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(54) Title: PROCESS FOR PURIFYING OCTAFLUOROCYCLOBUTANE, PROCESS FOR PREPARING THE SAME, AND
wF USE THEREOF

055

{57) Abstract: A process for purifying octafluorocyclobutane according to the present invention is characterized by contacting a
~~. crode octaflnorocyclobutane containing impurities with an impurity decomposing agent under elevated temperature and then with
an adsorbent to substantially remove the impurities from the crade octafluorocyclobutane. According to the purification process
or preparation process of octafluorocyclobutane of the present invention, the impurities such as fluorccarbon can be substantially
removed and a high-parity octafluorocyclobutane can be easily obtained. The octaflucrocyclobutane obtained by the purification
g process of the present invention is substantially frec of impurities and therefore, can be used as an efching or cleaning gas for use in
the production process of a semiconductor device or the like.
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20 Heretofore, in the process of producing sen conductor devices, a gas

etching for partially renoving a thin-film material is perf d _
forming a circuit pattern which constitutes a seniconductorgégﬁgabﬁé At
the sane tinme, renoval of deposits using a cleaning gas is perfornmed to 25

renmove a twiowfosdsse starting material deposited to the ipsrse2odfian reactor
during the thin filmformation. One of useful etching or cleaning gases
conventional for the 1 11 July 2005 WO 02/055458 PCT/JP02/ 00148 production
process of a sem conductor device is octafluoro- cyclobutane (hereinafter
referred to as "FC-C318"). On the obBecrbpmhnto keep up wth recent
tendency toward higher performance, snaller size, higher density 5 wiring
of electrical or electronic equipnment, the circuit patterns are beconi ng
finer and in order to forma higher- precision circuit pattern by etching,
use of a hi gh-PRGaSP fefcRPAGTYERY fOTAMMOCRCY APaPIEIRS, O SsnitREt ed as

much as possible is demanded. Wen an chin as _contains.an 10 inpurity
: 135%2% Andr Usg T hedt,

. eparln e,

‘during the formation of a fine pattern and increase of defects in the
product having a high density integrated circuit. Also in the process of
removi ng adep@SBESREBERRNGE 1F ®iEearEpgapesicaesindual inpurities in the
production process of a semi conductor device after cleaning nust be
reduced as nuch #bipoamillantdonad st enpepwl tentd dni dh-lpdr bhgeands hi gh-
qual ity device. For _this purpqgse, a high-purity cleaning

U.S8.C. §11l(a) claiming benefit pursuant to 3b U.S5.C.
§119(e) (1) of the filing date of Provisional Application
10 60/264,322 filed on January 29, 2001, pursuant to 35 U.S.C.

§111(b).

Technical Field
The present invention relates to a process for
15 purifying an 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



gas containing substantially no inpurity is demanded. 20 Wth respect to
t he production process of FC-C318, for exanple, a nethod of fHE$E%Pﬁg
FC-C318 obtained as a by-product in the production of tetra? uor oet hyl ene
(hereinafter sonmetines referred to as "FC-1114") or hexafl uoropropene
(herei naf t o ®es@Assd nes referred to as 25 "FC 1216") is kopywodignever,
these FC-1114 and FC- 1216 each is produced by thermally deconposing

chl orodi fl uoronet hane (hereinafter 2 11 July 2005 WO 02/055458

PCT/ JP02/ 00148 sonetines referred to as "HCFC-22") as described, for

exanpl e, in EP48EEtBoa SrawsksTaiy akkefscohdsthst ansaseaie optoeueseb-by this
t hermal deconposition. The reaction product also contains unreacted
HCFC- 22 and nmenjockhtant neh&raioatieni ngfeongpoundsais THE-B3iBI'hg points of .
FC- C318 and respective econpounds contained as inpurities after the therma
deconposi tion of PeFERe20Ehe dKeRn A TapPeuR . vidHbFehésEendeRsy 114 and

FC 1216 jective, duct d t 10 HCFC. 22 b tl
~separated by CHFSET| FATTEn DHSRBIEPC i B o Fct U DoRee TSRt Ll arly,
2o ne O st ity %o Stk IBg OB QRANGH{ QIRINRELEY BRTEL IR [ #T o ¢ o

to as "CFC 21/ba” ro-1,1, 2, ept afl uor opropane (hereinafter
sonetines repgttLeng 0arS HdronEhG- 21462"dnd in order to form a higher-

2-chloro-1,1,1,2-tetrafl uoroethane (hereinafter sonetines referred to as
"HCFC- 124") ,pfecision circuit pattern by etching, use of a high-purity
etching gas from which impurities are eliminated 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



chloro-1,1,2,2-tetrafl uoroethane (hereinafter sonetines referred to as
"HCFC-124a"), 1,2-dichlorotetrafl uoroethane (hereinafter SO{‘FBLI@%DS
referred to as "CFC-114"), FC- 1216 20 and 1H hept afl uor opr opane
(hereinafter referred to as "HFC- 227ca"), have a boiling point close to
t he boi |l i nyomiosdasf FC-C318 and therefore, FC C318 havpagymodigpurity
concentration of 1 ppmby mass or |l ess can be hardly obtained through
separation by distillation. 3 11 July 2005 WD 02/ 055458 PCT/ JP02/ 00148
Table 1 Structural Boiling Conpound Nane Fornula Point (C

Cct af | uor ocysbmbuimee {dferERIB) oC s EFADERACE2CR2 as- GesChl Pe@difduor onet hane
(HCFC-22) CHC1lF2 -41 Hexafl uoropropene (FC 1216) CF3CF=CF2 -31

2- Chl oro- 1, 1ezamp B3, EEHSQACPRCRBd - Ranhédpitrals wdr spbepanes{ GEE 217ba)
1-Chloro-1,1,2,2,3,3,3- CClF2CF2CF3 -2 to -1  heptafl uoropropane
(CFC-217ca) Prefyerd-by fhis thepmplicfgcomppsiftdopaf | TR d@askAEN( HCFC- 124)

1-Chloro-1,1,2, 2- Ccl.F2CHF2 .-10.2 1 et rlafl g;?aged( HCFC- %L%ai)ine-

nd many C

~-H-Hept-af |- uo?-lé%%%%tanael CHESEESEES 282
1, 2-Di chipr ot g4 2 A 40 QRIPRRGJSCIF2CCIF2 -3. 8

The boiling points of FC-C318 and respective
compounds contained as impurities 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.



(CFC-114) Therefore, a purification nethod other than the 5 separation by
distillation, such as extractive distillation, nenbrane sepﬁg]%iy%ognd
adsorption separation, is being attenpted. However, the extractrve
distillation nethod has a problemin that the equi prrent costs highly and

t he proceswo dfdssqss cunber some. The nenbrane separati on neghaad2b@ss a probl em
in that an appropriate and practical nenbrane - having properties necessary
for separating FC-C318 from inpurities is not known, and purification to
hi gh purity, for exanple, such that the content of inpurities in FCC318 4
11 July 2005 WD 02/055458 PCT/ JP02/ 0@3#8ei$ 1 ppm by mass or less, is
difficult. Also, as shown in Table 2, there is alnost no difference in the
nol ecul ar size (calculated value at stable state structure) between

FC-C318 and{the inpurity 5 conpounds, there | s onI-T)g a_smal Bodififhgr gnce in

the boiling | CoappunbeNawen FC C318 and i npur Gdnds | @sidescr i bed
above, and HC-C318 and inpurities are approx %n the (s¢y uctute and

-physi-cal- pro%%rt%'fﬁﬁmgﬁ%lﬁéb(%{t ?;ei% & I’i‘l o% ﬁk}f’g@}? mg, 1511 EVRR—

conmpounds t ¢—obtain—al 18 ttained by an
adsor ption <€bépapﬁ@ﬁlummﬁ@an§| HGCHCkABWN BehsdFbent such-as acti yat ed

carbon, sil |H@§§ag§{mr0§le(g4éntee @-@uhg@g ar Sl e\/&s}F_a&d m)Teq ukar “sTeving

carbon (here¢

( I“Ild.[)llorolfllﬁrll Czu 3LU ao lvuu } dCF;géJiE_%F—: _.2
heptafluoropropane (CFC—ZlTba)
1-Chloro-1,1,2,2,3,3,3- CClF;CF.CFy -2 to -1
heptafiuoropropane {({CFC-217ca)
2-Chloro-1,1,1,2- CF3CHCLF ~-12
tetrafluoroethane (HCEFC-124)
i-Chloro-1,1,2,2~ CC1lFCHF, -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



Compound Name Ml ecul ar Size (calculated value) Cctafl uorocyclobutane
(FG-C318) 5.2 to 5.8 A 2-Chloro-1,1,1, 2, 3, 3, 3-Hept af | uoroprppglrﬁﬁzﬁ Q to
6.2 A (CFC217ba) 1-Chloro-1, 1, 2,2, 3, 3, 3-Heptaf | uoropropané g 9t
6.1 A (CFC217ca) 2-Chloro-1,1,1,2-tetrafluoroethane 4.3 to 5.6 A
(HCFC- 124) wbh @@hbzas- 1, 1, 2, 2-tetraf |l uoroet hane 4.3 to 5. 6péu/ikoeioigs 124a)
1,2-Dichlorotetrafl uoroethane (CFC-114) 4.8 to 5.6 A Hexafl uoropropene
(FC-1216) 4.9 to 5.9 A 1H Heptafl uoropropane (HFC-227ca) 4.3 to 6.2 A b
11 July 2005 WO 02/055458 PCT/ JP02/00148 Among these, activated carbon is
effective toiaddopbm andeasserebyeseppie ECEARIEE.wWhich is one of
inpurities, but all other inpurities_including chlorine conpounds cannot
be 5 separated. AdEBr dFh@HPYH ArcBAVeRt £ onBlleBuris FdAPSEn et hods, it s
difficult to o? ain FC C3 red;cedlin t he Cﬁ$ egﬁ&gt&on of f] uorocarhbon
inpurities, PAFCEEERETIVP CPE BETBEYE0 11%Dp ag‘f §9V31 88210 As a
result of exrs%ﬁ?hééest € S22k, 009 QtQQéHeTcidB%%ea HOPLE By L PP Pr €SENt
—tAVent-ors- h'a.'Ve" . Ound“ t hat 'V\/hen —~crude- oct af ..
impurities suehpdtnd§) UM2eAnRBOBNLY 60BhaC] edh Midanas §APEAET ¥odBGAPOSI Ng

point between FC-C318 and impurity compounds as described
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

Compound Name Molecular Size
b {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




agent containing an iron oxide and an al kaline earth nmetal 15 conmpound and
then with an adsorbent, these inpurities can be substanti alH’Jnﬂlﬁ{EﬂH@-d wth
ease. Moire specifically, the present inventors have found a "purrfication
process of FC-C318, where FC-C318 containing fluorocarbon inpurities such
as CFC 21Mpe.02/6ds438217ca, HCFC 20 124, HCFC-124a, CFC 1ll4pcfpodasiss and
HFC-227ca, particularly CFC 217ba, in a concentration of 10 to 10,000 ppm
by mass is contacted with an inpurity deconposing agent and further with
an adsorbent and thereby these inpurities can be reduced to less than 1
ppm by mass. The present 25 invention has been acconplished based on this
finding. 6 11 July 2005 WD 02/055458 PCT/ JP02/ 00148 (bject of the

| nvention An obj ddtonsf thiesepr asbhvaten eradlom its e6fsotiee tire adsorb
above-describﬁgﬁproblené i n_conventional techniques and provide a process
for purifyi RPAFRSEERY G6R6EG cFoptt e Whifkele PRAPUPT tiudirddd e but

cl obut ane, cont ai ni

substanti al | remved .froma.crude - octafl roc
puri-ti-es %}b]if é'-J %se %eé f'-lf-:-’ |UL(E:'n é?}l?fs- ---hrrllcqaung((;it% r-c%o Bjré%? : %?mli’%@dpsr é:éaé’-f-?lpti -Ege nti-on---e

is to prgovi B4 fication process capable of effectively renoving
CFC-217ba, which has been difficult to renove by conventional purification
processes, and regdueiragnighe, Lapoentdesiaah pasiEloor Deamkamdae,|l egs than 1
ppm by mass. A further object of the present invention is to provide a
process for it ebffiigglanteceobtsinrcydisberednesed tonpre siongenieation
above-descri bed purification steps, and al so
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.



provi de a high-purity octafl uorocycl obutane and uses thereof. Summary of
the Invention In a first aspect, the process for purifying aly Juiv 200

oct af | uorocycl obut ane according to the present invention conpri L&S ?he
step of contacting a crude octafl uorocycl obutane containing inmpurities

wi th an Wi§dPIS¢3$ deconposi ng agent conprising an ironPERIRE0ME an

al kaline earth netal conpound under elevated tenperature and then with an
adsorbent to substantially renove the inpurities fromthe crude

oct af | uorocycl obutane. 7 11 July 2005 WO 02/055458 PCT/JP02/ 00148 The iron
oxide is preferably a ferric oxide. The ferric oxide is.-preferably a T
-iron hydro 1de 0 % and/or .a T -ferric oxide. 5 The al kaline earth neal
conpound i S })?‘étfé)r‘é\ Eﬁ glnvelngégp one conpound sel ected fromthe group

consisting of = Qridigte iy erEdgsoand CALANALSS 1of 13N -ahkal L earth

nmetal of nagnesium “cal cium strontiumor barium The inpurity deconposing

agent pref ghchl Rt 8lels prd81EneM S tshARXIBY:aNBES cAhiglled I iy OXi de and
~from-60 to 95% by mass o? an--al-kal-i-neearth netal-conpound, -based-on-t-he-

entire masprofidehe prpoesty fdecpnpdsy hy agepitaTheornpucldlyudesonposi ng
agent is preferably a granule conprising a powder of an iron oxide having
an 15 aver'ﬁ@%‘f@pd—lﬁlpluél%lﬁszéa@f beopubpt Bt Ieddy éﬁﬁloﬁeéoﬁﬂ@ﬁ dfcrdde gl kal i ne

earth netaJng uo ocycﬁvg %ge pg&ﬁégiﬁiﬁﬂ %%@8&1 les. DMore

specifically, an another object 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.



mor |ess. The inpurity deconposing agent is preferably a granule having
an average particle size of 0.5 to 10 nm 20 The crude |

oct af | uorocycl obutane is preferably contacted with the |npurT%ﬁJH§88%p05ing
agent at 250C to 380C. The adsorbent is preferably at |east one nenber

sel ect ed woomstdse group consisting of activated carbon,pcEfposidigcul ar
sieving carbon and activated coal. The activated coal is preferably an
activated coal obtained by a process conprising the steps of washing 8 11
July 2005 WO 02/055458 PCT/JP02/00148 original coal with an acid and water
(step 1), heating the original coal at 50 to 250C in an inert gas stream
to deoxidize and/or dehydrate the original coal (step 2), heating the
origi nal coal aﬂh§0®r©@ JOUR i s arefverblyas Bestieamide.r eThar boni zi ng the
original coal (step ,.and heating the original coal at 700 to 900C in a
mi xed gas ISEE SrrPt‘,bﬁi\ ahidgarater & Jadrovapygnodieri asldndadiam to

activate t@piorfé% i_nal cogl (step 4). The original coal is preferably
-—obt-ai-ned-by-10 cafbon|21ng at |-east one nenber sel ected from the group-

consi stsng of ceganyirsheld &oalh kel &&ai %}% h under
heating at 400 to 600C. The acid is prg?era 'y 55 é%and has an

acid concaetsat bna @ﬁm@W@&f&ﬁhbﬁt%ﬁoﬁr&mtﬁhé.éKHhﬁﬂHdﬂﬁistiﬁgTBQ acid is
preferably hydrochloric acid and/or
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



sul furic acid. At the transfer fromthe step 2 to the step 3, the original
coal fromthe step 2 is preferably heated to 500 to 700C at ‘?SOI t,@o 00 hr
in an inert gas stream 20 At the transfer fromthe step 3 tz) H p 4,
the original coal fromthe step 3 is preferably heated to 700 to 900C at
100 to 200@ohwossassan i nert gas stream The mi xed gas. prafepaddoyescont ai ns
from50 to 89% by volune of inert gas, from 10 to 30% by vol une of carbon
25 dioxide and from1l to 20% by vol une of steam based on the entire

vol une of the m xed gas. After the step 4, the activated coal fromthe step
4 9 11 Jul yo2@8bnaW:&2V GG5458nPETLAPARA ORHiAR- | (Stepol pd hentQOMthe
tenperature preferably at 200 to 300aC/ hr in an inert gas stream The

i odi ne adsor pEiLGRNYLaFRIL ato5 G e B80T dired@ncdabrt | gapraifamaabity from 700 to
1, 000 ng/ g. g The total content of alkali netals _contained in the
activated coHF°RLdpFeidtHKYy dEhggE2pRnts Peisinatngoal kistemetlal is

pref erably pabasshyreand o hoLal copten) of gass|um coniined in the

aCt|Vat ed coa T's pr -er-apr A ppm or~1-ess.
oct af | uormcy gt pbskh ahe K-8kl Y1 6gNERE NSridilRil BBYLT Ti€S, 19) an,grount of
10 to 10,000 ppm by mass. The inpurity is preferably at 1 east one
f1 uorocar bonhesel gt furdminae goalpatonsd sid ngoed 2 chhdked gas
stream containing an inert gas, carbon dioxide 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



1,1,1, 2,3, 3, 3- hept af | uor opropane, 1-chloro-1,1,2,2,3,3,3- 15

hept af | uor opr opane, 1-chloro-1, 2,2, 2-tetrafl uoroethane, 1-
chloro-1,1, 2, 2-tetrafl uoroethane, 1,2-dichloro-1,1,2, 2- tetrg*fwgﬁgg?hane,
hexaf | uor opropene and 1H hept afl uoropropane. After the inpurities are
subst antyalobissignoved, the 20 concentration of inpuri pir@spdhRdRsNi Ng i N the
oct af l uoro- cyclobutane is preferably less than 1 ppm by mass. In a second
aspect, the process for preparing an octafluorocycl obutane according to
the present invention conprises the steps of producing a crude

oct af | uor ogy chabigang y eonlalNtfr b Wdnph@stwanrd agonpactbngobhie/or ude 25
oct af | uorocycl obutane with an i npurity deconposi ng agent conprising an

i ron oxi deimmah dmeaitkghisneteaatth netal conpound under el evated tenperature
and then with an adsorbent to obtain 10 11 July 2005 WO 02/055458

PCT/ JP02/ 00148 Hif drariusPeeyet bt @ Friomaihitdte mmpdrptpdscapd

substantially r of pr uc a crude octafluorocyclobutane
—cont-aini-ng" ?rﬁﬁﬁﬁn)%ggyn£§0%e5§@e qgh “ﬁ@%bnp03|t|on of -
chl or odj f1 uor orgthang .1 AL§0¢ L He ¢ @J;azazltly et Als 123351008 iLUQﬁgcaf bon

selected fromthe group consisting o
chl oro- 1, lads &ad.ed Zohept af huoronriapane ool ph0e- less.

1,1,2,2,3,3,3-heptaf | uoropropane, 1-chloro-1, 2,2,2- tetrafl uoroethane,
1-chloro-1, 1, 2,The etikafliunebet heheyrelfZably potassium and the
dichloro-1,1, 2, 2-tetrafl uoroet hane, hexaf| uoropropene and
1H-heptafﬁﬁ§?ﬂpF6ﬁ§ﬁ§ of potas51um,contalned 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.
The 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 second 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



In a third aspect, the octafl uorocycl obutane according to the present
invention is characterized by containing |less than 0.0001% by mass of a
fluorocarbon inpurity and having a purity of 15 99.9999% by1 T4 20P5 hpr e,
The fluorocarbon is at | east one fluorocarbon selected fromthe group
consi st iwgomésssschl oro- 1,1, 1, 2, 3, 3, 3- hept af | uor opr opaneT/IPoz/00148
1l-chloro-1,1, 2,2, 3,3, 3- heptafl uoropropane,

1-chloro-1,2,2,2-tetrafl uoroethane, 1 20 chloro-1,1, 2, 2-tetrafl uoroethane,
1, 2-dichloro-1,1, 2, 2- tetrafl uoroethane, hexafl uoropropene and 1H

hept af | uorgpropafévcrncacidmitdnaspaet whtilhd gmpuattoesiangeto the present
invention is characterized by conprising the above-described 25

oct af | uor FAEEEBEEAREY TPREAV$dft h aspect, the etching gas according to the

present inventign is _characterized by conprising,the above- described gas.

11 11 July 200878 %‘65/6%5%’6%‘“#%#7%%ﬁ@%ﬁﬁtﬁ%ugﬁ?}ﬁﬂa@% 7€ t he

cl eani ng : i : i.n ] i Gteerl by
e e P e e L e S A R

5 [ ProsessnhfioroRurifiyiage@udaf ] uanesyctabuimnetitThes progesstf enepuri fying

an octafl uorocycl obutane according to the present invention conprises the
step of ddupaetingoa e¢leletatifafdnudhecycbobutaneisomaiati iy inpurities

WD AN Y, O g, A S propane, 1-chloro-
| i,1,2,2,3,3, 3-heptafiuoropropane, l-chloro-1,2,2,2-
tetrafluoroethane, 1wchloro—1,l,2,2—tet;a£luoroethane, 1,2—
10 dichloro-1,1,2,2~tetrafluoroethane, hexafluorobropene 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



10 el evated tenperature (heating) and then with an adsorbent to
substantially renove the inpurities fromthe crude octaflu0593¥cg@ggtane.
This purification process is described belowin detail. The'" by

oct af | uorocycl obut ane” as used in the 15 present invention neans an

oct af | uGVBEYBIS@IBUt ane containing inpurities, which isPasirEassed t hrough a
purification step. Also, the "substantially renove" as used herein neans
that absolutely no inpurities or alnost no inpurities are contained. 20
| mpurity Deconposing Agent In the present invention, an inpurity
deconposi ng adent ednphimibggtantis onlediige andl avoarkad e Warth net al
conpound i ratelahlybseds Bxanmples;ofatiie dfhgnioxife dnahbyde- ferrous
oxide and ™ 25 ferric oxide. Arong these, ferric oxide is preferred. Anong
ferric oxitgesriPedrEEOH (T-iron hydroxide oxide) and 7 -Fe2Q3 (T-ferric
oxide) are preferred, and 7 -FeOOH is 12 11 July 2005 WD 02/055458

- PCT/ JP02/ QA48 11 ©cRicelhiprs 64 oA hese 1 Rhydes can be used individually

and T-Fe203 are prebersedras Buchfphi®daidilvarobe203biuBago&nsi dered to have
relation to the activity of iron oxide. The Y -FeOOH and Y -Fe203 are
hi gher in the Tea@gmogesy apd phelfeinyiay ogitelf lghkorivatokob@oand is in
t he order _of Y:FeCEH >Z-Fe203 > a- FeOOH >Fe203 >> a-
according to the present invention comprises the step of
contacting a crude octafluorocyclobutane containing
impurities with an impuritly decomposing agent under
10 elevated temperature (heating) and then with an adsorbent
to substantially remove the impurities from the crude
octafluorocyclobutane. This purification 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 "substantially 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



Fe203. This d|fference in the activity with chlorine 10 conmpound is
presuned because the bondi ng energy between an iron aton1a2g$ﬁq¥%é¥gen
atomin the 7-FeOCH or 7-Fe203 is Ilower than that in a -Fe

al kaline earth netal conpound for use in the present invention is

prefer abl“},b@wlg g?oxi de, an oxide or a 15 carbonate of Qi hKaligne earth
net al . Exanp e of the alkaline earth netal include nmagnesium cal cium
strontium and barium Anong these al kaline earth netal conpounds, a

hydr oxi de or an oxide of calciumis preferably used, and 20 cal cium

hydr oxi de h@rgnégefgﬁgégred These al kal i ne earth metal conpounds can be
used individually or in conbination of a plurality of alkaline earth netal

conpounds. The theskiiyolesOiasidag dgelbed OIndiSEidunIliRe ol €5ent i nvention
preferably contains the iron oxide and the 25 al kaline earth netal conpound
such that snubinaniornfod ke plumiicyi dé isofromdes.o 40% by nmass, preferably
from20 to 30% by nmass, and an anmount of the al kaline earth netal 13 11
—July-2005- WO-0BRe55ABT IpaiY) PO 2F 80 e ch Fpolieed®si 8T¢ rRFR T TeE 95% by -mass;
ed on the en mass of

Phe 1 mpur PPUPEERtmie] 6 agRacLS HOTa 5r s LRB At Fac AT PneCarBlint s of
the iron 5,0xigley ande tl%@lds@denemﬁ@rtrw@%bﬁl 2HaMPAdoC i akied ln  the
i mpurity deconposing agent fall within the above- described range, the
deconposi tiantied raguitritites sl thBeactivity with chlorine compound
is in the oxder of 7 -FeOQOH >7 -Fey0; > &-FeOOH >Fex0; >> C&-—
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



removal of the deconposition products can be effectively perforned as

described | ater, whereby efficient 10 purification can be pe r y
using the characteristic features of the iron oxide and the{‘gﬁwgﬁﬂﬂg earth

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

particul aripp dalosdsksed but is preferably in the particul atgordrad@ssm N the
case where the iron oxide and the alkaline earth netal conpound are in the

particulate form the average particle size before the bl ending thereof,
nanely, before the formation of an inpurity deconposing agent, is

preferably 108ngpnQ4 1£LSSon@0etBr 668rAPlnask0 PRe@ErhESS. 780 Stddyl yore

preferably 1 mor |less. The. average particle "size is preferably fromO0.01

to 100 Wh, maespredasadiiywelfy, obnBe@lon chk) et igti hhs806E fHeferably from

0.01 to 1 gm Wen the average particle size of each particle of iron

oxi de and al kmbineteatadempeisangceapound is 100 gmor 25 |less, an

oct af | uor ocycl obut ane havi ng hi %her purity can be obtained as well as the

—purification can bk ¥ fRIGBHEEC Th

the iron oxide. 14 1 ul v..2005 WD 02/ 055458 PCT/JPQ2/ 00148 and the

kel | ne Lar CRAAE AT I B0Ra 12REn P o0h TR SBAPPP RN eCOP AR |

surface areaphbefgofris, 'd’é%%ﬁﬁ,%ﬁs@n%a%ﬁﬂmfa'l@Qi%&ﬂetﬁé'daﬁé\?e—a' kal i ne
y

earth nmetal conpound are readi i spersed with each other, as a result,
the 5 iron omederardl thgal, kahkendeeatidsitdioal oconppuntt be€ aricdnaheased i n
the area and contact chance of the crude '
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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~Gt-ze-of-the-fp

oct af | uorocycl obutane with the inpurity deconposi ng agent. The
concentration and the kind of inpurities in the iron oxide Zﬂ EQ@P

al kaline earth nmetal conpound are not 10 particularly limt H A as
the ability of deconposing inpurities in the crude octafluorocycl obutane is
not af f ectwexh2o3sass shape of the inpurity deconposi ng agemCTiipoanmias
particularly limted, and in any shape, the inpurity 15 deconposi ng agent
can be used for the purification, however, the inpurity deconposing agent
is preferably a granule in the particle form Specific exanples of this
granul e i ncandiecipeldlstalfioemeanth spiieal cabnganrmd chod dverafeneparticle size
of the granule is preferably fromO0.5 to 10 20 nm nore preferably from1
to 5 mm Whepptteckiretdge spari £ e eserFRcofandfe %@@lfelsakn@re@\ﬁtaw n the
above-descri bed range t he contact chance of t he url ties with the

i mpurity dec"ﬁ?ﬁ) ehg‘%’er?ﬁ“ﬁﬁc?’é‘%s@%e e e c?’é’cr&'l}?p et ofPERA  denoval of

the inmpuriti .efficient L per for t he_average _particle
h el25 ffi g l f ong%d | h 5_@ 19 |

f vy, disperse
deco

partici pati rbﬂcdr[‘ 6:11%@%@ Rk 01 Bg; 4l fééh?t!k?'?nect 19%%mb§uﬂ§ dde Jul'y 2005 Vo

02/ 055458 PCT/ JP02/ 00148 relatively reduced and the diffusion rate is
sonetimes |ovefethedOind hcobbes Ao kondadiheaniA0€ paetteh@sSi ze of the

i mpurity deconposing agent is less than 0.5 nm the surface area
parti ci pati ngeliat ture cagsdoptit ane antit Idi e singuiS tys deebapovehy agenkeased and
al t hough the diffusion speed

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
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can be hi gher, when the anbunt of gas treated is increased, a |large
differential pressure sonetines results. For preparing the igpgrfE%,
deconposi ng agent conprising the iron oxide and the al kal i n&' 2%Vt OBt al
10 conmpound, a powder of the iron oxide and a powder of the al kaline earth
metal conmpgng m xed, and the production nethod of ; i ity
deconposi ng agg%%gis not limted. In the production (gra%ﬁﬁa ?@ﬂ?éof t he
granule, insofar as the blending ratio is in the above-described range, 15
satisfactory granul ati on nay be attained by adding water to the m xture.
In the case whare LRy PALLIL £ SIZenQl af Peusi &AM 48 QomdLkpbine earth
nmetal compound is slightly large, the granulation nay be pertornmed by

addi ng a bi ndewerkagetdierchai bitheat Band, Thier ki sardayhepasoidte ofiddhe bi nder
20 are not limted and a known binder nmay be used insofar as it does not
af fect the perff dhrahopuoity hemhpaisied agputily lakscdiposiong mgenthe
Exanpl es of the inorganic binder include clay and gypsum and exanpl es of

-mthe~0rganFCm5WWééFe~Pﬁ%@tﬁﬁ?qﬁQQQﬂtiégbﬁﬂl%%%ya%ﬁﬂﬁﬂﬁHﬁﬂma&ﬂcgﬁgfu%%@“starch:~mm~

Con oxi 08 and CRUSETREH ATERARRY AlrartEhRiRn e AGEIER SefSer i ately
amunt of Walely peLf die Ul A00Re WRLA2L05BARE, RCULIROZLQ0148, kneadi ng t he

m xture and granul ati hg the kneaded preform neader necessary for the
preparation ef 1aug8 aiffsfmielmpycBaMee asSheétiGidy erapge .t he m xi ng and

the granulation can be perfornmed at the sane tinme or where the
For preparing the impurity decomposing agent
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,

16



5 mxing and the granul ation are perfornmed separately. Exanples of the
kneader where the m xing and granul ation are perfornmed at tﬁe s' gia%

i ncl ude Henschel mxer and vertical mxer. It is also possi ly B rform
the mxing in the Henschel mxer or V-type mxer and performthe 10

granul ati oWwg mngsean-type pelletizer or a drum pelleti zeperdRBoids
t hus-obtained granule is preferably dried at 100 to 1500C for 3 to 5 hours -

in an inert gas streamsuch as air and nitrogen so as to elevate the

har dness and evaporate the water content. The water content in the 15
impurity deceom@osing0tagemtxbhierath dNthumying sHéfkedemdd dhefdign.l 0ss in
wei ght after the drying at 1100C for 2 to 3 hours in an air dryer is 1% by
mass or | ess. By s rigetles hepessayy déooimbespngrageniontdie suatpurities in
t he crude octafl uorocycl obutane, such as 20 fluorocarbon, are deened to
react with tHentiearpiielaset %‘@ftacrtltrcﬁmwé Fhetrn?exq-%mci yehgeconposi ng

t d th d CFC-217ba reacts vmth a
iroxtde, S BTas ERERR P onet o SR Rt E R e mhmrq $hene
i itysd t e ori de of
:ang“ ng egﬁ%aﬁqrrgt% daggg ?ighﬂé]gl% ata!:l m%e%g %‘ges%g%irb 'nolxi de and

wat er. The O@dalesTBAOKhEekREEdIaT @ ey Q@Llécmixmgtéh& ARl B ocess
react 17 11 July 2005 WO 02/055458 PCT/ JP02/ 00148 using the iron as a

cat al yst to gug teerfopmeduze tiyeroyen timed imel hdecieTdhesel meactd amsl ar e
presumed to continuously occur, whereby the chlorine in CFG217ba is
substitut ed vertical mixer. It is also p0551ble 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

17



wi th the produced hydrogen to produce 2H heptafl uoropropane 5 (hereinafter
sonetines referred to as "HFC 227ea") . HFCG 227ea can be rengged§@% an
adsorbent which is described |l|ater. The octafluorocyclobutaﬂ' Py 200p
deconposes in an anount of hundreds of ppm by nmass upon contact with the
10 i npuri tyodeeenmosi ng agent under heating to produce pergro2o0148

cycl ohexaf | uorobutene (hereinafter sonetines referred to as "FC Cl1316")
but this can be renoved by an adsorbent which is described bel ow
Adsorbent 15 In the purification process of the present invention, the
crude oct af | yor@enaOBHANGsT § EMFL DRIt GNtRGted o EHaudd r%wg%nt after
the contact with the inpurity deconposing agent under el evate

t enper at ur e. arkhenestdsorchenThese d-dertd ong pref prabdinedttd eastianeus2 nenber
selected fromthe group consisting of activated carbon, nolecular sieving
carbon and aRIG¢uzt etheredly. tihechberinatiod (E&rBdiba nb$ esultiriteited ng car bon
or activated , coal nmay be subjected to a pre-treatnent before use, such as

—aci-d-treat meRtEh Hdit BEPEHCRENEYSHPR ddmPticdiCRent TheRt gy oPre®anean

activategq Coﬁltezse%}la%te‘%ds%ﬁgﬁ‘ es %;eg e%:'rded: o Q‘Ed"Bﬁéfjéuicge BNt yl,s_preferred

in the prese invention, and an i'va coal pro y a process 18

11 July 200%2M3 Q04 98mbbdd JRP AU DQULAS HRRRS 18189 {h&idLldigwyng four

steps, which is described below, is particularly preferred.
later.

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

18



The above-descri bed adsorbents can be used individually or in combination
of a plurality of adsorbents. 5 (Production Process of Actlvated Cbal) The
production process of activated coal, which is particularly bﬂ% &0ad, is
described in nore detail below. The production process of activated coal
conprises Gkt owi ng four steps: 10 (1) step 1: washppg bl coal
of above- described activated coal with an acid and water, {@? step 2:
heating the original coal at 50 to 250C in an inert gas streamto
deoxi di ze and/or dehydrate the original coal, 15 (3) step 3: heating the
original COaboﬁEIQQ@n%Otth@ﬁlb@lﬁ@ EBSEtSQ@ﬁssﬁhﬁﬁﬂﬂﬁg 8@38?i@8@'ze t he
original coal, and (4) step 4: heating the original coal ai 700 to 900C
in a mxed gaslst eam pontaiuliaagyaprefeftegas, carbon 20 dioxide and steam
to activate the original coal. The original coal washed by the step 1 may
al so be used as Zhecadbovdedascribedyvedsoahenkt | cat do csald produced by a

process conprising the steps 1 to 4 is, preferably used. i gi nal Coal of

~Activated- cOéP?l’zsd%Jrlw@ - gPﬁQFH@BaPn af El‘é%a]g%ra&ﬁéyr@ sSeubertRd
fromthe gro n coganyt she coal, charcoal and tar
pi tch cardbe \HESY] éjblw‘g%g%s‘i GER Hg "HRETYS e‘11 ‘?r"tﬁ}y 2005 WD 02/ 055458

PCT/ JP02/ 00148 defagngssatit ieRabrBRESSSBEYatOfvdl&s YoM hyuf cROLES, the

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

19



hardness as an adsorbent, coconut-shell coal is preferred. The original
coal is carbonized under heating (carbonization) and the carbonlzatlon
tenperature is not 5 particularly limted but the original thduly;
preferably carbonized at 400 to 6000C where al nost no pore is grown, nore

pref er abl yyato24@Qsd 0 S00C. The thus-obtained original cogl ng 2R84 erably .
treated by a serles of steps, that is, washing wth an aci and 10 water.
(step 1), perform ng the deoxidation and/or dehydration (step 2),
perform ng the re-carbonization (step 3) and perform ng the activation

(step 4). (Saeﬁséﬁeggeo@rdcwlnalecegggrg,Ofo£ hg acfdyahedsCPated S £hgst 15
washed with an acid and water. Exanples of the acid for use In the acid

washi ng of hhedséep dsiarcladderbenel atoocndis-seah asahydsoshdpsieedci d,
sulfuric acid, nitric acid and phosphoric acid, and organic acids such as
acetic acid and tFhe| eovieawdt icoadcid. cAroryl 281 trelee, haehénal acids are
preferred, and use of hydrochlorlc acid and/or sulfuric acid is nore

—preferred. |- ITRANbFAL NG ABfaF DS aFerRPRIRAIEPD RYBPBERTBFF cludiel i s- e
to 'z‘é“'la%i)%m?ﬁ%%ia o R SPATERF F% o0 0 2800 Kl PREESRAY fremt
concent 1 a;; 08%9&%ﬁi1£e@cahtd Ozlﬂo% V\}:lgséob*@'ﬂah%r‘@l ?Hﬁsttﬁ? pdd o %ﬁ; he removal

y be di m nishe ereas 20 11 July 2005 0
PCT/ JP02/ 001#8re preferably at 400 to 500eC.
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



when it exceeds 1,000 nol/nB, the washing effect may be saturated. The
volunme ratio of the acid solution used for the acid washing to the
original coal (acid solution/original coal) is preferably. f 1bduly/20085 5/ 1,
nore 5 preferably from1/1 to 2/1. Wen the volune ratio is less than 1/1,
t he ef f ect Woyooss#ssici d washing i s di m ni shed, j whereas vwheTiRRe¥®D| une
rati o exceeds 5/1, the effect by the acid washing nay be saturated. The
acid washing tinme varies depending on the washing 10 tenperature and is
not particularly limted. In the case _of a high washing tenperature (for
exanpl e, fr om0 itto exteeds, lt REOwashimly tthee wiesshangewfiogt smé¥ ove exanpl e,
from 1 to 12 hours) and in the case of an ordinary tenperature (for
exanpl e, froWawrateBodihet elWaghiaglq LTatthsi aeddbyolgtapnowrey kdie

original coal_to stand ahout a whole da d ight (for, exanple, from12
to 24 hours)the Wﬁlﬁayﬁé 159 &Bs%ﬁgc’f?%ﬁ?gfhceoaﬁet Cl&%ntents in the

or i gi nal coal, AAn oL Barayoly, washed, . The ey ardpshing supseayent to

di ssol ved; oybrefdr@BitNeren ai/nakoCol . Ateer ¢hagkyiuhberwaisrid odg used
is preferably water reduced in netal salts, such as clean water, or pure

wat er. The wesdn ng pethed ciffethebwates acbd hiaxhirsy et darintienkarly limted
and the thorough. 25 washing may be attained by either a continuous system
or a batch Wysteam wike Raeerowashi ngtis grefesisalfiAL coiel miédctnby|l the 21

11 July 2005 , ,
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
10000), 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



WO 02/ 055458 PCT/JP02/ 00148 pH of the washing solution after the washing
reaches 3 to 5. The drying of the original coal after the water _washing
may be independently perforned before the step 2, or nay be bbf?'éfrzﬂgﬁ in
the step 2 which is described later. 5 By washing the original coal wth
an acid andowabenss the netal contents in the original cpelyropeyikd cul arly
-alkali netals, can be renoved. If the netal contents, particularly alkali
netals, are remaining in the original coal, these act as a catalyst in the
step 4 which is 10 described later, as a result, a reaction proceeds

bet ween thepgasfusked wndHiaf iselufeof. arséeaiNe afshangdirexirle) anrd F.he
carbon atomin the original coal and this sonetines nmakes it difficult to
control the pore SheedryStep2)thes oFheioel gigml addalr thehwated in an inert
gas streamto deoxidize and/ or dehydrate the ori%inal coal. For this inert

gas, various"PRBIRY ieddndsecnsentlymrEifimet Reserenthe offetP das i s

preferred. The flow rate of the.inelt S d.t.he treating,ti 20 are not
—parti-cut-arty Fi Iﬁ]ay.\é%? richaseban eg_._g_ﬁegée_a. ep %Wﬁéﬁeﬁﬁsggvg}% S Tech-t-hat
the oxygen gas anfyWal&l:nL ¥uLRl-15eheRSE5 1 ;ﬁ;&}]@% qrigi bak goal, can

snmoothly be discharged outside the system eat1 ng tenperatur’e of the
origi nal coathénméral Znrteerts gasthbr eaNgim S WdkilGi gaktasulomg, as it is

| ower than that in the step 3 and is constant, and does not cause re-

car boni zat i oalkdhe met@lisng ceenper acwoeedn filfletbeéepetal sc@tents,

particularly alkali metals, are remaining in the original
coal, these act as a catalyst in the step 4 which is
10 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)
i5 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
20 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 systemn.
The'heating temperature of the original coal in an
25 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
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11 July 2005 WD 02/055458 PCT/ JP02/ 00148 preferably from50 to 250C, nore
preferably from 100 to 250C. In the step 2, when the heatin?étenperature

is in the above-described range, the re-carbonization tenpe
the step 3 which is described |ater can be snoothly el evat ed.

and t her ebyyslgmss@i zi ng and/ or dehydrating the origi nal pg9abyobile

re-carboni zation in the step 3 can

10 (Step 3) The original coal is re-carbonized under heating. The

tenperature rising rate at the transfer fromthe

preferably higgh&eradnd EkohSso Mehenad) nsal ﬁfabﬁ? 200y 110 PAQe hr.

the 15 tenperature rising rate is | ess than 300C/

e tar cont ent

ik
By heating

be |l ess affected by the oxygen source.

step 2 to the step 3 is

When

cannot be remdved.as volatile matters by dry distillation and the growh
of macropores is liable not to proceed. The tenperature raising is

preferably perfordadthenshepihemhegashst heahin@ Ot Firenasucar benirzathen

t enperature

volatlleen : .S ngt b tj sf ] Ly ved nd t he ore
ga E%e ska E Ny f% iﬁ gegmkgﬁ la ég)%ﬁ$ 55898 f

di stribution w dth

i referably from 500 to 700C, nore preferably fron1600 to

Pedeaﬂa Rk tEHﬁeF‘a’fﬁ‘?Eb?%”laé:s‘é’nt RERPSHReU e hin.

econes I’ oa er eas

Bthture is high,

the carbon matkkx+:BgY shrink to cause shrinkage of nlcropores Simlarly,

when the re- carbonization tenperature exceeds 700C,

10

15

20

25

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.

{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
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. |

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
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

23
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23 11 July 2005 WD 02/055458 PCT/JP02/ 00148 may shrink to cause shrinkage
of m cropores. The re-carbonization tine is from1l to 2 hours,

re-carboni zation treatnent is preferably performed in an |hé?9“@é@°§tream
and various inert gases 5 can be used as this inert gas, but nitrogen gas

is preferywetyedfasg flowrate of the inert gas is preferapdyydebpifug to 10
liter/mn, nore preferably from3 to 5 liter/mn, per 1 L of the treated

original coal. 10 By re-carboni zing and thereby dry distilling the
original coal fromwhich netals are renoved in the previous step 1, the
deconposi ti gpapfshiranhkCept et se tder BReRr afiCRicabdogso&W h of carboni zed

macr opores and the carboni zation of tar content can be attained, and

t her eby, the app@aranmeecibbanilzgtom tinfe ger dsomnltbe Zthepivd.can be
effectively performed. (Step 4) The re-carbonized original coal in the
step 3is conta@ﬂéﬁrﬁrFﬁIEO%%&@HU§E§IWW&@@nﬁeaF|Hﬁef%F%R%Hvate t he 20

original coal. The term"activ t|on s used herein neans that pores
~the- originajp?ﬁﬁﬂrmﬁpelﬁr%ﬁmlT?F -T&E0 Gar v??&PuﬁnﬁQﬁﬁﬁaﬁaég The

actlvatlgn uﬁﬁp %hﬁggg Lo fggl Ql laws. ? #H psed pores in

crystal s i nside e orlgln coa dpened S and wal | s

bet ween adj aeRHerRPRHES

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
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conpl etely di sappear to forml arge-size pores (second 24 11 July 2005 WO
02/ 055458 PCT/ JP02/ 00145 stage). The m xed gas used in the ﬁ)(é& %gg not
particularly limted insofar as the activation is not inpai 1y ver,
a m xed gas conprising an inert gas, carbon dioxide and 5 steamis

pref erred. whherodsisssd of the inert gas is not particul arl yctimbbmaes but
nitrogen is preferred. When the gas used in the step 4 is the above-
descri bed m xed gas, the steamis nmxed with nitrogen as an inert gas and
carbon di oxi de -which reacts with carbon at 10 relatively at a | ower rate

t han steam swvaddijat the activation can be noderately performed. If air
(oxygen) is used as the m xed gas, the reaction between the oxygen and the
carbon of the orifimalizedogpsgepedatestie gitent 4héat noscpahbtculprly
tenperature in a 15 furnace cannot be easily controll ed and _overheati ng

partially ta%%%iﬁﬂdad@,soggraaF Sy t2CHHE ROP vat Poh tapmbtedhdWFESr n y
attained. |1 SHEAM i Useloal ongy Ll ndsagtionchebueen: Shestegm and the

Carbonisre‘?a e . 'Vl'go = sar esu B e st | Cu .
pore 205Si Z&: o018 JTXREJRSACOMPIE SiRd bhRer@bomes desdd hedpbRert  gas,

carbon di oxi de and steam has a m xi ng proportion such that an anmount of
the inert gasatisiquiefr@rabliyitedmbd dicrcd@ by webboaereddre preferably from
70 to 80% by vol unme, an 25 anmount of the carbon dioxide is preferably from
10 to 30% When the gas used in 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



by volune, nore preferably from15 to 25% by vol une, and an anount of the
steamis preferably from1 to 20% by volume, 25 11 July 2005 WD 02/055458
PCT/ JP02/ 00148 nore preferably from2 to 10% by vol une, resp&:t’?‘\yeq%’?
based on the entire volume of the m xed gas. Wen the m xing proportion in
the m xed gawofoasdss Wi thin the above-described range, thermeaebison of
carbon in 5 the original coal with steam can be noderately perfornmed and
the activation treatnent can be effectively perforned. The flow rate of
the m xed gas is preferably from0.5 to 3 liter/mn, nore preferably from
1 to 2 |litertwoirs, ppeferdbly ofrdrhe toeatedoorvgiumed, aealpectOvdbe, steps 2 to
4 each is performed under heating, and therefore, it is preferred to

cont i nuousl ybpeeflorm thesentisteeyolupar tEcbharhixedhaast.-eps 3 and 4 under

hi gher tenperature. The tenpperature rising rate fromthe step.3 to the 15
step 4 is prefer aBP§7f FBf 0 1% PXOBEFREOPWHBNER A Vi &138t GRé1RI sing rate
falls mﬁthinwggﬁ. anve-descr'bed %%ng the transfer .from.the

fromthe stepnd boig2Rai NGt 8Ath stchRSEahNBD JOR e i BELELL5E4 pores in

crystals of carbon are sonetinmes not opened to fail In “increasing the
surface ar eaandheheascwlreskidre trespaeat ucen Bé SEffEdtatve19Xpeedsrr&99C hr,
the specific surface area and the pore size are liable to be excessively
i ncreased. The flow rate of the mixed gas is preferably from 0.5

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,

26

.3
SEnEAINhen T HE o8 8¢ u?grﬁﬁtvrgf)%ﬁgt P



25 The activation tenperature is preferably from700 to -900C, nore
preferably from800 to 900C. When the activation tenperature_ is |ess _than
700C, 26 11 July 2005 WD 02/ 055458 PCT/ JP02/ 00148 t he openi hgdulfP0d

enl argenment of pores does not satisfactorily proceed, whereas when the

t enper at ur wo @wsmsgls 900C, the opening and enl ar genent opcpgese@annot be
easily controlled. 5 The activation tine has a tendency that as the
treatment tinme is prolonged, the pore size of activated coal becones

| arger. The treatnment tine varies depending on the size of inpurity to be
renmoved by adrer ppémin@nchd enlaegepant i ¢tilprdas ldosist adt 10 For exanple, in
the case of adsorbing inpurities contained in octafluorocyclobutane, the
treat ment ti matisfaprafidnapirgctedm theredd wsur $henbeappreterably from5 to

18 hours. After activating the orjginal coal in the step 4, the 15
original coafXfeedt et¥t qbl gh%o?ﬁ’%‘b“’t% anGor-8rperattret iBpresn cARBPE gas

stream In tgi Segsaffy toqlecrtocigegr ature lowering rate is sufficient as |ong

tenperatuye | owering 4k rRhiehabkyehhgher  cdiledS, 28a0r gEepbly, for
exanple, in the range from200 to 300C/ hr. Wenthe tenperature | owering
rate i s | esstibatmerACHRY isl brbakrgeducihd igteet @ikoWeF adieitL0qaer at ure and
t he adsorbent controlled in the pore size may undergo
coal becomes larger. The treatment time varies 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
lowering 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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changes in the pores. 25 The flow.rate of the inert gas used at the cooling
"is preferably higher for snmoothly renoving the heat possessgﬂ by ége
adsor bent outside the system however, the flowrate 27 11 I’?/ny@ WO
02/ 055458 PCT/ JP02/ 00148 is preferably from1.5 to 3 liter/mn per 1 L of
the treateeesdss The t hus-obtai ned-activated coal is redusg@eeoids
particularly in the content of alkali netals because the 5 original coal
is washed with an acid and water. The total content of alkali netals
contained in the activated coal is preferably 1,000 ppmor |ess, nore
preferably fienpbOfdbl§0Brpant . $ npar ticidrdmint perpotBSSE WRELONt ENt S
preferably 10 500 ppmor less, nore preferably 200 ppmor |less, still
nore preferabrgatedmdkd..to 200 ppm The alkali netal content in the
adsorbent can be determ ned, for exanple, by ashing the adsorbent,

di ssolving it in 8¢ ddl$2rE2mRadurRthyvatRd Sitedf TSd4ERBrding to I CP

i nducti I I I i i t.ro-chem I I i . Th
(I nduct vel y_coppl e nlasma, em scion . spectnoychemical gnalysih The

pref er ably 1507001 (ot 900,908 (T, Pdls adsoRRLLen aantity;can be

determ ned by a neasuring 20 net I n accordance w
Purificati oncHioees omfhlkeudensdksd d | eiagylobut aRe adhevdisd fdaeat isgn

process of octafl 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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according to present invention conprises the steps of contacting a crude
oct af | uorocycl obut ane containing 25 inpurities with an inpurity deconposing
agent under elevated tenperature (heating) (purification stéb"'i 2009
further contacting it with an adsorbent (purification step 28 11 July 2005
WO 02/ 055448 ob)655458P02/ 00148 2). The crude oct afl uor ocycl gbyimnsigp! oyabl e
in the present invention may be either a product produced by a known

met hod or a product available on the narket. (Purification Step 1) 5 Wth
respect to the operation for the deconposition reaction of inpurities such

as fluorocarppn irReaceildeocPstRidARA¥E1L100HE 3881 Riv1exanpkee the
inpurity deconposing agent is filled in a deconposition reactor and a

crude oct af | possmtclichuwinarien szl ede t @i tiHurs adeeondpesi produdd nvact or to
contact the crude octafl uorocycl obutane with the inpurity deconposing
agent. The clmatmiaidost ©F iespretuchaavdidaiosel pnl thitearketowever, for

exanpl e, a cg}gti,nu,ous . operation by a flow nethod using a fixed bed is

may not be apoligfand.dfe s eat DRI SR fie Lsual Lk, Berigiied ynder a

pressure easy to nandl'e, “however, reaction’is pre y pertfornmed at
a pressure, rdudiQdiP o imblle 19888 REe ST A uckbeA ok 05 f M BT e

preferably on the 20 order fromO to 1 MPa. The size (volume) of the

deconposi t i osctraadatoatocgmd obutane, for example, the impurity
decomposing agent is filled in a decomposition reactor and
a crude octafiuvorccyclobutane is fed to this decomposition

10 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.

15 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

20 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,

25  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
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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“a'f"l"U'Or' O'C'y'C O'b tane- nay “not- pr OC'eed. . ( uri-f1catton teep

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

t ower decomposition reaction temperature is less than 250°C, 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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and feeding thereto the crude octafl uorocycl obutane after the
deconposition reaction. In this case, the adsorption operation nethod is
not linited and a known nethod may be used, for exanple, a ¢bdviyA888s
operation by a flow method 25 using a fixed bed is preferably used. In
cont act i ngwiohrnssssgle oct af | uor ocycl obut ane passed t hr ougr/igaeoqus | i cation
step 1 with the adsorbent, either 30 11 July 2005 WD 02/055458

PCT/ JP02/ 00148 a gas phase or a liquid phase may be used. The |inear
velocity is preferably, in the case of a gas phase contact method, from1
to 10 m m n,anpEe Praekevabhyl {aoid lpHasb mayibs, uasad. | Theheigase of a liquid
phase contact nethod, 5 preferably fromO0.2 to 5 mhr, nore preferably
fromO0.5 to velegiy iFhprefentievit arthse caseabfya perd e andaptessure
easy to handle and a particul ar operation such as application of a
pressure is PotPbceLsBr Y. tPnlYehabidl, maFer REehPERRLY £F4& dr &Perably from 0
to 2 Mhinéer im erature_at. the_adsorption

,. Min, andird e BEfened The Lemmeratur e g GAGE TELhody i o

not necesgsary:odaa¥ignrihg @dsardts qrycapaRirLi ]E)Yeﬂ;ratﬂl%rn%i?)ﬂ{ beat ¢},

saturated, the adsorbent nay be regenerated and used. IS case, the
regener ati oz ai/Hhe adsorbent is performed by passing various inert gases
such as nitrogen gas heated to a high tenperature through the adsorbent
and t her eby 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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20 desorbi ng octafl uorocycl obutane and i npurities such as fluorocarbon. At
the regeneration, the tenperature of the inert gas 1is preferably from 100
to 400C, nore preferably from 100 to 200C. 25 [Process for. bt éH%/Yrqﬂlqa

Cct af | uorocycl obutane] In the process for preparing octafl uorocycl obutane
accordi ng twe d2hssspy esent invention, a crude 31 11 July 2p8brro¥di@®/ 055458
PCT/ JP02/ 00148 oct af |l uorocycl obutane i s produced and then the above-
described purification steps in conbination may be applied thereto. Mre
specifically, a crude octafluorocycl obutane after the production may be
subj ect ed t oothefabove-yridesctnbeds pprodhcsad i@ thepstheasishb?e— The net hod
for preparing the crude octafl uorocyclo- butane is not limted and a known
met hod may béeeaplilog@durifdcdédeni bedrabbvesompioptden ovenfbeiormelistdbut ane
can be obtained as a by-product in the production of tetrafluoro 10

et hyl ene (FCHR$¥25° or MRERaFPEGT bifibpete § FeEnde 185t afiHircyedoprtangnd

- h b d .b h 1w .d I
Eﬁérzéglfe?ﬁo?'gﬁ% h%%&%ﬁ@%%é?% t%%?&éngc?¥%e&%%fnggsléggn%ﬁ)%\,re—[n EP451.793 .

The thus-produced: Gd4ds Q¢ bk YoRosyghobytane s s 15 subjected to the
above-described purification step 1 and purification step 2, whereby

oct af | uor ocycl obutr@enddra ol phepapihiyt 105 @fiRleSYbshaNhbabLycI@OVEd can
be obtained. [H gh-Purity Cctafl uorocycl obut ane]

butane is not limited and a known method may be employed.
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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By using the purification process of the present 20 invention, inpurities
cont ai ning fluorocarbon (e.g., chlorofluorocarbons, hydrofl*grocarbons) in
a crude octafluorocycl obutane, such as 2-chloro-1,1,1, 2, 3, 3, July 2005

hept af | uor opr opane (CFC-217ba), 1-chloro-1,1, 2,2, 3, 3, 3- heptafl uoropropane
(CFC- 217cawp odnsdsoro-1, 2,2, 2 25 tetrafl uoroethane (or pergpozooiss
2-chloro-1,1,1, 2-tetrafl uoroethane (HCFC- 124)), _
l-chloro-1,1, 2, 2-tetral uoroet hane (HCFC-124a),
1,2-dichloro-1,1,2,2-tetrafl uoroet hane (CFC-114), 32 11 July 2005 WD

02/ 055458 PCL&ARDRAOLI S heneal (recnopsppane (iEGekALEh udRbpropane {FC-

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

subst anti al | 9§27 cahpvea-and: latiiyghFpue i Tlya ootaf [heorsabgehabiiang can be
obtai ned. 5 The above-described inpurities are usually contained in a
crude oct af | GOPVESE | Bt AE dhrPayisnoesta B udiParlobgtene ppmiby nmass and
when the purifjcation process of the present invention is used, these

i fi

Bl o TS Sy ORI MR B D el O B B O e

cycl obut ane obt ai ned ter the purirfication can be made

or nore. Heren 4 herpay idot0f1ueebaltuesooned ohitanembsndebingsd cas a val ue
obt ai ned by subtracting the fluorocarbon content 15 other than

oct af | uor ocy:? obd gren fyomab@0¥nbywhers sthel harrditdlopsienopradess of the
oct af | uorocycl obut ane product.having a purity of 99.9999% by mass or nore
can be perfo??ﬁﬁP%E/%QMentlon is used, these impurities 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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gas chromat ography (GC) using TCD net hod, FID nethod (each i ncluding
precut nethod) or ECD nethod and (2) gas 20 chronmat ography- n?is ,
spectroneter (GC-Ms). [Uses] Since inpurities are substanti r’PVQrOé’ﬁDved,
t he octafl uorocycl obut ane obtai ned by the processes of the present

i nventi on wanzbssessised as an etching gas in the 25 etchpogismbemaet a

sem conduct or device. Mre specifically, in the production of a

sem conduct or device such as LSI and TFT, the 33 11 July 2005 WO

02/ 055458 PCT/ JP02100148 oct af | uor ocycl obut ane can be suitably used as an
etching gasotoafiwvsmay-iokaithasi tapabé esuti fa6lp askehi BsOoantielkidg | m
formed by a CVD nethod, a sputtering nethod or a vapor deposition nethod.
5 The oct af | &% oty | Hhtigre acgarahsd pettged Gyma cheanbngtlyhsk i fi e

cl eani ng st“'eg of a sem conductor device. More specifically, in the

appar at us f of OFBei g & G meshothi SRR itk &sithgdi rperfape®d to renove

unnecessary 38 951 L5, aceur Oldat ed on the inner wall of 10 apparatus and

removed tp obtal nrds SO0 KAL) bbhilind NeaChald Wl ackal gbut ane accor di ng

to the present invention can bé suitably used as a cleaning gas for this
pur pose. 15 dheaghsy afnoridi et 0LEREI F e8I dMeeREORCEEPED S fevitce .
hi gh-purity octafl uorocycl obutane. This gas nay be the
More specifically, in the apparatus for forming a
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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pure octafl uorocycl obutane or in addition, may appropriately contain other
gases. Exanples of these other gases include He, Ne, Ar and 02. The anopunt
of these other 20 gases blended is not particularly li mi t edVhrdlYia808he
case of using the high-purity octafluorocycl obutane according to the

present i nu@deds@s an etching or cleaning gas, the anpgpypeRbagled varies
dependi ng on the kind of conpound and thickness to be etched and can be

sel ected according to the 25 anmpbunt and thickness of the deposits to be
cl eaned. 34 11 July 2005 WD 02/055458 PCTIJP02/ 00148 Effects of the

I nvention According to the process for purifying or preparing an

oct af | uorocycl obut ane of the present invention, the 5 inpurities such as
fl uor ocar bonEféhcth dhveEhedavardrienof ore difficult to renpbve, can be
substantially renmoved and a high-purity octafl uorocycl obutane can be
easily obtained. AFupiderdore, thenereceaf| for deyicl obicgane BEEBRREHI by t he
purification_proces t he present invention is 1Q subﬁgantiﬂ%ly free of

f
“i-mpurities-aff 95’@%}189@93@%9 & 20 P cHRS RSP 134 _.gl_gchi; :
cl eani ng gas; fQl USked ”suc,tﬂ‘%hsorﬂ%‘iblcgi?b&‘i,o%ﬁrﬁ%hofha 858%801‘?%}%&%?%3’;?

and the i ke.” 15 Exanpl es e present invention is described i _
detail bel owi byi&eferdd N@nidvEXaapl BS, shoyeuariaile rprhesedt and nvention

shoul d not be construed as being limted to these Exanples.
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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+ 20 [Exanples 1 to 3] [Preparation of Inpurity Deconposing Tube] An inpurity

deconposi ng agent conprising an iron oxide and an al kal i ne frthggﬁgal
conpound was prepared to have a blended ratio of 7 -FeOOH (E oY by

| shi hara 25 Sangyo)/ Ca(OH)2 (produced by Yoshi zawa Sekkai Kogyo) _ 30/ 70%
by mass ( ByawRbssss). Y -Fe203 (produced by Toda Kogyo)/g&fdddoizs 20/ 80% by
mass (Exanple 2), or Y 35 11 July 2005 WD 02/055458 PCT/ JP02/00148

FeOOH CaCO3 (produced by Okutama Kogyo) = 20/80% by mass (Exanple 3).
After adding water, each blend was granulated, dried at 1050C for 2 hours
and si eved trequHeparte; girrddieed bypbRAYUSHS HAMIJ)] =apagbiche shZe of 0.85
to 2.8 mMmm 5 Thereafter, 1.9 g of each inpurity deconposi ng agent was
filled into @=impilel 85s ABeir tadvdnigr @atekpnedctbe)ldvalivey gaanuidneed, _
diameter of 16 mmto_a | ayer height of 8 cm (volune: 15 nl) and treated in
a nitrogen sttiesheit 18dUYCEaor BoHEEr 2B HREd FopPesRpEcafir aRplatad

deconposi tion 0,tupe..[Preparatian of, Adsorbe an dsorpti on Tower]

(e oPiRLRss), o 020 oF L 600k pn MR LR
washi ng of tdigledi ghPal a copdivissd epeatiedubdr eeeddtiRs, tUR)amaydhg used of
hydrochl ori ¢ acid having a concentration of 300 nol/nB was the sane as the
vol ume of t ke dnngkndianeatr tewf 16 mm to a layer height of 8 cm
(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
| 15 concentration of 300 mol/m’®, 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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be washed. After the addition of hydrochloric 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 tines by vol UhduWeR050f t he
original coal, and the conpletion of washing was confirned by the fact

t hat the pWoabnsdass washi ng sol ution after the washing 2bcr/amebads 4. 36 11
July 2005 WO 02/055458 PCT/JP02100148 Table 3 Analysis Results of Metals
in Original Coal Before and After Acid Washing Analysis of Metals in
Oiginal Coal Metal Content (ppm by mass) Conponent Before Acid Washing
After Acid Washing Na 812 119 K 495uh3?23 Ca 462 112 Fe 837 103 Al 876
100 5 Thereafter, the original coal was placed in a kiln (electric
external heating metal rotaAnpaivisdis Resattaref Mefisds set at 8 rpm inner
di aneter of kiln: 9BOFFInGaGd Fafereezed it Aawd feghangmax)) and

10" or mor e had—the trow it esthar i uns g PREREE bR & I 1Y o1, O
@ i-ed-0ri -g-i--na-l- —coal-was -f ur..Mﬁ%@l.SQ@}@-ttedpp@ -bgensEgati o-n/-de-hyd-r-at-i o (--s-t--ep-- S

2), re-carbpnig@iddenkst §p Bdfore 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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and activation (step 4) under the conditions shown in Table 4. 37 11 July
2005 WD 02/ 055458 PCT/ JP02/ 00148 Table 4 Tenperature Time N2 C02 H2O
Stage Step (C) (hr) (liter/ (liter/ (liter/ { min) mn) minj?duly2005
deoxi dation/ 150 2 50 O O dehydration 2 tenperature rising 150->650 1 300
0 0 3 re-wardesdsgati on 650 2 300 0 O 4 tenperature rispog@2e@d90 1 72 20
8 5 activation 850 16 72 20 8 6 tenperature 850.600 1 72 20 8 (((i

| owering 7 tenperature 600-> 1 100 0 O lowering 5 83 g of the adsorbent
obt ai ned above was filled into a stainless steel tube having an outer

di ameter of 1/2 inch (adsorption tower: 11 mm (inner dianmeter) x 150 cm
(tower length), volunme: 130 m) and treated in an nitrogen stream at 60C
for 1 hour and at 160C for 7 hours, iWBabbtal for 8 10 hours. The obtained
adsorption tower was connected to an end of the inpurity deconposition

tube filled pw-t-h-the—irpurity deconposing agent. [Preparation of Crude

Cct af | uor ocycl obyt ane (FC- C318)] |fbg.stbde RGLAT I[Hor ocy¢tebut angused jwas a
by_pr oduct Stage T Step e (UC) et (hr) . (1lter/ (llter/ (llter/ et s e
min) min} min)
1 deoxidation/ 150 2 50 0 0
dehydration
2 temperature rising| 150650 1 300 0 0
3 |re-carbonization 650 2 300 0 |o
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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15 obtained in the production of FC-1114. Mre specifically, FC 1114 was
produced by thermally deconposi ng HCFC-22. At this tineg,

oct af | uorocycl obut ane resulting fromdinerization of FC 111411/\Ié'§'y;?rogﬁuced
as a by-product and 38 11 July 2005 WD 02/055458 PCT/JP02/ 00145 this was
distilled woopnssdssce a crude octafl uorocycl obutane. Thepeinuwnbo194
inpurities in the thus-obtained crude octafluorocycl obutane was determ ned
by gas chromat ography. The analysis conditions in the gas chromatography
are shown 5 below. Instrunment body: GC-18A (nmanufactured by Shimadzu

Cor por at i on)thiGamwa=eriskikl Detietd oprodiychs cgesrubibaset & Ohi@edd @il dleiesieQr
(FID) Armount of sanple: 0.2 ml Determ nation: Absolute calibration curve
The f 1 uor ocaforvayslr pEi e8pialthes ciuddeodthabtobtainey ctwobig ane

cycl obut ane obttf_%i ned were as follows: CFC 217ba was 350 ppm by nass,
CFC-217ca wiFZ0-Pigreeychakytany vipmeteaingerey 929 L fdaiorePhveach was

10 ppm by . Purification of, Cryde Qctafl uorocycl gbutane7. The crude
Ve eo_bafﬁ%g,[xsw %5531*— ohs i the gug cﬁa@}l%t%%aep A R M

pressuresof 11 JMPa at a space velocity of 750 H -1 through the inpurity
deconposition tube and at a linear velocity of 1 mMmn 15 through the
adsor ption towEnstitecrdec@yasi tion reaction tenperature in the inpurity
deconposi tion tube was 350C
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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The oct af |l uorocycl obut ane passing through the inpurity deconposition tube
and t he oct afl uorocycl obut ane passing through the adsorption, tower were
col | ected, respectively, 20 and were determ ned by gas chronﬁld@yéﬂﬂ§ under
t he above- described conditions. 39 11 July 2005 WO 02/055458

PCT/ JPQ2/ O@D48/03%ass f | uor ocarbon inpurities in the octafbooymeyahobut ane at
the outlet of the reaction tube and at the outlet of the adsorption tower
were analyzed after 5 hours, 10 hours and 15 hours sicne the crude 5

oct af | uorocycl obutane started flowi ng. The results obtained are shown in
Table 5. | As a resal fluddeCazbibaimCRC Rilgdcain WBleC- 124, HCFC- 124a and

CFC- 114 were deconposed by the inpurity deconposing agent and scarcely
detected at PREablgeeRcywsiiobytene phphke tgnidedompfoshei sRachben ba his tine,
HFC-227ea and FC-C1316 re produced_but these products can be _renoved by
t he adsor benfPaTREistRS t° tVQFiFF%da??ﬁﬁp§3Q§-?? Zha"eEECEBAYZEd HOFC- 124,

ot oac ooyt 4 bl Fire fdpfsCala Ofs WEARERBAE HRE crude | icorption

tower, HRC 283@@fﬁ5‘:§’r04}@1@%§%§n@’9§€a£‘9§d detRaned. Ak Ideslitlts 2005 WO
02/ 055458 PCT/ JP02/ 00148
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 scafcely 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; CFC-217ca, HCFC-124, HbFC—124a and CFC~114 in FC-
C318 can be removed and the octafluorocyclobutane 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

_octafluorocyclobutane started flowing, and the removal .~~~

amount of CEFC-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
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
amount of CFC-217ba was also obtained and it was verified

that octafluorocyclicbutane can be purified.

[Comparative Example 1]

A test was performed under the same conditions as in
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
same manner by gas chromatography.

The fluorocarbon impurities in octafluorocyclobutane

at the outlet of the adsorption tower were analyzed after 5
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CHCL-r1C NO -rgqC4 0 00 W 4-1 o 00-Hv N5 aa)i~si 4u 0 A
41 03 Ca) CCal 0 0 404, H 41,. 11 July 2005 WD 02/055458

PCT/ JP02/ 00148 The change in the concentration of CFC 217ba TtéwyWZ0Add in
oct af | uorocycl obutane at the outlet of the adsorption tower after 2 hours
and 5 hourwosnemssesst he crude octafl uorocycl obut ane st art eciyfsogwéaing, and t he
renoval 5 anmount of CFC-217ba until the break-through are shown in Table
8. Here, the break-through was set at the point where 1 ppm of
fluorocarbon inpurities were detected at the adsorption tower outlet, and
the amount oho@FE: 2007 hafdsownd105 undht s tdiender eale- t hr ough was defined as the
renoval anount of CFC-217ba. In the case of using T -Fe2O3 as the ferric
oxi de ( ExanpteafyucrntwrdiobyteaeOst ast ¢def laiwkalgi- neTleartdsuigtsalareconpound

Exampl e 3), a high capability as the renova
( P ) ShOWIll gin Tarl)alel 6. y

_As for CFC-217ba and CFC-217ca, the break-through

5 occurred almost at the same time with the start of flowing
of octafluorocyclobutane and it was verified that CFC-217ba
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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deconposition of fluorocarbon
using an
concentrations of

,  As for CFC-217ba and R 217%3
sane tine with t
ne. St rp ig ' 2%,

activated carbon were determned in the
chromat ography. The fl uorocarbon inpurities in octafl uorocycl obufane
the outlet of the adsorption tower were analyzed after 5 42 11 July 2005
WD 02/ 055458 PCT/ JP02/ 00148 hours,
oct af | uorocycl obut ane started fl owi nglfaFhe fesults are

the breig?thr%i%F gxg

15 amount of CFC-217ba was al so obtained and it was verified
oct af | uorocycl obut ane can be purifi ed.
performed under the sanme conditions as in

t hat ;

[ Conparative Exanple 11 A test was
20 Exanpl e 1 except JlA006nhe
inmpurities in a crude octafl uorocycl obutane
mpezrastags deconposi ng agent was omtted i n Exanplcgniozodiae
inpurities before and after the passing through the

25 sane manner by gas

at

10 hours and 15 hours since the

shown in Tabl e 6.

ccurred al nost at the

dit was

verified th t—CFCG217ba 8 u-k,-LJ.n,a caT 10
~-adsorbent Thexs esmualy annﬁﬁ?%?%ylﬂﬁﬁﬂfgﬂﬁﬁ ----- CiREef 15960 5HEP¥H§$ 114 by|-t-he-
pur| fication (RFpcess of t effS §)n\/pnf| n_10 ( —XBITTH e 1) and the
renmoval anounts thereof onICij‘Cb%ZL'fbhe-Ca@SadﬁpalmIanmN Hapat-L o4n ]'(c@cmmr atji ve
Exanpl e 1) aggméﬁgwgd In Taghe 7. Bygsettingfhe brﬁﬂﬁ-throq B at the poi nt
when each ifpur-tty—t+n—octiartdvoroecycrobutane—was—deiected
5 350 20 0 0 0
10 350 20 0 0 0
15 350 20 0 0 o
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
Examples 1 to 3 except that 7 -FeOOH=100% by mass
(Comparative Example 2}, 7-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
octafluorocyclobutane was detected in a concentration of 1

ppm by mass at the outlet of the adsorption tower.
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15 concentration of 1 ppmby mass at the outlet of adsorption tower, the
anmount of each inpurity flown until the break- through was designated as
the renoval anount. As seen from the results of Exanple 1 a?\HJ'éidrﬁ? Pative
i Exanmple 1, HCFC- 124, HCFC-124a and CFC- 114 can be renoved only by the 20
adsor pti onwolyeneNs , when the deconposition step is proydfdyBaipre the
adsorption step as in Exanple 1, HCFC 124, HCFC-124a and CFC 114

t hensel ves are deconposed and already renoved there, so that the renoval
amount can be elevated as conpared with conventional adsorption 25
purification processeshant iith tievebhddeehdhadn tdre crpupifibgati on process of
the present invention is nore effective. 43 11 July 2005 WD 02/055458
PCTI JP02/ 0014@&n Tabter 6lrClrarigd 1hor QuyckertiutaricomtofthEaoht laipurf thhet

Adsor ption Tower CQutlet (Conparative Exanple 1 Change in Concentration of
Each | npuri t §¥ASIFRel Pade@ T BpREDHYZ neREYS (349 LUFE7pEN@F L 7ca HCFC- 124
BTG SO, SIS R0.320,20.00 1030 5 30200 ulet” 30 2000

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

Table 8.

i | 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.

|
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Renoval Anounts of HCFC- 124, HCFC-124a and CFC-114 Renoval Amount of

Fl uorocarbon 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 [ Conparati ve ExainrT'Eéu'Zle8541
Tests were perforned under the sanme conditions as in Exanples 1 to 3
except thawolozled@+=100% by mass (Conparative Exanpl e 2pcTdrezhed§B83=100% by
mass (Conparative Exanple 3) and Ca(OH) 2=100% by mass (Conparative Exanple
4) 15 were used as the inpurity deconposi ng agent. The break- through was
set at the point when fluorocarbon inpurity in octafluorocycl obutane was
detected in a concentrati on of 1 ppnTbyleads at the outlet of the
adsorption tower. 44 11 Ju 2005 WO 02/.055458 PCT/ JP02/ 00148 The change

in the concent r%ﬁa}rtﬁ‘? éﬁé“? %‘B%l 1%, h188t 59y ne at
the outlet gf ﬁl POYEL Q‘um_“ 'ﬁﬁé@ﬂi@ EU ,87 m&m 5% i t he
oct af | uor ocycl obut ane C§F‘B‘P%1éé|°# |°5WI ng, aRdxthe [¥¥B¥RAILN5 a
CFC-217ba urtil the brlé'akr%tﬁr’&?f@ﬁp%?lélgshcpg@sém C‘P&E?‘@rstl% Pr% tly
deconposi-ng-lagentcor -%-l-- ng.onby-ferriclmexide ‘&] Fﬁ)éﬁéksfz)v%F% Hieels-2--and-- -
3) coul d notlkeep-the"s] r obablly. becaus % A Ad
br eak-through of 10 CIS@HQI.Lemadoccu red garl 9. The dé&fbrrp05| t| on reaction of
CFC-217ba sqargehv priocgedsd only W tdy al kahi ne| eart hy met al
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

Example 2 5 303 60

Comp. T «Fey0; 100 2 125

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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conpound (Conparative Exanple 4) and the renoval anmount of CFC 217ba was
very small. Fromthese, it is seen that unless an inpurity deconposing
agent containing both ferric 15 oxi de and al kaline earth netA! Jeyi986nd

m xed at an appropriate ratio is used, CFC-217ba is scarcely deconposed
and good resubkpssisiannot be obtained in the renoval of CFeeT/idsh200i4d 11 July
2005 WD 02/ 055458 PCT/JP02/ 00148 Table 8 Change in Concentration at
Adsorption Tower Qutlet and Renoval Amount of CFC-217ba in Each Test
Conposi tion of Time Change in Renoval Inpurity Deconposing passed
Concentrati ofalAbeunht of Agent of CFC-217ba CFC-217ba (% by mass) (Hr)
(ppm by mass) (ng) Sanple fed 0 350 Exanple 1 T-FeOOH 30 2 0 Ca(OH)2 70 5
0 645 Exanpl e 2 &5 Fe29B ROm theCheeH) e 80l 5 45 hg7gct Exahyl @f 3the - FeOOH 20
2 24 CaC33 80 5 )g%és cheSf Conp. Owlg adsorbent 2 350 Exangle 15 350 <1
Conp. T - FeOFPYHB-» QEPQgBPQ 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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5 303 60 Conp. T-Fe2G3 100 2 125 Exanple 3 5 30 350 Conmp. Ca(OH)2 100 2

- 300 Exanple 4 5 350 <1 5 [Reference Exanples 1 and 2] The tfsﬁs %ﬁae
performed under the sane conditions as in Exanple 1 except Toluly _ 5
deconposition tenperature in the inpurity deconposition tube. The
deconposition tenperature in the inpurity deconposition tube was 240C 10
(Reference Exanple 1) and 400C (Reference Exanple 2). The .change in
concentration of CFC-217ba at the reaction tube outlet after 2 hours, 5 -
hours and 10 hours since the octafluorocycl obutane started flowing is
shown in 46 11 July 2005 WD 02/055458 PCT/JP02/00148 Table 9. As seen
fromthe test results, the activity .of the inpurity deconposi ng agent was
not enhanced due to excessively |l-ow tenpengture of 2400C and the
deconposition 5 did not proceed. At an excessively high tenperature of

400C, the inpurity deconposing agent itself was deconposed by the heat and

t he break-through of CFC-217ba at the adsorption tower outlet occurred

verified 10 that l.hizs propesist fowapualifysthgnet pema¥eédorocyclcobutane,
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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Tabl e 9 Change in Concentration of CFC 217ba at "Adsorption Tower CQutl et

Wi th respect to Deconposition Tenperature Change in Concentration of
CFC-217ba Tinme (ppm by mass) Passed (Hr) Exanple 1 Releraute EHX051

Ref erence Ex. 2 (350C) (2400 (400C) Sanple fed 350 350 350 2 0 190 225
50 325 350 10 0 350 350 15 47 11 July 2005 CLAIMS 1. A process for
purifying an octafl uorocycl obutane, conprising the step of contacting a
crude octafluorocyclobutane containing inpurities with an inpurity
deconposi ng agent conprising an iron oxide and an al kaline earth netal
conpound under elevated tenperature and then with an adsorbent to
substantially renove said inpurities fromsaid crude _
oct af | uor oepdlcdlmt, ase ro2tThen pmec éss ifiar. puri fyi ng an oct af | uor ocycl obut ane
as claimed in claim1, wherein said iron oxide is ferric oxide. 3. The
process for purifying an octafluorocyclobutane as claimed in claim 2,

nherein said Ten anexpdecessy fhobuiyioy o6 EATIMIR ittt Oxi de.

éé claimed in any one of c¢laim 1 to 4, wherein said
impurity decomposing agent contains from 5 to 40% by mass
of an iron oxide and from 60 to 95% by mass of an alkaline
earth metal compound based on the entire mass of said

impurity decomposing agent.

6. The process for purifying octafluoroccyclobutane 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
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4. The process for purifying an octafluorocycl obutane as clained in any
~one of clains 1 to 3, wherein said alkaline earth nmetal conpound is at

| east one compound sel ected fromthe group consisting of oxiddy 2005
hydr oxi des and carbonates of an al kaline earth netal of magnesium 48 11
July 2005 calcium strontiumand barium 5. The process for purifying an
oct af | uorocycl obutane as clainmed in any one of claiml1l to 4, wherein said
i mpurity deconposi ng agent contains from5 to 40% by nass of an iron oxide
and from60 to 95% by nmass of an alkaline earth nmetal conpound based on
the entire mass of said inpurity deconposing agent. 6. The process for
purifying octafluorocycl obutane as clained in any one of clains 1 to 5,

wherei n sai thd BN d Do c HECHTRAT NG AGER rled & rfRAMI R LUWIHIS:RG 8 pewder
of an iron oxide having an average particle size of 100 mor |ess and a
powder of arB-al¥stigie ewrich anaabadnpoursd Usadtnpren memdreagespacted e si ze

of 100 pm(nfg&ﬁgjﬁg The %3%§¥§%£¢§ m_f%&@&g%ég{octafluorquphg@utane

—as--cl-ai-ned-i-A --a-n-y---o-neq-yoc-'}gpc--l---al---ms--- 1
agent is a grianulrey heasbigh ahdAveragatgenrdd=al.e size of 0.5 to 10 mm 8. The
process for purifying an octafluorocycl obutane as clainmed in any one of
clains 1 to 7, wherein said crude octafluorocyclobutane is contacted with

said inmpurity degppasd M-I Rfr LEMRALRY Wre Rt A306 12 3806utAneThe
process for purifying an
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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49 11 July 2005 'i. octafluorocyclobutane as clained in any one of clains
-1 to 8, wherein said adsorbent is at |east one nenber selecte fromthe
group consi sting of activated carbon, nolecular sieving car'Joftly 4805
activated coal . 10. The process for purifying an octafluorocycl obutane as
claimed in claim9, wherein said activated coal is obtained by a process
conprising: a step of washing original coal with an acid and water (step
1); a step of heating the original coal at a tenperature of 50 to 250C in
an inert gas streamto deoxidize and/or dehydrate said original coal (step
2); a step of heating the original coal at a tenperature of 500 to 700C in
an inert gas streamto re-carbonize said original coal (step 3); and a

step of heating the. origigpebceonlrat @utenpeiatad &ctofs 1100 30 QM ddha
m xed gas stream containing an inert gas, carbon dioxide and steamto

activate saidf oftgimef ircalaimtldd o 1l wheeeisr otals dod gur i ying an

octaf | uor Ocﬁ'& @Mf%cic??ar% g%k{%adcd e(“fhﬁlami_(?n cy@e aeii ea%ﬁ%cfj -l i_%o%ll coal

consi sting ofo chcohutmshéeti. coal, coal, charcoal and tar pitch under
heating at a tenperature of 400 to 600C. 50
13. The process for purifying an octafluorocyclobutane

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

51
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[l July 2005 12. The process for purifying an octafl uorocycl obutane as
.claimed in claim10 or 11, wherein said acid is a m neral %CEF agggi
concentration of said acid is from1l to 1,000 nol/n8. 13. A ‘ﬂ¥ s for
purifying an octafl uorocycl 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 octafluorocycl obutane as clained in any one of
claims 10 to 13, wherein at the transfer fromsaid step 2 to said step 3
the original coal that is passed through the step 2 is heated to a
tenperature of 500 to 700C at a rate of 300 to 500C/ hr in an inert gas
stream 15. The process for purifying an octafl uorocycl obutane as clained
in any one ofidst@ddmarkd tenld, therel batvdigne tdRnaiem,f emaesaidh step 3 to
said step 4, the original coal that is passed through t he step 3 is heated
to a tenperaittires dfog]ﬂm? tf goeCcantias atiecast 900 to 200C/ hr in an inert
gas stream 16. The process for purifying an octafl uorocycl obutane as

from50 to 89% bylWVolTine fodarer tfcgaggurjfmdmgl(hrt @ AEeH 1 nealwirie baft aear bon

51 11 July 2005 . dioxide and from 1l ta 20% hy vol of steam_ based on the
entire vol uf® SHAE LT P& Yas Olail'fr.‘s ‘I#Re ggsé”hfe&relﬁhraiﬁ Yithg an

oct af | uor ocysdjobutad}e 4, the activated 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 claimed 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 room
tenperature at 200 to 300C/ hr in an inert gas stream 18. ThHeJyy@8@ss for
purifying an octafl uorocycl obutane as clainmed in any one of clainms 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 octafl uorocycl obutane
as claimed in any one of clainms 10 to 18, wherein the total content of
alkali netals contained in said activated coal is 1,000 ppmor |less. 20.
The process for purifying an octafl uorocycl obutane as clained in claim19,
wherein said alkali nmetal is potassiumand the total content of potassium
contai ned ino sald wacdidat et icoalride G MM AodRISbudbnel RS RIQe@ss for
purifying an octafl uorocycl obutane as clainmed in any one of claim1l 52 11
July 2005 (R0, i ipsdind agr wdeowtt affl ddr deoy dloBPlamer ént aiass - sai d
inpurities in an anount of 10 to 10,000 ppm by mass. 22. The process for

inpurity is at |edst Tloneddawrocarbonsieleciedn rematfhe ogfoo lIetnsiask Ng
of 2- chloro-1, ,l,zkgMS,S-heptafluoroprqpane“ 1-chloro
1,1,2,2,3,3% H{GUToprichdhe L 11 WA LSHG 158D Impurditvaflisudltoderge,

1-chloro-1, ik Zhedrddd ipeldhanged Zrom the group consisting of 2-

dichloro-1,1, 2, 2-tetrafl uoroet hane, hexafl uoropropéne and
chloro-1,1,1,2,3,3,3-heptafluoropropane, l-chloro-
1,1,2,2,3,3,3-heptafiucropropane, l-chloro-1,2,2,2-
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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1H hept af | uor opr opane. 23. The process for purifying an.

- octafluorocycl obutane as clained in claim22, wherein afteH1{gﬁ¥%ﬁ%ﬁrities
are substantially renoved, the concentration of inpurities ''r gin:
t he octafl uorocyclobutane is less than 1 ppm by nass. 24. A process for
prepari ng an octafl uorocycl obutane, conprising the steps of producing a
crude octafluorocycl obutane containing inpurities, and contacting said
crude octafl uorocycl obutane with an inpurity deconposing agent conpri sing
an iron oxide and an alkaline earth netal conpound under el evated
tenperature and then w th an adsorbent to obtain an octafl uorocycl obutane
from which inpurities are substantially renoved. 53 11 July 2005 25. The
process for prepars ngrran wedadd oo ol alitiane A4S i MR dt & 1ajitdde
wherein the step, of oducing an,  octafl uorocycl obut ane cont ai ni ng

inpurities i%° ther et mdl SldEdbrigosi Pt R el AludoretHaYe A6, The
process for ¢fEepanidkh @t 1adafdieoraoncd iobHanenpas Gl ned dHe eairhad4 or

group consi stTHYPUH BLh Yy ¢k oF od i 14103 o diS&E| uor opr opane, 1- chl or o-
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- ,

di chl oro-1, 1, 2, 2-%§¢ rEf RTrSSEHRAST RBEHANIG D F o pété d@rocyclobutane

1H hept af | uaropFOPaRel 127 .c 1AL Wtald ugmcysHotuane iebtainable, by the
process 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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according to claim1 or 24, which has a fluorocarbon inpurity content of
. less than 0.0001% by mass and a purity of 99.9999% by mass or nore. 28.
The oct afl uorocycl obutane as clainmed in claim?27, wherein st {ply 2005
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,

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

1-chloro-1,2,2,2-tetrafl uoroethane, 1- chloro-1,1, 2, 2-tetrafl uoroethane,
1,2-dichloro-1,1,2,2- tetrafluoroethane, hexafl uoropropene and

i H heptafluoro 54 11 July 2005 propane. 29. A gas containing

t heoct af | uorocycl obutane clained in claim27 or 28. 30. An etching gas
conprising the claimed in claim 29. 31. A cleaning gas conprising the
gas clainmed in claim 29. 55

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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