- wxe3eZEZB(f*6°T39; TI TLE OF THE | NVENTI ON METHOD FOR REDUCI NG AN OXYGEN

. COVPONENT AND CARBON COMPONENT | N FLUORI DE T The present
ipvention relates to a nethod for reducing an w m@m ent and a carbon
conmponent in fluoride. BACKGROUND ART In the | rocess in the
manuf acture of a sem conductor, it is applied on a °BPti cal - pur pose
material such as a raw material of an optical systemthat constitutes a

st epper @&ViEeOpr BUEdENVENTaANexposure device, such as a projective |lens or
an illumnation lens, or a raw material as an optical fiber nmaterial or a
coating naterial For instance, in the case of a |lens naterial an ArF

exci ner | ase posur e source of ght haV|ng a short

mavelengMﬁTﬁﬁa ERRFBEbQEFHQrANaQ@FGF§5§OWﬁPNﬁ§€| AYPa CﬁBP short er
I t th hi gh int ti d :
wave engggwﬁggggg ﬁghggﬁgﬁkgEconpec ion w a high integration degree

However silica glass provided as a | ens belng
typically used heretofore has a poor transmttance, it c

Thus, fluorides such as cal ciumfluoride and bariun1f|uo@NmBE jnmmhave
good trapg gR¢erTelp Properties even at short wavel eng rong
| aser duragPP?ty, ave been consi dered as being useful. Whergﬁgf a high

purity nonocrysgfal késé@ﬁOhH§8hyléﬁsﬁélh€ésf@6 thgepRAYf agture of a
fluoride | ens nade of calciumfluoride, bariumfluoride, or the like. It

has beenrkagwinghah wayyeusckinpdseat AhabberarbBy bempansad when an excess
anount of oxygen or carbon is i1ncluded as inpurities in the raw materi al.
The oxygemueetrpenent may be incorporated into fluoride as noisture is
remai ned at the tine of the manufacture, or oxide is generated by the
process of sintering, so that finally, at the time of being fornmed into a
|l ens, (1) a reduction in transmttance caused by oxygen, (2) |aser

dur abi | i BRCKGBPUNBI 8RI'ng, and so on may be influenced. Thus, it has been
said that it would make an influence on the transmttance of |ight for

whi ch IOM/concEﬂtF%?l6hth9§rBE€hcd@§PF%§S TRekBeoPBNUEABELER €6nBentrati on

has been dGSIFGg The carbon co is cau roma cru0|?Ie terial
ot the  PREGPRSRAEEF ng” na<Fp A ~EFGEPBPers eZigdr bon
cruci bl e is, used. Wen a_crucible ontam nation with
al uni nunPi&l) B8 8c58Wr88teFﬁageﬁ r &P, OPﬁéféﬁoﬁgs FWe gngon crucible is

used. Fb%%%%%gtﬁ%rgogs £2pB e%rﬁgbﬁfuogﬁégﬁhg Y ahemabBelpell uoride. In

the procéss o nanufac ernDre unreacted car bons

from carbopate, ag,an’ aw g ngaehtgeee&ahgyogssq 241 henbt B0 ens,

manuf acturing - e“may remain in the product. These refmaining

carbons LR theafl wakkdeapr adugh apeisandrtigeRembRe@iper aked LBLRidAg
nonocrystal at the tinme of manufacturing a nonocrystal (1), and exert an

adverse mbhteetaon coring or the like (2) . Actually, at the tine of
manuf acturi ng the nonocrystal, the oxygen conponent is generally used as a
scavenger, whiFer| eadtéhoeri ile bhezcasef bfioai lenssmasediakprannB8ta@nce, the
| ead fluoride perforns a deoxidi zation process of the follow ng reaction
(A) is pertémpedlaser (193 nm) which is an exposure source of light

having a short wavelength and an F2 excimer laser (157 nm)

having a more shorter wavelength, has been used in

connection with a high integration degree. However, since

a high-purity silica glass provided as a lens being

typically used heretofore has a poor transmittance, it

cannot be used. Thus, fluorides such as calcium fluoride

and barium fluoride, which have good transmittance



Ca0 + PbF2 -. CaF2 + PbOt .... (A The deoxidization process of the above
.(A) permts a decrease in the anmount of oxygen. However, as the scavenger
is added as a second conponent, contam nation generates therefromto nake
the formation of a pure nonocrystal inpossible. For mnimzing the addition
anount of the scavenger as nuch as possible, there is a need of fluoride
containing a snmaller anmount of the oxygen conponent in the raw material. An
obj ect oprbherpieseavennaénshonti savelpngthdend metrhod flesereduci ng an
oxygen conponent and a carbon conmponent in fluoride, which is capable of
|omer|ngduhebahDQMtshéﬁeoh9gencandldar§dnasnbehegfuaéﬁuae byharspapl e
process. DI SCLOSURE OF THE | NVENTI ON - present invention relates
to a netHoHlEBrPPéaﬁﬁlW@naﬁrﬁﬁygén1§oﬁBéﬁéHFeéMde§S€8Fbén éBtpbhent in

fluoride, characterlz Berfor g a fluorine gas tr ?tnent for bringing
the fluoPRRBERAEBES egnﬁa¥% affﬂegis EoﬁPQFnPﬁgCP GoRPné1H§aEIABPERATI ON  AND
EVBODI t has f t hod I f d
carbon | A5UHI FOROE0 BkyHenc iR Shits anti Ratr PG c SHOAMEAarn a product by
subj ecti pg Eéhg'Hﬁhéku8k'gﬁop98ﬁ5“ﬁhgrl VEQSSe M hg gpks RLQYi ded as for

exanpl e a Fens”r aw nat eri 0 af e gas treatnment as a secondary
treatnengmoght'affeypaehhag SHEBop HEthAd)HasaChbeehBukatibgdunl BReOXygen
and carbon by sinmply intro UC|ng | uori ne gas as a secondary treatnment on a
conventi gpal mpeedugt .and m xi ng together. The fluorine gas is a gas having
a strong oxidizing ability. It is thought that an oxygen conponent and a
carbon conponenhei 8xyfeni spripbhéns Ay be irduepdrayedihénteol | owi ng
reactions. However, at the present, a distinct reaction nmechani sm has not
been revéahedidd® asFRoisOE2Zer is. reméBhe@ atFRhe. tCRO pf. the (C) For the
conditions of the secondary treatnment with fluorine gas, but the effects of
| ow oxygmanafidckowecapbonxade obt genabhéedi biothedppendsagobn t he
concentration of - 4 fluorine, preferably 5 to 50% fluoride gas content
(inert gasnsachnds ﬁpttbgénfenaéigenagaﬁhEstpmévpéebeﬂag deruerng gas) is
advant ageous in_terns of i ndustry and_ handling., Regarding the processing

t enper at 4PECad A°RArt éf) of 689P§£1°PnladHFﬁpéﬁltéﬁnQEtF?éséﬁepgy decr eases

as the te erat ur ﬂcreaSE F g advsg gzous for the reaction. In the
case of Bf aggs.ﬁg un@arTt ABTAPYALEEmpd OT{REre@PS F°n8BA™MBY using a
react or 9? a getal terla For redu0|ng %getgegerat ﬁnma o
contamn |on rom ?Hé reac?br tHe tenpera ures ander WA a pol ymer

mat eri al Eﬁﬁﬂﬁe cE' HrQBQrPQQnEﬁ§£EaHQQ Be i@SHEego% HESEeﬁgg'e in terms

of handllng urt hernore, roomtenperature; the ef Fects o | ow oxygen

and Iow/eeaégntwsegogbaagnsgenBMegmﬁe&ay ThBecggpeentratigy of the fluorine
gas may be 100% or may be diluted with inert gas. At this tine, the

concentrgbhesnetathyar hee gasnnmagsheecpreferably 5 to 50% The inert gas
avai lable for the dilution includes, for exanple, nitrogen, argon, and
neon. It is preferabtisoh habmpbreehbeis gassaayfbemos arbecgbleurity with an
inpurity (e. g., noisture or oxygen) concentration of 10 ppb or |ess. The
fluori dematgrhbelpaef ehabkyma péreiséetrhnfl uenddeyp$petiiyi eal hyuminai s one
or nore selected fromcalciumfluoride, bariumfluoride, ytterbium

fluori decreeiblfm Prudr Fdeboandrycibibi uf PFadri déhep kbehadumdnar educi ng

oxygen content and carbon content in the fluoride described in one of
d ai s 1cp5cg le is used, contamination with aluminum may be

occurred. In general, therefore, the carbon crucible is
used. However, carbons as a crucible material may remain
in fluoride. In the process of manufacturing the fluoride,
furthermore, unreacted carbons from carbonate as a raw

material generally used at the time of manufacturing



- 5 .Characterized ih that. A fluoride gas treatnment is preferably
.performed at a roomtenperature to 350C, nore preferably 200 to 300C.
Fluoride is favorably used as an optical material to be provided as a raw
material of an optical system(e. g., projector lens or illumnation |ens)
that constitutes an exposure device to be used in the process of

| it hography, an optical fiber nmaterial, a coating material, or the liKke.
The ext efdabribepeagf remadni de ithenptrogipeci.f i Caklsy Iriemati@dngPr ef er abl vy,
however, the fluoride is shaped in the formof powders, granules, or
particl esarbhesdiamther flhhordde pgogueteralel yaidninoobel essorporetpdef er abl y
1 to 500 um nore preferably 10 to 200 um and still nore preferably 10 to
200 um Thé&odar achesrartlueti fde sames ofppehafalsityringma30 seconds to 1
hour, depending on _the tenperature. Mre it is preferably from1 to 30
ninutes,m&ﬁ@¢§ﬂFFPlndﬁé'pﬁ§¢eﬁ§SF§ G RIETEG RITEECEs PelREIEIePect s Wil |
be satur%hed eggn i.n a longer duration. The |loner duration will cause the
saturati 57 f1&Ff dél's. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ Exanpl e 1]

A ificati t ent f b l.aci ng. 300 f high- it

ol ci um i 1 & SECBRATESN & nEPCariEUpt BRRRERS ik g hRe pouder 5 and gas
while f ' 6 f f d. £ .5 , .25, d 50% of
fILo?ing%%gggf§%§a}értgenfngggg gg%%gg%iﬁe%%gpgg%pggl¥hgs%%e§%e3 Spoduct °

was thenssubiaeked 1,8138ah%ses flobrukae? 374 .Canhen 1usi R A3oxygen
anal yzer and a“carbon anal yzer, respectively (Table 1). Table 1 The results

of ExanplrerlinSeeerdar ¥hkr eakee #l udl i HeOPeredRms OXWaemidapmGanbon (ppm F2
concentration (%9 51025505102550Bef ore F2 gas
t r eat nenpl4Cksds14514030353330AhLereb2tdasn t(RealirepkEdrh30<5<5<5<5

Ca0O + PbF, - CaF, + PbO % ... (A)

The deoxidization process of the above (A) permits a
decrease in the amount of oxygen. However, as the
scavenger is added as a second component, contamination
generates therefrom to make the formation of a pure
monocrystal impossible. For minimizing the addition amount
of the scavenger as much as possible, there is a need of
fluoride containing a smaller amount of the oxygen
component in the raw material.

An object of the present invention is to provide a
method for reducing an oxygen component and a carbon
component in fluoride, which is capable of lowering the

amounts of oxygen and carbon in the fluoride by a simple

process.

DISCLOSURE OF THE INVENTION



Fromthe results described above, reductions of oxygen and carbon could be
confirmed by neans of the secondary treatnent w thout depending on the
respective 5, 10, 25, and 50% fl uorine gas concentrations. Furthernore, the
effects could be found even at roomtenperature, and this finding would
have | arge industrial nerits. [Exanple 2] In the same way as that of
Exanple 1, a purification treatnment was perfornmed by placing 300 g of

hi gh-purity caflbeupreneatSinPEAttont aehetesmabnbamakthgdafpeacti on cont ai ner
at 100C, and sufficiently mxing the powders and gas while feeding the flow
of gas basddcéngeachosiygdn tOmponeps aadda5Qurbbnf coopionengadry N2 gas for
5 mnutes, followed by oxygen and carbon anal yses, respectively (Table 2)
Tabl e 2 fRaorddelt sharapkgmpred2 byspestearynor datftheprige #66C) Oxygen

(ppm Car bon gppn)FZ concentration (9 51025505102550Bef ore F2 gas

t r eat nenti86rAS1ES 1253635893081 tbF E3UgZEd Iy a8t ReAt SO858680¥5£5<525 From

t he resultstdescrib g above, reductions of oxygen and carbon were confirnmed
by means “6f FHEngsg &Pv8¢532%0, 25, and 500 fluorine gas concentration
treatnments. Furthernore, the reduction effects were found when the

OPERATION AND EMBODIMENT

The present invention has found out a method capable
of reducing carbon in addition to oxygen which is an
impurity contained in a product by subjecting calcium
fluoride, barium fluoride, or the like provided as for
example a lens raw material to a fluoride gas treatment as
a secondary treatment. It is found that such a method has
effects for reducing oxygen and carbon by simply
introducing fluorine gas as a secondary treatment on a
conventional product and mixing together. The fluorine gas
is a gas having a strong oxidizing ability. It is thought
that an oxygen component and a carbon component in the
impurities may be reduced by the following reactions.
However, at the present, a distinct reaction mechanism has
not been revealed.

O+ F, - 0OF, t+ .... (B)

C + Fs - CFyq 1t cee. (C)

For the conditions of the secondary treatment with
fluorine gas, but the effects of low oxygen and low carbon

are obtainable without depending on the concentration of



treéat nent tenperature was increased. [Exanple 3] The same experinent as
shown in Exanple 1 was perforned using rare-earth fluoride such as
ytterbium fluoride or ceriumfluoride to be used as an optical fiber
material or a coating material, for exanple, ytterbiumfluoride. A
purification treatnent was performed by placing 300g of ytterbiumfluoride
in a 5L-PFA container and m xing the powders and gas while feeding the flow
of gas bé3edronepaphebbrBplg0p £5, SARdf500rofef baer cnetgas /(iNBrgas for 5

m nutes at roomtenperature. _ g _  The treated product was then subjected
to anal yges forhosggehtandesapboardenngaaniexpgenidadl feer dasdtanegar bon

anal yzer, respectively (Table 3). Table 3 The results of Exanple 1

( Secondag§si r éét ﬁéﬁ@ngﬁgﬁ@am fenpeymex9fehn@Bphy LarBEnL PR R
concentration (9 51025505102550Bef ore F2 gas

t r eat reni86088685055630388586APEeF PPegas Ur PeafnBnld56230280 F58E585<5<5

From the resylts described ab the effects of | | b
were obt APnBATFhiPRas NnaEhe EasReGHYCAPEF BATPPUBPI GBS HOBRREFEZE.

Li kewi se; Lurthermore, t e, atlaetge8hs! Q-0¥KgeR.and ;LAY caLbepver &

obtained18§

case of processing under the high temperature, there is a

need of using a reactor made of a metal material. For
reducing the generation of contamination from the reactor,
the temperatures under which a polymer material such as a
fluorocarbon resin can be reduced is preferable in terms of
handling. Furthermore, at a room temperature, the effects
of low oxygen and low carbon were obtained.

By the way, the concentration of the fluorine gas may
be 100%, or may be diluted with inert gas. At this time,
the concentration of fluorine gas may be preferably 5 to
50%.

The inert gas available for the dilution includes,
for example, nitrogen, argon, and neon. It is preferable
that the inert gas may be of a high purity with an impurity
(e.g., moisture or oxygen) concentration of 10 ppb or less.

The fluoride may be preferably a rare-earth fluoride.
Specifically, it is one or more selected from calcium
fluoride, barium fluoride, ytterbium fluoride, cerium
fluoride, and ytterbium fluoride.

A method for reducing oxygen content and carbon

content in the fluoride described in one of Claims 1 to 4,



increasing the treatnment tenperature of Exanple 2. [Exanple 4] A secondary

" _treatment was performed by placing 300 g of a high-purity cal ciumfluoride

of Exanple 1 in a heat resisting netallic container, for exanple, a nickel
container (a stainless container may al so be used) and introducing 100%
fluorine gas at 300C for 5 mnutes. The treated product was then subjected
to anal yses for oxygen and carbon using an oxygen anal yzer and a carbon
anal yzer, respectively (Table 4). - 9 Tabl e 4 The results of Exanple 4

(Secondagyatheatpeatgat n30ASE . Oxygen (ppm) Carbon (ppm) Before F2 gas
treat ment 14530After F2 gas treatnment 70<5 Fromthe results described above,

using 100% f | upringogage gad et&ftmént hestpeatarabl ftpdrhbghetiegpegat ure of
300C, the effects of |ow oxygen and | ow carbon were confirned. | NDUSTRI AL

APPL| CABEbbiiYtdhpepaeseat tonge0td omatd qyse f¢ b I ef 2 0@ nent 3@f°caxygen and
carbon, for exanple, which are inpurities in a high-purity calciumfluoride
known as a typFtabridev imt favatabbpdused assieppetitehsméverbal Acé& or F2
excimer | aser in the photolithographic process during the
be provided as a raw material of an optical system (e.g.,
projector lens or illumination lens) that constitutes an
exposure device to be used in the process of lithography,
an optical fiber material, a coating material, or the like.
The external shape of fluoride is not specifically
limited. Preferably, however, the fluoride is shaped in
the form of powders, granules, or particles.
The diameter thereof is preferably 1 mm or less, more
preferably 1 to 500 pm, more preferably 10 to 200 um, and
still more preferably 10 to 200 um.
The duration of fluorination is, preferably from 30
seconds to 1 hour, depending on the temperature. More it
is preferably from 1 to 30 minutes, and still more
preferably of 1 to 10 minutes because effects will be
saturated even in a longer duration.

The loner duration will cause the saturation of

effects.

BEST MODE FOR CARRYING OUT THE INVENTION
[Example 1]

A purification treatment was performed by placing 300
g of high-purity calcium in a 5L-PFA container and

sufficiently mixing the powders and gas while feeding the



. manufacture of a semconductor; a reduction in the adding amount of a
.scavenger in the deoxidization during the manufacture of a nonocrystal; and
a reduction in various kinds of problens. Furthernore, in recent years,
thin-filmtechnol ogi es have been progressed. There is a need of a
| ow- oxygen high-purity fluoride, and there is a possibility of its
availabilities in many other fields. - 10 Clains 1. A nethod for
reduci ngfanworyggascbapedent endhaofabboihOcodpenentd BA%f bdofilderine
characterized by performng a fluorine gas treatnent in which fluoride is
brought gaso/cBatier hiningbes tdatreont kemgeratiore ne Bae. treaedet hod for
reduci ng an oxygen conponent and a carbon_conponent in fluoride as
describeHrPﬁu€¥aWﬁﬁ1Fhﬂﬁeﬁébﬂe?ﬁédcéﬁcéﬁ?ﬂaﬁﬁénfQF PKYEEPN8NFas in the gas
containing fluorine gas is 5 to 50% 3. A nmethod for reducing an oxygen
conponenfaiRANaUEAPHoA c BA¥ERBNEPPHYERT0APGe 2aS2dREBr PRBGYERT ai m 1,
wherein the a§.th?t Q?n zini the fluorine gas is gas prepared by diluting
f1 uori ne*§EBEW K Ker aé § 1A: A method for reducing an oxygen conponent
and a carbon conponent in fluoride as described in one of Clainms 1 to 3,
wherein the fluoride is rare-earth fluoride. 5. A nmethod for reducing an
oxygen cggpepept and a carbon conponent in fluoride as described in one of
Clains 1 to 4, wherein the fluoride is selected fromcal cium fluori de,
barium flrHar rdgyu1¥Et 8ELEYENPLWON T deecBRa®Er k¥BREhUaL d@. rBonA Met hod for
reduci ng an oxygen conponent and a carbon - 11 conponent in fluoride as
descri bedenp.pne of Cainms 1 to 5, wherein the fluorine gas treatnment is

per f or mpd—atToomtenperature o 350C 7. A method for reducimg am gxygen
conponepnt and a carbon Oxygen (ppm) Carbon (ppm)
F, concentration (%) 5 10 25 50 5 10 (25 |50
Before F; gas 140 | 145 | 145 |140 |30 |35 |35 |30
treatment
After F, gas treatment {80 85 80 80 <5 | <5 | <5 [«5

From the results described above, reductions of
oxygen and carbon could be confirmed by means of the
secondary treatment without depending on the respective 5,
10, 25, and 50% fluorine gas concentrations. Furthermore,
the effects could be found even at room temperature, and

this finding would have large industrial merits.

[Example 2]

In the same way as that of Example 1, a purification
treatment was performed by placing 300 g of high-purity
calcium in a 5L-PFA container, maintaining a reaction
container at 100°C, and sufficiently mixing the powders and

gas while feeding the flow of gas based on each of 5, 10,



conponent in fluoride as described in Caimé6, wherein the fluorine gas
treatnent is perfornmed at 200 to 300C. 8. A nethod for reducing an oxygen
conponent and a carbon conponent in fluoride as described in one of O ains
1to 7, wherein the fluoride is fluoride used for an optical material. 9. A
met hod for reducing an oxygen conmponent and a carbon conponent in fluoride
as described in one of Clains 1 to 8 wherein the fluoride is in the form
of powdeR$§, gndnbP&soforflpartinel gas 10N2Agaet hod $onimetlesi ng an oxygen
conponent and a carbon conponent in fluoride as described in Caim?9,

wher ei n fhélawafebyr cosygeheanduepirleni gnalsesr KkespectiveAvndiagdef or
reduci ng _an oxygen conponent and a carbon conponent in fluoride as
described)i-n claimed in Claim10, wherein the dianeter of the fluoride is
10 to 200 um 12. A nethod for reducing an oxygen conmponent and a carbon -

12 cofp m&nE in fluoride as described in claimed in one of Claims 1 to
11, whergin the fl inat i ti s 30 d to 1 hour. o thod f
Ceduci roThR BRsnlnSoRE ReafBle B (SRePRsR e salEna s ahPiGh ae ot T

described in daim1l12, where inthe fl rination ti j 1 O m nutes. -
13 Ch-al ah Afnetﬁég .Sr%%éﬂﬂci." an gggﬁ%ﬁlégﬁﬁé.enf and a
Lal-s—1.—(Anende g a)

car bon :?m%%i&gﬂ%;dge. ¢haragteri zed by SFberf%_rFri ng, a

, DEHNE gas
t reat e Y aag o hdoraht H

44 u
H—wh-eh—aw—Fat€ Hugrders—biodght—nte COH#%GP—M#%h gas
that congairRsef Fyogine gas. 2. |A petRogd flan o equei NG earn Lxyjgen cegponent
and a carbon conponent in fluornide gs degcribed in|Cailml,| whefein |t he
concent t ak-bg@Rm@htfl uori ne gas ijn the gas|containing flyorine gas is {5 to
S50% 3. pAmethod—for—reducing—anoxygen gonporent—and carjporn—fponponent in
fluori depasedessr ghedeitdathantn| Bo Whasei i giohe |@as that |cantatms| the
fluorinegas TS gas prepared py ditfuting ftouorine gas Wt rnert gas.

From the results described above, reductions of
oxygen and carbon were confirmed by means of the respective
5, 10, 25, and 50% fluorine gas concentration treatments.
Furthermore, the reduction effects were found when the

treatment temperature was increased.

[Example 3]

The same experiment as shown in Example 1 was
performed using rare-earth fluoride such as ytterbium
fluoride or cerium fluoride to be used as an optical fiber
material or a coating material, for example, ytterbium
fluoride. A purification treatment was performed by
placing 300g of ytterbium fluoride in a S5L-PFA container
and mixing the powders and gas while feeding the flow of
gas based on each of 5, 10, 25, and 50% of fluorine gas /

N, gas for 5 minutes at room temperature.



4. '(Anmended) A nethod for reducing an oxygen conponent and a carbon
conponent in fluoride as described in one of Clains 1 to 3, wherein the
raw-nmaterial fluoride is rareearth fluoride. 5. (Arended) A nethod for
reduci ng an oxygen conponent and a carbon conponent in fluoride as
described in one of Clains 1 to 4, wherein the rawmaterial fluoride is
selected fromthe one or nore materials: calciumfluoride, bariumfluoride,
ytterbi um fl uofheetraatdedeprodutt ueasdehen gdbjected Atardhatlyfes reduci ng
an oxygen conponent and a carbon conponent in fluoride as described in one
of C ai mfor pyygenwheferAarbhe fBLDBOI AR gAYJIEReanAeNECrsapdr ROFABROAL room
tenperature_to 350C. 7. A nethod for reducing an oxygen conponent and a
carbon ceRpéHeRt i neppraetiyelys (§8Béri Béd in Claim6, wherein the fluorine
gas treatnment is perforned at 200 to 300C. 8. (Anmended) A nethod for
reduci ng an oxygen conponent and a carbon conponent in fluoride as
describeg bg oge of Cains 1 to 7, wherein the rawmaterial fluoride is
fluoride 88e8 for an optical material. 9. (Amended) A nethod for reducing
an oxygeRn,co n d o] ip fluoride_as cribed in one
of Claingh% ggggig%hggeF%aﬁﬁggrgmgﬁgpggﬁg%yf?58??%85?sa?nr§§§ f or m of
pomders,tgﬁﬁqyles, or particles. 10. (Anended) A nethod for reducing an
oxygen coeRporent—and—a——carben—gonporent—n—Hueri+de—as—descrtbed—+n-C ai m
9, wherein the dianeter of the|auyat qppal) fluoridesdr$oh Mperly | ess. 11

( Amendegh—Arrethod—for—reducing—angxygeq—conponent—and—a carbop—conponent
in fluorkdeasdrswEdiked (9) cl qismed |y - (25 | 5@ ailm 10,1 oezrpi hsp he
di anmet er—of therawnmaterrat—ftuorige s T0to 260 Tum I2—A et hrod—f or
reduci ngpamoesygengg£onponent anagdod ¢anipon ssonpanent 3ion |fisugrisie| as
described in clainmed in one of [Clains 1 tto 11, wherein |the [fl uofi nat|i on
time is|8Beaemend to 1 hour. - |16 A .Al .As3. A3. As . A9y. Aa. A] | Af
AF3.A [TAT A AL AL A Lbcl ~9B=
(n} xsni (AZLea] €a] ¢ad cal eatnalta]léd] ¢aPROa] d&l0c alléa)] ¢alsc
ajcalcalcaJcaJcaJc:aJcaJcaJcaJcTaJcalW

BN "Brom] ghe#t S48l 5$398RCYE kedi dbZYyea] thicaftatfta) od] tajca] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca ca]ca]ca]ca]ca]ca]ca]ca]ca]caLca]ca]ca]ca!QWCAQ@
pY%g %8880R8I&eN' and' 1oy( caybpR) ypye obtained just as in the case of
*B*J***?2+} xsnid_Z ca]Qa]ca]ca]ca]ca]ca]calca]Qa]ca]cakca]ca]ca]ca]ca]ca]ca]
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increasing the treatment temperature of Example 2.

|<a] [c&d cgftallca] ca] ¢

Q)

[Example 4]

A secondary treatment was performed by placing 300 g
of a high-purity calcium fluoride of Example 1 in a heat-
resisting metallic container, for example, a nickel
container (a stainless container may also be used) and
introducing 100% fluorine gas at 300°C for 5 minutes.

The treated product was then subjected to analyses
for oxygen and carbon using an oxygen analyzer and a carbon

analyzer, respectively (Table 4).
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From the results described above, using 100% fluorine

gas, and also in the treatment at a high temperature of
300°C, the effects of low oxygen and low carbon were

confirmed.

INDUSTRIAL APPLICABILITY

The present invention allows: the refinement of
oxygen and carbon, for example, which are impurities in a
high-purity calcium fluoride known as a typical raw
material used for a stepper lens for an ArF or F2 excimer-
laser in the photolithographic process during the
manufacture of a semiconductor; a reduction in the adding
amount of a scavenger in the deoxidization during the
manufacture of a monocrystal; and a reduction in various
kinds of problems. Furthermore, in recent years, thin-film
technologies have been progressed. There is a need of a
low-oxygen high-purity fluoride, and there is a possibility

of its availabilities in many other fields.
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1. A method for reducing an oxygen component and a carbon
component in fluoride, characterized by performing a
fluorine gas treatment in which fluoride is brought into

contact with gas that contains fluorine gas.

2. A method for reducing an oxygen component and a carbon
component in fluoride as described in Claim 1, wherein the
concentration of fluorine gas in the gas containing

fluorine gas is 5 to 50%.

3. A method for reducing an oxygen component and a carbon
component in fluoride as described in Claim 1, wherein the
gas that contains the fluorine gas is gas prepared by

diluting fluorine gas with inert gas.

4. A method for reducing an oxygen component and a carbon
component in fluoride as described in one of Claims 1 to 3,

wherein the fluoride is rare-earth fluoride.

5. A method for reducing an oxygen component and a carbon
component in fluoride as described in one of Claims 1 to 4,
wherein the fluoride is selected from calcium fluoride,

barium fluoride, ytterbium fluoride, and cerium fluoride.

6. A method for reducing an oxygen component and a carbon
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temperature to

7. A method for reducing an oxygen component and a carbon
component in fluoride as described in Claim 6, wherein the

fluorine gas treatment is performed at 200 to 300°C.

8. A method for reducing an oxygen component and a carbon
component in fluoride as described in one of Claims 1 to 7,
wherein the fluoride is fluoride used for an optical

material.

9. A method for reducing an oxygen component and a carbon
component in fluoride as described in one of Claims 1 to 8,
wherein the fluoride is in the form of powders, granules,

or particles.

10. A method for reducing an oxygen component and a carbon
component in fluoride as described in Claim 9, wherein the
diameter of the fluoride is 1 mm or less.

11. A method for reducing an oxygen component and a carbon
component in fluoride as described in claimed in Claim 10,

wherein the diameter of the fluoride is 10 to 200 um.

12. A method for reducing an oxygen component and a carbon
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the fluorination time is 1 to 10 minutes.
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Claims
1. (Amended) A method for reducing an oxygen component and

a carbon component in fluoride, characterized by performing
a fluorine gas treatment in which raw-material fluoride is

brought into contact with gas that contains fluorine gas.

2. A method for reducing an oxygen component and a carbon
component in fluoride as described in Claim 1, wherein the
concentration of fluorine gas in the gas containing

fluorine gas is 5 to 50%.

3. A method for reducing an oxygen component and a carbon
component in fluoride as described in Claim 1, wherein the
gas that contains the fluorine gas is gas prepared by

diluting fluorine gas with inert gas.

4. (Amended) A method for reducing an oxygen component and
a carbon component in fluoride as described in one of
Claims 1 to 3, wherein the raw-material fluoride is rare-

earth fluoride.

5. (Amended) A method for reducing an oxygen component and
a carbon component in fluoride as described in one of
Claims 1 to 4, wherein the raw-material fluoride is
selected from the one or more materials: calcium fluoride,

barium fluoride, ytterbium fluoride, and cerium fluoride.
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6. A method for reducing an oxygen component and a carbon
component in fluoride as described in one of Claims 1 to 5,

wherein the fluorine gas treatment is performed at room

temperature to 350°C.

7. A method for reducing an oxygen component and a carbon
component in fluoride as described in Claim 6, wherein the

fluorine gas treatment is performed at 200 to 300°C.

8. (Amended) A method for reducing an oxygen component and
a carbon component in fluoride as described in one of
Claims 1 to 7, wherein the raw-material fluoride 1is

fluoride used for an optical material.

9. (Amended) A method for reducing an oxygen component and
a carbon component in fluoride as described in one of
Claims 1 to 8, wherein the raw-material fluoride is in the

form of powders, granules, or particles.

10. (Amended) A method for reducing an oxygen component
and a carbon component in fluoride as described in Claim 9,
wherein the diameter of the raw-material fluoride is 1 mm

or less.

11. (Amended) A method for reducing an oxygen component and

a carbon component in fluoride as described in claimed in
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