- 1 - DESCRIPTION 1 2, F.EB 2004. METHOD FOR PURI FI CATI ON OF
TETRAFLUOROVETHANE AND USE THEREOF 5 Cross-Reference to Rel at ed
Application This application is an application filed under 35 U S. C
111(a) claimng benefit pursuant to 35 U. S.C. 119(e) (1) of the filing
date of the Provisional 10 Application 60/230,704 filedq lpﬁgazg 000,
purstiant to 35 111(b). Technical Field Thel present invention relates a
met hod for the purification of. tetrafluoronethane (hereinafter it nmay be
15 referred to as "FC 14" or "CF4") anpegcruseriafy t he purified '

tetrafl uoronet hane. Background Art FC-14 is used as an etching gas or a
cleaning gas in, for exanple t he nanufacturlng of senlconductor 20

devi ces, therefore : FORt YURL B 1Q ETRAFLY Val2iis

production of FC 14, vari ous nethodsAﬁ@V@gErﬁﬁ%gﬂgkore been proposed
Specrflcallg the follow ng nethods or exanple, are known: 25 (1) a

. met hod of acting dichlorodifluoronethane wth hydrogen fluoride in the
- presence- of a cat al ys€yogs2Refemenhodtof Rekatmtd m@plication

monochl orotri f1 uor omephane ol Bydr o &h fd Q%lbﬂ nge Olﬂ?cfé}grls()f a

“catalyst; (3) a nethod of reacting trifluor ane W t ne gas;

(4) a nethod of Pe3ctiny %%%4Bdncﬁﬁﬁﬁl$$LRﬁWQiétg§§r5§ﬁﬂt(EB ¥ fbthéd &f
thermal |y deconpos$ ng) tiet raf lther 811 ehdyd£re o3 hdoweyeisidhese nmet hods for

ig;ogrggﬂgtﬁ§ 14 fsff?fijﬂﬁf %b?ghbHTBEaéliéH‘§$He 'atEEOQi 5%%&&%&% to 35

Technical Field _
The present invention relates a method for the

purification of tetrafluoromethane (hereinafter it may be
15 referred to as "FC-14" or "CF,") and a use of the
purified tetrafluoromethane.

Background Art

FC-14 is used as an etching gas or a cleaning gas
in, for example, the manufacturing of semiconductor

20 devices, therefore, a high-purity product thereof is
demanded.

For the production of FC-14, various methods have
heretofore been proposed. Specifically the following
methods, for example, are known:

25 {1) a method of reacting dichlorodifluoromethane
with hydrogen fluoride in the presence of a catalyst;

(2) a method of reacting monochlorotrifluorcmethane
with hydrogen fluoride in the presence of a catalyst;

(3) a method of reacting triflucromethane with

30 fluorine gas;
{(4) a method of reacting carbon with fluorine gas;
and
{5) a method of thermally decomposing tetrafluoro-
ethylene.
35 However, these methods for producing FC-14 have a

problem in that intermediates of FC-14 or by-products
produced by the reaction or impurities derived from raw




produced by the reaction or inpurities derived fromraw 1 2 FEB 2004 2
materials forman azeotropic m xture or an azeotrope-like mxture with
the objective FC-14 and the separation thereof is extrenely difficult. To
cope with this, for exanple, a purification method for treating FC14 5

containing trifluoromethane (CHF3), as an inpurity, with? FE@ Opg or a
carbonaceous adsorbent has been proposed ,(see, Japanese Patent No.
2,924,660). Disclosure of invention Heret ofore however, an industrially

advant ageous 1 h o}, bee nown where FC- 14 cont ai nin t hyl ene
conpounds, hyd%%%{iogscggr@u% sgz c%trrt?@ﬂ'cnﬁlﬁé’(' P68 Ahd?bri?s 65"'6’6’% gl"ggl de,
as inpurities, Xt Wlléﬁ bhe CPth]#Cébyfe FiCgh4 pand t yhe-Gephraltiost free of

these inpuriti etShéx&m)bes eRt feMey VAifE1809d . Probi dah ok t}.{is'[hgopresent
i nvention has be de_under _t hese ci raqlumstances and the o ject of the

present inventi onan}p ©rt 8 BPOVE AT Pumetned: Fon E%Effﬁb’&%&ré FC-14 is
cont act ed > wi t Iredtaddéogbent £ tworenmhanky (@dBQr,ptaisoant Iilmﬁeriﬂ_ipprwﬂﬁms and

wher eby hi gh- purddiM £&Co ;.4 C L aign striall
advant ageous manner wth o@%w} of I ?Jabsﬁs?gge%g r es% prlppgxf!%nsi ve

i nvesti gati ons- (tsﬁesorjﬂa?ﬁ%e %ﬁfcﬁf@d@sc?v%@ ﬁ)ﬁfbbl ems, the present
i nventors have foupdsthasyre o mfmezs_anf or produm ng hi gh-purity FC 14,

25 when FC- 14 cont ai I rrpound dro ounds,

carbon nonoxi de and (%?Qg%?‘%lhé/ OXI r’ g %tﬁ’taﬁgé’ al!aé’aé‘ggg%‘f%d with
an adsor Bént cHPE| has nelolhean W@@anwaes@em-ﬂ% congragéngoethglaes and a
specific Si/A d’o&bbﬁndﬁﬂh@fdﬂ:c‘?a&’ﬁ%négﬁgéﬁn@éisQfg}%yn ;)hgn(,y@ggcgmjog evi ng

Carbon) having g gggchu c; gvera m%o Si ze, npurities can

sel ectivel y adsor remted™RYG A ghe pti |H%F1I1féef4aﬁlirr6§?r$l?3ée of
inpurities cafilgB-pBEiinel-Ikhalpossefiteé nveriliase Hapubéehes acgom i shed
based on this fobRdiA8d with good profitability.

15 - The present invention has been made under these
¢circumstances and the object of the present invention is
to provide a purification method where FC-14 is contacted
with an adsorbent to remove by adsorption those
impurities and whereby high-purity FC-14 can be obtained

20 in an industrially advantageous manner with good
profitability.

As a result of extensive investigations to solve the
above-described problems, the present inventors have
found that, in a process for producing high-purity FC-14,

25 when FC-14 containing ethylene compounds, hydrocarbon
compounds, carbon monoxide and/or carbon dioxide, as
impurities, is contacted with an adsorbent comprising
zeolite having a specific average pore size and a
specific Si/Al ratio and/or a carbonaceous adsorbent

30 (Molecular Sieving Carbon) having a specific average pore -
size, the impurities can be selectively adsorbed and
removed and high-purity FC-14 almost free of impurities
can be obtained. The present invention has been
accomplished based on this finding.

35 Thus, the present invention provides a method for
the purification of tetrafluoromethane and use of the
purified tetrafluoromethane, described in (1) to (15)



+ 35 Thus, the present invention provides a nmethod for the purification of
tetrafl| uoronethane and use of the purified tetrafluoronethane, described:
in(1) to (15 3 1 2 F E B 2004 below. (1) A nethod for the purification
of tetrafl uoronethane, conprising contacting tetrafluoronethane

contai ning one or nore ethylene 5 conpounds, one or nnrpzhyﬂﬁogmqbon
conpounds, carbon nonoxi de and/or carbon Mi-oxide, as inpurities, with
zeolite having an average pore size of 3.4 to 11 A and an Si/A ratio of
1.5 or |l ess andbgloq.carbonaceous adsorbent having an average pore size

of 3.4 to 11 Ato 10 educe t he anount, of t uriti es- (2) The nethod
as described in (1) bvé‘“ﬁﬁ Pdi °rtER?zﬂqﬁ£%a5%§%ﬁane cont ai ni ng the
inpurities is cmataafkmbromdﬂhaneolcbmpzmﬁﬂmg coméacaibgnaceous adsorbent in

a 1iquid phase.o15.¢RloHie iELA0HoRE IEALY I0He0 dinbdb GEnd Fnabove,

wherein zeolite 1s at | east one se ecte romthe rouB consi sting of
M- 4A, M5-BA  VBOPRXURGH MSS19R MPE§ HYAreRATRGR SSMBRURTS hetPTRPN( 1) or (2)

| above, wherei nmbhAexCaé Wwouaradﬁoﬂbﬁ&de ,S aeblimpukati& gwiritch 20 Car bon

4A and/ or nol ec tb ( T o] s, gdesger any
one of (1) to ?3?ir§ 3ﬁ£§e % %agerégﬁﬁ’ggggggg gy@eﬁg gg#%gﬁghsthe
sel ected fromtHé Qlo%&#kﬁnﬂﬁ dtBngrolees ndes, 2 FREBPBRERYHENe,

di f I(g;ar ogt hyl e\?ﬁd@@ﬂbé@% erwllzu@r agt QV&EQ@? p%'xe( @).Lz@hef”ma hoto abl ;iﬁailﬂl bed
in aboye, wherein e on e e ene conpounds are ethyl ene
and/ or gqrafl58?8%?h§n%ﬂﬂ?°uﬁf)O%ngﬁﬁf&Wﬁﬁ% as-“8escribed in any one of (1)

to (4) above wher ef ) t Htheome tbpdas ed éseiridesl Bon (donpboviels wisredme
sel ected fromt E@tgaﬁmf&@%'h%bnso%aﬂﬁﬁ@%e §hBaRetiandi PrapAR L elkb)
The met hod as described | n g above, wherein

with zeolite and/or the carbonaceous adsorbent in a

liguid phase. _

15 (3) The method as described in (1) or (2) above,
wherein zeolite is at least one selected from the group
consisting of MS-4A, MS-5A, MS-10X and M3-13X.

(4) The method as described in (1) or (2) above,
wherein the carbonaceous adsorbent is Molecular Sieving

20 Carbon 4A and/or Molecular Sieving Carbon 5A.

(5) The method as described in any one of (1) to
(&) above, wherein the one or more ethylene compounds are
selected from the group consxstlng of ethylene,
fluorcethylene, difluoroethylene and tetrafluoroethylene.

25 (6) The method as described in (5) above, wherein
the one or more ethylene compounds are ethylene and/or
tetrafluorcethylene.

(7) The method as described in any one of (1) to
{4) above, wherein the one or more hydrocarbon compounds

30 are selected from the group consisting of methane, ethane
and propane.

(8) The method as described in (7) above, wherein
the one or more hydroéarbon compounds are methane and/or
ethane. ' '

35 (9) The method as described in any one of (1) to
{(8) above, wherein the total content of the one or more
ethylene compounds, the one or more hydrocarbon



the one or nore hydrocarbon conpounds are nethane and/or ethane. 35 (9)
The met hod as described in any one of (1) to (8) above, wherein the total
content of the one or nore ethylene conpounds, the one or nore
hydrocarbon 4 1 2 FEB 2044 conpounds, carbon nonoxi de and carbon di oxi de
contained in the tetrafluoronethane is reduced to 3 pphorFAB2804 (10) The
net hod as described in any one of (1) to ‘(é)‘above, wherein the

tetrafl uoronmet hane cont ai ning one 5 or nore ethylene conpounds, one or
nor e hydr ocar bon “COfP80ATs , S TRBLMOREHSLEdand ner thore atilesidéi orndeiasd

inpurities i s prdduced bytrafliveemethuaei natiedd®t hed 30honr gactiog.

trifluoronmethane with i s.. (11), The,net hod as descri bed 1n any
one of (1) to 10 ég}ﬁ(ghg\?@?@m%%gﬁng?h e?‘éﬂ%ﬁf‘{l}d’r&%{t RERe°€oht hi ¥ ng one

or nore et hyl ene (édnpBEFels, vhsreior ther behyaf homrdrent hanenpousdsn i §@r S
nonoxi de andl/ or ear hone db€ne IS ombBRNES {1 £30 1 u direct
fluorination nmethod of Sf?gt:ti n gg‘?bon %M' tﬁé? lousroﬁo%geﬁ §§8¥i§b‘€’12) A
tetraf | uoromet hane proguct AV HgPaNPELEe 2Rt/ omgaghon ghexiderasor e,

whi ch i's obt ai ned™Byr petesris pgodubed py i & i diatdcan raaeek #hBgok Ond 1S dehod

‘as described in rasy:one ofi filbrbRef e..,(13) An etching gas
‘conprising the 20 tetf:nfl ulr-ometrha‘ﬁeljr;p-l%(?)gg%tvh elg‘l_c?ﬁlBSdg?-ﬁ'(ﬂ) above.

(14) A cleaning gas conprisienfethed etdegquidednénhane predett (deser i bed
in (12) abbe. |9 uskmarey, wl_hleee}bnesle@t'tétﬂ\éeﬂltdo%matﬁé(hé’eéoﬁ@aiﬁrfbg%nfzor
o e AR BB 8ot SR it
conpounds, car borCTRRITEE dEagRen ororestisten adiddoirdearhsn i dgunidd e Wi th
zeol i te having atmpueitdge ROrpréddfedivg o di®edl £1a86: AN S Alorhdl 9O
1.5 or | ess and/ar, oy hapageous, 30, adsarbent having an aver dge por 8%si ze
of 3.4 to 11 A to gas-

_ 15 (12) A tetrafluoromethane product having a purity of
99.9997 mass% or more, which is obtained by performing
the purification according to the method as described in

- any one of (1) to (11) above.
{13) An etching gas comprising the

20 tetrafluoromethane product described in (12} above.

{14) A cleaning gas comprising the
tetrafluoromethane product described in (12) above.

In summary, the present invention provides "a method
for the purification of tetrafluoromethane, comprising

25 contacting FC-14 containing one or more ethylene
compounds, one or more hydrocarbon compounds, carbon
monoxide and/or carbon dioxide, as impurities, with
zeolite having an average pore size of 3.4 to 11 A& and an
Si/Al ratio of 1.5 or less and/or a carbonaceous

30 adsorbent having an average pore size of 3.4 to 11 A to
reduce the amount of the impurities"”, "a
tetrafluoromethane product having a purity of 99.9997
mass% or more, which is obtained by performing the
purification according to the above-described method",

35 - and "an etching gas and a cleaning gas containing the
above-described tetrafluoromethane product". |

Best Mode for Carrying Out the Invention



‘reduce the anount of the inpurities", "a tetrafluoromethane product
having a purity of 99.9997 nmass%or nore, which is obtained by performng
the purification according to the above-described nmethod", 35 and "an
etching gas and a cl eani ng gas contai ning the above-described

tetrafl uoromethane product”. Best Mde for, Carrying Cuf tpgﬁ mﬁntlon -5
- 12FEB2004 For produci ng FC 14, for exanple a net hod gf eactlng

trifluoronethane wt | yor. ne h d of .reactin n wth
fluorine gas and a rr%%%c?&ogfmlflﬁaf%ﬁ’y é‘b&ﬁﬁfﬁ‘gﬁﬁg ?’é?‘?‘%??cﬁ tget hyl ene
are known. 5. WeIrtinssdridihodemetlmnesad thFEltdr bind agased & owettdiods odne  or
more et hyl ene Cﬁmn@sca%sn%@@rﬁmrn%caggoagdCgm@&mﬁf gear bon

nonoxi de and/ or arbgg i oxid uriti'es ue to I urities in the
m

raw materials, ¥&F I98°m8?§’a‘?ﬂ ctettrrzi‘cféuPl‘fﬁﬁFN’Jr%%e Etrr‘i’ad‘é"c’(&’iﬂygen trace
10 water Gont erfhar thesel meehoddeamss hydeeln e FCop oviieksi e tointad. ngynebe one

or nore conpoynds,S&l %%hgqe% Wd@ne gng uorlg)c{]ﬁgcjlati%ro- et hyl ene

(CH2=CHF), difl uoroeth arld tetraf ene (CF2 CF2)
15 The hydr ocar®¥® ouRasbed Manarddemapdper oparkan qrm?@d&)rr}@@unds -

sel ected from nitghanie ieeh, flue etbanurG2iies) inable PFAPaRRLLGIB), fofhe

boil i ng points o] e FC- 14 and urities under
at nospheri ¢ preegslﬂ‘yei%ér g&g%ﬁiéf ?racﬁat}fnguri’%lisbeﬁz% © PABI9% ™ E5ABBuNnd
NameChenildal FotdhsitaBonteny ®oithe (djkeGar bon monoxi deCO- 191. 5

Met haneCH4- 161. 5 FC‘I‘JaéCEﬂh_w}?@neEt ﬁ%@ﬁzcgﬁ‘@aﬂ% i M@ GH3R8R.

Di f| uor oet hyl eneCHZ CE2- rbé)
pounds selec from ethylene (CH,=CH,), monofluoro-

ethylene (CH@=CHF), difluorocethylene (CH,=CF,) and
tetrafluoroethylene (CF}=CF2).
15 The hydrocarbon compounds contained may be one or
more compounds selected from methane (CH,), ethane (C,H,)
and propane (C;H,).
The boiling points of the objective FC-14 and those
impurities under atmospheric pressure are shown in Table

20 1 below.
Table 1

Compound Name Chemical Formula Boiling Point (°C)
Carbon monoxide Cco -191.5
Methane CH, -161.5
FC-14 CF, -128
Ethylene CH,=CH, ~103.7
Ethane CH,CH, -89
Difluoroethylene CH,=CF, -83
Carbon dioxide Co, -78.5
Tetrafluoroethylene |CF,=CF, -76.3
Monofluoroethylene CH,=CHF -72
Propane , CH,CH,CH, -42.1

These impurities are very difficult to separate by a
distillation operation because the objective FC-14 forms
25 an azeotrope-like mixture therewith or as seen from Table



Tetraf l.uor oet hyl eneCF2=CF2-76. 3 Monof | uor oet hyl eneCH2=CHF- 72
PropaneCH2CH2CH3-42. 1 These inpurities are very difficult to separate by a
distillation operation because the objective FC14 forns 25 an
azeotrope-like mxture therewith or as seen from Table -6 12FEB264 1, the

boi I'i ng points are approxi mated. To cope with this, in‘ah PEHI naky
distillation operation, the nunber of sTa@es of the distillation tower is

i ncreased or th§ Qﬁeﬂb}gr' of distillation towers is increased to reduce the
5 inmpurities as fuch a CPodtd Bod N EROAES etbPadRigaitednot Topeabé taltte and,
- noreover, high-phist ylFGrlbralinasy #16€i110ftidReSpekARYSL! i £ GRfagrdly be

obtained. in thgepse d ti .for_selectively adsorbin an
AR 90 L

renovi ng these | r’rﬁ%l ies in 196 WHETN S ahCaRSRE Iy dheor €

size of 3.4 to atf gissiilAntion itowsrsl iS5 dnckease@ntd Qfedice the

car bonacedus adsmpibeittigsMalse@ubRras Shad g La av, an. average pore

size of 3.4 to Lgfﬂof(jﬁaibﬁeu%%g as the%acgésgggjggﬁt hggg%eﬁba%@% nlgs 17 aver age

pore size, a gas_adsorption process s i IArPYRstEECHE! almagtedre@0

adsor bent obt ai Yed-hfFeadapngibienrdomasedly BEsepbeiieq havi ng an aver age

pore size of 3.4 torhlthet grégohdt I ap _average pore size of 3.4 A

to 11 A and an aﬂc{ Al ratig of&lll% ,Sﬁor _\Eés%g.’ ’?’ﬂ% f%tjr"zft]iyo agsogbind her ei n

is an atomic ratio. 25 8EetP?Te WRuHitdesolnt Re-14purddliiee havERy ldn

whi ch - cdf be rastaragd byressize tdrese 4ad§onlpeﬂt§mdrm,yg;le/MuQ%@Fgrg%ed
thyl'enée™ and

conpounds such 1% ethykege fl oet hyl ene, . di fl uoroe
tetraf| uor oet hg}iene, h dro%%?%%cglé%%ﬁﬁagzg‘&%ha%%orﬁ?%t(ﬁaﬁ@?ub@hane and

propane, and oxy§enr€o 5P hdraviaspenndvesagd more arilzen of0B0Xi €6 aNd
carbon di oxi ded As uské &smeétddﬁ%rth€t9r§5¥iﬁgé%dﬁyﬂﬁl%gg’average
tetrafluoroethﬁb%aesiESE*E”5%s %%%%93t183r5¥ghé§§“ﬁgin% %2 gas may be

15 used, _

Thus the adsorbent is (1) zeolite having an average
pore size of 3.4 to 11 & and an Si/Al ratio of 1.5 or
l?ss,‘(Z) & carbonaceous adsorbent having an average pore
size of 3.4 to 11 A (Molecular Sieving Carbon) or (3) an

20 adsorbent obtained by adding a carbonaceous adsorbent E
having an average pore size of 3.4 to 11 A to zeolite ?
having an average pore size of 3.4 A to 11 A and an Si/al
ratio of 1.5 or less. The Si/Al ratio as used herein is
an atomic ratio,

25 Specific examples of the impurities in FC-14, which
can be removed by using these adsorbents, may be
unsaturated compounds such as ethylene,
monofluoroethylene, difluoroethylene and
tetrafluoroethylene, hydrocarbon compoﬁnds such as

300 ' methane, ethane and pPropane, and oxygen-containing
compounds such as carbon monoxide and carbon dioxide. As
the impurities, preferred are ethylene,
tetrafluoroethylene, methane, ethane, carbon monoxide and

carbon dioxide, and more preferred are ethylene and
35 ethane.

The difference in the molecular size between the
objective FC-14 and these impurities is small, therefore,



carbon di oxide, and nore preferred are ethylene and 35 ethane. The
~difference in the nol ecul ar size between the objective FC 14 and these
inmpurities is small, therefore, Thus the adsorbent is (1) zeolite having
an average pore size of 3.4 to 11 Aand an Si/A ratio of 1. SZﬁﬁ | ess,
(2)..a carbonaceous adsorbent having an average pore si z\e2cﬁE lto 11 A
(I\/bl’ecul ar Sieving Carbon) or (3) an 1 2 KEB 2004 - 7 selective
adsorption and renmoval of the inpurities in FG 14 can hardly be attained
only by the di ffse[@@E;Bvd radtsbJQ tifehe&tﬁ Herphvhl: okNthBeiREESAled NKHERELON,
by taking accoynt of 5% and si_ze of ghe aggor bent, the 5

fol | owi ng three i nd% b@ﬁt% g byst Sr Pt Wmt@ﬁ can
sel ectively adsbpbeanienr @mzee t e tlnermrreisteines inVhetion stbyadskilmgnt i s
zeolite having g@c@yﬂqﬁe n ' tio of
1.5 or 10 less lsgqe fic g)%gw?:gsgﬁ%groe%f él %gl éé % Eg%ad]i\]??r(zt& ﬁég an
average pote si Pl bW Lo i r 85k naH P R dSOrRENt B a2 TS WFed &8 4By per f or mi ng
an adsorption opésathert whithgchhi sezRiiviedy hBSoE®N et fenfveetkl ene,
tetrafl uoroet hy}_ﬁ@r J®ihane, ethane, carbon nonoxide and 15 carbon

di oxide as inpurities can be reduced. Depending on the kind of zeolite,
the inpurity cont entThead iBet pdserekantevien zeolbtephaving aus amedagher eby,

high-purity FGde caneberobt ai feth1 If 20kt mhgwmp& dE/Q 308 por e si ze
si ze of _about I's used, a

of less than 2 for.ex
reduct i onr@n thgeslsﬁpué;pfeﬁlébﬁt%%T%)mélaerﬂﬁ?‘eﬁsogeﬂ‘ﬂ‘e‘&e P@/éﬁ‘ wh@‘?e“t\he Si/ A
ratio is 1.5 orhdess apesagahpore heizdi oAl abatit03is A.dndranl sis’All n the '
case of zeoliterdad g qngavegﬁqeemﬁlﬁlgzgnl Qd@é{[i?@%rp et%%t

er rmr e,

reduction in the_ i %I .ty co tent cannot verl
when the aver ag"emﬂg)é‘ SfzE&°P 1*?‘?'orﬁhe Yontents of ethylene,

tetrafluoroethylene, methane, ethane, carbon monoxide and

even

15 carbon dioxide as impurities can be reduced. Depending
on the kind of zeolite, the impurity content can be
reduced even to 5 ppm or less and thereby, high-purity
FC-14 can be obtained. |

If zeolite having an average pore size of less than

20 3.4 A, for example, a pore size of about 3.2 A is used, a
reduction in the impurity content cannot be verified,
even where the Si/Al ratio is 1.5 or less.

Even when the Si/Al ratio is 1.5 or less, in the
case of zeolite having an average pore size in excess of

25 11 A, a reduction in the impurity content cannot be
verified.

Furthermore, even when the average pore size is from
3.4 to 11 A, in the case of zeolite having an Si/Al ratio
in excess of 1.5, a reduction in the impurity content

30 cannot be verified,

The second adsorbent is a carbonaceous adsorbent
(Molecular Sieving Carbon) having an average pore size of
3.4 to 11 A. For example, a carbonaceous adsorbent
having an average pore size of about 4 A, like the above-

35 described zeolite, can reduce the impurity content to 5
ppm or less and thereby, high-purity FC-14 can be
obtained.



3.4 to 11 A in the case of zeolite having an Si/Al ratio in excess of
1.5, a reduction in the inpurity content 30 cannot be verified. The second
adsorbent is a carbonaceous adsorbent (Mol ecul ar Sieving Carbon) having
an average pore size of 3.4 to 11 A For exanple, a carbonaceous

adsor bent having an average pore size of about 4 A Ii%e Bﬂﬁ%iﬁ@”e 35
descri bed zeolite, can reduce the inpuritd content to 5 1) rtU¥ess and

t hereby, high-purity FC-14 can be obtained. -8- 12FEB2U04 However, in the
case of a carbonacedexewrisorserhe hase mf an cavrdoageeposead$orbdnt excess of

11 A reductiORavifgtdye dvEdigel potONE£IE GRRREsRE¥el ) A edrafithe foqr
exanple, in the cgﬁe of activated carbon havin 5 average_pore size of

an
about 35 A, whitBh™1® YUYy CRBERDt SFRANS DS g@réf‘-i‘-ﬁﬂga%‘asof}%i on
activity, al noskampler educiheorast bfpartivaaedcanarbenveavingdan The third

adsorbentgi s ané‘gé%%q%g}eagqtz@i B?d?}? e afdigng X 0g) cgnuﬁ:@t{ﬂ?% pus

adsor bent (the second 1 sor bent aving dn average pore si'ze of 3.4 to
11 A to zeol i #Bd(eHRIBiYSs5t5058r PEFRYPHAN RGtdisVer A4BOPOIO si ze of 3.4

to 11 A and preéaieblon Raviinguant Sbd Abad &ld Qe@firiddd or | ess. Depending on
the kind of this adfrﬁertk Nty Eihe !'ﬁnEurjty cO tenb c?n ﬁe reduged to even 3
ppm or |ess 15 and ther FEOTRTRENY nf® TG REFOpRPREyOREM ai ned.
This is thoughtddendcluxilsgdaaseareoiiceusaadanrbroel [ e sdagmst i on of

adsor bi ngo par t 4gsbAsdk \C HRYAGTRAOK Sheage GRAROB1dE0XE DS, ang, the 3 itge1 _
whereas the car bﬁﬁgeou idsor bent has an excellent function of adsorbing
20 particul arl §® § e d1E8hpBdsientd TRYIPIKED AVRF TR POThELEet wo

adsor bents ar ecfiskdt ite ddnfdi pati prefambdif davingt ani ifAblmtio oife

conbi nati on use, s S5 NYULHt 8Ubend. -d i Qed | ]

car bonaceous dsor bent, can b%eﬁs%gga o\r%gleb(gﬁ'ﬁ?mggoir:ﬁ%rée&{?tn%}gltdf the 25
adsor bents may“%f sPRE Wi¥edOPReRbrtAhRa dieddred HRsPYRHY 3 RRIHGI il6AS I n
the casel®df thend hiletedgsecbent hativeg higher purity can be obtained.

This 1s thought to occur because zeolite has an excellent
function of adsorbing particularly carbon monoxide,
carbon dioxide and the like, whereas the carbonaceous
adsorbent has an excellent function of adsorbing

20 particularly unsaturated compounds and the like, and when
these two adsorbents are used in combination, an effect
attributable to the combination use is brought out.

The above-described zeolite and carbonaceous
adsorbent can be used alone but two or more kinds of the

25 adsorbents may also be used in combination at a desired
proportion. In the case of the third adsorbent, the
mixing ratio between zeolite and the carbonaceous
adsorbent may be varied according to the concentration of
impurities.

30 The ethylene compounds, hydrocarbon compounds,
carbon monoxide and/or carbon dioxide as impurities
contained in FC-14 are not particularly limited on the
concentration, however, the concentration is preferably
0.1 mass% or less, more preferably 0.05 mass% or less.

35 In the case where impurities other than those
described above, for example, perfluorocompounds such as
FC-116 (CF,CF,)} and FC-218 (C,F,) are intermixed in the




m xing ratio between zeolite and the carbonaceous adsorbent nay be varied
according to the concentration of inpurities. 30 The ethyl ene conpounds,
hydr ocar bon conpounds, carbon nonoxi de and/ or carbon di oxi de as
inmpurities contained in FC-14 are not particularly limted on the
concentration, however, the concentration is preferably &%mg% or

| ess, nore preferably 0.05 nass%or 1ess.” 35 In the casg ere rnpurities
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obj ecti ve FC l4ndt hemgpesd Ibyopecdopmning sa chirsthié 1e¢panabperataieh redrnineed by
perform ng a di.st] ] e i i fare r Step of
treatment wit hbglﬁél:%g%%/g&%g’s%?%bggegdégr reer?tt&%egrtl H%R?%rgt%%% or the
purification ofleFeriked adsorden§-to the present invention, the method of
contacting FC 14 conf adnd @ thBEUEbET €8 Wil fARaddsar benrcissnot limted
and, for exanpl 14 co ini I iti

e, FC ainin uriti.es b ed wth the
adsorbent in aa5605§331é%utso §sé’,reg§nba Q‘fe?r}ftﬁo&'g%ﬁteagﬁgﬁg& g&i naliquid
phase. Anong thestactimg At-HddcohtebningtingurACies wibht aR MIRPILEIF i ti es
with the absorbgnhot M findddiiiiadd, PR8sCeksnild,| FicAl aBHtRIeIggred. For
contacting FC-14 coptaining i-npurities th th%@ % adéor ent inaliquid
phase, a knownlPRERbHIRHAR a?ebSPEﬁaCE?/%\{“é‘rﬁtbrt oAEPREBERT sY&t2m may be
used, however, gandoss rpreddey, by geshbiqeid prowiadicigg bor imxarplaid wo
uni ts of fixedpheds! Y ng s enBLON: hEVRE SR 9888RAkE 1ng e ! oyed and

aches 13 saturat’ea 0 a

when one unit reaches, ] Ir 3 , sorption limt, the other unit is
then used and £RBtaining impuritdes piektide tbsce§ensr afi dntiMid he tine of
contacting FC phaseni<idifigienfipuhit pesfavddi.an adsorbent, the treating

tenperature, - the trsated anounl apdidne, 1u.83tind JAERISUEEs AF AN Un?S
particularly |imted,” however, fhe trea?ng enperature
15 adsorbent in a liquid phase, a known method such as batch
system or continuous system may be used, however,
industrially, a method of providing, for example, two
units of fixed bed-type absorption towers may generally
be employed and when one unit reaches its saturated
20 adsorption limit, the other unit is then used and the
first unit is subjected to regeneration.
‘At the time of contacting FC-14 containing
impurities with an adsorbent, the treating temperature,
the treated amount and the treating pressure are not

25 particularly limited, however, the treating temperature
is preferably low and suitably from -50°C to +50°C. The
treating pressure may suffice if, in the case of a liquid
phase, the liquid phase can be maintained and in the case
of a gaseous phase, the treating pressure is not

30 particularly limited. |

As described above, by using the purification method
of the present invention, ethylene compounds, hydrocarbon
compounds, carbon monoxide and/or carbon dioxide
contained in FC-14 can be effectively adsorbed and

35 removed and thereby high-purity FC-14 can be obtained.
The purity of FC-14 obtained is 99.9997 mass% or more and
for the analysis of FC-14 products having a purity of



is preferably low and suitably from-50C to +50C. The treating pressure
may suffice if, in the case of a liquid phase, the liquid phase can be
“maintained and in the case of a gaseous phase, the treating pressure is
not 30 particularly limted. As described above, by using the purification
nmethod of the present invention, ethylene;ganpounds, MyﬁrBEBrﬁm
“conpounds, carbon nonoxi de and/or carbon dioxide <contained in FC 14 can
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gas ‘at the et chigthingpghB atpmé:eescs:rﬁfngp%eeycs.ﬂga &m&%dtb%b%cﬂﬁcyl ce.
Furt hernore, the Mé% Iggurlt FC: s at

ani.ng ga
cleaning step i i &5 BFoLags™ iﬁ%ﬁﬁﬁdln&uﬁtggﬁW%ﬂ%Udﬁ?%Sl 383 tYanflo
producti on procéss can QGSEﬁe@onduthma@amgcgasuch agsleBiningndt&pTinaat hin

or thick filmiremRdorshhgud M a Beiednadestldgricll mehhad or a
vapor depgiltlon met hod and the filmis etched to forma circuit pattern.

In an r at uPTPGICESPRI RECTIRS (9fi R éﬁmﬂﬁpeﬂuﬁ%de&«%ﬁeﬁm s 15SI
“performed to rermwe TETReeesisin ordapdeikt $iamcisufedmst aisinighe teper wal | of

pop obparatus: et ndlilt 0 bilter | APGRURBAIBACE DAY AHRAT! B0 AlERoa

generation of particles a noved occ to pro Gce a
~good-qual ity fila®d 2bej fllneietatinhed by ﬁﬁémuéeC%ﬁCWNS-P@ttﬁﬁé et Ehi &y nay

" be performed un@@pa‘tathguﬁoﬁrﬁbﬁrh%@ F&ﬁeCQBﬂhtbﬂnt&uSﬂ@ffﬂ& RhasfBn®t £i Ny

~and nicroyave e%&BEng egngo rem e gse gggrgié %ﬁ 9 m%tgﬁgn i nert

gas such as He % 555 8tEn pade: o] 2R an
the inner wall of the apparatus, jig and the like,
because unnecessary deposits cause generatlon of
particles and must be removed occasionally to produce a
good-quality film.

20 In the etching by the use of FC-14, the etching may
be performed under various dry etching conditions such as
plasma etching and microwave etching, and FC-14 may be
used by mixing it with an inert gas such as He, N, and
Ar, or with a gas such as HCl, 0, and H,, at an

25 appropriate proportion.

The present invention is further illustrated below
by referring to the Examples and Comparative Examples,
however, the present invention should not be construed as
being limited to these examples.

30 Raw Materlal Example 1 of FC-14

Carbon was reacted with fluorine gas in the presence
of a diluting gas, unreacted fluorine gas was removed,
and the product gas rich in FC-14 was purified by
fractional distillation according to a conventional

35 method. Then, the product gas was analyzed by gas
chromatography, as a result, the obtained FC-14 had the
composition shown in Table 2 below.
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Raw Material Example 2 of FC-14
Difluoromethane (CH,F,) was reacted with fluorine

5 gas in the presence of a diluting gas, then the reacted
gas was introduced into an alkali cleaning tower to
remove hydrogen fluoride generated and the slight amount
of unreacted fluorine gas. The product gas rich in FC-14
was purified by fractional distillation accorxding to a

10 known method and analyzed by gas chromatography, as a
result, the obtained FC-14 had the composition shown in
Table 3 below.

Table 3

Compound Name Chemical Formula Purity (mass%)
FC-14 CF, 99.9722
Carbon monoxide co 0.0005
Carbon dioxide co, 0.0025
Methane CH, 0.0004
Monefluoroethylene CH,=CHF 0.0056
Difluoroethylene CH,=CF, 0.0038
Tetrafluoroethylene |CF,=CF, 0.0108
Trifluocromethane CHF, 0.0042

15 Example 1

Into a 200 ml stainless steel cylinder, 20 g of
zeolite (Molecular Sieves 4A, produced by Union Showa
K.K., average pore size: 3.5 A, Si/Al ratio:
filled and vacuum dried, then about 70 g of FC-14 of Raw

1) was

illustrated
however ,
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0. 0098
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Car bon nonoxi deCQ0. 0005 Car bon di oxi deCO20. 0025 Met haneCH40. 0004

Monof | uor oet hyl eneCH2=CHFO0. 0056 Di f | uor oet hyl eneCH2=CF20. 0038

Tetraf | uor oet hyl eneCF2=CF20. 0108 Tri fl uor omet haneCHF30. 0042 15 Exanple 1
Into a 200 mM stainless steel cylinder, 20 g of zeolite (Ml ecular Sieves
4A, produced by Union Showa . Ec. K., average pore size: ﬁs pLEBRQ'gMAI ratio:
1) was filtled and vacuumdried, then about 70 g of FC aw 1 2 FEB
2004 - 12 Material Exanple 1 was filled while cooling the cylinder, and
the contents were occasionally stirred while keeping the tenperature at
-20C. After about B hours, the liquid phase part was anal yzed by gas

- chromat ogr aphy.MaterTak mnabysils waese] 1sdawei shews1iny tabl eydideek-ow. Table
4 Conmpound NanmeGhewi E I ri (s 99 EC-14 9992 .Car bon
ook doCO0. O e poEah E AR b TRE I R BoREei T

 Et hyl eneCH2=CHZS. BRI PEHFRfGTUORBE-hy PEPRICRREEF ) h0DS, the

Et hia_n;a--ﬁl—l-_, CH, 10.5008 Iprissel §aﬂpm5eglﬁa1;}ngg155£e3age§*ggn%t%gf;1 e :1_, byf uii ng
zeolite haying r re.size o .5,’A apd an ratio o as
t he adsor bent, 1?’}%69%%;3 g Suleirt?ﬁu?lf? S8V kP E&ggﬂ %é’ﬁ&B‘é‘ reduced and the
inpurity content can be reduced to f@Pppntor less. Exanple 2 into a 200

n stainl ess diCespound Nader, 20 §Chomicdlb reemiid € | pWPIBE[aks & eves] 13X,
produced by Ur iFgulé'nuvva KK——ax gFage—pore Stzes %9_&\99235 LA Fratio] 1.23)
- Was Carbon monoxide co : “T<0.0001
Carbon dioxide co, . <0.0001
Methane CH, <0.0001
Ethylene CH,=CH, <0.0001
Tetrafliuoroethylene |CF,=CF, 0.0003
Ethane CH,CH, 0.0001

As is apparent from the results in Table 4, by using
zeolite having an average pore size of 3.5 & and an $i/Al
10 ratio of 1 as the adsorbent, the amount of impurities in
FC-14 can be reduced and the impurity content can be
reduced to 10 ppm or less.
Example 2
Into a 200 ml stainless steel cylinder, 20 g of
15 zeolite (Molecular Sieves 13X, produced by Union Showa
K.K., average pore size: 10 A, Si/Al ratio: 1.23) was
filled and vacuum dried, then about 70 g of FC-14 of Raw
Material Example 1 was filled while cooling the cylinder,
and the contents were occasionally stirred at room

20 temperature (about 18°C). After about 8 hours, the

liquid phase part was analyzed by gas chromatography.
The analysis results are shown in Table 5 below.



filled and vacuumdried, then about 70 g of FC-14 of Raw Material Exanple
1 was filled while cooling the cylinder, and the contents were
occasionally stirred at room 20 tenperature (about 18C). After about 8
hours, the [Iiquid phase part was analyzed by gas chronatogr a%ﬁ The
analysis results are shown in Table 5 below. 1 2 FEB 2b@F bl e
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As is apparent from the results in Table 5, by using

zeolite having an average pore size of 10 A and an Si/al
5 ratio of 1.23 as the adsorbent, the amount of impurities

in FC-14 can be reduced and the impurity content can be
reduced to 10 ppm or less.

Example 3

Into a 200 ml stainless steel cylinder, 20 g of

10 carbonaceous adsorbent (Mclecular Sieving Carbon,

produced by Takeda Yakuhin Kogyo K.K., average pore size:
4 A) was filled and vacuum dried, then about 70 g of FC-
14 of Raw Material Example 2 was filled while cooling the
cylinder, and the contents were occasionally stirred at

15 room temperature (about 18°C). After about 8 hours, the

liguid phase part was analyzed by gas chromatography.
The analysis results are shown in Table 6 below.

Table 6

Compound Name Chemical Formula Purity (masss$)
FC-14 CF, : 99.9992
Carbon monoxide co 0.0001

Carbon dioxide co, 0.0002
Methane CH, 0.0001
Monofluoroethylene CH,=CHF <0.0061
Difluorcethylene CH,=CF, <0.0001
Tetrafluoroethylene |CF,=CF, : <0.0001
Trifluoromethane CHF, 0.0001




Car bon di oxi deCO20. 0002 Met haneCH40. 0001 Monof | uor oet hyl eneCH2=CHF<0. 0001
Di fl uor oet hyl eneCH2- CFz<0. 0001 Tet rafl uoroet hyl eneCF2=CF2<0. 0001
Trifluoromet haneCHF30. 0001 1 2 FEB 2004 -- 14 As is apparent fromthe
results in Table 6, by using a carbonaceous adsorbent having an average
pore size of 4 A (Ml ecular Sieving Carbon) as an ae\sgrpegtmﬁéhe anount
of inpurities in FC-14 can be reduced and the inpurity 5 content can be
reduced to 10 ppmor less. Exanple 47 tfo~a 200 m stainless steel
cylinder, 15 g of zeolite (Ml ecul ar Sieves 4A, #;%gﬂce Uni,on Showa
K K., average pore 8Fzt 2BP8TRDt TR thefesults £0° i 'th 58 of a
car bonaceous adscrisboraqedvsesd$arbeSitebaning Gar bveragsr pdue etlidsy cfakeda

Yakuhi n Kogyo K Kuola¥el308iePOhE cairB6n Pladt af) a¥@srddnk!, eehandhataguum
dried, then abo%:1 vva%fllled

. 70_g .of FC 14 of Raw Material EX le;1
while cooling% émBW%ﬁ?@r ,malf'n(f:l'lt"’hgae\cl)\‘i’]‘? eﬁ?t%gcﬁﬂr%n%cr{@&lm a1 15 stirred
at room t énper &oatent absubel sejucesf tor Latmpm o8 1¢®rs,' the |iquid phase
part was anal yzed byx&gfie ghromatography. The analysis results are shown

in Table 7be|ow.g | e ondlSlg (;t&gnichorrul uy i (rmass%
FC- 14CF499. 9994 Car e b 'glgég_f‘d.“ A elgéogyllno%(elrde ,ié%001
Met haneCH4<0. 0GGPLlEE Ry Modecrdacifieyes ot PECARFEURIOINAGE eTRAME2=CF2<0. 0001
Et haneCH3CH3<0.MI&0] 2@:=rEgedpbes ine:t hes dgnsenil of ativace) imed ti es,
10 with 15 g of a carbonaceous adsorbent (Molecular Sieving

Carbon, produced by Takeda Yakuhin Kogyo K.K.: average

pore size of 4 A) was filled and vacuum dried, then about

70 g of FC-14 of Raw Material Example 1 was filled while

cooling the cylinder, and the contents were occasidnally

15 stirred at room temperature (about 18°C). After about 8

hours, 'the liquid phase part was analyzed by gas
chromatography. The analysis results are shown in Table

7 below.
Table 7
Compound Name Chemical Formula Purity  (mass%)
FC-14 CF, 99.9994
Carbon monoxide co <0.0001
Carbon dioxide Co, <0.0001
Methane CH, <0.0001
Ethylene CH,=CH, <0.0001
Tetrafluoroethylene |CF,=CF, <0.0001
| Ethane CH,CH, - <0.0001
290
To determine the content of trace impurities,
microanalysis was performed by gas chromatography using
TCD method, FID method (including precut method) or ECD
method, or by an analysis instrument such as gas
25 chromatography mass spectrometer (GC/MS), and from the

values obtained, the purity was calculated. The results
are shown in Table B.
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i nstrument such as gas 25 chromat ography mass spectroneter (GO MS),
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As is apparent from the results in Table 8, the
purity of the FC-14 obtained is 99.9997 mass% or more.

Comparative Example 1

Into a 200 ml stainless steel cylinder, 20 g of
zeolite (Molecular Sieves XH-9, produced by Union Showa
K.K., 3.2 A, Si/Al ratio: 1) was
filled and vacuum dried, then about 70 g of FC-14 of Raw
Material Example 1 was filled while cooling the cylinder,

average pore size:

and the contents were occasionally stirred at room

temperature (about 18°C). After about 8 hours, the

liquid phase part was analyzed by gas chromatography.
The analysis results are shown in Table 9 below.

Table 9

Compound Name Chemical Formula Purity (mass$)
FC-14 CF, 99.9698
Carbon monoxide co 0.0004

Carbon dioxids co, 0.0051

Methane CH, 0.0012
Ethylene CH,=CH, 0.0111
Tetrafluorcethylene |CF,=CF, - |0.0027

Ethane CH,CH, 0.0097

As is apparent from the results in Table 9,
when the si/Al ratio is 1, if the average pore size of
zeolite is less than 3.4 &, almost no reduction in

even

impurities can be verified.



Et haneCH3CH20. 0 997 As is apparent fromthe results in Table 9, evetnh when
the Si/A ratiois 1, if the average pore size of zeolite is IeésBzma[]
‘3.4 A alnost no reduction in 20 irrpurltlles cantbeI Vg;lrlnggr 12F o
ative Exanple 2 Into a 200 ml stainless stee
Sgglpﬂe (H-ZSMrrp produced by N.E. ChemS:aEI _Kg tﬁ\éﬁr:bfufﬁ%é{gﬁgelzc?lﬁ,
' io: 75) was filled and vacuum5 dried, .
(?:‘//Iglawr%}altgri aI)Exaan el was filled while cooling the cyli nder,8<'énd t he
contents were occasionally stirred at Yooemtenperature (about 18C).
After about 8 hours, the liquid phase part was 10anal yzed b% Igas Table 10
chr omat ogr aphy. Thec%il}ii’élr%’r‘ée E&3nPles 2are shown in Table 10 bel ow

49 Car bon
Compound Narre FC 14GHenc200 Far st fleh! ¥ o139 9ndFA9 Et hyl ene
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CH2=CH20. 0098 Eg}éafluorg 1/Al ratlo 75) was fllled and vacuum

5 dried, then about 70 g of FC-14 of Raw Material Example 1
was filled while cooling the cylinder, and the contents

16

were occasionally stirred at room temperature (about
18°C). After about 8 hours, the liquid phase part was

analyzed by gas chromatography. The analysis results are

10 shown in Table 10 below.
Table 10

Compound Name Chemical Formula Purity (mass%)
FC-14 CF, 99.9733

Carbon monoxide Co 0.0003

Carbon dioxide co, 0.0047
Methane CH, 0.0009
Ethylene CH,=CH, 0.0098
Tetrafluoroethylene CF;=CF2 0.0021

Ethane CH,CH, 0.0089

As is apparent from the results in Table 10, even
when the average pore size is 6 &, if the Si/al ratio of
15 zeolite exceeds 1.5, almost ne reduction of impurities
can be verified.
Comparative Example 3
Into a 200 ml stainless steel cylinder, 20 g of a
carbonaceous adsorbent (activated carbon, Particulate
20 SHIROSAGI KL, produced by Takeda Yakuhin Kogyo K.K.,
average pore size: 35 A) was filled and vacuum dried,
then about 70 g of FC-14 of Raw Material Example 2 was
filled while cooling the cylinder, and the contents were

occasionally stirred at room temperature (about 18°C).

25 After about 8 hours, the liquid phase part was analyzed
by gas chromatography. The analysis results are shown in
Table 11 below.



As is apparent fromthe results in Table 10, even when the average pore
size is 6 A if the Si/A ratio of 15 zeolite exceeds 1.5, alnobst no _
reduction of inpurities can be verified. Conparative Exanple 3 Into a 200
m stainless steel cylinder, 20 g of a carbonaceous adsorbent (activated
carbon, Particulate 20 SHI ROSAG KL, produced by TdedEEB’azﬂﬂ-i n Kogyo

K. K., average pore size: 35 A was -fll’ﬂ ed and vacuumdried, then about 70
g of FC-14 of Raw Material Exanple 2 was filled while cooling t he
cylinder, and the contents vvere otalalss arlally stirred at roomtenperature
(about 180 Ater—about—-S8 i d Pakhs analyzed
by gas chrow%?‘%’ od Namer) o anal \?gieglcréelqﬁomugérp ?hﬁﬁy.ﬁ ,%ﬁse 111 bel ow.

i 2 FEB 2004Fc-7 Table 11 Corf8und NaneCheni caqlngaﬂﬁﬁl aPurity (mass%
FC- 14CF499. B9 SmamBRBx JAITOXT 08gg0. 0004 Car bon dj mxaodaCO20. 0021
Met haneCHaO)] ] t-hl-enecH2=CHFO- 893857572
Di f | uor oet hyFRIRSEHILBERFE 0026 &Pk af | uor oet hyl eneEP2CE20_0079
Tri f1 uor omet hettemer30. 0034 As i|$Happarent from tf-4ults in Tabl ¢ 11,
wWith a car boRrEdscatsPIdent [[EayidEFr an aver age paosssi ze in 5 exgess of

11 A, reduct lannol— e verifie U%uaL rTat

Appl i cabilif 9iniﬂFP8Fﬁ¥jlﬁnc? t he pﬁﬂés%ﬁt i nvention| the_amunt of
‘inpurities ¢toatesfledroatietenaf || WLoHRt hane whi ch %aQWt?een 10 heretjof ore

very diffi Cij}rt_l_fmdrtamgfﬁand)dl tT LdgFaru y_ethytrene cmrmm;unds hydr ocar bon
conpounds, cal mnoxi de_and/or Parhnn di-oxi-d €A be—retteed- he

hi gh-

As is apparent from the results in Table 11, with a
carbonaceous adsorbent having an average pore size in
5 excess of 11 &, reduction of impurities cannot be
verified,.
Industrial Applicability
According to the present invention, the amount of
impurities contained in tetrafluoromethane which had been
10 heretofore very difficult to remove, particularly
ethylene compounds, hydrocarbon compounds, carbon
monoxide and/or cérbon dioxide can be reduced. The high-
purity . tetrafluoromethane, after purification, can be

used as an etching gas or a cleaning gas.



purity.tetrafl uoronethane, after purification, can be used as an etching :
gas or a cleaning gas. 1 2 F E B 2004 -1s- CLAIMS 1. A nethod for the -

purification of tetrafluoronethane, conprising contacting
tetrafl uoronet hane containing one or 5 nore ethyl ene conpounds, one or

nore hydrocarbon conmpounds, carbon nonoxi de and/ or qazf'qg:_rBQ[mip(i de as
inpurities with zeolite having an average pore size o0 .4 toit A and an
Si/Al ratio of 1.5 or less and or a carbonaceous adsorbent having an
average pore size of 3.4 to 11 Ain a li-qaid phase ' 10 to reduce the
anount of said inpurities. 2 . The nethodmmas claimed in claim1l or 2,
wherein zeolite Rs atA|mgadiedofer seleglueds { camdoer e ot £ 168Shst gL Of
M5- 4A, N5- 5A, %Jig(nan% l\/? 13X. 3. Tgﬁt method as claimed in claim? or
2, wherein 1 &5 hSACROLE R B hrhuoremgbhans)| sPRerERing eae bar 4A

and/ or Mblseculcare SitdylBge Cabhssurhty, bne okhandrt hadidSathah ”Egmééhn%f' one
e I

of clains 1 to 4, wherein the one or nore ethylene conpounds a

sel ect ed froMAFREgMANS*d8Rsi MA/RE oFarhomy| dirxide) abucmparhiyliene with

di fl uor oet hyl.ene; andpieidaf L oLe, I o i N thod, as,cl aimed in
claim5, wherein the onegaor rmr%t%zéh gﬁe sé%ﬁp@&ng's'qgrteo ejtﬁy‘ﬁeﬁ‘édaﬁal or
tetraf | uor oeShypbn&aty ' of TheS nerhddsasaod abred icaranyaceeusf addodibebe! tO

25 4, wherei Ralhgy O Pe _,Eeg{;l%gr&%r g’%n 399”981199%3_{9 S§J ected f;gm the

group consi sting of methan ane an propane.
- claimed ilh cFai Feducenhibe eampuntte of opeidrimgor ét faslr ocar bon conmpounds are

met hane and/or 39 ethapg. The _met hod as, cl gined. in_apy one of clains 1
to 9, wherein the t.o?gf n(‘:%:n Oé‘}]ntasof:&?ﬁ’ge‘grfé‘ 218 & 8F n$i ST eddnpounds,
the one or ntfHPdiscat brastompeuneiectad foom the group

consisting of MS-4A, MS~5A, MS-10X and MS-13X.
3. The method as claimed in claim 1 or 2, wherein
15 the carbonaceous adsorbent is Molecular Sieving Carbon 4A
and/or Molecular Sieving Carbon 5A.
4 . The method as claimed in any one of claims 1 to
4, wherein the one or more ethylene compounds are
selected from the group consisting of ethyleﬁe,
20 fluoroethylene, difluorocethylene and tetrafluoroethylens.
5°.  The method as claimed in claim 5, wherein the
one or more ethylene compounds are ethylene and/or
tetrafluoroethylene.
_ 6 . The method as claimed in any one of claims 1 to
25 4, wherein the one or more hydrocarbon compounds are
Selected from the group consisting of methane, ethane and
propane,
7 . The method as claimed in claim 7, wherein the
one or more hydrocarbon compounds are methane and/or
30 ethane.
‘8.  The method as claimed in any one of claims 1 to
8, wherein the total content of the one or more ethylene
compounds, the one or more hydrocarbon compounds, carbon



1 2 FEB 2004 _19 nonoxi de and carbon di oxi de contained in the
tetrafl uoronethane is reduced to 3 ppmor less. 9 . The nethod as cl ai ned
in any one of clains 1 to 9, wherein the tetrafl uoronmethane containing one

or nore 5 ethylene conpounds, one or nore hydrocarbon conpounds, carbon

nonoxi de and/ or carbon dioxide as inpurities is producp? BEBaﬂEﬁrect
fluorination nmethod of reacting trifluoromethane with fluorine gas. . The
met hod as claimed in any one of claims 1 t39-10 9, wherein the

t et raf |l uor onet hane containi ng. one or nore ethyl ene conpounds, one or.nore
hydr ocar bon conpifiiRifdde ead foAvbednekPyédarkia 0gtbsn Bhexi de as

i rrplt;rl ti esh| fsI preadtu€ edobymex Hiine€db haigdddald qnﬁ{mt B@dl@ésfeﬁc'[l ng

carbon wt uorineygas 5 gt nmet oduct aving a
purity of 99.9997 malss%rl(‘)l‘;lte r’%egtg V\%’ %LJ”’sme &l neﬁ %‘gé péejérjf orHi™g L tRe
~purification ac@ordhﬁ@e%Q)QhﬂetﬂéFhéhuQKQnﬁhﬂaas eanb@ininghens ool aibee 1 to

11. 12. Ansetchlelaﬁyﬂéﬁe Qmmfduauag bhe o?xoxﬂﬁ'terﬁ hH@é&f&irh%ﬁu%HCt

descri bed in clal ni n in
tetraf | uor omet hane %?dﬂﬂ%’“‘gséP fﬁﬁf%%% gB ﬁe % impurities is

produced by a direct fluorinatlon method of reacting
trifluoromethane with fluorine gas. '
- 1q The method as claimed in any one of claims 1 to
10 9, wherein the tetrafluoromethane containing one or more
ethylene compounds, one or more hydrocarbon compounds,
carbon monoxide and/or carbon dioxide as impurities is
produced by a direct fluorination method of reacting
carbon with fluorine gas. I
15 11 . A tetraflucromethane product having a purity of
99.9997 mass% or more, which is obtained by performing
the purification according to the method described in any
one of claims 1 to 11. _
12. An etching gas comprising the
20 tetrafluoromethane product described in claim 12.
13- A cleaning gas comprising the
tetrafluoromethane product described in claim 12.



