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15 The present invention relates to a high-purity
fluorine gas, the production and use thereof, and a
method for analyzing trace impurities in a high-purity
fluorine gas. Particularly, the present invention
relates to a process for producing a high-purity fluorine

20 gas, a high-purity fluorine gas and a high-purity
fluoronickel compound obtained thereby, and the use of
the high-purity fluorine gas, and further relates to a
method for analyzing trace impurities in a high-purity
fluorine gas.

25 Background Art

A fluorine gas is a combustion-supporting gas having
strong oxidative property and also has strong toxicity
and corrosiveness and therefore, in Japan, fluorine gas
1s scarcely traded on a commercial base except in a

30 special case. Japanese International Application
Domestic Publication No., 5-502981 describes a halogen
generator, where fluorine (a halogen) is stored in the
form cf being occluded into a solid and on use of
fluorine, the container housing the solid is heated to

35 generate fluorine (a halogen). 1In this publication, it
is stated that when K,NiF, is used as a substance for

occluding fluorine, fluorine having a purity of 99.7% can



27 Cctober 2004 be continuously supplied. In general uses, a fluorine gas
having a purity on the order of 99. 7% can be used, however, in the field
of production of sem conductors, for exanple, a fluorine gas having a
hi gh purity of 99.7% 5 or nore is demanded. -On t he ot her n

fluorine gas being supplied on a commercial basis gener a‘?‘??cgd&ﬁ%gﬁ%s
about 1.5 vol% of inpurities. The majority of the inpurities are N2, 02,
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an analdzer. Edeprinet gescaseiol gapuchtgnatogsapby9vhiehs,is ef fective
for anal yzing bgﬁu%QQBQEiEﬁggaggogaﬁe%ﬁogtggbg&1%89%9 a fluorine gas to
be absorbed in an aqueous KI solution and measuring
liberated I, using a Na,S,0, solution, and an Orsat method
of allowing a fluorine gas to react with and be absorbed
20 in a KI solution and analyzing the purity from the volume
of undissolved gas are known. In the Orsat method, when
undissolved gas collected is analyzed by gas
chromatography utilizing the low solubility of impurities
such as N,, 0,, CO,, fluorocarbon (e.g., CF,) and SF¢ in a
2> - KI solution, the composition of the impurities can also
be analyzed.

However, these analysis methods cannot be an optimal
method as the analysis method for a high-purity fluorine
gas, containing trace impurities in a concentration of

30 hundreds of vol. ppm or less, even though such high-
purity fluorine gas is an important key technology for
the development of semiconductor industry. Fluorine gas
is difficult to handle because it is highly reactive
(oxidative) and in turn highly corrosive. Therefcre,

35 fluorine gas cannot be introduced directly into an
analyzer. Even in the case of gas chromatography which
is effective for analyzing the composition of gas



conmponents, al nost no nethod has been heretofore known for the analysis
of trace inpurities in a fluorine gas, because, for exanple, there is no
appropriate separation colum where fluorine gas can be directly
introduced. 5 Fluorine gas is used as an &€ ching gas or eani n gas in
the sem conductor industry because of its reaction pr op?rﬂ)'étg. er 2004
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a high-purity fluorine gas having an 0, gas concentration:
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20 Japanese Unexamined Patent Publication No. 4-9757
(JP-A-4-9757) describes a technique where a fluorine gas
containing impurities 1s passed through a metal chloride-
filled layer to convert the fluorine gas into a chlorine
gas, the chlorine gas is fixed and removed by reacting

25 the chlorine gas with an alkali metal agueous sclution
and a metal or separated and removed by the adsorption to
a porcus polymer, and the separated impurities are
analyzed by a gas chromatography. Also, Japanese
Unexamined Patent Publication No. 7-287001 (JP-A-7-

30 287001) describes a technique of heating cobalt
difluoride (CoF,) at 200 to 300°C to fix a fluorine gas
as cobalt trifluoride (CoF,) and analyzing trace
impurities separated from the fluorine gas using a gas
chromatography.

35 In the reaction with a fluorine gas, both the metal
chleride (WaCl) and cobalt difluoride (CoF,) show a low

reaction rate at room temperature and to attain a



conplete reaction, a tenperature of 100 to 300C is necessary. However, in
t hese nethods, for exanple, at the tine of fixing a fluorine gas as a
netal fluoride by the displacenent with chlorine of a netal chloride, 02,
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where the chlorine gas generated by the conversion of a
fluorine gas is absorbed and reacted in an aqueous
solution of alkali metal hydroxide and thereby removed

20 and separated and thereafter, the impurities are analyzed
by gas chromatography. In the case of analyzing trace
impurities, the dissolution and absorption of impurities
in the agqueous solution raise a problem and in some
cases, the guantitative analysis cannot be exactly

25 performed. If the purpose is to analyze the impurities
in a chlorine gas, the gas chromatography method
described in this patent publication may be a general and
good method, where a chlorine gas is separated from
impurities, using a separation column packed with porous

30 polymer beads, by a pre-cut or backflash system and if
desired, a separation column such as MS-5A is employed.
However, the problem of impurities, particularly oxygen,
generated in the previous stage from the inner surface of
equipment or material coming into contact with the

35 fluorine gas or from the fluorine gas-removing and
separating agent still remains unsolved.

1f this problem can be solved, H,, 0,, N,, CH,, CO,



C02, fluorocarbon (e.g., CF4) and SF6 out of inmpurities in a fluorine gas
may be anal yzed by the anal ysis nmethod described in those patent
publ i cations. However, other than these inpurities, the fluorine gas
contains 5 inpurities such as HF, SiF4 andsother netal |p S ﬁ@ﬂ
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27 Cctober 200§1uo%§hgegagnoggglﬁggptﬁe}eby
A further object of the present invention is to
provide a method for analyzing trace impurities in a
high-purity fluorine gas, where the contamination from a
20 metal material coming into contact with a fluorine gas or
from fluorine gas-removing and separating agent is
prevented.
As a result of extensive investigations to solve the
above-described problems, the present inventors have
25 found that the above-described objects c¢an be attained by
using a process for producing a high-purity fluorine gas,
comprising conducting a step (1) of heating a
fluoronickel compound filled in a container to release a
flucrine gas and a step (2) of allowing a fluorine gas to
30 be occluded into a fluoronickel compound filled in a
container, and thereafter obtaining a high-purity
fluorine gas in the step (1), which comprises conducting
the steps (1) and (2) as well as a step (3) of heating
the fluoronickel compound filled in a container at 250 to
35 600°C and reducing a pressure inside the container to
0.01 Mpa (ebsolute pressure) or less, respectively, at

least once and thereafter, a high-purity fluorine gas is



That is, the present invention provides a process for producing a

hi gh-purity fluorine gas, conprising conducting a step (1) of heating a
fl uoroni ckel conpound 5 filled in a container to release a fluorine gas
and a step (2) of allowing a fluorine gaséto be occlude to

fl uoroni ckel conpound filled in a container, and ther ea]gzthﬁ tcS’BF ?%Mng a
hi gh-purity fluorine gas in the step (1), which conprises conducting the
steps (1) and dotgR)edsimetheastepstéep. (3) of heating the fluoronickel

conpound filled in & gont Q'n€ﬁea§r%§% 105 600G 894 o £§998é?9a a,PEESSLr e

i nside the container to sol ute pressure
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a step (2) of §£é§W«m9 @ffby@bwmﬁgg§8f1@o£Dn@eg@§ctudBd bBEDuded into a
fl uoroni ckel cgfgoun iner_are _copducted, in the step

(1) o oni s PTBRHOE: ket reongoledp i 1t at par ERRCSEERT ( 27 fn whi oh o
fluorine gas renucedftaraochydingen alhmghdpuzmﬂyeﬁnubnlnéogasohnpﬂMeor

| ess is occlud 4 o] h or I
conpound fi||e§gl é¥ﬁbnwalﬁ§régﬁp ggést%oégbgsg %ugF% g e%%%re
i nsi de tlife conﬂalaerweblanlaNPaepabémlgfeheaeésqrepeofluesenacbel
conduct ed, resgs&gbxﬁhyfﬁga?Peﬁat a0B6falhErPLESSBh LBYEnhEeNahur t her

provides a hig uorine gas recovered ter a step (1) of
heating a fIuéﬁéHFEREIacéﬁﬁéﬁﬁﬁefﬂpﬁééelﬁha EORtainer to PePéa¥Baa

fluorine gas apdhaoshen b%bseﬁrahlewnmesa fke@pbaelgaiytoatbeeageleﬁee
into a fluoronickel conpound fil in a ?ialner are conducted, in the

step (1), whi cRAPs tBSTPBEBEEY e Pﬁgbﬁeugﬁéﬁ ForippepaphaSsFREEYSY S n
whi ch a:u#luoruﬁetgassteguqeq |n a hydrogen fluoride content to 500 vol

ppmor less is occlpded as w g%FﬁFﬁggpaﬁgg §r0v1de527 ELRber . 2094

heating the fluoronlcEePrconpoun rm-a cont
fluorine gas recovered, after a step (1) of heating a

fluoronickel compound filled in a container to release a
fluorine gas and a step (2) of allowing a fluorine gas to
20 be occluded into a fluoronickel compound filled in a
container are conducted, in the step (1), which is
recovered in the step (1), after the step (2) in which a
fluorine gas reduced in a hydrogen fluoride content to
500 vol ppm or less is occliuded as well as a step (3) of
25 heating the fluoronickel compound filled in a container
at 250 to 600°C and reducing a pressure inside the
container to 0.01 MPa (absolute pressure) or less are
conducted, respectively, at least once.
The present invention further provides a high-purity
30 fluorine gas recovered, after a step (1) of heating a
fluoronickel compound filled in a container to release a
fluorine gas and a step (2) of allowing a fluorine gas to
be occluded into a fluoronickel compound filled in a
container are conducted, in the step (1)}, which is
35 recovered in the step (1), after the step (2) in which a
fluorine gas reduced in a hydrogen flucride content to
500 vol ppm or less is occluded as well as a step (3) of



at 250 to 600C and reducing a pressure inside the container to 0.01 MPa
(absolute pressure) or less and a step (4) of reducing a pressure inside
the container 5 filled with the fluoronickel compound to 0.01 MPa

(absolute pressure) or less at a tenperature of |ess tha*,,@S&))g ?@%
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(6) of allowng a fluorine gas reduced in a 35 grgl,ﬁl’théq dse cont ent
or
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cont ai ni ng i mpuri eyt %{ﬁ] {)h I dfor @h‘f% %%ﬂ{‘tpounc{ b1
MPa (absolute pressure) or less at a temperature of less
than 250°C, a step (3) of heating the fluoronickel
compound filled in the container at 250 to 600°C and

\_j

20 reducing the pressure inside the container to 0.01 MPa
(absolute pressure) or less, and a step of occluding a
fluorine gas reduced in the hydrogen fluoride content to
500 vol ppm or less, respectively, at least once.

The present inventors have also found that the

25 above-described problems can be sclved by using a method
for analyzing trace impurities in a high-purity fluorine
gas, comprising filling a fluoronickel compound in a
container comprising a metal material or a metal material
having a nickel film, the container having a fluorinated

30 layer formed on a surface of the metal material or nickel
film, conducting a step (5} of heating the fluoronickel
compound to 250 to 600°C and reducing a pressure inside
the container to 0.01 MPa (absolute pressure) or less,
and a step (6) of allowing a fluorine gas reduced in a

35 hydrogen fluoride content to 500 vol ppm or less to be
occluded intc the fluoronickel compound passed through

the step (5), respectively, at least once, and further



at 200 to 350C to fix and renove the fluorine gas, and analyzing the
inpurities by gas chronmat ography. The 5 present invention has been
acconpl i shed based on this finding. Therefore, the present invention also

provides a nethod for analyzing trace iaps8irities in a hi%@@i)iegyom
fluorine gas, conprising of filling a fluoronickel 10 corpound 1'n"a

container conprising a netal material or a netal material having a nickel
film the contadménchawyngheastépot? hat eeh ayertéor ey anfausuifaceasf the

metal material ! i . £oN L Ng. A, S in
fl uoroni ckel égﬁégﬁ%ﬁkﬁé %@%H%%E%og%géﬁgg%g%uéﬁﬁgﬁga°§é“£§§§%u§%m¢§§?%e
the container 3o 001t®PA5 ¢ abseP uf &% predsteeyverthestluaning geep ¥ of

allowing a fl U&ﬁanﬁzigg&n@dyﬁ?@rim@s hydr egench i 4Rsi &g £90 ent oo 500 vol
ppm or less to be occluded into the fluoronickel conpound passed,through

the step3(5), PERPeLEi VRY§NTAPN| BASt PRALc2CCOPP LN ¢ ErPRERd cCOMALREF Ng t he
step (5), thenrcpatagting a fluorine gas containing inpurity gases with
the fluoronickel conpoupd at %00 to 350C to fix,and renove the fluorine
gas, and anal yzing t ?ﬁﬁﬁ?it BS Byegest ﬁﬂY%ﬂ%%%ﬁr%%%?.pé%v#%%sp?esent
invention furthethpdofodesnalyeihgdtface amphyrthgstimce hiphrphresyin a
hi gh-purity fluoripne_gas C risLng . i ntroduci a uorine ga

cont ai ni ng inpggP? lngaggg'iﬁggpﬁl%gﬁﬁ a%tﬁlgfhﬁge?i%iu%¥oﬁf%%%glbeing
conposedlof a oerpbuhdl idea andtannbyztopprheingparmeétas m8bebyal ndr az ed
spectrometry, fbe.felied usingaglnanRanatys: vhepe auflugrioated hayeryis
formed on a surface of a fetal raterial or netal’ materia aving nic 2
filmwhich copeslppréradAdatyart ROrHEdf PhoRi ferfase Bf j eheDeetzl ption of

Drawi ngs 35 Figatdrkgiac¥i ﬁ%ﬁémeﬂﬁthbeMd_ﬁbQ%anaé‘t%ﬁbt)sii ngpthe2fife
apparatus used for practici the step. (2 the roduction progess of
the high-puritd PIEEPPHBHQSEgéfCPW8°§g§7téb%gBeF°268Q Or2RentedneERe i Hn.
Fig. 2 i1$ a vi pwesshesntincabkytibovbngaanerheo 0.01 MPa (absolute
pressure} or less, and a step (6) of allowing a fluorine
gas reduced in a hydrogen fluoride content to 500 vol ppm
or less to be occluded into the fluoronickel compound
passed through the step (5), respectively, at least once,

20 and further conducting the step (5), then contacting a
fluorine gas containing impurity gases with the
fluorconickel compound at 200 to 350°C to fix and remove
the fluorine gas, and analyzing the impurities by gas
chromatography.

25 The present inventien further provides a method for
analyzing trace impurities in a high-purity fluorine gas,
comprising introducing a fluorine gas containing impurity
gases into a cell with a material of window being
composed of a metal halide, and analyzing the impurities

30 by infrared spectrometry, the method using an apparatus
where a flucrinated layer is formed on a surface of a
metal material or metal material having nickel film which
comes into contact with the fluorine gas.

' Brief Description of Drawings

35 Fig. 1 1s a view schematically showing an embodiment
cof the apparatus used for practicing the step (2) in the
production process of the high-purity fluorine gas of the



enbodi ment of the apparatus used for practicing the step (2) in the
production process of the high-purity fluorine 5 gas of the present
invention. Fig. 3 is a view schematically showing a further enbodi nent of

t he apparatus used for practicing the steps £2) in the pr ciion cess
of the high-purity fluorine gas of the present inventioﬁ?ﬂéﬁkk$ﬁgg is a

view schematically show ng a further enbodi nent of the apparatus used for
practicing thepséepnt(2)véntibe. producti on process of the high-purity

fluorine gas of thg;prese i i Wolt i i S jcally
showi ng an enbodineﬁ%g'lg g% %Rg§§%p§€%ﬁﬁég%%$l%geé?%&?%% gﬁggﬁé%s met hod
of high- purit§nppadrent glstbe apRapRrbEeNESEAVERE i BPRECTRCLRE éh%mﬁﬁ%@, 1

denotes a fluoghne;gepgeabPbdudt fonNERbEEss 3o QM@SﬁygﬁL§@ygey #1 Go¥agelUM
punp, 5 an exhaust gas treatin 6,9 mass flow controllers, 7 a 20

g {ube,
f1 uori ne >t ank, 985 aRf NaRecBFERANT 13BVERtEPRetrol ytic cell, 111 an HF
condenser, 210 a flppging gasacyiendetheddOi@al iy ushonengenefaterer410 a

fluorine suppl oyrce, 412 a fluorine tank, .VOto V6 valves, 11 to 23
valves: 24 5" ErBROLGEEyOfe ThacabBRr AEUE aPha? (- OheDT S8Y S TR Pl P15 25
F2 gas, 27 a pyesstiinethaugepd28tachepteces@9%4a theohige-pgastyefibvongnand

separating agent, 3 as I anal yzer 1, 31 a gas
chr omat ogr aph 8ﬁ§|9ge?hg,Pﬁégagggéggéegpo?or FT-IR, 33 an FT-1R anal yzer,

34 a fludrine gas Ragm defdvanyiey| sntlematandlBg shewtuanaplnpthed Best
Mode for Carryj : e.kn ti I f e Ll ri S
contained in abﬂgﬁgg%?hg Sgs¥?%cfggggégggs§§ﬁghfgg E%?bg§§gﬁalh%%2%@%§4
and Si F4. Amond20hésethppREpdycagasprrreganchetheehaphveryiesstlyoreRdved
by usi ng NaF. G54 amdiReFdracendSinekatiygly low in the concentration and
in many cases, these are not inEuritigs cgusigg a groblen1in tge , t
quality. N2 is an i Reft gaésaﬁdv figr SFBPRAtERRLLY 1BNOBIN B RBLEPPSTRTC
concentred i on tlierdefl appatratubefalk| ogablie thagenehysabstmethsdsofAnbgh-t he

above-describe%u&ngr%ﬁxoggggsgaghgf the present invention.
In the drawings, 1 denotes a fluorine generator, 2 a
heater, 3 a pressure gauge, 4 a vacuum pump, 5 an exhaust
gas treating tube, 6,9 mass flow controllers, 7 a
20 fluorine tank, 8 an NaF column, 110 an electrolytic cell,
111 an HF condenser, 210 a fluorine gas cylinder, 310 a
fluorine generator, 410 a fluorine supply source, 412 a
fluorine tank, V0 to V6 valves, 11 to 23 valves, 24 a
high-purity He gas, 25 a standard gas, 26 a high-purity
25 F, gas, 27 a pressure gauge, 28 a heatexr, 29 a fluorine
gas~removing and separating agent, 30 a gas chromatograph
analyzer 1, 31 a gas chromatograph analyzer 2, 32 a gas
cell for FT-IR, 33 an FT-IR analyzer, 34 a fluorine gas
harm-removing c¢ylinder, and 35 a vacuum pump.
30 Best Mode for Carrying Out the Invention
Examples of the main impurity gases contained in a
fluorine gas include gases such as BF, 0,, N,, CO,, CF,
and SiF,. Among these impurity gases, HF can be
relatively easily removed by using NaF. CF, and SiF, are
35 relatively low in the concentration and in many cases,
these are not impurities causing a problem in the

guality. N, is an inert gas and therefore, the



impurity conponents difficult to renove and required to be in a | ow
concentration are 02 gas and CO. gas. 5 For exanple, inirradiating a
| aser on a rock in a fluorine gas atnosphere to determ ne the oxygen

content thereof, the oxygen gas concentrapion in the fl a st
be as | ow as possible. Furthernore, in producing a fluori ebf“g’rl?g ?%Qim

10 exposure systemfor use in the production of a sem conductor by an
exci ner Iaser,céﬁcéﬂmﬁawiﬁﬁlﬁhﬁkédﬁ ixnﬂnﬂﬂhﬁiall&wabbmsmamg@ntmIdmmﬁeases

and therefore, the ori ne_.gas used v y as
concent rati on. “3%°H\ s I 1 HEE 3RV Scrth 6Eearenls \ic))]}r/g”%%< %%Qesgtl%r | aser
using a fluori nep@astytdmnpbdmmtmedgﬁ&ldulﬂ eb i rermyve sappl Feqeived heo | aser

chanber nust bg ﬁlgoiéﬁe 9@@en{f§%ﬁ§# Ag%‘$ﬁghgpg th té gontent

including the oxygen gas concen I on hi gh- pur fuorlne gas
obt ai ned by usi ng ther erotetei obn procedkabing e rexemn | hveptk ohnrﬁay be

a fluorine gagih mﬁe PUL ity Ofe D9 gc/"c?été@ﬁﬁne-rﬂ?et@iﬁ @ceéwém a

fluorine gas as used eln refers to a phenonmenon such at the fluorine
gas forns a 25hesapf extkonpovEer vidh ZORERRIT AHPhYLh B i HRUCT B HERS 30

the formof a fligpri8e;sonppuas. yﬁggbgefluoronlckel conpound occl udes
the fluorine gas, the chem cal cha resseg% for ex

reaction formul a ofFRBFP?%m°F§fsﬁ%mﬁr%9uT RI £ tﬂ?o ?af°§K§N|F6 +
F2 - 2K3N F7 Thepbenfe"spbeasi ngr asél iorthe gesduetsss 66 a phenomenon

of releasing the fluorin b the r r eacti | usi on
and when a quBFBﬁF%EgFCEEgﬁggu Féfe e§§§5f$%%£flu% i Sﬁ%égﬁ ﬁg& %n1cal
change 35 expressedinédy ekanprensastaaneacd80n8$©$ﬁu$@dothKSﬁfFWe:|%he

shown byt he f gh0pkng LoLTuba RI-Chober s 2008 SKMET gaglANFE + P2 If an

i mpurity gas containe uorine gas i s adso for exanple, a
f1uoroni ckel ceepsentragion.

15 Also, in the case of light emission of an excimer
laser using a fluorine gas, the fluorine gas filled in or
supplied to the laser chamber must be a fluorine gas
reduced in the impurity gas content including the oxygen
gas concentration.

20 The high-purity fluorine gas obtained by using the
production process of the present invention may be a
fluorine gas having a purity of 99.7% or more.

The term "occluding" a fluorine gas as used herein
refers to a phenomenon such that the fluorine gas forms a

25 complex compound with a metal and by reaction, reaches
the form of a fluorine compound. When a fluoronickel
compound occludes the fluorine gas, the chemical change
expressed, for example, as a reaction formula of K,NiF,
is shown by the following formula:

30 2K,NiF, + F, — 2K,NiF,

The term "releasing" a fluorine gas refers to a
phenomenon of releasing the fluorine gas by the reverse
reaction of the occlusion and when a fluoronickel
compound releases the fluorine gas, the chemical change

35 expressed, for example, as & reaction formula of K,NiF,

is shown by the following formula:



state of physical adsorption occurs where the gas is 5 drawn to the
surface of a substance mainly by an internolecular force with weak
bondi ng strength. In this specification, the phenonena of such adsorption

and desorption of inmpurity gas is expressed-by the ter g, n"
and "diffusion”. 10 In the production process of a high- %Pr?? ?’?Tg‘%‘% ne

gas of the present invention, the step (3) of heating the f1 uoroni ckel

compound filled in a conggmm@; at 2250irp + 6Q0C and reducing t he pressure
inside the container to 01 MPa (absolute pressure) or less is

preferably 15 condukf eth atmRHIERS | FRF (ST tast 6-bfd 2B 230~ B 0TES it e

preferably from300,d0 450G o#Ndedmsl @[Qﬁ%@ﬁcﬁdi&@ltébm@o@@& MPa or
| ess. The production grocess of a q@%? purity fluorine of the present

i nvention prefefabt ok opry <! 2B IFP AR BFS AHHUT i S t $RS tiper at ur e
of the flsuor ongekes, @@W%fféé@doi na tdeb oot e MAItDylleﬁsam han 250C and
reduci ng thelgéessure |n de_t he cont.ainer, to 0,01 NP %gglut " this

pressure) or cernepl ?%% ehP¥9s W%$&EY%§&K§%§?&%§I ef abl'y
adj usted to fr@ﬁéaﬂﬁiégti@ﬁs th@npﬁémmmemnw@i:E&bmwaﬂsmfmﬂyomr@mdlooc to

| ess than 250C and [ f& t . a or

| ess. The naln ﬁ?ﬁ%é%o%f Pl{ 3§£§ ?ﬁ%ﬁfé&&g% |§hgtg9%g%5ve
inpurities preVadﬂerytpmagemmdlhdlﬁéu5i¢®bron|ckel conpound by al |l owi ng
the impuyties to 39, dt{Luseobtombheplbe@s oo ke! nconpoLndyy Depesging on

the hea |ng t enper at ur e, npurities can be renoved b% dlffu5|onlE
together with gag ﬁéléh@epé¢s?hé #Fﬁ%??h%nga%heF%EFPohﬁ) § RBAFHRRYERS mes

the step (3) ampdybbhgniskep £4m aﬁﬁdwwy@aeﬂnC@nc@@tapnéepatawbytsel ect ed
35 according to _the purpos referabﬁg?cond cted twi ce or

nore, nore preﬁ@PaBl?n?hFﬁgu?Fﬁﬁstg? p%ﬁ%%ur%hén?fﬂ% i 58" 6f18BhdtRti ng
the step (3) V@rOQSMPalzabaalﬁbbopEESQﬂﬁé depehdsaglsnprhéehehlyng time

but e 4P (Shelc BIeLer ebbasendutadralils oo\ vo61 05 98 Lo Ak
preferably from 300 to 450°C, under a pressure reduced to
0.001 MPa or less.
The production process of a high-purity fluorine gas
of the present invention preferably comprises a step (4)
20 of adjusting the temperature of the fluoronickel compound
filled in the container to less than 250°C and reducing
the pressure inside the container to 0.01 MPa (absolute
pressure) or less. In the step (4), the temperature is
preferably adjusted to from 20°C to less than 250°C, more
25 preferably from 100°C to less than 250°C, and the
pressure is preferably reduced to 0.001 MPa or less.

The main purpose of the step (3) and the step (4) is
to remove impurities previously present in the
fluoronickel compound by allowing the impurities to

30 diffuse from the fluoronickel compound. Depending on the
heating temperature, the impurities can be removed by
diffusion together with the release of the fluorine gas.

How long and how many times the step (3) and the
step (4) are conducted can be appropriately selected

35 according to the purpose. The step (3) is preferably
conducted twice or more, more preferably three times or

more. The time period of conducting the step (3) varies



preferably conducted twice or nore, nore preferably three 5 tinmes or
nore. The fluoronickel conmpound filled in the container is preferably at
| east one conpound selected fromthe group consisting of K N F5, K, N Fb

and K3Ni F7. The step (1) is a step of heattng a fl uoroni mound
filled in a container to release a fluorine gas, The heg"iehﬁt%?’g'?r%er ature

is preferably 250 to 600C. The size of the container where a fluoronickel
conpound is fdddeadican doe e detead rgc o g tt dtehestmuint) ofs fl uori ne

gas gener at ed. r i i.al .of ; q;ioé[g i i r bl y
a corrosi on-r@gﬁg%ﬁ%%tﬁdﬁe?ac ta%g i cfklg{b%l%ne a?\ldg]ﬁéat:' ﬁﬁ%segsgcgel,
more pref er afinpnt Heec drlnosi ovi-akeasli SlompeuTdt-er iHie dgitami ch Surface is

previ ously pasgiaanhed, W tdhanfd 0l (g Aoy riss, mrBtdlerdtaiipltilee
which surface'is plated wth 20 nickel and then passivated with ™a fluorine

gas may be udsedie % FYfoduction process of a high-purity fluorine gas
of dt heI present }lnvemé Oﬂmusmv\%dm[)%éncﬂﬁ find PO 1d etpeeatcgﬁwahim udes
and rel eases a fluorine gas, ere inmpurities present in the

f 1 uoroni ckel JURIGARPIH <6 fLeash rcé’rﬁﬁr%ﬂ“!an%ee]t’?fgt‘?c?ﬂ?‘?%et}b%sgmuP
gener at ed can duhsigdeved asf inNiBg, BONiFY. akidwWewelE,.t he i npurity HF may not
be renoved even by ..epeating, .occlusjo e 0 t he
fluorine gas used pi}}eq‘oes?%\etﬁ’ y( ]h)aslsya %&e%?oo{gg}lneﬁﬁr&)f?%ef%%&a{%l (_!}%%1 500 vol
ppm or léss, normpowprdferhbid W00 vintrsmer tesweldahge f4 ubkiorinmgased
may be a crud [f4 J - Whi i tely ar In
t he case V\/ner?%%%gie@%e%%i%ﬁ%%%g%@%}n%%?%?%@vﬁ 6p(g(ﬁm‘e(gr .ﬁigxree of
HF, it is 35 priferofedthhiagontasney udigire Yablyaeromickel (P ris

occl uded into a fiupron kel seosposnth@Wk dieg cesidaly amiafied fluorine
is occluded after renoving HF or the - 13 27 Qctober 2004 i ke,

Thi
operation is pel¥oriRRl T TSIt he' PrrTRREET Bt I RUBI HRFtde HF che
Concentﬁgtion ddntdendt UDE i P B@BaBY a corrosion-resistant material

such as nickel, monel and stainless steel, more
preferably the corrosion-resistant material of which
surface is previously passivated with a fluorine gas.
Also, a metal material cof which surface is plated with

20 nickel and then passivated with a fluorine gas may be
used.

In the production process of a high-purity fluorine
gas of the present invention, the fluoronickel compound
repeatedly occludes and releases a fluorine gas, whereby

25 impurities present in the fluoronickel compound itself
can be removed and the fluorine gas generated can be
elevated in the purity. However, the impurity EF may not
be removed even by repeating occlusion and release and
therefore, the fluorine gas used preferably has a

30 hydrogen flucride content of 500 vol ppm or less, more
preferably 100 vol ppm or less. The flucrine gas used
may be a crudely purified fluorine gas which is
separately prepared. In the case where the released
fluorine gas contains 500 vol ppm or mecre of HF, it is

35 preferred that this fluorine gas is not re-used and re-
occluded into a fluoronickel compound and the crudely

purified fluorine is occluded after removing HF or the



also for facilitating the renmoval of inpurity gases 5 including 02 gas and
CO2 gas. More specifically, it is considered that HF adsorbs to the

fl uoroni ckel conpound and thereby the occlusion.of a fluorine gas into
the fluoronickel conpound is prevented, qQn the HF-adsorQﬁgeféh b i cke
conpound readily takes in a substance such 10 as 02 gas or gas and the
renoval thereof by diffusion becones difficult. In the step (2), the
fluorine gas obtkmded into the fluoronickel compound is preferably an

undi | uted fluorine %$Qg?££ggrige?gpﬁogﬁﬁésggg ﬁ}grgggrgggy g¥§8gg

or 15 nore, nore pre era romao nore re
from0.3 to 0.8f I\Pedu:annigthhetIe&pepaceneratlonhenti:he mugccnadgag hut

fluorine gas ig; 5e§g£apggl%89a%goa499£:r§?8@ﬁ9foflQﬁ ukl%ﬁ gBFe at the

schemati ¢ vi ew show ng an i ment” o e apparatus
time of Spractie¢hgding 8i &P BHnYd F£h@2pr odHeFPoRPELdEds§31dY 1qit is

hi gh-purity fl4onsgegas @ﬁaEhﬂFpé§§§ﬁbslﬂMeBhéoﬁluabgnlékéQr@8m§5§hd
conmpound is K3NIF6 and/ or K3Ni F7. endi uorine gas_used as a

T o o1 Rhg BRECBPY 2BABr BAGEE SRR a?a?gg%lgﬁoﬁﬁsFFBE €0 4 can
be selected, boweyenickbe comebnndtnenpbévehEeapparatbe HB-adebrbedi ted

thereto. In Fi a.r rial .f 's b a a
el ectrolytic cg} Eial?%$&g§%§ nbﬁgkg ??o?%gﬁg g %Qﬁgﬁﬁh ?He i ke
and usedaft eradFOcgeiare Qs gas emﬁuthﬁyrbmomit rtinerremjved dslf:ﬁgsaon
condenser 111. %gbgm LIHQFFQQH gener at or 1 filled with a fluoronickel

e

conpound can be exter na ated by a heater 2 under tenperature
control. The fluori&e ghs ébﬁPaKHOmgthF fiposangnoast corlgded fawousbe

more, flows OUhLE;QHh&Bﬁe@J 86k ehylal §SCEHEfé%@bl?oénebﬁﬁﬁim%é' RguKEHReOr

the like, is introduced into he condenser il o renmpbve HF and then,
while the fl owdds14the7ftepspee J664PFEEEUFE éﬁnPFSﬁPéébﬁy §- %a@gafPEW

control ley 9, marelnhb@dUp@dfemeelganaﬁ ookums 8. bleed wtih1Nabreo
reduce the HFp%8?8%2E5§tE9Qmi%.Sh%of ugrhge ga%dt%h Qe%BErBQH}e at
the time of occluding a fluorine gas is preferably 100 to
400°C.
Each of Figs. 1 to 4 is a schematic view showing an
20 embodiment of the apparatus usable at the time of
practicing the step (2) in the production process of a
high-purity fluorine gas of the present invention. The
fluoronickel compound is K;NiF, and/or K,NiF,. Depending
on the fluorine gas used as a raw material, any one of
25 - production apparatuses shown Figs. 1 to 4 can be
selected, however, the construction of the apparatus is
not limited thereto.
In Fig. 1, a raw material fluorine gas is obtained
in an electrolytic cell 110 for performing electrolysis
30 of KF*HF or the like and used after HF contained as an
impurity is mostly removed using a condenser 111. The
fluorine generator 1 filled with a fluoronickel compound
can be externally heated by a heater 2 under temperature
control. The fluorine gas containing HF, in an amount of
35 a few % or mecre, flows out from the electrolysis cell 110
for electrolyzing KF*BF or the like, is introduced into
the condenser 111 to remove BF and then, while the flow



or less. The fluorine gas reduced in HF is once stored 5 in a tank 7 or
continuously passed through the tank 7 and then, while the flowrate is
controlled by a mass flow controller 6, is supplied to the fluorine
generator | through valves V2 and VO Valive-V1 is a val gi ng
inert gas line used at the tine of 10 fixi ng/renoving th\?’f‘%tgrﬁfrniebm
generator and the purged exhaust gas or the exhaust gas fromthe fluorine
generator | israischargettdtbedbn vanaes \Blod ¢ortrekhaus? | ine, a

vacuum punp 4 gnd.an. exhapst, gas &5@6&6 ntslb&fﬁle&%i@thF 2o %Qﬁxé@w

material fluoring gas 1s an undiluted cylinder fluorine ed in
a pressure- resistantcedprRipRtiomhin oby @l$@é%%ﬁcﬁa$r%ﬁ1ﬁﬂg VB%OEE@S

shown in Fig. Jdrigedbe r@%@i@éffﬁeféwrr@@uc%eﬂlyprweoﬁbbl edotada
cylinder does not contain | vol% 20 or_nore of HF in éhcases and the

appar at u§ show'i®d tERY. 72°¥sc%%ﬁ%$?%%%%ﬂ RoESEd Egﬁoﬁﬂh Boh@Bkséra n?n
Fig. 3, the raMh@ﬁ;GWhﬁief£M@rfn@wlﬁaaefi@oconerogeeerayoa a&esffnbed with
a fluoronickel E state su thg% ﬁ? % ur|t Eorlye gas

i s already 25 %%%ggﬁggerT e bﬁl@uﬂP}*% hRet P oftPREL ?oggsera n

Fig. 1 is the timaghevaabet|udrame. the Valoei ¥ig 1geaevaﬂue 810ai s
attached with a h$§5§16§éé$ %Q }Eggpg ﬁ&ugg epptrol.fQf heating the

fluorine gener%f% e apparatus shown in Fig. 2, the
30 appanddt us sﬁnnmngﬁrémngeglsheoﬁ%ﬂ@Uéﬂ@dgﬁaﬁrﬁéonsénéntFF PesaEBnser .

Fi 4 shows S t e d o] ne s I
1g. aaggg g §§g'89 2RY ORBaQbt Bé@ fkbm $heOF1fbYUORE uppl y

sources (110, shown 1n Fig 1t and a tank 412 for
storing the fIQéﬂﬁﬁétgﬁs13559€h§?5§é69¢rBH?PHEhfPUBFFHE YénefatsP 1, where

the fluorine gﬁﬁaugﬁdlﬁiﬁ@ bg sgteeheguihpom hhdoshnexpyages gabt akeedifigom
different fluorine supply sources. 27 October 2004 Accordingly, the

fluorine suppl?uQSUPce 410 can be the wunit conprising an electrolytic
cell 11Q+ or generatnnglgflaorthe bgwt hetekeealr 6lysikrsnef gkEHEsornt he |i ke

and a  condensgr 111 300W0 5 RaEl9s1doriNE YL DIET £ YRG! 8] 21Bressure-
resistant container. The only difference from the
process shown in Fig. 1 is the raw material fluorine.
The fluorine filled in a cylinder does not contain 1 vols%
20 or more of HF in many cases and the apparatus shown in
Fig. 2 is constructed not to use an HF condenser.
In Fig. 3, the raw material fluorine is a fluorine
generator 310 filled with a fluoronickel compound in a
state such that a high-purity fluorine gas is already
25 occluded. The only difference from the process shown in
Fig. 1 is the raw material fluorine. The fluorine
generator 310 is attached with a heater 311 with
temperature control for heating the fluorine generator
310. Similarly to the apparatus shown in Fig. 2, the
30 apparatus shown in Fig. 3 is constructed not to use an HF
condenser.
Fig. 4 shows a process using any one of three kinds
of fluorine supply sources (110, 210 and 310) shown in
Figs. 1 to 3 and a tank 412 for storing the fluorine gas
35 generated from the fluorine generator 1, where the
fluorine gas used can be selected from fluorine gases

obtained from different fluorine supply sources.



5 shown in Fig. 2 or the fluorine generator 310 shown in Fig. 3. Wen the
fluorine generator 1 is heated by the heater 2, the fluorine gas is once
stored in a fluorine tank 412 through a valve V4. The fluorine gas

obtained 10 fromthe fluorine supply souwr ¢& 410 and the f rine
stored in the fluorine tank 412 can be selected and used i-}l@c{f?g«%‘?g@%ng t he

valves V4, V5 and V6. More specifically, in the case of V4 CLOSE, V5
CLOSE and V6 XREN;dihely] udhe nbleanipe supplyesofroen ¢heé €boobenthds

supply source 410; | e of -V, g}??%%- 5, d 6 .t he
fluorine gas c%%%e%%&%%ﬁgg&f?lgrﬁ%ﬁ% . uo%?n%é?gwkgglio%[h?%%%#%aF
| ayer; and in fheoebre bpftha oheproby &L aRhB BB croske Lhkef #udri ne

gas can be supphiedsdsomihenddmorhneigank, 44Re Wi NoN e Pag$189:in€0210

t hrough the NaF layer. In the foregoing pages, the fluoronickel conmpound
is showd as KINEB h%dﬁbg-K%NP?;?h?EFEPORBﬂFF?egﬁBQEOE 3t 8t 8hovhet
fluorine is ocelgded, and K3Ni F6 shows a state where fluorine is

rel eased. However, jin each sgfte .all 25 of the. co und i,s. not_strictly a

) nmp
sinpl e K3Ni F6 subst'ihe® R L1ePhpre RﬁﬂfﬁﬁtgﬁbétéﬁcgeBEFdabﬁi%P%re or
transi ent staheadtér KIN e ahthiEB8NeE7gas psesepok. sEoreéxanpheflhbein&3N F7

show ng the st e . ne j c{,uded ntajns.fro % of K
Ni F6. 30 The p?% ﬁc ?%nt%%ﬁgé%sgo?gggﬁigﬁipu?ﬁ?yk?*gg%iéeaégsggggg§%§
present lilnvent fvami sheleftuobene i supplni sobetewt by andf thei Agubvindegaase
usi ng K3Ni F7 a uey opy, gk o] haysn cglu eLp;fl i ne.
(1) The fl uoroﬁ?gﬁé{i %%nﬁ%ﬁnﬁi&%ﬁfﬁ? ?gg%{i Flegoa gé %gg‘égﬁtgg i
filled contai ney PBehahied tbe VYatvesxifpl 82 #rénYE10 MereooC and

depressuri zed &geei%ca@ay,(@@sghat 8aBECSEUVE) cBHSkESHs EhBERbYn@eyEor m ng
the - 16 27 QOctober 2004 vacuun1dré|gg.§gge water content in the
d~Fn

co- presence of OPENuoilRel 1 4CEORGerE PELIBH fRemM FRe AhHOEyne
performiyg thi suppeyakboncei apufi theshauchsasobFveaoLbsE, r epoyednbind

di ffusion. TheVQEéLOgE?rgkgogl&g}ihg %95 can be supplied from the
fluorine tank 412 through an NaF layer; and in the case
of v4 OPEN, V5 CLOCSE and V6 CLOSE, the fluorine gas can
be supplied from the fluorine tank 412 without passing

20 through the NaF layer.

In the foregoing pages, the fluoronickel compound is
shown as K,NiF, and/or K,NiF,. Here, K,NiF. shows a state
where fluorine is occluded, and K,NiF, shows a state
where fluorine is released. However, in each state, all

25 of the compound is not strictly a simple K,NiF, substance
or a simple X,NiF, substance but a mixture or transient
state of K,NiF, and K;NiF, is present. For example, the
K,NiF, showing the state where fluorine is occluded
contains from 5 to 30% cof K,NiF,.

30 The production process cof a high-purity fluorine gas
of the present inventicon is described in detail below by
referring to the case using K,NiF, as a fluoronickel
compound having occluded therein fluorine.

(1) The fluoronickel compound XK,NiF, is filled in a

35 container and the filled container is heated to, for
example, from 110 to 200°C and depressurized to 0.0l MPa
(absolute pressure) or less, thereby performing the



5 performthe operation of (1) at a higher tenperature and therefore, the
operation (1) may be omtted. (2) A container filled with the fluoronickel
conmpound K3Ni F, is continuously depressurized by a vacuum punp and under

reduced pressure of 0.01 MPa (absolute 10ipressure) or |leg exte |y
heated to 250 to 600C by a heater to release a fluorine %ggf’toﬁﬁ'dw(ﬁ‘le

state where a fluorine gas is not released at this tenperature any nore
is confirned Waédﬁlﬁn RIBsiSiy € Ornd hﬁaﬁéﬂ@:or@brﬁ@ﬁﬁﬁs&m cédheréssrd ner gas,f
impurities including HF remainin 5 Wt t_ diffusj in e operation o
(1) can be ren%]xh‘a\%Il h‘?f‘?%‘f%ﬁe%t“\ﬁﬁ g%i%,t}}%l\#rg,gei%n%&%i dered to
most |y conver tpént @3N R hidtieoper 4 hion £l easer Dfi.dd unidineas gaB . c413)beA
fluorine gas is crudely purified so t uorin as_can be
re-occl uded i n’{%“?‘f%?ém%sé "b?:é?r?l'ed fﬁl‘é t%‘%?%pcg%{%%ﬁé%f F% g)%s'lj'#s i's
perf or med nmai nbgrfarm remmvardiatiidre ef ude) pr i d ichghen neypdraperd ormed,
for exanple, 1 hg ial I : colum filled
w th sodi um f I%?f%é%%&%%%g%}?aﬁe ggé%p?%%l ?T]@h or less. This
operation nay be pef?brredconakesy ebiiveh WHe ke Hheraepopkel

re-occludi ng acohbsiehd NENARS. i IN8oRBMABEEL allepl 895 REZEaSHYSEdv AGEEn MRY
be the fluorine gas rel eased in_the operation o 2% and once stored in a
tank or the |iR&MPodnd Y14RY i FRAYERD 30F $ 2T CER e by~ hbafF dg( @PBehete
containgp fillgdebtitep of | LOEONI 6kebreoHIPPUsla +SN 5. 26 €OUESEIC e a
undi luted fluorine gas fiLI ed in H;e gressure-reséstﬁnt COFt ai ner or the
fluorine gas OBEAFREAC DY FHRARE et FOP)ETRE of 2KFHP A oPNE nEEFFREVIRER b used
after renovingfbhostiné dfs BS (4} Prelébased nzt galsis sStagaenavere ustey mode
the fluoronickel ¢ nd KZ2N F6. orjin as. ysed r LS, :
preferably the'fI %%&ﬁ%ﬁﬁgsb%%ggl ‘;’/‘I%g?‘%?eéii ﬁh%‘?’??ﬂé' 1785 geilg%%%%r
2004 As for theheohtlicrome gasal Lophngtaes| LoelwelgasHEForewaineed uded into
the flugroni Ckﬁktﬁg{mo&'ﬂf’fut@ﬂ?gnghg’é%\lﬁdopéfé@ibﬁ'%gaﬂ5 Schgefe F&foved

fluorine gas pressure I's se , a or nore as an absol ute pressure,
and heating i sby diffusion. At this time, K;NiF, 1s considered to

mostly convert into K,NiF, due to the release of fluorine

gas.
(3) A fluorine gas is crudely purified so that the
20 fluorine gas can be re-occluded into the X,NiF, obtained
in the operation of (2). This is performed mainly to

remove HF. The crude purification may be performed, for
example, by passing a raw material fluorine gas to a
column filled with sodium fluoride (NaF) at a flow rate

25 of 500 ml/min or less. This operation may be performed
in series with the next operation of re-occluding a
fluorine gas. The raw material fluorine gas used here
may be the fluorine gas released in the operation of (2)
and once stored in a tank or the like, or a fluorine gas

30 released by heating another container filled with a
fluoronickel compound K,NiF,. Of course, the undiluted
fluorine gas filled in the pressure-resistant container
or the fluorine gas obtained by the electrolysis of KF:HF
or the like may be used after removing most of HF.

35 (4) A fluorine gas 1s again occluded into the
fluoronickel compound K,NiF,. The fluorine gas used here

is preferably the fluorine gas crudely purified in (3).



5 externally perfornmed to 150 to 300C by a heater or the |like. (5) The
fl uoroni ckel conmpound having newy occluded therein a fluorine gas is
heated, for exanple, to 300 to 450C, whereby a high-purity fluorine gas
is obtained. 10 By perform ng these operatkbons (1) to (5) hi ghs.purity
fluorine gas having a purity of 99.7% or trlrgre can be obt2 i@‘étai.’gﬁoogr der
to obtain higher purity fluorine gas, this nay be attained by repeating
the operationsad Wor tithd Honddt1oms fimorl nevigas havingr bndesas eto e ity

can 15 be obtai ned. wever, . .t he eration of (1) is.performed, for the
T pose of et A T b e PR ARl oot e Pren VAR el [ n°the
fl uoroni ckel chhpouine agaks ihersddr etherafyl ber ome tgasl preshersetormett ite

and later. Us I [ t al i gh- ' f My ing 20 a
purity, for exéajl?ripl%lfa o‘& 3@9}3& v%?t&gr%rr%?%% %%é)%%% %éi%ﬁgafﬁg tr{e}fr%alsr% of

fl uori neSi nt o exdefraMY heer foumednieked0 corpdihdC dre priz¢etebl 9r ridpeat ed
twice or norey;jAlso, in order to obtain a high-purity fluorine having a
purity of 99.99 volt or nore, the occlusion and 25 rel ease of fluorine

into and fromthe f{%ubrohPekElucEenporRl FPRPYRRA o 2B §J r epebY eer d hrdad
times or nore..hé¥sPy & NrORELInE OgRNt 8k M@a e @N- PYF i dyahbuer i 8 O .td he
fol l ow ng operation (6% may be ﬁerggrned, ff@u efanple, aftgr t he
operation of (49 Fhe"bpefay i dn 68 -BEHTEY PoLPedUR® tRHeCPFREEFe by a
vacuum penp at a teppepatfoemOhgl eneséhape2adionét er)tbe operasipiglof (4)
fime, in the VPO yEBrOSBE: ShAplf 7 as" BHo heob2” Gab® ot B ght can
be readily renbgedbbainds.relrasedef bof bbbeineh gasenl pordtgufbucrine
[ECOTOLITL ) edy EREEgnieanealacanty peehoc oo 0h e 00E e
removi ng i npur £€i é8) suehidsaoflanaivengprs hpghnd Fhdehigad pRErily f¢a%ri ne
gas of tihe pregenbptAYRBEL ONEbRedBEGr thedopet e¥iodhes hi gh- parpéytdimed i ne
gas of the pre%ggtthe purpose of removing by diffusion HF and the like
initially present in the fluoronickel compound and
therefore, may be omitted in the second time and later.
Usually, in order to obtain a high-purity fluorine having
20 a purity, for example, of 99.% vol% or more, the
occlusion and release of fluorine into and from the
fluoronickel compound are preferably repeated twice or
more. Also, in order to obtain a high-purity fluorine
having a purity of 99.%9 vol% or more, the occlusion and
25 release of fluorine into and from the fluoronickel
compound are preferably repeated three times or more.
Also, in corder to obtain a high-purity fluorine gas,
the following operation (6) may be performed, for
example, after the operation of (4). The operation of
30 {6) is to reduce the pressure by a vacuum pump at a
temperature of less than 250°C after the operation of (4)
and thereby remove impurity gases such as 0, gas and CO,
gas. At this time, in the vicinity of 230°C, impurities
such as 0, gas and CO, gas can be readily removed but
35 release of a fluorine gas also occurs. Accordingly, this
operation is preferably performed at 100 to 200°C where
the loss of fluorine is not large and the effect of



5 invention is a high-purity fluorine gas recovered, after a step (1) of
heating a fluoronickel conmpound filled in a container to rel ease a
fluorine gas and a step (2) of allowing a fluorine gas to be occluded
into a fluoronickel conpound filled in_ajgontainer are Cﬂﬁ@

the step (1), which is recovered in the step (1), after ) in
which a fluorine gas reduced in a hydrogen fluoride content to 500 vol
ppmor |ess iBemcciugeﬂmasrﬁeﬂbsasuahsaepO{Ewubﬂxneasih@ghhe

fl uoroni ckel conpou Hefhké 591@3C985§ﬁ9ﬁé 8% 5239 tpelgrgggg and reduci ng

a pressure inside t e con absol u ressu e) or |ess
are conduct ed, lnveepe@nlvel?esarlbedsbebQWe Al so, the high-purity

fluorine gas of therREeaegh-phavest Eofoksna BLoNoPUELLYoLLUgRLNe gas

recovered, after 20 a st eatlng oronic conmpound filled
ina coﬁtalneintén?epéaéé a hPBbrPHélBﬁs aneranst eps(epcevesplonihiten

fluorine gas tg @@egcthwde@ h@b@lag tlygaeﬁbﬁteketoaeﬁgagn&'th@@eanle a
contai ner are conducted ep ch is recovered In the 25

step (1), afte?oPﬁ@lE?Ept?Zfeﬁﬁaﬁﬁl hf “PF&B?lﬁéSgé§d pedtiRd (Fn af
hydrogen fl uoriatizowdngeat flacb@8evghsppen be otesadea @gebuded as well as a
step (3) of heﬁgin the d.in_a container at

| ' . d fill
250 to 600C ahd" gau&Fﬁsﬁag‘éff@E'&ﬁ?Z%tﬁ@gﬁgi’ﬁha é8ﬂ£§tH8F £5°30 0.01 MPa

(absol utld pressanghcoedl,ess ahd atspepl(4)wbichréducengvarpdessutkei nsi de

t he contai ner % E g%wgtgfgge t%gugggplcgzs ﬁhangggd tglgbglnng?gabsolute

pressure) or grature o are con
respectively, aedneadt isneehydsogne flueradeckenteohpbandofi vbédppn ar

container is @eege&abbxcahdbeaeg 9@§1C8§p9UQ@e§e|§§t8g Béggtheeﬁﬂéoup
consisting of K.NiF,, K3N F6 and K3N F 2004 The purity

of the quorin§1§8§°H&9kBé gomgoysrt fallefpit an@CAtAEGRTYpaki 2501 FRori ne

gas havirg a peooty ahd 98498ivgl % preFBLecCansalisothe eBhakngdr The

oxygen gas COHB?BE ﬁ%atnggg 8@%”%r%2§u¥2¥ 8% }gss are conducted,

respectively, at least once.
Also, the high-purity fluorine gas of the present

invention is a high-purity fluorine gas recovered, after

20 a step (1) of heating a fluoronickel compound filled in a
container to release a fluorine gas and a step (2) of
allowing a fluorine gas to be occluded into a
fluoronickel compound filled in a container are
conducted, in the step (1), which is recovered in the

25 step (1), after the step (2} in which a fluorine gas
reduced in a hydrogen fluoride content to 500 vol ppm or
less is occluded as well as a step (3) of heating the
fluoronickel compound filled in a container at 250 to
600°C and recducing a pressure inside the container to

30 0.01 MPa (absolute pressure) or less and a step (4) of
reducing a pressure inside the container filled with the
fluoronickel compound to 0.01 MPa (absolute pressure) or
less at a temperature of less than 250°C are conducted,
respectively, at least once,

35 The fluoronickel compound filled in a container is
preferably at least one compound selected from the group
consisting of K,NiF;, K,NiF, and X,NiF,.



5 vol ppmor less and the carbon dioxide gas content may be 10 vol ppm or
| ess. According to an experinment by the present inventors, when
conventional cylinder fluorine gases were analyzed, the purity of
fluorine gas was 99.69 volt, the content @b -10 HF cont ai @ 04
inmpurity was 1,500 vol ppm the content of 02 gas was 200'v f ggﬁhthe
content of CO2 gas was 250 vol ppm the content of N. gas was 500 vol

ppm the content dfheChRumiasy 400 vt Poreaink tdes cory eme 99 . 9 Si¢R was 250
vol ppm Fromgthis,. it | € 15t f i ne t

pr esent inventﬁéc}lnéi&}sdcg %%ﬁé}g%ﬁff)ﬁﬂfﬁ%?%ﬁeg Egs r}(lla%‘ﬁ;([:% ?ﬁﬂ%&l% gas
contents. TheéTdf emst odr oy yastslearbprokt dided. gas and the |ike

contained in the fluoline, gas ca0 dsndeierdt nede 18- ex@NPAS. ndy 10d 1 oy ng
a fluorine gas to be occluded “20 into K3Ni F6_as a_fl uoroni ckel “conpound

and anal ¥zi ng %% FIh-D cl eRe PRXyHER FREDOR of bRl 88 0% HeC ke Bhd ahePe i ke
using a gas chronpd PYERher Thespurity of fluorine gas can be obtained by

subtracting the contents of these inpurjties from 100% 25 The
hi gh-purity fluori fecGEESHIT tHe PP SEE T 1T PREMTY ol i BRERE et VERSTOTS
exanpl e, as amwlextic@tvémsesnaasylidehi Shapoiné ygdseoroarekeha bprgdund

oo 12 S DD UL L 8080 o8 (OB L n ol

i nvention is déscri bed uor ont cke
present 10i nverif croreainepeas ealh yipenf btyn vhe bebdUsvoh ppm, tkéease of a

fluorine gas 1.gh- [ uQd.ne : i [
f 1 uor oni ckel %%ﬁ%gaégnég?%g ‘%ﬁ azitoxr?e(fdblygggpfdl}gﬁs r?éjﬂg’eesdtjcegﬂ' g)lérzoéxs
reduci ng the WesadPevedt PR, atkontankertfef|Bd gdist was S0forveri Eleal,

conpound to O-Qﬁel\@@n@@@%yt@g%sssm@ Wi | Ad ahe 2dhtent Gt ober
2004 tenperature_of less than 250C, a step (, of heatin

f1 uoroni ckel cORPoUIRP 430 &Pl PRMre dFAITES t ¢ 256 tu@dgegz‘ig%%&hraéduci ng

the pregsure wilidi plubeisenyasnef the PrdiedPaifabsdl oheipressige) or

less, and a StSQr?Ly fluorine gas reduced in impurity gas contents.

The contents of oxygen gas, carbon dioxide gas and
the like contained in the fluorine gas can be determined,
for example, by allowing a fluorine gas to be occluded

20 into K;NiF, as a fluoronickel compound and analyzing the
non-occluded oxygen gas, carbon dioxide gas and the like
using a gas chromatograph. The purity of fluorine gas
can be obtained by subtracting the contents of these
impurities from 100%.

25 The high-purity fluorine gas of the present
invention can be used, for example, as an excimer laser
gas.

The high-purity flucronickel compound which can
produce the high-purity fluorine gas of the present

30 invention is described below.

The high-purity fluorcnickel compound of the present
invention can repeatedly perform the occlusion and
release of a fluorine gas and release a high-purity
fluorine gas. The high-purity fluoronickel compound can

35 be obtained by conducting a step (4) of reducing the
pressure within a container filled with a fluoronickel

compound to 0.01 MPa (absolute pressure) or less at a



5 occluding a fluorine gas reduced in the hydrogen fluoride content to
500 vol ppmor less, respectively, at |least once. The fluoronickel
conpound is preferably at |east one conpound selected fromthe group
consisting of K3Ni Fs, K3N F6 and K3N F7.- 2@ Next, the mstg?oﬁ {Oﬁ r l yzi ng
trace inpurities in a high-purity fluorine gas wll S10R€“DE) ow.
As descri bed above, in analyzing a fluorine gas, the quorlne gas reacts
with an oxide t&mp¢mﬁtmner0§uléa@etb¢n PEPECi ne, stept & heof havan@nﬂhehe

i ke, or with HoQ 15, a0s0t hednbOutiee eiah surincecie: gepstalg 920ap

whi ch cause a & contamnation. In order to so ve t ro Iem
the method forb@hatyepdigredaeend np®i Pressphe avihigh- bﬂ@l@?ntﬁmoernbOgas

of the presentgjgvembhopabsolehargsteshzed by DPeEsor ghfvaaspept heat nent of
metal 20 naterlals |n the fresen i nvention, _a T Uor oni ckel conpound

whi ch isBa flUArFhed4as- dcEivar Hy stBS t BRTRC S 1ﬁséﬂea§Y@ﬁ%9FPu6%PﬁElde

gas-r enovi ng aﬂﬂnS@@arablﬂgoagentppﬂndrthesilu@é@pé@k@beﬁpﬂp@ﬂnﬂea§t
sonetinmes referred to_as

gas In arating. a ent 25
T Ehe anal ysi St hoB B £ ERREBPLSRRT SR RTRR RS BT F F GERPhE Gholeds
contacted withonéocompaunptieseheftadr inem Yas- geuuylugnandt$ﬁgabat|ng agent

to fix the flupr g o] e f rine gas-renovi ng and separati ng agent
and the sepa;ﬁgiﬁe 5fr§E:SNel§“rr€hﬁ tKFIggﬁare anal yzed by gas 30 chronat ogr aphy

usi ng al§eparat|on_HekunntbQCMthQﬂtﬁorp@n@hgzpOGyheaCQeaM§urmbiesuimra
sieve SA Of (heghlker:«Cepndkife! 024 g1 b BETLXE1 £OHBANENL o ThE pr esent
invention is dire to*a net anal yzi ng race |npur|Y|es in a
fluori ne gas which B8 dsscaséeé|aa@va:ga§ ppRlBEEngng, fEbenhnaggaan the

exci ner | aser, f@@@@@héngaefraséeb &hﬂﬁraﬂeoxiﬁéobhn@ﬁéoﬂnﬂérasﬂPEEééaéf
and the |ike. Agon ese, use in the fie dé requirlng a - 21 27 Cctober
X

2004 hi gh- pur|P&P??hﬂ?rn%oﬁﬁglFﬁF'eYﬁﬁVﬂgan EPfrer 1k8sePt atidtPaliefeal i ng of
met al fligori deadsorbténdedthbomeret, sthéacanabygesenrtbod, ofnd hF pmasent

invention is anuLg”Ltggobﬂgmtgﬁ QEQ@&BEEE£¥OR[uoiﬁngrgg§'to sclve this
problem, the method for analyzing trace impurities in a
high-purity fluorine gas of the present invention is
characterized by performing a pretreatment of metal

20 materials. In the present invention, a fluoronickel
compound which i1s a flucrine gas-occluding substance is
used as the fluorine gas-removing and separating agent
and the fluoronickel compound is sometimes referred to as
a fluorine gas-removing and separating agent.

25 In the analysis method of the present invention, a
fiuorine gas is contacted with, for example, a fluorine
gas-removing and separating agent to fix the fluorine gas
to the fluorine gas-removing and separating agent and the
separated trace impurities are analyzed by gas

30 chromatography using a separation column packed with
porous polymer beads, molecular sieve 5A, or the like,
according to the objective component.

The present invention is directed to a method for
analyzing trace impurities in a fluorine gas which is

35 useful as a gas for etching, cleaning, an excimer laser,
annealing of metal fluoride, fluorination of a material
and the like. Among these, use in the fields reguiring a



5 The nethod for analyzing trace inpurities in a high- purity fluorine gas
of the present invention includes (1) a nethod using gas chronmat ography
and (2) a nethod using infrared spectrophotonetry. The analysis met hod
(1) of the present invention 10 conprises 4lilding a quor ﬁﬂ aﬁpound
.in a container conprising a netal material or a netal erla ﬂaV|ng a
nickel film the container having a fluorinated, | ayer forned on a surface
of the metal nBEERFBPI&EYNEERBFIPRI APS EBRIBEENARTIa SKEPIES) L8FeKedlfing

t he fluoronlckghnéélgagp@@nﬁet@1259u591680§éamﬂtéadualnﬁowaeeareﬁﬁere
inside the contaaner to absol ute pressure) or. and a step

(6) of allow ng”& VF&SrWﬁEhSé Ofeﬁggearﬁﬁeat ﬁ?ﬁ?B@éﬁnfFﬁoPP&eléﬁﬁFgﬂt to
500 vol ppn1ortbesheth1be poetkydédubntaet hest| uor oni ckel conpound mhlch

has pass 20 through _the.st 5 iyel Iea t _ance,
further gﬁnductlng ?Eg t% ?ng ﬁ@ﬁ§§ § c%?ﬁéea§ PPA3FiRE g&s?® *Rgn-
cont ai ni ng |npgnruyygééesrmmEhgaﬁeofftherpneeheh compotndnati.n200des 850C

to fix and ren9v§ t§ga tgegg gssgeﬁﬁoga? ;9@Fx§hagdt2§%'gpu&kabesugxngas

25 chromat ograph e ana e pr I'nvention
conprises intréddErigdasPrasrPRECERBCESHrai ning inpurity gases into a

cell with a materiahn@f sphngawsbaiRacdcoIRosedcat aragbak haklkde:oand
analy2|&% the inmpurities 30" hy infrared spectronetry, the nmethod using an

appar at mmeF@marﬂﬁeérﬁﬁééé89|ayéAuP§OPaF#§& Sﬁm§°§ﬁﬁfé8eaoF°atah§Fél

material or HEEahp&ab&hgah hawamgmat@kehlfbknhwﬂeeal ﬁ@&eslantaaogﬂgaat
with the fluorine anal SIS net hod o gﬁ Eé&sent Eventlon
n

35 the surface™ &Fkgﬁnéﬁgﬁ nﬁgngﬁp 6 fét Pvﬁﬁﬁeﬁl PRGEINLBKEF fllm
whi ch cones i nferaedt aat awstltfackl odr ithe gasal aatkeudrilnatedikcager £idm,

preferably forpgd usinga f%%%h'?%g of2hRatdhgehabeh ,800% | giél For
exanpl e, even in'the ¢ ade Xpensive St ainl 6585088 cke
plating i% apppp@@ov@dth@ §§ﬁfé@e50@n@ ehe ﬁﬁéwéﬂDSIab@dpgsﬁﬁaée igside

fluorinated. Theehicehelinkl-ationg eanvpa nankented byekhe-agt Beddgscribed,
For and a step (6) of allowing a fluorine gas reduced in a
hydrogen fluoride content to 500 vol ppm or less to be
occluded into the flucoronickel compound which has passed
20 through the step (5), respectively, at least once, and
further conducting the step (5), then contacting a
fluorine gas containing impurity gases with the
fluorenickel compound at 200 to 350°C to fix and remove
the fluorine gas, and analyzing the impurities by gas
25 chromatography.

The analysis method (2) of the present invention
comprises introducing a fluorine gas containing impurity
gases into a cell with a material of window being
composed of a metal halide, and analyzing the impurities

30 by infrared spectrometry; the method using an apparatus
where a flucrinated layer is formed on a surface of a
metal material or metal material having nickel film which
comes into contact with the fluorine gas.

In the analysis method of the present invention, on

35 the surface of a metal material or metal material having
nickel film which comes into contact with a fluorine gas,

a fluorinated layer is preferably formed using a fluorine



5 exanpl e, in Japanese Unexam ned Patent Publication No. 11-92912
(JP-A-11-92912). Also, the fluorinated | ayer can be fornmed on the surface
of a nmetal material or netal material having nickel filmby the method
described, for exanple, in JP-A-11-929122216 For form ngz.,tSe E)I ugl;d4nat ed
| ayer on the surface of a netal material or nickel film 9@

heat- treating the netal material or nickel filmat 200 to 300Cin the
presence of angaaerthaseaﬁmplEUOEVﬁatiﬁgtheh@agarﬁécénusﬂﬁgpanﬁLM©r|ne

gas reduced '“s£$§nb 9509€Qei %HQékdElgeﬂﬁﬁnistQpEQQeMOkopEHb0§u£?§ée”ay

be used. Also ornln uorinated [ayer on the surface of a
metal naterial 288 ﬁh@kéﬁckﬁﬂnPlatﬁﬁtﬁBHfBFebecf%P9rlB§FﬂﬁZ|n@h?hélgh?iace

of the metal nptgrkal eénnbékgbrfathauaaﬁ thenmétHeai Aaktpgbbhe surface
using a fluorine 20_@gas . reduced in the h n fluoride content to 500

roge
vol ppm%r Ie§§aﬁﬂﬁebelaséapapﬁs?hgnﬁﬁ?ﬁbaeg FasRaFyPPRy1EASLEN No.
i mpurities. lnla 9bemb pupLhylﬁLBQBuae gaalaecotdenglherthetpaesepér
i nvention, the E E ang g Ilngfand tge |Ié§ g ich anﬁe
into contact wf ﬁ 85FF a&heaPETERFEVPHUEI PE5R j@é?gﬁlﬁ 8%t Feht ment
of an oxi de onmhherlamnEEVsugfaaekeﬂ fi2 Gmabdgotbedmedhbledsarkabedantioat
the same tine pasgl thon tgggt?ent of the inner surface, a

iC

fluorine gas |§XFF?28 Iuoron 30 conpound, and trace inpurities
containedin the flﬁomlﬁerqagg sbeh fagoranaoed NayeCHep CDe €02faCF49fSF61

NF3, He, Ne, Arneh éaﬁqtéﬁaaqr%r'ﬂ&&@@qceqlmnta RegRBaCarPARERL
separati on colunn and neasure y a detector such CD her mal

conductivity déteetéry, tPPDméﬁﬁétﬂﬁtSHﬂf&tP6nn35k8étéé98r?¥ B t8&i scharge
'Onhzat'ag deg@gget)éﬂrtB@Dpr@B@h%%doﬁl%@hdthtdgthhﬁH)flﬁb@lﬁ@ﬁﬁﬁ@ents
such as i F4 and gaseous neta uori d propriate -
35727 ot ober 60 P ISERGFaLr R %ed (ihiRaRoB=8y AFRAEES 4R ta CROERRRD: be
anal yzedi1 9y gaglchrddet egnaphy, tar &liontvicddpped orodesbemaywbeh uskd . f | uori ne
gas directly I%ﬁﬁ\ln%%r fg?mlh%fQ%Eeq1u%9§%5¥%§c98¥e§”gn”%%%uE%ng¥e of

Fourier transf fra
a metal material or nickel film, a method of forcibly

oxidizing the surface of the metal material or nickel
film and then fluorinating the surface using a fluorine

20 gas reduced in the hydrogen fluoride content to 500 vol
ppm or less may be used.

In the method for analyzing trace impurities in a
high-~purity fluorine gas according to the present
invention, the pipeline, sampling line and the like used,

25 which come into contact with a fluorine gas, are
previously subjected to a treatment of an oxide on the
inner surface or H,0 adsorbed to the surface and at the
same time, to a passivation treatment of the inner
surface, a fluorine gas is fixed to & flucronickel

30 compound, and trace impurities contained in the fluorine
gas, such as H,, 0,, N,, CH,, CO, CO,, CF,, SF,, NF,, He,
Ne, Ar, Kr and Xe, are introduced into a gas component
separation column and measured by a detector such as TCD
(thermal conductivity detector), PID (photo-ionization

35 detector), DID (discharge ionization detector) or PDD
(pulsed discharge detector}. The components such as HF,
SiF, and gaseous metal fluoride, for which an appropriate



5 spectroscopy (FT-IR). According to this method, conponents such as CQ2,
CF4 and SF6 can al so be analyzed at the sane tinme in addition to HF and
Si F4. The nmethod for treating the inner surface of a netal naterial used
in practicing the present invention is 10 2gecifically d Egrﬂﬁhow'
The anal ysis of trace inpurities in a highly reactive gas suc

fluorine gas can be first attained when the construction materials of the
cont ai ner, val weparptpehi nelumsguiipnent amdilbblei Reduwbdchherehot hee 15

careful Iy exangggqygggoggegaeahxgbaa 5?9gh9f Lbe 1HEF%@UEeH”%%@Ek9@r

fluorinated |ay of "a neta terial “or nickel
fil mwhich con#sthi hhe EdHpaénewcels diFPAdiVnéngasa ®RereBprt HafgpsBEem of

contam nation ByeHE B5-02y dBACHALAH-dHeniorb3Piand t-ies2@ ki ke radsarbed
to the inner surface of a naterlal com ng™ into contact with a fluorine

gas at tHe tinEPEFtaRAFYEYs (FTcdR Ibe §6F9§81“Eaéﬁ bRAE Pe&NPE: cont ai ner

for filling f'E@hb@ﬁengéss&@ﬁoébnﬁogﬂdbﬁeQ@ﬁa@wﬁgcéﬂealsopbéebhaﬁyzed
pressure 25 gauge) which c nto conta | yorine gas 1s baked

under heating éF 506 F8m§oéémelﬁntﬁgd&§§8nmﬁ8r§F FH@ Safist ructi on nateri al

is, for exanple, a $ha|mbeasd Sbeeltreattiay appl ynngrnisakélacel atfi agmandli n

the case of nickel .o dir I n h t.re d with a 30

luorine ous. | AReRsEg s BRToraE PR AT ead b BReRER), SRORERa o 1.2 The

fluori nel@as copeenifigeildy dessuilbed pelbwem 5 to 20% preferably fromb5

to 15% If the fIUO@hgeanggis %”%ﬁ”%&%hbopmkﬁrl%iﬁstH%n85%ﬁg§g§ formation
%

of fluoride filmmy take wher eas i exceeds 2 the forned
filmmy be f r AGACE1VEh @ afe A¥Ehatasr & JHCTHAE JRSME 28f bROKATSE BE aiNesr i de

filmis suitabkydf @Re2C@nis@ r#Qen kfatlha atigmeer %th'ér @dn% aliees ! Ranv@Q0C,
the film- 2 4 - 27 October 2004 fornatlon y t ake g g tine, whereas if

it exceeds 40@¢PelHEsHoEdPMaYh FRF Bdec ed S&Td eELSedTen  the
corrosi ons r esi sizance 10§C aksiled .or irhe e laaalsr51adsr@rbm toF tme crack. By

formng as Suc%f%ééﬁ%”fﬁ%%ntlon, a fluorinated layer is formed on the
surface of a metal material or nickel film which comes
into contact with a fluorine gas, whereby the problem of
contamination by HF or 0,, generated due to H,O0 and the
20 like adsorbed to the inner surface of a material coming
intec contact with a fluorine gas at the time of analysis,
can be secolved.
Each part (valve, container for filling fluorine
gas~removing and separating agent, pipeline, pressure
25 gauge) which comes into contact with a fluorine gas is
baked under heating at 200 to 300°C, in the case where
the construction material is, for example, a stainless
steel, after applying nickel plating and in the case of
nickel or monel, directly, and then heat-treated with a
30 fluorine gas, whereby a fluoride film can be formed on
the surface. The fluorine gas concentration is suitably
from 5 to 20%, preferably from 5 to 15%., If the fluorine
gas concentration is less than 5%, the formation of
fluoride film may take time, whereas if it exceeds 20%,
35 the formed film may be fragile. The temperature at the
time of forming the flucride film is suitably from 200 to

400°C. If the temperature is less than 200°C, the film



5 filmon the inner surface of each part which cones into contact with a
fluorine gas, the gas released fromthe netal surface can be reduced to a
| evel of causing no problemin the analysis of trace inpurities in a

hi gh- purity fluorine gas. 10 The fluorenizékel conmpound (44 gefobBE2004
gas-renmoving and separating agent) used in the analysis nmethod (1) of the
present invention is described bel ow The present invention is
char act eri zed §9xHaton KBAY PR ot @i kA DertAr ¢afprbhi EketBgeyddr K3Ni F6

15 (potassi um hexat | uof on kel @t £911h Smarpask asrddieed fAMOT 98¢ skgl e gonpound
(fluorine gas- r enovi ng and separating ‘agent). These corrpounds are each a

powder sol i d ifsTHRERS bPR FeF1EBATTR RRRRVEACnGTade deddr 465 ng agent

utilizing the élﬂé@ﬁtb@cﬂ et@ftmcéﬂﬁ}ag amgd E&mm@a&s Nguéh f4 UPThHLi @as by
the change in erat re as shown f ol | owi ny chem cal forpnul ae:

K3Ni F5. 431/ DFot i RILER&F 15‘}“2‘?—%‘?-%?33?\??3? F 71D I GRPEE W49 oF2
25 The fl uoromc;kedac*comaﬂlunﬂ {bootn@eggas- tleanya ngrahelas s@parat i fige agent )

f e Bl 2P C0 L INENLL 0N, £ B BT EDAL el L 0T £XAL €y 5 T e

fol |l owi ng msthné repara ifon o0 uorlne gas
separating agemIQbMIFlean‘dhKFalaabyﬁl’s@dOéstmmtlml}guBi)tms eLn ak shamld— t hese

are pulverizemkﬁpigya@1@89£9@r§€é particle size and dried at 100 to

500C. The obtained “m xture Is fled in a container with a valve, of
whi ch  itfner surfacBhe sfprevenigkyl sepeetnd t%l\aom%%m@ﬁ@ﬁmow%tmt

The container §ihhegh Whghagbet f | uoed nen gese 35:1&?}{@5!!3 Nfe 8AEG SEPRT &F | Fike
agent is equipped with a heater ,and val yes for_the connection to the

fl uori ne gas (ﬁéﬁseHESlnﬁqn?%?Bbé? 29PAL Jhed | FetP¥gas (He) containers and
to a vacuum punp. ApheOpeeséhoninbehetbn ngst&llea@@éﬁeﬁ‘jﬂe&3bﬂ that N vacuum

degr ce of 10 5500 HROCANALAN BeRLaGAIPAPEACprossar copuRdi iy oper ation
usi ng anSinert(gasassium hexafluoronickelate) is used as the

fliuoronickel compound (fluorine gas-removing and

separating agent). These compounds are each a powder

solid substance and a fluorine gas~-removing and

separating agent utilizing the principle of occluding and

20 releasing a fluorine gas by the change in temperature as
shown in the following chemical formulae:

K,NiF, + 1/2F, — K,NiF,
K.,NiF, + 1/2F, — K,NiF,
K.NiF, — K,NiF, + 1/2F,

25 The fluoronickel compound (fluorine gas-removing and
separating agent) for use in the present invention can be
prepared, for example, by the following method.

In the preparation of a fluorine gas-removing and
separating agent, NiF, and KF are used as starting

30 materials and these are pulverized into an appropriate
particle size and dried at 100 to 500°C. The obtained
mixture is filled in a container with a valve, of which
inner gurface is previously subjected toc a passivation
treatment. The container filled with the fluorine gas-

35 removing and separating agent 1is equipped with a heater

and valves for the connection to the fluorine gas (F,)



are repeated several tines to exhaust H20 and the |like adsorbed to the
material filled and the inner surface of container. K3Ni F6 can be
obtained by allowing a fluorine gas to 10 be occluded into the K3Ni F5
obt ai ned above. In order to obtain high-peri-ty K3N F6, t4§§.{4%

attained by repeating the occlusion and rel ease of a quorlne gas several
tinmes to renove ultratrace inpurities such as H2O and HF. 15 The
concentrati on &fd aliHRr tom i él) ieertFiners rend gos & ovdeuwtcpemied At o t he

fl uoroni ckel cammoung era%@f@%'%é%@ﬂqé@ PR F/ OLn PP O '&%@? The

HF concentration 1S pre 0 vol m or *more’ - pretera
vol ppm or Ieeeynq#k9¢wsc%%c%n%?%ﬁ@%ﬁﬁ%%ﬁlQﬁ)%ﬁﬁr%@u%%@ %ya@®naact|ng the

fluorine gas widssodd %dljé‘&'%ﬂld@ecﬁf\?é:)of The £ upgens ckelpgogpound for
occludlng a fluorine 9 referably K3Ni F6 whi ch occludes a fluorine

gas to produc KRG Frtey dp%% S T FIR T SRMER Bt B0l FastF 2P athe
fluorine gas unterrdeadtead. sé*@t&EaﬁimébtﬁﬂWExwéWE@ Hjoolandegerenatieon i s

f bl 3500 fromth d t f t th
Py el el by S0P L e sl andeel g of S empy g tot Gl
present inventdantaid® hi gh- purity K3NiF6 fromwhich ultratrace inpurities
such as H20 and Hi g TERVEQ LBREALETBP! Y1868 8Sat BPual LHOTLLE o

gas-renovi ng and sehhrafln agen oun nay contarn
The net héd forbemcylzmcﬁ@dtm*ee th@ddemFesobhaanﬁdgth‘Bs puEnt gréexotd ne

gas using the analy¥sis; JRLH J,i(yl)K‘i‘JletsbethPéeﬁg?tbené(@{'éiﬁ’gd'5¥descr' bed

bel ow, where trace jnpurities contaifed in a uori ne gas h as N2,
02, - 26 27 CeRMREIDYOUNERACHisrRCEBorELRase of a %znm)l%cgaem are

separated fromeddeat | iDhd et §asendde APt €L Y ﬂﬁéuﬁﬂwé@tﬁgé@w ‘H,0
K3Ni F6 prepared %s a fluorine gas-renoving and separating agent is 11 ed

in a container?® - anount 5 sufficiently large to renove a fluorine
gas, andsa The concentration of a HF contained in a flucrine

gas to be occluded into the fluoronickel compound is
preferably reduced to 500 vol ppm or less. The HF
concentration is preferably 100 vol ppm or less, more
preferably 10 vol ppm or less. The HF concentration can

20 be reduced by contacting the fluorine gas with sodium
fluoride (NaF).

The fluoronickel compound for occluding.a flvorine
gas is preferably K,NiF, which occludes a fluorine gas to
produce K,NiF, and can be easily regenerated by releasing

25 - the fluorine gas under heating. The heating temperature
for regeneration is preferably 350°C or more from the
standpoint of removing not only the fluorine gas but also
the HF adsorbed,

In the analysis method (1) of the present invention,

30 high-purity K,NiF, from which ultratrace impurities such
as H,0 and HF are removed is preferably used as the
fluorine gas-removing and separating agent and this
compound may contain K,NiF,.

The method for analyzing trace impurities in a high-

35 purity fluorine gas using the analysis method (1) of the
present invention is described below, where trace

impurities contained in a fluorine gas, such as N,, O,,



constant anount of fluorine gas containing inpurities is enclosed in the
contai ner by the pressure indication, heated to 200 to 350C and gradual |y
cooled to room tenperature to allow the fluorine gas to be occluded into
10 and fixed to the fluorine gas-renovingZ2&nd separating Efber YEEr €PY
inpurities contained in the fluorine gas are separated. The 1 npurities
separated fromthe fluorine gas are diluted wth a constant anount of

inert gas and €@n HeLoERGaiBdUCed intSa 889 ERsorivgTeRARA Rl 1P not

contai ning a fiyerEngodase @H@r@n&hﬁnéﬂ?ﬂé&twycgﬂée@hréﬁﬂto??aﬁﬁ@§ured to
1 ppmor |ess. The anal ysis net haqd éZ)mgi t he present invention s
descri bed bel ow and*ysds RReRApEFafts wher8T ANfefaF-58MR¥LRRI 8F9coni ng

into contact wsépamathingriagengassi silsadj eat g@dcbntabnénnes sHréifcent
treatnenh, and i§$mhich tr;ce g gr} igg ggnéshned in_a fluoripe gas,
such as PF  ant®SEEA CHF&Y anaf 580 by MRV BT | REUPR PReIaRAl 8P s et hod (2)
of the presentcongeantoamcull® thefinaeingughacecntaanimyaimputretiad for

pi peline or s i | i pe i ; ipto n i.Lh. ihe gas
P<PFl Uor i nat ede Taher agy LRCEHE, EBnERTRE, By DeRPThEChSHEL My Bl LURLOR!
adsorption of Me@ted theZPAnep §ﬁ%?§céﬂ@a§fééuaihhi@P@b@daéonn@ﬁmas

possible and thengapHRhraf t61k1H5w30nBr e8yEednEPgasT £8CHE 08 01 uds angh 20
or (2) HE produced_ by the hgdrol¥3|$ of SiF4 which is one of Inpurities

Y ¢
can be lPeduce@@ndix8d 5or 886 tLUPFARR PAPUFPPPESDBIFAAAIS SPRYBLERAL ai ned

in a fluorine ggeneanyherabasumngdrieidsppeheaink@ssn 8Re ThEuPEEBE&NGas

invention is further illustrated below by referring to Exanples, however,
the present in@Eft P6R2TRE®Hot linmited to these Exanples. - 27 27 Cctober
2004 Exanple 1 The @ppaimpusishesnsepaFaged4fvas tkedfandrias qasfauveri ne

suppl y source €}9Pt38 y@gh'9t89n§¥éh9d§§ouﬁku8kiEﬁe££'5§9 Eﬂdacan be
pressure-resistant container was used.

15 introduced into a gas chromatography as a gas not
containing a fluorine gas, where the impurity content can
be measured to 1 ppm or less.

The analysis method (2) of the present invention is
described below and uses an apparatus where a metal

20 material coming into contact with a fluorine gas is
subjected to an inner surface treatment, and in which
trace impurities contained in a fluorine gas, such -as HF
and SiF,, are analyzed by an FT-IR.

In the analysis method {2) of the present invention,

25 the inner surface of a metal material for pipeline or
sampling line which comes into contact with a fluorine
gas is fluorinated, whereby, similarly to the method (1)
above, the adsorption of H,0 to the inner surface can be
inhibited as much as possible and the amount of (1) HF

30 produced upcen reaction of F, and H,0 or (2) HF produced
by the hydrolysis of SiF, which is one of impurities can
be reduced and, as a result, trace impurities HF and SiF,
contained in a fluorine gas can be measured to 1 ppm or
less.

35 The present invention is further illustrated below
by referring to Examples, however, the present invention

is net limited to these Examples,



A nmonel 400-rmade fluorine generator 1 filled with a fluoronickel conpound
K3N F, was vacuumdried by an external heater 2 at a tenperature of 150C
under a pressure of 0.001 MPa (absolute pressure). The fluorine 10
generator | was continuously depressurizediby a vacuum piag.dbashginder
reduced pressure of 0.001 MPa (absolute pressure) and heated at 400C for
10 hours to release a fluorine gas. Then, fromthe fluorine cylinder 410,
a fluorine gas wasepassed 10 a colum 8 filled with sodium 15 fluoride

(NaF) at a flow ratg, f 10%%%@%?‘?‘8&%}%&@6'&/ %rrﬁéégdalfléuog%ng after

the renoval of HF, Wa t he uorThe genérat or
" through a tankfyuoﬁsnéosuppbycomdmt¢©n$l@t &hisndihweted heyiinder ne

pressure ?Eo£ nQ 95%%%?($ﬁ59' Es PHESSHE ) s 8Gk tdSn Deat L PG, 20 vas

externally per orne ere ter, the eatrng tenperature was
| oner ed o 200€saAd the pressure was reduced to 0.001 MPa (absolute

pressure) by a vacupmnoRETP4de-AEs, fiﬂ@rﬁ%@@?’éﬁéﬁé‘t@f{ 8 Yacuss pLep yas
stopped and the_heating tenperature was, el eva to 350C 25 to obtain a

fluorine gas. fﬁP@rPPHSF?ﬁeC@%EOR%Q RdBdigHaE e2g8uR| 851 PAeP®adP ( Exanpl e
1) and the anakysksnalahugsethergef aatempboupuied Jabigolc &xasple 2 The

fluorine generator 1 used in le, 1 wa ept_ 30 at . at erat ure_ of
350C and the goheFated PrubrPib MBS (EBFPEuFRLBr S RhER) busTI PVt Yod
fluorinectank 4&2eraiben] bysctosthgubhelyalieprdssasndinpénbpgat hecwahve 3,

e ot T Bigbude b fat hep LhuBERThekeL, sorBaB P kbE (LLuBrie

gener at or a vacaum 5 heating
render the flupreﬁscken eodpbahdedoatbéﬂpnCafﬁIhﬂ¢6h@@é$etOThelﬁﬁﬁ%rﬁne

generator 1 wag,, B&}&heeaasont THE‘HUSh‘oﬁleQﬁ@S?MﬁbEEHeb&’ m«ra&yumw@ and -
28 27 CQctober 2004 undér reduced pressure of

pressure), hedtBA*aAFe460E VBF RBSﬁ89r§° SuS@éﬂﬂ%n?l?llé #IHbFPn%Odb%% was
passed fropm t heilhbradenenkankadld t0og eatunf8100i hi edimi ehdsadtmiely

[ uortde (MaF) olkidibu*¥108Ene] A%%er et/ TeRoF0Y bPeuf! gLy sRUE1 LS
directly to the fluorine generator 1 through a tank 7.
As for the conditions at this time, the fluorine pressure
was set to 0.4 MPa (absolute pressure) and the heating
20 was externally performed to 250°C. Thereafter, the
heating temperature was lowered to 200°C and the pressure
was reduced to 0.001 MPa (absolute pressure) by a vacuum
pump 4. Then, the exhaustion by a vacuum pump was
stopped and the heating temperature was elevated to 350°C
25 ° to obtain a fluorine gas. This fluorine gas was
designated as Fluorine Gas (Example 1) and the analysis
values thereof are shown in Table 1.
Example 2
The fluorine generator 1 used in Example 1 was kept
30 at a temperature of 350°C and the generated fluorine was
split into a previously vacuumized fluorine tank 412,
Then, by closing the valve 4 and opening the valve 3, the
fluorine occluded into the fluoronickel compound in the
fluorine generator 1 was exhausted by a vacuum pump while
35 heating at 350°C to render the fluoronickel compound to
be in a K,NiF, state. The fluorine generator 1 was

further continuocusly depressurized by a vacuum pump and



removal of HF, was supplied at 250C to the fluorine generator | through a
tank 7. The supply of fluorine gas was stopped, the tenperature of
heating the fluorine generator 1 was set 10 to 200C and, while

depressuri zing by a vacuum punp, renoval o Lnpurity gas Hneludi 02
and CO2 was conducted. Thereafter, the exhaustion by a 5%%9%"%%%@‘ was
st opped and the heating tenperature was elevated to 350C to obtain a
fluorine gas. Uhder fladuded goss svase 1dbf desi gnatred gsh b Lot ¢ ner &esufExanpl e
2) and the an sis, val . 1 hereo re sho i.n Table .1. Exapple 3 In
order to furt i T e 4RE ¢ ntr 1Y el Ry 8 B 2,
the fluorine gereratorerdssvws £:20n hdeg et wtr 250G 106 41 how andelumediced
pressure of 0.0 Mpa,{absol it g, PSS A - (Fe] OAf L2re1 Shera XauSIfon by

a vacuum punp was stoppe n eating erature was elevated to
350C to &btai M/ Piucridethgazrudeis PYUbiied Hasombre desf gyt Bk as

Fl uorine Cas 25e{Exannbe @), apk thoanalasis ¥a) vescd heteof1 o shown in

Table 1. Table 1 PurityConcentration of Inpurities vo
[ vol % HFO02 CON2EFAST & B ahpt r 499 81 5581%.001001001010 Exam | e

299. 95100300202055 Fx&nphep B9t 90LOANd Ordd<dsd Sxappde, 4ehd an

appar atus, shown in FLﬁf 5 fgr use inhth 30 anal%%ﬁs nethof of the

present invent FORPCERER Fret bl PpEr 179 of %i%%W?Fﬁﬂf FeRt99 t 0¥4d, 5

E[I_es]s%r éOgaugﬁtanowccmﬁahﬂsﬁé%épﬁmﬁiwﬁkyrﬁy 50ﬂamﬁm2%um%J7l Og)tz Lor
- and a r ving cvlinder C epnt_vol une: - ober

2004 liters), a%ﬁéﬁggg%%sgﬁ%q%lt n?%% Sw%é%ﬁ%ﬁ#??u)ﬁ ﬁgdg§§¥ Yiigs subj ect ed

to nickel platfogdidiedn t T oknesstes, t ohd Cexigus Thes ebequi premis @mb

material s wer &, placed, b afha oL ES AL e LMY naSRGRRANE L5 PLESSHISS o

reduction, ba
350°C to obtain a fluorine gas. This fluorine gas was

15 designated as Fluorine Gas (Example 2) and the analysis
values thereof are shown in Table 1.
Example 3
In order to further reduce the impurity gases,
subseqguently to Example 2, the fluorine generator 1 was
20 heated at 250°C for 1 hour under reduced pressure of
0.001 MPa (absoclute pressure). Thereafter, the
exhaustion by a vacuum pump was stopped and the heating
temperature was elevated to 350°C to obtain a fluorine
gas. This fluorine gas was designated as Fluorine Gas

25 (Example 3) and the analysis values thereof are shown in
Table 1.
Table 1

Purity Concentration of Impurities [vol ppm)

[vol$ ) EF 0, co, N, CF, SiF,
Example 1 99.81 550 1100 100 100 10 10
Example 2 99.95 100 300 20 20 5 5
Example 3 >99.99 20 <10 <10 <10 <1 <1

Example 4

In an apparatus, shown in Fig. 5, for use in the
30 analysis method of the present invention, each metal part
of pipelines, valves 11 to 19, a pressure gauge 27, a
container 29 {(content volume: 500 ml), a cell 32 for FT-

IR and a harm-removing cylinder 34 (content volume: 3



5 a tenperature of 350C under reduced pressure and cool ed. The pressure
inside the electric furnace was again reduced and 10% F2 diluted with N2
gas was filled to an atnospheric pressure. Thereafter, the tenperature

was elevated to 350C at a tenperature rigigng rate of 10 d the
inside of the electric furnace was kept at 350C for 12 h%ﬁggﬁggng?QM/the

fluorination to proceed In this surface-treated container 29, 500 g of
dried K3Ni F5 howeles) ( melylde ﬁﬁmeGlnmoP@@WﬁaCBematatel9lpoepaeem§5 15 mas

fo |59 and LoeuaBPaigl e, SROUD AckLd. pbatBlg COFPARCHn: YRLYES: 1d £ 0y 1

19, 22 and 23 and Vés 0 cont were cl ose
was filled toAP.1 MPase heguibmenval yed abenizhe vene nrascedonfni ahed to

have no Ieakagg iégtl?.g t%@@e'b& BﬂQ 8@'%?@5@@5@ P@ét@glaﬁ tBaﬂéQCé@y a

tape heat er an e tinme of OSI ng
appar at u$ was @utg@ﬁewtﬁrﬁugﬁ é@:%@yupféemre@m‘a%@ Héatﬂﬁhﬁel An a%ﬁ%@fé:su ng

the main val vepp bbsstl@recmgﬁaaethetBﬁet/@w@ ?&rﬁ@@eawxgcb!?&ﬁum 35.
After 25 confirm.ng etion o0 éﬁ” ng with puri

under heating FR&% V%@Guﬁ?%yng%nﬁediﬁtﬂf Bdlznga Sawgﬁyfé#lﬁg FﬁeaQalve
19 and maki ng aemb%pnetbatptbgsdew poheteaftie, waselgeﬁllagtaggss v&agi ngét
step was starte v an

and openi ng th89%§ ﬁﬁﬁ 8 ?38 8 %?mP?e%%? ri%%egsﬁ?g of¥0.1 MPa

usi ng a:mwessuneoQamgeuz7aaddthhe1nsadee012thﬂdelettr$Caﬁdrngcatwas
temperature ofykp0Cakossodcheyls, ZtES{ﬁQtheEi%g‘ BOeasPESSLYUALLON ¢

treat nent of cont i huous |ne shown i n confirmng 35 the
conpl etion of Pregaesdnt by nmaking certain that HF was 1 ppmor |ess by

FT-1R the next step,wag;stautedcevak¥8tedleodBaiddr 35, 300 §702ndridq
were closed, - 30 27 Cbtober 2004 the. entire system was cool éd, the

pressure was rEdlitd POyERRg (TRY V&I FelNis &d KeleE v RERAR Py FF erarEDal ve
16 was x4 osedwakhgik2efBbAdvaheeapparapesedhow? wasrigl| edwasnto the

container 29 tgo%posgga u§ Qge h?4er§%§u&?'g?ggezz and 23 and main
valves of containers 25 and 26 were closed, He 24 was
filled toc 0.1 MPa through a valve 21 and the line was
confirmed to have no leakage.

20 Then, the line and valves were heated up to 150°C by
a tape heater and H,0 slightly adsorbed at the time of
composing the apparatus was purged with high-purity He 24
under heating in vacuum using the main valve of the He
container, the valve 21 and & vacuum pump 35. After

25 confirming the completion of purging with high purity He
24 under heating in vacuum by connecting a dew point
analyzer to the valve 19 and making certain that the dew
point of He was -B0°C or less, the next step was started.

By closing valves 11, 12, 14, 16, 17, 19, 20 and 21

30 and opening the F, main valve, F, was filled to a
pressure of 0.1 MPa using a pressure gauge 27 and the
valve 12 and left standing at a temperature of 150°C for
2 hours, thereby performing a passivation treatment of
the continucus line shown in Fig. 5. After confirming

35 the completion of treatment by making certain that HF was
1 ppm or less by FT-IR, the next step was started.

Valves 11, 12, 14, 15, 16, 17 and 19 were closed,



5 27 and the valve 12, the main valve and the valves 12, 13 and 14 were
cl osed, the inner tenperature of the container 29 was el evated to 500C by
a heater 28 at a tenperature rising rate of 100C/ hour, and the contai ner
was imediately cooled to 250C. After ceoBfng to 250C, 102iﬁﬁuﬁé¥!g%ﬂ3 and
the main val ve were opened, F2 was again filled in the contal ner to
0.5 MPa using the pressure gauge 27 and the valve 12, the valves 13 and
14 were cl osedie tdrecimmery Seameras e lofd t Heh & vt es siete 208 svakedustes at ed

500C by the h%aé%{ 28,8t & eerﬂo@r%f&%é'@aam%g@easﬁ 400G hopy .1 @nd

t he cont ai ner 9 niredi at e ed to 250C eration was repeated
until the redtﬁﬂlmlpsﬂdpr@s%ﬁzeméll@ NeL VEcHas. O'Pﬁ?élﬁdrt He WexktfstEpe was

started. |0 the,st alie alodd S0PRTE) We ofs 2500 udhiey oS ks 2ol gaplores

11, 12, 14, 1 and was again confirmed _ an 2 inside the st’em

was exhafist ed 4ibi %fgdtﬁée v‘éﬂ/‘ée 162+ e d“%ﬂaﬂ:u‘(ﬁrlr%%n%n@@%l‘f%l‘f%% i ng t he
gas harm ess ihy ough,& SogBodddie-{1id | Bthdarvempsoyt fige Cyf i tiger 34.  After

confirm ng the conp|etion of exhaustio ressure e 27, the
valve 16 was cFOEefinNghetvardR @T]gevaa"rﬁ?t%% %?g(f ga%ﬁpv% her ke %gg%eadt £Bai n,
F. was filled téempéhetcont ol netg 29at® OF 51M°%1cnhsmmg, t éed prles sSTort gavge 27
and the valve 12, the e t 0 2, holrs t

i nside the syéY%%1ﬁ%@e§§%%%£% uggﬁgt dEvaIve %% & ?ﬁ% QggﬁﬁhlpUWp
35 whi | @0r endethegvalree gas am®rhh@s@axmr@@bﬁeaW%@@aneﬂ@df|FJéﬁw again
har m removi ng ff%ié&'dfﬁ éﬁess%éa B 349 Oflo V655 [pEat ethynihe bFedire

confirmed to ppm or R After coollng
t emperat ure, p@@@@%ré7w@3dabb$l%@1%9 ht ghtPRrvyeayvee 33 Qﬁd b% %PF%sult a

fluorine gas f@ﬁyyé@? and §§ﬁ@£a£é1ﬂ§er§ﬂ@£é &KB%EG&oM@&l@biawaﬁiasn t he
cont ai ner t ober ég 4 The line subjected. to a

quorlnatlon t?éﬁ?ggﬁ@ bpO @x%ﬁp?%eiﬁﬁﬁﬁeﬁs 2Rt B eFCBBRT P FIT Aot 1Y al |
val ves jwere cigsedoftheovel/nesr]Sand 7thadcdftuener opasetmaadiabegn- purity
He 24 was intrgggfgg £ t8589 FT- %ﬁ&geope§gtlon was repeated until the
reduction of pressure did not occur. Then, the next step
was started.
In the state at a temperature of 250°C, the closing
20 of valves 11, 12, 14, 15, 17 and 19 was again confirmed
and F, inside the system was exhausted using the valve 16
and a vacuum pump 36 while rendering the gas harmless
through a soda lime-filled harm-removing cylinder 34.
After confirming the completion of exhaustion by the
) 25 pressure gauge 27, the valve 16 was closed, the valve 13
and the main valve were opened again, F, was filled in
the container 29 to 0.5 MPa using the pressure gauge 27
and the valve 12, the system was kept for 1 to 2 hours,
and then F, inside the system was exhausted using the
30 valve 16 and the vacuum pump 35 while rendering the gas
harmless through a soda lime-filled harm-removing
cylinder 34. This operation was repeated until HF was
confirmed to be 1 ppm or less by FT-IR. After cooling to
room temperature, pressure was applied by high-purity He
35 24, as a result, a fluorine gas-removing and separating
agent (X,NiF.) was obtained in the container 29.
Example 5



5 (see-through wi ndow. CaF2l1 length: 150 mm). Furthernore, after
confirm ng that the background was 1 ppmor less fromthe absorption of
CQ2 at 2,350 cm', a standard gas 25 (Fb base) and, through the val ve 20,

standard gases of HF (10 ppm 4,040 cm-' 3,1 Si F4 (10 PPM 270 ¢dbef B004 and
CF4 10 (10 ppm 1,280 cm1l) were introduced into the FT-IR ceﬁije gg
calibration curve was prepared. The F2 main val ve was opened, F2 was
introduced into thene&TlifRecebbjSetedi vy & helwvat veadon ande kEpeS Fdn and

CF, in the hlg@k & V4 F2, 4e gegyanéﬁﬁgf %y%ﬁﬂf+§z€ﬁa%5aiiog%i€%éa

calibration curv repared a ove. ne subject
fluorination tW%@@n@h@S¢®, Ekanwﬁbvﬂsahﬁ,thé dndol 8 neeyasepenedi agd and

separating agend,(K3N £5)ubnof NeagoDteiagicd? YREE Uachr Ahter) 20

confirmng that all” val ves were cl osed val ves wer e opened,

the presSure ihs¢eretBReUEY sYERENES C@%du@@d“%;‘ﬂ it Héo\/ééﬂjum FUHT- 188 M@ /t he

val ve 16, the yatye cé@f%@ﬁlﬁboﬁﬁﬂt ﬁh@ Ba@hgp@uhaywke BHPm Vel Veegd the
val ve 21 were MPa 25 using the valve

ene | ed
11 and the pr eg t@%u@ESQWPgSVQt%% C%Uradﬁ r?g3or’p9er°é"t i orf ott3AMIFT DSt i on
and evacuatingzsheﬁébbage$ nede tﬂpeagﬁdthéree1VenEs Oétaﬂﬁ@rngéééﬁr@pre

hi gh-purity Fb 4 f||| 0.4 NP the valv l.a

pressure gauge” ?Iﬁ tﬁeoggs?@m {]ﬁq r%’cgjld (f]n‘i g@%%acf@ﬂzer

30 usingot he vaWeppmA anﬂsoZemér)dwataennthedbaekign.ntmdtﬁé amdIR2cedth was

confirned to y p gcolum (ol ecul ar
??P%B&(pu{}ég%bkgﬁ R cﬁ‘r*g% g5 @fé‘{:&?@

sieve 5A) and a dr sc arge Yeit manuf act ured by U. S.
Val co) gas detectorTh@hEgTBBJhd@.%ﬁeﬁﬁﬂMﬂPQﬂ%ﬂﬂéﬁ WABt éntondecednintai ng

that all val veghyere. §h0§@@1 3bN8sYALVERe 192808 138, Verg fpengdy thYy
pressure inside_the - 32 |, 7 Oct ober “2004 system was reducéed uslng _the

val ve 6 and t heFvadudhidmsh 38 ik Rall§88 #32ARdta51NeLE anadBacer2 in
t he highs puri tyofobhai seliBbadhdnt bergenprepassduabbvaas filled to 0.1

MPa using the valveE%gmng %he pressure gauge 27, the |
The line subjected to a fluorination treatment in
Example 4 and the fluorine gas-removing and separating
agent (K;NiF;} in the container 29 were used. After
20 confirming that all valves were closed, the valves 12 and
13 were opened, the pressure inside the system was
reduced by the vacuum pump 35 and the valve 16, the valve
16 was closed, the high-purity He main valve and the
valve 21 were opened, and He gas was filled to 0.1 MPa
25 using the valve 11 and the pressure gauge 27. System
purging operatiocn of this operation and evacuating the He
gas were repeated three times or more. Furthermore,
high-purity He 24 was filled to 0.1 MPa using the valve
11 and the pressure gauge 27, He in the system was
30 introduced into a GC analyzer 30 using the valves 14 and
22 and after the background O, and N, each was confirmed
to be 0.1 ppm or less by a gas separation column
{molecular sieve 5A) and a PDD (pulsed discharge
detector, manufactured by U.S. Valco) gas detector, the
35 next step was started.
After once confirming that all valvés were closed,

the valves 12 and 13 were opened, the pressure inside the



5 valves 12 and 13 were closed, and the inner tenperature of the
container 29 filled with the fluorine gas-renoving and the separating
agent (K3N F6) tenperature was elevated to 300C, kept at 300C for several
m nutes and then cooled to roomtenperatgpe~ On the othej 9@{1‘% 0
remai ni ng inside the system surrounded by the valves 11, 1 §FE§9541 16
and 19 was rendered harm ess and exhausted through the F2 harmrenoving

cyl i nder 34 byysgem mps heducdd el siigHile yaing ng awid ht the gshaqawril tyune 24
using the val Me Lo Uhej]rve@gt ,ar{&elé/q}evrees A ggr eﬁl@%g ﬂ 15 and

hi gh- purltyHe2'4 was fiTled through the valve 1 g the
pressure gauge Rz i rﬁqlﬁrqunql’o ¥ aﬂch thmamwmmnm warQlfﬂZled\IZtio CH.
and CO were analiyzgad axh rtﬁ&eaaqf%@méﬂ VRS éﬂe(lgp&ssﬁp@r ug%
(POLAPACK Q, praduced by V?at ers) DD gas_detector), %‘5%&— ;pp nd 6
were quantitatialeisp det n]eijweﬁ%cﬁﬂs%&idad %fbmlt%bmw %mmwm%d in

t he fogegglngdﬁﬂkﬁb dﬂﬁﬂﬁiﬂéﬁ)Zg)fiﬂﬁthWEﬁﬁﬂtﬂé“$¥ﬂéfﬁﬁftéﬁ%-remo%lng _
concentrations as as a ke contained as inpurities in
a fluorine 25 E’(\ﬁi tgb%g%eepar%crb% QﬁBEHFpUr??Iﬂ}PﬂﬁB‘Wﬁe"’ﬁés can be

obt ai ned. I n pardvaiddrto a3 fd oy |]-nﬁptgaESt hmn?tg ﬂoﬂDLB’e\teyranmﬂQu’rQ@s vl o or
nore, which h ee i,cul a entlon t echni ques, can
be obt ai ned. %3}%%}1 @ocgjiagc%:o?%lénog eélgarte l)elefft i eTits o h?]ﬁ}a’% ¥,

cont ani méti on errrmarmamceqmq)mwm g8 | s wsropunded By utdué nealyass rJe‘npvi ng

and separ ating agepd cpgmi ng i 4t P 1§%sa0£dex¥&éﬁlecgl %}Hﬂéé‘{

“inhibited and trace |npur|t|es contalined 1 n a uorlne gas
can be anal yzWOUGQSth@fzcﬁlﬁé@eFTGMArnGLAl}’WBndEr A‘lpmc@s@nfl@lg pheduci ng

a high-purity Jdueine @asie C@I@cji@ Mgk 29 I B SUED ial)ué){ncfeéﬁé ng a

fl uoroni ckel conpound filled in contalne 0 release | uori ne_gas
and a step (2)V3f’%ltbwi n%hearefel‘{%‘?*’fn tRes &ijovesb Joc%rf“hd@d W‘h’f% gpened
fluoroniiékel campaunghfphtedy e &2 comai nexlednthidheneaiiervabiai m ng a
hi gh-purity

0.1 MPa using the pressure gauge 27 similarly to F,. 1In
the GC analyzer 30, H,, 0,, N,, CH, and CO were analyzed
and in the GC analyzer 31 (gas separation column
(POLAPACK Q, produced by Waters), PDD gas detector), CO,,
20 CF, and SF; were quantitatively determined.
Industrial Applicability
As described in the foregoing pages, according to
the present invention, the concentrations of 0, gas, CO,
gas and the like contained as impurities in a fluorine
25 gas can be reduced and a high-purity fluorine gas can be
obtained. 1In particular, a fluorine gas having a purity
of 99.99 vol% or more, which has been difficult to obtain
by conventional techniques, can be obtained.
Further, according to the present invention, the
30 contamination from an equipment or materials or the
fluorine gas-removing and separating agent coming into
contact with a fluorine gas can be inhibited and trace
impurities contained in a high-purity fluorine gas can be
analyzed.



fluorine gas in the step (1), which conprises conducting the steps (1)
and (2) as well as a step (3) of heating 10 the fluoronickel conpound
filled in a container at 250 to 600C and reducing a pressure inside the
container to 0.01 MPa (absol ute pressurep3or |ess, r espest péflbér 2004

| east once and thereafter, a high-purity fluorine gas is recovered in the
step (1). 15 2. A process according to claim1, which further conprises a
step (4) of adjusting the tenperature ofLARMS fl uoroni ckel conmpound filled

in a container to less t i t S i, NSq
container to 0.01 ﬁPa (%%%?%%%{gf%%ﬁr eg oj;}gq e%?%‘gsé\ﬁ%%%%gfrs&@
according to ci& maompr 2singhet@iducting f3 Wi ckelotompatidfalled in a

container is at)udLasicode Sompownd sel Bed eth f4 et i Q8 PUR, CRASd 8dd ng Of
K3Ni F5, K3Ni F., and K3Ni F7. 4. A process according. to anghone,of clains 1

to 25 35 wherBlYPEHRe nRF ofet 31 %i6PP de? Lot et 11 %he 1 LigeT e g to

occl uded into gdesdd Ledodi Lked &oppesshidké Neceh®Pund 2911 5eH00n vol ppm or

|l ess. 5. A high-purjty fluorine gas_recovered,, after_a  step, (1) of
heating a f|LKﬁQ$%%k% rco%%%uﬁﬂeg??fEEFi?PEFl%&P%o%t%&QEﬁPYﬁﬁé%?ease a

qu?{ine gaska?ﬁb@rsm@p%ég)%?fta¢IQmépg(a){Iwm&¢Mec@m§ri@ebe%@m¢m¢mﬁfbinto
a uor oni ckel, conpoun e a_contajn r copgduct n. t he step
(1), which is TheovErRY mt%g @?épail‘)’%ﬁaf%érgt%ée%tng(% ]?%é%’%%h a

fl uori na0gas 3theeflicedonckehydongennd| fiblieed tontentntais®d ol 2ppmaor

| ess is occlud I . SLe f_ heat] t ]

conpound fiIIe§99ﬁéa¥§%n¥§§%§%§gtQzégé%§u¥33§ﬁé?g%7p§%t%%g?%gﬁ%ﬁkggoc and
reduci ng a pre8sditeMPasideseheteonrafrerel oor 0199S MPRSFRBIBIVELY praksur e)

or less are condygtedncer gaReehb¥ehyted] éeﬁ§$h0ﬁ§§it§5-ff\;@fﬂﬂep@ééti/s
fluorine gas recovered, afteé a 5 stfg (1) of heating a fluoronickel
conpound fill elefAvaredonPalierSE6Pr &fase a fluorine gas and a step (2)

of allqw ng a fluoeine paprboebe accbudedgi nbochaim 1, which further
comprises a step (4) of adjusting the temperature of the
fluorconickel compound filled in a container to less than
250°C and reducing the pressure inside the container to
0.01 MPa (absolute pressure) or less.

20 3. A process according to claim 1 or 2, wherein
the fluoronickel compound filled in a container is at
least one compound selected from the group consisting of
K,NiF,, K,NiF, and K,NiF,.

4. A process according to any one of claims 1 to

25 3, wherein the hydrogen fluoride content of the fluorine
gas occluded into the fluoronickel compound in the step
{2) is 500 vol ppm or less.

5. A high-purity fluorine gas recovered, after a
step (1) of heating a fluoronickel compound filled in a

30 container to release a fluorine gas and a step (2) of
allowing a flucrine gas to be occluded into a
fluoronickel compound filled in a container are
conducted, in the step (1), which is recovered in the
step (1), after the step (2) in which a fluorine gas

35 reduced in a hydrogen fluoride content to 500 vol ppm or
less is occluded as well as a step (3) of heating the

fluoronickel compound filled in a container at 250 to



fl uoroni ckel conpound filled in a container are conducted, in the step
(1), which is recovered in the 10 step (1), after the step (2) in which a
fluorine gas reduced in a hydrogen fluoride content to 500 vol ppm or

|l ess is occluded as well as a step (3) of 3deating the flI |

conpound filled in a container at 250 to 600C and reduci%ﬁbga%ﬁggé%ﬁe
inside the container to 15 0.01 MPa (absolute pressure) or less and a step
(4) of reducihCaC prRSsTPEUTHRPdR PRRSTHRE almetdei FRedCAREAinAE to

f1 uoroni ckel conmpoungh t pafs §luMaptabsetal| eopr eesyr 8y e Okonbfesedl @
tenperature of |ess than 250C are conducted, respectively, at |east once.

20 7. A high- pt®#$P§CEIYRtY ne@has®a8tcPRFfed in claim 5 or 6, wherein the
fl IlJororlijC]Ifel Cogpouml fiAIBﬂghnpariﬁpnfawmnfeSggg £gaave_ea§,caﬂ’@@gn§l

sel ecte romthe roup_consjstin K. N Fs Ni F6 and K3Ni F7..8. A

o e pur Bty {1 SbP bl baSE SSCRF Sl FAUARON Ske brBoBPoRRY: flbefolh s
having a purityonta®9e9 vol tedeaseoaeflB@orfnbi ghspandty Etapripe gas as
clainmed in any ne.of clains. 5 1o 7 avi ng urity.of 99.99 volt or
nore. 30 10. A?%?ﬁﬂ*%%r?tgi??ﬁbp?ngaaagoaéec?g?gﬁaeénlg § “one of claims 5
to 9, wherein fheoozypjehefasonpntedt fitledOivoh ppnteinkesarell. A

hi gh-purity fl i S i i nyany | to,.1 wher ei n
t he carbon dioggégggggé’Sgﬁcgh?eg?gPs(ig’vgvgggnsérg gggérgg.ggnggﬁciner

| aser gad conpptsbn§la.hpfhepukheystepudd)néngubiab el Alneding &a§ one of

claims 5 to llredquced in a hydrogen fluoride content to 500 vol ppm or
less is occluded as well as a step (3) of heating the
fluoronickel compound filled in a container at 250 to
600°C and reducing a pressure inside the container to

15 0.01 MPa (absolute pressure) or less and a step (4) of
reducing a pressure inside the container filled with the
fluoronickel compound to 0.01 MPa (absolute pressure) or
less at a temperature of less than 250°C are conducted,
respectively, at least once.

20 7. A high-purity fluorine gas as claimed in claim
5 or 6, wherein the fluoronickel compound filled in a
container is at least one compound selected from the
group consisting of K,NiF,, K,NiF. and K,NiF..

8. A high-purity fluorine gas as claimed in any
25 one of claims 5 to 7, having a purity of 99.92 vol% or
mere.

9. A high-purity flucrine gas as claimed in any
one cof claims 5 to 7, having a purity of 99.99 vol% or
mcre.

30 10. A high-purity fluorine gas as claimed in any

one of claims 5 to 9, wherein the oXygen gas content is
10 vol ppm or less.
11. A high-purity fluorine gas as claimed in any
one of claims 5 to 10, wherein the carbon dioxide gas |
35 content is 10 vol ppm or less.
12. An excimer laser gas comprising a high-purity

fluorine gas as claimed in any one cof claims 5 to 11.



