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1 DESCRI PTION Azeotropic M xture of Fluoronethane and
Hydrogen Chl oride and Process for Purifying

Fl uoronet hane 5 FI ELD OF THE | NVENTI ON The present
invention relates to an azeotropic mxture of

fl uoromet hane (hereinafter somatines referred to as
"CH3F" or "HFC-41") and hydrogen chloride 10

(hereinafter sonetines r A s "HC1"), a
process for purifying fﬁﬁéﬁéﬁiﬁlﬁéﬁg and uses thereof.
BACKGROUND OF THE | NVENTI ON Hydr of | uor ocar bons ( HFC)
are characterized by 15 having an ozone depl etion
coefficient of 0 and, for exanple, HFC 41, _
di fl uor onet hane (CH2F2) and trifl uoronethane (CHF3) _
ar?Tebropl ¢ dptiieR 2% BhucrpPRALAgNgag8ngolydrogen Chloride
sem conductors. HFCs used as an_etching gas for '
sem conduct Rﬁqge%ﬁ)ﬁﬁﬁnﬁﬂﬁif¥%P%a YRR
and particularly, the concentration of the acid
conmponent (e.g., hydrogen chloride, hydrogen

fluoride) is denand?gELB Q@.gﬁﬁgqﬁﬁghgggk..o Wt ppm or

_ y 0.5 wt ppm or To satisfy

br oduci ng e o por Ly TR hhs Tn probaEct 2opytbLe

Neii:u Ry FeubednchtveRt RIS I¥ndties referred
to as "CH:F" or "HFC-41') and hydrogen chloride -
(hereinafter sometimes referred to as "HCL"),_ a process

Fai

for purifying fluoromethane and uses thereof.

BACKGROUND OF THE INVENTION
Hydrofluo;ocarbqns {BFC) are'chafacterized_by
having an ozone depletion coeffiéient_of 0 and, for
éxample, HFC—41, difludromethane {CH»F2) and
‘trifluoromethane‘(CHF3) are useful ¢ompounds as an
etching gas for semiéondﬂctors,

." fHFCs used aé énuetching gas for semiconductors are
demanded to have high purity énd particularly, the |
cpncentrétion‘of.the acid coﬁponent (e.g,; hydrogen -
‘chloride, hyd;ogen‘fluoride) is demanded to be‘preferably
1.0 wt ppm 6: less, more preferably 0.5 wt ppm or less.

To satisfy theserrequirements, a large number of
methods for producing high-purity HECs havé been proposéd,
bgt not so many methodé,havé been proposed foi the

productionrof*HFC—él. This is mainly becéuse the method
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production of HFC-41. This is mainly because the
method 2 1in general of fluorinating a hal ogenated
hydrocarbon with HF is, for exanple, bad in the
reaction efficiency and acconpanied with production
of many by-products due to side reactions such as
deconposition reaction. 5 In such an environnent,

Pat ent Docunent 1 (JP-B-4- 7330) discloses a nmethod of

. produci ng HFC-41 by reacting 'nmethyl alcohol and

hyidr agere fd uorf del (dered nbfid en hsbogthaesdr aidrbedrben with
as "HF")""in the gas .phae with use- of a fluorination
catfalyst f{ewhraordmm €| dord de) tndercabeitdd edfidicteanyofand
100 to 500C. However, this nethod has a problemthat
WERCSICTHI gt e oV 145 Puscdyrloteret obrinagy hpoprodusksosdliaen to
of the fluorination catalyst and reaction apparatus.
ASdGe PRAGHL Pt AR 25 (IPCARIBOS 18Y98) raRgELBBes a
15 net had of produci ng HFC-41 by reacting meth
chloride®™ F@H%CEP 19 e %%Ee%$'Qgcvw?ﬁ¥u§e(6?*5“4“
a-falyorj.nation catal yst (chromum fluorjde) under the .
cdAaT SR Mod ot afifir e hECTab Y eateing
40 roy thi anﬁﬂ. [ n i hat
Qggxyelg%\l Vilor LB s rd Sfﬂ"lc?‘ %% Ll‘;i/lgf%%ﬁajf@e{-

an I briumrea epresent.

f ablewing of dePddedl dakes @oe and- 5L ntl%gg ’“@%é%c‘su th use-~-:

(boiling point under atnospheric pressu

and Bydnegednehlion detaRAd | (hRANin UMHSride) under the
at nospheric pressure: -84.9C) are

condition of 100 to 500°C. HowevVer, this method has a

problem that water produced as a by-product brings about

corrosion of the fluorination catalyst and reaction
apparatus.

~ Also, Patent Documenf 2 (JP-A-60-13726) diécloses a
method of producing HFC-41 by reacting methyl chioride
Gﬁbcl).and HF in the gas phase with use of a
 fluorination catalyst (chromium fluoride) under the
~condition that the reaction temperature is 100 to a00°c.
However, this method is disadvantagecus in that an

equilibrium-reaction represented by the following‘formulé '

1 takeS-place and since HFC-41 (boiling point under

atmospheric pressure: -78.5°C) and hydrogen chloride

(boiling point under atmospheric pressﬁfe: -84.9°C) are

~close in the boiling point, their separation is difficult.

CH3Cl + HF ¢ CH3F + HC1 (1)

[Patent Document 1] JP-B~4-7330



close in the boiling point, their separation is
difficult. 25 CH3C1 + HF CH3F + HC1L (1) 4. [Patent
Docunent 1] JP-B-4-7330 3 [Patent Docunent 2]
JP-A- GO 13726 OBJECT OF THE | NVENTI ON An obj ect of the
present invention is to providé a 5 nmethod for
efficiently producing high-purity HFC-41 which can be
used as an etching gas for sem conductors. SUMVARY OF
THE I NVENTION As a result of intensive investigations
t ol Bofset Dorumpise Dt obl e~ AHO pkEEEMt i nventors
have newly found that HFC-41 and HClL form a nmaxi num
azeotropic m xture. Furthernore, it has been found
that when a m xture ai HEC: d HC1 is
distilled, HFC 41 c%ﬁ?gﬁﬁ 8 E%E Fgﬁﬁy no HCl
(HCL co entratlon | ess) _can be .
obt ai ned"t rdmMIHe qfopz)tqlo? %lp% |I3r%¥?8ﬁlg%o%ﬁn‘ﬁoaﬁﬁovme a

alrr?@tﬁc!l?t 6’@%&&*&%&?&%%&%&& h%ghCBH}rfggeE{FwJﬂ which

water and/or a treati ent contaln

hiedy my iddedRE 4h reaem@ngﬂlfsgnseﬂieaﬁaaeto% 1.0

wt ppmor |ess can be obtained. The present
i nventi on has been acconplished based on these

findings. The pr e%%ﬂ#mﬁé" [ ]l%—%%h%
azeotropic mxture of. H C?%aﬁgﬁj a process for

‘prify' @FQF%%lt'ﬁ%ﬁfﬁ?ﬁﬁ!Eﬁé“ﬁnvégeféééiéhs to seolve
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descrlbe in
those problems, the present inventors have newly found

- that HFC-41 and HCl form a maximum azeotrepic mixture.
Furthermore, it has been found that when a mixture
containing HFC-41 and HC1 is'distilled, HFC~41 containing
substantially no HCl (HCl1l concentration: 20 wtlppﬁ or
less) can be obtained from the top of a distillation

* column and also that when the obtained HFC-41 is

'contacted with water and/or a treating agent- contalnlng

an alkall, high~purity HFC -41 hav1ng an HCl concentratlon
of 1.0 wt ppm or less can be obtalned. The present
invention has been accompllshed based on these findings.

The present lnventlon relates to an azeotroplc
mlxture of HFC-41 and HCl, a process for‘purlfylng HFC441
and uses thereof, which are described in [1] to [7] below.
[1] An azeotropie mixture of fluoromethane and
hydrogen chloride.
| {2} A process for purifying fluoromethane,i

- comprising distilling a mixture conteining fluoromethane




[1] An azeotropic m xture of fluoronethane and 25

hydr ogen chloride. [2] A process for purifying

fl uoronet hane, conprising distilling a m xture

contai ning fluoronmethane 4 and hydrogen chloride to
distill out fluoronethane from4the top of a

distillation colum and obtain an azeotropic m xture

of fluoronmethane and hydrogen chloride fromthe

bottom of the distillation colum. 5 [3] The process

f oRNFubiytioggnf [cbdogielieh &me ddr@tidésmme'iﬂ.liqﬂrcﬁﬁ@* hane from
wherein the distillation is perfornmed" under an

- opéhgt tRY pregsdietas lotiono cpdupnvRad [oqtalire =y oa:efsfstrOp:Lc
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uri fying fluoronmethane as described in

f 2

[%“lEEHEPePF? fhaccsReehers: rOR Sy drag Ry g 8 Je from the
% %%de an%ang L he fl uorgQnet hane distilled out

fromtRe P fé a} BFEPRt COAES I um is 20 wt ppm

o less. bgl Theop %czsgso?-af DULELH ST OOTENANSe o

@Eb??ﬁea 15 fmp ﬁﬁemﬁgtga gtjgg&'ﬁ% QB! q%n%(ﬁrformed

distilTed out fromt top O i St ati o

|rﬁﬁd@ﬁnéﬁcbp@kkhlﬂét?fes@ﬁgéoﬁfaotieﬁb'ﬁ@ O

containing an.alkali to remove the acid conponent ‘
conf ai ni pg) hydriggesredd o5 i fer . plBlrHih uewaﬁbﬁaﬁlﬁane as

product conprising 20 quoronethane obfai ned by t

praxessiced cinbed] i o afy], wherein the concentratlon of
hydrogen chloride contained -in the fluoromethane
distilled out from the top of the distillation column is
20 wt ppm or less.

{51 The process for purifying fluorcmethane as
desnribed in any one of [2] to [4],. which comprises a
‘step of ‘bringing the flnoromethane'diStilled out from the
top of the distillation column into contact with water
and/or a treating agent containing an alka11 to remove
_the acid component containing hydrogen chloride..

| | {6] A flunrnmefhane product comprising
f£luoromethane obtained by the process described in any
one of [2] to [5],Awherein the fluoromethahe has a
hydrogen chloride concentration of 1.0 wt ppm or less. .
(7] An etching gas'cOmprising the fluoromethane

product described in [6].

EFFECT OF THE INVENTION

_ Adcdrding to the present invention, HCl can be
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one of [2] to [5], wherein the fluoronethahe has a
hydr ogen chl ori de concentration of 1.0 wt ppm or |ess.

[7] An etching gas conprising the fluoronethane

product described in [6]. 25 EFFECT OF THE | NVENTI ON
According to the present inventi on, HO can be 5
efficiently separated froma m xture contai ning HFC 41
and HC1 by utilizing an azeotropi c phenonenon between
HFC-41 and HC1l, and-high-purity HFC-41 can be

ol T iR n 51 DETRAD . E0F BE SORPIPTR ONL OF UFHE CoRVENTEN HEME-41
azeotropic m xture of HFC-41 and HC1l, the

P | A WethbeEld MEG220hREPESeDhENoMesion between

a rdjn ot sent invention are described in
AT D st o S SRRt bk BRCrddotRgpbe. obtained.
m xture. Under 10 atnospheric pressure, the boiling
poi nt of HFC—41 is -78.5C, the boiling point of HCl is

-84.9C and ' ' B
thereofaPs '8 out é %ﬁsgﬁggégggé%% 4}£Rﬁ%ﬁﬁgk¥¥g:;
a maxi Mgfe aa?zeé&f |G 'Hd&!ﬂ%erl CPeHﬁéegﬁrSHBCHm the,

conposi tion under I5 atno pressure I's stch

HeGr4 ¥ dics Al tm&h ot S Hﬁ@Lifnaﬁé QQQHttﬂérgBkA%ccordlng

Al'so, under other pressures, for exanple, under
Mea, thiee chaiddrtg ippiait iadn thes @é@@iiﬁ@&clﬂ1ﬁéﬁéﬁl|%elow

about 4C and the azeotropic
HFC-41 and HCL form an azeotroplc mixture. Under
atmospheric pressure, the boiling point of HFC-41
is -78.5°C, the boiling point of HCl is ~84.9°C and the
boilingﬂpoint of anlazeotropic mixture thereof_is_
aboﬁt ~73°C, therefore, HFC-41 and HCl form a maximum
' azeotropic mixture.l The azeotropic composition undér
atmoépheric pressure is such that HFC-41 is about 55 mol%
and HCl is about 45 mol%. Also, under'other pfessures,

for example, under 2.0 MPa, the boiling point of the

azeotropic mixture is about 4°C and the azeotropic

. composition is such that HFC-41 is about 53 mol% and HCl

is about 47 mol%.
In this way, a maximum azeotropic mixture is
present in the two-component system of HFC-41 and HCl and

therefore, even if a mixture of HFC-41 and HCl is

”1’dist;liegAundgrgatmospheric pressure, the molar ratio

25

(HFC~41/BC1l) of HFC-41 and HCL cannoet be_concentrated to .
‘apout 55/45 or more. '

The process for purifying fluoromethane of the



conposition is such that HFC-41 is about 53 nol % and
HCL 20 is about 47 nol% In this way, a nmaxinum
azeotropic mxture is present in the two-conponent
system of HFC-41 and HO and therefore,, even if a
m xture of HFG-41 and HCl is déstilled under
at nospheric pressure, the nolar ratio 25 (HFC 41/ HC1)
of . HFC-41 and HCl cannot be. concentrated to about.
55/ 45 or nore. The process for purifying fluoronethane
of praeeBt pneeabtonnienthemwsics echiazeadt £n i ieat i whéhathe
when the concentration of HCL in a m xture of HFC 41
angopernisatsanl pér BCRaAt Mamiidtute afddf¢opl cand HC1 is
conposjtion, a mxture containing HC 41 and HCl1 is
di %WH%H £BaBi shrEI 15 &he ﬁp@oztquwm@mp%ptmna a
disti]lation olunn ﬁFF obtain an azeotropic m xt

h

of MHEEY 43 ﬁﬂﬂ BERIPEg 41 Bﬂﬂ(ﬁﬁ%ﬁlﬁtﬁ#%ﬁ%ﬁ4¢¢é¥?oﬂlStlll
| f.
CoegeaELekaq 18 ﬁt 305’. R St ani g oo e and

\’Spéﬁﬁéiﬁaéﬁya Eggi % HQQ |c|en€%9:qﬁgfgﬂ%§§£iqgrom the
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Wt ppm or ess

t e t t u
et g g P s

AZLAI 64 Co LOPPOSHEESBnt! havEEk 16eY)Cenid-afl %Mnlt}?
previ ously decreased by water mashlng or the Itke. 1 _
Theulshtstnt 1@l 1pnmapRal at spevhiceeagay beirsed iHhving an HC1
concentration of 20 wt ppm or less, can be efficiently
obtained. In the case where the concentration of HCl in
a mixture of HFC-41 and HCl is larger than that in the
azeotropic cémposition, the ‘HC1 concentration must be
prev;ously decreased by water washing or the like.
The dlstlllatlon apparatus which can be used in
.such a distillation operatlon may be sufflc;ent if it has
a function necessary for normal dlstlllatlon, but a
rectlflcatlon apparatus such as plate column and packed
column is preferably used. Thé.distillation can be.
performed by either continuous distillation or batch
dlstlllatlon | | |
 The operatlng condltlons of dlstlllatlon are not
‘limlted and various modes can be employed according to
.utlllty and requlred quallty, but from the . aspect of

'preventlng exce531ve drop in the top temperatule of the

distillation -column, the operating pressure is preferably

 from 0.1 to 10 MPa, more preferably from 0.5 to 5 MPa..
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such a distillation operation may be sufficient if it
has a function necessary for normal distillation, but
a rectification apparatus such as plate colum and
packed colum is preferably used. The distillation
can be 20 perforned by either cbntinuous distillation
or batch distillation. The operating conditions of
distillation are not Ilimted and various nodes can be
enpl oyed according to wutility and required quality,
b nf bt tFRSAspele ©9P 2Bempevaitiragfeddesshveher spnioe from
“P erature of the distillation colum, the
dﬁgp%%s@Qé:ls preferably fron10 1 to 10 MPa,

nDre prgﬁerabl from.O S _case

Ao IR R $r i eanlairPemin sBEor T g0

the top
1k f t
ég#% 0J§9?r0n1 |on g%fF%%Eggrgg%Fﬂg}?gﬁOEoFﬁiﬁmn by
b)ﬁléildlls.ﬁ:d |4 %)&Lﬁlé(t G 44 QE? Egagévgbgge
is usually 20 w ppn1or ess WeVer, 'I'n use
t C
R T i e e Pt S 2%3*2?.%5 % eching

- desey ifead sarcvRinduc® g prigierabhyedt Pz ¥ o P PEE Otfhé eééa.d

nore preferably 0'.5 10 w ppmor |ess. Accordingly,
t rempooeeds mnﬁ;puﬁkﬂwlﬂf)fisod@mnhhaﬂe @bk tiBecribed above;
present i nvention preferably

to be preferably 1.0 wt ppm or less, more preferably 0.5
wt ppm or less.

| Accordingly, the procéss for purifving

fluprométhane of the present invention preferably
comprises a step of bringing HFC-41 distilled out from
_the top'into contact with water and/or a treating agent
containing an alkali to remove the acid component
containing HC1. ‘The alkali which can be used in this
treating agent maj be an_équeous alkall solution or an:
alkali-containing solid material (for example, soda lime).

The treating.agent'is preferably water or an agueous .

alkali solutionJ The aqueous alkall solution is

’ preferably an’ aqueous sodlum hydrox1de solution or an

' aqueous potags;um hyd:ox1de solution. -The concentration’
of tbe aqueous alkali solution is preferably from 0.01 to
20%, more preferably from 0.1 to 10%. The contact time |
is not particularly limited, but since the solubility of

"HFC-41 in water is slightly higher, the contact

‘ temperature is preferably in a low-temperature region,
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conprises a step of bringing HFC-41 distilled out from
the top into contact with water and/or a treating
agent 15 containing an alkali to renove the acid
conmponent containing HO. The al kali which can be
used in this treating agent n8y be an aqueous al kal
solution or an alkali-containing solid material (for
exanple, soda |line). The treating. agent is .
preferably water or an aqueous 20 al kali solution. The
adresust iddaly ol v orenge Prefebabbyd&fC aqueous
sodi um hydr oxi de solution or an aqueous potassi um
hydr oxi $1as iy The RoHEERE rBEFohl 8isthéladuestisfrom

~alkali solution is greferably from0.01 to 200% nor e

pridFetah YRR P Bt WHYR ThHeSEoRRALPTt AnEres lngsagent
e so

{ rt | | ed,. but t t
r A U o S A e
f I
SR ML NPy L0 ot eIBe L A

W AW Y 10 HESE L @Hé J&Aégﬁ egﬁcéﬁ%tiaﬁ §APuFC-41

into contact Wt h wat'er treati ng agent

CaRkAli RIS A al kal 's’ucthh% caneentyriion of ddkddted with
. HFG 41 5 can be decreased to 1.0 wt ppm or | ess.

-Dmmw&&wﬂaﬂﬂbﬁdﬁést(iﬁﬁliﬁbFﬂﬁ&“th@eﬂlkéhewMékéby the water

concentration in HFC-41 nay increase. In such a case,

- HEGnéknits agdntractzad v tdecirmed sedil a5 5ievesphzes| Les).

or the |Iike, whereby the water
The thus—purified HFC~41 contains the acid

component (e.g., HCl, HF) only in a concentration of 1.0
wt ppm or less and high-purity HFC-41 can be obtained.
The concentration of acid component in HFC*él.can be
rméasured‘by aﬁ anélyzér.such as ion chromatography (IC).
Fig..l is a flow sheet Showing_éne example.Of fhe
fluoromethans purifiéétion apparatus which can be used in
‘the method of the present invention. The process for
purifying fluoromethane of the present invention is
described iﬁ more detail by referring'to'Fig. 1.
| CH3C1 and HE are reacted in the gas phase at a
reactlon temperature of 250°C in the presence of a
fluorlnatlon catalyst (for example, chromium fluoride) to
obtain a reaction product containing HFC—41,‘HC1, CH3CL,
HF ﬁnd trace organic impurities. From the obtained-

reaction product, methyl chloride and HF are removed, for -

.. ezample by distillatioh, to. obtain a mixture (1) mainly

- containing HFC-41 and HCl.
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~flu

concentration can be decreased to 5 wt ppmor |ess. 10
The thus-purified HFC-41 contains the acid conponent
(e.g., HJd, HF) only in a concentration of 1.0 w ppm
or less and high-purity HFC-41 can be obtained. The
concentration of acid conmponen? in HFC-41 can be
nmeasured by an anal yzer such as ion chromat ography
(1©Q. 15 Fig. 1 is a flow sheet showi ng one exanpl e of
the fluoronethane purification apparatus mhigh can be

used i nThenehFee SR Sr Eent S | FYERPFoRed ThRLO 2

for. i.fyi fl t , h . .
PSSR o oo Firors Gt fiabiral BERTAipg i3
Fig. 1. 2 Cl H ted in,the h
PR R PunbBPLPGEESHt STegE, Y ekl Gptumn
a(22#?%%3Q%?d%%ﬁﬁyéﬂﬁf§tdf o £%3FPL 81 SHEOFEYM s taken out

aln a reaction pr oduct contal ni ng

HEG 41 polHebn E3GL.1 1 an t4:age, OpARI €nbPRYEI t5€8eturned
Fromthe obtained 25 reaction product, nethyl chloride

aRe Hepahe ihemweibr farn wxamd by éhséfl théi alstidliation
obtain a mxture (1) mainly containing RFC-41 and

- HGblufn. ThEroht ahaetopi wifutde( H) sts lilrttriedu cedl bt o 2 g,

distillation colum (2) and a distillation operation

i §FCpdilf comtainEmgmstlivs teotttionh lgf ndi BCHi %i ¢khraohed as a
colum . (2), an azeotropic mxture of HFC-41 and HO

i $opaléptédiatead 33 -boftloRhdisswiall-ati Darame @ pargiently
thereof is returned

removed from the mixture (1). Such an operation can be
performed in the batch system but is preferably performed

by continuous operation.

The theoretical plate number and actual plate

" number of the distillation column (2) and the reflux

ratio are déteimihed by taking account of,separation
conditions, column efficiency and the like, and the

mixture (1) is.preferably fed to a plate calculated to

mrgiﬁelleast distillation of HCl out from the top.

. When the top distillate (3) extracted from the top
is introducéd into an acid component treating unit (6)

and cbntacted_yith, for example, an aqueous potassium

- hydroxide solution (5%), high-purity HFC-41 (7) more

reduced in the acid component in HFC-41 can be obtained.
A single gas of the thus-obtained high-purity HFC-

A1 where the concentration of acid component (e.g., HC1,

CHF) is 1.0 wt ppm or less, -or a mixed gas of this high-

purity HFC-41 and another §és {for example, He,‘Nz,—Ar, Oz
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as reboiling vapor (4) to the bottom of the
distillation colum. Fromthe top of the distillation
colum (2), HFC 41 containing substantially no HO is
extracted as a top distillate- (3). In this way, HCl
can be efficiently 10 renoved fgomthe m xture (1).
Such an operation can be perforned in the batch
systembut is preferably performed by continuous
operation. The theoretical plate nunber and actua
plcat @iFsnurther edfnatiteerdi stHddeatsang ol gad 429 andetihgas both
reflux 15 ratio are determ ned by taking account of
sepdr atsfarophdic i ansg thluomoréthanenpyodndti'le can be used
like., and the mxture (1) is preferably fed to a
pladt e Atah meda fof ves¢ eat tdesetrhangostep HElthe
out fromthe top. Wen the top distillate (3)
eFTOANEd G RHAFRST opf @OS?@lF‘ﬁPﬁﬂﬁﬂﬁééddieﬁtldean aC| d
and conptacted with, for

conponent treating_unidt
exanpl e, " é&tfé@%l%lt "chlﬁ %Era?mdaagoFainpsﬁsmg the

E:o%n@r%‘é’ﬂeﬁ‘%hdp T ok Wl et A Srtgrdet 158 < o
C
Egﬁf%%tratlon a0|3ﬂ§gﬁ%%%%% Cogéléiﬁﬁgegﬁﬁb €s plasma

1@ s @dHVﬂf%¥bwé¥efbe% Qaﬁone£Bh§nB'9hthln film or
purity HFC-41 and another gas {for exanple, "He, N2,

Arthe02 11 ﬂﬁtﬂ@&”bﬁrﬁvmvfﬁﬁdﬁ%eriﬂ@SSrSVQﬁbE 8apodiion in
m xed gas both are referred to as “fl uor onmet hane
pt@éup'dbaHHWdﬁapﬁﬁﬂh01ng a semlconductor device such as
LSI and TFT. | '
The gas which can be mixed with high-purity HFC-41
is notrpatticularly limited and can be appropriately
:8elected according to use. Not oniy dne gas but also two
Or more gases can pe mixed with_highépurity HFC~41.'MThe
amount mixed is aléo not particularly limited and can be
appropriatély adjusted according to use.
. BEXAMPLES
The present invention is.described in greater
 detail'below by referring to Egamglé,Abut the present

invention is not limited thereto.

' <Analysis of Composition>

As for the'bottom distillate, the gas distilled out

‘was passed lnto a gas cleanlng bottle contalnlng pure

- water as the absorbing solution, HCl in the gas dlstllled

out was quantitated by neutrallzat10n~t1trat1ng the



as an etching gas for use at the etching step in the
production process of a sem conductor device. 5 Mre
specifically, the etching gas conprising the

fl uor omet hane product of the present invention can be

used under various dry etchingjgonditions such as

pl asma  etching and m crowave etching, for etching a

thin filmor the like forned by CVD, sputtering or

vapor deposition in 10 the process of producing a

sefb €OAEUEE Ofo Devi 6@ WUER 38dibkRl ngBdoliile TR G umetric
which can be m xed with high-purity HFG-41 is not

paaita tyshs )| YHIFCH 1 edz angusanibetappbgpicatselning the volume
sel ected according to use. Not only one gas but also

t wof 18herga®rat gasesogahebech ged wilehnhinghbourtiitey and the
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chromatography, HFC-41 was quantltated by measuring the

volume of the gas at the outlet of gas cleaning bottle,
and the HCl concentration was determined from results o
obtained.

(Conditions for Measuremeﬁt.by Ion Chromatogréphy)
Device: HIC-SP manufactured by Shimadzu Corporation
Coiumn:-Shodex IC SI-90 4E produced by Showa Denko K.K.

<Purification of Fluoromethane>
"Using a distillation column equipped with a

:condense; and having a diameter of 150 mm$. and a

theoretical plate number of 20 {actual. plate number: 36),

a digt;llétion operation was pérformed under an opeiatingr

bressure of about 2;0 MPa by feeding a mixture comprising

 HFC-41 and HCl {composition: HFC-41/HC1=80/20 by mol) to

10th theoretical.plate at ordinary temperature and at a

rate of 34.4 g/h. The top temperature was controlled to

~5°C and distillates were extracted from the‘top‘and the
bottom at 18.7.g/h and 15,7-§/h, respectively. In this

distillation operation, the reflux ratio was controlled
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absorbi ng solution wth sodi um hydroxi de for

volunetric analysis, HFC 41 was quantitated by

nmeasuring the volune of the gas at the outlet of gas

cl eaning bottle, and the conpositional ratio was

determned fromresults obtained. 5. As for the top

distillate, the gas distilled out was passed into a

gas cleaning bottle containing ultrapure water as the

absorbing solution, O was quantitated by anal yzing
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was quantitated by neasuring.the 10 vol une of the gas
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concentration was determined fromresults obtained.
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Devi ce: HI G SP manuf actured by Shimadzu Corporation 15
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K.K. ~<Purification of Fluoronethane> Using a

dickitstd| ldtaton veot umamekrd pped Whe hcampesatiénsemagngnalyzed,

having a dianmeter of 150 nmm®% and a. theoretical plate

n&ﬁbé?I@ﬁ%ﬂ?(eﬁﬁ%uﬂon?ﬁ%ﬁ%@%hﬂ%e?f BE}, ipoHEC—~41 was 10 Wt

distillation operation was performed under an :
opef™ting pressure of about 2.0 MPa by feeding a
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78.5°C > boiling point .of HCl under atmospheric pressure:

-84.9°C) is recovered at the bottom, and HFC-41 and HC1

. form a maximum azeotropic mixture.

Furthermore, the top distillate‘was contacted wiﬁh
.an agueous 2% potassiﬁm hydroxide solution at a
tempefature-of_about 5°C and after cooling, collecting
~and sampling the solutidn,.the concentration of HC1l in
HFC-41 was determined by ieon chromatography, as é result;
the HC1 concentration was 0.5 wt ppm. Thus, high—purity

"HFC-41 was obtained..

BRIEF DESCRIPTION OF THE DRAWINGS
Fié.‘l shows a scheﬁatic vieﬁ showing the
fiuorométhane purification apparatus which can be used in
the present invention. |
[Description of Reference Numerals]

1 feed solution (mixture)



‘bottomat 18.7 g/h and 15..7 g/ h, respectively. In
this distillation operation, the reflex ratio was
controlled 12 to 10. After the inside of distillation
colum was stabilized, the bottomdistillate was
sanpl ed and the conposition was anal yzed, as a
result, the nmolar ratio of -HFC-41 to HCl1 was 55/45
(HFC-41/HC1). Simlarly, the top 5 distillate was
sanpl ed and the conposition was anal yzed, as a
result, 2 he caticent¥iattiiom afoldmni n HFCG-41 was 10 wt
PPM From t hese analysis results, it was reveal ed that
HC1 havithg a Hbwmig idigipiciyettd ower than that of HFG 41
10 (boiling point of HFC-41 under atnospheric
opEEssurét - 7§80y IYamppoi nt - of . HC1 under

at nospheric pressure:  -84.9C) is recovered at the .
bottom “and HEQUPZH HEL1F m a naxi num azeot r opi ¢
m xture._ Furthernpre, the top distillate was contacted

with 1% an a@%scoé%%%é?%ﬁﬁm dXide sol ution at
a te ature ,of.. about and after cooling; -
col | eg{)ie{}g aﬁﬁ'gs%?p‘ﬁ%t SUSTR T t he o

concentration of HClL in HFC 41 was determ ned by ion

" .chromat ography, as a result, the HCL concentration

was 0.5 wt. ppm Thus, high-purity 20 HFC 41 was

obt ai-ned. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig.. 1
shows a schematic view show ng the
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fl uoronet hane purification apparatus which can be used
in 25 the present invention. [Description of

Ref erence Nunerals] 1 feed. solution (m xture) 13 2
distillation colum 3 top distillate 4 reboiling

vapor 5 bottomdistillate 5 6 qgid conponent treating
unit 7 high-purity fluoronmethane 14 CLAIMS 1. An
azeotropic m xture of fluoromethane and hydrogen
chloride. 5 2. A process for purifying fluoronethane,
conprising distilling a m xtgtgrgentai ni ng '
fluoronet hane and hydrogen chloride to distill out

flu@ onethane from the top of a distillation colum

and obtain an azeotropic 10 m xture of fluoronethane _
and hydrbgen dh cateetfopirct héxtbott o dfluchemethane and
distillation colum. 3. The process for purifying

f |pdorgehariel @sidelaimed in claim2, wherein the
distillation is perfornmed 15 under an operating
pressure of 0.1 to 10.0 Mra.

2. A process for purifying fluoromethane,

o
N

_comprising distilling a mixture containing fluoromethane
aﬁd“ﬁyardgeh.chloride to distill out fluoromethane from
the top of a distillation column‘and obtain an azeofropic
mixturé of fluoromethane and hydrogen chloride from the

bottom of the distillation column.

3. The process for purifying fluoromethane as
claimedlin claim 2, wherein the'diétillation i§ performed

under an operating pressure of 0.1 to 10.0 MPa.

4. The proéess for purifying fluorcomethane as
claimed in claim 2 or 3, wherein the concentratign of
' hydrogen chloride contained in the Fluoromethane
distilled out from the top of the distillation colﬁmn is

20 wt ppm or less.

5.  The process for purifying fluorometﬁane as
‘claimed in any one of claiﬁs 2 to 4, which comprises é
éﬁep of-bringing the Ffluoromethane distilled out from the

- top of the distillation column into contact with'wéter

"and/or a treating agent containing an alkali to remove




4. The process for purifying fluoronmethane as clained
inclaim2 or 3, wherein the concentration of
hydrogen chl oride contained in the fluoromethane 20 .
distilled out fromthe top of the distillation colum
is 20 wt ppmor less. 5 The jpyocess for purifying
fluoronethane as clainmed in any one of clains 2 to 4,
whi ch conprises a .25 step of bringing the
fluoronethane distilled out fromthe top of the
. diesid lelcdld @ongeheht i@ GOMHE th Y tdhatal ol or a

treati ng agent containing an alkali to renove 15 the
aci d conponent containing hydrogen chloride. 6. A
fl uor onet hane product conprising fluoronethane
obt ai ne@-by t hefproresmstbbhaengd:dducanyompar i s5 nef
clains 2 to.5 wherein the fluoronethane has a
h§dregemethroei detadnednbyattinm ofockss wilapmdrin essy one
7. -An et ching gas conprising the fluoronethane,

5 pPédGeRiEParnEd Pn ¥hereis the fluoromethane has a

“hydrogen ‘chloride concentration of 1.0 wt ppm or less.

7. ° An etching gas comprising the fluorbmethane‘

product claimed in claim 6.
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