
DESCRIPTION Processes for Producing Phosphorus Tetrafluoride and Phosphate
Hexa fluoride TECHNICAL FIELD [0001]        The present invention relates
to processes for producing phosphorus pentafluoride and a phosphate
hexafluoride, and more specifically to a process for producing phosphorus
pentafluoride, which is used as a raw material of a phosphate hexafluoride,
and a process for producing a phosphate hexafluoride, which is useful as an
electrolyte for a battery or cell, a catalystfororganicsynthesisreaction,
or the like. BACKGROUND ART [0002] 



As a conventional process for producing a phosphate hexafluoride, for
example, a process for producing LiPF6 may be a process of dissolving
lithium chloride in hydrogen fluoride and then adding, thereto, phosphorus
pentachloride (Non-Patent Document 1 described below). In this process,
phosphorus pentachloride is added directly to hydrogen fluoride. Since
phosphorus pentachloride has strong hygroscopic property, phosphorus.
pentachloride contains water contained originally therein and water
absorbed from air at the time of the addition.  LiPF6contai s the waters,
thereby being hydrolyzed. Thus, a lithium oxyfluoride such as LiP0F4 is
generated. [0003]        In order to solve such a problem, for example,
Patent Document I described below discloses a method of cooling a gas
generated by reaction between phosphorus pentachloride and hydrogen
fluoride into the range from -40 to -84C to remove phosphorus oxyfluoride,
and then introducing the gas into hydrogen fluoride in which lithium
fluoride is dissolved. [0004]        Patent Document 2 described below
discloses a process of allowing a phosphorus compound and hydrofluoric acid
to react. with each other to produce phosphorus pentaflubride, and
introducing the phosphorus pentafluoride into a solution of a' fluorine
compound in anhydrous hydrofluoric acid, thereby producing a phosphate
hexafluoride compound. Furthermore, Patent Document 2 states that as the
phosphorus compound, pals, PBr5, P255, or the like is used without using
any oxide or oxychloride of phosphorus, which gives water as a byproduct.
[0005]        As described above, in conventional processes for producing
LiPF6, in the course of the production, water is involved; therefore, there
is caused a problem that a hydrolyzate produced on the basis of the water
results in the decrease of purity. 



[Patent DocumentJP-A-60-251109 [Patent Document 2]Japanese Patent No.
2987713 [Non-Patent DocumentFluorine Chemistry Vol. 1 (1950) DISCLOSURE OF
THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0007] 



In light of the problems, the invention has been made. An object thereof is
to provide a phosphorus pentafluoride producing process wherein phosphorus
pentafluoride is separated/extracted from a pentavalent phosphorus compound
or a solution thereof, or a composition obtained by allowing the
pentavalent phosphorus compound or the solution thereof to react with
hydrogen fluoride, thereby producing phosphorus pentafluoride; and a
phosphate hexafluoride producing process wherein the resultant phosphorus
pentafluoride is used as raw material to produce a phosphate hexafluoride
high in purity. MEANS FOR SOLVING THE PROBLEMS [0008] In order to solve the
conventional problems, the inventors have investigated processes for
producing phosphorus pentafluoride and a phosphate hexafluoride. As a
result, the  inventors have found out that the object can be attained by
adopting the following means, and have made the invention. [0009] 



That is, in order to achieve the above described object, the present
invention relates to a process for producing phosphorus penta:iuoride,
wherein a carrier gas is brought into contact with either of the following
one: a pentavalent phosphorus compound, a solution thereof, or a solution
in which a composition obtained by allowing the pentavalent phosphorus
compound or he solution thereof to react with hydrogen fluoride is
dissolved, thereby a phosphorus pentafluor e is extracted into the career
gas. [0010]        In the process, a carrier gas is brought into contact
with a pentavalent phosphorus compound or a solution thereof, or a solution
in which a composition obtained by allowing a pentavalent phosphorus
compound or a solution thereof to react with hydrogen fluoride is
dissolved, thereby making it possible to separate phosphorus pentafluoride
from the pentavalent phosphorus compound or the like and extract the
phosphorus pentafluoride into the carrier gas. The phosphorus pentafluoride
contains no water, so as to be high in purity. For this reason the
phosphorus pentafluoride is very good as a raw material of a phosphate
hexafluoride. [0011]          In the invention of the above constitution,
It is preferable that the solution, in which the composition is dissolved,
is heated, thereby evaporating phosphorus pentafluoide gas together with
hydrogen fluoride gas to separate phosphorus pentafluoride. At this time,
when the content of hydrogen fluoride in the, solution is small, it is
allowable to dissolve hydrogen fluoride gas as the carrier gas, and
subsequently heat the solution. [0012]         In order to achieve the
above described object, the present invention relates a process for
producing a phosphate hexafluoride, wherein phosphorus pentafluorlde
obtained by the process  for producing phosphorus pentafluoride according
to claim 1 is allowed to react with a fluoride in accordance with the
following chemical reaction formula, thereby producing the phosphate
exafluoride: 



[0013] nPF5  ME-h.M ( PF6) n wherein M represents anyone selected from the
group consisting of Li, Na, K, Rb, Cs, NH4 and Ag when n is 1, represents
any one selected from the group consisting of Ca, Mg, Ba, Zn, Cu and Pb
when n is 2, and represents any one selected from the group consisting of
Al and Fe when n is 3. [0014] The phosphorus pentafluoride obtained by the
producing process less contains water and has higher purity as compared
with phosphorus pentafluoride obtained by conventional producing processes.
Thus, the generation of a hydrclyzate of a phosphate hexafluoride can be
depressed. In short, atcording to the process, a phosphate hexafluoride
which does not contain a hydrolyzate and has high purity can be produced.
[00151        It is preferable that the reaction between the phosphorus
pentafluoride and the fluoride, at least the following steps are conducted
a first step of dissolving phosphorus pentafluoride gas in an organic
solvent, a second step of adding, to the organic solvent, the fluoride, the
amount of which is an amount stoichiometrically equivalent to the
phosphorus pentafluoride, or a stoichiometric amount less than the stoicb
metrically equivalent amount, thereby generating a solution of the
phosphate hexafluoride, and a third step of cycling the solution of the
phosphate hexafluoride into the first step, thereby dissolving phosphorus
pentafluoride gas in the solution of the phosphate hexafluoride instead of
the organic solvent. 



[00161        In general, a fluoride is slightly soluble in any organic
solvent. Accordingly, when a fluoride is added to an organic solvent before
the absorption of phosphorus pehtafluoride gas, the fluoride turns into a
slurry state. For this reason, at  the time of the absorption of phosphorus
pentafluoride, the inside of the apparatus is blocked with the fluoride in
a solid state so that the apparatus is hindered from being operated.
However, according to the above-mentioned process, in the first step,
phosphorus pentafluoride gas is first absorbed into an organic solvent, and
subsequently a fluoride is added to the organic solvent in the second step.
In this way, a phosphate hexafluoride is synthesized in the organic solvent
as shown in the above-mentioned chemical reaction formula. Furthermore, the
addition amount of the fluoride is a stoichiometrically equivalent to
phosphorus pentafluoride or less than the stoichiometrically equivalent
amount; therefore, tne whole of the fluoride reacts with phosphorus
pentafluoride. Asa result, a non-slurry-state solution of a phosphate
hexafluoride is obtained wherein an unreacted fluoride does not remain.
This makes it possible to circulate the solution of the phosphate
hexafluoride into the first step, and dissolve phosphorus pentafluoride gas
in the solution of the phosphate hexafluoride instead of the organic
solvent (the third step). In short, according to the above-mentioned
process, various apparatuses including an absorption tower become usable,
and further a continuous operation of a used apparatus becomes attainable.
Thus, the productivity of the phosphate hexafluoride can be improved.
[0017]         It is preferable that the organic solvent is at least either
one of a nonadueous organic solvent or a nonadueous ionic liquid. This
makes it possible to absorb phosphorus pentafluoride without inducing any
hydrolysis. Whenphosphorus pentafluoride or a phosphate hexafluoride is
hydrolyzed, produced are acidic materials, such as phosphate oxyfluoride,
hydrogen fluoride, and phosphoric acid, or components insoluble in the
organic solvent, such as a phosphates oxyfluoride and a phosphate. When an
electrolytic solution containing these acidic materials or insoluble
components is used in an electricity accumulating element, bad effects,
such as corrosion, and a deterioration in electric properties, are
giventothe electricity accumulating element. It is therefore preferred to
use, as the organic solvent, a solvent wherein the concentration of water
is low From such a viewpoint, the concentration of water in the organic
solvent is preferably 100 ppm or less by weight, more preferably 10 ppm or
less by weight, and in particular preferably 1 ppm or less by weight. 



[0018]        It is preferable that the first and third steps are
conducted, using an absorption tower. According to the producing process of
the invention, phosphorus pentafluoride is dissolved in an organic solvent
and a phosphate hexafluoride solution and subsequently a fluoride is added
thereto;  therefore, the system does not turn into a slurry state.
Therefore, even if, for example, an absorption tower is used in the first
and third steps, the inside thereof is prevented from being blocked and a
continuous operation thereof is made attainable. As a result, the
productivity of the phosphate bexafluoride can be improved. [0019]
In order to achieve the above described object, the present invention
relates anelectrolyticsolut on, comprising a phosphate hexafluoride
obtained by the process for producing the phosphate hexafluo de. [0020]
In order to achieve the above described object, the present invention
relates anelectric tyaccumulatingelement, comprising the electrolytic
solution. Examples of the electricity accumulating element of the invention
include a lithium on secondary battery and the like. 



EFFECT OF THE INVENTION [0021]        The invention produces the following
advantageous effects through the above-mentioned means. [0022]
According to the invention, a carrier gas is brought into contact with a
pentavalent phosphorus compound or a solution  thereof, or a solution in
which a composition obtained by   lowing a pentavalent phosphorus compound
or a solution thereof to react with hydrogen fluoride is dissolved;
therefore, phosphorus pentafluoride containing no water and having high
purity can be produced. Furthermore, the phosphorus 



p ntafluoride obtained by the invention is used as a aw material to produce
a phosphate hexafluoride, thereby making it possible to render the produced
phosphate hexafluor de one that contains no hydrolyzate and has high
purity. BRIEF DESCRIPTION OF THE DRAWINGS [0023] [FIG. 1]FIGs. 1(a) to 1(c)
are explanatory views, each of which schematically illustrates aprocess for
producing phosphorus pentafluorida according to an embodiment of the
invention.        [FIG. 2]FIG. 2 is an explanatory view which schematically
illustrates an apparatus for producing a phosphate hexafluoride according
to an embodiment of the invention.        [FIG. 3]FIG, 3 is an explanatory
view which 



schematically illustrates a cross section  of a lithium secondary battery
of the invention. EXPLANATION OF REFERENCE NUMERALS  [0024] 1first
absorption tower 2first tank 3pump 4cooler 



5second absorption tower 6second tank 7pump 8cooler 9degassing tower
10third tank 12air pump 13condenser 



21positive electrode 22negative electrode 23porous separator 24positive
electrode can 25negative electrode can 26gasket 27spacer 28spring 



BEST MODE FOR CARRYING OUT THE INVENTION [0025] With reference to FIGs. 1,
an embodiment of the invention  will be described hereinafter. FIGs. 1(a)
to 1(c) are explanatory views, each ofschematically illustrates an
apparatus for producing phosphorus penta luoride according to the
embodiment. However, portions unnecessary for the description are omitted,
and some portions thereof are illustrated with enlargement, reAuctiot, or
the like in order to make the description easy. [0026]        The
phosphorus pentafluoride producing process according to the invention is
conducted by bringing a carrier gas into contact with a pentavalent
phosphorus compound or a solution thereof, or a solution in which a
'composition obtained by 



allowing the pentavalent phosphorus compound or the solution thereof to
react with hydrogen fluoride is dissolved. [0027]        The pentavalent
phosphorus compound may be in the state of any one of liquid, gas and
solid. The compound may be dissolved in water or an organic solvent to be
used in the form of a solution. The pentavalent phosphorus compound is not
particularly limited, and examples thereof include phosphorus pentaoxide
(P205), orthophosphoric acid (H3PO4), polyphosphoric acid, metaphosphoric
acid, pyrophosphoric acid, triphosphoric acid, isodiphosphate, phosphonic
acid, phosphinic acid, phosphenic acid, diphosphonic acid, cyanophosphoric
acid, cyanophosphonic acid, diethyldi hiophosphinic acid,
chlorophenylphosphonic acid, trimethyl phosphate, o-methyl
phenylselenophosphinate, pyrophosphonic acid, a phosphorus oxyhalide such
as phosphorus oxychloride (POC13), phosphorus oxybomide (P03r3), phosphorus
oxyiodide (P0I3) or phosphorus oxyfluoride (P0F3), phosphorus pentasulfide
(P235), phosphorus thiofiuoiodu (PSF3), trichlorophosphinesulfide (123013),
phosphonitrile fluoride (PNF2), phosphonitrile chloride (PNC12), phosphorus
pentachloride, phosphorus pentabromide, phosphorus pentaiodide and the
like. These phosphorus compounds may be used alone or in combination of two
or more thereof. [0028]        The pentavalent phosphorus compound may be a
compound obtained by oxidizing a zerovalent or trivalent phosphorus
compound in a usual way. Examples of the zerovalent phosphorus compound
include white phosphorus, red phosphorus, black phosphorus and the like.
Examples of the trivalent phosphorus compound include phosphorus
trichloride (9013), phosphorus tribromide (PBr3), phosphine (PH3),
phosphorous acid and the like. [0029] 



As hydrogen fluoride described above, anhydrous hydrogen fluoride may be
used as it is, or may be dissolved in water, an organic solvent, or a mixed
solvent of water and an organic solvent to be used in the form of a
hydrogen fluoride solution.  The hydrogen fluoride solution is not
particularly limited; for example, commercially available hydrofluoric acid
in an industrial grade, a common grade, a semiconductor grade or the like
may be used as it is, or may be used in a state where the concentration
thereof is appropriately adjusted. Among them, from the viewpoint of less
amount of impurities, the use of the semiconductor grade acid is preferred.
From the viewpoint of costs, anhydrous hydrofluoric acid, the industrial
grade acid or the common grade acid is preferred. For the impurity
concentrations, the concentration of each metal impurity is preferably 1000
ppm or less by weight. [0030]        When the pentavalent phosphorus
compound is used in the form of a solution, the concentration thereof is
preferably from 1 to 100% by weight. If the concentration is less than 1%
by weight, a decrease in the yield may be caused. [0031]        The
concentration of hydrogen fluoride in the hydrogen fluoride solution is
preferably in a range from 1 to 100% by weight. If the concentration is
less than 1% by weight, the amount of impUrities in the composition
obtained is large. Thus, a decrease in the productivity may be caused.
[0032] 



It is sufficient that the proportion of hydrogen fluoride added to the
pentavalent phosphorus compound is the chemical  equivalent or more. If the
addition proportion is a chemical equivalent or less, a decrease in the
yield of phosphorus pentafluoride is caused. On the other hand, if the
addition proportion is too large, an unfavorable result is caused from an
industrial viewpoint. [0033]        The method for allowing the pentavalent
phosphorus compound and hydrogen fluoride to react with each other is, for
example, a method of adding both of a solution of the pentavalent
phosphorus compound and a hydrogen fluoride solution at the same time, or a
method of adding the both dropwise at the same time. The method may be a
method of putting, into a reaction container, either one of a solution of
the pentavalent phosphorus compound or a hydrogen fluoride solution in
advance, and then adding the other dropwise thereto. [0034]        The
temperature for the reaction between the pentavalent phosphorus compound
and hydrogen fluoride is not particularly limited, and is preferably from
-50 to 200C. if the reaction temperature is lower than -50C, the
composition may aggregate or the reaction may not easily advance. On the
other hand, if the reaction temperature is higher than 200C, an especial
apparatus is required so that an inconvenience may be caused. [0035] The
composition obtained by the reaction between the 



pentavalent phosphorus compound and hydrogen fluoride is represented by,
for example, the following chemical formula: HxPOyFznH20 wherein 1x3, 0 5
y4, 0 5_ z 5.6, and n is any positive number. More specifically, the
composition is a composition containing at least one selected from the
group of compounds represented by HPF6hH2C, HP0FenH20, HP02F2.nH20,
H2P03F.nH20, and H3PO4.nh20. The composition may also include a compound
represented by a chemical formula POgFr wherein 0 < q < 2, 1 _5 and n is
any positive number. More specific examples thereof include PF5.nH20,
POF3.nH2, PO2F-r.H20 and the like. [00.36]        The solution obtained by
the reaction between the pentavalent phosphorus compound and hydrogen
fluoride is not particularly limited. The content of oxygen atoms in the
compositionispreferably50%0r less by weight, more preferably 30% or less by
weight, and in particular preferably 20% or less by weight. If the content
of the oxygen atoms is more than 50% by weight, a waste liquid obtained
after phosphorus pentafluoride is extracted with the carrier gas may become
large. [0037]         The content of phosphorus atoms in the solution is
not particularly :baited, and is preferably 0.01% or more by weight and 25%
or less by weight , more preferably 0 . 01% or more by weight 



and 15% or less by weight, and in particular preferably 0.1% or more by
weight and 10% or less by weight. If the content of the phosphorus atoms is
less than 0.01% by weight, the yield of phosphorus pentafluoride may
decline. On the other hand, if the content of the phosphorus atoms is more
than 25% by weight, the viscosity of the solution obtained by the reaction
between the pintavalent phosphorus compound and hydrogen fluoride becomes
high so that an Inconvenience may be caused when the solution is
transported. Alternatively, gas is generated so that an inconvenience may
be caused. [0038]        The carrier gas is preferably a gas inert to the
solution in which the composition is dissolved. Specific examples thereof
include HF gas, N2 gas, He gas, Ar gas, dry air, carbon dioxide gas and the
like. Of these gases, HF gas is preferred in the invention. Into HF gas may
be incorporated one or more of the other gases, which have been described
above. [0039]        For the carrier gas, the water content is 1% or less
by weight; more preferably 100 ppm or less by weight, and in particular
preferably 10 ppm or less by weight. If the water content is more than 1%
by weight, the water content in phosphorus pentafluoride extracted also
increases. When the phosphorus pentafluoride is used as a raw material of a
phosphate hexafluoride, the contained water unfavorably causes  the
generation of a hydrolyzate of he phosphate hexaoluoride. [0040] 



The means for bringing the carrier gas into contact with the solution in
which the composition is dissolved is not particularly limited, and is
preferably an ordinarily used gas-liquid contactor in a tank or tower form.
As illustrated in, for example, FIG. 1(a), the contact is attained by
bubbling the solution in which the composition is dissolved with the
carrier gas. Phosphorus pentafluoride extracted together with the carrier
gas hardly contains water therein. Thus, obtained is a material suitable as
a raw material of a phosphate hexafluo de. [0041]        When HF gas is
used as the carrier gas, as illustrated in FIG. 1(b), it is allowable to
dissolve HF gas beforehand in the solution in which the composition is
dissolved, and heat this solution to be distilled. In this case, together
with the evaporation of HF gas, phosphorus pentafluoride can be extracted
and separated. [0042]        As illustrated in FIG. 1 (c) , in a case where
a large amount of hydrogen fluoride is contained in the composition,
phosphorus pentafluoride can be extracted and separated into the generated
HF gas by heating the solution in w oh the composition is dissolved. A
case, where a large amount of  hydrogen fluoride is contained in the
composition, means that the mole number of hydrogen fluoride in the
composition is in the range of 10 times or more and 5000 times or ess,
preferably in the range of SO times or more and 500 times or less that of
phosphorus atoms in the composition. 



[0043] For the amount of the carrier gas used, the mole number thereof is
preferably in the range of 10 times or more and 5000times or less, more
preferably in the range of 50 times or more and 500 times or less that of
the phosphorus atoms in the solution. If the amount- used is more than the
upper limit, energy costs unfavorably increase although the efficiency of
extracting phosphorus pentafluoride rises. On the other hand, if amount
used is less than the lower limit, the amount of phosphorus pentafluoride
extracted lowers so that phosphorus is unfavorably discharged to the
outside of the reaction system. [0044]        The temperature when the
carrier gas is brought into contact with the solution is preferably from-50
to 100C, more preferably from -10 to 50C, and in particular preferably from
0 to 30C. If the temperature is lower than -50C, the vapor pressure of
phosphorus pentasluoride lowers to cause an inconvenience that the
extracting efficiency deteriorates. On the other hand, if the temperature
is hicher than 100C, water is put into the system to cause an inconvenience
that phosphorus  



pentafluoride is hydrolyzed. In the case of the distillation-based methods
illustrated in FIGs. 1(b) and 1(c), the heating temperature needs to be
equal or higher than the boiling point of hydrogen fluoride. More
specifically, when any one of the methods is performed at, e.g., 1 atm.,
the temperature is preferably in the range from 19.5 to 50C, more
preferably in the range from 20 to 30C. [0045]        The pressure when the
carrier gas is brought into contact with the solution is preferably from 1
KPa to 5 MPa, more preferably from IC) KPa to 1 MPa, and in particular
preferably from 0.05 MPa to 0.5 MPe. If the pressure is less than 1 KPa, a
long and large vacuum facility is required to cause an inconvenience that
costs increase excessively. On the other hand, if the pressure is more than
5 MPa, there is caused an inconvenience that the apparatus for the high
pressure becomes too large. [0046]        In the phosphorus pentafluoride
producing process according to the invention, a carrier gas may be directly
brought into contact with a pentavalent phosphorus compound or a solution
thereof, or a solution of the pentavalent phosphorus compound, thereby
producing phosphorus pentafluoride. In this case, as the carrier gas, for
example, HF gas is preferablyused. When HF gas contacts a pentavalent
phosphorus compound or a  solution thereof, or a solution of the
pentavalent phosphorus compound, a reaction is generated between the both
so that the above-mentioned composition is obtained. Furthermore, HF gas
makes it possible to separate and extract phosphorus 



pentafluoride containing no water from the composition. [0047]        When
phosphorus oxyfluoride, such as POF3, beside phosphorus pentafluoride is
also extracted in the carrier gas, it is preferred to allow the carrier gas
to contact with anhydrous hydrogen fluoride. It is more preferred to allow
the gas to contact with anhydrous hydrogen fluoride in a liquid form at
this time. This manner makes it possible to allow the phosphorus
oxyfluoride, such as P0E2, and anhydrous hydrogen fluoride to react with
each other as shown in the following chemical reaction formula, thereby
producing PF5. [0048] POF3 + 2HF -+ PF5 + H20 [0049]        It is preferred
to reuse the carrier gas, which is used to produce phosphorus bentafluor
de. When, for example, HF gas is used as the carrier gas, HE gas containing
phosphorus pentafluoride is condensed to separate phosphorus pentafluoride
and HF from each other. It is allowable to heat and evaporate condensed and
collected HF, and reuse the HF as the carrier gas, or use the HF for the
reaction with the  pentavalent phosphorus compound. The temperature when
the HF gas is condensed is preferably from-SO to 100C, more preferably from
-50 to 50C, and in particular preferably from -10 to 20C. [0050] 



For the solution from which phosphorus pentafluoride has been separated, it
is preferred to separate and collect HF and a phosphorus component from
this solution. The collected phosphorus component is concentrated, and then
reused as the pentavalent phosphorus compound, which is a rawmaterial. The
operation for the separation may be, for example, a method conventionally
known, such as distillation. The collected hydrogen fluoride maybe reused
for reaction with the phosphorus compound, and may be used as is as
hydrofluoric acid for  industry, or used in a stahere the concentration
thereof is appropriately adjusted. When the amount thereof is very small,
the hydrogen fluoride may be subjected to direct waste liquid treatment to
be discharged. [0051]        Next, PF5 gas separated from the carrier gas
is brought into contact with a fluoride (MFh), thereby producing a
phosphate hexafluoride as represented by a chemical reaction formula
illustrated below. Phosphorus pentafluoride obtained in the present report
may be allowed to be absorbed into an organic solvent, thereby yielding a
high-purity PF5 complex. The organic solvent is not particularly limited,
and examples 



thereof include methanol, tetrahydrofuran, diethyl ether,
tetrahydrothicphene, triethylamine, propylene carbonate, dimethyl
carbonate, diethyl carbonate and the like. Furthermore, to the PF5 complex
maybe added hydrogen fluoride in a chemical equivalent amount to yield a
phosphate hexafluoride solution containing no water. [0052] nPF5MFnM ( PF6)
n wherein M represents any one selected from the group consisting of Li,
Na, K, Rb, Cs, NH4 and Ad when n is represents any one selected from the
group consisting of Ca, Mg, Ba, Zn, Cu and Pb when n is 2, and represents
any one selected from th group consisting of Al and Fe when n is 3. [0053]
Specificexamplesof the method for producing a phosphate hexafluoride
include (1) a method of allowing a solid fluoride to react with 3F5 gas,
(2) a method of allowing a fluoride dissolved in anhydrous hydrogen
fluoride that is a solvent to react with PF5 gas, (3) a method of allowing
a fluoride and 3F5 gas to react with each other in an organic solvent, and
the like. [0054] 



The method of allowing a fluoride and 3F5 gas to react with each other in
an organic solvent is preferably a method of dissolving 225 gas first in
the organic solvent, and then  adding the fluoride to the organic solvent,
thereby allowing the fluoride and 3F5 gas to react with each other in the
organic solvent. A producing apparatus used in this method is illustrated
in FIG. 2. The producing apparatus illustrated in the figure is equipped
with a first absorption tower 1 and a second abso tion tower 5; a first
tank 2, a second tank 6 and a third tank 10; pumps 3, 7 and 11; a first
cooler 4 and a second cooler 8; a degassing tower 9; an air pump 12; and a
condenser 13. [0055]        A predetermined amount of an organic solvent is
charged into each of the first tank 2 and the second tank 6. The liquid in
the first tank 2 and that in the second tank 6 are supplied into the first
absorption tower 1 and the second absorption tower 5, respectively, through
the pumps 3 and 7 to make a circulating operation. Nephosphorus
pentafluoride (PF5) gas is supplied into a tower bottom section of the
second absorption tower S. The phosphorus pentafluoride may be 100%-purity
phosphorus pentaflucride, or a material diluted appropriately by mixing an
inert gas therewith. The mixing of the inert gas makes it possible to
relieve heat-generation 1 the first absorption tower 1 and the second
absorption tower s. The inert gas is not particularly limited, and examples
thereof include N2, kr, dry an, carbon dioxide gas and the like. The amount
of water in the inert gas used for the dilution is  



preferably as low as 100 pbm or less by weight, more preferably 10 ppm or
less by weight, and in particular preferably 1 ppm or less by weight so as
not to induce the hydrolysis of the phosphorus pentafluoride. The
phosphorus pentafluoride gas is brought into countercurrent contact with
the organic solvent in the second absorption tower 5 to be dissolved in the
organic solvent (first step). Heat of the absorptionofthephosphorus
pentafluoride in the organic solvent is removed by the first and second
coolers 4 and 8 located in the circulating line to keep the apparatus at an
appropriate operating temperature. [0056]        Next, the organic solvent
in which the phosphorus pentafluoride gas is dissolved is supplied to the
second tank 6. Into the second tank 6 is supplied a fluoride, the amount of
which is an amount stoichiometrically equivalent to the phosphorus
pentafluoride, or a stoichiometric amount less than the stoichiometrically
equivalent amount. In this way, the phosphorus pentafluoriae and the
fluoride react with each other to produce a phosphate hexafluoride (second
step). The following reaction formula represents a reaction between
phosphorus pentafluoride and lithium fluoride: [0057] PF5 + LiF -* LiPF6
[0058] The phosphate hexafluoride solution produced in the  second tower 6
is sent out through a pipe by the pump 7 to be supplied to a tower top
section of the second absorption tower 5. The phosphorus pentafluoride
supplied into the tower bottom section is absorbed into the phosphate
hexafluoride solution inside the second absorption tower (third step).
Subsequently, in the second tank 6, the reaction withthe fluoride is
continuously conducted, thereby heightening the concentration of the
phosphate hexafluoride up to a desired value. By making this circulating
operation, a portion of the solution from the pump 7 is taken out as a
product when the concentration of the phosphate hexafluoride reaches the
predetermined concentration. At the same time when the product is taken
out, the organic solvent starts to be supplied from the outside to the
first absorption tower I and further the destination of the solution supply
from the pump 3 is switched from the first absorption tower I to the second
absorption tower 5 to produce a solution of the phdsphate hexa.luoride
continuously. In this case, it is allowable that a portion of the absorbing
liquid is subsequently circulated into the first absorption tower 1 and
simultaneously- the absorbing liquid is supplied into the second absorption
tower S. 



[OC)59]        The amount of the supply of the fluoride into the second
tank 6 is preferably an amount stoichiometrically equivalent to the
phosphorus pentafluoride dissolved in the organic  solvent or a
stoichiometric amount less than the stoichiometrically equivalent amount in
order that the fluoride, which is slightly soluble in the organic solvent,
can avoid being present in a slurry form. This makes it possible to avoid a
matter that the inside of e apparatus is blocked with any slurry-form
fluoride. A method for making the amount of the phosphorus pentafluoride
stoichiometrically excessive over the amount of the fluoride can be
realized by supplying the ' fluoride continuously with the phosphorus
pentafluoride stoichiometrically excessive, at any time, over the fluoride.
However, it is indispensable that the excessive amount of the phosphorus
pentafluoride is discharged from the system to the outside at any one of
the steps; thus, a loss of the raw material is unfavorably generated. More
preferred is a method of supplying the phosphorus pentafluoride and the
fluoride in amounts stoichiometrically equivalent to each other to a
solution into which the phosphorus pentafluoride in an excessive amount and
suitable for the operation is allowed to be absorbed in advance. [0060]
The phosphate hexafluoride solution produced in the second step, in which
the phosphorus pentafluoride is excessively dissolved, is supplied to the
tower top section of the second absorption tower 5 in the third step.
However, a portion thereof is also supplied to the degassing tower 9.
Furthermore, the phosphate hexafluoride solution sent into the degassing
tower 9 is subjected to a pressure eduction through the air pump 12,
whereby the phosphorus pentafluoride gas is distilled off. According to
this manner, the solution is 



prepared into a solution in which the phosphorus pentafluoride and the
fluoride are stoichiometrically equivalent to each other. The solution is
taken out as a product from the third tank 10. The phosphate hexafluoride
solution may be prepared by adding the fluoride sL.oichicmetrically
equivalent to the excessively dissolved phosphorus pentafluoride. However,
it ispreferredfromthe viewpoi.nt of continuous productivity that the
excessive phosphorus pentafluoride is distilled off undera reduced
pressure. In order to raise the efficiency of removing the phosphorus
pentafluoride under the reduced pressure, the degassing tower 9 may be
equipped with a heater to perform heating. [0061]        The distilled-off
phosphorus pentafluoride gas. is supplied to the tower bottom section of
the second absorption tower 5 by the air pump 12. Furthermore, in the
second absorption tower 5, the gas is brought into countercurrent contact
with the organic solvent arid/or the phosphate hexafluoride solution to be
collected and reused. When the phosphorus pentafluoride, which is used as
raw material, contains a small amount of hydrogen fluoride, it is allowable
to subject the phosphate hexafluoride solution to a pressure reduction
through the air pump 12 to distill off hydrogen fluoride, and then condense
the hydrogen fluoride in the condenser 13 to be removed. The liquid (drain)
condensed in the condenser 13 contains the organic solvent, the hydrogen
de, and the phosphorus pentafluoride; while this state of the drain is kept
as it is, the drain may be subjected to waste liquid treatment, and then
discharged. Alternatively, the hydrogen fluoride, the phosphorus
pentafluoride or the organic solvent may be collected and reused if
necessary. A method for the collection may be an ordinary method such as
distillation or extraction. [0062]        As described above, by
circulating  a solution of phosphorus pentafluoride in the invention, a
high-purity phosphate hexafluoride can be continuously produced with a good
yield. 



[0063]        In the invention, it is preferred from the viewpoint of
industrial production efficiency to use absorption towers. However, the
adoption of a method based on surface absorption or bubbling is not
excluded. For each of the first and second absorption towers 1 and 5, an
absorbing apparatus in any tower form, such as a packed tower, a plate
tower, or a wetted-wall tower, may also be used. Furthermore, the form of
the  absorption may be either of a countercurrent or concurrent form.
[0064]        In the first and third steps, the concentration of the
phosphorus pentafluoride gas in the organic solvent and the phosphate
hexafluoride is preferably 15% or less by weight, more preferably 10% or
less by weight, and in particular preferably 5% or less by weight. If the
concentration of the phosphorus pentaf uoride gas in the organic solvent is
more than 15% by weight, the organic solvent and the phosphorus
pentafluoride react with each other so that the organic solvent may be
colored, denatured or solidified. Additionally, absorption heat becomes
large so that the control of the liquid temperature may become difficult.
[0065]        In the first and third steps, the temperature for the
gas-liquid contact of the phosphorus pentafluoride gas with the organic
Solvent and the phosphate hexafluoride solution is preferably from -40 to
100C, more preferably from 0 to 60C. If the gas-liquid contact temperature
is lower than -40C, the organic solvent is solidified so that the operation
becomes unable to be continuously made. On the other hand, if the
gas-liquid contact temperature is higher than 100C, the vapor pressure of
the phosphorus pentafluoride in the organic solvent and the phosphate
hexafluoride becomes too high to cause an inconvenience that the absorption
efficiency lowers or the 



organic solvent and the phosphorus pentafluoride react with each other.
[0066]        The organic solyent'is preferably at least either one of a
nonaqueous organic solvent or a nonaqueous ionic liquid. The nonaqueous
organic solvent is more preferably a nonaqueous aprotic organic solvent.
Since the aprotic solvent has no capabi ity of donating a hydrogen ion, the
phosphate hexafluoride solution obtained by the producing process of the
invention can be used, as it is, as an electrolytic solution of an
electricity accumulating element such as a lithium-ion secondary batter.
[0067]        The nonaqueous organic solvent is not particularly limated,
and examples thereof include ethylene carbonate, propylene carbonate,
butylene carbonate, vinyiene carbonate, dimethyl carbonate, diethyl
carbonate, methyl ethyl carbonate, methyl acetate, ethyl acetate,
y-butyrolactone, acetonitrile, dimethylforremide, 1,2-dimethoxyethane,
methanol, isopropanol and the like. Of these organic solvents, the
following are preferred from the viewpoint of continuous production:
ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl
carbonate, methyl ethyl carbonate, acetonitrile, and 1,2-dimethoxyethane,
each of which is a solvent from which the produced phosphate hexafluoride
is not  easily precipitated, that is, each of which is high in the
capability of dissolving the phosphate hexafluoride t 



These nonagueous organic solvents may be used alone or in the form of a
mixture of two or more thereof. [00661        Examples of the nonaqueobs
aprotic organic solvent include cyclic carbonate, linear carbonate,
carboxylic acid ester, nitrile, amide, ether compounds and the like. These
nonaqueousaprotic organic solvents may be used alonein the form of a
mixture o two or more thereof. [00691        The nonaqueous ionic liquid is
not particularly limited, and examples thereof include fluoride complexes
ofa quaternary ammonium or quaternary phosphoni m; and fluorides thereof.
Examples of the quaternary ammonium cation include a tetraalkylammonium
cation, aninddazolium cation, apyrazolium cation, a pyridinium cation, a
triazolium cation, a pyridazinium cation, a thiazolium cation, an oxazolium
cation, a pyrimidinium cation, a pyrazinium cation and the like. Examples
of the quaternary phosphonium cation include a tetraalkylphosphonium cation
and the like. These nonaqueous ionic liquids may be used alone or in the
form of a mixture of two or more, or may be used in the state of being
dissolved in the nonagueous organic solvent. [0070]  



The organic solvent may be a nonadueous organic solvent or a nonadueous
ionic liquid, or may be a mixture made of two or more out of the nonaqueous
organic solvents and the nonagueous ionic liquids. [0071]        The
fluoride (MFn wherein M represents a metal or NH4, and 1n 3) added in the
second step is not limited to LiF, and examples thereof include NaF, KF,
RbF, CsF, NM4F, AgF, CaF2, MgF , BaF, ZnF2, CuF2, PbF2, RIF:, FeF3 and the
like. These fluorides may be used alone or in the form of a mixture of two
or more thereof. [0072]        The temperature for the reaction between a
fluoride and PF5 gas is preferably from -50 to 200C, more preferably from
-10 to 100C, and in particular preferably from 0 to 50C. if the temperature
is lower than-50C, the reaction may not easily advance. On the other hand,
if the temperature is higher than 200C, the produced phosphate hexafluoride
may decompose. in the case of the method (2), it is preferred to make an
operation for cooling or the like in order to restrain the reaction
according to the above-mentioned chemical reaction formula, and then allow
the fluoride and the gas to react with each other at a temperature not
lower than the boiling point (in the case of using, e.g., anhydrous
hydrogen fluoride as the solvent, the temperature is 19.5C or lower,
preferably from 0 to 10C at  



1 atmosphere). [0073]        From the viewpoint of improving the purity and
the yield of the phosphate hexafluoride, it is preferred to allow the PF5
gas to react with the fluoride under the condition that the amount of the
gas is excessive over that of the fluoride. Specifically, for example, the
weight of the gas is preferably from 1 to 10 times, more preferably from
1.01 to 5 times, and in particular preferably from 1.05 to 2 times that of
the fluoride. If the amount of the PF5 gas used is more than 10 times, an
excessive portion of the PF5 gas may flow to the outside of the reaction
system to cause a decrease in the yield of phosphorus although the yield of
the phosphate hexafluoride increases. On the other hand, if the amount used
is less than the amount of the fluoride, the yield of the phosphate
hexafluoride unfavorably lowers. [0074]        It is preferred to allow an
excessive portion of the phosphorus-component-containing gas used to
produce the phosphate hexafluoride, specifically the PF5gas, to be absorbed
into an absorbing liquid, and then collect and reuse the gas portion. The
absorbing liquid is, for example, a solution containing at least one
selected from the group consisting of water,
aqueoushydrofluoricacidsolution, and an M salt wherein M represents at
least one selected from the group consisting  of Li, Na, K, Rb, Cs, NH4,
Ag, Mg, Ca, Ba, Fe and Al. More specifically, the absorbing liquid is water
or aqueous hydrogen fluoride solution having a concentration of 0-80% by
weight, or water or aqueous hydrogen fluoride solution having a
concentration of 0 to 80% by weight in which an M salt (the M salt is a
carbonate, hydroxide, or halide containing at. least one selected from the
group consisting of Li, Na, K, Pb, Cs, NH4, Ag Mg, Ca, Ba, Fe and Al) is
dissolved. When he PF5 gas is allowed to be absorbed into the absorbing
liquid, the gas can be collected in the orm ofiM(PF6)n wherein 1 nand/or 



HaP0bFc.rE20 wherein 1 < a < 3, 0 < b < 4, 0c6 and 0    8. This makes it
possible to restrain a raw material loss even when the 2F5 gas is used in
an excessive amount. [0075]        As illustrated in FIG. 2, in the
production of the phosphorus pentafluor'de, the phosphorus pentafluoride
which has flowed out from the second absorption tower S is collected in the
first absorption tower I connected thereto in series. The organic solvent
containing the phosphorus pentafluoride obtained in the first absorption
tower 1 is supplied into the second absorption tower S. The phosphorus
pentafluoride portion that has not been absorbed in the first absorption
tower 1 maybe collected and reused by the above-mentioned absorbing method.
This makes it possible that even when an excessive amount of the phosphorus
pentafluoride Eras is used, the total  amount thereof is used to restrain a
raw material loss. [0076]        The phosphorus-component-containing gas
generated when the phosphorus pentafluoride is produced, specifically
phosphorus pentafluoride gas and HF gas, may be introduced into a
phosphorus pentafluoride extracting apparatus and reused therein as a
carrier gas. This makes it possible that even when an excessive amount of
the phosphorus pe.ntafluoride gas is used, a raw material loss is
depressed. [0077] 



HF gas generated in the production of the phosphate hexafluoride may be
used as the carrier gas. Alternatively, the HF gas may be condensed and
collected or be allowed to be absorbed into water and collected in order to
be used for the reaction with the phosphorus compound. [0078]        A
reactor used in the invention is not particularly limited as far as the
reactor is made of a material having resistance against the composition,
and is preferably made of stainless steel or carbon steel. However, in a
case where anhydrous hydrogen fluoride or a composition made of the
above-mentioned composition leaks or is exposed to the air, or in some
other case, it is feared that this corrodes the reactor. When the reactor
is corroded, the resultant product is also contaminated with the corroded
material. The contaminant  causes an increase in the content of metal
components in the product. For this reasonis preferred to use, as the
reactor, a reactor made of fluorine-contained resin, vinyl chloride or
polyethylene, or a reactor lined therewith, which has resistance against
the composition. [Examples] [0079] 



Preferred examples of this invention will be demonstratively described in
detail hereinafter. However, for the materials, blend amounts thereof, and
the like described in these examples and comparative examples, the scope of
this invention is not limited thereto unless they are in particular
restrictively described. Thus, the materials and the like are merely
explanatory examples. All of the examples and the comparative examples were
conducted under the atmospheric pressure. [0080] (Example 1) Into a 5-(1,
reaction tank made of fluorine-contained resin were put 200 g of a
comMercially available 75% phosphoric acid solution in water and 2000 g of
anhydrous hydrogen fluoride (HF) together with a rotator, and the reaction
tank was connected to a reflux condenser (20 mm in diameter x 2m) made of
stainless 



fluorine-contained resin reaction tank was heated to 45C in a water bath
while the reflux condenser was cooled  with brine of -30C. Furthermore, a
magnetic stirrer was used to stir the reaction liquid. When the bath
temperature was raised, the reflux of HF was started. At this time, the
temperature of the inside liquid was 22C. [0081]        After 5 minutes, a
gas was generated from the outlet in the reflux condenser. This gas was
analyzed by FTIR. As a result it was verified that the gas was made of 2E5
and a small amount of HE. In the generated gas, phosphorus oxyfluorides,
such as P0E3, were not detected. [0082] 



For the simultaneously generated gas, into a 1 L reaction tank made of
fluorine-contained resin were put S g of separately prepared lithium
fluoride (LiF) and 100 g of anhydrous HF together with a rotator to be
dissolved, and the outlet in the reflux condenser was connected to the 1-1,
fluorine-contained resin reaction tank to make the generated gas capable of
being absorbed into the 1-L fluorine-contained resin reaction tank. The
1-I, fluorine-contained resin reaction tank was cooled in an ice bath. In
each of the reaction tanks, stirring was conducted. [0083]        The
outlet in the reflux condenser was connected to the 1-L fluorine-contained
resin reaction tank, and the generated gas was allowed to be absorbed
therein. As a result, the  temperature of the 1-L fluorine-contained resin
reaction tank rose from 0 to 5C. After he generated gas was allowed to be
absorbed therein, the 1-L fluorine-contained resin reaction tank was taken
off from the cutlet in the reflux condenser, and then cooled to -40C to
crystallize for 12 hours. Next, a supernatant in the 1-L fluorine-contained
resin reaction tank was slowly taken out to conduct solid-liquid
separation. After the separation, N2 was introduced into the reaction tank
at 3 L/minute. Hydrogen fluoride adhering to the crystal was dried and
removed. Subsequently, the resultant was further dried in a drying machine
of 100C for 3 hours. As a result, 15 g of a white crystal was obtained.
[0084]        The resultant white crystal was analyzed by XRD. As a result,
it was identified as lithium phosphate hexafluoride (LiPF6). The crystal
was analyzed by ion chromatography. As a result, the amount of anions of
phosphate oxyfluoride was 50 ppm or less by weight. The amount of water was
10 ppm or less by weight, and the concentration of free hydrofluoric acid
was 50 ppm or less by weight. The water amount and the free hydrofluoric
acid concentration were measured by the Karl Fisher method and
neutralization titration with sodium hydroxide, respectively. 



[0085] (Example 2)         Into a 5-L reaction tankmadeof
fluorine-contained resin were put 200 g of a commercially available 75%
phosphoric acid solution in water and 2000 g of anhydrous hydrogen fluoride
(HE) together with a rotator, and the reaction tank was connected to a
reflux condenser (20 mm in diameter x 2m) made of stainless steel. The
fluorine-contained resin reaction tank was kept at a constant temperature
of 20C in a water bath while the reflux condenser was cooled with brine of
-30C. A magnetic stirrer was used to stir the reaction liquid. Furthermore,
the liquid in the fluorine-contained resin reaction tank was bubbled with
nitrogen gas at 2 L/minute. [0086]        A gas generated from the cutlet
in the reflux condenser was analyzed by ETCH. As a result, it was verified
that the gas was made of 3E5 and a small amount of HE. In the generated
gas, phosphorus oxyfluorides, such as POF5, were not detected. [0287]
(Example 3)        Into a 5-L reaction tank made of fluorine-contained
resin was put 200 g of a commercially available 75% phosphoric acid
solutioninwatertogether with a rotator, and the reaction tank was connected
to a reflux condenser (20 mm in diameter x 2 m) made of stainless steel.
The fluorine-contained resin 



reaction tank was kept at a constant temperature of 20C in a water tank
while the reflux condenser was cooled with brine of  -30C. A magnetic
stirrer was used to stir the reaction liquid. Furthermore, anhydrous
hydrogen fluoride in a gas form was introduced at 150 g/minute into the
phosphoric acid solution in the fluorine-contained resin reaction tank.
[0088]        A gas generated from the outlet in the reflux condenser was
analyzed by FTIR. As a result, it was verified that the gas was made of 3F5
and a small amount of HF. In the generated gas, phosphorus oxyfluorides,
such as POF3, were not detected. [0089] (Example 4)        Into a
5-Ereactiontankmadeof fluorine-contained resin were put 200 g of
commercially available anhydrous phosphoric acid and 1800 g of anhydrous
hydrogen fluoride (HF) together with a rotator, and the reaction tank was
connected to a reflux condenser (20 mm in diameter .x 2 m) made of
stainless steel. The fluorine-contained resin reaction tank was heated to
45C in a water bath while the reflux condenser was cooled with brine of
-30C. Furthermore, a magnetic stirrer was used to stir the reaction liquid.
As the bath temperature was raised, the reflux of HF was started. At this
time, the temperature of the inside liquid was 22C. [0090] 



After 5 minutes, a gas was generated from the outlet in the reflux
condenser. This gas was analyzed by FTIR. As a  result, it was verified
that the gas was made of PF5 and a small amount of HF. In the generated
gas, phosphorus oxyfluorides, such as POF3, were not detected. [0091]
For the simultaneously generated gas, into a 1-L reaction tank made of
fluorine-contained resin were put 5 g of separately prepared lithium
fluoride (LiF) and 100 g of anhydrous HF together with a rotator to be
dissolved, and the outlet in the reflux condenser was connected to the 1-L
fluorine-contained resin reaction tank to make the generated gas capable of
being absorbed into thefluorine-contained resin reaction tank. The 1-L
fluorine-contained resin reaction tank was cooled in an ice bath.each of
the reaction tanks, stirring was conducted. 



[0092]        The outlet in the reflux condenser was connected to the 1-L
fluorine-contained resin reaction tank to allow the generated gas to be
absorbed therein. As a result, temperature of the solution in the 1-1,
fluorine-contained resin reaction tank rose from 0 to 5C. After the
generated gas was allowed to be absorbed therein, the 1-L
fluorine-contained resin reaction tank was taken off from the outlet in the
reflux condenser, and then cooled to -40C to crystallize for 12 hours.
Next, a supernatant in the 1-L fluorine-contained resin reaction tank was
slowly taken out to conduct solid-liquid  separation. After the separation,
N2 was introduced into the reaction tank at 3 A/minute. Hydrogen fluoride
adhering to the crystal was dried and removed. Subsequently, the resultant
was further dried in a drying machine of 100C for 3 hours. As a result, 15
g of a white crystal was obtained. [0093]        The resultant white
crystal was analyzed by XRD. As a result, it was identified as lithium
phosphate hexafluoride (LiPF6). The crystal was analyzed by ion
chrothatography. As a result, the amount of anions of phosphate cxyfluoride
was SO ppm or less by weight. The amount of water was 10 ppm or less by
weight, and the concentration of free hydrofluoric acid was 50 ppm or less
by weight. The water amount and the free hydrofluoric acid concentration
were measured by the Karl Fisher method and neutralization titration with
sodium hydroxide, respectively. [0094] 



(Example 5)        into a 5-1, reaction tank made of fluorine-contained
resin was put 1500 g of a 90% by weight hydrogen fluoride solution in
water. While the solution was stirred, 153 g of commercially available
phosphorus oxytric oride was dropwise added thereto The mixing operation
was made while the 5-I fluorine-contained resin reaction tank was cooled
with ice. Thereafter, the reaction tank was connected to a reflux condenser
(20 mm in  diameter x 2 m) made of stainless steel. The fluorine-contained
resin reaction tank was heated to 45C in a water bath while the reflux
condenser was cooled with brine of -30C. Furthermore, a magnetic stirrer
was used to stir the reaction liquid. As the bath temperature was raised,
the reflux of HF was started. At this time, the temperature of the inside
liquid was 3000. [0095]        After 5 minutes, a gas was generated from
the outlet in the reflux condenser. This gas was analyzed by FTIR. As a
result, it was verified that the gas was made of PF5, HC1 and a small
amount of HF. In the generated gas, phosphorus - oxyfluorides, such as
POF3, were not detected. 



[0096]        For the simultaneously generated gas, into a 1-)1, reaction
tank made of fluorine-contained resin were put 5 g of separately prepared
lithium fluoride (LiF) and 100 g of anhydrous HF together with a rotator to
be dissolved, and the outlet in the reflux condenser was connected to the
1-1 fluorine-contained resin reaction tank to make the generated gas
capable of being absorbed into1-L fluorine-contained resin reaction tank.
The 1-L fluorine-contained resin reaction tank was cooled in an ice bath.
In each of the reaction tanks, stirring was conducted. [0097]          The
outlet in the re flux condenser was connected to the 1-i fluorine-contained
resin reaction tank to allow the generated gas to be absorbed therein. As a
result, the temperature of the solution in the 1-1, fluorine-contained
resin reaction tank rose from 0 to 5C. After the generated gas was allowed
to be absorbed therein, the 1-L fluorine-contained resin reaction tank was
taken off from the outlet in the reflux condenser, and then cooled to -40C
to crystallize for 12 hours. Next, a supernatant in the 1-L
fluorine-contained resin reaction tank was slowly taken out to conduct
solid-liquid separation. After the separation, N2 was introduced into the
reaction tank at 3 L/minute. Hydrogen fluoride adhering to the crystal was
dried and removed. Subsequently, the resultant was further dried in a
drying machine of 100C for 3 hours. As a result, 15 g of a white crystal
was obtained. [0098]        The resultant white crystal was analyzed by
XRD. As a result, it was identified as lithium phosphate hexafluoride
(LiPFThe crystal was analyzed by ion chromatography. As 



a result, the amount of anions of phosphate oxyfluor de was 50 ppm or less
by weight. The amount of water was 10 ppm, or less by weight, and the
concentration of free hydrofluoric acid was 50 ppm or less by weight. The
water amount and the free hydrofluoric acid concentration were measured by
the Karl Fisher method and neutralization titration with sodium  hydroxide,
respectively. [0099] (Example 6)        Into a 5-L fluorine-contained resin
container were put 200 g of a commercially available 75% phosphoric acid
solution in water and 2000gof anhydrous hydrogen fluoride (H F) together
with a rotator. While the solution in the container was stirred, the
solution was sampled to measure the concentration of phosphorus. As a
resuwas 2.15%. [0100] 



Next, the container was connected to a condenser made of stainless steel,
the temperature of which was kept at -30C. Anhydrous hydrogen fluoride gas
of 21C was blown at 5 kg/hour into the solution in the container. In the
stainless steel condenser, hydrogen fluoride blown as a carrier gas started
to condense; thus, the hydrogen fluoride was taken out from the system, and
heated to adjust the temperature thereof to 21C. The hydrogen fluoride was
circulated and used as the carrier gas. The amount of water in the
circulated and used carrier gas was measured. As a result, it was 10 ppm or
less by weight. The gas discharged from the outlet in the condenser was
confirmed by FTIR. As a result, the gas was made of phosphorus
pentafluoride and a small amount of HF. Phosphorus oxyfluorides, such as
POP-,, were not detected. [0101]           After 5 hours, the blowing of
the carrier gas was stopped, and the solution in the container was sampled
to measure the concentration of phosphorus. As a result, it was 6500 ppm.
Thereafter, the same operation was again made to start blowing hydrogen
fluoride hereinto. After S hours, a gas discharged from the outlet in the
condenser as confirmed by FTIR. As a result, the components of the gas were
phosphorus pentafluoride, and a small amount of HF. Phosphorus
oxyfluorides, such as P0F3, were not detected. Subsequently, the blowing of
the hydrogen fluoride gas was stopped, and the solution in the container
was sampled to measure the concentration of phosphorus. As a result, it was
300 ppm by weight. [0102] 



(Example 7)        Into a reaction tank, made offluorine-contained resin,
to the bottom of which a constant-rate pump for taking out was connected,
was put 20 kg of an anhydrous hydrogen fluoride solution. While this
anhydrous hydrogen fluoride solution was cooled to 10C, 1 kg of
diphosphorus pentaoxide was dissolved therein Furthermore, the anhydrous
hydrogen fluoride solution, in which diphosphorus Pentaoxide was dissolved,
was supplied to a phosphorus pentafluoride generating tank (made of
fluorine-contained resin and having a volume of 10 A). The supply was
quantitatively conducted at a rate of 8 Kg/hour. The used phosphorus
pentafluoride generating tank was a tank to  which a condenser of 0C and a
cooler of -50C were connected  in series. Additionally, anhydrous hydrogen
fluoride of 25C, generated in a carrier gas generating tank was supplied to
the anhydrous hydrogen fluoride solution in the phosphorus  pentafluoiide
generatincitank, while bubbling the solution with the gas. The s, pply of
the anhydrous hydrogen fluoride gas was conducted at a rate of 40 kg/hour.
[0103] 



In the phosphorus pentafluoride generating tank, a pump was used to take
out the anhydrous hydrogen fluoride solution to keep the liquid surface of
the anhydrous hydrogen fluoride solution at a constant level. The
taking-out rate was set to about 8 kg/hour. The liquid temperature of a
condensed liquid generated by condensation by the condenser was 20C, and
this condensed liquid was circulated, as it was, into the carrier gas
generating tank to be reused. When 30 minutes elapsed, PT; gas accompanied
by a very small amount of HF was constantly generated at a rate of 5.5
g/minute from the outlet in the code [0104]        Next, the apparatus
illustrated in FIG. 2 was used to make the following operation:
Commercially available diethyl carbonate (water concentration: 9 ppm by
weight) in a battery grade was charged in an amount of 2603 mL into each of
the first tank 2 and the second tank 6 each made .of fluorine-contained
resin, and then the pumps 3 and 7 were used to start a circulating
operation in the individual absorption towers and tanks. At this time, the
flow rate of each of the pumps 3 and 7 was set to 1 L/minute. The first
cooler 4 and the second cooler 8 were used to set the temperature of the
first Lank 2 and that of the second tank 6, respectively, to a constant
temperature of 20C. [0105]        Subsequently, the above-mentioned
hydrogen-fluoride-containing phosphorus pentafluoride gas was supplied into
the tower bottom section of the second absorption tower 5 at 5.5 g/minute.
The phosphorus pentafluoride gas was allowed to be absorbed into an organic
solvent for 2 minutes, and then the supply of lithium fluoride to the
second tank 6 at 1.13 g/minute was started. After 60 minutes from the start
of the supply of lithium fluoride, a product was taken out at 44.9
mL/minute. At the same time when the product was taken out, an organic
solvent was supplied to the first absorption tower 1 at 43.4 mL/minute and
further the destination of the solution supply through the pump 3 was
switched from the first absorption tower Ito the second absorption tower 5.
Thereafter, a continuous operation was made. [0106]        By the
continuous operation for 60 minutes, 2,947.5 g of the solution was
continuously supplied to the degassing tower 9. By a reduction in the
pressure by the air pump 12, phosphorus pentafluoride gas dissolved
excessively in the solution was  



distilled off. After the distillation-off, the solution was taken out from
the third tank 10 to yield 2,911.5 g of a solution of lithium phosphate
hexafluoride. Furthermore, from the distilled-off phosphorus pentafluoride
gas, diethyl carbonate and HF accompanying the gas were removed through the
condenser 13. Thereafter, a separately prepared absorbing liquid in which
diethyl carbonate liquid was put was bubbled with the phosphorus
pentafluoride gas to allow the gas to be absorbed into the absorbing
liquid. in this way, he gas was collected. [0107]        In the
thus-obtained solution of lithium phosphate hexafluoride in diethyl
carbonate, the amOunt of insoluble components was 10 ppm or less by weight,
that of free acids was 10 ppm or less by weight, and that of water was 10
ppm or less by weight.  The resultant solution of lithium phosphate
hexafluoride in diethyl carbonate was further subjected to a pressure
reduction at 40C to distill off diethyl carbonate. In this way, a white
solid was obtained. The white solid was analyzed by XRD analysis. As a
result, it was identified as lithium phosphate hexafluoride. [0108]
(Example 8)        First, the same operation as in Example 7 was made to
produce 2F5 gas containing a very small amount of HF. Next, the apparatus
illustrated in FIG. 2 was used to make the  following operation:
Commercially available diethyl carbonate (water concentration: 9 ppm by
weight) in a battery grade was charged in an amount of 2603 raL into each
of the first tank 2 and the second tank 6 each made of fluorine-contained
resin, and then the pumps 3 and 7 were used to start a circulating
operation in the individual absorption towers and tanks. At this time, the
flow rate of each of the pumps 3 and 7 was set to I L/minute. The first
cooler 4 and the second cooler 8 were used to set the temperature of the
first tank 2 and that of the second tank 6, respectively, to a constant
temperature of 20C. [0109]        Subsequently, the above-mentioned
hydrogen-fluoride-containing phosphorus pentafluoride gas was supplied i o
the tower bottom section of the second absorption tower 5 at 5.5 g/minute.
The phosphorus pentafluoride gas was allowed to be absorbed into an organic
solvent for 2 minutes, and then the supply of lithium fluoride to the
second tank 6 



at 1.13 g/minute was started. After 80 minutes from the start  of the
supply of lithium fluoride, a product w'es taken out at 35.9 mL/minute. At
the same time when the product was taken out, an organic solvent was
supplied to the first absorption tower 1 at 32.5 mL/minute and further the
destination of the solution supply through the pump 3 was switched from the
first absorption towerItothesecondabsorptiontower5. Thereafter, a
continuous operation was made.  [0110]        By the continuous operation
for 60 minutes, 2,380.4 g of the solution was continuously supplied to the
degassing tower 9. By a reduction in the pressure by the air pump 12,
phosphoruspentafluoride gas dissolved excessively in the solution was
distilled off. After the distillation-off, the solution was taken out from
the third tank 10 to yield 2,350.5 g of SO ut on of lithium phosphate
hexafluoride. Furthermore, from the distilled-off phosphorus pentafluoride
gas, diethyl carbonate and HF accompanying the gas were removed through the
condenser 13. Thereafter, a separately prepared absorbing liquid in which
diethyl carbonate liquid was put was bubbled with the phosphorus
pentafluoride gas to allow the gas to be absorbed into the absorbing
liquid. In this way, the gas was collected. [0111]        Furthermore,
709.5 g of ethylene carbonate (water concentration: 7 ppm by weight) was
added to 2,350.5g of the resultant solution of lithium phosphate nexafluor
de in diethyl carbonate to yield a solution of lithiumphosphatehexafluoride
in diethyl carbonate/ethylene carbonate. In the resultant solution, the
amount of insoluble components was 10 ppmor less by weight, that of free
acids was 10 ppm or less by weight, and that of water was 10 ppm or less by
weight. [0112] Next, thethus-obtained solution was used to form a 



coin-shaped nonaqueous electrolytic solution lithium secondary battery
illustrated in FIG. 3. Performances thereof . as an electrolytic solution
were evaluated in a charge-discharge test. Specifically, the test was made
in accordance with the following procedure: [0113] <Formation of a negative
electrode>        Natural graphite and polyvinylidene fluoride ( PVdF) were
mixed with each other at a ratio by weight of 9/1, and thereto was added
N-methylpyrrolidone to yield a paste. electrode-applying applicator was
used to apply this paste evenly onto a copper foil piece 22 um in
thickness. This was vacuum-dried at 120C for 8 hours, and then punched out
by an electrode punching machine to yield a negative electrode 16 Tim in
diameter. [0114] 



<Formation of a positive electrode>        Li0002 powder, acetylene black
as a conductive aid, and PVdt as a binder were mixed with each other at a
ratio by weight of 90/5/5, and to this mixture was added
N-methylpyrrolidone to yield a paste. An electrode-applying applicator was
used to apply this paste evenly onto a copper foil piece 22 pm in
thickness. This was vacuum-dried at 120C for 8 hours, and then punched out
by an electrode punching machine to yield a positive electrode 21 of 16 mm
diameter.  [0115] <Formation of a coin-shaped nonacueous electrolytic
solution lithium secondary battery>        The positive electrode 21 was
put onto the bottom face of a positive can 24, and thereon was put a porous
separator 23 made of polypropylene. Thereafter, the nonaqueous electrolytic
solution prepared in Example 8 was poured hereinto. A gasket 26 was then
inserted hereinto. Thereafter, the negative electrode 22, a spacer 27, a
spring 28 and a negative can 25 were successively put onto the separator
23. A coin-shaped battery crimping machine was used to fold an opening in
the positive electrode can 24 inwards, thereby closing the opening. In this
way, a nonaqueous electrolytic solution lithium, secondary battery was
formed. Subsequently, the batter was charged at a constant current of 0.4
mA. When the Voltage reached 4.1 V, the battery was charged at a constant
voltage of 4.1 V for 1 hour. The battery was discharged at a constant
current of 1.0 mA until the voltage turned to 3.0 V. When the voltage
reached 3.0 V, the battery was kept at 3.0 V for'hour. In accordance with
this charge and discharge cycle, the charge-discharge test was made. As a
result, the charge-discharge efficiency as about 100%. When the cycle of
the charge and discharge was repeated 150 times, the charging capacity was
not changed. [0116]  



(Example 9)        First, the same operation as in Example 7 was made to
produce PFs gas containing a very small amount of HE. Next, the apparatus
illustrated in FIG. 2 was used to make the following operation:
Water-incorporated, commercially available diethyl carbonate (water
concentration: 550 ppm by weight) in a battery grade was charged in an
amount of 2603 mL into each of the first tank 2 and the second tank 6 each
made of fluorine-contained resin, and then the pumps 3 and 7 were used to
start a circulating operation in the individual absorption towers and
tanks. At this time, the flow rate of each of the pumps 3 and 7 was set to
1 L/minute. The first cooler 4 and the second cooler 8 were used to set the
temperature of the first tank 2 and that of the second tank 6,
respectively, to a constant temperature of 20C. [0117]        Subsequently,
the above-mentioned hydrogen-fluoride-containing phosphorus pentafluoride
gas was supplied into the tower bottom section of the second absorption
tower 5 at 5.5 g/minute. The phosphorus pentafluoride gas was allowed to be
absorbed into an organic solvent for 2 minutes, and then the supply of
lithium fluoride to the second tank 6 at 1.13 g/minute was started. From a
time after 60 minutes from the start of the supply of lithium fluoride, a
product was taken out at 44.9 mL/minute. At the same time when the product
was  taken out, an organic solvent was supplied to the first absorption
tower 1 at 43.4 mL/minute and further the destination of the solution
supply through the pump 3 was switched from the first absorption tower 1 to
the second absorption tower 5. Thereafter, a continuous operation was made.
[0118]        By the continuous operation for 60 minutes, 2,947.5 g of the
solution was continuously supplied to the degassing tower 9. By a reduction
in the pressure by the air pump 12, phosphorus pentafluoride gas dissolved,
excessively in the solution was distilled off. After the distillation-off,
the solution was taken out om the third tank10 to yield 2,911.5 g of a
solution of lithium phosphate hexafluoride. Furthermore, from the
distilled-off phosphorus pentafluoride gas, diethyl carbonate and HF
accompanying the gas were removed through the condenser 17. Thereafter, a
separately prepared absorbing liquid in which diethyl carbonate liquid was
put was bubbled with the phosphorus pentafluoride gas to allow the gas te
be absorbed into the absorbing liquid. In this way, the gas was collected.
[0119] 



In the thus-obtained solution of lithium phosphate hexafluoride in diethyl
carbonate, the amount of insoluble components was 82 ppm by weight, and
that of free acids was 380 ppm by weight. [0120]          Next, in the same
way as in Example 8, the solution of lithium phosphate hexafluoride in
diethyl carbonate was used to form a coin-shaped nonaqueous electrolytic
solution secondary battery. Furthermore, in the same way as in Example 8,
performances thereof as an electrolytic solution were evaluated in a
charge-discharge test. As a result, the charge-discharge efficiency was
80%. When the cycle of the charge and discharge was repeated 150 times, it
Was possible that a decrease in the charging capacity was depressed to a
degree of about 20%. [0121] (Comparative Example 1)        Into a 1-L
reaction tank made of fluorine-contained resin were put 5 g of lithium
fluoride (LiF) and 100 g of anhydrous hydrogen fluoride (HF) together with
a rotator to be dissolved. Next, the 1-L fluorine-contained resin reaction
tank was kept at 5C in an ice bath. While the solution was stirred with a
magnetic stirrer, 25 g of a commercially available 75% phosphoric acid
solution in water was dropwise added thereto over 30minutes. At this time,
the temperature of the reaction solution rose up to 35 degrees. 



[0122]        Thereafter, the solution was cooled to -40C to crystallize
for 12 hours. Next, a supernatant in the 1-L fluorine-contained resin
reaction tank was slowly taken out to  conduct solid-liquid separation. In
this way, a white crystal was yielded. After the separation, N2 was
introduced into the reaction tank at 3 L/minute in order to dry and remove
hydrogen fluoride adhered onto the crystal. As a result, the white crystal
turned to a pasty material. Thereafter, the material was continuously
heated in a drying machine of 100C for 3 hours to yield a solid appearing
to be slightly wet. The solid obtained by the heating treatment was
analyzed by ion chromatography. As a result, anions of phosphate
oxyfluoride were recognized, the amount of which was 10% by weight. [0123)
(Comparative Example 2)        In present Comparative Example 2, the
apparatus illustrated in FTG. 2 was used to produce lithium phosphate
hexafluoride.        First, commercially available diethyl carbonate (water
concentration: 9 ppm by weight) in a battery grade was charged in an amount
of 2603 mL into each of the first tank 2 and the second tank 6 each made of
luorine-contained resin, and then the pumps 3 and 7 were used to start a
circulating operation in the individual absorption towers and tanks. At
this ti 



the flow rate of each of the pumps 3 and 7 was set to 1 L/minute. The first
cooler 4 and the second cooler 8 were used to set the     peratu a 0 the
first tank 2 and that of the second tank 6, respectively, to a constant
temperature of 20C.  [0124]        Next, the HE-containing phosphorus
pentafluoride gas yielded in Example 7 was supplied at 5.5 g/minute into
the tower bottom section of the second absorption tower 3. This phosphorus
pentafluoride gas was caused to be absorbed into an organic solvent for 2
minutes, and then the supply of lithium fluoride into the second tank 6 at
1.34 g/minute was started. After 60 minutes from the start of the supply of
lithium fluoride, the second absorption tower 5 was blocked with lithium
fluoride, which was in a slurry form. Thus, the operation turned difficult.
CLAIMS rocess for producing phosphorus pentafluoride, 



wherein        a carrier gas is brought into contact with either of the
following one: a pentavalent phosphorus compound, a solution thereof,
or a solutioninwhicha compositionobtainedbyallowing the pentavalent
phosphorus compound or the solution thereof to react with hydrogen fluoride
is dissolved,        thereby a phosphorus pentafloride is extracted into
the career gas.         2. The process for producing phosphorus
pentafluoride according to claim 1, wherein the solution, in which the
composition is- dissolved, is heated, thereby evaporating phosphorus
pentafluoride gas together with hydrogen fluoride gas to separate
phosphorus pentafluoride.         3. The process for producing phosphorus
pentafluoride according to claim 1, wherein the solution, in which the
composition is dissolved, is bubbled with the carrier gas. 



4. The process for producing phosphorus pentafluoride  according to claim
1, wherein the water content in the carrier gas is 1% or less by weight.
5. The process for producing phosphorus pentafluoride according to claim 1,
wherein the temperature when the carrier gas is brought into contact with
the solution, in which the composition is dissolved, is from -50 to 100C.
6. The process for producing phosphorus pentafluoride according to claim 1,
wherein the carrier gas is Left-to the solution, in which the composition
is dissolved.         7. The process for producing phosphorus pentafluoride
according to claim 1, wherein the phosphorus atom content in the solution,
in which the composition is dissolved, is from 0.01 to 25% by weight.
8. The process for producing phosphorus pentafluoride according to claim 1,
wherein hydrogen fluoride gas is used as the carrier gas.         9. The
process for producing phosphorus pentafluoride according to claim 1,
wherein 



the carrier gas is brought into contact with anhydrous hydrogen fluoride,
thereby phosphorus cxyfluoride extracted in the carrier gas reacts with
anhydrous hydrogen fluoride in accordance with the following chemical
reaction formula, and generates phosphorus pentafluo de: 20F2 + 2HF -4 PF5
+ H20        10. The process for producing phosphorus pentafluoride
according to claim 1, wherein the pentavalent phosphorus compound is a
compound obtained by oxidizing a zerovalent or trivalent phosphorus
compound.              A process for producing a phosphate hexafluoride,
wherein phosphorus pentafluoride obtained by the process for producing
phosphorus pentafluoride according to claim 1 is allowed to react with a
fluoride in accordance with the following chemical reaction formula,
thereby producing the phosphate hexafluoride: nPF5 + MFnM(PF5)n 



wherein M represents anyone selected from the group consisting of Li, Na,
K, Rh, Cs, NH4 and Ag when n is 1, represents any one selected from the
group consisting of Ca, Mg, Ba, Zn and Pb when n is 2, and represents any
one selected from the group consisting of Al and Fe when n is 3. 12. The
process for producing a phosphate hexafluoride  according to claim 11,
wherein for the reaction between the phosphorus pentafluoride and the
fluoride, at least the following steps are conducted:        a first step
of dissolving phosphorus pentafluoride gas in an organic solvent,        a
second step of adding, to the organic solvent, the fluoride, the amount of
which is an amount stoichiometrically equivalent to the phosphorus
pentafluoride, or a stoichiometric amount less than the stoichiometrically
equivalent amount, thereby generating a solution of the phosphate
hexafluoride, and        a third step of cycling the solution of the
phosphate hexafluorideintothef rststep,tnerebydissolvinaphosphorus
pentafluoridegas in the solution of the phosphate hexafluoride instead of
the organic solvent. 



The process for producing a phosphate hexafluoride according to claim 12,
whetein the organic solvent is at least either one of a nonaqueous organic
solvent or a nonaqueous ionic liquid.        14. The process for producing
a phosphate hexafluoride according to claim 12, wherein the organic solvent
is a solvent having a water concentration of 100 ppm or less by weight.
15. The process for producing a phosphate hexafluoride according to claim
12, wherein the first and third steps are conducted, using an absorption
tower.         16. An electrolytic solution, comprising a phosphate
hexafluoride obtained by the process for producing the phosphate
hexafluoride according to claim 1.         17. An electricity accumulating
element, comprising the electrolytic solution according to claim 16. 






