A Process for Producing H gh-purity Ni t rogen

Trifluoride Gas BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention 5 This invention rel es for
pr oduci ng hi gh-purity nitrogen trifluoride (NFZ%@a@td)mspgog

It relates to a production process whereby high-purity ni trogen
trifluoride gas can be industrially provided with alowc6 El
Description of the Related Art Nitrogen trifluoride zﬂg ﬁ

i ncreasingly becone i mportant in applications related to an el ectronic
mat eri al , particularly as a gas for dry-etching during manufacturing
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BACKGROUND OF THE INVENTION

1. Field of the Invention

5 This invention felates to a process for producing
high-purity nitrogen trifluoride (NF,) gas. In particular,
it relates to a production process whereby high-purity
nitrogen trifluoride gas can be industrially provided with
a lov:v cost. |

10 2. Description of the Related Art

Nitrogen trifluoride gas has increasingly become

important in applicafions related to an electronicmaterial,
particﬁlarly as a gas for dry—étching during manufacturing
a semiconductor device, a gas for dry-cleaning of a plasma

15 CVD apparatus or a gas for cleaning a batchwise production
apparatus for a wafer type device in a liquid crystal display
"using TFT, and thus its production quantity has been
considerably increased. It hés been needed to provide
higher—purity NF, gas for the above applications

20 There have been proposed a variety of processes for
producing NF; via molten salt electrolysis. For example,
a process using nickel as an anode is industrially common
because it little produces impurities such as CF,.

Acid ammonium fluoride (ammonium hydrogenfluoride)

25 1is used as a material for the molten salt electrolysis.



considerably increased. It has been needed to provide hi gher-purity

NF3 gas for the above applications 20 _ There have been proposed a

‘'vari ety of processes for producing NF[err] via nolten salt

el ectrol ysis. For exanple, a process using nickel as an anode is
i.ndustrially conmon because it little produces inpurities such as
CF[err]. Aci d anmoni um fluoride (ammoni um hydrogenfluoride) 25
is used as a naterial for the nolten salt electrolysis.

-2 Ammoni um hydr ogenfl uori de commercially avail able as a r eagent
contai ns ammoni um hexafl uorosilicate as an inpurity in a significant

anount. Thus, deReRLEN JTydradgendlugridet commerg#allmuavubasblﬁe tag
preferable to use ammonium 5 hydrogenfluoride prepared from hydrofluoric
acid and Eeaaenhaentains dpaenisnireyt Brrgs 11 ideke as api airddant
techni cal inprovenent increasingly requires higher-purity NF3 gas, it

has been needeﬁntﬁ)%ﬂQﬂAﬁmgamﬁeapﬂﬁatet Thus sibegause of @ lpker AmAunt
of impurities, it is preferable to use ammonium
5 .hydrogenfluoride prepared from hydrofluoric acid and
ammonia as described in JP-A 4-56789. However, since recent
technical improvement increasingly requires higher-purity
NF, gas, it hos been needed to provide the product gas with
a higher purity. |

10 - Such a higher-purity gas mé‘y be obtained by purifying
a crude gas produced after the molten salt electrolysis
(hereinaffer, referred to as a "crude gas"); for example,
by introducing it along with a carrier gas into a purifier
or purlflers in which adsorption by, e.qg., zeolite,

15 activated alumlna or silica gel, chemlcal cleaning, plasma
decomposition, low-temperature separation and/or
liquefied-gas rectification occur.

The crude gas contains, other than a carrier gas and
moisture (H,0), a significant amount of various impurities

20 sﬁch as dinitrogen monoxide (N,0), carbon dioxide (CO,),
carbon monoxide (CO), dinitrogen difluoride (N,F,), oxygen
difluoride (F,0), sulfur hexafluoride (SF,)} and carbon
tetrafluoride (CF,). Thus, the crude gas must be purified
with the above purifier or purifiers.

25 When using the purifiers, it is necessary to control

their performance depending on the levels of the impurities

B



10 Such a higher-purity gas may be obtained by purifying a

crude gas produced after the nolten salt electrolysis (hereinafter,
referred to as a "crude gas"); for exanple, by introducing it al ong
with a carrier gas into a purifier or purifiers in which adsorption
by, e.g., zeolite, 15 activated alumna or silica gel, chem cal cleaning,
pl asna deconposition, |owtenperaturg separation and/or

| i quefied-gas rectification occur. The crude gas contains, other
than a carrier gas and noi sture (Herr]O, a significant anmount of

various inpurities 20 such as dinitrogen nonoxide (N err]Q, carbon
di oxi de (CQ erQ¥)their vaziadd@nnonBRY deXampde, oy @b FPadatugoNpgee

(Nlerr]F[err]), oxygen di fl uorjde (F[err%C», sul fur hexafl uori de
(SF[err]) and 9§ ion oceprpafYawkufk PACPREEeTs musthbe adhesbedidy gas
must be purified with the above purifier or purifiers. 25 When

usi ng the puri®i%®rsaliering gaadsorntion sake eg)a frequengy PLFRaRIAGHR%e
depending on the levels of the inpurities . .
- 3- or regenerating an adsorbent. Thus, it may require
5 .additional labor and complicated guality control such as
frequent checking a purified product gas for its purity
variation, leading to increase in a cost.
For industrially producing NF, gas with a purity of
4N (99.99 vol%), 5N (99.999 VOl%) or higher, controlling
10 an in.\purity level in a crude gas,' i.e., an impurity content,
is quite important. There are instrumental and economical
restrictiéns in purifying a crude gas containing a
significant amount of impurities to provide a high purity

gas. It is, therefore, substantially difficult to

15 economically produce a high purity gas.

SUMMARY OF THE INVENTION

An object of this invention is to provide a process
for conveniently producing high-purity nitrogen
trifluoride gas with a purity of 4N or higher using a

20 conventional purification method or apparatus by reducing

an impurity content in a crude gas.

The present inventors have intensely investigated
causes for generation of impurities to solve the above
problems, and have found that impurities in nitrogen

25 trifluoride gas are mainly derived from minor components



or their variation. For exanple, for an apparatus where adsorption

occurs, various paraneters nust be adjusted by, e.g., altering an
adsorption rate or a frequency of replacing or regenerating an
adsorbent. Thus, it may require 5 additional |abor and conplicated
quality control such as frequent checking a purified product gas for
its purity variation, leading to incfrdase in a cost. For
i ndustrially producing NF[err] gas with a purity of 4N (99.99 vol %,

SN (99.999 vol %9 or higher, controlling 10 an inpurity level in a crude
Pnst runeni al a '?ecoa%}ﬁfdﬁ”te wsmsrfgq%%é%h ey bing S BeBegsy

t
gas. 1015, tnerey Dt Saa sBRREP AR A BEEDS of el SoRiRe ek T B,

2 high purity O35uscy to conyiderably,peducs SRS odt s WA b hauce |

pr oduci ng hi gh- urity nit.ro trifluoride gas with a purity of 4N or
hi gher using a q%ﬁg ‘H#% q@ﬁagaﬁUrlflcatlon met hod or apparatus by

reduci ng an i npu VA gontent. in a ct resent
i nventors hav |ntensghV'|H€5§PF eBronHes d%tocess for prodﬁcf%g

high-purity nitrogen trifluoride gas by molten salt
electrolysis using a nickel electrode and ammonium
hydrogenfluoride as an electrolyte, wherein carbon
constituting impurity gases entrained in a crude gas, among
10 impu;:ities in the nickel electrode as an anode is controlled
to an amount of 400 wt ppm or less, preferably 200 wt ppm
or less, more preferably 100 wt ppm or less.
The process of this invention is an extremely simple
procese where molten salt eleetrolysislis conducted using
15 an electrode, particularly an anode, made of nickel with
a given purity to industrially produce high-purity nitrogen
trifluoride gas with an economical cost.
Controlling the impurity content in the nickel
electrode allows high-purity nii:rogen trifluoride gas which
20 cannot be provided by the prior art, to be practically

produced.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows an example of a production flow sheet
suitable for the process of this invention.

25 Fig.2 is a conceptual diagram illustrating an example



causes for generation of inpurities to solve the above probl ens, and

have found that

preferably 100 wt ppm or |ess.

impurities in nitrogen 25 trifluoride gas are mainly

an extrenely sinple process where nolten salt electrolysis is

conduct ed usi ng

10

15

20

25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Nickel used as an electrode material in NF, production
generally contains a variety of impurity elements.

In JP-A 8-134675, the assignee of this invention have
disclosed a process for producing high-purity NF, gas
wherein a sulfur content in a nickel electrode is controlled
to 2(; wt ppm or less to reduce SF,' generation in a crude gas.
In addition, in JP-A 8-120475, there are disclosures of a
process wﬁerein high-purity hydrofluoric acid and gaseous
ammonia as materials for preparing ammonium
hydrdgénfluorid_e as well as a nickel electrode with a purity
of 98.5 wt% .o'r higher are used for molten salt electrolysis.

After further investigation, the inventors have found
that carbon element among the impurities in the nickel may
be controlled to an amount 6f 400 wt ppm or less, preferably
200 wt ppm, more preferably 100 wt ppm or less, to reduce
ixﬁpurity gases derived from this element.

Nickel for an anode preferably has a purity of 98.5
wt% or higher.. Nickel with a purity less than 98.5 wt% may
make it difficult to produce high-purity NF, gas with a purify
of 4N or higher. As disclosed in JP-A 8-134675, it is, of
course, desirable to control a sulfur content in the nickel

to 20 wt ppm or less for reducing SF, gas. In the present

derived from m nor conponents -4-
contained in Ni used as an el ectrode and thus the inpurity content can
be.controlled by using an electrode with a given purity to

consi derably reduce inpurity gases and tqQ @raduce hi gh-purity NF3 gas.
5 This invention provides a process for producing hi gh-purity
nitrogen trifluoride gas by nolten salt el ectrol ysis using a nickel

el ectrode and ampni um hydrogenf| uoride as an el ectrol yte, erein

car bon con&tl @R SlGStFRIVtis ﬁﬁééss‘émi?b&%egoxf Fhe @Séag\,ghﬁﬁﬁﬁg 10
impurities in the nickel electrode as an anode is controlled to an
amount of 400 wiTPiFRtICN-ess, preferably 200 wt ppm or less, nore

The process of this invention is



15 an el ectrode,

ni ckel el ectrode allows high-purity nitrogen trifluoride gas which 20
cannot be provided by the prior art, to be practically " produced.
BRI EF DESCRI PTI ON OF THE DRAW NGS - 6 - Fig. 1 shows an exanple of a

production fl ow sheet

Controlling the inmpurity content

suitable for the process of this invention.

Fig.2 is a conceptual diagramillustrating an exanpl e
- 5- of an eIecIronE{c cell suitable for the process of this,

i nventi on.

inventiqir ANSESOPESER | NI IMREIPRELE

Ni ckel used as_an el ectrode material in NF[er%krproduction

10

15

20

25

P, As, Mo, Ge and W in the nickel electrode 1s also preferably
controlled to an amount of 400 wt'ppm or less in terms of
sum with C.

From ﬁhe economical and industrial viewpoints,
ammonium hydrogenfluoride is preferably prepared from, but
not limited to, hydrogen fluoride and ammonia gases. In
particular, it is preferable to use ammonium
hydrogenfluoride prepared'_ by reacting hydrogen fluoride gas
with-a purity of 99.8 wt$% or'hiéher with ammonia gas with
a purity of 99.5 wt% or higher for reducing impurity gases
derived from the starting materials, as disclosed in JP-A
8-120475. BHydrogen fluoride and ammonia gases with the
above éurities may be prepared b.y gas ifying industrial grade
anhydrbus hydrofluoric acid and liguid ammonia,
reépectively .

A preferable embodiment of this invention will be
described with reference to the drawings.

Fié. 1 shows a flow sheet of a preferable production
piocess according to this invention, where given amounts
of hydrogen fluoride (HF) and ammonia (NH,) gases are
supplied to a material blender to generate ammonium
hydrogenfluoride which is then introduced into an
electrolytic cell in which NF, gas is generated in the anode

by molten salt electrolysis. It is preferable to seal the

material blender with a suitable amount of inert gas such

particularly an anode, made of nickel with a given
purity to industrially produce high-purity nitrogen
wi th an econom cal cost.

trifluoride gas



5 'generally contains a variety of inpurity el enments. In JP-A
8- 134675, the assignee of this invention have di scl osed a process for
produci ng high-purity NF[err] gas wherein a sul fur content in a nickel
el ectrode is controlled to 20 wt ppmor less to reduce SF[err]
generation in a crude gas. 10 In addition, in JP-A 8-120475, there are

di scl osures of a process wherein high-purity hydrofluoric acid and
gaseous anmonia as materials for preparing anmoni um

hydr ogenfl uoride as well as a nickel electrode with a purity of 98.5
Wt % or higher are used for nolten salt electrolysis. 15 After
further investagaitsngenhcargne ans behive ganer] for aveiding dnfdyeBrenent
anong the inpurities in the nickel may be controlled to an anmount of
400 wt ppm or Gfeddie pmiriendbayir - 200 wt ppm nore preferably 100 wt ppm
or less, to reduce impurity gases derived fromthis elenent. 20

Ni ckel for an anode S3neeeithll yepgtianphetvoenfhydrogen flugruder apdgher .

Ni ckel with a purity less than 98.5 wt % nay make it difficult to
produce hi gh- ARNQniaNppees |igyestuemaly Ppudk,yvigorows agNtaetinngieenotas

di sclosed in JP-A 8-134675, it is, of course, desirable to control a
sul fur cont®ntnegessieyhiagideithers aye2powrepprictions fanrtheematierdadr| err]

gas. In the present
blender as long as it allows hydrogen fluoride and ammonia

gases to adequately contact with each other and does not
react with these gases. A metal blender whose inner surface
is lined with a fluororesin such as ETFE and PFA is preferable.

10 Hydrc;gen fluoride and ammonia géses are preferably reacted
in an HF/NH,;F molar ratio of 1.5 to 2.0.

Fig.2 is a conceptual diagram illustrating an example
of an electrolytic cell suitable for the process of this
invention, where ammonium hydrégenfluoride prepared in the

15 material blénder is introduced to the electrolytic cell body
1 ﬁo prepare an electrolyte 2. Although the electrolyte may
be supplied in either a continuous or a batch style, a
continuous style is preferable for continuously producing
NF, in a certain rate. On start...ing electrolysis, NF, gas is

20 génerated on the anode 4 while H, gas on the cathode 6. These
gases may explosively react when being mixed with each other.
The electrolytic cell body 1 is, therefore, partitioned into
an anode chamber 3 and a cathode chamber 5 by a diaphragm
7. The anode 4 is a nickel electrode as defined above, while

25 the cathode 6 is also a nickel electrode. Although a single

palr of anode 4 and cathode 6 is illustrated in this figure,



- 6- I nvention, the content of other inpurities such as B, Si, P.
As, Mo, Ge and Win the nickel electrode is also preferably controll ed
to an amount of 400 wt ppmor less in terns of sumwi th C 5

From t he econom cal and industrial viewpoints, anmoni um

hydr ogenfl uoride is preferably prepared from but not limted to,

hydr ogen fluori de and ammoni a gases. In. g - particular, it is preferable
to use anmoni um hydr ogenf | uori de prepared by reacting hydrogen
fluoride gas 10 wth a purity of 99.8 wm% or higher with ammonia gas with

it f 99.5 W % hi gh f duci ' i t . derived
oo b ot s PRt PR e e S06, BB ALY S8 sy S Ser
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i nvention will® pro l&‘e%llch} S SRR Yot ALHEPA OIS 1 RGE Ry ey be

Flg. 1 shows a,{1om ofegl fl, 4 PUEhS 328sPL99EL! e,

5 Preferably, the inner surface of the electrolyticcell
body 1 is also lined with a fluororesin as is in the material
blender. The body 1 is provided with a temperature
lcontrolling éystem (not shown) for heating or cooling to
control an electrolyte temperature during molten salt

10 elec{:rolysis . Nickel in the anode may be dissolved into the
electrolyte to form a nickel complex salt sludge in the
electrolyfic cell, leading to frequent replacement of the
electrolyte. To solve the problem, the electrolyte may be
subjecf to forced convection of the eléctrolytic cell body

15 1 may have such a convection system, as described in Jp-A
8-176872.

Molten salt electrolysis can be conducted by applying
a direct current to the anode 4 and the cathode 6 in the
electrolytic cell body 1 while inaintaining the electrolyte

20 témperature within a range of about 110 to 140°C.
Electrolytic voltage and current density are preferably 5
to 10 V and 1 to 15 A/dm®’, respectively.

For mild electrolysis, an inert gas such as nitrogen,
argon and helium gases is introduced as a carrier gas in

25 an appropriate amount into the anode chamber 3 and the

cathode chamber 5 via lines 10 and 11, respectively.



20 process according to this invention, where given anounts of

hydr ogen fluoride (HF) and amonia (NH err]) gases are supplied to a
mat eri al bl ender to generate ammoni um hydr ogenf | uori de which is then
I ntroduced into an el ectrolytic cell in which NF3 gas is generated in

t-he anode 25 by nolten salt electrolysis. It is preferable to seal the
material blender with a suitable amount_of inert gas such

-7- as nitrogen, argon and helium gases for avoiding influence

of the anbient air. Since the reaction between hydrogen fluoride
and ammoni a gases_is extrenely quick, vigorous agitation is not 5
necessary and Preferably ndhesarrierogastiy Ui ipdeatilyl pure toayadér as
long as it allows hydrogen fluoride and ammoni a gases to adequately
contact with ecatfeethed Rl RIEEHOE NF,. Baged @nt Rufhespegagental net al

bl ender whose inner surface  is lined with a fluororesin such as ETFE
and PFA i s prefesabt®, thepaypdtyger the cargderndaaifoRrefgrabiy 4% or

preferably reacted . . .
higher, most preferably 6N or higher. The carrier gas is

5 .preferably nitrogen gas because it is industrially
inexpensive and a high purity product ié readily available.
NF, and H, gases generated on the electrodes are removed,
without being mixed, along with é carrier gés via lines 8
and 9, respectively. NF; gas removed by the line 8 is
10 intr;)duced into a purifier whilé H, gas removed by the line
9 is emitted in the air after passing through an appropriate
pollutant remover.
The crude gas introduced into the _purifier is subject
to min.or impurity removal to p.rovide high—iaurity NF,. The
15 crude gas may be purified with a conventional common |
aéparatus such as a scrubber employing a chemical cleaning
method and an adsorption tower filled with an adsorbent or
a rectification tower.
This invention will be xﬁore specifically with
20 réference to, but not limited to, examples.
Example 1
NF, gas was produced by molten salt electrolysis using
the flow sheet and the electrolytic cell illustrated in
Figs.l and 2, respectively.
25 First, industrial grade anhydrous hydrofluoric acid

(purity: 99.8 wt% or higher) and liquid ammonia (purity:



in an HF/ NH err]F nolar ratio of 1.5 to 2.0. - Fig. 2is a
conceptual diagramillustrating an exanple of an electrolytic cel
‘suitable for the process of this i nvention, where ammoni um

hydrogenfl uoride prepared in the 15 material blender is introduced to the
el ectrolytic cell body 1 to prepare an electrolyte 2. A though the

el ectrolyte may be supplied in eithgp a continuous or a batch style, a
continuous style is preferable for continuously producing NF3 in a
certain rate. On starting electrolysis, NF3 gas is 20 generated on the
anode 4 while 2 gas on the cathode 6. These gases, nay epr05|ver
react when bei % Ti%et oFf thiaheh wexer separatehy 6?%%?%%%‘%‘? P Gody 1
is, therefore, partitioned into an anode chanber 3 and_a cathode
chamber 5 by allmlé?ﬂﬁfhgfrﬁuorlde?amih@‘m gpses o TREPREELBRLEt r Jdesss
defined above, while 25 the cathode 6 is _also a nickel electrode.

Al t hough a si rgtees wergantrgdugedddntoaad 08t howaterial iblepdemmadia n this
figure, - 8- multiple pairs
ofganode and C@@yﬁﬁﬂgqgayhggep+ggg§jqqxﬁgﬁ@ was lined with a fluoroé251nP

5 (ETFE), at rates of 2.00 kg/h and 0.71 kg/h, respectively,
for reacting with each other under sealing with N, gas with
a purity of 99.9999 vol%, to provide ammonium
hydrogenfluofide with an HF/NH, molar ratio of 1.7.

Then, the ammonium hydrogenfluoride prepared in the

10 blender was céntinubusly introduced into a 450 L
electrolytic cell comprising three pairs of électrodes,
made of SUS-304 whose inner surface is lined with a
fluororesin (PFA), while maintaining the tempeiature at
122°Cc. Subsequently, electrol&sis was initiated by

15 applying a current of 200 A with a voltage of 7.0 V between
the anode and the cathode while introducing N, gas with a
purity of 99.9999 vol% as a carrier gas in the anode chamber
at a flow rate of 0.1 L/min. The anode 4 and the cathode
6 were low-carbon Ni (JIS H45$1) plates with a purity of

20 9§.0 wt%. The nickel electrodes contained carbon (C) as an
impurity in an amount of 350 wt ppm. The electrolysis was
continuously conducted for 1000 hours.

The crude gas generated on the anode was taken out

via the line 8 and then introduced to a scrubber where

25 chemical cleaning was conducted with water, sodium sulfite

and potassium hydroxide, and a purifier consisting of an



electrolytic cell, as is industrially common in the |ight of a

production efficiency. Alternatively, there may be pl aced cat hodes in
bot h si des of one anode. 5 Preferably, the inner surface of the

el ectrolytic cell body 1 is also'lined with a fluororesin as is in the
mat eri al bl ender. The body 1 is provided with a tenperature
controlling system (not shown) for heating ar cooling to control an

el ectrolyte tenperature during nolten salt 10 electrolysis. N ckel in the
anode may be dissolved into the el ectrolyte to forma nickel conplex
salt sludge in_the . electrolytic cell, |leading. to frequent replacenent
of the 0% ol'atprEpyien Seperintedielth narural pRULaPeANIR FREAEY e

subj ect to forced convection or the electrolytic cell bod 1]!? 1 graé/ have
such a convect PbntRs Quhhet, o5 &ber RBRATRRUS p-3 gas meger7gagoplaced to

Mol ten salt electrolysis can be conducted by applyin a direct current
to the anode 48313@“!‘ e cthe AP (P% fdhe gas Q&gé%l‘Fﬁayt iTheIesWddy 1 while

mai ntaining the electrolyte 0 tenperature within a range of about 110 to
Taoterrc” ' "indi&ted Uit in SRGUvARPEIIIEE dodd AYCERGC FRTEbI y 5
to 10 V and l'iﬁ 15 Aldnjerr], respectively. For mld

el ectrolysis, o drk I, nsyc'ﬁh%sP%lttrYoQ«;the outlgt, gasaNasnard g ehses is

i ntroduced as a carrjgr gas in ]
by on-line gas chromatography. The purity and the carbon

compound content for the NF,; gas produced are shown in Table
1 -

Example 2

10 Molten salt elec_trolysis,' gas cleaning and gas
purification were conducted using the same apparatuses
under the éame conditions as those in Example 1, except that
the carbon (C)} level in the low-carbon Ni for the electrodes
was 1.9(.) wt ppm. The purity and. the carbon compound content

15 for the NF, gas produced are shown in Table 1.

Example 3

Molten salt electrolysis, gas cleaning and gas
purification were conducted using the same apparatuses
under the same conditions as those in Example 1, except that

20 the carbon (C) level in the low-carbon Ni for the electrodes
was 90 wt ppm. The purity and the carbon compound content
for the NF, gas produced are shown in Table 1.
Comparative Example 1

Molten salt electrolysis, gas cleaning and gas

25 purification were conducted using the same apparatuses

under the same conditions as those in Example 1, except that



25 an appropriate amount into the anode chanber 3 and the cat hode
chanber 5 via lines 10 and 11, respectively.
-9- Preferably, the carrier gas is sufficiently pure to avoid
affecting the purity of NF3. Based on our experinental results, the
purity of the carrier gas is preferably 4N or hi gher, nost preferably
6N or higher. The carrier gas is 5 prefgrably nitrogen gas because it is
i ndustrially i nexpensive and a high™purity product is readily
avai |l abl e. NF[err] and H err] gases generated on the el ectrodes
are renoved, wi t hout being m xed, along with a carrier gas via lines 8
and 9, respectihgenjckaFpupidy andvde ogrbdm (C)nke el dn e low-cdubed into a
purifier while H2 gas renoved by the line 9is emtted in the air
af ter passi ng Bihrfouyithen edpotopdeat were 99 pb|wif and r&fowdy ppm, The
crude gas introduced into the purifier is subject to mnor inpurity
renmoval to praEsgedhigelyur i The NRerithh@ndl sheceaxkon gonpopnse cpatiefited wit h
a conventional common '

for the NF; gas.produced are shown in Table 1. As seen from

5 the table, the carbon compound content was higher and the
NF, gas purity was less than 4 N. Due to lower product purity,
the production process was discontinued after about 700

hours.
Referential Fxample

10 ] Molten salt electrolysis,‘gas cleaning and gas
purification were conducted using the same apparatuses
under the éame conditions as those in Example 1, except that
a carbon electrode was used as the anode. The results
indicaﬁed that the carbon coméound content ‘was

15 . significantly higher and .the NF; gas purity was considerably

lower.

Table 1
Carbon Carbon
. content in .
Time an compound NF, purity
(h) level in NF, (vols)
electrode vol -
0~500 8-15 99.994--99.991
Ex. 1506-1000 350 8-15 99.995-99.9992
0-500 - 5-10 99.994-99.9992
. 2 190
Ex 500-1000 5-10 99.996-99.9992
Ex. 3 0-500 90 1-5 99.9991-99,9997
: 500-1000 1-5 99.9991-99.9997
Comp. 0~500 800 30-50 99.91~99.93
Ex.1 500~-700 30-50 99.91-99.94
Ref. Carbon
EX. - electrode 1200 39.7




apparatus such as a scrubber enploying a chem cal cleaning met hod and
an adsorption tower filled with an adsorbent or a rectification tower.
This invention will be nore specifically with 20 reference to, but not
limted to, exanples. Exanmpl e 1 NF[err] gas was produced by
nolten salt electrolysis using the fl ow sheet and the electrolytic
cell illustrated in Figs.1l and 2, rf§pect|vely 25 First,
industrial grade anhydrous hydrofluoric acid (purity: 99.8 Wt % or

hi gher) and |iquid ammoni a (purl ty:

- 10 - 99.5 wt % or higher) were separately gasified to provide
hydrogen fl uori de afé m@e@agb@?ewe‘?,g@@rmw aheghis invepden were
introduced into a 500 L material blender nade of SS-400 whose i nner
surface was | iablows thigh-pugdtyr ¥Ej gas o heErPduced witbsa gpuritgo ofy/ h and
0.71 kg/h, respectively, for reacting with each other under sealing
with N2 gas wi4M or higher.



a purity of 99.9999 vol % to provide anmoni um hydrogenfl uoride with an

HF/ NH4 nol ar ratio of 1.7. Then, the anmoni um hydr ogenfl uori de

prepared in the 10 blender was continuously introduced into a 450 L

el ectrolytic cell conmprising three pairs of el ectrodes, made of

SUS- 304 whose inner surface is lined with a fluoraresin (PEA), while

mai ntai ni ng the tenperature at 122 grgr 1.C. Subsequen'im el ectrol ysi
0}

& 1ol ysis
was initiated by 15 applying a current ‘of 200 A with i Egmﬂw llv
bet ween t he anode and the cat hode while introducin SRR 1AW ol
purity of 99.9999 vol % as a carrier gas in the anode chanber at” a fl ow
rate of 0.1 L/HRAL FRecdabd@edsisnd the cat hode 6 were | ow carbon Ni
(JI'S HA551) plates with a purity of 20 99.0 wt% The nickel electrodes
cont ai ned carbon (C) las am® procesfpuian produgdngnbigh-prrity MLERGRN The

el ectrolysis was continuously conducted for 1000 hours. ) The
crude gas genet#LEYuDRldfgathdFenphter Sakt sdectrolysis usiang aneigkehd t hen
i ntroduced to a_scrubber where 25 chem cal cleaning was conducted with

wat er, sodi um g&efFtrede and apaopéuaiydragsnfilaordde ama@nsepeetrokyte,
consi sting of -an
5 wherein carbon (C) constituting impurity gases entrained

in a crude gas, among impurities in the nickel electrode

as an anode is controlled to an amount of 400 wt ppm or less.

2. A process for producing high-purity nitrogen
trifluoride_gas as claimed in Claim 1 whére the nickel

10 elec;rode as an anode contains Earbon in an amount of 200
wt ppm or less.

3. | A process for producing high-purity nitrogen
trifluoride gas as claimed in Claim 2 where the nickel
electréde as an anode containé carbon in an amount of 100

15 wt ppm or less.
| 4. A process for producing high-purity nitrogen
trifluoride gas as ciaiméd in Claim 1 where impurities
- selected from the group coﬁsisting of B, Si, P, as, Mo, Ge
and W in the nickel electrode és an anode is controlled to
20 aﬁ amount of 400 wt ppm or less in terms of sum with C.

5. A procéss for producing high-purity nitrogen
trifluoride gas as claimed in Claim 1 where the nickel
electrode has a nickel purity of 98.5 wt% or higher.

6. A process for producing high-purity nitrogen

25 trifluoride gas as claimed in Claim 1 where ammonium

hydrogenfluoride as an electrolyte has an HF/NH,F molar



adsorption tower filled with natural zeolite and a rectifier. At the
outl et of the apparatus, a gas neter was placed to determ ne the
anount of the gas produced. The results i ndi cated that the gas was
produced at an average rate of 510 to 11 L/mn. The purity of the outlet
gds was anal yzed by on-1ine gas chromatography. The purity and the
car bon conpound content for the NF3 st_pr oduced are shown in Table

1. Exanple 2 10 Mol ten salt electrolysis, gas cleaning and gas
purification were conducted using the sane apparatuses under the sane
conditions as those in Exanple 1, except that the carbon (C) level in
t he | ow car bon Ft¥H 0% He Seltect2-Odes pm_The purity and

t he carbon conpound content 15 for the NF| sy : are shown in
Tabl e 1. Exanpl e 3 Mol t en saleﬂiwgmrlmmaﬂmas cl eani ng
and gas purification were conducted usings sanme appar at uses

under the sanme conditions as those in Exanple 1, except that 20 the
carbon (C) level in the |lowcarbon Ni for the el ectrodes




was" 90 wt ppm The purity and the carbon conpound content

gas produced are shown in Table 1.
Ml ten salt electrolysis,
conducted using the same appar at uses
those in Exanple 1, except that

12 - the nickel purity and the car
Ni for the el ectrodes were 99.5 w % and
purity and the carbon conmpound content

gas cl eani ng and gas

for the NF3
Conparative Exanple 1
25 ‘
under t hel BHSSHEERHAS BERN hs
REPLACED -
Sgn (O | ever—trmtie-towcarbon
0w ppm respectively. The

for the NF3 gas produced are

shown in Table 1. As seen from 5 the table, the carbon conmpound content
was hi gher and the NF[err] gas pBBETRAGHS |ess than 4 N. Due to | ower
product purity, t he production process was discontinued after about
700 hour s. Ref erential Exanple 10 Mol ten salt

el ectrolysis, gas cl eaning and gas purification were conducted using

t he same apparatuse§mls invention provides a process for producing
high-purity nitrogen trifluoride gas by molten salt
electrolysié using a nickel electrode and ammonium
hydrogenfluoride as an electrolyte, wherein carbon element
constituting impurity gases entrained in a crude gas, among
.impurities in the nickel electrode as an anode is controlled
to an amount of 400 wt ppm of less.

-

high-purity nitrogen trifluoride gas to be produced with

The process allows

10 a purity of 4N or higher.
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under the sanme conditions as those in Exanple 1, except that a carbon.

el ectrode was used as the anode. The results i ndi cated that the carbon
conpound content was 15. significant I1>72hi gher and the NF[err] gas purity
was consi derably | ower . Table 1

Car bon Car bon Ti me content in conpound NF[ err]
purity (h) el ectrode level in NF[err] (vol %

(vt ppm (vol.ppm Ex. 1 0- 500 350 8-15

99. 994-99. 991 500- 1000 8- 15 99. 995- 99. 9992
Ex. 2 0- 500 190 5-10 99. 994-99. 9992 500- 1000
5-10 99. 996- 99. 9992 0- 500 1-5

99. 9991-99. 9997 Ex. 3 500- 10005]6-IG' 1-5 99. 9991-99. 9997
Conp. 0- 500 800 30- 9.91-99. 93 Ex.1 500-700
30-50 99. 91-99. 94 Ref . Car bon 1200

99.7 Ex. Hydrbgemrodﬁ .1200 .

- 13 - As descr itheridelpse, MMEPHRSEss of this invention allows

hi gh-purity NF3 gas to be iroduced vvilh a purity of 4N or higher.

Material blender

l/\\/ Ammonium hydrogenfluoride

Electrolytic cell |

) l/\/Crgde NF; gas

Scrubber

v

Adsorption tower

l Liquefication

Rectifier-

l Gasification

High—purity NF, gas



- 14 - What is clainmed is: 1. A process for producing .
hi gh-purity nitrogen trifluoride gas by nolten salt electrolysis using
a ni ckel el ectrode and ammoni um hydrogenfluoride as an electrolyte, 5
wherein carbon (C) constituting inpurity gases entrai ned in a crude
gas, anong inpurities in the nickel electrode as an anode is controlled
to an anmount of 400 wt ppm or |ess. 2. A process for producing
hi gh-purity nitrogen trifluoride gas as clainmed in Claim1l where the
nickel 10 electrode as an anode cgn_tg'.n? carbon in an amount of 200

wt ppm or | ess. 3. A process ftor producing high-purity nitrogen
trifluoride gas as clained in Caim2 where the nickel | ectrode as an
anode contains carbon Th an anount of 100 15 wt ppm or | ‘lscg 4,
A process for producing high-purity nitrogen trifluorjyde gas as clained
in Cdaiml where inpyfities

7
9 ( 8
5]~ A — 3
6 | “—r1 L1 4
—_~ 1
/




'sel ected fromthe group consisting of B, Si, P, As, M, nd Win the

ni ckel electrode as an anode is controlled to 20 an ano tc'{ 8}« 00 wt ppm
or less in terns of sumwith C 5. A process for producing

hi gh-purity nitrogen trifluoride gas as clainmed in Caim1l where the
ni ckel el ectrode has a nickel purity of 98.5 wt % or hi gher.

6. A process for producing high-purity fit~ogen 25 trifluoride gas as
claimed in daim1l where ammoni um hydr ogenf | uori de as an el ectrolyte

has an HF/ NHAFA PR @CESS FOR PRODUCING HIGH-PURITY NITROGEN TRIBLUQRIDE!GAS of
1.5 to 2.0. ABSTRACT

This invention provides a process for producing
high-purity nitrogen trifluoride gas by molten salt
electrolysis; using a nickel electrode and ammonium

5 hydrogenfluoride as an electrolyte, wherein carbon element
constituting impurity gases entrained in a crude gas, among
impurities in the nickel electrode as an anode is controlled
to an amount of 400 .w't ppm or less. The process allows
high—puripy nitrogen trifluoride gas to be produced with

10 a purity of 4N or higher.

_Figure 2
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