DESCRIPTION PROCESS FOR PRODUCTION OF HEXAFLUOROPHOSPHATES TECHNICAL
_FIELD 5[0001] The present invention relates to a method of manufacturing a hexafluorophosphate and
a manufacturing apparatus thereof, and more particularly to a method of manufacturing a
hexafluorophosphate that can be applied to an 10 electrolytic solution of an electricity storage device,
-an electrolytic solution containing a hexafluorophosphate, and an electricity storage device including
the electrolytic solution. 15 BACKGROUND ART [0002] In a hybrid car and an electric car that are
expected as a last resort for reducing CO2emission, a lithium ion secondary battery is regarded as a
key device. As an electrolyte of the 20 IithiuWi%%%%%ﬁagry battery, lithium hexafluorophosphate

including thium hoaicrsphoeshete R ah St B Vo PROCA 48 perafuonde “PrS" as a
starting raw material. Phosphorus 25 pentafluofide is a substance that is used as a fluorinating
TECHNICAL FIELD
5 [0001]

The present invention relates to a method of
manufacturing a hexafluorophosphate and a manufacturing
apparatus therecf, and more particularly to a method of
manufacturing a hexafluorophosphate that can be applied to an

10 electrolytic solution of an electricity storage device, an
electrolytic solution containing a hexafluorophosphate, and an
electricity storage device including the electrolytic

solution.

15 BACKGROUND ART
(6002}
In a hybrid car and an electric car that are expected as
a last resort for reducing CO; emission, a lithium icn secondary
battery is regarded as a key device. As an electrolyte of the
20 lithium ion secondary battery, lithium hexafluorophosphate
having high safety and excellent electrical characteristics is
exemplified. A hexafluorcophesphate including lithium
hexafluorophosphate is manufactured by using phosphorus
pentafluoride “PFs” as a starting raw material. Phosphorus

25 pentafluoride is a substance that is used as a fluorinating

1



agent of various chemical reactions in the chemical industry and is gaseous at room temperature.
[0003] On the other hand, silver hexafluorophosphate "AgPF6" or 5 potassium hexafluorophosphate
"KPF6" as a kind of hexafluorophosphates has been attracting special interest as a counter ion that
generates an acid necessary for an initiation and growth reaction in photopolymerization. Also,
ammonium hexafluorophosphate "NH4PF6" is useful as a raw material that 10 is used in the
manufacture of a pharmaceutical intermediate. Furthermore,quaternaryammoniumsaltssuchas
triethylmethylammoniumhexafluorophosphateand tetraethylammonium hexafluorophosphate are
usefulas elédfokrtesFor &R Eledric WotbleAhyEF apacier that 515 elFstted AsdHigh tower
electricity storage device. [0004] As described above, the hexafluorophosphate is used as an
indispensabiB SubStatitedetentg 8 FunctidRE r84uiFéd in various fields, and PF5 is a very

important snf%t@g?e as a raw 20 material in the manufacture of the hexafluorophosphate.

On the cther hand, silver hexaflucrophosphate “AgPF:” or
5 potassium hexafluorophosphate “KPFg” as a kind of
hexafluorcphesphates has been attracting special interest as
a counter ion that generates an acid necessary for an initiation
and growth reaction in photopolymerization. Alsc, ammonium
hexafluorophosphate “WNH,PFs” is useful as a raw material that
10 is used in the manufacture of a pharmaceutical intermediate.
Furthermore, guaternary ammenium salts such as
triethylmethylammonium hexafluorophosphate and
tetraethylammonium  hexafluorophosphate are useful as
electrolytes for an electric double layer capacitor that is

15 expected as a high power electricity storage device.

[Co04]

As described above, the hexafluorophosphate is used as
an indispensable substance depending on functions required in
various fields, and PFs is a very important substance as a raw

20  material in the manufacture of the hexafluorophosphate.
However, when the hexafluorcphosphate is manufactured by using
PFs, there is a common problem about the manufacturing cost of
Py, Particularly, high purity PFs used in the manufacture of
a high quality hexafluorophosphate that can be used as an

25 electrolyte of a lithium ion secondary battery or the like is



However, when the hexafluorophosphate is manufactured by using PF5, there is a common prob_lem
about the manufacturing cost of PF5. Particularly, high purity PF5 used in the manufacture of a high
‘quality hexafluorophosphate that can be used as an 25 electrolyte of a lithium ion secondary battery or
the like is remarkably expensive. [0005] The method of manufacturing a hexafluorophosphate is
(described in various documents as exemplified below. 5For example, Non-Patent Document 1
describes that LiPF6 is manufactured by dissolving lithium chloride in HF and adding p_hosphorus
pentachloride thereto. Also, Patent Document 1 describes that a hexafluorophosphate is manufactured
by reactingyrospheiusypentachioiice with a HF gas at the 10 temperature within a range from 60 to
165C and adding the resultant PF5 to an anhydrous HF solution of an alkali metal fluoride.

[0005]

The method of manufacturing a hexaflucrophosphate is

described in various documents as exemplified below.

5 For example, Non-Patent Document 1 describes that LiPFg
isnﬁnufacturedk@rdissolvinglithiuﬁlchloridejszFEMmiadding
phesphorus pentachloride thereto. Also, Patent Document 1
describes that a hexafluorcphosphate is manufactured by
reacting phosphorus pentachloride with a HF gas at the

10 temperature within a range from 60 to 165°C and adding the
resultant PFs to an anhyvdrous HF solution of an alkali metal
fluoride.

[6G06]
However, in the manufacturing methods disclosed in

15 Nen-Patent Document 1 and Patent Document 1, since rhosphorus
pentachloride is a solid having high hygroscopicity and is
inferior in workability, there are problems that handling
properties are poor when raw materials are charged in the
manufacturing facilities, and that it is difficult to attempt

20 mechanization. Also, when phosphorus halides typified by
phosphorus pentachloride are used as raw materials, a large
amount of hydreogen halide is produced as by-products, thus
requiring long and large~size facilities for disposal of an

exhaust gas. Furthermore, moisture contained in phosphorus

25 pentachloride is mixed intc the reaction system and a portion



[0006] However, in the manufacturing methods disclosed in 15 Non-Patent Document 1 and Patent
Document 1, since phosphorus pentachloride is a solid having high hygroscopicity and is inferior in
workability, there are problems that handling properties are poor when raw materials are charged in
the manufacturing facilities, and that it is difficult to attempt 20 mechanization. Also, when phosphorus
halides typified by phosphorus pentachloride are used as raw materials, a large amount of hydrogen
halide is produced as by-products, thus requiring long and large-size facilities for disposal of an
exhaust gas. Furthermore, moisture contained in phosphorus 25 pentachloride is mixed into the
reaction systérhtend asportient PFs reacts with the moisture to form phosphorus

oxyfluoride such as POF; or PO,F as a by-product. As a result,

when the hexaflucrophosphate 1is LiPFs, oxyfluorophosphoric

acid compounds such as LiPOF; and L1P0O,F; are produced and

5 contaminate products, resulting in detericration of

productivity of LiPFs. BAlso, when LiPF¢ manufactured by the

method is used as an electrolyte of a lithium battery, there

arises a problem that the oxyfluorophosphoric acid compounds

cause deterioration of characteristics of the battery.

10 [0007]

In order to alleviate the problems described above, for
axample, Patent  Document 2 discloses the following
manufacturing method. First, PFy; is produced by reacting
phosphorus pentachloride with anhydrous HF. Next, phesphorus

15 oxyfluoride is separated by cooling a mixed gas of PFs and
hydrogen chloride to the temperature that is the boiling point
of phosphorus oxyfluoride or lower and the boiling point of PFs
or higher, for example, -40°C to -84°C, followed by the resaction
with lithium fluoride dissolved in anhydrous HF. According to

20  this method, a small amount of phosphorus oxyfluoride is
separated from the mixed gas of large excess hydrogen chloride
and PFs. However, phosphorus oxyflucride cannot be completely
separated and 1t 1s very hard to perform the separation

operation. Since the boilling point and the solidifying point

25 of POF; as phosphorus oxyfluoride are close to each cther, there



of the resultant PF5reacts with the moisture to form phosphorus oxyfluoride such as POF3 or PO2F as
a by-product. As a result, when the hexafluorophosphate is LiPF6, oxyfluorophosphoric acid
‘compounds such as LiPOF4 and LiPO2F2 are produced and 5 contaminate products, resulting in
deterioration of productivity of LiPF6. Also, when LiPF6 manufactured by the method is used as an
electrolyte of a lithium battery, there arises a problem that the oxyfluorophosphoric acid compounds
cause deterioration of characteristics of the battery. 10[0007] In order to alleviate the problems
described above, for example, Patent Document 2 discloses the following manufacturing method.
First, PF5 isyproduced yrreactingphosphorgs pestachlorite withmnbydious Hin. Next, ghesphorus 15
oxyfluoride is separated by cooling a mixed gas of PF5 and hydrogen chloride to the temperature that
is the boilirgppdiatéiphosiiiorus Dxyfuotitie emewer ant e bailing:-pairt of PES artigher, for
example, -40C to -84C, followed by the reaction with lithium fluoride dissolved in anhydrous HF.
According {20 #ildwiéthéd la srtaliamédstrsf phosphorus oxyfluoride is separated from the mixed
gas of large excess hydrogen chloride and PF5. However, phosphorus oxyfluoride cannot be
completely[é?e%%?a{ted and it is very hard to perform the separation operation. Since the boiling point
and the solidifying ﬁoint 25 of POF3as phosphorus oxyfluoride are close to each other, there are

7 SoELBifity BF BTERRN SthéE RBfiedtor FHe érrE HhisHaAufacturing method is

problems such as t

not suited gt)r industrial applications. [0008] The above-described methods of manufacturing a
hexafluoropﬁ(%{g?h?a‘fgﬁ%@éjos el PR recste ggo&? KABili; réadtiongtider severe

various pro CEieI'T'IS sucn as poor

conditions, use gt expensive fays malsrials, And disposal of by:produats, Therefore, the manufacturing
cost Increases.
expensive raw materials, and disposal of by-products.
Therefore, the manufacturing cost increases.
10
PRICR ART DOCUMENTS
PATENT DOCUMENTS
[C009]
Patent Document 1: Japanese Unexamined Patent
15 Publication No. 06-056413
Patent Document 2: Japanese Unexamined Patent
Publication No. 5-279003
Patent Document 3: Japanese Published Patent Publication
No. 2005-507849
20 NCON-PATENT DOCUMENT

[0010]

Non-Patent Document l: Fluorine Chemistry Vol; 1 (1850)

DISCLOSURE OF THE INVENTION

A PROBLEMS TO BE SOLVED BY THE INVENTION
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[0011]

In light of the prcblems described above, the present
invention has been made and an object thereof is to provide a
method of manufacturing a hexafluorophosphate, that can simply
and easily manufacture an inexpensive and high-quality
hexafluorophosphate while suppressing the manufacturing cost,
an electrolytic solution containing a hexafluorophosphate, and
an electricity storage device including the electrolytic

solution.

MEANE FOR SOLVING THE PROBELMS
[0012]

The present inventors have intensively studied about a
method of manufacturing a hexafluorophosphate, an electrolytic
solution containing a hexafluorophosphate, and an electricity
storage device including the electrolytic solution, in order
to solve the above-described problems. As a result, they have
found that the above-described objects of the present invention
can be achieved by adopting the constitutions described
hereinafter, and thus the present invention has been completed.
(0013}

That is, in order to achieve the above described object,
the present invention relates to a methed of manufacturing a
hexaflucrophosphate, which comprises reacting at least a

phosphorus compound with a fluoride represented by MFg'r (HF)

Patent Document 1: Japanese
Patent Document 2: Japanese Unexamined
Patent Document 3: Japanese Published Patent Publication No.
2005-507849 20 NON-PATENT DOCUMENT [0010] Non-Patent Document 1: Fluorine Chemistry



[0011] In light of the problems described above, the present invention has been made and an
object thereof is to provide a method of manufacturing a hexafluorophosphate, that can simply 5 and
~easily manufacture an inexpensive and high-quality hexafluorophosphate while suppressing the
manufacturing cost, an electrolytic solution containing a hexafluorophosphate, and an electricity

. storage device including the electrolytic solution. 10 MEANS FOR SOLVING THE PROBELMS [0012]
The present inventors have intensively studied about a method of manufacturing a
hexafluorophosphate, an electrolytic 15 solution containing a hexafluorophosphate, and an electricity
storage deVitesireimifgthe eldotrélytic soldtioAnid Yrder B sbRestheoabolébsttibedipreblems. As a
result, they have found that the above-described objects of the present invention can be achieved by
adopting tHe eBnstitéticHLdes G AT hefeinaftdriand thudthdpreset inventiofithadeen
completed. [0013 That is, in order to achieve the above described object, the present invention

relates to & friethiod %a%lﬂfacﬁfmr{lglaaﬁ&éfﬁ}oribﬁ%gﬁﬂﬁt%e \ﬁhfb%xédiﬁﬁﬁ)sfé%pr}é%ﬁﬁﬁﬁﬁ?least a25

gﬂgsizmrges%:%){ ds%lfncd \é{lt%? f]EL%?rldg}lrg £%sa %M@sw—(l@tsgv;/herem Or6, 13, and M is at least

5 [C014]

It is preferable that the phosphorus compound is
dissolved in a solvent to prepare a phosphorus compound solution
and then the fluoride is added to the solution dissolving the
phosphorus compound. This is because the flucride generally

10 exhibits slightly solubility in a solvent having a low
dielectric constant and an organic solvent. It is possible to
facilitate the reaction in a solvent by adding a fluoride after
dissolving a phesphorus compound in the solvent in advance.
[0015]

15 It is preferakble that the amount of the fluoride to be
added to the phosphorus compound solution is stoichiometrically
equivalent or less than the amount of a phosphorus atom in the
phosphorus compound. Thus, the entire fluoride can bs made to
react with a phosphorus atom. As a result, the unreacted

20  fluoride does not remain, thus making it possible tomanufacture
a hexafluorophosphate solution in a non-slurry state.

[001¢6]

It is preferable that a solution of a hexafluorophosphate

in a non~slurry state produced by reacting the phosphorus

25 compound with the fluoride in the solvent is used as a solvent



from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe) to
produce a hexafluorophosphate represented by the chemical formula M(PF6),. 5[0014] It is preferable
that the phosphorus compound is dissolved in a solvent to prepare a phosphorus compound solution
and then the fluoride is added to the solution dissolving the phosphorus compound. This is because
the fluoride generally 10 exhibits slightly solubility in a solvent having a low dielectric constant and an
organic solvent. It is possible to facilitate the reaction in a solvent by adding a fluoride after dissolving
a phosphorus compound in the solvent in advance. [0015] 151t is preferable that the amount of the
fluoride to B& BdBEG #6 ¥ pRospHorts e oRipotdsoRticros stoichioAtetHeallyrequiakent or less than
the amount of a phosphorus atom in the phosphorus compound. Thus, the entire fluoride can be made
to react witﬁ%lﬁlgéﬁhd?és atdi*AS HiesaR theRiHeScted 20ibitRUScSS A6EeRidns, thus making it

possible to manufacture a hexafluorophosphate _solution in a non-slurry state. [0016] | Itis
preferable é?é? ELBiatSh 6PER_REAUSH pRo&pHaE i AtonSufr) Stae Broduced by téacting the

phosphorus 25,compound with e fluride ig the saiventis used as asalvent v o

5 atom in the phesphorus compound, and is therefore in a
non-slurry state. Therefore, it is possible to repeatedly use
the solution of a hexafluorophosphate as a solvent for
preparation of the phosphorus compound solution in place of an
initial solvent, thus making it possible to perform continuous

10 operation and to improve the productivity of the
hexaflucrophosphate.
[0017]
It is preferable that the phosphorus compound ferms at
least a PFy ion in the solvent.
15 [0018]
It is preferable that a hydrogen fluoride solution is used
as the solwvent.
[0019]
It is preferable that an organic solvent is used as the
20 sclvent.
[0020]
It is preferable that the organic solvent is at least
either a non-agueous organic solvent or a non-agueous ionic
liguid. Thus, similarly to the anhydrous HF solvent,

25  hydrolysis can be prevented. When the hydrolysis occurs,



for preparation of the phosphorus compound solution. The solution of a hexafluorophosphate is
produced by reacting a phosphorus compound with a fluoride in the amount that is stoichiometrically
“equivalent or less than that of a phosphorus 5 atom in the phosphorus compound, and is therefore in a
non-slurry state. Therefore, it is possible to repeatedly use the solution of a hexafluorophosphate as a
_solvent for preparation of the phosphorus compound solution in place of an initial solvent, thus making
it possible to perform continuous 10 operation and to improve the productivity of the
hexafluorophosphate. [0017] It is preferable that the phosphorus compound forms at least a 2F5
ion in the sotvemerE5{0018hs ¢ Litlis preferatye; that arliydtogerhiudrides salgtiands weedias the solvent.
[0019] It is preferable that an organic solvent is used as the 20solvent. [0020] It is
preferable #vat3ié brganic solventistdt least eithes phmontaquenis,organicsolvent or a non-aqueous

ionic liquid. Thus, similarly to the anhydrous HF solvent, 25 hydrolysis can be prevented. When the
hydnﬂyﬁs%@&ﬁ%fdescrlb@d solvents, for example, oxyfluorophosphates

and phosphates are produced. When an electrolytic soclution
5 containing acidic substances and insoluble components is used
in the electricity storage device, the solution exerts adverse
influences such as corrosion of the electricity storage device
and deterioration of electrical characteristics. Therefore,
a solvent having low moisture concentration is preferably used

10 as the solvent. From such a point of view, the moisture
concentration of the solvent is preferably 100 ppm by weight
or less, more preferably 10 ppm by weight or less, and
particularly preferably 1 ppm by weight or less.

[0021]

15 In order to achieve the above described object, the
present invention relates to an electrolytic solution
containing the hexafluorophosphate obtained by the method of
manufacturing a hexaflucrophosphate.

[0022]

20 In order to achieve the above described obiect, the
present invention relates to an electricity storage device
comprising the electrolytic sclution. Examples of the
electricity storage device of the present invention include a
lithium ion secondary battery.

25



components insoluble in oxyfluorophosphoric acid and acidic substances such as HF and phosphoric
acid, or the above-described solvents, for example, oxyfluorophosphates and phosphates are
produced. When an electrolytic solution 5 containing acidic substances and insoluble components is
used in the electricity storage device, the solution exerts adverse influences such as corrosion of the
electricity storage device and deterioration of electrical characteristics. Therefore, a solvent having low
moisture concentration is preferably used 10 as the solvent. From such a point of view, the moisture
concentration of the solvent is preferably 100 ppm, by weight or less, more preferably 10 ppm by
weight or |é83; afdpdvticdlady preferdbloE ppm by weight or less. [0021] 15In order to achieve the
above described object, the present invention relates to an electrolytic solution containing the hexa
luorophosphiate dbtained by the method of manufacturing a hexafluorophosphate. [0022] 20In order to
achieve the above described object, the present invention relates to an electricity storage device
comprising the eleéSlyfic 8618HidN VAR PRERIOIIHE Blettriciy storagedevice s hetsrebent invention

include a lithium ion secondary battery. 25
means described above.

5 According to the present invention, it is possible to
manufacture an inexpensive and high-qguality
hexafluorophosphate without requiring a complicated treating
operation and a special facility, using a low-guality raw
material. It is alsopossible toobtain anelectricity storage

10 device, that has high safety and is also excellent inelectrical
characteristics, by applying a high-guality
hexafluorophosphate obtained by the present invention tc an

electrolytic solution.

15 BRIEE DESCRIPTION OF THE DRAWINGS
(00241
Flg. 1 is an illustrative drawing schematically showing
a manufacturing apparatus of a hexafluorophesphate used in
examples of the present invention.
20 Fig. 2 is an 1llustrative drawing schematically showing
a sectional view of a lithium ion secondary battery of the

present invention.

MODE FOR CARRYING OUT THE INVENTION

25 [0025]



EFFECTS OF THE INVENTION [0023] The present invention exerts the following effects by
means described above. 5According to the present invention, it is possible to manufacture an
“inexpensive and high-quality hexafluorophosphate without requiring a complicated treating operation
and a special facility, using a low-quality raw material. It is also possible to obtain an electricity storage
- 10 device, that has high safety and is also excellent in electrical characteristics, by applying a
high-quality hexafluorophosphate obtained by the present invention to an electrolytic solution. 15
BRIEF DESCRIPTION OF THE DRAWINGS [0024] Fig. 1 is an illustrative drawing schematically
showing a manufaCiiFirRFaRsEraRis-oP & hEgaRi6rPphbsphats tised:in ekarglalesithbqardsent
invention. 20Fig. 2 is an jllustrative drawing schematically showing a sectional view of a lithium ion

secondary HatteRFof e iéseRtinveRfioR SMBTSE POREARIRPING BT THE INVENTION

hexafluorophosphate according to the present embodiment is

performed by reacting at least a phosphorus compound with a
5 fluoride represented by MFy r(HF) (wherein 0 < r £ 46, 1 £ s <

3, and M is at least cone kind selected from the group censisting

of Li, Na, K, Rb, Cs, NH¢, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and

Fe).

[0026]

10 The raw material made up of a phosphorus compound and a
fluoride contained therein may be in any state of liquid, gas
and sclid. The rawmaterial may also be formed into a solution
by dissolving it in water, an anhydrous hydrogen fluoride
sclvent or an crganic solvent.

15 [0027]

The phosphorus compound is not particularly limited and
examples thereof include white phosphorus, red phesphorus,
black phosphorus, phosphorus trichloride (PCls), phosphorus
tribromide (PBrs), phosphine (PHi;), phosphorcus acid,

20 phosphorus pentaoxide (P:0s), orthephosphoric acid (HiPO4),
polyphosphoric acid, metaphosphoric acid, pyrophosphoric acid,
triphosphoric acid, ischypophosphoric acid, phosphenic acid,
phesphinic acid, phosphenic acid, diphosphonic acid,
cyanophoséhoric acid, cyanophosphonic acid,

25 diethyldithiophosphinic acid, chlorophenylphosphonic acid,

11



One embodiment of the present invention will be described in the following. The method of
manufacturing a hexafluorophosphate according to the present embodiment is performed by reacting
at least a phosphorus compound with a 5fluoride represented by ME's.r(HF) (wherein O : r6, 1s 3, and
M is at least one kind selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba,
Zn, Cu, Pb, Al and Fe). [0026] 10The raw material made up of a phosphorus compound and a fluoride
contained therein may be in any state of liquid, gas and solid. The raw material may also be formed
into a solution by dissolving it in water, an anhydrous hydrogen fluoride solvent or an organic solvent.

15[0027] ©rihepHospRbRECEGTHRPound BTGt partiditaml knited andexaniples thereof include white
phosphorus, red phosphorus, black phosphorus, phosphorus trichloride (PC13), phosphorus

tribromide EE3FHESpRINE (PA3Y pRESHHOPGIRSEH S20phbdpRoTUS PentasXiae RR205)

OrthOphos%é?gngng ,I%%Pgﬁgggogphgé%hgﬁq%gg%i&%ng%%%sﬁgo&%: ﬁLaﬁcid pyr%phosphoric acid,

triphospho id; ) Roricacid s "bHBsphitic atid FpRESpHERS acid,

diphosphonic acidd cgan%)g sPhorié;a id, cyano hos}g)h ic acid, 25 diethyldithiophosphinic acid,
S Rl ST PRRARATE, G et bhaRylSeiriophBRSHRARE -

chlorophen(f/i(r}li\%%pﬁonic aci
pyropkosphanic acic, oxyph s,phg us halides, such as phosphorus axychloride (POC13), phosphorus
oxybromidg (PO3r3), phosph%rﬁg ogx'yi t‘]"iﬁi ?&g%sgn%ﬁhoo%%ﬁ%ﬁs%g(y l%]lg’? e’ (POF3), phosphorus 5

pentasulfide(P258), ﬁ%@i%fﬁ@figﬁép%é)’éﬂéc,h' HBQBM@%.?EH@G%E§%§3§
oride,

phosphonitrile fluoride (PNF2), phosphonitrile chloride (PNC12), phosphorus pentac

phosphorus pentabropridephespherus pentaindide, HPRE1LIPFG, NaRFG, KRF6, RbPF3, CsPF6,
NH4PF6,AgPF6,
pentachloride, phosphorus pentabromide, phosphorus

pentaiodide, HPF¢, LiPFs, NaPF;, KPFg, RbPFs, CsPFg, NH PFg, AgPF¢,
10 Mg (PFe¢)2, Ca(PF¢)2, Ba(PFs)2, Zn(PFs)z, Cu{PFg)s, Pb(PFg),,
Al (PF¢)s and Fe(PFs)3. These phosphorus compounds can be used
aione, or two or more kinds thereof can be used in combination.
[0028]
The flucride is represented by ME. r (HF) (wherein 0 £ r
15 £6, 1 £5 2% 3, and M is at least one kind selected from the
group consisting of Li, Na, K, Rb, Cs, NH;, Ag, Mg, Ca, Ba, Zn,
Cu, Pb, Al and Fe). Also, themethod of manufacturing MFy:r (HF)
is not particularly limited and it is possible to use a fluoride
MFy v (HE) obtained by reacting an oxide, a hydroxide, a
20 carbonate or a chloride containing, as M, at least one kind
selected from the group consisting of Li, Na, K, Rb, Cs, NH,,
Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe with excess HF (0 £ r <
&). In addition, MFs-r(HF) produced as by-products by the
reaction of the following chemical reaction scheme may be

25 recycied.

12



10Mg (PF6)2, Ca (PF6)2, Ba (PF6)2, Zn(PF)2, Cu(PF6)2, Pb(PF6)2f Al(PF6)3 and Fe(PF6)3. These
phosphorus compounds can be used alone, or two or more kinds thereof can be used in combination.
'[0028] The fluoride is represented by MF,-r(HF) (wherein Or 15 6, 1 s 3, and M is at least one kind
selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe) .
Also, the method of manufacturing MF, r (HF) is not particularly limited and it is possible to use a
fluoride MF,r(HF) obtained by reacting an oxide, a hydroxide, a 20 carbonate or a chloride containing,
as M, at least one kind selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba,
Zn, Cu, beﬁ&@aﬁ& Fe with excess HF (Or 6). In addition, MF,-r(HF) produced as by-products by the
reaction ofPEE%foll.owigg chemiclal regction scheme may be 25recyc|eq. [0029] [Chemical Formula 1]
M(PFg) HEPES™WE-rGE) " fwherein HF is used in a stoichiometrical amount or more) 5[0030]

M(PFg)s + HF — PFs + MEy:r (HE)

(wherein HF 1s used in a stoichiometrical amount or more)
5 [0030]

When the excess fluoride is manufactured by reacting M,
or an oxide, a hydroxide, a carbonate or a chloride containing
Mwith EF, 1t is preferred to use an aqueous HF sclution having
2 high concentration of 50% by weight or more, and more

10 preferably anhydrous HF. Formation of a hydrate can be
prevented by using the agqueous HF solution having a high
concentration. Also, when anhydrous HF is used, production of
a hydrate can be prevented and contamination with moisture
disappears. Thus, it is possible to prevent production of

15  dmpurities such as oxyfluorides in the manufacture of a
hexafluorophosphate.

[0031]

As the flucride, LiF, LiF-:(HF), NaF, NaF- (HF), KF-: (HF),
RbE: (HF) or CsF is in the form of a crystal that has no

20  hygroscopicity and is excellent in fluidity. In the case of
placing the fluoride in manufacturing facilities for mixing,
there is an advantage that workability is remarkably improved
and also mechanizaticon can be easily attempted. As a matter
of course, productivity of a hexafluorophosphate is improved.

25 [003Z]

13



When the excess fluoride is manufactured by reacting M, or an oxide, a hydroxide, a carbonate or a
chloride containing M with HF, it is preferred to use an aqueous HF solution having a high
concentration of 50% by weight or more, and more 10 preferably anhydrous HF. Formation of a
hydrate can be prevented by using the aqueous HF solution having a high concentration. Also, when
anhydrous HF is used, production of a hydrate can be prevented and contamination with moisture
disappears. Thus, it is possible to prevent production of 15 impurities such as oxyfluorides in the
manufacture of a hexafluorophosphate. [0031] As the fluoride, LiF, LiF.(HF), NaF, NaF.(HF), KF.(HF)
RbF.(HF) or CsF isiA4R&$6rm Bfaerystal thavhas 48 2Zoshyiroscopiéihand fvvexaetient in fluidity. In
the case of placing the fluoride in manufacturing facilities for mixing, there is an advantage that
workability s FétharkabRPiprofad i ealgs hrsehahtZdatioh Caibe &Ry alteRipted A & matter of

course, pro,qwctivig/ of a hexafluorophosphate is improved. 25[0032] = = However, when the fluoride
is mixed with'a hydrégen filoride %gﬁﬁggﬁ?ﬁ gd@%ﬁge,tﬁﬁhif hBAEgERerstion dturs. afH&tefore, it is

preferred that&he fluoride.is slowly added under stirri fter cooling the hydrogen fluoride solution to
the tempergﬁj e %ﬁ%ﬁ%rr‘a%%ea rlgr%ISCfg Ol%&%h%eogi%%fﬁgq g%oﬁ&%@ﬁ 6 é@ ﬁgﬁgﬁ&egrfoB%B] The

Do o eePResRhoruR BRI 1 e R st gk RETEGUIRSE MRS ST B RIRIRIRPY 0.01%
a solution of the fluoride.
[0033]
The content of the phosphorus atom in the raw material
is not particularly limited and is preferably 0.01% by weight
10 ormore and 205% by weight or less, more preferably 0.01% by weight
or more and 15% by weight or less, and particularly preferably
0.1% by weilght or more and 10% by weight or less. When the
centent of the phosphorus atom is less than 0.01% by weight,
the yield of phospﬁorus pentafluoride may decrease. In
15 contrast, when the content of the phosphorus atom is more than
25% by weight, if the rawmaterial is in the form of a solution,
the viscosity of the sclution increases. Asa result, a problem
may arise when liquid transfer is performed. Also, a problem
of generation of a gas may arise.
20 [0034]
The number of fluorine atoms relative fo that of
phosphorus atoms in the raw material is preferably the number
that is chemically egquivalent or more than that in the case where

a PF; ion is formed.

25 [0035]
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10 or more and 25% by weight or less, more preferably 0 . 01% by weight or more and 15% by weight

or less, and particularly preferably 0.1% by weight or more and 10% by weight or less. When the
“content of the phosphorus atom is less than 0.01% by weight, the yield of phosphorus pentafluoride

may decrease. In 15 contrast, when the content of the phosphorus atom is more than 25% by weight,
-if the raw material is in the form of a solution, the viscosity of the solution increases. Asa result, a
problem may arise when liquid transfer is performed. Also, a problem of generation of a gas may arise.
20[0034] The number of fluorine atoms relative to that of phosphorus atoms in the raw material is

preferably the numbeF th&t58 chenrfiCaR satidagnt 6r Midré BRabthat iy e eadeherd 41PF6- ion is

formed. 25[0035 The hexafluorophgsphate is preferably synthesized, for example, by dissolving
the phospIIEE b RoinG 1 3 COhete b reb e & b BH R BotcP DG Ak &uding the

fluoride to the phosphorus compound solution. In this case, there is 5.no particular limitation on the
method of 844 %3:59 p%gglp%%?&sg 58%pcooum Ot%nadr;% vfe%cila%% ﬁ%}egs%?%lerslg%éﬁ biaefggr%iégeout by either

a continuous of paten method., The solusntmay be placed aftey, placing a phospbrys.campound in a

mixing vessel, or the phosphorus compound may be placed after placing the solvent in 10 the mixing

vessel, The sypthesis.can alsa he carriedhodtby reagting,a Jugsde (MEs riBE) seltign with a
phosphorus compound. In this case, heat generation scarcely occurs during the reaction. As a result,

since there-isi-n8edte perdeny aeling,thednixingmethed is natpadicidany imited: 15{0036] It
is preferred that the amount of the fluoride to be added to the phosphorus compound solution is
sroichiometricallyrequivateritrordess dhiandhatohaiphesphoms=ater-ir thephpspherus €cempound.
Therefore, the entire fluoride can be 20 made to react with the phosphorus atom. As a result, the
unreacted fldbrderoesingt rmains tHusmmakingnit possiblente manufacture sskéxaftuorophosphate
solution in a non-slurry state. Furthermore, the hexafluorophosphate solution in a non-slurry state
enamesug@y%§pﬂpﬁﬂ@eﬁpmyqﬁéﬁhﬁﬁﬁuﬁﬁgplaced after placing the solvent in

10 the mixing vessel. The synthesis can also be carried out by
reacting a flucride {(MF;-r(HF)) sclution with a phosphorus
compeund. In this case, heat generation scarcely occurs during
the reaction. As a result, since there i1s no need to perform
cocling, the mixing method is not particularly limited.

15 [003¢]

It ispreferred that the amount of the fluoride to be added
to the phosphorus compound scolution is stoichiometrically
egquivalent or less than that ¢f a phosphorus atom in the
phosphorus compound. Therefore, the entire flueoride can be

20 made to react with the phosphorus atom. As a result, the
unreacted flucride does not remain, thus making it possible to
manufacture a hexafluorophosphate solution in a non-slurry
state. Furthermore, the hexaflucrophosphate solution in a
non-slurry state enables use as the solvent for manufacturing

2> the pheosphorus compcund solution. As a result, it becomes

15



25 the phosphorus compound solution. As a result, it becomes possible to perform continuous
operation and the productivity of the hexafluorophosphate can be improved. [0037] As the reaction of a
phosphorus compound with a fluoride 5 proceeds, HF may be produced as by-products in the :
synthesis of a hexafluorophosphate. In this case, HF produced as by-products can be utilized as the
solvent by cooling the reaction vessel within a range from 5 to 15C. Therefore, addition of the solvent
is not necessarily required and the 10 hexafluorophosphate can be synthesized only by placing a
phosphorus compound and a fluoride in the reaction vessel, followed by stirring. In this case, since an
anhydrous ptFesdlufientof e heXafliorophosphate dsqreducetkin thedeactonrnvessel; the phosphorus
compound and the fluoride may be further 15 added. Thus, the synthesis of M(PF6), in the
non-aqueo@s systeniear belaasily pesfonatd. ktigialse possibiertadprevent the generation of
impurities such as a phosphorus oxyfluoride salt due to hydrolysis because of the non-aqueous
system, and4Rds a high-quality hexafluorophosphate with low moisture 20 concentration can be

obtained. [0038] When the phosphorus compound has an oxygen atom and a
he reaction of a phosphorus compound with a fluoride

5 proceeds, HF may be produced as by-products in the synthesis
of a hexafluorephcsphate. In this case, HF produced as
by-products can be utilized as the solvent by cooling the
reaction vessel within a range from 5 to 15°C. Therefore,
addition of the solvent is not necessarily reguired and the

10  hexafluorcphosphate can be synthesized only by placing a
rhosphorus compound and a fluoride in the reaction vessel,
followed by stirring. In this case, since an anhydrous HF
solution of a hexafluorophosphate is produced in the reaction
vessel, the phosphorus compound and the flucride may be further

15 added. Thus, the synthesis of M(PFs)s in the non-aqueous system
can be easily performed. It is also possible to prevent the
generation of impurities such as a phosphorus oxyflucride salt
due to hydrolysis because cof the non-agueous system, and thus
a high-guality hexafluorophosphate with low moisture

20  concentration can be obtained.

(00387

When the phosphorus compound has an oxygen atom and a
hydrogen atom, water and HF may be produced as by-products as
the reaction with the fluoride proceeds. Also in this case,

25 it ispreferred tocool inside the reaction vessel within a range
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hydrogen atom, water and HF may be produced as by-products as the reaction with the fluoride
proceeds. Also in this case, 25 it is preferred to cool inside the reaction vessel within a range from 5 to
15C, thus making it possible to utilize water and HE' produced as by-products as the solvent.
Therefore, addition of the solvent is not necessarily required and the hexafluorophosphate can be
-easily synthesized only by placing 5 a phosphorus compound and a fluoride in the reaction vessel,
followed by stirring. In this case, when the amount of water produced as by-products increases,
impurities such as a phosphorus oxyfluoride salt are produced as by-products Therefore, it is preferred
that the coAééftrationcoflwater 10 produeédas by-prodteidisdowe The Mdistire zoacentnation of the
solution in the reaction vessel, including water produced as by-products, is preferably 100 ppm by
weight or 1655 Pafe rtetEbRy T8 PR By Sveig ittt ResVand parfctiasy preteratly 1tg5m by weight
or less. 1%%)?3@]“.@ Tfe solvent in which the orus compound is dissolved not particularly

, forexam

limited an is,” gf%Lydrg"osgerr%ﬂ‘Fu_oI?%Céesscg){]j?(t)rr?)lrguT and gﬁ%wfﬁic §8R1/eﬁlﬁ€gn be used. [0040]
e PR e e T e e A e
water gnd an.qrganic seluent Hydregen fluerideds notpadicularly imited and. for example,

followed by stirring. In this case, when the amount of water

produced as by-products increases, impurities such as a

phosphorus oxyfluoride salt are produced as by-products.

Therefore, 1t is preferred that the concentration of water

10  produced as by-products is low. The moisture concentration of
the solution in the reaction vessel, including water produced
as by-products, is preferably 100 ppm by weight or less, more
preferably 10 ppmby weight or less, and particularly preferably
1 ppm by welght or less.

15 [CC39]

The solvent in which the phosphorus compound is dissolved
not particularly limited and, for example, a hydrogen fluoride
solution and an organic solvent can be used.

[0040]

20 When the hydrogen fluoride solution is used as the solvent,
it may be used in the form of anhydrous hydrogen fluoride, or
may be used after dissolving it in water, an crganic solvent,
or a mixed solvent of water and an organic solvent., Hydrogen
fluoride is not particularly limited and, for example,

25 commercially available hydrefluoric acid of an industrial grade,
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25 commercially available hydrofluoric acid of an industrial grade, a general grade, a semiconductor
grade or the like can be used as it is, or used after appropriately adjusting the concentration. In view of
a small amount of impurities, hydrofluoric acid of a semiconductor grade is preferably used. 5 In view
of the cost, anhydrous hydrogen fluoride, industrial grade or general grade is preferably used. As the
concentration of impurities, the concentration of each metal impurity is preferably 500 ppm by weight
or less. [0041] 10When the hydrogen fluoride solution is used as the solvent, it is preferably used in a
liquid state and the concentration of a polyatomic ion having a phosphorus atom and a fluorine atom
existing in thegsolution igywithin, azangefrom 8.Q3% byyweightde 50% by weight,.and preferably from
0.5% by weight to 20% by 15 weight. It is not necessary that the phosphorus compound is completely
dissolved ir thel soliition,cand:thedphldsphorusseompaind aiay belinia suspended state. [0042] The
temperature at which the phosphorus compound is mixed 20 with thehydrogenfluoridesolutionis
notparticul&iyiffitet: and s preferably svithirf aFaage froneB010200C . iWwhen the semperature is
lower than -50C, a composition containing a phosphorus compound and a fluoride is sometimes
solidified. IR ¢BAfPastIft i Sohtethies Aot preleired wattheteaffRratuier2s Rrkigher #&§ 200C since a

speC|aI faC|I|ty is required in ‘ ‘ . .
view of the cost, anhydrous hydrogen fluoride, industrial

grade or general grade ispreferablyused. 2As the concentration
of impurities, the concentration of each metal impurity is
preferably 500 ppm by weight or less.

[0041]

10 When the hydrogen fluoride solution is used as the solvent,
it is preferably used in a liquid state and the concentration
of a polyatomic icen having a phosphorus atom and a fluorine atom
existing in the soluticn is within a range from 0.03% by weight
to 50% by weight, and preferably from 0.5% by weight to 20% by

15  weight. It is not necessary that the phcsphorus compound is
completely dissolved in the solution, and the phosphorus
compcund may be in a suspended state.

[0042]
The temperature at which the phosphorus compound is mixed

20  with the hydrogen fluoride solution is not particularly limited,
and is preferably within a range from -50 to 200°C. When the
temperature 1s lower than -50°C, a composition containing a
phosphorus compound and a fluoride is sometimes solidified. In
contrast, it is sometimes not preferred that the temperature

25 1s higher than 200°C since a special facility is required in
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view of heat resistance or the like. [0043] The organic solvent is preferably at least either of a
non-aqueous organic solvent or a non-aqueous ionic liquid. 5 Furthermore, an aprotic organic solvent
‘Iis preferable. Since the aprotic organic solvent does not have capability of donating hydrogen ions, the
solution of the hexafluorophosphate obtained by the manufacturing method of the present invention
_can be applied directly to an electrolytic solution of electricity 10 storage devices such as a lithium ion
secondary battery. [0044] The non-aqueous organic solvent is not particularly limited and examples
thereof include ethylene carbonate, propylene carbonate, butylene carbonate, vinylene carbonate, 15
dimethyl carbematef diethyl carsonateethytethylecarbamate, methyl acetate, ethyl acetate, 7-butyl
lactone, acetonitrile, dimethylformamide, 1,2-dimethoxyethane, methanol and isopropanol. Of these
organic solVEAts3preferred solvents are those that are less likely to cause precipitation of the 20
produced hexafluorophosphate, in other words, those having excellent solubility of the
hexafluorophosphaté &fop €%ampte, €thylené chfbrzé spropylenetcarbaastes dihethybEarbonate,

diethyl carbonate, methylethyl carbonate, acetonitrile and 1,2-dimethoxyethane in view of continuous
manufactuﬁﬁ&"ﬁ?ﬁ@%o%ﬁ%&véﬁ%vrﬁﬁ§ be st d stene: DR Orifdrekinds Uthéreof may be

used ig corybin tion. , . . .
urthermore, an aprotic organic solvent is preferable. Since

the aprotic organic sclvent does not have capability of donating
hydrogen ions, the solution of the hexafluorophosphate obtained
by the manufacturing method of the present invention can be
applied directly to an electrolytic solution of electricity

10  storage devices such as a lithium ion secondary battery.
[0044]

The non-agueous organic solvent is not particularly
limited and examples thereof include ethylene carbonate,
propylene carbonate, butylene carbonate, vinylene carbonate,

15 dimethyl carbonate, diethyl carbonate, methylethyl carbonate,
methyl acetate, ethyl acetate, y-butyl lactone, acetcnitrile,
dimethylformamide, 1,2-dimethoxyethane, methanol and
iscoprecpancl. Of these organic solvents, preferred solvents
are those that are less likely to cause precipitaticn of the

20  produced hexafluocrophosphate, in other words, those having
excellent solubility of the hexafluorophosphate, for example,
ethylene carbonate, propylene carbonate, dimethyl carbonate,
diethyl carbonate, methylethyl carbonate, acetonitrile and
1,2-dimethoxyethane in view of continuous manufacturing.

25 These organic solvents may be used alone, or two or more kinds
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[0045] Furthermore, examples of the non-aqueous and aprotic organic solvent include a cyclic
carbonic acid ester, a chain 5 carbonic acid ester, a carboxylic acid ester, a nitrile, an amide and an
ether compound. These non-aqueous aprotic organic solvents may be used alone, or two or more
kinds thereof may be used in combination. [0046] 10The non-aqueous ionic liquid is not particularly
limited and examples thereof include a fluoride complex salt or a fluoride salt of a quaternary
ammonium, a quaternary phosphonium or the like. Specific examples of the quaternary ammonium
cation include a tetraalkylammonium cation, an 15 imidazolium cation, a pyrazolium cation, a
pyridinium chtigrcd tiazplitm cation, arpyeickakibium tatien, a thiazolium cation, an oxazolium cation, a
pyrimidinium cation and a pyrazinium cation. Furthermore, specific examples of the quaternary
phosphoniumYcation include a tetraalkyl phosphonium cation. 20 These non-aqueous ionic liquids may
be used alone, or two or more kinds thereof may be used in combination, or may be dissolved in the

non-aqueous organicSoRBMIBB47F ¥ 3P LemPdrgafi SHverIay ve £hon-agtebas organic

solvent 25 or a non-agueous ionic Ii%uig alone or two or more kinds thereof, [0048] ,
organlic solvent include a cyclic carbonic acid ester, a chain

5 carbonic acid ester, a carboxylic acid ester, a nitrile, an
amide and an ether compound. These non-agueous aprotic organic
solvents may be used alone, or two or more kinds thereof may
be used in combination.

[G04¢]

10 The non-aqueous ionic ligquid is not particularly limited
and examples thereof include a fluoride complex salt or a
fluoride salt of a guaternary ammonium, a guaternary
phosphonium or the like. Specific examples of the guaternary
ammonium cation include a tetraalkylammonium cation, an

15 imidazolium cation, a pyrazolium catiocn, a pyridinium cation,
a triazolium cation, apyridazinium cation, a thiazoliumcation,
an oxazolium cation, a pyrimidinium cation and a pyrazinium
cation. Furthermore, specific examples of the quaternary
phosphonium cation include a tetraalkyl phosphonium cation.

20  These non-agueous iconic liguids may be used alone, or two or
more kinds thereof may be used in combination, or may be
dissolved in the non-agueous organic solvent.

[0047]
The organic solvent may be a non-agueous organic solvent

25 oranon-agueous ionic liguid alone or two or more kinds thereof.
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The temperature of the reaction of the phosphorus compound with the fluoride is not particularly
limited and is preferably within a range from -40C to 100C, and more 5 preferably from -20C to +50C
‘taking the productivity of the hexafluorophosphate into consideration. When the reaction temperature
is higher than 100C, HF may scatter. In contrast, when the reaction temperature is lower than -40C,
the reaction rate may decrease. 10[0049] Furthermore, it is preferred to take out the synthesized
M(PF®6), in the form of a crystal by the crystallization method. In that case, there is no particular
limitation on the crystallization temperature. For example, as the 15 crystallization temperature
becomes lowWé? te yield increases. However, the manufacturing cost increases in view of incidental
facilities or productivity. Therefore, the crystallization temperature is_preferably -40C or more and
+100C or less, more Pref&raBR-30E6r Mord Sfid $80E-3P1BsS Tarid Faficaiiny 20 Sreferably -20C or
more and +20C or less. [Q05Q], The reaction time or crystallization time is_not ,particulagﬁ/ limited and is,
for examplg,oér}g%%rﬁ(?s %grqcr%lo?ehgn% Hféls%rtjrfgﬁ ﬁh%a}:s,pparg elréfbulf/alr ur-L of rlh%eféj and“8 fRours or 25

less, more[g£eef%gafbal¥>}y5 Qg%rgl% rgo%ea%c?gur rgHem%ﬁ,O@Edto 100°C, and more

5 preferably from -20°C to +50°C taking the productivity of the
hexaflusrophosphate into consideration. When the reaction
temperature is higher than 100°C, HF may scatter. In contrast,

when the reaction temperature 1s lower than -40°C, the reaction

rate may decrease.

10 [0048]

Furthermore, it is preferred to take out the synthesized

M{PIs}s in the form of a crystal by the crystallization method.
In that case, there is no particular limitation on the
crystallization temperature. For example, as the

15 crystallization temperature becomes lower, the yield increases.
However, the manufacturing cost increases in view of incidental
facilities or productivity. Therefore, the crystallization
temperature is preferably —40° cxr more and +100°C or less, more
preferably -3C°C or more and +50°C or less, and particularly

20 preferably -~20°C cr more and +20°C or less.

[0050]

The reaction time or crystallization time 1s not
particularly limited and is, for example, 0.5 hours or more and
less than 72 hours, preferably 1 hour or more and 48 hours or

25 less, more preferabkly 1.5 hours or more 8 hours or less, and
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particularly preferably 2 hours or more and 6 hours or less. When the reaction time or crystallization
time is less than 0.5 hours, the yield of the hexafluorophosphate may decrease. In contrast, when the
reaction time or crystallization time is 72 5 hours or more, productivity of the hexafluorophosphate may
deteriorate. [0051] The crystallized M(PF6)5 is subjected to solid-liquid separation. The method of
solid-liquid separation is not 10 particularly limited and examples thereof includes filtration. As the
filtration method, for example, conventionally known various filtration methods such as natural
filtration, presgl%rre fillirg}[:itin and cIeen%rEiifggal f'Itlrﬁggg gan be %@glogggh%O%%Z 15After.the solid-liquid

separation,p the Tiltrate is p¥ei%rraelbly finsed. ff is pOSS|b?ertoHﬁncrease e puri 3; of R/F(Zi:%%c' by this

rinsing opeatian-Jndhe.finsing oneration. for. oxample, kuawn metods such 29 gyugthid.of rinsing by

dispersing M(PF6)5 again in a cleaning agent and a me rinsing by directly placing a cleaning

agent in a separator.and bringing,M(PEE) h@m@@@gg\ﬁ% QP%%@Q_%%@BE%%%Q? usgd alone or in
combination. [0053] The filtrate obtained after the solid-liquid separation 25 sometimes
contains a targe ameunt,elanexsess MPRE)5Salk or crystallization time is 72
5 hours or more, productivity of the hexafluorophosphate may
deteriorate.
[0051]
The crystallized M(PFs): is subjected teo solid-liquid
separation. The method of solid-liguid separation is not
1C  particularly limited and examples thereof includes filtration.
As the filtration method, for example, conventionally known
various filtrationmethods such as natural filtration, pressure
filtration and centrifugal filtration can be employed.
[0052]
15 After the solid-liguid separation, the filtrate is
preferably rinsed. It is pessible to increase the purity of
M{PFs)s by this rinsing operation. In the rinsing operation,
for example, known methods such as a method of rinsing by
dispersing M{PFs)s again in a cleaning agent and a method of
20 rinsing by directly placing a cleaning agent in a separator and
bringing M(PFg)s into contact with the cleaning agent can be
used alone or in combination.
[0053]
The filtrate obtained after the solid-liguid separation

25 sometimes contains a large amount of an excess M{PFg)s salt
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solution or acid. In this case, when the filtrate is distilled to collect the MPF6 salt solution or acid, it
becomes possible to perform cost reduction and collection of valuables by load reduction of a waste
~water treatment, thus making it possible 5 to exert double effects. [0054] The cleaning agent is not
particularly limited and it is possible to use any of anhydrous HF, high concentration HF, diluted HF

. and pure water. For example, it is also possible 10to rinse M(FF6)5 with an alkali salt of the same
cation (for example, K2003 or KHCO3 is used in the case of the synthesis of KPF6) for the purpose of
neutralizing an acid. As described above, influences such as corrosion with the acid in the subsequent

step as well a5 orftanfifaficn f pré@uelsiithafR&tal s purities carrvé subprésssd by ¢utralization
with an alkali. [0055] The temperature of the M(PF6), crystal itself formed upon solid-liquid
separation 1§ not parfcul &k et SfdrisSorefdrably AUpE of highdr &5E9B6E BRBHER Hore

preferably 20 -20C_ or higher and +20C or lower, and particularly preferably -5C or higher and +20C or
ower. 10055] VRS 176 b GLTANEH Aer S G SSparsigh, 2 uspies oy Load

reduction of a waste water treatment, thus making it possible
5 to exert double effects.
[0054]

The cleaning agent is not particularly limited and it is
possible to use any of anhydrous HF, high concentration HF,
diluted HF and pure water. For example, it is also possible

10 to rinse M(PFg)s with an alkall salt of the same cation (for
example, K;COz; or KHCO; is used in the case ¢of the synthesis of
KPFg) for the purpeose of neutralizing an acid. As described
above, influences such as corrosion with the acid in the
subsequent step as well as contamination of products with metal

15 impurities can be suppressed by neutralization with an alkali.
[C055]

The temperature of the M(PFg)s crystal itself formed upon
solid~liquid separation 1s not particularly limited, and is
preferably -40°C or higher and +30°C or lower, more preferably

20 ~20°C or higher and +20°C or lower, and particularly preferably
-5°C or higher and +20°C or lower.

[005¢6]

When the filtrate obtained after solid-liquid separation

is rinsed, the solution temperature of the cleaning agent is

25 not particularly limited, and is preferably -40°C or higher and
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is rinsed, the solution temperature of the cleaning agent is 25 not particularly limited, and is preferably
-40C or higher and +100C or lower, more preferably -20C or higher and +50C or lower, and
particularly preferably -5C or higher and +20C or lower. [0057] 5It is preferred to dry M(PF6), obtained
by solid-liquid separation. The drying method is not particularly limited and examples thereof include
air drying, thermal drying and vacuum drying. The drying time is not also particularly limited and is
preferably from 0.5 to 72 hours in general. The drying is 10 preferably performed at the drying
temperature lower than 120C. When the drying is performed at the temperature of 120C or higher,
drying equiphiénthécomes ekpefisive dicea farge hear glaptisrisredired aredutting’m Kigh
manufacturing cost. As the temperature becomes higher, M(PF6)9 may be decomposed by 15 a trace
amount of WAtE™ THerefd1é Hit i partitafarsreferdeth 5érf8rﬁ1rdRA1%‘§Ftt?é1§rﬁ§8 tenferature of 85
to 110C. [OPOSSJﬂIyI(PF&,, having a moisture content of 50 ppm by weight or 20 less can be
manufactured’ simply and easily by the above-described method. According to this method, an
inexpensiv?(f@%rpaterial can be used and also an easy manufacturing method is used, then, the
manufacturing cost can be reduced. 25[0059]

5 It is preferred to dry M(PF¢): obtained by solid-liquid
separation. The drying methed is not particularly limited and
examples thereof include alr drying, thermal drying and vacuum
drying. The drying time is not also particularly limited and
is preferably from 0.5 to 72 hours in general. The drying is

10 preferablyperformedat the drying temperature lower than 120°C.
When the drying is performed at the temperature cof 120°C or
higher, drying equipment becomes expensive and a large heat
quaﬁtityjisrequired,resultingjjlhighnﬁnufacturingcost. As
the temperature becomes higher, M(PFg): may be decomposed by

15 a trace amocunt of water. Therefore, it is particularly
preferred Lo perform drying at the drving temperature of 85 to
110°C.

[0058]
M(PF¢)s having a moisture content of 50 ppm by weight ox

20 less can be manufactured simply and easily by the
above=~described method. According to this method, an
inexpensive raw material can be used and alsoc an easy
manufacturing method is used, then, the manufacturing cost can
be reduced.

25 [GC59]
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Furthermore, the hexafluorophosphate obtained by the above-described method may be subjected to
salt exchange in accordance with the following Chemical scheme B. [0060] 5[Chemical Formula 2]

- M(5F6)8 + JFtk(HF)J(PF6)t + MF,r(HF)(Scheme B) (wherein J is at least one kind selected from the
group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe, 1t3, 0k6, 1s3, and
~0r6) 10[0061] In Chemical scheme B, the proportion of JFt k (HF) relative to M(PF6), is preferably
from 1 to 2 equivalents, and more preferably from 1.0 to 1.1 equivalents. When the proportion is less
than 1 equivalent, there arises a problem that the 15unsubstituted M(PF6)5 remains and coexists. In

contrast, when theqiropbrionds enorertban 2seotivalentsh hepuareactastiHokédFhmayHae mixed in the
product J(PF6)t. [0062] The solvent used in salt exchange is not particularly 20 limited and examples
thereof inciudevantyeisous. BES highttartentratior Hihdeing @cconcentratior pf:58%cby weight or
more. accordance with the following Chemical schems B.
[0060]
5 [Chemical Formula 2]
M({(PEFg)e + J¥F-kK({HE) - J{(PFg)e + MFs-r{HE) {Scheme B)
(wherein J is at least one kind selected from the group
consisting of 1i, Na, K, Rb, Cs, NH;, Ag, Mg, Ca, Ba, Zn, Cu,
Pb, AL and Fe, 1 £t £ 3, 0£k=6, 15£s<3, and 0 £ r £ 6}
10 [0061]
In Chemical scheme B, the proportionof JF.-k (HF) relative
to M(PF¢)s is preferably from 1 to 2 eguivalents, and more
preferably from 1.0 to 1.1 equivalents. When the proportion
ig less than 1 equivalent, there arises a problem that the
15 unsubstituted M(PFg): remains and cosexists. In contrast, when
the proportion is more than 2 equivalents, the unreacted
JF:* X (HF) may be mixed in the product J(PFg)..
[C062]
The sclvent used in salt exchange 1s not particularly
20 limited and examples thereof include anhydrous HF, high
concentration HF having a concentration of 50% by welght or more,
diluted HF, pure water and an organic solvent. Of these
solvents, anhydrous HF and high concentration HF are preferably

used in view of prevention of production of oxyfliuorides.

25 [0063]
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diluted HF, pure water and an organic solvent. Of these solvents, anhydrous HF and high
concentration HF are preferably used in view of prevention of production of oxyfluorides. 25[0063]

The amount of the solvent to be used is not also particularly limited and is, for example, preferably
from 0.5 to 10 times, and more preferably from 1 to 5 times, as that of the weight of the
hexafluorophosphate. When the amount is more 5 than 10 times, the amount of the _
hexafluorophosphate dissolved increases and the yield may decrease. In contrast, when the amount is
less than 0.5 times, the unreacted JFt.k(HF) or MFs.r(HF) produced as by-products may be mixed in
J(PF6)t. [0064] 10The: nrsthod:of addingehe rawanatetial inghe salt exehange #slizot particularly limited
and may be, for example, a method of adding a solution prepared by dissolving M(PF6)sor JFt.k(HF)
in a solvenPath tifve 8EBY sirhlitafsbas 8réppingof £ Histiod: of Bddifgeie to fiecather one. It is
also possible that the 15reaction vessel is filled with a solvent and M ( PF6) s or JE't.k(HF) is slowly
added to tHe’soent e aRBPERiieRRELS SBIEN! S SBwly BEded tHTPFET5 BRIECRIFIF).

However, the reactig%is é&;referably performed after dissolving the raw material so that the unreacted
r

substance SUEH"as 56 Tatefiar s ot HhixeaRh e prodlicdd SH2EER “0b65] “°F The reaction
e SRS LS pehee mey e e e 5 e 1 e o
increases and the yield may decrease. In contrast, when the
amount is less than 0.5 times, the unreacted JFc k(EF) or
MFqe-r (HF) preoduced as by-products may be mixed in J{PF¢)-:.
[0064]
10 The method of adding the raw material in the salt exchange
is not particularly limited and may ke, for example, a method
of adding a solution prepared by dissolving M{PFg): or JF¢*k (HF)
in a solvent at a time or by simultaneous dropping or a method
of adding one to the other one. It is also possible that the
i5 reaction vessel is filled with a solvent and M(PF¢) s oxr JF -k (HF)
is slowly added to the solvent. It is also possible that a
solvent is slowly added to M(PFg)s or JF:*k(HF). However, the
reaction is preferably performed after dissclving the raw

material so that the unreacted substance such as the raw

20 material ies not mixed in the produced J{(PFg)

rt

[0065]

The reaction temperature and reaction time in the salt
exchange may be the same as those in the case of the synthesis
of the hexafluocrophosphate. The crystallization method,

25 solid~liguid separation, rinsing and drying may be performed

26



25 solid-liquid separation, rinsing and drying may be performed under the same conditions as those in
the above-described case. [0066] Therefore, M(PE6)5 having a moisture content of 50 ppm by
~weight or less can be easily manufactured even by the method 5 using salt exchange. In this method,
an inexpensive raw material can be used and also an easy manufacturing method is used, then, the

- manufacturing cost can be reduced. [0067] The reaction apparatus used in the present invention is 10
not particularly limited as long as it is made of a material having resistance to the above-described
composition, and stainless steel or carbon steel are preferably used as the material. When a
compositioilésiposedseiEh hydréus HE brafctalsove-desthiberbeorapesitien ISkakedor-exposed in
air, the 15 reaction apparatus may be corroded thereby. When the reaction apparatus is corroded, the
resultant pﬁ@cﬂ.ﬁ:ﬂs contaminated with the corroded substance and the contaminant may cause an
increase in the metal component content in the product. Therefore, it is Ereferred to use, as the

reaction apparatus; 20ho8¢ fathaveresi@ahtE o th& 8B\ b8s Eompésition BRY are made
of a fluororesin, vinyl,chiorifle r palystiyiene, of those lined, therewith, EXAMPLES 29[Q068l
5 using salt exchange. In this method, an inexpensive raw
material can be used and alsc an easy manufacturing method is
used, then, the manufacturing cost can be reduced.
[00e7]
The reaction apparatus used in the present invention is
1C  not particularly limited as long as it is made of a material
having resistance to the above-described composition, and
stalnless steel or carbon steel are preferably used as the
material. When a composition composed of anhydrous HF or the
above—described composition is leaked or exposed in air, the
15 reaction apparatus may be corroded thereby. When the reaction
apparatus is corroded, the resultant product is contaminated
with the corroded substance and the contaminant may cause an
increase in the metal component content in the product.
Therefore, it 1s preferred to use, as the reaction apparatus,
20 those that have resistance to the above~-described composition
and are made of a fluororesin, vinyl chloride or polyesthylene,

or those lined therewith.

EXAMPLES

25 [0068]
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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 5 invention is not limited thereto unless they are in particular restrictively
described. Thus, the materials and the like are merely explanatory examples. [0069] Example 1 10In a
5 L reaction vessel made of a fluororesin, 1,000 g of ultrapure water was poured and the reaction
vessel was heated in an oil bath, and then ultrapure water was maintained at 40C. While stirring this
ultrapure water by a rotator, 800 g of commercially available acidic ammonium fluoride (NHL .(HF)) 15
was added little by Httkefand-then dissaivede 0070}  Ahile maintainingdhe temperatute=of the
solution in the reaction vessel at 40C, 740 g of a POF3 gas was made to be absorbed in the reaction
solution by Bebbliad.THie dbsarptivic20 batbant desadetdrmiad by antincréasedndhe Weight of the
reaction solution. After making the POF3 gas to be absorbed, the temperature of the reaction solution
was adjustéd fo 2OESKRifel stirrhgTOF 2itirs BiAdther Hve liquitl deiperature wissmaintained at a

same temperature. 25[0071] ,
in these examples and comparative examples, the scope of this

5 invention is not limited thereto unless they are in particular
regtrictively described. Thus, the materials and the like are
merely explanatcry examples.

[0069]
Example 1
10 In a 5 L reaction vessel made of a fluororesin, 1,000 g
of ultrapure water was poured and the reaction vessel was heated
in an oil bath, and then ultrapure water was maintained at 40°C.
While stirring this ultrapure water by a rotatcr, 800 g of
commercially available acidic ammonium fluoride (NH F- (HF))
15 was added little by little and then dissolwved.
[0070]

While maintaining the temperature of the sclution in the
reaction vessel at 40°C, 740 g of a POF:; gas was made to be
absorbed in the reaction solution by bubbling. The absorption

20 amount was determined by an increase in the weight of the
reaction solution. After making the POF3; gas to be absorbed,
the temperature of the reaction solution was adjusted to 20°C
while stirring for 2 hours and then the liquid temperature was
maintained at a same temperature.

25 [0071]
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Next, the reaction vessel was heated again in the oil bath and the solution in the reaction vessel was
evaporated to dryness. The crystal remaining in the reaction vessel was collected, rinsed with 750 g of
-an aqueous 75% HF solution and 5 then filtered by suction filtration. The liquid temperature of the
aqueous 75% HF solution used during rinsing was adjusted to OC, and the liquid temperature in the
suction filtration was adjusted to 5C. [0072] 10Subsequently, a high purity N2 gas was introduced into
the reaction vessel at a rate of 3 L/minute, followed by drying using a dryer at 110C for 8 hours. Thus,
a white crystal was obtained. This white crystal was analyzed by an X-ray diffractometer (XRD). As a

result, it was confirmegtthatriber £ whitecrystad is compased ebNHARR6: [0073] Exappler2 Ina 3 L
reaction vessel made of a fluororesin (PFA), 100 g of acidic potassium fluoride (KF.(HF)) and 500 g of
a 75 wt% 28rhydrogers fliotide (HEhsalutiorr of: atsemicerductar grade sweforated to

drvness. The.crystal remaining in the reaction vessel was

collected, rinsed with 750 g of an agqueocus 75% HF solution and

S5 then filtered by suction filtration. The liquid temperature

of the agueous 75% HF solution used during rinsing was adiusted

to 0°C, and the liguid temperature in the suction filtration

was adjusted to 5°C.

[0072]

10 Subsequently, a high purity N; gas was introduced into
the reaction vessel at a rate of 3 L/minute, followed by drying
using & dryer at 110°C for 8 hours. Thus, a white crystal was
obtained. This white crystal was analyzed by an X-ray
diffractometer (XRD). As a result, it was confirmed that the

15 white crystal is composed of NH FPF;.

[G0T73]
Example 2

Ina 3 L reaction vessel made of a fluororesin (PFA), 100
g of acidic potassium fluoride (KF-{(HF)) and 500 g of a 75 wt%

20 hydrogen fluoride (HF) solution of a semiconductor grade were
placed, together with a rotator, and then KF(HF) was dissolved
while stirring in an ice bath. After weighing 140 g of a 85
wt% phosphoric acid (H3zPOs) solution in a separatory funnel,
the solution was slowly added dropwise under an ice bath over

25 30 minutes and the reaction was performed for 6 hours while
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placed, together with a rotator, and then KF(HF) was dissolved while stirring in an ice bath. After
weighing 140 g of a 85 wt% phosphoric acid (H3PO4) solution in a separatory funnel, the solution was
slowly added dropwise under an ice bath over 25 30 minutes and the reaction was performed for 6
hours while stirring. [0074] Next, this solution was crystallized by cooling at -5C for 24 hours, thus
obtaining a hydrogen fluoride solution 5 containing a precipitate. This hydrogen fluoride solution was
filtered by suction filtration. The liquid temperature of the hydrogen fluoride solution was -5C. The
concentration of HF of the filtrate was determined and found to be 46% by weight. [0075] 10The
collected crystalwasrinsed with 600 g of a 75 wt% hydrogen fluoride (HF) solution of a semiconductor
grade. The liquid temperature of the hydrogen fluoride solution was 0C. [0076] Subsequently, the
filtrate after RSing was transferred

Next, this sclution was crystallized by cooling at -5°C
for 24 hours, thus obtaining a hydrogen fluoride solution
5 containing a precipitate. This hydrogen flucride solution was
filtered by sucticon filtration. The liguid temperature of the
hydrogen fluoride solution was -3°C. The concentration of HF
of the filtrate was determined and found to be 46% by weight.
[0075]

10 The collected crystal was rinsed with 600 ¢ of a 75 wt%
hydrogen fluoride (HF) solution of a semiconductor grade. The
ligquid temperature of the hydrogen fluoride solution was 0°C.
[007¢6]

Subsequently, the filtrate after rinsing was transferred

15 to a 3 L bottle made of a flucroresin (PFAY and then air-dried
at 80°C for 6 hours while blown with a high purity nitrogen gas
at a rate of 3 L/min. The drying temperature was raised to 105°C
and drying was performed for 12 hours.

(00773

20 The resultant crystal was measured by XRD. As a resulz,
it was confirmed that the crystal is composed of KPF;. The
amount of the resultant KPF¢ was 137 ¢ and the yield was 61%.
The moisture content of the resultant KPF; was measured by the
Karl Fisher method and found to be 50 ppm by weight cr less.

25 Furthermore, the concentration of free hydrogen fluoride was
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15 to a 3 L bottle made of a fluororesin (PFA) and then air-dried at 80C for 6 hours while blown with a
“high purity nitrogen gas at a rate of 3 L/min. The drying temperature was raised to 105C and drying
was performed for 12 hours. [0077] 20The resultant crystal was measured by XRD. As a result, it was
confirmed that the crystal is composed of KPF6. The amount of the resultant KPF6 was 137 g and the
-yield was 61%. The moisture content of the resultant KPF6 was measured by the Karl Fisher method
and found to be 50 ppm by weight or less. 25 Furthermore, the concentration of free hydrogen fluoride
was measured by neutralization titration. As a result, the concentration of free hydrogen fluoride was

50 ppm by WEGHES e8Y. [0BFEF 21 L 7R Ydld of kKPEB AL wdtStaked Bt as a dijstal was 61%, and
86 g of KPF6 was dissolyed ine‘rfhe filtrate rinsed with ';l\?re 75, Wt% h dro%en fluoride (HF) solution.
Therefore, TEWaS fourid that the refarcetfc})ngﬁ'r EESTE néarP §uaTitafvely C[0078] 18 BiHBe 3 Ina
3 L reaction vefgglsmade of PFA, 210 g of cesium fluoride (CsF) and 700 g of a 75 wt% hydrogen
fluoride (ngfsolutlor'l of a semiconductor grade were placed, together with a reactor, and then CsF

was dissolygd yigeler an ice bath while 15 stirring. After weighing 175 g of a 85 wt% phosphoric acid
(H3POA4) solution’in a separatory funnel, the solution was slowly added dropwise under an ice bath

over 30 minutes and, the reaclion was-performedior LA - baurs while stEING a1 was 613,
and 86 g ¢of KPF¢ was dissolved in the filtrate rinsed with the
75 wt% hydrogen fluoride (HF) solution. Therefore, it was found
that the reaction proceeds nearly gquantitatively.
[0079]
10 Example 3
In & 3 1L reaction vessel made of PFA, 210 g of cesium
fluoride (CsF) and 700 g of a 75 wt% hydrogen fluoride (HF)
solution of a semiconductor grade were placed, together with
a reactor, and then (CsF was dissolved under an ice bath while

15 stirring. After weighing 175 g of a 85 wt% phosphoric acid
(HzPO4) solution in a separatory funnel, the solution was slowly
added dropwise under an ice bath over 30 minutes and the reaction
was performed for 12 hours while stirring.

[0080]

20 Next, this solution was crystallized by cooling at -5°C
for 36 hours, thus obtaining a sclution containing a precipitate.
This solution was filtered by suction filtration. The liguid
temperature of the phosphoric acid sclution was -5°C. The
concentration of HF of the filtrate was determined and found

25 to be 55% by weight,
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[0080] 20Next, this solution was crystallized by cooling at -5C for 36 hours, thus obtaining a solution
containing a precipitate. This solution was filtered by suction filtration. The liquid temperature of the
phosphoric acid solution was -5C. The concentration of HF of the filtrate was determined and found 25
to be 55% by weight. [0081] The collected crystal was rinsed with 400 g of anhydrous hydrogen
fluoride acid cooled to OC. Subsequently, the filtrate after rinsing was transferred to a 3 L bottle made
of 5 a fluororesin and then air-dried at 80C for 5 hours while blown with a high purity N2 gas at a rate
of 3 L/min. The drying temperature was raised to 105C and drying was performed for 12 hours. [0082]
10The resultdh® edystal was measured by XRD. As a result, it was confirmed that the crystal is
composed of 05PF6. The amount of the resultant CsPF6 was 352 g and the yield was 92%. The
moisture content oft the Fesuitaft EIPFEWAS measured i the' Kaf Eishe? métidd afd foind to be 50

ppm by weight or less.
hydrogen fluoride acid coocled to 0°C. Subsequently, the

filtrate after rinsing was transferred to a 3 L bottle made of

a fluororesin and then alr—-dried at B0°C for 5 hours while blown

[}

with a high purity N; gas at a rate of 3 L/min. The drying
temperature was ralsed to 105°C and drying was performed for
12 hours.
(00821

10 The resultant crystal was measured by XRD. As a result,
it was confirmed that the crystal is composed of CsPFs. The
amount of the resultant CsPFs was 352 g and the vield was 22%.
The mcisture content of the resultant CsPFy was measured by the
Karl Fisher method and fcound to be 50 ppm by weight or less.

15 Furthermore, the concentration of free hydrogen fluoride was
measured by neutralization titration. As a result, the
concentration ¢f free hydrecgen flucride was 50 ppm by weight
or less.
(0083

20 Example 4

In a 3 L reacticn vessel made of a flucroresin, 500 g of

an anhydrous hydrogen £luoride scluticn of an industrial grade
was placed, together with a rotator, and 60 g of sodium flucride
(NaF) was slowly added and dissolved while stirring under an

25 ice bath. Furthermore, 120 ¢ of phosphorus cxyfluoride (POF3)
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15 Furthermore, the concentration of free hydrogen fluoride was measured by neutralization titration.
As a result, the concentration of free hydrogen fluoride was 50 ppm by weight or less. [0083] 20

" Example 4 In a 3 L reaction vessel made of a fluororesin, 500 g of an anhydrous hydrogen fluoride
solution of an industrial grade was placed, together with a rotator, and 60 g of sodium fluoride (NaF)
~was slowly added and dissolved while stirring under an 25ice bath. Furthermore, 120 g of phosphorus
oxyfluoride (POF3) was made to be absorbed in this solution. [0084] Next, this solution was
crystallized by cooling at -20C for 48 hours, thus obtaining a solution containing a precipitate. 5 This
solution was fltéteddytsuctivn Hrratiore F hereoHeeAtrateritsf bR of the filtrate was determined and
found to be 94% by weight. [0085] The collected crystal was transferred to a 3 L bottle made 10 of a
fluororesin &Hef£do g of an anhydrous hydrogen fluoride solution cooled to 5C in advance was added,

thereby dispersing the crystal. At this time, the contents of the reaction vessel were stirre;d for 30
minutes under an 18 HathC Phéréitter Lihiereietignuessaiwag aflone Sy stang st add the

SuDe”EHaQ%1'48houxs, thus obtaining a solution containing a precipitate.
5 This solution was filtered by suction filtration. The
concentration of HF of the filtrate was determined and found
Lo be %94% by weight.
(60851
The collected crystal was transferred toc a 3 L bottle made

10 of a fluorcoresin and 100 g of an anhydrous hydrogen fluoride
solution cooled to 5°C in advance was added, thereby dispersing
the crystal. At this time, the contents of the reaction vessel
were stirred for 30 minutes under an ice bath. Thereafter, the
reaction vessel was allowed to stand still and the supernatant

15 liguid was removed. While blowing a high purity N; gas at a
rate of 3 L/min, alr drying was performed at 80°C for 6 hours.
Thereafter, the drying temperature was raised to 105°C and
drying was performed for 6 hours.

00846}

20 The resultant crystal was measured by XRD. As a result,
it was confirmed that the crystal is composed of NaPFg. The
amount of the resultant NaPF; was 148 g and the yield was 76%
(the amount ¢f NaPFs dissolved in the anhydrous hydrogen
fluoride as a rinsing solution is not included). The moisture

25 content of the resultant NaPFy was measured by the Karl Fisher
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15 liquid was removed. While blowing a high purity N2 gas at a rate of 3 L/min, air drying was
performed at 80C for 6 hours. Thereatfter, the drying temperature was raised to 105C and drying was
performed for 6 hours. [0086] 20The resultant crystal was measured by XRD. As a result, it was
confirmed that the crystal is composed of NaPF6. The amount of the resultant NaPF6 was 148 g and
the yield was 76% (the amount of NaPF6 dissolved in the anhydrous hydrogen fluoride as a rinsing
solution is not included). The moisture 25 content of the resultant NaPF6 was measured by the Karl
Fisher method and found to be 50 ppm by weight or less. Furthermore, the concentration of free
hydrogen flipfidedvas téasuredsy heuralipatioh fitraionhAscarrésuls theonceatratioreof free
hydrogen fluoride was SO ppm, by weight or less. 5[0087] Example 5 In a5 L reaction vessel
made of a fitiGroréin S2 bo6 giéra 75 wWiTsRydidgeRdRidride $eliidn ofet semicontiaciopgrade was
placed, together with a rotator, and the vessel was 10 maintained under an ice bath while stirring. After
weighing 426'§'3Fa 85 o8 Bhb<ptctic &did sdtfticn fiEd Sépardtdfy RRER e 85ikHBn Was slowly

2 droRig affn 28 JuRUeR MG aniss MY 306 5 reRsigh ey Peeimed for 3 hours while

5 [0087]
Example 5

In a 5 L reaction vessel made of a fluororesin, 2,000 g
of a 75 wt% hydrogen fluoride solution of a semiconductor grade
was placed, together with a rotator, and the vessel was

10 maintained under an ice bath while stirring. After weighing
420 gof a 85 wt% phosphoricacidsclution in a separatory funnel,
the solution was slowly added dropwise over 15 minutes under
an ice bath and the reaction was performed for 3 hours while
stirring,

15 (06088}

Next, this solution was crystallized by cooling at —-40°C
for 48 hours, thus obtaining a solution containing a precipitate.
Furthermore, this sclution was filtered by suction filtration.
The weight of the crystal obtained by filtration before drying

20 was measured and found to be 1,080 g. In the case of HPF; (free
from crystal water), since the weight of the crystal is 532 g
when the yield is 100%, it was confirmed that the actual measured
welght is large even when the amounts of water and HF are added.
Therefore, it was presumed that the crystal obtained by

25 filtrationbeforedrying is in the form of HPFs: gH0 with crystal
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15[0088] Next, this solution was crystallized by cooling at -40C for 48 hours, thus obtaining a
solution containing a precipitate. Furthermore, this solution was filtered by suction filtration. The weight
“of the crystal obtained by filtration before drying 20 was measured and found to be 1,080g. In the case
of HPF6 (free from crystal water), since the weight of the crystal is 532 g when the yield is 100%, it
‘was confirmed that the actual measured weight is large even when the amounts of water and HF are
added. Therefore, it was presumed that the crystal obtained by 25 filtration before drying is in the form
of H3E6 gH20 with crystal water. [0089] The concentration of HF of the filtrate was determined
and found t5€ 71% by weight. When water does not transfers 5 to the crystal side as crystal water,
the theoretical value of the concentration of HF is 56% by weight. Therefore, it is considered that the
crystal is in‘the8fm containing crystal water and g 2. [0090] 10Next, 330 g of NaF was placed in a 2 L
reaction vessel made of a fluororesin and also 1,050 g of anhydrous HF was added while cooling with
an ice bath to prepare ai N r%&ﬁ&.‘%eﬁ%ﬁa?eﬁy%% entire Bdurlt o HISES §F205btained

above Wasa;%!gcgd in a 3L react}%rg/vgssel made of a fluororesin and the 15 NaF/HF solution thus

prepared was ad“é)él(ﬁ_1 Bvar 20 minuteS whiie™ t Trig uhdel Al cE batt? At the reabfior e reaction
SOIUtIQy W%Soc%%alg%?{% %C:Qarld'% Jhggr% ch%ci%lggfoﬁégg'r [09:%14 theoretical value of

the concentration of HF is 56% by weight. Therefore, it is
considered that the crystal 1s in the form containing crystal
water and g 2 2.
(G090
10 Next, 330 g of NaF was placed in a 2 L reaction vessel
made of 3 fluororesin and alsc 1,050 g of anhydrous HF was added
while cooling with an ice bath to prepare an NafF/HF solution.
Separately, the entire amount of HPFgz+gH:0 obtained above was
placed in a 3 L reaction vessel made of a fluororesin and the
15 NaF/HF solution thus prepared was added over 20 minutes while
stirring under an ice bath. After the reaction, the reaction
scluticn was crystallized for 48 hours by cooling te -10°C.
(00911
Next, The supernatant of the 3 L-PFA reaction vessel was
20  slowly removed and solid-liquid separation was performed.
After separation, alr drying was performed at 80°C for 6 hours
while blowing a hicgh purity N; gas at a rate of 3 L/minutes.
The drying temperature was raised to 105°C and drying was
performed for 3 hours.

25 [0092]
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Next, the supernatant of the 3 L-PFA reaction vessel was 20 slowly removed and solid-liquid
separation was performed. After separation, air drying was performed at 80C for 6 hours while blowing
a high purity N2 gas at a rate of 3 L/minutes. The drying temperature was raised to 105C and drying
was performed for 3 hours. 25[0092] The resultant crystal was measured by XRD and found to
be composed of NaPF6. The amount of the resultant NaPF6was 205 g and the yield was 33%. The
moisture content of the resultant NaEF6 was measured by the Karl Fisher method and found to be 5
420 ppm by weight or less. [0093] Example 6 In order to recycle HF, 700 g of the 71% by weight
'HF filtrate collected FREX&/iple 8haspldeéd in d&sL Feaction=th bessdl tnadel of auffudréresin and
also 140 g of anhydrous HF was added to prepare 840 g of a hydrogen fluoride solution having a

concentratioh 6P7ERARFViight ({D094] BierWeighing 1267 of britiddid Y8Ritiohehaving

g and the yield was 33%. The moisture content of the resultant
NaPFs was measured by the Karl Fisher method and found to be
5 420 ppm by weight or less.
[0093]
Example 6
In order to recycle HF, 700 g of the 71% by weight HF
filtrate cecllected in Example 5 was placed in a 3 L reaction

10 vessel made of a fluororesin and also 140 g of anhydrous HF was
added to prepare 840 ¢ of a hydrogen flucride solution having
a concentration of 753% by weight.

[0024]
After weighing 120 g of a phosphoric acid solution having

15 & concentration of 85% by weight in a polyethylene vessel, the
solution was added to the hydrogen fluoride solution at a time
under an ice bath with stirring. After the addition, stirring
was performed under an ice bath for 30 minutes.

[0095]

20 Next, this solution was crystallized by cooling at -20°C
for 24 hours, thus ocbtaining a solution containing a precipitate.
This solution was filtered by suction filtration. The weight
of the crystal cbhtainedby £iltration before drying was measured
and found to be 250 g. The concentration of HF of the filtrate

25 was determined and found to be 72% by weight. The entire amount
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15 a concentration of 85% by weight in a polyethylene vessel, the solution was added to the hydrogen
fluoride solution at a time under an ice bath with stirring. After the addition, stirring was performed

“under an ice bath for 30 minutes. [0095] 20Next, this solution was crystallized by cooling at -20C for 24
hours, thus obtaining a solution containing a precipitate. This solution was filtered by suction filtration.

. The weight of the crystal obtained by filtration before drying was measured and found to be 250 g. The
concentration of HF of the filtrate 25 was determined and found to be 72% by weight. The entire
amount of the crystal before drying was transferred to a 1 L reaction vessel made of a fluororesin in
which a rofato-BlaEEE 80 9IBF £ o rAftBF theypattion (KPR HE <55 & K (HE)pwas performed, the
HE solution was completely concentrated and evaporated to dryness to collect 125 g of a white
powder. THi& PORHSF IR ahalfzcolBye RREF N a FEsuit ithasfotmbakatthbspawdsrds composed of
a mixture oé{ﬁg?%% and KE.(HF) and KE. (HE) accounted for 90% by weight of the powder. The
resultant K (HF) 10 mixture was slowly added to the 1 L reaction vessel made of a fluororesin

and then reacted ﬁ% Ol(; g%re 4i§eg%ucrs. At g?ﬁ% iti+al stage of Lhe rgzact}i?on, since the reaction was the
reaction betweer $o0lids, stirring was Aifficalt, “Fhirty minutes after the realfionfie- Gy&f formed into a

quid 45255 resit of the. generalion of HAHE fom he crystal Thus, sitng became gasy. [0097]
The precipitate obtainéd by t%e reaction was fiteted %y suction fitration: The eollectad c y%tal was
rinsed Withy4Q0,css to collect 125 g of a white powder. This powder was
analyzed by XRD. As a result, it was found that the powder is
composed of a mixture of KPFg and KF+ {HF} and KF- (HF) accounted
for 90% by weight of the powder. The resultant KPF¢/KF' (HF)
10 mixture was slowly added to the 1 L reaction vessel made of a
flucroresin and then reacted at 20°C for 48 hours. At the
initial stage of the reaction, since the reaction was the
reaction between solids, stirring was difficult. Thirty
minutes after the reaction, the crystal formed into a liquid
15  as a result of the generation of H,O/HF from the crystal. Thus,
stirring became easy.
[CC97]
The precipitate obtained by the reaction was filtered by
suction filtration. The collected crystal was rinsed with 400
20 g of pure water at 5°C. Furthermore, the crystal was dried at
105°C for 24 hours.
f0098]
The resultant crystal was measured by XRD and found to
be composed of KPFy, The amount of the resultant KPFg was 105

25 g and the yield was 55% (the amount of KPF; dissolved in pure
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20g of pure water at 5C. Furthermore, the crystal was dried at 105C for 24 hours. [0098] The resultant
crystal was measured by XRD and found to be composed of KPF6. The amount of the resultant KPF6
was 105 25 g and the yield was 55% (the amount of KPF6 dissolved in pure water as a rinsing
solution is not included). The moisture content of the resultant KPF6 was measured by the Karl Fisher
method and found to be 400 ppm by weight. [0099] 5 Example 7 In the present example, the
operations were performed using the apparatus shown in Fig. 1. In a second vessel 6 made of a
fluororesin, 2%[ of commerciall ly ava|I %e batte %ade dletl]é/6 gﬁonate m0|sture concentration: 9

ppm by Welﬁh anas_LOBZSOlas’o% e?ny?ene arbona Gistulte tratidh’ gﬁﬁh %%lght) were
placed and thﬁn fe?tang %hculaiéesdut thgttowﬁjto\g of a second zg) orpggn tg\é\/%& 1flsm%a pump 7.

Terl % 35 measure
The temperature o he second vessel b was ad usted to a constant temperature o usmg a

reﬂmeHHO&ébwgéLgﬁé\@ggggito be 400 ppm by weight.
(0088}
5 Example 7
In the present example, the operations were performed
using the apparatus shown in Fig. 1. In a second vessel ¢ made
of a flucroresin, 250 g of commercially available battery grade
diethyl carbonate (moisture concentration: 9 ppmby weight) and
16 250 g of ethylene carbonate (moisture concentration: 7 ppm by
weight} were placed and then fed and circulated to the tower
top of a second absorption tower 5 using a pump 7. The
temperature of the second vessel 6 was adijusted to a constant
temperature of 20°C using a refrigerator 8. Next, PFs was fed
15 to the tower bottom of the second absorption tower 5 at a flow
rate of 0.5 L/min for 25.5 minutes, thus introducing 64.3 g of
PF; (first step).
0100}
Next, 13.0 g of lithium fluoride as a fluoride was fed
20  to the second vessel 6. Lithium fluocride was guickly dissolved
in an organic solvent containing P¥Fy and then reacted with PFs
~in the organic solvent, thus obtaining 577.3 g of a lithium
solution of a hexaflucrophosphate (second step).
[0101)

25 Furthermore, 250 g of diethyl carbcnate and 250 g of
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15 to the tower bottom of the second absorption tower 5 at a flow rate of 0.5 L/min for 25.5 minutes,
thus introducing 64.3 g of PF5 (first step). [0100] Next, 13.0 g of lithium fluoride as a fluoride was fed
20 to the second vessel 6. Lithium fluoride was quickly dissolved in an organic solvent containing PF5
and then reacted with PF5 in the organic solvent, thus obtaining 577.3 g of a lithium solution of a
_hexafluorophosphate (second step). [0101] 25Furthermore, 250 g of diethyl carbonate and 250 g of
ethylene carbonate were added to the second vessel 6, and the same operation as that described
above was performed (third step). 275 g of the resultant lithium solution of a hexafluorophosphate was
transferredetoly thirtev esseb ¢0 e, Beafte cadjasting thé eeraperaturertrsa ednétarg iemperature of
20C, excess dissolved PF5 was distilled off by decompression using an air pump 12. The thus
obtained dREtF\i cRFlsoTiEtéfethy Safiohaté 8Riibh %t lithgAtherafubrophesphate (ddntaifed 10
ppmby weight or less of an insoluble component, 10 ppm by weight 10 or less of free acid and 10 ppm
by weight Sr18B< of mdistufe JO165F e Riext & Eoih hybe HBn-Hekiebiselstiralyte lithium secondary

battery as shown in Fr%g. 2 was manufactured using the thus obtained solution and performance as an

electrolytic T5-&4I0HGR Wer8 Svakiated B & ERRTYTHSERArgR st dpacificaRF the te&f\Was performed

bythg;dkg%@%gﬂg%?%g%iE%Ogie temperature to & constant Temperature of

20°C, excess dissclved PFs was distilled off by decompression
using anairpump 12. The thusobtaineddiethyl carbonate/ethyl
carbonate solution of lithium hexafluorophosphate contained 10
ppm by weight or less of an insoluble component, 10 ppm by weight

10  or less of free acid and 10 ppm by weight or less of molsture.
[0102]

Next, a coin type non-agueous electrolyte lithium
secondary battery as shown in Fig. 2 was manufactured using the
thus obtained solution and performance as an electrolytic

15 solution were evaluated by a charge/discharge test.
Specifically, the test was performed by the following
procedure.

[0103]
<Fabrication of negative electrode 22>

20 Natural graphite and pelyvinylindene fluoride (PVdF) as
a binder were mixed at a weight ratio of 9:1 and N-methyl
pyrrolidone was added thereto to obtain a paste. This paste
was uniformly applied to a 22 um thick copper foil using an
applicator for electrode coating. This coated foll was vacuum

25 dried at 120°C for 8 hours and a negative electrode 22 having
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<Fabrication of negative electrode 22> 20Natural graphite and polyvinylindene fluoride (2VdF) as a
binder were mixed at a weight ratio of 9:1 and N-methyl pyrrolidone was added thereto to obtain a
paste. This paste was uniformly applied to a 22 Jim thick copper foil using an applicator for electrode
coating. This coated foil was vacuum 25 dried at 120C for 8 hours and a negative electrode 22 having
a diameter of 16 mm was obtained by an electrode punching machine. [0104] <Fabrication of positive
electrode 21> 5ALIC002 powder, acetylene black as a conductive auxiliary and PVdF as a binder were
mixed at a weight ratio of 90:5:5 and N-methyl pyrrolidone was added to this mixture to obtain a paste.
This pastedvas aritdrffly @pphied 6% 925 RhiekedPparfoit sigE &k BpPRcABR fSk Eictrode coating.
This coated foi] 10 was vacuum dried at 120C for 8 hours and a positive electrode 21 having a
diameter of 18 Mffwas obtained by an electrode punching machine. [0105]

[0104]
<Fabrication of positive electrode 21>
5 A LiCo0; powder, acetylene black as a conductive auxiliary
and BVdE as a binder were mixed at a weight ratio of 90:5:5 and
N-methyl pyrrolidone was added to this mixture to obtain a paste.
This paste was uniformly applied to a 22 um thick copper foil
using an applicator for electrode coating. This ceated foil
10 was vacuum dried at 120°C for 8 hours and a positive electrode
21 having a diameter of 16 mm was obtained by an electrode
punching machine.
[0105]
<Fabrication of coin type non-aqueous electrolyte lithium ion
15 secondary battery>
The positive electroede 21 was disposed on the bottom face
of a positive electrode can 24 and a porous separator 23 made
of polypropylene was disposed thereon, and then the non-agueous
electrolytic sclution prepared in Example 2 was injected and
20 a gasket 26 was inserted. On the separator 23, the negative
electrode 22, a spacer 27, a spring 28 and a negative electrode
can 25 were subsequently disposed, and then sealing was
performed by folding an cpening portion of the positive
electrode can 24 inward using a coin type battery caulking

25 machine to cbtain a non-agueous electrolyte lithium ion
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<Fabrication of coin type non-aqueous electrolyte lithium ion 15 secondary battery> The positive
electrode 21 was disposed on the bottom face of a positive electrode can 24 and a porous separator
23 made of polypropylene was disposed thereon, and then the non-aqueous electrolytic solution
prepared in Example 2 was injected and 20 a gasket 26 was inserted. On the separator 23, the
.negative electrode 22, a spacer 27, a spring 28 and a negative electrode can 25 were subsequently
disposed, and then sealing was performed by folding an opening portion of the positive electrode can
24 inward using a coin type battery caulking 25 machine to obtain a non-aqueous electrolyte lithium
ion second&y iRy, Sabseguentlys eRaRGIHG Wakperférriatl ata Con skt tereatior 0.4 mA and,
when the voltage reached 4.1 V, charging was performed at a constant voltage of 4.1 V for 1 hour.

Discharging Was-pérfofmied &f'a ohstarit dfreétt df 105 MmALRY the Fsitage™eatRed 4:3 V. When

the voltagevreacggcri 3.0V, %fter main%aininggdat %.O V for 1 hour, a cl}r?r e/discharge test was carried out
by charge/discharge cytle."AS ateslt the chargd/disehargd éffidiencs Was around 1069 and

Chord 09 ol gay a1 HeLe LIREPILY AP oYeleP 5.2 Lt i G Sharge gpacty dd et
change. [0106
5 mA until the voltage reached 3.0 V. When the veltage reached
3.0V, after maintaining at 3.0V for 1 hour, a charge/discharge
test was carried out by charge/discharge cycle. As a result,
the charge/discharge efficiency was arocund 100%, and charging
and discharging were repeated for 150 cycles. As a result, the
10 charge capacity did not change.
[010¢6]
(Comparative Example 1)
In the present comparative example, the operations were
performed using the apparatus shown in Fig. 1. Commercially
15 available battery grade diethyl carbonate (moisture
concentration: 9 ppm by weight) was placed in a first vessel
Z and a second vessel 6, each being made of a flucroresin, in
the amount of 3 L each, and then a circulating operation in each
absorption tower and vessel was started using pumps 3 and 7.
20 At this time, the flow rate of the pumps 3 and 7 was adiusted
tc 1 L/minute. The first vessel 2 and the second vessel 6 were
respectively maintained at a constant temperature of 20°C using
a first refrigerator 4 and a second refrigerator 8.
[0107]

25 Next, a phosphorus pentafluoride gas was fed to the tower
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(Comparative Example 1) In the present comparative example, the operations were performed
using the apparatus shown in Fig. 1. Commercially 15 available battery grade diethyl carbonate
(moisture concentration: 9 ppm by weight) was placed in a first vessel 2 and a second vessel 6, each
being made of a fluororesin, in the amount of 3 L each, and then a circulating operation in each
absorption tower and vessel was started using pumps 3 and 7. 20 At this time, the flow rate of the
pumps 3 and 7 was adjusted to 1 L/minute. The first vessel 2 and the second vessel 6 were
respectively maintained at a constant temperature of 20C using a first refrigerator 4 and a second
refrigerator’S {00 A2 RR RS 8 PHOSHHRTES peRtaligoiide Yas wased € the Idviefbsoteom of the
second absorption tower 5 at a rate of 6.34 g/minute. This phosphorus pentafluoride gas was made to

be absorbed'ihar BRFEIC EbReRETor it dS Sarffodtiry BRMBIUR fladride1s1ke Seésnd vessel 6

was started at a rate of 1.555 g/min te. Sixty minutes after starting of feeding of lithium fluoride, the
second ab&orptioH WwEr §Was 5‘§CI§é’§d \%/itﬁjsﬂfrﬁﬁﬁke fithfum FGORAE, Which hiadethe operation

d”ﬁCML[O%¥ﬂoride to the second vessel € was started at a rate of 1.35
5 g/minute. Sixty minutes after starting of feeding of lithium
flucride, the second absocorption tower 5 was occluded with
slurry~like lithium fluoride, which made the operation
difficult.
[0108]
10 {Results)

As is apparent from Examples 1 to 7, it was confirmed that
an inexpensive and high-quality hexafluorophosphate (M{PFs)s)
is manufactured while suppressing the manufacturing cost by
reacting a phosphorus compound with a fluoride. The fluoride

15 used in each example can be easily synthesized by excessively
reacting Li, Na, K, Rb, Cs, NHs, Ag, Mg, Ca, Ba, Zn, Cu, Pb,
Al or Fe, or an oxide, a hydroxide, a carbonate or a chloride
containing the same with HF. Therefore, the method of the
present invention is excellent since any fluoride is easily

20 available and the manufacturing cost can be reduced as comparad
with a conventional method of manufacturing a

hexafluorophecsphate.

INDUSTRIAL APPLICABILITY

25 [0109]
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10(Results) As is apparent from xamples 1 to 7, it was confirmed that an inexpensive and
high-quality hexafluorophosphate (M(PF6)s) is manufactured while suppressing the manufacturing

" cost by reacting a phosphorus compound with a fluoride. The fluoride 15 used in each example can be
easily synthesized by excessively reacting Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al or

. Fe, or an oxide, a hydroxide, a carbonate or a chloride containing the same with HF. Therefore, the
method of the present invention is excellent since any fluoride is easily 20 available and the
manufacturing cost can be reduced as compared with a conventional method of manufacturing a
hexafluorophosphateCC* fNBUSTRINLSAPPERSABILITY 25[0409] Adcordinge3hé bresent invention,
it is possible to manufacture an inexpensive and high-quality phosphorus pentafluoride with low
moisture cOACEhtFAtion and Righ FurRy WithB6t rERfdirefa complidatddrrstlGpetation and a 5
special devicettusg% a Iow-qualfi:%r w material. The high-quality hexafluorophospha e obtained by the
present invention can-Be SGitably bised in S Bietironiie Soititiorfot 3 EfetticifFsirdge-device, a
catalyst fo rganic synthesis reaction, or the like. Among the 10 hexafluorophosphates, lithium
hexafluoro%) %s%%ztte%ééllﬁr%ﬁ&a?lug%d qosécp:) !glteedar?df S(&)lt%aférsli%moﬁgfaaf ujborgpﬁgsaph%te can be used

as an:plecyglyia gf elegyipty stojagg deyices forRersongl sampyiers, potable ghones and hybrid cars.
t

I
Also, silver hexafluorophosphate can be utilized as coun?er ions that 15 generate an acid required for

initiation and growiirepctons in-phofapolymesization. Risthermore ;ammoniym hexafluorophosphate
is useful as a raw material that is used in the manufacture of a pharmaceutical intermediate. 20
DESCRIPTIONOF bE TTHERSORMNIMERALSS 010k electrolytic solution for
an electricity storage device, a catalyst for an organic
synthesis reaction, or the like. Among the
10 hexafluorophosphates, lithium hexafluorophosphate, sodium
hexafluorophosphate and potassium hexaflucrophosphate can be
used as an electrolyte of electricity storage devices for
personal computers, potable phones and hybrid cars. Also,
silver hexafluorophosphate can be utilized as counter ions that
15 generate an acid required for initiation and growth reactions
in photopolymerization. Furthermore, ammonium

hexafluorophesphate is useful as a raw material that is used

in the manufacture of a pharmaceutical intermediate.

20 PESCRIPTION OF LETTERS OR NUMERALS

[0110]
1 First abscorption tower
i First vessel
3 Pump
25 4 Refrigerator
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1First absorption tower 2First vessel 3Pump 254Refrigerator 5Second absorption tower 6Second
vessel 7Pump 8Refrigerator 5 9Deaeration tower 10Third vessel 12Air pump 13Condenser

Second absorption tower

(821

6 Second vessel
7 Pump
8 Refrigerator
5 e Deaeration tower
10 Third vessel

12 Alr pump
13 Condenser
21 Positive electrode

16 22 Negative electrode

23 Porous separator
24 Positive electrode can
25 Negative elscircde can

20 Gasket
15 27 Spacer

28 Spring
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21Positive electrode 10 22Negative electrode 23Porous separator 24Positive electrode can
25Negative electrode can 26Gasket 15 27Spacer 28Spring CLAIMS 1. A method of
“manufacturing a hexafluorophosphate, which comprises reacting at least a phosphorus compound with
5 a fluoride represented by MFs.r(HF) (wherein Or6, 1s 3, and M is at least one kind selected from the
-group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and

CLAIMS

1. A method of manufacturing a hexaflucrophosphate,
which comprises reacting at least a phosphorus compound with
5 a fluoride represented by MFy;r (HF) (wherein 0 £ r £ 6, 1 < s
£ 3, andM is at least one kind selected from the group consisting
of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and
Fe) to produce a hexaflucrophosphate represented by the
chemical formula M(PFg)s.
10
2. The method of manufacturing a hexafluorophosphéte
accerding to claim 1, wherein the phosphorus compound is
dissolved in a solvent tc prepare a phosphorus compound scolution
and then the fluoride is added to the phosphorus compound

15 golution.

3. The method of manufacturing a hexafluorophosphate
according to c¢laim 2, wherein the amount of the fluoride to be
added to the phosphorus compound solution is stoichiometrically

20  eguivalent or less than the amount of a phosphorus atom in the

phosphorus compound.

4. The method of manufacturing a hexafluorophosphate
according to claim 3, wherein a solution of a

25 hexafluorophosphate in a non-slurry state produced by reacting
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Fe) to produce a hexafluorophosphate represented by the chemical formula M(PFOs. 10 2. The
method of manufacturing a hexafluorophosphate according to claim 1, wherein the phosphorus
compound is dissolved in a solvent to prepare a phosphorus compound solution and then the fluoride
is added to the phosphorus compound 15solution. 3. The method of manufacturing a
hexafluorophosphate according to claim 2, wherein the amount of the fluoride to be added to the
phosphorus compound solution is stoichiometrically 20 equivalent or less than the amount of a
phosphorus atom in the phosphorus compound. 4. The method of manufacturing a
hexafluoropRGSPRAEPRC ORI RPN S WihefdiR 4 SBRASADAE I Res@UNpHESBRAR in a
non-slurry state produced by reacting the phosphorus compound with the fluoride in the solvent is
used as a SGventTor Brapardiion SFRBPHospRGrTE compboltP SHHEH 55 T Hidthod of
manufacturin 1gtthle‘g%afluorophosphate according to claim 2, wherein the phosphorus compound forms
at least a ion in the solvent.

5 5. The methed of manufacturing a hexaflucorophosphate
according te claim 2, wherein the phosphorus compound forms at

least a PF¢ ion in the solvent.

&. The method of manufacturing a hexafluorophosphate
10 according to claim 2, wherein a hydrogen fluoride solution is

used as the solvent.

7. The methoed of manufacturing a hexafluorophcsphate
according to claim 2, wherein an organic solvent is used as the

15 solvent.

8. The method of manufacturing a hexafluorophcsphate
according to claim 7, wherein the organic solvent is at least
either a non-aqueous organic solvent or a non-aguecus ionic

20 Liguid.

9. The method of manufacturing a hexafluorophosphate
according to claim 2, wherein a solvent having the meoisture
content of 100 ppmw or less is used as the solvent.

25

46



6. The method of manufacturing a hexafluorophosphate 10 according to claim 2, wherein a hydrogen
fluoride solution is used as the solvent 7. The method of manufacturing a hexafluorophosphate
according to claim. 2, wherein an organic solvent is used as the solvent. 8. The method of
manufacturing a hexafluorophosphate according to claim 7, wherein the organic solvent is at least
_either a non-aqueous organic solvent or a non-aqueous ionic 20liquid. 9. The method of
manufacturing a hexafluorophosphate according to claim 2, wherein a solvent having the moisture
content of 100 ppmw or less is used as the solvent. 25 10. An electrolytic solution containing the
hexafluorophosphate .obtaineelliprtiecigthionl scdordihgrto clairn=51%. v &leetricity storage device

comprising the electrolytic solution according to claim 10.
hexafluorophesphate cbhbtained by the method according to claim

-t

5 11. An electricity storage device comprising the

electrolytic solution according te c¢laim 10.
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