difference in the activity with chlorine
COmpound is presumed beéause the bonding energy between an
iron atom and an oxygen afom in the 7-FeOOH or 7 -Fe.0; is
25 lower than that in a—FeCOH.

The alkaline earth metal compound for use in the

11




15 is from60 to 95% by nass, preferably from70 to 80% by nass,
respectivgﬁyglgased on the entire mass of the inpurity deconposing agent.
It is presuned that when the anmounts of the iron oxide and Jume 280%al i ne
earth netal compound contained in 20 the inpurity deconposing agent fal

wi thin the above described range, the deconposition of inpurities and the
renoval of the deconposition products can be effectively perfornmed as
described | ater, whereby efficient purification can be performed by using
the char astesdrst i 2t f@at us 65-0f T Lde; and the line_earth
met al cgﬁpound. 12 SF 814 16%%une %%%%y %ﬁ%ﬂg%gggigihéhiﬁgéégt?r @
deconposiaeriagente i«f not gdediou asdyeh imdted, bubdns R %ﬁr y in the
particulate form In the case where the iron oxide and the alkaline earth"
met al corpidunidirar esanti e tpar tiroel ade dofmas 1he, -avelage Perbhekemsi ze
before the bl ending thereof, nanely, before the formation of an inpurity
deconposiaiy dgentum.is preferably 100 mor less, nore preferably 10 pm or

| ess,  still nore preferably 1 mor |less. The average particle size is
prefefably frdRODERTFAG glineg epref erady dufoom . 04 to 10 (err)m
still nmore preferably fromO0.,01 to 1 gym \Wen the average particle size
of each CRLECOP T Po R *gxied & Tarid el kel iirfe paarfteir abatsaluasahpound i s 100

(err)nioEalhgﬁ%, an oct.af | uoropropane having hi gher purity can be obtained
as wel | S&LRE p&#i PEafort Sc &K H5e PaEdiedit .|yT ese alkaline earth

' metal compounds can be used individually or in combination
of a plurality of alkaline earth metal compounds.

10 The impurity decomposing agent for use in the present
invention preferably contains the iron oxide and the
alkaline earth metal compéund such that an amcunt of iron
oxide is from 5 to 40% by mass, preferably from 20 to 30%
by mass, and an amount of the alkaline earth metal compound

15 is-from 60 to 95% byvmass, préferably from 70 t0780% by
mass, respectively, based on the entire mass of the
impurity decomposing agent.

It is presumed that when the amounts of the iron
oxide and the alkaline earth metal compound &ontained in

20 | the impﬁrity dedomposing agent fall within the above-
described range, the decomposition of impurities and the
remnoval of the decomposition products can be effectiveiy
performed as described later, wherebj efficient
purification can be perfofmed by using the cﬁaracteristic

25 features of the iron oxide and the alkaline earth metal

compound.
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15 perforned. This is presuned because the iron oxide and the alkaline

earth metg_gLonpound each is a fine particle, therefore, the specific
surface area thereof is increased and the iron oxi de and thhng|2Ra5i ne

earth netal conpound are readily dispersed with each other, as a result,
the 20 iron oxide and the alkaline earth netal conmpound are increased in
‘the.. area and contact chance of the crude octafl uoropropane with the

i mpurity deconposing agent. The concentration and the kind of inpurities in

the iron oxide snghd her alkal ime, ear§ hgorbabocPRHRoYnd ar e QL+ 25
particularly limted insofar as the ability of decoﬁposing Ipurities in

t he crudeagdtiafillgorlgpriopaned Smm)ti@fﬁ@ﬂ@ﬁab1§3i§Ft§é4p§pT§gleag 05 The
shape of the inpurity deconposing agent is not™ particularly Iimted, and
“in any sHgga. the thpurkey wleconpbei ngoagentieanmie weed fian the
purification, however, the inpurity deconposing agent is preferably a
granule ﬁﬁrghtW@téérFP@D@WD@W@respenhﬂia:ga&ﬂﬁﬁu&ﬁuﬁ tdis, grasul e i ncl ude
pel | form and spherical form The average particle size of the granule
i s pref ePE6FG9Pr BAFO151€0 5iGe wmfomsr & hsr éflamabing frtemeb f,0 rhaman y Wien t he
aver age ﬁa%ticlg siie of the granule falls 10 within the above-descri bed
range, the coRt ABE CRARBLIGR Pheani APwBNirtites dfadmpdsd Nigmmgertty, deconposi ng

agent in n he_deconposition and renoval of the inpurities can be
efficien?%?ﬁggg?%gngab P ?ﬁeT§§3raﬁ@rﬁaPFﬁéﬁéa§ﬂié1@fuﬂh@f less,

still more preferably 1 pum or less. The average particle
size is preferably from 0.01 to 100 pm, more preferably
.10 from 6.0l to 10 e, still more preferably from 0.01 to 1 pm.
When the average particle size of each particle of
iron oxide and alkaline earth metal compound is 100 pym or
less, an octafluorcpropane having higher purity can be
obtained as well as the purification can be efficiently
15 performed. This is presumed beéause the iron oxide and the
alkaline earth metal compound each is a fine particle,
‘therefore, the specific surface area thereof is increased
and the iron oxide and the alkaline earth metal compound
are readily dispersed'with each other, as alresult, the
20  iron oxide and the alkaline earth metal compound are
increased in the.area and contact chance of the crude
octafluoropropane with the impurity decomposing agent.
The concentration and the kind of impurities in the
_iron qxide and the alkaliné earth metal compound are not
25 particularly limited insofar as the ability of decbmposihg

impurities in the crude oCtafluoroperane is not affected:

13




i mpurity deconposi ng agent exceeds 10 nm the surface area 15 participating
in the adgetptigon and diffusion of gas is relatively reduced and the
diffusion rate is sonetines |owered. On the other hand, i Juhe280%rage

particle size of the inpurity deconposing agent is less than 0.5 mm the
surface area participating in the adsorption and diffusion 20 is relatively
i ncreased and al t hough the diffusion speed can be higher, when the anount
~of gas treated is increased, a large differential pressure sonetines
results. For pFépashaget be impurinky,deGomRRs] t. _caqnprising the iron
oxi de and the al kaline earth rn::t:I'IItp ZS%gOWpOtXJT{nth,ng@;C? en?C of° the%i ron oxi de
and a powreftofulhelal kakihedeanhh wet ahycemppund are ;mixed..and the
production 14 SF-814 16 June 2005 nethod of the irrpuﬁ)ty gé{conposi ng
agent i's %‘t‘—OfFFP%%@a.a%ﬁttﬁ@npbedueeﬁomo(fglta@ubat:iigm);aggohhehq,rh;g{}gre,
i nsof ar . atg? the blending ratio is in the above-described range, !
sati sfact'oty grantt by i drcorayopénat eaenedi bypaddengbwat 8r gtan81khg i xture.
I'n the case wher e. tfe article size of the iron oxide or alkaline earth
netal Cconpound i st% ?gﬁ?@?- 1S&ege, £ itchee xpranid satd fore ey does perd or ned by
addi ng a ;Rj ndgy égeglgleé her with water. The kind and the armount of the binder
are not limted and a knowl" i HietP My fel uSedni ndifearavas'ak® it does not

Bl s tor i moe . ol e T g Sk coord . Ancooxanpl es of
the organing hichderrdfmelude, mthyl, el lul ose, " pol yvinyl - al cohol and starch.

When the average particle size of the granule fails
10 within the above-described range, the contact chance of the
 impurities with the impurity decomposing agent increases
and the decomposition and removal of the impurities can be
efficiently performed. If the average particle size of the
impurity decomposing agent exceeds 10 mm, the surface area
15 participating in the adsorption and diffuéion of gas is
relatively reduced and the diffusion rate is sometimes
.lowered. On the other hand, if the average pafticle size
of the impurity decomposing agent is less than 0.5 mm, the
_surface area participating in the adsorption and diffusioﬁ
20 is relatively increésed and although the diffﬁsion Spee
can he higher, when the amount of gas treated is increésed,
‘a large differential pressure sometimes fesults.
For preparing the impurity decombosing agent
'.cqmprising the iron oxide énd the alkaline earth metal

25 compound, a powder of the iron oxide and a powder of the

. _alkaline earth metal compound are mixed, and the production

14




This granular inpurity deconposi ng agent can be. 15 prepared by m xing the
i ron oxidepagd,the alkaline earth nmetal conpound, adding an appropriately
amount of water, kneading the m xture and granul ati ng t hel6khupad@dts pref orm
The kneader necessary for the preparation of such a granule may have a
structure where the m xing and the 20 granul ati on can be perforned at the

. same time or where the mxing and the granul ation are perforned
separately. Exanples of the kneader where the m xing and granulation are

per f or nednathdtiecsatret LnpukneludecHepschel, i xe d_ vertical mxer. It
is also possible to performthg m xi ng 55 ihngphertHg%sgﬁ\eél lﬁlnm%gtre‘:{c?r V-type

m xer andlpetferprodect goanuyashabatnod) Par- LyRe Eghhggi}%s%rfa% drum
pelletizer. 15 SF-814 16 June 2005 The thus-obfained granule 1Is

pref er abl §heirhbendind 00at oo 160Ci fiothd &PobehguEsriBedn -ENgEL gas stream
“such as air and nitrogen so as to elevate the hardness and evaporate the

wat er coritants fakeciat @Fawoktiehen i ma v hiee Sat opuréfybdesaapRsi Ratagent, af ter
dryi ng ma be sufficient if the loss in weight after the drying at 110C_
for 2°to 3'° HHUFE % ad faithedopee whel¥ hharass tarcleess.zByw ising thi s
i mpurity .decolrig)OS' ng agelnt ,. the inpurities in the crude octafl uoropropane,
such as Td 1 d6tdtarBort L ka'e e st it g leaktcoipdundiei al kaignelgarth et al
conpound ;i.n. the jnpurity deconposing agent and thereby deconpose. Mre.
speci T1caitien a8 mpa Tl iaRe Try B dtrar aimad #hyaidsdes RhnorEde of a
Carbonat%o%%ﬂﬁ%r with water. The kind and the amount of the binder
are not limited and a known binder may be used insofar as
10 it does not affect the performance of the obtained impurity
decomposing agent. Examples of the inorganic binder
include clay and gypsum, and examples of the organic binder
.include methyl cellulose, polyvinyllalcohol and starch.
This granular impurity decomposiﬁg agent can be.
15 prepared by mixing the iron oxide and the alkaline earth
metal compound, adding an appropriately amount of water,
kneading the mixture and granulating the kneaded preform.
The kneader necesséry for the preparatioﬁ of such a
" granule may have a structure where the.mixing and the
20 granulation can be performed at the same time or where the
mixing and the granulation are performed separately.
Examples of the kneader where the mixing and granulation
are performed at the same time include Henschel mixer and
vertical mixer. It is also possible to perform the mixing

‘25 in the Henschel mixer or V-type mixer and perform the

~granulation in a pan-type pelletizer or a drum pelletizer.

15




.al kal'ine earth netal in the inpurity deconposi ng agent to 15 produce a

fl uoride gB 4chloride of alkaline earth netal and at the sane tinge,

produce carbon nonoxide, water and the |ike. The carbon rt6nbxre@80and wat er

- produced in this' reaction process react using the iron as a catalyst to
further produce hydrogen or nethane. These reactions are 20 presuned to

continuously proceed, whereby the chlorine in CFC 115 is displaced with

t he produced hydrogen to produce pentafluoroethane (hereinafter sonetines

referred to asthe HEG 42559 a5 t seact | ani FC 4 is _
produced from CFeC-115. Nbr%lg%%c???@glﬁlsyggi ?Elbg@ﬁrggg rrgé‘stg]g fﬂ%agl%leC- 125 is

produced & ond @ECLLLS 3and as rvuresuld of .84 is‘lﬁé)afm HE, &yf om HFG- 125,
FC- 1114 is produced. These 16 SF-814 16 June 05 uor ocar bons obt ai ned

have a noljeculred siizersyml |er ddate ¢hataed GRCAdbqakopLegyhe size: from4.3
to 5.6 A). For exanple, the nolecule size of HFC-125 is from3.4 to 4.9 A

and nol ecHa I ate dfhaF@atErd dentfaom 3.15d bt Aordsrauch, +$d he nol ecul ar
size difference between octafluoropropane (4.9 to 6.1 A) and HFGC 125
becones SiMHHidamte canpasipar etento ahee nolecit@rmsy zes did f 21 €negr bet ween

oct af | uog%gr pane and CFC-115, and therefore, these inpurities seens to be
easily r \ﬁg‘c? By Stthe Ne §RE i ftTeart helsbribens  stubsepderforl® te the

cont act \f—\'iot h the inpurity deconposiongb{agent. I nci dental-ly, the
oct af | uor' Opr Spaie 4s & EFAEvelSy 1t 481 &asforpoudsand therefore, does not

ﬂgg?rﬁgse by %ﬂﬁu&ﬁ%ba%%iQMfH%J§¥%§ éggéggéﬁﬁfgﬁﬁghngtggfnt under the
' impurities in the crude octafluoropropane, such as
10 fluorocarboen, are deemed to react with the alkaline earth
metal compound in the impurity decomposing agent and
~ thereby decompose. More specifically, the impurity éFC-llS
reacts with a hydroxide, an oxide or a carbonate of an
alka;ine earth metal in the impurity decomposing agentlto
15 produce a fluoride and a chloride of alkaline earth metal
and at the same time, produce carbon monoxide; water and
‘the like. The carbon monoxide and water produced in this
reaction process react using the iron as a catalyst to
further produce hydrogen or methane. These reactions are
20 presumed to continuocusly proceed, whereby the chlorine in
CFC-115 is displaced with the produced hydrogen to produce
pentafluorcethane (hereinafter sometimes referred to as
."HFC—125"}. By the same reaction mechanism, FC-1114 is
“produced from CFC-115. Mofe specifically, it is presumed

25 that HFC-125 is produced from CFC-115 and as a result of

elimination of HF from HFC-125, FC-1114 is produced. Théée
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tenperature of 250 to 380C. 15 Adsorbent In the purification process of the
present i ¥e$£i on, the crude octafl uoropropane is further contacted with
an- adsorben gﬁ_ter the contact with the inpurity deconpositngine®§85t under
el evated tenperature. 20 The adsorbent used here nmay be a known adsorbent.
Exanpl es of the adsorbent which can be preferably used include activated
carbon, zeolite (nolecular sieve) and nol ecul ar sieving carbon. The _
activated carbon or nol ecul ar sieving carbon nay be subjected to a pre- 25
t r eat ment£ bef o5& £5&hs S Cil r heat trea nt and steam
treatment. 17 SF 814 16%%?\%&%%0%9‘7%%% %Eeuslee %%%cﬁ]i“%if‘%e@@aﬁavi ng a
pore si zecloft 4ot axic-A (i) 864 & ¢ SiEVi re preferred, and

nol ecul ar si eving carbon ESA is ﬁ%(?esf)%% efr!t%eng%‘?ﬁgtédgb bzg{ﬂ Eﬁ§ al so be a
COMEr Ci altammaval I1ﬂhsl eno‘Ee_cmf_DQu@ize Tdr,hesm;@dpg bents,. Y3 bg ‘;[.Jgeg_ 9 A
individually, or in conbination of a plurality of adsorbents.

Puri fi catdreh nRrlooesls: forz&ratler©el Bi4 ups oprepanes The pusi i cat i op,,pf0cess
for octafl uoropropane 10 according to present invention conprises a’step
of cont &S Ay lewerldde Wcteafd Uicoprapare tGeRtrAICH G TUBRED 185 W th an
impurity deconposi ng.,agent under elevated tenperature (heating)

(puri ficatli-ontt &p 1) amdch HiGed 28f becomes significant as compared

to the molecular size difference between octafluoropropane

and CFC~115, and therefore, these impurities seems to be

easily removed by the contact with an adsorbent subseguent

10  to the contact with the impurity decomposing agent.
Incidentally, the octafluoropropane is a relatively stable
compound and therefore, does not decompose by the contact
with the impurity de;omposing agent under the heating
temperature of 250 to 380<C. 7

15  Adsorbent | .

In' the purification process of the present invention,
the crude octafluorcpropane is further contacted with an
adsorbeét after the contact with the impurity decomposing
agent under elevated temperature.

20 The adsorbent used here may be a known adsorbent.
Examples of the adsorbent which can be preferéblyrused:
include activated carbon, zeolite (molecular sieve) and
molecular sieving carbon. The activated carbon ér
mQ;ecular sieving carbbn méy be éubjected to a pre-

25 treatment before use, such as acid treatment, heat

treatment and steam treatment.
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further contacting it with an adsorbent (purification step 15 2). The crude
oct af | uor Qgr ne to which the present invention can be applied may be
either a %E'égﬁ%t produced by a known method or a product 1lavané 280% on the
“market. (Purification Step 1) Wth respect to the operation for the
deconposition 20 reaction of inpurities such as fluorocarbon in a crude
oct af | uor opropane, for exanple, the inpurity deconposing agent is filled
~in a deconposition reactor. and a crude octafluoropropane is fed to this
decomposi { | on &&ag4 Ofntoe, cROLag1Lhe, cEyden0gtAll YOpaRLORANG id hy the
impurity 25 deconposing agent. The contacting Stép iS not partic I4arly

i m ted, hoveverand ofio BXATRI €, 5 2000 | SWiS, OREL BbLORCDY 8, A84SF- 814 16
June 2005 flow nethod using a fixed bed is preferably used. for the
reacti on qwessure; £iPrassuieimy W iBnof@tpherapplied and the treatment
may be usually performed under a pressure easy to handl e, however, the
reaction is 5 Prefeiabiyeperfoy relatba presouseci bl yerbiobpilke gauge
pressure, fromO to 2 MPa, nore preferably on the order fromO to 1 Mra.
The sPze guasiufie) of the deconposition reactor and the space velocity are
not particularly limted insofar as 10 the crude octafl uoropropane and the
i npurity deconptsihgidrgaientan wonhtketufet mdieridial 1V ner péni od, however,

t hese aren%r.ef ecr.ably et sluch that the residence tine of the
_ copblnation ‘of a plurality of adscrbents.

Purification Process for Crude Octafliuoropropane
The purification process for octafluocropropane
10  according to present invention comprises a step of
contacting a crude octafluordpropane containing impurities
with an impurity,decomposing agent under elevated
temperature (heating) (purification step 1) and a step of
further contacting it with an adsorbent (purification step
15 2). The crude octafiuoropropane to which the présent
invention can be applied may be either a product produced
| by a known method or a product available on the market.
(Purification Step 1)
With respect ta the operation for the decomposition
20  reaction of impu;ities such as fluorocarbon in a crude
octaflucropropane, for example, the impurity decomposing
agent is filled in a decomposition reactor and a crude |
octaflucropropane is fed to this decomposition reactor to
¢¢ntact the crude octafluéropropane with the impurity-
25 decomposing agent. The contacting step is not particularly

limited, however, for example, a continuous operation by a
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crude octafl uoropropane in the deconposition reactor is froml1l to 30
‘seconds, mmigipreferably from4 to 30 seconds. 15 The deconposition
reaction-tenperature in the deconposition reactor is prefHrae@odbom 250C
to 380C, nore preferably from 280C to 360C. Wen the deconposition _
reaction tenperature falls within this range, the inpurity deconposing
agent can naintain its activity. If the 20 deconposition reaction
tenmperature is less than 250C, the activity of the inmpurity deconposing

agent is Aoty pevhotiedsiagdat RexdaCcprposist bg@fregta%lh,s SQW, whereas if the
deconposition reaction tenperature exceeds 380C, the inpurity deconposing

agent itself degofposebedueatvibeaprabsard,t he dQCQANRQSI L of jppurities
in the crude octaf| uoropropane nmay not proceeg.q}%quF- 8%3{0%% jﬂuaﬁgDZOOS
(Purifi cd?‘?‘brp%t@?PJZJ)GQ'h@ndirrpmit'restxaéh’ermapeb@umsﬁiaqgg,i oB 3heRey are
cont act ed %}Hﬁrther w th an adsorbent and thereby substantially renoved,

wher eby HiYtEpU IR 5 0t a2 sioropriopadke canobevobt at nedreIhei adsgLpt i on
exanple, by filling the adsorbent into an .

operagi on can b lperfor d,, for
adsor pti on 1 o%ééi% YarktF %Y athet gtoeaherer utle oetmad| uor ops ogangeafter the
the adsorption 10 operation nethod is

deconposi.t.i eactlion. . thj s case,
not lim t%fcf%%ﬁlrcfed l?nréz’\% drrgtt%gyd Yy Breseef4mrbexampl €he accdati nuous
operati oy, @ flow ppthod wusing a fixed bed is preferably used.

The size (volume) of the decomposition reacter and
the space velocity are not particularly limited insofar as
10 the crude octafluoropropane and the impurity decomposing
agent can contact for g certain time period, however, these
are preferably set such that the residence time of the
crude octafluoropropane in the decomposition reactor is
from 1 to 30 seconds, more preferably. from 4 to 30 seconds.
15 _ The décompositioh reaction temperature in the |
décomposition reactor is preferably from 250°C to 380°C,
more preferably from 280°C to 360eC. When the decomposition
reaction temperature falls within this range, the impurity
decomposing agent can maintain its activify. If the
120 decomposition reaction temperature is less than 2506C, the
activity of the impurity decomposing agent is not.promoted
"and the decomposition rate'is Slow, whereas if the
decomposition reaotioh temperature exceeds 380°C, the
impurity decomposing agent.itself decomposes due to heat
. 25 and the decomposition of impurities in the crude

.octafluoropropane may not proceed.

19




In contacting the crude octafl uoropropane passed through the purification
step 1 vm F éﬂ;g adsorbent, either 15 a gas phase or a liquid phase may be
used. The r velocity is preferably, in the case of a §aknpl2888 cont act
met hod, from1l to 10 mmn, nore preferably from1 to 5 mmn, and in the
case of a liquid phase contact nmethod, preferably from0.2 to 5 mH, nore
. preferably from0.5 to 20 2 miH. The treatnent can be usually perforned
~at a pressure easy to handle and a particul ar operation such as

Cappl i Catlgﬁhﬂfffcﬂ%%@eﬂ}%pot necessary. In general, the pressure is
preferably fromO to MPa in ternms of 25 gauge pressure. The tenperature

at the adsorptm@agg@mp@s By be R0 Stz 814161 Hngtég% e\g%ua' |y about

roomtenperature heat i ng or cool i ng I's not necessa t he

adsor pt i arorgapahid i tyrafe + hel adsof bﬁi&oﬂ§en§3fir§tﬁa€t‘?&e$he adsorbent may be
regenerated and used- In 5 this case, the regenerati on of the adsorbent is

per f or meds Ubys fagsialgl w ardnaus=d neftie gase s isgictp@si thy t rogen. gas heated to a
hi gh tenperature through the adsorbent and thereby desorbing

oct af b uorspradgarre carcbiamsurdari és suetaiased f| uor ocarbon. 10 At the
regeneration, the tenperature of the inert gas is, in the case of a
zeol i t e- base AdSorasERLP et arrbiat idy a0 twe 6006hand fart he case of

actlvated car on r
examp y filling the adsorbent intc an adsorptlon tower

agd feeding therete the crude occtafluoropropane after the
decomposition reaction. In this case, the adsorption
10 operation method is not limited and a known method'may be
used, for example, a continuous operation by a flow method
using a fixed bed is preférably used.
In qontacting the crude octafluoropropane passed
through thé purification step 1 with the adsorbent, either
15 -a gas phase or a liqﬁid phase may be used. The linear
velocity is preferably, in the case of a gas phase ‘contact
method, from 1 to 10 m/min, more preferably from 1 to
5 m/min, and in the case of a liquid phase contact ﬁethod,
preferably from 0.2 to 5 m/Hr, more preferably from 0.5 to
20 2 m/Hr. |
The treatment can be usually performed at arpressﬁre
easy to handle and a particular operation such as
.appllcatlon of a pressure 1is not necessary. In general,
the pressure is preferably from 0 to 2 MPa in terms of
25 < gauge pressure.

'The temperature at the adsorption operation may be
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nol ecul ar si eving carbon-base adsorbent, preferably from 100C to 400C. 15

[ Process gggsfzeparing Cct af | uoropropane] in the process for preparing

oct af | uordpropane, a crude octafl uoropropane is produced Hndinet#®a5t he

above- described purification process is applied thereto. Mre

specifically, after the production of a crude 20 octafl uoropropane, the

~above-described purification step 1 and purification step 2 are perforned.

" In the method for preparing the crude octafluoropropane is not limted and
a known nedihoc yeybder  hdh oy CrLl , crude .

oct af | uor opr opane 25 can be ﬁﬁggﬂégﬁgﬁi %&%ﬁ%ﬁ%pﬁ%gh%g,c?%gl%%aﬁﬁﬂe,

met hod ofotelrectasdatycally fluorinating 1-chl oropropane (see, U S

SF-814 16 June 2005 Patent 3,709,800), a nethod of reacting

trifl uoropent attdorops opdaerpd 1dh nednganese: §rofl ueki des L5688+ YS Patent

- 2,578,721) or a nethod of reacting hydrogen fluoride and cﬁForine W th

such as pEdpamecahd Propdsnbd it ses; Hé Sefatentt &y 220 Q83)q  Tor pr epar e

t he crude octafl uoropropane containing inpurities, a nethod of

f I uor? natitd§ &3¥sexafinsorsgicopend i ccan fhe: henpldyetherfori €Xxanmpt @rmtRe cr ude

oct af | uor opropane can be produced by known net hods such as a nethod of 10

react i ng “FCPE2E6 "End 11965 AESFas dgr@er sdidhutisomiindyean gd<neiéagas and a

reacti on,_product S, a thod of electrically fluorinating FC-1216 in
hydrogentB a nghg%emperg%ure threcugh the ad;érbent and téireby

by a
21

desorbing octafluoropropane and impurities such as .
flﬁorocarbon.

.10. ' At the regeneration, the temperature of the inert gas
is, in the case of a zeolite-base adsorbent, preferably
from 20°C to 600°C and in the case of activated carbon or
;molecular sieving carbon-base adsorbent, preferably from
100°C to 400e°C.

15 ) [Process fof'Preparing Octafluoropropané]

In the process for preparing octafluorcopropane, a
_crude octafluoropropane is produced and then the above-
—described pﬁrification'process is applied thereto. More
specifically, after the production of a crude

20 octafluoropropane, the above—described purification step 1
.and purification step 2 are performed. |

In the method for preparing thé crude
‘octafluoropropane is not limited and a kﬁoﬁn method ﬁmy.be
employed. As described above, a crude octafluoropropane

25 can be prodqced by a known method, for example, by a method |

of glgctrolyticallyrfluorinating l-chloropropane (see,‘U.S.
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fluoride (see, JP-B-62-61115) and a nmethod of reacting at |east one

hi gh-val ence netal fluoride selected fromcobalt 15 trifluoride, manganese
trifluori 888484 silver difluoride with FC 1216 (see, JP-B66RBnB2TFF). The
t hus- produced crude octafl uoropropane is subjected to the above-described
purification step 1 and purification step 2, whereby octafl uoropropane
fromwhich 20 inpurities are substantially renoved can be obtai ned.

[ Hi gh-Purity Cctafl uoropropane] By using the purification process of the

resent ion ties i de oct af |l uoropropane, such as
?Iuorocar% gH%a?tF%%P%@éb c%l%?gbgﬂ %IESFSEPHQne (EFCpZS 115), a
hexaf | uor hl or odi f | uor onet hane (CFC-12),
chIorotr|?f%g$§ﬂ§?%£ﬁgég%ggﬁﬁpgﬁéa&% 5bhé ﬁﬁﬁganﬁéﬁctfgfl&ﬁélde (see,
par t1 oul ar - ehl ot e Hommounde) a2 TrarreH Rt aFFRPEADE Pyoremtve by

particul ar, chlorine conpoun I npuri

convent i affialopid fareatdon vt hpg_s 115, CEC-12 C- 13 and
HCFC-22, can 5 be substantially rgﬁoégdﬁand éf%%g%e pdPfit propy lene
octafbuons@éppamn canee Mbtai nedy . The above-described inpurities is

usual ly contained in a crude octafluoropropane in an amount of 10 to

10, 000 ppn1bwkmmm§pﬁut\Mhﬂ1dﬂuﬁ¢N5iﬁé£Eﬁ¢£%F£%§@ﬁé5c8£t%?§i$ present
invention is used, these . inpurities contai in an octafluoropropane can

..be rennvé@ﬂﬂ¥”%%%ﬁtﬁaWE£qmﬁndﬁ/ﬁhunrlditﬂQﬂE%Hagg&gaﬁr@ggbéggepur|ty of

octafluoropropane
be empioyed. For example, the crude octaflucropropane

can be produced by known methods-éuch as a metﬁod of
10 reacting FC~1216 and fluorine gas under dilution with an
inert gas and a reaction product gas,
a method of electrically fluorinating FC-1216 in hydrogen
flucride (see, JP-B-62-61115) and a method of reacting at
least one high—valence metal fluo;ide selected‘from cobalt
15 trifiuoride, manganeée trifluoride and silver difluoride
with FC-1216 (see, -JP-B-62-54777) .

The thus-produced crude octafluoropropane is
subjected to the above-described purification step 1 and
purificatibn step 2, whereby octafluoropropane from which

20  impurities are substantially removed can be cbtained.
[High-Purity Octafluoropropane]

By using the purification process of the present

1nventlon, 1mpurlt1es in a crude octafluoropropane, such as
| ‘fluorocarbon, particularly chloropentafluorcethane (CFC-
25 115), a hexafluor0p:opene (FC—1216), |

dichlorodifluoromethane (CFC~12); chlorotrifluoromethané‘
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obtai ned after the purification can be nade 99.9999% by nass or nore. 15
Here, the_purjty of octafluoropropane is defined as a value obtained by
subtracti?%‘%%‘% fl uorocarbon content other than octafl uoriépuapaoesfrom
~100% by nmass. The analysis of an octafl uoropropane product having a purity
of 99.9999% by mass or nore can be performed by (1) gas 20 chromat ogr aphy
(G0 using TCD nethod, FID nmethod (each including precut nethod) or ECD
nmet hod and (2) gas chronat ography-nass spectronmeter (GC-MS). [Uses] Since

i mpuriti &8 Hu Nty e 25 f | yor opr-opane obt ai ned by
t he pr ocggcs of ?h%ﬁﬁlgsﬂelﬁéa?%%@%lf%ﬁe%lgann%e(}géé(g %g) ang%‘?clﬂ?ng gas in the

etching sifepcidd ey 8ol Jung 2005 - s0f.1a semandyt or, devi ce, More
a evi

specifically, in the production o sem cdonduct or as® LSl and
TFT, the impetrdfiliver eErrEang d S&Udabty wised, ' i s.fot 5
‘forming a circuit pattern froma thin or&fhi cﬁﬁhﬁ%ﬁr@%ﬁgﬁiﬁ‘%g&B

met hod, mesjhutiser ismghmetsha o 18 vapay- 0epasidion - ethask_Jhe .

oct af | uor opr opane can al so be used as a cleaning gas In the cléaning step

of a BenPeondustentdelilye rei®winr earspecitfiealdusidy the apparatus for
formng a thin or thick film cleaning is perfornmed to renove unnecessary
- deposi t sC&é@dkuParRd cBANEhEain iver oleddinefd .
 The above-described impurities is usually contained
- in a crude octafluoropropane in an amount of 10 to 10,000
ppm by mass and when the purification pré&eés of the
- 10 present invention is used, these impuri%ies contained in an
octafluoropropane can be removed to less than 1 ppm by mass
. {0.0001% by mass) and'the.purity of octafluoropropane
obtained after the purification can be made 99.9999% by
mass or more.

15 Here, the puritj of octafluoroprépane is defined as a
value obtained by subtracting the fluorocarbon content
other than octafluoropropane from 100% by mass. The
anaiysis of an octafluoropropane product having a purity of
99.9959% by mass or more can be perfdrmed by (1) gas

20 chromatography (GC) using TCD method, FID method {each
including precut method) or ECD method and (2) gas |
chromatographyfméss spectrometer (GC-MS).

| - [Uses]
‘Since impurities are substantially removed, the
25 octafluocropropane obtained by the process of the present

invention can be used as an etching gas in the etching step
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‘apparatus and jig, because unnecessary deposits cause generation of

particles _and nust be renpoved to obtain a 15 good-quality film The

oct af | uor 8pr8péne according to the present invention can sejueizbabl y used

as a cleaning gas for this purpose. The gas according to the present

i nvention conprises the high-purity octafl uoropropane. This gas may be the

20 pure octafluoropropane or in addition, nmay appropriately contain other

gases. Exanpl es -of these other gases include He, Ne, Ar and 02. The anount
is not particularly limted and in the case

of these r I ed
of using ?%25 %%gﬁggﬂg?$€950?%Yfﬁ%ropropane according to the present 25

i nvention as chi - ni s, the ampunt bl ended varies
dependi ng on ?W'hég i%ﬁé@%%ﬂc%%gghdﬂgngg?hPERﬁB&EPS ©343SF-814 16 June 2005
be etchedsmcgr@enlcp@oisqﬁ@ﬁ@g %%?r‘%iigg?foaﬁ{}iegﬁggu%gand t hi ckness of the

deposits to be cleaned. Effects nven ording to the process
for puri fogtr Qfo R4 g 1 Ans0ct 851 Yaropgopane of . fhe presen
invention,.the inpurities such as ch#or?ne %%n%%u%%gglﬁﬁigﬂsh§9§ been

her et bf orfe whiifrfg Guldi st rtermmes e GanE R SHIbst antsal Ly, o eppyed.an

hi gh-purity octafl uoropropane can be easily 10 obta%%% .Eﬁ%ﬁtﬁg%ﬁﬁge, t he
oct af | uokopreogaiie meithaiched: pu ittt oy ifd Qasd o Df OLSS: Oéeﬁégi{?isgem
invention is substantially free of inmpurities and therefore, can be

ef fecti vBIfhigsled as an etching or cleaning gas for use in '

The octafluaropropane can also be used as a cleaning
gas in-the cleaning step of a semiconductor device.

10 More specifically, in the apparatus for forming a
thin or thick film, cleaning is performed to -remove
unnecessary deposits accumulated on thé inner wall of
‘apparatus and jig, because unnecessary deposits cause
gene;atiOﬁ of particles and must be removed to obtain a

15 good~quality film. The octafluoropropane according to the
present invention can be suitably used as a cleaning gas

. for this purpose.
The gas according to the present invention comprises
-the high-purity octafluoropropane. This gas mﬁy be tﬁe

20  pure octafluorppropane or in addition, may appropriately
gontain other gases. Examples of these other gases inelude
Ee, Ne, Ar and Os. The'amount of these other gaées blended
is not particularly limited and in the case of usihg the
high-purity octafluoropropane according to the present

25 invention as an etching or cleaning gas, the amount blended

_,varie; depending on the kind of compound and thickness to
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t he production process of a sem conductor device and the 15 |ike. Exanples
The present invention is described in greater detail below by referring to
Exanples,sﬁﬁﬁééer, t he present 20 invention should not be 16aseroes as
being limted to these Exanples. [Exanples 1 to 3] .[Preparation O Crude
Cct af | uor opr opane] The oct af | uor opropane was prepared by the nethod of 25
reacting FCG-1216 with a hi gh-val ence netal fluoride. The cobalt chloride
was formed into a tablet (5 nmx 25 SF-814 16 June 2005 5 mm and

fl uori nat S h h.F2 gas to repare CoF3. 480 g of t he
CoF3 obtéﬁﬂed %é&ﬁ#l éﬁ%?ﬂb% g%%% %?dnﬁBEOFSéeﬁo?O(féﬁ RRCERD) 30d 000 M)
and FC—l&y@d%%%Sérgf(¥ggx%gé5gfkghgorgch9r aéga flow nmethod at a reaction

5 tenperature of 270C under ‘at nospheri ¢ press The crude
oct af | uor opr opane produced by the reactlon was collected and the anount of

inpurities were determ ned by gas chronmatography. The anal ysis conditions

in the gasfettrommt agiaaphyvatiei shown bel ow. | nstrunent body: GC-14B
(manuf actured by Shinadzu Sei sakusho K. K.) Carrier: He Detector: Hydrogen

flanme3i oni zat iAsrcaetisnt oro (FD)prAsdsat £ oF §@ﬂ@k§in8-8r”breparing

an octafluoropropane of the present invention, the
impurities such as chlorine compounds, which have been
heretofore difficult to remove, can be substantially

removed and a high-purity octafluoropropane can be easily

1Q- obtained. Furthermore, the octafluoropropane obtained by
the purification process of the present invention.is
substantially free of impﬁrities and therefore, can be
_effectively used as an etching or cleaning gas for use in
the producﬁion process of a semiconductor device and the

i5 like.

Examples
The ‘present invention is deécribed in.gréater detail
below by referring to Examples, however, the ﬁresent
20 .invention should not be construed as being limited to these
Examples. |
. [Examples 1 to 3]
 .[Preparation Of Crude Octaflucropropane]
The octafluoropropané was prepared by the method of
'257 reacting FC-1216 with a high-valence metal fluoride.

Thg cobalt chloride was formed into a tablet (5 Hm@ x
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Met hod of determ nation: Absolute calibration curve nethod 10 As a result
of the analysis, the inpurities in the crude octafl uoropropane obtained
were as fOFT®h&: CFC 115 was 770 ppm by mass, FC 1216 wasi62B@e@o05by nass,
CFC-13 was 20 ppm by mass, and CFC-12 and HCFC- 22 each was 10 ppm by
mass. 15 [Preparation of Inpurity Deconposing Tube] The inpurity

-deconposi ng agent conprising an iron oxide and an al kaline earth netal
conpound was prepared as follow. The conponents were bl ended to have

(err)-Fe (p u y I shihara Sapgyo)/ Ca 2 (produced by 20

Yoshi zawa Se )ka%r? o%@%ﬁlbi:/“%‘g‘ﬁo‘ﬂ/& ﬁgséa%Eﬁ’& Feerywifh P ®ES8Ea 16 June

2005 Fe db oda_Ko )/ = 20/ 80% by mass . (Exanple 2),

or vy- Fecﬁeé%%%dduggg gyoag%{%ngg%&%%%al_ne 0‘7’%%)% byl REsdn( Bxanpl e 3). -

After adgiingaal@lide eacd- @fnfilo(y\%h ](?r anﬂl@é&qﬂmc)dra{neddﬁ_o]f]zojgé%f or 2 hours
e a e :

and sieved to 5 prepare granul es v n>§ a particl e si %3F0 2.8 M

Ther eaf t émtrbdhidDTirBach HaMA o d8GONDOSI N9 AgeNt s was fllled. into a
stainless steel tube (reaction tube) having an i1nner dianeter f°'6 mMmto

a | ayer heinghiraofu:® em AMBLUmBGeLS araraos@mrtirce?tr%%smea NifEOGEND, SI ream at
300C 10 for 3 hour or nore to prepare an inpurity deconposition ube

cont ai ni wg tarf liugertop ahec gnpakicgi agenthe {dY@pasation of1 Adsprption
Tower] MSC-5A (trade nane, produced by Ajinonmoto Fine Techno) was used as -
t he adsoPBénthe7arguot MECiBMuas ttiles were determined by gas

cﬁromatography. The analysis conditions in the gas
.chromatography are shown below. |
Instrument body:
| GC-14R {manufactured by Shimadzu: Seisakusho K.K.)
-Carrier: He |
‘Detector: Hydrogen flame ionization detector (FID)
Amount of sample: 0.2 ml
Method of determinétion:'.Absolute calibration-curve method
10 As a result of the analysis, the impurities in the
crude octafluoropropane obtained were as follows: CrC-115
was 770 ppm by mass, FC-1216 was 200 ppm by mass, CFC-13
was 20 ppm by mass, and CFC-12 and HCFC-22 each was 10 ppm
by mass.
15 [Preparation of Impurity Decomposing Tube]

The impurity decomposing agent comprising an iron
oxide and an alkaline.earth metal cbmpound was prepared as
follow. The components were blended to have y-FeOOH
(produced by Ishihara Sangyo)/Ca(OH), (produced by

- 20 Xoshizawa Sekkai Kogyo) = 30/70% by mass (Example 1), v
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15 adsorbent was filled into a stainless steel tube having an outer
dianeter of 1/2 inch (adsorption tower: 11 nm (inner dianmeter) x 150 cm
(tower | eR§tB}4 volume: 130 nl) and treated in an nitroged Jheeaosat 60C
for 1 hour and at 160C for 7 hours, in total for 8 hours. The adsorption
20 tower having the adsorbent was connected to the end of the inpurity
deconposition tube filled with the inpurity deconposing agent.

[ Purification of Crude Cctafl uoropropane] The previously prepared crude

oct af | uorgpropane i,n a. 25 gas, phase was passed under a pressure of 0.7 MPa
at a spac}g@zo\?eﬁggfjfiycﬁi é%o %—alKPH&’@&g/ﬁat(l@éUinrﬁu?pt’?%ebﬁnﬁ@ﬂ:@ti on 27 |

SF-814 16 t ube inear velocity of 1 mmn through the
! to@%ﬁgq#%b edb%%%%ﬁ#ﬁ%ﬁk%eéEFPHHCP@nﬁé&éﬁ%ﬂ&@mﬁquqwxﬁ mpurity

adsorptio

d i4d J 3 T t af ) [ th h th
mpur Ly & desbraa T on T UBE D (e ci gt IAHSEOR R paaimgo efiough
the adsonptd Qfy-draves: e &1,¢0ld ect ety sJespget) \fleoltyfdsl AT sg"{eqﬂ%%%ﬁ{)[ﬁe”id f%e

gas chromat ography under the above- describéd con
cont eht s pafedarpurg s sl AsH1g 10 £4Morocar copt@iped in, the '
oct af | uor opropane at the outlegt[ ofﬂ:the irrpu%)%ey cggc@h%%s??i%n tUbe and in

the oct &hlewendpreoparne @ty e o etmafr the @é@&ﬁﬂ%é;ﬁ{bté’%@t yece anal yzed
after 2 hours, 5 hours and 10 hours since the octafl uoropropané started
f1 owi ng. f¥hd ededultios aobttaiimdess steel tube (reaction tube) having |
an inner diameter of 16 mm to a layer height of § cm
{volume: 15 ml) and treated in a nitrogen sﬁream at éOOOC
10 for 3 hour or mcre to prepare an impurity decomposition
tube containing.an impurity decomposing agent.
 [Preparation of Adsorptioh Tower]
MSC-5A (trade name, prodiuced by Ajinomoto Fine
Techno} was used as the adsorbent. 71 g of MSC*SA as the
15 adsorbent was filled‘into a stainless steel tube‘having an
outer diameter of 1/2 inch (adsorption tower: 11 mm  (inner
_diameter} x 150 cm (tower length}, volume: 130 ml) and
treated in an nitrogen stream at 60°C for 1 hour and at
160°C for 7 hours, in total fbf & hours. The adsorption
20 tower having the adsorbent was connected to the end of the
impurity décomposition tube filled with the impurity |
decomposing agent.
[Purification of Crude Octafluoropropane]
The previously prepared crude octafluoropropane in a

25 gas phase was passed under a pressure of 0.7 MPa at a Space

ve}ocity of 650 Hrﬂ‘through the impurity decomposition
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15 are shown in Table 3.. As a result of this analysis, out of the
inpurities such as fluorocarbon contained in the inlet gas, CFC 115,
FC- 1216, GEC8LA CFC-13 and HCFC- 22 were scarcely detect ed6 anet?hi@s out | et
of the inpurity deconposition tube, and HFC- ‘20 125 and FC 1114 were
detected. The inpurities (deconposition product) such as fluorocarbon at
the outlet of the inpurity deconposition tube can be renoved by
adsorption. Thus, it was verified that CFC 115, FC 1216, CFC 12, CFC 13

and HCFC %2 in o%t af | uor.qpr opane can be 25 renoved. The change in the
concent r ati6f BFICRE- £15 1061Ta @12y SH- §141/46i 10 Urfer QOF5 then

oct af | uorgaggggﬁ%gt t he out] et gf the adsorption tower after 2 hours and
5 hours. since the octaFFlor opFBpaReECMBLaR F&aNf Fewiclig cand cibe regnmveal  amount -

of CFC 115 uptil ; .break through are shown in Table 6. Here, the break 5
through was set %%Bﬁﬁépgo?ﬁfo\%ﬁ&s 1 OBphBF ESs B0°Cinpliketi es such as

of GFC 1151 T Dene Rt o - FhePBPeaRo AT BUGH e uagw s the  emoval  ampunt  of
5 Cand st o AR EB A, MR TAERER B LR B T of A ©
GERat] oot cpane Can Be- por 1 50'15 NG B 51287 MIBLEIRAS, oot
' - and were determined by gas chromatography unoer the above-
described conditions.
In Example 1, the contents of impurities such as
10 fluorocarbon contained in the octafluoropropane at the
.ootlet of the impurity decomposition tube and in the
7 octafluoropropane at the outlet of the adsorption tower
.wére analyzed after 2 hours, 5 hours and 10 hours since the
cctaflucoropropane started flowing. The results obtained
15 are shown in Table 3:‘ o
As a result of this analysis, out of the impurities
such as fluorocarbon contained in the inlet gas, CEFC-115,
FC-1216, CFC-12, CFC-13 and HCFC~22 were scarcely detected
at toe outlet of_the impurity decomposition tube, and HFC-
20 125 and FC~1114 were detected. The impurities
(decomposition product) such aé fluorocarboo at the outlet
of the impurity decomposition tube can be removed by
.adsorption. Thus, it wésAverified that CFC—llS,-FC~1216,
CFC-12, CFC-13 and HCFC~22 in octafluoropropane can be |

25 removed.

The change in the concentration of CFC-115 containéd
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| | e 3 Change in Concentration of Each Inpurity Wth Passage of Tine
';E rﬁgurity Decgnposition Tube CQutl et and Adsorption Tower Qutlet (Exanple
1) ChangeSEFtBI3bncentrati on of Each Inpurity Tinme (ppm by leassg 2065 ) _
CFC-115 FC-1216-CFC-12 ro 13 -22 HFC- 125 FC-1114 Sanple fed 770 200 10 10
OO0 Inmpurity 20000 30 deconpos- 50000 108 0 ition tube outlet
710 0 0 0 113 16 Adsorption 2 0000000 tower outlet 50000000
100000000 29 SF-814 16 June 2005 [ Conpar ati ve Exanple 1] An

adsorptian renoval test of inpurities such as fl uorocarbon in
_octafFuofﬁbf%&%ﬁéi%&ﬁ?&ﬁﬁ?%ﬁ?mﬁFi%h?h%UEbﬁﬁ o5 fannedsaspihofxampke 1

except t th econposi ti step of inpurities such as fluorocarbon was

onitfed-%%%ﬁ%é%%ﬁgn¥f aﬁé&%ﬂﬁ@éﬁ?r%&?%ﬁst%? ?%%@Fl@@é@pb@@gme an?hafter

the passi NVEC- 5A the adsorbent were determned in e sane

nanneP a%t%%tégg%§%§u¥Ebf”§%§§3%r%ﬁ%ﬁ%) aphyent of CFC-115 until the
break through are shown in Table 6. Here, the break

5 through was set to the point where 1 pPpm by mass of
impurities such as fluorocarbon were detected at the

adsorption tower outlet and the amount of CFC-1315 flown

until the break-through was used as the removal amount of

CFC-115.

10 Also in the case of using 7 -Fe;03; as the ferric oxide

(Example 2) and using CaCQz as the alkaline earth metal

compound (Example 3), an excellent effect of removing CFC-

115 was exerted and this reveals that occtaflucropropane can

be purified to hi§h purity. |
15 '

Table 3

Changé in Concentration of EBach Impurity
With Passage of Time at Impurity Decomposition
Tube Outlet and Adsorption Tower OQutlet (Example 1)

) Change in Concentration of Each Impurity
Time ' ioom by mass)
(Hr) | ~
CEC-115|FC~1216{CFC-12 [CFC-13 |HCFC-22 HFC-125|FC-1114
Sample fed 770} 200 10 20 10 o | o
Impurity 2 a C 0] 0 0 3 G
decompos— ‘
ition tube | © | 0 0 h 0 0 108 0
cutlet 10 0 0 0 0 0 i3 16
Adsorption.| 2 0 0 0 0 0 0 0
tower : : '
out Let 5 0 0 0 0 0 0 0
10 6 o | o | o 0 0 0
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10 The change in the concentration of inpurities such as fluorocarbon
contained in octafluoropropane at the outlet of the adsorption tower- after
1 hour, 55Ko8i4 and 10 hours sinceée the octafl uoropropane tbneed05| owi ng
are shown in Table 4. As for CFC- 115, the break-through occurred al nost 15
at the same time with the start of flow ng of octafluoropropane, revealing
that CFC-115 is not renoved by adsorption only by the adsorbent. Al so,

CFC- 12, CFC-13 and HCFC-22 all had the break-through within 5 to 10 hours
and it is revealed that the adsorption renoving ability is low 20 The
removal anount of FC-1216 by the purification process of the present

i nvention (Exa and the renoval amount of FC-1216 only by the
adsor pti on pupﬁ¢§%%%?bﬁvfcgﬁﬁﬁPgFi@é Exanpl e 1) are shown in Table 5. By

as dotect od e ConGERt AL TORCBR 1 gR OBy ass Lt cthevobt ket of
i1 the b ea T augh wes Tl P FRRT P MRl - ERoRRES At RbGgRaE 15
seen o ol 17 slep &Aoo COPPRL AL ve Bxa e 1 Lot P e
Eampl 0 115 not known. Howsver .ol nee BC 1596 T8-S vaaty FanBods tne
removal dsunPncsiemeati drss elfeviairad: asi SoMRaredk Wi ldh 1he conventional

~adsorption purification and it is revealed that the
passing through MSC-5A as the adsorbent were determined in
the same manner as in Example 1 by gas chromatography..

19 The change in the concentration of impurities such as
fluorocarbon contained in octafluoropropane at the outlet
of the adsorption tower after 1 hour, 5 hours and 10 hours
since the octafluoropropane started,flowing are shown in
Table 4. As for CFC-115, the break—thro&gh occurred almost

15' at the same time with'the start of flowing of
octaflubropropane,'revealing that CFC-115 is not removed by
adsorption only by the adsorbent. Also, CFC-12, CFC-13 and
HCFC-22 all had the break-through within 5 to 10 hours and
;t is revealed that the adsorption removing ability is low.

20 The removal amount of FC-1216 by.the purification
process of the present invention (Example 1) and the |

r;emoval amount of FC-1216 only by the adsorption
purification (Comparative Example 1) are shown in Table 5.
By setting the break-through to the point when FC-1216 in

25 octafluoropropane was detected in a concentration of 1 Dpm

| by mass at the outlet of adsorption tower, the amount of
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10 purification process of the present invention is nore effective. Table
4 Change in Concentration of Each Inmpurity 15 at Adsorption Tower CQutlet
(Conpar at¥8e8¥anpl e 1) Change in Concentration of Each |1§plunet2p05 Ti me
Passed (ppm by mass) (Hr) CFC- 115 FC- 1216 CFC-12 CFC-13 HCFC-22 Sanple fed
700 200 10 2 110 139 0000 5487 0540 10 700 0 10 15 5 Table 5
Renmoval Anpunt of FC- 1216 Renoval Anmount of FC- 1216 (ng) Exanple 1 400

' parative Exanple 1 210 31 SF-814 16 June 2005 [Conparative Exanples 2
o e Exanples 1 to 3

to 41 Te r erforned .under .the sa co ditionfs as in
except f%ﬁé‘&?ﬁr?g ar?"‘inrrﬁlgftiltlyr{g‘eec&ﬁ%%}f?\ TGyt S diFEdrant thfom Exanpl es 1

i i i .used were 1- FeOOH=100% by_nass
(Comar ati v Elaral s oy P Bt 10000y, il Forparatt v Exanpl ¢ 3)

~and Ca( Ol 2nAQ% DY P TS kAR A A EP! 6,41 p AN, 1 O QUgh, gach
P yremoved by the adsorption, whether FC-1216 itself is
5 decomposed when the decomposition step.is provided before
the adsorption step as in Example 1 is not known. However,
since ¥FC-1216 is already removed, the removal amount
thgreof ié-elevated as compared with the conventional
adsorption purification and it is revealed that the

10 purification process of the present invention is more

effective.

Tabie 4
Change in Concentration of Each Impurity
215 at Adsorption Tower Qutlet (Comparative Example 1)
: Change in Concentration of Each Impurity
Time Passed (ppm by mass)
tHe) CFC-115 FC-1216 - |CFC~12 CFC-13 HCFC-~22
Sample. fed 700 200 .10 20 10
1 39 0 o | o | 0
5 487 0 5 4
i0 700 0 - i0 15 5
Table 5

Removal Amount of FC-1216 .
: Removal Amount of FC-1216 (mg)

Examplie 1 - {400

Comparative Example 1 210
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10 deconposi ng agent, the same octafl uoropropane as in Exanples 1 to 3 was
passed. The break-through was set to the point when fluorocarbon inpurity
in octafl &$8rdpdopane was detected in a concentration of 16pjurel@P0dass at
the outlet of the adsorption tower. 15 The change in the concentration of
CFC- 115 contained in octafluoropropane at the outlet of the adsorption
tower after 2 hours and 5 hours since the octafl uoropropane started
flowi ng and the renoval amount of CFC-115 are shown in Table 6. 20 The

i mpurity deconposing agent conprising only ferric oxide (Conparative
Exanples 2 and 3) could not keep the shape and probably because of this,

t he breakYﬁggqﬂgﬂﬁgf C- 115 aé the adsorption tower outlet occurred
early. The S dedohposT troir Ea2t f ohCof ] FC- 115 scarcel y proceeded only 25
and t he renova

wi th al kal i ne al _coppoun arative Exanple 4)
amount of FC 11 1%£§H§%?JQ% f@egréﬁﬁgg SReg3aMe6CINAR L2005 atshése, it is

seen tha n ri C osing agent containing both ferric
AR AN ¢ é)l%/eﬁi[e oh ufujnlgq et BhyY apprIppPatadratio is

oxi de and al kal i ne earth ne cofhpo

used, 5 CFeukha H&fﬁ@&%&ﬁeuﬁxggqggﬁﬁ§ d d results cannot be obtai ned
in 5 the renoval of CFC 115. Ta éﬁ%sggdﬁgggin Concentration at Absorption

Tover  Qutlet amd ingrvialy amusiy& : CFGIo: i n Fach Jest .. Conposition of

Change i n Renoval , '
FeOOH=100% by mass (Comparative Example 2), 7 -Fey03=100% by
mass (Comparative Example 3) and Ca(OH)2=1dO% by mass
(Comparative Example 4), and through each impurity

10 decomposiqg agent, the same octafluoropropane as in
Examples 1 to 3 was passedJ The break-through was set to
the point when fluorocafbon impurity in octafluoropropane
was detected in a concentration of 1 ppm by mass at the
cutlet of the adsorption tower.

15 The change in the concentration of CFC-115 contained
in octafluoropropane at the outiet of the adsorption tower
after 2 hours and 5 hours since the octafluoropropane
started flowing and the removal amount of CFC-115 are shown
in Table 6. |

20 " The impurity decomposing agent comprising only ferric
oxide (Comparative Examples 2 aﬁd 3} could not keep the
shape and probably because of this, the break—thfough of
CFC-115 at the adsorptibn.tower outlet occufred early. The
decomposition reaction of FC-115 scarcely proceeded only

25 with alkaline earth metal compound (COmparative Examplé 4}

and the ;emoval amount of FC-115 was very small. From
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: : : s ¢
| npurity Deconposing Tinme Passed Concentration Anount Agent of FGC 115 o
FgP (s %y nasg? (H) (ppm by mass) 115 (mg) Sanple fed 770 Exanpl; éOYS
- FeOOH 30S2-81€a(OH)2 70 5 705 O Exanple 2 T-Fe203 20 2 16 Joaé ) )
600 0 -Exanple 3 Y -FeOOH 20 2 0 CaC03 80 5 585 0O Conparative Cnoy2 50
adsorbent 2 130 Exanple 1 (MSC-5A) 5 355 10 Conparative Y-FeOCOH 1g L35
Exanple 2 85 5 235 Conparative Y -Fe203 100 2 100 Exanple 3 40 I .
Conparative Ca(OH)2 100 2 110 Exanple 4 5 350 15 10 [ Reference Exanpl es

ests, were perforned under the sane qonditions as
and 2]-ﬂ¥%ése, it i1s geen that unless an lmpurity decomposing agent

containing both ferric oxide and alkaline earth metal
compound mixed -at an appropriate ratio is used, CFC-115 is
scarcely decomposed and good results cannot be obtained in

5 the removal of CFC-115.

Table 6

Change in Concentration at Absorption Tower Outlet and
‘ removal amount of CFC-115 in Each Test

Composition of ; Change in Remowval
. . Time .
Impurity Decomposing Passed Concentration {Amount
Agent (Hr) of FC-115 of FC-
(% by mass) . {ppm by mass) {115 (mg)
Sample fed o 770
Example 1 T —FeQOH 30 2z 0
© 705
Ca{OH)» 70 5 0
Example 2 T -Fe,0 20 2 0
_ 5203 ' 600
Ca (OH}, - 80 3 0
Example 3 T -Fe00d 20 2 G :
: ) 585
CacCQo; _ 80 5 0
Comparative |Only adsorbent 2 130
Example 1 (MSC-5A) z 35t 10
Coinparative Y —-FeOO0OH 100 2 60 8c
Example 2 5 235
Comparative Y —Fep0; 100 2 160 o
) 4
Example 3 | 5 595
Comparative |Ca (OH}, 1040 2 110
Example 4 5 350 15

10
[Reference Examples 1 and 2]
The tests were performed under the same conditions as

in EXample 1 except for the decomposition temperature. The
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in Exanple 1 except for the deconposition tenperature. The 33 SF-814 16
June 2005 deconposition tenperature was 240C (Reference Exanple 1) and

400C (Ref@feht® Exanple 2) The change in concentration of 16BGn& 280@t t he
adsorption tower outlet after 2 hours, 5 hours and 10 hours 5 since the
oct af | uoropropane started flowng is shown in Table 7. As seen fromthe
test results, the activity of the inpurity deconposi ng agent was not
pronoted due to excessively |ow tenperature of 2401C and probably because
of this, { osition of CFC-115 did not proceed. At 10 an excessively

e deco
hi gh terrpee:]cacfr&iroeﬂo TROOCT R THPRr 12y 2 4etoniiot srereenExanstef 1has
~deconpos Y, dth br eak-t hrough of CFC-115 at the adsorption
t ower out ea?q(%dc}gu?%%geggﬂcf %’ﬁ?é“p &val anmount of CFC-115 was about 10

nmg in both of - and. 2, revealing that 15 the renoval

amount is srralilﬁg e:EI'a e %@%ﬁ%e%%r?gh%%n?faﬁggﬁlgﬁ @ECL2%5 at Adsorption
Tower Qutddets AWittihy I @SReGt Lt Tenperature Chan in

Concentr at i or?ﬁ)’())cf:L CFC 115 'Igi;%el%pm e?n%grgciu%%’ss Sh?:"iléﬁp?%gl%ée?@liéﬁce (Hr)

Ref erence in(3506k Brampieck AW SAM &R 490G, FMBhS, o, 770 770 770
Table 7. As seen from the test results, the activity of

the impurity decomposing agent was not promoted due to
egCESsively low temperature of 240°C and probakbly because
of this, the decomposition of CFC-115 did not proceed. At

16 " an excessively high temperature of 400°C, the impurity
decomposing agent’ itself was decomposed oy the heat and the

| break-through of CFC-115 at the adsorption tower outlet

occurred early. The removal amount of CFC-115 was about 10
mg in bothrof Reference Examples 1 and 2, revealing that

15 the removal amount is small.

Table 7

, Change in'ancentration of CFC-115 at Adsorption
Tower Oqtlet with respect to Decomposition Temperature

Change in Concentration of CFC-115
Time (ppm by mass)
Passed [
| (rr) Example 1 ©  Reference Reference
_ (350°C) Example 1 (240°C) | Example 2 (400°C)
Sample fed| 770 770 770 -
2 0 | 350 260
5 0 530 ' 5600
{110 . - 0 700 700

20
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5 0 530 500 10 0 700 700 20 34 16 June 2005 CLAIMS 1. A process for
purifying an octafl uoropropane, conprising the step of contacting a crude
oct af | uoropropane containing inpurities with an inpurity dé@dnﬂ@30W© agent
conprising an iron oxide and an al kaline earth netal conpound under

el evated tenperature and then with an__adsorbent to substantially renove
"said inpurities fromsaid crude ocF&ﬁlN§ropropane 2. The process for
purifying an octafl uoropropane as clainmed in claim1, wherein said iron
oxide is ferric oxide. 3. The process for purifying an octafl uoropropane
as claibed ifA praces2, faheperhigang &Er@ttabkhdeo@sogamQDn hydr oxi de

oxi de and/ or ferrj The pcess for puri

oot af | uor BUPELAEY abe F bl FOAEbFBS of S i beodt Th S URERRARE sai d

al kl'i ne c@ﬁtéﬂnﬂﬂ@aimﬁﬁﬁp@ﬂég i Stidt ath eaghu Py COSPOUPSE Sieh esged from the
group consisting of oxides, hydroxides and carbonates of an alkaline earth
met al ofcﬁﬁaﬁé§iﬁﬁ]a%a%é@@n?xé@¢cﬁ@@u%@aﬂhkabh@$L@ﬁrEh mea br ocess for

purifyin o] claim1l to 4,
wherein g% 088&3?#&8£ %%%gﬁgﬁgﬁﬁanagen c%n?%?ggh€ﬁgﬁfépt%ﬁ40@bby mass of
an iron a@xodleeandtebrsubﬁﬂamble%%bzyemme ofidnimbpkal i hes edrdrh st dl

crude octafluoropropane.

2. The process for purifying an octafluoropropane as

claimed in claim 1, wherein said iron oxide is ferric oxide.

3. The process for purifying an octafluoropropane as
claimed in claim 2, wherein said ferric oxide is y-iron

hydroxide oxide and/or y-ferric oxide.

4. The process for purifying an cctafluoropropane as
claimed in any one of claims 1 to 3, wherein said alkline
earth metal compound is at least one compound selected from
the group consisting of oxides, hydroxides and carbonates of
an alkaline earth metal of magnesium, calcium, strontium and

barium.

5. The process for purifying an coctafluoropropane as
claimed in any one of claim 1 to 4, wherein said impurity
decomposing agent contains from 5 to 40% by mass of an iron
oxide and from 60 to 95% by mass of an alkaline earth metal
compound based on the entire mass of said impurity

decomposing agent.
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conmpound based on the entire mass of said inpurity deconposing agent. 35
16 June 2005 6. The process for purifying octafl uoropropane as clained in
any one of clains 1 to 5, wherein said inpurity deconposindbayeagits a
granul e conprising a powder of said iron oxide having an average particle
size of 100 mor less and a powder of said alkaline earth netal conpound
havi ng af- avéP&gBrBEFEFclersPRElEYing0oRt8f lreseproparpeapr otesged or

bur 1 Tyi ngnagngCbabl bor apsopane as 5ol ghordihNsany opg.pfoglaims 1 to 6,
wherein said inpurity econposi ng agent I's a granu avi ng an aver age
particl edespmposfing. 8geot 10smm gBanifhe peopessifigrappowdyi ngf apaid

oct af | uoropropane as clainmed in any one of clains 1 to 7, wherein said
crude oe¢FSFl G8LEHr BpEARYI| 3N conthRIRIPM EhCcsai 3izepefi 190 detorpobe®y agent

t t 2 . 38 . Ih i fyi
oct af | uor oy GpRREEE OB Brsad T ahp onatbf Hras hebqRigtad RePly on,

adsor benhveiragat pheastiene: penberisel gat6d f&om the group consisting of
activated carbon, nol ecul ar sieve and nol ecul ar sieving carbon. 10. The

process for purifying an octafl uoropropane as clained in any one of claim
1 to 9, whereif.sal d 0 gi prop ntains said ippurities in
an anount " of QS ?%gig%%ogoﬁp§§ ykﬁgég.gﬁlsgﬁﬁgf%?%%%g%p?%ﬁ %%rifying an
oct af | uocbpimpdneénasny one of claims 1 to 6, wherein said impurity
decomposing agent is a granule having an average particle

-size of 0.5 to 10 mm.

8. The process for purifying an octafluoropropane as
claimed in any one of claims 1 to 7, wherein said crude
' octafluoropropane is contacted with said impurity

decomposing agent at a temperature of 250 to 380°C.

9. The process for purifying an octafluoropropane as
claimed in any one of claims 1 to 8, wherein said adsorbent
is at least one member selected from the group consisting of
activated carbon, molecular sieve and mclecular sieving

carbon.

10. The process for purifying an octafluoropropane as
claimed in any one of claim 1 to 9, wherein said crude
octafluoropropane contains said impurities in an amount of

10 to 10,000 ppm by mass.

11. The process for purifying an octafluoropropane as
claimed in claim 10, wherein said impurity is at least one
compound selected from the group consisting of
chloropentafluoroethane, hexafluoropropene,
chlorctrifluoromethane, dichlorodifluorcmethane and

chlorodifluoromethane.
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claimed in claim210, wherein said inpurity is at |east one conpound

sel ected fromthe group consisting of chloropentafluoroethane,

hexaf | uor opropene, chlorotrifluoronethane, dichlorodifl uordfelunadedand

chl orodi fl uoronmet hane. 36 16 June 2005 12. The process for purifying an
oct af l uorgpropane as clained in claim1ll, wherein after the inpurities are
subst ant 4k | yTPEnBYRESSEhECEoRBBAEY ARP oA 0P CLAPURPEPBECP#BHBARI Ng i n t he
octaf | UOLQREARANGn| S1LERS1E Nafind- BRI DY olBERe Loy A PLOCESFES O preparing
an oct af | uoropropane, conprising the steps o? pr %UC|ng a crude

oct af | uosopebpahéaltpntainniad, i hper conesnptaaticontctmpgrsaidscr ude

~octafl uoropropane with an i ity deconposing,agent. conprising an iron
oxi de anaegﬁlgFRgl?ﬂepgﬁr?ﬁgggi%?¥ogﬁﬂﬂgﬁﬁdlﬁnﬁ%?se?%@%t dp?%ntrature and
then withagp. adsorbent to obtain an octafl uoropropane from which
inpurities are substantially renoved. 14. The process for preparing an

oct af | uoropropane as clained in claim13, wherein the step of producing an
oct af  uog epro EDj i it i I i i of
hexafluo?gbroggﬁgéggggaﬁﬁ%ng¥ eggh o§§p¢§%§¥i%§9égpﬁé%§$1uoropropane as
cl ai mred compkasmg3tibe ddepahef epnodacingnpueityei scadfleasdépropeneonpound

selected fromthe group consistiqg of chl oropent af | uor oet hane,
hexafluo?%%?%b%ﬁ%g impurities, and contactiling salid crude

octafluoropropane with an impurity decomposing agent

comprising an iron oxide and an alkaline earth metal

compound under elevated temperature and then with an
adsorbent to obtain an octafluoropropane from which

impurities are substantially removed.

14. The process for preparing an octafluoropropane as
claimed in claim 13, wherein the step of producing an

octafluoropropane containing impurities is a fluorination of

hexafluoropropene.

15. The process for preparing an octafluoropropane as
claimed in claim 13 or 14, wherein said impurity is at least
one compound selected from the group consisting of
chloropentafluoroethane, hexafluocropropene,
chlorotrifluoromethane, dichlorodifluoromethane and

chlorodifluoromethane.

16. An octafluoropropane obtainable by the process
according to claim 1 or 13, which contains less than 0.0001%
by mass of a chlorine compound and having a purity of

99.9999% by mass or more.
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chlorotrifluoronethane, dichlorodifluoromethane and chl orodifl uoronet hane.
16. An oct afl uor opr opane obtai nable by the process according to claim1l or
13, which contains | ess than 0.0001% by mass of a chlorlne1goﬁﬂ68ﬂ@5and
having a purity of 99.9999% by mass or nDre 37 16 June 2005 17. A gas
conprisiﬁ t he octafl uoro [oEane claln%g | aim 16, . /An etching gas
conpri si g §ag EPAPRed-IH ERgi AFEF u@§cpﬁ98?%3nFﬁﬁlﬂ%§ tBnptRsPng t he
gas clained ingclaim17. 38 ABSTRACT A process for purifying

oct af  uor opr opane according to the present invention conprises the step of
contacting a crude octafl uoropropane containing inpurities with an
inpurity ecoRpo . age u eyat ture . and hen th an
adsorben to gﬁb%kgﬁ ﬁglgésr§%§é5§ MS Qge n?lesa%m%%1%%e i?ﬁ@eT%'

oct af | uor opropane. According to the purlflcatlon process or preparation
process gf oct af | uor ppropane of the present invention, the |npur|t|es such
as chl or itRe c%nﬁ%ﬁﬂﬂén%aﬂa%ecgﬁBé%éh@gth? FRRovLHULRRY A hFHRLBULT ty

oct af | uoropropane can be easily obtained. The octafl uoropropane obt ai ned
by the purification process of the present invention is substantially
free of inpurities and therefore, can be used as an etching or cleaning gas
for use in the production
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process of a sem conduct or device and the |ike.

10

15

16 June 2005

ABSTRACT

A process for purifying octafluoropropane according
to the present invention comprises the step of contacting a
crude octafluoropropane éontaining impurities with an
impurity decombosing agent under elevated temperature and
then with an adsorbent to substantially remove the
impurities from the crude octafluoropropane.

According to the purification process or preparétion
process of octafluoropropaﬁe of the present infention, the
impurities such as chlorine compounds can be substantially
removed and a high-purity octafluoropropane.gan be easily
obtained. The octafluorbpropaheAobtained by the
purification process of the present invention is
substantially free of impurities and thereforé, can be used
as an etching or cleaniﬁg gas for use in the prodﬁqtion

process of a semiconductor device and the like.

39




