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FI ELD OF THE | NVENTI ON The preient invention rel ates

to an azeotropic mxture of fluoronethane

(hereinafter sonetines referred to as "CH3F' or

"HFC- 41") and hydrogen cﬂijEﬂC}g PO herei naf ter

sonetines referred to as "“Txﬂﬁg,;,‘process for

puri fying fluoronethane and uses thereof. BACKGROUND

OF THE I NVENTI ON Hydr of | uor ocar bons (HFC) are

characterized by 15 having an ozone depl etion

COﬁEEbEk@ﬂEcoﬁlgt@BQ oforiuexamBkeanEFrendlyydrogen Chloride

di fl uoronet hane (CH2F2) and trifl uoronethane 8HF3) _

are useful oeAPOtNESsASE@N PeELHY gmddlromethane
sem conductors. HFCs used as an etching gas for

5 sem conductors are 20 demanded to have high purity
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and particularly, the concentration of. the acid
conponent (e.g. hydﬂ@}@wOEHWHﬂilﬂﬁENE&mmgen

fluoride) is demanded to be preferably 1.0 wt ppm or

| ess, he prisssatdb| Y BIE vRn pird ok s 53 . areazaPFsppic
these reqU|renents a | arge nunber of 25 nethods for

BetEHRy M ghh YIRSt MRS Ha%em@%t% o%%@%almeaureferred
o, 59, Y AP0 BRYE heh Prpeses {0 the o
{(hereinafter sometlmes referred to as "HCl“), a. process

for purifying fluoromethane and uses thereof.

BACKGROUND OF THE INVENTION
Hydrofluorocarbons (HFC) are characterized by
having an ozone depletion coefficient of 0 aﬁd, for
example, HFC-41, difluoromethéne (CHsF:) 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 énd particularly, the
concentration of the acid coﬁponent (e.g., hydrogen
‘chloride, hydrogen fluoride) is demanded to be preferably
1.0 wt ppm 6: less, more preferably 0.5 wt ppm or less.
To satisfy these requiremehts, a large number of
methods for producing high-~purity HFCs havé been proposed,
bﬁt not so many methods have been proposed for the

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




production of HFC-41. This is mainly because the

“Rﬁﬁﬁgﬂg 2005/ 009933 PCT/ JP200 4/ 010867 2 in

i"nati ng a hal ogenated hydrocarbon wit iﬁiw%m“mM7
for exanple, bad in the reactign efficiency and
acconpani ed wi th production ofznany by- products due to
si de reactions such as deconposition reaction. 5 In
such an environnent, Patent Docunent 1 (JP-B-4- 7330)
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as a probl at water pro

bys PHOAHC cPI b NYSs@LRULs QBEFRBLENt 9bnt BEakkEYERI Nati on
catal yst and reaction apparatus. Al so, Patent

5 DocUNBNtIR duldh AubOsdd726)meh S| PSEsne DASuREREOE Qfrp-B-4-

15

25

produci ng HFC-41 by reacting nethyl chloride (CH3Cl) )
amB3ih i sdioges phasehodt 6f useodfichngf HEOFABablyoreacting
catal yst (chrom um fluoride) under the condition that

t mestrhgal ta berhehpendthyéroged 001 tor 108 C{heloakuefLerhi s

met hod i s disadvantageous in thatan 20 equitibrium

r ez oineeprafomed by 2ae" A5l oWk ngheogaal Bhaget Hkéb use-

pl ace and since HFC--41 (boiling point under
aﬂ%%ébﬁ%ﬂQF%ﬁ%%%ﬁﬁeﬁata %Sgcjc%ﬁ%mhyﬁrgé%ﬁréﬁﬁbrPB@EI the

g%ﬁﬁ&f%ﬁéﬁ”gg fgw Oaégaﬁpheﬁowegggfs 1s mé%%od)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) diacloses a
method of producing HFC-41 by reacting methyl chloride
(CH3Cl) and HF in the gas phase with use of a

rfluorination catalyst (chromium fluoride) under the
~condition that the reaction temperature is 100 to 400°C.
However, this method is disadvantageous in that an
Aequilibrium reaction represented by the following'formula
1 takes place and since HFC-41 (boiling point uﬁder
atmospheric pressure: -78.5°C) and hydrogen chloride
(boiling point under atmospheric pressafe: ~-84.9°C) are
close in the boiling point, their separation is difficult.

CH3Cl + HF <+ CHsF + HC1 (1)

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




close in the boiling point, their separation is

wd Jobi/Gusbis. 25 CH3CL + HF -> CH3F + HCl (1) [Paﬁ(?ﬂbzommmsm
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Docunent 11 JP-B-4-7330 WO 2005/ 009933 3 [Pate

Document 21 JP- A-60- 13726 PCTI JP2004 /010567 OBJECT OF

THE | NVENTI ON An obj ect of the present invention is to

provide a nethod for efficiently producing

hi gh-purity HFC-41 which can be used as an etching

gagp%egn epLeondict o7 s. SUNVARYsq. O3 7k | NVENTION As a
I ntensi ve |nvest|gat|ons to solve 10 those

probl ens, the present inventors have newy found that

HFC-41 and HCO form a maxi num azeotropi c m xture.

Furthernore, it hasobgraTf ounduEhatrverToa m xture

contai ning HFC-41 and HC1 is distilled, HFC 41

cont ai nimg osidst ant | Ghd ypnoset (HEEntdnnensr abi papvide a
20 wt ppmor 15 |l ess) can be obtained fromthe top of

a weshodl| b oaf £ tol emnl gndratisoinhahivhepurhéyobf&irddd which
HFC-41 is contacted with water and/or a treating

ageat kentatdi ay amncb¢king, gﬁﬁgﬁoﬁuﬁﬁﬂycﬁpéﬂﬁioh§V|ng

“an HC1l concentration of 1.0 wt ppmor |ess can be

obt ai ned. The present 20. invention has been
acconpl i shed based SIMMARY ©F | THE nERVENTHRN pr esent

Jdnvention relates.to:an-azeotropic m xture of HFC 41
and HCl,A=a procsess: faf pirefiylng HiGedtigations to solve

_Lthgsewproblems, 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
gubstantially no HCl (HCl 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 HC) concentraﬁioh .
of 1.0 wt ppm or less can be obtained. The present
invention has been accomplished based on these findings.

The presénﬁ inventioﬁ-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 flworomethane and
hydrogen chloride.’ |
| [2] A process for purifying fluoromethane,

- comprising distilling a mixture containing fluoromethane




and uses thereof, which are described in [1] to [7]

“ggioﬁiy%w[)y An azeotropic mixture of fluoronet h?@ﬁ.}ﬁﬂgmlosm

rogen chloride. [2) A process for purifylhg
fl uoronet hane, conprising distilling a mxture
cont ai ni ng f I uor onet hane WO 2085/ 009933
PCT1JP2004/ 010867 4 and hydrogen chloride to distil
out fluoronethane from the top of a distillation -
co al. : AZEPLTr QPLE : 1M r f +
i R e e A S e e
OftﬁgetngBElbaﬁigﬂiﬁﬁéﬂﬁBn eol 3hn THRAPRRRSS T8 azeotropic
purifying fluoronethane as described in [2], wherein
t hei gt atkl bat FeloksmbtBahbdandehyadroyBaeicnaio rdRRY drdM the
pressure of 0.1 to 10.0 MPa. [4] The process for
pubbtybngof| uneosesbabeaason desamhbed in [2] or [3],
wherein the concentration of 10 hydrogen chloride
cont ai ne@3in tTheefpooreret ionepdirsfyihedfovbrbmeimhehe as

. top of the distillation colum is 20 w ppmor less.. . .

" Tcilesheipedcens [(Pbr poereynnghel dosbidilAdionas s perfdrhed *

descri bed in any one of [2] toﬁ%4h, whi ch conprises a
15uadep B8R PPRAGFHEYtPESFFUBPOREt Rahetdi 40i 0 &F3out
fromthe top of the disti]lation olunnghnto cont act

it vat b ardhere e an g BEht VLR ALHPRGRRRDADe as
i the acid ent i ‘
S e beh oR: 621 75 BRI {) B RRRtnaRe BrisRurtation of

10 CQH?&LS%QH chloride contained in the fluoromethane
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distilled out from the top of the distillation column is
20 wt ppm or less.

(5] The process for purifying fluoromethane as
described in any one of [2] to [4], which comprises a
‘step of bringing the flﬁoromethane‘distilled out from the
top of the distillation column into contact with water
aﬁd/or a treating agent containing an alkali to remove
the acid component containing'hydrogen chloride.

| [6} A fluorémethane product comprising
fluoromethane obtained by the process described in any
éne of [2] to [5],‘wherein the fluoromethané has a
hydrogen chloride concentration of 1.0 wt ppm or less. .
[71 An etching gas comprising the fluorémethane

product described inj[G].

EFFECT OF THE INVENTION

According to the present invention, HCl can be




20 fl uoronmet hane obtai ned by-the process described in

\V@QﬁﬁﬂgQﬁsof [2] to [5], wherein the fluoronetqqﬂﬁmgaﬁmuwﬁ7
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rogen chloride concentration of 1.0 wt ppm
l ess. [7] An etching gas conprbsing t he fl uoronet hane
product described in [6]. 25 EFFECT OF THE | NVENTI ON
According to the present invention, HO can be WO
2005/ 009933 PCT/ JP200 4/01086 7 5 efficiently
Sepa Al &thd 1P A i o £OR A1 RLPOLHE Ce bt BREnECRFOY 41
u 1 an

t1Tizing anm azeotropi c phenomenon befween HFC d

HGlnq aner mmiéym% 4dz €80 B8 O0EREASHenBETALERBen
DESCRI PTI OF THE I NVENTI ON The azeotropic m xture

ofu =G ¥ laran G, addnen paii 4 b €8¢ § omFoet hodanf b&FEh4dined.

~and uses thereof according to.the present invention

are described in.detail below. HFC41 and HC1 form an
azeotropic m xture. Under 10 atnospheric pressure, the-
boi | i ng poi NPEBRIHET- BESCBIPTBOBCPFt HEEHGNVENFIOH nt

of HCl is --84.9C and the boiling point of an

azeot r opike M3gUrenitereoiturze abdJdHC-¢B@nd haEbf okbe
HFC-41 and HCl1 form a maxi num azeotropic m xtu The

R g ORI P Ly 45 S uSHher FRepredsareording
AUt ORS F N S5 AT DT heTe PrEeaty ot SYBPLL belov-
exanpleﬂgayky Q%A)d%%hfggﬁaéﬁﬂééég£féﬂfg ﬁgxégfe. 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 HC1l form a maximum
" azeotropic mixture. The azeotropic composition undér
atmospheric pressure is such that HFC-41 is about 55 mol%
and HCl is about 45 mol%. BAlso, under other pressures,
for example, under 2.0 MPa, thelboiling point of the
azeotropic mixture is about 4°C and the azeotropilc
. compositioﬁ 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 HC1 and

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

-~ distilled under atmospheric pressure, the molar ratio

25

(HPC—-41/HCl) of HFC-41 and HC1 cannot be concentrated to .
-about 55/45 or more.

The process for purifying fluoromethane of the




azeotropic m xture is about 4C and t he azeotropic

“@ﬁ?ﬂﬁé%&%on is such that HFC-41 is about 53 nﬁﬁ%ﬁﬂ@&mmuwﬁ7

I's about 47 nmol % In this way, a naxi
azeotropic mxture is present in the two-conponent
system of HFC-41 and HCl1 and therefore, even if a
m xture of HFC-41 and HCL is distilled
under : at nrospheric pressure, the nolar ratio 25

HFC- 41/ HCl f. HFC d . ‘
TR0 5875007 b L TRECBFOCEE 1 S FYKg S e

5 BPRSRRIERRESR, phnfel Ehaf ol dPP R o R Ay fhe 1°

esent rnventron I: _ hat” “when _
Cogﬁﬁfiéftf89n0£hyglihntﬁenb§EHE§ogﬁcH%g' Lsard HCL 4 s
smal ['er than that in the azeotropi¢ conposition, a
M i W €r&0RbAL B ASnEFErdl andnbChos id shiidiliad 0 to distill
distill 5 out HFC-41 fromthe top of a distillation
cobimMH B4 Dbfabm 8Reazept HOPhLC diksxtiune tdfonHeG1dknamthd
HCl1 fromthe bottomof the distillation colum.

Acshraimgah oatbetpoptessiptthe pfes@Gt-dilnwent HOA, from the
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HFC- 41 containing substantially no HCl, specifically,
HA®> Yot aef nghandiHct 1 1Datbatenrdamnen dEcopdeg ppen bhe
| ess, can be efficientl obtained. In the case where
t lereemeenef-athenpees inventAPry uRECort lHPENA B 1k d
HC is larger.than that in the, azeotropic .
co%ﬁ%%?@?%h?liﬁenPKﬂc%on%%%F%gﬁFéﬁlﬁUSﬁ%F€41pP€VPB&SFF HCL
deggﬁggﬁgrggiggtg£ &83££ngp£ro§hiegg$eban be efficiently
obtained. In the case where the concentration of HCLl in
a mixture of HFC-41 and HCl is larger than that in the
azeotropic composition, the HC1 concentration must be
previously decreased by water washing or the like.
Therdistillatioh apparatus which can be used inr
such a distillation operation may be sufficient if it has
a function necessary for norﬁal distiliation, but a
rectification apparatus such as piate 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 ﬁarious modes can be employed according to
utility and required quaiity, but from the aspect of
preventing excessive drop in the top temperaturé of the

distillation column, the operating pressure is preferably

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




15 The distillation apparatus which can be used in

wolGhs/ghodssti | 1 ation operation may be suffici ergcf,jng{;4{010867

has a function necessary for normal distillation

a rectification apparatus such?as pl ate col um and

packed colum is preferably used. The distillation

can be 20 perforned by either continuous. distillation

or batch distillation. The operating condi tions of

di [ re t [ ar. &£
§bo§éggaggggdlﬁﬂg tobu?%hggra %rggggéé q§§1|?%A§% from

bugbgﬁQnLghetgsggq@ of 25 preventing excessive drop in

the top tenperature of the distillation colum, the

_operatinghpr 8ssHeRtk-s:REAT 8Fabby tham=Ankd anl@Grai

nore preferably from0.5 to 5 MPa.. WO 2(105/009933

PCHL 3P2004408086F réml AhthitspcCaFe thehel it Iergiemtaylamn by
falls in the range from about -80 to 60C. The
cod¢enﬁ&&thgnaohiHE&reooﬁaHﬁ@&4ﬂnaHECH@ﬂ(ﬁ&ﬂdﬂdwajﬂau
fromthe top of the distillation colum by 5

di sebklilKg28 wixppmeosf LEFES- 41HaweveiCd a8 abevesi gn etching

*usuallé 20 wt _ppmor |ess. However, in use as an

0§a§e#ﬂéﬁo§@HFE@ﬁ§ucF8?s CopFentERcdmy A aﬁleotacld
demanded,

et 88Fn
the acid conponent

VglldeEEWPBEEHEbé%g " B8 st tsiopendEde ShriretEisd above,
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op@%iégé 5¥bggr?fyiﬁa ppﬁpgko&eggésmdé%?%&%f@%&bly 0.5
wt ppm or less.
' Accordingly, the procéss 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 aqueocus alkali solution or an
alkali-containing solid material (for example, soda lime).
The treating agent is preferably water or an agueous
alkalil qolutlon The agueous 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.0.0l to
20%, more preferébly from 0.1 to 10%. The contact time - |
is not particularly limited, but since the solubility of
HFC-41 in water is siightly higher, the contact

temperature is preferably in a low~temperature region,




fl uoronet hane of the present invention preferably

wWePls s a step of bringi ng HFC-41 distilled ﬁ%%mfﬁﬁmmum(7

the top into contact with water and/or a treatin

. agent 15 containing an alkali tp renmove the aC|d

conmponent containing HO . The al kali which can be
used in this treating agent may be an aqueous al kal
solution or an alkali-containing solid material (for

eX§g§E§f1599§ i he Igﬁgér%ébhr% agentye ES pref erably

or an a ueous 20 al Kali ution. e aqueous
al kal i sphUth08 18y, Phof Brahk ¥ gaRFaaueous 39diWA out from

~hydr oxi de solution or an aquedus potassi um hydroxi de

- SOLHEi 9Fp Theocesseattalien waketrhanagueous taldedliing agent
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solution is preferably from0.01 to 20% nore
pretetabhingram lkald, 10% Thaceattracticn BF 251 SMMEFC-41
particularly limted, but since the solubility of

HFGaA 1bé ndeateaséd tblghﬂlythpgmeor fleesconbapénding. on the
tenperature is preferably in a | owtenperature region,

WO: 20951 00 98338n PCTP 9P2004£0%6 86T gogpéﬁﬁﬁw¢aDMymn1Hﬂﬂ?4l
range from5 to 40C. In this way, by brining HFC 4

diBRY | jRerewtef r om %qﬁﬁt%mF?$ﬁo & T%%tlﬁnﬁﬁnﬁéﬁ§Fd with

“and/ or treathg ent t ai ni in al kal i
% B

F Bgedea’lhs’géi)aett&e water
: S80k83sR0 Epes ?frtﬁ%ty'fm” 3553
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Moves he s e fdieq goet %‘Et Edpthifls A o0GW &

si eves (‘zeolT er eby
component {(e.g., HCl, HF}) only in a concentration of 1.0

cdﬁ%?ﬁ‘ﬂ %?11%‘1" zeql H‘&% 49¥s5t

m or ess. ,Dep

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 anéleéﬁ-such as ion chromatography (IC).

Fig. 1 is a flow sheet showing one example of the
flucoromethane purification apparatus which can be used in
the method of the present invenﬁion. 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
reactlon temperature of 250°C in the presence of a
fluorination catalyst (for example, chromium fluoride) to
obtain a reaction product qontaining HFC—41, HCl, CHiCl,
HF énd trace organic impurities. From the obtained -
reaction product, methyl chloride and HF are removed, for -
example by distillatioh, to obtain a mixture (1)-mainlyr

- containing HFC-41 and HCl.




concentration can be decreased to 5 wt ppmor |ess. 10

woRodidpessspuri fied HFG-41 contains the acid COpBRRS M 1/010867
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(e.g., HCl, HF) only in a concentration of 1.0 w ppm

or less and high-purity HFC-41qcan be obtained. The
concentration of acid conmponent in HFC-41 can be

nmeasured by an anal yzer such as ion chromat ography

(1©Q. 15 Fig. 1 is a flow sheet show ng, one exanpl e

of the i yo50rpthanepirifd catj onsaprarabiueevhiglocan

be used in the nethod of the present invention. The
pracess1iffionuebi ¥hng (£ ugrgnet haseioflathenpopseation is
invention is described in nore detail by referring to

Fi ger forRéd CH¥Homarchdharten et t ol  ndi sed ast phaseolumn
at a reaction tenperature, of 250C in the presence of

a (2) yoannatéohropial ysxtiferoexHRpr4,l ehdomiCdmis taken out

fluoride) to .obtain a reaction product containing

HFEs 44, beickom CHBEE 1 1L #Fe ahll) t raGed0pgaiti Ehiewpedi diSegeturned
From the obtained 25 reaction product, nethyl chloni?g )
and@s Hrehpelivgoverorf bf) BXakpEePBytams Ot thei ghstigdlation

“obt aj i xt 1), mai . Cont aj nj ng, HFC- 4, J.
IS LY 0BG I FBSGUT ot bEBT: Thec ShYER nid

L R A TR L o
EaBOULPR P £of) A LN AP L) pegriciontay
removed from the mixture (1). Suchlan 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

- giﬁerleast distillation of HCl1l out from the top.

When the top distillate (3) extracted from the top
is introduced into an acid component treating unit (6)
an& cont;éted‘With, for example, an aq%?ous'potgésium
hydroxide solution (5%), high-purity HFC-41 (7) more
reduced in the acid component in HFC-41 can be obtained.

A single gas'df the thus-obtained high-purity HFC—

41 where the concentration of acid COmponent (e.g., HCI,
HF} is 1.0 wt ppm or less, -or a mixed gas of this high-

purity HFC-41 and another éés (for example, He,'Nz,-Ar, Oz




5 as a bottomdistillate (5) and a part thereof is

| wiRhbf/aRes as reboiling vapor (4) to the bottoni,ﬁmtz!a@mmsﬁl,

distillation columm. Fromthe top of the distillation
colum (2), HFC 41 containing substantially no HCL is .
extracted as a" top distillate (3). In this way, HCl
can be efficiently 10 renoved fromthe mxture (1).

Such an operation -can be perforned in the batch

SYSt afr-But (e Pl A abl b erd arimReth o byagoRbd "‘IHPiéécli gas both

operation. The theoretical plate nunber and actua

- plate rmEPLEqOfot B8 QiSfib&ﬁéﬁ@ﬂh§ﬂbuE&o@%btamdchhebe used
|
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ref lux 15 ratio are determ ned by taking account of
separat | ONcEongi aonsor cobdnat et heckephyngndtibe ini khe
and the mxture (1) is preferably fed to a plate
cabcadiadietonh opgbuess eadt a dsshi tbatiioncaf dd@iceut from
the top. Wen the top distillate (3) extracted from
the top M@0 ispént fodabhy, i the ehchind gespepmprising the
treating unit (6) and contacted with, for exanple, an
aqiletrromRi eRe uRY ORYEFE oRF dehs aPLEPBRT( §ogyention can be
hi gh-purity HFC-41 (7) nore . reduced in. the acigS 1
c SHtA$R Hicela4s cARY betobt 29 nedRdATdPRE &ughs 35f PLasma
the thus-obtained high-purity HFC. 25 41 where e . ‘
ARG R B Crar e b (Bof etrethe Bpife film ox
1..0 wt. ppm | eSS, . Ok ' as_of _thi i.g i ,
s R Sl oyoevdy P EeeEfal e RpBiReBpon 1n
2400 QU922 P IPL0RGC 1088 7o df)s 06n DSk oLNBEFLERT bBEN as
t hése 'single gas and m xed gas bot

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 oniy one gas but also two
or more gases can be mixed with highépurity 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 Egampie,,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-01Eaning bottle contaihing pure
Wafer és the absorbing solution, HC1l in Ehe_gas distilled-r

out was quantitated by neutralization-titrating the




“Hﬁﬁﬂwo ; an etching gas for use at the etchin

are referred to as a "fluoronethane product") can be
in

e pro et i on process of a sem conductor deV|'g” 004/010867
More specifically, the etching gas conprising the
fl uor omet hane product of the pﬂgsent I nvention can be
used -under various dry etching conditions such as.
plasna etching and mcrowave etching, for etching a

m_or

vaaﬁﬁoa oB ﬁpﬁyﬂgéﬁhﬁl&h Pe TSl Yk d%%ﬁftuih Gy g lumetric
TFET

o Eaee0d ﬁ%gh%giébcgaa?ﬁ%ﬁaaﬁlga?-ef\/%8%%@%2@6 volume

Pap, Flis?Gad abMEhedstld faReGan AL Hobe1q, and the

t“@oﬁ%o@itﬂ@ﬁﬁlgéﬁgiocﬁﬁ bae%b§%§ﬂ@&'}ﬂadﬂ}dgﬁm §/obta1ned.
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to use. EXAMPLES 20 The present i nvention is

desaki pedséa gneat er gadebaébnbﬁbowdtytl%efc@nftlaﬁguﬁng
Exanpl e,. but the present inventionis not limte
thelérapuzwmuayersasftﬁbnpbsorbmng As 1t ohhe diotwtaem
distillate, the gas distilled out 25 was passed into-

a gaen‘él*é@hwhgbbo@ﬂaéyémngathengbparblnwaﬁ@ﬂu&somh@y ion
absorbing solution, HCl. in the gas distilled out was
qUERFPRAERAT BN HeuFar # 2 avRsndupnE atAkgdt by Weasuring the
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ume 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
Coiumn: 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 di§tillétion 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 énd distillates were extracted from the top and the
bottom at 18.7 g/h and 15.7 g/h, respectively. In this

distillation operation, the reflux ratio was controlled




11, absorbing solution w th sodi um hydroxi de for

the volune of the gas at the outl et

Wﬁg)g%@ﬁ# c analysis, HFC-41 was quantitated y%yw&gmmmsm
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cl eaning bottle, and the conpgsitional ratio was
determined fromresults obtaingd. 5 As for the top
distillate, the gas distilled out was passed into a
gas cleaning bottle containing ultrapure water as the

TR ILOASOLUL o, Skt o UALLLALES By B0RlE) 50
s iy %bé%ﬁg%?@ggﬁ?%@ig%ﬁ% 48 fiFpled diothe

conq,ﬁéﬂ%srlagl gﬁg é,y rméscﬁyu Sthebwl'a;idrauo of

ons asur I on Chr omat ogr aphy

P u r Zu E2t L0Nthe top
Syt 154 co%dei@#é%%zo@%g%%ﬂﬂa%za b SHERER pspe o

K& st 3AWHd Ivid | ST e & 4000 OFRE hedeo V8t RGnawas analyzed,
distillation colum equi pped with a condenser and

hayd ng e dilametiete ofodSOntrat bovl af MOeoiat HEa-41 ate 10 wt
nunber of 20 (actual plate nunber: 36), 20 a
diggimJ | ati on operati.on was perforned under an

operating pressure of about 2.0 MPa by feeding a

nlxtureﬂﬂmmnﬁhﬂﬂﬁ)aﬂ#iYSM§eﬁﬁﬁ#kﬂﬁ(chhp@%ﬁtF@ﬁealEd that
HFC- 41/ HCl =80/ 20 nol) to 10th theoretical plate at
orkmlnaha;mtr@rﬁerl%&h{ RrieHRt alOW%ﬂf etwnsﬁliﬂtgpﬁ Ffedl
to tenperature controlle 25 -5C a

GHI RS SxTECTEH ¥ %t%“em%!ﬁhﬁﬁact pgessure: -

78.5°C > boiling point of HCl under atmospheric pressure:
-84.9°C) is recovered ét fhe bottom, and HFC~41 and HC1
form a maximum azeotropic mixture.

Furthermore, the top distillate.was contacted with
an agueous 2% potassiﬁm hydroxide sclution at a
tempefatufe of about 5°C and after cooling, collecting
and sampling the solutidn, 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
vﬂif@%&+ gdon operation, the reflux ratio was
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After the inside of dIStI||atI§$ col um was
stabilized, the bottomdistillate was sanpl ed and the
conposition was analyzed, as a result, the nolar ratio
of HFC-41 to HCL was 55/45 (HFC-41/ HCl). Simlarly,
the top distlllate d and t he conposition
was anal §zed, d%§t%; iu??ng?ﬁ Concentration of HCL

in HFC-- 1 was, Lomthese analysis results,
it was revealed h&%StgﬁgéﬁaV|ng a boiling point |ower

than thap of Fggbgglggg(p§¢$£ng poi nt of HFC -41 under

‘at mospheric pressure: - > b0|I|ng poi nt _of HCl
under atgosphegberPheSbsH¥£11a+t84.90) is recovered at
the bottom and HFC-41 and HO form a maxi mum
5 azeotropgc m xieH €. chupdhertoteeathagt apidi stillate
was contacted with 15 an aqueous 2% potassium
hydr oxi de sol utigm-@atratyt&hperanaetbané. about 5C and
‘after cooling, collecting and sanpling the solution,
the concentration of HCL in HFC 41 was determ ned by
i on chromat ography, as a result, the HCl
~concentration was 0.5 w ppm Thus hi gh- purlty 20
HFC- 41 was obtai ned. BRI EF DESCRI PTI ON OF THE DRAW NGS
.Fig. 1 shows a schematic view show ng the




fl uoronet hane purification apparatus which can be used

S o e present invention. [Description of
“@é’f"@%@%’é Numeral s] 1 feed solution (mxture) VigJ/dP2004/010867

20051009933 PCT/ 3P2004/ 010867 13 2 distillation colum
3 top distillate 4 reboiling v%ﬁor 5, bottom
distillate 6 acid conponent treating unit 7

hi gh-purity fluoronethane WO 2005/ 009933

PCT/ JP2004/ 010867 14 CLAINB:&%ﬂ@g azeotropic m xture
of fluoronmet hane and hydroge ride. 2. A process
for purifying fluoronethane, conprlsing distilling a
m xture containing fluoronmethane and'' hydrogen

~chloride to digfi 1o gutofd oponet bansef E9MLbiE OROkna

10

15

20

a distilTation colunm and obtaln an azeoiropic

he§g£§ of éﬁ¥g%ﬁggghane and hydrogen chloride from

‘tomo e distillation colum. 3. The process
for purifying fluoronmethane as clainmed in claim2,
wherein the distillation is perfornmed 15 under an
operati ng. pressuyeoddsd. fot oplPilyMia. £luoromethane,

comprlslng d1stllllng a mixture containing fluoromethane
and.hydrogen chloride to dlstlll out fluoromethane from
the top of a distillation column-and obtain an azeoﬁropic
mixture of fluoromethane and hydrogen chleride from the

hottom 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 proéess 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 2
step of bringing the fluoromethane distilled out from the

'top of the distiilation column intc contact with‘water

and/or a treating agent containing an alkali to remove




4. The process for purifying fluoromethane as clained
wbosdaabdys2 or 3, wherein the concentration of perypa004/010867
hydrogen chl oride contained in the fluoromethane 20
distilled out fromthe top ofjkpe distillation colum
is 20 wt ppmor less. 5. The process for purifying
fluoronethane as clained in any one of clains 2 to 4,
whi ch conprises a 25 step of bringing the
fl St | { f £
' tlﬁt%roal a@?%%ggln%tlr?n |C%?16C%Igonn3irgct %mcﬁle%gév\rigfcel?ioé% or a
treating agent containing an alkali to renove WO
2005/ 009933 PCT/ JP2004/ 010867 15 the acid conponent
cont ai nighg hydr ggesrefledtade Hodudd WmpyrEtdianse
product conprising fluoronmethane obtained by the
priacesSmetdaikd dotaAmedney o wt@derwss - laimed wher eip one
t he fl uoronet hane has a hydrogen chloride
5 carfceriaiats @n tof 5. Gherqipmtlos fbssrometlfameths ng
.gas.conprising the fluoronethane. product clained in
“clhaidncgieni @hloride concentration of 1.0 wt ppm or less.

7. An etching gas comprising the fluoromethane,
product claimed in claim 6.
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