
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, which is a fluoride gas species, known is, for example, a process
of causing boron oxide and hydrofluoric acid to react with each other to synthesize an aqueous
solution of boron fluoride, and adding at least one of sulfuric acid or fuming sulfuric acid to the 



aqueous 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
decomposing a fluorogermanium metal compound, such as barium hexafluorogerumanate thermally,
thereby yielding GeF4, or a process (5) of adding, to tetrachlorogermanium, a fluorinating agent, such
as zinc fluoride, or a mixture of trifluoroantimony and pentachloroantimony, thereby causing the two
compounds to react with each other. Patent document I also discloses a process (6) of causing
metallic germanium, and fluorine gas or trifluoronitrogen to react with each other, thereby yielding
GeF4. [0005] 



(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
boron is generated in a large amount; thus, facilities or costs are required in order to process the
waste fluid. Additionally, sulfur components such as 503 are incorporated, as impurities, into the
resultant, BF3. [0007]        In the SiF4-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 byproduct are required. [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 PF5- or A5F5-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, PF5 or AsF5; and in the process (9), the halogen gas,
which is one of the raw materials, as well as halogenated hydrogen, which is a byproduct, is
incorporated into PF5orAsF5. Thus, the processes each have a problem that high-purity PF5 or AsF5
is not easily obtained. Prior Art Documents Patent documents [0010] Patent document 1: Japanese
Patent No. 3258413  Patent document 2: Japanese Patent No. 4005174 



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 adopting a process described below, so as to make the invention. [0013] 



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 form a polyatomic ion is added to a hydrogen fluoride solution, thereby producing the
polyatomic ion first in the hydrogen fluoride solution. When this polyatomic ion is generated in the
hydrogen fluoride 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. [0016] 



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 



[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
removing any byproduct or to decrease the production costs related thereto. BRIEF DESCRIPTION
OF THE DRAWINGS  [0020] [FIG. 1]The figure is a schematic view which 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 



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 hydrogen fluoride solution. When the compound is added to the hydrogen fluoride solution, the
state of the compound maybe anyone of a solid state, a liquid state and a gas state. [0022]        The
hydrogen fluoride solution may be a solution wherein anhydrous hydrogen fluoride is dissolved in
water, an organic  



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 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 fluoride 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 makes it possible to prevent the incorporation of the byproduct into the fluoride 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  gas is provided after the step of generating the fluoride gas. [0024]        A
material that causes the generation of the gaseous byproduct by the reaction between the
above-mentioned compound and hydrogen fluoride can be, for example, a halide other than any
fluoride, such as pentachloroarsenic. The byproduct can be, for example, a hydrogen halide other than
hydrogen fluoride, such as hydrogen chloride. The method for removing the byproduct is not
particularly limited, and, for example, the following method may be adopted: a method wherein to
hydrogen fluoride to be used for the reaction is beforehand added water necessary for a matter that
arsenate hexafluoride (HA5F6), which is generated by reaction between pentachloroarsenic and
hydrogen fluoride, can turn into such a hydrous form that this arsenate can be relatively stably present
in hydrofluoric acid, i.e., HA5F6xH20, and then hydrogen chloride, which is secondarily produced, is
separated, in the form of a gas, from hydrofluoric acid wherein HA5F6xH20 is dissolved. 



[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-, GeF62-, PF6.- and AsF6 . [0027]        In the invention, only by adding the compound, 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 example, a metal fluoride complex salt is used can be omitted in the
invention. In other words, in the fluoride-gas-producing process of the invention, a large quantity of
energy is not required to be introduced from the outside 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 solution is preferably a temperature higher than the melting point of the
polyatomic-ion-containing hydrogen fluoride solution, and lower than the boiling point  



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; thus, the production costs unfavorably increase. [0029]        The method for adding the
compound to the hydrogen fluoride solution is not particularly limited. It is therefore allowable to add
the compound to the hydrogen fluoride solution, 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 poiyatomic ion is dissolved, thereby extracting the  



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 content by proportion is more than 1% by weight, the water content by proportion in the
extracted fluoride gas also increases. [0033]        The method for bringing the carrier gas into contact
with the hydrogen 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 attained, for example, by bubbling the hydrogen fluoride solution, wherein the polyatomic ion
is dissolved, with the carrier gas. 



[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 0
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]        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 0.05 to 0.5
MPa. If the pressure is less than 1 KPa, heavy vacuum facilities are required so that costs therefor
inconveniently become overmuch. By contrast, if the pressure is more than 5 MPa, the high-pressure
apparatus inconveniently becomes enormous. [0036] Moreover, by heating the hydrogen fluoride
solution,  



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. 1 to 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 heating device 7 by effect of a pump 6. The hydrogen fluoride solution is vaporized in the
heating device 7. Thereafter, a carrier gas is supplied to a bottom region of a diffusion tower 2.
Separately, 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, in advance, a raw material
1 made of the polyatomic-ion-dissolved hydrogen fluoride solution, and then this raw material 1 is
supplied to a tower top region of the diffusion tower 2. In this way, the polyatomic-ion-dissolved raw
material 1 dropping from the tower  top region of the diffusion 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 diffusion tower 2 and then supplied to a condenser 3 into which a
refrigerant 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 5,
and then used to be circulated. 



[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 compound to the hydrogen fluoride solution, a fluoride gas may 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 so as to generate vapor of hydrogen fluoride. [0041]       When the producing apparatus
illustrated in FIG. 2 is used, a raw material 1 made of a hydrogen fluoride solution wherein a
polyatomic ion is dissolved is first produced in advance. This raw material 1 is supplied to 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, so that hydrogen fluoride is partially vaporized. In this way, the 



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 which a refrigerant 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 5, and 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 liquid 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 solution 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 solution wherein a compound
which contains an atom that can be combined with a fluorine atom to form a polyatomic ion is
dissolved. In this way, the polyatomic ion is generated in the hydrogen fluoride solution. Subsequently,
this hydrogen fluoride solution is heated by a heating device 7 located in the reaction tank 2'. In this
way, a fluoride-gas-containing hydrogen fluoride gas is generated.  This hydrogen fluoride gas is
supplied to a condenser 3 into which a refrigerant is passed. In this way, the most portion of the
hydrogen fluoride gas is condensed to be separated from the fluoride gas 4. The condensed portion of
the hydrogen fluoride is sent to 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 liquid 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
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 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.  [0045]        The
generation of a fluoride gas may be performed in any one of a batch manner, a semi-batch manner,
and a continuous manner. Considering the efficiency thereof and a stable operation, it is preferred to
attain the generation in a continuous manner. Examples 



[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 hydrofluoric acid was put. On dissolving potassium silicofluoride in anhydrous
hydrofluoric acid, the generation of a gas was observed. The generated gas was  introduced into a
condenser to condense the most portion of hydrofluoride acid, thereby separating the portion from a
non-condensable gas. This non-condensable gas was qualitatively analyzed with a Fourier transform
infrared spectrophotometer (referred to as an "FT-IR" hereinafter). As a result, it was verified that SiF4
gas as a fluoride gas was generated. 



[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 aq.) 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 fluoride gas was generated. Furthermore, 19 parts by weight of hydrosilicofluoric acid
bubbled with nitrogen were added to 263        s by weight of anhydrous hydrofluoric acid. The
generated 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 the FT-IR. As a result, it was verified that SiF4 gas as a fluoride gas was generated.
[0049] (Example 3)        In the present example, the producing apparatus illustrated in FIG. I was used
to produce a fluoride gas. Specifically, trifluoroboron hydrate (BF31.5H20) in a liquid 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 of 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 qualitatively analyzed with an FT-IR. As a result, it was verified that BF 3
gas as a fluoride gas was generated. 



[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 fluoride gas was generated. [0051] (Example 5)
In the present example, the producing apparatus illustrated in FIG. 3 was used to produce a fluoride
gas. 



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  



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 hydrofluoric acid, thereby separating the portion from a non-condensable gas. The
non-condensable gas was qualitatively analyzed with an FT-IR. As a result, it was verified that SiF4
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.  



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 fluoride gas was generated. [0054] (Example 8)         In the present example, the producing
apparatus illustrated in FIG. I was used to produce a fluoride gas. Specifically, a solution of phosphate
hexafluoride (HPF6) in hydrogen fluoride, HPF6 being synthesized by causing 17 parts by weight of
diphosphorus pentaoxide (P206)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.  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 qualitatively analyzed with an FT-IR. As a result, it was verified
that PF5 gas as a fluoride gas was generated. [0055] (Example 9) 



In the present example, the producing apparatus illustrated in FIG. I 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 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 PF5 gas as a fluoride gas was
generated.  [0056] (Example 10)        In the present example, the producing apparatus illustrated in
FIG. I was used to produce a fluoride gas. Specifically, a solution of arsenate hexafluoride (HA5F5) in
hydrogen fluoride, HAsE5 being synthesized by causing 24 parts by weight of arsenic pentaoxide
(As205) and 211 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 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 AsF5 gas as a fluoride
gas was generated. REFERENCE NUMERALS [0057] 1raw material 2diffusion tower or distillation
tower 



2'reaction tank  3condenser 4fluoride gas tank 6pump 7heating device 8tower-discharge liquid 



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 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  



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. 






