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TECHNICAL FIELD
The present invention relates to an adsorbent for
purifying perfluorocarbon, a process for producing the
adsorbent, high-purity octafluorpropane and
20 octafluorocyclobutane, processes for purifying and for
producing the octafluorpropane or octafluorocyclobutane,

and uses thereof.

BACKGROUND OF THE INVENTION

25 Perfluorocarbon such as octafluoropropane
(hereinafter referred to as "FC-218") or
octafluorocyclobutane (hereinafter referred to as "FC-
C318") is used as an etching gas or a cleaning gas in the
process of manufacturing a semiconductor device.

30 For producing FC-218, a method of electrolytically
fluorinating l-chloropropane (see, U.S. Patent
3,709,800), a method of reacting
trifluoropentachloropropane and manganese trifluoride
(see, U.S. Patent No. 2,578,721) and a method of reacting

35 propane or propylene with hydrogen fluoride and chlorine
(see, U.S. Patent No. 5,220,083) are known. However,
these methods use a compound containing chlorine as a



products. Wth respect to the nethod using a starting material 5 or the
like free of chlorine, a nethod of electrolytically fluorinating propane
(see, U SYOPate™ No. 3,840, 0445) is known, however, thePEppRI1AULSS
therefor is very conplicated and the yield is low, therefore, this 1is not
an industrially advantageous nethod. Al se, 2a-10 net hod of fluorinating
hexaf | uoropropene (hereinafter referred to as "FC 1216") to produce FC- 218

is known. For %)f:%'fﬂll%’g datRiied ehdr edetb?9-6C hale \ét' brodi1bhuani Reatgas
under dilution with an itnert gas and a reaction pr.oduct gas_(see,

JP- B- 62- 61682) CPRE ingrFPNFRIBLNgs 1HPEY 115 oFe P&en Yieareda s“?ﬁﬁanese
Exam ned Pat en rBuhbh@atlon (Kokoku)"), a nethod of electrolytically
fluorinating FC 12 6 h édro en fI orid

115
met hod of reacting PE& efpﬁgpg eug&ﬁﬁa.n.ﬁar%épg)ggier&ﬁ&
menber seiectedrfthEIdakalﬁrbe'Ufucmude;nEO e mgahesle otfr i f | uori de and

silver d'fluor'qgﬁgiﬁgpt{§§§1 %1%%11%%t?5§hﬁggﬁﬁnfr3se@r0%”%'n%a%gn{216 a

met hod of usingt 03|t|on o] ororret' han
(hereinafter Nef.edr8d0u644S)" HEFEnRwn) howevewn. the apworiasns &hegeferhod

of fluorinatinggspegh '%ﬁ@tl%%t@d?» anahlt%og,'l\é%oqgr 12% a'%‘ﬂe'i:@?'&re,utgls

dehal ogenating the | uor i nation product to produce FC 121 see .
Patent 5,057, 6§4P°tsa@néﬂﬁustﬁé§é1ﬁe?ﬁﬁé§t&9§@u§s@e§h€ﬁlorﬁ 89:cént ai ni ng

compoundp@s a &b%hbunq)fmtl%ra.lnattm@r ﬁfe&'é@lu%@o'{)@oia%%@ qoRialinsfder

chl ori ne-contai nin ies in and FC-218

produced startFﬁ&e%F nQPhP? Fécrégg%canglH§°9HF8rFﬁe3§§nﬁ§|ﬁPH§n

impurities togetrhekawiptlle,usr aathed 5@-téh&tnngnﬂﬂyl@&@eaatﬁha flaiokriimg

poi nts of chlorlneu%%n alnuuglogpgaké gg g@g g%QOQQ i I%QC% é The
(IS rrlatlon I%io tle

inpurities can E IS y separate Wever, boi l'i ng
poi nts of chI@moﬁantabbﬁoK@e@haﬂ@—@h@ﬁeﬁﬁéﬁﬂér(¢@Ee¢e§m {'gPad"" geF uged

02/ |2|22541 PCT/ IR AO%Band ahl5bhbadd e FExbnlfetP el tod t2RRLD CARLRH tO the
(Kokoku)"), a method of electrolytically fluorinating FC-

1216 in hydrogen fluoride (see, JP-B-62-61115), and a
method of reacting a high-order metal fluoride containing
at least one member selected from cobalt trifluoride,

20 manganese trifluoride and silver difluoride‘(see, JP-B-
62-54777) are known.

For producing FC-1216, a method of using thermal
decomposition of chlorodifluoromethane (hereinafter
referred to as "HCFC-22") is known. In addition, a

25 method of fluorinating perhalogenated C-3
chlorofluorocarbon and then dehalogenating the
fluorination product to produce FC-1216 (see, U.S. Patent
5,057,634) is known. These methods also use a chlorine-
containing compound as a starting material, therefore,

30 FC-1216 contains a chlorine-containing compound as
impurities in many cases and FC-218 produced starting
from this FC-1216 contains chlorine-containing impurities
together with unreacted FC-1216 in many cases. The
boiling points of chlorine-containing impurities are

35 shown in Table 1. The impurities can be mostly separated
by distillation, however, the boiling points of
chloropentafluoroethane (hereinafter referred to as "CHF-



poi nt of FC-218 and therefore, separation of these inpurities by
distillation is very difficult. Table 1 Structural Boiling Conpound Nane
For mul a Mobn2/22264 C) Cct af | uor opr opane( FC-218) CF CF CF - 3BCT/JP01/07988

Hexaf | uor opr opene(FC- 1216 CF CF=CF -31 Chl orodi fl uor onet hane( HCFC- 22)
CHC1F -41 2-Chloro-1,1,1,2- CF3CHCIF -12 3tetrafl uoroet hane( HCFC- 124)
Chloro-1,1, 2,2- CHF2CC1lF2 -10.2 tetrafluoroethane( HCFC-124a) 1H He

t af | uor opr opan FC- Cal_ 19 : af.lu e C- 115)
CCLF CF -38.7 W’ﬂz(’; D%g’él %rbo?ggfgg F%r 8ét ﬁg%k’%%ﬁ%%t&% EE%QBBB?%‘;(&_Q';M)

Tet raf | uor oet ypengtFef1¥¢4p 18randrihegeforey afPRar8EyOnoPdt #REEEC- C318)
c-CF CF CF CF 1m¥>'é,ri§i§'srrb agh¥%tiothat bHor acyekgbdt are (i€, C318) can be
obtai ned by purifying FC-C318 yiel ded as by- product at the production of
tetrafl uoroethyl ene (hereinafter refer F'égl?olas "FC-1114") or

hexaf | uor opr ppene (FC 1216). For produci ng FCGTI1I4 or FC 1@6, apaEl hogl |of
10 thermal | y| deconposi ngcaippaumdliNdmeor onet hane ifs S Yescri leelint or
exanpl e, in EP451793, however, by the thernmal deco Q&GN react i(ég,) nmgny
ki nds of subsbera€luozoberppate¢ed-2AB30, unreactled HOFCF2PFand any36.7
chl ori ne- conHakaKENQoTOMTRWNS (FCe 1eaBhal ned 1 n |t he g @U=CF, 15 The-dbi | iing
poi nts of FCi{CB13raad flampomedhaneqratachred)as |1 npuritCceRS1sy e shgwn +41 Tahbl e
1. Most of hesd logactll,an 1preduct s and unreact §d HCGEE,GHCIzan be separ at|ed
by distill ati estrbddlevebethdaciacFcrg2pgi nts of] FC- 1216,
2-chl oro- 1, 1{ €h2okretnafil,agreet hane 20 (herei naftler redmccad,to as -10.2
"HCFC-124"), | tethbdlaorbethan2-(HerCafibdanoet hang (hereinafter referred tdg
as " HCFC- 124at)-HepHalapbapuabapeqpage 2@hMengl ndf t ecAretEyged  tjo asl9

"HFC- 227ca") | ahd ot opeditallababethahkyargetihane CCLlF,CF, -38.7
1,2-Dichlorotetrafluoroethane CClF,CClF, -3.8
(CFC-114)
Tetrafluoroetylene(FC-1114) CF,=CF, -31
Octafluorocyclobutane(FC-C318) c-CF,CF,CF.CF, - -6
5 Similarly, octafluorocyclobutane (FC-C318) can be

obtained by purifying FC-C318 yielded as a by-product at
the production of tetrafluoroethylene (hereinafter
referred to as "FC-1114") or hexafluoropropene (FC-
1216). For producing FC-1114 or FC-1216, a method of

10 thermally decomposing chlorodifluoromethane is used as
described, for example, in EP451793, however, by the
thermal decomposition reaction, many kinds of substances
are produced. Also, unreacted HCFC-22 and many chlorine-
containing compounds are contained in the product.

15 The boiling points of FC-C318 and compounds
contained as impurities are shown in Table 1. Most of
these reaction products and unreacted HCFC-22 can be
separated by distillation. However, the boiling points
of FC-1216, 2-chloro-1,1,1,2-tetrafluoroethane

20 (hereinafter referred to as "HCFC-124"), l-chloro-
1,1,2,2-tetrafluoroethane (hereinafter referred to as
"HCFC-124a"), lH-heptafluoropropane (hereinafter referred
to as "HFC-227ca") and 1,2-dichlorotetrafluoroethane
(hereinafter referred to as "CFC-114") each is

25 approximated to the boiling point of FC-C318.
Furthermore, HCFC-124 and HCFC-124a each produces an



(hereinafter referred to as "CFC-114") each is 25 approximated to the
boiling point of FC-C318. Furthernore, HCFC- 124 and HCFC- 124a each
produces va@d 028P/ 22254 PCT/ JPOL/ 07988 4 azeotropi c m xPAT/@Pamoryss-C- C318.
Therefore, FC-C318 reduced in the concentration of these inpurities to 1
ppm by mass or |ess can be hardly obtaired by a purification nethod using
separation by distillation. 5 G her than the separation by distillation,

the purificatiQnaRiPad inclides o adtdom gli stidddddye, Frmyane

separation and adsorption separation. However the extractive distillation

method has a prESUEAd il HAle qPCHP M Hoshesq gRBIEHE SHEDrodsds i s

10 conpli cat edpyThe MY ARG SR dd HarElhGhthanhed Wy bl @R M ddiatoran
appropri ate nenbrane havi ng propert,es ne,essq:y f,or separating FC 218 or
FC-C318 from MeFioe iVesins Hathal &vd DRSS to an inpurity

content of 1 ppm by o¥s%t ahdreshd Sapmeaiiably. dile I8 ami@culidre si zes
(cal cul ated val ues .at__st.able ate . structure) of FC 21 r.£G.G318 and
their inpuri typug&%g&%dsorlap}g%é}%ﬁﬁqcr}u]d; ee)é".raﬁ%:elvseeﬁé'ar a Jilol%tblyojf"
adsor pti on usi mgmbrienewvsgesmtion a ke rpdtiioratsepansdrison, Hdwevenmel ,
zeolite (Ml ecyhar S )i : I I NG G, inafdele
referred to as%H%W§%€%§%%ﬂR%§§I%%%ﬁ%%%%ﬁt éﬁﬁﬁyif%%éfggﬁgggﬁgdgg gﬁére
i s al nost no dithecendeneant OsHS ddahay sArke tyed BFA995Fy TSoi nt bet ween

FC- 218 o10FC 313mipd ddieid. | miny indn@sr it sdpiitdierdgmmtidentad sasimlarity
in the physical 25 properties between FC- 2 or FC-C318 and their .
inpurities. WOPRFSPISISATpEfpAly GREESPE -2 ‘Fdﬁ}eénva@ﬁrg}ﬁfﬁdlwwtéﬁﬁ ar
Si ze (cal cul amedesalars) fdaxtsafgarertaproFERaICAHLIFCALILE cffonl A
ChIoropentaqug&%%Eq QE§§E§§%&§Q f%é%&(%ééf%d§ification to an impurity
content of 1 ppm by mass or less is unavailable. The
15 molecular sizes (calculated values at stable state
structure) of FC-218 or FC-C318 and their impurity
compounds are shown in Table 2. The separation by
adsorption using a known adsorbent such as activated
carbon, silica gel, zeolite (Molecular Sieves) or
20 Molecular Sieving Carbon (hereinafter referred to as
"MSC"), can hardly attain the purification because there
is almost no difference in the molecular size and boiling
point between FC-218 or FC-318 and their impurities and
furthermore, there is similarity in the physical
25 properties between FC-218 or FC-C318 and their

impurities.



Hexaf | uor opr opene( FC-1216) 4.9 to 5.9 A Chloro-1,1,1, 2-tetrafl uoroet hane
4.3 to 5.6 A (HCFC- 124) Chloro-1,1,2,2-tetrafluoroethane 4.3 to 5.6 A
(HCFC- 1240 gb2k#apt af | uor opr opane( HFC- 227ca 4.3 to 6.2 A PpCT/JP01/07988
1,2-Dichlorotetrafl uoroethane 4.8 to 5.6 A (CFC 114)

Cct af | uorocycl obut ane(FC-C318) 5.2 to 5.8 A -Activated carbon is effective
I n adsorbing and thereby renmoving FC 1216 which is one of inpurities, but
cannot separate all other inpurities. Ingonventional 5 purification
methods, it has been particularly difficult to obtain FC;;1R gggggg a
CFC- 115 concentration of 1 or less or FC 3180hesy HEFC- 12
and HCFC-124a concentratiSﬁmg?uﬁxogﬁﬁév mass or | eks. (Ghkcpiakedivalue)

i nventi on has |loeds fitese apoeyantdygde-218 ki r cunst ances _and £h® object Bf the
present i nvent|iqrloropdre g mo e tthane (CRGaEi5n adsbr bent 4 capab| B. A
effectively rempddr uovpridpcase Gaaiadned in a perfluorogagbes 549 chA have

been her et of orf@HAIJAJCUTT, T 0 Tt&OVEr TS hald [ uor pcar bon, pyrsonvenki onal
15 purificatign met hods), |njy@ﬁd14§4y renovi ng FC 1216, CFC 115, etc.

fromFC 218 a HFC-PZ7cCa, T €xc.
arll'xgl. t;%béreby, He‘t‘&afHdroelﬁf@n 15 led 15,6 €A

1=

from FC- C318, ? E?b”bﬁga’i‘ per fl uorocarpon reduced in the

e o et 1] é?e{g H1dd fpzpfotbdnéwwzj‘f@amw ;f{;’ EN I W

OV \Y] CAIT auoUI Uul'l. ujl | | T Ull Ul
a perfluorocarts Jé’}blrod%%% “fﬁrg the adsprbent ?JOJ? p f?ale&cat i 0
of a perf | uor acarb bon:—-hi nh ||¢E| \l tafl ]V pr Opane or

oct af | uorocycl MH%&OW@&W%(F}}: )f\ll ngahd for n2 nti‘?ms’ n Zr\

oct af | uor propane or AUGHEFTFHIGERRID et Sl SisHs 3IRABOI \IBD2/ 22254

PCT/ JPOL/ 07988 tk@réﬂﬁ@éﬁuﬁﬁﬁcﬂﬁld\l\#&l\mmw@ res Wihpfieddsenbue
I nvestigations to s% t he .
separate all other impurities. In conventional

-

5 purification methods, it has been particularly difficult
to obtain FC-218 having a CFC-115 concentration of 1 ppm
by mass or less or FC-318 having a HCFC-124 and HCFC-124a
concentration of 1 ppm by mass or less.

The present invention has been made under these

10 circumstances and the object of the present invention is
to provide a purification adsorbent capable of
effectively removing impurities contained in a
perfluorocarbon which have been heretofore difficult to
remove from a perfluorocarbon by conventional

15 purification methods, in particular removing FC-1216,
CFC-115, etc. from FC-218 and FC-1216, HCFC-124, HCFC-
124a, HFC-227ca, CFC-114, etc. from FC-C318, and thereby
obtaining a perfluorocarbon reduced in the contents of
those impurities to 1 ppm by mass or less.

20 The object of the present invention includes
providing an adsorbent for purification of a
perfluorocarbon; a process for producing the adsorbent
for purification of a perfluorocarbon; high-purity
octafluorpropane or octafluorocyclobutane; processes for

25 purifying and for producing the octafluorpropane or

octafluorocyclobutane; and uses thereof.



above-descri bed problens, the present inventors have found that when an
original coal is washed with an acid 5 to reduce netals, particularly

al kali mwabz2226ontained in the original coal and then sPG]/ERM®AIMBO a
series of activation treatnents, the resulting activated char is an

adsor bent havi ng excel l ent properties of -aéserbing the above-described
inpurities contained in perfluorocarbon. 10 The present invention has been

acconpl i shed bgsedr, guhglgF fhrdirRgEnTheyPr esent i nvention relates to the
following matters n adsorbent for purifyin

per f | uor ocar bon, ﬁcﬁ F?Sﬁﬁgdege&XG§Pﬁ§VS ﬁﬁVﬁéGléé§ﬁPP§lﬁ8 ﬁﬁéV?onémnng

15 four steps: abébewaéBbBQbéa pibeilBak , Ceak WrbBeah agkénkbgst Rge Wi th
wat er; (2) deoxi di and/ or dehydr at, |ng t he original .coal obtained in
0

the step (1) atC¥R e atallire gp Qélﬁéna c?BéCl?nWQﬁh@ﬂeWFtBaénsFFé m (3)
re- carbon32|ngtbheed&cglmakaaealpahtabnédrﬂy aLkeldt epted),atoatbenpdrat ure

of 500 to 700C in ggpgga%géﬁgsﬁgjtﬁgg gﬁ%agg%lﬁa%bggtgggbgg kna

coal obtajned i t a tenperatdre o 'n a
m xed gas streanuuemuannmmgaamehmsnttgasreeaﬁb@ngda@xnd@tadd0hatens @apor .

[2] The adsorbgp oEBEnEUBbQthgeﬁcgﬁﬁEhHOE ?é?@@esa%fd%%%BkBgﬂ '@h%ll

above wherein the ori gi nal car boni zi ng a | east
one nenber sel 8bP¥EE- ﬂ?éﬁfﬂhédg#wﬁﬁré§h§ﬁsFpﬁéaéﬂeéoéénEﬁrﬁ&§9rééérboéoal

charcoalip and &gk Bkb@@n@t1%vbﬁ%ﬁ%hahﬁéeb@En4Q@cbﬁ§§QQ§ed[Bhsgaeoﬁd%ﬁﬁﬁeﬂt
for purifying a perfl uorocarbon as described in wherein

the acid used £3B4iR9rheThRE BrRESRINGNEPPLARNSTFED %F FQ & ﬁl%@ﬁiPWéEHd and
the acid concentkakirgn[ily teops%jt.o 1,000 nol/nB. [4] The adsorbent for

puri fying a perfl uogoqar bgn aw.ggﬁgg 22254 PCTLIBOL 079881, 83 dgsgEhbed i n
which is produced using a method comprising the following
15 four steps:

(1) washing an original coal with an acid and then
with water;

(2) deoxidizing and/or dehydrating the original
coal obtained in the step (1) at a temperature of 50 to

20 250°C in an inert gas stream;

(3) re-carbonizing the original coal obtained in
the step (2) at a temperature of 500 to 700°C in an inert
gas stream; and

(4) activating the original coal obtained in the

25 step (3) at a temperature of 700 to 900°C in a mixed gas
stream containing an inert gas, carbon dioxide and water
vapor.

[2] The adsorbent for purifying a perfluorocarbon
as described in [1] above, wherein the original coal is

30 obtained by carbonizing at least one member selected from
the group consisting of coconut husk coal, coal, charcoal
and tar pitch at a temperature of 400 to 600°C.

[3] The adsorbent for purifying a perfluorocarbon
as described in [1] or [2] above, wherein the acid used

35 in the acid washing of the step (1) is a mineral acid and
the acid concentration is from 1 to 1,000 mol/m3.

[4] The adsorbent for purifying a perfluorocarbon



acid used in the acid washing of the step (1) is hydrochloric acid and/or
sulfuric acid. [5] The adsorbent for purifying a perfluorocarbon 5 as
descri beav@n2/2m294 one of [1] to [4] above, wherein the stRET/IB)/0i7938
performed by el evating the tenperature up to the re-carbonization
tenperature of the step (3) at a rate of frem 300 to 500C/ hr in an inert
gas stream after the step (2). 10 [6] The adsorbent for purifying a

per fluorocarbogs 88ses6ePed LiyaBye0ne ﬁ%é[%b 181l 3boTBOVfnetBehei et he
step (4) is per?qrne y.elevat|Xg the te rature’up to _the activation
tenperature of 26he Yeeg {B) the acidt washingr ok tbe £§°P0G&hESin an inert

gas stream aft gyqtBenierstenctd) anli/brThe1adgeebeaatidl.or purifying a
per fl uorocarbon as descrbbed in gnﬁ er of %1% to [ 6] wherein in
ffthg r

\ abqve,
the stop (4), the mizdd Gae EGROEPATHTSR PHEFEYSRS, @ BAFBOHOAPERFEE and
wat er vapor coabatescribadS@nt an§9028 wol { 10f tbhe diinebbvgaswhiirednl@hto 30
volt of carbon__dioxide.and fr tn. 2 . Of el r ]..Ih
adsor bent for BE?Pfg?gglg 8???%@%%C§ng%¥ggélggs?@%bggﬁggggﬁﬁkgnggoﬁo[1]
to [7] above, whereencthbonactiiaetetenparatvreoofedheostepm(Benpsérature at
arate of 25 f 2 0 hg i B~l/pert g t
(4). [9] The aggg%bggtkg8§ gﬁéi?5iﬁaaacég?fFﬁo?éciﬁﬁgﬁ"bié %25%?ﬁb33%?£ any
one of [1] to EBP &bBPe(2Wierein the iodine adsorption quantity of the
adsorbentp i s from 79¢, 3@hb°a&5999eﬁﬁ/gor[%Qkifb@n%dﬁobEQEHuBchBbehy|ng a
perfl uorocarbon as described in anﬁ ong 0 [1% tg [9% above -mherelg t he
total content BPF SPRSFiPREt APsaPH PRE QbsbrbefP ilS112B6FCppHIEreiassness
[11] The adsorbesp ey perpbkyiEbgmadpeyf blevacanbornheasecadpeetiched up 0]

above, wherein, the tassi.um caontent . in the _adsqrbent /is_500 m or .| ess.
VO 02/ 22254 PCﬁﬁs E§%6y§§é0n8 emperature o? t%e step (4) a% a Egte of
from 100 to 200°C/hr in an inert gas stream after the
15 step (3).

[7] The adsorbent for purifying a perfluorocarbon
.as described in any one of [l] to [6] above, wherein in
the step (4), the mixed gas containing an inert gas,
carbon dioxide and water vapor contains from 50 to 89

20 vol% of the inert gas, from 10 to 30 vol% of carbon
dioxide and from 1 to 20 vol% of water vapor.

[8] The adsorbent for purifying a perfluorocarbon
as described in any one of {1] to [7] above, wherein the
activated coal is cooled to room temperature at a rate of

25 from 200 to 300°C/hr in an inert gas stream after the
step (4).

[9] The adsorbent for purifying a perfluorocarbon
as described in any one of [1] to [8] above, wherein the
iodine adsorption quantity of the adsorbent is from 700

30 to 1,000 mg/g.

[10] The adsorbent for purifying a perfluorocarbon
as described in any one of [1] to [9] above, wherein the
total content of alkali metals in the adsorbent is
1,000 ppm or less.

35 [11] The adsorbent for purifying a perfluorocarbon
as described in [10] above, wherein the potassium content

in the adsorbent is 500 ppm or less.



[ 12] The adsorbent for purifying a perfluorocarbon as described in any one
of [1] to [11] above, wherein the perfluorocarbon is octafl uoropropane.

[ 13] The vedszehent for purifying a perfluorocarbon 5 as dreTOPHIANAIEEN any
one of [1] to [12] above, wherein the perfluorocarbon is

oct af | uorocycl obutane. [14] A process for @reduci ng an adsorbent for
purifying a perfluorocarbon conprising the followng four steps; 10 (1)

washing an original ;o3| piict B @R Behd ag bﬁ%&f n@haW%k%EJuﬁ%bcarbon
deoxi di zi ng. and/ or de drating the original coal obtained in the step (1)

at a tenperatufé 8eSFEd ing @ny508e RTan Lilndt [ddd Sovgm whsreip the

re- car boni zi ngpkhe1abraicaalbosoals @b&&&u@@rb@rdﬁaaestep (2) at a tenperature
of 500 to 7OOC in an_iner % %r%% andP% actlvatl t he ori gi nal

coal obtained in thél3dt % %SQF & &r REGE Yo % Poi &UP5°§ 9 a

m xed 2@ gas asraagb@dbbdldmn@ngnonaebﬁ gag, tear[ian diboxiede waued e imattde
e L InBeBEIGBRRCE R duELnd AN AR yIEM e, Puri fying 2

perfluorocarboﬁ escCri original coal is
obt ai ned by carbon|2ﬂﬁg Atp290b§§560@n®r@dwﬁemgs@me@ﬁé@rbﬁ@wnﬁ@@ gr oup

consi sting of [Pl hay fy PI
Femper at Ure of PFraata0s o S00C T I8 Ths o anbea o pros e an

adsor bent for fBHFlﬁV?ﬁgra perfl uorocarbon as described in [14] or [15] 30

above, wherein the agiyd ysehing bhe o2eigd neaskic’yg tiedt MENacal b shep (1)
is a mneral a0|gpand the acid concentrationis from1l to 1,000 nol/nS.

[17] The proce¥toFa5fdduci ng an adsorbent for purifying a
perfl uorocarbon as descrideeciidizdanyg and/ofr dehyldiélting [the] calbigvealwherein

L1 e PR B R U8 SRR O TSk aenudige BT
to 250°C in an inert gas stream;

15 (3) re-carbonizing the original coal obtained in
the step (2) at a temperature of 500 to 700°C in an inert
gas stream; and

(4) activating the original coal obtained in the
step (3) at a temperature of from 700 to 900°C in a mixed

20 gas stream containing an inert gas, carbon dioxide and
water vapor.

[15] The process for producing an adsorbent for
purifying a perfluorocarbon as described in [14] above,
wherein the original coal is obtained by carbonizing at

25 least one member selected from the group consisting of
coconut husk coal, coal, charcoal and tar pitch at a
temperature of from 400 to 600°C.

[16] The process for producing an adsorbent for
purifying a perfluorocarbon as described in [14] or [15]

30 above, wherein the acid used in the acid washing
treatment of the step (1) is a mineral acid and the acid
concentration is from 1 to 1,000 mol/m’.

[17] The process for producing an adsorbent for
purifying a perfluorocarbon as described in any one of

35 [14] to [16] above, wherein the acid used in the acid
washing treatment of the step (1) is hydrochloric acid

and/or sulfuric acid.



9 [18] The process for producing an adsorbent for purifying a

perfl uorocarbon as described in any one of [14] to [17] above, wherein the
step (3) waopexborned by elevating the tenperature up toPCHEP01/07988
re-carbonization 5 treatnment tenperature of the step (3) at a rate of from
300 to 500C/ hr in an inert gas stream aft-erd the step (2). [19] The process
for producing an adsorbent for purifying a perfluorocarbon as described in

any one of 10 [14] @4 18le 3RNRs MR RIZEINR HPRA Badcskeld dgped by
el evating the tenperature uptQ the activation tenperature of the step (4)

at a rate of fPYRIEYGND @ FOEIWMOLATHEPAET IRECERehhmiangr afe &t ep
(3). [20] The pnagess flar7 Ppra@bv@ NGt eAds ate it dpor( 3 )19 PYdinE i@ @ by

perfl uorocarbon_as described in any one of 1 to [19] .above, wherein in
the step (4), Fﬁ@vﬁl%%é‘@ tg’zfs t@&meﬁlé\ﬁ‘ﬁf ar i#?eﬂhegd’se,['c gH-Z& e and

water vapor careaitnenft dranfpRtarud® \of %hef step i (B tatgas rdteomf Fadmo 30
vol % of car bongg'o()@od%O%N%thrrobr}fer%tatr)fo&%loer\éokf/ sofstrzeoam"\’%f%rer\/%%r . t[e21] The

process for producing an adsor puriTying a perflUorocarbon as
described in arg)ene of [14] to [20] above, wherein the activated coal is

cooled to roomte lgat Q0 t I,Nn an inert
gas stream after tmqsgta]elgrh%4$mf%§rzs%t %?gf g%dggéq%or?%p%%ugc%é{tarﬁgdsor bent
for purifyi ng PHEEENIGGo Camissif lae s Beds Heffr ihed dm [any] onep of21]

above, wherein [tﬂag ikedine adsvt, | eihedednt idhe Gfted N yadsOr@Horned/ @3 to
1,000 nmg/g. 30 [Zgg&jhe rocess for produci aqladsonbent for purifying a
per f | uor ocar bof L&Y 3L i ﬁ%?R%ﬂ?ﬁﬂﬂ§(ﬂP'ﬁ%Lﬁ & G991 BVve, wherein the

total content afempekaltnremetfalthd miere @Edsatbentrate hOEqupmodr toess. [ 24]
10 B0CES, PRS0 U RO e L D e o coarbon
is 500 ppm or less.[20] The process for producing an adsorbent for
15 purifying a perfluorocarbon as described in any one of
[14] to [19] above, wherein in the step (4), the mixed
gas containing an inert gas, carbon dioxide and water
vapor contains from 50 to 89 vol% of the inert gas, from
10 to 30 vol% of carbon dioxide and from 1 to 20 vol% of
20 water vapor.
[21] The process for producing an adsorbent for
purifying a perfluorocarbon as described in any one of
[14] to [20] above, wherein the activated coal is cooled
to room temperature at a rate of from 200 to 300°C/hr in
25 an inert gas stream after the step (4).
[22] The process for producing an adsorbent for
purifying perfluorocarbon as described in any one of [14]
to [21] above, wherein the iodine adsorption quantity of
the adsorbent is 700 to 1,000 mg/g.
30 [23] The process for producing an adsorbent for
purifying a perfluorocarbon as described in any one of
[14] to [22] above, wherein the total content of alkali
metals in the adsorbent is 1,000 ppm or less.
[24] The process for producing an adsorbent for
35 purifying a perfluorocarbon as described in [23] above,
wherein the potassium content in the adsorbent is 500 ppm

or less.



WO 02/ 22254 PCT/JPOL/ 07988 - 10 [25] The process for producing an
adsorbent for purifying a perfluorocarbon as described in any one of [14]
to [24] avovz2228herein the perfluorocarbon is octafl uor oRgTIRIIWTIEEIE Or

oct af | uoropropane. 5 [26] A process for purifying octafluorocycl obut ane,
conprising contacting crude octafl uorocyclidbut ane containing from10 to
10,000 ppmof inpurities with the adsorbent for purifying a

per f | uor ocarbon deS$§sﬁe@hbn raeésgn%oefpkéhubgnblah aa@b@bbﬁtpmbkfy the
crude 10 oct af | uor opr.opane. rocess f.or guﬁlfy ng t

octafluoropropﬁHElf§§n6lél HfﬂhoF?GP bRRePEi ASBREL ﬁﬁuFPtpﬁg gPe af | east
one conpound sehegt ed ﬁaqqlbbavgrowne@@ma|shengeetluorocarbon is

chloropentafluorg %Eane % ¥oroprop g %g 1H %g hept af | uor opr opane.
[28] A process®Fbf HPFP?VHE BEEPFUBF oY EPoBUPARBE °P88pri si ng cont act i ng
crude ocuafluorocyckaqtanproceasafnrngutudyuhg bot&ﬁlﬁ@@oppuﬁbbutapanities

ith th d b 20
of 11] o [L11] AL EITe Bophr PRy Phe- o 8etaat e B v Lt Bhebtieine. *r 20

The process focopuanﬁynggfmn@ é@t&blG@n60@y@P@b9€aﬁ@Pa§l§é§§rWbéb the[ 28]

above, wher ei naaESrbb. Uff'oﬁcl rass?lﬁ% hegéqun%reeaﬁeeﬂddaghﬁ%@a fipom the
25 group consi sting etraf | uor.get hane

1-chl oro-1, 1, ZaQYt@PPaPﬁuéﬂdeFﬁaﬁéz]1a§°HPcﬁPoPHFé?VathPIGSPG@thane

1H hept afd uor ogeepanaoadprobexaf. | uoropropene. [30] A process for producing
a high-purity 30 oct? Iuo oprog%ne or octaflﬁoroc %bObUt risin

n
the fol l owi ng stepsl ARG PEPFESEI FornBHfa W&n ﬁpgg%ﬁgluoro ropan
chlorodifluoroaetbaaEmbd iabtlaien ,cwheeedaat dhleudmpprapare ere at least

o Poye 8R! BRfpo Al A3 cbkLl GOBRARKENG LG EhHLTATHE' byor opropane

or octafluorocycl obutane o Btaine
chloropentafluoroethane, hexafluoropropene and 1H-

15 heptafluoropropane.

[28] A process for purifying octafluorocyclobutane,
comprising contacting crude octafluorocyclobutane
containing from 10 to 10,000 ppm of impurities with the
adsorbent for purifying perfluorocarbon described in any

- 20 one of [1] to [11] and [13] to purify the crude
octafluorocyclobutane.

[29] The process for purifying the octafluoro-
cyclobutane as described in [28] above, wherein the
impurities are at least one compound selected from the

25 group consisting of 2-chloro-1,1,1,2~tetrafluoroethane,
l-chloro-~1,1,2,2~-tetrafluorocethane, 1,2-dichlorotetra-
fluoroethane, lH-heptafluoropropane and
hexafluoropropene.

[30] A process for producing a high-purity

30 octafluoropropane or octafluorocyclobutane, comprising
the following steps (I) and (II);

(I) thermally decomposing chlorodifluoromethane to
obtain crude octafluoropropane or octafluorocyclobutane;
and

35 (II) contacting the crude octafluoropropane or
octafluorocyclobutane obtained in the step (I) with the

adsorbent for purifying a perfluorocarbon described in



adsorbent for purifying a perfluorocarbon described in WO 02/22254
PCT/JPOL/ 07988 - 11 any one of [1] to [13] to purify the crude

oct af | uovopoopese or oct af |l uorocycl obut ane. [ 31] The pr oR€B3PEL®7IZSr oduci ng
hi gh-purity octafl uoropropane or octafl uorocycl obutane as described 5 in

[ 301 above, wherein the purity of octaf+ubloeycl obutane is 99.9999% by
mass or nore. [32] An etching gas conprising octafluoropropane having a

purity of 99.99899% ¥ 6%S§1qrﬁ60qu][%%lpﬁ@i%gCQBQQCQ%%eponprising
oct af | uorocycl obutane 10 having a purity of 99.9999% by mass or nore. [34]
A cl eani ng gasCESRPAPEIRGTOPRRE! B6r OFiFaNOrORAGILREUA2HEi ty of 99. 9999% by

mass or nore. [35] A3sgheaRengrgassesodpii produeshal highaogyeliehut ane having
a purity of 99.929%%)b¥ Mass _or nore. é&lNCDES gA RYI NG THE

| NVENTI ON The PFESEMECTRVERPRBR PE RELETLHLIOFKCdaPHtR G PEnesTRdPed
adsor bents for puri[Bpiingbpeef,| waraednbaheobutrhey pfesent invention is
characterized | i Lhaduc i.ng t hod
conpri si ng thebgg%ggkf%ggyggﬁghggg%s3g(f%'%ggﬁfnggaﬁgggi8%n§%rgdal with an
acid and then with[®dfleAn e2yhdagxi@szcegrandiog dehpdilavirogropeneri gi nal

25 coal Obtainﬁgv&ﬂgtaepangg(ék 3% .3998APELANEEE BF RBAQ 250C in an

inert gas stream ( é re-carbonizing the original coal obtained in the
step (2) at a tenpefdBdr BRoftERSRE506St 6OPBYESiRYaRCtREdOrgay cdpPEARNand
30 (4) agivathagihbeaopugingl o€03b .0bbakned maskher sber.(3) at a

t enperature of fron1§g8 to 900C.in a_m xed gas stre$n1iontainin an inert
gas, carbon dioxidel WGt ERTY BHo P2 STREMRY L8 BENPCFBE LHQr PPy PRGRE

per fl uorocar bohaofinghe p3ripyesEn®di.0900%i by massberohbaiened as an

adsor bent [35] A cleaning gas comprising octafluorocyclobutane

having a purity‘of 99.9999% by mass or more.

15
MODES OF CARRYING OUT THE INVENTION

The present invention is described in detail below.

The adsorbent for purifying perfluorocarbon of the
present invention is characterized in that the adsorbent

20 is produced using a method comprising the following four
steps:

(1) washing an original coal with an acid and then
with water;

(2) deoxidizing and/or dehydrating the original

25 coal obtained in the step (1) at a temperature of 50 to
250°C in an inert gas stream;

(3) re-carbonizing the original coal obtained in
the step (2) at a temperature of from 500 to 700°C in an
inert gas stream; and ‘

30 (4) activating the original coal obtained in the
step (3) at a temperature of from 700 to 900°C in a mixed
gas stream containing an inert gas, carbon dioxide and
water vapor.

The adsorbent for purifying perfluorocarbon of the

35 present invention can be obtained as an adsorbent
controlled in the micropore size through the above-
described treatment steps.



controlled in the mcropore size through the above- described treatnent
steps. WD 02/22254 PCT/JPOL/ 07988 - 12 The original coal used in the
producti ovoet22hk adsorbent for purifying perfl uorocar borCOIPK1IN2988r esent
invention can be at | east one nmenber selected fromthe group consisting of
coconut husk coal, coal, charcoal and 5 tar2pitch. On taking account of the
denseness of char necessary for the growh of m cropores and the hardness

as an adsor bent, cogggubrgﬁg5aqogbahsug%gfq&aghg §%$H%£§?%é§%rQ%@ization

tenperature of the original” coal is not particular however ,
t hose obt ai ned2B§oaLeBtcAPBoRVF AL VARG PEALRAERECERIIOD ©F &DBCPITESehsdr abl y

at 400 to 500ChveAteBnakanabenst fleeetobnd AWNBeroke 1Bt RPIHOS +RLE
preferred. The treatnent,stegé_are descrlb%gsbelow in sequence of _the step
[

(1) of washi ng9f¥RBPsEPBELEFIHRI §fnSPCOTAt PEsK CR3dn £6°d afderRedlnang
Mﬁter, the(s;eﬁ?gzpi?th.peohomakaggthegde@xidEzahbogeaﬁéh@@sda&ydha&;on,
the step 3) o rfaorm.nn e re-¢ oni zation and t ep, (4 0

per f or m ng thenggE?%%FVOE?QT%Eesggﬁw%%)O%fmﬁﬁgﬁpﬁﬁeﬁna %i%#ﬁapgféﬁﬁsﬁdth an
20 acid and thea wnthdmetrbents gosbteptpéussr cedlf ds peeferaplyt heedet al

moi ety, particyhar l:Xr?hh?%'atglgtx:}t?mrpr%?@ttﬁ'r@egf LRl B2 9LaN 8603k, Bl

metal noiety, particular | K al's, contain . origi nal "coa
acts as a catBRysEcRAarR¥ démiad,ohoweystnehoseepbta)yngddbgsaaccel erat es

the reactd on ofagpbh¥ahiA8ndases theakehtVaper +oaR8@ ocar b &eéhgébég)a%ﬁth
carbon atonms in_the original Qosl and this makes it difficult tdo contro
the nicropore 48Pz&° ¥REr &7 oMB1CHN 2ERIBLMPS s EKBRe OENSTRWEAD Rbi et y,
particul arly ahkakbpsetal sareheredshkired.step (1) with an 30 acid and water

i f d. Ex f _the acid, which b in.the.acid hi
of The Step (1) i neFile CHPREPSR Cae He s 0ER ASoCR)REHCROPRe: Ao FASUERRFur | o

acid, nitric actEdthadstphogphopifcwashdngantieosgdrictedcoddginah asaacetic

aci d 15 with an acid and then with water, the step (2) of

performing the deoxidization and/or dehydration, the step

(3) of performing the re-carbonization and the step (4)

of performing the activation.

The step (1) of washing an original coal with an

20 acid and then with water is a step performed for removing
the metal moiety, particularly alkali metals, contained
in the original coal. The metal moiety, particularly
alkali metals, contained in the original coal acts as a
catalyst in the activation treatment step (4) and

25 accelerates the reaction of activating gases (water vapor
and carbon dioxide) with carbon atoms in the original
coal and this makes it difficult to control the micropore
size. Therefore, in order to remove the metal moiety,
particularly alkali metals, the washing step (1) with an

30 acid and water is performed.

Examples of the acid which can be used 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

35 and trifluorocacetic acid. Among these, preferred are
mineral acids, more preferred are hydrochloric acid

and/or sulfuric acid, and on taking account of the metal



35 and trifluoroacetic acid. Anong these, preferred are mneral acids,
nore preferred are hydrochloric acid and/or sulfuric acid, and on taking
account o¥ovnze2setal WO 02/ 22254 PCT/JPOL/ 07988 - 13 sabPCEIpmmdessed,
still nmore preferred is hydrochloric acid. Wth respect to the acid
concentration, if the concentration is 4+aml-ew, the effect of renoving
nmetals is reduced, whereas if it is excessively high, the effect 5is

saturated. TheggfipteorbhAgcag ds¢angenbrat i ' uist.a 1,0 1,000
nol / nB, prefergb%y ngn1280 fos 500 @%I%nggea??ﬁe?eé%ec?%f%eggg}%gtio of
the acid sol ugféf-usldthoreeRecicitd kashrRddt 6oPRensEAgiral, édalkthe

sinmlarly to tBenaehdraeneantkatioenlolf, the eatrketi sft @embQisfgihbratibe
ef fect of rennving getals ig not pr.qvi,ded, whereas if gt S egcessively
large, the eff&tt TPEUCESy uFREEG2STHEr dfor8, SFRESFAVRLYi 819Pn EBPREEE6FCERe

volune rd&tio, $amisabhyatedm 1Thetrefbrs, phef acdll yohremtriatiohoid: 1. 15 The
washing tinme . order. of f BIr S en .the sh
tenperature is f'gﬁl?ggvze?%g\r}\lhén%f)hg’Oalgsﬁg%gﬂt’er%%érl%?ﬂar% XS%I?%H\}V ot ardund
room t enper at ub8) mohémiret dfi i eegpevntid nete irathe of igimaicizbal nmay be
satisfactorilysyashed,bysall eWrngnkhacohi ghaghngotb kﬁeZBrigﬁﬂgl coal,
approxi mately a whol e_day and night. The water mashlng treat ment

per f or ned' af t eP1Phé2EEY dTRasRPNGC 1 EQRRBAErAE1ANWASHI Rhet Fakifmens too

per f or med f or @@huﬁl Lew egreetabrsakhsvedhgsabyadsodt hbemytheiqehgi nal
coal to remain jn the orlglnal coal and ﬁhe mashlag met had™ 25 therefor is
not particulaereF?ﬁ?téﬁ. EorSeREAFFEIVeLKolBHER  wWaBRi RETREY BE& attai ned by

ei ther a contisabusateyst erheredobal,chheyshenv tisi, ngnwatemshayi 8Bgea snal |

cnown by a p ToLEns Ea8" FuiRaold Seom 181 cBPUoFhn BreBrr i uathing.
The operation bf1ldt9i Aglthe original coal passed through the water washing
g?gpbﬁzyngfpendentIwheewaehﬁﬁg tBREOREyt Be dRoxhdi gakbenoand/ pLy drbydsati on
when the washing temperature is high. Even when the
washing temperature is low of around room temperature,
the metal moiety'contained in the original coal may be
satisfactorily washed by allowing the original coal to
20 stand approximately a whole day and night. The water
washing treatment performed after the acid washing
treatment is a washing treatment performed for not
allowing metal salts dissolved out from the original coal
to remain in the original coal and the washing method
25 therefor is not particularly limited. For example,
thorough washing may be attained by either a continuous
system or a batch system, using water having a small
metal salt content, such as clean water. The completion
of washing can be known by a pH (pH: 3 to 5) of the
30 washing solution after the washing.

The operation of drying the original coal passed
through the water washing may be independently performed
before the deoxidization and/or dehydration step (2) or
may be performed in the step (2). The step (2) is a step

35 performed for purging oxygen gas and moisture so as to
reduce the effect of the oxygen source in the re-

carbonization treatment step (3). Various inert gases



may be perforned in the step (2). The step (2) is a step 35 perforned for
pur gi ng oxygen gas and noisture so as to reduce the effect of the oxygen
source i wWoOhz228+ carboni zation treatment step (3). Vari oReT/ipmrrIsgases WO
02/ 22254 PCT/ JPOL1/ 07988 - 14 can be used as the purging gas and anong
those, nitrogen gas is preferred. The flomirate and the treatnent tinme of
the purging gas are not particularly limted, and an appropriate gas fl ow

s and ol s LR qer tlfsgc{ omthEilorer? W coa can %dﬂ?&sé hq.}lgllwgé}g(ygen

gas and noi sture eased
di scharged out s tllfe E‘-&%ﬁ@?ﬁeqhe Tharfelrat urats rﬁrt%e‘:h%tfeﬁﬁiwefi% tiRr

than the tenpergd Wi ighddiend egas HAOH ALt T e Bt L S Bfed 3)ar§:!3 & to
attain swift 10 eIevatlon to t % carboni zatj on tenperature of t step (3)

and at the san@REGRPTIFHE (FHer U is AhrftP LIk doisp “Fed?ﬁ 50 to
250C, preferablyinfe amyl Mk toe REXed sdhattay e:}reard)qrgezratgm atak snoittwace ur .

USing at T east THEIRI DT O SieoT L S A AR g
per f | uor ocar borigfchtdrg gt ementof n&&@tﬂ}tﬁt&ﬂ&n kSlt—he m@m&;@tm&e almetthend
conprising the ) The é}@g dend_step (3) is
performed for %e?odgzg)tzl ﬂné@%d%%he%%% the%%ﬁn%l e%%)al from 20

whi ch netal s arc@nkaishaat 191 tHeeatgn Btemnd e &y et gi edbiifosi ti on

of the tap NOi &ileyvHEMH &id OthANChr HOW 1 @@{Mgﬁé% rafd opdes, and
at last carbonization of the tar nojety. This st p has a, cl ose

rel ationship witdh 3 geherhf |%?f“%nfd”2ﬁ"ovﬁt}ﬁg TRIREY % plot SO 5F 3 He and
activation treatuetdbist efrdrd)5@ntb 25’(1}3°r<e,f qneaféﬂfmolt}ermﬁmatm(e worsidimns in
the step (3) t be rud ntl% select theterrper L{_I‘ r|S|n%frate

at the transiti% tch% ?1-2])“% 0 q%e scftepoci%}r ® %S & noi et y
may not be renm;ted:tamga frotrattihe BEovmtdesc wijmd dJJ;,chnr'satJl Idcmll oxrasir&ﬁ

gﬁgrﬁgor?é ”?y L{E%%bcgr : T% LM Ay f'ssr!él% {f")t € i MGy fugher
. may e from During t e aturerWS|ng
purlfylng perfluorocarbon of the present invention can be
produced by a method comprising the steps (2) to (4).
The re-carbonization treatment step (3) is performed

for dry distilling under heating the original coal from

20 which metals are removed in the step (1), and thereby
causing decomposition of the tar moiety, generation and
growing of carbonization macropores, and at last
carbonization of the tar moiety. This step has a close
relationship with the generation and growing of

25 micropores in the activation treatment step (4) and
therefore, the temperature conditions in the step (3)
must be prudently selected. If the temperature rising
rate at the transition from the step (2) to the step (3)
is low, the tar moiety may not be removed as a volatile

30 matter upon dry distillation and macropores may not grow.
The temperature rising rate is preferably higher and may
be from 300 to 500°C/hr. During the temperature rising,
the treatment is preferably performed in an inert gas
stream.

35 In the step (3) of performing the re-carbonization
treatment, i1f the temperature is low, volatile components
cannot be thoroughly removed and the micropore



the treatnment is preferably performed in an inert gas stream 35 In the
step (3) of perform ng the re-carbonization treatnent, if the tenperature
is | ow, woOarei284 conponents cannot be thoroughly renovedP@ldPt192988i cr opor e
WO 02/ 22254 PCT/JPOL/ 07988 15 distribution is broadened, whereas if the
tenperature is high, the carbon substratelShfinks to cause shrinkage of

m cropores. Therefore, the re-carbonization treatnent is suitably

perforned at agtggpehatybs ek HregualQqt Owﬁg%‘as §fprtﬁteert@¥a§£ﬁaft9%699 to

700C. The re-carbonization freatnent tinme may be from 1 ours for the
above- descrlbBHgBur$8§e03¥ﬁ§nréuéﬁFBBEPzﬁpFéﬁkﬁréatﬁéﬁﬁel§hr9@kﬁ6ﬁn@é in

an inert gas shieaBpardsvar radseifBee!, gaée%e—ea@bbalaaeao@st&eetmeﬁet igas.
Anong t hose, nltaggggggas %O S 4Pr ferred. flow.r te of. the inert gas

s suitably fFB BS Tt PEIRA BE R eraHPe TAFBRP a0 t5om SOR TRed 00 Y o
t he ori gisnal cpaéféraaugdfrEhe6a0ttuaUDOﬁctreaheeme ghepohdraitson step of

reacting the o | i o] -carponi.zed in_th tep ( With a gas to
grow1n1croporeé %nngH% % epm% oggegr ’fnhlrlotahﬁa§1 E§t§éfe%g8f gﬁgﬁlng t he
cl osed nlcropodescrmbeﬁlpurpeserysrhe bedyaabdnazsedondtSEepmehtfmsnlng

m cropores havj 89 grhaaggns 66158§H'?599sEE8Ethﬁd QQ?EBEEeﬁﬂb§ gﬁgéénce

of walls betwe acent m Cr opo I ons
such as treatlﬁgng§§ uééﬁpé§|Fh@nlnﬁéﬁpGﬁaturémaﬁé Fhﬁéenuﬁﬂtﬁégﬁﬂuééﬁtly

Se|eCtedJ)VVthléeiﬁéﬁbrkedtheTKén@l@® kaeetbeatheglga§t asthe agtkygiiyon

treatnent ste r X en is 2 nt a OUS reason 1 her ef or
o har  he SPekam ankb LRt IRoh, | BEaP s RB I SRR oy ERi al/mbay per I

acconpani ed byofhéhgebeﬂgunam obahugeecheat. and therefore the tenperature

in the furnace canngé gggg£gghegreg?m§ g%éﬁtééga%%lg;&?verh ating is
a 8%, n e

caused and uni form efirvation canno &P Phpor al so
rel atively vigoeagslipgr thet sragihal heocgar persaabdnized in the step (3)

15 with a gas to grow micropores and this step proceeds
through a first step of opening the closed micropores
within the crystal body and a second step of forming
micropores having a large size resulting from the
complete disappearance of walls between adjacent

20 micropores.

In the step (4), the conditions such as treating gas
composition, temperature and time must be prudently
selected. With respect to the kind of the treating gas
in the activation treatment step (4), air (oxygen) is

25 disadvantageous. The reason therefor is that the
reaction thereof with carbons in the original coal is
accompanied by the generation of huge heat and therefore,
the temperature in the furnace cannot be controlled, as a
result, partial overheating is caused and uniform

30 activation cannot be attained. The water vapor also
relatively vigorously reacts with the carbons and
therefore, if the water vapor is used alone, the
micropore size cannot be controlled in the activation
treatment step. Therefore, the water vapor must be mixed

35 with carbon dioxide which reacts with the carbons
relatively more gently than the water vapor, or with
nitrogen which is an inert gas, so that a gentle reaction



therefore, if the water vapor is used alone, the mcropore size cannot be
controlled in the activation treatnent step. Therefore, the water vapor
must be wWaez22236 with carbon di oxi de which reacts w th ther/gentyorss
relatively nore gently than the water vapor, or with nitrogen which is an
inert gas, so that a gentle reaction WD-02/622254 PCT/JPOLl/ 07988 - 16 can
proceed. To this purpose, a m xed gas containing an inert gas such as

ni trogen, car b@élndbp&ggdandu;mwzs yapgassanabﬁlyésdgaw&ansm@ﬁ@ 4@ the
rati o of each conponent in the m xed g t he i

er .va
vi gorously reat®@Thi ¥AS EHFBOASI %lEF%Q%?ab?9r?ﬂn déﬂﬁ?#%rg gtWﬁke%he m xed
gas conprisingagdri 88ht bgagsegar bon d|0X|de and mater vapor preferably
contains fromb50 to 89 vol % of BQ £§§ 10 to 30 ﬁﬁgﬂ car bon
di oxi de and from 1 ¥otBor28PE6F o5 B “a: &7 §3p8f eﬁ% eCPIEPETEDLI v cont ai ns

from70 Bo 80mirédo ghsni thegeatgasyapoonwibchov2§ovohsdpf reacbsnwithoxi de

and from2 to 10 _yvol % of of h of
sui tably from o %b?g ésLPm@%erab En %lgm%h9$% E?£§§ L/%ES Hl§§9 gﬁéof t he
original 15 coabmpreaied. amhensrbpga€2)canb9n)déaﬁhdﬁsapérWétﬁﬁdVQEGér

heating and tgﬁéfé9581¥tBsa@8§aﬁp§raﬁes@reaeégbbxlaeatogﬁgdlnegetgayously

Particularly, e step. (4) .wh are the treatnents under
a higher tenpefsenrad 20 aPevpLifef aBpyLpRr fdPKedecBA HE8lslytoAL0t he

transitiygn fremihersi;@Ret3yabbr} hﬁoﬁéepréﬂérabiyt bentefmner atumemrtsn ng
rate is | ow, the cl osed _m cropores mnthln S £a ggn ci¥s ? g are not
opened and the 8QuYPhEe iy BAETHEER HBP | EP@a 2, ed8-r°f Oth&3t %Berature
rising rate 25di6xhdghanﬁhérsme2|tbcleuvba%eoﬁrwatendvapernlchpofbowize

i “the transi tFBRCT PhntiRcISREY Ih%) LPCERRgRBly THam WE%@? B om 100

to 200C hr. prrhéerehﬁyréromellhOtﬂeLé@@nvapeﬁnltLeaﬁnﬁ £ erépindd (4) is
| ow, openi ng apg,entargerggnt of mcropores do not

The steps (2) to (4) each is performed under heating
and therefore, these steps are preferably performed
continuously. Particularly, the step (3) and the step
(4) which are the treatments under a higher temperature,

20 are preferably performed continuously. At the transition
from the step (3) to the step (4), if the temperature
rising rate is low, the closed micropores within the
carbon crystal body are not opened and the surface area
does not increase, whereas if the temperature rising rate

25 is high, the specific surface area and the micropore size
are liable to increase excessively. Therefore, the
temperature rising rate at the transition from the step
(3) to the step (4) is preferably from 100 to 200°C/hr.

If the temperature in the activation treatment step

30 (4) is low, opening and enlargement of micropores do not
satisfactorily proceed, whereas if it is high, the
control thereof is difficult. Accordingly, the
temperature in the activation treatment step is suitably
from 700 to 900°C, preferably from 800 to 900°C. As the

35 treatment time is prolonged, the micropore size of
activated carbon becomes larger due to the progress of

activation and therefore, the treatment time can be



satisfactorily proceed, whereas if it is high, the control thereof is
difficult. Accordingly, the tenperature in the activation treatnent step
is suitab@o2tneim 700 to 900C, preferably from 800 to 900BCT/ARN1I0MES835
treatnment time is prolonged, the mcropore size of activated carbon
beconmes | arger due to the progress of aetlivation and therefore, the
treatnment time can be WO 02/22254 PCT/JP01/07988 - 17 determ ned

according to tRe+3ras nfy ekl wwm%@e iRheat 10k LA %
adsorption. For _exanple, in order _to adsorb inmpurities contalne C—218

or FC-C318 whitdi® oPIsss 6fj semogrlt ky ﬁﬂé§@@¢lpﬁvenﬁpgneX@W@l§rtﬁ@atnent
time may be seb@@reed tio ealsbh® Hapueiefiel ond@inkaurs FERS 1l @@t Menk 3tigne

is preferably f 5.to 18 Qur ft t he step t.he activated coal
S P00l od to PO dinarie: GROSCR &1 e PIgReTar ASREPrG T hEne)

t enper at g e fakkemgm@a&etuhermbgrbess@ﬂ@b&@dbﬁyo@ﬁth@ghan@s p&ssi kbe20The
tenperature fahlh@ Eﬁ.c%geg%meﬁ%l%&%.dlgr% efg%a%ﬁygir%%ego ng§300C7hr'

If the tmmmaunefa eis | owering-o rature
takes a tinme aheutise adsorbent controlled in 15 the mcropore size is

di sadvant ageous!y | ixghleg k%eug gpoR ! )Ghamges.cl Ve dMe8kaPaseroo 108 thow

rate of the inert as Is gher 1n order to snoothly renove the
heat of the ad¥&9Fe m@@ﬁaéﬂr?héns?§té#ﬁﬁﬁtgﬁ&ysﬁéea@eﬁ@étéhefron1the range

of 1.5 tm 3 L/ MehpReathre ¢hitihay 20te0ahoreaeds Byeo¥aia®iyhgsmathad
descri bed above, the agﬁorbeng or pur|f§ % gﬁrfluorocarbon of thé
REtH B

present invent PSnPOSSHPEE -pr ddEc EE™ L 0ghEAtRe§2PsPEhar act eri zed

by the small ce@ﬂ@@&eﬂaﬁtbmukablyaabeabkabmonebabso2@/hecause the ori ginal
coal is washed,with_an aci Th anount O%Palkal

metal s cont ai n&& FF A HE Sa gggﬁﬁgﬁtrage lﬁogoﬁanBF ﬁ@??rlpﬁ B&r FPEul ar,
pot assi um cont éempes a50@eppakes kessmepretiethlel wd2o@bepm contlreiiedFdn

measurings the ahleald; JFRERL-eC8L8N: 0hiRQvantageously liable to undergo
changes in the micropores. The flow rate of the inert
gas is preferably higher in order to smoothly remove the
heat of the adsorbent out of the system but may be
selected from the range of 1.5 to 3 L/min per 1 L of the
20 coal treated.

By using the method described above, the adsorbent
for purifying perfluorocarbon of the present invention
can be produced. The adsorbent obtained is characterized
by the small content particularly of alkali metals

25 because the original coal is washed with an acid and with
water. The total amount of alkali metals contained in
the adsorbent is 1,000 ppm or less. In particular, the
potassium content is 500 ppm or less, preferably 200 ppm
or less. For measuring the alkali metal content of the

30 adsorbent, for example, a method of ashing the adsorbent,
dissolving it in an acid and measuring the solufion by an
ICP measurement may be used. The iodine adsorption
quantity is from 700 to 1,000 mg/g. The iodine
adsorption quantity can be determined by a measuring

35 method according to JIS K 1474.

The adsorbent for purifying perfluorocarbon of the

present invention can be used as an adsorbent for



30 adsorbent, for exanple, a nmethod of ashing the adsorbent, dissolving it
in an acid and neasuring the solution by an |CP neasurenent nmay be used.
The i odi meoazsnspti on quantity is from 700 to 1,000 ng/ gPCThRN1i06288NE
adsorption quantity can be determ ned by a neasuring 35 nethod according to
JI'S K 1474. The adsorbent for purifying -per§ l-worocarbon of the present

i nvention can be used as an adsorbent for WO 02/ 22254 PCT/JPOL1/07988 - 18

purifying FC 218,-ar¢ikg ©81818MaRA4 p@t&b@@raﬁehQOP%erGQroeaebshgecghaely
adsorb and t hereby rean t he above- describ orine-t npuriti es

cont ai ned in tRé&e® 68?FPM@#BC§?BBH? agdatprEeRYs FeBP Ve ?yPH@VﬁC-218 or

FC-C318 using Hbecradedr banbrphedygpd biphiketabeveodeschebBednnehbsd is
descri bed bel ow. descriged above, crude FC-218 contains, as inpurities,

particul arly aPSFéa8Pr8fiére8R5ound sel ected 10 fromthe group consisting
of CFC 115, FC 1216A etrocesanfioECp@81i8ydant @CRR18asri FEuCBlBeasialy khast

one compound _ saleehed .l COILEREA0LAUREORLILLAGLRL s HERChI2AoaHEEC 1242,

CFC- 114, HFC ca an e content O Impurrties of
FC- 218 or FC-CcdegcirébgenbedPWy from 10 15 to 10, 000 ppm The process for

purifying perfluorogarbescrsdeh é§05@ 248u8k E@-§§%8cakthmﬁspr§§ent
i nvention can ,use a known netho for exanple, a flow nethod usin

fixed bed. A céWPHEPtﬁﬁécegérG%FHaaFH@ PFo%ﬁﬁéFheael§°mBPEP€rF§HeEg€§use a

cont i nuoue trea&amnth@a@rbepZBOngﬁéeﬁﬁgdofTthpmage gentackedetdy, band gas

phase or a g anse nd in either case nB%r tle can be eff ctively
r enoved fron1F 8 EBré318: FRe'MPHEA 1€§vO ;eaﬁ Fer818°8PCrREYC318
based on the adierhedt firemf thm grbaplBonkibaingr efeHaBty14pnE@Fte 25 5

mmn, in the o] h as a n t _pr S d,from0
m hr, preferabﬁaﬁgf EFB 19 EPE 23788 gg?hgecggggéfaPﬁ tFe coﬂtﬁﬂgsgg
cont act procesthelmmpgrhtleHeO@aECpﬁé§eOCoﬁCa68lﬁrQeegsnandllhefromuﬂd

phase 15 to 10,000 ppm. The process for purifying perfluorocarbon
such as FC-218 or FC-C318 of the present invention can
use a known method, for example, a flow method using a
fixed bed. A contact process using the flow method is
preferred because a continuous treatment can be
20 performed. The phase contacted may be a gas phase or a
liquid phase and in either case, impurities can be
effectively removed from FC-218 or FC-C318.
The linear velocity of FC-218 or FC-C318 based on
the adsorbent is from 1 to 10 m/min, preferably from 2 to
25 5 m/min, in the case of the gas phase contact process,
and from 0.2 to 5 m/hr, preferably from 0.5 to 2 m/hr, in
the case of the liguid phase contact process. In both
the gas phase contact process and the liquid phase
contact process, if the linear velocity is higher than
30 the above-described range, the adsorption band becomes
long and the time until the break through becomes short,
as a result, the adsorption capacity is liable to
decrease, whereas even if the linear velocity is lower
than that range, the adsorption capacity is not improved
35 but on the contrary, the treatment disadvantageously
takes a long time. The temperature at the purification
treatment using the adsorbent of the present invention



contact process, if the linear velocity is higher than 30 the
above-descri bed range, the adsorption band becones |ong and the tine until
t he brealwvohrzazgh becones short, as a result, the adsor pPCDAPOAPSI ty i S
liable to decrease, whereas even if the linear velocity is |lower than
that range, the adsorption capacity is notld mproved 35 but on the contrary,
the treatnent di sadvantageously takes a long tinme. The tenperature at the

purification &5ﬁa5aeakouﬁangobﬁet%ﬁge&e%e&eoanah% QE&%&Btcbeiéﬂg gr WO
02/ 22254 PCT/ JP01/ Q7988 - can around roonlp erature and specific

cool i ng or heaﬁﬁﬁgnﬁa?aﬁoﬂoﬁebﬁePﬁ6?ﬁ§HedTheTﬁﬁe§§ﬁﬁéuﬁﬁym8¥ Peofrom 0o 3
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treat nent can be erfornme r mal prrbessur easy

AR A T L AT R
adsor pti dh capaorhyli preasurat ethichhés adsgr henhameyebe nageperateédnand

h d. | [ i ncl udi F
216 or FC C315°RER S HEEGRBEd Ay dedtnd i CREFEL6 through the

adsorbent at an el evheadthenpdsarptaocangapacitygds sayubetededthe the inert

gas. The rege”ﬁ&@%kﬂ@nttﬁggfbét%E%eh%r%%bhaahﬁ fhem 4484t 0  4g0¢, mor e
preferably from 100 describ above, when the_purification

process of th&SPPRSEALINAVERE ASPELEEE, tﬁ?gHmBHFPF}eFCiQEéuéﬁnECFCC318

can be QHIalnedlSAéﬁoFdLGGhB,cE@rb@Xaéﬁb@bethQ pekeahgdiuhl upeerELRBNE iS
thermal |y decogBosed obt gi n de octaf L uor

ro
oct af | uor ocycl 5BGPHAB %Hetﬁ S?5b§P p3EI FRaf eyﬁggérESQPSEF§FFEOPBBropane or
octafluorocyclnburagenohaylbedusedthe shepifk)xti gaspur rheedehgneoatdaty ng

it wwth the ad ug carb t resent
invention in tﬁgkggggtkﬁﬁ)lg %EEE g?@ 2 g@°c§18ﬂggg be produced,
25 The contentpoéfenpbiytfé@mcéﬁ@atneQODnCGrude FC—218 or FCG-C318 is

usual | y f om 10 t0 10, G8QcPRBLaOBEbYE, Olfieh thenBurlifecRYEbhYpPbcEEs2SE Of
FC- C318 o tained by t
the present invention is used, high-purity FC-218 or FC-

C318 can be obtained. Accordingly, for example, when
chlorodifluoromethane is thermally decomposed to obtain
crude octafluoropropane or octafluorocyclobutane in the
20 step (I) and the crude octafluoropropane or
octafluorocyclobutane obtained in the step (I) is
purified by contacting it with the adsorbent for
purifying perfluorocarbon of the present invention in the
step (II), high-purity FC-218 or FC-C318 can be produced,
25 The content of impurities contained in crude FC-218
or FC-C318 is usually from 10 to 10,000 ppm, on the other
hand, the purity of FC-218 or FC-C318 obtained by the
production process of the present invention is 99.9999%
by mass or more. Here, the purity of FC-218 or FC-C318
30 is defined as a value obtained by subtracting the |
halocarbon portions except for FC-218 or FC-C318 from
100% by mass. For the analysis of FC-218 or FC-C318
having a purity of 99.9999% by mass or more, (1) gas
chromatography (GC) using TCD, FID (each including precut
35 method) or ECD or (2) an analysis instrument such as gas
chromatography-mass spectrometer (GC-MS) may be used.
The high-purity FC-218 and FC-C318 can be used as an



production process of the present invention is 99.9999% by nass or nore.
Here, the purity of FC-218 or FC-C318 30 is defined as a val ue obtai ned by
subt r act iwg 02/ee25hal ocar bon portions except for FC 218 or FCrH@O3U®7988om 100%
by mass. For the analysis of FC-218 or FC-C318 having a purity of 99.9999%
by mass or nore, (1) gas chromatography-(@&QG) -using TCD, FID (each

i ncludi ng precut 35 nethod) or ECD or (2) an analysis instrunment such as
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EXAMPLES The prg; %%%t nventi.o g) |Aole€%5 ter e}c;lortmgn VeC{oel ow by

referring to t e IR |ve tHe pr esent
i nventi on shoulogosstidye fczmrmcrdjmm aoegchi-lquﬂltlé:d/ tﬁllmhese Exarrpl es.

(Exanpl e14) In the etching method using FC-218 or FC-C318, the
etching may be performed under various dry etching
conditions such as plasma etching and microwave etching.
The FC-218 or FC-C318 may also be used by mixing it with
an inert gas such as He, N, and Ar, or with a gas such as

20 HCl, O, and H,, at an appropriate ratio.

EXAMPLES
The present invention is described in greater detail
below by referring to the Examples and Comparative
25 Examples, however, the present invention should not be
construed as being limited to these Examples.
(Example 1)
75 L of coconut husk coal (grown in Philippine) was
washed with hydrochloric acid having a concentration of
30 300 mol/m® and thereafter, a water washing operation was
repeated three times. The amount used of hydrochloric
acid having a concentration of 300 mol/m’ was the same as
the volume amount of the original coal washed and after
adding the hydrochloric acid to the original coal, the
35 original coal was allowed to stand for 15 hours and then
deliquefied. The amount of water at the water washing

was 5 times the volume amount of the original coal and



75 L of coconut husk coal (grown in Philippine) was washed with

hydrochl oric acid having a concentration of 30 300 nol/n8 and thereafter,
a wat er we@htempsoperati on was repeated three tinmes. The apoDIRI1W3EE Of
hydrochloric acid having a concentration of 300 nol/nB8 was the sane as

t he vol une anmount of the original coal washied-and after adding the
hydrochloric acid to the original coal, the 35 original coal was allowed to
stand for 15 h S I fied h 0 r he wat er
siand for 19 DeNescaigichann e LAUBH6d B cRmURR 0L L palyihe ater
PCT/ JPOL/ 07988Wherg] then @i efpltdei YA SHENdaSRILHG 1RBs aééﬁtru ftﬁﬁdwasshtlﬁs poi nt
where the pH obethfaewashi ng sol ution after the mashlng becane 4. The net al
concentrations in tE% ori gagl coal were anal %zed after _and before the
aci d washi ng and th é’P&e§ﬁ6\ﬁﬁlPHSTéB| thg oxigipad ERaty¥RLeof

Met al s in50rigbnany€edlafWhtabnGDbbébte(pbstbyldasabhEquendnthBefore Acid
Washi ng After shing o 8 K 4950 132 Ca 462 112 Fe 837 103
Al 876 100 Aségggégéagg%: P@ﬁl%ﬁe%%gésurenent results of netal contents
shown in Table 3, the contents of netal@ab&etﬁe 10 original coal can be

I’EQUCEd by p-'l formmg—t "CA?lLal&Sg.gaBTT \{gtafgl Eh}’tﬂ:&biiﬁal“btﬁ'ﬂ at NCim i‘i"Et ahs
whi ch are spbstances—of | il ME‘t'a'lUde‘Eeh‘E”i( - ht Bﬁ/ H‘hgs POt€—S+Z€; t1e
P S he PPN PO TP

content Of potageim can beTregtedt el SpSPm g« 11 0H O MR SRl aR;
char QEd Intora—=15 f—(etar—totafry f—usStTg—aft—erect+=¢ %"* efha
heating system revqfutlon nunber: 8 i nternal dlaneter1 i1 n: 95(
mm cylindrical par 620 mm 50 kw, A (max)) and dried ni trogern

ta Wi Bh
at 90C for two Fe 837 103

Al 876 100

As 1s apparent from the measurement results of metal
contents shown in Table 3, the contents of metals in the
10 original coal can be reduced by performing the acid
washing. Particularly, among alkali metals which are
substances of inhibiting the control of micropore size,
the content of potassium can be reduced.
Thereafter, the original coal was charged into a
15 kiln (metal rotary kiln using an electric external
heating system, revolution number: 8 rpm, internal
diameter of kiln: 950 mm, cylindrical part: 620 mm, 50
kw, 150 A (max)) and dried with nitrogen at 90°C for two
hours. The nitrogen used had a purity of 99% or more and
20 the flow rate thereof was 50 L/min. The dried original
coal was treated in the above-described kiln through the
steps (2) to (4) under the conditions shown in Table 4.



hours. The nitrogen used had a purity of 99%or nore and 20 the flowrate
thereof was 50 L/mn. The dried original coal was treated in the
above- deseo obzatski I n t hrough the steps (2) to (4) under POBRJIRWOMAAISSI ONns
shown in Table 4. WD 02/22254 PCT/JPOL/ 07988 - 22 Table 4 Stage Step
Tenperature Tine N2 CO2 H20 ( ©) (hr) (Hrdd)-(L/mn) (L/mn) 1
deoxi di zation/ 150 2 50 0 O dehydration 2 150-650 1 300 0 O rising re- 3
car boni zation 650 2 300 0 O 4 650-850 #;6202Q 8 rising 5 activation 850
16 72 20 8 6 850-600 1 72 20 8 &Ellingx7rg$$7m% 102%? 0 f2%£ing T

Exanpl e 2 an ads i on t QwePPEF 21y tler di aktker) xH190 cm
gtowerr}') hei zgl‘tbl)ata%'% g of_@:t:%tg adsaor hent("3) abt 4 i(gﬁr)l %\:B‘/ﬁiflf)nKwﬁénr)hbr-'/min)
treatnents until ager¥atisatinnyhe samgomanner As |i n fxanpl e § was pagked,
and inpuritlies cantSEMEH I NP 218 were adsdrbed| Eor  rénmvi ng water and
vol atile matteps iln the adsorbent, 1he>6adsonbent magogreviougly treaped
for 8 hours|in totflal in 10 a nitrogerissineam|(>1 l/mn) at| 60C fof 1 hour
and at 160C fgqr T hoursredsing this adgorbent,, FC- 218, cqntapning 400 ppm

by mass of CEC 11% canb®oizapieby mass” of FC 1216 was passed t hrough t he
adsorbent in a,gas phase at room t&hperssour ¢ ulnder p./r%essuezcg 0|7 I\/ga at
a 15 linear |velociity of 1 mim n, jandiddiatgby [the iinpurities “Were|adsorbed.
The anount s [of 51 npur atkdvakebar e [and g8abter fheesteatzent (Wwidothe 8

adsorbent were defermned b
6 y 850—600 1 72 20 8
falling
600~
7 1
falling 100 0 0
(Example 2)

Into an adsorption tower of 11 mm (internal
diameter) x 100 cm (tower height), 55 g of the adsorbent

5 obtained by performing the treatments until activation in
the same manner as in Example 1 was packed, and
impurities contained in FC-218 were adsorbed. For
removing water and volatile matters in the adsorbent, the
adsorbent was previously treated for 8 hours in total in

10 a nitrogen stream (>1 L/min) at 60°C for 1 hour and at
160°C for 7 hours. Using this adsorbent, FC-218
containing 400 ppm by mass of CFC-115 and 600 ppm by mass
of FC-1216 was passed through the adsorbent in a gas
phase at room temperature under pressure of 0.7 MPa at a

15 linear velocity of 1 m/min, and thereby the impurities
were adsorbed. The amounts of impurities before and
after the treatment with the adsorbent were determined by
gas chromatography. The analysis conditions in the gas
chromatography are shown below.

Instrument Body: GC-14B (manufactured by Shimadzu
Seisakusho K.K.)

Carrier: He gas

Detector: flame ionization detector (FID)

Amount of sample: 0.2 ml

Method of determination: absolute calibration curve



gas chromat ography. The analysis conditions in the gas chronmatography are
shown bel ow. Instrunent Body: GC-14B (manufactured by Shimadzu Sei sakusho
K. K') Cawoer2226k gas Detector: flane ionization detectorPCEFIB/079880UNt Of
sanple: 0.2 m Method of determ nation: absolute calibration curve WO

02/ 22254 PCT/JPOL/ 07988 - 23 CFC- 115 ahdFG 1216 in FC 218 were anal yzed
at the adsorption tower outlet after the passing of 50, 100, 150 and 200

mnutes fromthe ingkcaghgnaah Fbowbng 9h Fe-318 .ord bhaiysed bkt @he shown

in Table 5. In either inpurity 5 substance, the inpurity cdncentration at
t he adsorptlonadﬁeﬁéﬁléﬁtF@Weﬁa§uFéﬁﬁdaﬁéeﬁetiepﬁﬁﬁﬁﬁnﬂa§§ 8P /| 88 raflblr

the passing of 3280200kt @stekt fir-omSean Eh@ﬁhbﬂ@%ﬁ oregabt;snghat Py-218
contacting an ad orBent obt ai ned throu i es of act|Vﬁt|on treatnents

P ThEC DYa CoARE: FhBq 280N  S56BNANEC PO Ta ek Ry Br: ( Fa CLEREY| ABBPELEB.
can be & fectivbbyandsqr btd angusepgr abﬁdealﬁdaﬁ:ﬁahEB&‘, EGe228so@ptiba

ified t h : Co Ll t
Preatmont s as FRYBKGHBFACT WEPePOYRu,Pr B¥nauPBRCEY: NAGE ot LREFt BFfERg t he
step of acid- mashpagsang wdt é09washiihgst heItodenseehuskonoaheased as the
original coal ipg E%@gpkﬁﬁé-SgﬁhBﬂtBE%lHQtéhngﬂsoéﬂéﬂkaBEalﬁehr%ﬂ&gﬁgh of

adsorbing impurities in or ne same manner
Exanpl e 2. Thea28e##BEneS éﬂtﬂﬁﬁﬁﬁpﬂl§§eBéWGP§SaWétafF@rzﬂﬁeCPﬂéa@ﬁéﬁﬂ Wi th

t he adsargent ﬁﬁéeaggbetabaeglbedtmﬁpaamelaennehebxmga§lt§egoaahoséaphy
CFC- 115 and FC-1216 in FC- 218 were analéped at the adsorption to r outl et

after the pass?ﬁaecBFvgéYaﬁﬂs?ééeﬁ1ﬁB?eé PBﬁFFﬂeapﬁlFPSF?gﬁ Bf- ? wFAg of

25 FC-218 and bbepuestlitd abeashogh puriaple 5. FC 1216 was adsorbed and

separated in chFsane ngnner as |98E§gnple 2, however, CFC-115 was al ready
f

br oken t hrough PEPAER lVSaE§FW8 0 m nutes.
The same activation treatments as in Example 1 were

15 . performed except for not performing the step of acid-
washing and water-washing the coconut husk coal used as
the original coal in Example 1. Using the obtained
adsorbent, a treatment of adsorbing impurities in FC-218
was performed in the same manner as in Example 2. The

20 amounts of impurities before and after the treatment with
the adsorbent were determined in the same manner by gas
chromatography. CFC-115 and FC-1216 in FC-218 were
analyzed at the adsorption tower outlet after the passing
of 50 and 100 minutes from the initiation of flowing of

25 FC-218 and the results are shown in Table 5. FC-1216 was
adsorbed and separated in the same manner as in Example
2, however, CFC-115 was already broken through after the
passing of 50 minutes. '

It is seen from these results that when the step of

30 performing the acid washing and water washing is omitted
out of the steps of treating original coal, the micropore
size of activated carbon cannot be controlled and CFC-115
cannot be adsorbed and separated.

(Comparative Examples 2 and 3)

35 The impurities in FC-218 were adsorbed in the same
manner as in Example 2 except for using 46 g of MORSIEBON
X2M/6 (commonly MSC-5A) produced by Takeda Yakuhin Kogyo



It is seen fromthese results that when the step of 30 performng the acid
washi ng and water washing is omtted out of the steps of treating original
coal, thevevowexppbre size of activated carbon cannot be cpat/mdedilogessand

CFC- 115 cannot be adsorbed and separated. (Conparative Exanples 2 and 3)
35 The inpurities in FC 218 were adsorbed 246 +he same nmanner as in Exanple
2 except for using 46 g of MORSIEBON X2M 6 (comronly MSC-5A) produced by
Takeda Vakuhi ngl@ayQ cthZ:22434 RCHAIBOM 0T908 7 4 24 ocknulCaimay alive

Exanple 2) or 5 0 conut hus activated carbon Y-10 produced by

Aj i nomot o Fi ne aF&éNRd €K CRYbEgo fdida Presucesnpive A3 neFotie F4@€oMeSRNS n
place of the adwQr herinpefr :EarieaEXanya eE%gMRlse the Hag oW Sn0fplace of
impurities before and after th t r eat ment mntgwﬁﬂ% 3bove- descri bed
activat ed car b&HewEAE SFEES Ofe § TWAHRE WENEX erl by T§8s 3BRPETE: OFr aphy.
CFC- 115 ahd FCitdlaiitdeCheZbewanel arfaleyz etheatt rickae maao wittho it hieowdioveut | et
after the passing.Q 0 _and mnutes fromt Lni.tiati.on,of 1Q f| ow ng
of | FC- 218 and TRESFaCSt: Soary Sirgws AtRorabied b cetectibied ufl e, 5Ay "and
separated in t mens@mwe byagaeer cgomartogxampblye 2 CFidavidveendCFC~123 6wds &IC-eady
br oken t hrough fter. t I4NQ 4+ 0 0 It S f h ese
comercially a&é?|g%ﬁ?,%??@?%%ﬁtgtaﬁﬁéiﬁ?@?ﬁﬁ}ifﬁ #ﬁg%fSQEEﬁF%t%%g%Q

adsor bi ng CFC- t1%® ®esedmgacdd SN emd HO0 adawtiesntirept &heed Mi§igkd oRetod of
Exampl e {1y Talhewingharyed-n 1@oReRNthat ireaf sEagle lshewn iy ThivIe 6N n)
Conposi tion (ppn1b% nmass) %gc- 15 FC- 1216 Exanple 2 400 600 sanpl e
fed) 50 0 0 18634636 18§ Gd§or G EERFEAHEA 45 50 Sgme manher as

in Example 2, however, CFC-115 was already broken through
after the passing of 50 minutes. It is found that these

commercially available adsorbents are inferior in the

15 ability of adsorbing CFC-115 as compared with the
adsorbent obtained by the method of Example 1.
Table 5
Change in Concentration of Each Impurity
, . Composition (ppm by mass)
Time (min) CFC-115 FC-1216
Example 2 0 400 600
(sample fed)
50 0 0
100 0 0
150 0 0
200 0 0
Comparative 50 50 0
Example 1 100 165 0
Comparative 50 12 0
Example 2
(MSC-5A) 100 40 0
Comparative 50 65 0
Example 3
(Y-10) 100 170 0

The volumes of respective impurities adsorbed based
on each adsorbent used in Example 2 and Comparative
20 Examples 1 to 3 are shown in Table 6. The volume of
impurity adsorbed was calculated by setting the break
point at the point where the concentration of impurity in
gas at the adsorption tower outlet exceeds 1 ppm by mass,
determining the volume of each impurity until the break
25 point was reached, and dividing the determined value by



Exanple 1 100 165 0 Conparative 50 12 0 Exanple 2 (MSC-5A) 100 40 O
Conparative 50 65 0 Exanple 3 (Y-10) 100 170 O The vol unmes of respective
i mpuriti &0 azdsnsbed based on each adsorbent used i n ExanpCEID14MLBS
Conparative 20 Exanples 1 to 3 are shown in Table 6. The vol une of

i mpurity adsorbed was cal cul ated by settd ri&p t-he break point at the point
where the concentration of inpurity in gas at the adsorption tower outlet
exceeds 1 ppm dgterfLni o] of nea t he
broak 25 por nt Thge e s feds Sad doraran R det oo n GOAPURl e e e

02/ 22254 PCT/ JPte/ 8dsggbentouged; he BEAFALSOR WhéhaH§6r5€ﬁ9r9§Bé oA

conpari son bet %ﬁ?ar*aﬁ@védﬁ%ﬁ Nbsusedol B, Exanpkesdew Ehatthehadsorbents of

Conpar ati ve Exa ) hat th b | e
S o oved FABPEBEUS! Hretofns ERARBLP: PosSaiBBF BRE s e tP R o e 527 ©

adsorbents in ifpupatakesvedEsxabpbesoréabhan6t¥el adeoAdenibedn( g/ kg
(adsorbent)) C- 115 FC 1 nple 2 1.6 55 Conparative <0.1 6 Exanple
1 Conparative gFTpgraE%Xﬁpﬁ g?pggnpar ative <0.1 5 Exanple 3 (Exanple '3 )

I nto an adsorbent tower of 22 mm (i nt er Rabldi &net er) 10 x 60 cm (tower

hei ght), 101rg—of—tte—sane auaw b € d—an
treated at 120C for 2 hours rand :za]élg%eblﬁwél‘%ﬁ/% Lﬁ%%ﬁ&; ’l:eolllf
Usi ng Example 2 1.6 55

Comparative <0.1 6

Example 1

Comparative 0.1 6

Example 2

Comparative <0.1 5

Example 3

(Example 3)

Into an adsorbent tower of 22 mm (internal diameter)
10 x 60 cm (tower height), 101 g of the same adsorbent as

used in Example 2 was packed and treated at 120°C for 2
hours and at 150°C for 4 hours in a helium stream. Using
the adsorbent, FC-218 containing 600 ppm by mass of only
FC-1216 was passed through the adsorbent at room

15 temperature under pressure of 0.7 MPa at a linear
velocity of 5 m/min in a gas phase, thereby allowing the
impurities to be adsorbed. The amount of the impurity
before and after the treatment with the adsorbent was
determined in the same manner by gas chromatography. The

20 break point was determined in the same manner as in
Example 2 and the volume of FC-1216 adsorbed was
calculated. The results are shown in Table 7.

(Comparative Examples 4 to 6)
FC-1216 was adsorbed in the same manner as in

25 Example 3 except for using 104 g of coconut husk
activated carbon Y-10 (Comparative Example 4), 94 g of
granular coal-type activated carbon CL-H (produced by
Ajinomoto Fine Techno K.K.) (Comparative Example 5) or 91
g of MSC-5A (Comparative Example 6) as the adsorbent in

30 place of the adsorbent of Example 3. The amount of the



t he adsorbent, FC- 218 contai ning 600 ppm by mass of only FC 1216 was
passed through the adsorbent at room 15 tenperature under pressure of 0.7
MPa at awoOnmams4velocity of 5 mimin in a gas phase, therrOyJRIll0098Ng t he
inmpurities to be adsorbed. The anount of the inpurity before and after the
treatment with the adsorbent was determ 2éd-in the sanme manner by gas
chromat ography. The 20 break point was determined in the sane nmanner as in
Exanpl e 2 and { ,ggﬁlffﬂyf@epérgcaﬁaléf@@ﬁomédtf@étm@ﬁtceai@ﬁeéheThe results
are shown in arative, Exanples 4 to 6) 216 was adsorbed in
t he sane nanne#d%@$b¢ﬂtZ%aExéﬂﬁﬁﬁmBn%@c§%tt$%rS%@?n@a&@%r byf988conut husk
activated car thofnraﬁmal r attye &Xaamb eoft) FC9%2 U6 Ohds@FBadl wascoal -t ype
activated carbon ro uced b S&é?onoto Fi ne Techf g.K.i

(Conpar ati ve Bapt o+n95he S BN (DnpRr EXFURIExAnmpl E'8) as the
adsorbens in aee@lx:a«;se @fet@mmsmbembl@f7 Exanpl e 3. The anount of the WD
02/ 22254 PCT/ JPOLl/ 07988 - 26 |npur|tyTbgigr§ and after the treatnment with
the adsorbent was determined in the sang manner by gas chronat ography.
The vol une of |FC- 1216 adsorbed was cal cul ated i nvohengakdsombedr as in
Exanple 2. Th¢ 5 results are shown in Table 7. (Talige (2dvsinhemtAdsor bed
(g/ kg (adsorbent)) FC-1216 Exanple 3 180| Conparati vVECEXahple 4 25
Conpar ati ve Exanple 5 8ExE@npjparative Exanple 6 25 It isl8eéen fromthe
results of Exanpl eodpandtiCenpanmpilec4Exanples 4 to 6 t12% conventi onal
activated calfbonecbyperadsoebentmpaeeScertainly effective for the 10
adsor ption of |FC ¢2dpaaataveoEgamppar bty, |however, the 2kl une of the

i mpurity adsorbed bytthe sdeorbeon bhethesults of Example 3 and

Comparative Examples 4 to 6 that conventional activated

carbon-type adsorbents are certainly effective for the
10 adsorptioh of FC-1216 as a sole impurity, however, the

volume of the impurity adsorbed by the adsorbent of the

present invention is as high as about 10 times and this

reveals that the adsorbent of the present invention is

extremely improved and more effective than conventional
15 adsorbents.

(Example 4)
Into an adsorption tower of 11 mm (internal

diameter) x 200 cm (tower height), 110 g of the adsorbent

obtained by performing the treatments until activation in

20 the same manner as in Example 1 was packed. At the
beginning, for removing water and volatile matters in the
adsorbent, the adsorbent was treated for 6 hours in total
in a nitrogen stream (flow rate: >5 L/min) at 120°C for 2
hour and then at 150°C for 4 hours before performing the

25 adsorption treatment. With this adsorbent, FC-C318
containing 200 ppm by mass of FC-1216, 50 ppm by mass of
HCFC-124, 50 ppm by mass of HCFC-124a, 100 ppm by mass of
HFC-227ca and 200 ppm by mass of CFC-114 was contacted in
a gas phase under conditions of room temperature, a

30 pressure of 0.2 MPa and a linear velocity of 2.5 m/min,
thereby performing the treatment of adsorbing impurities.
The amounts of impurities before and after the treatment



present invention is as high as about 10 tines and this reveals that the
adsorbent of the present invention is extrenely inproved and nore

ef fecti vavo hzaee26onventi onal 15 adsorbents. (Exanple 4) |pCDJIRM/0aEk80r pti on
tower of 11 mm (internal dianeter) x 200 cm (tower height), 110 g of the
adsorbent obtained by performng the treahents until activation in 20
the same manner as in Exanple 1 was packed. At the beginning, for renoving

wat er and vol a;k kg qggt%B%O&Behgewe§gs%h?%thaEg@ adserient was treated for

6 hours intotal in a nitrogen stream(flow rate: >5°L/mn) at 120C for 2
hour and then SPrPBEEOEERPEYhouFrEChEPELE SPEr FOPRLAGOPRe 124 N&d §GEpt i on
treat nent. Wt BhtBnstadsepbgntareFehedh8beaatai ni ng 200 ppm by nmass of

FC- 1216, 50 ppm b SS O HCEC- 124, 50.p by mass of HCFG-124a, 100 ppm
by mass of | G 2ITAE SRANS0BOBE by meeS biE SRR SRt R Res DR AEY &
gas phase under conditions of roomtenperature, seidtkpsiesskrie. pf 0.2 MPa
and a linear velo é£¥iof 2.5 mmn, thereby perﬁg;g%gg the treat nent of

adsorbing inmpurittes. “The amounts of inmpurities e and after the
treat ment WO 02/ 22€BdcPETt JPOL/ 07988& 1ame2 1 onjizialt iohme dedeortvent( Fidr)e
guantitated by ga onqnt . The analysis condjtipns in the gas
chr omat ogr aphy af%m%ﬁg&nggeggéﬁP%ﬁst[unent body: GC-l%éh€nanufactured by
Shi madzu Sei saku¥@bhRdkof aearkitrtieR: gas DELBPLEr arfRaPercemtage df)

detector (FID) Amufle @ha3g@hkerebulksMeithed-ab1gyaniiFcatizan: wpipenl e area
percentagg (% . _.The anal ysi_ s resgl FC,1216, HCEC- 124, HCFC 5 124a,

ts of
HFC- 227c® and €R&211HECT2RACe3 289 L FCRd L4dddr BErGR 18t BheF PEUBLSOTRIEOR t he
passi ng of 25, tbfier7butled afdel2thehpassihyomtt R6,i Biot, i ati,onodf ahldowi2sg of

18 2 e Bl of BT E0 o AL TR LY SUTLATGS, MRS 9L SRS °
in Table 8. Any impurity substance was found to have a
concentration of 1 ppm by mass or less after the passing

10 of 125 hours. It is seen from these results that by
contacting FC-C318 containing those impurities with an
adsorbent obtained through a series of activation
treatments, the impurities can be adsorbed and separated
and thereby a high-purity FC-C318 can be obtained.

15 (Comparative Example 7)

The same treatments as in Example 1 were performed
except that the coconut husk coal used as the original
coal in Example 1 was not washed with an acid and water.
Using the obtained adsorbent, a treatment of adsorbing

20 impurities was performed in the same manner as in Example
4. The amounts of impurities before and after the
treatment with the adsorbent were quantitated in the same
manner by gas chromatography. The analysis results of
FC-1216, HCFC-124, HCFC-124a, HFC-227ca and CFC-114 in

25 FC-C318 at the adsorption tower outlet after the passing
of 25 and 50 hours from the initiation of flowing of FC-
C318 are shown in Table 8. As is apparent from the
results shown in Table 8, any impurity exceeded a
concentration of 10 ppm by mass after the passing of 25

30 hours and already reached the break through, and this
clearly reveals that the adsorbent was inferior in the



10 of 125 hours. It is seen fromthese results that by contacting FC C318
containing those inpurities with an adsorbent obtained through a series of
activati ovO 02228 nents, the inpurities can be adsorbed anBCEepHra88d and
thereby a high-purity FC-C318 can be obtained. 15 (Conparative Exanple 7)
The sane treatnments as in Exanple 1 were- g forned except that the coconut
husk coal used as the original coal in Exanple 1 was not washed with an

acid and watergapbsing bhesgBbabngd aflparhents asteeabHeBl Qftadsaebi ng 20
inmpurities was perforimed in 4. The anounts

R t he same manner_as in ExanBIe
of inpurities BeFBFBeREdCRIEAPCENRY tPEaPRERPIVPENEFRBPAGSSr beRERer e
quantitated inthbeeSasBulfBNNeE by gasnchhefnivhgnhaphy. sthe adalvshingesul ts
of FC- 1216, HgFC—lZ4,.HC§C—124a .?EC—227ca and CEg—ll4.%g 25 . FCG C318 at
the adsor pti ontSwaF LgiPrét C8fteFitheBa8SAg2 8r T38 K d B0 VREGFs Fr om t he
initiati en of dhowtad drofCth€3tBeatmeshowhepn, Tabhkem8craAporrs apper efit from
the results s i i I e ] rati of 10
ppm by nass af?§§n?§§°%§§§?nga8§8§55588E§E¥8§§%§ gﬁgegggﬁggggﬁédg%hgegreak
t hrough, and thessephrzatky byvadberrhaenthe adsorbent was inferior in the

WO 02/ 22254 PCT| JBRLPZR Exafino168Packhy 6f adsorbing inpurities as
conpared with tﬁg ggésérggﬁt gbtgined bg,thegnethod of Exanple 1. From
$

these results, it i3 SEEATNREE RheAdPREPIPEPIBPURALAPRgWEENREEEPEIREI 1Boal
with aniaci d apdet BeReWnbAnWet 86 s Bxamplted ékeﬁzth@okraa&ﬁgn99sge@5, t he

' [ f _th d t t d [ it t
be. Sopar at od bYCREIBRON, SANA( BokGAPAPRyBABRAnBPES R, aREOSF AT PEalRBRTC0

adsor bi ng i npurakukénwasgper Koknmpd (CompdPatlheesaremphand) as il07Egacpl e 4

except for usinp f l. X (¢o : = DA, . ed
by Takeda Yak F%gkgg§8skwgg§l§%§%%a§g??g% EXEEBRBQQ?ES?HE§¥ éjéggﬁggéonut
husk acti vat edFtaebBackno0K¢Br odi€enprbyanivaoRsepplei A¢ Fechhe K K.)

(Conpar g5 ve ExapBlBefdt 28 bH8ce of the adsorbent of Comparative
Example 7. The amounts of impurities before and after
the treatment with the above-described activated carbon
were quantitated in the same manner by gas
chromatography. The analysis results of FC-1216, HCFC-

20 124, HCFC-124a, HFC-227ca and CFC-114 in FC-C318 at the
adsorption tower outlet after the passing of 25 and 50
hours from the initiation of flowing of FC-C318 in the
same manner as in Comparative Example 7 are shown in
Table 8. Similarly to Comparative Example 7, any

25 substance exceeded a concentration of 10 ppm by mass
after the passing of 25 hours and already reached the
break through. This reveals that the adsorbents are
inferior in the capacity of adsorbing impurities as
compared with the adsorbent obtained by the method of

30 Example 1 and the impurities cannot be satisfactorily
separated by adsorption similarly to Comparative Example
7.
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2500000
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15

eak through. ThichamgeeadahsCohaéntimt iadsarfb@acd ampurityf eri of
of adsorbilnFimepyriti es aSompoapaien (Wwirth Hvheasdsdor bent

» met hod of |3AhEanBfeldl@HEFChe24 —flRde [HFEr3d cheEFC-114
Bepuplat éd |by Qdsqr p2Pon |si nbParl y t 05Conpar atlioPe Exaiflle

PCT/ JPOL/ 07988"1e|29 Tabl e 8 Chahge in Copcentratipn of

Ti me Conpogi JeFM (lppm by rn:xcc\ (hr) EC-1218 HCEC-12

27ca CFC- 114 anpl e84 d 20d 50 50 180 20D (QanplE fdd)

0 0 0 0 0 ¢ 0/0 0,0 O 1(8)030 0 125 ¢ 000

11 28 30 1& anpée 71 50 4107 B9 4@ 62 160 ,Conpgaratji ve

116 Exanpl e 81 96 4% 40 47 0180 (M5@- 5A) | Conmgar at| ve 325

Comparative 25 11 28 30 18 70
Example 7 50 107 39 40 62 160

Comparative 25 11 34 32 16 116
Example 8 50 96 45 40 47 180
(MSC-5AR)

Comparative 25 30 39 41 28 132
Example 9 50 131 46 47 82 185

(¥Y-10)

The volumes of respective impurities adsorbed to
each adsorbent used in Example 4 and Comparative Examples
7 to 9 were measured and the results obtained are shown
in Table 9.
calculated by setting the break through to the point

The volumes of impurities adsorbed were

where the concentration of each impurity in the gas at
the adsorption tower outlet exceeds 1 ppm by mass,
determining the amount of each impurity adsorbed until
the break through was reached, and dividing the obtained
value by the weight of the adsorbent used. On comparison
between the results of Example 4 with the results of
Comparative Examples 7 to 9, it is seen that the
adsorbent used in Example 4 is extremely improved in the
volume of impurities adsorbed more than the adsorbents

used in Comparative Examples.
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by performing the treatments until activation in the same

manner as in Example 1 was packed and treated at 120°C

for 2 hours and at 150°C for 4 hours in a helium strean.

Using this adsorbent, FC-C318 containing 450 ppm by mass

of only FC-1216 was passed in a gas phase through the

adsorbent under the conditions of room temperature, a

pressure of 0.2 MPa and a linear velocity of 4 m/min.

The amount of the impurity before and after the treatment

with the adsorbent was quantitated in the same manner by

gas chromato

graphy.

The break through point of the

adsorbent was determined in the same manner and the

volume of FC-1216 adsorbed was calculated.

are shown in

Table 10.
(Comparative Examples 10 to 12)

FC-1216 was adsorbed in the same manner as in

The results

Example 5 except for using 104 g of the same activated

carbon Y-10 as used in Comparative Example 9 (Comparative

Example 10),

94 g of granular coal-type activated carbon

CL-H (produced by Ajinomoto Fine Techno K.K.)

(Comparative Example 11) or 91 g of the same MSC-5A as

used in Comparative Example 8 (Comparative Example 12)

as

the adsorbent in place of the adsorbent of Example 5.

The amount of the impurity before and after the treatment

with the adsorbent was quantitated in the same manner by
The volume of FC-1216 adsorbed was

gas chromatography.

calculated in the same manner as in Example 5 and the

e

nples 7 to 9, it | voleer tRhdabrbhd (qdsor(didoriead))n Exanpl e
i nproved in [the- 1A 6/pHORE-024 || HPECHL 2 é3 | HESe2 Dbk nOFE-1 han
WBredngle Gonpar 40i ve| Exaépl es| WO 4R/ 22254 PET/ JPOL/ 7988
eampdsorityed (g/4g (adsofbent)) R3-1216 HCFC- 124| HCRQ- 124a

M Exgmdmepl’e 4 40 40 40 8 15 Conparativeld <1 <1 11 <]
rGEIRAT At i¥e <1 2 <1 |Exafipl e 8 Corffarative 32<1 <1 11
ﬁ E:‘Xaﬂ\pllenan dsorbent towed -of 22 mnm {| nternal _d_l_a_;pg_t_e_;)
rﬁgm“r“at &1 g the adSbrbent OBF&IHEj 5 b§ perforrﬁ1 ng th
£ Lg H—-tHhe—Sare—franrher—as—+h—Danple—t—was—paeked



pressure of 0.2 MPa and a linear velocity of 4 mmn. The anmount of the
inpurity before and after the treatnment wth the adsorbent was quantitated
in the saveomeser by gas chronmat ography. The break throeghvJpuionessof the
15 adsorbent was determned in the sane manner and the volune of FC 1216
adsorbed was cal cul ated. The results are 8hown in Table 10. (Conparative
Exanples 10 to 12) FC 1216 was adsorbed in the same manner as in 20 Exanple
5 except for U%’é&ﬁlﬂ@ﬂ i dde Sadresrasid vat eshpcarpen Y-10 as used in
Conparative Exanple 9 (Conparative Exanple 10) 94 g of granul ar coal -type
activated carbon CL-H (produced by AjiRéRBfo 18 ne Techno K. K. )
(Conmpar ati ve Ekanpl'e II) or 91 g of the [sane VEGCA it aadexaied N
Conmparative Exgnple 8 (Conparative Exanple 12) ag/kxgheaadsepbeny)i n pl age
of the adsorbept of Exanple 5. The anount of The Tnpwadin el ore and artler

the treatment [WTh Thegaddgoident Was quantitated 1n tfpgpgane nanner by
gas chromat ogr“Eﬁmpé@gtggbug&aﬁblbblbﬂb adsorbed was 3@ calcultated in(the
same nmanner as|T Bok¥aFRcEve @kample YW U2/ 22254 PCTTIJPOLHU7988 - 31

resul ts obtai nFdcBREaTHEWI ! Bxhablie 18- | Tabl e 10 Vol unggAdsorbed (07 KQ

(adsorbent)) FCI2HG EXATHEE, Of =G tHeO T Yo EFmFLd & 3hg Compar ati ve
Exanple 11 10 Conparatjve Exanpl e 30 It is seen fromthe results of

Exanpl e 5 and GSIHpEativRe Bxeimtes 11‘b £ 4D thak RNt aciivaiedl 5

carbon-type adwﬂwﬁ&ﬁ;@ £id ebdves larream&mézc‘zri%cﬁs@s@la@q@-lzls
i mpurity, however, e]lvol une of t;\g ur|t ads rbed}; t he, adsor bent of
the present invntd ogﬁD & HPUI Gy OV?ieoo"?ﬁ' U, OF) SR e RF

conventional acisodiest] partionsadgwkbdnts cr@vldm spltdssa&nit hmxaaislmrd:remts (ﬁs
high as about 10 times the volumes by conventional

activated carbons and this reveals that the adsqrbent of
10 the present invention is extremely improved and more
effective than conventional adsorbents.

APPLICABILITY TO THE INDUSTRY
As described in the foregoing pages, when the
15 process for producing FC-218 and FC-C318 of the present
invention is used, high-purity FC-218 and FC-C318 can be
obtained, and the high-purity FC-218 and FC-C318 produced
using the present invention can be used as an etching or
cleaning gas in the process of manufacturing a

20 semiconductor device.



10 the present invention is extrenely inproved and nore effective than
conventional adsorbents. APPLICABILITY TO THE | NDUSTRY As described in the
f or egoi ngv@azyezxs4 when the 15 process for produci ng FC 218rerndriH@G78818 of
the present invention is used, high-purity FC-218 and FC-C318 can be

obtai ned, and the high-purity FC 218 and- B2 (318 produced wusing the
present invention can be used as an etching or cleaning gas in the process
of manufacturing a 20 sem conductor devigeyy0 02/ 22254 PCT/ JPOL/ 07988 -

32 CLAIMS 1. An adsorbent for purifying a perfluorocarbon, which is
produced using a nethod ﬁBnﬁ@P@Fgﬁth OFOPPB&FﬁgngfBuPGEFéﬁgrogaE?anashlng
an original coghivht hsapraaideandsihen wethowatempr{dingeekedirailngwang/ or
dehydrati ng thf orlglnal coal obtained in the step (1) at a tenperature

of 50 to 250C /" fiBPf gas stream 10 (3) re-carbonizing the original
coal obta&ined in the ste¢p)(2yaahiagt enperaginelotofionibB0ahoad@BCand an
inert gas stre 4 Lvating the original coal obtained in the
step (3) at a ?g%%:?g?ﬁr%ag§£7oo to 900C in a mxed 15 gas stream
containing an inert gas, (éarbdﬁoaidXZé@gaﬁdd/ﬂﬁtdehvdp@tlng titRe adsor bent

for purifying arpsiﬁlay%eg@rQgealﬁédcha' %e b@eﬁl ahm de &h%ﬁber%ﬁre

original coal 1s ~“obtained_ by carbonizing at |east One nenb sel ected from
20 the group c®hsP8ttEAg28P  EoéBnak HB§Kt06§P Sééaﬁmrcharcoal and tar pitch

at a temnperature of 400 YQ?GOQQCbaQbOIﬂélﬁ senbeBti§9haPUEbLYi BBtained

per {1 worocar bon, Aol BLIedo) et a1 RN T OE R A

concentration &as ifnemtlgts &tP6BmpobhAB. 4. The adsorbent for purifying a

perfluorocarbon (4) activating the original coal obtained in
the step (3) at a temperature of 700 to 900°C in a mixed

15 gas stream containing an inert gas, carbon dioxide and
water vapor.

2. The adsorbent for purifying a perfluorocarbon
as claimed in claim 1, wherein the original coal is
obtained by carbonizing at least one member selected from

20 the group consisting of coconut husk coal, coal, charcoal
and tar pitch at a temperature of 400 to 600°C.

3. The adsorbent for purifying a perfluorocarbon
as claimed in claim 1 or 2, wherein the acid used in the
acid washing of the step (1) is a mineral acid and the

25 acid concentration is from 1 to 1,000 mol/m3.

4. The adsorbent for purifying a perfluorocarbon
as claimed in any one of claims 1 to 3, wherein the acid
used in the acid washing of the step (1) is hydrochloric
acid and/or sulfuric acid.

30 5. The adsorbent for purifying a perfluorocarbon
as claimed in any one of claims 1 to 4, wherein the step
(3) is performed by elevating the temperature up to the
re-carbonization temperature of the step (3) at a rate of
from 300 to 500°C/hr in an inert gas stream after the

35 step (2).

6. The adsorbent for purifying a perfluorocarbon
as claimed in any one of claims 1 to 5, wherein the step



as claimed in any one of clainms 1 to 3, wherein the acid used in the acid
washing of the step (1) is hydrochloric acid and/or sulfuric acid. 30 5.
The adsomben22f26¢ purifying a perfluorocarbon as clai nedPCHJIRNP7988e Of
claims 1 to 4, wherein the step (3) is perfornmed by elevating the
tenperature up to the re-carbonization+ehperature of the step (3) at a
rate of from 300 to 500C/ hr in an inert gas streamafter the 35 step (2).

6. The adsorbep3Af9§ BHEEB¥h89 ByP nabaeaﬁgaeﬁente Apethaluredy bnt%nxh@ne of
clainms 1 to 5 erein the ste 02 222 PCT/ JPQOL1/ 07988 - 4) is

per for med by e?%FéY?hgthEeWE erar6r efupPeosStrR (42t PFadi & ﬁt?eﬁﬁe &Plre of
the step (4) atoa tateooPcV/heminlBl iae2@0Ghbr stRean bficel gas stepam after
the step (3). g 7. The adsorbent for purifying a perfluorocarbon as
clainmed in any he of claims 1 to 6, wherein in the step (4), the m xed
gas cont & ning an inert ghs, adaobbantdfoxi gerafidingt er peapdunocontabna from

50 to 89 VOl96%£vo?/§m%aeibegﬁgagg B§18+h9m§0 1VQ @%of ﬁQEQQH gho§hge and

10 from1l to 2 & adSorBent Yor purifying a
perf | uorocar bofitens( &) ai wbe mhxaﬁygéﬁecﬁﬂtélaiﬁﬁ ant pngrtwhapei aarhen

acti vat ed Coa|diéx§88|Qﬁdt9a£89”b5§69366hﬁé§n§tf%oﬁaBQ eb_sbropngogst o
300C/ hr in an inert gas streamafter the_15 step The adsorbent for

purifying a peFPPubRBERr BBA, 5%¥CW aPnEq A Hﬁ}foﬁ% Sﬁrépalﬁéoilﬁﬁ gnd
\fhg(r)gi n1;ohe ZgﬂggmelﬁdsozptbgM6qu@nwbﬁ:§ér0§7a_bb@.adSOF]?lent i's f[)om 700 to
: nmy/ g. . e agdsor bent rifying.a.perfluoracarbon_ _as
clainmed in any one Bf clgﬁﬁsa SpHogn mﬁSFe%Hr?ﬁglggtﬁlpeEgEPgﬁPCBFgSPkaI
netals in the assoidémedi $nladPOoppnoérclheéss. 11to Thewhdsedhenhef or
purifying a peéé%99£988r9891 28 8805k FBUrbBnCLahphiQeu et 0 L6 of

pot assi um cont en
from 200 to 300°C/hr in an inert gas stream after the

15 step (4).

9. The adsorbent for purifying a‘perfluorocarbon
as claimed in any one of claims 1 to 8, wherein the
iodine adsorption quantity of the adsorbent is from 700
to 1,000 mg/g.

20 10. The adsorbent for purifying a perfluorocarbon
as claimed in any one of claims 1 to 9, wherein the total
content of alkali metals in the adsorbent is 1,000 ppm or
less.

11. The adsorbent for purifying a perfluorocarbon

25 = as claimed in claim 10, wherein the potassium content in
the adsorbent is 500 ppm or less.

12. The adsorbent for purifying a perfluorocarbon
as claimed in any one of claims 1 to 11, wherein the
perfluorocarbon is octafluoropropane.

30 13. The adsorbent for purifying a perfluorocarbon
as claimed in any one of claims 1 to 11, wherein the
perfluorocarbon is octafluorocyclobutane.

14. A process for producing an adsorbent for
purifying.a perfluorocarbon, comprising the following

35 four steps;

(1) washing an original coal with an acid and

then with water;



t he adsorbent is 500 ppmor less. 12. The adsorbent for purifying a

perfl uorocarbon as clained in any one of clains 1 to 11, wherein the

per f | uor o¢@pbax254 s oct af | uor opropane. 30 13. The adsor beneCT/aPo1pa9ssf yi ng a
perfluorocarbon as claimed in any one of clains 1 to 11, wherein the
perfl uorocarbon is octafl uorocycl obutane: 3#4.- A process for producing an
adsorbent for purifying a perfluorocarbon, conprising the follomﬁng 35

four steps; (1) washing gmoridgb&ahl%@ﬁb %Hhoéndaﬁyera@qn fg,% with water;
WO 02/ 22254 PCT/ JPQOL/ 07988 _ - 34 (2). dedxi di zing a ﬁ rating the

original coal BBtdiRed FRafhebspdpediynathy FéﬁﬁeKéﬂuﬁ& aoﬁeﬂp6ﬁﬁ$9r?o 250C

in an inert gasfstr8anso(2p Qgﬂe@ra@naﬁlmgekhegaélgt@éhmgoal obtained 5 in
the step (2) at a tenperaé re_of 50 700C in an. ine g i Lreanj and
(4) activating the origi hdl cG&rc8b 8Pﬁéan9nt ?hBrégéBaEBF gbtaipefat ure
of from A0 toif0OKei pteap Ryedtgastempeantaonat afnE0g &b 706r°T gasancar bon
di oxi de 10 and er._ya 5. e process for producing an adsorbent for
purifying a per?%ﬁorgcérggﬁegé cFa?ned in claiml14, wherein the original
coal is obtained by carb@ﬁﬂzuagtavatneasthenermgmbe& sebécpbdafinerh tthe

group CO”SiStiEHeOEtégO goa@t hﬂéﬁp@?é&urgoék fEPﬁrﬁgél 8ngohat phtgh at a

tenperature of from4 600C. The process UCIn an adsor bent
for purlfylngmaxﬁér9P§o5568P§050§§aépapﬁeanlhn€F§|Eﬁ§4 6ﬁr?9n d@dRBLERN t he
acid used in tgﬁda@ggefasapag of the step (1) 20 is a mneral acid and the
acid concentration Theﬂg %ess for

is fro )
produci ng an adsorb%%t g] BEPFF?anoﬁ BEPEBEBPSCQPbB eP& A8Y in any
one of clainspﬁﬁifylﬁﬁ awbetéilnotrbeaabbd asedlamméaeiﬁcbdaim 14,

wherein the original coal is obtained by carbonizing at
least one member selected from the group consisting of

15 coconut husk coal, coal, charcoal and tar pitch at a
temperature of from 400 to 600°C.

16. The process for producing an adsorbent for
purifying a perfluorocarbon as claimed in claim 14 or 15,
wherein the acid used in the acid washing of the step (1)

20 is a mineral acid and the acid concentration is from 1 to
1,000 mol/m’.

17. The process for producing an adsorbent for
purifying a perfluorocarbon as claimed in any one of
claims 14 to 16, wherein the acid used in the acid

25 washing of the step (1) is hydrochloric acid and/or
sulfuric acid.

18. The process for producing an adsorbent for
purifying a perfluorocarbon as claimed in any one of
claims 14 to 17, wherein the step (3) is performed by

30 elevating the temperature up to the re-carbonization
temperature of the step (3) at a rate of from 300 to
500°C/hr in an inert gas stream after the step (2).

19. The process for producing an adsorbent for

purifying a perfluorocarbon as claimed in any one of
35 claims 14 to 18, wherein the step (4) is performed by

elevating the temperature up to the activation

temperature of the step (4) at a rate of from 100 to



25 washing of the step (1) is hydrochloric acid and/or sulfuric acid. 18.
The process for producing an adsorbent for purifying a perfluorocarbon as
cl ai med iwoang22s6he of clains 14 to 17, wherein the step PGYIPHE/0pE8f or med
by 30 elevating the tenperature up to the re-carbonization tenperature of
the step (3) at a rate of from300 to 560BBhr in an inert gas streamafter
the step (2). 19. The process for producing an adsorbent for purifying a

perf 1 uorocarbom, @ge €)@k MBYl AR ARYrONEa®fst30arf! 8 £8r 1énd 05 & Phprein the
step (4) is pertornmed by elevating the tenperature up to the activation

tenperature of the st@p (B)eapPrecess efF BFofNADRT t 1 Visl9Rren£for

PCT/ JPOL/ 07988 purBpy i R§04/ PériNudFodtdEbdn 086 S14Eaed aff einy henstep (3) .

20. The proces%ﬁégr grggu0|ng an adsor bent for $uriLXing a perfl uorocarbon
as claimed in dny?oh QL e R 1P R r BFOP| heu%‘?ébl’f‘?é],gq%e

m xed gas55 condentdingiag ameiterasgasardenbaol okl cbeidendanmétvest emapoapor

contains fromb5 0_89 vplt of.the i f to 0 car bon
di oxi de and fro%ﬁt?%giogﬁgﬂ‘tg%ftg\/a%é;(ra&é%/%%?)fr .tlé%nlnlr%retp %%ésés@#l{l)rpa 2
produci ng an adddrbeht éHrcaniPopudidyidr angdeffomol oearbdrvakt chhimetes n
any one of clajfg,14 to 20, wherein the activated coal is cooled to room
tenperature at a rate of from200 to 300C/ hr in an inert gas streamafter

the step (4). 22. Thelpr oBe8sP¥RFeHF ofRici PP A bR R bedd S eBpent 5EQ¥ur i f yi ng

a perflugpocar hon- 8sy ch@i &egei M @BYo®RLOE as! @ aBndd 10 2y Iher®in the
i odi ne adsorption guantit of the adsor%teélt i s, 700 (é)o 1,000 mg/g. 23. The

process for prdtiRihy dh %It?ls%?be erotn i 3SR e PP hiotd P
clainmed in any ofemofem@Orataresatida t e, ofhereh 2 dthetd o3 @ ° cont eid  aof

al kali metals in the adsorbent is.from.1, 000 pp r less. 24. The process
for producing ajrfl%]a%o?%%n?%% m %ﬁ § yil;khég %t%ér{gfﬁ’or ocarbon as clained in
cl ai m 23, 22. The process for producing an adsorbent for

15 purifying a perfluorocarbon as claimed in any one of
claims 14 to 21, wherein the iodine adsorption quantity
of the adsorbent is 700 to 1,000 mg/g.

23. The process for producing an adsorbent for
purifying a perfluorocarbon as claimed in any one of

20 claims 14 to 22, wherein the total content of alkali
metals in the adsorbent is from 1,000 ppm or less.

24. The process for producing an adsorbent for
purifying a perfluorocarbon as claimed in claim 23,
wherein the potassium content of the adsorbent is 500 ppm

25 or less.

25. The process for producing an adsorbent for
purifying a perfluorocarbon as claimed in any one of
claims 14 to 24, wherein the perfluorocarbon is
octafluoropropane or octafluorocyclobutane.

30 26. A process for purifying octafluoropropane,
comprising contacting crude octafluoropropane containing
from 10 to 10,000 ppm of impurities with the adsorbent
for purifying a perfluorocarbon described in any one of
claims 1 to 12 to purify the crude octafluoropropane.

35 27. ‘The process for purifying the octafluoropropane
as claimed in claim 26, wherein the impurities are at

least one compound selected from the group consisting of



wherein the potassiumcontent of the adsorbent is 500 ppm 25 or less. 25.
The process for producing an adsorbent for purifying a perfluorocarbon as
cl ai med iwoan226he of clains 14 to 24, wherein the perfl| BOT/GRENDBE | S

oct af | uor opr opane or oct afl uorocycl obutane. 30 26. A process for purifying
oct af | uor opropane, conprising contacti rg3érude octafl uoropropane
containing from 10 to 10,000 ppmof inpurities with the adsorbent for

purifying a pe hded | el @80 &hali gBa 1o 12 to
purify the crLééJ%g§é§$E%?g%?§%g%e. 35 27. The pr%%%%s for purifying the

oct af | uor opr opzeretafibuerePHRRARf- cl ai m 26, wherein the inpurities are at

| east one conpound sgl ec egrbéoss tHer gOHPEEONG | 6¢tagl obr Iy OPoR2REde ,
PCT/JPO1/ 07988 - 36 ,chloro entafluorogthane fexafluo%ggﬁggfge and 1H
hept af | uor opr GPRIRRE 19809 ACPRBREELRT of T pdr i P F AL 32T 3FY CoP 242 Bbut ane,

conpri si By coné@etsg@isgudeomctaftaor ocyed oppmant Smpoenities ngithowhal to
10,000 ppmof ippurjities-.with . ads Tyl | uor rbon
PO Ehen B B apne S TREEE ThotOpPHER, JCRBEESED HRT 867

described in o puri e _crude
oct af | uor ocycl obeit afiec1a29ms Thet@r btesnsdf b3 parPRyify the SE¥AE| uoro- 10

cycl obut ane aso§£§%f§g¥gg%§hﬁﬁgig§e.mherein the inpurities are at |east
e ed fromthe

one conpound sel ect groug consisting of
2-chloro-1, 1, 1, 2-t e af | GBROPEAGRARS QL cRRBLEYING, 5ho_pPetprbtrabPoet hane,

1,2- digh orotgfeabbuernet Banglaibhephatl ugnopsoprnerand tid
hexaf | uor opr opene. rocess._for produci

30, A ng_a_hi ghs It
octafluoropropéﬁ@uBFtbeﬁagFﬁoFBc§E?EBu?ﬁﬁe?°§§ﬂﬁpasgﬁbgg%ﬁ%yfg??oafﬁg st eps
(1) and (I1); kauihebﬁaﬁbyidgcoﬁpesbhgocbkmnmdﬂtBubebrazmquohaheneQ

obt i o ude oft b uocopr opans ot gelablugtasyel obypane: and (11)
dichlorotetrafluoroethane, 1lH-heptafluoropropane and
15 hexafluoropropene.

30. A process for producing a high-purity
octafluoropropane or octafluorocyclobutane, comprising
the following steps (I) and (II);

(I) thermally decomposing chlorodifluoro-
20 methane to obtain crude octafluoropropane or
octafluorocyclobutane; and
(II) contacting the crude octafluoropropane oOr
octafluorocyclobutane obtained in the step (I) with the
adsorbent for purifying perfluorocarbon described in any
25 one of claims 1 to 13 to purify the crude
octafluoropropane or octafluorocyclobﬁtane.

31. The process for producing high-purity
octafluoropropane or octafluorocyclobutane as claimed in
claim 30, wherein the purity of the purified

30 octafluoropropane or octafluorocyclobutane is 99.9999% by
mass or more.

32. An etching gas comprising octafluoropropane
having a purity of 99.9999% by mass or more.

33. An etching gas comprising octafluorocyclobutane

35 having a purity of 99.9999% by mass or more.
34. A cleaning gas comprising octafluoropropane

having a purity of 99.9999% by mass or more.



oct af | uorocycl obut ane obtained in the step (1) with the adsorbent for
purifying perfluorocarbon described in any 25 one of clains 1 to 13 to
purify tweoozrextes oct af | uor opr opane or oct af |l uor ocycl obut areT/IBM/079se
process for producing high-purity octafl uoropropane or

oct af | uorocycl obutane as clained in cla+n330- wherein the purity of the
purified 30 octafl uoropropane or octafluorocycl obutane is 99.9999% by mass
or nore. 32. An etchizng ga eS| I QRans rity
of 99.9999% by massagr rr%r%l%%rﬂ.1 ngreét%chln IJlléq'ngyorcr)prl ucj}%\eMO%uq’%de
oct af | uor ocycl b5¥iage @ PHIRAY 9 & FpAdiaE 9@5939@9%“15315%33 or nore. 34,
A cl eaning gas conprising octafl uoropropane having a purity of 99.9999% by
mass or nore. WO 02/22254 PCT/JPOL/ 07988 - 37 35. A cleaning gas

conpri sing octafluorocycl obutane having a purity of 99.9999% by nass or
nor e.



