; e3eN KF6T 8CH2 7 AUG 2002 - - OF NI TROGEN TRI FLUORI DE GAS, AND
PREPARATI ON METHOD OF NI TROGEN TRI FLUBRI DE GAS BY USE OF THEM 5 BA@QEﬁHiK&p
OF THE INVENTION 1. Field of the Invention The present invention relates to

an el ectrod w trolyte for use in the preparation of a nitrogen
trifluori deMﬂW‘lmmm reparation nethod of the nitrogen 10 t uor i de
gas by the use Qf, el ectrode and the el ectrol yte. More spe Wémymm”mmm
relates to an electrode and an electrolyte for use in the pre

nitrogen trifluoride gas by the electrolysis of an anmmoni um f | uor i*teisdk5
(NH4F) - hydrogen fluoride (HF)-containing nolten salt, and a preparation

nmet hod of the ngtrogroODEr AfibuRrLEderRgBETRYFOREUSEEIN! PREBARNDYEN €l ect rode
and electrolyte. 2. Description of the Related Art Wth the drastic

advancenent oforheCtRGBEN TRIMUSIORTEE A5 N ANIC PREPAGATION METHeDsi ty and
t he performance of sem conductor el enents have been hei ghtened, and the

production of veryoFang®eReGENETRDFEUORIBEH GASCBYtSSpasrbegeMi ncreased. In
consequence, a high-purity nitrogen trifluoride gas has been required as a
gas for dry etching 25 for use in a preparation process of integrated

circuigs and as a gas for EACHGWAD OF aHEY Dappar@nus. The preparation
met hods of the nitrogen trifluoride 2 7 AUG ZOp~ - 2 (hereinafter

abbrevi at eld. t FidNkB"9f gase carvdi ircauighl y cl assified into a chem cal net hod
and an el ectrolysis method. The chem cal nethod conprises a first step in
whi ch a fl uori n&@hehgeEseaitt amvantirieon atdattes 'thz'ap gdectgode and an
electrolyte for use in the preparation of a nitrogen
trifluoride gas, and a preparation method of the nitrogen
10 trifluoride gas by the use of the electrode and the
electrolyte.

More specifically, it relates to an electrode and an
electrolyte for use in the preparation of a nitrogen
trifluoride gas by the el ctrolysis of an ammonium fluoride

15 (NH,F)-hydrogen fluoride (HF)-containing molten salt, and a
preparation method of the #itrogen trifluoride gas by the
use of the above electrode and electrolyte.

2. Description of the Related Art

With the drastic advancement of electronic industries

20 in recent years, the density and the performance of
semiconductor elements have been heightened, and the
production of very large-scale integrated circuits has been
increased. 1In consequence, a high-purity nitrogen
trifluoride gas has been required as a gas for dry etching

25 for use in a preparation process of integrated circuits and

as a gas for a cleaner of a CVD apparatus.

The preparation methods of the nitrogen trifluoride



5 produced, and a second step in which the thus obtained Fz gas is reaqm%ﬂmw
wth a raw material containing nitrogen to thereby prepare the NF3 gas.

the other hand, the electrolysis nmethod conprises preparing a non-aqueous
nolten salt containing nitrogen conponent and fluorine 10 conponent as an

el ectrolyte, and then electrolyzing the electrolyte to thereby prepare the
NF3 gas. As conpared with the chem cal 2ret hod, the el ectrol ysis nethod has
an advantage that the NF3 gas can be prepared in a high yield in one step.
15 The chem cal nmethod uses an FZ raw material containing a | arge anount of
carbon tetrafluoride (hereinafter abbreviated to "CF9"), and hence the NF3
gas 1s 1 nevid:all ja G HBNIA L ed e, 35 0gaamREA! baf rEigniovever. this

CF4 is extrenely simlar to NF3 i n physical 20 properties, "and in order to

obtai n t he 1H g I3 Gafenidall et iIGRDIa8 0 cditilol yisadvanced
purification technique, which is industrially costly. On the contrary, in

the el ect mpdtedd. MetHwGhdatiedls i donprddesed @i Istidpedn n a

synt hetic process, and hence, it has a nerit 25 that the high-pure NF3 gas
can be easiHiciold af Ingsk inkhe( rd iineef tfr abbreduistvadaltosym,hg¢sgasofist he NF3
gas - 3 by the electrolysis nethod is as follows. As an el ectrol yte,
there5 s yssdsiwredyHIRdHR MEded sstidp donpeh isihng heenrabiuisa oketai idiefld &g ammoni um
fluoride (NHOHFz) 2 7 AUG , ?9~ and anhydrous hydrogen fluoride (HF). Using
an anode rgaie 3 ofeactmst aritilc ayatasr inltesliedt rasintads) inge rddgwgamliten salt.
The NF3 gas is generated on the anode, thereby obtaining the NF3 gas

cont ai ni ngCheHRRY tREaPany tidie A HuPPfyi n§ropBraPFBRY hABdputhey of the NF3

gas is in cess of 99.99 %ﬁi@6 10 .The netalli.c material, which is nost
sui tabl e fOreTHE o PFM GEIPT At BRFFATEN St A°N-EARERES passi vat i on

occurs ow to the fo tion of t.he oxid filmon.t e surface, so
t hat currenpn tc1"3oness‘5{r31]'o (gﬁvﬁmolrnq tmih:grovqegnorcoolﬂ“ﬁofeg‘ltsrség’ldse du|°n 5% he

el ectyrl ytﬁ’m Ehini gkely iegle%ﬂ.xgﬂh)tye,l%rfg ftg%n\éféoifﬁ#%&ﬁg}'ﬁfg thg el ectrode

i s consuned. 1 n consequence, I n an I ndustr is required to
of ten replacethe flecld odferaif driedaralafe tmgvgb@labl e to exchange the
ro

el ectrolyte contam nated with nickel salts p uced by the dissolution. 20
The el ectrol ysi sagmeidugrhiesi an X adld eMentie@nimgitdodgr the

electrolysis method has an advantage that the NF; gas can

be prepared in a high yield in one step.

15 The chemical method uses an F,; raw material
containing a large amount of carbon tetrafluoride
(hereinafter abbreviated to "CF,"), and hence the NF; gas
is inevitably contaminated with the large amount of CF,.
However, this CF,; is extremely similar to NF; in physical

20 properties, and in order to obtain the high-purity NF; gas,
it is unavoidable to apply an advanced purification
technique, which is industrially costly. On the contrary,
in the electrolysis method, CF, is scarcely produced or
entrained in a synthetic process, and hence, it has a merit

25 that the high-pure NF; gas can be easily obtained.

The outline of an industrial synthesis of the NF; gas



easi|ly obtaining the high-pure nitrogen trifluoride gas, but it has_ been an
industrially inportant theme to inhibit the dissolution of the anodi® AUG2e07
this theme, various electrode materials and 25 electrolytes for inhibiting
t he di ssolution of the el ectrode have been investigated. 2 7 AUG 2002 - 4
SUMMARY CF THE | NVENTI ON The present inventors have intensively

i nvestigated the differences of dissolgtion behavior between nickel and
other netals in order to achieve the inhibition of the 5 dissolution. As a
result, it has been found that the surface of nickel in a highly oxidative
state is covered by a stable conductive oxyfluoride at the tine of

I | ysi s, | f ' d I dth h f
cl cot onstY StBer PIEGCEai oTa PRBAPASErt aht [o11 % Bot ibbrPthe 10 el ect r ode
and an el geLLolyl 8y SO fhAL ALCKELy! § 'ﬁﬁ%ﬂﬂhﬁiﬁf%“%tﬁgfkthe other netals,
and a pa55|va?|on Eoés no? oceur-and therefore electt o ysis can be

per f O Medeokly NaSnHCEHnSHIIEShETat BRba ok len PETROSEIOT (RSIsLh Vel Y

pronoting t proddction o e oxyfluoride ont t he

el ectrodeypn@nafiydeoRs H%aksgethraaﬁﬂd@ﬁzﬁFﬁ.niﬁgfﬁgdéﬁpéﬁéﬁg Rh@ting or a
ni ckel powder, followed by sintering, to reduce the anount of dissolved

ni ckes (JapanesetRalestmndpelisdt éDactablysBentiNe. apa®d M 1096)satovnever,
further intensive investigation has been conducted to seek for an 20 easier
t echni queThanNFasgas risudnerdtdhobadre fawdk t Eaierdlsy aaiiniofg di ssol ved
ni ckel can be reduced by controlling an Si content present in the el ectrode
to 0.07 wtbeoNF} epas dontradhuciqgimpuridnists i orAfiteala ipwol fiyhiengni ckel

el ectrode, and allowing a certain anount or nore of the 25 transition netal
to exi st PRerpbienecthel pusit¥ndfi hheoNBediamde Ihexsrassemtf i3t i on has
been conpl et ed. 2 7 AUG 2002 - 5 That is to say, the present invention
is direct¥8l#o an el ectrode for el ectrolyzing an electrolyte conprising an

10 The metallic material, which is most suitable for the
anode, is nickel. When another metal is used, passivation
occurs owing to the formation of the oxid film on the anode
surface, so that current does not flow, or it is vigorously
dissolved into the electrolyte. Even nickel is slightly

15 dissolved, and hence the electrode is consumed. 1In
consequence, in an industrial production, it is required to
often replace the electrode, and it is also unavoidable to
exchange the electrolyte contaminated with nickel salts
produced by the dissolution.

20 The electrolysis method is an excellent technique for
easily obtaining the high-pure nitrogen trifluoride gas,
but it has been an industrially important theme to inhibit
the dissolution of the anode.

For this theme, various electrode materials and

25 electrolytes for inhibiting the dissolution of the

electrode have been investigated.



ammoni um fl uori de (NHIF) - hydrogen fluoride (HF)-containing nolten s %t, a
conposition ratio (HF/ NH4F) being in a range 5 of 1 to 3, said el ecd f J46 2007
conprising nickel in which an Si content is 0.07 wto or less, a transition
metal other than nickel being added to the nickel electrode. Furthernore,

it is directed to a preparation nethod of a nitrogen trifluoride gas by the
use of the above el ectrode and/or 10-the-electrolyte containing a
transition nmetal. The nethod of the present invention is an epoch making
invention in which the amount of dissolved nickel can be remarkably reduced
wi t hout changi ng a conventional electrolysis process. In consequence, the

frequency of 15 replaci ng tdhaneliBetdOaP TSRt rol yte can be decreased
to half or less of a conventional case, and cost can also be reduced. The

effects of the presghbsbA¥eNh/ONt8re BXVECIRt¥ns BvEEy | Mvasusdddad
production. 20 BRI EF DESCRI PTION OF THE DRAWNG FIG™ 1 is a schematic view

showi ng ombecdatmikbecateanocel agksolytioncBehavibichetSebdsabi€kén 4@ present
i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 25 Next, -the
present i ptéaeti aeteilsl iheoddser tbedchhedet ahé. inh2BiAUGh-06 thkxanpl es of a
transition nmetal other than nickel, which can be used in the present

i nvenbi ondissollutéohi.r sAst panebnilon étehaat be¢sScfoind vhatrthéh, Fe, Co and
Cu) and second transition elements (Y, Zr, Nb, Tc, Ru,Rh, Pd and 5 Ag)
among el esuFfacenofhaigkedpdn| rl AlghlyBosidahavpestatiecis appeexedngyforny,
Ta, Pt and Au. In addition, oxides and peroxides, which are confounds of
these traRsPtABACHEPRANCTANR qr¥dlperidedat Akhe bénpoaé ebectERlYRifhe
present invention_s an 10 allo tai ned by introducing at | east one of
Phe” above 1 She: 6 eRBrkieReR: ol PeRer abha! sPanthe crePafe: SBae i n whi ch
an Si cont i . % or_ .l . e, ni.c . tajns._pickel as
a main coﬁ%%%gkﬁpgagé ﬁ%g%gﬁdcgﬁieﬁlgiEﬂérggéng?ggagggﬁ gg?vgégoFﬂﬁnre,

”Dreleref%ﬁ%QE¥oéé gﬁdSEWt%185t98i9te, so that nickel is less

dissolved than the other metals, and a passivation does not
occur and therefore electrolysis can be performed. It has
been suggested that, for the purpose of positively
promoting the production of the oxyfluoride on the surface

15 of the electrode, an oxide of nickel is mixed with a nickel
dispersed plating or a nickel powder, followed by sintering,
to reduce the amount of dissolved nickel (Japanese Patent
Application Laid-Open No. 225976/1996). However, further
intensive investigation has been conducted to seek for an

20 easier technique, and as a result, it has been found that
the amount of dissolved nickel can be reduced by
controlling an Si content present in the electrode to 0.07
wt% or less, introducing a transition metal into the nickel
electrode, and allowing a certain amount or more of the

25 transition metal to exist in the electrolyte, and in

consequence, the present invention has been completed.



Even when an extrenely small anmount of the transition nmetal is contained in
the electrode, its effect can be exerted. For exanple, when about Q.702U6\0%p
of Co is contained in the electrode, the dissolution anount of the 20 anode
can be decreased about 40-wt % as conpared with a case where Co is not

added. The increase in the amount of the transition netal to be added | eads
to the increase in its effect, but wheh about 3-wt % of the transition netal
is added, the effect can be sufficiently exerted. Furthernore, 25 also in
the case that the transition netal is added to an electrolyte, the simlar
ef fect can be obtai ned. 2 7 AUG 2002 7 _ Wen the Si content contained

in the el ectrodpnhs [89tbatLy, tOhd. Oedbif Ofnd&SSiod NEs dHS8Qltldd anp amount
of the anode can be decreased 40-w% as conpared with a case where the S

content ignnele€onbdel ked. ede¥LdlyREnG af 08l &Nt r SR dWBiRb T 16 1 £ ectrode
is regulated to 0.07-wt % or | ess and about 0.02-wt % of Co which 1s the

transiti oamm®hdtmi $1aoniaéneny M) tHelredgaet ridder iidee (diFys-eloumttiadm iagount of

t he anode can be decreased about 50-wt % as conpared with a case where they
are not lfotvehnrsaled. al fonpesatbomt ratid heHE NS )t bedingetial a whainge i s
added to the electrode and the electrolyte, is 0.01-wt% or nore, the effect
of the prefebtton¥ensand ehachbrodéteadmedis Hogevierkelvhiem whisch rams$ii on
netal is added in many |large 15 anounts to an electrolyte, there is fear to
reduce eleentenytis €f0Vcwehcyrbyepsl | attvasitiore ettt rother. thdwr ef or e,
the anmount of the transition nmetal is desirable by 2-w% In the case that
the Si cohiehelcbaingnedded tRcthecrihak ¢ke¢ @t eFYBCROMYR S or | ess

and the 20 tranéltion aetal is contai ned in bqiqagf the el ectrode and the
el ectrol y+k, 1 h@LFRAFBHt FOn2 cPFERAL JF 1AM BREIP R i DHEEFEBe pronot ed.

of the sarbTiianidh %%?gﬁist bRetT61 vt L?h?ﬂ%@%&2%#%“%:§#e%%%’cﬂfi§?dt ﬁé: e
- W % i

re Tt oshE, SPrERELeRRe e ARt Taa s RS PR BT Cnat i U ton of an

el ectrolytic ceplhe M@%H@d“&%'tP§89§é§éﬁ@eﬁhvéK¥i%ﬁKEQ'énfgékéﬁﬂl lid 2 are

constituted so that electrolyte nd a generated gas nmay be separated from

the out siggkphgaisyeheibnCehl whodl €héSamowstiabt yalesdmbégahiykepnnected to
cell Iid 2 via a gasket to secure air tightness. Additionally, the inside

faces of cehlbéodygmidrhadlyekéduced 2wirelyobe clamyitug w tdomvéhtbesmahr bon
resin, and in such a case, the durability of these nmenbers can be further
i nproved. elecheRbySlanareathvde Unarenseparnted BYe phFeddeRey P&t t ached to
0 Bare i bEadener ehede1Lomaneds: dche DlXee-ul J b Ngf genagenerated Trom
to half or less of a conventional case, and cost can also
be reduced. The effects of the present invention are

extremely large in industrial production.

20 BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a schematic view showing one example of an

electrolytic cell, which is usable in the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 Next, the present invention will be described in

detail.



expl osion easily occur. Therefore, in order to prevent this phenonenon,
partition 5 is provided. The downward 15 length of partition 5 can el AUG 200
suitably sel ected under conditions that partition 5 is not excessively
close to the bottomof cell body 1 and it extends below the |iquid surface
of the electrolyte. The produced NF3 gas @nd hydrogen gas are 20
respectively discharged fromthe electrolytic cell to the outside through
anode gas vent 6 and cat hode gas vent 7 forned in cell lid 2. Moreover,
during hydrolysis, an inert gas such as a nitrogen gas nmay be fed as a

ol | body 1, celt Tt He A Rk O NE fneriean, Mgk,
regara 1ot RUSIEGRFIREhAEE b e BBt inbehelttmencandborein et i onal
h T ospect e b Hont A (ot Xy igain, Tv CResBRolty odes. and
he o ect rorpt & earl< aeneia e SaenehiS SHCUS aisctta Nodths (4L, BIC I n

addi tiop, thg)cendrnd Hidfenfs tie +@lee GioRpst | el.l. dges have an 10

i nfl uence on%t)he ef fdect of thse lpreseen% !On{?eéntIicig%. ltxs ?%goglogtc ero! yte, an
anmont um f 1 pein el (oAbl Y dioge ool 16¢ B knaoRkal MR 288l igh Used..
Exanpl es of the preparation nmethod of the electrolyte include a pré&paration
from an amoriidiesyandaper@xi¥asquahiyar agen cbapbhHasi 8¢, tfelkeparation from

anmoni um nonohydr ogen di fl uori de and anhydrous hydrogen fluoride, and a
prepar at i ontiramdidmoonimebafllsyociade adsd aehydedus hydrogen

An electrode for use in the present invention is an

10 alloy obtained by introducing at least one of the above
transition metals into nickel and/or a nickel electrode in
which an Si content is 0.07 wt% or less. The nickel to be
used contains nickel as a main component, and nickel
content is preferably about 90-wt$% or more, more preferably

15 98.5-wt% or more.

Even when an extremely small amount of the transition
metal is contained in the electrode, its effect can be
exerted. For example, when about 0.02-wt% of Co is
contained in the electrode, the dissolution amount of the

20 anode can be decreased about 40-wt% as compared with a case
where Co is not added. The increase in the amount of the
transition metal to be added leads to the increase in its
effect, but when about 3-wt$% of the transition metal is
added, the effect can be sufficiently exerted. Furthermore,

25 also in the case that the transition metal is added to an

electrolyte, the similar effect can be obtained.



fluoride. The electrolyte can be prepared by, for exanple, the 20 follow ng
procedure. In the case of the preparation from amoni um nonohydr og@i} AUG 2007
di fluoride ( NH4HFz ) and/or anmonium fl uoride (NH4F) and anhydrous HF,
predet erm ned anmounts of NH4HFz and/or NHOF are first placed in a vessel or
the electrolytic cell, and a predeterm ned anmount of anhydrous 25 HF is
then bl own thereinto. According to anot het preparation net hod, 2 7 AUG
200Z - to predeterm ned amobunts of an NH3 gas and an NF gas are directly
reacted with each other in the vessel or the electrolytic cell to prepare
the electrolyte. For the reaction of the NH3 gas and the NF gas, these
gases nay be 5 f¥benothehi ewntent taomaigd iof thadmldateodegds such as
nitrogen, argon or helium and in such a case, the el ectrol yte does not

fl ow backwiedulatedghogls0ieet pppebesso thrtdigrolaiteicty simpuntcaf be stably
prepared. Any nethod permts the easy preparation of the electrolyte. 10
Wth regar ah@oaﬂﬁéecsﬁﬁobﬁtd@ﬂr@épswae‘l&‘éﬁ rdF yIEPar efb|vatly & s HF/ NHOF
is suitably in a range of 1 to 3. If this nplar ratio is less than 1, the
el ectrol yt ¥PPREORDENPENEPYLERRAES t BOBIr FOREEDOYRD t her mal deconpositi on

Co ly, if it | than 3, th | _ f HFE 15 rises,

Chat eb 1 al ge amolRERol RFFST SSPRRent KonGhiiet 1 S Sieat oy Aompos ¢ on
f the el ect i iently | ly fluctuates, T tio of 1
Co 3 is suf bABraCea.PETPRPGRE donbet i LI FT0p % B Baul "2 Vange
of 1.5 10 %hiﬁhslig%ﬁep'&?ﬁé%@k&n @anf 2y é@ﬁ@aeirgc{d ]irg e Bredr RS

pref erable. el'ectrolytric curren enstty 1's preferably T1na range of 1

to 30 A dmge R8sboWRhiohi Bhbuft bPeckerifdte dSABiBY dBscalbddidbignce on
the productivity of the NF3 gas, and a technical restriction on the current

density iS535wt%aé§eb&5mFéE§§n&itHe@tc&@é‘&ﬁl@éﬁé‘ tHey herevindi ty of the

el ectrode is substantially proportional to the current 2 7 AUG 2D02 - 11
densil§. Thenetodtedif the current density is noticeably high, the
tenperature of the electrolyte locally rises, so that sone inconveni ences
occur, and for eX@inphe, anpentomposhe i oranditien aetdl olwhtich sisngtddstdabl e.
Such a high 5 current density does not affect the effect of the present

i nventi on, tButheoBdRFyrodRecatdr Eoat e lRAETR VS pkefOrObiwts Pm nifye of 1
to 30 A.dmﬁ, re prefer blﬁ inarange of 5to 20 A_dmz. As the
material fG&RSt R fESEhBHet Br PHERSTH HRECABLIN S VT LP% 3R can be used a

Lo SyleSael! Aench 58 ccRhELELoRndREF! Il e el o et

the electr I'C fanu ure o gas. ention

will be degghiRed ited;ﬁ Q%e{}g?ipté,w@ﬁ@@@%s WLy Xl fifee |t shoul d be

noted that % is based on weig
electrolytic efficiency by pollution of the electrolyte.

Therefore, the amount of the transition metal is desirable
by 2-wt%. In the case that the Si content contained in the
electrode is regulated to 0.07-wt% or less and the

20 transition metal is contained in both of the electrode and
the electrolyte, the inhibition effect of anode dissolution
can be promoted. When 0.05-wt% of the transition metal is
added to the electrode and 0.1-wt% of the same is added to
the electrolyte, the dissolution amount of the anode can be

25 decreased about 55-wt% as compared with a case where they

are not controlled.



Exanple 1 First, amonia was m xed with anhydrous hydrogen fluoride to
prepare 20 kg of an ammoni um fl uori de (NH4F) 20 hydrogen fl uori de 27 A 0
(HF)-containing nolten salt having a nolar ratio (HF/ NHgF) of 1.7, and w%@
salt was then placed in a 20-liter electrolytic cell nmade of a fluorine
contained resin. In this fluorine contained resin electrolytic cell, there
was set a nickel alloy electrode 25 (megght = 2300 g) in which an S

content was regulated to 0.02% followed by carrying out electrolysis.

After the 2 7 AUG 2001 - 12 electrolysis was done at a tenperature of
120C and a current density of 10 A .dm Z for 100 hours, the weight of an

(i ssorut i on Fa¢ of <sHobfythe eRlfe bSO R R ke e BERER 1 ¥
anhydr ous @Mgéﬂgfﬂli!ng%gﬂ%fﬁ?b@&.epaéglfobcﬁ]}égis%ﬁ I um f) O%érde

(NH4F) hydrogen fl uori de -contai ni ng no vVing a no ratio

/ | . g
(HF/ NHAF) @bndt{ruesd égﬁtﬁéiteﬂ@étfgfﬁt@ @C£ﬁh]élgéhéﬁé¥%4J%5§IWﬁ%ﬁ e

el ectrolytic cell nmade of a fluorine contained re

cont ai ned bessBpeletedokybhCtEe! buté@s cofas SpdtanNi akell a&dcg,y elggtrode
(weight = 2300 g) in which an Si content was regulated to 0.07% and Co was

cont ai ed usualipthernétcdbYy ¢ohheweedbyo lSerhryid y wid £|eoskat ysis by
the sane procedure as in Exanple 1. Afterward, the weight of an anode was
nmeasur ed, bndsesurerasutighthessli ssaddiitoonalipnttiod ireidnotsceamsoB5 g
(dissolution ratio = 3.7% . Exanples 3 to 12 20 The sane procedure as in
Exanpl e 1 %4851cbhadyicl eanéxeebt 1hdt2 amawibeorrestedindith ka nd and anount of
a transition nmetal in an electrode as well as a hind and anmount of a
transiti onfHBPEPCRRPAM EFBLRr o4 elMeFeck Markpere astholbrani ity eof . The

results arg shown in Table 1. 25 Conparative Exanple 1 The sanme procedure
as in ExanpPes9 UEEPRLAJTRE Egrtﬂ§5~;@9ﬁ&yed13 except that a nickel

ol SoLTae (uetShhofe 22000)cHNBA8 f, A 4ifnl B LA, somtent o
attached to lid 2. If NF; generated from anode 3 is mixed
with hydrogen generated from cathode 4, ignition and
explosion easily occur. Therefore, in order to prevent
this phenomenon, partition 5 is provided. The downward

15 length of partition 5 can be suitably selected under
conditions that partition 5 is not excessively close to the
bottom of cell body 1 and it extends below the liquid
surface of the electrolyte.

The produced NF; gas and hydrogen gas are

20 respectively discharged from the electrolytic cell to the
outside through anode gas vent 6 and cathode gas vent 7
formed in cell lid 2. Moreover, during hydrolysis, an
inert gas such as a nitrogen gas may be fed as a carrier
gas to both sides of anode 3 and cathode 4. The material

25 for cell body 1, cell lid 2 and partition 5 is usually a

metal, but if necessary, a fluorocarbon resin may also be



Table 1 Si Amount Transition Metal added to El ectrodeTransition Metal added
to El ectrol yteWei ght of Electrode (g) Dissolution% in (w Electrodez7 AUG
Ki ndAmount (~% Ki ndAmount (~% Ori gi nal Wei ght Di ssol uti on Anmount of 2007
El ectrodeRati o (% Exanpl e
10. 02----2300974. 220. 07Co00. 05--2300853. 730. 02Co00. 05--2310823. 540. 02Co0. 05Co
00. 152308723. 150. 04Cu0. 05- - 2312833. 6602 02Cu0. 05C00. 12302703. 070. 07Cr 0. 06- - 2
310843. 680. 07Ti 0. 04- - 2298853. 790. 03Ti 0. 04Ti 020. 052296713. 1100. 02Zr 0. 08- - 229
2823. 6110. 02Nn0. 08--2301813. 5120. 03Wn0. 05Zr 020. 12318723. 1Conp.
Ex.0.12----23041617.0 NVac OON 27 AUG 2002 - 15 WHAT IS- CLAl MED
|S: 1. Anugkdctrode for electrolyzing an electrolyte conprising an amoni um
fluoride (NHQF)-hydrogen fluoride 5 (HF)-containing nolten salt and having
a conposition rdith YefAnNAE) e lexempBlibied epbectrolytiogeslyiftsiori de
gas, wherein said el ectrode conprises nickel in which an S
fundamental constitutional requirements have been merely
mentioned, and needless to say, the shape of the respective
5 members as well as the arrangement of the electrodes and
the partition is optionally selected. The especial
electrodes are used, but the electrolytic cell does not
have to possess an especial constitution. 1In addition, the
constitution of the electrolytic cell does not have an
10 influence on the effect of the present invention.
As the electrolyte, an ammonium fluoride (NH,F)-
hydrogen fluoride (HF)-containing salt is used. Examples
of the preparation method of the electrolyte include a
preparation from an ammonium gas and anhydrous hydrogen
15 fluoride, a preparation from ammonium monohydrogen
difluoride and anhydrous hydrogen fluoride, and a
preparation from ammonium fluoride and anhydrous hydrogen
fluoride.
The electrolyte can be prepared by, for example, the
20 following procedure. 1In the case of the preparation from
ammonium monohydrogen difluoride (NH4HF,) and/or ammonium
fluoride (NH,F) and anhydrous HF, predetermined amounts of
NH,HF, and/or NH,F are first placed in a vessel or the
electrolytic cell, and a predetermined amount of anhydrous

25 HF is then blown thereinto.

According to another preparation method,



content is 0.07 wt%or less. 10 2. The el ectrode according to Caim1l
wherein at |east one of transition metals other than nickel is addgd Ao 2oe
el ectrode. 3. The el ectrode according to Caim2 wherein the 15 transition
nmetal is selected fromthe group consisting of first transition elenents
(Sc, Ti, V, C, M, Fe, Co and Cu) and second transition elenents (Y, Zr,
Nb, Tc, Ru, Rh, Pd and Ag).anong el enentgs 4 n the groups I11Ato IB of the
periodic table (long form, Ta, Pt, Au, and oxides and 20 peroxi des which
are conpounds of these transition netals. 4. The el ectrode according to
Claim2 wherein the content of the transition netal is 0.01 wt%or nore. 25

5. A B ePREBLERR-FEHAAdafbufich bEOGRNNL I dddioLidlpa SUPTeai n the Step

of electrolyzing an el ec rising an anmoni um

fluoride GNH€E¥19YQEQQ%@dthQh'QgcﬁkginEQHRﬁ'Eh89v€§£é§”o§a£ﬁea”d having a
conposition ratio (HF/ NHOF) of 1 to 3 by the use of a nickel electrode as

an anode er@tQ@Q?Ql@ aemogenpképéké%hdeeyéétr&\wtétn PoPltReWt % t0o 2 W %
of at least one of transition netals other than nickel is added to the

el ectrol yreacGiohhefprapanas i gas nidiocho N hegad) titogen daddd waay dee gas
according to Caim5 wherein the nickel 10 electrode is the el ectrode
descrbbedfied €bgethér Withhé ppeplrwbldnofireahddyoineéht gasresgehn asifl uoride
gas according to Caim5 wherein the nickel electrode is the el ectrode
descri bedniitrecggnm 2rg®s or helium, and in such a case, the
electrolyte does not flow backward through gas feed pipes,
so that the electrolyte can be stably prepared. Any method
permits the easy preparation of the electrolyte.
10 With regard to the composition of the electrolyte, a
molar ratio of HF/NH,F is suitably in a range of 1 to 3.
If this molar ratio is less than 1, the electrolyte
inconveniently tends to bring about thermal decomposition.
Conversely, if it is more than 3, the vapor pressure of HF
15 rises, so that a large amount of HF is lost, and owing to
this loss, the composition of the electrolyte
inconveniently largely fluctuates. The molar ratio of 1 to
3 is suitable, but if higher composition stability is
desired, a range of 1.5 to 2.5 is more preferable, and a
20 range of 1.8 to 2.2 is most preferable.

An electrolytic current density is preferably in a
range of 1 to 30 A.dm™%. The lower limit of the current
density has an influence on the productivity of the NF; gas,
and a technical restriction on the current density is

25 scarcely present. Heat generated in the vicinity of the

electrode is substantially proportional to the current



8. The preparation nethod of the nitrogen trifluoride gas according to
Claim5 wherein the nickel electrode is the el ectrode described in (ﬁ%z
20 9. The preparation nethod of the nitrogen trifluoride gas accordlng t
Claim5 wherein the nickel electrode is the el ectrode described in CaimA4.
.AF. A3 . A(. A A Ay. AR AFhf. A . A . Af. A?, AY2A A. A3,
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] ca] ca] cahdajhcaltde] caEpereduca] of] chkc &lleslkcallydpcapcallig] cafea) capca] ca] ca
] ca] ca] ca] ca] ca] ca! QG pObT
ll/#<#B#C$3ﬁﬁ9@%ﬁ%ﬁ@Q?x@WE@iEPF@é]@&F@aycapdaﬁea]@apmaﬁea]@aFca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca& £0a| ) *** Kb+ ++++-
.C,,,,-.?comRogitioyy ofo[theredeeteslydecdpc APtapEa &]caF@é cé]é&p@a]ca]ca]
ca]ca%ca]ca]caLﬂca cal.calca] ca] ca] ca ca]ca%ca]ca]ca]ca]ca'POOOOOO)leYl 1f 1

gll11 current density does not a fect the ‘effect of the present
2F2V2v2 2h2/ 3G31.3N3 334657 .
a]ca]ca?c&P@ fﬁhf Mt &P rc aFB 8&] %gglgg}%%%%&%@§hég¥fngggg
cfr o Ok —9>F>Nb677779 d
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CCDDDFFFFEFERG, G GCEEEGE" H?Hs HHHH. IkIII{qugb]X]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]cg]cglcgfca ca]ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca

Jcal 111 J03J3IIII&K3IKKAKe Kl KK £ th in t
LL#L]LLLLLLNFNK%% XS foga]gg]gg]cgfcafgg]ggfcéfcarga]ca]ca]ca]ca]
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U109 () - 31 909 () - Y##L109%&' () -3!'!109& ()-3109%& ()-51JdE:/ 10 10l
Next, the present invention will be described in
15 detail in accordance with examples. It should be noted
that % is based on weight.
Example 1
First, ammonia was mixed with anhydrous hydrogen
fluoride to prepare 20 kg of an ammonium fluoride (NH4F)-
20 hydrogen fluoride (HF)-containing molten salt having a
molar ratio (HF/NH,F) of 1.7, and the salt was then placed
in a 20-liter electrolytic cell made of a fluorine
contained resin. In this fluorine contained resin
electrolytic cell, there was set a nickel alloy electrode

25 (weight = 2300 g) in which an Si content was regulated to

0.02%, followed by carrying out electrolysis. After the
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electrolysis was done at a temperature of 120°C and a
current density of 10 A.dm™? for 100 hours, the weight of
an anode was measured. As a result, the dissolution amount
of the anode was 97 g (dissolution ratio = 4.2%).
5 Example 2
First, ammonia was mixed with anhydrous hydrogen

fluoride to prepare 20 kg of an ammonium fluoride (NH,F)-
hydrogen fluoride (HF)-containing molten salt having a
molar ratio (HF/NH,F) of 1.7, and the salt was then placed

10 in a 20-liter electrolytic cell made of a fluorine
contained resin. In this fluorine contained resin
electrolytic cell, there was set a nickel alloy electrode
(weight = 2300 g) in which an Si content was regulated to
0.07% and Co was contained in a ratio of 0.05%, followed by

15 carrying out electrolysis by the same procedure as in
Example 1. Afterward, the weight of an anode was measured,
and as a result, the dissolution amount of the anode was
85 g (dissolution ratio = 3.7%).

Examples 3 to 12

20 The same procedure as in Example 1 was conducted
except that an Si content and a kind and amount of a
transition metal in an electrode as well as a kind and
amount of a transition metal in an electrolyte were changed

as shown in Table 1. The results are shown in Table 1.

25 Comparative Example 1

The same procedure as in Example 1 was conducted
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comprising an ammonium fluoride (NH,F)-hydrogen fluoride

5 (HF)-containing molten salt and having a composition ratio

(HF/NH,F) of 1 to 3 to prepare a nitrogen trifluoride gas,
wherein said electrode comprises nickel in which an Si

content is 0.07 wt%$ or less.

10 2. The electrode according to Claim 1 wherein at
lJeast one of transition metals other than nickel is added

to the electrode.

3. The electrode according to Claim 2 wherein the
15 transition metal is selected from the group consisting of
first transition elements (Sc, Ti, V, Cr, Mn, Fe, Co and Cu)
and second transition elements (Y, Zr, Nb, Tc, Ru,Rh,
Pd and Ag) among elements in the groups IIIA to IB of the
periodic table (long form), Ta, Pt, Au, and oxides and

20 peroxides which are compounds of these transition metals.

4. The electrode according to Claim 2 wherein the

content of the transition metal is 0.01 wt$% or more.

25 5. A preparation method of a nitrogen trifluoride

gas comprising the step of electrolyzing an electrolyte
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