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SF-824 23 August 2006 DESCRI PTION Process for Producing Benfluar, &Qrbons
and Use Thieét#? CROSS REFERENCES OF RELATED APPLI CATI ON |sgapp Ication
is an application filed under 35 U.S.C. 111(a) claining benefit pursuant
to 35 U S.C 119(e)(1) of the filing date of Provisional application
60/ 272,451 filed March 2, 2001 pursuant to 35 U . S.C. 111(b). Technlcal
‘Field The present invention relates to a process for producing

perfl uorocarbons, nore specifically invention relates to a
process for producing perfluorocangﬁgﬁﬁgéﬁi for the productlon of -

sem conduct o C a doLn h roduction of rities such as
oxygen- cont ey Se¥ e cE8s R LA GRLRE ee Rt IR BEAPREN o d e histofF
hi gh-purity perfluorocarbons containing substantially no oxygen- '

cont ai ni ng conpound, "a perfluorocarbon-contai ning gas, and uses thereof.

Backgr oundtréysls REFERENOEGIWE! iReM, ARG a1 azaconduct or  devi ces,

per fluorocarbons have been conventionally used as one of useful etchlng or

cl eani ng gases. ThiSF- 8341 23 ALGHISt 2088 Ppiheotder thaed, t9akeersup with

recent .tendency
U.5.C. §lll(a) ,claiming benefit pursuant to 35 U.S.C.

§119(e) (1) of the filing date of Provisional application
60/272,451 filed March 2, 2001 pursuant to 35 U.S.C.
§111(b).
Teohnical Field
The present invention relates to a process for
producing perfluorocarbons,  more specifically, the present
invention relates  to a process for producing
perflucorocarbons useful for the production of semiconductor
devices and reduced in the production‘of impurities such as
oxygen-containing compound.
1>) o The presént invention a;so relates to high—puiity
perfluorocérbons -~ containing = substantially no | oxygen-—
- containing compound, a peffluorocarbon—coﬁtaining gas, and

[QSes thereof.

'Béckground Art
In the production process of semiconductor devices,
'perfluorocarbons have been - conventlonally ‘used as one of

useful etchlng or cleanlng gases



t oward hi gher performance, smaller size, higher density wrin t he
i ke of el getgpa@al or el ectronic equipnment, the elect rodg%?gugt'ﬁb cuit
substrate is beconing finer and in order to forma circuit pattern with
hi gher precision by etching or the |like, use of an extrenely high-purity
etching gas fromwhich inpurities are elimnated as nmuch as possible is
demanded.. \Wen the etching gas contains an inpurity even if in a very
smal | amount, this may cause generation of a large width line in the
formation of a fOnetheatdterer ohahdcr easekadip dapectisH nrddentpr eguaénhaving a
high density integrated circuit. Al so, the process of renoving deposits '
using a ctedardg ykshemsperdoperhoeredsnalletr resiaualhiighpuridérsitbe
reduced as much as possible in the production process of a sem conductor
devi ce af t€tT+h@ anrdafihrg lddFeash ¢lpaouiidenl er hébbcpueniy aguiphghtgual ity
device, For this purpose, a high-purity cleaning gas containing

subst ant i -aH§ ﬁieCFﬁﬁGFi Py s Cdértidde dubNtn teesiredeecenine finesandor
_produci ng ferfl oro- carbons, various nethods have been heretofore

pr oposed. ’#o?r‘i‘?(’énf)?e, OIMsA{ ot P2 Lbe Bt RERehighast Perr b%ion el¥t i ng

chlorotrif omet hane with .HE in the presence of , a catalyst (see,
JP- B- 62- 10%#‘%{3( %e ?%rrﬁvﬂe\]P- kess YS&d Oﬁeréf‘n RELAEMEAY " XHHR TR Jhpanese

patent publi Gat % ?ﬁg 318%) . reacting djchl orodifl uoronethane
With HEin' 9 éﬁ?g% g2 udﬂ%ﬂgi | &gl{les arg eilmlnateé as mugﬁ as
possible is demanded. When the etching gas contains an

impurity even if in a very small amount, this may cause
generation of a large width line in the formation of a fine
pattern or increase of defects in the product having)a high
density integrated circuit.

Also, the process of removing depositér using a
clganing gas must be performed'to.let residual impurities
be reduced as much as posé}ble in the productioﬁ process of
a semiconductor device after the cleéning so as to provide

| a high-purity and high-quality device. For this purpose, a
_) high-purity cleaning gaé containing substantially  no
impurity is demanded. |

.With'respect to the process for producing perfluoro-

- carbons, ‘various _methdds have been heretofore proposed.
. For example, as for tetrafluoromethane, a method of
- reacting chlorotrifluoromethane with HF in the presence of‘

a catalyst (see, 'JP-B-62-10211 (the term "JP-B" as used
" herein meansr aﬁ_ fexamined Japanese patent: publicatibn"))

and a method of reacting dichlorodifluoromethane with HF in



t he presence of a catalyst (see, JP-B-42-3004) are known; r 3
gro’?} a'fgocggn et hane

hexaf | 'uor o6Fn8R4, an electrolytic fluorination method st

and/ or ethyl ene, a pyrolysis method of thermally deconposing

tetrafl uoroethylene, and a nethod of fluorinating acetyl ene, ethylene,
ethane or the |like using a nmetal fluoride are known. Furthernore, a

direct fluorination nethod of contacting hydrocarbon or hydrofl uorocarbon
with a fluorine gas is al so .-known_and exanples thereof include a nethod of

reacting tFifI BEFSENREL IRfhed wrha v st udprfie gas B<ee 3068) 1,206, B20yn; a
met hod of act nf%it;etrafl oroet hane with a fluorine gas (see - Japanese

Pat ent 2, o) 1188§) nBERBElBPrretict ity aﬁeﬁiquwmtdﬁyl At jon
fluorine P- 1572 and a hod of reacting carbon (C) wth
F2 in Br F%ﬁeéﬁ&?@% sgéng\] PP]AO 2"&3?3%6)&1” %rthﬁﬁﬁeP%esé‘ PYCPhES1gase of
oct af | uor gpropane asfe carbon.atons, rect

h
fluorination met hod og reac géj% S; %%2%8%‘%% T2 pF A E Va5 ﬁé"n%vxﬁﬁ (see,

et hod s e e e LR TS e e, ChERRbe ™ "

met hod uses a fluorine gas erfel y
ther ef ore, 11106 U 1$NOET Sneifa DT E@Gb?gdea%%g REBMAS! ONpuEORLARLOR, OTathe

i ke between the substrate organic conpound and the f uori ne gas
f urt her nord r &t g &1 $100f1 nGAUSNNOME L HBG I gt b@sﬁ%a%lﬁfﬁgashyé%é'&ibéﬁaCch on or

~explosion resulting fromcleavage of CC bond, polynerization, production

of)carbon r(;@)::oﬁﬂojanm:acn’borﬁ with a fluorine gas is also known and
T examples thereof include a method of reacting trifluoro-
methane with a fluorine gas (see, GB 1,116,920), a method
of reacting tetrafluoroethane with a flﬁorine gas (see,
Japanese  Patent  2,947,158), a method of reacting
'hexafluoropropylene with a fluorine das (see; JP—-B-62-
61572), and a method of reacting carbon (C) with F, in BrFj
or IF; (see, JP-A-58-162536). Other than these, in the

case of octafluoropropane as a perfluorocarbon having 3

carbon atoms, -a direct fluorination method of reacting

o

propane with a fluorine gas 1is known ({see, EP 31519} .
Of these various productlon processes, the direct
fluorination method uses a fluorine gas hav1ng an extremely
_:hlgh react1v1ty and therefore, incurs dangers of bringing
about explos;on, ~ corrosion ' or the 1like between the
'sﬁbstrate organic compound and ‘the fluorine .gas and
ifurthermore, dangere of causing side reactions such as
“abrupt reaction or explosion resﬁlting from cleavage of C-C

bond, polymerization, productioﬁ-of carbon. (C), volume or -



SF-824 23 August 2006 the |ike due to generation of heat. For exanple, in
t he case @fr-®pnrt hesi zing a perfluorocarbon by the di r ecte3Aueyst #4495 on

met hod of reacting a linear hydrocarbon conmpound with a fluorine gas, the
synthesis is acconpanied with a very |arge heat of reaction as shown

bel ow. [00051 CH4+4F2 -* CF4+4HF (Equation 1) (AH = -479 kcal /nol)
C2H6+6F2 -* C2F6+6HF (.Equation 2) (AH = -690 kcal /nol) As such, in
replacing one GH bond by CF bond, a heat of reaction of about -110

Kcal / nol ithegén&eatied. td ngendreatdioectffhesti nati on net hod of reacting :
propane (C3HB) with-a fluorine gas, AH is about -880 Kcal/nol. In the case
of starting froheret kxsapiBquat ion Hhe 4cmske ofcf | usynideg§asing nekessary
per 1 nol of nethane and in the case of starting from ethane (Equation 2),
6 nol of PEridpPRecyERORs REceddary ddect noflwiriaiatden Mekhed wef, as

t he nunber of hydrogen atons in the substrate Qrganic Eon(‘g)ound is |arger

or as theT&A6GARIOR FIRRAT neydERaFROn  FapgerNdt Mathedt LHIOTHAR 93f becones

| arger. In order to .prevent the abr.u%} gng'ration of Oﬁeat o] r%act'on in
h

the di-regPéfIW&q Pon fretHddh ™ HHETS EPbetn Y dposEH® f F 2 exdhpl e, a
g o AbpL ey gy pee w10 another | nertgas (6. 0.7"
[0005] | - %
) CH;+4F; —b CF,+4HF (Equation 1)
o (AH = ~-4789 kcal/mol)
¢ CoHgt+BF, ——bl(bfg+6HF {(Equation 2)

_ (AH = -690 kcal/mol)

As such, in replacing one C-H bond by C-F bond, a
heat of reaction of about -~110 Kcal/mol is generated. 1In
the direct fluorination methed of reacting propane (CsHg)

' with_é fluorine gas, AH is about —880 Kcal/mol.
In the case of startiﬁg from methane {Equation 1},

4 mol of fluorine gas is necessary per 1 mol of methane and

-

in the case of . starting from ethane (Equation'2);.6 mol of
fluorine gas is.necéséary per 1 mol of ethane. In this way,
as the'number-of hydrogen atoms in the.subétrate organic
 compound is larger or as the amount of fluorine-used is
larger, thelheat of.reaction;becomes larger.: In order to
- prevent the abrupt generation of heaf.of reaction in the
direct_fluorination method, there have been proposed; for.
| example,ra method of diluting the fluorine gas with anotﬁer

ipert gaé (e.qg., ﬁitrogen, helium}, a méthod of diluting a



4 23 ‘August 2006 SF-824 substrate organic conpound with Qggther b&frt gas,
a net hod gf_ghpsol ving a substrate organic conpound in a _P@éﬁ? nactive-
'to. fluorine rn a |low concentration, a nmethod of performng the reaction
in alowtenperature region or a nethod of designing an apparatus such as
jet reactor to allowthe fluorine gas to gradually cone into contact with

t he substrate organi ¢ conmpound when the reaction is performed in a gas
phase. The present inventors have already found that these problens

encount er eshhd #dee Brgeiid | ddnatd om vretdasktan ifesyyed Dmethod
appropriately controlling the reaction conditions in the di rect

fluorinatieh aetbedvang thesabytrratepesdddipiOCabRpBangan he asad&lverand
econonmi cally produced in industry with good efficiency (Japanese Patent

3, 067, 633)inadmnitchetcafdvofring nh t e lohuscaiiaine et f | domettarbans as a
cl eaning or etching gas in the process for producing a sem conductor

.devi ce or pdwfdinkiaig t hee pertituonociar banlousttdwpdramimd vagions ommpurities

~as much  as possible and have a high purity as described above. For . the
renmoval ofngting i ef edessigpamat i on leypdirsttivls| asion es jde kieketiog usual |y

used. Heretofore, perfluorocarbons having a fixed purity have been

produced BAAde e ebtuo¥ingrgaat Fengnetnadlvheraei ipto e agte widtbved to

a . ‘ . .
the substrate organic compound when the reaction 1is

') pérformed in a gas phase.

The present inventors have already found that these
ﬁrobléms encountered in the direct fluorination method can
be solved - by appropriately controllihg the ©reaction
conditions in the direct flﬁorination method and thereby, .
perfluorocarbons can be safely and economically produced in
industry with good efficiency {Japanese Patent 3,067,633).

In the case of using the thus-obtained perfluoro-

" carbons as a cleéning or etching gés in the process for
producing a semiconductor device‘ or the 1like, the
;) perfluorocarbon must be free of'varioﬁs impuriﬁies as much
as possible and have a high puiity‘as described above. For
thé removal of.impurities, separatién by distillation or
- the like  is ﬁsﬁally used. Heretofore, perfluorocarbons
having a fixed purity have been produced by tﬁe difett
fluorination- methdd where impurifiés are removed to a
certain purity by combining, for example, purificationfof
starting materials, and distillation and'purification of

the product.




certain purity by conbining, for exanple, purification of startuﬁg .
mat eri al s, ggg_gistillation and purification of th'e pradftygusi2080. g24 23
August 2008 % the process of studying the above-described nethod for
obt ai ni ng perfluorocarbons by the direct fluorination nethod, the present

i nventors have found that sonme conponents remain as inpurities even by
perform ng high- precision distillation or the |like and these residual

i mpurities cannot be easily and effectively renoved. By 4 the analysis of

these inpuritiesyy oxygen- S ai @t“%/%g%?%%‘%ﬁ%@%ﬁ%g%ﬁﬁ%?%w hyl

et her, perfluorodinethyl peroxide an wer e

det ect ed. ﬂ_@?S%bQéiﬁQHgC%@l@d&d&Wfﬁ{ Wehe V¥eMectdi f1uSM dat Pohemove
because these fornmed an azeotropic conposition or azeotrope-like m xture

wi th perflmotioeay borse bresuah a pprddisrocanbes i sousad ahzan esghing or
cleaning gas for the manufacture of a sem conductor device while allow ng

m xi ng of ¢dmsenexygemenahhaiad NgmpoAPOLBES dver biii g rceraent ahign- the
~requirenment for formation of a very fine pattern may not be satisfied.
Accor di nglyrethei gr estirat iilieanitcor s dravehendéikext endi vehéswestegaiuahs to
prevent the production of such oxygen-containing conpounds, as a result,
it has beerrBwiidles haennhbs@coxggehl vomnai e coimpolndsenpeedri giBated in -
t he oxygen gas contained in_a slight amount in the reaction
the analysis of these impurities, oxygen-containing
} compounds such as ~perfluorodimethyl ether,
perfluorodimethyl peroxide and perfluoromethyl ethyl ether
were ‘detected. These oxygen—cpntaining coempounds were very
difficult to remove because these formed an azeotropic
composition or azeotrope-like mixture with perfluorocarbons.
If such a‘perfluorocarbon is used as an etching or cleéning
gas for the manufacture of a semiconductor device while
allowing mixing of those oxygen-containing compounds in a
high concentratioﬁ, the reguirement for formation of a very
fine pattern may not be satisfied.
R Accordingly, the preéent inventors have  made
extensive investigations to prevent the production of such
_'oxygen—containing cdmpounds, as ‘a result, it has been found
. that these oxygen—cqntaining Compounds are originated in
the oxygen gas contained in a slight amount in the reaction
starting materials such as  fluorine - gas or
hydrofluorocarbon, and when the oxXygen gas content in the

reaction starting materials is reduced to a specific amount

or. less while controlling the reaction conditions such as -



“startihg_('j jal s such as fluorine gas or hydrofl uorocarbon, @9 when t he
oxygen gaééac mtent in the reaction starting materials isz‘?’r’g‘cfﬂ}l?g ¥o a
specific anmobunt or less while controlling the reaction conditions such as

6 SF-824 23 August 2006 reaction tenperature to fall within a certain: -
range, the< production of those oxygen-containing conmpounds can be

effectively prevented. The present invention has been acconplished based
of the present inventors, there has

on this tipdtg T@eﬁég $te K Owld%g,]e :
been not found a pr ggg@#%ﬁ B?o %hgwb§hﬁmud%o@%¥%ﬁhs,r&hgeh ittheol ves a
t echni queredu®t €88t b2Y {h roduction of oxygen-containing conpounds
originated in the oxygen ggggi noﬁ%‘??iﬁﬁntﬁ‘&%{‘ngal%‘?mF@}r&ﬁ sfary hde
| nvent i oef fidve PFEBONt pi-BYERLLEN ha een.made .t o, overcone the
above- descri bed 'prob?ehs in cbnve???onBFnggﬁnihﬁ@?ﬂéﬁﬁltﬁés obeest of the
present acnoaplishéd baspHOVRAe IO Uk par f Luorocar bpns suppr essed
fromthe rogggtron of inpurities sucﬂ %égbxyg%ngééwﬁ%ﬁmi ﬁowiﬁﬂﬁ8und, and
-provi de ©fa pheduptiesemnir odasentbesef opheThe ghie g present
i nvention includes providing uses of the higﬂ-%uﬁ%?%I % %fIE8P8%;rBons.
Sumar y PEPCERE | hoentpoeddtingr peess ub@iodd @siisd NoLReL] | YaLR53/ 0N
’ £
acpordlgg.h to the present invention is characterized in that in the -
chnique of preventing the production of oxygen-containing '
compounds originated in the oxfgen gas in - starting
materials. o S
Object of the Invention
The present invention has been made to overcome the
.~ above~described problems in conventional techniques and the
object of the present invention is to provide high-purity
perfluorocarbons = suppressed from the production of
impurities such .S oxygen—-containing compound, and provide
‘a'production process therefor. The object of the present
invention includes providing uses of the high-purity

perfluorocarbons.

_Sumniary of the Invéntion

| | The process for pProducing perfluorocarbons acCording,‘
‘to the present invention is characterized in that in the
p;:oduction_ of perfluorocarbons from a reaction 'V.starting”
:materlal‘comprising anrorganic'compound and a fiuorine.gaé,

the organic compound is contacted with the fluorine gas using no

catalySt at




production of perfluorocarbons froma reaction. starting.,. tgg&ﬂ} '
conpri si Ngs@LgHf gani c conpound and a fluorine. gas, the %’r'g‘g]rﬁ _ cgrrpound
.is contacted wth the fluorine gas using no catalyst at 7 23 August 2006
SF-824 a tenperature of from 200 to 500C while controlling the content of
an oxygen gas within the reaction systemto 2% by volune or |ess based on
t he gas conponents in the reaction starting material to produce a
perfluorocarbon ‘[ reduced in the content of inpurities. The organic

conpound andtéhpefhti@fé nergas-ai e200r eferapdor Gt act edntRolhenpr agrnce of
a diluting gas. The organic conpound is preferably an aliphatic™ saturated
conpound havitrentt of dessxggehoraat anptiaitd/ e areadt i Phakyetansaurat ed
conmpound having 6 or |ess carbon atonms. The organic compound is nore

pr ef er abl yoyanvellvpkatér lsastsur bbeedcoopoutrite hgaisngcbmponkass ch bamheat ons,
still nore preferably a hydrofluorocarbon, and particularly preferably at
| east one Lf@aoTsebgrbingr omterigloup oondisei iy gfe rfilluonrrsttmme,

di fl uoronet hane, trifluoro- nethane, trifluoroethane, tetrafl uoroethane,
pent af | uorGUasthid thencantestosriopanairifdesf.| uor opr opane and

hept af | uor opropapne.. I n the process for producing perfluorocarbons, which
The organic compound and the fluorine gas are

preferably contacted ih the presence of a diluting gas.

_ ) The organic compound 1is p;eferably an aliphatic
saturated compound having 6 or leés carbon atoms and/or an
aliphatic unsaturated compound having 6 or less carbon
atoms.

The organic compound is more preferably an aliphatic
saturated compound having 6 or less carbon “atéms, still
more pfeferably a hydrofluorocarbon, and partiéularly
preferably at least one member selected from the group.
consisting of flﬁoromethane, difludromethane, trifluoro-
methane, triflubroéthane, tetrafluorcethane, pentafluoréw

w) - ethane, penfafluoropropane, : hexafluoropropane and
Aheptafluoropropane. |

.In'the process for prqducing perfluorocarbons, - which

'is a process for producing a'pérfluofocarbon_by contacting
the organic compouﬁd with the fluorine gas in a gas phaée
-ﬁsing no catalyst in the presencé of a diluting gas, the
oxygen gas.containéd in‘ﬁhe fluorine'gas before the contact
"between-.the orgaﬁic compound and the flﬁorine- gas is

preferably in an amohnt'of 1% by volume or less basedlon



i's a‘process for produci ng a perfl uorocarbon by cOntactl ani c
eonmpound v% d,]['ue fluorine gas in a gas phase wusing no c %%%% the
presence o Iluting gas, the oxygen gas contained in the fluorine gas
before the contact bet ween the organi ¢ conpound and the fluorine gas is
preferably in an anmount of 1% by volune or | ess based on 8 23 August 2006
SF-824 said fluorine gas. In this case, the organic conpound i's preferably
a hydrofl uorocarbon having 4 or |less carbon atons, nore preferably at

| east one gm@ber1 sl egadromnt heigr %ecor\ﬁ&étw@aﬂicdb&n ehARet Rane,
trifluoronethane, trifluoroethane, tetrafl uoroethane, pent af | uor oet hane,

hexaf | uor geGRaR®1gNda hepfddd EDEOPEOPAPEn i idnpunt of fildy | RRreas
introduced into-the reaction systemis preferably 9% by vol une or |ess
based on athenst, otmbreanpuateobblgs axonposnent snyi tiinbdhesetact £@N frewst em
The diluting gas is at | east one nenber selected from the group consisting
of tetraf ther gmiumneynhisxtaiiaorH- détthanepmetchahkyotapfdparematdtangdr ogen
fluoride. The diluting gas preferably contains hydrogen fluoride and the .
cont ent oftritd vieyeeshensh | uortefera Elupredthars y 50?&@¥a¢dM@H@e@haane based
on the entire amount of diluting gas. The inpurity may be an

oxygen- Coﬁﬁéaﬁﬁﬁﬁrééﬁﬁﬁéﬁﬁ and heptafluoropropane.

The amount of fluorine gas 1ntroduced inté the

) reactign system is prefe:ably 9% by volume or less based on

the total amount of gas components within the reaction
 systef.

,The_diluting gas is at least one member selected from
the group consisting of tetrafluoromethane, hexafluoro-
ethané, octafluoropropane and hydrogén fluoride.

The diluting gas preferably contains hydrogen
fluoride and ﬁhe content of the hydrogen fluoride 1is
preferably 50% by ﬁolume or more basea on the entire amount
of diluting gas; |

=) | | .-The impurity may be an oxygen-containing compound.
The - process for _producing' perfluocrocarbons. may'
‘further comprise a step of adsorbing and thereby removing
the oxygen—cbntaining compound.
The oxygen—-containing éompound can bél adsorbed and
'rfhereby removed'by activated carboﬁ.
The perfluorocarbon is preferably at least one member
‘

selected from the group con31st1ng of tetrafluoromethane,

hexafluoroe;hane and octafluoropropane.



Thefﬁrocess for producing perfluorocarbons. may further L step of -
adsor bi ngr@]_d%#‘f]ereby renoving the oxygen-containing ‘corrg:ggﬁ%lﬁ%g@s :
oxygen- contai g conpound can be adsorbed and thereby renoved by
activated carbon. The perfluorocarbon is preferably at |east one nenber

.sel ected fromthe group consisting of tetrafluoronethane, hexafl uoroethane

and oct afl uoropropane. 9 23 August 2006 SF-824 The total anount of
oxygen-cont ai ni ng conpounds contained in the perfluorocarbons .is

preferably 5 ppmpy sl 4me ,-ﬁﬁodr?észo@f%ngg%%@%ﬁgxgﬁiﬁgm %Imga%'uwa% or

| ess. t 3 The perfluorocarbon-containing g of t resent vention

cont ai ns i t3heMRr dASCEhBeGRENIHYRGAHNS s Fhe retaRh P9 s0as5pRf bghe
present invention is characterized by conprising“the above-describe
per f | uor oe@k@e: eantiaiski, Ngiogas pre®aetabhy peHdnlYyoeankee bg 1Bkef.erably
tetrafl uoronet hane. The cl eaning gas of 'the present invention is

- characterized byheonperslagrbberiabaveorieachnihgd ?@grfdmort@@ar ber-seont ai ni ng
i I

gas, and the perfluorocarbon is preferably hexafl uoroethane or
oct af | uor opepdrien Pehaklied Dbecebpiienesicrtihed peerfiuonofhebpnacess for
produci ng perfl uorocarbons according : _
- The etching -gas of the present invention is
characterized by coﬁprising the above-described
m} perxrflucrocarbon~containing gas, and the perfluorocarbdn is
preferably tetrafluoromethane.
"The cleaning gas of the present invention is
characterized by comprising = the ~ above-described

perfluorocarbon-containing gas, and the perfluorocarbbn is

preferably hexafluoroethane or octafluorppropane.

Detailed Description of the Invention

The process for producing perfiuorocarbons éccording
to thevpresent invention and uses thereof are_described in

detail below. |

:{Process for Pfoducing-Perfluorocarbons]
| The process for.producing perfluorbéarbons according
‘to the present invention .is' a process for producing a
- perfluorocarbon by contacting an brganic compound with a
.fluorine' gas' (Fﬁ), where - the 'éontent of ‘oxygen gas
qontained iﬁ the reaction system is controlled to a fixed
‘amount or less. The process for producing perfluérocarbons

according to-the p:esent-invention may be pérformed,-if

10




to the present invention and uses thereof are described i det%i' &elomg
(-Process far_Brpducing Perfluorocarbons) The process for %?éﬂ@fiﬁbo

perfl uorocarbons according to the present invention is a process for
producing a perfluorocarbon by contacting an organic conpound with a
fluorine gas (F2), where the content of oxygen gas contained in the
reaction systemis controlled to a fixed anount or |ess. The process for
produci ng perfluorocarbons according to the present invention may be

perfornmed,gddirekd 2% AURPr2Q006c SF 824U daR fRfgalsn the presence of a
diluting gas. (Crganic Conpound) The organi ¢ corpound whi ch can be used in

t he presenfordaientddmpdund)ot particularly limted and known organic
conpounds used in the production of perfluorocarbon my be wused. Exanples
of the organi c GO @By IRC ldeeoainidp Radiich At Weateedc drpahizd plhwsentgy 6 or
| ess carbon atons and aliphatic unsaturated conpounds having 6 or |ess
carbon atiorentAtor edst rome pegancolesiyouhinsieddched fkoowh hesegamionpounds
is preferably used. Among these conpounds, the organic conpound for use in
" the presertonpprerts orsed oriehe ppeddnabignapi] pastloneoghirplat i s aur at ed
- conpound having 6 or |ess carbon atons. _ o

' used. : :

EXamples of the organic compound include aliphatic

}_ saturated compounds having 6 or 1less carbon atoms and
aliphatic unséturated compounds having 6 or less carbon
atoms. At least one organic compound selected from these
compounds- is preferably used. Among these .compounds, the
organic compound for use in the present invention is more
preferably at least one aliphatic saturated compound having
6 or less carbon atoms.

Examples_df the aliphatic saturated compound having 6
or less carbon atoms include hydrofluoroccarbons such as
fluoromethane,'difluoromethane, tifluoromethane, trifluoro-

. ethane, tetrafluoroethane, pentafluoroethane, péntafluoro~
propane, hexafluoropropane and_ heptafluoropropane. The
aliphatic saturated compound is preferably at least one
" hydrofluorocarbon selected from these compounds.

In the case where the organic -compound and the

_fluorine gas are contacted in a gaé phase using no catalyst
in the presence of a diluting gas, the organic compound'is

preferably a hydrofluorocarbon having 4 or .less carbon

atoms.
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Exanpl es of the aliphatic saturated compound having 6 or_|ess carbon atons
hncludeInggggé4mwocarbons such as fluoronethane, difl udSdMauR#ROS
tifluoronéthane, trifluoro- ethane, tetrafluoroethane, pettafluoroethane,
pent af | uoro- propane, hexafl uoropropane and hept af | uoropropane. The

al i phatic saturated conpound is preferably at |east one hydrofl uorocarbon
sel ected fromthese conpounds. In the case where the organic conpound and
the fluorine gas are contacted in a gas phase using no catalyst in the

presence of a dighWhbRgs92% {HEs OLJaRLE1G69PPOYPHoH S inklaker Rl B ro-
hydr of | uor ocarbon having 4 or |ess” carbon atons. 11 23 August 2006 SF-824

Exanpl es thM@ﬂéJU%HfﬁidB¥dMéﬂHHﬁbJnﬁéﬂggf@hékbétﬁangﬁt@@ﬂ%afluoro—
trifluoronmethane, tetrafl uoroethane, pentafluoro- ethane, hexafl uoropropane

and hept afdtihamenr opare.f 1@ opdiogaieC COIPOWHEb1 £ Inf@ralpaneat | easte one
hydr of | uoro- carbon sel ected fromthese conpounds. Perfluorocarbons such as

t et r af | uoramentiane;oriexard f b sorrost frares ndabctiafd sor ope o hykle ofdmoye -
preferably obtained starting fromthe above-described hydrofl uoro-
carbons. (Erbon sel€atpdTiaofi tbriske cgapowdsuse in the present invention

can be produced by a known nethod such as el ectrolysis of
Perfluorocarbons such as tetrafluoromethane, hexa-

fluoroethane and octafluoropropane can -be preferably
‘k} obtained starting from the above-described hydrofluoro-
| carboné.
(Elﬁoiine Gas)

The fluorine gas for use in the present invention can
‘be produéed by a known method such as eleétrolysis‘ of
-hydfogen fluoride. Also, a commercially available fluorine
gas can be used.

(Diluting Gas)

Examples of the diluting gas which‘can be used in the
present invention include fetrafluoromethane,_heXafluoro—
ethane, octafluoropropane and hydrogen fluoride.

These diluting gases méy be used individually or in |
éombinatién of.ﬁwo or more thereof. Among these diluting

 gases, hydrogen fluoride is preferred. In  the case of
using hydrogen fluoride with another diluting gas, the gas
used:iﬁ;coﬁbination.is:pfeferably a gas rich in hydrogenr
fluoride. | More specifically, hydrogen .flﬁoride Cis
| preferably in an amount of 50% by volumei or more, more

preferably 60% by volume or more, based on the entire

12




hydrogen fluoride. Also, a commercially available fluorin as be -
used. (D ldagigyy Gas) Exanples of the diluting gas which cg%A%ﬁkﬂgéﬁbil1 the
present invention include tetrafl uoromethane, hexafl uoro- ethane, '

oct af | uor opr opane and hydrogen fluoride. These diluting gases nmay be used
individually or in conbination of two or nore thereof. Anmpong these

diluting gases, hydrogen fluoride is preferred. In the case of using -
hydrogen fluoride with another diluting gas, the gas. wused in conbination
is preferahlyutargasyad.ch in hydrogen fluoride. Mre specifically, hydrogen:
fluoride is preferably in an amount of 50% by volune or nore, nore

pr ef er abl y(Fa@tdss ol reraiuaiore Pehdded racaderesit ire 12 SF-824 23 August
2006 diluting gas. (Process for Producing Perfluorocarbons) In the case
wher e tetrafl uodoet tlte (CEEECHFRprer tetirbflocooethame ( CHE3JHIFS used as
the starting material organic_conpound and contacted with a fluorine gas
to produde&lfdtroziomedimreht ARBE(ICFAS osasexas| Udroeshanbing CFRGE3) 2L f an
oxygen gas is present' in the starting naterials (organic conpound and
f1uori ne GEYPRN1GxyGERPOEHRt aPRf nF AU RS Wifdh & EFgotime O=900r3 and

CF3CF200F3 re produced.._These oxygen-contai ni ng conpounds form an
azeot r opi &X& Séitﬁﬁﬁréﬁl§958ﬁﬁgﬁégﬁike?ﬁrkkuréxﬂﬁt %4%} uoroethane .

(CF3CF3), if an oxygen gas 1is present’ in the starting
{) materials (orgénic compound and fluorine gas), oxygen-
containing compounds such as CF30CF3, CF300CF3; and CF3CF>0CF;
are yroduced. These oxygen-containing coﬁpounds form an
azeotropic composition or azeotrope-like mixture with the
objective product and it is very difficult to separate
these oxygen-containing compounds from the objective
product by a known method such as distillation.

In the procesé for prodﬁcing perfluorocarbons
accoraing to the present invention, the organic compound
and the_ fluorine gas (F2) are contacted to produce a .
\) " . . perfluorocarbon and at thié time, the content of an oxygen

‘gas contained in the reaction gas is suitably controlled to
2% by volume or less, preferably 1% by volume or less, more
“preferably 0.5% by volume or less, based on the gas
components within the reaction system.
The term "reaction system" as used herein means a
reaction solution or gas phase atmosphere "containing a
'J'reaction starting material comprising an Qrganic compound

and a fluorine gas, and if desired, further containing a -

13



obj ective product and it is very: dlfflcult to separate these

oxygen-cont ai ni ng conpounds fromthe objective product @%“%B@W%t hod
such as di®%¥t8%4tion. In the process for produci ng perfl uorocarbons
according to the present invention, the organic conpound and the fluorine
gas (F2) are contacted to produce a perfluorocarbon and at this tine, the
content of an oxygen gas contained in the reaction gas is suitably
controlled to [ 2% by volume or |ess, preferably 1@6by volume or |ess, nore

f bly,.0.5%0Db | based th t thin th
eact| on SR et er i w%%&aﬁ%soﬁ?a?cfiq et 288 REparmCEsnd
reaction S| ytiQn ©f, 98 Qggea% hergﬁg%g)trlf nlg a ggggélon starting

mat eri al conprising an organi ¢ cCo

desi red, stevgﬂuﬁ &%”t@hQ' %@ve Jéegérfﬁwsge%%&gophe $§étgohut&,£'9

within a reactor where the organi c conpoun uorrne gas are

actual |y eRidRCt Sehno it FERL LA, SYS LRI DL N ARONE- IS CERARL ARG ON

solution or gas { phase atnosphere react or t ween har gi ng

of startinrgJdvalield ahatandaliRe aafpl ehboncGhpl £8£sh O Pulro£xC des, the
reaction solution or gas phase atnosphere |n the steps after the

conpl et i orxefl udactilon, reachias sbletﬁbacbﬁmhéﬁﬂbﬁhﬁéfb@ﬁbb@ﬁerﬁhﬁn
reacti on between the organic conpound and the

the steps after the completion of reaction, such as
U} : ektraction and purification.

The reaction between the organic compound and the
fluorine gas may also be performed in a gas phase using no
catalyst in the presence of a diluting gaé. In this case,
tho_content of an oxygen gas containing in the starting
material fluorine gas 1is preferably controlled‘ to 1% by
volume or less, more preferably 0,6% by wvolume or less,

still more preferably 0.4% by volume or less, based on the
fluorine gas. |

When the'oxygen gas content in the reaction system is
less than 2% by volume, high—purity perfluorocarbons
substantlally free of the above-described oxygen- contalnlng
compounds can be produced Furthermore, when the oxygen

'gas content in the fluorlne gas is reduced to 1% by volume
or less, more high~puriﬁy’ perfluorocarbons substantially
:free of oxygen-containing compoundo can be produced.

If the amount of oxygen gas contained within the

;réaction system exceeds 2%:by volume, a significant amount

of oxygen-containing compounds are produced.
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fluorine gas may al so be perfornmed in a gas phase using:-ng: ,catal i'n the
presence of _a diluting gas. In this case, the content ofgﬁﬁugwﬁdéaégas
containirufﬁ??%ﬁua starting material fluorine gas is preferably controlled
to 1% by volume or less, nore preferably 0.6% by vol une or less, stil
more preferably 0.4% by volunme or | ess, based on the fluorine gas. Wen

t he oxygen gas content in the reaction systemis |ess than 2% by vol une,

hi gh-purity perfluorocarbons substantially free of the above-described

0xygen cont al i g sAIRONTa gR0 e froducedy FuLthspiDe. g, { g oxygen

gas content in ¢ uorrne gas 1S reduce nor e

nigh- pur ! e RENIGUANACAIDRN SUDSHADE ALY nd T 685 OF o OXY9eN;, G 0RLE! QR0

conmpounds can be pr e anou Xygen gas containe hin the

reaction %wv%md%ée%%ad%m?gpl uge, fssi@@ééz%% ugctraﬂgg)toegf%fé_ﬁ g5he

oxygen-cont ai ni ng conpounds afe’ produced. 14

order to q@aiiQbnthe axyxysBecBasyseRkeRLtWHNEA1bRe an’ 8a¢HEAN gaystre@mand in
the, fluorine gas to fall within the above-described range, it is

necessary riegl@hlgof ALbheher eaatioR ifrom ¢hesedtsyakbeanaot ot @emblewaan
oxygen gas from mngling into the reactor fromthe outside and to renove
an oxygepxggenf rgm t ieomeadtd oneagtdohi ngtawiard amatsudh18s swslganksc
conmpound, fluorine-gas and diluting gas. In the
organic compound, fluorine gas and diluting gas. In the
M} caée where a part of the gas after the reaction is
‘circulated and used as a diluting gas, the possibility of
an oiYgen gas mingling from the outside advantageously
decreases. Ihe oxygen gas contained in the oxganic
COmpound, fluorine gés and diluting gas can be removed by a
known method. This may be attained by éeparating
iﬁpurities in the starting materials, for example, through
distillation of reaction starting materialé or adsorption
using an adsorbent-such as activated carbon.

In the case of contacting the organic compound with
the fluorine gas in the presence of a diluting gas, either
one or both of the reaction_substrate {organic compound)
and the fluorine gaé may7be diluted with a diluting gas

'jbefo;e chérging_the organic cbmpound or fluorine gas  into
- the reactor.

Of these, the fluorine gas is.prefetaﬁly diiuted with
a diluting gas before charging. |
| in.this case; the amount of fluorine gas introduced

into the reaction system is preferably 9% by volume or less,
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case where a part of the gas after the reaction is -circulated and used as-
a dilutingmgs, the possibility of an oxygen gas ningliﬁﬁ?$¥$#ﬁ%99§ out si.de
advant ageously decreases. The oxygen gas contained in the organic '
conpound, fluorine gas and diluting gas can be renoved by a known nethod.
This may be attained by separating inpurities in the starting materials,
for exanple, through distillation of reaction starting nmaterials or
adsorption using an adsorbent such as activated carbon. In the case of

cont act i Nghdrke U HIGOMPPURY Widihimd her f hUQLl N@aGa3% idh t hEepreTance of a
diluting gas, either one or both of the reaction substrate (organic

conpound) amauehtt hef f fyer icvmpdas Ry Werihih utad wddeta off | syshengas 1nbefore
. charging the organic conpound or fluorine gas into the reactor. O these,
the fl uorithe gasskes pfefesmblyuctis iy edoant fdrmingli 14Hd ngegas ikef,or ehe
charging. In this case, the anount of fluorine gas introduced into the
reacti on sywuem iof priefeerials ywadbintobdmeedr ihessthelbe8EL824 23 sAegust
2006 nore preferably 8% by volume or |ess, based on the total anmount of
gas conpoAéntirafenaid t heontezsrtlemh S9sedmaysn falle whigeinf thenabaueus| y
perform ng the reaction, the amunt of fluorine gas introduced into the
reacti-on SYSCERPRA X@nsief er BbFidephe byt edheo A Svagempanenif t Witk hiRe

above- described range. Incidentally, the gas conponents wthin
_ %%e. reactai'o system meansy fiuorgne gargz organic compound

} and diluting gas within the reaction system.

As described above, the direct fluorination method of
produting a perfluorocarbon using a fluorine gas uses a
fluorine gas extremely rich in reactivity and therefore,
when the-éubstrate organic compound, particularly hydrogen-
containing compound, in a high concentration is exposed to
fluorine, this may incur combustion or explosion. When the
fluorine gas concentration is 9% by.volume or less at the
inlet of the reactor, the mixed gas-concentration can be
outside the range of explosion and the reaction between the
fluorine gas and the ofganic compound can be performed
safely in industry.

In the pfeéent invention, the reaction teﬁperature on
 contacting the organic compound with the fluorine gas is
-suitably from. 200 to 500°C, preferably from 300 to 450°C.

When therreaction temperature is within' this range;
the production of oxygen-containing compounds éroduced as
impurities originated in the oxygen gas can be remarkably

‘reduced. If the reaction temperature exceeds 500°C, even
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{ the. reaction system neans fluorine gas, organic conpoupnd agg &@#uting-
gas withing Dg reacti-on system As described above, the AU A% i nat i on
nmet hod of %r %ﬁcing a perfluorocarbon using a fluorine gas uses a .
fluorine gas extremely rich in reactivity and therefore, when the

substrate organi c conpound, particularly hydrogen- containing compound, in
a high concentration is exposed to fluorine, this may incur conbustion or
expl osi on. When the fluorine gas concentration is 9% by volunme or |ess at

‘the inletsof the reactal. Jiie TLERE-ARS Goupent [ation Can. e ouiside the

range of expl osion reacti on between uori né gas and

or gani ¢ cw £ancBaepsiionmed 28abgl it dsStiats 103 the Present

i nvention, the reaction tenperature on~ contacting the organic conpound

with the fga®riogcenasragionuihakhy fiamM200 1929006, Bretenably 4 o 300 to
450C. When the reaction tenperature is wwthin this range,  the production

of oxygen-pntabhinhg CORPOUBES, pr edueadndF i daRur idnicRtor il nadegyém-t he
oxygen gas. can be. remarkably reduced. If the reaction tenperature exceeds
500C, everrcoriit 28iygostip@00fs SFe824mct ike @otghtghs (eanoemMiglyon)

within the reaction systemis controlled to 2% by volume or |ess or the
oxygen gdst cohbent rrtésant n theehtiionine Gas | seecohtonl | ek dfture
preferably controlled rwithin the above-described range.
w) _ This control of the reaction temperature is preferably
performed without fail using, for example, thermocouple
such that the reaction temperature does not exceed 500°C
not only in the réaction zone within the reactor but also
in the portions where the organic compound or the fluorine
'gas is present! | |
According to therﬁresent invention, the mingling of
oxygen—cdntaining compounds is outstandingly prevented,
however, in the éase where the obtained crude perfluoro-
carbon contains a slight amount of oxygen: cdntaining
compounds Qr'impurities such as nitrogen, carbohrmonoxidé
and carbon dioxide, a ,step“of adsorbing and thereby
femoving these compounds or impurities  using activated
" carbon or the like is preferably provided.
The acfivated carbon used here may be a known
.activated carbon and among known aétivated carbons, coconut
. shell carbon can be preférably_used. The separating and
'thereby3 removing .operation may " be perfdrﬁed in either

liquid phase or gas phase but is preferably_perférmed in
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by volume or less, a significant anpbunt of oxygen- containing conpounds are
sonet i mes gﬁgggged. Accordingly, in the present i nvent i &, AYINE 4% ¢t i on

t enper at ur ferably controlled within the above-described range. This
control of the reaction tenperature is preferably performed w thout fai

usi ng, for exanple, thernocouple such 'that the reaction tenperature does
not exceed 500C not only in the reaction zone within the reactor but al so
in the portions where the organic conpound or the fluorine gas is present.
Accordfng-%&bt present invention, the mingling of oxygen-containing
conpounds 1Ts outstandi ngly prevented, however, in the case where the

obtai ned crude perfluoro- carbepsgenhai-Bes2pshisght anmount of oxygen
containing [ conmpounds or inpurities such as nitrogen, carbon nonoxi de and
carbon di oxi de, Bnst epopd] adspebhng 8rd tNEFRIV-cIRMHIRG t hesS serpounds
or inpurities using activated carbon or the like is preferably provided.
The acti vat@tk€aidon itsedhber ehiBYobea@ankaOWPe rathbyat 8863 bapaando@nong |
known activated carbons, coconut shell carbon can be preferably used. The |
separ at i ngrexhtced hepgbyinr erfovi ogseperfat ¢ padanychd perbearbdnisn et £ dws ‘ |
| i quid phase or gas phase but is preferably performed in 17 ----------- 23
August 20@BirigH-@4ion, preferably 5 ppm by volume or less, more

preferably 2 ppm by volume or less, still more preferably 1

Mt

ppm by volume or less. Thus, according to the pronction
"process of the present inventioﬂ, high-purity perfluoro—r
carbons remarkably reduced "in the_ content of oxygen-
containing compounds can be obtained without passing
through a purification step such ‘as distillation or
adsorption. |
Also, by passing the purification step, the total
content of bxygen—containing compounds can be reduced to
preferably 1 ppm by volume or less, iore p:eferably 0.5 ppnm
by volume or less, still more preferably 0.4 ppm by volume
or less. Thus, according to the production process of the
present  invention, high-purity perfluorocarbons more
‘reduced in the cdntent of oxygen~containing compounds can
be very easily and simply obtained.- |
The bxygen—containing7 compounds  can be detected
-'(analyzed) using analysis methbds‘such as TCD}.FID and DID
_methods of gas'chrbmatography (GC}, and gas chromatography-

mass spectrometer (GC-MS).
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gas phase. [Perfluorocarbons] - The total amount of oxygen-containin
conpounds 'r | contained in the thus-obtained perfluorocarBéwguezAlhe
reduced t cE1824 he case of crude perfluorocarbons before purification,
preferably 5 ppm by volume or less, nore preferably 2 ppm by vol une or
| ess, still nore preferably 1 ppm by volune or |ess. Thus, according to
the production process of the present invention, high-purity perfluoro-
carbons remarkably reduced in the content of oxygen- containing conpounds
can be obtained w thout passing through a purification step such as
distillation or adsorption. Al so, by passing the purification step, the
total content - taining. ounds can reguced preferably
1 ppm by voluné%%F%ﬁﬁgggC%%?gﬁﬁ$e eﬁ%%ggng.gaSpﬁpdgssﬁolﬁﬁ§e8&?less, stil
nore preferably 4 Vi LYT8- | 8555 S,..acc in : '
product i on procggg o?ﬁﬁﬁgxuﬁgisenfnﬁiventl5ﬁﬁnﬁiQ%§pu?§gy %g%?ﬁﬁggggarbons
more | redysegess bie thanpeRlslc UNARRIEANLIENLAY 1SPIRANRYS CRR ARV ET Y
easily and sinply obtained.. The oxygen-containing conpounds can be detected
(anal yzed)i pusiinguaiialivs s sw@thodss sugRygenT&bht £125 350 BhRpoiBEhodsgof gas
chromat ography (GC), and gas chromat ography nass spectroneter (GC-Ms). 18
' therefore, can be used over a wide range. For‘example, the

compound which is a gas at ordinary temperature can be used

ot

as an etching gas at thg etching step in the production
process of a semiconductor device and the compound which is
a liqﬁid at ordinary temperature can be used as a cooling'
solvent or the like. |

More specifically, in the production process Qf a
semiconductor device such as LSI and TFT, the‘coﬁpound can
be suitably used as an efching gas for forming a circuit
pattern after .forming‘a thin or thick film using a CVD

- method, é sputteriﬁg method or a vapof deposition method.

The compound can also be used as a éieaning gas at
the cleaning step in the production process of a
semiconductor device.

In the case of using the perfluorocarbons of the
Ppresent inventibn'és an'etching gas, tetrafluoromethane is
preferred and  in the case of using as a éleaning gas,
]hexafluoroethéne or octafluoropropane is preferred:

More specifiéélly, in an apparatus for forming a thin
ior thick;film, cleaning is pefformed to reﬁove,unnecessary

deposits_accumﬁlated on the inner wall of the apparatus, a |

18



23 August 2006 SF-824 [ Perfl uorocarbons-Containing Gas and Use Thereof]
The perfl uorocarbons: obtai ned by the production process S¥AUREt HWsent

i nvention 8Fe834tisfactorily reduced -in inpurities such as -

oxygen-cont ai ni ng conpound and therefore, can be used over a wi de -range.
For exanple, the <conpound which is a gas at ordinary tenperature can be -
used as an etching gas at the etching step in the production process of a
sem conduct or device and the conmpound which is a liquid at ordinary

t enper at ur e, can %te u}§ed as a Cﬁo| i ng solvent or the like. Mre
speci ficald¥d A% he Pr i ORCHRBERs SUBIECGES TN cHRBAELBF RRAEXHich as

LSl and TF] e caonpound can . be sui.tably used as an etchin as for
fornming a J(:-'—‘_lu}‘%(;:é.|ui tgcenﬁr%ﬁat%elrcf{l aquerpf%%r!f‘ncﬁﬁsa gRfn BRSthi Bk fli'ef“?ﬁ‘f%%‘i?ngorh CVD

el 3 SHALRILD0 B YO0 SRR SERRST 0T B Moty TOG comn car

al so be u as a cleaning gas a nihg step i

process ofpd-fHRIP Qrag@éﬂ‘&%%l%f[Pﬁecg‘}%s%fntugjn@gngggn can be

per fl uorocarbons of the present invention as an etchin S,

tetraf | uvorQiEtdaARe used ng@féaréfecgrﬁ% igrég he,LHas&,0f using as a cl eaning
gas, hexafluoroethane or octafl uoropropane i1s preferred. Mre

specifical ly, irrhn appar atds 19 dg0r M Nhiggdpuiri©f ek ddddBad&ani ng
is perforned to renpve unnecessary deposits accumil ated on the inner wall
of the apparatmtinga to the present invention is a gas containing a
,} .perfluo.roca'rbon which is a gas at ordinary temperature.
The gas may contain_ the perfluorocarbon alone or may
approbriately contain other gas. Exampleés of the other gas
include inert gases such as He, Ne and Ar. The amount of
the other gas blended is not particularly limited. For
example, in the case of using the .high—purity perfluoro-
carbons according to the present invention as an etcﬁing or
cleaning gas, the amount of the other gas blended varies
depending on ther kiﬁd, thickness and the 1like of the

) - compound to be etched and can be determined accérding to

the amount and thickness of the deposit to be cleaned.

_Effectsl of the Invention -

According to.-th-e procéss for producing perfluoro-
carbons of the present invention, the oxygen gas content in
the reaction system is reduced to é specific amount or less,
so that high—-pu'rity.perfluorocarbons extremely suppres‘sed

- in‘ the 'prbdu-ction of impurifies such as oxygén—-containing

"'compound can be obtained. The perfluorocarbons obtained by

20




19 23 August 2006 SF-824 jig and the |ike, because unnecessary deposits.
produced cause generation of particles and nust be renmESdugvst FWasi ons
for prodLuﬁgﬁf%ﬂfil m of good quality. The perfluorocarbons according to"
the present invention can be { suitably used as a cl eaning gas therefor.
The gas containing a high-purity perfluorocarbon according to the present
invention is a gas containing a perfluorocarbon which is a gas at ordinary
tenperature. The gas may contain the perfluorocarbon al one or nay

appr opri at,g| nt.al.p. ot her Q? . Exanpl,es of the other gas _include inert
gases sucﬁﬁgg éé?gﬁﬁgéﬁh EF: e aﬁ%unI“%ferﬁ§n3th%9v%§%1%ﬁeﬁﬁE’aﬁ? not - -

part ! oul ardupdudd e Py GBS0l e 288nalalsl 0ol hechighur i Y

perfl uoro- carpons ac I nventi on an etching or

cl eani ng € th t her ! i . dep i on the
ki nd, thigﬁﬁéggga%gf§ﬁgiY?%% %%e?hgg é%ﬁ%ggggﬂg%q%%a%%%ﬁ%ﬁggngggaggge
det er ni nechs3CGQY diHY dr@dcelsie farv bt did rhiaClsaas $oabinthe rderqsice .t o be
cl eaned. Effects of the Invention According to the process for producing
perfluoro- carbons of the present invention, the oxygen gas content in the
reaction systemis reduced to a specific anobunt or |ess, so that
hi gh- pur i Bxapgiifdsuor ocar bons extrenely suppressed in the production of
impurities such as oxygen-cont ai ni ng

The present invention is described in greater detail

“J) below by referring to Examples, howevér, the present
invention should not be construed as being limited to these

Examples.

‘Preparation Example 1

A fluorination reaction was performed by bontacting
chloroform (CHClj;) and‘hydrogen fluoride (HF) in gas phase
in the presence of a fluorination catalyst. The reaction
product was purified by a known distillation. method to

)'- © obtain crude trifluoromethane (CHF3). The obtained crude
trifluoromethane was analyzed by 'gas chromatography and

found to have the following_composition.

CHF; | | . 97.2667
Other organic impuritieé - 0.1126
Oxygen gas . I - 1.2081
Nitrogen gas | 1.4126 -

unit: % by volume
Incidentally} other impurities such as CHClF, and

CC1lF; were coﬁtained.
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conpdund can be obtai ned.. The perfl uorocarbons obtai ned ? ﬁ? ﬁygust
2006 SF-824 the production process of the present |nvent:%ﬁ %
subst ant i &%#4f oxygen-contai ni ng conpound and therefore, can be
effectively used as an etching or cleaning gas for use in the process for
produci ng a sem conduct or device. Exanples The present invention is

described in greater detail below by referring to Exanples, however, the
present invention should not be construed as being limted to these
Exanpl es. Prepa t|on E? Eluorln tion, re? %ion was performed by
contacting chl SfSF a&ﬁ& h?&FbS AP {Brid in gas phase in

the presence of a quorlnatlon catal yst. The reaction product was purified
by a known distillation nmethod to obtain crude trifluoromethane (CHF3).

The obt ai ped crude tEL opget hane was anal yzed by gas chronat ography and
found to SpSiiteon Exbidde nposition. CHF3 97.2667 O her organic
impurities O. 1136df@%&%ﬁhﬂﬁﬁhloﬁg§%thdrﬁ&@”rgﬁéa%eéi§6éﬂﬂﬂle&ﬁQM vol une
I ncidentally, other inpurities such as CHC1F2 an

the crude trifluoromethane obtained in Preparatlon Example

1. The obtained trifluoromethane was - analyzed by gas

chromatography and found to have the foliowihg composition.

) CHFs | | 99.8288
| Other organic impufitieé 0.0208

" Oxygen gas ' 0.0720

Nitrogen gas - 0.0784

[

unit: % by volume

The results obtained are shown in Table 1.

Preparation Example 3

A‘fluorination reaction was performed by contacting
tfichlo;oéthylene and hydrogen fluoride in gas phase in the
presence of a.fluorinaﬁion cataiyst. The reaction product
was purifiéd by a known distillation method to obtain crude
tetrafluoﬁoethane (CFaiCH,F) . The obtained crude tetra-
fluoroethane was analyéed.by‘gas chromatogréphy and found

. to have the following composition.

CF3CH,F |  97.0359

Other organic impurities 0.5124
‘Oxygen:gas o 1.3314°
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‘CC1F3 were contained. 21 23 August 2006 SF-824 The results obtained are
shown in Tﬁﬁ'a%ql- Preparation Exanple 2 A distillation opeftgusirO%Rs
repeat edl yapplied to- the crude trifluoronethane obtained in Preparation
Exanple 1. The obtained trifluoronmethane was anal yzed by gas

chromat ogr aphy and found to have the follow ng conposition. CHF3 99. 8288
QO her organic inpurities 0.0208 Oxygen gas 0.0720 Nitrogen gas 0.0784
unit: % by volume The results obtained are shown in Table 1. Preparati-on
Exanple 3 A fluogipabhen ggaction was perfornmed by coniggiing
trichloroethyl ene and”hydifogen fluoride in gas phase in the presence of a
fluorination catal yst. The reaction product was punjdfiited shyvaviknowa
distillation nmethod to obtain crude tetrafl uoroethane (CFSCI¥|2F). The

obt ai ned crude tektfidentbiorgeidttre Wapuaialivzedddh gas chycagpt ogs@ay and
found to have the follow ng conposition. CF3CH2F 97.0359 O her organic
i npuritiesrd SHFCHEX wete gasntla 38340 ' : : :

The results obtained are shown in Table 1.

Preparation Example 4

D ' A distillation operation was repeatedly applied to
the crude tetrafluoroethane obtained in Preparation Example
3. The obtained tetrafluoroethane was analyzed by gas

chromatography and found to have the following composition.

CF3CHzF 99.9018
- Other organic impurities 0.0088
Oxygen gas 0.0402

Nitrogen gas 0.0492
| unit: ¥ by volume

The results obtained are shown in Table 1..

Preparatioanxample 5

A fluorine-gas was obtained by the electrolysis of

B ~hydrogen fludride. The obtained fluorine gas was sampled
using an SUS'cylinder (having an inner surface éubjeéted'to
a passivation treatment) and. after reﬁo#ing fluorine,;
;énalyzed by gas chromatography. As a résult,'the ORYygen
rgaé in the fluorine gas was found to havé-the feollowing

concentration value.
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22 SF-824 23 August 2006 N trogen gas 1. 1203 unit: % by vol unme
bncidental |y, other inpurities such as CF3CH3, CF3CHF2 = Z3cfUGHRREGE2 wer e

cont ai ned.S 4results obtai ned are shown in Table 1. Preparation Example -

.4 A distillation operation was repeatedly applied to . the crude

tetrafl uoroet hane obtained in Preparation Exanple 3. The obtai ned .
tetrafl uoroet hane was anal yzed by gas chromatography and found to have the
foll ow ng conposition. CF3CH2F 99.9018 O her organic impurities 0.0088

Oxygen gas 0. 0402 Ni tro en ga 04, nit: % The .resul t

ob¥gineg Zre sho 9%“T% g.SPQEpggiﬁroh -Exanﬁpé% PVU899H§§;assmas
bt d by th | fl d Th t fl

obtained by therglegtral %% Qe n% q%aﬁ?ﬁ%{%hg?n & gg ai ned fluorine

gas was sanpled” Usi'ng an cylln er Pacessi ject ed

Lo 2 Pasaivatiuy bhest pgs)ggtaﬂdf%wadeew ngf EE% wsre angh st by oas

chronatograp fes e oxygen as in ‘uorine gas was found
to have the follomﬁng concentration value 23

Preparation Example 6

The starting material obtained in Preparation Exampie:
5 was further subjected to a purification operation (e.qg.,
) .cooling} and analyzed in the same manner as in Preparation
Example 5. As a result, the 6xygen gas in the fluorine gas.
was found to have the following concentration value.
Oxygen gas 0.3020 unit: % by wvolume

The results obtained are shown in Table 1..

Example 1
An Inconel 600-made reactor having an inner diameter
" of 20.6 mm@ and a iength of 500 ﬁm (eiectric heater heating
system, the reactor was subjected to a passivafion
treatment with a fluorine gas at a temperature of 600°C)
Was heated to a temperature of 420°C while feeding a
nitrogen gas.at.30 NL/hf. Thereafter, hydrogen fluoride
was fed at 50 Nﬁ/hr and furthermore, while passing .a.
diluting gas comprising those nitrégen and hydrogen
 fluoride was into one _éide of rbranChed' gas flow, 'the-
trifluoromethane obtained in Preparation Example 2 was
| flowed at 3.6 NL/hr. |

Thereafter, while passing the same. diluting gas"
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23 August 2006 SF-824 Oxygen gas 1.3825 unit: Wbby volune The mai n
conponent %g_%%g*ren&ining was fluorine and nitrogen gas?3 AYeHsbgee
fluoride a ~like were contained. Preparation Exanple 6 The starting
material obtained in Preparation Exanple 5 was furthér subjected to a
purification operation (e.g., } cooling) and analyzed in the same nmanner
as in Preparation Exanple 5. As a result, the oxygen gas in the fluorine
gas was found to have the follow ng concentration val ue. CXygen gas 0. 3020

in o Y uSUAEcaThg el S ATOH 808, SBEMLI A TS drofamL e, 2

I nconel 600-nmade re Vi ng an i anet ngt h

of 500 mmel et shenbeal gasheds g tmstqmuomere Lo g bl ected 10

passivation treatnment with a fluorine gas at a'tenp At u

heat ed t 0 PrédEipetabnl Bxhip AR08 Whk! ecfieqdi RO £a o\ i %ged} ) "’HL/@Q: NL/ hr

Thereafter, hydrogen quorlde was fed at 50 NL/hr ‘and furthernore, ‘while-
passi ng- athhﬁeﬁywmpgﬁﬁkmmngwﬂﬁﬁrﬁhg&gmahnltrogen and hydrogen fluoride
was into one side of branched gas flow, the trifluoronethane obtained in
Prepar ati on Exarpiteer ﬁaﬁouﬁameh@traaﬁtmbhhbufﬂaﬂE@é§EWaQMHﬁéhﬁ&@SIng
the same diluting gas 24

with an agueous pota551um,hydrox1de solutlon and an agueous

potassium iodide solution to remove hydrogen fluoride and
) ‘unreacted flqorine gas and then analyzed by gas
¢hr0maﬁography. - The analysis results of the organic
composition except for oxygen and nitrogen portions are

shown below.

CFy 88.7992
CF3CF3 : 0.4808

Others | 0.7200
| ' | unit: % by volume
"Others" were CiFg, CClF; and the like and the total
amount of CF30CF3 and CFi00CF; as oxygen—confaining

compounds was 2 ppm by volume or less.

.lThereéfter; the reaction outlet gés was treated with
. an aqueous potassium hydroxiﬁe solution and an agueous
pqtassium iodide solution to - remove hydrogen fluoride and
'unreacted fluorine gas and the résulting gas was passedl
through a dehydrating agent, collected in an SUS cylinder
under cooling,  and then distillation—purified'by a known

' distillation operation to obtain tetrafluoromehtane. The
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E

SF- 824 23 August 2006 conprising nitrogen and hydrogen fluoride into

anot her sigde oof branched gas flow, the fluorine gas pr epa? AHIYsH2006
Preparati on éianple'G was fed at a flow rate of 3.9 NL/hr, - thereby
perform ng the reaction. After 3 hours, the reaction outlet gas was treated
W th an aqueous potassi um hydroxi de solution and an aqueous potassium

i odi de solution to renove hydrogen fluoride and unreacted fluorine gas and
t hen anal yzed by gas chromatography. The analysis results of the organic
conpositi t PN and imitr n rtio s ho bel ow. CF4
98. 7992 &}@3%8.433:%5“ SRR st %ﬁit?’g%byg\?‘c?ﬁ 2 o B o SRy e
C3F8, CClRhandtobeapike and thest A ﬁaéOCF QOCF3 as
oxygen-containing@QcEﬁggunds d%ﬁszqﬁgﬁPby olﬁﬁﬁigﬁf esgie%ﬁgpggﬁtef, t he
reacti on did efesgasswaset sdatadpwiibly. an aqueous potassium hydroxi de
solution and an aqueous potassium i odide solution to renove hydrogen
fluoride and wunreacted fluorine gas and the resulting gas was passed

t hrough a dehydrating agent, collected in an SUS cylinder under cooling,
and then distil|@&i8¥spurified by a known di skiol. Lapipan bgpebatimen to obtain

tetrafl uoronehtane. The 25

CF300CFE, _ <0.2 ppm by volume
Others ' <2.0 ppm by volume
) . CFs . . ' >99.9997% by volume

The total amount of oxygenncontaining compounds was
0.5 ppm by volume or less.

The results obtained are shown in Table 2.

Example 2
While feeding a ‘nitrogen gas at 30 NL/hr, the same

“reactor as :un'Example 1 was heated to a temperature of
370°C.  Then, hydfogen fluoride was fed at 50 NL/hr and
furthermore, while passing a diluting gas comprising those
nitrogen and'hydrogéﬁ fluoride into one side of branched
gas flow, a gas mainly compfising- the tetrafiuorocethane
_prepared in Prepgration Example 4 was flowed at 1;8 NL/hr.
Thereafter, while passing the same diluting gas into
: another side- of branched gas flow, the fluorine gas
‘prepared in_Preparation Example 6' was fed at 3.9 NL/hr,
fhereby performing the reaction.i
After 3 hours, the reaction outlet gas was treated

with an aqueous potassium hydroxide solution-and an agueous
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SF- 824 23 August 2006 - organic co'frposi tion thereof was anal yzed by gas

chr omat og(r)%gh%%‘gnd gas chromat ography-mass spectroneter. 2JRegus(0Dés are
shown bel oW ™ OCF3 <0.2 ppm by volume CF3000F3 <0.2 ppm by vol une

QO hers <2.0 ppm by volume CF4 >99.9997% by volunme The total anount of
oxygen-cont ai ni ng conpounds was 0.5 ppm by volune or |less. The results
obtai ned are shown in Table 2. Exanple 2 Wile feeding a nitrogen gas at
30 NL/hr, the sanme reactor as in Exanple 1 was heated to a tenperature of
370C. Then, hydr.ogen.fluqride s fed at_50 NL/hr and furthernore, ile
passi ng @ BATARI G oheAtBhn oL oPndst ToeTSqBH ARd=Ry dLUgEnor i de
into one sj 0 an .gas flow a S inly conprisi,ng,the

tetrafl uor%loncejrte%aagnteebc{ pr gggl(r%é:&%l%n P?%%ar aafrigcgn I eaﬂ%éefll 0\/@6 at9%" 8
NL/ hr.  Thelgaf iJ e passi.ng ' i Uty iRt 0 t her side
of -br anchg}%[ gasatﬁgorv%*'e flﬁglre"l ngtngg a%?e%laersg}c}q% %%Zpéc?laeti 5’%[%%%I e 6
was fed atchy@die/itin ekBBREDYrPEr LOLELAD Lhe rEAGtd Y AbLelodshaurs. the
reaction ocut I% gals nvvagE tr[é’at ed vvitél(@aen aqueous pot%ésié%nﬁy%’?sox%ggees

sol uti on abwa) RQuRpuUsS 26 23 August 2006 :

CF3CF3 | | - 98.4875
CFsCHF; ‘ . 0.0025
p CF, ' 0.7280
Others : 0.7820

unit: % by volume

"Others" ﬁere mainly CsFg and the total amount of

CF?CE&OCF3; . CF30CF3 and CF300CF; as oxygen-containing
compounds was 1 ppm by volume or iess.

. Thereafter, the :eaction outlet gas was treated with

an aqueous potassium hydroxide solution and an agqueous

potassium iodide solution to remove hydrogen fluoride and

. - unreacted fluorine gas and the resulting gas was passed

_through a_dehydrating agent, collected in an SUS cylinder

under cooling, and fhen distillation-purified .by a known

ldistillatioﬁ ope#ation to obtain hexafluoroethane (CF3CF3).

' The organic composition thereof was analyzed by gas

chromatography and gas chromatography-mass spectrometer.

The results are shown below. -

CF30CF;3 : - <0.2 ppm by volume

CF300CF3 - ' _<Q.1~ppm by volume
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SF- 824 potassium i odi de solution to remove hydrogen quoehqﬁﬁggpmx%nreacted
ySI'S resu

conposition except for oxygen and nitrogen portions are

shown bel ow. CF3CF3 98.4875 CF3CHF2 0.0025 k CF4 0.7280 Others 0.7820

fluorine
of the or

ggﬁ*ggg t hen anal yzed by gas chronmat ography. The a
[

unit: % by volume "Qthers"” were mainly C3F8 and the total anmount of

CF3CFZOCF3, CF30CF3 and CF300CF3 as oxygen-contai ni ng
by volune or less. Thereafter, the reaction outlet gas was treated with

aqueous pot assi u I_de solution and an aqu S 0 i |.odi de
@FQ%%’ ro ﬁé d pfq%u tck))%lS o tllne

sol ution

3 .
to renove gen fluoride and unrea

ne gas and the

lts

conpounds was 1 ppm

an

resulting gas wagtpasged through a dehydrating.age Q@J%@ﬂyﬁgin an SUS
red by a

cyl i nder
distillat
conpositi

chr omat ogr aphy- mass rspeAts0EBkainedTAg o e3idhvinS iar @aphewn . bel ow. CF30CF3

under cooling, and then distillation-puri nown

ion opec@%d;pp to obtain hexafl uoroet hafte dd73CH3) vo1The organic

on thereof was anal yzed by gas chronmat ography and gas

<0.2 ppm by volunme CF300CF3 <0.1 ppm by volune 27

Comparative Example 1

While feeding a nitrogen gas at 30 NL/hr, the same
reacto; as in Example 1 was heated to a temperature of
450°C. .Then, hydrogen fluoride was fed at 50 NL/hr and
furthérmore, while passing a diluting gas comprisiﬁgrthose
nitrogen and hydrogen fluoride into one éide of branched
gas flow, a gas mainly compfisiﬁg the tetrafluoromethane

prepared in Preparation Example 1 was flowed at 3.6 NL/hr.

Thereafter, while passing the same diluting gas into

another side of branched gas flqw, the fluorine gas
prepared in Prepération.Example 5 was fed at 3.9 NL/hr,
thereby performing the reaction.

After 3 hours, the reaction outlet gas. was treated

with an agqueous potassium hydroxide solution and an aqueous

potassium iodide solution to remove hydrogen fluoride and

unreacted fluorine gas and then analyzed by gas

chromatography. The "analysis results of the organic

composition except for oxygen and nitrogen are shown below.

CF, - . 98.3618
CF3CF3 3 . | © 0.4988
Others - 1.1123
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23 August 2006 SF-824 CF3CFZOCF3 <0.1 ppm by vol une 'Clhgié g%ﬁp :
In Table

vol ume g%Fg >99. 9997% by volune The results obt ai ned

2. Conpar a ﬁxanple 1 Wile feeding a nitrogen gas at 30 NL/ hr, the sanme
reactor as in Exanple 1 was heated to a tenperature of 450C. Then,
hydrogen fluoride was fed at 50 NL/hr and furthernore, while passing a
diluting gas conprising those nitrogen and hydrogen fluoride into one side
of branched -gas flow, a gas mainly conprising the tetrafl uoronethane
prepared in Prep%rg%tpn Exanple 1 was flowed at 3.6 6\ILM1¥ Tlpgr fter
whil e passing the Same diluting gas into another side © ﬁanc gas

flow, "the fluoripe,888F, Prepared in Preparation Examplgl% t 3.9
NL/ hr, thereby perfornlng the reaction. After 3 hours %e rea |on out | et

'gas was treated with an aqueous potassium hydroxi dg, gl Utd o, and 4R

aqueous potassiumiodide solution to renove hydrogen fluori de and
unreacted fluorimelgas wstthl hexygenl ¥eatdehY gasncehteaRiedyapky.2:The

anal ysis results-of the organic conposition except for oxygen and nitrogen -
are shown ripeteowin CHde 98t3G18nGF3GR8e0i4988 a Oshghs fF1cih23 amount of
oxygen-containing compounds as impurities were produced.

The results obtained are shown in Table 2.

Comparative Example 2

'While feeding a nitrogen gas at 30 NL/hr,‘-the.‘same
reactor as in Example 1 was heated to a temperature of
430°C. Then, hydrogen fluoride was fed at 50 NL/hr and
furthermore-, while passing a diluting gas comprising those
nitrogen and hydrogen fluoride into one side of branched
gas flow, a gas ‘mainly comprising Vthe tetrafluoroethane
prepared in Prepar-ation Example 3 was fiowed at 1.8 NL/hr.
Thereafter, while passing the same diluting gas into
another side of branched gas' flow, the fluorlne gas
prepared in --Preparatioﬁ Example 5 was fed at 3.9 NL/hr,
Vthereby performing the reaction.

After 3 hours, the reaction outlet gas was treated
with an aqueous potassium hydroxide solution and an agueous
_‘ potassnzm iodide solution to remove hydrogen fluor:l_de and
unreacted fluorlne gas and then analyzed by Ggas
_chromato_graphy. The analysis results of the organic

:,c:omposition, except for oxygen and nitrogen are shown below.
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28 23 August 2006 SF-824 CF30CF3 0:0146 (146 ppm CFSOgéFS 0.0 (125

ppm " unit; @6bX volume Wth a total oxygen content (con ﬁ%@&fﬁ of 2%
or nore i AFTR® starting material, a significant anobunt of -
oxygen-contai ni ng conpounds as inpurities were produced. [ The results
obtained are shown in Table 2. fi Conparative Exanple 2 Wile feeding a
nitrogen gas at 30 NL/hr, the same reactor as in Exanple 1 was heated to a
tenperature of 430C. Then, hydrogen fluoride was fed at 50 NL/hr and
furthernnre;-mhih%. ssing a diluting gas conprisin 7t9§2§ ni trogen and
hydrogen fluorideé PAt® one side of branched gas flow; - as mainly
conprising the t?%rafluoroethane_ prepared in Prepar thgg Exanpl e 3 was
flowed at 1.8 NL/hf. Thereafter, while passi ng the sa %llgt!ng gas into
anot her side of ed gas flow, the fluorine gas ,p red in
Preparati on Exangrggggmas fed at- 3.9 NL/ hr, therebylbég?@rnlng t he

reaction. After gp §j the reaction outlet gas masogﬁfggegl3y@%§m?n
aqueous pot assi um hydroxi de sol uti on and an aqueous potassium i‘odi de

~solution to renogestycFpgen fluoride and unreacted @[@@ggngﬁgqﬁpﬂpd t hen

anal yzed by gas ' : ' . ,
CF3;CF,0CF; 0.0098 (98 ppm)

unit: % by volume

j Thereafﬁer, the reaction outlet gés was treated with

an aqueous potassium hydroxide solution and an agqueous

potals!sium iodide solution to remove hydrogen fluoride and

unreacted fluorine gas and the resultring gas was passed

through a dehydrating agent, collected in an SUS cylinder

under cooling, and then distillétion—pu’rified by a known

~distillation operation to obtain hexafluoroethane. The

organic compos'ition thereof waSA analyzed by gas

chromatography and gas chromatography-mass spectrometer.

The results are shown below.

CFsCFs . - '  599.9866% by volume
CFy -. | © <0.4 ppm by volume
Others .. _ <2.0 ppm by volume
CF30CF3’ ' ' 128 ppm by volume
CF3;00CF; 1 ppm by volume
CFyCF,0CF; 1 ppm by volume

CF;0CF3; forms an azeotropic mixture with the

objective hexafluoroethane and the sepa'ratioh thereof is

30




chromat ography. The analysis results: of the organic conpgosition_except for
-oxygen andgplLgh@gen are shown bel ow. 29 23 August 2006 - Auglst 200803
97.1841 CF4 0.8920° Ot hers 1.8920 CF3CCF3 0.0133 (133 ppm CF3000F3
0.0088 (88 ppm CF3CF20CF3 0.0098 (98 ppm) unit: % by volunme Thereafter,
the reaction outlet gas was treated with an aqueous potassi um hydroxi de
sol ution and an aqueous potassiumiodide solution to renove hydrogen
fluoride and E unreacted fluorine gas and the resulting gas was passed

through a slepyeeetinaiageituicol lected in an SUS cylinder wunder cooling,
and then distillation-purified by a knowmn distillation operation to obtain

hexaf | uor oet haneThelhes sudrgaria 4P Irtd Whdherapfrasas anal yzed by gas

chromat ogr aphy and gas chronat ogr aphy- nass spectroneter. The results are

shown bel ow. CF3CF3 >99.9866% by volume CF4 <0.4 ppm by volune Qhers

<2.0 ppm by volune CF30CF3 128 ppm by volume CF300CF3 1 ppm by vol une
Comparative Example 3 ,

A gas obtained ﬁsing the same reactor as in Example 1
thoroughly in the same conditions by the same operations
eﬁcept for changing.the reaction temperature to 520°C was

_V) analyzed by gaé chromatography. The analysis results of
the organic composition except for oxygen and nitrogen are

shown’® below.

CF, - 95.3548
CF;3CF;3 1.6872
Others ' . | 2.8945
CF30CF; ' 0.0367

CF300CF; 0.0268
unit: % by volume

. The results obtained are shown in Table 2.

-

Table 1
Preparation Example 1 | trifluoromethane 1.208i
Preparation Example 2 | trifluoromethane 0.0720-
Prepération Example 3 tetrafluoroethane 1.3314
Preparation Example 4 |tetrafluoroethanetl 0.0402'
. Preparation Example 5 Fy 1.3825
Preparation Example 6 Fs 0.3020
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-CFSCﬁZOCFS 1 ppm by volume CF3OCF3 forns an azeotropic mxture with the
obj ecti ve &exgfh uor oet hane and the separation thereof is233gBFtERE 23

August 2006 apparently difficult.

2.
Exanmple 1

The results obtained are shown in Tabl e

Conpar ati ve Exanple 3 A gas obtained using the sane reactor as in

thoroughly in the sane conditions by the, sanme operations

except for changing. the reaction tenperature to 520C was } anal yzed by gas

‘chromat ogr aphy. The analysis results of

- oxygen and nitrogen are
2.8945 CF30CF3 0.0367 CF30OCF3 0.0268
- Tabl e 1 Product Oxygen Gas

obt ai ned are shown in Tabl e 2.

Pr epar at
trifluor

uon Exanpl e

met hane 0.0

Starting
Material

trlflgoromethane T. 208
7 2ReapEapar g

t i 8raExbnypl €
Temperature
(°C)

Tk

e aration‘Eyzng?T
%ﬂ;r f]
Oxygeﬁ ggg in ggg@ Pon'
Starting Material

(% by volume)

the organi c conposition except for
shown bel qynile @F4 95. 3548 CF3CF3 1.6872. O hers
unit: % by volunme The results

Content (vol% -

p 2
. 3. 314

Example 1

Preparation
Example 2

‘|Preparation

Example 6

420

0.3740

Example 2

Preparation
Example 4

Preparation
Example 6

370

06.3422

Comparative
Example 1

Preparation
Example 1

Preparation
Example 5

450

2.5906

Comparative
Example 2

Preparation
Example 3

Preparation
Example 5

430

2.7139

Comparative
Example 3

Preparation
Example 2

Preparation
Example 6

520

' 0.3740
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Preparation Exanple 4 tetrafl uoroethane 0.0402 Preparatign ExanEIe 5 F2
1.3825 PngggFQEi on Exanple 6 F2 0.3020 31 SF-824 23 AugustAY865620%aple 2
Reacti on Réaction Total Concentration of Starting Tenperature Oxygen Gas
in Reaction Material (OC) Starting Material (% by volune) Exanpled
Preparation 420 0.3740 Exanple 2 Preparation ‘Exanple 6 Exanple 2 : |
Preparation 370 0.3422 Exanple 4 Preparation Exanple 6 Conparative
Preparation 450 2.5906 Exanple 1 Exanple 1 Preparation Exanple 5 _
Conpar ative Preparation 430 2.7139 Exanple 2 Exanple 3 Preparation

Exanpl e 5 Conparative Preparation 520 0. 3740 ,

Table 2 (Continued)

Concentration of Concentration of
Oxygen—Containing Oxygen—-Containing .
Compounds in Compounds after ' ' %
Perfluorocarbons Purification |
_ _ {(ppm by volume) {ppm by volume)
: ‘ |
Example 1 2 or less 0.5 or less §
Example 2 .1 or less 0.4 or less 2
P Comparative 271 §
- Example 1 |
Comparative 319 130
Example 2 _
Comparative 635
Example 3
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Exanpl e 3 Exanple 2 Preparation Exanple 6 32 23 August 2006 SF 824 Tabl e

2 (Continued) Concentration of Concentration of Oxygen- CEAPHPHELR§06

Oxygen- Cont ai ni ng Conpounds in Conpounds after Perfl uorocarbons

Purification (ppm by volune) (ppm by volune) Exanple 1 2 or less 0.5 or

|l ess Exanple 2 1 or less 0.4 or less } Conparative 271 Exanple 1

Conparative 319 130 Exanple 2 Conparative 635 Exanple 3 33 23 August 2006

CLAIM5S { 1. A process for produci ng@EMB| uor ocar bons, conpri sing,
production of a perfluorocarbon froma reaction starting materi al

conpr|5|ng an organi ¢ conpound
. A process for producing perfluorocarbons,

comprising, in the production of a perfluorocarbon from a
reaction starting material comprising an organic compound
and a fluorine gas, contacting said organic compound with
said fluorine gas using no catalyst at a temperature of
from 200 to 500 .°C, while controlling the content of an
oxygen gas within the reaction system to 2% by volume or
less based on the gas components in said reaction
starting material to produce a perfluorocarbon reduced in

the content of impurities.

2. The process for producing perfluorocarbons as
claimed in claim 1, wherein said organic compound and
said fluorine gas are contacted in the presence of a

diluting gas.

3. The process of producing perfluorocarbons as claimed
in claim 1 or 2, wherein said organic compound is an

aliphatic saturated compound having 6 or less carbon

atoms and/or an aliphatic unsaturated compound having 6

or less carbon atoms.

4, The process of producing perfluorocarbons as claimed

in claim 1, wherein said organic compound is an aliphatic.

saturated compound having 6 or less carbon atoms.

34
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organi ¢ conpound is an a

carbon at ofBio Admeh AMGUSt 20%@%%&@9. procie%éifl‘{{o:%rn?ed&‘i‘%é@&

-di fl uoronet hane, trifluoromethane, trifluoroefhane, tetra

and a fluorine gas, contacting said ofgahic conpound with_said fluorine
gas using no catalyst at a tenperature of from-200 to 5@@&&9 08

control I'i n§FrRe4content of an oxygen gas within the reaction systemto 2%

by volune or |ess based on the gas conponents in said reaction starting
material to produce a perfluorocarbon reduced in the content of

inmpurities. 2. The process for produci.ng perfluorocarbons as clained in
claim 11, wherein said organic compound and said fluorine gas are contacted
inthe presence.of a gilutin as.. 3. Thetggpcess of__producin

per f | uor ocar bond* as cl AF m&¥ OGS I &Pm PR -“VheP@FﬁlgaFﬂcﬁFB%ﬁﬁc ¥®npound
an a1 phat EAHEd T e Thmao A ge 81 0 9888 Co dt BEPUREME S A The.
o gani o cormsind T REEbeEl PR BRok i ip s ag PRy B B0l ek o
perfl uorocarbons as clained in clai er'ei n sai d organi ¢ conpound is

at | east wonerIesiestealect edtbrerrt e -gLOHRREONSI %éﬂlgaﬁl}c{raéﬂ&%wet hane,

|"uor oet hahe,

pent af | uormaithefioropropane, hexafluoropropane : and
heptafluoropropane.
6. The process for producing perfluorocarbons as

claimed in any one of claims 1 to 5, which is a process for
producing perfluorocarbons by contacfihg said:- organic
compound with said flﬁorine gas in a gas phase using no
catalyst in the presence of a diluting gas, wﬁerein said
oxygen gas contained in said fluorine gas before the
contact between said organic compound and said fluoriné gas.'
is in an amount of 1% by volume or less based on said

fluorine gas.

7. The process for producing perflucrocarbons as
claimed in claim 6, wherein said organic compound is a

hydrofluorocarbon having 4 or less carbon atoms.-

8. The process for producing perfluérocarbons as
claimed in claim 7, wherein said organic compound'is at
least one member 'selected from the group consisting of

difluoromethane, trifluoromethane, trifluoroethahe,
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pent af | uor opr opane, hexaf | uoropropane and hept af | uor opropane. 6. The
process for_produci ng perfluorocarbons as clained in anyZ20Aegest 280&i ns 1
to 5, whichFT %.process for producing perfl uorocarbons by contacting said
organic conpound with 'said fluorine gas in a gas phase using no catalyst
in the presence of a diluting gas, wherein said oxygen gas contained in
said fluorine gas before the 'contact between said organi c conpound and

fluorine A ocess far oduci erfluorocarbons as claiped in
claim, . el}ae]?lnui}gcf%hoaﬁ]gedni%e%cto%louuonrao %r}gl%’e’hm FELBH &g 4 or
| ess carb L8, e _process for producin erfl uorocarbons as

cl ai med igﬂalalm'ﬁFéﬁﬁéggié}said organ?c.conpogng is at |east one nenber
selected fromthe group consisting of difluoronethane, trifl uoronethane,
trifluoroethane, 35 SF-824 23 August 2006 tetrafl uoroethane,

pent af | uor oet hane, hexaf | yeoepsaPafsr ando dﬁﬁﬁg'ﬂ@f?Fﬁ&P@Egrbg s Thg _
process for producing perfluorocarbons as clai'med 1n any one of .clains 1
to 8, wherdiaindte iamumy de i UOLADRs g8StbNBL ogueedihntaet Raour@agid on
systemis 9% by volunme or |ess based on the total anount of gas conponents
wi t hi n t hélueadineorysy sietroduced into the reaction system is 9% by

said fluorine gas is in an anmount of 1% by vol ume. or |ess based on said

volume or less based on the total amount of gas components

,w) within the reaction system.

10. The brocess for producing perfluorocarbons as
c}aimed in any one of claims 2 to 9, Qheréin said diluting
.gas is at least one member selected from the group
consisting of ‘tetraflu&romethane, | hexafluoroethane,

octafluoropropane and hydrogen fluoride.

11. The prbcess for producing perfluofocarbons as
claimed in claim 10, wherein said diluting gas contains
hydrogen fluoride and the content of said hydrogen fluoride

'is 50% by volume or more baéed on the entireramount of

diluting gas.
12. The process for producing perfluorocarbons as
claimed in any one of claims 1 to 11,'wherein said impurity

is an oxygen-containing .compound.

13. ‘The process for producing perfluorocarbons as
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10. The process for producing perfluorocarbons as clai rre% | n a{%&%‘ne of
clainms 2 to 9, wherein said diluting gas is at |east oné ected
fromthe group consisting of tetraflubronethane, hexafl uoroethane,

oct af | uor opr opane and hydrogen fluoride. 11. The process for producing

perfluorocarhonsdasn Shai o dA &AM 10, ¢ ,ei%%%dﬂééﬁgé ng gas
yar

contains hydrogen fluoride and the content of" sai ogen fluoride is
50% by vol ePEPBSadre e dbmddmerlzimg rendntuntelnf rehdwitidngaas. 12. The
process fo UGl erfluorocarbons as clainmed in any one of clains 1
to 11, V\/ne(?}é ﬁgga‘?%??arr%hlr?q v vxygen- cont ai ni ng conpound. 13. The
process for producing perfluorocarbons as 36 23 August 2006 clainmed in

any one of_clains 1 to 12, which further conprises a step of adsorbing and
t her eby re}ﬁc)vi NG REPCRBE J RFAHFH T m}%bmcmoﬂm@spr ocess for

produci ng Pes{he@r pcarpens [’Eﬁg [ elajml3, erei.n said

oxygen- cont ai ni ng corrpound@is's @c‘i%lor edééglncg ?%ee%yco\r&\%r%\%leldj%y activated
carbon. 15zompreunt oce selfanbeyh aohutitige 1y | neaioneRl kons@ds vadei ned in any
one of cl aj 1l to 14, wherein said perfluorocarbons is at |east one

menber sel@cted from the group consisting of tetrafl uoronet hane,
hexaf | uor oet hane

15. The process for producing perfluorocarbons as
claimed in any one of claims 1 to 14, wherein said
perfluorocarbons is at least one member seiected from the
group consisting of tetrafluoromethane, hexafluoroethane

and octafluocropropane.

16. The process for producing perfluorocarbons as
claimed in any one of claims 1 to 15, wherein the total
amount of oxygen-containing compounds contained in said

perfluorocarbons is 5 ppm by volume or less.

17. Perfluorocarbons obtained by the process according to
claim 1, which has an oxygen-containing compound content of 5

ppm by volume or less.

18. The perfluorocarbons as claimed in claim 17, wherein
- the oxygen-containing compound content is 2 ppm by volume

or less.
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and oct af |l uoropropane. 16. The process for -produci ng perfl uorocarbons as
claimed in any one of clainms 1 to 15, wherein the total L oo _
oxygen- contalnlng conpounds contained in said . perfluorocarbons is 5 ppn1by .
vol une or | ess. Per f | uorocar bons obt ai ned by the process according to

claim1l, has an qgxy.gen- c ound cont ent .of pm by
\mhmeoﬂ? ?{%§‘ﬁ% ﬁ%%%l Iﬁ%ﬁjlqﬂﬁﬁfﬁfvmmmn
t he oxygetrh@q&}iceﬁéﬁsﬁgadwmu@ teorienty i1s, 2 ppm by volunme or less. 37 23
August 2006 19. A gas containing the perfluorocarbons obtained by the

process accordi ng to claiml. 20. An etching gas corrpri sing the gas

accordingdo sl al cl ¢lgi m 20, wherein
sai d perfluorocar on |s%%%tra uoroﬁg?hanegﬁgb %?cleanlng gas conpri sing

the gas acleomdilfyly to claim 19. 23. The cleaning gas as clained in claim
22, wherein said perfluorocarbon is hexafl uoroethane. 24. The cl eani ng gas
as clainmed in claim?22, wherein said perfluorocarbon is octafl uoropropane.

38 21. The etching gas as claimed in claim 20, wherein said

perfluorocarbon is tetrafluoromethane.

22. A cleaning gas comprising the gas accordingly to

claim 19.

23. The cleaning gas as claimed in claim 22, wherein

said perfluorocarbon is hexafluoroethane.

24. The cleaning gas as claimed in claim 22, wherein

said perfluorocarbon is octafluoropropane.
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