PROCESS FER-PURI FYI NG OCTAFLUOROPROPANE, PROCESS FOR PREPARI NG THE SAME
AND USE THERECF ~ Abstract A process for purifying octaf] uoropropane ‘
accordi ng’ ¥97the present invention conprises the step of é@n’(“&@tzpﬂg a crude
oct af | uoriqpﬁ@pgne containing inpurities with an inmpurity deconposi ng agent
under el evafed” tenperature and then with an adsorbent to substantially '
renmove the inpurities fromthe erode octafl uoropropane. According to the

pruification process or preparatiBRSPROEEISN of octafl uoropropane of the
. present invention, the inpurities such as chlorine conpounds can be

substantially renoved and a high purity octafl uoropropane can be easily

obt ai ned. Thﬁ octaflgorogropane obt ai ned by the purification process of the
present i nventPHhi®Si $CSub¥tadtian Potpdd ushrdnmsuransd ePanttshefefore, can
be used as an etchin%30t cl eani as for use in the production process of
a sem conductor devi'ce Hhd-the 1§ keemar-31d Use JUhere065 rf NJ
DESCR PTI ON  Process for Purifying Cctafl uoropropane, Process for

Preparing the Sanme, and Use Thereof 5 CROSS REFERENCE OF RELATED

APPLI CATE@NsEhirg: raiRiphicGald Ok i1 qggji L filed under 35 U.S. C

111(a) claimng benefit pursuaz} 0 Hjﬁktéghllg(e)(l) of the filing date
of Provi si onalrnApplapgatii-on 119, 6/ 264,320 f1led on. January 29, 2001,
pursuant to 35 U. S.C. 111(b). Techniégﬁgﬁ%g#ﬂ%%hgléﬁ%s%ﬂ¥e¥n@éntion

rel ates UoSanrécessaﬁo&léSHQ%@ibﬁh@qi%np%&%QEkaququqp%; process for
preparing a high-purity octafluoropropane, a high-purity octafl uoro-

'propane,§éha(a$é§)thérébé.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 -




Backgroung Art 20 Heretofore, in the process of producing sem conductor
devi ces, Fﬁg 4etching for partially renoving a thin-film mterial is
performed for fornming a circuit pattern on various t hi n- {10 EEOE? | al s
~constituting a sem.conductor circuit and at the sane tinme, renoval of
~deposits using a 25 cleaning gas is perforned to renove a thin-film
starting material deposited to the reactor during the thin film21l SF-814
16 June 2005, ti eful, etchin ases or cleaning gases
convent i onal ?%féfﬁe(%?%dﬁgﬁfg%ﬁgfd%% RJIRe %ag@%iE6n8é€ﬁ8#HGd@@ﬁ@§ is |
oct af | uoraptapane.dher gipa r 2d to as  "FC-218"). 5 On the other
hand, to keep up with ?%geaﬁgt%%géﬁ%§ggpo§5986ﬁﬁgﬁ r ARt Shal | er

si ze, hi gheridensd tycr M ThHGo9F tri - |l.ectranic _equi pnent, the
circuit patterns are beconin% ??%ﬁ% gﬁ%g%ﬁﬁéﬁggﬁ 6 F%Fﬁga%ﬁféﬁ%r-v

preci si ol Kl-rLufdt) pattern by etching, use of a high-purity 10 etching gas
fromwhich inpurities are elimnated as nuch as possible is demanded. Wen
an etehi ng ga¥rcortaisishan hampuridyke¥gnua HekY, sapkhrampunt., Lhis may
cause generation of a large width line during the formation of Ya fine
_pattern &R#aticrdade nfraisfeutmde theapredust z8avhngnd5 achigh density
integrated circuit. Also in the process of renoving deposits using a

cl eani ng"gdsl%r &di fdSECtmsRl tdesliar e br ogmet proen Py OceSSci 0fua

seniconduc%%r devi ce %Iter_cleaning nmust be reduced as
patierns are 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




much as possible so as to provide a high-purity and high 20 quality device.
For this gerpDge, a high-purity cleaning gas containing substantially no
impurity is demanded. Wth respect to the production proé@s@”ﬁ@oﬁ@}218,
for exanple, a nethod of electrolytically fluorinating 1- chl oropropane

. (see, U. S.. Patent 3,709,800), a nmethod of 25 reacting

- trifluoropentachl oropropane wth manganese trifluoride (see, U S. Patent
2,578,721) and a nethod of 2 SF-814 16 June 2005 reacting hydrogen

fluori de HRFeRP9rhivéraen Sluhrade pndpahécardepmdpyl emeh(see, U.S. Patent
5,220, 083) are known. However, in these nethods, a conpound contai ni ng

chl ori ne P*PE2RS b raret ane i fgenatepi abatand theref@d®, sacchh®fi ne 5

cont ai ni cquound i s produced as a by-product and m xed into FC 218.as

i mpuriti 68 VO The' bt HETShaREt PGFeh #eSpERPLRE chetaenhod ohloprioduci ng
FC- 218 usi chlorine-free startipng materials for exanple, a nethod of
eIectroIéf?gﬁrT% ??d%r?%%f?h@gfﬁaBngﬁ e2Pe kheWRZps6e, aUcBlopanent

3, 840544 ver , hods .are industyially di sadvant ageous
because ?%?eégﬁﬁﬁiuﬁ%ﬁ§§§§é§§§ EO%%?ﬁdc%ﬁp?ié%f@ﬁggHﬂttﬁéﬁ Tilged is | ow

I'n additﬁgﬁx,qungﬂgxg§ﬁiﬁg&g§' ing hexafl uoropropene (hereinafter
sonetines referred to as “15 "FC1216") -to .produce FC-218 is known. For

exampl e, a mediodf seactingiEC 1216 MhLbea: ! Lyorhengag ynder dilution
with an inert gas and a reaction product gas a nethod of ‘electrolytically
f1 uori napirnguFGnLR F&-21 ehydriogeith fd 1i0fd der &5 ey » 1P By 62:64.1415) ;(the term
"JP-B" as used herein ‘ !

: for example, a method of electrolytically fluorinating

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 |

dilution 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
. 20 means an “examined Japanese patent publication”), and a method of
L 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




20 neans an "exam ned Japanese patent publication"), and a nethod of
reacti ng &F-Bédst one high-val ence netal fluoride selected fronkégobalt

trifluoride, manganese trifluoride and silver difluoride ™MitReE803216
(see, JP-B-62-54777) are known. In this case, to produce FC- 1216, for
exanpl e, a process conprising thermal deconposition of 25 3 SF-814 16 June
2005 chl orodi fl uoronet hane (hereinafter sonetinmes referred to as

"HCFC- 22" nd a.process conprising fluorinating perhal ogenated
chloroflu%?g ﬁ?ﬁbﬁ
quorinatJ;}%‘nF

L RAGPRGEBARAr KA Tatlors tand sdrleen rdehaledgenald ng the

T
(see, U. S. Patent 5,057,634) are

?IQ%th t%.groduce FC 5 1216
known. Hovieve | 52FR ¥ HRERCHBFhEAEP A Séhdorilnerdontainni ng conpound i s

usual |y
usual l'y

tarti material and. therefore, the obtained FC 1216
?%ﬂ%éﬁbégéa%%éo$§%%¥%gLP8FHFﬁ@beanﬁéﬂﬁaga§ capbent BESmsAs: ra

ontal ns” a

result, AR tarti fromthis FC 1216 contains the
chlorine%%gﬁgginlﬁgﬁggﬁﬁgﬁh d%e?ﬂg?rﬁpﬁ 1GAr BacERELFE> RROSLCACEEdi ngl Yy,
FC 1976 e b aved P 8k L RE S Bare: | Sopar ation of t hese

Spaci 11 cally, Thpor e es Yot 5 HeatT i Reteg cant b ok PRder St Peariiper emoved

specifically, inpurities contained in

c

by di sti ldcatdcamad fist hesathaveised as a starting material and

10

15

20

25

therefore, the cobtained FC-1216 usually contains a
chlorine—containing compound as impurities. As a result,
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
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
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
impurities, each has a boiling pointrapproximated to the

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




20 boiling point different fromthat of FC 218. However, as shown in Table
1 bel ow, shi®1rgepent afl uoroethane, (hereinafter sonetines referred to as
"CFC-115"), FC-1216, dichl orodifl uoromet hane (her ei naft er!esBRgt20fes
referred to as "CFC 12") and HCFC 22, which are mxed in many cases as 25
inmpurities, each has a boiling point approxinmated to the. boiling point of
- FC-218. Therefore, it is very difficult 4 SF-814 16 June 2005 to separate
these inpurities by distillation and obtain high-purity FC-218. Table 1
Conpound NareRSt Fafet Ut s Boiriuig t Fes nioy ad Pei 0t 146) on Ghaf LypLepr opane
(FC-218) CF3CF2CF3 -36.7 Chloropentafl uoroethane (CFC-115) CCI F2CF3 -38.7
Hexaf | uo pehe {YFET216)- CF3CF=CF2 -31 Dichl orodi f| uor onet hane ( CFC- 12)
CC12F2 -29.8 Chlorodifluoromethane (HCFC 22) CHCL1F2 -41 5 Therefore, a
purification method other than the separation by distillation, such as

extractive distillation, nenbrane separation and adsorption separation, is
tdve distillation nmethod has a

g?ggﬁenlt@mbgggdiﬁgngguipnen{ costs highl y land e RNOCPSS: 1k §ioCUNber sone.
The menbrane separation nmethod has a probllemrisyithat ap,appropriatg and
practi cabcRBRB(8R8, ropane (FC-218) CF3CF2CFs -36.7
Chloropentaflucroethane (CEFC-115) CClFyCFy | ~38.7
Hexafluoropropene (FC~-1216) ' CF3CF=CF, -31
Dichlorodifluoromethane (CFC-12) |CC1,5, -29.8
Chlorodifluoromethane (HCFC-22) CHC1r: ’ ~47]
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




havi ng properties necessary for separating FC 218 from 15 inpurities is not
known, anggpgijfication to high purity, for exanple, such that tOhe cont ent
of inpurities in FC-218 is | ppmby mass or less, is di f fi6dune 2 ﬂ\ﬁ_so, as
shown in Table 2, there is alnost no difference in the nolecul ar size
(calcul'ated value at 20 stable state structure) between FC 218 and CFC 115
or FC- 1216, there is no difference in the boiling poi nt between 5 SF-814
16 June 2005 FC-218 and inpurities, and FC- 218 and inpurities are
approxi mef@dith die stpweiiies angnPhysical PrQPeRLLEStidhgref Ore,
purification to a high purity by the renmoval of Tnpurities cannot be
att ai ned amyp myxausorgtion ieepar até oS am@s hogh 4si-A0 3rkpowp; adsor bent such
as activated carbon, silica gel, zeolite (nolecular sieves) and nol ecul ar
si evi ng CHrdoH Ufer @wdftierariefrerred tloigis SIMBE) by abhe 2-£00RPUAE Name
nol ecul ar, size (calculated value). Octafluoropropane (FC-218) 4.9 to 6.1
. A Chi or op8tHIAI 45T cetierte (ECRCteli5)edt 18y tan SadisdvptHeaf di0s 0QF 0pgNE
(FG1216) 4.9 to 5.9 A 10 Anong these, FC 1216 which is one of inpurities
can %e F‘@#ﬁ\?@d Y5y 9 So MRAEh aFE Sido ettt | watle ce © arddoiv aredVBG rboyever |
chl ori ne-gqnt ai ni ng conpqunds such as CFC-115 cannot be separated. 15
Accor di ngI'y ;- n % onvéERt i oival MRS FIER isdeifEheds! miglecular

sieving carbon (hereinafter referred to as "MSC")y .

Table 2
Molecular Size
d
Compound Name (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
compounds 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




is difficult to obtain high-purity FC 218 by reducing the concentration of
fl uorocargeng{gpurities including chlorine conpounds such as CFC- 115 to
less than 1 ppmby mass. As a result of extensive investigJue2008 sol ve

- 20 these problens, the present inventors have found that when crude

oct-af | uoropropane containing inpurities such as chlorine conpounds is
contacted with an inpurity deconposing agent containing an iron oxide and
an al kaline 6 SF-814 16 June 2005 earth metal conpound and then with an

adsor bentsartiiese t & INpuonifd@sd cand bensubst ant kal hys5eppyed with.ease. Mre
specifically, the present inventors have found a purification process of

FC- 218, Whgre iEGeZ1 & agonteai nitmgr &nf 1 401 pcashoned npueit 8§ such as CFC 115;
FC- 1216, CFC-12, CFC-13 (chlorotrifluoromethane) and HCFC-22 in a
concent r at i on Msfrel ey 0L GO0L ppnely passens tontacdted méth raqnignpurity
deconposi ng agent and further with an adsorbent and thereby these
i npuriti &8rddR Ché Lr8drEeE S |as ' halB 107 haupen By~ 1 scoThei pi egent
i nven%i 0 lhas beeg acconpl i shed based on this finding. Object of the
| nvent i ort “AR "GP Lo TEPRE 3riése ity GthvasntG i 1165 1 F&ol 36 t heFCc452,
above- de %E:i_ggd gégbl emns :fg conventional techniques and provide a process
for purifying al 8ePaPradrdpCopETEalfer @nd Mt ti%siean be substantial |y
renoved from.a t af.l uar qpr ne _containing inpurities. Another
obj ect o[f: t% B?éggﬁ ?%vgfg_t féé)anbs%@?? B0V iSde M d I sEe T wepari ng
an octaf hHoi APt PPANCacEBMBLLI W9 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




t he above-described purification steps, and also provide a high-purity

oct af | uorgpropane and uses thereof. Summary of the Invention 25 The process

for purifying an octafl uoropropane according to the preselftJunm208bion is

characterized in that 7 SF-814 16 June 2005 a crude. octafl uoropropane

~containing inpurities is contacted with an inpurity deconposi ng agent '
under -el evated tenperature (heating) and then with an adsorbent to

substantially renove the inpurities fromthe crude 5 octafl uoropropane. The

i mpur i ty adeconposidigh Bgent o & e abk¥n€QIRY h§esnpakikhen 9xide and an

al kaline earth netal conpound. The iron oxide is preferably a ferric oxide
and the cdoeriEc ekivdeh sampriafipnabty @edombsdoDnhydrexidangxi-deiandiay 10 a
T -ferric oxide. The alkaline earth nmetal conpound is preferably at | east
one conpd@hdeydtevteed Haaomridle grdupheonsistiag afiscexwkHdestohydr oxi des and
carbonates of an alkaline earth netal of magnesium calcium strontium or

bari um FSPPRE R ¥ edecthpdst nignageht 1 s ef ecabtyecontaéns from5 to
40%%/ mass of an iron oxide and from60 to 95% by mass of an al kal i ne

eart I? meCalF2ddMes PR CRsd¥ed on the entire mass of the inpurity deconposing
agent. The inﬁg,ri ty dec.otg})o ing agent is preferably a 20 granul e conprising
a powder of tHhée'S r'diUxi'de TR B9 e lger pafeFebbystompois¢60 m or

L?iz g?dfgogggqegxghetg%d.%Aﬁgﬂﬁg fﬁgtggggﬁE%eggﬁﬂégkgghggFrage particle

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




n or less. The inpurity deconposing agent is preferably a 25 granul e having
an averagsgppaikicle size of 0.5 to 10 nm The crude octafl uoropropane is
preferably contacted 8 SF-814 16 June 2005 with the inpulbdupedd6onposi ng
agent. at a tenperature of 250 to 380C. The adsorbent is preferably at -

| east one nenber selected fromthe group consisting of activated carbon,
5 nol ecul ar sieve and nol ecul ar sieving carbon. The crude octafl uoropropane

may contain the inpurities in an anount of 10 to 10,000 ppm by nmass. The
i mpurity wtiprefier abbyratyl @asbmpoeisgnpound ssehechadfrem Lhe groyp

consi sting of 10 chl oropent af| uor oet hane, - hexaf | uor opr opene,

chl or ot r i %9 udt¥@et hane, di chl orodi fl uor onet hane and chl or odi f | uor onet hane.
After the inpurities are substantially renoved, the concentration of
inpurities remdi®iagsenbene 15, poefathbdyopropasetcancbachess than 1 ppm by
mass. The process for preparing an octafl uoropropane according to the
present i '%ﬁ]ﬁﬁpmﬁﬁﬂ%uﬁﬁﬁmﬁe@O@yiStbnprbﬁiagtihatsﬁe@§r@6npr0dUCing a
crude.oct af | ane containing inpurities, and contacting the crude 20

§
UOr.0pr op,
oct af P uo %ﬁﬁ%%}\éaqV%H?WqWﬂﬁiQ%ﬂkﬁ%oﬁ%©§im@ ageinenunder  heating and
then with an §9Qpeqa to ob_fin an octafl uoropropane from which
inpurities are subsﬁ%iﬁi%ﬂqﬂg Fehvegpane may contain the

impurities 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




The step of producing a crude octafl uoropropane 25 containing inpurities
may be thegfguorination of hexafl uoropropene. Al so, the inpurity nmay be at
| east one 9 SF-814 16 June 2005 conpound sel ected from t hé finewrdos
consisting of chloropentafl uoroethane, hexafl uoropropene,

chlorotrifl uoronethane, dichlorodifluoronmethane and chl orodifl uoronet hane.

5.The oct af | uoropropane according to the present invention is
characterized by containing |l ess than 0.0001% by mass of a chlorine

- conpound campdvend regleequurd thrah ©199. 909956 bynvRseiQg HPre. The gas
according to the present invention is 10 characterized by conprising the

above- desdricgew cavtadilurorast mropanee x Iheuet 6pi figegas according to the
present invention is characterized by conprising the above-described gas.
The cl eafild§ T§ds iddewrdmey e heliprlebentd i Alent gron: hdbe i shghar act eri zed by
conprising.the above-described gas. Detailed Description of Invention
[Purific 18ﬁ°§ﬁ5€é§§rm¢ﬁémﬁﬁbcess for purifying an octafl uoropropane 20
accor@ing to ghe pr ZﬁﬁF i nvention conprises the step of contacting a
crude octaflu'?ﬁb?&% YOO Ay idpeeidines taithe arrdspurity deconposi ng
agent under, H??BB”QS(% evat ed .tegggyature) and then with an adsorbent to
subst antial [y~ rembve “CRE FhpiridEe Ly (S tHe icrude ssc ttafanudr dftbane. 25

Thi s purbp'ﬁQEbOprEOEﬁiérﬁﬁed%%%HJ%%% %%AN%QVQH%e%aSuEity 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




The "crude octafl uoropropane” as used in the present 10 SF-814 16 June 2005
i nventi onggegpng an octafl uoropropane containing inpurities, which is not
passed through a purification step in the present inventilnlunal2665 the
"substantially renove" as used herein neans that absolutely no inpurities
or alnmost 5 no inpurities are contained. |Inpurity Deconposing Agent In the
present invention, an inpurity deconposing agent conprising an iron oxide
and an al kaline earth metal conpound is preferably used. 10 Exanpl es of

the iron xieetioclueent enn onst 9X1d6r8PLophRET &6n 0X1 A€ Ampgr&%gg, ferric
oxide is preferred. Anong ferric oxides, (err) -FeOOH ?T-I on hydr 6xi de
oxi de) arrthidh Fe2030 Tedesed ctioxbdegh arpupr efesred, and.7inFe@H is nore
preferred. 15 These iron oxides, can be used individually or in
conbi nat iFFF It Prieetiey. o liscon the desibsHme triedsIon rnemswer rds - FeOOH and
(err)-Fe2Q3 are preferred as conpared with (err)-Fe2G3 is considered to
have rel ér‘tsiec?ﬂ RereHe megits vitat ofb59 bt oky deo e M t FeO0 antinb et r ) - Fe203
are hégher 20 in the reactivity and the activity with chlorine compound is
~in the offer B {Er9S -FeoF™ {699 - Fe208 > (err)- FeOOH >Fe2C8 >> a-
Fe2GB. Thi q&&fe&ﬁggg kp.the'activity with chlorine conpound is presuned
because i an iron atom and an oxygen atomin the

Y - Fe_.OC]—I or (e&hf )tfee%%ge%t %%\Jeorylk.eiror;[,haann ti@naﬁ;[uljir]cya-dlzeeccc?ngosing
agent comprising 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




The al kaline earth netal conmpound for use in the 11 SF-814 16 June 2005
present igﬁgg%ﬁon is preferably a hydroxide, an oxide or a carbonate of an
al kaline Barth nmetal. Exanple of the alkaline earth netal nling®805
magnesi um cal cium strontium and barium 5 Anong these alkaline earth
metal compounds, a hydroxide or an oxide of calciumis preferably used,
and calciumhydroxide is nore preferred. These al kaline earth netal
conpounds can be used individually or in conbination of a plurality of

al kal i ne easddniretrale COMMOUNES, rd - Ther | n@uﬁg,ay%gfgg{mggi g}gigge%gt fﬁgr use

in the present invention preferably contains the iron oxide an

al kal i ne @artdnaret alf compound suche4hal @o: amount, 0f,1id o Qyide is from5s
to 40% by nass, preferably from20 to 30% by mass, "and an anount of the

al kal i ne aglaratlhi meetead r tdompounid irbe 1usdd meag &ds £1an 959% hy: RS Ss+ PEEEenabl y from
70 to 80% b mass, respectively, based on the entire mass of the inpurity
deconposﬁﬁgyéyéﬁwmhlt is presuned that when the anmounts of the iron oxide

and the al kaline earth netal conmpound contained in 20 the inpurity '

deconposi ng addfind diess tai vk hee abovieh destcrl beshgangss, the deconposi tion

of inpurities and the renmpval of the deconposition products can be

ef f ect i vEIRAT OFerFo e da*déisc M ed Jcdar 1 spparedtsyr 281l qiset, pudi fi cati on

can be p rﬁpnned by, usi. t.he characteristic 25. features of the iron oxide
alcium hgéfpﬁl' ars ngﬁﬁ%éﬁﬁggrred. These alkaline earth

and the al'kaline

' 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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12 SF 814 16 June 2005 A shape of the inpurity deconposi ng agent is not
particul aggyg{dmted but is preferably in the particulate form In the
case where the iron oxide and the alkaline earth netal colfpbuadO8be in the
particulate form the 5 average particle size before the bl ending thereof,
nanely, before the formation of an inpurity deconposing agent, is
‘preferably 100 mor less, nore preferably 10 pmor less, still nore
preferably 1 mor |ess. The average particle size is preferably fromO0.01

to 100 m nore priefrer abt O from O: PlotCodOobELE) i e preferably
from0.01 to 1 gym \en the a%lg}}ragg par?i%?e s?z‘gb%ﬂe%hgg%rti cle of

iron oxi gerandudiadly rie rearetch bt als Rk i $ ﬂ&ot&@ggaf@pé less, an
oct af | uor opr opane havi ng higher purity can be "~ obtai ned as we ]F as the

~ puri fi catfiogh-cahnbehef fhekentibyelbhpetronmed.i dEhissid $Hr eswed fecause the
iron oxide and the alkaline earth nmetal conpound each is a fine particle,
t her ef or E3Tthe™gpécdi FioaPSundace carion tHreneoft iculiaios emsed w@ng the iron
oxi de. and the alkaline earth netal conmpound are readily dispersed with
each bt hBVST39CaPRESHFLe P& 20 ifoge Ghisdd landiitrine wdeald e remnd hy pet al
conmpound, are inpcreased in the.. area and contact chance of the crude
oct'af | uopsg?ﬁﬁaﬁgevﬁf’ﬁmﬁﬁéopnﬁér Ply 18 H30s ideF agemindTleyegoncent r at i on
and t he 5'&@%95 igpgbbti esoi n,the iron oxide and the al kaline earth netal
conpound®ar 6 hat Y 25° Balli QA1 APF§ | PR PeBtrASSRRL Yad 0t pB 8bi Hiesys of

deconposing) i WRYEL! heS:babG §rugde gctatluorgpropane is not affected. 13
size is preferably from 0.01 to 100 pm, more preferably
16 from 0.01 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
octafluorcpropane 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




SF-814 16 June 2005 The shape of the inpurity deconposing agent is not
parti cul aglpy-giigm ted, and in any shape, the inpurity deconposing agent can
be used for the purification, however, the inmpurity decortfoltina@o8gent is
preferably a granule in 5 the partlcle form Specific exanples of this
granul e include pellet formand spherical form The average particle size
of the granule is preferably from0.5 to 10 mm nore preferably from1l to
5 mm When the average particle size of the granule falls 10 within the

~above- descri be@heangepet be cort Al GHanC @it Wities wth the

i mpurity deconposing agent increases and tﬁe %?%ﬁ%l(ﬂ%%ﬂRPFeanal of
t he |npur?%¥éscééﬁrbe léffikedenthy mar&gynggapgf %@% aver, r? article size
of the urity deconposi ng agent exceeds 10 mm the s area 15

part|C|pd? %ﬁ?%s%ﬁé a@%atpcaonbandsddffuel@ﬂeobuggelbgtlggla vely, s educed
and the.diffusion rate is sometines |owered. On the other hané) (] Eh
average p ?l%W@P%%E% d%$0$ﬁ@81ﬁ©uageytdesoppeﬁeagbageat k8nh@ss jthan 0.5
mm the gﬁgface ar articipating in the adsorption ang diffusion 20 is

rel atlglvel V' et a (o t Iife atidnfruisiom Speeids gathles hi gher, when
pressure

oot s S R 25 SRl 5o ot mpent o 1 no
ol e e T o S FE ot Bomct oo e, and
t he pdemﬁtlﬁ@relﬁreferably from 1 to 5 mm.
. 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 partlclpatlng in the adsorption and dlffu31on 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 diffu51oﬁ
20 is relatively 1ncreased and although the diffusion Speed
can he hlgher, when the amount of gas treated is 1ncreased
‘a large differential pressure sometimes results.
For preparing the impurity decombosing agent
'.cemprising ehe iron oxide end 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




SF-814 16 June 2005 nethod of the inpurity deconmposi ng agent is not
limted. ghkngthe production (granulation) of the granule, insofar as the

blending ratio’is in the above-described range, satisfactiGrdungr280%l ati on
may be attained by adding water to 5 the mxture. In the case where the
particle size of the iron oxide or alkaline earth netal conpound
.is,slightly large, the granulation may be perfornmed by adding a bi nder
together with water. The kind and the anount of the binder are not limted

and a knawathbnder Ry bepusedyi A88hAFRoasnd0akhk 40 f.f ect the
per formance of the -obtained iir/rpuri tyﬁodegérrggsfl(ré\g%gg%{t. "aLéQalﬁr:p‘:‘ic}e's of the

i nor gani c:tzmimhﬂerprbmd:uﬁenck@yaﬁ@ﬂagy@ﬁw%faeﬂeeﬁégﬂhg ,OEnfsEs%aQIr% e
bi nder include nethyl cellulose, polyvinyl alcohol and starch. Thi's
granul ar §lmpupleydiegonpose ngs agentheaabbee-45sprepagedahyen xi ng the iron
~oxide and the alkaline earth netal conpound, adding an appropriately
anount ofS3letefact ke adi gy tdel o xbay ebandt ga anefi aby ngatihegknaaded +py ef orm
The k eadei{ﬁnne_cessary for the preparation of such a granule may have a
structur et e i ditnd hen@atsiee W28 o ad atdin cdan ie-epesd ormed at t he
sanme time or where the mxing and the granul ation are perforned

separ at el'y.°" 6% gt i iéhexrferh Vi@l t dreupd gl anell Hulandati on  are

perforne the.sane ti i.,nclude Henschel mxer and vertical mxer. It
is also goa? eChte =i Uﬁaﬁ]tor{’e M %y BB §orter emddiels m XeknderV-t ype

MRl L I e DT SUSL LR A SRR Dl S
' 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 mixéf and
vertical mixer. It is alsg 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




.The thus-obtained granule is preferably dried at 100 to 150C for 3 to 5
hours in §§_' rt gas streamsuch as air and nitrogen so as to el evate the
hardness and ~évaporate the water content. The water cont eigtJuna206@ 5

~impurity deconposing agent after drying may be sufficient if the loss in
wei ght after the drying at 110C_for 2 to 3 hours in an air dryer is 1% by
mass or less. By using this inpurity deconposing agent, the inpurities in
t he crude octafl uoropropane, such as 10 fluorocarbon, are deened to react

with the al kal The eantbori®iakqc [ i it econposi.ng agent

and thereby deconpose. Mre spegig??gglgl %Q Fggf%%ggyt érgﬁé %%5510 eacts

with a hydsoxi@ke, fan Gxicde 50m R GArHoNat & af @ asa'Mdéé}[? s‘j?cfﬁk%h tal in
e and a c

the inmpurity deconposing agent to 15 produce a Tluori ori de of
al kal i ne agar tanaretidirocgnd sad ddhet SadbBeth i@, £ P& OGMESH £8% bop, monoxi de,. wat er
and the like. The carbon nonoxi de and water produced in this' reaction
process reEmocusiang eherdtron amtercat alyst waa e f WdrhemPpriedugs hydrogen or
met hane. These reactions are 20 presunmed to continuously proceed, whereby
the chl oM 4ii Y CECOMDS Sigiisysrac edf Wit hithiengrioguces hysdfogesnto produce
pent af | ugr oet hane (hereinafter sonmetimes referred to as "HFC-125"). By the
sane reacti gl ShESFanEmeraht B ey Hreodisichd ragm IOFRCL For Mbre 3
speci fical | i.t i.s presuned 25 that HFC- 125 is produced from CFC 115 and
P %Pﬁ%’ in_@an B g e 5 i
as a resul ™S HlePnfridt FON SOt U 1t S MEGSL D3, ¥RGS1114 is produced. These
1 F-814 16 2005 . f.| uarocar.bons. obt ai ned have a nol ecul e size smaller
tﬁaﬁ 8 6 %@n%31%% this  1mpurity decomposing agant, 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 CFC-115
reacts with a hydroxide, an oxide or a carbonate of an
alkaline earth metal in the impurity decomposing agent to
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. More 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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that of CFC 115 (nol ecule size: from4.3 to 5.6 A). For exanple, the

nol ecul e §gg$ gf HFC- 125 is from3.4 to 4.9 A and nol ecule size of FGC 1114
is from 37 %) 4.9 A. As such, S the nolecul ar size differdnbmel@80een

oct afl uoropropane (4.9 to 6.1 A) and HFC 125 becones significant as
conpared to the nolecular size difference between octafl uoropropane and
CFC- 115, and therefore, these inpurities seens to be easily renoved by the
contact with an adsorbent subsequent 10 to the contact with the inpurity

decomosi nig.egsnisbol ackdep ALkviat be. opbafLyptopr opane. i 7.2 relatively’

stable conpound and therefore, does no econpo

i mpurity tdecompsi g Bgentnsnser ) & he; heat e ures of 250 to 380C.
15 Adsorbent In the puri fitcati onl%r%lc%%sfo th&e' é[)legé:%’téizﬁgen Pén, the
crude octefdmpmreopriapane iscils thefe contiatedh v th magsgrjpcgng gf .er the
contact with the inpurity deconposing agent under ‘el evated tenpérature. 20
The adsorehtmaised: Iversl 7myo beF@-knpwni adseshent s +£xanpl gs oh st g p

adsor bent which can be preferably used include activated carbon, Ze6lite
(ol edul &Ml dmd sivleeclil ffersinad ngtearhobctHE @stdyaled, gar bon or
nol ecul ar, si eving car,bon may be subjected to a pre- 25 treatnent before
use, sucH?%ag && %-tlr édt merst HEfedt25 tesatmeents iamd fStcearn tapaiomsired 7 SF 814

16 June %oog Am)\ri% t hese, nolecul ar sieve having a pore size of 4 to 7 A
and nol eCql &P sMOVERY 1 @4r 537 Sardd Traraceeietangn 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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nol ecul ar sieving carbon 5A is nore preferred. The adsorbent may al so be a
conmer ci ajf#gaf%ai | able 5 product. These adsorbents may be used

i ndi viduatfty?=0r in conbination of a plurality of adsorbdftlne 2005

" Purification Process for Crude Cctafl uoropropane The purification process
for octafluoropropane 10 according to present invention conprises a step
of contacting a crude octafluoropropane containing inpurities wth an

i npurity deconposi ng agent. under elevated tenperature (heating)
(purification gh&psl)na e acgti it.wth _an
adsorbent (purifi cgati ongg't ggé%ﬁ%?%r%gégguéégggéagl Egrggprséﬁgné)focl whi ch
the presend 7 i/vent iom£ambe apphi J uc roduced by
a known nethod or a product avail abrf?é]ej %@;y?ﬁg %%Elg%?%?ﬁ%gff%ggti on Step 1)
W th respestediol dhes operas i @rdan she deeor®osidiopreq0 reaction of .
impurities such as fluorocarbon in a crude octafluoropropane, for exanple,
the inpurity dévomrpdsirgenagent dbsdibe ed tduae decoUPOShih@napaact or -and a
crude octafluoropropane is fed to this deconposition reactor to contact

t he cPudesrtft-uor opropane with the inpurity 25 deconposing agent. The
contacting step is not particularly Ilimted, however, for exanple, a

conti nuous operfiordLErents JrBke 16 Junen@0osdud ] bw aet huod using a

fixed bed i%.pr f.erablfy useid. As for the reaction pressure, a pressure nay
_or pmpy Combinacion ol a p urality 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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not be applied and the treatnment may be usually perfornmed under a pressure

‘easy to hamdlggeg however, the reaction is- 5 preferably perfornmed at a
pressure, in terns of the gauge pressure, fromO to 2 MPalb Jumec?0pbef er abl y

on the order fromO to 1 MPa. The size (volune) of the deconposition _
reactor and the space velocity are not particularly limted insofar as 10
t he crude octafl uoropropane and the inpurity deconposi ng agent can contact

for a certain time period, however, these are preferably set such that the

r esi dencefipwenethotieustnyde eckafl B@HOQVSOP%@%eir%bH@,e deconposi tion reactor
is froml to 30 seconds, nore preferably from4 to 30 "Séconds. 15 The

deconposi tion ?s%aé@rothemaecaliunepir@stshee,dgc%mgg%iutrjeogla&e%%t 8%3} s
preferably from 250C to 380C, nore preferably from 280C to 360C.~ Wen the
deconposi®?rPe rakietion aedpehat treatabhs mbvhbe LRiLa119Nge, FLhe dpuUrity
deconposi nIg agent can maintain its activity. If the 20 deconposition
reaction C?Fptgraatffﬁ%s?%rq? €335 Y hiam 250¢] et heowactiyi tie0bcbhe: bAPYLI tY
decor‘rgosi nlg%rﬁeg[e t. is not. promoted and the deconposition rate is slow,
wher eas it *Hel %h FeattRons Tenper b ut erex ceedsh38g&ugkhe

i mpurity QNRosi agent_itself deconposes due to heat 25 and the
decorrposipgzleeo%n of ‘i rrpt??'fgﬁ]etso in Hife dherre PRt ardiby opr oplamec nay rnot
proceed. £9Q,Sh 814 11@,1%u_ne 2005 (Purification Step 2) The inmpurities after

the purification step 1 are contacted further with an adsorbent and

thereby The size (volume) of the decomposition reacter and
the space veloccity 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
20 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 reaction 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.
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substantially renoved, whereby high-purity 5 octafl uoropropane can be

obt ai ned. %hg gdsorption operation can be perforned,, for exanple, by
filling tAe BHSorbent into an adsorption tower and feedi ng suhe2éddp t he
crude oct afl uoropropane after the deconposition reaction. In this case,
the adsorption 10 operation nethod is not limted and a known nethod may be
. used, for exanple, a continuous operation by a flow nethod using a fixed
~bed is preferably used. In contacting the crude octafl uoropropane passed

~through the,puridicalion-step, 1 with the adsorbent, either 15 a gas phase
or a liquid phase may be used. The linear velocity is preferably, in the

case of a gas mhasemsoPiacts FPLOCknL oM el alfonl B, foLe preferably

fromlto5 nmmn, and in the case of a Iiquid phase co met hod,

pref er ablgorftraomdd 20t et e MHch M e efiesabl ynd rom =5, t0 20 2 mHr. The
treatment can be usually perfornmed at a pressure easy to handle and a

parti cul ankeperdatiaoll s uchmased appid eaiy on gH-pupregsure is not necessary.
In general, the pressure.is preferably fromO to 2 MPa in ternms of 25
gauge> pr essaTd Lo togrRyer ataur éeatokitheel radsor pti on operation may be 20
SF-814 16 June 2005 usually about room tenperature and heating or cooling
is not necessyrsy.2dfmaP el fuxoraiticon wapdls [payf ofmdéde Adsorbent is

saturated, th adiprbent,nay be regenerated and used- In
_ example, by filling the adsorbent into an adsorption 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
'application 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

20




5 this case, the regeneration of the adsorbent is performed by passing
vari ous iﬁfgélgases such as nitrogen. gas heated to a high tenperature

t hrough the adsorbent and thereby desorbing octafl uor opr olffahwme2085

inmpurities such as fluorocarbon. 10 At the regeneration, the tenperature

of the inert gas is, in the case of a zeolite-base adsorbent, preferably
~from 20C to 600C and in the case of activated carbon or nolecular sieving
- carbon-base adsorbent, preferably from 100C to 400C. 15 [Process for

o1 epar! NuEX Aly USSORE ORR]c b d e PEOCERS L4 PREPREINGo1 g o

oct af l uoropropane, a crude octafl uoropropane 1S produce

above- desurirkedgauitfj cati on process is applied thereto. Mre
specifically, after the production of a crude 20 octafl uoropropane, the

above-descri béthgurilie cats@tpisi@p dapand i &f catd 0NyStER-R-a5e perforned.
~In the nethod for preparing the erude octafluoropropane is not limted and

a known étthodtealy Héie emdoymit Anydescridipthahows sorudes  1n

oct af | uoropr opane 25 can be produced by a known nethod, for exanple, by a
met hod  &f18 &@Erol ythiee alddenfenadriomatoifng: e cid aroprapaine et res. 21
SF-814 16 June 2005 Patent 3,709,800), a nethod of reacting

trifl uor 6FeREECHINSr JFrdP4Te INCER Fargenessht A Inidricder spe; héhSedPat ent

2,578,72%% Qr,a ge hod of reacthng hxdrogen fluoride and chlorine with
such as propané®andPPEpyitene 5hEsEen Bhs. apsicakens, 220, 688reby

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 methéd 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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To prepare the crude octafl uoropropane containing inpurities, a nethod of
fluorinating a hexafl uoropropene can be enployed. For exanple, the crude
oct af | uor 8Br8p4ne can be produced by known nethods such a Junsenbsd of 10
reacting FC-1216 and fluorine gas under dilution with an inert gas and a
reaction product gas, a nethod of electrically fluorinating FC 1216 in
hydrogen fluoride (see, JP-B-62-61115) and a nethod of reacting at | east
one hi gh-val ence netal fluoride selected fromcobalt 15 trifluoride,

manganes iflugri silver,diflugride with FG 1216 (see, '
JP- B- 62- gﬁ%@%& $hgg$h§§§j]p‘r oﬁu%%ﬁgfffiua 6Ee&FL06r opr opane is subjected to

t he abover i i.fq I step 1_and_ purification step 2, whereby
oct af | uor o%f%%%g%%%%ﬁﬁégg&?%ﬁrWFSS’“@P@%‘BB% &Rt aley Ldemiesd .can be

obtai ned.y. § Heh-Rurii t oL opro By .using, the purification
process of the pr esentys'%lVgirl%!lJoél? %‘&pﬁ%?.ﬁ fesfi ﬁeagEFBaeRBQﬁfﬁﬂl‘eﬂor opr opane,

such as flworagarhoen, eyt el hl.or ope | uor oet.hane (CFC 25 115), a
hexaf | uor opr opene (FC-1216), dvfaicﬁ{of%él f%%og%%?%%n%n?cﬁ@@ﬁgne

chl or bt ritsteioronet panent 23 25k, 844) 16 June 2005 (CFC 13) and

chl or odi f I uor onet hane (HCFC-22), can be effectively renoved. In

particul ar, cHiorirepaonpdundscede oaDUFi &b es 9&;‘3&@“&&&%5?@% by
conventignal purification nethods, such as CE)ZC-115, CFC- J2 -C-13 and

- HCFC- 22, i¢@m 15 tHe Ssulss ratihionl Iof ridnmveichzanich . i tghkPtiid Yopropene

oct af | uor opr opane can be obt ai ned.
can be employed. 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

invention, impurities_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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The above-described inpurities is usually contained in a crude
octafluorggrg ane in an anount of 10 to 10,000 ppm by mass and when the
purificatTon £4ocess of the 10 present invention is used, t6hese 200purities
“contained in an octafl uoropropane can be renoved to | ess than 1 ppm by
mass (0.0001% by mass) and the purity of octafl uoropropane obtained after
the purification can be nmade 99.9999% by mass or nore. 15 Here, the purity
of octafluoropropane is defined as a value obtained by subtracting the

analysi o of an octa] ot o Span o olicERHEy 6T Br | 15751 5¢ 98, 5655% by

. I}
anal ysis of an octafl uoropropane product hav

mMass or \@AfeGard8, peniardred c t.ogr aph &C) using TCD
method. FID methed (each fonel i %%93?&%%?{%%%% Bty Sha (2)

gas chr dmtagraphy dTESS ANECtTONRL e vd "\@nvérl‘%fﬁlalggg eciopyrities are
‘substantially renoved, the 25 octafluorg%%opane obt ai ne €§1¥ﬁ§3§%88ess of
t he presewtthodsyesticdn acarc e UsEd @xc-ar etehi NG 9as; if-fhe, £t ching step
23 SF-814 16 June 2005 of a semniconductor device. Mre specifically, in
p y
t he prodiet isohsthnaiaddy cendustdramtiey ¢8 gighi@s Sl and TFT, the |
octafluoroproEane is suitably used as an etching gas for 5 formng a
“circuit PateétHorpBNPrRAaNE waor behickic Afiinem.f orned by a CVD met hod, a
sputtering-netgod or a vapor deposition mnethod.
- Tne 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 impurities 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 octafluoropropane is defined as a
value obtained by subtracting the fluorocarbon content
other than octafluoropropane from 100% by mass. The
analysis of an octaflucropropane product having a purity of
99.9959% by mass or more can be performed by (1) gas
20 chromatography (GC) using TCD method, FID method {each
including precut method) or ECD ‘method and (2) gas |
chromatography-mass 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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‘The oct af | uor opr opane can al so be used as a cleaning gas in the cleaning
step of a_sem conductor device. 10 Mdire specifically, in the apparatus for
formng aS¥r&#A or thick film cleaning is performed to remuee 2005ecessary
deposits accunul ated on the inner wall of apparatus and jig, because
unnecessary deposits cause generation of particles and nust be renoved to
~obtain a 15 good-quality film The octafl uoropropane according to the
present invention can be suitably used as a cleaning gas for this purpose.

The gas aggor ding. h resent invention conprises the high-purity
octafluoroproﬁ%%g%é#%%%gﬁgg %%§l%%‘the 20 pure octafl uoropropane or in

addition, may opL i tain her gases. Exanples of these other
gases i ncl ude @fg% %%%@gflé%g982.i?hgggn85& uS?lPﬁegé 6t her gases bl ended

i's not pasdhcad@idyedt naded-and,in éQeLgfsg ngE§in? the high-purity

oct af | uor opr opane according to the present 3% Thientl'6n as an etching or

cl eani ng @ass £ the FpEnd| endad + Mad | pendi ng_on, the kind_of conpound
and thfckness to 24 SFfé14 16 the j%g%? eggt%ﬂeﬁggﬁan%aﬂaﬁefgﬁlected
accor @i ngfdrritrite sammilituianadid gkness. of the, deposiis,te; pg ¢leaned.

Effects of the Invention 5 According to the process tor purifyrng or
prepari ngy @n Bt afdtiardypraopane: wfr irhe mrasent ok Waﬂéﬁ%’déﬁ&sikm}{” ties
such as chlori ne conpounds, which have been heretofore difficult to
remove, &&the-substantially rempved and a high-purity octafl uoropropane

can be easily
= 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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10 obtained. Furthernore, the octafl uoropropane obtained by the
purification process of the present invention is substantially free of
inpuritie§F5ﬁ84therefore, can be effectively used as an eBchine@oos
cleaning gas for use in the 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, however, the present 20 invention
'shoul d not be construed as being limted to these Exanples. [Exanples 1 to

3] .[Pr i The oct af |
of cpar ed by T he et ol of 35 FSACr R Pe- o518 PR L0 GHOVRROREE! ot

fl uori de.tHheqgobal &+ chl orj was f i.nto a tablet (5 mmx 25 SF-814
16 June 2005 5 mm and fId%??nat%deéFE% tﬁeaggdand then with F2 gas to

prepare CoF3. 480 g of the CoF3 obtained was filled in a nickel made
reactor (100 mm(err) x 1,000 mm and FC-1216 was introduced into the

‘reactor BfEddowhaitwdated-1®@action 5 tenperature of 270C under
at nospheric pressure. The crude octafl uoropropane produced by the reaction

was c@lIectedZkamwdﬂmgamvwﬁe(ﬁr@@@&@if&ESpM@EﬁyﬂﬁgeBHiBEQpQXiQ%S
chr omat ography. The analysis conditions in the gas ~chronmatography are
‘shown belPdwe atedtiupremtr dyedy:  GC-tI4B {rresnd act iv e byn Shimmdzu Sei sakusho

KiK') impurities such as chlorine compeunds, which have been
hgretofore difficult to rémove, 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 production 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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Carrier: He Detector: Hydrogen flane ionization detector (FID) Anount of
sanple: 0.2 m Method of determ nation: Absolute calibration curve nethod
10 As a re8tuPt4of the analysis, the inpurities in the crudé June 2005

oct af | uor opr opane obtai ned were as follows: CFC-115 was 770 ppm by nass,
FC-1216 was 200 ppm by nmass, 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 deconposing agent conprising an iron oxide and an

al kal i ne ound was, _prepared as . follow, The conponents were
bl ended t% veépfer rj)&gr e?p‘%ﬁﬁcg B551 SRANERE" SahBl of 7 Cae OHF 2 '

(produce i za Sekkai gy.o [ 70% by ma nple 1), y- 26
SF-814 1 June 2005ﬂqa Fe%%g ?prggcl[‘ic%gfd%ﬁ)E T%% k&%%‘ﬁ%a?d—é?d 150£80% by :

gsksg%@%?aﬁ&f%ﬁ er addﬁlﬁ“/a{ et L{%gﬂ ng%ler?dlé \?F/;E @ﬂ% %’ﬁFedzoé??Z:j

at 105C fiort rd il @and %}%/eldeé@térl% par £ gr apul hayi ng.a rticle size
of 0.85 to 2.8 nmm Thereafter, 1. F eac(%vl npu]-r?c? yg%econpo %ﬁa agent

was $i | lteshpientac et 1 @RS slhe@lr ta‘t%s(ﬁh%qtd %ets%%)e h%’f 09 .. Afd nner
dianeter of 16 mmto a |ayer height of 8 cm (vol une: ;ﬂ an iFeated in

a ni'trogeststileamcgir 300E€ 10 ddorcet hoprcios By @ fdh Wﬁj%@lf@ci:gﬂuri ty
deconposition tube containing an inpurity deconposing agent. [Preparation
of Adsorﬁpﬁoﬁh?OW@ﬁP“t of impurities 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 (0OH), (produced by

- 20 Xoshizawa Sekkai Kogyo) = 30/70% by mass (Example 1), v
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MSC- 5A (trade nane, produced by Ajinonoto Fine Techno) was used as the
adsorbent. 71 g of MSC-5A as the 15 adsorbent was filled into a stainless
steel tub®Fh8¥fng an outer dianeter of 1/2 inch (adsorpti dé Jueaeos 11 nm
(inner diameter) x 150 cm (tower length), volune: 130 m) and treated in
an nitrogen streamat 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

deconposi gent. [Purification of Crude Cctafl uoropropane] The previously
pr epar ed ﬂgergzuoge?ggfjgh:ﬁgr %Eﬁr fafe KOqYR) /8% (§hd 2phiadB/ WA passedsunder a |

pressure of, N 1.9 SHACk Helac! Ly of 020 b1 Lrough the frpurity

i {avaind e, adsorphiag, over. The, decomposiion 1 esction temper at e
- {protgh e ity ASGOmeS L g e ans e oot o Loxoptapane passi ng
Bl e e A o D e o o cBiit i med |

the oct affhearefitepana @t d ke o etm@afr the dé%{ﬁ'és}’ixﬁ?e -oppesi LLon tube and
in the octafluoropropane at the outlet of the adsorption tower ~were
anal yzed faflted Znftoures stBimdersss arcel0 thow S(sd168 dhe ube) 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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oct af | uoropropane started flow ng. The results obtained 15 are shown in

Table 3.. As a result of this analysis, out of the inpurities such as
fl uorocar dr&dntained in the inlet gas, CFC 115, FC- 1216l6.J0R€2025 CFC- 13

and HCFC-22 were scarcely detected at the outlet of the inpurity
deconposition tube, and HFCG 20 125 and FC-1114 were detected. The
inpurities (deconposition product) such as fluorocarbon at the outlet of
the inmpurity deconposition tube can be renoved by adsorption. Thus, it was
verified %h%t CF§-115, EC-1216, CFC- 12, CFC-13 and HCFC-22 in
oct af | uor 6pPSpaRE &4nhé 195 3Te FEMEF 1 the e Hamyanim tHecwgnceans r at i on of
CFC-115 cq %%Eggd 28 SF-814_16 June 2005 in octafluoropropane at the

e

outl et of 80s8Fpt P8R "t owkR® AFFEFPEShbhPE aRECS ihoutsmeimee e
octafl vorghr paene 3L gt edLLanng, and Ve T emaval, gount, of CPe Lis )
dotect el ot T hore SARBP BT O T SueF ol BE Chind nd HGHRY of |CFG. 115 11 own
e e e R e e TRy ST, B 5 s g
GrPcD, o e akl e oo etk ETIRLRNCL ARG, S P SR
octafluOr@@iODEME'¢ﬁHErmEméwW$§i@Qst@hbbﬂQtQQEhﬁxy under 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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15 Tabl e 3 Change in Concentration of Each Inpurity Wth Passage of Tine
at. Inpurity Deconposition Tube Qutlet 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
10 0 0 0 113 16 Adsorption 2 0000000 tower outlet 50000000
100000000 29 SF-814 16 June 2005 [ Conparative Exanple 1] An

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

except t th econposi ti step of inpurities such as fluorocarbon was
onitfed-%%%ﬁ%é%%ﬂgn¥f aﬁé&%ﬂﬁ@éﬁ?r%&?%ﬁst%? PRt P ecrbepar e andhafter
the passi NVEC- 5A t he adsorbent were_determ ned in_ the sane
P e R R M 30 ST i S0 T b e i hihe

manner as in | 0
concent r all-Qf q{fhrlomﬁll'{'ér'eess}%{nﬁp AP 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 cctaflucropropane 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 Outlet (Example 1)

) Change in Concentration of Each Impurity
Time ' ioom by mass)
(Hx) ~
C¥C-115|FC-1216 {CFC-12 |CFC-13HCFC-22 HFC-125|FC-1114
Sample fed 770} 200 10 20 10 0 0
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 s : ’
out Let 5 0 0 0 0 0 0 0
10 6 c | o | o 0 0 0
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fl uorocarbon contained in octafl uoropropane at the outlet of the
adsorption tower after 1 hour, 5 hours and 10 hours since the

oct af | uor 8frépéne started flowing are shown in Table 4. A$ Juoe 206%- 115,

t he break-through occurred alnost 15 at the sane tinme with the start of

fl owing 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
t he break-through within 5 to 10 hours and it is revealed that the
adsorption renoving ability is low. 20 The renoval anmount of FC-1216 by the
purifi.cation process of the present i nvention (Exanple 1) and the renoval

anount .of FC- 1 - e _ad ti on purification (Conparative Exanple
1) are shown iﬁégm%$L¥ lgeBexgg? Pnglthe break-through to the point when -

FC-1216 in 25 getafly pane was detect ed in a concentration of 1 ppm
by mass at the oué{ietﬂé?% SB?IB?V%z id' \ﬁ/g oL REPHABHAESOBUCB0aSF- 814 16 June

2005 FC-21b-dd omintid |4 Lhr ou h was used as the renoval
amount. Although it is seen rom (E% UFt ¥93f PEEXQRBPE 1naRh&eCompar ati ve

Exanpbe ndair BHe L3l6G.canphe 1 remy, h orption, whether FC 1216
itself is 5 deconposed mhen t he dec&ﬁgogg %oﬁhst%%cgép%?bQ%ﬂ%dSE§P0re t he

adsor pti of stgpras iias BXamlas 151 At 2 KRG, - é‘beﬁf VEL ddlré %8%;%23}6 Itsh
e s ed-w

al ready renoved, the renpval anmpbunt thereof eva

the Convgﬁpl@@mcemﬂkanmHanmﬂnﬂmﬁuﬁiﬂiéﬁ‘@%Ebfe éﬁﬁré%%§%e%%éhat the 10
“purification process of the present invention is nore rve
pa581ng through MSC-5A as the adsorbent were determlned 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 |

V;emovel 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 adsorptlon tower, the amount of
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Tabl e 4 Change in Concentration of Each Inpurity 15 at Adsorption Tower

Qutl et (Conparative Exanple 1) Change in Concentration of Each Inpurity
Time Pass€t §%pm by mass) (H) CFC 115 FC- 1216 CFC 12 CFC-1B3WHERQO22
Sanple fed 700 200 10 2 110 139 0000 5487 0540 10 700 0 10 15 5
~ Tabl e 5 Renpval Anount of FC-1216 Renoval Anpunt of FC- 1216 (ng) Exanple 1
400 Conparative Exanple 1 210 31 SF-814 16 June 2005 [ Conparative Exanpl es
"2 to 41 Tests were perfornmed under the same conditions as in Exanples 1 to

L to o e i) s Hgen S R bR 14 FRCEFEI00% by rmgs.
and Ca( OF) SE1G0 By ks ~TCBRpaTative Bxkimh &8 S PoUgh Sach |
l??kéi%‘%?%%%“‘%%@'dﬁ?ea R doh el T o RGaTATE WAR PPuor acar bon
'”pur|tyrbﬁo@@HaEbUQh%p%@E%&%t1on, 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
15 at Adsorption Tower Qutlet (Comparative Example 1)
. Change in Concentration of Each Impurity
T;?T Passed (ppm by mass) .
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 . 10 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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was detected in a concentration of 1 ppmby mass at the outlet of the
adsorption tower. 15 The change in the concentration of CFC 115 contai ned
in octafl &$8rdpdopane at the outlet of the adsorption towerl6 ahe@B02 hours
and 5 hours since the octafl uoropropane started flow ng and the renoval
amount’ of CFC- 115 are shown in Table 6. 20 The inpurity deconposi ng agent
conprising only ferric oxide (Conparative Exanples 2 and 3) could not keep
the shape and probably because of this, the break-through of CFC 115 at
the adsorption tower outlet occurred early. The deconposition reaction of

FC- 115 scarcely proceeded only 25 with al kaline earth netal conpound
anount of FC-115 was very smal | .

( Conpar at Exampl e gg and the renoval
Erom 32 §E¥§%ﬁﬂi Jin >§H@§ge?h§559 fl is seen that unless an inpurit
nmp y
deconposing a aining both ferric oxide and al kaline earth netal
ts G A T f Lt
conpound mi xed at an’ apprioprtat 8°rati'gef sthigedanererndstisnssear del y
deconposed and goqd resuld.s not be obtained in 5 the renoval of
CFC-115. Tabl'e 6 &an € in Cc?gﬁgen??alf?%lﬁga?nﬁd%‘ﬂ FondTeneroeinbet and
g
removal ali ol sGRCrklidh FachyJes! 4 Qonposition of Change in Removal
“lInpurity Deconposing Tine Passe hcent ration Amount Agent of FC 115 of
FC- (s by masghe( Hifpourity decomposing agents used were -7 -
FeOOH=100% by mass (Comparative Example 2), T-Fey03=100% by
mass (Comparative Example 3) and Ca(OH)2=1dO% by mass
(Comparative Example 4), and through each impurity
10 decomposing agent, the same octafluoropropane as in
Examples 1 to 3 was passed. The break-through was set to
the point when fluorocarbon 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 outlet 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 adsorption tower outlet occurred 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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' 0

m by mass) 115 Sanple fed 770 Exanple 1 Y -FeOOH 30 2 0 Ca(OH) 2 7
gpQOS y0 Ex;nple gnnge203 20 2 0 Ca(OH)2 80 5 600 O Example 3 Yl-FeCCH
20 2 0 Catg®w38806 5 585 0 Conparative Only adsorbent 2 1306Buae@Des
(MSC-5A)- 5.355 10 Conparative Y-FeOOH 100 2 60 Exanple 2 85 5 235 > 100
Conparative Y -Fe203 100 2 100 Exanple 3 40 5 295 Conparative Ca(OH)
2 110 Exanple 4 5 350 15 10 [Reference Exanples 1 and 2] The tests were
performed under the same conditions as in Exanple 1 except for the
deconposi tion tenperature. The 33 SF-814 16 June 2005 deconp03|t|onI )
t enper at U ias B40ts (RePRr Eheé Exampbeal) imgnd 14Q0Ce(Reference Lanpl e 2)

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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The change in concentration of CFC- 115 at the adsorption tower outlet
after 2 hours, 5 hours and 10 hours 5 since the octafluoropropane started
flowing i3Fshbhn in Table 7. As seen fromthe test resultsfuhe2a@di vity of
the inmpurity deconposing agent was not pronoted due to excessively |ow
tenperature of 2401C and probably because of this, the deconposition of
CFC- 115 did not proceed. At 10 an excessively high tenperature of 400C the
inmpurity deconposing agent itself was deconposed by the heat and the

br eak-t hr ough of C-115 at the adsorption tower outlet occurred early.
e’ bel

The removal~ ANDUHL THYE WHEE aponit 240°C niRe e botde ofxRa beehte

~Exanpl es r lLing that 15 t renmoval anount is small. Table 7
ahd e (%%%%ISPQEF%gffggﬁiﬁﬁd Tower Qutlet with respect

- Change in Concentration “Adsorption - ;
by ase) Pessel EXamaTe 1 her e SAREE iy RRF PRl S S0t cann o (2460
%8”‘3'28 ;%Ac,i(s%g%%ﬁgs?(%%% Ef%lz/eéto a71;@er77é) @o@rg’?ofz 2116gur55 gn§39058guréo 0 700
5 since the octafluoropropane started flowing is shown in
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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1. A process for purifying an octafl uoropropane, conprising the step of
contacting a crude octafl uoropropane containing inpurities with an

i mpurity deconposing agent conprising an iron oxide and anl&MKkag 2eR5 earth
metal conpound under el evated tenperature and then with an adsorbent to
substantially renove said inpurities fromsaid crude octafluoropropane. 2.
"The process for purifying an octaf!| &&PdpPopane as claimed in claim 1,
wherein said iron oxide is ferric oxide. 3. The process for purifying an
oct af l uoropropane as clainmed in claim2, wherein said ferric oxide is
y-iron -~ hydroki decogsdefandporiyviegraec oxtaeludrofhepgpnocess for purifying

' t af | | ai pred i f clai to 3, wherei id
Kl ne CHBPERE BB AT EoRbthna: | <At FORY Grie RUTBUNY LTEGVBEFTTom i ne
group copshshingngf iﬁgshﬁlgﬁiegyxdmxi@I@sm@@rgayb@é@éx@%o@ing afg@hkal ine earth

nmetal of magnesium calcium strontiumand barium 5. The process for
puri fyi ngCERT 81 AF| abr bpPBpartiasand| an npbka hinpyedvreh glietedhim 1 to 4,

uherel n saifohABUEhbY: Qg%\?ggggg%%@g@ﬂuggnaﬁa%%ﬁ%&té)n 40% by mass of

an iron oxide an rom mass of an al kal1ne earth netal
conpoundatiaseidenh thesenstaet absby ofesave sajpdir ityur decosphsemgsagent . 35
16 June 200% 6. TEf grocess for purifying octafluoropropane as clainmed in
any one OFYCFaPnEd 1t erePTWARP®in said inpurity deconposing agent is a
granul e conprising a powder of said

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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i ron oxide having an average particle size of 100 mor less and a powder
of said alkaline earth netal conpound having an average particle size of
100 mor less. 7. The process for purifying an octafl uoropr dpamee 2805
claimed in any one of clains 1 to 6, wherein said inpurity deconposing

agent is a granule having _an average particle size of 0.5 to 10 mm 8. The
process Por puPPfYrRGeER 66t aPHudbf BpRepanbahsucErar AR naanylaheedf cl ai ns

1to 7, ereL.n i dec ogt af | gor e.L$C with said
inpuritngeéggpgégngfagg%?mgtga@%egbeggégggﬁo?éggogﬁ%ég%g . 9. The process
for purifigcngraniogt afjbuor bprapanenate cbapneding anyowder oftfcbaids 1 to 8,
wherein said adsorbent is at |east one nenber selected fromthe group
consi st i h§OBf OXAEE| DAV eBIcARDBRST ABE cBal B CAE eFEZAnAL nbP @chin ap ¥ s1e%$ ng

bon. h £yl t : | red
any one 1o araioroch, “arerark 1ARG ETeRR Aoty e PRRDRERE AR AT

said i npHikthgs pAr8Ncagpynte0br 100t @m1or00Osppm by mass. 11. The process
for purifying an octafluoropropane as clained in claim10, wherein said

inmpurity is at |east one conpound selected fromthe group consisting of

chl or opesnt af |- 0 I pene orotrifl uoronet hane,

G ohl oo {1 ubESnEFRaREs anit Teht D OE PP EEr st hare e e S Re. 2005 12.

The processifed purahyi age anf octafhsior ops opaneh@Bein 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 claim11l, wherein after the inpurities are substantially
renoved, the concentration of inpurities remaining in the

oct afl uoropropane is less than 1 ppmby nmass. 13. A procesdb6flonegfepari ng
an oct afl uoropropane, conprising the steps of producing a crude

oct af | uorgpropane containing inpurities, and contacting said crude
octafluoﬂgprogaﬁepﬁPFﬁséanﬁpﬁFF%?YH@@oﬁﬁo@?ﬁ@fh@@ﬁ@PrQBﬁﬁ?i%an an iron

oxi de and,aingbkahi Aeagar i, Mehake i foapeupd: HOOBK L evaledatenper ature and

then with an adsorbent to obtalin an octafl uoropropane from whic

i mpuritiesbatentubdlgntembvydy enbeedonddnt TakipnogEssmporipiepari ng an
~octafl uoropropane as lained_ in claim113, wherein the step of producing an
oot af | Uof SUPORANE LONEAF PGS F MORFPRFERATS HOr1S0ri HAERoh BPM BY

hexaf | uongpeopene. 15. The process for preparing an octafl uoropropane as

claimed in claim13 or 14, wherein said inpurity is at |east one conpound
sel ected fromthe group consisting of chloropentafluoroethane,

hexaf | uo§ epr ogepe I tri a i i or onet hane and
chIorodi??Uoron@tﬂ%ﬁgg ?%? é%éé%?gﬁgﬁégoggg%g%%g%ﬁég?%%%%b by the process
accor di ngompritsang dhersi8ps whi chreont fhasa | essdé hant Hf DOOASHroyamass of a
chl ori ne coggound and hayiqg a urit%%of 99. 9999% by nmass or nore. 37 16
June 200897 %% ANY Q8RS T ?ngg"f“ﬂec AFFIRY 0Pt bpane e ai med in clai m

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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16. 18. An etching gas conprising the gas clained in claim1l7. 19. A

cl eaning gas conprising the gas clainmed in claim17. 38 ABSTRACT Axgrocess
for purifying octafluoropropane according to the present ii6elnegho
conprises the step of contacting a crude octafl uoropropane containi ng
inpuritiﬁ§ wth an inpurit deconposin? agent under el eyated, tenperature
and then'witf HA%adS8PheRt "Eot8GhSCRALLUPTGPFERBUR FhRIMPHPLRI E183™f r om
t he crude oct akl uoropropane. According to the purification process or
preparation process of octafluoropropane of the present invention, the
inmpurities such as chlorine conpounds can be substantially renoved and a
hi gh- purkty ogta F QR n .he _easily _obtained. The .
octafluo?%ﬁro%énékgggggngggbgoﬁﬁglQﬁﬂ i?%%a ?%nc%?%%%%sl%fC%ﬁ%mp}gSent
invention is substantially free of inpurities and therefore, can be used
as an etching_or_cleaning gas for use in the production  process of a
Seni condlit or PABYFRE- BdIE RCPRRELS NG the gal Claimed in'Claim 17.
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