DESCRIPTION PROCESS FOR PRODUCTION OF HEXAFLUOROPHOSPHATES TECHNICAL
-FIELD [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 lithiubk EtrEecorwary battery, lithium hexafluorophosphate
having high safety and excellent electrical characteristics is exemplified. A hexafluorophosphate

including lithium hex&fiSrbpRosSpRakRROVaR GG B aShgFHiEsphrEs peatafluoride "PF5" as a
starting raw material. Phosphorus 25 pentafluoride is a substance that is used as a fluorinating
TECHNICAL FIELD
5 100011
The present invention relates tc a method of
manufacturing z hexafluorophsosphate and a manufacturing
apparatus therecf, and more particularly to a method of
manufacturing a hexafluorophosphate that can be applied to an
10 electrolytic sclution of an electricity storage device, an
electrolytic solution containing a hexafluorophosphate, and an
electricity storage device including the electrolvtic

sglution.

15 BACKGROUND ART
(0002}
In é hybrid car and an electric car that are expected as
a last resort for reducing CO; emission, a lithium ion secondary
battery is regarded as a key device. As an electrolyte of the
20  lithium ion secondary battery, lithium nhexafluorcophosphate
having high safety and excellent electrical characteiistics is
exemplified. A hexafluorcphosphate including 1lithium
hexafluorophosphate is manufactured by using phosphorus
pentafluoride “PFs” as a starting raw material. Phosphorus

25 pentafluoride is a substance that is used as a flucrinating

1



agent of various chemical reactions in the chemical industry and is gaseous at room temperature.
[0003] On the other hand, silver hexafluorophosphate 'AgPF5" or potassium hexafluorophosphate
"KPF5" 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 ohotopolymerization. Also,
ammonium hexafluorophosphate "NH4PF5" is useful as a raw material that 10 is used in the
manufacture of a pharmaceutical intermediate. Furthermore,quaternaryammoniumsaltssuchas
triethylmethylammoniumhexafluerophosphateand tetraethylammonium hexafluorophosbhate are
useful as eleetgelytesforar elecirieidonbie layescapasiter thatds 45.8xpected as.ahigh.power
electricity storage device. [0004] As described above, the hexafluorophosphate is used as an
indispensabléBtbstarazsdependibgorefurictions:raguired in various fields, and PF5 is a very
important sub{s{}_tgggt? as a raw 20 material in the manufacture of the hexafluorophosohate.

On the other hand, silver hexafluorophosphate “AQPF:" or

o

potassium  hexafluorophosphate “KPFs” as a kind  of
hexafluorophosphates has been atiracting specizl interest as
a counter ion that generates anacid necessary for an initiation
and growth reaction in photopolymerization. Also, ammonium
hexafluorophosphate “NH,PF¢” is useful as a raw materiazl that
10 is used in the manufacture of a pharmaceutical intermediate.
Furthermore, guaternary ammonium salts such as
triethylmethylammonium nexaflucrophosphate and
tetraethylammonium  hexafluorophosphate are useful as
electrolytes for an electric double layer capacitor that is
15  expected as a high power electricity storage device.
{0004}

As described above, the hexaflucrophosphate is used as
an indispensable substance depending on functions raguired in
various fields, and PFy is a very important substance as a raw

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

25 electrolyte of a2 lithiunm ion secondary battery or the like is



However, when the hexafluorophosphate is manufactured by using PF5, there is a common problem
.about the manufacturing cost of PF5. Particularly, high purity PF5 used in the manufacture of a high
guality hexafluorophosphate that can be used as an 25 electrolyte of a lithium ion secondary battery or
- the like is remarkably expensive. [00051 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 phosphorus
oentachloride thereto. Also, Patent Document 1 describes that a hexafluorophosphate is manufactured

by reacting phaspherus e@%}l@iq;?ewnh 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
isn@nufacturedtufdissolvinglithbﬂﬁchloxidej}aHFandadding
phosphorus pentachloride thereto. Alse, Patent Document 1
describes that a hexafluorcphosphate is manufactured by
reacting phosphorus pentachloride with a HF gas at ths

10  temperature within a range from 60 to 165°C and adding the
resuitant PFs to an anhydrous HF sclution of an alkali metal
fluoride.

[0006)]
However, in the manufacturing methods disclosed in

15 Non-Patent Document 1 and Patent Document 1, since phosphorus
pentachloride is a sclid 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 mechaﬁization. Also, when phosphorus halides typified by
phesphorus pentachloride are used as raw materials, a large
amount of hydrogen halide is produced as by-products, thus
reguiring long and large-size facilities for disposal of an
exhaust gas. Furthermore, moisture contained in phosphorus

25 pentachloride is mixed into the reaction system and & 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

of the resultant PFs reacts with the moisture to form phosphorus
oxyfluoride such as POF3 or PG;F as a by~product. As a result,
wnen the hexafluorcphosphate is LiPFe, oxyfluorophesphoric
acid compounds such as LiPOF; and LiP0,Fy; zre produced and

5 contaminate products, resulting in deterioration of
preoductivity of LiPFgs. Also, when LiPFg manufactured by the
method is used as an electrolyte of a lithium batteiy, there
arises a- problem that the oxyfluorcphosphoric acid compounds
cause detericration 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, PF; is produced by reacting
phosphorus pentachloride with anhydrous HF. Next, phosphorus

15 oxyfluoride is separated by cooling a mixed gas of PPy and
hydrogen chloride to the temperature that is the boiling point
of phesphorus oxyfluoride or lower and the boiling point of PFs
or hig'her, for example, -40°C to -84°C, followed by the reraction
with lithiwn fluoride dissclved 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 P¥;. However, phosphorus oxyflucride cannot be completely
separated and 1t is very hard to perform the separation
operation. Since the beoiling point and the solidifying point

25 of POF; as phosphorus oxyfluoride are close to sach other, there



25 pentachloride is mixed into the reaction system and a portion of the resultant PF5 reacts
.withthemoisturetoformphosphorus oxyfluoride such as POF3 or PO2F as a by-product. As a result,
when the hexafluorophosphate is LiPF5, oxyfluorophosphoric acid compounds such as L1POF4 and
-L1P02F2 are produced and contaminate products, resulting deterioration of productivity of LiPF6. Also,
when LiFF5 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;fallowing-mapufagtiing method. Eggts BF5 Lf,ﬁ)ro%gcggcbé/lrt?safting osphorus

pentachlcride with anhydrous HF. Next, phosphorus 15 oxyfluoride isS separatcé%l by‘coolifig a mixed
gas of PF5 andlysiregen chingdete.the temperature-that s the boiling point af phospborus o yfluoride

or lower andtheboilingpoint of 2F5 or higher, for example, -40C to -84C, followed by the reaction
for industrial applications.
{0008}

b The above-described methods of manufacturing a
hexafluorophosphate have varicus problems such as poor
workability, reactions under severse condltions, use of
expensgive raw mateﬁials,.and disposal of by-products.
Therefore, the manufacturing cost increases.

10

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
{0008]
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. 2005-507848
20 NON-PATENT DOCUMENT
(00103

Non~Patent Document l: Fluorine Chemistry'Vol} 1 {(1850)

DISCLCBURE COF THE INVENTION

25 PROBLEME TO BE SOLVED BY THE INVENTION



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 PF5.
However, phosphorus oxyflucride cannot be completely separated and it is very hard to perform the
separation operation. Since the boiling point and the solidifying point 25 of PDF3 as phosphorus
oxyfluoride are close to each other, there are problems such as the possibility of occlusion of the
collector. Therefore, this manufacturing method is not suited for industrial applications. [0006] The
above-desc¢rbed methods of manufacturing a hexafluorophosphate have various problems such as
poor workability, reactions under severe conditions, use of expensive raw materials, and disposal of
by-products. Therefore] thgmanufatteripgeb3eneredsesribed 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-guality

hexafluorophosphate while suppressing the manufacturing cost,

an electrolytic solution containing a hexafluorophosphate, and

an electricity storage device including the electrolytic

solution.

MEANS FOR SCLVING THE PROBEILMS
ioo12]

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.

foo13]



10 PRIOR ART DOCUMENTS PATENT DOCUMENTS [00091 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.
2005-507649 20 NON-PATENT DOCUMENT [0010] Non-Patent Document 1: Fluorine Chemistry Vol.
1 (1950) DISCLOSURE OF THE INVENTION 25 PROBLEMS TO BE SOLVED BY THE INVENTION

Thug, in a first aspect, there is provided a method of
manufacturing a hexafluorophosphate, which comprises reacting
at least a phosphorus compound with
a fluoride represented by MF,-r{HF) (wherein 0 £ r £ 6, 1 < s
£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) to produce a hexafluorcphosphate represented by the
chemical formula M(PFg) s,

wherein the.phosphorus compound contains at least one
compound selected from the group consisting of white phosphorus,
red phosphorus, black'phosphorus, phosphorus trichloride
(PCl;), phosphorus tribromide (PBr;), phosphine (PH;),
phosphorous acid, phosphorus pentaoxide (P;0g),
orthophosphoric acid (H;PO.), polyphosphoric acid,
metaphosphoric acid, pyrophosphoric acid, triphosphoric acid,
isohypophosphoric acid, phosphonic acid, phosphinic acid,
phosphenic acid, diphosphonic acid, cyanophosphoric acid,
cyancphosphonic acid, diethyldithiophesphinic acid,
chlorophenylphosphonic acid, trimethyl phosphate, o-methyl
phenylselenophosphinate, pyrophosphonic acid, oxyphosphorus
halides, phosphorus pentasulfide (P,Ss), phosphorus
rhiofluoride (PSF:), trichlorophogphine sulfide (PSCL:},
phosphonitrile fluoride (PNF:;), phosphonitrile chloride

(PNC1,) , phospboruspentabromide,phosphoruSpentaiodide,HPF@

ca



[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 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. MEANS FOR SOLVING THE PROBELMS [0012]
The present inventors have intensively studied about a method of manufacturing a
hexafluorophesphate pap, elestrolytisselutieaeantaimingsa hexafitlorephosphate, @ndean glectricity
storage device including the electrolytic solution, in order to solve the above-described problems. As a
result, theyshawerfound 2patethe) abower(eBeribedrabieats) of, thelpresent jnwantiorcap®e achieved by
adopting the constitutions described hereinafter, and thus the present invention has been completed.
[0013] ThusTinaz fiist aspecirtheretis provitled e histhattofendegfactiveg abject,
hexafluorophosphate, which comprises reacting at least a phosphorus compound with a fluoride
representedilsycMFEgH Prewhamin 6r R6meshgSamf Muisat feast enerkind selected
fromthegroupconsisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe) to produce
a hexafluobsproSphatecripresditéd by théd ehefIEPTSMSHa MPHEISS atwhersit tife phosphorus
compound contains at least one compound selected from the group consisting of white phosphorus,
red phospRSIRIEPHREK HHESPROFRIpHOSPhruS tHEoHGe {@@I@f%%gahsm%b-raﬁﬁ%a (PBr3),
phosphine (PH3), phosphorous acid, phosphorus pentaoxide (P205), orthophosphoric acid (H3PO4),
polyphosphoric acid, metaphosphoric acid, pyrophosphoric acid, triphosphoric acid, isohypophosphoric
acid, phosphonic acid, phosphinic acid, phosphenic acid, diphosphonic acid, cyanophosphoric acid,
cyanophosphonic acid, diethyldithiophosphinic acid, chlorophenylphosphonic acid, trimethyl
phosphate, o-methyl phenylselenophosphinate, pyrophosphonic acid, oxyphosphorus halides,
phosphorus pentasulfide (P2S5), phosphorus thiofluoride (PSF3), trichlorophosphine sulfide (PSC13),
phosphonitrile fluoride (PNF2), phosphonitrile chloride (PNC12), phosphorus pentabromide, '
phosphorus pentaiodide, HPF3,

6b



LiPF6, NaPF6, KPF6, RbPF6, CsPF6, NH4PF6, AgPF6, Mg(PF6)2, Ca(PF6)2, Ba(PF6)2, Zn(PF6)2,

- Cu(PF6)2, Pb(PF6)2, Al(PF6)3, and Fe(PF6)3. That is, in order to achieve the above described
object, disclosed herein is a method of manufacturing a hexafluorophosphate, which comprises
reacting at least a phosphorus compound with a fluoride represented by MFs-r(HF) (wherein0r 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) to produce a hexafluorophosphate represented by the chemical
formula M(PF6)5. 5[0014] It is preferable that the phosphorus compound is dissolved in a solvent to
prepare a phesphers compolng sokitios anddhenthesfluerideis-agddeddo e sokioadissolving the
phosphorus compound. This is because the fluoride generally 10 exhibits slightly solubility in a solvent
having a lovf tiglettrfc gomstantand astdrganid sbiventiat ispossibleCto, fadilitaté the ¥eaction in a
solvent by adding a fluoride after dissolving a phosphorus compound in the solvent in advance. [0015]
15it is prefe%legﬁmtzt%e QHTOl?rlﬁfof:‘t:héﬁﬁo'r?ﬁi% o Beradis 1 thexghidspHoras eBpissind solution is
stoichiometricallly e%ui%/a%frg org%%s th}an the amount 01; a phosghorus atom in the phosphorus
compound. THUS: thé sntire Hludride Canbe fiadeto Teatt {ith aﬁimosphorus atom. As a result, the

unreacted [0014]

It is preferable that the phosphorus compcound is
dissclvad in a solvent toprepare a phosphorus compound solution
and then the fluoride is added to the solution dissolving the
phosphorus compound. This is because the fluocride generally

10 exhibits slightly solubility in a solvent having & 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 sclvent in advance.
[0015]

135 It is preferable that the amount of the fluoride to be
added to the phosphorus compound solution is steichiometrically
equivalent or less than the amount ¢of a phosphorus atom in the
phosphorus compound. Thus, the entire filuoride can be made to
react with a phosphorus atom. As a result, the unreacted

20  flucride does not remain, thusmaking it possible tomanufacture
a hexaflucrophcsphate solution in a non-slurry state.

{00

[

6]
It is preferable that a solution of a hexafluorophosphate
in a non~glurry state produced by reacting the phosphorus

Z5 compound with the fluoride in the solvent is used as a solvent



20 fluoride does not remain, thus making it possible to manufacture a hexafluorophosphate solution in
a non-slurry state. [0016] 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 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 stoichiomet ically
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 preparatiep=0fihe phospherus sampeuns solution n.placeof an mitial selyent, thus making
it possible to perform. continuous 10 operation and to improve the productivity of the
hexafluorophosphaten[00173 hexdtElpreferahiethattheiphasphonis compating-forms at least a PF6-
ion in the solvent. 15100183 It is preferable that a hydrogen fluoride solution is used as the
solvent. phosphorus compound with a fluoride in the amount that is
stoichicmetrically equivalent or less than that of a phoaphorus
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  opesration and to improve the productivity of the
hexafluorophosphate.
[0017]
It is preferable that the phosphorus compound forms at
least a PFs ion in the scolvent.
15 {0018]
It ispreferable that a hvdrogen £luoride solution is used
as the solvent.
{60193
It is preferable that an organic solvent is used as the
20  solvent.
[CO20]
It is preferable that the organic solvent is at least
either a non-agueous organic solvent or a non-aguesous ionic
liguid. Thus, similarly to the anhydrous HF solvent,

25  hydrolysis can be prevented. When the hydrolysis occurs,



[00191 It is preferable that an organic solvent is used as the 20 solvent. [0020] Itis
preferable that the organic solvent is at least either a non-aqueous organic solvent or a non-aqueous
ionic liquid. Thus, similarly to the anhydrous HF solvent, 25 hydrolysis can be prevented. When the
hydrolysis occurs, components insoluble in oxyfluorophosphoric acid and acidic substances such as
HF and phosphoric a%id, or thela olve-describeglsolvent for %xamgle oxgluorgphospéwates and
phosphate%% g %rrlg \rced: Wiert aneeIéLcI%rocffﬁ' Solition cgr?tgln?r}:glaci%ff:lsubas]flancae%lanlac insoluble
components 'ssl{sed in the eéeigtg%ltyfﬁto%algg d%%/%i%e tge 3§8Iuti09 gexerts adverse influences such as

. ices 8 hor cld,. O ..
corrosion (%1% e e?eccfrluty éltorage device and rPoratlon o?electrlcarcharacterlstlcs. Therefore, a

solvent haying,low nqistuyg concentiatian s pf%&ﬁf@ééxrg%fg asdhe solyepl  Hom,sucLa point of view,

the moisture concentration of the solvent is preferably 100 ppm by weight or less, more preferably 10

ppm by weight qress,iandeparticwlarly- preferably Iwprm Ry welobt er-less[0024) 1y i prder to

achieve the above described object, according to a second aspect, there is provided an electrolytic

solution cordaiaigthadexaflaorophosphaie-ebtained yydbeunetbog-aigpaswasturing sed
hexafluorophosphate as described herein. [0022] In order to achieve the above described object,
according tmatthid=aspect itbere/is:pravidses ds-eleciricityistasbetdevice contprisibg ¢hreselectrolytic
solution as described above. Examples of the electricity storage device of the present invention
include a lithififuiensesondalydattaryrosion of the electricity storage device

and deterioration of electrical characterigtics. Therefore,

a solvent having low moisture concentration is preferably used

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 llppm by weight or less.

[co21}

In order to achieve the above described object, according

to a second agpect, there is provided an electrolytic solution

containing the hexafluorophosphate obtained by the method of

manufacturing a hexafluorophosphate as described herein.

[0022]

In order to achieve the above described cbject, according
to a third aspect, there ig provided an electricity storage device
comprising the electrolytic solution as described above.

Examples of the electricity storage device of the present

invention include a lithium ion secondary battery.



EFFECTS OF THE INVENTION [0023] The present invention exerts the following effects by
means described above. According 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 ma@gﬁqﬁgrl@g apparaius-ef-a hexafluorophosphate used in examples of the present
invention. 20Fig. 2 is an illustrative drawing schematically showing a sectional view of a lithium ion

secondary battery3af the present invention. MODE FOR CARRYING OUT THE INVENTION One
embodiment of the present invention will be described in the following. The method of manufacturing a
hexafluorophosphat&raccordingrto thepresdntrerabedinentis pesormer-hy sgadtingatieast a
phosphorus compound with a 5 fluoride represented by MF,..r(Ht) (wherein0 Sr S 6, 1s
means described above.
5 According to the present invention, it is possible te
manufacture an inexpensive and high-~guality
hexafluorophosphate without requiring a complicated treating
operation and a special facility, using a low—guality raw
material. It is also possible to obtain an electricity storage
10 device, that has high safety and is also excellent inelectrical
characteristics, by applying a high-guality

hexafluorophosphate obtained by the present invention to an

electrelytic selution.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0024]
Fig. 1 is an illustrative drawiné schematically showing
a manufacturing apparatus of a hexaflucrophosphate used in
examples of the present invention.
20 Fig. 2 is an illustrative drawing schematically showing
a sectional view of a lithium ion secondary battery of the

present invention.

MODE FOR CARRYING OUT THE INVENTION

25 [0025]



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) The phosphorus compound is not particularly limited and examples thereof
include white phosphorus, red phosphorus, black phosphorus, phosphorus trichloride (P013),
phosphorus tribromide (PBr3), phosphine (PH3), phosphorous acid, 20 phosphorus pentaoxide
(P205), orthophospha. aeid, (H3RO4), pelvehospheric acid. metaphospharic Acid, pyraghosphoric
acid, triphosphoric acid, isohypophosphoric acid, phbsphonic acid, phosphinic acid, phosphenic acid,
diphosphonizaaitlecyanaphasphoria asidneyanephasphonic aeich, 25-djethyldithiophosphin ¢ acid,
chlorophenylphosphonic acid, trimethyl phosphate, o-methyl phenylselenophosphinate,
pyrophosbhoaieddideoxypicsphidras dxadides sugh as pliasphoras okyehlorider(P@C13), phosphorus
oxybro d (P03r3), phosphorus oxyiodide (P013) and phosphorus oxyfluoride (POF3), phosphorus
pentasulfid& €82 35R5shesphctas thivfludiide tPSF3F tReRRREpEGSHIRBRUKRE IESE13),

phosp nitrg fluoride (PNF2), phosphonitrile chloride (PN -), phosphorus pentachloride, phosphorus
pentatﬁ%mi g,u&ﬁ“&s%%é‘?ﬁglbe%%i%%%g}ﬂEF—:B', {%ﬁé AR ,%PI‘—%?RBP%@,’C&P S =

NHAPFG AGPFO, AMG{REC) 2, Ca/ RFOIBm (BEAIZLLIPFO)21CU (REE)2. P ORI AIPFE)S and

Fe(PF6)3. These phosphorus compounds can be used alone, or two“or more kinds eréof can be
used in combination{P028] ry, cs, NHs, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and

25

e).
(0026}

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

i5 [0027]

The phosphorus compound 1s ﬁot particularly limited and
examples thereof include white phosphorus, red phosphorus,
black phosphorus, phosphorus trichloride (PCl;), phosphorus
tribromide (PRBry), phosphine (PHi}, phesphorcus aclid,

20 phospherus pentaoxide (P20s), orthophospheric acid (HiPO.),
polyphosphoric acld, metaphosphoric acid, pyrophosphoric acid,
triphosphoric acid, isohypophosphoric acid, phosphonic acid,
phesphinic acid, phosphenic acid, diphesphonic acid,
cyanophos?horic acid, cvancphosphonic acid,

25 diethyldithiophosphinic acid, chlerophenylphosphonic acid,

i1



The fluoride is represented by MFs-r(HF) (wherein0<r15S6,1s 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 M.Fs.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, Pb, Al and Fe with excess HF (Or 6). In addition, MFs.r(HF) produced as
by-products by the reaction of the following chemical reaction scheme may be 25 recycled. [0029]
[Chemical F ( FS £ MEsUHR i ' in a _stoichiometrical
amount or mecggl;{llg[to SO]BEQ)S’@\%{H;%]S: e%eiggﬂo}%%eeégfrﬁg%é?g: Lk}r%e%ggg Pgét?:&%i’ng M, or an oxide, a
hydroxide, agarbpnatsaba chlgrea contapming Mhwith Hi, itis preferreddo yse apaqueous HF
solution having a high concentration of 50% by weight or more, and more

oxychloride (POCIL3), phosphorus oxybromide (POBry), phosphorus

oxylodide (POI3) and phosphorus oxyflucoride (POF:;), phosphorus

pentasulfide {P;3s), phosphorus thicofluoride (PSFs),

151

trichlorophosphine sulfide (P3CL:), phesphonitrile fluoride
{(PNEFz), phosphonitrile chloride (PNC1l;), phosphorus
p@ntachloridef phosphorus pentabromide, phosphorus
pentaiodide, HPFs, LiPFs, WaPFg, KPF;, RBPF;, CsPry, NH,PF;, AgPFy,
10 Mg (PF¢)z, Ca(PFglz, Ba(PFg)s, Zn{PFsl2, Cu(PFela, Pb(PFg)a,
Al (PF¢)3 and Fe (PFg)z. These phosphorus compounds can bes used
alone, or two or more kinds thereof can be used in combination.
10028)
The flucride is represented by MF.-r (HF) (wherein 0 £ »
15 =26, 1 £ s % 3, and M is at least one kind selected from the
group consisting of Li, Ne, X, Rb, Cs, NHy, Ay, Mg, Ca, Ba, Zn,
Cu, Pb, Al and Fe). Also, themethodof manufacturing MF.-r (HF)
is not particularly Iimited and it is possible to use 2 fluoride
MFy-xr (HF) obtained by reacting an oxide, a hydroxide, a
20 carbonate cr 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 £
6).. In addition, MFs'r{HF) produced as by-products by the
reaction of the following chemical reaction scheme may be

25 recycled.
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10 preferably anhydrous HF. Formation of a hydrate can be prevented by using the agueous HF solu

. on having a high concentra ion. 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), Nal, NaF-(HF), KF.(HF), RbF.(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 mechanization can
be easily attemapted. As a matter of course, productivity of a hexafluorophosphate is improved.
25[0032] However, when the fluoride is mixed with a hydrogen fluoride solution in advance, slight
heat generatidnsocotes. Fleemefdre, itlis preferred that the fluoride is slowly added under stirring after
cooling the hydrogen fluoride solution to 5 the temperature within a range from 3 to 15C, thus
obtaining a solutiontdfthe fludridé. [p0B3] + Mfhe E6hHEENt of the phosphorus atom in the raw material

is not partlculah I|m|ted and is preferably 0.01% by weight
AF 1s used in’a stoichiometrical amount or more)

5 [00307
Wnen the excess fluoride is manufactured by rsacting M,

or an oxide, a hydroxide, a carbonate or a chloride containing
Mwith HF, 1t is preferred to use an aqueous HF sclution having
a2 high concentration of 50% by wesight or more, and more

106 preferably anhydrous HF. Tormation of a hydrate can be
prevented by using the agusous HF solution having a high
concentration. Alsc, when anhydrous HF is used, production of
a hydrate can be prevented and contaminaticn 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-: (5F),

RbF- (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 workabllity is remarkably improved
and also mechanization can be easily atfempted. As a matter
of course, productivity of a hexafluorophosphate is improved.

25 (00327



10 or more and 25% by weight or less, more preferably 0.01%-byweight 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, theviscosityofthesolutionincreases. As a 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
number that s chericald gy auypo.= an (et 3 e gase whate 2 REE:gn  formea
25[0035] The hexafluorophosphate is preferably synthesized, for example, by dissolving the
phosphorus £ompaund #vaselventite prepased, phaspherus.compaund selwion,and adding the
fluoride to the phosphorus compound solution. In this case, there is 5 no particular limitation on the
method of addig:d phesphorus compbund:td atsolventgandthe syathesis tanike sagied out by either
a continuous or batch method. The solvent may be placed after placing a phosphorus compound in a
mixing vess&F ¥t the piosplbrsiompothtlmay Bepldéed aftet Iplacingatecdolvéntirt 20 the mixing
vessel. The synthesis can also be carried out by reacting a fluoride (MFer(HF)) solution with a
phosphdrus C8mp&TRE FRHRE cHSE MHeatgERaFstion SEarcelPottilrs dutint tetreheliod. As a result,
since there is ng needtq perfotm co iigg Et]}eemixing method is not particularly limited. 15[0036] It
is preferred that the amount of the fluoride to be added to the phosphorus compound solution is
stoichiometrieajlyzgquivalent or less than that of a phosphorus atom in the phosphorus compound.
Therefore, the entire fluoride can be 20 made to react with the phosphorus atom. As a result, the
unreacted fluoride dtes nohtesnain thuseakingptpaessibledornanufaciure a hexaflkosophosphate
solution in a non-slurry state. Furthermore, the hexafluorophosphate solution in a non-slurry state
enables useldsithé doiventdor aanufasiiey and is preferably 0.01% by weight

10 ormore and 25% by weight cr less, more preferably 0.01% by weight
or mere 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 phospl’iorus pentafivoride may decrease. In

o
[ 93]

contrast, when the content of the phosphorus atom 1is more than
25% by weight, if the raw material is in the form of a sclution,
the viscosity of the sclution increases. Asa result, a problem
may arise when liguid transfer is performed. Also, a problem
of generation of & gas may arise.
20 100343

The number of fluocrine atoms relative to that of
phosphorus atoms in the raw mate-rial_ is preferably the number
that is chemically equivalent or more than that in the case where
a PFs ion is formed.

25 [0035]



25 the phosphorus compound solution. As a result, it becomes possible to perform continuous

~ operation and the productivity of the hexaflucrophosphate 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 HF solutior of &hexaflucsephesphate is predueed inthe waction.vessel, thephosphorus
compound and the fluoride maybe further 15 added. Thus, the synthesis ofiflPF6)s in the non-aqueous

system can dxeseadily, perfaiined: tvisralsorpo ssiblestoopreventthe gederationsef imapurities such as a
phosphorus oxyfluoride salt due to hydrolysis because of the non-aqueous system and thus a
high-quality Fiexaiiue ré pHosphace With: e msistire 120G éancentation icen beeobiained 0038] When

the phosphorus compound has an oxygen atom and a
to the phesphorus combound sclutien. In this case, there is

5 no particular Iimitation on the method of adding a phospherus
compound to a solvent, and the synthesis can be carried ocut by
either a continuous or batch method. The solvent may be placed
after placing a phosphorus compound in a mixing vessel, or the
phosphorus compound may be placed after placing the solvent in

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

15 [0036]

It ispreferred that the amount of the fluoride to be added
to the phosphorus compound solution is stolchiometrically
equivalent or less than that of a phosphorus atom in the
phosphorus compound. Therefore, the entire fluorides can be

20 made to react with the phosphorus stom. 2As a result, the
unreacted flucride does not remain, thus making it possibkble to
manufacture a hexaflucrophosphate solution in a non-slurry
state. Furthermore, the hexafluorophosphate scolution in a
non-slurry state enables use as the sclvent for manufacturing

25 the phosphorus compound sclution. As a result, it becomss

[
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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 HF 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 concentration of water 10 produced as by-products is low. The moisture
concentratio%oésfstﬁ%%seo%ﬁo%eiﬁ ﬁﬁe%%ﬁ(%ﬁ r\?%%%élﬂﬁ%ﬁj%%%gvr\l/a?g& pF’éc?uEé:(ﬁ) %%%ﬂﬁﬁ%c&ﬁcts, is
preferably 100 ppma by.weight Or less, more-preferably, 10.ppmby weight or less, and particularly
preferably 1 ppm by weight or less. [0039] The solvent’in which the phosphorus compound is
dissolved notqasticularly limited and, for example, a hydrogen fluoride solution and an organic solvent

can be used. [0040] 20When the hydrogen fluoride solution is used as the solvent,
As the reaction of a phosphorus compound with a flucride

S5 proceeds, HF may be produced as by-products in the synthesis
of a2 hexaflucrophosphate. In this case, HF produced as
by-prcducts can be utilized as the solvent by cocling the
reaction vessel within a range from 3 to 15°C, Therefore,
addition of the solvent is not necessarily recuired and the

10  hexaflucrophosphate can be syntheslzed only by placing a
phosphorus 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 phesphorus compound and the fluoride may be further

15 addsd. Thus, the synthesis of M{PF¢), in the non-aqueous aystem
can be easily performed. If is alsc possible to prevent the
generation of impurities such as a phosphorus oxyfluoride salt
due to hydrolysis because of the non-agueous system, and thus
a high-gquality hexaflucrophosphate with low meoisture

20 ceoncentration can be cobtained.
10a38]

When the phesphorus 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

16



it y be used in the form of anhydrous hydrogen fluoride, or may be used after dissolving it in water, an
_ organic solvent, or a mixed solvent of water and an organic solvent. Hydrogen fluoride is not
particularly limited and, for example, 25 commercially available hydrofluoric acid of an industrial grade,
a general grade, a semiconductor grade or he 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 impyity is reesably 500 nam byweloh tsss J0041140hen the fydrggen fluoride

solutionisusedasthesolvent, it is preferably used in a liquid state and the concentration of a polyatomic
ion having afphospharusiatern gnsra fuarisesatemeexistingrin thetsolutian isayithin a-rapge 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 thét thesplfospriorts compsuntkisscommpléiely dissolvediinsthe solation, and the phosphorus
compound may be in a suspended state. [0042] The temperature at which the phosphorus compound
is mixed hekafluorophosphate 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 concentrarion of water
10  produced as by-products is low. The moisture concentration of
.the sclution in the reaction vessel, including water produced
as by-products, is preferably 100 ppm by weight or less, more
preferably 10 ppmby weicht or less, and particularly preferably
1 ppm by weight or lesss.
15 [0039]
The sclvent in which the phesphorus compound is dissolved
not particularly limited and, for example, a hydrogen flucride
solution and an organic solvent can be ussad.
(00407
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 organic solvent,
or a mixed solvent of water and an organic selvent. Hydrogen

flucride is not particularly limited and, for example,

25 commerciallyavailable hydrofluoricacidof an industrial grade,

17



20 with the hydrogen fluoride solution is not particularly limited, and is preferably within a range from
-SO to 200C. When the temperature is lower than -50C, a composition containing a phosphorus
compound and a fluoride is sometimes solidified. In contrast, it is sometimes not preferred that the
temperature 25 is higher than 200C since a special facility is required in 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 abrotic organic solvent is preferable. Since the aorotic
organic solvent does not have capabilityofdonating hydrogen ions, the solution of the

hexafluoropgos%hatg cibtained by the m‘anuj g:tuLing method of tbe§r§sent invention can be applied
directly to art efsctrolvtic Sbilitign dF eIarciy 10 Storafé d8vites Sich 25 fihiuhT i3 Secondary

battery. [0044] The nan-aguepLis.organic.salvent s natparticlady imited and examples thereof
, | _

include ethylene carbonate, propylene carbonate, butylene carbonate, vinyiene carbonate, 15 dimethyl

carbonate, diethykearhonate, methylethyl carbanate; methylacetate: ethylacetate; y-butyl lactone,

acetonitrile, dimethylformamide, 1, 2-dimethoxyethane, methanol and isopropanol. Of these organic
solvents, préfedediSolverits are thosesthatrate tessilikely tocatise precipitatian bf the 20, produced
hexafluorcphosphate, in other words, those having excellent solubility of the hexafluorophosphate, for
examplé, ethylefiéarbénate propylenebarbonate 'diffetayrcarbonaiclsiethyd earsoriate, methylethyl

carbonate, acetonitrile and 1,2-dimethoxyethane in view of continuous manufacturing.
grade or general grade i3 preferablyused. Az 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 liguid state and the concentration
of a polyatomic ion having a phosphorus atom and a fluorine atom
existing in the solution is within a range from 0.03% by weight
te 50% by welght, and preferably from 0.5% by weight to 20% by

15  weight. It 13 not necessary that the phosphorus compoundris
completely dissclved in the sclution, and the phosphorus
compound may be in a suspended state.

(0042}
The temperature at which the phosphorus compound is mixed

20 with the hydrogen £lucride solution is not particulariy limited,
and is preferably within a range from -50 to 200°C. When the
temperature 1s lower than -50°C, a composition contalining a
phosphorus compound and 2 fluoride is sometimes solidified. In
contrast, it is sometimes not preferred that the temperature

25 is higher than 200°C since a special facility is reqguired in
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25 These organic solvents may be used alone, or two or more kinds thereof may be used in
combination. [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 isnot
particularly limited and examples thereof include a fluoride complex salt or a fluoride salt of a
guaternary ammonium, a quaternary phosphonium or the like. Specific examples of the quaternary

ammonium cation incllflde tetraalkglarrrnoniung catign,E an 15 imidazolium cation, a pyrazolium cation,
... view OL hea .ze51g ance or the K5 ) . : . .
a pyridinium cation, atriazolium cation, a pyridazinium-cation, a thiazolium cation, an oxazolium cation,

a pyrimidiniL{r@mipn and a pyrazinium cation. Furthermore, specific examples of the quaternary
phosphonium cation include a tetraalkyl phosphonium cation. 20 These non-aqueous ionic liquids may

be used alone, or two.er sere-kinds thersof may bedseckin Gerabination; of may. bedisgolved in the
non-aqueous organic solvent.

non-agueous organic solvent or a non-aguecus lonic liguid.

5 Furthermore, an aprotic organic sclvent is preferable. Since

the aprotic organic solvent does not have capability of donating

hydrogenions,thesolutiqnoﬁthe%mxafluorqﬁmﬁphateobtained

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 therecf include ethylene carbonate,
propylene carbonate, butylene carbonate, vinylene carbonate,

15 dimethyl carbonate, diethyl carbonate, methylethyl carbonate,
methyl acetate, ethyl acetate, y-butyl lactone, acetonitrile,
dimethyifoxmamide, 1,2-dimethoxyethans, methanol and
isopropanol. Of these organic sclvents, preferred solvents
are those that are less likely to cause precipitation of the

20  produced hexafluorophosphate, in other words, those having
excellent solubllity 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 sclvents may be used alone, or two or more kinds

13



[0047] The organic solvent may be a non-aqueous organic solvent 25 or a non-aqueous ionic
liquid alone or two or more kinds thereof. [0048] 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(PFE)s in the form of a crystal by the
crystallizati%gketg%dmlg thggc‘%%% Ofh}(?rrle Ci:so n ipﬂar%c}:_lggr‘ limitation on t.he c'rystallization temperature.
For example, as the 15 c\T/ystalllzatlontempera urebécomeslower, the yield increases. However, the
manufacturingcost increases in view of incidental facilities or productivity. Therefore, the crystallization
temperature is preferably -40C or more and +100C or less, more preferably -30C or more and +50C or
less, and particularly.2Q: peeferably -20Gne1mere and2{e 0L leSssous and aprotic

organic solvent include a cyclic carbonic acid ester, a chain
5 carbenic acid ester, a carboxylic acid ester, a nitrile, an

amide and an ether compound. These non-agqueous aprotic organic

sclvents may be used alcne, or two or more kinds thereof may

be used In combination.

[0046]

10 The non-agueous ionic liguid is not particularliy limited
and examples therecf include a fluoride complex salt or a
fluoride salt of a guaternary ammonium, a quaternary
phosphonium or the like. Specific examples of the guaternary
ammonium cation include a tetrazalkylammonium cation, an

15 imidazolium cation, a pyrazolium cation, a pyridinium cation,
a triazoliumcation, apyridaziniumcation, a thiazolium cation,
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-agueocus ionic liguids may be used alone, or two or
more kinds thereof may be used in combination, or may be
dissolved in the non-aquecus organic sclvent.

(00C47]
The organic solvent.may'bé & non-adquecus organic solvent

25 orancn-agueous lonic liguid alone or two or more kinds thereof,

20



[0050] The reaction time or crystallization time is 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 preferably
1.5 hours or more 8 hours or less, and particularly preferably 2 hours or more and 6 hours or less.
When the reaction time or crystallization time s less than 0.5 hours, the yield of the
hexafluorophosphate may decrease. In contrast, when the reaction time or crystallization time is 72
hours or more, productivity of the hexafluorophosphate may deteriorate. [0051] The crystallized
M(PFOs is subjected to solid-liquid separation. The method of solid-liquid separation is not 10
particularly lipited and examples thereof includes filtration. As the filtration method, for example,
conventionally known various filtration methods such as natural filtration, pressure filtration and
centrifugal filtration taa besempleyed: 40052k he rAfierthersalid-liquid sepapation the filtrate is
preferably rinsed. It is possible to increase the purity of M(PF6), by this rinsing operation. In the rinsing
operation, foresxarrple, khowrt htethbds sisch as aafethadtof ¢inbing by dispérsing M(2F6), again in a
cleaning agent and a method of
preferably within a range from -40°C to 100°C, and more
5  preferably from -20°C to +50°C taking the productivity of the
hexaflucrophosphate into consideration. When the reaction
temperature is hicgher than 100°C, HF may scatter. In contrast,
when the reaction temperature is lower than -40°C, the reaction
rate may decrease.
10 [G048]
Furthermore, it is preferred to taks out the synthesized
M(PFs)s in the form of a crystal by the crystallization method.
In that case, there is no particular limitation on the
crystallization temperature., For sxampls, 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°C oxr more and +100°C or less, more
preferably -30°C or more and +50°C oxr less, and particularly
20 preferably -20°C or more and +20°C or less.
[0050]
The reaction time or crystallization time is not
particularly limited and ls, for example, 0.5 hours or more and

less than 72 hours, preferably 1 hour or more and 48 hours o

25 less, more preferably 1.5 hours or more 8§ hours or less, and

21



20 rinsing by directly placing a cleaning agent in a separator and bringing M(2F6) into contact with the
cleaning agent can be used alone or in combination. [0053] The filtrate obtained after the
solid-liquid separation 25 sometimes con tans a large amount of an excess M(PFOs salt 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 i possible to use any of anhydrous HF, high concentration HF, diluted HF and
pure water. perexaniple it i alstepassibler] Otouinse MEE), with an alkalissaltof thessame cation
(for example, K2003 or KHCO3 is used in the case of the synthesis of KPF6) for the purpose of
neutralizing Basicih A eestiibadtabsve firfflusticeb sushtdsocotrosion witk thetaeid ih.the subsequent

step as well as contamination of products with metal 15 impurities can be suppressed by neutralization
vWﬂ1anzﬂkaﬁﬁ%®%5}th@ yield of the hexafluorcophosphate may decrease. In

contrast, when the reaction time or crystallization ftime is 72

3 hours or more, productivity of the hexafluorophosphate may

deteriorate.
[0G51]

The crystallized M{PFs, is sublected to solid-liguid
separation. The method of solid-liguid separation is no:

10 particularly limited and examples thereof includes filtration.
As the filtration method, for example, conventionally known
varlous filtrationmethods such asnatural filtration, pressure
filtration and centrifugal filtration can be employed.
[0052]

15 After the sclid-liguid separation, the filtrate is
preferably rinsed. It is possible to increase the purity of
M{PFs)s by this rinsing operation. In the rinsing operafion,
for example, known methods such as a method of rinsing by
dispersing M(PF¢)e again in a cleaning agent and a methed of

20 rinsing by directly placing a cleaning agent in a separator and
bringing M(PFg¢): into contact with the cleaning agent can be
used zlone or in combination.

[0G53]
The filtrate cbtained after the solid-liguid separation

25 sometimes contains a large amcunt of an excess M{PFg)s salt
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The temperature of the M(FF6)s crystal itself formed upon solid-liquid separation is not particularly
limited, and is preferably -40C or higher and +30C or lower, more preferably 20-20C or higher and
+20C or lower, andparticularlypreferably -5C or higher and +20C or lower. [0056] 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 -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(2F6)5 obtained by solid-liquid separation. The drying method is not particularly

ot 150 parsUIarl Imied and (s preotably T 08 672 houre i general. The dymgrs
‘ to collect the MPFs 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.
[005%4]

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

10 to rinse M{PFg)s with an alkali salt of the same cation {for
example, K,CO3 or KHCC; is used in the case of the synthesis of
KPFg) for the purpose 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.
[0055]

The temperature of the M{PFs)s crystal itself formed upon
solid~liquid separation is 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 lowerz.

[0056]

When the flltrate obtained after solid-liquid separation

is rinsed, the soclution temperature of the cleaning agent is

25 not particularly limited, and is preferably -40°C or higher and
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10 preferably performed at the drying temperature lower than 120C. When the drying is performed at
the temperature of 120C or higher, drying equipment becomes expensive and a large heat quantity is
required, resulting in high manufacturing cost. As the temperature becomes higher, M(PF6) may be
decomposed by a trace amount of water. Therefore, it is particularly preferred to perform drying at the
drying temperature of 85 to 110C. [0058] MKPF6)s 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 inexpensive raw material can be used and also an easy manufacturing method is used,

then, the manufeeiurng st canbe reduced. 25[6Q59% goc oFuthermere, the.hexaflugrophosphate

obtained by the above-desert ed method may be subjected to salt exchange in accordance with the
following Chemical sesheme B: {606a}3 {Cheatiealdtarmute MR 651 JEtdfHF) I(PEG)E-+
MFs.r(HF)(Scheme B) (wherein J is at least one kind selected from the group consisting of Li, Na, K,
Rb, Cs, NHA°K§ZMg, Ca, Ba, Zn, Cu, Pb, Al and Fe, 1t3, 0k6, 1s3, and 0r6)

[0057]

5 It is preferred to dry M(PFg s obtained by solid~liguid
separaticn. The drying method is not particularly limited and
examples thereof include air drying, thermal drying and vacuun
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 dryving is performed at the temperature of 120°C or
higher, drying equipment becomes expensive and a large heat
quaﬁtityisrequired,resuitinginhighnanufacturiﬁgaost. As
the temperature becomes higher, M{PFs). mav be decomposed by

15 a trace amount of water. Therefore, it is particularly

preferred to perform drying at the drying temperature of 85 to
110°C.
[0G5E]

M{FF¢}s having a molsture content of 50 ppm by weight or

20 less can be manufactured simply and =asily by the
above-described method. According to this method, an

inexpensive raw materisl can be used and zlso an easy
manufacturing method is used, then, the manufacturing cost can
be reduced.

25 [00592]
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10[0061] In Chemical scheme B, the proportion of JF,-k(HF) relative to M(PF6)5 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 15 unsubstitutedM(PF6), remains and coexists. In contrast,
when the proportion is more than 2 equivalents, the unreacted t’k(HF) may be mixed in the product
J(PF6)t. [0062] The solvent used in salt exchange is not particularly 20 limited and examples thereof
include anhydrous HF, high concentration HF having a concentration of 50% by weight or more,
diluted HF, pure water and an organic solvent. Of these solvents, anhydrous HF and high

concentrationl-lFar%prgé%rgp%%ged il vi%w }gf Qﬁevention of roducti%n of oxyfll%}(orid s. 25[0063]
The amount of the SOVent to be Used 1§ not Also b’lé)rﬁ%ﬁfé?ﬁr%rﬁi@d E 8%&,“%% ample, preferably

from 0.5 to 1@ times; and, more preterably. from, Lto fimes, as that gf the weight of the |

nexafluorophosphate. When the amount is more
accordance with the following Chemical scheme B.

[0080]
5 [Chemical Formula 21
M(PFelg + JFek{HF) - J{PFgls + ME;-r(HF) {Scheme B)
{wherein J 1s at least one kind selected from the group
consisting of 1i, Na, K, Rb, Cs, NH,, Ag, Mg, Caz, Ba, Zn, Cu,
Pb, Al and Fe, 1 £t £ 3, 0s k<6, 1<s<3, and 0 £ £ 6)
10 f00el]
bzch@micalschemeEL the proportion of JF.-k(HF) relative
to M(PFs)s is preferably from 1 to 2 eguivalents, and more
preferably from 1.0 to 1.1 eqguivalents. When the proportion
is less than 1 eguivalent, there arises a problem that ths
i5 unsubstituted M{PF¢) s remains and coexists. In contrast, when
the proportion is more than 2 egquivalents, the unreacted
JFe« k{HF) may be mixed in the product J{PFg}:.
{0062}
The solvent used in salt exchange is not particularly
20 limited and examples therecf include anhydrous HF, high
concentration HF having a concentration of 50% by welght or more,
diluted HF, pure water and an organic sclvent. Of these
solvents, anhydrous HF and high concentration HF are preferably
used in view of prevention of production cof oxyfluorides.

25 [0063]
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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 MFe'r(HF)
produced as by-products may be mixed in J(PF6)t. [0064] 10The method of adding the raw material in
the salt exchange is not particularly limited and may be, for example, a method of adding a solution
prepared by dissolving M(PF6)sor CIFt.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 15 reaction vessel is filled with a
solvent and M(PF6) s or SFr k (HF) is slowly added to the solvent. It is also possible that a solvent is

slowly added 'Fo M(E% ﬁg)s%%rc} %%ttk%% yeows%\iexgéiglhte rﬁgcggn Is g&e]‘g&a?}lg&e%ﬁosrgned qfter @ssolvmg
the raw material so that the unreacted stibstance such as the raw 20 matefial i§ Aot mixed in the

produced J(REG)L 40063 v 1 :Hhe ieaction tempesature andireadtipn-Aimein jhe salt gxehange may be
the same as those in the case of the synthesis of the hexafluorophosphate. The crystallization method,
25 solid-liquid sepataties, riasing-and drying=may be pedarmed, underthe, same: garditions as those in
the above-described case. 10066] Therefore, M(PF6)5 having a moisture content of 50 ppm by
weight or less earebeleasily prenbfactdretdbeverrbythe peethdéhen the amount is more

5 than 10 times, the amount of the hexafluorophosphate dissolved
increases and the vield mav decrease. In contrast, when thes
amount is less than 0.5 times, the unreacited JF.:k{HF! or
MFg - r {HF) produced as by-products may be nizxed in J(PFs)+¢.
§0064}

10 The method of adding the rawmaterial in the salt exchange
is not particularly limited and may be, for example, a method
of adding a solution prepared by dissolving M{PFs)s cx JFe+ k (HF)
in a solvent at a time or by simultaneous dropping or a method
of adding one to the other cne. It is also possible that the

15 reaction vessel ig filledwith a solvent and M{PF¢), or JFe- k (HF)
is slowly added to the solvent. It 1s also possible that a
golvent is slowly added f£o M({PFg)e or JF¢*kx(HF;. However, the
reaction is preferably performed after dissclving the raw
material sc¢ that the unreacted substance such as the raw

20 materiazl is not mizxed in the producsed J{(PFgl..

[00&5]

The reaction temperature and reaction time in the salt
exchange may be the same as those in the case ¢f the synthesis
of the hexafluorophesphate. The crystaliization method,

25  scolid-liguid separation, rinsing and drying may be performed
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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 composition composed of anhydrous HF or the
above-described composition is leaked or exposed in air, the 15 reaction apparatus maybe corroded
thereby. When the reaction apparatuscorroded, the resultant product is contaminate with the corroded

substance angithe gontaminant may. cause.aninerease.in fe metal comnpanent sontent in the product.

Therefore, it is preferred to use, as the reaction apparatus, 20 those that have resistance to the
above-descripedacomposition and are made of a fluororesin, vinyl chloride or polyethylene, or those
lined therewith. EXAMPLES 25[0068] Preferred examples of this invention will be
demonstratively de$Scrbed rrdetdll terginafter.iHowever; ferthesmaterials  blend=ameunts thereof, and
the like described in these examples and comparative examples, the scope of this
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 zbhove-described compositicn, and
stainless 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 1s correded, 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 is 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 polyethylene,

or those lined therewith.

EXAMPLES

25 [C068]
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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 (NH4F-(1-1F)) 15 was added little
by little and then dissolved. [0070] While maintaining the temperature of the solution in the
reaction vessel at 40C, 740 g of a PCF3 gas was made to be absorbed in the reaction solution by

bubbling. The absorlpyogé 20 a ougté/vaslgeterngiged @4 an increase in the Weight of the reaction
solution. After making the PO gas)%or% absorbed, the f‘es?npefﬁ’fﬂ?@ ot te reittion sdlftion was

adjusted to 20 while, strTing for 2 bovts,aack then the liquid temperatire was, maitained at a same
temperature. 25[0071]
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 ars
merely explanatory examples.
i0009]
Example 1
10 In a 5> L reaction vessel made of a fluorcoresin, 1,000 g
ofultrapurewaterwéspour@dandthexeactionvesselwasheated
in an oil bath, and then ultrapure water was maintained at 40°C.
While stirring this ultrapure water by a rotator, 800 g of
commércially available acidic ammonium fluoride (NHF- (HF)}
15 was added little by little and then dissclved.
100701
While maintaining the temperature of the solution in the
reaction vessel at 40°C, 740 ¢ of a POFy cas was made to be
albsorbed in the reaction scolution by bubbling. The absorption
20 amount was determined by an increase in the weight of the
reaction solution. After making the POF; 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
malntained at a same temperature.

25 [0071]
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Next the reaction vessel was heated again in the oil bath and the olution 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% HE solution and 5 then filtered by suction filtration. The liquid temperature of the
~aqueous 75% HE solution used during rinsing was adjusted to 0C, 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, followedbydrying 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 confirmed that the 15 white crystal is composed of NH4PFE. [0073] Example 2 Ina 31,
reaction vessel mad&&ta filisSR3M- (GRIATEE66 Y 6F AdiaR peftadsiin fldofiae Bée. B} and 500 g of

! ; . |
a 75 wt% 20 ydrogendluoride, (Hip) sqlution of 2. semiconductor grade were . ea +o

dryness. The crystal remaining in the reaction vessel was
collected, rinsed with 750 g of an agueous 75% HF solution and
5 then filtered by suction filtration. The liquid temperature
of the agquecus 75% HF solution used during rinsing was adjusted
to 0°C, and the liguid temperature in the suction filtration
was adjusted to 5°C.
(00723
ig Subsequently, a high purity N gas was introduced into
the reaction vessel at a rate of 3 L/minute, followed by drying
using a 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 NE,PF:.
[0073]
Example 2
Ina 3L reaction vessel made of a fluororesin (PFA), 100
g of acidic potassium fluoride (KF+ (HF}) and 500 ¢ of a 75 wt$
20 hydrogen fluoride (HF) solution of a semiconductor grade were
rlaced, together with a rotator, and then KF(HF) was dissolved

while stirring in an lce bath. After weighing 140 g of a B5

(=154

wt% phosphoric aclid (H3PO4) solution in a separatory funnel,
the scoluticn 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 (H3304) 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 containing a precipThis hydrogen fiuor4 de solution was ed
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 crystal was rinsed with 600 g of a 75 wt% hydrogen fluoride (HF) solution of a semiconductor
grade. The Ifquid I&fperature of the hydrogen fluoride solution was 0C. [0076]

[0074]
Next, this solution was crystallized by cooling at -3°C

for 24 hours, thus cbitaining a hydrogen fluoride sclution

{n

containing a precipitate. This hydrogen fluoride solution was
filtered by suction filtration. The ligquid temperature of the
hydrogen fluoride solution was -5°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 g of a 75 wi%
hydrogen fluoride (HF) solution of a semiconductor grade. The
ligquid temperature of the hydrogen fluoride solution was 0°C.
[0G76]

Subsequently, the filtrate after rinsing was transferred

15 to a 3 L bottle made of a fluororesin (PFAY and then air-dried
at B0°C for & hours while blown with a high purity nitrogen gas
at a rate of 3L/min. The drying temperature was raised to 105°C
and drying was performed for 12 hours.

[0677]
20 The resultant crystal was measured by XRD. As a result,

it was confirmed that the crystal is composed of KPF;. The
amount of the resultant KPFg was 137 g and the yield was 61%.
The moisture content of the resultant KPFg was measured by the
Karl Fisher method and found to be 50 ppm by weight or less.

25 Furthermore, the concentration ¢f free hydrogen flucride was
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Subsequently, the filtrate after rinsing was transferred 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:adesultthegoncenttationaffree hydrogen: filuoride was 5Q ppm by meight or less. [0078]
5The yield of NPF6 that was taken out as a crystal was 61%, and 86 g of KPF6 was dissolved in the

filtrate rinsedowitietierZs wtho b dfagen fluarde £HF} Soetutiof: Therefarepinvas fauwidHat the reaction
proceeds nearly quantitatively. [0079]
or less,
(00787
5 The vield of KPFg that was taken out as a crystal was 61%,
and 8€ g of KPFs was dissolved in the filtrate rinsed with the
75 wt% hydrogen fluoride {HF) solution. Therefore, it was found
that the reaction proceeds nearly guantitatively.
0g79]
10 Example 3
In a 3 L reaction vessel made of PFAR, 210 ¢ 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 kath while
i5 stixfiﬁg. After weighing 175 g of a B85 wt% phosphoric acid
{H3POy) solution in a separatory funnel, the solution was slowly
added dropwise under an ice bath over 20 minutes and the reaction
was performed for 12 hours while stirring.
(00807
20 Next, this solution was crystallized by ceooling at ~5°C
for 36 hours, thus obtaining a solution containing a precipitate.
This solution was filtered by sucticn filtraticn. The liguid
temperature of the phosphoric acid solution was -5°C. The
concentration of HF of the filtrate was determined and found

25 to be 55% by welight.
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10 Example 3 In a 3 L 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 stirring. After weighing 175 g of a 85 wt%
phosphoric acid (H3PO4) 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]
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 agig:sojution was -5C. The concentration of HI." 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-tp OG- Subsequentlysthe: filitate afterdinsing:vas dransfersed {@askh k bottle made
or a fluororesin and then air-dried at 80C for 5 hours while blown with a high purity N2 gas at a rate of
3 ldmin. The gdeying éemperature was-raisec ta 2a5Cand drying.was gesformed foxd 2 hours. [0082]

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

a fluororesin and then ailr-driad at 80°C for 5 hours while blown

1

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
iZ hours.

(0082}

10 The resultant crystal was measured by XRD. As a result,
it was confirmed that the crystal is composad of CsPFe. The
amount of the resultant CsPFe was 352 ¢ and the yield was 92%.
The molsture content of the resultant CsPFy was measured by the
Karl Fisher method and found to be 50 ppm by welght or less.

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.

100831
20 Example 4
In a 3 L reaction vessel made of a flucroresin, 500 g of
an anhydrous hydrogen fluocride soluticon of an industrial grade
was placed, teogether with a rotator, and 60 g of sodium fluoride
(Na¥F) was sliowly added and dissolved while stirring under an

2% ice path. Furthermore, 120 g of phosphorus oxyfluoride {(POF:)
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10The resultant crystal was measured by XRD. As a result, it was confirmed that the crystal is
composed of CsPF6 The amount of the resultant CsPF6 was 352 g and the yield was 92%. The
moisture content of the resultant CsPF6 was measured by the Karl Fisher method and found 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 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 fluogide (Nakd was slowly, added and.dissolved while; stirring under an 25ice bath. Furthermore,
120 g of phosphorus oxyfluoride (90F3) was made to be absorbed in this solution. [0084] Next,

this solutionjwas £rystallized by cooling at 20C for 48 hours, thus
obtainingasolutioncontainingaprecipitate. 5 This solution was filteredLby suction filtration. The
concentration of HRlekthe filtrateawas tetermined apd faund te:be94% by weight. [008%]

for 4B hours, thus obtaining asolution containing a precipitate.
5 This solution was filtered by suction filtration. The
concentration of HF of the filtrate was determined and found
to be 24% by welght.
[00BE]
The collected crystal was transferredto a 3 L bottle made

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

15  liquid 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 tec 105°C and
drying was performed for ¢ hours.

[0086]

20 The resultant crystal was measured by XRD. As a result,
it was confirmed that the crystal is composed of NaPFs. .Tha
amount of the resultant NaPF; was 148 g and the yield wasg 76%
(the amount of NaPF; dissclved in the anhydrous hydrogen
filuoride as & rinsing solution is not incliluded), The moisture

25 content ¢f the resultant NaPFg was measured by the Karl Fisher
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The collected crystal was transferred to a 3 L bottle made 10 of a fluororesin and 100 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 stirred for 30 minutes under an ice bath.
Thereafter, the reaction vessel was allowed to stand still and the supernatant 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 NaRRE, The-amount of thesresultant NaPF6 was 148 g.and the yield was 76% (the

amount cf NaPFE dissolved in the anhydrous hydrogen fluoride as a rinsing solution is riot included).

The moisturer2b eenten of she resultant NaPhE was measuied- by dhe KarEisher method and found
to be 50 ppm by weight or less, Furthermore, the concentration of free hydrogen fluoride was

measured bysneutedlization ditratibhr Asiaresulisthe cercentrationcot-freedrydragen flueride Was 50
ppm by weight or less. 5[0087]
free hydrogen fluoride was 50 ppm by weight or less.
5 (608773
Example &

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 85wt phosphoricacidsolution in a separatory funnel,
the solution was slowly added dropwise over 15 minutes under
an lce bath and the reaction was performed for 3 hours while
stirring.

15 (6088}

Next, this soluticon 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 cryétal water}, since the welght of the crystal is 532 ¢
when the yield is 100%, it was confirmed that the actual measurad
weight is large even when the amounts of water and HF are added.
Therefore, it was presumed that the crystal obtained by

25 filtrationbefore drying is inthe form of HPFs gH,0 with crystal

34



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 g of a 85 wt% phosphoric solution 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[0088] Next, this solution was crystallized by
cooling at -40C for 48 hours, thus obtaining a solution containing a precipitate. Furthermore, this
solution was f red by suction filtration. The weight of the crystal obtained by filtration before drying 20
was measuted.and found to be 1,080 g. 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 evenyusen 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 HPF6. gH2C with crystal water. [0089]
The concentration dftdFcafithe fittrate was détéinmed-ard found ta:bewds bisweightn¥hen water
does not transfers 5 to the crystal side as crystal water, the theoretical value of the concentration of HF
is 56% by wEight Thefeforeoqt i$ corsideretbthat th@}tﬁysféﬂ‘selﬁ thessrarcontaiiing Thystal water and

q-?2 "5 to the crystal side as crystal water, the theoretical value of
the concentration of HF 1s 6% by weight. Therﬂfbxe, it is
considered that the crystal Is in the form containing cryvstal
water and g 2 2.

[ocea]

10 Next, 330 g of Nalb was placed in a2 2 L reaction vessel
made of a fluorcresin and also 1,050 g of anhydrous HF was added
while cooling with an ice bath to prepare an Naf/EF solution.
Separately, the entire amount of MPFq-gHC chtained above wag
placed in a 3 L reaction vessel made of a fluorcresin and the

15 NafF/HF solution thus prepared was added over 20 minutes while
stirring under an ice path. After the reacticn, the reaction
scolution was crystallized for 48 hours by cooling to ~10°C.
[0091] |

Next, the supernatant of the 3 L-PFA reaction vessel was

20 slowly removed and sclid-liquid separation was performed.
After separation, alr dryving was performed at 80°C for & hours
while blowing a high purity N; gas at a rate of 3 L/minutes.
The drying temperature was ralsed to 105°C and drying was

performed for 3 hours.
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[0090] 10Next, 330 g of NaF was placed in a 2 L reaction vessel made of a fluororesin and also 1,050g
of anhydrous HF was added while cooling with an ice bath to prepare an NaF/HF solution. Separately,
the entire amount of NPF6-qH20 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 solution was crystallized for 49 hours by cooling to -10C.
[0091] Next the supernatant of the 3 L-PFA reactionvesselwas 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 gag-atadfate of 3{/minyes. The:drving temperatyre;was.raised 1g, 105 and drying

was performed for 3 hours. 25[0092] The resultant crystal was measured by XRD and found to

be composéskot MaRfe.The raraunt offthe sesultantNaRPRowas 205:g and: the, yiekd was 33%. The
moisture content of the resultant NaPE6 was measured by the Karl Fisher method and found to be 420

ppm by weighesgléss: [0093] Framplé 6 The moisture content of the resultant
NaPFy; was measured by the Karl Fisher method and found to be
) 420 ppm by welghf or less.
(G083}
Example &
In order to recycle HF, 700 g of the 71% by weight HF
filtrate collected in Example 5 was placed in a 3 I reaction
10  vessel made of a flucroresin and also 140 g of anhydrous HF was
added to prepare 840 g of a hydrogen filuocride sclution having.
a concentration of 75% by weight.
100941
After weighing 120 g of a phosphoric acid solution having
15 a concentraticn of 85% by weight in a polyethylene vessel, the
solution was aedded to the hydrogen flucoride 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 obtaining a solution containing a precipitate.
This solution was filtered by suction filtration. The weight
of the crystal chtainedby filtration before drying was measured
and found to be 25C g. The concentration of HF of the filtrate

25 was determined and found to be 72% by welght. The entire amount
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In order to recycle HF, 700 g of the 71% by weight HF filtrate collected-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
g of a hydrogen fluoride solution having a concentration of 75% by weight. [0094] After eig ng 120 g of
a phosphoric acid solution having 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 fkrationy The weight of the crystal.obtaingd;by filtration pefore drying

was measured and found to be 250 g. The concentration of HF of the filtrate 25 was determined and

found to be 7286 by weight.cEhe eftite amormnt nofithewerysinl befose dryingwag ransterredtoa 1 L
reaction vessel made of a fluororesin in which a rotator is placed. [0096] After the reaction (KPF6+ HF

PF5 +KENHEN %%ds performed,
After the reaction (KPF¢+ HF - PFg + KF+ (HF} ) was performed,
> the HF solution was completely concentrated and evaporated to
dryness to collect 125 g of a white powder. This powder was
analyzed by ¥RD. As a result, it was found that the powder is
composead of a mixture of KPF¢ and KF+ (HF) and KF-« (HF) accounted
for 20% by weight of the powder. The resultant KPF/KF- (HF)
10  mixture was slowly added to the 1 L reactiion vessel made of a
fluocroresin and then reactei 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 intoc a licuid
15 as a result of the generation of HyC/HF from the crystal. Thus,
stirring became eazy.
[0097]
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 Z4 hours.
[(0028]
The resultant crystal was measured by XRD and found to
be composed of KPFz;. The amount of the resultant KPF¢ was 105

25 g and the yield was 55% (the amount of KPF; dissolved in pure
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5 the HF solution was completely concentrated and evaporated to dryness to collect 125 g of a white
powder. This powder was analyzed by XRD. As a result as found that the powder is composed of a
mixture of X2E6 and KF.(HF) and KE.(HF) accounted for 90% by weight of the powder. The resultant
KPF6/KE. (HE) 10 mixture was slowly added to the 1 L reaction vessel made of a fluotoresin and then
reacted at 20C 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 H20/HF from the crystal. Thus, stirring became easy. [0097] The
precipitate olthined:by the feaction wasfiltered by suction fitttation ) T.he ToHlecteddrystal was rinsed
with 400 20 g of pure water at 5C. Furthermore, the crystal was dried at 105C for 24 hours. [0098]
The resultafPérySiat \was FeasG@e by XRE dhd f6uhd't6 e Copdsed o PE6 ThBSmount of the
resultant KPF6 was 105 259 and the yield was 55% (the amount of KPF6 dissolved in pure water as a
rinsing solutior %ﬁo?fﬁ%l& Sy The r%%is%& EGitertof theFesultant KPF6 was measured by the Karl
Fisher meth&da@@(ij found to be 400 ppm by weight. [0099]

n

Example 7
In the present example, th2 coperations were performed
using the apparatus shown in Fig. 1. In a second vessal 6 made
of a fluocroresin, 250 g of commercially available battery grade
diethyl carbonate (moisture concentration: 9 ppm by weight) and
10 250 g of ethylene carbonate (meisture concentration: 7 ppm by
welght) were placed and then fed and circulated to the tower
top ¢f a second absorpition tower § using a pump 7. The
temperature of the second vessel € was adjusted to a constamﬁ
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
Prs (first step).
(01001
Next, 13.0 g of lithium flucride as a fluoride was fed
20 to the second vessel 6. Lithium fluoride was quickly dissolved
in an organic solvent containing PFs and then rsacted with PFy
in the organic solvent, thus obtaining 577.2 g of a lithium
solution of a hexaflucrophosphate {(second step).
[0101]

25 Furthermere, 250 g of diethyl carbenate and 250 ¢ of

b
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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, 250g of commercially available battery grade diethyl
carbonate (moisture concentration; 9 ppm by weight) and 10 250 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 adjusted to a
constant temperature of 20C using a refrigerator 8. Next, 2F5 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 PF5
(frst step). QO Next13.0.9.0f thium.fuotide a5 a Juoride was fed 20,10 the;secgnd vessel 6. Lithium
fluoride was quickly dissolved in an organic solvent containing PF5 and tle"len reacted with 9F5 in the
organic solventthusahiaining 547:3.@of &lithivm salution.ef a,hexatiucrophesphaysecond step).
[0101] 25Furthermore, 250 g of diethyl carbonate and 250 g of ethylene carbonate were added to the
second vesseék® )and the samefopérationsas. thatidestiibedabevewas pestormed (third step). 275 g of

the resultant lithium solution of a
hexafluocrophosphate was transferred to a third vessel 10 and,

w

after adjusting the temperature to a constant temperature of

20°C, excess dissolved PF:; was distilled off by decompression

using an airpump 12. The thus obtaineddiethyl carbonate/ethyl

carbonate solution of lithium hexaflucrophosphate contained 10

ppm by weight or less of an inscluble component, 10 ppm by weight

10 or less of free acid and 10 ppm by welght or less of moisture.
[0102]

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

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

[0103]
<Fakrication of negative electrode 22>

20 Natural graphite and polyvinylindene flueoride (PVAF) 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
applicater for electrode coating. This coated fell was vacuunm

25 dried at 120°C for 8 hours and a negative electrode 22 having
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,afluorophosphate was transferred to a third vessel 10 and, after adjusting the temperature to a
constant temperature of 20C, excess dissolved PF5 was distilled off by decompression using an air
pump 12. The thus obtained diethyl carbonate/ethyl carbonate solution of lithium hexafluorophosphate
contained 10 ppmbyweight or less of an insoluble component, 10 ppm by weight 10 or less of free acid
and 10 ppm by weight or less of moisture. [0102] Next, a coin type non-aqueous 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 pegormegdyethedfellawing-praceduse s[0103] sHahricatian-of hegative slecirode 22>
20Natural graphite and polyvinylindene fluoride (9VdF) as a binder were mixed at a weight ratio of 9:1
and N-methykpirrolidone was added thereto to obtain a paste. This paste was uniformly applied to a
22 lam thick copper foil using an applicator for electrode coating. This coated foil was vacuum 25 dried
at 120C for 8%dUrs and a negative electrode 22 having a diameter of 16 mm was obtained by an

electrode punching machine. -
<FabrIcation of pesitive electrode 21>

o

A LiCo0; powder, acetylene black as a conductive auxiliary
and PVAF as 2 binder were mixed at a weight ratio of 90:5:5 and
N-methyl pyrrelidone was added ©o this mixture to obtain a paste.
This paste was uniformly zpplied to a 22 um thick copper foil
using an applicator for electrode coating. This ceoated 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 electirode
punching machine.

[0105]

<Fabrication of coin type non-agueous 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

ofpolypropylenewasdiSposedthereom,andthenthenon~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 Z5 were subseguently disposed, and then sealing was
performed by folding an opening portion of the peositive
electrode can 24 inward using & coin type battery caulking

25 machine to obtain a non-agueous electrolyte lithium ion
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[0104] <Fabrication of positive electrode 21> A Li0002 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 paste was uniformly applied to a 22 prft thick copper foil
using an applicator for electrode coating. This coated foil 10 was vacuum dried at 120C for 8 hours
and a positive electrode 21 having a diameter of 16 rrall was obtained by an electrode punching
machine. [0105]  <F brication of coin type non-aqueous electrolyte lithium ion 15 secondary bat ery>
The positive electrode 21 was disposed on the bottom face of a positive electrode can 24 and a

porous sepayatindd magde of pelypropylena,wasdisnosed theregn, and-thentheion-agueous

electrolytic solution prepared in Example 2 was injected and 20 a gasket 26 was inserted. On the
separator 28cthetregativer electrod® 22 Jaspases 2 7yAsprings2& and=apegative elecirade can 25
were subsequently disposed, and then sealing was performed by folding an opening portion of the
positive eletrodé af 24 irddrdgSiAg Jresinftype battery eatlking 25anachine. tb btéin a

non-aqueous eIectronte lithium ion secondary battec?/ Subsequently, charglng was performed ata
1 hour. "Discharging was performed at a constant current of 1.

5 mA until the voltage reached 3.0 V. When the voltage reached
3.0V, after maintaining at 3.0 V for 1 hour, a charge/discharge
test was carried out by charge/discharge cycle. As a2 result,
the charge/discharge efficiency was around 100%, and charging
and discharging were repeated for 150 cycles. As a result, the

1} charge capacity did not change.
[010¢]
{Comparative Example 1)
In the present comparative example, the opsrations were
performed using the apparatus shown in Fig. 1. Commercially
15 available battery grade diethyvl carbonate (moisture
concentration: 9 ppm by welight) was placed in a first vessel
2 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 adjusted
to 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 refrigerater 4 and a second refrigerator 8.
[0107]

25 Next, a phosphorus pentafluoride gas was fed to the tower
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constant current of 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 performed at a constant current of 1.0 5 mA until
the voltage reached 3.0 V. When the voltage reached 3.0V, after maintaining at 3.0 V for 1 hour, a
charge/discharge test was carried out by charge/discharge cycle. As a result, the charge/discharge
efficiency was around 100%, and charging and discharging were repeated for 150 cycles. As a result
the 10 charge capacity did not change. [0106] (Comparative Example 1) In the present
comparative example the operations were performed using the apparatus shown in Fig. 1

Commercially: 15avaifable hattery grade.disthyicarhenate{mpisture cangentration:9.pem 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 Leach, andshence pirculatingsoperafion in eachabsorptior tewerand wssehwas 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 2andhersetdiiolvessel bavere fespeetivelyandintaindd g acdonstaht-temperature of 20C

using a first refrigerator 4 and a second refrigerator 8. [0107]
ludride to the second vessel 6 was started at a rate of 1.55

5 g/minute. Sixty minutes after starting of feeding of lithium
flucride, the second absorption tower 5 was occluded with
gslurry~like lithium fluoride, which made the operation
difficult
(01081

10 {Results)

As is apparent from Examples 1 to 7, it was confirmed that
an inexpensive and high~guality hexaflucrophosphate (M{PF¢).)
is manufactured while suppressing the manufacturing cost by
reacting a phosphorus compound with a fluoride. The fiuoride‘

15 used in each example can be easily synthesized by excessively
reacting Li, Na, K, Rb, Cs, NHs, Ag, Mg, Ca, Ba, Zn, Cu, Fb,
Al or Feg, or an oxide, a hydroxide, & carbonate or & chlorids
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

hexafluorophosphate.

INDUSTRIAL APPLICABILITY

€5 [C109]
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25Next, a phosphorus pentafluoride gas was fed to the tower bottomofthe second absorption tower 5
at a rate of 6.34 g/minute. This phosphorus pentafluoride gas was made to be absorbed in an organic
solvent for 2 minutes, and feeding of lithium fluoride to the second vessel 6 was started at a rate of
1.55 5 g/minute. Sixty minutes after startirg of feeding of lithium fluoride, the second absorption 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(PF6),) is manufactured while suppressing the manufacturing cost by reacting

a phosphorus compeigd-withea flyorde. The Hupride Lxusadin each example cgnbe-gasily
synthesized by excessively reacting Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al or Fe, or

an oxide, athydbdde ma casponate:grenehilosidercontdining thel same piths it Tkherefore, the method
of the present invention is excellent since any fluoride is easily 20 available and the manufacturing
cost can beftedbieéd s éctnpared With' aredriventioral methodof manafattufio aurity

hexafluoropho ghate INDUSTRIAL APPLICABILITY 25[0109] According to the present invention,
it is possibl§t¢out Tequiring a complicated treating Operation and

5 special device, using a low-guelity raw material. The
high-quality hexafluorophosphate obtained by the present
invention can be suitably used in an electrolytic solution for
an eiectricity storage device, a catalyst for an organic
synthesis reaction, or the like. BAmong the

18 hexafluorophosphates, lithium hexaflucrophosphate, sodium
hexaflucrophosphate and potassium hexafluorophosphate can be
used as an electrolyte of electricity storage devices for
perscnal computers, pctable phones and hybrid cars. Also,

sllver hexafluorcephosphate can be utilized as counter ions that

[
n

generate an acld reguired for initiation and growth reactions
in photopolymerization. Furthermore, ammonium
hexafluorophosphate is useful as a raw material that is used

in the manufacture of & pharmaceutical intermediates.

20 PESCRIPTION CF LETTERS OR NUMERALS

[0110]
1 First abscrpticon tower
2 First vessel
3 Pump
25 4 Refrigerator



manufacture an inexpensive and high-quality phosphorus pentafluoride with low moisture
concentration and high pur without requiring a complicated treating operation and a 5 special device,
using a low-quality raw material. The high-quality hexafluorophosphate obtained by the present
invention can be suitably used in an electrolytic solution for an electricity storage device, a catalyst for
an organic synthesis reaction, or the like. Among the 10 hexafluorophoschates, lithium
hexafluorophosphate, sodium hexafluorophosphate and potassium hexafluorophosphate can be used
as an electrolyte of elect icity storage devices for personal computers, potable phones and hybrid cars.
Also, silver hexaflugrepbasphate-ean berutilized.as counter ions that 15 generate an acid required for
initiation and growth reactions in photopolymerization. Furthermore, ammonium hexafluorophoschate
is useful as @ raw ntaenakthat tsused in the manufacture of a pharmaceutical intermediate. 20
DESCRIPTION OF LETTERS OR NUMERALS [0110] First absorption tower 2First vessel PUMP
254Refrigerator 5S@&8Ad absorption tower 6Second vessel

8 Refrigerator
5 9 Deaeration tower
1C Third vessel

12 Aixr pump

12 Condenser
25 Positive electrode

10 22 Negative electrode
23 Porous separator
24 Positive elescirode can
25 Negative electrode can
26 Gasket

15 27 Spacer

28 Spring
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1Jflp Refrigerator 5 9Deaeration tower Third vessel 12Air pump 13Condenser 21Positive electrode 10
22Negative electrode 23Porous separator 24Positive electrode can 25Negative electrode can
26Gasket

CLAIMS

1. A method of manufacturing a hexafluocrophosphate,
which comprises reacting at least a phosphorus compound with
a fluoride represented by MF;-r (HF) (wherein 0 < r £ 6, 1 < s
£ 3, andMis at least one kind selected from the group consisting
of ui, Na, K, Rb, Cs, NHy, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and
Fe) to produce a hexafluorophosphate represented by the
chemical formula M(PFg)g,

wherein the phosphorus compound contains at least one
compound selected from the group consisting of white phosphorus,
red phosphoxrus, black phosphorus, phosphorug trichloride
(PCl;), phosphorus tribromide (PBr;), phosphine (PH;),
phosphorous acid, phosphorus pentacxide {P,0:),
orthophesphoric acid (H;PO.), polyphosphoric acid,
metaphosphoric acid, pyrophosphoric acid, triphosphoric acid,
iscohypophosphoric acid, phosphonic acid,'phosphinic acid,
vhosphenic acid, diphosphonic acid, cyanophosphoric acid,
cyanophosphonic acid, diethyldithiophosphinic acid,
chlorophenylphosphonic acid, trimethyl phosphate, o-methyl
phenylselenophosphinate, pyrophosphonic acid, oxyphosphorus
halides, phosphorus pentasulfide {(P,S:;}, phosphorus
thiofluocride (PS8F;:), triéhlorophosphine sulfide (PSCl;),
phosphonitrile fluoride (PNF;), phosphonitrile chloride

(PNC1l;)} , phosphorus pentabromide, phosphorus pentaiodide, HPF,,
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15 27Spacer 28Spring CLAIMS 1. A method of manufacturing a hexafluorophosphate, which
comprises reacting at least a phosphorus compound with 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 Fe) to produce a hexafluorophosphate represented by the
chemical formula M(PF6),, wherein the phosphorus compound contains at least one compound
selected from the group consisting of white phosphorus, red phosphorus, black phosphorus,
phosphorus:trigidoriieXPE 18], rhoBpBEEw s Thbitimidel{PB 3) Agitasp hifte( (4 B),, ptms$piraiays acid,
phosphorus pentaoxide (P205), orthophosphoric acid (H3PO4), polyphosphoric acid, metaphosphoric
acid, pyropRasptitric acih: tigtosphéiic 8€id, 4soBpophospholit @d) phospHorie &t )phosphinic
acid, phosphenic acid, diphosphonic acid, cyanophosphoric acid, cyanophosphonic acid,
diethyldithiophosphinic acid, chlorophenylphosphonic acid, trimethyl phosphate, o-methyl
phenylselenophosphinate, pyrophosphonic acid, oxyphosphorus halides, phosphorus pentasulfide
(P255), phosphorug thiofitGridePSES P HidiAGro bR ESpF AL SuRidBTBRELS) T BRESHIARER fluoride

(PNF2), phosphonijtrile chloride (PNC12), phosphorus pentabromide, phosphorus pentaiodide, HPF6,
LiPF6, NP REG ROPHE CoPEe. NIFSES - RgSFS, R PREY 3 EaiPre 2 m (BF6) 2, Zia

(PF®6) 2, C"c%f%% . Pb (PE6 Al (PE6) 3, and Fe (PE6) 3 2. The method ﬁ manufacturing a
hexafluorop oss% g%’éegcégr&r%é) (L)V 5 a(Fmtf,Q/v%weﬁgﬁletﬁepp}h%ggﬁl&ﬁgscgr%m W %ZS& SEvEdin a

solvent to pé{gl&a'r@haeﬂh%%%g%ggg@@ugg sg&gg)@ q{}g Qetga?h%ggg %Lilssadded to the phosphorus

compound solution. 3. The method of manufacturing a orop osph%?emgg(%% ing to claim 2,
wherein the;ameunt.gf 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. 4. The method of manufacturing a hexafluorophosphate according to claim 3, wherein
a solution of a hexafluorophosphate in a non-slurry state produced by reacting

3. The method of manufacturing a hexafluorophosphate

according to claim 2, wherein the amount of the fluoride to be
added to the phosphorus compound solutionis stoichiometrically
equivalent 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

hexafluorophosphate in a non-slurry state produced by reacting
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thephosphoruscompoundwiththe fluoride inthesolvent is used as a solvent for preparation of the
phosphorus compound solution. 5. The method of manufacturing a hexafluorophosphate
according to claim 2, wherein the phosphorus compound forms at least a PF6- ion in the solvent.

6. The method of manufacturing a hexafluorophosphate 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

manufacturifigeadiexafitorophesphsteagcetding: ie=Climci dieraindhe ewganisnsolventds at least
either a non-aqueous organic solvent or a non-aqueous ionic liquid. 9. The method of

manufacturig & hexdfiuonoptiesphate aseardingitoodainh2, whetsihasolventdpuingdhe moisture
content of 100 ppm by weight or less is used as the solvent. 10. An electrolytic solution containing
the hexaflus@phbspitate obtained by the method according to claim, 1. An electricity storage
device comp sing the electrolytic solution according to claim 10.

5. The method ¢f manufacturing a hexafluorophosphate

according to claim 2, wherein the phosphorus compound forms at

least a PF;” ion in the solvent.

6. The method of manufacturing a hexafluorophosphate
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 gsolvent is used as the

gsolvent.

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

liguid.

9. The method of manufacturing a hexafluorophosphate

according to claim 2, wherein a solvent having the moisture

content of 100 ppm by weight or less ig used as the solvent.
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10. BRn eslsctrelytic solution ceontaining the

hexaflucrophosphate cbtained by the method according to claim
i,

a1

1L. BAn electricity storage device comprising the

electrolytic soluticon according to claim 10.
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