DESCRI PTI ON Azeotropi ¢ M xture of Fl uoronethane and
Hydr ogen Chl ori de and Process for Purifying
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invention relates to an azeotropic m xture of

fl uoronet hane (hereinafter sonetines referred to as
"CH3F" or "HFC - 41") and hydrogen chl oride
(hereinafter sonetinmes referred to as "HA"),. a
process for purifying fIDBOCREPTEON and uses thereof .
BACKGROUND OF THE | NVENTI ON Hydr of | uor ocar bons ( HFC)
are characterized by having an ozone depl etion
coefficient of 0 and, for exanple, HFC - 41, dif

| uoronet hane (CHaF2) and trif |uoronethane (CHF3) are
ugefddt eanpoundst was arf étlohimgngasforarse M yobndiet ditsloride
HFCs used as an etching gas for sem conductors are
demanded t endaVeohiegh pari PyrandipartFtubappgthane
concentration of the acid conmponent (e.g., hydrogen
chloride, hydrogen fluoride) is demanded to be
preferably 1.0 wt ppmor less. _nopre ferably 0.5 wt
ppmor |ess. To satgghﬁDtﬂgngFeaHVFgﬁgﬂgs, a large
nunber met hods, for _produci ng.high - purity HECs .
have beggepp6§8§85,183 n 89“35%&§ﬁ%5n59h8€sa%gygrg en
prop%§ed f

mixture o%rfﬁﬁ%romethane (hereinafter sometimes referred

to as "CH3F" or "HFC-41") and hydrogen chloride
(hereinafter sometimes referred to as "HCl1l"), a process

for purifying fluoromethane and uses thereof.

BACKGROUND OF THE INVENTION

Hydrofluorocarbons (HFC) are characterized by
having an ozone depletion coefficient of 0 and, for
example, HFC-41, difluoromethane (CHzF:) and
trifluoromethane (CHF3) are useful compounds as an
etching gas for semiconductors.

HFCs used as an etching gas for semiconductors are
demanded to have high purity and particularly, the
concentration of the acid component (e.g., hydrogen
chloride, hydrogen fluoride) is demanded to be preferably
1.0 wt ppm or less, more preferably 0.5 wt ppm or less.

To satisfy these reqguirements, a large number of
methods for producing high-~purity HFCs have been proposed,
but not so many methods have been proposed for the

production of HFC-41. This 1is mainly because the method



production of HFC - 41. This is mainly because the
nmet hodi n general of fluorinating a hal ogenated
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reaction efficiency and acconpani ed wi th production of
many by-products due to side reactions such as
deconposition reaction. In such an environnment, Patent
Docunent 1 (JP- B- 4- 7330) discloses a nmethod of
produci ng HFC- 41 by reacting nethyl al cohol and

hyer gger rblluer deupheneitnabt er hadretdnmesd ef/enoedfon with
as "HF") in the gas phase with use of a fluorination
catraliyst fooheammpief, | bedi de) thmederadid ccordifticdrensfy and
100 to 5000C . However, this nmethod has a probl emthat
watceonpeodece v 148 Rriopupitddic o thrianys babmredesitrosiven to
of the fluorination catalyst and reaction apparatus .
Alssgle PRESH ODSC §HERt 28 (FPORPOSGE 1P87 X6 HiS&-0ses a

met hod of produci ng HFC- 41 by reacting neth

chl or i déT( 8HS8I FraflVHECTHS e §& eﬁﬁaggcﬁpﬁ Cude (B4~
fluari.nation catalyst . (chrom umfluorid inder_t he .
cgﬁgpﬂi Sh&ECEnE ngépgoﬁ%iéﬁﬁgﬁg?&@é%#gy%go%?bgeaCtlng

f%%g%gl Houeyer, LA %gggo!a%% e, 5adv qglgg%ﬁgﬁgee@

n equilibriumr i"on represente

E%'gkr\%%%sf Rl ach takes phaes grd $idnca HEGasAliith use

I'1'ing point under atnobspheric pressure: -78.5C) and
hydr agen wehligkitden( keitkilRg tpaichirider AR itider the

pressure: - 84.90C) are
condition of 100 to 500°C. However, this method has a
problem that water produced as a by-product brings about
corrosion of the fluorination catalyst and reaction
apparatus.

Also, Patent Document 2 (JP-A-60-13726) discloses a
method of producing HFC-41 by reacting methyl chloride
(CH3Cl) and HF in the gas phase with use of a
fluorination catalyst {(chromium fluoride) under the
condition that the reaction temperature is 100 to 400°C.
However, this method is disadvantagecus in that an
egquilibrium reaction represented by the following formula
1 takes place and since HFC-41 (boiling point under
atmospheric pressure: -78.5°C) and hydrogen chloride
(boiling point under atmospheric pressure: -84.9°C) are

close in the boiling point, their separation is difficult.

CH3Cl + HF <> CHzF + HCI1 (1)

[Patent Document 1] JP-B—-4-7330



close in the boiling point, their separation is
difficult CH3A + HF <-"CH3F + HO (1) [ Patent

w@easmess 1] JP-B- 4- 7330[ Patent Docunent 2] BEr/AP2064010867
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13726 OBJECT OF THE | NVENTI ON An obj ect of the present
invention is to provide a nethod for efficiently
produci ng high -purity HFC- 41 which can be used as an
etching gas for sem conductors. SUVWMARY OF THE

I NVENTION As a result of intensive investigations to
salpeg drhose quimehlter?d, theJprRsént1iBfilént ors have newy
found that HFG- 41 and HO form a maxi mnum azeotropic
m xture. Furthernore, it has been found that when a

m xture containing HFC- 41 and HO is distilled, HFC -
41 contai ni ng substQBIBGTE |QF MHEINVERT I@®bncent rati on:
20 wt ppmor |ess) can be obtained fromthe top of a,
di still & eliesitumd &he BESEFatl MR 4He ‘obt'd@ mepvide &

HFC-41 is contacted wi.ith water .and/or .a treati nt . .
cOREIN HP ks T I G PGS %‘P&f%?ﬁ%@g@ which
HCl concentration of 1.0 wt mor | ess ¢

o5t gy M It t?g’erﬁtcheqntqpagsn %Ozfs eénelncog{:hclgcﬁcpcfrlss'hed

based on these findings. The present invention relates
brocese. for purt fyFRpee orrig YERASERE Lof i on
are described in [1] to [7] bel ow, , _

As a result of intensive investigations to solve
those problems, the present inventors have newly found
that HFC-41 and HCl form a maximum azeotropic mixture.
Furthermore, it has been found that when a mixture
containing HFC-41 and HCl is distilled, HFC-41 containing
substantially no HCl (HC1l concentration: 20 wt ppm 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 containing
an alkali, high-purity HFC-41 having an HCl concentration
of 1.0 wt ppm or less can be obtained. The present
invention has been accomplished based on these findings.

The present invention relates to an azeotropic
mixture of HFC-41 and HCl, a process for purifying HFC-41
and uses thereof, which are described in [1] to [7] below.

[1] An azeotropic mixture of fluoromethane and
hydrogen chloride.

[2] A process for purifying fluoromethane,

comprising distilling a mixture containing fluoromethane



[1] An azeotropic m xture of fluoronethane and
hydr ogen chloride. [2] A process for purifying

wo baosnaeyes hane, conprising distilling a m xturBCT/JP2004/010867
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cont ai ni ng fl uoronmet haneand hydrogen chloride to

distill out fluoronethane fromthe top of a

distillation colum and obtain an azeotropic m xture

of fluoronethane and hydrogen chloride fromthe bottom

of the distillation colum. [3] The process for

pamicf yivag ofjeno cartetrhalke tas ddesdiilbedti f 1u@jromsidragien from
the distillation is performed under an operating ‘
préssioe of @. fitstil0adivPa colamnTiREdpbdass) fagy azeotroplic
purifying fluoronethane as described in [Z] or [%;,
whépgiuret e EdHEERPEANRSS snchydrsg§escibdiadéle from the
contained in the fluyoronethane _distilled out fromthe

t BRSO kE dhst P& idA SeOPum? 20 wt ppm or | ess.

[5] The proce for purifying flugronmethane_as
doscribédin iﬁ? BESQSFS[gfrtBHEﬁ?¥ln i%ﬁugé PEitbgse, a8
step. of..bringi the.fl uaro h hstil:l ed .

CHERCO5 0 The st TS 6N 51 s TS ont At R omed

W%k%%ra%hegggggkﬁ%ﬁt%ﬁ%s@%%@;cﬁp@FQiQ%nqoa@ kal i to

remove t conp nt contai ni ng hydrogen
chlori dg4)[ 6] TAef buoraret kareppEeEYEhgCENPLIrSIRGhane as

fl uor onet hane obtai ned by the process described in any
described in [2] or [3], wherein the concentration 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 fluoromethane as
described in any one of [2] to [4], which comprises a
step of bringing the fluoromethane distilled out from the
top of the distillation column into contact with water
and/or a treating agent containing an alkali to remove
the acid component containing hydrogen chloride.

[6] A fluoromethane product comprising
fluoromethane obtained by the process described in any
one of [2] to [5], wherein the fluoromethane 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

According to the present invention, HCl can be



one of [2] to [5], wherein the fluoronethane has a
hydr ogen chl ori de concentration of 1.0 w ppm or |ess.
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product described in [6]. EFFECT OF THE | NVENTI ON
According to the present invergion, HC can
beefficiently separated froma m xture contai ning HFC

- 41 and HO by utilizing an azeotropi ¢ phenonenon
between HFC - 41 and HC, and high -purity HFC - 41

carit fhe iebttdivn ectp 2DETAKL ED oDESCRIIRTIUEN OFriTHE niENTFEION 1
The azeotropic m xture of HFC - 41 and HC, the

pamicf iHEAt bon uretiied nef aHF@zeAramid e aiggcspfbetween
according to the present invention are descrlbed in
détFsi14 W airswHOHAFC ands b ighd PHOL tho R Cart la£edt Mspicktained.
m xture. Under atnospheric pressure, the boiling point
of HFC - 41 is - 78.5C, the boiling point of HO is -

84.9C angl t oﬁﬁ ﬁ odb@ roni ﬂ ur e
thereof is g r'ef or €, - an

form a uaxi mum.azelrop; K0 The 201 R € 1
conp05|t|on under mospheric pressure’is such t'hat

H%grlf‘&]c 1S AP o I Yornd 1HC %s%k%o%the%dpla@cordlng
e ot Ao _

ther pressures, for exanple, under
M%fa tlhfa;e Iddritg PRI i0h bhe azeetriopic M >6[eltra€_Ll Sbelow.
about 40C and the azeotropic conmposition is such that
HFC - 4irics 4abeuid 58 1m#l%mane HEeotropic 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
boiling point of an azeotropic mixture thereof is

about ~73°C, therefore, HFC-41 and HCl form a maximum
azeotropic mixture. The azeotropic composition under
atmospheric pressure is such that HFC-41 is about 55 mol%
and HC1l is about 45 mol%. Also, under other pressures,
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 HCI1
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
distilled under atmospheric pressure, the molar ratio
(HFC-41/HCl) of HFC-41 and HCl cannot be concentrated to
about 55/45 or more.

The process for purifying fluoromethane of the



Is about 47 mol% In this way, a maxi num azeotropic
m xture is present in the two - conponent system of
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HFC - 41 and HO is distilled under atnospheric
pressure, the nolar ratio (HFG 41/ HCl) of HFC - 41
and HCl cannot be concentrated to about 55/45 or nore.
The process for purifying fluoronethane of thepresent
invention is characterized in that when the
c@neartratirorerafi ddClid chamiotarrieaf HFGhadl vdreh HGle
is smaller than that in the azeotropic conposition, a
miocnures towritiaimiafy HAAC in 41 meindh HE dfs REGt4] laadd tHELl is
distill out HFC - 41 fromthe top of a distillation

c eimahi sand-heit dihptand raZést ra@;ﬁqtnﬁwwr@rmoaqmmma
and HC fromthe bottomof the distillatjion colu

ASESTHTRY T tend igr dBSs O ane P{&Jesleﬁn Jisrﬁﬂelrk%ﬁo HEetill
ar@‘él Hgﬁ#ﬁvﬂ% PR ordert Pa o G0 i B G
ffi t bt h
2’ @6%]22%% : t:nrcog?eln 1XQC Iae %eigtHuEid; 4; eap?fgﬁfcéglv@efodn the

H‘Eoeﬁéﬂ %r@eéhé %argttﬂafael%x{)%ﬂﬁﬁpt r e'c%éggggow u@%’

concentrati on nust € previous ased

Wl &1 MAs NG I é&heeséﬂﬂ@nv@ﬁldﬂrﬁt 'Hﬁ@léllorbcﬁﬁﬁafxﬁltd@

whi ch can be used in such a distillation operati on may

bes dddradienti st fnd tHdI3S specifically, HFC-41 having 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 composition, the HCl concentration must be
previously decreased by water washing or the like.

The distillation apparatus which can be used in
such a distillation operation may be sufficient if it has
a function necessary for normal distillation, but a
rectification apparatus such as plate column and packed
column is preferably used. The distillation can be
performed by either continuous distillation or batch
distillation.

The operating conditions of distillation are not
limited and various modes can be employed according to
utility and required quality, but from the aspect of
preventing excessive drop in the top temperature of the

distillation column, the operating pressure is preferably

from 0.1 to 10 MPa, more preferably from 0.5 to 5 MPa.



a function necessary for normal distillation, but a
rectification apparatus such as plate colum and

w@aalseis®l um is preferably used. The distil | ptT/oPR0CEI0867
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be perforned by either continuous distillation or
batch distillation. The operattng conditions of
distillation are not limted and vari ous nodes can be
enpl oyed according to utility and required quality,
but fromthe aspect of preventing excessive drop in

t hen topi & enpar atue fp thansh sdthtat o1 ol nhe thenge from
operating pressure is preferably fromO0.1 to 10 MPa,

mosieopr ef &y abd yedacam 0.5 to 5 MPa.In this case, the

top tenperature falls in the range from about -80 to
600C . Ties comoentirmetiom of £ HC L comtta reed i in HEC =411
distilled out fromthe top of the distillation colum
bydd$istiled ngnta o urkes of o -thaal delt HG aekombevkumn by
is usually 20 wt ppmor |ess. However, in use as an

et@¥ﬁ¢%ﬂ%ﬁ@9f%wm%%%ﬁ%%nﬁ%cﬁﬁ§s41t%%dc%%%e%¥r%??%% bf
the acid conponent I s demanded, as
dese b Abdie, PR %glp?%?ermv‘ff% W piAR 61 (s gtehing
f bl di h
TR kSt R PRI T oy et LR BT T he: pregeht ot
' NYSRLL L Pr el ey abl ¥o £OMBE| seg BeAbRRA! 8L BYUSREIERG avove,
S I

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

wt ppm or less.

Accordingly, the process for purifying
fluoromethane 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 HCl. The alkali which can be used in this
treating agent may be an aqueous alkali solution or an
alkali-containing solid material (for example, soda lime).
The treating agent 1is preferably water or an agueous
alkali solution. The aqueous alkali solution is
preferably an aqueous sodium hydroxide solution or an
aqueous potassium hydroxide solution. The concentration
of the 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,



the top into contact wwth water and/or a treating
agent containing an alkali to renove the acid

w@oopom®st contai ning HO . The al kali whi ch carCheraesm0se?
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in this treating agent may be an aqueous al kal i

solution or an alkali - contaiging solid material (for
exanple, soda line) . The treating agent is preferably
wat er or an aqueous al kali solution. The aqueous

al kali solution is preferably an aqueous sodi um
hygireexifde asdlvutinont her ramceqUfenus pdatcasisi’am hydr oxi de

sol ution. The concentration of the aqueous al kal

sol uti oAni shpsefraabloy fordmi®.o0 HRCo 420%1 sdrld ed out from
preferably from0.1 to 10% The contact time is not

pais GwirariingEd iaentedt Bthsiiden RaKEIuE 1518p i HRgent

- 41 in water is slightl hi gher, the contact
t@mé@a{w i) p‘ﬂrléqaérlam%% (FORABL AEmgercdt Ji in HFC-41

LT S L S A L el o
t. t t
c me'a%m%@;%%ﬁ% e WC AN Horfed 190, 08 Hec 41
m%[%,h%%&%s%eCf%ﬁssgcho alcQst ppPLQR Less,,Pependi ngrn

e treating agent used, thé water concentration in

Hﬁ@ledﬁ@a@%ﬂeﬂﬂ@ﬂ%oﬂl@e@“% aHa96 kdHFGirerdby She water
contacted with nol ecul ar sieves (zeoli te) or the like

wherekyn e (Wat &farC eRrc eRidralasel can Pertdegheased d55 5

wt ppmor less. The thus -purified HFC - 41 contains

the aci he 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-41 can be
measured by an analyzer such as ion chromatography (IC).

Fig. 1 is a flow sheet showing one example of the
fluoromethane purification apparatus which can be used in
the method of the present invention. The process for
purifying fluoromethane of the present invention is
described in more detail by referring to Fig. 1.

CH3Cl and HF are reacted in the gas phase at a
reaction temperature of 250°C in the presence of a
fluorination catalyst (for example, chromium fluoride) to
obtain a reaction product containing HFC-41, HCl, CHsCl,
HF and trace organic impurities. From the obtained
reaction product, methyl chloride and HF are removed, for

example by distillation, to obtain a mixture (1) mainly

containing HFC-41 and HCl.



conmponent (e.g., HGA, HF) only in a concentration of
1.0 wt ppmor less and high -purity HFC - 41 can be

wobdaion®ds The concentration of acid conponent PCTVIPHOCH010867
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41 can be neasured by an anal yzer such as ion

chromat ography (1C. Fig. 1 issa flow sheet show ng

one exanple of the fluoronethane purification

apparatus which can be used in the nethod of the

present invention. The process for purifying

f 1 uor ometRard tefi nthie mixesert (10vert iiort doshugest rirded 4 n
nore detail by referring to Fig. 1. CH3Cl and HF are ‘
r eaictted Jiat itdre qrdsuphase anch a ebictliion atempercaanat igfn 1S
2500C in the presence of a fluorination catalyst (for
exzamiamashr officam thaobPgsprt 6fobdien & Stéadeitepn column

product containing HFC - 41, HC Cl, HF and trace
or@@M(ﬁﬁlﬁﬁﬁQQﬁQQicIm%ﬁﬁ%qﬁEQﬁn%ﬁéiﬁir%ﬁélﬁ§;115 taken out

product, nethyl chlaride and HF. are r ed. for.
excahpt é)cﬁ:ytcaq G499% aécrﬁ Cﬁﬂdai% paarsﬁn% uﬁ?fee%ﬁ)ls returned

i nl nt.ai ning HFG - 41 and T tained . . _
ga%ugeé&?%larl?glvP Orrp(CJI:ﬁlc)eéol nto a%e |%§$I%t%&ngglo?%1nlnlatlon
(2,404, @ dishiLhatiop operall o des parhormediufionz),

the"bottomof this [lation colum (2),

a%?%liﬂﬂébﬂﬂﬁ%ﬂﬁﬁbcguﬂﬁ%%ﬁtfglﬁyﬂhé{ﬁC1fiéfﬁ%ﬂkébﬁe@sas a

a bottomdistillate (5 and a part thereof is returned
as; &,¢hei 44 Mo Mapor3(4) Tho thhe befyt,omaaf dalebe efficiently

distillation colum. Fromthe top of the distillation

colaivd®)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 determined by taking account of separation
conditions, column efficiency and the like, and the
mixture (1) is preferably fed to a plate calculated to
give least distillation of HCl out from the top.

When the top distillate (3) extracted from the top
is introduced into an acid component treating unit (6)
and contacted with, for example, an agueous 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-
41 where the concentration of acid component (e.g., HC1,
HF) is 1.0 wt ppm or less, or a mixed gas of this high-

purity HFC-41 and another gas (for example, He, Nz, Ar, O



HFC - 41 containing substantially no HO is extracted
as a top distillate (3). In this way, HO can be

webdisoo®st | y renoved fromthe mxture (1). SuchCBEOP2004/010867
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operation can be perforned in the batch systembut is

preferably performed by contingous operation. The

theoretical plate nunber and actual plate nunber of

the distillation colum (2) and the reflux ratio are

determ ned by taking account of separation conditions,

cokumm, ef {hetreneyrand, thieedd kejnahd the andtwieedlyassboth

preferably fed to a plate calculated to give | east

diasti kedtiropdotoHals euf' ffinomrmhéhtop. PWesicttie ttep be used

distillate (3) extracted fromthe top is introduced

i asoaane&chdngogpenént vseatin§henetchéndand sportadted

w th, for exanple, an aqueous potassi um hydroxide

sOraElsh LO5YPIoRE§E CBufi EFTHEERIUEEOrTPEYEE -r educed

in the acid conponent _in HFC - 41 can be obtained. A

singl e §8§eoﬁp?ﬁéf9ﬁ8%5y'ogpﬁiﬁE&hﬁPthﬁﬁrFP?pﬁﬁélpg4fhe
re the concentration of acid cq n O, ]

o e T e

high - rit FC. - a 10t.h : r l.e

o S

ang %E%%daQ@SmQQE%w%Q% rekernhed trorastanifquer emeihhanem or
product™) can be used as an etching gas for use at the

et-ghi ng k&t R rhect b EVOJUehuBReRiBCESS Rfapdr deposition in
sem conduct or devi ce.
the process of producing a semiconductor device such as
LSI and TFT.

The gas which can be mixed with high-purity HFC-41
is not particularly limited and can be appropriately
selected according to use. Not only one gas but also two
or more gases can be mixed with high~purity HFC-41. The

amount mixed is also not particularly limited and can be

appropriately adjusted according to use.

EXAMPLES

The present invention is described in greater
detail below by referring to Example, but the present
invention is not limited thereto.
<Analysis of Composition>

As for the bottom distillate, the gas distilled out
was passed into a gas cleaning bottle containing pure
water as the absorbing solution, HCl in the gas distilled

out was quantitated by neutralization-titrating the



More specifically, the etching gas conprising the
fl uoronet hane product of the present invention can be

waois@d/ooyder various dry etching conditions suchCBE3P2004/010867
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pl asma etching and m crowave etching, for etching a

thin filmor the |ike formed Qy CVD, sputtering or

vapor deposition in the process of producing a

sem conduct or device such as LSI and TFT. The gas

whi ch can be m xed with high -purity HFC- 41 is not

pardd eaniatd Ysdiudted warth catihen appropiidad efor sedlaotedric
according to use. Not only one gas but also two or

nofres lgasies, CAC-bEL nMacedyusrtth teighl pumdas HEQg 4he Thelume
amount mxed is also not particularly limted and can

beo fappreoprd satad] ytredjrstlet artaradi nglaanivse bEXAVPLES A the
The present invention is described in greater detail

bet anp 4B/ iefrer )y i v it WBaardi e rmpited Her Qi esietitl ts obtained.
invention is not limted thereto. <Analysis_ of

Conposi torEo Ad ieort B 455t drt (i /s tiN19 &%, diididded out

OB TREDUTE el & S 1T AR GBI TiF ot G o

SRS UL AR, o1,

CSHR DAL L0 A Syl o i L oo
chromatography, HFC~41 was quantitated by measuring the
volume of the gas at the outlet of gas cleaning bottle,
and the HCl concentration was determined from results
obtained.

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

<Purification of Fluoromethane>

Using a distillation column equipped with a
condenser and having a diameter of 150 mm$ and a
theoretical plate number of 20 (actual plate number: 36),
a distillation operation was performed under an operating
pressure 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 g/h, respectively. 1In this

distillation operation, the reflux ratio was controlled



of the gas at the outlet of gas cleaning bottle, and
the conpositional ratio was determned fromresults

wobdosion®ds As for the top distillate, the gas BCEHIPIDLE0867
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out was passed into a gas cleaning bottle containing
ultrapure water as the absorbing solution, O was
guantitated by anal yzing the absorbing solution by ion

chr omat ogr aphy, HFC- 41 was quantitated by neasuring

the volune of the gas at the outlet of gas cleaning

bett he, anetéhei il igongensratii onivastdehecoinad fraem
results obtained. (Conditions for Measurenent by |on
ChrapaflageaphyheDbvitcem HLiGt 1SR ammenwkac tsamgd eoy and the

Shi madzu Cor porati on Col um: Shodex IC SI- 90 4E

prodpoed thynShewa aDedka ek, . Ks. aPgeistildat ithie ofolar ratio of
FI uor onet hane> Using a distillation colum equi pped
Wﬁﬁﬁ—é10@@d@ﬁéewa§ng5ﬁé@id@55"éﬁdﬁ€ﬂér oElTSQaﬁEYraﬁae top
a theoretical plate nunber of 20 {actual ,pl ate nunber:

36)stid laitst MRSatFER 1Goe PRC CREWESTPER-GTEY it &F 2ar Ze<

operatin ressure of about 2.0 M2 f.ee

TRt dr 6O | g TEES A A8 1 (Comoei tar. PG, 10 vt
41/ HCA =80/20 by nol) to 10th theoretical plate at

oFdMary temperature and at a rate of 34.4 g/h. The

0B, FTRECR Mg s nantad petubes, 00N igatca what
p and the
HCl having a boiling point lower than that of HFC-41
(boiling point of HFC-41 under atmospheric pressure: -
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 with

an aqueous 2% potassium hydroxide solution at a
temperature of about 5°C and after cooling, collecting
and sampling the solution, the concentration of HCl in
HFC-41 was determined by ion chromatography, as a result,

the HCl concentration was 0.5 wt ppm. Thus, high-purity

HFC-41 was obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a schematic view showing the
fluoromethane 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 reflux ratio was
wa@oosnadoBedt o 10. After the inside of distillaPcDmP2004/010867
colum was stabilized, the bottomdistillate was
sanpl ed and the conposition was anal yzed, as a result,
the nolar ratio of HFC- 41 to HO was 55/45 (HFC
41/HC1) . Simlarly, the top distillate was sanpl ed
and the conposition was anal yzed, as a result, the
concent pat i ondeftHCLat hohFEoiudd was 10 w ppm From
these analysis results, it was reveal ed that HC
havi ng & boil tng poshtllewer than that of HFC 41
(boiling point of HFC - 41 under atnospheric pressure:
- 78.5C4> boi krhgipdhat vePoHA under at mospheric
pressure: - 84.90C) is recovered at the bottom and
HFC - 4% and PeEtedr fiatidxPhfim azeotropic m xture.
Furthernore, the top distillate was contacted with an
5 aqueous 296poﬁ8§§|89@998?8§|gée§aﬁﬁgl8ﬁl t a
t enper ature of .about 5 after cooling, collecting
and sanpli ng Pﬁg SBPﬁ% QQP ggEgenFratlon of HO in
HFC - 41 was determ ned by ion chronmatography, as a
result, the HCO concentration was 0.5 w ppm Thus,
hi gh -purity HFC - 41 was obtai ned. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 shows a schematic view show ng
t he



fl uoronet hane purification apparatus which can be used
in the present invention. [Description of Reference

wolensnedssy 1 feed solution (mxture)2 distill aPcDmP2004/010867
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colum 3 top distillate 4 reboiling vapor 5 bottom
distillate 5 6 acid conponent 1areating unit 7

hi gh-purity fluoronethaneCLAIMS 1 . An azeotropic

m xture of fluoromethane and hydrogen chloride. 2 . A
process for purifying fluoronmethane, conprising
distilling a m xture cont ai @GLAGME| uor onet hane and
hydrogen chloride to distill out fluoronethane from
the top of a distillation colum and obtain an
azeotropic m xture of fluoromethane and hydrogen

chl ori dé -f r onRnhezbottomief MkEUERs Ol Fdticgenedhams. and
3. The process for purifying fluoronethane as cl ai ned
i myslrgigam chilparisien the distillation is perforned
under an operating pressure of 0.1 to 10.0 MPa. 4. The
process for purifying fluoromethane as clained in

claim2_or 3, wherein the caonce &g t of h ogen

chloridg'contﬁiﬁéacfﬁsthgrfpﬁg%g lgﬁa%EHOIOﬁ%%%a%%’
comprising distilling a mixture containing fluoromethane
and hydrogen chloride to distill out fluoromethane from
the top of a distillation column and obtain an azeotropic

mixture of fluoromethane and hydrogen chloride from the

bottom of the distillation column.

3. The process for purifying fluoromethane as
claimed in claim 2, wherein the distillation is performed

under an operating pressure of 0.1 to 10.0 MPa.

4. The process for purifying fluoromethane as
claimed in claim 2 or 3, wherein the concentration of
hydrogen chloride contained in the fluoromethane
distilled out from the top of the distillation column is

20 wt ppm or less.

5. The process for purifying fluoromethane as
claimed in any one of claims 2 to 4, which comprises a
step of bringing the fluoromethane distilled out from the
top of the distillation column into contact with water

and/or a treating agent containing an alkali to remove



distilled out fromthe top of the distillation colum
is 20 wt ppmor less. 5. The process for purifying

wohusrooyss hane as cl ai med in any one of cl ai msP@TAIP2044/010867

5

10

whi ch conprises a step of bringing the fluoronethane
distilled out fromthe top of 16he distillation colum
into contact with water and/or a treating agent
containing an alkali to renovethe acid conmponent
cont ai ni ng hydrogen chloride. 6. A fluoronethane
PRG@U Gic 1@0 Phipsinkg tf lcooraretiman é yahtoajare dHiy rikke .
process clained in any one of clains 2 to 5, wherein
t he fl uoronet hane has a hydrogen chl ori de
concentration of 1.0 wt ppmor less. 7 . An etching
gas conpri si ng theotbustbreehanedprddgonpelisiimed in

cl aim 6.
fluoromethane obtained by the process claimed in any one

of claims 2 to 5, wherein the fluoromethane has a

hydrogen chloride concentration of 1.0 wt ppm or less.

7. An etching gas comprising the fluoromethane

product claimed in claim 6.



