DESCRIPTION PROCESS FOR PRODUCING FLUORIDE GAS TECHNICAL FIELD [0001] The
present invention relates to a process for producing a fluoride gas, more specifically, a
fluoride-gas-producing process which makes it possible to produce a fluoride gas simply at low costs,
examples of the gas including trifluoroboron (BF3), tetrafluorosilicon (51F4), tetrafluorogermanium
(GeF4), pentafluorophosphorus (PF5), and pentafluoroarsenic (A5F5), which are each a material
useful, as a dopant for a silicon wafer or a raw material of various fluorine compounds, in the
semiconductor industry, the chemical industry or the medical industry. BACKGROUND ART [0002]

As a process for producing BF3 gas, whichrig afluesidegas species, known is, for example, a process
of causing boron oxide and hydrofluoric acid to react with each other to synthesize an agueous

solution of boron fluoride, apd aeding at{east-one efsufupc acid-erfuming sulfuric acid to the

TECHNICAL FIELD
[0001]

The present invention relates to z process for producing
a fluoride gas, more specifically, a fluoride-gas-producing
process which makes it possible to produce a fluoride gas simply
at low costs, examples of the gas including trifluoroboron (BFs),
tetrafluorosilicon (SiFy), tetrafluorcgermanium (GeF.},
pentafluorophosphorus (PFs), and pentafluorcarsenic (AsFs),
which are each a material useful, as a dopant for a siliconwafer
or & raw material of various flucrine compcunds, in the
semiconductor industry, the chemical industry or the medical

industry.

BACKGROUND ART
[C002]

Aé a process for producing BFy; gas, which 1s a fluecride
gas speciles, known is, for example, a process of causing boron
oxide and hydrecfiucric acid to react with each other to
synthesize an agueous solution of boron fluoride, and adding

at least one of sulfuric acid or fuming sulfuric acid to the



agueous solution, thereby causing a dehydrating effect of sulfuric acid or the like to generate 3F3 gas.
[0003] Moreover, a process for producing SiF4 is a process (1) of decomposing a metal
silicofluoride such as barium silicofluoride thermally, thereby yielding SiF4, a process (2) of causing
silicon oxide and fluorosulfuric acid to react with each other, thereby producing SiF4, a process (3) of
causing a mixture of silicon oxide and fluorite to react with sulfuric acid, thereby producing SiF4, or
some other process. [0004] Furthermore, a process for producing GeF4may be a process (4) of

decomposgig 2. orogeuaniy el soyneuTd: such as begum beefuotgerymagate hermally
(0] or

=l EO\&.;S . <
thereby yielding GeF4, or a process dding, to tetrac germanium, a fluorinating agent, such
as zinc quorfg, or a mixture o; t{ﬁ%lueogar}{tlm ny a@%éien achlaroantimony, thereby causing the two

ace as. .
compounaél G react with'each other, Patént documen a%so |S%I§sesaprocess (6) of causing

metallic g rmggi}um, and fluorine gas or trifluoronitrogen to react with each other, thereby yielding
GeFa4. [odec%ﬁ

Moreover, a process for producing SiF; is a process (1)
of decomposing a metal silicoflucride such as barium
silicofluoride thermally, thereby yielding SiFy, a process (2)
of causing silicon oxide and flucrosulfuric acid to react with
each other, thereby producing SiFy, a process {3) of causing
a mixture of silicon oxide and fluorite to react with sulfuric
acid, thereby producing $iFs;, or some other process.

[0004]

Furthermore, a process for producing GeF, may be a process
(4} of decomposing a fluorogermanium metal compound, such as
barium hexafluorogerumanate thermally, thereby yielding GeFy,
or a process (5) of adding, toc tetrachlorogermanium, &
flucrinating agent, such as zinc fluoride, or a mixture of
trifluorcantimony and pentachloroantimony, thereby causing
the two compounds to react with each other. Patent document
1 alsc discloses a process (6) of causing metallic germanium,
and fluorine gas or triflucronitrogen to react with each other,
thereby yielding Gely.

[00C5]

As a process for producing PFs or AsFs, known are a process



(7) of decomposing a fluorophosphorus metal compound, such as lithium hexafluorophosphate, or a
fluoroarsenic metal compound, such as lithium hexafluoroarsenate, thermally, and a process (8) of
causing a phosphorus pentahalide, or an arsenic pentahalide to react with hydrogen fluoride.
Moreover, Patent document 2 discloses a production process (9) of causing a phosphorus trihalide or
arsenic trihalide to react with a halogen gas, such as chlorine, bromine or iodine, and hydrogen
fluoride. [0006] According to the BF3-producing process, a sulfuric acid waste fluid which contains

baron is g?g rat%dcip acl)ran%?es%rrnlougt; fthgs,r fgc%ig%s gr c%sstsmagg g{fqgirﬁd C|)r{1 order o process the
waste fluid: Addi |on§IFy, sulfur co%pon‘en?s Slich AL'503 are mcorporeﬁeg, as wﬁpf]rlft‘l‘e‘é, into the
resultant, EFBPE:OO?A Ejsthe Si%4- r%ducing roceﬁges %1) and (3), it is+ne]§:essary to make the
temperature-of the T action sy _fehy ?g%? 3 that Rbsts regired forthe R&sting ifcP8aSE T the
processes (2) and (3), a hydrofluoric-acid-containing sulfuric acid waste fluid and gypsum are

generated® Fsgpediively -4 Bhypréadct B8R or ProcessinythE by prad it 4ré rBqairstE J0008]

(8) of causing a phosphorus pentahalide, or an arsenic
pentahalide to react with hydrogen fluoride. Moreover, Patent
document 2 discloses a production process (92) of causing a
phosphorus trihalide or arsenic trihalide to react with a
halogen gas, such as chlorine, bromine or iodine, and hydrogen
fluoride,

[C00&]

According to the BFs;~producing process, a sulfuric acid
waste fluid which contains boron is generated in a large amount;
thus, facilities or costs are reguired in order to process the
waste fluid. Additionally, sulfur components such as S0z are
incorporated, as impurities, into the resultant, BFi.

[0007]

In the SiFy-producing processes (1) and (3), it is
necessary to make the temperature of the reaction system high,
so that costs required for the heating increase. In the
processes (2} and {3}, a hydrofluoric~acid~containing sulfuric
acid waste fluid and gypsum are generated, respectively, as a
byproduct. Costs for processing the byprcduct are reguired.

[0008]



The GeF4-producing process (4) has a problem that costs required for the heating are high. The
process (5) has a problem that a chlorine compound or an antimony compound is incorporated into the
resultant, GeF4, so that high-purity GeF4 is not easily obtained, and the process (6) has a problem
that GeF4, which is obtained by the reaction, and metallic germanium, which is one of the raw
materials, react with each other to generate solid germanium difluoride(GeF2) as a byproduct so that
the apparatus or pipe is clogged therewith, whereby a continuous operation thereof may become

unable. [0009] The PES- or ASF5-producing proc (7)_has a problem that ener onsumed for
the thermal decorr?p})loesi'f‘l%nFSfls %r@ggrcgler}?n%ﬁg %?gscsese@(iﬂ, aﬁoaeﬁé%%fﬁ%r%%g%eﬁ g%gs),é\gvﬁich isa

byproduct, is | ted into the resultant, PF5 or AsF5; and in th 9), the hal ,
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incorporated into PF50rAsF5. Thus, the processes each have a problem that high- uri%P,FS or AsF5
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into the resultant, GeFy, so that high-purity GeFy is not easily

obtained, and the process {6) has a problem that GeF,, which
is obtained by the reaction, and metallic germanium, which is
onecﬁfth@rawnat@rials,reactwitheachothertogeneratesolid
germanium diflucride (GeF;) as a byproduct so that the apparatus
or pipe is clogged therewith, whereby a continucus cperatiocn
thereof may become unable.

[0009]

The PFs— or AsFs-producing process (7} has a problem that
energy consumed for the thermal decomposition is very large.
In the process (8}, halogenated hydrogen gas, which is a
byproduct, is incorporated into the resultant, PFs; or AsFs; and
in the process (9), the halogen gas, which is one of the raw
materials, aswell as halogenated hydrogen, which is a byproduct,
is incorporated intc PFs or AsFs. Thus, the processes each have
a problem that high-purity PFs or AsFs; is not easily obtained.
Prior Art Documents
Patent documents
[0010]

Patent document 1: Japanese Patent No. 3258413



DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0011]

In light of the above-mentioned problems, an object of the invention is to provide a
fluoride-gas-producing process which makes it possible to produce a fluoride gas, such as BF3, SiF4,
GeF4, PF5 or AsF5, simply at decreased producing costs. MEANS FOR SOLVING THE PROBLEMS
[0012] In order to solve the problems in the prior art, the inventors have made investigations on a
process for producing a fluoride gas. As a result, the inventors have found out that the object can be

attained by adoptigg g prpcess describeg bejow, 50 a5 to Mmake the Invepgipr, (0013

DISCLOSURE OF THE INVENTION
PRCBLEMS TO BE SOLVED BY THE INVENTION
[0011]

In light of the above-mentiocned proklems, an object of
the invention ig to provide a fluoridewgas~producing process
which makes it possible to produce a fluoride gas, such as BFs,

SiFy, GeFy, PFs or AsPFs, simply at decreased producing costs.

MEANS FOR SOLVING THE PROBLEMS
[0C012]

In order to solve the problems in the prior art, the
inventors have made investigations on a process for producing
a fluoride gas. As a result, the inventors have found out that
the cbject can be attained by adopting a process described below,
sc as tc make the invention.

[0013]

Thus, in order to solve the proklems, in the process for
producing a fluoride gas according to the invention, a compound
which contains an atom that can be combined with a fluorine atom
to formapolyateomic lon is added to a hydregen fluoride solution,

so as to preoduce the polyatomic ion in the hydrogen fluoride



Thus, in order to solve the problems, in the process for producing a fluoride gas according to the
invention, a compound which contains an atom that can be combined with a fluorine atom to form a
polyatomic ion is added to a hydrogen fluoride solution, so as to produce the polyatomic ion in the
hydrogen fluoride solution, thereby generating the fluoride gas that comprises the fluorine atom and
the atom, which can be combined with the fluorine atom to form the polyatomic ion. [001.4]
According to the process, a compound which contains an atom that can be combined with a fluorine

atom to foé@w%p‘i'%(&to"éi?e@”%22%%%%%%%‘i']%’ﬁjr%%%” PEB%?,&%‘“ 90, thereby, producing.the

polyatomic ion first il the hy(?r e solution. When this polyatomic ion is generated in the

hydrogen fluoride solution, it becomes ossibtlte to generate a fluoride gas.comprisi luorine atom,
and the at%}r{l% v%f?féﬂ%gte 03% Be gonn%bfﬁ%% Wi ﬁqﬁg’f%%?%ecaatgmg?o c‘):gn% ’Ehneergoff/at%qm%:{llgn, details of
which are unclear. %0015% It iiﬁrefer%ble thalt a carrier gas Zi}s brought into contact with the

hydrogen Tl Brde$oITD fnint\ﬁhi the BoFy @m?éaiioﬁrfléaisé‘glvéd, thereby extracting the fluoride gas

into the carrier gas. [0016]
[001%]

According to the process, a compound which contains an
atom that can be combined with a fluorine atom to form a
polyatomic ion is added to a hydrogen fluoride solution, thereby
producing the polyatomic ion first in the hydrogen flucride
solution. When thispolyatomicion is generated in the hydrogen
flucride solution, it becomes possible to generate a fluoride
gas comprising a fluorine atom, and the atom, which that can
be combined with the fluorine atom to form the polyatomic ion,
details of which are unclear.

[0015]

It is preferable that a carrier gas is brought into contact
with the hydrogen fluoride solution, in which the polyatomic
ion is dissolved, thereby extracting the fluoride gas into the
carrier gas.

[001¢6]

It is preferable that hydrogen fluoride gas is used as
the carrier gas.
(00173

It is possible that wherein hydrogen fluoride 1is



It is preferable that hydrogen fluoride gas is used as the carrier gas. [0017] It is possible that wherein
hydrogen fluoride is evaporated from the hydrogen fluoride solution, in which the polyatomic ion is
dissolved, thereby generating the fluoride gas. [0018] It is preferable that the polyatomic ion is at
least one selected from the group consisting of a BF4- ion, a SiF62-ion, a GeF62- ion, a PF6- ion, and

an A5F6- ion. Advantageous effects

evaporated from the hydrogen fluoride sclution, in which the
polyvatomic ion is dissclved, thereby generating the fluoride
gas.
[0018]

It is preferable that the polyatemic ion is at least one
selected from the group consisting of a BF, ion, a SiF¢? ion,

a GeFg” ion, a PF¢ ion, and an AsFg ion.

Advantageous effects
[0019]

According to the invention, a compound which contains an
atom that can be combined with a fluorine atom to form a
polyatomic icn is added tc a hydrogen fluoride solution, whereby
a fluoride gas can easily be produced. In other words, for
example, without needing to make the high temperature of the
hydrogen fluoride solution, the fluoride gas can be generated
near nermal temperature; thus, costs for the production can be
reduced. Moreover, the generation of unnecessary byproducts
can also be restrained; thus, it beccomes possible to avoid the
addition of the step of removing any byproduct or to decrease

the production costs related thereto.

BRIEEF DESCRIPTICON Or THE DRAWINGS



[0019] According to the invention, a compound which contains an atom that can be combined with
a fluorine atom to form a polyatomic ion is added to a hydrogen fluoride solution, whereby a fluoride
gas can easily be produced. In other words, for example, without needing to make the high
temperature of the hydrogen fluoride solution, the fluoride gas can be generated near normal
temperature; thus, costs for the production can be reduced. Moreover, the generation of unnecessary
byproducts can also be restrained; thus, it becomes possible to avoid the addition of the step of
removmg&g&%mmduct or to decrease the production costs related thereto. BRIEF DESCRIPTION
OF THE GS [0020] [FIG. 1]The figure is a schematic view which schematically illustrates an

apparatus for pro%\F af oride gas according to an em odiment of the |nvent| n. [FIG. 2]The figure
is a schematic vie % %1gure 1s gemat;c view wh %

schematically illustrates an apparatus for producing a fluoride
gas according to an embodiment of the invention.

[FIG. 2] The figure is a schematic view which
schematically illustrates an apparatus for producing a fluoride
gas according to another embodiment of the invention.

[FIG. 3] The figure is a schematic view which
schematically illustrates an apparatus for producinga fluoride

gas according to still another embodiment of the invention.

BEST MODE. FOR CARRYING CUT THE INVENTION
(00211

In the process of the invention for producing a fluoride
gas, a compound which contains an atom that can be combined with
a fluorine atom to form & polyatomic ion is added to a hydrogen
fluoride solution, thereby producing the polyatomic ion first
in the hydrogen fluoride solution. When the compound is added
to the hydrogen fluoride solution, the state of the compound
may be any one of a solid state, a liguid state and a gas state.
[0022]

The hydrogen fluoride solution may be a scolution wherein

anhydrous hydrogen fluoride is dissolved in water, an crganic



schematicallyillustratesanapparatusforproducing a fluoride gas according to another embodiment of
the invention. [FIG. 3]The figure is a schematic view which schematically illustrates an apparatus
for producing a fluoride gas according to still another embodiment of the invention. BEST NODES
FOR CARRYING OUT THE INVENTION [0021] In the process of the invention for producing a
fluoride gas, a compound which contains an atom that can be combined with a fluorine atom to forma
polyatomic ion is added to a hydrogen fluoride solution, thereby producing the polyatomic ion first in

the hydrogs(‘eglf,!yé)lriige soorlu%o?div}yggn Stg? gom Oéjfd\JE @dgeg tg{thg1 hg/droaq,(lelncfluoridg solution, the
state of thé compoulhd maybe anyoné of a solid state, a&fmumps ate and & gas state. [8822] The

hydrogen fuoride solution mayfe a sgluton whergin anhydrous hydrogen fuorie s dissolved i

hydrofluoric acid in an industrial grade, a regular grade, a
gsemiconductor grade or some other grade may be used as it is,
or the nydrofluoric acid may be used in the state that the
concentration thereof 1s appropriately adiusted. From the
viewpoint of the restraint of amount of impurities, it is
preferred to use, out of these grades, the semiconductor grade.
From the viewpoint ¢of preduction costs, it i1s preferred to use
the industrial grade or regular grade.

[0023]

When a gaseous byproduct is generated by the reaction
between the above-mentioned compound and hydrogen fluoride, it
is preferred to conduct a pretreatment of causing the compound
to react with hydrogen flucride beforehand in a separate step,
thereby generating the byproduct, and then remcoving this
byproduct. Thereafter, the compound after the ftreatment is
added to a hydrogen fluoride scoluticn. This manner makes it
possible to prevent the incorporation of the byproduct into the
fiuoride gas to make the purity of the produced fluoride gas
high. However, the pretreatment may not be necessarily
conducted when the gaseous byproduct is an easily-removable

byproduct, or when a purification step of purifying the fluoride



solvent, or a mixed solvent of water and an organic solvent. More specifically, for example, a
commercially available hydrofluoric acid in an industrial grade, a regular grade, a semiconductor grade
or some other grade may be used as it is, or the hydrofluoric acid may be used in the state that the
concentration thereof is appropriately adjusted. From the viewpoint of the restraint of amount of
impurities, it is preferred to use, out of these grades, the semiconductor grade. From the viewpoint of
production costs, it is preferred to use the industrial grade or regular grade. [0023] When a

gaseous ppoduch isgenelalec by ineyeaction bepsendhe abayednenioned campauad and

hydrogen tluoride, it is preferred to conduct a pretreatment of causing the compound to react with
hydrogen {I@@ggﬁ] beforehand in a separate step, thereby generating the byproduct, and then removing
this byproduct. Thereafter, the compound after the treatment is added to a hydrogen fluoride solution.

This manner makgs j possible t‘%BE‘?}’E’%H&eﬁQC?W@;@t&%Q the Jypsedygt intg the fugride gas to

make the purity of the produced fluoride gas high. However, the pretreatment may not be necessarily

conducted when the gaseous b rogu.ct is,an easily-remoyable byproduct, orwhen a ur{'glication step
o purity g e T Ga B DA MES T S ST g aar g s bae G oy A

material that causes the eration, of the gaseous byproduct by the reaction between the
above-mean?%cne%l{%onqp?ﬁ%g%%Jh%/%rgagr%ﬁjbrfd%rcaepr}f %ISPT’LO? ’ex%r%% e%é%é#g.éegt%}rl?ﬁan any
fluoride, such as_pentachloroarsenic. The byproduct can be, for example, a hydrogen halide other than
nydrogen Tt SIGTRS Nt ayee CRRREC TS REARGEforsem vy T B dntcE ot
particularly limited, and, for example, the following method may be adopted: a method wherein to
hydrogentfrortda 16 H ety fér THE FERSON s Betor8haRd ddtd Wité Pﬁ?&bggélr?}%rdg matter that
arsenate hexafluoride (HA5F6), which is generated by reaction between pentachloroarsenic and
hydrogenShfofidd Sc&Y BFRFHD Gieh h§Grous ofm thai R dRenifGantBE rdibfvely stably present

in hydrofluoric acid, i.e., HA5F6xH20, and then hydrogen chloride, which is secondarily produced, is

separated® ¥R Bl fayas, ReATHYdTORGGNC A wWitetei RASFERXH 208 B svived e

follo_wj,ng method may be adopted: a method wherein to hydrogen
fluoride to be used for the reacticn is beforehand added water
necessary for amatter that arsenate hexafluoride (HAsFs), which
is generated by reaction between pentachlcroarsenic and
hydrogen fiuoride, can turn into such a hydrous form that this
arsenate can be relatively stably present in hydrofluoric acid,
i.e., HAsFzxH,0, and then hydrogen chloride, which is
secondarily produced, is separated, in the form of a gas, from
hydroflucric acid wherein HAsFgxH;O is dissolved.
[06025]

The above-menticned compound, which contains an atom that
can be combined with a fluorine atom to form a polyatomic ion,
is not particularly limited, and can be, for example, an

inorganic or organic fluoride complex salt, or a compound that
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[0025] The above-mentioned compound, which contains an atom that can be combined with a
fluorine atom to form a polyatomic ion, is not particularly limited, and can be, for example, an inorganic
or organic fluoride complex salt, or a compound that can react with hydrogen fluoride so as to be
combined with a fluorine atom, thereby forming a complex ion. More specifically, the compound can
be, for example, an oxide, hydroxide, carbonate, nitrate, sulfate or halide of boron, silicon, germanium,
phosphorus, arsenic or some other element. [0026] Examples of the polya omic ion include BEI-,
SiF62-, Gek62+ £i6t- and Asked {0027 £ 1ubwtheédngention, onlyby addingthe cahpound, which
contains an atom that can be combined with a fluorine atom to form a polyatomic ion, to a hydrogen

fluoride sotutiesk: a-flictidengaseary be predieeth &0k thiskgasean, thermahdecomposition and other
treatments conducted when, for example, a metal fluoride complex salt is used can be omitted in the

invention. dp other words.in thedluedgie-gasdoreducing proeasseidhe irveniionoa large quantity of
energy is not required to be introduced from the outside of the reaction system, so that a fluoride gas

can be predugced.atdaw costs, Jhedemperatize whes the abgve mentioned compiphis added to the
hydrogen fluoride solution is preferably a temperature higher than the melting point of the
polyatomic-jgn-contaiging-hydrogen fiuodds sejution, andlower thag tbe bejlingpQitfen t .
[0026]
ExamplesofijuapolyatomicjxnzincludeBFqﬂ SiF¢?T, GeFg,
PF;" and AsFs .
[0027]
In the invention, only by adding the compcund, which
contains an atom that can be combined with a £fluorine atom to
form a polyatomic ion, to a hydrogen fluoride solution, a
fluoride gas can be produced. For this reason, thermal
decomposition and other treatments conducted when, for exanmple,
a metal fluoride complex salt is used can be omitted in the
invention. In other words, in the fluoride-gas-procducing
process of the invention, a large guantity of energy is not
required to be introduced from the ocutside of the reaction
system, so that a fluoride gas can be produced at low costs.
The temperature when the above-mentioned compound is added to
the hydrogen fluoride sclution is preferably a temperature
higher than the melting point of the polyatomic~ion-containing

hydrogen flucride solution, and lower than the bolling point

11



thereof. Examples of the above-mentioned metal fluoride complex salt include metal silicofluorides,
such as barium silicofluoride, and fluorogermanium metal compounds, such as barium
hexafluorogerumanate. [0028] The pressure when the compound is added to the hydrogen
fluoride solution is not particularly limited. The operation therefor can easily be made near the
atmospheric pressure. In a reduced-pressure system, vacuum facilities are required; thus, the
production costs unfavorably increase. When the pressure is high, a pressure-resistant apparatus is
required; tines; ¢logf productionlcosts Gnfaveraily increase. {0029] metTFhe Mathad f7 adding the
compound to the hydrogen fluoride solution is not particularly limited. It is therefore allowable to add
the compoung i@ theshydrogen fludede:sohition i drichearye tlve demposmdi{inte thereaction system)
and then add the hydrogen fluoride solution thereto. It is also allowable to add the two simultaneously.
[0030] silnihe fventiodel} isalgosllowadie torbriig:a casrtierlgasinie cod@act sithithediydrogen
fluoride solution wherein the poiyatomic ion is dissolved, thereby extracting the

barium hexafluocrogerumanate.

[6028]

The pressure when the compcund is added to the hydrogen
fluoride scluticon is not particularly limited. The operation
therefor can easily be made near the atmospheric pressure. In
a reduced-pressure system, vacuum facilities are required; thus,
the production costs unfavorably increase. When the pressure
is high, a pressure-resistant apparatus is required; thus, the
production costs unfavorably increase.

[0029]

The method for adding the compeound to the hydrogen
fluoride solution is not particularly limited. It is therefore
allowable to add the compound to the hydrogen flucride sclution,
or charge the compound (into the reaction system) and then add
the hydrogen fluoride solution thereto. It is also allowable
to add the two simultaneously.

[0030]}
In the invention, it is also allowable to bring a carrier

gas into contact with the hydrogen fluoride solution wherein

the polyatomic ion 1s dissolved, thereby extracting the

12



fluoride gas into the carrier gas. [0031] The carrier gas is not particularly limited as far as the
carrier gas is inert to the hydrogen fluoride solution and the fluoride gas. Specific examples thereof
include HF gas, N2 gas, He gas,Ar gas, dry air, and carbon dioxide gas. Of these gases, HF gas is
preferred in the invention. Into HF gas may be incorporated one or more of the other gases described
above. [0032] The water content by proportion in the carrier gas is preferably 1% or less by
weight, more preferably 100 ppm or less by weight, in particular preferably 10 ppm or less by weight. If
the water contentiay=propertiontis more thar A% by yeeight, the water content by proportion in the
extracted fluoride gas also increases. [0033] The method for bringing the carrier gas into contact
with the hydpagen fluoride solution, wherein the polyatomic ion is dissolved, is not particularly limited.
An ordinarily used tank-type or tower-type gas-liquid contacting apparatus is preferably used. The
contact is attainedyrfes example by bubling the hydrogendluotide; salutienawheseinthe-pelyatomic ion
is dissolved, with the carrier gas.

carrier gas is inert to the hydrogen fluoride solution and the

fluoride gas. Specific examples thereof include HF gas, Ny gas,

He gas, Ar gas, dry air, and carbon dioxide gas. Of these gases,

HF gas is preferred in the invention. Into HF gas may be

incorporated one or more of the other gases described above.

[CC32]

The water content by proportion in the carrier gas 1is

preferably 1% or less by weight, more preferably 100 ppm or less

by weight, in particular preferably 10 ppm or less by weight.

If the water content by proportion is more than 1% by weight,

the water content by propcrtion in the extracted fluoride gas

alsc increases.

[C033]

The method for bringing the carrier gas into contact with

the hydrogen flucride solution, wherein the polyatomic ion is

dissclved, is not particularly limited. An ordinarily used

tank-type or tower-type gas-liguid contacting apparatus is

preferably used. The contact is attained, for example, by

bubbling the hydrogen fluoride sclution, wherein the polyatomic

ien is dissolved, with the carrier gas.
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[0034] The temperature when the carrier gas is brought into contact with the hydrogen fluoride
solution is preferably from -50 to 50C, more preferably from -10 to 50C, in particular preferably from O
to 30C. If the temperature is lower than -50C, the vapor pressure of the fluoride gas lowers so that the
efficiency of the extraction unfavorably deteriorates. By contrast, if the temperature is higher than 50C,
water vapor is generated together on the generated gas side, which is dependent on the water
concentration in the hydrogen fluoride solution. Thus, the fluoride gas is inconveniently hydrolyzed.
[0035] [ Dhies pressure when the carrier gas is brought into contact with the solution is preferably
from 1 KPa to 5 MPa, more preferably from 10 KPa to 1 MPa, in particular preferably from 0.05 to 0.5

MPa. If the pressureis lesgthantkRa, heayy vasuuwn-faciitessare reguiyed.sgrbat easss therefor
inconveniently become overmuch. By contrast, if the pressure is more than 5 MPa, the high-pressure

apf?ratus Hgonyenienthhbesemesenarmous.[6036]Meraaver chy healingrthedydyogenduoride
solution,
~-50 to 50°C, more preferably from =10 to 50°C, in particular
preferably from 0 to 30°C. If the temperature is lower than
-50°C, the vapor pressure of the fluoride gas lowers so that
the efficiency of the extraction unfavorably deteriorates. By
contrast, if the temperature is higher than 50°C, water vapor
is generated together on the generated gas side, which is

dependent on the water concentration in the hydrogen fluoride

solution. Thus, the fluoride gas is inconveniently

hydrelyzed.

[0035]

The pressure when the carrier gas is brought into contact
with the solution is preferably from 1 KPa to 5 MPa, more
preferably from 10 KPa to 1 MPa, in particular preferably from
0.05t00.5MPa. Ifthepressure ls less than 1KPa, heavy vacuun
facilities are reguired so that costs therefor inconveniently
become overmuch. By contrast, if the pressure is more than 5
MPa, the high-pressure apparatus inconveniently becomes

enormous.

[0C36]

Moreover, by heating the hydrogen fluoride solution,
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wherein the polyatomic ion is dissolved, a fluoride gas can be extracted into generated HF gas. In this
case, the heating temperature needs to be not lower than the boiling point of the hydrogen fluoride
solution, wherein the polyatomic ion is dissolved. [0037] The following will describe producing
apparatuses used for the fluoride-gas-production of the invention on the basis of FIGs. 1to 3. FIG. 1 is
a schematic view illustrating a fluoride-gas-producing apparatus in a case where hydrogen fluoride is
used as the carrier gas so as to be circulated. [0038] A hydrogen fluoride solution in a tank 5 is
sent to a heatingidevice by eHeetaf@ pump. 6. dhesydregen dudtide sotidiareis vaporized in the
heating device 7. Thereafter, a carrier gas is supplied to a bottom region of a diffusion tower 2.
Separatelya eampednd wichyeariaiisean aton that cambe gembinad:yith afluarieiatgm to forma
polyatomic ion is added to a hydrogen fluoride solution, thereby producing, in advance, a raw material

1 made ofthgpolyatomicrier-dissalved hysrogendluariderseldtiopoand thendhis rayrmaterial 1 is
supplied to a tower top region of the diffusion tower 2. In this way, the polyatomic-ion-dissolved raw

matgrial 1@8@8@8&%&6@5 iQykers 8&%@;9&9{‘, OWJ&‘@E[HS@%O\%%Q%QBQMQ@%D flupride gas as the
carrier gas are brought into contact with each other in a countercurrent manner. As a result of this

countercugrent contagt, a fluoride gas can be extracted into the carrier gas. Furthermore, the hydrogen
fluoride solution after the countercurrent contact is discharged as a tower-discharge liquid 8 from the
bottom regigp-of the diffusion tower 2, and further hydrogen fluoride gas containing the fluoride gas is
taken out form the tower top of the diffusion tower 2 and then supplied to a condenser 3 into which a

ken out er n tower edtoac X
ceperated rom e o1t Go T SandSheadt portan of TG or Thert & Sentio he tank 5,

andthen%%%ggﬁgefa%gg%%%Fgas—production.of the invention on the basis

of FIGs. 1 to 3. FIG. 1 is a schematic view illustrating a
fluoride~gas-producing apparatus in a case where hydrogen
flucride is used as the carrier gas so as to be circulated.
[C038]

A hydrogen fluoride solution in a tank 5 is sent to a
heating device 7 by effect of a pump 6. The hydrogen fluoride
solution is vaporized in the heating device 7. Thereafter, a
carrier gas ils supplied to a bottom regicn of a diffusion tower
2. Separately, a compound which containg an atom that can be
combined with a fluorine atom to form a pelyatomic ion is added
to a hydrogen fluoride soluticn, thereby producing, in advance,
a raw material 1 made of the polyatomic-ion-dissclved hydrogen
flucride sclution, and then this raw material I is supplied to
a tower top region of the diffusion tower 2. In this way, the

polyatomic~ion~dissolved rawmaterial 1 dropping from the tower
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[0039] The operating pressure in the diffusion tower 2 is not particularly limited. The operation
near the atmospheric pressure is easy. The operating temperature of the diffusion tower 2 is preferably
not higher than the boiling point of the hydrogen fluoride solution, wherein the polyatomic ion is
dissolved, under the operating pressure for the solution. When hydrogen fluoride gas is used as the
carrier gas, the tower 2 can be operated at the boiling point of hydrogen fluoride, or higher. [0040]

In a case where the concentration of hydrogen fluoride is high in the solution obtained by adding the

above-mentioned compeund te the hydrogen fiasise solufianha duedde gabunay be generated by use
of, for example, a producing apparatus illustrated in FIG. 2 or 3 when the solution is boiled by heating

or the like .30 agdogenerate yaponefhydregen flupride. {4l -« Yyhendheprodueingapparatus
illustrated in FIG. 2 is used, a raw material 1 made of a hydrogen fluoride solution wherein a

polyatomig ien is.disselyed ds, first produced in-advance, Thisraw materiahhissstpplied ta a distillation
tower 2. The raw material 1 is heated by a heating device 7 located in a bottom region of the distillation
tower 2, SQotﬁég%ﬂr%%ﬂ%qi%isgB%ﬂ@élx vapQrized, Inthis way,thee carrier gas.

Furthermore, the hydrogen fluoride solution after the

countercurrent contact is discharged as a tower-discharge

liguid 8 from the bottom region of the diffusion tower 2, and

further hydrogen fluoride gas containing the flucride gas is

taken out form the tower top of the diffusion tower 2 and then

supplied to a condenser 3 into which a refrigerant is passed.

In this way, the most portion of hydrocgen flucride gas is

condensed to be separated from the flucoride gas 4. The

condensed portion of hydrogen fluoride is sent to the tank 5,

and then used to be circulated.

[0039]

The operating pressure in the diffusion tower 2 is not

particularly limited. The operation near the atmespheric

pressure is easy. The operating temperature of the diffusion

tower 2 is preferably not higher than the boiling point of the

hydrogen fluoride solution, wherein the polyatomic ion 1is

dissolved, under the operating pressure for the solution. When

hydrogen fluoride gas is used as the carrier gas, the tower 2

can be coperated at the bolling point of hydrogen fluoride, or
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polyatomic-ion-dissolved raw material 1 dropping in the distillation tower 2 and hydrogen fluoride gas
as the carrier gas are brought into contact with each other in a countercurrent manner. As a result of
this countercurrent contact, a fluoride gas can be extracted into the carrier gas. Furthermore, the
hydrogen fluoride solution after the countercurrent contact is discharged as a tower-discharge liquid 8
from the bottom region of the diffusion tower 2, and further hydrogen fluoride gas containing the
fluoride gas is taken out form the tower top of the distillation tower 2 and then supplied to a condenser
3 into whiefi aitefrigerant is passed. In this way, the most portion of hydrogen fluoride gas is
condensed to be separated from the fluoride gas 4. The condensed portion of hydrogen fluoride is sent
to the tank §pamd then used to be circulated. By sending the hydrogen fluoride solution in the tank 5 to
a tower top region of the distillation tower 2 by a pump 6, the concentration of hydrogen fluoride in the

tower-discharge liguids8 isskeptganstantise thehtherfluaridecgasgam ha stakiy generted.0042]
When a producing apparatus illustrated in FIG. 3 is used, to a reaction tank 2' filled with a hydrogen

fluoride solutign is,added g rawimatesial dupade of a.compeund whish-gontaing an-atgnthat can be
combined with a fluorine atom to form a polyatomic ion, or made of a solution wherein a compound

which CO”&%R%_@&?&O%W%C%Q{B?&Q@?Piﬁﬁgé!‘é%% fluotine atom to M%@p@&ya?tggﬂmgp is
u

dissolved. In this way, the polyatomic’ion is generated in the hydrogen fluoride solution. Subsequently,

this hydroggn 5‘88@9‘%%8!5“?88 is, beated by:a peating device 7 located in the reagtion.fank 2. In this

way, a fluoride-gas-containing hydrogen fluoride gas is generated. This hydrogen fluoride gas is

supplied to pycondenser3 0o nich ayrefgelant inpassad RN ey, 118 oSt DEIN the

hydrogen Tluoride gas Is condense e separated from the fluoride gas 4. The condensed portion of
the hydrogen fluaride is sent tQ the reaction tank 2', and then.used.to be circulated. After the fluoride
gasis ger?’e?at%%?tﬂelél{fdr%aeﬁ?Ilit)ﬁdg Sofution s g%%ﬁgrg%% ;153/ éi %gr%(e-gis%%gr%rgll%%i’d 8 from a
bottom regﬂigg 4o{}the reaction tank 2.

When the producing apparatus illustrated in FIG. 2 is used,
a raw material 1 made of a hydrogen fluoride sclution wherein
a polyatomic ilon is dissolved is first produced in advance.
This raw material 1 is supplied to a distillation tower 2. The
rawmaterial 1 is heated by a heatingdevice 7 located in a bottonm
region of the distillation tower 2, so that hydrogen fluoride
is partially vaporized. In this way, the
pelyatomic-ion-dissolved raw material 1 dropping in the
distillation tower 2 and hydrogen fluoride gas as the carrier
gas are brought into contact with each other in a countercurrent
manner. As a result of this countercurrent contact, a fluoride
gas can be extracted into the carrier gas. Furthermore, the
hydrogen fluoride solution after the countercurrent contact is

discharged as a tower-discharge liquid 8 from the bottom region
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[0043] In a case where the compound, which forms a polyatomic ion, is a solid in a hydrogen
fluoride solution or in the case of a slurry-form raw material suspended in a hydrogen fluoride solution,
the use of, for example, a tower such as the diffusion tower or distillation tower 2 causes stoppage
therein to make it difficult to operate the apparatus continuously. It is therefore preferred to use a
producing apparatus as illustrated in FIG. 3 to generate a fluoride gas. [0044] The tower used to
generate a fluoride gas may be the diffusion tower or distillation tower 2. The diffusion tower or

distillation fpwey, 2 may: be & packed, towes or afray-towel. The eaclipndark 2oused to,generate a

fluoride gas may be a tank equipped with a stirring device or héating device. [0045] The

generation of,a fliorice gagmay hie parformed.in any,ane of 2 haich maaner, a.semishatch manner,

and a continuous manner. Considering the efficiency thereof and a stable operation, it is preferred to

attain the@g@e&%tsisotrhTlgggggnggggpgngg& Eﬁgwglﬁﬁplied to a condenser 3 into

which a refrigerant is passed. In this way, the most portiocn
of hydrogen fluoride gas i1s condensed to be separated from the
fluoride gas 4. The condensed portion of hydrogen fluoride is
sent to the tank 5, and then used to be circulated. By sending
the hydrogen fluoride solution in the tank 5 to a tower tep region
of the distillation tower 2 by a pump 6, the concentration of
hydrogen fluoride in the tower-discharge liguid 8 is kept
constant so that the fluoride gas can be stably generated.
[0042]

When a producing apparatus illustrated in FIG. 3 is used,
to a reaction tank 2’ filled with a hydrogen fluoride sclution
is added a raw material 1 made of a compound which contains an
atom that can be combined with a fluorine atom to form a
polyatomic ion, or made of a sclution wherein a compound which
contains an atom that can be combined with a flucrine atom to
forma polyatomic ion is disscolved. In thisway, the polyatemic
ion is generated in the hydrogen flucride sclution.
Subsequently, this hydrogen flucride solution is heated by a
heating device 7 located in the reaction tank 27. In this way,

a fluoride~gas~containing hydrogen flucride gas is generated.
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[0046] Hereinafter, preferred examples of this invention will be illustratively described in detail.
However, materials, blend amounts and so on that will be described in the examples are not intended
to limit the scope of this invention into only the described materials and so on as far as no restrictive
description thereabout is included. Thus, the materials and so on are mere descriptive examples.
[0047] (Example 1) At a temperature of 15C and the atmospheric pressure, 42 parts by weight of
potassium silicofluoride (K2SiF6) were added, in a batch manner, to a vessel wherein 286 parts by
weight of anhydrous hydrofluaric acid was put. On disso|ving, potassium silicofluoride in thydrous
hydrofluorijc%dgtﬁgrgoe%%?a C)]nugf:é“ags 5 ObsErvBE . TH gEﬁe?atgarQ =S intrdduced into a
condenser to condense the most portion of hydrofluoride acid, thereby separating the portion from a
non-condéfshble §as St Fohadtndenibie §s wasqhBhEiEay a SPFith P ESE transform
infrared spectrophotometer (referred to as an"FT-IR" hereinafter). As a result, it was verified that SiF4
gas asaf%%ri’ﬂléeggé’%g%%‘ﬁe%fé‘a?lde gas is condensed to be separated from

the flucride gas 4. The condensed pertion of the hydrogen
fluoride is sent tc the reaction tank 2', and then used to be
circulated. After the fluoride gas is generated, the hydrogen
‘fluoride solution is discharged as a tank-discharge liguid 8
from a bottom region of the reaction tank 2'.

[0043]

In a case where the compound, which forms a polyatomic
ion, is a solid in a hydrogen flucride solution or in the case
of a slurry-form raw material suspended in a hydrogen flucride
solution, the use of, for example, a tower such as the diffusion
tower or distillation tower 2 causes stoppage therein tc make
it difficult to operate the apparatus continuously. It is
therefore preferred tc use a producing apparatus as illustrated
in FIG. 3 to generate a fluoride gas.

[0044]

The tower used to generate a fluoride gas may be the
diffusion tower or distillation tower 2. The diffusion tower
cr distillation tower 2 may be a packed tower or a tray tower.
The reaction tank 2’ used to generate a fluoride gas may be a

tank equipped with a stirring device or heating device.
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[0048] (Example 2) To a vessel wherein 83.32 parts by weight of 40% by weight hydrofluoric acid
was put were added 16.68 parts by weight of silicon dioxide in a batch manner. In this way, a
hydrosilicofluoric acid solution (H2SiF6 ag.) having a concentration of 40% by weight was prepared.
Furthermore, the hydrosilicofluoric acid solution was charged into a vessel, and the solution was
bubbled with nitrogen. The nitrogen-containing gas components were introduced into a condenser to
separate a condensed component and a non-condensable component from each other. The
non-condensable gas was qualitatively analyzed with an FT-IR. As a result, it was verified that SiF4
gas as a fl%(?iﬁﬁggas was generated. Furthermore, 19 parts by weight of hydrosilicofluoric acid
bubbled with nitrogen were added to 263 s by weight of anhydrous hydrofluaric acid. The
generated gas comportiehakd irdduded 6 A dhdaR &Iy {patate 2 T6Rdented t8mponent
and a non-condensable component from each other. The non-condensable gas was qualitatively
analyzed @itf thé Fr-HR EAS JRBiIR 5t wasSARtieR A ST as AT ctideYus wES Yenerated.
[0049] (Example 3) In the present example, the producing apparatus illustrated in FIG. | was used
to producBafifFide §83Seciically Hifusiobbrés Rgdraté (BFEYLE 5-29) 1 & fighitcstate was first
supplied thereto from the tower top region of the diffusion tower 2. Vapor of hydrofluoric acid was
supplied thegate fropd thelboticmpegibawf ke Biffusiorrtoer 2etod®HtRE 4®iPping. Fhe vapor taken
out from the top region of the diffusion tower was introduced into the condenser to condense the most
portion of ¢wultcftueric acidh thereby separating the portion from a non-condensable gas. This
non-condensable gas was qualitatively analyzed with an FT-IR. As a result, it was verified that BF 3

gas as a fluoridelgas was generated.

[0046]

Hereinafter, preferred examples of this invention will
be illustratively described in detail. However, materials,
blend amounts and so on that will be described in the examples
are not intended fto limit the scope of this inventicn into only
the described materials and so on as far as no restrictive
description thereabout is included. Thus, the materials and
so on are mere descriptive examples.

[0047]
{(Example 1)

Lt a temperature cof 153°C and the atmospheric pressure,
42 parts by weight of potassium silicofluoride (K;5iF¢) were
added, in a batch manner, to a vessel wherein 286 parts by weight
of anhydrous hydrofluoric acid was put. On dissclving
potassium silicofluoride in anhydrous hydrofluocric acid, the

generation of a gas was observed. The generated gas was
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[00501 (Example 4) In the present example, the producing apparatus illustrated in FIG. 2 was
used to produce a fluoride gas. Specifically, a solution wherein 45.1 parts by weight of lithium
borofluoride (LiBF4) were dissolved in 290 parts by weight of anhydrous hydrofluoric acid was first
supplied into the distillation tower. Vapor taken out from the top region of the distillation tower was
introduced into the condenser to condense the most portion of hydrofluoric acid, thereby separating
the portion from a non-condensable gas. This non-condensable gas was qualitatively analyzed with an

FT-IR. As a result, it was verified that 13E13 gas as a flugride gas was generated. ,[OOS%eéExample 5)
In the preseht 6XARPRE the Produiig Sppafatus MuSHRRAMR BIGPS Wi lséf o piddute a fluoride

gas.
hydrofluoride acid, thereby separating the portion from &

non-condensable gas. This non-condensable gas was
gualitatively analyzed with a Fourier transform infrared
spectrophotometer {referred to as an “FT-IR” hereinafter). As
a result, it was verified that SiE} gas as a fluocride gas was
generatead.

(004813

(Example 2}

To a vessel wherein 83.32 parts by weight of 40% by weight
hydrofluoric acid was put were added 16.68 parts by weight of
silicon dioxide in a batch manner. In this way, a
hydrosilicofluoric acid solution (HzSiF¢ ag.) having a
concentration of 40% by weight was prepared. Furthermore, the
hydrosilicofluoric acid solution was charged into a vessel, and
the sclution was bubbled with nitrogen. The
nitrogen-containing gas components were introduced into a
condenser to separate a condensed component and a
non~condensable component from each other. The
non-condensable gas was gualitatively analyzed with an FT-IR,
As a result, it was verified that SiFs gas as a fluoride gas
was generated. Furthermore, 19 parts by weight of

hydrosilicofluoric acid bubbled with nitrogen were added to 263
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Specifically, 47 parts by weight of potassium borofluoride (KBF4) were first added to 276 parts by
weight of anhydrous hydrofluoric acid in the reaction tank 2' to be suspended therein. In this way, a
slurry was prepared. The slurry was heated and boiled to evaporate hydrofluoric acid partially. Vapor
taken out from the tank was introduced into the condenser to condense the most portion of
hydrofluoric acid, thereby

parts by weight of anhydrous hydrofluoric acid. The generated
gas components were introduced intc a condenser to separate a
condensed component and a non-condensable component frém each
other. The non-condensable gas was gualitatively analyzed
with the FT-IR. As a result, it was verified that SiF; gas as
a fluoride gas was generated.

[0049]

{(Example 3)

In the present example, the producing apparatus
illustrated in FIG. 1 was used to produce a fluoride gas.
Specifically, trifluocrcoboron hydrate {(BF31.5H;0) in a liguid
state was first supplied thereto from the tower top region of
the diffusion tower 2. Vapor of hydrofluoric acid was supplied
thereto from the bottom region cof the diffusion tower 2 to
conduct stripping. The vapor taken out from the top region of
the diffusion tower was introduced into the condenser to
condense the most portion of hydrofluoric acid, thereby
separating the portion from a non-condensable gas. This
non-condensable gas was gualifatively analyzed with an FT-IR.
As a result, it was verified that BF; gas as & fluoride gas was
generated.

[0050]

{Example 4)
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separating the portion from a non-condensable gas. This non-condensable gas was qualitatively
analyzed with an FT-IR. As a result, it was verified that BF3 gas as a fluoride gas was generated.
[0052] (Example 6) In the present example, the producing apparatus illustrated in FIG. 3 was used
to produce a fluoride gas. Specifically, 12 parts by weight of barium silicofluoride (BaSiF6) were first
suspended into 266 parts by weight of anhydrous hydrofluoric acid in the reaction tank 2', and then the
resultant was heated to evaporate hydrofluoric acid partially. In this way, vapor was taken out from the
tank. The vapor taken out from the tank was introduced into the condenser to condense the most
portion of hydroflubfic e, BFEesY) Separdimytne PorticH PEM BN FoRBEASAe gas. The
non-condensable gas was qualitatively analyzed with an FT-IR. As a result, it was verified that SiF4
gas as a flubtite gaatss gandrafed. J0053] (Example 7P rodiftheipredentdaimgRSthe producing
apparatus illustrated in FIG. 1 was used to produce a fluoride gas.

Specifically, a solutionwherein 45.1 parts by weight of lithium

borofluoride (LiBF4) were dissolved in 290 parts by weight of
anhydrous hydrofluoric acid was first supplied into the
distillation tower. Vapor taken out from the top region of the
distillation tower was introduced into the condenser to
condense the most portion of hydroflucric acid, thereby
separating the portion from a non-condensable gas. This
non-condensable gas was gqualitatively analyzed with an FT-IR.
As a result, it was verified that BF; gas as a fluoride gas was
generated.

[0051]

{Example 5)

In the present example, the producing apparatus
i1llustrated in FIG. 3 was used to produce a fluoride gas.
Specifically, 47 parts by weight of potassium boroflucride
(KBFy) were first added to 276 parts by weight of anhydrous
hydrofluoric acid in the reaction tank 2’ to be suspended
therein. In this way, a slurry was prepared. The slurry was
heated and boiled to evaporate hydrofluoric acid partially.
Vapor taken out from the tank was introduced into the condenser

to condense the most portion of hydrofluoric acid, thereby
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Specifically, germanatehexafluoride synthesized by causing 12 parts by weight of germanium oxide
(Ge02) and 244 parts by weight of anhydrous hydrofluoric acid to react with each other was first
supplied to the top region of the diffusion tower 2. Subsequently, vapor of hydrofluoric acid was
supplied thereto from the bottom region of the diffusion tower 2 to conduct stripping. Gas taken out
from the top region of the diffusion tower 2 was introduced into the condenser 3 to condense the most
portion of hydrofluoric acid, thereby separating the portion from a non-condensable gas. This
non-condensable gas was qualitatively analyzed with an FT-IR. As a_result, it was verified that GeF4
gas as a fRBFdE YasWas feneratéd J6054 TEXAnTHE 8F O RIemRR Yre et exampl@, the producing
apparatus illustrated in FIG. | was used to produce a fluoride gas. Specifically, a solution of phosphate
hexafluoriBE tHPEBY T EdrbE ehaffudife, HRES being synthesréd Bytalising &7 parts By weight of
diphosphorus pentaoxide (P206)and 285 parts by weight of anhydrous hydrofluoric acid to react with
each othehswasHistskipplicd wrthepirégrm dhtne 8iffusien tower L \ior &F HRIFoffifdtic acid was
supplied thereto from the bottom region of the diffusion tower 2 to conduct stripping. Subsequently,
gas takengstit roat te- top region of the diffusion tower 2 was introduced into the condenser 3 to
condense the most portion of hydrofluoric acid, thereby separating the portion from a non-condensable
gas. This h6d&dhdensable gas was qualitatively analyzed with an FT-IR. As a result, it was verified
that PF5 gas as a fluoride gas was generated. [0055] (Example 9)

(Example 6)

In the present example, the producing apparatus

illustrated in FIG. 3 was used to produce a fluoride gas.

Specifically, 12 parts by weight of barium silicoflucride

(BaSiFs) were first suspended into 266 parts by weilght of

anhydrous hydrofluocric acid in the reaction tank 2’7, and then

the resultant was heated to evaporate hydrofluoric acid

partially. Inthis way, vapor was taken out from the tank. The

vapor taken out from the tank was introduced into the condenser

to condense the most portion of hydrofluoric acid, thereby

separating the portion from a non-condensable gas. The

non-condensable gas was gualitatively analyzed with an FT-IR.

As a result, it was verified that SiF; gas as a fluoride gas
was generated.
[0053]
(Example 7)
In the present example, the producing apparatus

illustrated in FIG. 1 was used to produce a fluoride gas.
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In the present example, the producing apparatus illustrated in FIG. | was used to produce a fluoride
gas. Specifically, a solution of phosphate hexafluoride (HPF6) in hydrogen fluoride, HPF6 being
synthesized by causing 20 parts by weight of 75% by weight phosphoric acid (H3PO4 aq.) and 366
parts by weight of anhydrous hydrofluoric acid to react with each other, was first supplied to the top
region of the diffusion tower 2. Vapor of hydrofluoric acid was supplied thereto from the bottom region
of the diffusion tower 2 to conduct stripping. Subsequently, gas taken out from the top region of the
diffusion tower 2 was introduced into the condenser 3 to condense the most portion of hydrofluoric

acid, thereBy $Epardfing the FGHBATOM & REA-CORBERSARYgAd Thig REntdoRaERddtle 'das was
qualitatively analyzed with an FT-IR. As a result, it was verified that PF5 gas as a fluoride gas was
generated PFOUSBPIEXZMBIE 195 ¢ rirthb Fresehtaxdrfple) tebrotuEing apparatad iustrated in
FIG. | was used to produce a fluoride gas. Specifically, a solution of arsenate hexafluoride (HASF5) in
hydrogen fidoritfel HABEEShdikg 2y AtHested Hrdalisity 28 paktstbyteightof afseaie pertaoxide
(As205) and 211 parts by weight of anhydrous hydrofluoric acid to react with each other, was first
supplied td testopTegiohicfdhé diffuisiorttawer o Vapop bf hjdroflicda adidrwassepplied thereto from
the bottom region of the diffusion tower 2 to conduct stripping. Subsequently, gas taken out from the
top region ¥ trediffasivhtower2owasintrpduced inta the zondenser 3uprondensé¢hezmost portion of
hydrofluoric acid, thereby separating the portion from a non-condensable gas. This non-condensable
gas was gfaktativaly analyzed withydr i TelR. isea teistft # was verified that:AskEpgdsas a fluoride
gas was generated. REFERENCE NUMERALS [0057] 1raw material 2diffusion tower or distillation
tower stripping. Gas taken out from the top region of the diffusion

tower Z was introduced into the condenser 3 to condense the most

portion of hydrofluoric acid, thereby separating the portion

from a non-condensable gas. This non-condensable gas was

qualitatively analyzed with an FT-IR. Asra result, it was

verified that GeF; gas as a fluoride gas was generated.

[0054]

(Example 8)

In the present example, the producing apparatus

i1llustrated in FIG. 1 was used to produce a fluoride gas.

Specifically, a sclution of phosphate hexaflucride (HPFs! in

hydrogen flucride, HPFs being synthesized by causing 17 parts

by weight of diphosphorus pentaoxide (P;0s)and 285 parts by

weight of anhydrous hydrofluoric acid to react with each other,

was first supplied to the top region of the diffusion tower 2.

Vapor of hydrofluoric acid was supplied thereto from the bottom

region of the diffusion tower 2 to conduct stripping.
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2'reaction tank 3condenser 4fluoride gas tank 6pump 7heating device 8tower-discharge liquid

Subsequently, gas taken out from the top region of the diffusion
tower 2 was introduced into the condenser 3 to condense the most
portion of hydrofluoric acid, thereby separating the portion
from a non-condensable gas. This non-condensable gas was
gualitatively analyzed with an FT-IR. As a result, it was
verified that Prs gas as a flucride gas was generated.
{0055]

(Example 9)

In the present example, the producing apparatus
illustrated in FIG. 1 was used to produce a flucride gas.
Specifically, a solution of phosphate hexafluoride (HPFg) in
hydrogen fluoride, HPF¥s being synthesized by causing 20 parts
by weight of 75% by weight phosphoric acid (H3PO4 ag.) and 366
parts by weight of anhydrous hydrofluoric acid to react with
each other, was first supplied to the top region of the diffusion
tower 2. Vapor of hydrofluoric acid was supplied thereto from
the bottom region of the diffusion tower 2 to conduct stripping.
Subsequently, gas taken out from the top regicn of the diffusion
tower 2 was introduced into the condenser 3 to condense the most
portion of hydrofluoric acid, thereby separating the portion
from a non-condensable gas. This non-condensable gas was
qualitatively analyzed with an FT-IR. As a result, it was

verified that PFs gas as a fluoride gas was generated.
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CLAIMS 1. A process for producing a fluoride gas, wherein a compound which contains an atom
that can be combined with a fluorine atom to form a polyatomic ion is added to a hydrogen fluoride
solution, so as to produce the polyatomic ion in the hydrogen fluoride solution, thereby generating
the fluoride gas that comprises the fluorine atom and the atom, which can be combined with the
fluorine atom to form the polyatomic ion. 2. The process for producing a fluoride gas according to
claim 1, wherein a carrier gas is brought into contact with the hydrogen fluoride solution, in which the
polyatomic ion is dissolved, thereby extracting the fluoride gas into the carrier gas. 3. The process
for producintf’a fllioride gas according to claim 1, wherein hydrogen fluoride gas is used as the carrier
gas. 4. The process for producing a fluoride gas according to claim 1, wherein hydrogen fluoride
is evaporaté& #op thel 0)

In the present example, the producing apparatus
illustrated in FIG. 1 was used to produce a fluoride gas.
Specifically, a solution of arsenate hexafluoride (HAsFs) in
hydrogen flucride, HAsFg being synthesized by causing 24 parts
by weight of arsenic pentacoxide (As;0s) and 211 parts by weight
of anhydrous hydrofluoric acid to react with each other, was
first suppliedto the tepregion of thediffusion tower 2. Vapor
of hydrofluoric acid was supplied thereto fromthe bottom region
of the diffusion tower 2 to conduct stripping. Subseguently,
gas taken out from the top region of the diffusion tower 2 was
introduced into the condenser 3 to condense the most portion
cf hydrofluoric acid, thereby separating the éortion from a
non-ceocndensable gas. This non-condensable gas was
qualitatively analyzed with an FT-IR. As a result, 1t was

verified that AsFs; gas as a fluoride gas was generated.

REFERENCE NUMERALS

(00573
1 raw material
2 diffusion tower or distillation tower
27 reaction tank
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hydrogen fluoride solution, in which the polyatomic ion is dissolved, thereby generating the fluoride
gas. 5. The process for producing a fluoride gas according to claim 1, wherein the polyatomic ion
is at least one selected from the group consisting of a BFI ion, a SiF62-ion, a GeF62- ion, a PF6- ion,
and an A5F6- ion.

3 condenser

4 fluoride gas

5 tank

& pump

7 heating device

8 tower~discharge liguid
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1. A prccess for preducing a flucride gas, wherein a
compound which contains an atom that can be combined with a
fluorine atom to form a polyatomic ion is added to a hydrogen
flucride solution, so as to produce the polyatomic ion in the
hydrogen fluoride solution,

thereby generating the fluoride gas that comprises the
flucrine atom and the atom, which can be combined with the

flucocrine atom .to form the polyatomic ilon.

2. The process for producing a fluoride gas according
to claim 1, wherein a carrier gas is krought into contacﬁ with
the hydrogen fluoride sclution, in which the polyatomic ion is
dissoclved, thereby extracting the fluoride gas into the carrier

gas.

3. The process for producing a fluoride gas according
to claim 1, wherein hydrogen fluoride gas is used as the carrier

gas.

4, The process for producing a fluoride gas according

to claim 1, wherein hydrogen fluoride is evaporated from the
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hydrogen flucride solution, in which the polyvatomic ion is

dissolved, thereby generating the fluoride gas.

5. The process for producing a fluoride gas according
to claim 1, wherein the polyatcmic icon is at least one selected
from the group consisting of a BFs; ion, a SiF s ion, a GeFg

ion, a PFg ion, and an AsFs ion.
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