WO 03/ 014047 PCT/JP02/08034 - 1 DESCRIPTION PRODUCTI ON AND USE OF
HEXAFLUOROETHANE 5 Technical Field The present invention relates to
producti owcaesthiwme of hexafl uoroet hane. Background Art He@Efijromoseei hane
(CF3CF3) is used, for exanple, as a 10_pheqning gas or etching gas for
sem conductors. Several processes have conventionally been known for the
production of CF3CF3, such as (1) electrolytic fluorination processes using
ethane and/or ethylene as the startPFg &Ll , 15 (2) thernal
deconposition processes involving thermal deconposition of

tetrafl uoroet hyl ene, (faRégﬁl I i e ) et h ne and/ or

et hane are fluori nat ed “Tustg—ne oot T ades— A —Pro n which

di chl orot etrafl uoroethane or 20 chl oropent afl uoroethane is fluorinated
using hygrogen flygrhde.Lh thgipresence of a fluorination catalyst, and
(5) direct fluorination processes involving reaction of tetrafluoroethane
and/ or pent af | uor o8hRaREEGRRR 1nNVedtiins. redakeseter praderr tite pretesse of
(4) above is ysedexholuog¥a@BRhge.the resulting CF3CF3 contains inpurities
in the formof conpounds derived fromthe starting material or conpounds
newl y produced by PREXPEQERAoATtParticularly problematic anong such

inpurities are chl sekaglaorpevndae JCFYEH.Oh iar asdid,f it tedteparat ¢ from
CF3CF3.; When &Egaggggesgsog (5écﬁbgve S Esed for eégnple, the resulting
CF3CF3 "al so contarnadi apar Pfi esCPAMPhEFof AT BPMEGRRGURES Ger | FETERdm t he
starti ng nat epkrafesgeschapeundsvasnipnpidgubednbinble rfeactdhen. These 35

inmpurities alégogggkygg 68l efridie conpeurds which are difficult to separate
from CF3CF3. Purification may’ b€’ carriec out before reaction with fluorine
gas in order to (1) electrdlytic fluorination processes using ethane

and/or ethylene as the starting material,

15 (2) thermal decomposition processes involving
thermal decomposition of tetrafluoroethylene,

(3) processes in which acetylene, ethylene and/or
ethane are fluorinated using metal fluorides,

(4) processes in which dichlorotetrafluoroethane or

20 chloropentafluoroethane is fluorinated using hydrogen
fluoride in the presence of a fluorination catalyst, and

(5) direct fluorination processes involving reaction
of tetrafluoroethane and/or pentafluoroethane with
fluorine.

25 However, when the process of (4) above is used, for
example, the resulting CF,CF, contains impurities in the
form of compounds derived from the starting material or
compounds newly produced by the reaction. Particularly
problematic among such impurities are chlorine compounds,

30 which are difficult to separate from CF.CF,.

When the process of (5) above is used, for example,
the resulting CF,CF, also contains impurities in the form
of compounds derived from the starting material or
compounds newly produced by the reaction. These

35 impurities also include chlorine compounds which are
difficult to separate from CF,CF,. Purification may be
carried out before reaction with fluorine gas in order to



WO 03/ 014047 PCT/JP02/ 08034 2 reduce the chlorine conpounds in the
starting material, but industrial application of conventionally known

puri fi cat waospneaesses is difficult in nost cases. The chlrat/rpe2/esmspounds
in CF3CF3 include conpounds 5 such as chloronet hane,

chl orodi fl uoronet hane, chlorotrifl uoronethane, chloropentafl uoroethane,

di chl orot etrafl uoroet hane, chl orotetrafl uoroethane, chlorotrifluoroethane,

chlorotrifl uoFBEERPI Bhe @hdorhBe FPREOURGSAMBNGIEhESETERNGT Med sdd@dounds,
chlorotrifl uoprgaeihanetisalli bbpetibthtiensepatahochesansg 1yl knlowmm™ an

azeotropic m xtur .vvi%h CF3CF3. Exanpl es.af. . m_aLg_TQOds of purifying CF3CF3
contai ning  CRIGEGLFRFI QR BRECRAAES NG BHETLAE hetRoOFEoCARREd In 15 U S
Patent No. 5,523, 498ei chibrtheCE3fB3undat AnNCHCF, ipuarlivddes & csipdurais
trifluorometh ngh(géFgg%ngmﬁgggggotEh&ggggggﬁhgggﬁegﬁgégg?a;s cont act ed

with an”™ adsorbrng agént such as aétrve c sieve to
adsorb and repbl¥ercheif hporomeebang( Philptppatniefilmotrbedsansi,ng such

adsor bi ng age@iéhlBFSHéEﬁ?§P§8EBEtﬁ9HE9nﬁﬂﬁo§8EeE§%@?§é§B%gﬂa%E the

adsor bi ng agents at rou consistent _intervals i Se of constant
operation, althéegAtYhfSuaEpehdanen Fhécrphpifilugresfhedencrgndekdfpl e, in
a process whereka.two 25 adsorption towers are provi ded and operation

alternately switches between a, step _of adsorption of inmpurities and a
step o tOregenerati‘gﬂo%‘ﬁ Y%%SEdEBiBFEBea§8ﬁP?uBgFge anounts of gas may be
continuously ¢theatetribinotbdmethdner heddafiliceibved shbaratei becauseet hane

cannot be 30 djr I Nt ; r ihce Lt i cific
freon inplica ed§§%$%eé$r%%§§gﬁb§?8tﬁgﬁgg%%g§?ng§F§h§ﬁd F%@rgP%?é%gﬁne
means mnust bengtedds 0of epder fyinghgFfas sondainkadot her hand,

pent af | uor oet fRNEr 6 FBEHIS  omEthdReUSREIuEET tRXaNBLBoda8e8ck-9Wekierper at ure

refrlg%%ant, STS. Patent No. 5,523,499 in which CF,CF, containing
impurities such as trifluoromethane (CHF,) and
chlorotrifluoromethane (CClF,;) is contacted with an
adsorbing agent such as active carbon or a molecular
sieve to adsorb and remove the impurities.

20 Purification methods using such adsorbing agents
require special equipment for regeneration of the
adsorbing agents at roughly consistent intervals in the
case of constant operation, although this depends on the
impurity content. For example, in a process wherein two

25 adsorption towers are provided and operation alternately
switches between a step of adsorption of impurities and a
step of regeneration of the adsorbing agent, large
amounts of gas may be continuously treated, but the
adsorbed and removed chlorotrifluoromethane cannot be

30 directly released into the atmosphere since it is a
specific freon implicated in destruction of the ozone
layer, and therefore some means must be used to render it
harmless.

On the other hand, pentafluoroethane (CF,CHF,) is

35 used, for example, as a low-temperature refrigerant, or
as a starting material for production of hexafluoroethane
(CF,CF,). As examples of conventionally known processes



as a starting material for production of hexafl uoroethane (CF3CF3). As
exanpl es of conventionally known processes WO 03/014047 PCT/JP02/ 08034 3
for produsta amwiei7 pent af | uor oet hane there may be nenti onadTrire2/6884 ow ng:
(1) a process in which perch |oroethyl ene; (CC12=CC12) or its fluorinated
product is fluorinated with hydrogen 5 fluoride (Japanese Unexam ned

Pat ent Publ i catj on . .8 268932, Ja ese Unexam ned Patent Publication No.
9- 511515), (23" PPEEELH P %‘htgﬁl‘b%%%ﬁl}?%@? ubh®ER NBRE PECCl F2CF3) s

subj ect ed t o neydriogenbltisd sEqUapairese 10 Patent No. 2540409), and (3) a
process in which fluor] | S; cted wit hal ogen- cont ai nj ng_et hyl ene
(Japanese Unexani nng) F#aggrn%: Eﬁi’éubjlr}: S’g‘t”i‘(%h L?\%r.cr}i%%% Yl%%n?gﬁiﬁ%ﬁﬁ@éesses
are used, themejte flyaprdndtesl mfduct his tBlwstipaosiiorith hydrogen

pent af | glor oetang, ; & & HH-Hd I%EH%PHQ%§ i urse. contai n, chlorine
atons in the nol ecul g(s. rgJIé’ixarrsr];eleeus of "suc c%oeﬁkng‘g%%f DRt | M2 E%'e
conpounds wi t4f 8 c drapeR efteo s e ¢ R areonethdneication No. 9-

chl orodi f| uorsanetikane and chlorotrifl uoronet hane, 20 conpounds with two
carbon atons such chl or opent,af | yor et hane, di chl orotetrafl uoroet hane,

chl or ot et r af | uor oétlafe PXRFSSH drbth¥uSbtenantafaotarihanat ed
conpounds suqncafgchgxwﬂurédbjﬁﬂﬁnﬂfﬁ@éﬂyﬂrdﬁéﬁbiygggI$mﬁ§@%@§@e is

pr oduc by dj.r f lLLwgr.i nat.i on _reaction with pentafl uoroethane and
fl uori:ﬁ(sej gacéya(%gl)tt, %]g)riy 2§120t4@6e§3é g’h cl‘e(;ri ne conpounds included in the

pent af | uor oet hane (W)l 2 Pyacess tim miedh dnicrd rgasyas prodteddiged Rt ne,

hydr ogen chl ggi C I s f o Q& ri.QuUs f rocarhons.
prade Rt In Ll wing, Qe Lol ac

Whi |l e 30 perfl uqgr,ocarbons (P Uoroethane - do not
present any ROPABICELEPELNEM 1cRIB8Rdnet hane (CH3C1) and

chl orodi fl uoronet hare 6GHE1E2bcwsldes @26 widd) thiei@fd 18 GaHdS Hlgduce

ChlorQ&f'flUQEO%%%h%g%gggC%E%huct, pentafluoroethane, are chlorine
compounds which of course contain chlorine atoms in the
molecules. Examples of such chlorine compounds include
compounds with one carbon atom such as chloromethane,
chlorodifluoromethane and chlorotrifluoromethane,

20 compounds with two carbon atoms such as
chloropentafluoroethane, dichlorotetrafluoroethane,
chlorotetrafluoroethane and chlorotrifluoroethane, and
unsaturated compounds such as chlorotrifluoroethylene.

When hexafluoroethane is produced by direct

25 fluorination reaction with pentafluoroethane and fluorine
gas (F,), any of these chlorine compounds included in the
pentafluoroethane will react with the fluorine gas,
producing chlorine, hydrogen chloride, chlorine
fluorides, or various chlorofluorocarbons. While

30 perfluorocarbons (PFCs) included in the pentafluoroethane
do not present any notable problem, chloromethane (CH,Cl1)
and chlorodifluoromethane (CHCLF,) will react with
fluorine gas to produce chlorotrifluoromethane (CClF,).
Hexafluoroethane and chlorotrifluoromethane-fbrm an

35 azeotropic mixture, and therefore removal of
chlorotrifluoromethane is difficult even by distillation
or adsorption purification. Thus, when pentafluorocethane



Hexaf | uor oet hane and chl orotrifl uoronmethane forman 35 azeotropic m xture,
and therefore renoval of <chlorotrifluoronethane is difficult even by

di stil | at wano3/oas04adsor ption purification. Thus, when pent adumpopegobane WO
03/ 014047 PCT/JP02/08034 4 and fluorine,gas are reacted to produce

hexaf | uoroethane, it is preferred to use pentafluoroethane with a nini nal
chl orine conpound content. Wth conventional processes for production of 5
pent af | uor oet AaRef LEAELBRI GRENBTBOKBBAREC 6/t EFONUS &t BeXasANpaPEEbAGe hane

can be as h'gbta§sa?95Ee%ré§|Eo'GsetEbﬁhafﬁﬁﬁ%@b%%a%bs%hkhab'ﬁﬂnﬂ%%l
therefore been . considered to renove the chlorine conpounds in the

pent af | uor oet ABHBT 4R CREBROPREr €9RESPEs purity, but 10 because of the
|ncreased productIwmthoebnoénthenadl§tbbéabb@nfo&5pM@Hth&odi&Ei||ati0n

| oss, is e has me of chlarine
conpoun s als%gﬁgggégz£8FF§8n8’ Qﬁ% gg&ﬁﬁnéafggppgﬁ FPQEeﬁFxﬁBrE Wi th
pentafluoroetm%mbaﬁhdocpeahQHQSCansbeuas|bmghnawhﬁbbumt1vepg%dnhf|cult to

Soparate the LGILO!| NRepeavaNndse by hotbh ALbonaacedy sachl one In

particul ar or opent af [ uor oet hane i'S usua I'ncluded in
pentafluoroet%%%%léﬁradcéﬁcéﬁmﬁﬁ?lbheoﬁhéorémﬁ ?ﬁ@@@éﬁdsppﬁ1@hegreater but

si nce pentaf | yorogthapeoanda’l shhotpagntiatluaseetihanguborin apyazeotropic
m xt ur they are dlfleHIt to se arat e gﬁngStlllatlon which is the

conmonty enpl eS8 paF at PENITRAHED ??fPE% H1RBt RBEE BEstPBsure of the
I nvention It dssehlbapeoh,obsthelbrasedistnieation, loBschtnas 25
acconpl i shed under .t he ﬁond tions described.aboyve

industrially %d%%%?% 8o gsp 88%s%n?8?n°%%886¢tW§ﬁ18fSRW hO% gﬁ?

hexafluoroeth@hbqrmhechomaqubés ased éermnaeEOhrpglgamlatucésanrng gas for
sen1conductorazgsyfsgenﬁmuéaﬁLQEngss £Pf; éﬁtﬁﬁhkgéaekﬁgngss §f8?F9Qe30

purity hexafl uoroet hane obtai ned by the pr cess resu I gent
researdR in |¢g%%t5§t%ﬁg in which 1t very difficult to separate the

chlorine compounds by distillation procedures alone. 1In
particular, chloropentafluoroethane (CClF,CF,) is usually
included in pentafluoroethane at a concentration of a few
thousand ppm or greater, but since pentafluoroethane and
20 chloropentafluorcethane form an azeotropic mixture, they
are difficult to separate by distillation, which is the
commonly employed separation and purification method.

Disclosure of the Invention

It is an object of the present invention, which was

25 accomplished under the conditions described above, to
provide an industrially advantageous process for
production of high-purity hexafluoroethane, which can be
used as an etching gas or cleaning gas for semiconductor
device manufacturing steps, as well as the use of high-

30 purity hexafluoroethane obtained by the process.

As a result of diligent research in light of the
circumstances of the prior art as described above, the
present inventors have completed the preseht invention
upon finding that the above-mentioned probleﬁs'can be

35 solved by employing a step in which a mixed gas
containing hexafluoroethane and chlorotrifluoromethane is
reacted with hydrogen fluoride in a gas phase in the



circunstances of the prior art as described above, the present inventors
have conpl eted the present invention wupon finding that the above-nentioned
probl ens wan3ma40435 sol ved by enploying a step in which a raTxrPd2/gms4

cont ai ni ng hexaf | uoroet hane and chlorotrifluoronethane is reacted with
hydrogen fluoride in a gas phase in the 03/014047 PCT/JP02/08034 - 5

presence of a fluorination c?talyst and at a_prescribed tenperature, for
fluorination BfSTHRCE cRf ofof FEPFUBRBRRRNGAEALYRE PRdeAti anpraecsibed

provi des a prosessriourd, produclioni pht hexnablkuenaet hane which conprises a
step in which A, 'é(f}flf?a(s) con{:ﬁli ni ng hexafl uor oet hane and

chl orotri f | uor onet hane T aoF 8RSERA Gt t h hydrogen fluoride in a gas phase in
the presence of a Fheoihvantboncehatgsoreaprdfdd60g, ptoceksugpirnati on of

the 10 ghl or i a i Lon further provides a process for
producti on o%i%i%ﬁﬁ%?g%?hgﬁ’?%@ﬁ%ﬁ%ﬁ%%ﬂéw%h g?\nm g-o%? e%ssF%’ aRd (2):
(1) A step i VR Mk dIgRsCenprtr igghesafiénarpebhare hané and

chl orotri f | uasioret dwarer 1 Sof 6ACE €She W epifhupsi | : Rhase in
the presence of _a fl uq{i%ati on ca? aI?Egigﬁggo{aﬁégcﬂ%%gﬁ?%%r?%llg elgge

chlorotrifl uorbrfet BRI ot et e i RTELPNE @t PAT R ubt ot hakton 20ata)}yAt st ep
i n which the ati xaD-gEE0 YoNt BoNi Aguofexed {sor ot bpae and tetraf| uor onet hane

obt ai negl in ?%ﬁﬂ¥ﬁ$%%.;fudistilled to obtain purified hexafl uoroethane. The

i nvention st I3 p?%?fp%% A1+ hexaf | uor oet hane product cont ai ni ng

hexaf | uor oet hane &then irpferpuion yfuftiidr UV ks Qrpgsesd£riowbt ai ned using
etching gas. one g The e b Rrr B b S BRI he
i nvention stiS4ePSurtheraist old es a cl eani ng gas
(1) A step in which a mixed gas containing
15 hexafluoroethane and chlorotrifluoromethane is reacted
with hydrogen fluoride in a gas phase in the presence of
a fluorination catalyst at 200-450°C to fluorinate the
chlorotrifluoromethane to convert it to
tetrafluoromethane.
20 (2) A step in which the mixed gas containing
hexafluoroethane and tetrafluoromethane obtained in step
(1) is distilled to obtain purified hexafluoroethane.
The invention still further provides a
hexafluoroethane product containing hexafluoroethane at a
25 purity of 99.9997 vol% or greater, obtained using the
aforementioned process.
The invention still further provides an etching gas
containing the aforementioned hexafluoroethane product.
The invention still further provides a cleaning gas
30 containing the aforementioned hexafluoroethane product.
As a result of more detailed investigation, the
present inventors have achieved completed the present
invention upon finding that the above-mentioned problems
can also be solved by employing a production process
35 comprising a step (1) in which pentafluoroethane
containing chlorine compounds with 1-3 carbon atoms is

reacted with hydrogen in a gas phase in the presence of a



30 containing the aforenentioned hexafl uoroethane product. As a result of
nore detailed investigation, the present inventors have achi eved conpl eted
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in which the Qduct, of is.reacte th fluo hase
in the presengg GGl ok e%? é%étt%fS ?%dﬂéﬁnh%XE?FE%Fg Wﬁﬁﬁe%l
i nvention theweﬂ@rga@rpWaﬂe31a thCE$SS¢@¢e pfodudnloenbfghsxabluoroethane

whi ch cgnpri%%%éhége@:§&%l bPo vy ghe pent af | uor oet hane contai ning chlorine
compounds w'th 1-3 ca? bon %to%s ?s ?eacted wi th hydrogen in a gas 10 phase

in the presence ofTke hiRyoyehari bheraferyspravides- a4poesessr £aydr ogenati on

of the chl or!m%&gfmwdéf H@Qaﬁlu@f@@tlﬁ@ﬂe'ﬁh!‘@hcéoﬁxﬁﬁlﬁégd!éc&téf) puge (1)
is reacted with Iﬁﬁﬁgrlne |n a hase in the, presence, of a diluent

to produce hexaff RIAHRE 148G g@% ?%@éﬁ??%ﬁl$h?gh%hlﬁFbO?dEQmEQUHdS

hexaf | uor oet hﬂlﬁﬂl PF Ot b e Nd-8bms NPs f‘uﬁé@cﬁﬂ:@@rﬁﬁthan?dﬁbgénpuﬁl bYg8§
99. 9997 .vol % reat er.. obtai ned us

t Th
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provi des a clse@élg;on@z gag, Cot & %ﬁ&aﬁfﬁ%@é?rc‘?ﬁﬁ égr;; gﬂhg% %ééﬂé’Eé’ tHang

product . de for Carry nven xaf T uor oé hane
product i on prfdd’é’s}”sl%c’d?oﬁ*n@a$ oplaaS%Uf.‘quee Ia’é?}%%lﬁcwof he dhaveent ogawil |

now be expl aifiebriddudtetdétaf AsorGnHned above, various processes are
15 The invention further provides a hexafluoroethane
product containing hexafluoroethane at a purity of
99.9997 vol% or greater, obtained using the
aforementioned process.
The invention still further provides an etching gas
20 containing the aforementioned hexafluoroethane product.

The invention still further provides a cleaning gas
containing the aforementioned hexafluoroethane product.

Best Mode for Carrying Out the Invention

A hexafluoroethane production process according to a

25 first aspect of the invention will now be explained in
detail.

As mentioned above, various processes are
conventionally known for production of hexafluoroethane.
As industrially safe and economical processes there may

30 be mentioned the following:

(1) processes in which dichlorotetrafluoroethane or
chloropentafluoroethane is fluorinated using hydrogen
fluoride in the presence of a fluorination catalyst;

(2) processes involving réaction of

35 tetrafluoroethane and/or pentafluoroethane with fluorine
gas.

In these processes (1) and (2), compounds such as



conventional ly known for production of hexafl uoroethane. As industrially
safe and econom cal processes there may 30 be nentioned the follow ng: (1)
pr ocesseswiawwh#@h di chl orot etrafl uoroet hane or chl or opermcaiiranosnes hane i s
fluorinated using hydrogen fluoride in tﬂe presence of a fluorination
catal yst; (2) processes involving reaction of 35 tetrafl uoroethane and/ or
pent af | uoroethane with fluorine gas. In these processes (1) and (2),
conpounds suchieBlypobgtpaddugrpethape2/ oBbggopgntafluoroethane or

d'Ch|0r0tetraﬁéHQéP@EB@B@thSHE0®HE@HtaEEUQEQQtﬁéngherstE%QH%E'Uoroetha”e
whi ch are used as the starting materials, can produced usi'ng, for

exanpl e, tetPAERFbRo8t Rglehe ?Eﬂﬂ?cﬁﬁlﬁﬁlag'tﬁ@rs?ﬁﬁﬁpﬁ&'naterlaI 5 while

conpounds sucaeaﬁa&Blbﬁééﬂnym@ﬁéamecmgﬂxhg pﬁ@duhédstW$ﬂﬂlg material,
trichlo§oethyl CQ%Z) as, th ardlegs of the

(CHCI
et hod_Bect Howso romPARar AalEhi A8 REERPFORPERERARRE e PRs PLORRE P
mat eri al - deragedgchtbchhercetppliade ASHCHPACL)) ey tans stﬁrtnmgent 10 of

inmpurities t ncr h n np Le
exanpl e, pensﬂgﬁu%?o%fha§§a§%§%%§ﬁ2ig % ﬁ@EBbSC8ﬁ%§{ fiED?’%%aval able as a
refrigerant, cesuibhrgtheserluproet énéoﬂpbtﬁéésagtﬁﬁpmngtme§ermhén

chlorine 15 coopoyag- EﬁﬂéﬁiﬂénSOQBBEﬁBEUQEO§ﬁ éP?tﬁQQ fLyariLhe gastedte
directly reacted for fluorination to, produce . . reaction between the

chlori A8 conpdtindBPY Rt HeS peRRAF | tBr bBERSABSaRE ?hBlHPGBrFﬁécﬁégnproduces
anong ot her gempevatsrechl orine, hydrogen chloride, chlorine 20
fluorides, and var]ous chI0£oquor§%§ﬁbons

chl or odi f | uor onet hate FHzfbass BS" 'Hﬁﬁ?? 5a?%a&€€9aﬁ%H WP&SPlﬁS gas to

produce chl oro¢minétababhet suatlabhe ashhorefrigénanbpechaneifer rbean
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to 25 separate, even
15 compound- contalnlng pentafluoroethane and fluorine gas

are directly reacted for fluorination to produce CF,CF,,
reaction between the chlorine compounds in the
pentafluoroethane and the fluorine gas produces,famong
other compounds, chlorine, hydrogen chloride, chlorine

20 fluorides, and various chlorofluorocarbons. For example,
chlorodifluoromethane included as an impurity reacts with
fluorine gas to produce chlorotrifluoromethane. The
chlorotrifluoromethane forms an azeotropic mixture with
CF,CF,, and is therefore a very difficult compound to

25 separate, even by distillation.

The hexafluoroethane production process according to
the first aspect of the invention comprises a step in
which a mixed gas containing chlorotrifluoromethane and
hexafluoroethane, which are extremely difficult to

30 separate, is reacted with hydrogen fluoride in a gas
phase in the presence of a fluorination catalyst at 200-
450°C, for fluorination of the chlorotrifluoromethane.
The mixed gas contains hexafluoroethane at 99.9 vol% or
greater, while also containing chlorotrifluoromethane as

35 an impurity.

The fluorination catalyst used in this process is

preferably a catalyst with trivalent chromium oxide as



The hexaf | uor oet hane producti on process according to the first aspect of
the invention conprises a step in which a m xed gas contai ning
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to 30 separate, is reacted with hydrogen fluoride in a gas phase in the
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0. 05- 5 If the molar, ratio of. the hydroq?n fluoride an e mXxe
uorinated, and if the ‘reaction temperature is above

450°C the catalyst life is shortened, and the impurities
will tend to increase.
In the fluorination reaction, the molar ratio of the

hydrogen fluoride and the mixed gas (hydrogen

20 fluoride/mixed gas containing hexafluoroethane and
chlorotrifluoromethane) is preferably in the range of
0.05-10, and more preferably in the range of 0.05-5. 1If
the molar ratio of the hydrogen fluoride and the mixed
gas is smaller than 0.05, various chlorofluorocarbons

25 will tend to be readily produced by side-reactions, and
if it is greater than 10, an economically disadvantageous
situation will result, such as increased reactor size and
recovery of unreacted hydrogen fluoride.

The concentration of the chlorotrifluoromethane in

30 the mixed gas is preferably no greater than 0.1 vol% and
more preferably no greater than 0.05 vol% of the mixed
gas.

The mixed gas is preferably obtained by reacting
dichlorotetrafluoroethane and/or chloropentafluoroethane
35 with hydrogen fluoride in a gas phase in the presence of
a fluorination catalyst. Alternatively, the mixed gas
may be obtained by reaction of tetrafluoroethane and/or



gas is smaller than 0.05, various chlorofluorocarbons 25 wll tend to be
readily produced by side-reactions, and if it is greater than 10, an
econon caMoyosdingadvant ageous situation will result, such pag/iPozoseased
reactor size and recovery of unreacted_hydrogen fluoride. The
concentration of the chlorotrifluoronethane in 30 the m xed gas is

preferably no greater than 0.1 volt and npore preferably no greater than
0.05 vol t of Petafkearoghlangglth xelueasnfsIpPef erably obtai ned by
reacting dichlorotgerpibbeseetbansraddéofoshber npeat ahibtocoranane 35 with
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to obtain purtSTEY hBREPFELPAREhane. The chlorotrifl uoromet hane reacts with
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Since the differenggei nPQLbEPPr PRLPLRePRENECPeacts with hydrogen
15 fluoride in the presence of a fluorination catalyst to
produce tetrafluoromethane (CF,), as shown in the
following formula (1).
CClF, + HF — CF, + HCl (1)
Instead of reaction of the hexafluoroethane, the
20 chlorotrifluoromethane impurity reacts with the hydrogen
fluoride. Since the difference in boiling points between
the resulting CF, and the unreacted residual CF,CF; is
about 50°C, and the CF, and CF,CF, therefore do not form
an azeotropic mixture, they can be easily separated by
25 any known distillation procedure.
The fluorination catalyst of step (1) is preferably
a supported catalyst or a bulk catalyst with trivalent
chromium oxide as the main component.
In step (1), the molar ratio of the hydrogen
30 fluoride gas and mixed gas (hydrogen fluoride/mixed gas
containing hexafluoroethane and chlorotrifluoromethane)
is preferably in the range of 0.05-10, and the
concentration of the chlorotrifluoromethane in the mixed
gas of step (1) is preferably no greater than 0.1 vol%.
35 The mixed gas of step (1) is preferably obtained by
reacting dichlorotetrafluoroethane and/or
chloropentafluoroethane with hydrogen fluoride in a gas



the resulting CF4 and the unreacted residual CF3CF3 is about 50C, and the
CF4 and CF3CF3 therefore do not form an azeotropic m xture, they can be
easi |y separmtoaeh4by 25 any known distillation procedure. THga/fPorasidhati on
catal yst of step (1) is preferably a §_ugﬁor_t ed catalyst or a bulk catal yst
with trivalent chrom um oxide as the main conmponent. In step (1), the
molar ratio of the hydrogen 30 fluoride gas and m xed gas_(hydrogen
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15 A hexafluoroethane production process according to a
second aspect of the invention will now be explained in
detail.
This process is a process for production of
hexafluoroethane which comprises a step (1) in which
20 pentafluoroethane containing chlorine compounds with 1-3
carbon atoms is reacted with hydrogen in a gas phase in
the presence of a hydrogenation catalyst at 150-400°C,
for hydrogenation of the chlorine compounds, and a step
(2) in which the product of step (1) is reacted with
25 fluorine in a gas phase in the presence of a diluent gas
to produce hexafluoroethane.
As mentioned above, the pentafluoroethane used for
this process is usually produced by fluorination of
perchloroethylene (CCl,=CCl,) or its fluorinated product
30 with hydrogen fluoride (HF), and the pentafluorocethane
will contain, as starting material-derived chlorine
compounds, chloromethane, chlorodifluoromethane,
chloropentafluoroethane, dichlorotetrafluoroethane,
chlorotetrafluoroethane, chlorotrifluoroethane,
35 chlorotrifluoroethylene and the like. A known
distillation procedure may be employed for high

purification of the pentafluoroethane containing these



20 pent af | uor oet hane contai ni ng chl ori ne conpounds with 1-3 carbon atons
is reacted with hydrogen in a gas phase in the presence of a hydrogenation
cat al yst wo @B80140400C, for hydrogenation of the chlorine camprond®34 and a
step (2) in which the product of step (ié is reacted with 25 fluorine in a
gas phase in the presence of a diluent g “to produce hexafl uoroet hane. As
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i ncl uded as i'npur oroeth es place t e reactions
15 chloropentafluoroethane (CF;CClF,) and
chlorotetrafluoroethane (CF,CHClF) included as impurities
in the pentafluoroethane takes place the reactions

represented by formulas (2) and (3) below.
CF,CClF, + H, — CF,CHF, + HCl (2)
20 CF,CHCLF + H, — CF,CH,F + HC1l (3)
The products are hydrofluorocarbons containing no
chlorine atoms, with hydrochloric acid as a by-product.
Compounds which are converted to hydrofluorocarbons
by the above hydrogenation reaction include the
25 aforementioned chloromethane, chlorodifluoromethane,
chlorotrifluoromethane, chloropentafluoroethane,
dichlorotetrafluoroethane, chlorotetrafluoroethane,
chlorotrifluoroethane, chlorotrifluoroethylene, etc.,
which are normally included in pentafluoroethane in a
30 total amount of a few thousand volppm or greater. When
pentafluoroethane containing these compounds is reacted
directly with fluorine gas, the methane-based compounds
are converted primarily to chlorotrifluoromethane while
the ethane-based compounds are converted primarily to
35 chloropentafluoroethane, and therefore the
hexafluoroethane obtained after the reaction contains



represented by fornulas (2) and (3) below CF3CClF2 + H2 -~ CF3CHF2 + HC1l
(2) 20 CR3CHCIF + H2 -p CF3CH2F + HC1 (3) The products are
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chlorotrifluoromethane forms an azeotropic
mixture with hexafluoroethane, removal of this compound
is very difficult by distillation or adsorption
procedures even when the concentration is low.
Consequently, it is preferred not only to remove, from

20 the pentafluoroethane starting material, the compounds
which produce chlorotrifluoromethane by reaction with
fluorine gas, but also to reduce the
chloropentafluoroethane content to as low a concentration
as possible.

25 The chlorine compounds included in the
pentafluoroethane used for this process are present at
preferably no greater than 1 vol%, more preferably no
greater than 0.5 vol% and even more preferably no greater
than 0.3 vol%. TIf the chlorine compound content exceeds

30 1 vol%, the reaction temperature must be increased,
possibly resulting in a shorter life of the hydrogenation
catalyst.

As hydrogenation catalysts for step (1) there are
preferred catalysts containing at least one element from

35 among platinum metals such as platinum, palladium,
rhodium, iridium, ruthenium and osmium, and these metals

or their metal oxides or salts may be used as the
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15 the catalyst life will tend to be shortened, often

promoting excess reaction. Excessive promotion of the
hydrogenation reaction is undesirable because of
production of 1,1,l-trifluoroethane, etc. Reaction
control is difficult in step (2) in which the organic

20 compound and fluorine gas participate in direct
fluorination reaction, because a very large amount of
reaction heat is generated and, for example, a greater
reaction heat results with a larger number of C-H bonds
substituted with C-F bonds in the organic compound

25 substrate, thus tending to produce partial heat
generation (hot spots). Consequently, it is preferred to
use pentafluoroethane containing minimal
hydrofluorocarbons (HFCs), and especially 1,1,1-
trifluoroethane which contains numerous C-H bonds. On

30 the other hand, a reaction temperature of lower than
150°C will tend to inhibit the intended reaction.

The molar ratio of hydrogen and the mixed gas
(hydrogen/chlorine compound and pentafluoroethane mixed
gas) for the hydrogenation reaction of step (1) is

35 preferably in the range of 1-20, and more preferably in
the range of 2-10. The reaction pressure is preferably
in a range from atmospheric pressure to 1.5 MPa. A



15 the catalyst life will tend to be shortened, often pronoting excess
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or an afueousdehydrating agent such as zeolite and then distilled
before the direct fluorination step to obtain purified
pentafluoroethane, and the unreacted hydrogen is
preferably separated out. Hydrogen is preferably not
included in the direct fluorination reaction of step (2),
20 because it may react violently with fluorine gas.

The chlorine compounds in the mixed gas obtained by
step (1) are preferably present in a total amount of no
greater than 0.05 vol%, and 1,1,1l-trifluoroethane is
preferably present at no greater than 0.2 vols.

25 The following explanation concerns step (2) in which
the gas containing the pentafluoroethane obtained by step
(1) as the major component is reacted with fluorine gas.

Step (2) is carried out in the presence of a diluent

gas, in order to set the concentration of the mixed gas

30 with pentafluoroethane as the major component to below
the explosive range. Specifically, the concentration of
the pentafluorocethane at the reactor inlet is preferably
no greater than about 6 mole percent. The diluent gas
used contains at least one selected from the group

35 consisting of tetrafluoromethane, hexafluoroethane,
octafluoropropane and hydrogen fluoride, and preferably a
diluent gas rich in hydrogen fluoride is used. A diluent



al kali solution. The gas from which the acid conponents have been renoved
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is a dlluent @ﬁmaﬁbuoaoathgneatm$pabe GDeaméé pproéuclhgdrogen fluori de.
proforably | hets LAerORBCHERE GV R0 o IR MR b b @il s,
respect to tHeekewedS§as, tbﬁté@%@t&P%eﬁ@%@lméYob@h&h@Wﬁé t he maj or

conponent  (F2/ hydf@@%@ﬁﬁgdceﬂwﬂf%m%améngfpf@éﬁéIgggogwﬁngi P The
reactlon tenperature is preferab C nor e preferabl ¥B3 0-450C.

If thelPeaction t%%p%?%tﬁ?%t{%u}%r%Yg%%$t¥h%ﬁe@00?9ttRéeﬁﬁfﬁé%yp Buct ,

residual unreacted fluorine gas is removed first. Fo
example, a hydrofluorocarbon such as trifluoromethane may
be added to react with and remove the excess fluorine
gas. This is preferably followed by distillation, for

20 example, distillation of the hydrogen fluoride and
organic matter first. The separated hydrogen fluoride
may be reused as diluent gas for the direct fluorination
reaction of step (2), or it may be utilized for a
different purpose.

25 The composition of the gas containing the separated
organic matter will differ considerably depending on the
diluent gas used for the reaction, and for example, when
a hydrogen fluoride-rich gas or hexafluoroethane itself
is used as the diluent gas, the gas obtained by the

30 reaction will contain hexafluoroethane as the major
component. When tetrafluoromethane or octafluoropropane
is used as the diluent gas, purification is achieved by
further distillation, but in either case, high-purity
hexafluoroethane can be obtained by repeated distillation

35 of the mixed gas which is obtained.

The distillation and purification of the mixed gas
obtained by the reaction will depend on the compositional
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vol% or greater. The chlorotrifluoromethane included as
an impurity is therefore less than 1 volppm. CF,CF, with
a purity of 99.9997 vol% or greater can be analyzed by
gas chromatography (GC) methods such as TCD, FID (both
including precut methods), ECD or with a gas
chromatography-mass spectrometer (GC-MS).

The uses of high-purity hexafluoroethane obtained by
the process of the invention will now be explained.
High-purity CF,CF,, or mixed gases of high-purity CF;CF,
with inert gases such as He, N, and Ar or gases such as
0, and NF, (for the purpose of the invention, these will
be collectively referred to as "hexafluoroethane
products”) may be used as etching gases for etching steps
in semiconductor device manufacturing processes or as
cleaning gases for cleaning steps in semiconductor device
manufacturing processes. In manufacturing processes for
semiconductor devices such as LSIs and TFTs, thin-films
and thick-films are formed using CVD, sputtering, vapor
deposition and the like, and these are etched to form
circuit patterns. The thin-film and thick-£film forming
apparatuses must be cleaned in order to remove unwanted

accumulated matter in the apparatus inner walls, Jjigs,

from
y of

uor onet hane
97



distillation tower, after which the m xed gas conposed 10 mainly of
hexaf | uor oet hane which is extracted fromthe bottomis introduced into a
third di swidd3ausan tower and high-purity hexafl uoroet haneedTIrexosoact ed
fromthe top of the tower, thereby acco i shing purification. The process
of the invention described above may be 715 ‘used to obtain hexafl uoroet hane
wth a purity of 99.9997 vol%or greater. The chlorotrifl uoronethane
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et chi ng;5 mi cr onaveTeEERFRGOBOL R BN GEde qqfacted with

Molecular Sieve 4A (product of Union Showa Co., Ltd.) to
remove the stabilizer and moisture in the
tetrachloroethylene, and was then reacted with hydrogen
fluoride (HF) in the presence of a chromium-based

20 fluorination catalyst (first reaction: Reaction pressure
of 0.4 MPa, reaction temperature of 320°C,
HF /tetrachloroethylene = 8 (molar ratio)). Next, the
primarily dichlorotrifluoroethane (CF,CHCl,) and
chlorotetrafluoroethane (CF,CHC1F) product obtained by

25 the first reaction was reacted with hydrogen fluoride
(second reaction: Reaction pressure of 0.45 MPa, reaction
temperature of 330°C, HF/(CF,CHCl, + CF,CHClF) = 6 (molar
ratio)). After completion of the second reaction, the
acid component was removed by a known method, and

30 distillation purification was performed to obtain a
distillate containing pentafluoroethane as the major
component. The distillate was analyzed by gas
chromatography and identified as pentafluoroethane having
the composition shown in Table 1.

35



CF3CF3 may be used as a m xture with inert gases such as He, N2 or Ar or
gases such as HCl, 02, H21 F2, NF3 or the |Ilike in appropriate proportions.
10 The preseostolsmvention W ll now be explained in greaterpcietraz/bsoby way of
exanpl es, with the understanding that theginvention is in no way limted
by the exanpl es. Pentafl uoroethane Production Exanple 1 (Starting Materi al
Exanpl e 1) 15 Tetrachl oroet hyl ene (CCl2= CClZ) was contacted with Mol ecul ar
Si eve 4A (product of Union Showa Co. Redp L ° tlo renove the stabilizer and

noi sture in the tetrachloroethylene, and was then reacted w th hydrogen
fluoride (HF) in the presence—-of a-—chromumbased20-fluorination catal yst
(first reaction: Reactien pru9%39gnacfge.4 L‘Mr§§¥"nvgg.¥enp,rature of
320C, HF/tetrachl oroethytere 3‘C%};,](Zrmlar ratio))D DSE’ t-he rimarily

di chl orotrifl uoroet hane (CFBC'33I% ane—ehl-orotett .3oroet“a e (CF3CHC F)
product obtained by 25 HheH g Feacto—was reQCS Q7m£th hydr ogen
fluoride (second react+oen: u,gagn pr-eSsure sfge2 EENP&r—Feaction
tenperature of 330C, HHAEF3 Hmcﬁcf2CF3CHCIF) =8 Baf rat{ 0)). After
conpl etion of the second reaéé}aalﬂghe ete—eon C%S 5 was—efroved by a
known net hod, and 30 distiIlat&%%rpur.f.caticn W éQ 1forned 0 obtain a
distillate containi ng peataftdoroethane—as—thenafor—econponent. The
distillate was anal yzed by gas chronmatography and identified as

pentafluoroethane having the conposition shown in Table 1. 35 WO 03/014047

PCT/ P02 08034 - 38 a,TaBls® ik (LRAUn RUNLE ool Eodid &% 7003 OH O
0. 0014 CHC1F_O. 0009 CHF0
Example 1 (Startlng Material Example 2)

Nitrogen gas was introduced into an Inconel 600

reactor with an inner diameter of 20.6 mm and a length of
500 mm (electric heater type: passivation treated with

10 fluorine gas at a temperature of 500°C) through two gas
inlets at a total flow rate of 30 NL/hr, and the
temperature in the reactor was kept at 380°C. Next,
hydrogen fluoride was introduced through the two gas
inlets at a total flow rate of 50 NL/hr, and

15 pentafluoroethane (Starting Material Example 1) obtained
in Pentafluoroethane Production Example 1 was introduced
through one of the gas inlets at a flow rate of 3.6
NL/hr. Fluorine gas was introduced through the other gas
inlet at a flow rate of 3.9 NL/hr for fluorination

20 reaction. The outlet gas from the reactor was contacted
‘with an aqueous potassium hydroxide solution and an
aqueous potassium iodide solution, and the hydrogen
fluoride and unreacted fluorine gas in the outlet gas
were removed. After contact with a dehydrating agent for

25 drying, the dried gas was cooled and collected, and
distilled for purification. The purified
hexafluoroethane was analyzed by gas chromatography,
giving the results shown in Table 2.



CF CClF 0.2819 CF CHC1F 0.0008 CF CO F 0.0009 O her 0.0011 5 Starting
Mat eri al Hexafl uoroet hane Production Exanple 1 (Starting Material Exanple
2) Nitrogwo @ag4oaas i ntroduced into an Inconel 600 react@CMPOROsB4 | Nner
diameter of 20.6 mmand a Iength of 500 ygn (el ectric heater type:
passivation treated with 10 fluorine gas at a tenperature of 500C) through
two gas inlets at atotal flowrate of gg NL/ hr, and the tenperature in
the reactor was kept at 380C. Next, ge fluoride was introduced
through the two gas inlets at a total flom1rate of 50 NL/hr and 15

ent af | uor oet hane ( St aFt+ngMaterial—Exampte-b—obtai-ne

gentafluoroethane érod'ctig“qg'gﬁﬂ 1 m&g EHP#*iuﬁ Ndﬁ%ﬁfﬂlh one of the

gas inlets at a flow rpte—of %ﬂ%ﬁ3NL/hr. F!uori:'?E %%%%M%flnfroduced

t hrough the other gas Hnlet—aEaHowrate-of ﬁ)g 'ﬂhr for ffluorination

20 reaction. The outl ef—gas— Elrﬂhe reatt-or—was CQQ acted—w th an aqueous

pot assi um hydr oxi de so utiongﬁHggn FGHEOHS pot%sgagﬁliod dqlsolutlon and

t he hydrogen fl uori deland—uny 3&tedflubrine gas he outllet gas were
ing agent for 25 drying, the dried

removed. After contact with a dehydrat ed
gas was cooled and collected, and distilled for purification. The purified

hoxal | war oet hane Weg: B0ALY 286N 083, CHLOYRY 801 Y o gl RYBleT Sul 1
Purity volt) OF Gkfoerop¥acings0<6. boof Pore Wabersince GOFLOvessel O her
0.0001 and stirring, a solution of 452 g of Cr(NO,),*9H,0 and 42

g of In(NO;),*nH,0 (where n is approximately 5) in 1.2 L
of purified water and 0.31 L of 28% aqueous ammonia water

10 were added dropwise thereto, to a reaction solution pH in
the range of 7.5-8.5 over a period of about 1 hour while
controlling the flow rate of the two aqueous solutions.
The obtained slurry was filtered, and the filtered solid
was thoroughly washed with purified water and then dried

15 at 120°C for 12 hours. After pulverizing the dried
solid, it was mixed with graphite and shaped into pellets
using a tablet molding machine. The pellets were
calcined for 4 hours under a nitrogen stream at 400°C to
prepare a catalyst precursor. The catalyst precursor was

20 filled into an Inconel reactor and subjected to
fluorination treatment (catalyst activation) under a
nitrogen-diluted hydrogen fluoride stream at 350°C and
ordinary pressure. It was then subjected to fluorination
treatment (catalyst activation) at 400°C under a 100%

25 hydrogen fluoride stream and then under a nitrogen-
diluted hydrogen fluoride stream, to prepare a catalyst
(Catalyst Example 1).

Example 1
A 150 ml portion of the catalyst (Catalyst Example

30 1) obtained in Catalyst Production Example 1 was filled
into an Inconel 600 reactor with an inner diameter of 1
inch and a length of 1 m and the temperature was kept at
280°C while circulating nitrogen gas. Hydrogen fluoride



5 Catal yst Production Exanple 1 (Catalyst Exanple 1) After placing 0.6 L of
pure water in a 10 L vessel and stirring, a solution of 452 g of Cr(NQ)S3.
9H20 and wo® o3gi1af471 n( NO3) 3nH20 (where n is approxi mately Pcrarodof3d of
purified water and 0.31 L of 28% aqueous oni a water 10 were added
dropwi se thereto, to a reaction solutionpHin the range of 7.5-8.5 over a
period of about 1 hour while controlling the flowrate of the two aqueous
sol utions. TH#@S obkeR neePrliedyatasd - 5|N¥2P§d apfAdstRetinp: @gserdellid was

t hor oughl y maﬁ@ﬂgfmmébb@umaﬁéeﬂav@hgrtﬁ@dcbﬁgasﬂthed sﬁéw@tlﬁZQQbﬁ%r212
hours. After Eulver|2|n the dried solid S mxe graph e and

wa
shaped into pEPFREEingFHgeLipLpEEpm ?d?hgwﬁﬁcﬁPHBll?ﬁeaﬁePIét
cal ci ned for ﬂh@oym§puﬁd@f Aibrdgegegast waantRen48Q0€pkadefdr apdre a catalyst

precurs@r. The ¢ recur so S filled into I nc reactor and
subjectgd to r??ﬁ% é%?%nl??%%?ﬁﬁa? (%ngFyétHSBFFWa?BSn?ugﬂﬁgr
nitrogen-diIuiedthMQog@mctbnowadewashednwath3éﬁcaqndouer@bmasglpmessure
It was then s t nag i e . (;C ct t ) at
400C ander o TOBRE 5Ly baLR0h | oo, PamobEr BhEmaL shrRLALYRERE BHA K80
di | uted hydr og@$ ¢¢mﬁﬁ$¥ﬁ9@@r@®ﬂ1aﬂélbﬁééabﬁ aaéa@hrymatoecaphyygndExanple
1). Exanple 1l£bﬁéikiadi&%th@ﬁaPiubbse@@Aﬁéyﬁaviﬁgteh¥8&05§e§9k§0n30 1)
obtain %st Productjon Exanple 1 was I into an I nconel 600
reacto tér of 1 inch and a | ength of 1 mand the
tenperature was kept at 280C whi l e circulating ni trogen gas. Hydrogen
fluoride WO 03/014047 PCT/ JP02/ 08034 % s then supplied at 1.5 NL/hr
and starting materi al hexafluoroethane aV| g the conposition shown in
Table 2 (Starting Material Exanple 2) was supplied at 3.5 NL/hr. The

supply of nitrogen gasfwas lciéiﬁliEs ﬁlllﬁipenue,l dllgu?ltydl(ivb&!%)wab initiated.
After 3 hours, the outfet gascr ol the Teactorgyaggwgshed—wit h an aqueous
pot assi um CF, 0.0035
CCIF, <0.0001
CF.CHF, 0.0001
Other <0.0001
15

As shown in Table 3, the chlorotrifluoromethane
contained in hexafluoroethane can be converted to
tetrafluoromethane.

The above reaction was then carried out and the acid

20 component-removed gas was contacted with a dehydrating
agent, dried, cooled and collected, and then distilled by
a known method for purification. The hexafluoroethane
obtained by the distillation was analyzed by gas
chromatography, giving the results shown in Table 4.

25
Table 4

Compound Purity
CF,CF, 299.9997 vol%
CF, <0.5 volppm
CClF, <0.5 volppm
CF,CHF, <0.5 volppm
Other <1.0 volppm




hydr oxi de solution to renpve the acid conponent, and the gas conposition
was anal yzed by gas chronmat ography and identified as hexafl uoroet hane
havi ng t hevoocwrmpesiti on 10 shown in Table 3. Tabl e 3 Conpouwad/Paz/igog4 (vol %
CF CF 99.9972 CF4 0.0025 CC1F <0.0001 ﬁf CHF 0.0001 O her <0.0001 15 As
shown in Table 3, the chlorotrifluoronet 2he contained in hexafl uor oet hane
can be converted to tetrafluoronethane. The above reaction was then
carried out and the acid 20 component-renoved gas was contacted with a

dehydrating agentpydiiegn €R8l gﬁa@ggigokbgﬁ&%@i, saBdnt hantdb3bi lal,edny a

known net hod for,gurlflcatlon. The ex§gluoroethane ob alneg §§ thg

distillation R&Eia¥aPyzERe byeYatiuehPs ?Bﬁryﬁﬁy?tgﬂﬁﬁﬁ% PHe 2Pedui’Pe *ghown

ianabIe 4. Zﬁnaabhéléhl&b@@@ﬂﬂﬂuﬁhbméyh?ﬁESGEﬁtﬁﬁﬂ.99971@9Ftt65n<©u5

vol ppm _CClF <0.,5 vol papm CF CHF <0.5 vol ppm .OQther.<1.0 vol ppm WO

03/ 014037 PCIYIHBBP 08059 TIBYE L BAES Ehe! EQa&XﬁngPé’ P88ults shown in

Tabl e 4, the choombdyogfapine hekafl NOPepeFhaneEdGds aatl GE€a¥S.99. 9997 vol %

and the chlorotrifﬁggﬁéggt@ane content was less than 0.5 5 vol ppm The
al'yz y

I mpurities were an by gas chromat ography using TCD, FID, ECD and
GC-M5. Exanple 2 A 100 ml portion of the catalyst (Catalyst Example

1) obtained in Catalyst Production Example 1 was filled
10 into an Inconel 600 reactor with an inner diameter of 1
inch and a length of 1 m and the temperature was kept at
400°C while circulating nitrogen gas. Hydrogen fluoride
was then supplied at 10 NL/hr, and starting material
hexafluoroethane having the composition shown in Table 2
15 (Starting Material Example 2) was supplied at 10 NL/hr.
The supply of nitrogen gas was then suspended and
reaction was initiated. After 3 hours, the outlet gas
from the reactor was treated for removal of the acid
component in the same manner as Example 1, and analysis
20 was performed by gas chromatography. The results
confirmed the product to be hexafluoroethane having the

composition shown in Table 5.

Table 5
25
Compound Purity (vol%)
CF.CF, 99.9972
CF, 0.0026
CCIF, ND
Other 0.0002
In Table 5, ND means "not detectable" by GC-MS, i.e.
a value of less than 0.1 volppm. The CClF, content was

30 therefore less than 0.1 volppm.

The product gas dehydrated in the same manner as
Example 1 was cooled and collected, and distilled under
the same conditions, and the resulting hexafluoroethane



A 100 M portion of the catalyst (Catal yst Exanple 1) obtained in Catalyst
Production Exanple 1 was filled 10 into an Inconel 600 reactor with an

i nner di awet@roigf471l i nch and a length of 1 mand the tenpacarizosss kept
at  400C while circulating nitrogen gas. drogen fluoride was then
supplied at 10 NL/hr, and starting nmateri ~ hexaf | uor oet hane having the
conposi tion shown in Table 2 15 (Starting material Exanple 2) was supplied
at 10 NL/ hr. waEheasapytgd dfy rgas ogeronatogmsprhtiendsvuspandbe &REULEEacti on
was initiateq¥uﬁﬁgeln3ng&gsé_the outlet gas fromthe reactor was treated
for renoval of the acid conponent in the sanme manner as Exanple 1, and
anal ysis 20 was perforned by gas chronmatography. The results confirned the
product to be hexafl uoroet hane havi ng fhBl1ecenpositi on shown in Table 5.
Table 5 25 Compound Purity (vol% CF CF 99.9972 CF4 0.0026 CC1F ND
Cther 020002 In Table 5, ND means "not detectabl e” by GC-MS, i.e. a value
of less than 0.1 vol pdm Theogdiddcont ent was Rbittdherefore | ess than 0.1
vol ppm The product gds dehydrat®ed I n the saxg9nBbpBrvaid% Exanple 1 was
cool ed and col |l ected, |[and di stgd,l ed under the0s&neotppdi tions, and the
resul ting hexaf | uoroetfhane WQd3.,014047 PCT/ JR0210863gpm- 22 | was anal yzed
by gas chromat ogr aphy,| gi vi ngthleer results shewm0i moIpplne 6. [Table 6 5
Compound Purity ~ CF CF >99.9998 volt CF4 <0.5 vol ppm

As clearly shown by the analysis results in Table 6,
the CC1F, content was less than 0.1 volppm, and therefore

10 high-purity hexafluoroethane had been obtained.

Pentafluoroethane Production Example 2 (Starting
Material Example 3)

Tetrachloroethylene (CCl,=CCl,) was contacted with
Molecular Sieve 4A (product of Union Showa K.K.) to

15 remove the stabilizer and moisture in the
tetrachloroethylene, and was then reacted with hydrogen
fluoride (HF) in the presence of a chromium-based
fluorination catalyst (first reaction: Reaction pressure
of 0.4 MPa, reaction temperature of 300°C,

20 HF/tetrachloroethylene = 8 (molar ratio)). Next, the
mixed gas containing primarily dichlorotrifluoroethane
(CF,CHC1,) and chlorotetrafluoroethane (CF;CHCLF) obtained
by the first reaction was reacted with hydrogen fluoride
(second reaction: Reaction pressure of 0.4 MPa, reaction

25  temperature of 330°C, HF/(CF,CHCl, + CF,CHCLF) = 6 (molar
ratio)). After completion of the second reaction, the
acid component was removed by a known method, and
distillation purification was performed to obtain a
distillate containing mostly pentafluoroethane as the

30 major component. The distillate was analyzed by gas
chromatography and identified as a mixed gas having the
composition shown in Table 7 (Starting Material Example
3).
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Pentafluoroethane Production Example 3 (Starting

Material

Example 4)

The mixed gas containing pentafluoroethane as the

major component which was obtained by the process

10

The distillate was

described above (Starting Material Example 3) was
distilled by a known method.

analyzed

by gas chromatography and identified as a mixed gas

having the composition shown in Table 8 (Starting

Material
15

20

Example 4).

Table 8

Compound

Purity (vol%)

CF.CHF,

99.7984

CHCIF,

0.0003

CHF,

0.0024

CF,CCLF,

0.1989

Catalyst Production Example 2 (Catalyst Example 2)

Sodium palladium chloride was dissolved in water,

and a 1.6 mm¢ spherical alumina support was immersed

therein for adsorption of the palladium salt, after which

25

the solvent was distilled off at a temperature of 100°C,



CF CClF 0.5439 CF CHC1F 0.0007 CF CCl1 F 0.0011 CF CH C1 0.0003 O her

0. 0007 5 Pent afl uoroet hane Production Exanple 3 (Starting Materi al
Exanpl e 4Wwolis@imsxed gas contai ni ng pent af | uor oet hane as tAGI/JPOH)SIB4
conponent whi ch was obtained by the proc 10 descri bed above (Starting
Materi al Exanple 3) was distilled by a Khown nmethod. The distillate was
anal yzed by gas chromat ography and identified as a m xed gas having the
conposi tion shewRIPANFaBRE SORBUGFEANGN RBEeptal 0BxSEmpPEI4NYdTOIRaD| ¢ 8

CD”DOUHdZEUE;fgdﬁMthh géE &tEoRP178844 @HCBEB °Q.. OOQﬁeCHEpQOQQZgngEt@C1F

0. 1989 t ucti.on | yst anpl e odi um
paIIadlun1chI8$|§§ 8&§§8|935{?HE&BtSP% & ¥of. ﬁ%r spherlcal al uni na
support was innersédtaﬂpetePnoﬂuctadBoEgampmeoB t(hetpakbadesnampakt 3)aft er

which 23 the SOlve?%§g§§i9i§g£5£§§ O&BSa&lQSEEUBErﬁhu&gtgg 100G, gvggéc, and

03/ 014047 PCT/ JP0O2 cl ning Was conducted Tn'alr a
hydr ogen redmm¢|ﬂph@aﬁcabcmhmhis@eﬂuppoﬁﬁOﬁhsThﬁmén@@@rthégeiﬁtEOrOf t he
obt ai ned pal | adi um cat al st Producti on Exanp

t was ta
(Cat al yst ExanpFerBFicg éfa??ﬁiEféﬁFBPWdéagés é¢§§5IW€HCFntﬁﬁt§P1V§ﬁ§ al.6
nm- spheri calwas udisaisLpRostfwas anvenpedathieeebs 100°cadsalpin@agof the

platlnun1salt gfégﬁduckgg Egeafglggngoo °C, and hydrogen reduction was

10 accomplished at 350°C. The supporting rate of the

obtained platinum catalyst was 2.0%.
Example 3
A 100 ml portion of the catalyst (Catalyst Example

2) obtained in Catalyst Production Example 2 was filled

15 into an Inconel 600 reactor with an inner diameter of 1
inch and a length of 1 m and the temperature was kept at
280°C while circulating nitrogen gas. Hydrogen was then
supplied at a flow rate of 0.36 NL/hr, the mixed gas
having the composition shown in Table 7 (Starting

20 Material Example 3) was supplied at 8.33 NL/hr, and then
the supply of nitrogen gas was suspended and a reaction
(step (1)) was initiated. After 2 hours, the outlet gas
from the reactor was washed with an aqueous solution of
potassium hydroxide for removal of the acid component,

25 and then analysis of the gas composition by gas
chromatography identified it as a mixed gas composed
mainly of pentafluoroethane having the composition shown
in Table 9.



was distilled off at a tenperature of 100C, calcining was conducted in air
at 300C, and hydrogen reduction was 10 acconplished at 350C. The supporting

rate of tw® osgbsarned plati num catal yst was 2. 0%
portion of the catalyst (Catalyst Exanpl
Production Exanple 2 was filled
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the m xed gas having the conposition shown in
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the supply of ni T e (step (1))
was initiated. After Z—heursi—theoutletgas—tronarthe—~eactor was washed
wi th an aqueous sol utifen—ef—ypotasstum-hydrexide-for—+empval-pf the acid
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chromat ogr aphy i denti fied :tcﬁiH* m-xed—gas—econposed——nmainlyof
pent af | uor oet hane havimg—the gﬁyﬁ"sitio. shewn .“l%%ﬂ e-9— VD 03/ 014047
PCT/ JP02/ 08034 - 25 |[Fable-tappoune—Rurity(¥o1138% cF CHE 199. 9177 CH4
0.0013 CH F 0.0009 CHF3—6- Sgﬁ,gcﬁ Lo i H 60126 C'cg 584 00386 CF CCIF
0.0058 Other 0.0005 5—Fhe—frxed gas—conposed—ral “@;cﬁ pentiaf | uor oet hane
havi ng the conposition shown in Table 9, which was obtained by the process

descri bed above, was distilled by a known nethod, and after renpving the
| ow boi ki ng poi Nt The mixed gas composed mainly of pentafluoroethane

10

15

20

25

30

having the composition shown in Table 9, which was
obtained by the process described above, was distilled by
a known method, and after removing the low boiling point
components such as the inert gas and hydrogen gas, a
direct fluorination reaction (step (2)) was conducted
with fluorine gas.

Nitrogen gas was introduced into an Inconel 600
reactor with an inner diameter of 20.6 mm¢ and a length
of 500 mm (electric heater type reactor: passivation
treated with fluorine gas at a temperature of 500°C)
through two gas inlets at a total flow rate of 30 NL/hr,
and the temperature in the reactor was kept at 420°C.
Next, hydrogen fluoride was introduced through the two
gas inlets at a total flow rate of 50 NL/hr, and the
above-mentioned mixed gas composed mainly of
pentafluoroethane from which the low boiling point
components had been removed was introduced through one of
the gas inlets at a flow rate of 3.5 NL/hr. Fluorine gas
was introduced through the other gas inlet at a flow rate
of 3.85 NL/hr and reacted therewith. After 3 hours, the
outlet gas from the reactor was contacted with an aqueous
potassium hydroxide solution and an aqueous potassium
iodide solution, and the hydrogen fluoride and unreacted
fluorine gas were removed. After contact with a

dehydrating agent for drying, the dried gas composition



conponents such as the inert gas and hydrogen gas,
reaction (step (2)) was conducted wth fluorine gas.
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was cool ed

The dried gas composed mainly of hexafluoroethane

was cooled and collected, and purified by distillation.

10 The purified gas was analyzed by gas chromatography using
TCD, FID, ECD and GC-MS, and the results shown in Table
11 were obtained.
Table 11
15
Compound Purity volppm
CF.CHF, <0.5 volppm
CF,CH,F <0.5 volppm
CF, <0.4 volppm
SF, <0.4 volppm
CF,CClF, <0.1 volppm
CF,CF, >99.9998 vols%
As clearly seen by the analysis results in Table 11,
the hexafluoroethane contained virtually no impurities,
20 thus demonstrating that high-purity hexafluoroethane had
been obtained, with a purity of at least 99.9997 volsg.
Example 4
A reaction (step (1)) was carried out with the same
conditions and procedure as Example 3, except that 100 ml
25 of catalyst (Catalyst Example 3) was filled in and the

mixed gas of Starting Material Example 4 was used.

The

reactor outlet gas was treated in the same manner and



10 The purified gas was anal yzed by gas chromat ography using TCD, FID, ECD
and GC-M5, and the results shown in Table 11 were obtained. Table 11 15
Conmpound Warastog4o40l ppm CF CHF <0.5 vol ppm CF CH F <0.5 walTppor/@Gied4 <0. 4
vol ppm SF6 <0.4 vol ppm CF CClF <0.1 vobppm CF CF >99.9998 volt As clearly
seen by the analysis results in Table 11, the hexafl uoroethane contained
virtually no | uriti 20 thus denonstrating that high-purit

hexaf | uor oet haH h%ﬁaﬁ%%%dobﬁﬁY%%% t??%ﬁi%ﬁl??o%ﬁ M Take bé 9997 vol t.
Exanple 4 A reaction (step (1)) was carrled out with the same conditions
and procedure as Exanple 3, except th ?1 25 of catal yst (Catalyst
Exanple 3) was filled in and the n1xe & Starting Material Exanple 4
was used. The reactor outlet gas was treated in the same manner and WO

03/ 014047 PCT/ JP02/ 0803427, g anerch i results shown in
Table 12. Table 12 C(llpuungg-'pghka; tvotto)- %:er§ ﬁ%kﬂoﬁ%gz €H4 0.0002 CH F
0.0002 CF CH F 0.005 CHce;, 0 6245 CFCEHF—6- 0 b90,CH3 - §021 5 The
m xed gas conposed maimty UICHFFLdIIUUILcLHdHc o@%ipagthe—cgnposi ti on
shown in Table 12, whifth muim‘cﬂfa 0.0056

CF.CH, 0.0215

CF3CClF2 0.0012

CHF, 0.0021
5

The mixed gas composed mainly of pentafluoroethane
having the composition shown in Table 12, which was
obtained by the process described above, was distilled by

10 a known method, and after removing the low boiling point
components such as the inert gas and hydrogen gas, a
direct fluorination reaction (step (2)) was conducted
with fluorine gas using the same conditions and procedure
as Example 3. The gas obtained by treating the reactor

15 outlet gas according to the same process as Example 3 was
analyzed by gas chromatography, giving the results shown
in Table 13.

Table 13
20
Compound Purity (vol%)
CF,CF, 99.9680
CF, 0.0314
CHF, 0.0002
CF.CHF, <0.0001
CF,CH,F <0.0001
CF.CH, <0.0001
CF,CClF, <0.0001
The mixed gas composed mainly of hexafluorocethane
was cooled and collected, and then purified by
25 distillation. Analysis of the purified gas indicated a

hexafluoroethane purity of at least 99.9998 vol%, a



obt ai ned by the process described above, was distilled by 10 a known

nmet hod, and after renoving the |low boiling point conponents such as the

i nert gaswang/ohydrogen gas, a direct fluorination reacti ®aCTEPVBMOEL)) was
conducted w th fluorine gas using the s _condi tions and procedure as
Exanpl e 3. The gas obtained by treating the reactor 15 outlet gas
according to the sanme process_as Exanple 3 was analyzed by gas

chr omat ogr apH§AR 1 @F PR gCeRRovRE yiRRUESHEWNCORReThhPE 18SSThhfR 13vodppm,
Conpound Purléﬂd(&Ob%art GEaQ&rE@ﬁ & 85 D3d Aoe Chln 8- 8882enEFofHEes8- 0001
CF CH F <0.0001 001 <0. 0001 The m xed gas conposed

mai nly of hexat#ot o%P ﬂ% was cooled and collected, and then purified by
25 distillation. Apahysrstbfetireamplefled gas |nd|cated a hexafl uoroet hane
purity @f at Ieast 9 404 P 0]

chl ori ng’ conpound i rrf?)u%ggﬁ) L?Q%E? % ?3‘{79& % Zd # Qg'lqu g)@e Sau%art i ng
mat eri al pent%@m®bt©@@ﬁa®@dcEW@%@duﬁﬁ a%S%xammbﬁ 1,v©x@9pt Bonparative

Exanple 1 5 A:éé‘@@ibﬁntérﬁ}%épaé&:)é yesysenducied tgkngrbigceapgs conditions
and procedure as. Exanpl exce or a _reaction tenperature of 430C, and

the product w@Ral %ﬁ%ﬁyzeﬁheT%@§¥E%%I%%eaﬁ%P%%o&ﬂ Tﬂb#%bié 14. 10 Table 14
Compound Purity (vol%9 CF CHF 99.5373 CH4 0.0134

10 Table 14
Compound Purity (vol%)
CF,CHF, 99.5373
CH, 0.0134
C,H 0.0098
CH,F, 0.0002
CHF, 0.0189
CF,CH,F 0.0043
CF,CH, 0.4150
CF,CClF, 0.0044
Other 0.0011

As clearly seen from the analysis results in Table
15 14, when step (1) was conducted at a reaction temperature
of higher than 400°C, excess hydrogenation reaction was
promoted, thereby notably increasing the amount of 1,1,1-
trifluoroethane product. Methane and ethane were also
produced, and deterioration of the catalyst was observed.
20 Comparative Example 2
A reaction (step (1)) was conducted with the same
conditions and procedure as Example 3, except for a
reaction temperature of 130°C, and the product was
analyzed. When step (1) was conducted at a reaction
25 temperature of lower than 150°C, hydrogenation reaction
of the chlorine compounds was almost completely
inhibited, resulting in a chloropentafluoroethane
conversion rate of about 19%.
Comparative Example 3
30 A direct fluorination reaction (step (2)) was



CHO0.0098 CHF 0.0002 CHF 0.0189 CF CH F 0.0043 CF CH 0.4150 CF CCLlF
0.0044 Oher 0.0011 As clearly seen fromthe analysis results in Table 15
14, when woe@E/oidd7was conducted at a reaction tenperature paafjpaz/gees t han
400C, excess hydrogenation reaction vvas_ozgs{o_rmt ed, thereby notably

i ncreasing the anount of 1,1,1- trifluor hane product. Methane and et hane
were al so produced, and deterioration of the catal yst was observed. 20
Conpar at i ve ExaenphetgdAusdact it E8iepCERY) ti@d scaidu@reaFesiurie Bife sane
condi tions angypreeedyr ecagcbramBkeudingXECaRt nfiked® gLt iR Aamper ature
of 130C, and the product was anal yzed. "Wien step ( was conducted at a
reaction 25 t ¥ABEFafdr EXGMPLEwer Pﬁgnafﬁéé,rﬁ?ﬁWﬁé@hé?Fbiyﬁéﬁﬁﬁqn1 of the
chl ori ne conpguadgides aakdnatreaerpietelyrinehighist edntadsidd iihg the a

chl or opent af | uorogt hanet conversi on_rate of abo%t 19% C?) arative Exanple
330 A di rect “PRAGPPRatTaR T BAGe 1 BHALUPEH (2)) PiEE VBE oL AGT T

PCT/ JP02/ 0803¢hrema8ograpliyct e@hesirrguilhe samwe shomdi tinoMsibdied 1¥r.ocedure as
Exanpl e 3, except for using the m xed gas of Starting Material Exanple 3,
and after renoving the hydrogen fluoride and unreacted fluorine gas
contained in the 5 reactor outlet gas, analysis was perforned by gas
chromat ography. The results are shown gan1l@abie 15. Table 15 10 Conpound
Purity l(Ovol % CF CF 99.4210 CF4 0.0308

Compound Purity (vol%)
CF,CF, 99,4210
CF, 0.0308
CCLF, 0.0046
CF,CHF, 0.0002
CF.CCLF, 0.5419
CF,CCLF 0.0009
Other 0.0006

As clearly seen in Table 15, direct fluorination
reaction using pentafluoroethane with a high chlorine
15 compound content produced chlorotrifluoromethane, which
is difficult to separate.
Industrial Applicability
According to the procedure of the present invention,
it is possible to obtain high-purity CF,CF,; and the
20 obtained CF,CF, is suitable for use as an etching gas or
cleaning gas for semiconductor device manufacturing

steps.



CClF 0.0046 CF CHF 0.0002 CF CCl1F 0.5419 CF CO F 0.0009 O her 0.0006
As clearly seen in Table 15, direct fluorination reaction using

pent af | uowwedswasa7wi th a hi gh chlorine 15 conpound cont entpqavirpdzresncs
chlorotrifluoronethane, which is diffic to separate. Industria
Applicability According to the procedure of the present invention, it is
possible to obtain high-purity CF3CF3 and the 20 obtained CF3CF3 is
suitabl e for use as an etching gas or S&2@dH ng gas for seni conductor

devi ce manufacturing SAepgocwﬁhoﬁée1ﬁeéauB€IbﬁP%%/Q%Q%élubr%%th@hélNB 1.
A process for roductlon of hexafl uor oet whi,ch conprises a step in

whi ch a m xed"gas? cORPRF HPRG 2hE8%SPI 4Br B %ﬁgné Brireeh 980 CPIERAFLEFet hane
is reacted 5 Mekhfhydrogehahbuanddehloratgaflnba&methahbe1BrQ&%@%@dof a

Ehloror st PooTELR Mok 8LoROR1d805ue 128 L HRE! BREEANA QN chd®lesence pfe

chlorotrlfluoronet rocess acco
fluorination @afhmqsinatiansquaiyeﬂ aht aPPst 56 Ca WQEKflmﬁraaaahpataﬂtr1

trival ent chr onponent. 3. A process according to
a%&”&ﬂﬁbﬁs §§f§PSrBHé9ﬁan8

claim1l1 or ereln ratio of the hﬁdrogen fluoride and said
m xed gas (hydrog%n f | BoPFaeLRFxaacgadinentai AilAgM13  hwkatrdsr s8ehane and

chl orotrifl uof puetane)ohSchBalPst i§nges@§pgr95d1@atﬁlyétp690355uﬁﬁcord'ng
to any _qne of t he concentration” of

chloro |f|ud?%%%i%%ﬁew?ﬁhsEFaVﬁfﬁ%ﬁ GREOMEUROOFESt &F t5 Fﬁéﬁro 1 volt.

component.

3. A process according to claim 1 or 2, wherein
the molar ratio of the hydrogen fluoride and said mixed
gas (hydrogen fluoride/mixed gas containing

15 hexafluoroethane and chlorotrifluoromethane) is in the
range of 0.05-10.
4. A process according to any one of claims 1 to

3, wherein the concentration of the
chlorotrifluoromethane in said mixed gas is no greater
20 than 0.1 vols%.
5. A process according to any one of claims 1 to
4, wherein said mixed gas is obtained by reacting
dichlorotetrafluoroethane and/or chloropentafluoroethane
with hydrogen fluoride in a gas phase in the presence of
25 a fluorination catalyst.
6. A process according to any one of claims 1 to
4, wherein said mixed gas is obtained by reacting
tetrafluoroethane and/or pentafluoroethane with fluorine
gas.
30 7. A process for production of hexafluoroethane
which comprises the following steps (1) and (2):

(1) A step in which a mixed gas containing
hexafluoroethane and chlorotrifluoromethane is reacted
with hydrogen fluoride in a gas phase in the presence of

35 a fluorination catalyst at 200-450°C to fluorinate said
chlorotrifluoromethane and convert it to

tetrafluoromethane.



5. A process according to any one of clains 1 to 4, wherein said m xed gas
is obtained by reacting dichlorotetrafl uoroethane and/ or

chl or openwar d3uasm@et hane w th hydrogen fluoride in a gas maaspor/msoshe
presence of 25 a fluorination catalyst. $; A process according to any one
of claimse 1 to 4, wherein said m xed gas 1s obtained by reacting

tetrafl uoroet hane and/ or pentafl| uorgethane with fluorine gas. 30 7. A
process for production éf)heRaft8Br 6Bt WAAER HhPcRiXEFpGESe §ORREIMdY%W ng

steps (1) andné®xfl(droAthhap hAdWAEERadllb¥efe@asneoRdialngd in step

hexaf | th d.ch trifl th N t i.th d
Fl uori de. i n al bis PndSa*tALEHe P BEEREE BRES8L4% PRGATIALEGR (EAPEIy st at

GERTH:
200-450C to fluori dat e aapdocebkorotorfiingr boethade andwhemednt tihie t o
tetrafl yorone : .03/ J 08034, - _3 2) A st i.n_which
t he nixgﬁ gas£g§§?épgg%§g géﬁgﬁgﬁgf§étgg§é ggg %gtPa%PE%P%%gghg%ga%Kngned
in step (1) s dibuilkl edtedysbt wihhpbriveédnhegafrbnonoevkade. a8. thepr ocess
according to glaibm &onPBRERLN the 5 fluorination catalyst of step (1) is a
supported catalyst or a bulk catalyst with trivalent chrom um oxide as the

maj or conponent. 97-A pPoPESSCEECBFEPRGLIRE EPaFkRINor 8r RheW8emein idtep

(1), the nD|aétégt;@)QfthbembYdfogaﬂiB|@QFEH@ agdrdgenaird ubiriad aas
(hydroqin fluoride/ m xed gas antainin hex%fluorogthane ang o

Shi or ot 11 uoT oM RARES PES; fIFRECIPAFAUBFLEe¢BI16d B6° Ropradaias
accordi ng to eyabheovbethanasaidt chl&ronhefdiinrbhetbanegntisatinonhef the 15
chlorotriflu hape,i prsapd m xed gas of step (1) is no greater than
0.1 volt. 119£%£€%0§£sg'ggcgpding to any one of claims 7 to 10, wherein
said mxed gas of 5Pep RIprpgesptafpendbypg to any one of claims 7 to

9, wherein the concentration of the
15 chlorotrifluoromethane in said mixed gas of step (1) is
no greater than 0.1 vol%.

11. A process according to any one of claims 7 to
10, wherein said mixed gas of step (1) is obtained by
reacting dichlorotetrafluoroethane and/or

20 chloropentafluoroethane with hydrogen fluoride in a gas
phase in the presence of a fluorination catalyst.

12. A process according to any one of claims 7 to
10, wherein said mixed gas of step (1) is obtained by
reacting tetrafluoroethane and/or pentafluoroethane with

25 fluorine gas.

13. A process for production of hexafluoroethane
which comprises a step (1) in which pentafluoroethane
containing chlorine compounds with 1-3 carbon atoms is
reacted with hydrogen in a gas phase in the presence of a

30 hydrogenation catalyst at 150-400°C for hydrogenation of
salid chlorine compounds, and a step (2) in which the
product of step (1) is reacted with fluorine in a gas
phase in the presence of a diluent gas to produce
hexafluoroethane.

35 14. A process according to claim 13, wherein the
product of step (1) used in step (2) is purified
pentafluoroethane obtained by distillation of the crude



reacting dichlorotetrafl uoroethane and/ or 20 chl oropent af |l uoroet hane with
hydrogen fluoride in a gas phase in the presence of a fluorination

cat al yst . wiRn3/s@@rocess according to any one of clainms 7 tRCT/IPO2/08BEr ei n
sai d mxed gas of step (1) is obtained byy,reacting tetrafluoroethane
and/ or pentafluoroethane with 25 fluorine gas. 13. A process for
producti on of_ he af%uoroe hane_ which conprises a step (1) in which

pent af | uor oet RAREUCE0REaPHFRg (dAlori ne conpounds with 1-3 carbon atons is
reacted with hydrogen i A prgassphaseoraihbetpr esenge 18f & 3@, hydregenation

catal yst at 150-4 f.or drogenation,of . said chlorine conpounds, and a
step (2) in Wﬁl% Qgﬁés Srgéﬁgggafs ?Bpl?lthghr5§€t8J4§uFﬁ gﬁ&éﬂpﬁé R a
gas phase instée pReséncdietialddl tenpugasyt ahpr hdued lubevathaaeoet hane.
35 14. process aggordipn al .wWherein_the praduct ,of ep (1)
used in@gtep (2) igsbur?f gé?e%%n%g¥%gg%o t%éngnngQFnS% S;a&p§tﬁ%I£Pion of
the crude WO 3/ 0140237 porpgiPees08084rthesg2stepodactvhdchshgdrothlotic A

process accorging {8 ebabied3robmline WbsB:iSAMBELIGS 2 obYL ep in
whi ch the product g?iained in step (2) is éis??lle toopgéﬁﬁgataé
hexaf | uor oet HangP 6. A process according to any one of clainms 13 to 15,

whi ch conprises a furt harpsbepssnasbibedihydeochhor bee a€i d1hsmsemsved from
the reggtion 0 aj i ). 17. A process according to any

one of%?lainspé3d#%ér§g£1%$§§h%$%?%£§§iéO%R?BP?ﬁea§8n888n8§ B4PE®one or nore
conpounds sel@enpauidsnsehecteduprennshet gngupfconhlietamgt bane,

glhlcﬁlr 8? (r)![ fe!t Egrf)g%%%&g?ﬁ%%%&w %ﬁ?@fﬁﬁ#%ﬁ;ﬁ%&%{?ﬁ%ﬁé, chlorotrifl uoroet hane
and 15 chl or dth19¥eReREr Alnereethdne A diokbesobetoraingrosthageone of
clains 13 tochlorotetrafluoroethane, chlorotrifluoroethane and

15 chlorotrifluoroethylene.

18. A process according to any one of claims 13 to
17, wherein said chlorine compounds included in the
chlorine compound-containing pentafluoroethane used in
step (1) are present at no greater than 1 vol%.

20 19. A process according to claim 18, wherein said
chlorine compounds included in the chlorine compound-
containing pentafluoroethane used in step (1) are present
at no greater than 0.5 volsg.

20. A process according to any one of claims 13 to

25 19, wherein the hydrogenation catalyst of step (1)
contains at least one element selected from platinum
metals.

21. A process according to claim 20, wherein the
hydrogenation catalyst of step (1) is a catalyst having

30 at least one element selected from platinum metals
supported on at least one support selected from the group
consisting of active carbon, alumina and fluorinated
alumina.

22. A process according to any one of claims 13 to

35 21, wherein the amount of hydrogen used in step (1) is in
a molar ratio of 1-20 with respect to the chlorine
compound-containing pentafluoroethane.



17, wherein said chlorine conmpounds included in the chlorine
conpound- cont ai ni ng pent af | uoroet hane used in step (1) are present at no
greater twawsbiwabt. 20 19. A process according to clai m I T/J#zosesn said
chlorine conmpounds included in the chlarisne _conmpound- contai ni ng

pent af | uor oet hane used in step (1) are present at no greater than 0.5

vol % 20. A procesg accordin to an e of clains 13 tao 25 19, wherein
the hydrogenation tatal§sP*8 e§§eﬁ°%ﬁ5 IRPnEQ| ABYaPNPegSt COALME| dReiP

Sﬁl ect ed L r o2} avheweinnehal srllﬂuofo@m@@éslacgﬁbdua@dt ﬁanIaalh Emélnt 20
erein the ogen talys te s | yst havi ng at
| east one elé%%géos%¥§%% =1 EE % %t h%1 téﬁé EEB%BF eﬂfoﬁtﬁP (édst one

support sel ectzedffom shepg(®dup consisting of active carbon, alumna and

fluoringted alum 2 e n 0_an ne.of clains 13 to
35 21, wherein theﬂgrmugnt ,g?@%ggdrggr ucgcﬁe&i tgo}slt%% %?fa%%uoﬁoegh%ﬁar ratio
of 1-20 with 4%%@%Q%ngot@h@nﬁh©@¢|%% @bmpmﬂnh3cbﬂt33nlwgepennatheoroethane

VO 03/ 014047 RCIl6IR02/ E883dunds 3311231 - IA@é:?&@ﬁsaéeﬁgrQk@glﬁelﬁ‘&e\ldoﬁﬁ of
claine 13 to 22 WhEI‘EIP the trifluoroethane is included In an anount of

no greater tdh PHREIE POt FECHrFaitanilQ2pves$ instherprodvep ©2). 5
24. A processtap (F pduséd ofionfsbexafl )J.oroet hane according to any one of

ol uddd i an arbint o ReC e SRt THIR DD 0B PPt e BrBaLLE BF of op
(1) used for %t epiegein oclps, dmlmmew avtdmlepg(fa) asyaogas of clains 13

Lo 24, uher idnithe, did uehts gas: OfnS'eD ded ScPoRasncCODLAL NI Ng at | east

one selected fromthe group consisting of tetr uoro

hexaf | uor oet mlsw%f%ow{o%@d%@%wtﬁog@emf Lieproethane,

octafluoropropane and hydrogen fluoride.
15 26. A process according to claim 25, wherein the
diluent gas of step (2) is a hydrogen fluoride-rich gas.
27. A process according to any one of claims 13 to
26, wherein the reaction temperature in step (2) is 250-
500°cC.
20 28. A process according to claim 27, wherein the
reaction temperature in step (2) is 350-450°C.
29. A process according to any one of claims 13 to
28, wherein the chlorine compound-containing
pentafluorcethane used in step (1) is a gas composed
25 mainly of pentafluoroethane obtained by reacting
tetrachloroethylene or its fluorinated product with
hydrogen fluoride.
30. A process according to claim 29, wherein the
gas composed mainly of pentafluoroethane is a gas
30 obtained by distillation of a gas obtained by reacting
tetrachloroethylene or its fluorinated product with
hydrogen fluoride.
31. A hexafluoroethane product comprising
hexafluoroethane with a purity of 99.9997 vol% or greater
35 obtained by using a process according to any one of
claims 1 to 30.

32. A hexafluoroethane product according to claim



15 26. A process according to claim?25, wherein the diluent gas of step
(2) is a hydrogen fluoride-rich gas. 27. A process according to any one of
cl ai ms 13wion3@B404nher ei n the reaction tenperature in step KA)yIPZ0BD30- 500C.
20 28. A process according to claim 27, rein the reaction tenperature
in step (2) is 350-450C. 29. A process actording to any one of claims 13 to
28, wherein t Eorlne conpound- cont ai_ni ng pentafl uor oet hane used in
step (1) is a gasw 8ﬁﬁ6§e&hﬁ5Cﬁépﬁpyréﬁ1H@ﬁ@@ﬁﬁhﬁﬂﬁﬂQﬂﬂﬁ?HﬁﬁQﬁr&ﬁidw

reacti ng tetmegafmﬁoebbxh@@@ 13 hngEbHQ%k”%k@H1pﬂQﬂﬂﬁ5IM‘th hydr ogen
fluoride. 30. A prgﬁess acco g % to claim?2 wherein the gas conposed
mainly of pentaflu Oetﬁgng 98§S36°859&Pﬁ@@ By hxfilyonaeghagre a gas

obt ai ned by reecduay aCebmdahbotoethyhmne1obr|UQ fluorinated product with

hydr oger fl uoride. ,31. luqr rroduct c

hexaflugroethane m?%h aﬁ g???Rlﬂg ggg g g&Pﬁ @fagggg%gi'cg@eﬁ@ﬁéﬁhed by
using a procd@@oéﬁ%bréFﬁgrﬂ@nanYOOQéamm 3¢Iarn§21 to 30. 32. A
hexaf | uor oet hane product according to claimW 03/014047 PCT/JP02/ 08034 -
34 31, wherein the chlorotrifluoromethane content of said

hexaf | uoroethane is no greater than 1 vol ppm 33. An etching gas contai ning
a hexafl uoroet hane product according to claim31 or 32. 5 34. A cleaning
gas contai ning a hexafl uoroet hane product according to claim31 or 32.



