Title: PROCESS FOR PURI FYI NG OCTAFLUOROCYCLOBUTANE, PROCESS FOR PREPARI NG
THE SAME, AND USE THEREOF Abstract: A process for purifying _

oct af | uorocycl obut ane according to the present invention is ThiwgePe? zed
by contacting a crude octafluorocycl obutane containing inpurities with an
impurity deoonpssasing agent under el evated tenperature angci/mepoyud h an
adsorbent to substantially renove the inpurities fromthe crude

oct af | uorocycl obut ane. According to the purification process or
preparation process of octafluorocycl obutane of the present invention, the
impurities such as fluorocarbon canpeecrupsi@ntially C renoved and a

hi gh-purity octafl uorocycl obutane can be easily obtained. The

oct af | uorocycl obut ane obtained by the purification process of the present
invention is substantlallé free of inmpurities and therefore, can be used as
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Technical Field
The present invention relates to a process for
15 purifying an octafluorocyclobutane, a process for preparing
a high-purity octafluorocyclobutane, a high-purity

octafluorocyclobutane, and uses therecf.

Background Art

20 . Heretofore, in the process of producing semiconductor
devices, a gas.etching for partially removing a thianilm
material is performed for forming a circult pattern which
constitutes a éemiconducﬁor circuit. At the same tine,
removal of deposits using a cleaning gas is performed to

25 remove a thin-film starting material deposited to the
inside of a reactor during the thin film formation. One ofr

useful etching or cleaning gases conventional for the



devices, a gas etching.for partially renoving a thin-film nmaterial is
performed for formng a circuit pattern which constitutes aﬁsgm,%ﬁguctor
circuit. At the same tine, renoval of deposits using a cleaning’gas is
performed to 25 renove a thin-filmstarting material deposited to the
inside of wom@asdsey during the thin filmformation. One efrymseiiyd et ching
or cleaning gases conventional for the 1 11 July 2005 WD 02/055458

PCT/ JP02/ 00148 production process of a sem conductor device is octafl uoro-
cycl obutane (hereinafter referred to as "FC-C318"). On the other hand, to

keep up W t hpikeeastibenglensdss todwar deil ghedudesd aldmree i ssoat i Erustde,

hi gher density 5 wring of electrical or electronic equipnent, the circuit
patterns arechetonibgnéi ferreimdftprordéerted flor msaa "MICgHEA8" pr eci si on :
circuit pattern bg etching, use of a high-purity etching gas from which
inpurities are el PR hA¢etthar MigR a8 pBeRi BP &' derende8SnI®eAY an et chi ng

t ai 10 | it | | t, thi ti
O o Tar g, WOHERY) PG G B P Nt DI b2 RYOBAEL PR Taha | nor case

of defects ip;the,psedied hawng,2 Qw&r&?féiéc}ﬁcj{p%ﬁ@takﬁg SlEGQHL - Also

in the process of "renoving adeposits using a 15 eani ng gas, residual

impurities ipatherps oSt hetbningCester Mn@ SerMRuet gbrdeyigryaiter

cl eani ng must be reduced as nuch as possible so as to provide a

hi gh-purity andchsgbn cuaduitty pdétece. bFortehhisy,purseosé, aahhylgtpypuitist y
cleaning gas containing substantially no inpurity is demanded. 20 Wth
respect to tRECHIRAUERT oF P Eds8 PPty are €liminated as much as

possible is demanded. When an etching gas contains an
10 impurity even a 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 a high
density lntegrated circuit.
Also in the process of removing adeposits using a
15 cleaning gas, residual impurities in the production process
of a semiconductor device after cleaning must be reduced as
much as possible s0 as to provide a high-purity and high-
quality device. For this purpose, a high-purity cleaning
gas containing substantially no impurity is demanded.
20 With respect to the production process of FC-C318,
for example, a method of purifying FC-C318 obtained as a
by-product in the production of tetrafluoroethylene
(hereinafter sometimes referred to as "FC-1114") or
hexafluoropropene (hereinafter sometimes referred to as
25 "FC~1216") is known.
However, these FC-1114 and FC-1216 each is produced

by thermally decomposing chlorodifluoromethane {(hereinafter



for exanple, a nethod of purifying FC-C318 obtained as a by-product in the
production of tetrafluoroethylene (hereinafter sonetines re;f_fz‘rjﬁ ckobg as
"FC-1114") or hexafl uoropropene (hereinafter sonetinmes referred”to as 25
"FC-1216") is known. However, these FC-1114 and FC- 1216 each is produced
by t her malwo dessasposi ng chl or odi fl uor onet hane (her ei naf p@FypoZockds Jul y 2005
WO 02/ 055458 PCT/ JP02/ 00148 sonetinmes referred to as "HCFC 22") as

descri bed, for exanple, in EP4517 3 a 9 and nany ki nds of substances are
produced by this thermal deconposition. The reaction product also contains
unr eact ed HCEGma@Rimesl wefiurrehl abi e SHCPIHAD'T) G cerpeunds, fdwe boiling

poi nts -of FC-C318 and respective conpounds contained as inpurities after
the thermal edeuRhposin iFRH 337 9BCREH 2Ramy ekiglioweLi yubabkecds sAmong t hese,

FC- 1114 and FC-1216 as objective products and unreacted 10 HCFC-22 can be
nost |y separ BFeEUERA s ttifsattiherma Hodeeimosditionof | T deadbans,

particularly,_ 2-chlaoro- 1,1,1,.2.3.3 3-he or,gpropane (hereinafter '
S OMeti-mes I’%f%clili’l%d ﬁlosoasdq 651519%5@31,% %F@rg_%l?ﬁ},zrpﬁl} ,03'1,1:?}11’18" e e e

hept af | uoy opLORANE (PP RinpRfEL . sSometimes referred to as 15 "CFC 217ca"),
2-chloro-1,1,1,2-tetrafl uoroethane (hereinafter sonetines referred to as

"HCFC-124"), 1- clhomrillihg pdinekrafl eorarishane hepetnafd er someti nes
referred to as "HCFC- 124a"), 1,2-dichlorotetrafluoroethane (hereinafter
soneti mes refenp@iidso canta@Redl 34" JmpRG-tiREG after the thermal

decomposition of HCFC-22 are shown in Table 1. BAmong these,
FC-1114 and FC-1216 as objective products and unreacted
10 HCFC-22 can be mostly separatedlby distillation.

However, chlorofluorocarbons, particularly, 2-chloro-
1,1,1,2,3,3,3-heptafluorcpropane (hereinafter sometimes
referred to as "CFC-217ha"), l-chloro-1,1,2,2,3,3,3-
heptafluoropropane (hereinafter sometimes referred to as

15 "CFC-217¢ca"™), 2-chloro-1,1,1,2-tetrafluorocethane
(hereinafter sometimes referred to as "HCFC-124"), 1-
chloro-1,1,2,2-tetrafluorcethane (hereinafter sometimes
referred to as "HCFC~124a"), 1,2-dichlcrotetrafluoroethane
(hereinafter sometimes referred to as "CFC-114"), FC-1216

20 and l1H-heptafluoropropane (hereinafter referred to as "HFC-
2277ca"), have a boiling point close to the boiling point of
FC-C318 and therefore, FC~C318 having an impurity
concentration of 1 ppm by mass or less can be hardly

obtained through separation by distillation.



20 and 1H hept afl uoropropane (hereinafter referred to as "HFC 227ca"),
have a boiling point close to the boiling point of FC C318 ﬂﬁ?ulé{%hgfore,
FC-C318 having an inmpurity concentration of 1 ppm by mass or T'ess can be
hardly obtained through separation by distillation. 3 11 July 2005 WD
02/ 055458 ROl24558¢ 00148 Table 1 Structural Boiling Conpopndzdase For mul a
Point (C) OCctafluorocycl obutane (FC C318) c- CF2CF2CF2CF2- -6

Chl or odi f | uor onet hane (HCFC-22) CHCLF2 -41 Hexafl uoropropene (FC- 1216)
CF3CF=CF2 -31 2-Chloro-1,1,1,2,3,3,3- CF3CCLFCF3 -2 heptafl uoropropane
(CFC-217ba) 1-Chloro-1,1,2,2,3,3,3- CChb2eF2CF3 -2 to -1

hept af | uor opr opane (CFC-217ca) 2-Chloro-1,1,1,2- CF3CHCIF -12

tetrafl uoroethane (HCEC-124) 1-Chloro-1,1,2,2- Ccl F2CHF2 -10.2

tetrafl uorogt hane (HCFC-124a) | H- Heptafl uoropfopane CHF2CF2EE3ind9
(HFC- 227ca) |Totwbuetl wamd et r af | uor oet hane Cc%t [EFal3 8| ppCRE 114)
Therefore, g4 purification nethod other than { &g epar at if gpc py
At oo SUGT B BTl Y8 (e L5 8] Ok LRI 18
Chlorodifluoromethane (HCFC-22) CHC1F, -4
Hexafluoropropene (FC-1216) CF3;CF=CF; T-31
2-Chloro-1,1,1,2,3,3,3~ CF3CC1FCE; -2
heptafluoropropane (CFC-217ba)
1-Chloro-1,1,2,2,3,3,3- CClF3CFaCFy -2 to -1
heptafiuoropropane {({CFC-217ca)
2-Chloro-1,1,1,2- CF3CHCLF ~-12
tetrafluoroethane (HCEFC-124)
i-Chlero-1,1,2,2~ CC1F,CHF, ~-10.2
tetrafluorcethane (HCFC-124a)
1H~Heptafluoropropane CHF,CF,CF3 ~19
(HFC-227ca)
1,2-Dichlorotetrafluorcethanes CClF.CCLF, -3.8
(CFC-114)

Therefore, a purification method other than the
5 separation by distillation, such as extractive distillation,

membrane separation and adsorption separation, is being
attempted.

" However, the extractive distillation method has a
problem in that the equipment costs highly and the process

10 is cumbersome. The membrane separation method has a

problem in that an appropriate and practical membrane
having properties necessary for separating FC-C318 from
impurities is not known, and purification to high purity,

for example, such that the content of impurities in FC-C318



attenpted. However, the extractive distillation nethod-has a problemin-
that the equi pnent costs -highly and the process 10 is cunbe{f3m§2 age
menbrane separation nethod has a problemin that an appropriate ng
practical nmenbrane - having properties necessary for separating FC C318
from i npumidadzesssss not known, and purification to high porigogiooiss or
exanpl e, such that the content of inpurities in FC-C318 4 11 July 2005 WO
02/ 055458 PCT/ JP02/00148 is 1 ppmby mass or less, is difficult. Also, as
shown in Table 2, there is alnost no difference in the nolecul ar size
(cal cul at ed vial Gepah bgtudsse ost Atesst Lacduf£)cgt.ween FC- C318 and the
inpurity 5 conpounds, there is in% a small difference in the boiling
poi nt bet ween FC- 8338/ add Shayir ity Té8hBodndshese dés@lmped nabove, and

FC-C318 and i rities are approximated in the . structure and physical
properties. ?HEESfSP%? E%gﬁ%hg?gﬁcggﬁrF%}%%lgxﬁfﬁhﬁﬁﬁﬁuyﬁ}Vec% ounds to
obtain a hi gRLARAL! ¥l Bex@ il eqnphe,0a) dho-AilabRadrhY Boafspypti on
silica ge$,, céﬁt?bhh@s,( ncaeuliar o5 @vesimand dodecehat 18 eNé nlgof@:{rhfn
(hereinafter referred to as "MSC'). 15 Table 2 Conpound Nane Mol ecul ar Size

(cal cul at ed palioe) beGrteaf [FGoC3EH c hoBuiamer {HC-@BDS)nBs2at0dSs8ribed

2-Chloro-1,1,1, 2,3, 3, 3-Hept af | uoropropane 4.0 to 6.2 A (CFC 217ba)
above, and FC-C318 and impurities are approximated in the

structure and physical properties. Therefore, separation
of FC-C318 from impurity compounds to obtain a high-purity
10 FC-C318 can be hardly attained by an adsorption separation
method using a known adsorbent such as activated carbon,
silica gel, zeoclite (molecular sieves) and molecular

sieving carbon (hereinafter referred to as "MSCY).

15 | Table 2
Molecular Size

Compound Name {calculated wvalue)
Octafluorocyclobutane (FC-C318) 5.2 to 5.8 &
2-Chloro-1,1,1,2,3,3,3-Heptafluoropropane {4.0 to 6.2 A
(CFC~217ba) .
1—Chlofo—1,1,2,2,3,3,3~Heptafluoropropane 3.9 to 6.1 A
(CFC~217ca) .
2—Chloro~1,1,1,2?tetrafluoroethane - 4.3 to 5.6 A
(HCFC-124})
1-Chloro-1,1,2,2~tetrafluoroethane 4.3 to 5.6 A
{HCFC-124a)
1,2-Dichlorotetrafluoroethane (CFC-114) 4.8 to 5.6 A
Hexafluoropropene (FC-1216) 4.9 to 5.9 A
1H-Heptafluoropropane (HFC-227ca) , 4.3 to 6.2 A




1-Chloro-1, 1, 2,2, 3, 3, 3-Heptaf luoropropane 3.9 to 6.1 A (CFC 217ca)
2-Chloro-1,1,1,2-tetrafl uoroethane 4.3 to 5.6 A (HCFC- 124) 11 July 2005
1-Chloro-1,1,2,2-tetrafl uoroethane 4.3 to. 5.6 A (HCFC- 124a)
1,2-Dichlorotetrafl uoroethane (CFC-114) 4.8 to 5.6 A Hexafl uoropropene
(FC- 1216) wo920%3493. 9 A 1H Hept afl uoropropane (HFC- 227capcdéardrdaqd- 2 A Db
11 July 2005 WD 02/055458 PCT/JP02/ 00148 Anpbng these, activated carbon is
effective to adsorb and thereby renove FC- 1216, which is one of
inmpurities, but all other inpurities including chlorine conmpounds cannot
be 5 separated. Accordingly, in conventional purification nmethods, it 1is
difficult to obtain FC-C318 reduced in the concentration of fluorocarbon
i npurities, partifing [YheCRC- 2¢tbrated darhspmily effisstbre [tesadstIrbAs a
result of extepsive investigations to solve ,these problens, the present

i nventors h ARG h EERRRENTC el oisty d6r 68§ cPbbhititd tdest abritng

“agent contarhhg B AIRUa e e i G e ha e w Y Fstebipdtnd and
then with ansaglsqrent, these inpurities can be substantially removed with
ease. More specifically, the present inventors have found a purification
process of FC C3E:comiengllkC- €8 18owwstitaiotialg pul-k B0eoeash o iHEay, i tiites such
as CFC-217ba, CFC- 217ca, HCFC
is difficult to obtain FC-C318 reduced in the concentration
of fluorocarbon impurities, particularly CFC-217ba, to 1
ppm by mass or less.
10 As a result of extensive investigations to solve
these problems, the present inventors have found that when
crudeloctafluorocyclobutane containing impurities such as
fluorocarbon is contacted with an impurity decomposing
agent containing an iron oxide and an alkaline earth metal
15 compound and then with an adsorbent, these impurities can
be substantially removed with ease.

More specifically, the present inventors have found a
purification process of FC-C318, where FC-C318 containing
fluorocarbon impurities such as CFC-217ba, CFC-217ca, HCFC-

20 124, HCFC-124a, CFC-114, FC-1216 and HFC-227ca,

| particulariy CFC-217ba, in a concentration of 10 to 10,000
ppm by mass is contacted with an impurity decomposing agent
and further with an adsorbent and thereby these impurities

can be reduced to less than 1 ppm by mass. The present

25 dinvention has been accomplished based on this finding.



20 124, HCFC- 124a, CFC-114, FC- 1216 and HFC-227ca, particularly CFC 217ba,
in a concentration of 10 to 10,000 ppmby nass is contacted1%AHh23E

i mpurity deconposing agent and further with an adsorbent and f% re ? t hese
inmpurities can be reduced to less than 1 ppm by nass. The present 25

i nvent i oMOKA855KBen acconpl i shed based on this findi ng. PCEIAAOIYEY 2005 WO
02/ 055458 PCT/ JP02/ 00148 (nj ect of the Invention An object of the present
invention is to solve the above-described problens in conventional

techni ques and provide a process for purifying an octafl uorocycl obut ane,
where inpurities can be substantially renoved froma crude

oct af | uorocycl obut ane cqontaini,ng i npurities. Mdre specifically, an another
obj ect of ?%é?%ﬁéggﬁgeiﬁPgﬁpﬁéﬁgis to provide a purification process
capabl e of eff%ﬁ%'&bléﬁt %&”R,FggrggéhglfﬁﬁénEMynPQsh%% Sﬁged£$%LCU|t to

remove by conventional puri tion processes, and reducing
i mpuri ti esalseked RS ki BRHOBROBABME 01 h €SS AN ohalPHEBYNMBSSs And Urt her

oct af | uor ceywtisglkuttapeocesesnppirspngi fhimakovectestubbedyplwhhiaat,i on st eps,
and al so provide a high-purity octafl uorocycl obutane and uses thereof.
Summary of "Révee peEiiteas| Faa g?r%?b%ﬁﬂﬂﬁﬂﬁlhyhéeﬁﬁﬁéés§I@%rap@W#*Wing an
octafluorog §Q Qyt%ne 3c§o%ding to, the resent.%nvent%gn conprises the
step of coRtacting &YErG8 88 afPlb? bty SBREAAE Eont™&1 45 ng i mpuri ti es

with an imﬁ%&h&ﬁc@§§9quﬁiQﬁoéﬂgﬁtobject of the present invention is

to provide a purification process capable of effectively
femdving C¥rC-217ba, which has been difficult to remove by
conventional purification processes, and reducing the
impurities such as fluorocarbon to less than 1 ppm by mass.
A further object of the present invention is to
provide a process for preparing an octafluorocyclobutane,
comprising the above-—described purification steps, and also
provide a high-purity octafluorccyclobutane and uses

thereof.

Summary of the Invention

In a first aspect, the prccess for purifying an
octafluorocyclobutane according to the present invention
comprises the step of contacting a crude octaflucrocyclcobutane
containing impurities with an impurity decompeosing agent
comprising an iron oxide and an alkaline earth metal compound
under elevated temperature and then with an adsorbent to
substantially remove the impurities from the crude

octafluorocyclobutane.



conprising an iron oxide and an al kaline earth netal compound under

el evated tenperature and then with an adsorbent to substanttﬁlhé Bg ve
the inmpurities fromthe crude octafluorocyclobutane. 7 11 J 6

02/ 055458 PCT/JP02/ 00148 The iron oxide is preferably a ferric oxide. The
ferric owdoexdsssspreferably a T -iron hydroxi de oxi de angfi@yeozéidg -ferric
oxide. 5 The alkaline earth neal conpound is preferably at |east one
conmpound sel ected fromthe group consisting of oxides, hydroxides and
carbonates of an alkaline earth netal of magnesium calcium strontium.or
barium The inpurity deconposi ng agent preferably contains 10 from5 to
40% by mass of an iron oxide and from60 to 95% by mass of an al kali ne
earth netal confbendrobasetion s hrelfenbbly antsroic thweidepulhey deconposi ng
agent. The Jinpuyrity, deconposing agent is preferably a granule conprising a
powder of fﬁrrrFSnof\g%‘ii%el%éW TAP Y5 aaderid@® paFLPEide sprdefandrpm or

| ess and a pqquH:%L %@1 alkallne earth netal having an average particle

~size-of 100 'mor Tess] ?ﬁe i mpurity deconposi ng-agent-i s preferably-a-

granul eshaving apcay kR0t AL &edi1ZEofbodn? SO%JIQ? fhe crude
octafluorocyclobu?ane is preferably con?a%?ed v%t é??ﬁ%& |ty deconposi ng

agent at 23@&stoond88&mpolhrl addeikent fi-ompriad efaily cﬁnd:.%&i’hgoﬂﬁ menber
selected fromthe group consisting of activated carbon,
oxides, hydroxides and carbonates of an alkaline earth
metal of magnesium, calcium, strontium or barium.
The impurity decomposing agent preferably contains
10 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 the impurity decomposing agent.
. The impurity decomposing agent is preferably a
graﬁule comprising a powder of an iron oxide having an
15 average particle size of 100 pm or less and a powder of an
alkaline earth metal having an average particle size of 100
pm or less.
The impurity decomposing agent is preferably a
granule having an average particle size of 0.5 to 10 mm.
20 | The crude octafluorocyclobutane is preferably
contacted with the-impﬁrity decomposing agent at 250°C to
380eC.
The adsorbent is preferably at least one member
selected from the group consisting of activated carbon,
25 molecular sieving carbon and activated coal.

The activated coal is preferably an activated coal

cbtained by a process comprising the steps of washing



25 nol ecul ar sieving carbon and activated coal. The activated coal is
preferably an activated coal obtained by a process conpri Si]llg t*ﬁem%;r;eps of
washing 8 11 July 2005 WO 02/055458 PCT/ JP02/ 00148 ori gi nal 8!53{ W th an
acid and water (step 1), heating the original coal at 50 to 250C in an
i nert gas wiree@ssssso deoxi di ze and/ or dehydrate the ori gra@iponeats (step 2),
heating the original coal at 500 to 700C in an inert gas 5 streamto
re-carboni zing the original coal (step 3), and heating the original coal
at 700 to 900C in a m xed gas streamcontaining an inert gas, carbon
di oxi de and steégiméd cexl iwddte anhecadi ghdabaicoal (stebep) 4) hediienpritg nal
coal is preferably obtained by 10 carbonizing at | east one nenber sel ected
fromthe gro@pigénpatiedh@toS0cseorbPGHE lancdabrt coas stotleacdal and tar

at 400 to 600C. The acid is preferably a mneral acid

pitch under Qeatl&g)
and has an aBfg*igbheetd/ &N Sebsfrprer Bhamsidingh ord (5% Hol /n8. 15 The

acid i pref gLably il oghlarg aeld apdkes coubei S agt do A Lhe transfer

preferably hgatesnt e 50 car®ohA9¢nat +BO0: 105 30QCLRE1 1 P Bl ifIer t;,gAs stream

20 At the transfer fromthe step 3'to the step 4, the original coal from
the step 3 iBeptifigraid yorliedhad t6aZ08t 100 HNG0atc 10 4 @miz@ACLAE in an
inert gas stream The m xed gas. preferably contains from50 to 89% by
vol ume of indkregyasconiaaminrg s 309 bydaad wasrboh daekbde and steam to

activate the original coal (step 4).
The original coal is preferably obtained by

10 carbonizing at least one member selected from the group
consisting of coconut—shell coal, coal, charcoal and tar
pitch‘under heating at 400 to 600°C.

The acid is preferably a mineral acid and has an acid
cdncentration of preferably from 1 to 1,000 mol/m’.

15 The acid is preferably hydrochloric acid and/or
‘sulfuric acid.

At the transfer from the step 2 to the step 3, the
original coal from the step 2 is preferably heated to 500
to 700°C at 300 to 5300°C/hr in an inert gas stream.

20 At the transfer from the step 3 to the step 4, the
original coal from the step 3 is preferably heated to 700
to 800°C at 100 to 200°C/hr in an inert gas stream.

The mixed gas preferably contains from 50 to 89% by
volume of inert gas, from 10 to 30% by volume of carbon

25 dioxide and from 1 to 20% by volume of steam, based on the
entire volume of the mixed gas.

After the step 4, the activated coal from the step 4



25 dioxide and from1l to 20% by vol une of steam based on the entire
volume of the mxed gas. After the step 4, the activated coa+ froq&%?e step
4 9 11 July 2005 WD 02/ 055458 PCT/JP02/ 00148 is cooled to b3ty
tenperature preferably at 200 to 300aC hr in an inert gas stream The

i odi ne aflg@ssik@n quantity of the activated coal is ppefgp@hbyisfrom 700 to
1,000 ng/g. 5 The total content of alkali netals contained in the

activated coal is preferably 1,000 ppmor less. The alkali netal is
preferably potassiumand the total content of potassiumcontained in the

activated £9abrefsr4M16f ecabby 680 PPN Qmd&STurk) atheoor Hge300.c/hr
oct af | uorocycl obut ane preferably contains the inpurities in an anmount of

10 to 10, 00O ppnidprtrgss. stTeami npurity is preferably at |east one
fluorocarbon selected fromthe group consisting of 2-chloro

1,1, 1, 2, 3, 3, 3- hEpt af1eroprEpaRElON - @ g-y off b 3cgigateg coal

hept af | uor opr o e -chl oro- 2,2-tetraf] uoroet hane, 1-
Ch|oro‘1,13;§,&‘?%afgetfra£%|yugf8@t%i%éo 11,ré10(39 & ..&9.0_,.1..,..1.,..2.,. 2--t-et-rafl-uor-oet-hane -
hexafl uor opr opejig, afl o eDhard Mol OnOPaNG:. /Af Lk LOR.LMPHT LhLES are

substantially renove e 20 concentration of inpurities remarning in the
oct af | uor cacicinedteui-ane is preferanly 1l,es® than ok peasby mass. In a second

aspect, the process for preparing an octafluorocycl obutane according to
t he present invimw iadkali metal is preferably potassium and the
total content of potassium contained in the activated coal
is preferably 566 ppm or less.
10 | The crude octafluorocyclobutane preferably contains
the impurities in an amount of 10 to 10,000 ppm by mass.
Thg impurity is preferably at least one fluorocarbon
selected from the group consisting of 2-chloro-
1,1,1,2,3,3,3-heptafluoropropane, i-chloroe-1,1,2,2,3,3,3~
- 15 heptafluoropropane, 1l-chloro-1,2,2,2-tetrafluorocethane, 1-
chloro-1,1,2,2-tetrafluorcethane, 1,2-dichloro-1,1,2,2-
tetrafluorcethane, hexafluoropropene and 1H-
heptafluoropropane.
After the impurities are substantially removed, the
20 concentration of impurities remaining in the octafluoro-

cyclobutane is preferably less than 1 ppm by mass.

In a secoﬁd aspect, the process for preparing an
octafluorocyclobutane according to the present invention
comprises the steps of producing a crude octafluorocyclobutane
containing impurities, and contacting the crude

25 octafluorocyclobutane 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

10



heptaflquBBPBBé
~chloro-1,1, 2, 3-tetrafl uoraethan 1, 2-dichloro-1,1, 2, 2- tetrafluoroethane,
EI[ .?t % E 3 §'d§ %ﬁp%]ae%ua?%og&ogs e !L cgloto .I?, 3,2,2

conprises the steps of producing a crude octafl uorocycl obutane contai ning

inpurities, and contacting the crude 25 octafl uorocycl obutane with an
i mpurity deconposi ng agent conprising an iron oxide and an L RulyiZQ85car t h
met al compound under el evated tenperature and then with an adsorbent to
obt ai n M0 tZes3¢dsy 2005 WO 02/ 055458 PCT/ JP02/ 00148 anPCT/aPoz/00148
oct af | uorocycl obutane fromwhich inpurities are substantially renoved. The
step of producing a crude octafluorocycl obutane containing inpurities may
be-the thermal deconposition of 5 chlorodifluoronethane. Al so, the
i npurity.ien @cthédsproneciohwratarbmm séliedt édphiromieéheagr oup consi sting of
2- chloro-1,1,1, 2,3, 3, 3- hept af | uor opr opane, 1-chl oro-
1,1, 2,2, 35303 RBHE AL FUOFIPPBANe, 1-chloro-1,2, 2, 2- tetrafl uoroet hane,
l-chloro-1,1,2 -tg%raflgoroe hane

te u

1,2 10
di chl oro-1, 1, 2.°2% 8t FRf PloP bRt A he&RAuSFSprbpehacptrutane

1H hept af |40k QREORGNEnpih P 81 d DI A, 3RP]EL thggmgat&é%& CHC] Qbytane

accordlng to the - present Inventl on-1-S- Charact ert-zee - b Contal Al ng | QGG i

t han 0500@:h%0rbyi MBESraficithdddlor a6abhoBhé Mt £t ands haviiegsa pHeity of 15
99. 9999% by mass or nore. The fluorocarbon is at | east one fluorocarbon
sel ect ed fflomrphergeoupe borsidtimgn ¢he2gchbpr gensisting of 2-
1,1,1, 2,3, 3,3-heptaf| uoropropane, 1-chloro-1,1, 2,2, 3, 3, 3-
ﬁe}r h-entot 'of‘fl,egt?,f’}-utoéf’PéPP%? oet HEMERror 20

hexaf | uor opr6péne™ an roparie.
tetrafluoroethane, 1wchloro—1,l,2,2—tet;a£luoroethane, 1,2-

10 dichloro-1,1,2,2«tetrafluoroethane, hexafluocropropene and
1H-heptafliuoropropane.

Ir a third aspect, the octafluorocyciobutane according to the

present invention is characterized by contalning less than 0.0001%

by mass of a fluorocarbon impurity and having a purity of
15 99.9999% by mass or more.

The fluorocarbon is at least one fluorocarbon
selected froﬁ the group consisting of 2-chloro-
1,1,1,2,3,3;3fheptaf1uor0propaﬁe, i-chloro-~1,1,2,2,3,3,3-
heptafluoropropane, l-chloro-1,2,2,2-tetrafluoroethane, 1-

20 chlor0~1,1,2,2*tetrafluoroethane, 1,2~dichloro¥1,1,2,2—
tetrafilucroethane, hexafluoropropene and 1H-

heptafluoropropane.

.In a fourth aspect, the gas accofding‘to the present
invention is characterized by comprising the above-described
95 octafluorocyclobutane.

In a fifth aspect, the etching gas according to the
present invention is characterized by comprising the above-

described gas.

11



In a fourth aspect, the gas according to the present invention is
characterized by conprising the above-described 25 octafluosfﬁécl%ggtane.
In a fifth aspect, the etching gas according to the present k08N i s
characterized by conprising the above- described gas. 11 11 July 2005 WO
02/ 0554380PEAF33PB02/ 00148 In a sixth aspect, the cl eani rRgrgaw/oacgordi ng to
the present invention is characterized by conprising the above- descri bed
gas. Detailed Description of the Invention 5 [Process for Purifying

Cct af | uorocycl obutane] The process for purifying an octafl uorocycl obut ane
according to tHe pressht 450¢eht | b colfiriisgsIthesregiod tedicacting a
crude oct gfluQrecy gt aULANEs CONAIRHeRd 2 e b PHIAAL8Ss Wd @ abBPuL ity
deconposi ng agent under 10 el evated tenperature (heating) and then with an
adsor bent dessrdbbst@titi ally renove the inpurities fromthe crude

oct af | uorocycl obutane. This purification process is described belowin

~detail. Thatonude RekatLuosocye! phutanainas,used in the 15 present

not pasSsed throudPracpusi Foecabiohfgiep.octAflaocrvhec]subsiwafially renove”

as used herein neans that absolutely no inpurities or alnost no inpurities

are pontainedﬂ*@pFﬁﬁﬁﬁﬁﬁt§oEb@@ﬁ% g Fyemttaiduphecpeeslentanavent i on, an

I mpurity %E%gggg%bn%o the present invention comprises the step of
contactiné a crude octafluorocyclobutane containing
impurities with an impuritly decomposing agent under

10 elevated temperature (heatiﬁg) and then with an adsorbent
to substantially remove the impurities from the crude
octafluorocyclobutané- This purificétion process is
describéd below in detail.

The "crude octafluorocyclobutane” as used in the

,15-_ present invention means an octafluorocyclobutane containing
impurities, which is not passed through a purification step.
Also, the "sﬁbstantially remove" as used.herein means that
absolutely no impurities or almost no impurities are

contained.

20 Impurity Decomposing Agent

In the present invention, an impurity decomposing
agent comprising an iron oxide and an alkaline earth metal
compound is preferably used.

Examples of the iron oxide include ferrous oxide and

25 ferric oxide. BAmong these, ferric oxide is preferred.
Among férric oxides, T-FeOOH (7-iron hydroxide oxide) and

T —-Fe03 (T -ferric oxide) are preferred, and 7 -FeOQOH is

12



agent conprising an iron oxide and an alkaline earth netal conpound is
preferably used. Exanples of the iron oxide include ferrous ‘?? dI 2@&%
ferric oxide. Anong these, ferric oxide is preferred. Anong dly Xi des
7 -FeOOH (T-iron hydroxide oxide) and 7 -Fe203 (T-ferric oxide) are
preferregoay 54Z8 FeOOH is 12 11 July 2005 WO 02/055438. W&HQZI 00148
nore preferre These iron oxides can be used indivi duaIIy or i1n
conbination of a plurality of iron oxides. The reason why 7 -FeOOH and
T-Fe203 are preferred as 5 conpared with a,-Fe203 is considered to have
relation tg.the,-@ediNidy of iron oxide. The Y -FeOOH and Y -Fe203 are

hi gher in the react|V|ty and the activity with chlorine conmpound is in
the order of Y-Fr&EH roretidies aaheHuzEE203d D% dralig2@32. ikhis di fference
in the activity with chlorine 10 conpound is presunmed because the bonding
ener gy bet weshiaatign orf & qrhvrsd idy oXygeon av:oides the 7- FeOOH or 7- Fe203
is lower than that in a -FeOOH. The al kaline earth netal conpound for use

~i-n-the-present TheEsA5Y9h Yy p7|? éF%(P%p)pqi ?ﬁ-y%?gé)m fEe. %_lﬁa:%g@:l GBa L5

carbonage of an_a ka.l | ne l@( of tFr_ge al i ne earth netal
i ncl ude” maGREETH %a [g? rjo%t r% 5 |TJ‘?W Jtol?egé? g[‘ﬁal i ne
earth metab.co W@&'Qﬁsu&n ydiRXi @ﬁeorr%o | d640f Gal6] WRd $:gheferably
used, and 20 calcium hydroxide is nore preferred. Thése al kalll ne earth
met al conpaundse Codrdig wised dAnatichieddat 1 yioy witic @HlicRahik0Bompound
is in the oxder of 7 ~-FeQOH >7 ~Fez03 > & -FeOOH >Fex03; >> G-
Fep03. This difference in the activity with chlorine
10 compound is presumed because the bonding energy between an
iron atom and an oxvgen atom in the 7-FeOOH or 7 -Fe03 is
lower than that in ®&-FeOOH.
. The alkaline earth metal compound for use in the
present invention is preferably a hydroxide, an oxide or a
15 carbonate of an alkaline earth metal. Example of the
alkaline earth metal include magnesium, calcium, strontium
and bafium.
Among these alkaline earth metal compounds, a
hydroxide or an oxide of calcium is preferably used, and
20 calcium hydroxide is more preferred. These alkaline earth
metal compounds can be used individually or in combination
of a plurality of alkaline earth metal compounds.
The impurity decomposing agent for use in the present
invention pieferably contains the iron oxide andlthe
25 alkaline earth metal compound such that an amount of the

iron oxide is from 5 to 40% by mass, preferably from 20 to

30% by mass, and an amount of the alkaline earth metal

13



of a plurality of alkaline earth nmetal conpounds. The inpurity deconposing
agent for use in the present invention preferably contains ¥£$m%%§85OXide

and the 25 al kal'ine earth nmetal conpound such that an anount iron

oxide is from5 to 40% by mass, preferably from20 to 30% by mass, and an
amount of Hhaymkdad ine earth netal 13 11 July 2005 WO OghPRadeadas

PCT/ JP02/ 00148 conpound is from60 to 95% by nass, preferably 70 to 80% by
mass, respectively, based on the entire mass of the inpurity deconposing
agent. It is presuned that when the anounts of the iron 5 oxide and the

al kal i ne ear bBnABhAd LOMRANNECOBT 85964, ihss, N reFBUELLY FECUMRS Rg agent
fall within the above- described range,” the deconposition of inpurifies and
t he renoval maksi heeslgoanpedivt, i baspdosiucile: eamnike fbkecéfvely perfornmed as
described | ater, whereby efficient 10 purification can be perfornmed by

usi ng the champeretry stdapnpiosangr egent- the iron oxide and the al kaline earth

nmetal conpound. A shape of the inpurity deconposing agent are not

case wherge the.l.ron i,de gnd.the alkalin arth netal compound .are in the
arti oul ate PEHE e T T RGL RS, BriR Al hoePEhd e SEI R her cor
namely, Dbefepe 1RGOV RILRESE1iAY AGEH iy 10GCPAPASLRY AYSA- 1S

preferably 100 gmor |ess, nore preferably 10 pmor less, 20 still nore
preferably lasseribbebanbae. tavedagempaditiiohe ofSi@putrstpsefatcahlhy from 0. 01
to 100 Wh, nore preferably '

removal of the decomposition products can be effectively

performed as described later, whereby efficient

10 purification can be performed by using the characteristic
features of the iron oxide and the alkaline earth metal
compound.

A shape of the impurity decomposing agent are not
particularly limited but is preferably in the particulate

15 form. In the case where the iron oxide and the alkaline

~earth metal compound are in the particulate form, the
average particle size before the blending thereof, namely,
before the formation of an impurity decomposing agent, is
preferably 100 pym or less, more preferably 10 pym or less,

20 still more preferably 1 pym or less. The average particle
size is preferably from 0.0l to 100 pm, more preferably
from 0.01 to 10 pym, still more preferably from 0.01 to 1 pym.

When the average particle size of each particle of
iron oxide and alkaline earth metal compound is 100 pm or

25 less, an octafluorocyclobutane having higher purity can be

obtained as well as the purification can be efficiently

performed. This is presumed because when the iron oxide

14
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fromO0.01 to 10 m still nmore preferably from0.01 to 1 gm Wen the
average particle size of each particle of iron oxide and al Eibl @%‘ﬁ rth
nmetal compound is 100 gmor 25 |less, an octafl uorocycl obuta H 8

hi gher purity can be obtained as well as the purification can be

efficientl woq@msissg ned. This is presuned because when thedrsem/mxisde 14 11
July 2005 WO 02/055458 PCT/ JP02/00148 and the al kaline earth netal
conmpound each is a fine particle, the specific surface area thereof is
increased and the iron oxide and the alkaline earth netal conpound are
readi ly di spexdeachavigdlkaddcle ebheh, malsaln camiund tdaehbikr anfixé de and t he

al kaline earth netal conpound are increased in the area and contact chance
of the cruderancieds udtse peeobiiantuyiade t3veed mhwtecy decohposangdagent .
The concentration and the kind of inmpurities in the iron oxide and the

al kal i ne eardM! ft&ILEEOSGAE 2@ aligpling st PR nfoERe AL of ar as

the ability %}ce deecaoc{rpiosiﬂgpie?gg&!%i%. I nt ho hCerIUd%sO%.t zli,];lsu% OC{Yﬁ%ObUt ane is
notaffecte e -STape - of-ff et e et i

particul arly; ldmd.edie aRd tReA8YkSPARE e 4G B! ¥mbauA§CPPOSI Ng agent

can be used for the purification, however, the Inpurity deconposing agent
i s preferablihdrgianilia ithe bhea paid i €drecd & BhasRRCLE ehexapplies of this
granul e include pellet formand spherical form The average particle size
of the granuaadSlyprefarcdbbptinenm Dt the L0 iy deoreppsefierapeytfrom 1

to 5 mm Wen the average particle size of the granule falls,
The concentration and the kind of impurities in the

iron oxide and the alkaline earth metal compound are not

10 particularly limited insofar as the ability of decomposing
impurities in the crude octafluorocyclobutane is not
affected.

The shape of the impurity decomposing agent is not
particularly limited, and in any shape, the impurity

15 decompesing agent can be used for the purification, however,
the impurity decomposing agent is preferably a granule in
the particle form. 8pecific examples of this granule
include pellet form and spherical form. The average
particle size of the granule is preferably from 0.5 to 10

20 mm, more preferably from 1 to 5 mm.

When the average particle size of the granule falls
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

25 efficiently performed. If the average particle size of the
impurity decomposing agent exceeds 10 mm,'the surface area

participating in the adsorption and diffusion of gas is

15



wi thin the above-described range, the contact chance of the inpurities
with the inpurity deconposi ng agent increases and the deconrfji}i%a,and
"renoval of the inpurities can be 25 efficiently perfornmed. I iy gerage
particle size of the inpurity deconposi ng agent exceeds 10 nm the surface
area part g ' in the adsorption and diffusion of ggs, 1 July
2005 &D dgﬁggé%gégPCT/JP02/00148 relatively reduced and9¢$gﬁ%%€¥%sion rate
is sonetines |owered. On the other hand, if the average particle size of
the impurity deconposing agent is less than 0.5 mm the surface area
participatingdinither qdsQiptd PN ndi b ¥8h oo +8td 8lAouet ynbocr eased and
al t hough the diffusion speed can be higher, when the anmount of gas treated
i s increased,lowarkal georlidhee b&Rkir ahafd £ SISTIG S QRRiragBSpa es1t 168 . s ¥
preparing the inmpurity deconposing agent conprising the iron oxide and the
al kal i ne ear tdf fbtalimpdi corpswmgosdangoadent of s thess rdwanoi. Bemandtlae powder
of the alkaline earth nmetal conpound are nixed, and the production nethod

.mofmthemrwpurﬁpgfég@oﬁﬁ%%igﬁfgﬁﬁ*QQQiggnép.thﬁqqﬁprgqiophéngrga§§@$%ﬁp.mmwuwu_m"m”

| at i . of the. J i f t he bl endi t,i i inth
o) oA LB e Gorde a0l g™ Sh shiiea G SRR, bk by
addi ng water &g phhg: et Urdhed Ruldhenbase Yhel s tﬂeehagfe;dt 'i%%nékéz?%%ﬁ, the

iron oxide or alkaline earth netal conmpound is slig rge, t

granul ati on paYabgepelfosr@d iy addspgra Hbmeeimed qg@elihes W th water. The
kind and the amount of the binder 20 are not limted and a known bi nder may

be used insofar a¥oriprepesinwithaf fisptrihe gerdmpominge aglenthe obt ai ned

I mpurity comprising the iron oxide and the alkaline earth metal

10 compound, a powder of the iron oxide and a powder of the
alkaline earth metal compound are mixed, and the production
method of the impurity decomposing agent is not limited.

In the production (granulation) of the granule, insofar as
the blending ratio is in the above~described range,

15 satisfactory granulation may be attained by adding water to
the mixture. In the case where the particle size of the
iron oxide or alkaline earth metal compound is slightly
large, the granulation may be performed by adding a binder
together with water. The kind and the amount of the binder

20  are not limited and a known binder may be used insofar as
it does not affect the performante of the obtained impurity
decomposing agent. Examples of the inorganic binder
include clay and gypsum, and examples of the organic binder
include methyl cellulose, polyvinyl alcohol and starch.

25 This granular impurity decomposing agent can be
prepared by mixing the iron oxide and the alkaline earth

metal compound, adding an appropriately amount of water,
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deconposi ng agent. Exanples of the inorganic binder include clay and

gypsum and exanpl es of the organic binder include nethyl CﬁL|®|% 8
pol yvi nyl al cohol and starch. 25 This granular inmpurity deco oy a %gent

can be prepared by mxing the iron oxide and the al kaline earth netal

conmpound, @@dasken appropriately amount of water, 16 ljcdgpisod@9PS WO
02/ 055458 PCT/JP02/ 00148 kneading the m xture and granul ati ng the kneaded

preform - The kneader necessary for the preparation of such a granule nmay
have a structure where the m xing and the granulation can be perforned at

the sane tinengddikeaet Rexbuid XdMy @thiiillRe ighapué akhSNded & Rerder. med
separately. Exanples of the kneader where the m xing and granul ation are
perfornmed at the Ber&gnebderi neCasieaHenSohdlhenpxepaaadioveof ioath ra xer. |t
is also possible to performthe mxing in the Henschel m xer or V-type

m xer and peF¥TVIH HEY1D2HR aduF BRSO T "AeFanthy peliprd and diheor a drum

[l eti . _The .t hys-obt ai hed I i f bly. dried at 100, to 1500C
pelietizer. The s oblained aranule, i3 breferably, dried gt 100, to 1500C

el evat e tzhe S 2P Y AR . n T er content in
the 15 i%puf???qg£20npos?n agé%%gg%?g?%% %?ﬁggﬁ%§ %ﬁpiiﬁﬁ? ient if the

| 0ss in wei ghtangflledr oEhehdr vheadt WkORCHher m2x18g Sand ¥ smd 1 @knai I dryer
is 1% by nass or less. By using this inpurity deconposing agent, the
i mpurities iare peréoudedozt afhe osany digkutiantyuds uddnsshe ROnifderomadar bon,
are deened to react with the alkaline earth netal conpound in the inpurity
deconposing'%&ﬁﬁﬁpa&n@ixer° It is also possible to perform the mixing
in the Henschel mixer or V-type mixer and perform the
10 granulation in a pan-type pelletizer or a drum pelletizer.
The thus-obtained granule is preferably dried at 100
to 150°C for 3 to 5 hours in an inert gas stream such as
air and nitrogen so as to elevate the hardness and
evaporate the water content. The water content in the
15 impurity decomposing agent after drying may be sufficient
if the loss in weight after the drying at 110°C for 2 to 3
hours 'in an air dryer is 1% by mass or less.
By using this impurity decomposing agent, the
impurities in the crude octaflucrocyclobutane, such as
20 fluorocarbon, are deemed to react with the alkaline earth
metal compound in the impurity decomposing agent and
thereby decompose. More specifically, CFC-217ba reacts
with a hydroxide, an oxide or a carbonate of an alkaline
earth metal in the impurity decomposing agent to produce a
25 fluoride and a chloride of alkaline earth metal and at the

same time, produce carbon monoxide and water. The carbon

monoxide and water produced in this reaction process react
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t her eby deconpose. Mrre specifically, CFC 217ba reacts wth a hydroxide,
an oxide or a carbonate of an alkaline earth netal in the i rit

deconposi ng agent to produce a 25 fluoride and a chloride of vﬁﬂk‘&l#’ﬂg earth
nmetal and at the sane tinme, produce carbon nonoxi de and water. The carbon
nmonoxi de aReg ¢daisgés Produced in this reaction process reagdrphdookds July 2005
WO 02/ 055458 PCT/ JP02/ 00148 using the iron as a catalyst to further produce
hydrogen and net hane. These reactions are presuned to continuously occur,
whereby the chlorine in CFC- 217ba is substituted wth the produced
hydrogen to g a2 Hephal b uesoprepang Fuherei pabdete Sqmmidges referred
to as " HFC-227§§¢I) . HFG- 227ea can l(é)sgélrem)ved by gn adsor bent g\)@ﬁl chis
descri bed |ati®metHmenct B¢ rmcytliiobuyt ape ptresbdedlavompasesubisan anount
of hundreds of ppm by mass upon contact with the 10 inpurity deconposing
agent under %Rt ng'herepvodhe ecleleriviexar (CFerebibenes (fhrdrdiltaftesr soneti nes
referred to as . "FC-C1316") but this can be renoved by an adsorbent which

—i-g-described el dhe RFOGFEEAL NYIECIeD thfe BReARCrc AET PP I 0IOLOPSOPERE

bresent invention, dfe goude; oot Al HOLOGY €lobYt Ane. L, farhher yont act ed

e contac the Tnpurity onposi'ng agent
under el evatethd LnRer dlUk-enotd8 BHSH RRRL MR NRIEH | S RI&fSnughly at |east

one 20 nenber selected fromthe group consisting of activated carbon,
nol ecul ar siladaxy carbon and activated coal. The
The octafluorococyclobutane itself decomposes in an

amount of hundreds of ppm by mass upon contact with the

10 impurity decomposing agent under heating to produce
cyclohexafluorobutene (hereinafter sometimes referred to as
"FC*ClBlG”) but this can be removed by an adsorbent which
is described below.
Adsorbent

15 In the purification process of the present invention,
the crude octafluorocyclobutane is further contacted with
an adsorbent after the contact with the impurity
decomposing agent under elevated temperature.

The adsorbent used here is preferably at least one

20 member selected from the group consisting of activated
carbon, molecular sieving carbon and activated coal. The
activated carbon, molecular sieﬁing carbon or activated
coal may be subjected to a pre~treatment before use, such
as acid tieatment, heat treatment and steam treatment.

25 Among these, an activated coai subjected to the

above-described pre-treatment is preferred in the present

invention, and an activated coal produced by a process
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activated carbon, nol ecul ar sieving carbon or activated coal may be
subjected to a pre-treatnent before use, such as acid treatnent, heat
treatment and steamtreatnent. 25 Among these, an activated &BQPW§@BPected
to the above-described pre-treatnent is preferred in the present

i nvention, yajghadys@ctivated coal produced by a process 18. %}mﬁM:M82005 VO
02/ 055458 PCT/JP02/ 00148 conprising the follow ng four steps

described below, is particularly preferred. The above-descri bed adsorbents
can be used individually or in conbination of a plurality of adsorbents.

5 (Producti opoRpes8sfgOfnd\CidivatedqCoah)y dhepdr et 98 BéQgﬁée@f

activated coal, which'is particularly preferred, is described in nore
det ai | belombel$he be opluct i o apngcpssrefradl i vated coal conprises the
followi ng four steps: 10 (1) step 1: washing original coal of above-
described activat 8tdecabpvavddscaibadi ddandbeatergar e sised 2: heating the
ori gi nal coal, at 50 to. 250C in an inert gas streamto deoxidi ze and/ or
-—dehydrat e—t-hB 6?%6?%3# cYalin. gsmpipatien at. %é—:*&%@dlf:breosr@@%%beré%4 at-

500 to 700C guckn as str%aﬂkfo rgaé%gégglze the original coal, and

(4) step 4 ﬁ |ng e on%ﬁsﬁa coar* 4t 900C in a m xed gas stream

contai ni ng an i Nethe 4asoa AN 80 b oxEdg pIvh i PAMAL0 ARILNale the

original coal. The original coal washed by the step I may al so
particularly preferred, is described in more detail below.

The production process of activated coal comprises the
following four steps:

10 A (L} step 1: washing original coal of above-
described activated coal with an acid and water,

{2} step 2: heating the original ceoal at 50 to
250°C in an inert gas stream to deoxidize and/or dehydraée
the original coal,

15 (3) step 3: heating the original ccal at 500 to
700°C in an inert gas stream to re-carbonize the original
coal, and

(4} step 4: heating the original coal at 700 to
900°C in a mixed gas stream containing an inert gas, carbon

20 dioxide and steam to activate the original coal.

The original coal washed by the step 1 may also be
used as an adsorbent, however, an activated coal produced
by a process comprising the steps 1 to 4 is preferably used.
(Original Coal of Activated Coal)

25 For the original coal, at least one member selected
from the group consisting of coconut-shell coal, coal,

charcoal and tar pitch can be used. On considering the
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used as an adsorbent, however, an activated coal produced by a process
conprising the steps 1 to 4 is preferably used. (Oiginal Cbal of
Activated Coal) 25 For the original coal, at |east one menbel 1 dulve002d

fromthe group consisting of coconut - shel | coal, coal, <charcoal and tar
pitch can 04%6dsg On considering the 19 11 July 2005 458
PCT/ JP02/ 00148 denseness of coal necessary for the growt ﬁ%%gﬁég t he

har dness as an adsorbent, coconut-shell coal is preferred. The original
coal is carbonized under heating (carbonization) and the carbonization

tenperature HsnBehesS @.@raaaquhar:!egsgk@ 6f B JRetRrbei palegoalnd s

preferably carbonized at 400 to 6000C where al'nbost no pore is grown, nore
preferably ahad4f8fless &G FHserbbus; obbebmer-id1gi aahl coal pisrreier abl y

treated by a series of steps, that is, washing with an acid and 10 water
(step 1), perfornifhg ehegidedxicdati dn aﬂd%©m12@®hydhatheat@sgep 2),
performng the re-carbonization (step and perfornlng the activation
lstep-d) (Sﬁ@%rqynq?ﬁ$%¥vgﬁﬁgltE%aFa¥Qﬁn%?ﬁ¥%%1¢@QPéHa B
mashed\mi ter ges of, the aC|d for use_in tﬁf aci d
washing o ?ﬁ ulggﬂ nct ude nlngp S Tl fogd 1Y P ERHT B Y aci d,
sul furic aC'Qarl!%ﬁ{ié?daé)d c&o@nqop@évéw%e%ea‘amosﬁ% PHaNiG ACHS such as
acetic acid and trifluoroacetic acid. Anmong ese, mneral” acids are
preferred, anorésgrefednrdryoahkl 000ctoasi@bcand/ or sulfuric acid is nore
preferred. In view of
The thus-obtained original coal is preferably treated
by a series of steps, that is, washing with an acid and
10 water (step 1), performing the deoxidation and/or
dehydration (step 2}, perfotming the re-carbonization (step
3) and performing the activation (step 4).
(Step 1)
The original coal for the activated coal is first
15 washed with an acid and water.
Examples of the acid for use in the acid washing of
the step 1 include mineral acids such as hydrochloric acid,

sulfuric acid, nitric acid and phosphoric acid, and organic

acids such as acetic acid and trifluorocacetic acid. Among

20 these, mineral acids are preferred, and use of hydrochloric

acid and/or sulfuric acid is more preferred. In view of

the metal salt produced, hydrochloric acid is particularly
preferred.
The concentration of the acid is preferably from 1 to
25 1,000 mol/m’, more preferably from 200 to 500 mol/m’. When
the concentration of the acid is less than 1 mol/m?, the

effect by the removal of metal may be diminished, whereas

20
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.......... hours) and In

the netal salt produced, hydrochloric acid is particularly preferred. The
concentration of the acid is preferably from1 to 25 1,000 npl/nB, nore
preferably from200 to 500 nol/nB8. Wien the concentration of 1 PHl¥ 29094 i s

|l ess than 1 nol/nB, the effect by the renoval of metal may be di m nished,
wher eas 20wiio2ha$48 2005 WO 02/ 055458 PCT/ JP02/ 00148 whenp¢T/Imexo@eris 1, 000
nol / nB, the washing effect nay be saturated. The volune ratio of the acid
solution used for the acid washing to the original coal (acid
solution/original coal) is preferably from1/1 to 5/1, nore 5 preferably
from1/1 to @#dn Mhemxcekesvdl, G008 malin’,i $Heessshihgneffectthey dfd ect by t he
acid washing is dimnished, j whereas when the volune ratio exceeds 5/1,

the ef fect bjatymsdesei dTMBsHPhE Pl $ft (gt agidTRelubian viased NP i ne
vari es dependi ng aon the washing .10 tenperature and.is not particularly
limted. In 1?1?]%95&&,95 waghing,ton thasArh ‘E‘%ﬁpceci‘a;t u&’e“(cfor exanpl e, from 30

Lo 1000). ke yashi/pg LRl S0 et ouLs (fiery agphon fhoml poid2

300), the washifg-a3 Akk-aned1byo1b/al | eang thieven lknaht £8al s tResf and
about a whol'e day an night (for, exanple, from12 to 24 hours) . Wth
such a washitygh tli/e, thhe ofEkalk bonteatscid daduhiorg gishalimdadkhedan be

t hor oughly washed. The wat er washi ng subsequent to the acid washing is 20
performed t ovhasresse whiss tégaivail hgenetblo satasedl S96I,vadheoat fetkohyt he

original coal. Accordi ngl.y, the water to be_ used
the acid washing may be saturated.

The acid washing time wvaries depending on the washing
10 temperature and is not particulariy limited. In the case
of a high washing tempefature {for example, from 30 to
100°C), the washing time is a few hours (for example, from
.1 to 12 hours) and in the case of an ordinary temperature
(for example, from 10 to 30°C), the washing is attained by
15 allowing the original coal to stand about a whole day and
night (for example, from 12 to 24 hours). With such a
washing time, the metal contents in the original coal can
be thoroughly washed.
The water washing subsequent to the acid washing is
20 performed to remove the remaining metal salts dissolved out
from the original coal. Accordingly, the water to be used
is preferably water reduced in metal salts, such as clean
water, or pure water. The washing method in the water
washing is not particularly limited and thé thorough
25 washing may be_attained by either a continuous system or a
batch system.

The water washing is preferably continued until the

21



is preferably water reduced in netal salts, such as clean water, or
wat er. The washing nethod in the water washing is not partlcularl imted
and the thorough. 25 washing nmay be attained by either a con!1ﬁﬁ¥&§°§

or a batch system The water washing is preferably continued until
11 July 20%% 02¥$€34682/ 055458 PCT/ JP02/ 00148 pH of the washpggneaboikd on after
. the washing reaches 3 to 5. The drying of the original coal after t
wat er washing nay be independently perforned before the step 2, or
performed in the step 2 which is described later. 5 By washing the
ori gi nal coabHwbththé wdrd mandolatebn afher Nialvaeanhentsatned e oy imi nal

pur e

yst em
the 21

he
may be

coal, particularly alkali netals, can be renoved. |If the nmetal contents,
particul arly al kafhendtwirg & éheewailainglieodlhefgeirgithel wateal , these act
as a catalyst in the step 4 which is 10 described later, as a result a

reaction pro@ééﬁén%éWMEéﬁ*1@ﬁ€96§§eﬂ§éﬂ E&%fQEﬂﬁdoPeF@rg thet¥:88 Zar bon

di d d__th o] t th | th t
makes 11 di't PRCHRY 8 B e’ phe ot el il 13 dehShRSd T coal
i s heatedsin an ipgerfa gas3teamliqind@oxbd 28 @ndio acqghm%%&éﬁe

original coal. For"this inert gas, "various Inert gases can

e used

and

‘anong these, thet hogenh @asanssphaf eneedridheat l@wlr apgrefctihgripert gas and

the treating tine 20 are not particularly Iinited, however,

appropri at el glsel eoradthlsuclranhbe rhwovxygedfghbe anetalt@mtents,

10

is

20

25

particularly alkali metals, are remaining in the original
coal, these act as a catalyst in the step 4 which is
described later, as a result, a reaction proceeds between
the gas used actiwvation {(e.g., steam, carbon dioxide} and
the carbon atom in the original coal and this scmetimes
makes it difficult to control the pore size.

(Step 2)

The original coal is heated in an inert gas stream to
deoxidize and/or dehydrate the original coal.

For this inert gas, varicus inert gases can be used
and among these, nitrogen-gas is preferred.

The flow rate of the inert gas and the treating time
are not particularly limited, however, these are
appropriately selected such that the oxygen gas and water
content released from the original coal can smoothly be
discharged outside the system.

The'heating temperature of the original coal in an
inert gas stream is sufficient as long és it is lower than
that in the step 3 and is constant, and does not cause re-

carbonization. The heating temperature in the step 2 is

22
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content released fromthe original coal can snoothly be discharged outside
the system The heating tenperature of the original coal in an_ 25 inert
gas streamis sufficient as long as it is |ower than that ii‘|1thB’%q0ép 3
and is constant, and does not cause re- carbonization. The heating

t enper at ur gyd fhydsk@sstep 2 is 22 11 July 2005 WO 02/ 0554581 Rbablod 292/ 00148
preferably from50 to 250C, nore preferably from 100 to 250C. In the step
2, when the heating tenperature is in the above-described range, the
re-carboni zation tenperature in 5 the step 3 which is described |ater can
be smoothly elrevatrediy Brohesd iveg 2806 hedabydeexhdh ¢ PSRN P o
dehydrating the original coal, the re-carbonization in the step 3 can be
| ess affecte@dfyCt he oxygen source. 10 (Step 3) The original coal is
re-carboni zed under heating. The tenperature rising rate at the transfer
fromthe step 2 @ the step 3 iwhepr cher hbbhying girmperatdret issinpthéer ably
selected from300 to 500C/ hr. When the 15 tenperature rising rate is |less

—t-han--300C-hr-2PERE~ASFCILRRE rANICan 88 - e~ FRARVEF L PoF SFPEEa AT E et by dry-—

distillation d r f r res.is.liable not t proceed. The
tenperatu%e F%%sﬁkggig g&%ﬁ%%ﬁbgggﬁggg%gn%%§e$rF%ﬂ;EenSP?Og%%ystrean1 20 The
re-carboni zath@pategperature is preferably from 500 to 700C, nore
preferably from 600 to 700C. \Wen the '

By heating and thereby deoxidizing and/or dehydrating

the original coal, the re-carbonization in the step 3 can
be less affected by the oxygen source.
10 (Step 3)
The original coal is re-carbonized under heating.
.The temperature rising rate at the transfer from the
step 2 to the step 3 is preferably higher, and it is
preferably selected from 300 to 500°C/hr. When the
15 temperature rising rate is less than 300°C/hr, the tar
content cannot be removed as volatile matters by dry
distillation and the growth of macropores is liable not to
proceed. The temperature raising is preferably performed
in an inert gas stream. |
20 - The re-carbonization temperature is preferably from
500 to 700°C, more preferably from 600 to 700°C. When the
re-carbonization temperature is less than 500°C, the
volatile matters cannot be satisfactorily removed and the
pore distribution width becomes broad, whereas when the
25 temperature is high, the carbon matrix may shrink to cause
shrinkage of micropores. Similarly, when the re-

carbonization temperature exceeds 700°C, the carbon matrix
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re-carboni zation tenperature is |less than 500C, the volatile matters cannot
be satisfactorily renoved and the pore distribution w dth becones broad,
whereas when the 25 tenperature is high, the carbon matrix r’rﬂ/‘@!’!{rgorq?' to
cause shrinkage of mcropores. Simlarly, when the re- carbonization

t enper at urgomseeass 700C, the carbon matrix 23 11 July 2088)pe¥6d:92/ 055458
PCT/ JP02/ 00148 may shrink to cause shrinkage of m cropores. The

re-carboni zation time is from1l to 2 hours. The re-carbonization treatnent
is preferably performed in an inert gas stream and various inert gases 5

can be used m@s; tdHrSnknebt cgase StidMageogenmiasobsredpreferred. The flow
rate of the inert gas is preferably from2 to 10 liter/mn, nore
preferably from Iieo re-katbohnratiqgertint lisoffrbheltteal édwrs.gi nal coal . 10
By re-carbonizing and thereby dry distilling the original coal from which
metal s are renovédls AerRarbpyrdukon divgstrenthésdeesrpodiiy on of tar

content, the appearance and growth of carboni.zed pacropores and the
ecar .b.o.n.i.zat.i..é}plp%lpﬂﬁ r *BoRt ehte Tl B SARAERT BT her % PRE®Sppearance——

15 and growt, 0h.DoLes L0 Lhes SEel-¢ an Becell epbiuglgns AR formed. (Step

4) The re-carbonized origin he "step contacted with a m xed
gas under heatdfagrk@.activate the 20 original coal. The term"activation”

as used herein nmeans that pores
The flow rate of the inert gas is preferably from 2

to 10 liter/min, more preferably from 3 to 5 liter/min, per
1 L of the treated original coal.

10 By re-carbonizing and thereby dry distilling the
original coal from_which metals are removed in the previous
step 1, the decomposition of tar content, the appearance
and growth of carbonized macropores and the carbonization
of tar content can be attained, and thereby, the appearance

15 and growth of pores in the step 4 can be effectively
performed.

(Step 4)

The re-carbonized original coal in the step 3 is
contacted with a mixed gas under heating to activate the

20 original coal.

The term "activation" as used herein means that pores
in the original coal are grown to thereby activate the
original coal.

The activation is presumed to proceed as follows. The

25 c¢losed pores in crystals inside the original coal are
opened (first stage) and walls between adjacent pores

completely disappear to form largefsize pores {second

24



in.the original coal are grown to thereby activate the original coal. The
activation is presuned to proceed as follows. The 25 cl osed res. |
crystals inside the original coal are opened (first stage) yﬁg V&Pbg

bet ween adj acent pores conpletely disappear to forml arge-size pores
(second 24wblbzdsshas 2005 WO 02/ 055458 PCT/ JP02/ 00145 st eage)eozddies m xed gas
used in the step 4 is not particularly limted insofar as the activation
is not inpaired, however, a mixed gas conprising an inert gas, carbon

di oxide and 5 steamis preferred. The kind of the inert gas is not
particul arl ystagejt.ed but nitrogen is preferred. Wien the gas used in the
step 4 is the above- described m xed gas, the steamis m xed with nitrogen
as an inert gas Bl idaeboaadi bRedeimhileh Stercts ifi nht cor boreBkarly

relatively at a |ower rate than steam sq that the  actjvatiqn can be
moder at el y petPiSfed2sPEag; #S (b @y vaEipdedsadot hémﬁﬁ%(%%dfg&%owetvﬁé ’

reaction betgxemlx%;gl[a%x%g%?gi@gn%h& car{eq: g%ffrjt?ﬁr}g c'i:[]azlcldefoagL g generates

g great -heat nper ture n-a nace canno

control I ed agd Qversheaticpgrpal t idd %ihakes Ph&Cieds fd §3ULbe the
activation cannot be uniformy attained. If steamis used al one, the

reacti on betpeen dilerdtyeaimated tinet aairdremens isepbasfyetyd. vi gorous, as a
result, it is difficult to control the pore 20 size. The m xed gas
conprising the aftes dbscopBeds¢deinr the step 4 is the above-

described mixed gas, the steam is mixed with nitrogen as an
inert gas and carbon dioxide which reacts with carbon at

10 relatively at a lower rate than steam, so that the
activation can be moderately performed.

If air (oxygen) is used as the mixed gas, the
reaction between the oxygen and the carbon of the original
coél generates a great heat, so that the temperature in a

15 furnace cannot be easily controlled and overheating
partially takes place, as a result, the activation cannot
be uniformly attained. If steam is used alone, the
reaction between the steam and the carbon is relatively
vigorous, as a result, it is difficuit to control the pore

20 size,

The mixed gas comprising the above-described inert
gas, carbon dioxide and steam has a mixing proportion such
that an amount of the inert gas is preferably from 50 to
89% by volume, more preferably from 70 to 80% by volume, an

25 amount of the carbon dioxide is preferably from 10 to 30%
by volume, more preferably from 15 to 25% by volume, and an

- amount of the steam is preferably from 1 to 20% by volume,

25



gas, carbon di oxi de and steam has a m xi ng proportion such that an anount
of the inert gas is preferably from50 to 89% by volune, nore preferably
from70 to 80% by volunme, an 25 anmount of the carbon dioxi dett é“'ﬁr@Pér ably
from10 to 30% by volunme, nore preferably from15 to 25% by vol une, and an
anmount of woeombsiasn is preferably from1l to 20% by vol unecriagiiediss Jul y - 2005
WO 02/ 055458 PCT/ JP02/ 00148 nore preferably from2 to 10% by vol une,
respectively, based on the entire volunme of the m xed gas. Wien the m xing
proportion in the mxed gas falls wthin the above-described range, the
reaction of marboprefierabihefxn @ fnal 108abywWdhusd eamspartheshpderatel y
performed.and the activation treatnent can be effectively perforned. The
fl ow rate of beRednprethgagntisrepreflamgbby themixs! da.3 liter/nmin, nore
preferably froml to 2 liter/min, per 1 L of the treated orig:lgal coal. 10

The steps 2 to 4 H3ER FRepRI¥Hihed BREELCRedli Hye Biitpd ORer ép it is

preferred to t Lnypusl erform.these__step particularly the steps 3
e 4 under BESHLR"ERE R PEARIT LA Eanst 2P he Ml ionbrY corfaR

3 to the 515¢akeprdgisaPr&dLr 3y e 1090t %Qﬁgﬁﬁ—.el\ﬁhgerwﬁné&"per ature

rising rate falls within the above-described range, thé transfer fromthe
step 3 to thendstkRp dctavntbioreftieaitashtycaerboraptbectihenyt pertenped at ure
rising rate fromthe step 3 to 20 the step 4 is less than 100C hr, the
closed pores in @&hgsfape viteafbdheaméxednets nes mutfegpbdgdiromf@ib in

to 3 liter/min, more preferably from 1 to 2 liter/min, per
1 I, of the treated original coal.

10 The stépé 2 to 4 each is performed under heating, and
therefore, it is preferred to continuously perform these
steps, particularly the steps 3 and 4 under higher
temperature.

The temperature rising rate from the step 3 to the

15 step 4 is preferably from 100 to 200°C/hr.

When the temperature rising rate falls within the
above—described range, the transfer from the step 3 to the
step 4 can be efficiently performed.

When the temperature rising rate from the step 3 to

20 the step 4 is less than 100°C/hr, the closed pores in
crystals of carbon are sometimes: not opened to fail in
increasing the surface area, whereas when the temperature
rising rate exceeds 200°C/hr, the specific surface area and
the pore'size are liable to be excessively increased.

25 The activation temperature is preferably from 700 to
900°C, more preferably from 800 to 900°C.

When the activation temperature is less than 700°C,
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i ncreasing the surface area, whereas when the tenperature rising rate
exceeds 2009C/ hr, the specific surface area and the pore size are |iable
to be excessively increased. 25 The activation tenperature i &1 rJF‘é’f@PQbI y
from700 to 900C, nore preferably from800 to 900C. When the activation

t enper at urwo ®/bmss than 700C, 26 11 July 2005 WO 02/ Op&dpéh2/00148

PCT/ JP02/ 00148 t he openi ng and enl argenent of pores does not
satisfactorily proceed, whereas when the tenperature exceeds 900C, the .
openi ng and enl argenent of pores cannot be easily controlled. 5 The
activation tihe basnind enderayatbaheas dhepodaeatorenhoti me i s prol onged,
the pore size of activated coal becones |larger. The treatnent tine varies
dependi ng oaathefstixrigly ipvegerty voebeas efmredhiey tatperptioh and is not
particularly limted, 10 For exanple, in the case of adsorbing inpurities
cont ai ned i nS8EEERT U BEY cFBBUTREREI NS FE% FRARKERTCRT RE iROTSS &PBFEBI y from
1to 20 hour}sje ggrqur%Ll&aQ&¥ from5 to 18 hours. After activating the
”mi_m§ﬁ__§%ep__fmnﬁ

roomtenperature ¢fe A iARMLNIASmEt HEEM ddhddiS, ¢aae. akhend enperature
|l owering rate is sufficient as long as substantially no change in the

pores after theatmdntyalimen isSpsbdvigedhechd erper atideeof oxetingdd
preferably higher, but is 20 preferably, for exanple, in the range from 200
to 300C hr. cywbreedmrasedpagarur dilowmciangenht bine vasiss depending

on the size of impurity to be removed by adsorption and is
not particularly limited.

10 For example, in the case of adsorbing impurities
contalined in octafluorocyclobuténe, the treatment time is
preferably from 1 to 20 hours, more preferably from 5 to 18
hours.

After activating the original ccal in the step 4, the

15 original coal 1is preferably cooled to room temperature in
an inert gas stream. In this case, the temperature
lovwering rate is sufficient as long as substantially no
change in the pores after the activation is shown. The
temperature lowering is preferably higher, but is

20 preferably, for example, in the range from 200 to 300°C/hr.

When the Temperature lowering rate is less than
200°C/hr, it takes much time to lower the temperature and
the adsorbent controlled in the pore size may undergo
changes in the pores.

25 The flow rate of the inert gas used at the cooling is
preferably higher for smoothly removing the heat possessed

by the adsorbent outside thé system, however, the flow rate
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200C/ hr, it takes nmuch tine to |ower the tenperature and the adsorbent
controlled in the pore size may undergo changes in the porei %38$h§ flow
rate of the inert gas used at the cooling is preferably hig Lyu 0

snoot hly renovi ng the heat possessed by the adsorbent outside the system
however, thedlosusg ate 27 11 July 2005 WD 02/ 055458 PGR¢OROZHAMWLA8 i s
preferably froml1l.5 to 3 liter/mn per 1 L of the treated coal. The

t hus- obt ai ned activated coal is reduced particularly in the content of

al kali metals because the 5 original coal is washed with an acid and

wat er. The tosaprepatanly Glonl kabitdaes aixontial ped inLthe @i vated coal
is preferably 1,000 ppmor less, nore preferably from50 to 800 ppm 1In
particul ar, theapedassilum content is preferably 10 500 ppmor |ess, nore
preferably 200 ppmor less, still nore preferably from10 to 200 ppm The
al kali metal cont®ht ihisrebtadned pastlvatedeoadetsr AeAeacdfor exanpl e, by

hi th d b di. i it iLd i t.h t ent
gshing the adsarben o aSphyl Okl AT aghd gad feouring, the content

anal ysi s); The; il odi SOL P |t f.stsh cll ed a us
dbtainedf%s %?% gg%%ﬁyé'rg%1%%%ﬁ?%q%g%%6¥hgfﬁg %ﬁg %%%%%heT%%s%PB%?on
quantity canchereed eyimanedl bymét Aeasetitng ned mat brd i pesrdaneg wsth JI'S

K1474. Purification Process of Crude Cctafl uorocycl obut ane
preferably 1,000 ppm or less, more preferably from 50 to
800 ppm.
In particular, the potassium content is preferably
10 500 ppm or less, more preferably 200 ppm or less, still
more preferably from 10 to 200 ppm.

The alkali metal content in the adsorbent can be
determined, for example, by ashing the adsorbent,
dissolving it ir an acid and measuring the content

15 according to.ICP (inductively coupled plasma emission
spectro—chemical analysié).

The iodine adsorption guantity of the activated coal
thus obtained is preferably from 700 to 1,000 mg/g. The
iodine adsorption quantity can be determined by a measuring

20 method in accordance with JIS K1474.

Purification Process of Crude Qctaflucorocyclcbutane

The purification process of octaflucrocyclobutane
according to present invention comprises the steps of
contacting a crude octafluorocyclobutane containing

25 dmpurities with an impurity decomposing agent under
_Ielevated temperature (heating) (purification step 1) and

further contacting it with an adsorbent (purification step
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The purification process of octafluorocycl obutane according to present
i nvention conprises the steps of contacting a crude octafl uorggP/cI obut ane
Y

containing 25 inpurities with an inpurity deconposi ng agent th

208b ey at ed

tenperature (heating) (purification step 1) and further contacting it with
an adsor bewb of/pstidsf i cati on step 28 11 July 2005 WO 02/ OR&S4R%32/00145

PCT/ JP02/ 00148 2). The crude octafl uorocycl obutane enpl oyable in the
present invention nay be either a product produced by a known nethod or a
product available on the market. (Purification Step 1) 5 Wth respect to
the operatiom f orhkherdge0sBeSitisHbeyic@dshit Qe Odmp TPYHYIE €5 sHeh as
fluorocarbon in a crude octafluorocycl obutane, for exanple, the inpurity
deconposi ng pgesdnt sirfvdnitddn mzg decanypesi ta proreatt produntkd dycraude

oct af l uorocycl obutane is fed to this deconposition 10 reactor to contact
the crude ockadwuaraddpsl eFuranscdeh aves labdsuent $heesowmrisi ng agent. The

contacting s

used. 15

LG

not, particularly limted, however, for exanple, a

-9ﬁ¥ﬁﬁﬁ~§tﬁpo&)nethodwusrng~a-fixed~bedwrs~preferabhyw-~m~mw-~
s for tne ret%csiple%@ REESRAN Spe i dlced ﬁ:etggydcggorﬁ)ﬂosi%%nmt be
nmen may Be é?? orned u

applied and the trea

usu naer a pressure easy

Yy per

to handl e, hpyeMalon (U1 inpR@¢Liol s8Rl enablkycRepEQ! It alr ydoressure, in
terms of the gauge pressure, fromO to 2 MPa, nore preferably on the 20

order from OodteflludRacyEiebsiczee ( viditireampil et, hehdetwpqosiyg i on react or and

i0

15

20

25

decomposing agent is filled in a decomposition reactor and
a crude octafiuvorccyclobutane is fed to this decomposition
reactor to contact the crude octafluorccyclobutane with the
impurity decomposing agent. The contacting step is not
partigularly limited, however, for example, a continuocus
operation by a flow method using a fixed bed is preferably
used.

As for the reaction pressure, a pressure may be or
may not be applied and the treatment may be usually
performed under a pressure easy to handle, however, the
reaction is preferably performed at a pressure, in terms of
the gauge pressure, from 0 to 2 MPa, more preferably on the
order from 0 to 1 MPa.

The size (volume) of the deéomposition reactor and
the space velocity are not particularly limited insofar as
the crude octafluocrocyclobutane and the impurify
decomposihg agent can contact for a certain time period,
however, these are preferably set such that the residence
time of the crude octafluorocyclobutane in the

decomposition reactor is from 1 to 30 seconds, more

29



t he space velocity are not particularly limted insofar as the crude

oct af | uorocycl obut ane and the inpurity deconposing agent can contact for a
certain tinme period, 25 however, these are preferably set suthJIvly 4005 '
residence tinme of the crude octafluorocycl obutane in the deconposition
reactor i sWa3Rs3ES8 o 30 seconds, nore 29 11 July 2005 WROR2IPOGEU4H3

PCT/ JP02/ 00148 preferably from4 to 30 seconds. The deconposition reaction
tenperature in the deconposition reactor is preferably from 250C to 380C,
nore preferably from 280C to 360C. Wen the deconposition 5 reaction

t enper at ur e #rgfeyaiilvhifwomhids tpagf@eseetreds npurity deconposi ng agent can
mai ntain its activity, If th deconposition reaction tenperature is |ess

€, . |
than 250C, the adt§ AGPTECSiHd OPnpafFE YO eHMIE HFadénth®s not pronot ed
and the decoppositiaon.rate is.slow, whereas if the d corrpggs' ion
reaction ter’%%rogfpt?rsétéfgegggcﬁﬁc}st%ﬁef?ﬁ%ﬂ]lﬁ t{FO&éé(ol’r%gsF%g adgf Mt itself

decomposes dued ¢.eal-ax39q:Lhe S86QMROSIAcRD. OlyidPUl BSohpobleschude

—oct-af-l-uorocycl obut-ane may “not - pr oceed. ( Purification: Fep~

impuritigs afdfitildne tempelraeat-bonast £pvilti® tigeNtaciRd fuet bepuwith an
adsorbent and thereby substantially renoved, whereby high-purity

oct af | uor ocyadwhywicanagcagebe obhanaiolt afhel taed sargitvidny .opef athe®n can be
performed, for 20 exanple, by filling the adsorbent into an_adsorption
tower and fdESPRGSERAPEt SepREeR uBRMRREETYRP g YEsehhane2aftlr the

activity of the impurity decomposing agent is not promoted
and the decomposition rate is slow, whereas if the

10 decomposition reaction temperature exceeds 380°C, the
impurity decomposing agent itself decomposes due to heat
and the decomposition of impurities in the crude
octafluorcocyclobutane may not proceed.

(Purification Step 2)

15 The impurities after the purification step 1 are
contacted further with an adsorbent and thereby
substantially removed, whereby high-purity
octafluorocyclobutane'can bé obtained.

The adsorption operation can be performed, for
- 20 examplé, by filling the adsorbent into an adsorptidn tower
and feeding thereto the crude octafluorocyclobutane aftex
the decomposition reaction. In this case, the adsorption
operation method is not limited and a known method may be
used, for example, a continuocus operation by a flow method

25 using a fixed bed is preferably used.

In contacting the crude octafluorocyclobutane passed

through the purification step 1 with the adsorbent, either
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t he deconposition reaction. In this case, the adsorption operation nethod
is not limted and a knowmn nethod nay be wused, for exanple, a continuous
operation by a flow method 25 using a fixed bed i's preferabl{Juye05| n

contacting the crude octafl uorocycl obutane passed through the purificatio

step 1 w tiwddesaslsorbent, either 30 11 July 2005 WO Ogéf)ndbsias :
PCT/ JP02/ 00148 a gas phase or a liquid phase nmay be used. The |inear
velocity is preferably, in the case of a gas phase contact method, from1
to 10 mmn, nore preferably froml1l to 5 mimn, and in the case of a liquid
phase contacd geed hothse brpael qabd yoHaemmBy2bboubedl hirhembtgepref erabl y
from0.5to 2 mhr. The treatnent can be usually perforned at a pressure
easy to handielegidya isapreferabplvpeimttiion cegehofisa applntves aonshca
pressure is not necessary. In general, 10 the pressure is preferably fromO
to 2 MPa in Iﬂ%‘i”?ﬁd'offroﬁ‘aigEo p}(g g Tivg et BrpePaRte THiom He t&dsor pti on

oper ation rraé{nllaﬁ us%%IdI napput _roomlte gLratHre and he oling is
—not--necessary.’ TG SR B -ad‘asor--p?-l oA -c"-’-la-pa-ﬁ{lull--l-- .
saturated, the adsenhertoqny.Pe-d egenarat glgr@ngré'§@£jabll3p £AH $.6agg, the

regeneration of the adsorbent is perforne by passing “various inert gases
such as nitrdgethmgas heated to a high tenperature through the adsorbent
and thereby 20 desorbi ng octafl uorocycl obutane and inpurities such as
fl uor ocar bon. The treatment can be usually performed at a pressure
easy to handle and a particular operation such as
application of a pressure is not necessary. In general,
10 the pressure is preferably from 0 to 2 MPa in terms of
gauge pressure.
The temperatufe at the adsorption operation may be
usualiy about room temperature and heating or coeooling is
not necessary.
i5 When the adsorption capability of the adsorbent is
saturated, the adsorbent may be regenerated and used. 1In
this case, the regeneration of the adsorbent i1s performed
by passing various inert gases such as nitrogen gas heated
to a high temperature through the adsorbent and thereby
20 desorbing octafluorocyclobutane and impurities such as
fluocrocarbon.
At the regeneration, the temperature of the inert gas
is preferably from 100 to 400°C, more preferably from 100
to 200°C.
25 [Process for Preparing Octafluorocyclobutane]

In the process for preparing octafluorocyclobutane

according to the present invention, a crude
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At the regeneration, the tenperature of the inert gas is preferably from
100 to 400C, nore preferably from 100 to 200C. 25 [Process for Preparing
Cct af | uorocycl obutane] In the process for preparing octafluo?BéV@l dt ane
according to the present invention, a crude 31 11 July 2005 WO 02/055458
PCT/ JP02/ 0@ABexasaf | uor ocycl obut ane is produced and t hepct/nm2akaye-
described purification steps in conbination my be applied thereto. Mire
specifically, a crude octafluorocycl obutane after the production may be
subj ected to the above 5 described purification steps 1 and 2. The net hod
for preparingcthelaststsyAebathdier 0gystodudad anel thenothéi abdwe and a known
nmet hod may be enpl oyed. As described above, a crude octafl uorocycl obut ane
can be obt afinedriased mrigicatidoni atehe pr ouudtinenioh meyrix | appbied

et hyl ene (FC-1114) or hexafl uoropropene (FC-1216). These FC-1114 and

FC- 1216 eachtBghebe: pMedacere®it 1k ngl 13 crddeofpbrf Hiprocyclobutane

chlorodifluorggggméﬂg&ﬁggﬁgggﬁﬁoﬁggyg;g%é§i§%te&f%glgﬁggg%g%%in EP451793.

above-desgri hed-pundd i 6atisqRa356R 499 1 pHd Bication step 2, whereby
oct af | uorocycl obutane from which inpurities are substantially renoved can

be obtai ned. [H ghe Rigtitdod @etablkepaotygl oiitanele BytHsiagrébecpesification
process of the present 20 invention, inpurities containing fluorocarbon
(e.g., chloretineriocardforsmihgdr ahdl vorbrarrb oeshodnmay credenployed.

As described above, a crude octaflucrocyclobutane can be
obtained as a by-product in the production of tetrafluoroc-
10 ethylene (FC~1114} or hexafluoropropene (FC-1216). These
FC-1114 and FC-1216 each can be produced by thermally
decomposing chlorodiflucromethane (HCFC-22) as described,
for eﬁample, in EP451783.
The thus-produced crude octaflucrocyclobutane is
15 subjected to the above-described purification step 1 and
purification step 2, whereby octafluorocyclobutane from
which impurities are substantially removed can be obtained.
- [High-Purity Octafluorocyclobutane]
By using the purification process of the present
20 invention, impurities containing fluorocarbon (e.g.,
chlorofluorocarbons, hydrofluorocarbong) in a crude
octafluorocyclobutane, such as 2-chloro-1,1,1,2,3,3,3-
heptafluorcpropane (CFC-217ba), 1-chloro-1,1,2,2,3,3,3-~
- heptafluoropropane (CFC-217ca), 1-chloro-1,2,2,2-
25 tetrafluorocethane {or 2-chloro-1,1,1,2-tetrafluoroethane
(HCFC-124)), 1-chloro-1,1,2,2-tetrafluoroethane (HCFC-124a),

l,Z—dichlorofl,1,2,2—tetraf1uoroethane {(CrC-114),
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oct af | uorocycl obut ane, such as 2-chloro-1,1,1, 2,3, 3,3- heptafl uoropropane
(CFC-217ba), 1l-chloro-1,1,2,2,3,3,3- heptafl uoropropane ( CFC-%%'?ca ,
1-chloro-1,2,2,2 25 tetrafl uoroethane (or 11 July 2005
2-chloro-1,1,1,2-tetrafl uoroet hane (HCFC-124)),

1- chl or o- 1wb,0dnskadset r al uor oet hane (HCFC-124a), POT/IP02/00148
1,2-dichloro-1,1,2,2-tetrafl uoroethane (CFC-114), 32 11 July 2005

02/ 055458 PCT/ JP02/ 00148 hexaf !l uor opropene (FC-1216) and

1H hept af | uor opr opane (HFC- 227ca), particularly CFC- 217ba, can be

subst ant i al | yexs eTRYEsh2dshie NiFgh1puE) t dn@Cipildii=@aYiel-0puL8Ac: Catrde

obt ai ned. 5 The above-described inpurities are usually contained in a
crude oct af | 887 ozl c| pdmcit amel ani yagFarduhiba of cdiD Heo sub@£Q001ipphy by nmass and
when the purification process of the present invention is used, these
inpurities cBAPAYTHRERH BhidcPraritsr oeyef bt lobitbrer eamvierl to | ess
than 1 ppm b%g ‘?10. maczs (0.0001% by mass) and the purity of octafl uoro-
—¢ycl-obut-ane-BBEAT N

or nore. re, t | j C .LI | t.ane J fined _a al ue
obt ai ned by subt ?@?:%?%\%5‘%/%2&% uo?’ogggﬁgﬁyﬁ%}f)\ %n{% i%%ggﬁglrc?%%%léeg e

oct af | uor ocyeh obutane: fdamhRYBY c1BSS: anld18 rANA ¥5b8nel 08Mo to
oct af | uorocycl obut ane product having a purity of 99.9999% by nass or nore

can be perf oloe@l bypHd )by geas schndmahegridphyp(rGE) casiibg gEh-eset hofl,tHd D
nmethod (each including precut nethod) or ECD nethod and (2) gas 20
chr omat ogr apPyRTRIEs Wpedttiemeter uEed: M)ese [Iogug)ities contained in an

octafluorocyclobutane can be removed to less than 1 ppm by

10 mass (0.0001% by mass} and the purity of octafluoro-
cyclobutane obtained after the purification can be made
99.9939% by mass or more.

Here, the purity of octafluorocyclobutane is defined

as a value obtained by subtracting the fluorocarbon content
15 other than octafluorocyclobutane from 100% by mass. The
analysis of an octafluorocyclobutane product having a
purity of 99.9999% by mass or more can be performed by (1)
gas chromatography (GC} using TCD method, FID method (each
including precut method} or ECD method and (2) gas
20 chromatographyhmass spectrometer (GC-MS).
[Uses]

Since impurities are substantiallj removed, the
octafluorocyclobutane obtained by the processes of the
present invention can be used as an etching gas in the

25 etching step of a semiconductor device.
More specifically, in the production of a

semiconductor device such as LSI and TFT, the
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Since inpurities are substantially renoved, the octafl uorocycl obutane
obt ai ned by the processes of the present invention can be. ifﬁd as _an
etching gas in the 25 etching step of a sem conductor device. Wyr4905
specifically, in the production of a sem conductor device such as LSI and
TFT, the @& abssksd y 2005 WO 02/ 055458 PCT/ JP02100148 pCT/3P02/00148

oct af | uorocycl obut ane can be suitably used as an etching gas for formng a
circuit pattern froma thin or thick film formed by a CVD nethod, a
sputtering nmethod or a vapor deposition nethod. 5 The :

oct af | uor ocyctobfit aseocari dutanbecars sk asi it alkllyeaisiedg agasn i @ &eng! eani ng
step of a sem conductor device. Mre specifically, in the apparatus for
form ng a thiasofox nfeknirid | céreant rept teperfmmmed thenr enoielckinhiccessar y
deposits accunul ated on the inner wall of 10 apparatus and jig, because
unnecessary HefBRPtRY P gerbrdt i dreRitt iRt redhaAdorus L VaROF enpved to

obtain a gogd-ggia%i'c'gly H{étlhng _The oct af | uorocycl obut ane according to the

15 The gas accor dpflg §Q:4M181dHe98NbLhFYENTEAD aclcgaorbiesg%daa@igh- purity
oct af | uorocycl obutane. This gas may be the pure octafluorocycl obutane or

in addition, cheynbpprep iial ehy cdaiding aithey gRseSenbxandhesopfddiese ot her
gases include He, Ne, Ar and 02. The anmpunt of these other 20 gases
bl ended is not padfe¥ewradificefly edimnthe mpdvradase fole Gsiming he
hi gh-purity octafl uorocycl ohutane according to
thin or thick film, cleaning is performed to remove
unnecessary deposits accumulated on the inner wall of
10 apparatus and jig, because unnecessary deposits cause
generation of particles and must be removed to obtain a
good—-quality £ilm. The octafluorocyclobutane according to
the present invention can be suitably used as a cleaning
gas for this purpose.
15 The gas according to the present invention comprises
a high-purity octafluorocyclobutane. This gas may be the
pure octafluorocyclobutane or in addition, may
appropriately contain other gases. Examples of these other
gases include He, Ne, Ar and Oz2. The amount of these other
20 gases blended is not particularly limited and in the case
of using the high-purity octafluorocyclobutane according to
the present invention as an etching or cleaning gas, the
amount blended varies depending on the kind of compound and

thickness to be etched and can be selected according to the

25 amount and thickness of the deposits to be cleaned.
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the present invention as an etching or cleaning gas, the anount bl ended.
vari es dependi ng on the kind of conmpound and thickness to be etched and
can be sel ected according to the 25 anmount and thi ckness of ?hé“@é@@gits to
be cleaned. 34 11 July 2005 WD 02/055458 PCTIJP02/00148 Effects of the
I nvention QerRfsdss to the process for purifying or preppetiishofls
oct af | uorocycl obut ane of the present invention, the 5 inpurities such as
fl uorocarbon, which have been heretofore difficult to renove, can be
substantially renoved and a high-purity octafluorocycl obutane can be
easily obtained. Furthernore, the octafluorocycl obutane obtained by the
purification process of the present invention is 10 substantially free of .
i mpurities aRdf¢hesedDrihe damvargdioseffecti vely used as an etching or
cleaning gas for use in the production process of a sem conductor device
and the [ike. 15AEXQAPIRE Tthelir &FeRresEnfentPwi G nde 8&r PERRRTHIGr eat er
however, .the i nvention

det ai | bel b i t I , t
(detail bl ow by yelerting bo Ciaml g5, howower, e prgsent jimvention

to 3] [Prepasalion: pls |ARY idey RRCQBRASHEY, THRe) /F\wemgghp{epee@ I ng

agent conprising an iron oxide and an alkaline earth netal conpound was
prepared to dhayecalblendesdrt,i easf béd sheAhtiprnagueesiobyd! siv hara 25

Sangyo)/ Ca(OH) 2 (produced by Yoshi zawa Sekkai Kogyo) _
high-purity octafluorocyclobutane can be easily obtained.
Furthermore, the octafluorocyclobutane obtained by the
purification process of the present invention is
10 substantially free of impurities and therefore, can be
effectively used as an etching or cleaning gas for use in

the production process of a semiconductor device and the

like.

15 Examples

The present invention is described in greater detail
below by referring to Examples, however, the present
invention should not be conétrued as being limited to these
Examples.

20 [Examples 1 to 3]
| [Preparation of Impurity Decomposing Tube]

An impurity decomposing agent comprising an iron
oxide and an alkaline earth metal compound was prepared to
have a blended ratio of 7-¥eOOH (produced by Ishihara

25 Sangyo)/Ca(OCH)2 (produced by Yoshizawa Sekkai Kogyo) =
30/70% by mass (Example 1), 7-Fez03 (produced by Toda

Kogyo) /Ca(OH)y = 20/80% by mass (Example 2), or 7T-
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30/ 70% by mass (Exanple 1), Y -Fe203 (produced by .Toda Kogyo)/Ca(OH)2 =

20/ 80% by mass (Exanple 2), or Y 35 11 July 2005 WO 02/0554%% v 200
PCT/ JP02/ 00148 FeOOH CaCO3 ( produced by Okutama Kogyo) = 20/ 8bd?0fRss
(Exanple 3). After adding water, each blend was granul ated, dried at 1050C

for 2 hourwoangsssdseved to prepare granul ated products havif@augarticle
size of 0.85to 2.8 nm 5 Thereafter, 1.9 g of each inpurity deconposing

agent was filled into a stainless steel tube (reaction tube) having an
inner dianmeter of 16 nmto a |ayer height of 8 cm (volune: 15 m) and
treated i n adudH/ege0; Sigeamcdd 2900kuf&fia KIPW) er 200865t By phePar e an
inpurity deconposition 10 tube. [Preparation of Adsorbent and Adsorption
Tower] The @sapbend)usaifiwas Fpidddycedtas, feddtlowslerith wasofgremmdntutdshel |
coal (made in Philippines) as an original coal was washed wth

hydr ochl or i @& aﬁagpﬁﬁl fFony beHEeneratFvest tR0PrepRLrABYrandlatrd eaf ter,
wat er washin coal mas,repegtfd ree tines. The anount

A Sl A B 98 i M 0,

of hydrochloric acid, e 20 original or 15

hours and tEn1e8UbHESt @UstDidIdHE GtR¥lUr 86bé Olre il HMMMNe ) Ohav@hgr at the
wat er washing was 5 tines by volune that of the original coal, and the

conpl eti on en vaskindiswsteordf rifedmbyot helafacthaigatt tdfe 8pHEmof t he washi ng
solution after the washing 25 reached 4.
(volume: 15 ml) and treated in a nitrogen stream at 300eC
for 3 hour or more to prepare an impurity decomposition
10 tube.
[Preparation of Adsorbent and Adsorption Tower]
The adsorbent used was produced as follows.
75 L of coconut-shell ccal (made in Philippines) as
an original coal was washed with hydrochloric acid having a
i5 concentration of 300 mol/nﬁ, and thereafter, water washing
of the original coal was repeated three times. The amount
used of hydrochloric acid having a concentration of 300
mol/m’> was the same as the volume of the original coal to
be washed. After the addition of hydrochleoric acid, the
20 original coal was allowed to stand for 15 hours and then
subjected to liquid extraction. The amount of water at the
water washing was 5 times by volume that of the original
coal, and the completion of washing was confirmed by the

fact that the pH of the washing solution after the washing

25 reached 4.
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36 11 July 2005 WD 02/055458 PCT/JP02100148 Tabl e 3 Anal ysis Results of
Metals in Original Coal Before and After Acid Washing Analysis of Metals
in Original Coal Metal Content (ppm by nass) Conponent Bef of bJIWlYi 2904 shi ng
After Acid Washing Na 812 119 K 4950 132 Ca 462 112 Fe 837 103 A 876
100 5 Ther wafd@ss4sd he original coal was placed in a kil npcfygdogodizg C
external heating netal rotary kiln, rotation nunber: set at 8 rpm inner
di aneter of kiln: 950 mm barrel part: 620 mm 50 kw, 150 A (max)) and
nitrogen-dried at 900C for 2 hours. The nitrogen used had a purity of 99%
10 or nore and the flow rate thereof mas.e5@ liter/mn. In the kiln, the
dried original coal was further subjected to deoxidation/dehydration (step
2), re-carbonizati Qn7ésjt ep PnalyivdsaBesvhes onf Mat@ds4) under the conditions
shown in Table 4.1iB70349ingly Crads Bedere2and PEFIPHREDONA8 Tabl e 4

Tenperaturef Tine N2 Q)ZAHQPYSPEG.QE @%s( (_(}1 bgg.)_:]l{ml:l_ll.tééél (rrter7 (11 tler/

b i i Metal. Content (PPM DY MAS S

Component Before Acid Washing After Acid Washing
Na 812 119
K 4950 132
Ca 462 112
Fe 837 103
Al 876 100

5 Thereafter, the original coal was placed in a kiln

{electric external heating metal rotary kiln, rotation
numbef: set at 8 rpm, inner diameter of kiln: 950 mm,
barrel part: 620 mm, 50 kw, 150 A (max)) and nitrogen-dried
at 90°C for 2 hours. The nitrogen used had a purity of 99%
10 or more and the flow rate thereof was 50 liter/min. In the
kiln, the dried original coal was further subjected to
deoxidation/dehydration {step 2), re—carbonization (step 3)
and activation (step 4) under the conditions shown in Table

4.
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{ min) min) nmn) 1 deoxidation/ 150 2 50 0 O dehydration 2 tenperature
rising 150->650 1 300 0 O 3 re-carbonization 650 2 300 0 O .4 tenperature
rising 650-850 1 72 20 8 5 activation 850 16 72 20 8 6 tem‘!ﬂer"eal'c&'%Q5
850.600 1 72 20 8 (((i lowering 7 tenperature 600-> 1 100 0 O Ilowering 5
83 g of thwoadassukent obtai ned above was filled into a stgiFhesas St ee
tube having an outer dianmeter of 1/2 inch (adsorption tower: 11 nm (inner
dianeter) x 150 cm(tower length), volume: 130 mM) and treated in an
nitrogen stream at 60C for 1 hour and at 160C for 7 hours, in total for 8
10 hours. The obtained adsorption tower was connected to an end of the
inpurity deconposition tube filled with the inpurity deconposing agent.

[ Preparati on of Crude Cctafl uorocycl oBabbmet (FC- C318)] The crude

oct af | uorocycl obut ane used was a by-product 15 obtained in the production

of FC 1114. More-specifically, - FEC-1114 was prndlped_bwaherwnlLy
deconposi ng |HCFC{22. At this tiMe.,actafldsgcydiobut aneor esulitiong ffom
........... dln'er Izatlor Sﬁgq: C_ 11145% pr OdL q asar b (hpfoc l‘;l%}-tteaﬁd (J:_jggrll(]:;mw/ 2005 T S
WO 02/ 055458 PCT/|JP02/ 00145 this |was distil]ed td®poduc®td crgae)
oct af | uor ocycl nbdtanadatidig anmount ofisonpurjties i nsphe|thus-obpai ned|crude
dehydration
2 temperature rising| 150650 1 300 0 0
3 |re-carbonization 650 2 300 o Jo
4 temperature rising 6503850 1 72 20 8
5 activation 850 16 72 20 8
-6 {temperature 8505600 1 72 20 8
lowering
7 temperature 600 1 100 Q Q
lowering
5 83 g of the adsorbent obtained above 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), vélume: 130 ml1) and treated in an nitrogen stream

at 60°C for 1 hour and at 160°C for 7 hours, in total for 8
10 hours. The obtained adsorption tower was connected to an

end of the impurity decomposition tube filled with the

impurity decomposing agent.

[Preparation of Crude Octafluorocyclobutane (FC-C318)]

The crude octafluorocyclobutane used was a by-product

15 obtained in the production of FC-1114. More specifically,

FC-1114 was produced by thermally decomposing HCFC-22. At

this time, octafluorocyclobutane resulting from

dimerization of FC-~1114 was produced as a by-product and
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col l ected, ngspectively, 20 and were determ ned by gas chromat ography under

oct af | uor ocycl obut ane was determ ned by gas chromatography. The anal ysis
conditions in the gas chromat ography are shown 5 below |nstyunent body:
GC- 18A (manuf actured by Shinmadzu Corporation) Carrier: He Dbt 2y #9005
Hydrogen fl ane ioni zation detector (FID) Anount of sanple: 0.2 nl

Det er mi natwom2/o#sssol ut e cal i brati on curve The fl uorocar bpar/srspugid i €s in
the crude octafl uoro- cycl obutane cycl obutane obtai ned were as fol | ows:
CFC-217ba was 350 ppm by mass, CFC-217ca was 20 ppm by nass, and HCFC- 124,
HCFC- 124a and CFC- 114 each was 10 ppm by mass. 10 [Purification of Crude
Cct af | uor ocyidtichuteeneil stheledute perodidaor amyndkobot anbuebi@jdiatbalkone was
passed in a gas phase under a pressure of 0.2 MPa at a space velocity of

750 Hr -1 thfsug@inaume phpirpeyitdes obpddid itbustobbatmeld atrwrld | near vel ocity

of 1 mimn 15 through the adsorption tower. The deconposition reaction

t enper at ur e 9H A HEGRGEYFTPYU ERR OIS 45T Higee RésIasoeirompiography.

octaf | uor ooyel piulAYE, BasSHAg: L 0B e JPULL Ly, deconpost 1] op fybe and

t he above- described conditions. 39 11 July 2005 WO 02/055458

PCT/ JPQ2/ 00148 Ihberfiheror aeatvizon i npurities in the octafluorocycl obutane at

the outl et of the reaction tube
GC-18A (manufactured by Shimadzu Corporation)

Carrier: He

Detector: Hydrogen flame ionization detector (FID)

Amount of sample: 0.2 ml

Determination: Abgolute calibration curve

The fluorocarbkon impurities in the crude octafluoro—
cyclobutane obtained were as follows: CFC-217ba was 350 ppm
by mass, CFC-217ca was 20 ppm by mass, and HCFC-124, HCFC-
124a and CFC-114 each was 10 ppm by mass.
10 [Purification of Crude Octafluorocyclobutane]
- The crude octafluorocyclobutane obtained above was

passed in a gas phase under a pressure of 0.2 MPa at a

! through the impurity

space veloéity of 750 Hr
decomposition tube and at a linear velocity of 1 m/min

15 through the adsorption tower. The decomposition reaction
temperature in the impurity decomposition tube was 350°C.
The octafluorocyclobutane passing through the impurity
decomposition tube and the octafluorocyclcobutane passing
through the adsorption tower were collected, respectively,

20 and were determined by gas chromatography under the above-

described conditions.
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and at the outl et of

t he adsorption tower were analyzed after 5 hours, 10

hours and 15 hours sicne the crude 5 octafl uorocycl obutane started flomﬁng
The results . obtained are shown in Table 5. | As a result, CFO/UY7R9°

CFC-217ca, HCFC- 124,

HCFC- 124a and CFC- 114 were deconposed by the inpurity

deconposi ngoagesisssand scarcely detected at the outl et of pdfiobeotusrpurity

deconposi tion tube.

At this time, HFC 227ea and FC-Cl1316 were produced but

t hese products can be renoved by the adsorbent. Thus, it was verified that
CFC- 217ba, CFC-217ca, HCFC- 124, HCFC-124a and CFC-114 in FC C318 can be
removed and the othafflormeoarbobutapertabedein Hhepurified. At the outl et of

t he adsorption tower,

HFC- 227ea and FC-Cl1316 were not detected. 40 11 July

2005 vm>02/955a88u¢xgvxni92m@©ma8aF1th@cpwﬁlqn ofnteoreacHi M GwpeC U ~ U

W a) r-H (a ng)

O
at the(gutlet og]%%e adsorption tower were analyzed

_after 5 hours, 10 hours and 15 hours sicne the crude

5 octafluorocyclobutane started flowing. The results

obtained are shown in Table 5.

As a result, CFC-217ba, CFC-217ca, HCFC-124, HCFC-

124a and CFC-114 were decomposed by the impurity

decomposing agent and scarcely detected at the outlet of

10 the impurity decomposition tube. At this time, HFC-227ea

and FC-C1316 were produced bult these products can be

removed by the adsorbent. Thus, it was verified that CFC-

217ba, CEFC-217ca, HCFC-124, HCFC-124a and CFC~114 in FC-

€318 can

be removed and the octafluorcocyclobutane can be

15 purified.

At the outlet of the adsorption'tower, HFC-227ea and

FC-C1316

were not detected.
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The change in the concentration of CFC-217ba
contained in octafluorocyclobutane at the outlet of the

adsorption tower after 2 hours and 5 hours since the crude

S amount of CFKFC-217ba until the break-through are shown in
Table 8.
Here, the break-through waé set at the point where
1 ppm of fluorccarbon impurities were detected at the
adsorption tower outlet, and the amount of CFC-217ba flown
10 until the break-through was defined as the removal amount
of CFC-217ba.
In the case of using 7 -Fex03 as the ferric oxide
(Examble 2} and using CaCOz as the alkaline earth metal
compound (Example 3), a high capability as the removél
15 amount of CFC-217ba was alsc obtained and it was verified

that octafluorocyclicbutane can be purified.

[Comparative Example 1]
A test was performed under the same conditions as in
20 Example 1 except that the decomposition of fluorocarbon
impurities in a crude octaflucrocyclobutane using an
impurity decomposing agent was omitted in Example 1.
The concentrations of impurities before and after the
passing through the activated carbon were determined in the
25 same manner by gas chromatography.
The fluorocarbon impurities in octafluorocyclobutane

at the outlet of the adsorption tower were analyzed after 5

42
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11 July 2005 WO 02/055458 PCT/ JP02/ 00148 The change in the concentration
of CFC-217ba contained in octafluorocyclobutane at the outlet of the
adsorption tower after 2 hours and 5 hours since the crude 11 July2005

oct af | uorocycl obut ane started flowi ng, and the renoval 5 anount of

CFC- 217ba wotiehssidze break-through are shown in Tabl e 8. pdrmerodie

break-t hrough was set at the point where 1 ppmof fluorocarbon inpurities
were detected at the adsorption tower outlet, and the amount of CFC 217ba
flown 10 until the break-through was defined as the renoval anmount of
CFC-217ba. |nothe, cEsafrsuahiglT héePéBsiased heef erric oxide (Exanple 2)
and using CaCB as the alkaline earth metal conpound (Exanple 3), a high
capability asctaely@mpwdlobbtanpuntavfeCRG-®inga Whse afsoildlst @ineed and it
was verified that octafl uaorocycl obutane can be purified. [Conparative
Exampl e 11 AS%%% imS3ndef rned under the same conditions as in 20 Exanple

1 except that the detcorr%% tzllgBaof flﬁéo%@{ bontherrgurlfé EI'S‘E\%'% % a crude
ec n

—oct-afl-uorocycl obutane usi ng-an= i rrpﬂ ofposin

Exanpl e & The.epncentinglshons Qﬁe'%'ﬁix@ »J&%%ﬁeaggaﬁét@f fmlr@assi ng

t hrough the activated carbon were determned in the sanme manner” by gas
chr omat ogr aphy . odther ffldiegeabbobahapatd ti e Salsn we&aiéu%m&@nﬂﬁm at

the outlet of the adsorption tower were analyzed after 5 42 11 July 2005
and CFC-217ca can not be removed only by the adsorbent.
The removal amounts of HCFC-124, HCFC-124a and CFC-

114 by the purification process of the present invention

10 (Exampie 1} and the removal amounts thereof only by the
adsorption purification {Comparative Example 1} are shown
in Table 7. |

éy setting the break-through at the point when each

;mpurity in octafluorocyclobutane was detected in a

15 concentration of 1 ppm by mass at the outlet of adsorption-
tower, fhe_amount of each impurity flown until the break-
through was designated as the removal amount. As seen from
the results of Example 1 and Comparative Example 1, HCFC-
124, HCFC-124a and CFC-114 can be removed only by the

.20 adsorption, however, when the decomposition step is
provided before the adsorption step as in Example 1, HCFC-
124, HCFlezéa and CFC-114 themselves are decomposed and
lalready removed there, so that the removal amount can be
glevated as compared with conventional adsorption

25 purification processes and it is verified that the
purification process of the present invention is more

effective.
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WO 02/ 055458 PCT/ JP02/ 00148 hours, 10 hours and 15 hours since the

oct af | uorocycl obut ane started flowing. The results are shown in Tabl e 6.
As for CFC-217ba and CFC-217ca, the break-through 5 occur r ed VAVHA008: ¢ he
sane time with the start of flowng of octafluorocyclobutane and it was
verified taioE@s®17ba and CFC-217ca can not be renovegcenbasobmst he
adsorbent. The renoval anounts of HCFC- 124, HCFC-124a and CFC- 114 by the
purification process of the present invention 10 (Exanple 1) and the
removal anounts thereof only by the adsorption purification (Conparative
Exanple 1) are shown in Table 7. By setting the break-through at the point
when each inpurity in octafluorocycl obutane was detected in a 15
concentration of 1 ppmby mass at theTebtleef of adsorption tower, the

anount of each irrpuritéhgl'om u Ehlt@e b.reako-f 1‘t,‘:hr ugh wastdesi ghat ed as
the renoval anou ﬁ?@ga,eﬁ ‘-=L e i Q‘g@?g;l and [Gonpar at i ve
Exanple 1, - - —IZ24a gni—CFC T4 catr e renoved on by—the 20
adsorption dtgpy as in Exa ﬂPB Y Elg?*’ 124 _HCEC-124a and CEC- 114
t hensel ves gre deconposed |&AG-21dbaeady-216me VEGFC-ha4 ﬁcmelztea]tcmhmqe val
amount can He.nslevaled agzggnpared,y th comyent ongf, adsor pfj,0n 25
puri fi cati on—proecesses—ant—+t—+s—veriietthat—the—portHcati ess of
the present j{invention is ndPe effeéfive. 48 11 Jul {° 2005

10 350 20 0 0

15 350 20 0 0 0

5
Table 7

Removal Amcounts of HCFC~-124, HCFC-124a and CFC-114

Removal Amount of Fluorocarbon
Impurities (g)

HCFC~124 HCFC-124a |CFC-114
Example 1 7.0 7.0 2.3
Comparative Example 1 [3.5 3.5 1.3

10 [Comparative Examples 2 to 4]
Tests were performed under the same conditions as in
Examplés 1 to 3 except that 7 -FeOOH=100% by mass
(Cdmparative Example 2), T-Fez03=100% by mass (Comparative
Example 3) and Ca(OH)2=100% by mass {(Comparative Example\é)
15 were used as the impurity decomposing agent. The-break—
through was set at the point when fluorocarbon impurity in
oétafluorocyclobutane was detected in a concentration of 1

ppm by mass at the outlet of the adsorption tower.
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WO 02/ 055458 PCTI JP02/ 00148 Table 6 Change in Concentration of Each

I mpurity at Adsorption Tower Qutlet (Conparative Exanple 1) Chan
Concentration of Each Inpurity Tinme Passed (ppm by mass) (H” %"ﬁ?ba
CFC-217ca HCFC- 124 HCFC- 124a CFC- 114 Sanple fed 350 20 10 10 10 5 350 20 O
0 0 10 35@0dRmk4s O 15 350 20 0 0 O 5 Table 7 Renoval p¥RdnhdiaPf

HCFC- 124, HCFC- 124a and CFC-114 Renoval Anpbunt of Fluorocarbon Inpurities
(g) HCFC- 124 HCFC-124a CFC-114 Exanple 1 7.0 7.0 2.3 Conparative Exanple
1 3.5 3.5 1.3 10 [Conparative Exanples 2 to 41 Tests were perforned under
the same conditi OnNBe aShdrye Exampkesodcd Ot GaeXGeRIr drat 2 TykeOC0H=100% by mass
(Conparative Exanple 2), T -Fe203=100% by nass (Conparative Exanple 3) and
Ca( OH) 2=100% dnyt arresi (J@orqmtaéﬂuveoﬁxcalnﬁw:a@e By wheeouskel asf tidres | npuri ty
deconposi ng (gent The break- throu s set at the point when

f 1 uor ocar bon2¥$RERT 3R iGPwegc fAFPHIOF g"éfg#é:lrsobiﬁdar?eh\%ﬁdé%@%ﬁt ddhdn a

concent ratl o0l e fuo R RPbplRER Bed NG P Hi S, GRS BRI O 4

|

5 amount of CFC~217ba until the break-through are shown in

Table 8.
| The impurity decomposing agent comprising only ferric
oxide (Comparative Examples 2 and 3) could not keep the
shape and probably because of this, the break-through of

10 CFC-217ba occurred early. The decomposition reaction of
CFC-217ba scarcely.proceeded only with alkaline earth metal
compound {Comparative Example 4) and the removal amount of
CFC-217ba was very small. From these, i1t is seen that
unless an impurity decomposing agent containing both ferric

15 oxide and alkaline earth metal compound mixed at an
appropriate ratio is used, CFC-217ba is scarcely decomposed
and good results cannot be obtained in the removal of CFC-

115.

45



11 July 2005 WO 02/055458 PCT/ JP02/00148 The change in the concentration
of CFC-217ba contained in octafluorocyclobutane at the outlet of the
adsorption tower after 2 hours and 5 hours since the octaflib/8¥2@P8but ane
started flow ng, and the renoval 5 anobunt of CFC-217ba until the

br eak-t hr owgiho2asmsshown in  Table 8. The inpurity deconpperme:agant
conprising only ferric oxide (Conparative Exanples 2 and -3) could not keep
the shape and probably because of this, the break-through of 10 CFC- 217ba
occurred early. The deconposition reaction of CFC-217ba scarcely proceeded
only with alkaline earth netal conpouadié®nparative Exanple 4) and the

renoval anount % CFC-21(795aﬁwas vera/ smal lsr?i Fr gg%t hoeu?egrr |s %%en t hat-
unl ess an |npur t Ade and
al kal i ne earjh—retal inggﬁidgggﬁggﬁcu “2-3§g 'E .ﬁi%% Fs—used,
CFG-217ba id scarcel y|BeaideRd@f and goedueesuld f@“@aﬁﬁot biEesbYal neld in
the renoval |of CFC 1f5‘?u§§Y1’iECJJ{EP?/SlZ’GO5 pa¥: 028 peoyy 1 PegorPF48 Tabl e
8-Change -i-n-|Concent raf i JAdsorpti-on [Tawer Od&]l gfc gﬁ&ba @ﬁﬁ-}?%t]f-?bﬁ unt--of -
CFC-217ba i n—Each Tnc( IP;‘L‘IH ng|f|vf\ of Tinme Cha B b 5an‘r)\a|g ||1p|||:ity
Deconposi ng [passed CJ@@EMB?éﬁdon Aphount jof OAgent oﬁBQFC- 7ba CFC- 217ba
(% by nass) éﬂn)pl(eppnf',by&gggs) (m] 39 2 0
Ca (O} 70 5 o 645
Example 2 |7 -pFe,0, 20 2 0
Ca{OH)2 80 5 45 570

Example 3 |7 -Feo0OH 20 2 24

Comp. Only adsorbent 2 350

Example 1 ’ 5 350 <1

Conp. T - FaOO0H 100 2 52

1
Example 2 5 303 60
Comp. T «Fey0; 100 2 125
1

Example 3 5 350 30

Comp. Ca{OH} 2 100 2 300

Example 4 }- 5 350 <1

5 [Reference Examples 1 and 2]

The tests were performed under the same conditions as
in Example 1 except for the decomposition temperature in
the impurity decomposition tube. The decomposition
temperature in the impu:ity decomposition tube was 240°C

10 {(Reference Example 1) and 400°C (Referencé Example 2}.

The change in concentration of CFC-217ba at the

reactiocn tube outlet after 2 hours, 5 hours and 10 hours

since the octafluorocyclobutane started flowing is shown in
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Sample fed 0 350 Exanple 1 T-FeOOH 30 2 0 Ca(OH)2 70 5 0 645 Exanple 2
T-Fe203 20 2 0 Ca(OH)2 80 5 45 570 Example 3 T -FeOOH 20 2 24 CaCO3 80 5
325 555 Conp. Only adsorbent 2 350 Exanple 1 5 350 <1 Conpl1Fuly296bH 100
2 52 Exanple 2 5 303 60 Conp. T-Fe2G3 100 2 125 Exanple 3 5 30 350 Conp.
Ca(OH) 2 10®022888asExanpl e 4 5 350 <1 5 [Reference Exanpbewidhzaeids 2] The
tests were perforned under the sane conditions as in Exanple 1 except for
t he deconposition tenperature in the inpurity deconposition tube. The
deconposition tenperature in the inpurity deconposition tube was 240C 10
(Reference ERanjd edl) and 400C (Reference Exanple 2). The change in
concentration of CFC-217ba at the reaction tube outlet after 2 hours, 5
hours and 10 hour®s 2$¢itdndie thet aebtorotyktvbihgnacsiuttedof dwng is
shown in 46 11 Juje/ 2&)05 .

impurity decomposing agent was not enhanced due to

excessively low temperature of 240°C and the decomposition

5 did not proceed. At an excessively high temperature of
400°C, the impurity decomposing agent itself was decomposed
by the heat and the break-through of CFC—Zl?ba at the
adsorption tower outlet occurred early. The removal amount
of CFC-217ba was about 1 mg or less and it was verified

10 that this impurity was almost not removed.

Table 9

Change in Concentration of CFC-217ba at Adsorption
Tower Outlet with respect to Decomposition Temperature

) Change in Concentration of CFC-217ba

Time (ppm by mass)

Passed

(Hx) Example 1 |Reference Ex. 1 Reference Ex. 2
(350<C) (240°C) {400°C)

Sample fed 350 350 350

2 0 190 225

5 0 - 325 350

10 0 350 350

15
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WO 02/ 055458 PCT/ JP02/ 00148 Table 9. As seen fromthe test results, the
-activity of the inpurity deconposi ng agent was not enhancedﬂﬂm& ﬁ
excessively | ow tenperature of 2400C and the deconposition 5 v 2805
proceed. At an excessively high tenperature of 400C, the inpurity
deconposi ng agent itself was deconposed by the heat and the break-through
of CFC-217ba at the adsorption tower outlet occurred early. The renoval
anount of CFC-217ba was about 1 ng or less and it was verified 10 that
this inpurity was al nost not renoved. Table 9 Change in Concentration of
CFC-217ba at Adsorption Tower Qutlet with respect to Deconposition
Tenperature Change in Concentration of CFC-217ba Tinme (ppm by mass)

Passed (H) Exanple 1 Reference Ex. 1 Rehemence Ex. 2 (3500 (240C) (400C
Sanple fed 350 350 350 2 0 190 225 5 0 325 350 10 0 350 350 15 47 11
July 2005 CLAIM5S 1. A process for purifying an octafluorocycl obut ane,
conprising the step of contactlng a crude octafluorocyclobutane contalnlng
i puri-ti-es-w-t-h-an- . :

1. A process for purlfylng an octafluorocyclobutane,

comprising the step of contacting a crude
octafluorocyclobutane containing impurities with an
impurity decomposing agent comprising an iron oxide and an
alkaline earth metal compound under elevated temperature
and then with an adsorbent to substantially remove said

impurities frem said crude octafluorocyclobutane.

2.The process for purifying an octafluoroccyclobutane
as claimed in claim 1, wherein said iron oxide is ferric

oxide.

3. The process for purifying an octafluorocyclobutane
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 cctafluocrocycleobutane
as claimed in any one of claims 1 to 3, wherein said
alkaline 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,
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i mpurity deconposi ng agent conprising an iron oxide and an alkaline earth
netal conmpound under el evated tenperature and then with an adsorbent to
substantially renove said inpurities fromsaid crude 11 July 2005

oct af | uorocycl obut ane. 2. The process for purifying an octafl uorocycl obut ane
as claimed in claim1l, wherein said iron oxide is ferric oxide. 3. The
process for purifying an octafluorocyclobutane as clained in claim 2,
wherein said ferric oxide is y-iron hydroxide oxide and/or y-ferric oxide.
4. The process for purifying an octafl uorocycl obutane as clainmed in any
one of clainms 1 to 3, wherein said alkaline earth nmetal conpound is at

| east one conpound selected fromthe group consisting of oxides,

hydr oxi des cadrmd usar bamated uvof aaml dldedlirne earth netal of magnesium 48 11
July 2005 calcium strontiumand barium 5. The process for purifying an
oct af | uorocycl obutane as clained in any one of claiml to 4, wherein said
inpurity deconpgsi Rg-ageblt:canteal M deznsl 4Q9 i_ron oxi de
and from60 to 95% by ABSS of Palb R e A

the entireafasdadfmedaia apyponet pidedeipodi g dgemher@inTheipr ocess for
purifying fl.uor .ane _as _.claimed in_an ne of, ¢glainms 1 to 5,
wher ei n sa?gk%§63§i9§%%h§§§%% SPAG Ao &N RS 5%§%h%e% orpri i d'@& *powder
of an irowfoxinderbavbrgdenaaderage Bar trioClos2sbze mefss10F Mokl Haasseand a

powder of an a kalin? earth netal conmpound having an average particle size
of 100 DWISFIF siietal compound based on the entire mass of said

impurity decomposing agent.

6. The process for purifying octafluorocyclobutane as
claimed in any one of claims 1 to 5, wherein said impurity

decomposing agent is a granule comprising a powder of an

iron oxide having an average particle size of 100 pm or

less and a powder of an alkaline earth metal compound

having an average particle size of 100 pum or less.

7. The process for purifying an octafluorocyclobutane
as claimed in any 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 octaflucrocyclobutane
“as claimed in any one of claims 1 to 7, wherein said crude
octafluorocyclobutane is contacted with said impurify

~ decomposing agent at a temperature of 250°C to 380°C.
-9 . The process for purifying an

49
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7. The process for purifying an octafl uorocycl obutane as clainmed in any
~one of clains 1 to 6, wherein said inpurity deconposing agent is a granule
havi ng an average particle size of 0.5 to 10 nm 8. The proteddyfgp
purifying an octafl uorocycl obutane as clainmed in any one of clainms 1 to 7,
wherein said crude octafluorocyclobutane is contacted with said inpurity
deconposi ng agent at a tenperature of 250C to 380C. 9. The process for
purifying an 49 11 July 2005 'i. octafluorocycl obutane as clained in any
one of claims 1 to 8, wherein said adsorbent is at |east one nenber
selected fromthe group consisting of activated carbon, nol ecular sieving
carbon and activated coal. 10. The process for purifying an

oct af | uor ocygdbutahesc@ast sl dmd 44 QlBifdD i iefeidhsSd AGkinsatedcoal
is obtained by a process conprising: a step of washing original coal wth
an aci d and Wat@rergigt eip i) ;ads ostigntofishedt ilwg stthensy imginksr cedlecarda
tenperature £ ro m 5591et Or%Suoggaﬁ'or}Fg‘J{]seﬁ ir_ll“% ggig%%tt%tvra A tco r%%%XI (?r{ozleeoari%/ror

~dehydrate-said origi R s-ep~o~wweawrngftheworﬁgrnahwcoa+wwmwm
at a tenper atielngfcdibt anDCEHivaard el .gas streamto re-carbonize

said original coal (step 3); and a step of heating the original coal at a
tenperature of 700 to 900C in a m xed gas stream containing an inert gas,

carbon dioxi de and) stgamdQAaGld wahe 38t AriPiRaloctafivorocyclobutane
as claimed in c¢laim 9, wherein said activated coal is
obtained by a process comprising:

a step of washing original coal with an acid and water
(step 1);

a step of heating the original ccal at a temperature
of 50 to 250°C in an inert gas stream. to deoxidize and/or
dehydrate said original coal (step 2):

a step of heating the original ccal at a temperature
of 500 to 700°C in an inert gas stream to re-carbonize said
original coal {step 3); and

a step of heating the original coal at a temperature
of 700 to 900°C in a mixed gas stream containing an inert
gas, carbon dioxide and steam to activate said original

coal (step 4).

11. The process for purifying an octafluorccyclobutane
‘as claimed in claim 10, wherein said original ccal is
obtained by carbenizing at least one member selected from
the group consisting of coconut-shell coal, coal, charcoal
and tar pitch under heating at a temperature of 400 to

600°%.
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coal  (step 4). 11. The process for purifying an octafl uorocycl obutane as
-claimed in claim10, wherein said original coal is obtainedagéﬂcarbonizing

1B e9%he| |

at | east one nenber selected from the group consisting of c
coal, coal, charcoal and tar pitch under heating at a tenperature of 400
to. 600C. 50 Il July 2005 12. The process for purifying an

oct af | uorocycl obutane as clained in claim10 or 11, wherein said acid is a
m neral acid and the concentration of said acid is from1 to 1,000 nol/nB.
13. The process for purifying an octafluorocycl obutane as clainmed in any
one of clainms 10 to 12, wherein said acid is hydrochloric acid and/or
sulfuric acid. 14. The process for purifying an octafl uorocycl obutane as

clainmed in any ongz ofTied ab Pcdds tydpumhefiaid & ddhe s tuansfen Jyamsai d
step 2 to said step 3, the original coal that is passed through the step 2
is heated tc*a CtaHpd aturel fn 560 ato Foo@harein stal dfacgeb itso 500/ hr in
an inert ga T C r i fyi n, act.af l.yor l.obut ane
A e edtn AL ERN Al JIE BIOCER LN Y4 LA, LA L0 AR

said step 3 t@ 5al@0 step/=. the original coal that is passed through the
step 3 is heated to a tenperature of 700 to 900C at a rate of 100 to
200C/ hr in an inert gas stream 16. The process for purifying an

oct gf | uor ocycl obut anern@sy:cd @i dBdd N AW B8 Plaf! @B A kB ohienfi n
sal
as claimed in any one of claims 10 to 12, wherein said acid

is hydrochloric acid and/or sulfuric acid.

14. The process for purifying an octafluorocyclobutane
as claimed in any one of claims 10 to 13, wherein at the
transfer from said step 2 to said step 3, the original coal
that is passed through the step 2 is heated to a
temperature of 500 to 700°C at a rate of 300 to 500°C/hr in

an inert gas stream.

15. The process for purifying an octafluorocyclobutane
as cléimed in any one of claims 10 tc 14, wherein at the
transfer from said step 3 to said step 4, the original coal
that is passed through the step 3 is heated to a
temperature of 700 to 900°C at a rate of 100 to 200°C/hr in

an inert gas stream,

l6. The process for purifying an octafluorccyclobutane
as claimed in any one of claims 10 to 15, wherein said
mixed gas contains from 50 to 89% by volume of inert gas,

from 10 to 30% by volume of carbon
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m xed gas contains from50 to 89% by volunme of inert gas, from1l0 to 30%

- by :volune of carbon 51 11 July 2005 dioxide and from1l to %OCV l?% %Oogpume of
steam based on the entire volune of the entire m xed gas. ulyf rocess
for purifying an octafl uorocycl obutane as clainmed in any one of clains 10
to 16, wherein after said step 4, the activated coal that is passed
through the step 4 is cooled to roomtenperature at 200 to 300C/ hr in an
inert gas stream 18. The process for purifying an octafl uorocycl obut ane
as claimed in any one of clains 10 to 17, wherein said activated coal has
an iodine adsorption quantity of from 700 to 1,000 ng/g. 19. The process
for purifying an octafluorocycl obutane as clained in any one of clains 10
to 18, wherejjvihe tatdlcrgont ey afy alkald L A5 (gl RRGdd saicte
activated coal is 1,000 ppmor less. 20. The process for purifying an

oct af | uor ocy&Hebift afelune off dihfediti 18 diiverd Jasherein said alkali netal is
potassium and the total content of potassiumcontained in said activat ed
~coalis-500-ppm-or-tess. 21, Fhe-process-for purifyi-ng-an-

oct af | uorocycl obwthnéfhaspmicaasm(fam mrmi@mm@famlcmmﬂtﬁohydwmta&% to

20, wherein said crud octafluoroc Scolbutane cont S sald inmpurities in

an amount of23F B ddb 5B S Al U5 ddes Y FUAT TG an
00taf|U0r00M§£@bQﬁﬁﬁ?4, the actlvated coal that is passed through the

step 4 is cooled to room temperature at 200 to 300°C/hr in

an inert gas stream.

18. The process for purifying an octafluorocyclobutane
as claimed in any one of claims 10 o 17, wherein said
activated coal has an iodine adsorption gquantity of from

700 to 1,000 mg/q.

19. The process for purifying an cctafluorocyclobutane
as claimed in any one of claims 10 to 18, wherein the total
content of alkali metals contained in said activated coal

is l,OOO ppm or less.

20. The process for purifying an octaflucrcocyclobutane
as claimed in claim 19, wherein said alkali metal is
potassium and the total content of potassium contained in

said activated coal is 50C ppm or less.

21. The process for purifying an octafluorocyclobutane

as claimed in any one of claim 1
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as clainmed in claim21, wherein said inmpurity is at |east - one fluorocarbon

- selected fromthe group consisting of 2-
chloro-1,1,1, 2,3, 3, 3-hept af | uor opr opane, 1-chloro 11 July 2005
1,1,2,2,3, 3, 3-hept af | uor opropane, 1-chloro-1,2,2,2- tetrafl uoroethane,
1-chloro-1,1,2, 2-tetrafl uoroet hane, 1, 2-
dichloro-1,1, 2, 2-tetrafl uoroet hane, hexaf!l uor opropene and

1H hept af | uor opr opane. 23. The process for purifying an

oct af | uorocycl obutane as claimed in claim?22, wherein after the inpurities
are substantially renoved, the concentration of inpurities renmaining in
t he octafl uorocycl obutane is less than 1 ppm by mass. 24. A process for
preparing an®ct@f |wosaome | NP antide Y A1SINIHIRE cHERS: Oyl ng a
crude octafluorocyclobutane containing inpuritiés, and contacting said
crude oct af | FO Y Obi e W tan andupurdt v 0 decdip diongpraydn mee®pri si ng
an iron oxide and an alkaline earth nmetal conpound under el evated

from which inmpurili esheane st fidd @y femyed o3 akl ubtory2Q0butdbhe The
process forég{e aring. an octafl ugrocycl obutane as clained in claim24,
wher ei n the éﬁ-%}fm%# odu Gy Tart Lo REISHSY S dBRVARE Yo diit ditnilfgst

impurities ignd heddwidminorflecomRasid i 9ot Hehl el fdbarumihang. »26. The
process for preparing an octafluorocycl obutane™ as clainmed in-claim24 or
25, wher ei n Gaiqrdnipurile i3 Zat3-Hegdstt e ddnegreoear Borehdelrect ed from t he

group consi sting ol 25 chlhrelerd ki, MeRLANLYRLR0RaNe,  1-chl or o-
tetrafluoroethane, l-chloro-1,1,2,2-tetrafluocroethane, 1,2-
dichloro-1,1,2,2~tetrafluoroethane, hexafluoropropene and

1H-heptafluoropropane.

23. The process for purifying an octafluorocyclobutane
as claimed in claim 22, wherein after the impurities are
substantially removed, the concentration of impurities
remaining in the octafluorocyclobutane is less than 1 ppm

by mass.

24. A process for preparing an octafluorocyclobutane,
comprising the steps of producing a crude
octafluorocyclobutane containing impurities, and contacting
said crude octafluorocyclobutane 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 octafluocrocyclobutane from

which impurities are substantially removed.
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1,1, 2,2,3, 3, 3-hept af | uor opropane, 1-chloro-1,2,2,2- tetrafl uoroethane,

- 1l-chloro-1,1, 2, 2-tetrafl uoroet hane, 1, 2- 11 July 2005
dichloro-1,1, 2, 2-tetrafl uoroet hane, hexafl uoropropene and uly

1H hept af | uor opropane. 27. An oct afl uorocycl obut ane obt ai nabl e by the

process according to claim1 or 24, which has a fluorocarbon inpurity

content of |ess than 0.0001% by nass and a purity of 99.9999% by mass or

nore. 28. The octafl uorocycl obutane as clainmed in claim?27, wherein said

fluorocarbon is at |east one fluorocarbon ,selected fromthe group

consisting of 2-chloro- 1,1,1, 2,3, 3, 3- hept af | uor opr opane,

1-chloro-1,1, 2,2, 3,3, 3- heptafl uoropropane,

1-chloro-1, 2, 2, 2- wt rafd yoraetdmnmr bradtangy bnl triieldrafdwargeidare,

1, 2-di chl oro- | tetr fluoroethane hexafluoropr ene and
i H hept af | uGtd Bt Jf‘ieq}LﬂrS/ c%@dé“ gt ey © &ﬁ@%%lng an

t heoct af | UOI’cﬁ)@yé;fllMc&ﬁﬂ:l(ﬂkajﬂmfb ddh@lanrﬁ@h@fura&le%,o i ARt ciidignagas
- CONPFi-Sig- t$ as- clained “A-cl-ai-m 2931 cleanlng ‘gas - conpri-si-ng-t-he -
gas cl ai ned Seloistel-n ek vl chlorodlfluoromethan

26. The process for preparing an octafluorocyclobutane
as claimed in claim 24 or 25, wherein said impurity is at
least one fluorocarbon selected from the group consisting
of 2-chlore-1,1,1,2,3,3,3-heptafluoropropane, l-chloro-
1,1,2,2,3,3,3-heptafivoropropane, l-chlecro-1,2,2,2-
tetrafluorovethane, l1-chloro-1,1,2,2-tetrafluorcethane, 1,2-
dichloro-1,1,2,2-tetrafluoroethane, hexafluoropropene and

lH-heptafluoropropane.

27. An octafluorocyclobutane obtainable by the process
according to claim 1 or 24, which has a fluorocarbon
impurity content of less than 0.0001% by mass and a purity

of 99.9999% by mass or more.

28. The octafluorocyclobutane as claimed in claim 27,
wherein said fluorocarbon is at least one fluorocarbon
rselected from the group consisting of 2-chloro-
1,1,1,2,3,3,3-heptafluoropropane, l-chlore-1,1,2,2,3,3,3-
heptaflucropropane, l-chloro-1,2,2,2-tetrafluoroethane, 1-
chloro-1,1,2,2-tetrafluorocethane, 1,2—dichloro—l,1,2,2—-

tetrafluoroethane, hexafluocropropene and 1H-heptafluoro-
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_propane.

29. A gas containing the octafluorocyclobutane claimed

in claim 27 or 28.

30. An etching gas comprising the gas claimed in claim

29.

31. A cleaning gas comprising the gas cldimed in claim

29.
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