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DESCRIPTION MANUFACTURING METHOD OF
HEXAFLUOROPHOSPHATE TECHNICAL FIELD 5 [0001] The present
invention relates to a manufacturing method of hexafluorophosphate that
is useful as an electrolyte for a battery, a catalyst for an organic synthesis
reaction, etc. 10 BACKGROUND ART [0002] Hexafluorophosphate DPF6
(D =Li, Na, K, etc.) is used as the electrolytic liquid of a battery.
Additionally, in the case of D DAgCk has mtiracted attention as a counter
ion that 15 generates acid necessary for an initiation reaction in photo
polymeriz&tidntand d RFowt i aid tion CRUrthSf Aore JRARE eagel AaftD =
NH4, it is useful as a raw material that is used in the manufacturing of
medicine intermediates. [0003] 20 Hexafluorophosphate DPF6 in a solid
state is a compound that is generally unstable in water. When moisture
TR i thé F&adtion system, oxyfluorophosphate (DPOaFb) is produced
[&? y-product and hexafluorophosphate is decomposed into DF or DF
o . Among those, especially when lithium 25 hexafluorophosphate,
Zg;gL%@eﬁ%%%%%iggﬁég@ﬁ%graé:%(sl%etaél'elg 61‘:'% tQ & aqueuc agn Oz?x?fng method

of hexafluocrcphosphate that is useful as an electrolyte for a

battery, a catalyst for an organic synthesis reaction, etc.

BACKGROUND ART
[0002]

Hexaflucrophosphate DPF¢ (D = Li, Na, K, etc.) is used
as the electrelytic liquid of a battery. Additionally, in the
case of D =Ag, it has attracted attention as a counter ion that
generates acld necessary for an initiation reaction in photo
polymerization and a growth reaction. Furthermore, in the case
of D = NHy, it is useful as a raw material that is used in the
manufacturing of medicine intermediates.

[0003]

Hexafluorophosphate DPFg in a scolid state is a compound
that is generally unstable in water. When moisture exists in
the reaction system, oxyfluorophcsphate (DPO,F,) is produced
as a by-product and hexafluorophosphate is decomposed into DF
or DF - ¢ {HF). B&Among those, especially when lithium

hexafluorophosphate, silver hexafluorophosphate, etc. are left
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(POF3 and HF) due to a very small amount of moisture. This
decomposition occurs even with only a few ten ppm of moisture, and the
moisture changes into 2 times equivalent or more of an 5 acid component
(HF, HPO2F2, H2PO3F, etc.) [0004] For this reason, conventionally,
hexafluorophosphate is generally obtained by producing phosphorous
pentafluoride (PF5) by reacting anhydrous hydrogen fluoride with

1 iphospharaus halidex3 0 farsexample, phosphoraus pgatachlaride (RE1SL o ke
and further by reacting the generated PF5 with metal fluoride (DF or DF

(RotHR)Nin arhydseus hydrages flyorde.However, because.a seolid-bavingh 1 s
moisture absorbing property and smoke-generating property, so-called

dephospherlsith pentactdosidenisvased imthis méthod-and@plarge amauntare,
of hydrogen chloride gas is generated during the reaction, this method

aAsta disaolantage disveorkabilineiszpoomsucie that visdatnientohthee of an
generated gas has to be performed. [0005] 20 On the other hand, it is

43I KVRe it the Bisagdgréyated Hdffiorepitosphate anion (PF6-) is
also stable in an aqueous solution. This is because a complex with a

L WAtér molecule is formed where a stable coordination compound such as
water istsEh However, it is difficult to.extract also the

hexaflliorop %jé%hra?éi 25 HnioR tHAT 15 Stalste i a Sotdfdn ddé e kat&ate 1s
gé%gwggf}%ﬁ%ainedbypmoducingphosphorouspentafluoride(PF@

by reactinganhydrous hydrogen fluoride with phosphorous halide,
for example, phosphorous pentachloride (PCl:), and further by
reacting the generated PF; with metal fluoride (DF or DF - ¢
(HF) )} in anhydrous hydrogen fluoride.

However, because a solid having moisture absorbing
property and smoke-generating property, so-called phosphorus
pentachloride, 1s used in this method and a large amount of
hydrogen chloride gas is generated during the reaction, this
method has a disadvantage that workability is poor such that
treatment of the generated gas has to be performed.

[0C05]

On the other hand, it is also known that the disaggregated
hexafluorcphosphate anion (PFs7) is also stable in an agueous
solution. This is because a complex with a water molecule is
formedwhere a stable coordination compound such aswater exists.
However, it isdifficult toextract also the hexafluorophosphate

anion that is stable in a solution due to water existing in a
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solution as hexafluorophosphate that is an anhydrous solid. [0006] For
example, NaPF6 exists as a stable PF6- in a solution when it is dissolved
in water. However, in the case of extracting 5 this as a crystal with a
method such as recrystallization, NaPF6 deposits in a state of NaPF6
H20O that is a hydrate, not as NaPF6 that is an anhydride. Furthermore,
when heating or drying under reduced pressure is performed to

s@?@yg@{eX@t%%MQBEqﬂ%Mf@eHgg’a%pﬁg Ogn anh%/drous solid.

hexafluorophosphate is decomposed into 10 oxyfluorophosphate. The
[ $ap¥e decomposition also occurs in NH4PF6, AgPF6, and LiPF6, and
especially it is remarkable in the case of LiPF6 and AgPF6, which are
deconmposeshiates bxyfluamphesphate: evenavhen p snalkamonnt ofal ation
hydrate exists. For this reason, a report that LiPF6, NaPF6, NH4PF6, and
whgPF6 15 have beeadsynthesized in Bnvagqueous satiitionsystemerasnett ing
existed yet. [0007] As described above, although hexafluorophosphate
LIDPF8gsa uhstatle inidters inalhé edsewfiDasKe (otassian) (KRESYa NaPFs
20 crystal is successfully extracted as a solid even under the existence of
depsfalt amount OF WateP FBRERampled the 461l Gwirig hPdfent Bocument INaPFg

3fglesc,ribes. a manufacturing method of KPF6 by manufacturinga
e ka6l BFONEoHE i SORER AT TeALGR BFARHYRLS Rydidyarder

r e]-g %1? é:;%%uv#g% 5%] 18935?%:5 leSf 8%?{1%‘ 8 )g%eéi g Hgg}%nc te)sywrae Jg g Eingogiyga g t of this
NaPFg - HpO, a part of hexaflucrophosphate is decomposed into
oxyfluorophosphate. The same decompesition also occurs in
NH.PFs, AgPFs, and LiPFg, and especially it is remarkable in the
case cf LiPFe and AgPFg, which are decomposed into
oxyfluorcphosphate even when a small amount of a hydrate exists.

For this reason, a report that LiPFs;, NaPFg, NH.PFs, and AgPF,

have been synthesized in an agueous solution system has not

exlsted vyet.
[0007]

As described above, although hexafluorophosphate DPFg is
unstable in water, in the case of D = K (potassium) (KPFs), a
crystal is successfully extracted as a solid even under the
exlstence of a small amount of water. Forexample, the following
Patent Document 1 describes a manufacturing methoed of KPFg by
manufacturing a hexafluorophosphoric acid solution with
reaction of anhydrous hydrogen fluoride with phosphorus

pentacxide, and then by reacting with a potassium sallt such as
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3 potassium fluoride and potassium hydroxide. However, with this method,
because the reaction of phosphorous pentaoxide with anhydrous
hydrogen fluoride is violent, it is very dangerous and control of the
reaction is 5 extremely difficult. Furthermore, it has a disadvantage that
workability is poor such that phosphorus pentaoxide that has very strong
moisture absorbing property is handled. [0008] Then, in the following

pdratent Document 2 potassium, 10:nexaf lypraphosphiate is synthesized

by reacting with a potassium ™ compound of phosphoric acid (potassium

dihydrggen-phesphate-or: potassiuim pelyphesphate) usiag hygrafiuorice £
acid of 60 to 97% by weight even without using anhydrous hydrogen

pHivosider deweser: i iscdescribechindhisyraethod thatalthpughthe seactioni s
15 is not as violent as phosphorus pentaoxide, the temperature of the

v 1splgtion, intredse svas thedreagton proceetisowhenradding ahpotassiomion is
salt into hydrofluoric acid. Furthermore, a synthesis of rubidium

eexaflteropHoshhateland casiinh shesafitoréphdsphatedhay bespussitsietifhat
this method is applied. 20 However, in this case, because rubidium

Yiydroden phospRafe: cesilimtdifydRerbHOSPRakE fiisigitksle that has

olyphosphate,and cesium polyphosphate cannot be easily gbtained, it is
Vi 16 SR Tt T 4 Braclcal hetAod 18086 =Y ©5 hendred!

[0008]

Then, in the following Patent Document 2, potassium
hexafluorophosphate is synthesized by reactingwith a potassium
compound of phosphoric acid (potassium dihydrogen phosphate or
potassium polyphosphate) using hydrofluoric acid of 60 to 97%
by weight even without using anhydrous hydrogen fluoride.
However, it isdescribedinthismethodthat although the reaction
is not as viclent as phospherus pentaoxide, the temperature of
the soluticn increases as the reaction proceeds when adding a
potassium salt into hydrofluocric acid. Furthermocre, a
synthesis of rubidium hexaflucrophosphate and cesium
hexafluorophosphate may be possible if this method is applied.
However, in this case, because rubidium dihydrogen phosphate,
cesiumdihydrogen phosphate, rubidiumpolyphosphate, and cesium
polyphosphate cannot be easily obtained, it is hard to say that
it is a practical method.

[CO09]

On the other hand, hexafluorophosphoric acid (HPFg) is
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25 On the other hand, hexafluorophosphoric acid (HPF6) is 4 synthesized
as in the following chemical reaction Formula 4 or 5 according to the
following Patent Document 3. This is because water is coordinated in
HPF6 and HPF6 is stabilized. H3P044 + 6HF -* HPF6 + 4H20 (Formula 4)
5 P205 + 12HF -* 2HPF6 + 5H20 (Formula 5) However, the extraction of
HPF6 as a crystal (a solid) is not performed in this technique, and it is

s wiscussed only 23 4 selutien of HRFS, [004Qk 10:Futhermore. ithe 14 4 or
following Patent Document 4, PF5 gas is generated by utilizing HPF6.

5 Howevarn, therextrastion 0f HRMG; as crystal {a:sehd) is not pedormed #huse
the technique as well. [0011] Furthermore, in the following Patent

wDsoumentd; dr éic 2 1&dhere isrardesariptiorrof HEPF6L 8H20; HEF6
4H20, and HPF6 - 2H20. However, it is not described that these are a
crystaHersolid) @nd it-eal bereadiflen the descriptidr:that they area
coordination number in the solution. That is, it is considered to be very
difficult to easily Extract heXaffisorophosphoric a€idas.d 20 Trystal (a solid)

from a_hexafluorophosphate anion (PF6-) solution. [0012] [Patent .
Docuﬁﬁﬁﬂ%ﬁ%ﬁBP?&ﬁZﬁ%gﬁggtlon of HPF¢ as a crystal (a solid)

is not performed in this technique, and it is discussed only
as a solution of HPFg.
6010}

Furthermore, in the following Patent Document 4, PFs gas
is generated by utilizing HPFs. However, the extraction of HPFg
as acrystal (a solid) is not performed in the technique as well.
[0011]

Furthermore, in the following Patent Document 3, 4, etc.,
there is a description of HPFy - 6H;0, HPFs - 4H,0, and HPEF; - 2H,0.
However, it is not described that these are a crystal {a solid)
anditcanbereadfromthedescriptionthat theyareacoordination
numper in the solution. That is, it is considered to be very
difficult to easily extract hexafluorophosphoric acid as a

crystal (a solid) from a hexafluorophosphate anion (PFg )

solution.
[0012]
[Patent Document 1] USP No. 2488299
[Patent Document 2] Japanese Examined Patent

Publication No. 5-72324
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[Patent Document 2] Japanese Examined Patent 25 Publication No.
5-72324 5 [Patent Document 3] Japanese Unexamined Patent

Publication No. 2004-75413 [Patent Document 4] Japanese Translation of
a PCT International Patent Application No. 2005-507849 5 DISCLOSURE
OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION
[0013] The present invention is proposed to solve the problem 10 as

described abave ranchitisnan object of jhe praseat inventien foprovide s

manufacturing method of hexafluorophosphate that is capable of
Pumanufactusingthexafldarophogpliate (APF6: A = Li, Na, K, Rb, Cs, NH4,

and Ag) at a low cost in which raw materials can be easily obtained, the

control 8R& ¢edctidndspessible] 15 anthwerkabitityliscexcelentoMEANS PCT

FOR SOLVING THE PROBLEMS [0014] In order to solve the above
Ipr6Blefist tie preseht invehiors 120thave pBderméd an Hitendé

investigation, and as a result, have found that hexafluorophosphate

(MPF6: M = Li, Na, K, Rb, Cs, NH4, and Ag) can be manufactured at a

en.in an aquequs_ solution system by using three kinds of a
gress

PROBLEMS TO BE SOLVED BY THE INVENTICON
[0013]

The present invention is proposed to solve the problem
as described above, and it is an object of the present invention
to provide a manufacturing method of hexaflucrophosphate that
is capable of manufacturing hexaflucrophosphate {(APF¢: A = Li,
Na, K, Rb, Cs, NH;, and Ag) at a low cost in which raw materials
can be easily obtained, the control of a reaction is possible,

and workability is excellent,

MEANS FOR SOLVING THE PROBLEMS
[0014]

Inorder tosolve the above problems, the present inventors
have performed an intense investigation, and as a result, have
found that hexafluorophcsphate (MPFg: M = Li, Na, K, Rb, Cs,
NH,, and Ag) can be manufactured at 2 low cost even in an agqueous
solutionsystembyusing three kinds of£aH,PO,F, aqueous sclution,
a hydrofluoric acid agueous solution, and MF - r (HF) as raw

materials and optimizing the addition ratic of these raw
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a hydrofluoric acid aqueous solution, and MF r (HF) as raw 25 materials
and optimizing the addition ratio of these raw 6 materials and the
concentration of the solutions. [0015] The present invention is a
manufacturing method of hexafluorophosphate (MPF6: M is at least one
kind selected from 5 the group consisting of Ni, Na, K, Rb, Cs, NH4, and
Ag) having at least a HXPOYFZ aqueous solution, a hydrofluoric acid
mAGLOHS sselution and-Mitc & (Mibkas raw srateHalssouharetn s >_ 0, 0 5 X
< 3,0<_ y< 4,and05256) 10 EFFECT OF THE INVENTION [0016]
[ (Kccbiding to the present invention, the synthesis of hexafluorophosphate
MPF6 (M = Li, Na, K, Rb, Cs, NH4, and Ag) can be performed simply and
at a loW cost beeanse inexpehdive 15yaw materiaiscarr be wised dnetthet
handling is very easy. BEST MODE FOR CARRYING OUT THE
NENYENTION [O0IT] fi the Presentlinverition, 988 tpessible frisyRthesized from

20 MPF6 (M is at least one kind selected from the group consisting of Na,

e RBCES, NRIZS BRd Al Gding Bt 185st thred'RindsTof ¥ HxPOYEZHHUdAR "o

solution, a roflyoric acid aqueous solution, and r (HF) as raw
e e 1Ly v T B an Pt B Biapeous
se—fu)%fﬁrg’,’ Oa%x%ﬁ%' ang (BFY as raw materials.

{(wherein, r 2 0, 0 £ x <3, 0y 54, and 0 £ z £ 6)

EFFECT OF THE INVENTION
[0016}

According to the present invention, the synthesis of
hexafluorophosphate MPFgs (M = Li, Na, K, Rb, Cs, NH;, and Ag)
can be performed simply and at a low cost because inexpensive

raw materials can be used and the handling is very easy.

BEST MODE FOR CARRYING CUT THE INVENTION
[0017]

In the present invention, it 1s possible to synthesize
MPEs (M is at least cne kind selected from the group consisting
of Na, K, Rb, Cs, NHs, and Ag) using at least three kinds of
a HyPOyF'; aqueous solution, ahydrofluoricacidaguecus solution,
and MF + r (HF) as raw materials. However, r 2 (¢, 0 £ x £ 3,

0y 24, and 0 £ z £ b, preferably 0 £ x £ 3, 02y

IA

3, and

0<£2z<5, and more preferably 0 £z £ 3. Moreover, it is obvious
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250z 5, and more preferably 0 _< z <_ 3. Moreover, it is obvious 7 that
the object can also be achieved using a HXPOyFZ aqueous solution and
a hydrofluoric acid aqueous solution that are mixed to have a desired
composition in advance. [0018] 5 The present invention is preferably
carried out according to the next two kinds of methods. [0019] First, as a
first method, a HXPOyF? aqueous solution is reacted with a hydrofluoric
tlagid aqueocvsisolutiorraceordingte :0ithe folldwingichemical Peagtiongquecus
Formula 1, and then a crystal of a hexafluorophosphoric acid hydrate
s PHPFBoHHZO)ds enracied sia soliblcbheesRurthemorel according toethé xed
following chemical reaction Formula 2, MPF6 is produced by a reaction of
£ the BXiFactell HIBEE §HIE RRtA ME-F(HID @RERSIRSY 2 1, and 15 p is
fw n an amount of the stoichiometric amount or more) [0020]
YFZ + pHF -+ HPF6 gH20 (Formula 1) HPF6 gH20 + MF - r (HF)

-> MPEG + (r+ HF+ 20 (Formula_2) 20 [0 econd me hod is a
metholg% é hesmng Wéﬁgy reaﬁﬁ)g%a%-&)ng yCi'—E1 aqueous %o utléjnmh“nq
+ @ hyerofluaric acid agugaus selutign,, and MF r (HF) at the same time

according to the following chemical
[0019]

First, as a first method, a H.PO,F, aqueous solution is
reacted with a hydrofluoric acid aqueous solution according to
the following chemical reaction Formula 1, and then a crystal
of a hexaflucrophosphoric acid hydrate {HPFs - gH:0) is extracted
as a solid once. Furthermore, according to the following
chemical reaction Formula 2, MPF; is produced by a reaction of
the extracted HPFg - gH0 with MF - r (HF) (wherein, g 2 1, and

p is used in an amount of the stoichiometric amount or more).

[0020]

HyPOyF, + pHF — HPFg - gHp0 (Formula 1)

HPFs - gH:O0 + MF - r (HF) — MPFg + (r+1) HF + gH,0 {(Formula
2)
[0021]

Asecondmethodis amethodof synthesizingMPFsby reacting
a HyPOyF, agueous solution, a hydrofluoricacidagueous solution,

andMF - r (HF) at the same time according tothe following chemical

reaction Formula 3.

[0022]
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reaction Formula 3. 25 [0022] 8 MF - r (HF) + HXPOyFZ + sHF --> MPF6
+ yH20 (Formula 3) (wherein, s and y are 1 or more, and s is used in an
amount of the stoichiometric amount or more) [0023] 5 Examples of the
HXPOyFZ aqueous solution that is used in the present invention include
an aqueous solution in which one or more kinds of pentavalent

phosphorous compounds such as P205, H3P04, HP03, H4P207, H5330

0, H6R4013, H2PQO3F, HPO2E2, POE3, and PES are dissolved in.any one
MOL3, fgﬁcj + IH E%%,EZ + sf?E“ —IOMg ql 3 I‘é’l%ya 33

of water or hyd oric acid,”ari aqueous 10'so Ution thats gen rate

a reaction of exyhalogenated, phasphopis-such ag BOG13.and ROBI3: ount

with HE, and an aqueous solution that is generated by decomposition of

o ERFfe (B EdH.ddi Nae Ky iRD . 4&8.and AG) «urthermore, an aqueous
solution that is not reacted in the above chemical reaction Formulas 1 to

[ BYHXPOYFZ 15 that is obtained by recovering and concentrating filtrates,
etc. of the chemical reaction Formulas to 3 may be reused. However, 0
<_ x <Exanrdy5 3;faride 51zE9 5 ardintore prefeiablly @ <thz€ i3 used in
[0024] 20 The concentration of the HXPOYFZ, in the above HXPOyFZ
L uebtg e 8SIutibnas brsferably 5ot 989 By aeight o afcese Wherd ithe one
concentration is low, the moisture content in the system
ormore kinds of pentavalent phosphorous compeounds such as P20Os,
HaPOy4, HPO3, HsP204, H5P3010, H@PQOB, H>POsF, HPOgFg, POFg, and PFe
aredissolved inanyoneof water orhydrofluoricacid, an agueocus
solution that is generated by a reaction of oxyhalogenated
phosphorus such as POCls and POBrswith HF, and an aqueocus solution
that is generated by decomposition of EPF¢ (E = H, Li, Na, K,
Rb, Cs, and Ag). Furthermore, an agueous solution that is not
reacted in the above chemical reaction Formulas 1 to 3, HyPO,F,
that is obtainedbyrecovering and concentrating filtrates, etc.
of the chemical reaction Formulas 1 to 3may be reused. However,
0€£x<1, 1£y<3, and 0 £ z £ 5, and more preferably 0 <
z = 3.
[0024]

The concentrationof the HyPO,F,; in the above H,PO,F, agqueous
solution is preferably 50 to 98% by weight. In a case where
the concentration is low, the moisture content in the system
becomes large and it leads to lowering the yield. In a case

where the ccncentration is high, the aqueocus solution is

apprcaching to be a solid and the handling may become difficult
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becomes large and it leads to lowering the yield. In a case where the
concentration is high, the aqueous solution is 25 approaching to be a solid
and the handling may become difficult 9 from the viewpoints of moisture
absorbing property and the like. Furthermore, because viscosity becomes
high even when the aqueous solution does not become a solid, it is '
especially preferably 75 to 85% by weight. Further, when it is in this

L rande) S bitiophospofi€ Hcid S WhiChixso 8by =p and o=+ O rebiiimohi ke .
for adding to foods, and a product having high purity can be obtained at a

oW DS J0625] THE-ESnE e At aficr Bffie HiyaoNLEREIEE Wi iseyateous
during the reactions of the above-described chemical reaction Formulas

SO BB $'iot esp &Gty imited® Hbivevl, wheR®BconcentRtibn G20 LY
he hydrafluoric acid is too lgw, the generation,qf a PF6- anion becomes

T oo AR entoht S Hds A IRD Lo a1 bEnEAREE

[ iQrityinstead, and 15 therefore jt is preferably 40% by weight or
o2 priiyastend, and 1o, erefoge,t s preferably 0%y Welght O opon

more. Further, it is preferably 85% byweight of less from the viewpoin

eandlingn Furthermore, ameRg those, dtis preferably, S0% HY Weight Or- .1 1e
more to 75% by weight or less, and especially preférably 55% by weight

olaf aneredozA5% bysxeighter, less. 20 [0026] Furthermore, in the present
invention, it is important
[0025]

The concentration of the hydrofluoric acid that is used
during the reactions of the above-described chemical reaction
Formulas 1, 2, and 3 is not especially limited. However, when
the concentration of the hydrofluoric acid is too low, the
generationof a PFg anionbecomesdifficult, oxyphosphate anions
such as a HPC;F;” anion are generated with priority instead, and
therefore it is preferably 40% by weight or more. Further, it
ispreferably83%byweightorless fromtheviewpoint of handling.
Furthermdre,amongthose,jﬁ:ispreferablySO%kn;weightornmre
to 75% by welght or less, and especially preferably 55% by weight
or more to 75% by weight or less.

[C0286]

Furthermore, in the present invention, it is important
to keep the concentration of hydrofluoric acid in the
hydrofluoric acid aqueous solution 40% by weight or more after
reacting at least two kinds of H,PC,F,, HF, and MF - r (HF}). 1In

the case of less than 40% by welght, an excessive amount of water

10
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to keep the concentration of hydrofluoric acid in the hydrofluoric acid
agueous solution 40% by weight or more after reacting at least two kinds
of HXPOyFZ,, HF, and MF- r (HF) . In 25 the case of less than 40% by
weight, an excessive amount of water 10 promotes hydrolysis of the PF6
anion. Therefore, the concentration of hydrofluoric acid in the aqueous
solution after the reaction is preferably 40% by weight or more to less

pABRR 36y weight, and espaciallyreferably 45%.hy weight or.mare 5

to less than 65% by weight from the viewpoint of yield and handling

cqiepertiessush as filratior1Qn the atherhandyip the,aboves shemicah st ex
reaction Formula 1, because the H,POYF, aqueous solution or the HF

t ragusaustsotutidnsthat afte tsed-antha watew eampenent rbatis:generated han
by the reaction are separated to the solid 10 side as crystallization water,

8 tRelvoncentiationzofdhydrpfiaorkc. ‘agich caf deanagediigherthan that or more
before the reaction. [0027] The grade of the above hydrofluoric acid is not

Cespecidllyaninmitedy and aalindustial hradé sargenerakbdrade, lai B6:d handling
semiconductor grade, etc. in the market can be used as it is or by

P iBptopriatély’ ddfusting thetdsriceritration thersof Wifisnga fifbsg a the above
semicoqductor rade that has a lower amount of impurities is preferably

“Ni<EHC Frowigvér: troth tRe Viedpbint BF HE oSt “afviriddstidl grage, solution
o O S e SRR AL P LR R T L P4 pomen
that is generated by the reaction are separated to the solid
sideascrystallizationwater,theconcentrationofhydrofluoric
acld can be made higher than that before the reaction.
[(0027]

The grade of the above hydrofluoric acid is not especially
limited, and an industrial grade, a general grade, a
semiconductor grade, etc. in the market can be used as it is
or by appropriately adjusting the concentration thereof. Among
those, a semiconductor grade that has a lower amount of impurities
is preferably used. However, from the viewpoint of the cost,
an industrial grade, a general grade, etc. are especially
preferable. 1t is sufficient if each metal impurity is 1 ppm
by weight or less as the concentration of impurities.

[0028]
On the other hand, a production method of MF - r (HF) is

notalscespeciallylimited, andoxides, hydroxides, carbonates,

chlorides, etc. containingM=1i, Na, ¥, Rb, Cs, and Ag, products

11
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by weight or less as the concentration of impurities. [0028] On the other
hand, a production method of MF- r (HF) is not also especially limited,
and oxides, hydroxides, carbonates, 25 chlorides, etc. containing M = Li,
Na, K, Rb, Cs, and Ag, products 11 produced by reacting NH3 with
hydrofluoric acid or ammonium fluoride, or metal fluorides MF r (HF) (r
> 0) produced by excessively reacting these products with hydrofluoric

» GG ARy used: laddition MFE () thatis proguced as-a BY-Produet 3 < um

due to the reaction of the following chemical reaction Formula 6 may be

£ rgysedid0029] MPES I+ Hiid-RRas MEF r (HR){Formulabhwhersin b vy

is used in an amount of the stoichiometric 10 amount or more) [0030]
exfhere are pyoblems that thedwndlingsefqhospharusypentachloritle and ¢ are
phosphorous pentaoxide is difficult because they are solids having large

usndisturenabsorbingpropdity rand 15 especiabyptsodorkaliildy is poorhehict
loading raw materials into manufacturing facilities, etc., and

difiebRanfratioiris alss: diffidiietd bé hitehiptedhOhitha bthepkaAgn Formula
because LiF, LiF (HF), NaF, NaF (HF), KF - (HF) , RbF . (HF), CsF,

6 &8 YdPRot aBEGMH moisture as intensely as phosphorous pentachloride

LA

MPFs + HE — PFs + MF - r (HF) {Formula 6}

{wherein, HF is used in an amount of the stoichiometric
amount or more)

[C030]

There are problems that the handling of phosphorus
pentachloride and phesphorous pentaocxide is difficult because
they are solids having large moisture absorbing property, and
especially its workability is poor when loading raw materials
intomanufacturing facilities, etc., and mechanization is also
difficult to be attempted. On the other hand, because LiF, LiF
- (HF), NaF, Nafb - (HF), KF - (HF}, BRbF - (HF), CsF, etc. do not
abscrb molisture as intensely as phosphorous pentachloride and
phospheorcus pentacxide and they are crystals having excellent
fluidity, loading of the raw materials is esasy. Furthermore,
both H.PO,F, and HF are ligquid (agueous Solution) at room
temperature, and comparing to the case of using phosphorous
pentachioride and phosphorus pentaoxide as raw materials, they

have advantages that theirworkabilitiesinlcadingrawmaterials
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20 phosphorous pentaoxide and they are crystals having excellent

fluidity, loading of the raw materials is easy. Furthermore, both HXPOyFZ
and HF are liquid (aqueous solution) at room temperature, and comparing
to the case of using phosphorous pentachloride and phosphorus
pentaoxide as raw materials, they 25 have advantages that their
workabilities in loading raw materials 12 into the manufacturing facilities,

igg:d %E‘leereg]ﬁa&%b& ﬁ@@@%% canfjitcrln?‘ égn e%‘%‘?lcng }:I%nr%?nna%lﬁggbley improved
attempted easily. As'a matter of colrse, these lead to improve

aRreHctivity of hexafluorgphasphate,, 8JA031] Inthe.above chemigal , .y o

reaction Formula 1 or 3, there are no problems’if the addition ratio of HF
oto HXPQYFZ sk gguivalent +or mars: LHQWeVer - a-¢ase whergrthe
addition ratio is small, because the concentration of hydrofluoric acid after
htheareactiob id-keocomes. low, it is preferably 1.5 equivalents or more. The
concentration of hydrofluoric acid after the reaction can be increased if
[ tHe3addition ratio is further increased. However, because it becomes
industrially uneconomical, it is preferably less than 10 equivalents. On the
other hiaind:lbecaeeEahelkBidslabilig ot thecproducad MPF6odedredsesre are
with an increase of the HF concentration, it is possible to increase the
NYiSIHCHGRSver, bBEaassltie amaantist aisdbfutientofMPE6 incressesvalent

due to the large amount of HF even if the solubility is low, _
Or more. However, in a case where the addition ratio is small,

becausetheconcentrationofhydroflucricacidafterthereaction
becomes low, it is preferably 1.5 eguivalents or more. The
concentration of hydrofluoric acid after the reaction can be
increased if the additicn ratio is further increased. However,
because it becomes industrially uneconomical, it is preferably
less than 10 equivalents. On the other hand, because the
solubility of the produced MPF; decreases with an increase of
the HF concentration, it is possible to increase the yield.
However, because the amount of dissolution of MPF¢ increases
due to the large amount of HE even if the solubility is low,
and the yield decreases, and among those, it is especially
preferably 2 equivalents or more to 7.5 eqguivalents or less.
[0032]

Further, in the above chemical reaction Formula 2 or 3,
the reaction proceeds guantitatively when the addition ratioc
of MF - r (HF) to HyPGyF, is 1 to 3 equivalents. However, when

the addition ratio becomes large, MF - r (HF) becomes a compound
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and the yield decreases, and among those, it is especially 20 preferably 2
equivalents or more to 7.5 equivalents or less. [0032] Further, in the
above chemical reaction Formula 2 or 3, the reaction proceeds
guantitatively when the addition ratio of MF r (HF) to HXPOYFZ is 1 to 3
equivalents. However, when 25 the addition ratio becomes large, MF - r
(HF) becomes a compound 13 having large r by reacting with HF and
hethérefores the consentratier: ohhydrofitoricraciddn the-systemejecreases
and the yield also decreases, it is preferably 1. 01 to 2 equivalents, and
ccgmend thosecit is spediatly prefetablyct.05ito 155 equivatentsavieses and
industrial and economic efficiencies are taken into account. [0033] In the
thebpie EHemitalteastsPEemilall e addinghethod lofehe eawivalents,
materials is not especially limited, and any of a 10 method of adding a
NG PBVEY S§6&6ustSoltitior? 8RE GitRydrflvi scia agtiedus Solufior afl
at pnc$éa method of dropping a HXPOYFZ aqueous solution or a
u

SVt oMb i AqtiRBHs Sblfion BEtRE S fifie L G ethodof taken

irpi%cig%ggé{nqcn_e of a HXPOyFZ aqueous solution or a hydrofluoric acid
agueous solution in a reactor 15 first and dropping the other aqueous

[Gs@lgt' n may be used. However, in the reaction of a H"POyFZ aqueous
solution and a hydrofluoric acid aqueous solution, because heat is hardly

In the above chemical reaction Formula 1, the addingmethod
of the raw materials is not especially limited, and any of a
method of adding a HyPO,F, agueous scluticn and a hydrofluocric
acid aguecus sclution all at once, a method of dropping a HyPO,F,
agueous solution or a hydroflucric acid agueous solution at the
same time, and a method of placing any one of a HyPO,F, agueous
solution or a hydrofluoric acid agueous solution in & reactor
first and dropping the other aqueous solution may be used.
However, in the reaction of a HyPOyF; agueous sclution and a
hydrofluoric acid agueous sclution, because heat 1s hardly
generatedduring the reaction, amethodof adding a H PO,F; agueous
solution and a hydroflucric acid agueous scolution all at once
is preferable when considering productivity.
[0034]

Further, the adding method of the raw materials in the
above chemical reactionFormula 3 isnotalscespecially limited,
and any of a method of adding a HyPCO,F, aqueocus solution in which

MF r {HF) is dissolved and a hydrofluoric acid agueous sclution
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generated during the reaction, a method of adding a HXPOYFZ aqueous
solution and a hydrofluoric acid aqueous solution all at once 20 is
preferable when considering productivity. [0034] Further, the adding
method of the raw materials in the above chemical reaction Formula 3 is
not also especially limited, and any of a method of adding a HXPOyFZ
aqueous solution in which 25 MF r (HF) is dissolved and a hydrofluoric

af‘?i%%%%%s solytiof o}gh%%gsg%ﬁég’}%gn%m%f9f°§§i§§o%hs'*"§o Yoion in

aqueous solution in 'wh r is°dissolved of a rofluoric aci

wAGUEOYS: sojutigp-at the m@_géiweén&amﬁ)agoo P@fﬂ%aaggge&{uéous

HXPOyFZ aqueous solution in which MF-r (H issolved or

s Bydroflerigracie aqueaus sohtionsina reagien st @@dgﬂmpfw gﬁ%’% of

agueous solution may be used. Furthermore, a method of placing r

a (HR)aypm reactes firstand.adding : a HXROyhLraqueousrsolution 884A ved or
hydrofluoric acid aqueous solution into the reactor all at once or a method

a ohplacingl 1@ ME: rdBE) imgueactor firstantlaliopping add®R@yk, first and
agueous solution or a hydrofluoric acid aqueous solution into the reactor

dapiielsameinfetinay baused sFarhert adiguid inlvehichaMPF6 iscthermore,
dissolved into these solutions in advance may be used. [0035] 15 Heat is

a aFdY eenefatedadtiving HE redctidhfih the feactiofiefthd HIPOYHR! adding

agueous solution and the h%/drofluoric .
a HyPO,F; aqueous solution and a hydrofluoric acid agueous

solution into the reactor all at once or a method of placing
ME - r (HF) in a reactor first and dropping a HyPOyF, aqueous
sclutionorahydroflucoricacidagueous solution into the reactor
at the same time may be used. Further, a liguid in which MPF,
is disscolved into these solutions in advance may be used.
{C035]

Heat is hardly generated during the reaction in the
reaction of the H,PO,F, aguecus sclution and the hydrofluoric
acid agueous solution, however, because some heat is generated
when MEF - r (HF) reacts with HF, it is preferable to use a MF
- r (HF) / BF agueous soclution in which MF + r (HF) is slowly
added into HF that is cooled to 5 to 15°C while stirring. In
the reaction of this MF + r (HF) / HF solution and the H PO,F,
aqueous solution, because heat is hardly generated during the
reaction, a method of adding the HyPO,F, aqueous sclution and
a hydrofluoric acid agueocus solution in which MF - r {(HF) is

dissolved all at once is preferable when considering
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acid aqueous solution, however, because some heat is generated when
MF r (HF) reacts with HF, it is preferable to use a MF r (HF) / HF
agueous solution in which MF r (HF) is slowly 20 added into HF that is
cooled to 5 to 15C while stirring. In the reaction of this MF r (HF) / HF
solution and the HXPOyFZ aqueous solution, because heat is hardly
generated during the reaction, a method of adding the HXPOYFZ
$ solution and a hydrofluoric acid agueous solution in which MF - r
pl?ﬁ%%?s%lz l(s:lgs'olved all at once is preferable when considering 15
E@@@c@qctivity. [0036] Furthermore, MPF6 (M = Na, K, Rb, Cs, NH4, and
Ag) is synthesized by reacting a HPF6 gH20O crystal (solid) thatis 5

extracteghinrtheabpye ohemicalreactian FRrmela, 2 with ME J,(HR)q angy is

the reaction method at this time is not also especially limited. At this time,

s aiyrof aimethad,of-adding apy-onepef, water,or HFtodhe HREE :9H2@nat is
crystal or MF k (HF) , dissolving it by stirring, and then adding these

esohdionsdalliat artce, 4D airepping:thesel selgtens atthesamea §Me, wfth MF -
adding one solution into the other solution. [0037] However, because

r \Waker apt Hhgre produicedriestd by-plodndts ds tive Yeautivr proceegsinially

the same as the chemical reaction 15 Formula 2, solids are placed in the
l%@%ﬁgpand%ﬁ"ﬁﬁjﬁuﬁgme, any of a method of adding any one of

water or HF to the HPF¢ * gH20 crystal or MF - k (HF), dissolving
it by stirring, and then adding these solutions all at once,
dropping these solutions at the same time, or adding one solution
into the other solution,

[0037]

However, because water and HF are produced as a by-product
as the reaction proceeds in the same as the chemical reaction
Formula Z, sclids are placed in the reactor and stirring may
be performedwithout a necessityof adding water or HF. However,
an increase of the liquid amount is closely related to the
sclubility, andbecause the smaller the liquidamount, the better
it is, and among these, a method of placing the solids in the
reactor and stirring is the most preferable.

[0038]

Inthe above chemical reaction Formulas 1 to 3, the reaction
temperature is not especially limited. However, because a
hydrolysis reaction that is a reverse reacticn occurs in the

above chemical reaction Formulas 1 to 3 when the reaction
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be performed without a necessity of adding water or HF. However, an
increase of the 'liquid amount is closely related to the solubility, and
because the smaller the liquid amount, the better it is, and among these,
a method of placing the solids in the 20 reactor and stirring is the most
preferable. [0038] In the above chemical reaction Formulas 1 to 3, the
reaction temperature is not especially limited. However, because a

CERRITSIGSIS TBabhGH TR id A FeversB Péactighroéedrddn tHe 25 abpract ion of

piEheTical reacton Formulas 1tg 3 when ihe reacton, 16 temparature
becomes or more ana a nydrolyslis reaction o -"also occurs in

» He-chemicalreaction. Formula 2. it causgs &9%%9%%%92@5 0ld- v occurs

Further, because scattering of HF occurs when the reaction temperature

wre highethe seagtionds preferably-a performed at 5QC orless, Furhermore,, |

because the reaction ratebecomesslowinthecaseofalowtemperature,
pé%ﬂﬁ%ﬁ%@byt“g%%pﬁqxﬁgs%qnh@ﬁﬂ%Hg%ﬁﬁﬁ%ﬁf%@Q%Q@nghe reaction

productivity, it is especially preferable to perform the reaction in the range
r 0f e204 ton+ 36C c10. [0088] da she-gbove chemical reaciion Formuas tdeably
3, the crystallization temperature is not also especially limited. The lower
- 405 the maore thefyieldhis improvéd: Howevd citrleads ol an increaseofvity,
. cost in the aspects of incidental
it is especially preferable to perform the reacticn in the range
of -20°C to +30°C.
[06039]

In the above chemical reaction Formulas 1 to 3, the
crystallization temperature is not also especially limited.
The lower it is, the more the yield is improved. However, it
leads te an increase of cost in the aspects of incidental
facilities and productivity. For this reason, it ispreferably
-40°C or more to +30°C or less, more preferably -20°C or more
to +20°C or less, and among those, especially preferably -5°C
or more to +20°C or less. Further, because the solubility of
HPFg - gqH20 is high, a crystal cannot be obtained at 0°C or more.
That is, in the case of HPF¢ - gH,0, it becomes possible that
HPFg-gH:0canbe extractedasacrystal bymaking the concentration
of HF after the reaction 40% by welght or more and the temperature
0°C or less. Then, in the case of performing a crystallization

of HPFg - gH:0, 1t is very important to make the temperature -50°C

or more to 0°C or less, and among those, preferably -40°C or
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15 facilities and productivity. For this reason, it is preferably -40C or more
to +30C or less, more preferably -20C or more to +20C or less, and
among those, especially preferably -5C or more to +20C or less. Further,
because the solubility of HPF6 gH20 is high, a crystal cannot be obtained
at OC or more. 20 That is, in the case of HPF6 gHZ20, it becomes possible
that HPF6 gH20 can be extracted as a crystal by making the
mdghckftratioh 6FHEFRr the reaction 40% by weight or more and the
{Otsfrﬂ%erature OC or less. Then, in the case of performing a crystallization
0 F6 - gH20, it is very important to make the temperature -50C 25 or

more tQ 0C or Iesﬁs and amor}%ghﬁogie Qref%rflb}}/ -t4OC or. 17 r}qgrecwe-rg)lcca ]

or less. F()Oﬁ%f% %?re}agtlronco crysta iz4fion fime ijﬁr?ﬁe%ﬁanlcal

rdeaction Ferpplas it 3 @ti%%g@@g%@&da ﬂ%v%\i% 2L ACRSE oy,

where it is short, there is a possibility that the yield decreases. On the

irptheehand,jna-case-where ids-long, Hbeproductivity decreasas,, RO this + 1

reason, the reaction or crystallization time is 0. 5 hours or more and less

y itban Hehewss qreferably Acheunermoaredo 4&hows £ I9EsR0Te is long,
preferably 10 1.5 hours or more to 8 hours or less, and among those,

trespgeciallycpreferaplyl 2dhwors ©s morecto G hoursenless, [004 [teis@ ion or
feature of the present invention to extract a HPF6

crystallization time is 0.5 hours or more and less than 72 hours,
preferably 1 hour or more to 48 hours or less, more preferably
1.5hoursornmretx>8h0urscnrless,andamongthose,especially
preferably Z hours or more to & hours or less.
[0041)]

It is a feature of the present invention to extract a HPFg
- gHzO crystal (sclid) from the reaction system to outside of
the system by crystallization for example after the reaction
in the chemical reaction Formula 1. However, g is 1 or more,
preferably 2 or more, and more preferably 6 or more. That is,
because this HPFg - gH,0 crystal (solid) isahydrate, themoisture
in the system shifts to the crystal side and the concentration
of hydrofluoric acid in the sclution can be increased.
Furthermore, by adding HF having high concentration into this
fiitrate, it canbe an initial concentration or can ba made close
tothe initial concentration, amother liquidcanbe continuously

used 1n the reaction of the next batch, and therefore a cost

reduction becomes possible.
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gH20 crystal (solid) from the reaction system to outside of 15 the system
by crystallization for example after the reaction in the chemical reaction
Formula 1. However, q is 1 or more, preferably 2 or more, and more
preferably 6 or more. That is, because this HPF6gH20O crystal (solid) is a
hydrate, the moisture in the system shifts to the crystal side and the
concentration 20 of hydrofluoric acid in the solution can be increased.
[ (Eifrtiermore, by adding HF having high concentration into this filtrate, it
can be an initial concentration or can be made close to the initial
concentraticr " mbtheriRitfd 8n BelbhfiRtsEsly Letin the feddmmteon -
the next baﬁ , and therefore a cost 25 reduction becomes possible. 18
EY8645 " tirkiRg is Bratarably Periormtéd dafing te FEBRE6M 2 HoleveF thed -
C%\ﬁve’i f stirring is not especially limited. [0043] 5 The HPF6- gH20 or the
I% gthat is obtained by the above set of operations is subjected to

solid-ligyid ﬁg@aratl (ﬁ@re@m%%f tQ%melt?L%‘j af solid-ligy “@uche above

separation IS a iltrati on and a nown genera ation met

sdhatyraldileation cpressyrized filtration, and.cantrifugal filirgtion canhe 10 an
adopted as the filtration method. [0044] After the solid-liquid separation in
exbeghemicabreactionod of solid- liquidseparationisafiltration,
and a known general filtrationmethod suchasnatural filtration,
pressurized filtration, and centrifugal filtration can be
adopted as the filtration method.
[0044]
Afterthesclid-liguidseparationinthe chemical reaction
formula 2 or 3, the purity of the MPF¢ is preferably increased
by a performing washing. Known methods such as a method of
performing washing by dispersing the MPFg into a washing agent
again and a method of performing washing by introducing a washing
agent directly into a separation apparatus and contacting with
theMPFscanbeusedaloneor incombinationas awashingoperation.
Further, there is a case where the filtrate after filtration
contains an excessive amount of MPFs salt solution or a large
amount of acid. Inthiscase, ifdistillation, etc. isperformed
on the filtrate and a MPF; salt solution or acid is recovered,
the double effects of cost reduction due to the load reduction

ofwastewater treatment andof therecoveryof valuablematerials

can be obtained.

19



10

20

25

formula 2 or 3, the purity of the MPF6 is preferably increased by a
performing washing. Known methods such as a method of 15 performing
washing by dispersing the MPF6 into a washing agent again and a
method of performing washing by introducing a washing agent directly
into a separation apparatus and contacting with the MPF6 can be used
alone or in combination as a washing operation. Further, there is a case
r gwhere the filtrate after filtration 20 contains an excessive amount of MPF6

salt solution or a large amount of acid. In this case, if distillation, etc. is

performed: pnithe filtsate iang a MRS saltrgotution-er-acid is,recavetedi, and
the double effects of cost reduction due to the load reduction of waste
anyatef teedtgnént andrdf tha reedveryof valiable matatialsd 25 candel», pure
obtained. 19 [0045] Here, the washing agent is not especially limited, and
waargrof athydrousyHPehighBdconCentrated e, adilutedr HEh purs: water of
etc. may be used. Furthermore, for the purpose of 5 neutralizing acid, the
N{idshing Fdytbepetofmedwith Bhdalialine: sdrdihasametidatienaidialine
example, in the case of synthesizing KPF6, K2CO3, KHCO3, etc. is used)
S%J;&s%%@fbé&%c%? by petforing aikdine Redtraizater inflishess b L0y
osi acid, contamination of metal impurities to the product, etc. 10
“Ehthea éeg? ’ste%{c(:?g%ﬁ beSsipprésset Sfobae) 45 described above, by

performing alkaline neutralization, influences of ercsion by
acid, contamination of metal impurities to the product, etc.
in the latter step can be suppressed.

[CC46]

Further, the temperatureduring the filtrationandwashing
is not also especially limited. However, it is performed at
-40°C or more to +30°C or less, mcre preferably -20°C or more
to +20°C or less, and among those, especially preferably -5°C
or more to +20°C or less.

[0047]

The MPFg that is obtained by the solid-liquid separation
is preferably dried. Examples of the drying method include air
drying, warm heat drying, and vacuum drying. The drying time
is not especially limited. However, it is generally 0.5 to 72
hours. The drying is preferably performed at a drying
temperature of less than 120°C. When it is perfcrmed at a
temperature of 120°Cormore, drying facilities become expensive,

a large heat capacity becomes necessary, and the preduction cost
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Further, the temperature during the filtration and washing is not also
especially limited. However, it is performed at -40C or more to +30C or
less, more preferably -20C or more 15 to +20C or less, and among those,
especially preferably -5C or more to +20C or less. [0047] The MPF6 that
is obtained by the solid-liquid separation is preferably dried. Examples of
the drying method include air 20 drying, warm heat drying, and vacuum

drying. Thy ing.time is not especially limited. However, it is generally
oL NS5 5 30, THE Gyt 18 Tt BeORHE At oG LAt are  the

temperature of less than 120 en.it is performed at.a_temperature of
e g BTy EAErae L asatos Slordo bl aaadiy nt

o@%@@%@@ce%ytﬁ%%QR@@%C@O&%%%ZQ Q?Q%@ﬂ%@ﬂé%%%%zmed

because the higher the temperature, the ‘more possibility of t
2 Peing decgmpesed by a small amount of moisture, and therefore the
drying is preferably performed at 85 to 110C. 5 [0048] MPF6 having a
[ moaigture content of 2000 ppm by weight or less can be manufactured
simply with the above method. Further, because inexpensive raw
materidiBigah dveiuseimthismetkod and:the manufacturingnmethed issht or
simple, cost reduction can be 10 attempted.
less can be manufactured simply with the above method. Further,
because inexpensive raw materials can be used in this method
and the manufacturing method is simple, cost reduction can be

attempted.
[0049]

Furthermore, accerding to the following chemical reaction
Formula 7, a salt exchange may be performed on the
hexaflucrophosphate {(MPFg: M = Li, Na, XK, Rb, Cs, NH., and Aqg)
that was obtained with the method of the abeve chemical reaction
Formulas 1 to 3.

[0050]

MPFe¢ + JF - k (HF) — JPFFs + MF - k (HF) {(Formula 7)

(wherein, J = Li, Na, K, Rb, Cs, NHy, and Ag, and k 2 0)
[0051]

Here, the sclvent that is used in the salt exchange is
not especially limited, and any of anhydrous HF, highly
concentrated HF, diluted HF, pure water, organic solvents, etc.
may be used. Among these solvents, anhydrous HF and highly

concentrated HF are especially preferable.
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[0049] Furthermore, according to the following chemical reaction Formula
7, a salt exchange may be performed on the hexafluorophosphate
(MPF6: M = Li, Na, K, Rb, Cs, NH4, and Ag) 15 that was obtained with the
method of the above chemical reaction Formulas 1 to 3. [0050] MPF6 +
JF k (HF) -4 JPF6 + MF ' k (HF) (Formula 7) (wherein, J = Li, Na, K, Rb,
Cs, NH4, and Ag, and k >_ 0) 20 [0051] Here, the solvent that is used in
Wﬂé%&lt exchange is not especially limited, and any of anhydrous HF,

highly _concentrated HF, djluted HF, pure water, grganic solvents, etc. '
may b (e AFre thlsb KolvRES. GAyCGUS M sha HIgHIy 35 Che ratio

qncentrate e.especially preferable. 21 [0052] Furthermore, in the
O CHOTRCal rodeion FormuTacd, IRG fati Bf BECIFER (U6 B HIREEIER

chemical reaction Formufa

ndVeferably fto.2 equivalents.. Howaver, because, unreacted ‘:E']E%lé (BELIS ot

mixed into JPF6 that 5 is a product when the ratio increases, the ratio i€

: espesially; preferablyc b0 tosk-1 equivalents: [0033 1. Theamouat ok the-; 511
solvent that is used is not also especially limited. However, when the

paafeurdof the solvest increasg8ivalents.

[0C053]

The amount of the solvent that isusedisnotalsocespecially
limited. However, when the amount of the solvent increases,
the amount of dissolution increases and the vield decreases.
However, when the amount of the sclvent is small, there is a
case where unreacted JF - k (HF) or MF - k {HF) that is produced
as a by-product is mixed into JPFg that is a product. Because
of this, the amount of the solvent is preferably 0.5 to 10 times,
and especially preferably 1 to 5 times the weight of MPF:.
[0054]

Iin the salt exchange, the adding methoed of raw materials
is not also especially limited. Examples of the method include
a method in which a sclution having MPFg or JF - k {(HF) being
dissolved in a solvent is added all at once or is dropped at
the same time, and a methed in which one solution is added to
the other solution. Furthermore, a method of placing a sclvent
intoareactor first andslowly adding MPFgor JF -k (HF) thereinto

may be used. Furthermore, itmaybea reverse operationthereof.

However, the reaction is preferably performed after dissolving
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10 the amount of dissolution increases and the yield decreases. However,

when the amount of the solvent is small, there is a case where unreacted

JF k (HF) or MF k (HF) that is produced as a by-product is mixed into

JPF6 that is a product. Because of this, the amount of the solvent is

preferably 0. 5 to 10 times, 15 and especially preferably 1 to 5 times the

weight of MPF6. [0054] in the salt exchange, the adding method of raw
ChiRate?ial€as pot alsd psetially infitedNERakples 6 tHeEmethdd rfeluiier at ed

.method in which a solution having MPF6 or JF k (HF) being 20 dissolved
L a LIVt i€ Adaed AN St Dricé ori€ dréppetPat thetsametinte, dithg JFFs-

U%%tlg d in which one solution is added to the other solution. Furthermore,
a method of placing a solvent into a reactor first and slowly adding MPF6

or 9" k(iR erainto, may be sised, Euthirmote, lmaY be aUsverst, on

operation thereof . 25 However, the reaction is preferably pefformed a

assalving 122 the ravw majerials.once.as.a matnod forAetReing g tney can

incorporated the unreacted products of the raw materials, etc. into JPF6.
b40Q%0] fiheneactian¢rystadizatian,filtratien, avashing, anda B Arking

methods are not also especially limited, and they can be performed under
[ #lvé 6onditions described above. [0056] In the case of performing the salt
exchange on the
in the case of performing the salt exchange on the
hexafluorophosphate that was obtained with the above chemical
reaction Formulas 1 to 3 according to the chemical reaction
formula 7, MPFs having a moisture content of 1000 ppm by weight
or less can be manufactured simply.
[0057]
Because a hydroflucric acid aqueocus solution is used in
all of the set of operations, a container made of a fluorine

resin, vinylchloride, polyethylene, or a container lined with

these is preferably used.

[Examples)
(0058}

Below, the preferred examples of this invention will be
described illustratively in detail. However, the materials,
the compounding amounts, etc. that are described in these
examples are not for the purpcose of limiting the scope of this

invention to those as long as there is especially no limiting
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hexafluorophosphate that was obtained with the above chemical 10
reaction Formulas 1 to 3 according to the chemical reaction formula 7,
MPF6 having a moisture content of 1000 ppm by weight or less can be
manufactured simply. [0057] Because a hydrofluoric acid aqueous
solution is used in 15 all of the set of operations, a container made of a
fluorine resin, vinylchloride, polyethylene, or a container lined with these

dés preferabiy: usechd Examples 2@ {005 8] Below, the prefesreshexamples
of this invention will be described illustratively in detail. However, the
[ fratétials, the compounding amounts, etc. that are described in these
examples are not for the purpose of limiting the scope of this 25 invention
(g #B5eas long as there is especially no limiting 23 description, and they
are only illustrative examples. [0059] (Example 1) 160 g of acid
potasshi fRiorilled K (BEzat 700 §159F 799 BY Weightf ) and 700 g

ydrafluoric acid (HF) in a semiconductor grade were placed in a 3 L
O Lot fe ke o AT FaalT (5P togEther it 8o At

g%“c‘%%%égg%x‘iaasc%iés%’eg while, stirfing ynder.an ide bath. Furthermars, ;
resin (PFA} togetherwitha rotator, andthe KF- (HF) was dissolved
while stirring under an ice bath. Furthermore, 175 g of 85%
by weight of phosphoric acid (H;PO4) was weighted to put in a
separatory funnel, it was slowly dropped over 30 minutes while
cooling with an ice bath, and the reaction was performed while
stirring for 6 hours.

[(0060]

Thereafter, it was cooled to ~-5°C and crystallization was
performed for 24 hours. Next, the obtalned precipitate was
filtered by suction and filtration. At this time, when the HF
concentration cof the filtrate was quantitatively analyzed, it
was 550% by welght. On the other hand, the recovered crystal
was washed with 400 g of pure water. Thereafter, drying was
performed at 105°C for 12 hours. The amount of the obtained
crystalwas 156g (yleld56%). Furthermore, whenXRDmeasurement
of the obtained crystal was performed, it was found to be KPTFg.
Further, when the moisture content of the obtained KPF: was
measured with a meisture meter, it was 350 ppm by weight {as

a result of performing ion chromatography of the filtrate, only
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by weight of phosphoric acid (H3PO4) was weighted to put in a 10
separatory funnel, it was slowly dropped over 30 minutes while cooling
with an ice bath, and the reaction was performed while stirring for 6
hours. [0060] Thereafter, it was cooled to -5C and crystallization was 15
performed for 24 hours. Next, the obtained precipitate was filtered by
suction and filtration. At this time, when the HF concentration of the

ki wasmquantitativelyanalyzed it Was a3% by weight @8 theotheferial
hand, the recovered crystal was washed with 400 g of pure water.

tidereafier] dying was2Q:pesformed as 105G o BEXhoursichheramoust 6k use
the obtained crystal was 156 g (yield 56%) . Furthermore, when

1 XRDméasbFermerst ©f the bbtained crystalavdaspefoimed it s founditoiing
be KPF6. Further, when the moisture content of the obtained KPF6 was

W hiEaBured witted mblstire Aieterdithas 856 ppmdyiweigsasps axesaltely
of performing ion chromatography of the filtrate, only 24 F- anion and

ApEE: Bhion-were/ d@t”e%?@cﬁgﬁﬁégraie of the material that could be

[ggg(}?ted as a crystal was 56%. However, because 100 g of KPF6 was

issolved in the washed filtrate after washing with pure water, it was

(EE%%W @ ty}e reaction was approximately 5 quantitatively proceeding.)
OOGﬁ éxample 2)

The filtrate of Example 1 was completely concentrated at
120°C over 24 hours. The liguid after concentration had slight
viscosity and it was a cloudy liquid. This liquid was added
to the 3 L of reaction vessel made of PFA, and 200 g of 75% by
weight of H3PO, was added and dissolved. On the other hand, 550
g of 75% by weight of HF in a semiconductor grade was placed
in a separate container, 145 g of KF ' (HF) was slowly added
whilecoolingwithanicebath, anditwasdissolvedwhilestirring.
Bach of this hydrefluoric acid aguecus solution and phosphoric
acid solution was transferred into a separatory funnel, and
dropping was performed at the same time over 15 minutes while
stirring under an ice bath. This solution was cooled to -40°C,
and crystallization was performed for 48 hours.

[0062]

Next, the obtained precipitate was filtered by suction
and filtration. At this time, when the HF concentration of the
filtrate was gquantitatively analyzed, it was 48% by weight. On

the other hand, the recovered crystal was washed with 400 g of
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The filtrate of Example 1 was completely concentrated at 120C over 24

hours. The liquid after concentration had slight 10 viscosity and it was a

cloudy liquid. This liquid was added to the 3 L of reaction vessel made of

PFA, and 200 g of 75% by weight of H3PO4 was added and dissolved.

On the other hand, 550 g of 75% by weight of HF in a semiconductor

grade was placed in a separate container, 145 g of KF (HF) was slowly

ed 15 while.cooling with an ice hath, and it was dissolved while _,

e Each of 1o TAIOT ori e B B Enetion B BhobgRoric o7 ©
naeidssolutign was-transferred;iatoa separatory. W,ia%yr@e@ing was

performed at the same time over 15 minutes while stirring under an ice
mbath chhis selutionavas eoated 10,4065 n20 apd-grystallizatiogpwas ystal was

performed for 48 hours. [0062] Next, the obtained precipitate was filtered
pdyBuctien: , and filkratiof cAtthis timeewheR the HEconcentsation efitheabove

filtrate was quantitatively analyzed, it was 48% by weight. On 25 the other
dpyanpt L theletoveredoerystat waswdsivet witha400:d of 125:parewater5%  (the

Thereafter, drying was performed at 105C for 8 hours. The amount of the
2IBtainet eyt Whs 155§, FutfieriRe [hehsX REPMEagutémehtof fe rot
. obtained crystal was performed, it was found to be KPF6. According to

e AB6d 5 désthiphion, it CaiT e tsulia bt that thelia was 55% @t e ined

nt of KPF6 th issalved in the washing liquid was not
K gov\lflaé %easu?:écﬂv\:{\@fsl g .%%%s%ure meter, q v\gas 500 ppm by weight.

100637
(Example 3)

160 g of KF + (HF) and 940 g of 53% by weight of HF in
a semiconductor grade were placed in a 3 L of reaction vessel
made of PFA togetherwitha rotator, and the KF- (HF) was dissolved
while stirring under an ice bath. Furthermore, 175 g of 85%

by welght of H3PO; was weighed to put in a separate container,

- and a phosphoric acid aqueous sclution was added all at once

while stirring in a water bath of 20°C. The reaction and
crystallization were performed as it is for 4 hours. Next, the
obtained precipitate was filtered by suction and filtration.
At this time, when the HF concentration of the filtrate was
guantitatively analyzed, it was 42% by weicght. On the other
hand, the recovered crystal was washed with 400 g of pure water.
Thereafter, drying was performed at 105°C for 24 hours.
Furthermore, when XRD measurement of the obtained crystal was

performed, it was found to be KPF¢. Because the amount of the
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included) . Further, when the moisture content of the obtained KPF6 was
measured with a moisture meter, it was 500 ppm by weight. [0063] 10
(Example 3) 160 g of KF (HF) and 940 g of 55% by weight of HF in a
semiconductor grade were placed in a 3 L of reaction vessel made of
PFA together with a rotator, and the KF (HF) was dissolved while stirring
under an ice bath. Furthermore, 175 g of 85% 15 by weight of H3P04 was

oveighedite Pyt g separate container; and g phosphoric.acid AaHaoUs: xer,

solution was added all at once whilestirring in a water bath of 20C. The

s Heactipnsand csystalligation weee pgefanmed as dfus ford Bodrs: Nexttheed) |
obtained precipitate was filtered by suction and filtration. 20 At this time,

ruvherethectte coneentrationof the filsate wasnquantitatively anatyzed itr ; was
was 42% by weight. On the other hand, the recovered crystal was

mevgshedavit 400 g of puse watemeTlhereafter, wrying Wasoperfdrmedeatyht .
105C for 24 hours. Furthermore, when XRD measurement of the

[ Obtdined crystal was 25 performed, it was found to be KPF6. Because the
amount of the 26 obtained crystal was 53 g, the yield was 19% (the

f KPF6 that was dissolved in the washing liquid was not

includeg). Furthermare, when the moisture content of the obtained KPF6

was measufed Witk D ABTSHFE e SEAES 208 0m biiieigHtl st [6364p of

75% by weight of H3PO4 were placed in a 3 L of reaction vessel
made of PFA together with a rotator, and 500 g of 80% by weight
of HF in a semiconductor grade was slowly added while stirring
under an ice bath. The reaction and crystallization were
performedas it is for 24 hours. Next, the obtained precipitate
was filtered by suction and filtration. At this time, when the
HF concentration of the filtrate was quantitatively analyzed,
it was 63% by weight. On the other hand, the recovered crystal
was washed with 400 g of pure water. Thereafter, drying was
performed at 95°C for 24 hours. Furthermore, when XRD
measurement of the obtained crystal was performed, it was found
to be NH4PFgz. Because the amount of the obtained crystal was
82 g, the yield was 58% (the amount of NH4PF; that was dissolved
in the washing liguid was not included). Furthermcre, when the
moisture content of the obtained NH.PF; was measured with a
meisture meter, it was 800 ppm by weight.

[0065]

(Example 5)
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(Example 4) 80 g of acid ammonium fluoride (NH4F- (HF)) and 115 g of
75% by weight of H3PO4 were placed in a 3 L of reaction vessel made of
PFA together with a rotator, and 500 g of 80% by weight 10 of HF in a
semiconductor grade was slowly added while stirring under an ice bath.
The reaction and crystallization were performed as it is for 24 hours.

Next, the obtained precipitate was filtered by suction and filtration. At this
time, Ve ar e HE Eortbrt o B ATALe ks QUARLERIvGRy LY Eiant
O@@ﬁlyzed 15 it was 6&%% Z%%%vel 6Ef]t eOQéQg other h%pd,nthae geEO\(/)%red

t
a d :
CryStéﬁnwass\\?vrgjs“ﬁgcilpl with a of pure water. C:eerea*ter, drying Waj‘:seactl en

vAgriormed.at 95€ for 24-honrs Bwrtarmorg, wheq XRD megsurement,of,, o

the obtained crystal was performed, it was found to be NH4PF6. Because

d ke ameunt,of the abtained crysiahwas 20 82 g.1he yield was 8% {the, 175

amount of NH4PF6 that was dissolved in the washing liquid was not
g inglugled) b f-urthesmere, awhepdhe; 48oisturg ceateny qfithe pbtaingsharatory
NH4PF6 was measured with a moisture meter, it was 800 ppm by weight.
£j0065], 25:(Exanwple®) 2 71 240 meaf cesivm fludride-(@skhand 7080-q of.g with
75% by weight of HF in a semiconductor grade were placed in a 3 L of
aneaefiohavésselimate of RRA tdgethes withea fotatordant the GsEwasng for

dissolved while stirring under an ice bath. Furthermore, 175
12 hours. Thereafter, it was cocled to -5°C and crystallization

was performed for 36 hours. Next, the obtained precipitate was
filtered by suction and filtration. At this time, when the HF
concentration of the filtrate was guantitatively analyzed, it
was 55% by weight. On the other hand, the recovered crystal
was washed with 400 g of pure water. Thereafter, drying was
performed at 105°C for 12 hours. When XRD measurement of the
obtainedcrystal wasperformed, itwas foundtobe CsPF;. Because
the amount ¢f the obtained crystal was 368 g, the yield was 96%
(the amount of CsPFg that was dissclved in the washing liguid
was not included). Furthermore, when the moisture content of
the obtained CsPFs; was measured with a moisture meter, it was
20C ppm by weight.
[0066]
{Example &)

A metaphospheric acid aguecus solution was prepared by
dispersing 120 g of metaphosphoric acid {(HPC3) in 50 g of pure

water. Furthermore, 160 g of KF: (HF) and 700 g of 75% by welght
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5 g of 85% by weight of H3P04 was weighed to put in a separatory
funnel, it was slowly dropped over 30 minutes while cooling with an ice
bath, and the reaction was performed while stirring for 12 hours.
Thereatfter, it was cooled to-5C and crystallization was performed for 36
hours. Next, the obtained precipitate was 10 filtered by suction and
filtration. At this time, when the HF concentration of the filtrate was
© I dEntitatigely dHanzed ! t lwas B9 By heht @ tHé othet Raridf, theaction
recovered crystal was washed with 400 g of pure water. Thereatfter,

VGt Was Spérforhidd AP IESE %S 4 Houts. SFRhek XRD nsadutentent of HE)

the 15 obtained crystal was performed, itwasfoundtobeCsPF6. Because
" ARe dmaant’ grc?h% 0 flﬁin%&z?&éfé?v%%%&%?tﬁ& §idld Wais 9%‘%%@5 these

- AU o GEPES Ityos dsSolven e WS lapld Westol

urthermore, when the moisture contén the obtained

w&SBE@%@@%&Jr%%“%%én@ﬁ%ei@%e%gv%s 120 200.ppm Jk__)é{n vessel

weight. [0066] (Example 6) A metaphosphoric acid aqueous solution was

mAuepared:y, dispersing 120,9 of metaphogphatic acid (HRO3) RS0 g 0f 1.
pure 25 water. Furthermore, 160 g of KF , (HF) and 700 g of 75% by

rageight 28ekHfeinfan-inestial lgrasgieiwererplaced in adu-of reactipdarter,
vessel made of PFA together with a rotator, and the KF (HF) was

iwissalvedwihile stisring Underdarciceshathi Eacht obtheses performed for 3
hours. ©Next, the obtained precipitate was filtered by suction
and filtration. At this time, when the HF concentration of the
filtrate was quantitatively analyzed, it was 55% by weight. On
the other hand, the recovered crystal was washed with 400 g of
pure water. Thereafter, drying was performed at 100°C for 18
hours. When XRD measurement of the obtained crystal was
performed, it was found to be KPFy. Because the amcunt of the
obtained crystal was 134 g, the vield was 48% (the amount of
KPFg that was dissolved in the washing liguid was not included).
Furthermore, when the moisture content of the obtained KPFg was
measured with a moisture meter, it was 420 ppm by weight.
[C067]
(Examplie 7)

60C g of 80% by weight of HF in an industrial grade and
a rotator were placed in a 3 L of reaction vessel made of PFA,

120 g of phosphorous oxyfluoride (POF3) was abksorbed while

stirring inan icebath. 60gof Sodiumfliucoride (NaF) was slowly
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solutions was transferred into a separatory funnel, and dropping 5 was
performed at the same time into the 3 L of reaction vessel made of PFA
over 15 minutes in a water bath of 20C, and the reaction was performed
while stirring for 1 hour. Thereafter, it was cooled to 10C and
crystallization was performed for 3 hours. Next, the obtained precipitate
was filtered by suction 10 and filtration. At this time, when the HF

entration of tI%e filtrate,was quantitatively analyzed, it was 55% by.
e O e SHh LT RO e b e cry o VA RS il a0 g 2

408 pyreater khereatter, drying was, perfarmed,at 100G 1ar 18 ours, ere

When XRD measurement of the obtained crystal was15 performed, it was

odound-10-be KPRS, Becausg the amount of dhe ohtainedicrystal wagldd cne
g, the yield was 48% (the amount of KPF6 that was dissolved in the

omashingiliguidavas natiacluged] i rurtheimojeswbendhe MmeistHe tration.
content of the obtained KPF6 was measured with a moisture meter, it

Awds20 pprreby weight 120 [BO6 tcfExampte 7) 600 gfof:8026 Hyweightofras
HF in an industrial grade and a rotator were placed in a 3 L of reaction

IWessdIimade of PRA2120 §%f phosphsrolistoxyflustide (POF3)wade other
absorbed while 25 stirring in an ice bath. 60 g of Sodium fluoride (NaF)

h3ud siofwy 26 aB868 Ttk SbRACIFR WRIEH PR3 ak MissBived, aRg@t1on

was fissolved while stirring. Cooling and cr%stallization were
vessel made of PFA, 1t was dispersed by adding 100 g of anhydrous

HE to the reaction vessel, and stirring was performed for 30
minutes. Thereafter, it was kept still, a supernatant liquid
was taken out, and air drying was performed by introducing N;
to a bottle at 3 L/min. Thereafter, drying was performed at
100°C for 6 hours. When XRD measurement of the obtained crystal
was performed, it was found to be NaPF¢. Because the amount
of the obtained crystal was 62 g, the yvield was 32% (the amount
of NaPF¢ that was dissolved in anhydrous HF in the washing liquid
was net included). Furthermore, when the molsture content of
the cbtained NaPly; was measured with a moisture meter, it was
650 ppm by weight.
[0068]
{(Example 8)

2000 g 75% by weight of HF in a semiconductor grade was
placed in a 5 L of reaction vessel made of PFA together with
a rotator, it was stirred under an ice bath. Furthermore, 420

g of 85% by weight of H3;PO, was welghed to put in a separatory
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performed on this solution at -20C for 48 hours. Next, the obtained
precipitate was filtered by suction and filtration. 5 At this time, when the
HF concentration of the filtrate was quantitatively analyzed, it was 73% by
weight. On the other hand, the recovered crystal was returned to the 3L
of reaction vessel made of PFA, it was dispersed by adding 100 g of
anhydrous HF to the reaction vessel, and stirring was performed for 30 10
fuminales. Theveaftelr ittwasikeptsstilll & supematantiiguie was taken eutfh an
and air drying was performed by introducing N2 to a bottle at 3 L/min.
1 chéraatter, Uiing \Was perfoimedwr 5106€ Torspours WhentXRDing for 3
measurement of the obtained crystal was performed, it was found to be
hNEPRe. BBEaGSE tHeramblint1s 6 thielshtairad crypstapias 62 76 yiald
was 32% .(the amount of N%I]DF6 that was dissolved in anhydrous HF in

CINE Washingfiiguid Wi RS mefibed): Bhrftefriores whélfihe nioisugrata ined
nt of .the obtained NaPF6 was measured with.a moisture meter, it
S 50 o By wicht 20 00bAT (DIGTE 8 20003 7o94 by ieigH{51 "
oHF in.asemicandyctol grade wasqplaced in 2o L af eaction yessel made ¢
of PFA together with a rotator, it was stirred under an ice bath.

nierthermore, 420 2516,k 85% by weight ofl3POdgyas, weigheg:to putin
a seoaratory 30 funnel, it was dropped over 15 minutes while cooling with

H@mever, the actual weight is obviously larger even if the water
content and the HF content are added. According to the above
description, it is considered tobe in a formof HPFs - gH;0 having
crystallization water. On the other hand, when the HF
concentration of the filtrate was quantitatively analyzed, it
was 71% by weight. In a case where water did not shift to the
crystal side as crystallization water, the HF concentration was
calculatedtobe 56% by weight. However, because it wasactually
71% by welght, it was in a form of containing crystal water as
expected, and g 1s considered to be 2 or more.
[0069]

Next, a NaF / HF solution was prepared by placing 330 g
of Nal' in a 2 L of reaction vessel made of PFA and adding 1050
g of anhydrous HF to the reaction vessel while cooling with an
ice bath. On the other hand, the entire amount of the HPF;
obtained above was placed in a 3L of reaction vessel made of

PFA, and the prepared NaF / HF solution was added over 20 minutes

while stirring under an ice bath. After the reaction, 1t was
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ice bath, and the reaction was performed while stirring for 3 hours.
Thereatter, this solution was cooled to -40C and crystallization was
performed for 48 hours. Next, the obtained 5 precipitate was filtered by
suction and filtration. The weight of the crystal in a wet condition was
1080 g. In the case of HPF6 (no crystallization water), the 100% yield
was 532 g. However, the actual weight is obviously larger even if the

CRFARF cohtertand THE HEBoEHPare addedl: Aottty BS e aBGre F6T 48

descriptign, it is considered to be in.a form of HRF6_,gH20 havi
K ASSETPUE, 1L | ﬁg S0 having
O(:L%ystalllza(f}ion Wgtéjri.}%enr%haétgtﬁgr ﬁﬂgl%h]é% t irlee concen (r:atlo%no?%sesel

mdlfrate-wasquantitatively. analyzed, it wag, 71% Dy Weidht; I 8 €ase. . v a1 on

where water did not shift to the crystal side as crystallization water, the

wd3F gencentration wastld-calgulated o he56%by weights HOWeMSk  ced into

because it was actually 71% by weight, it was in a form of containing

a enystal wateras. expectad and € isrcansideted fe:be 2ratgnore 0068k frer,
Next, a NaF / HF solution was prepared by placing 330 g 20 of NaF ina 2

ddyafreactionpvesselmareof BEACapd adding: 1050 getanhydmus H-tanent
the reaction vessel while cooling with an ice bath. On the other hand, the

oferttire ambahn bty HPREL obtairet dboveewasiplaced ifca 8L aforéactiGPFs.
vessel made of PFA, and the prepared NaF / HF solution was added over

Beprmittites 25 WAHE StRfing ihdértant icechathy Afte - thve Fed o -it Wi yield
31

was 33%. Further, when the moisture content of the obtained
NaPFgwasmeasuredwithamoisturemeter, it was 420 ppnby weight.
[0070]

(Example 9)

In order to reuse HF, 840 g of 75% by weight of HF was
prepared by adding 140 g of anhydrous HF to the 700 g of 71%
by weight of HF filtrate that was recovered in Example 8 in a
3 L of reaction vessel made of PFA. Furthermore, 120 g of 85%
by weight of H3P0, was weighed to put in a separate polyethylene
container, it was added into hydrofliuoric acidall at once while
stirring under an ice bath, and the stirring was performed for
30 minutes while cooling with an ice bath. Thereafter, this
solution was cocled to -20°C aﬁd crystallization was performed
for 24 hours. Next, the obtained precipitate was filtered by
suction and filtration. The weight of the crystal in a wet
condition was 250 g. The entire amount of this crystal in a

wet condition was transferred into a 1 L of reaction vessel made
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cooled to -10C and the crystallization was performed for 48 hours. Next, a
supernatant liquid in the 3L of reaction vessel made of PFA was slowly
taken out, and a solid-liquid separation was performed. After the
separation, N2 was introduced into 5 a bottle at 3 L/min, and air drying
was performed. Thereafter, drying was performed at 105C for 3 hours.
When XRD measurement of the obtained crystal was performed, it was

o ffobid tor he INaP E6G: t Because e amount bi:therabtainedrorystahwag 205
g, the yield was 33%. Further, when the moisture content of the obtained

CAONBPF6 Wiasntdadurediwith aaheistare meter; it wesigz0 ppanby yzed, it
weight. [0070] (Example 9) In order to reuse HF, 840 g of 75% by weight

W3t HZ WakY prépapéd by adding 140 g of anhydrous HF to the 700 g of
71% 15 by weight of HF filtrate that was recovered in Example 8ina 3 L

[ %t téaction vessel made of PFA. Furthermore, 120 g of 85% by weight of

H3PO4 was weighed fo put in a separate polyethylene container, it was
o e S AT oL G ki oo SR (B gL on of
d the stirring.was perfor for 20 30 mjnutes while cooling with an jce
K a"’th*.ﬁ T EZr"é"}af er E'—IISE Esc')ILflt-gliogr;j W"é%%&ﬂ%’*ﬂ@ = a%‘:@lnccr% 5 ﬁ%ﬁgn véd:slm’
arRerformed, for 24 hours sNext,<he,obtained precipitate was filtered by ynen

suction and filtration. The weight of the crystal in a wet condition was 250
xih Thenentirerarpeuntof thisscrystaldn a,25 wet conditian was trapsferiathd o

into a 1 L of reaction vessel made

be a mixture of KPFe and KF - (HF), and the powder contained
90% of KF' - (HF}). The obtained KPF¢ / KF + {HF) mixture was slowly
added to the above 1 L of reaction vessel made of PFA, and the
reaction was performed at 20°C for 48 hours. The stirring was
difficult in the initial stage of the reaction because it was
a reaction between solids. However, after 30 minutes of the
reaction, Hp0 / HF was gradually generated from the crystal,
and the stirring could be easily performed.
[0072]

Next, the obtained precipitate was filtered by suction
and filtration. The recovered crystal was washed with 400 g
of pure water. Thereafter, drying was performed at 105°C for
24 hours. When XRD measurement of the obtained crystal was
performed, it was fcound to be KPFs. Eecause the amount of the
obtained crystal was 105 g, the yield was 55% (the amount of

KPF; that was disscolved in the washing liquid was not included;.

Further, when the moisture content o¢f the obtained KPF¢ was
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32 of PFA with a rotator. On the other hand, when the HF concentration
of the filtrate was quantitatively analyzed, it was 72% by weight. [0071] 5
Next, the HF solution after performing the reaction of KPF6 + HF -> PF5
+ KF- (HF) was completely concentrated, dried, and hardened, and 125 g
of white powders were recovered. When XRD measurement of this
powder was performed, it was found to be a mixture of KPF6 and KF
l—ﬁ and th owder cogtalned 10 90% 0 KF The obtguned KP
( ) m|x ure was sﬁowﬁl added 16 the above fprgac an vess%
L(me}g of PFA, and the reaction was performed at 20C for 48 hours. The
stirring was difficult in the initial stage of the reaction because it was a

[ deagtion; betyeen.solids However, after 30 minutes of the 15 reaction,
H20 / HF was gradually generated from the crystal, and the stirring could

be easilycpesformegr [0072FNext the obtained-pragipitate was filtered by 1,

suction and filtration. The recovered crystal was washed with 400 g 20 of
arpuredwater i Bliereaftes, deyingpias perfatneed at 2@5C:tor 24hourss ¥Yienade

XRD measurement of the obtained crystal was performed, it was found to
oheKRF&: Bethase thia anwount of the obtainetery st (ids 105 g, dhesolved

yield was 550 (the amount of KPF6 that was dissolved in the washing
Wq@ﬁﬁiﬁ@é?ﬁ%ﬁ%hkﬁﬁﬁr an ice bath. Furthermore, 120 g of 85%

by weight of H3P0,; was weighed to put in a separate container,
and a phosphoric acid agueous sclution was added all at once
while stirring under an ice bath. The reaction and
crystallization were performed as it is for 48 hours. However,
thecrystaldidnotprecipitateatall. WhentheHFconcentration
of the filtrate wasmeasured, 1t was 36% by weight. Furthermore,
anion analysis was performed by icon chromatography, PFg anion
was not detected at all, and only oxyfluorophosphate anion such
as HPO,F,” and PO, were detected.
(60747
{Conventional Example)

The present example is a method described in Patent
Document 4.

790 g of Polyphosphoric acid (9.4 mol) was added to a 5
L of reaction vessel made of PFA, and 1235 g of anhydrous HF
{61i. 7 mol}) was added while keeping at 25°C by cooling under
stirring. Additional stirringwasperformedat 25°C for 3 hours,

and then it wascooled to-40°C, andcrystallizationwas performed
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25 Further, when the moisture content of the obtained KPF6 was 33
measured with a moisture meter, it was 400 ppm by weight. [0073]
(Comparative Example 1) 120 g of KF - (HF) and 600 g of 50% by weight
of HF in 5 an industrial grade were placed in a 3 L of reaction vessel
made of PFA together with a rotator, and the KF(HF) was dissolved while
stirring under an ice bath. Furthermore, 120 g of 85% by weight of H3P04

£ A5 yeighed to it n.a.sep r@%eg%%%tf%‘% v%:? SNASPRNC 36 o oo,

aqueous solution was added all' at once e stirring under an ice

wihath Thereaction and crystallizatiopwets performed as it is-for, 48 hours. - o

However, the crystal did not precipitate at all. When the HF concentration

1 0f the filtrate, was measured, it was 36% by weight. Furthermore, anion
analysis was performed by ion chromatography, PFy- anion 15 was not

[ tetected at all, and only oxyfluorophosphate anion such as HPO2F2- and
PO43- were detected. [0074] (Conventional Example) The present
example isnaohethkddbdescrised-incRatent 20Dacumgent &yidthgols of MPF,
Polyphosphoric acid (9.4 mol) was added to a S L of reaction vessel

1nade ot PFA Eind a235:g dfrenhilidroas ##7 {68 17 molpWas added whidet ion

keeping at 25C by cooling under
40% by weight or more. Furthermore, in any of the methods, only

atleastthreekindsofrawmaterialsofafﬁPOszaqueoussolution,
a hydrofluoric acid agueous scluticon, and MF - r (HF) were used.
In a case where z = 0, it is a phosphoric acid agueous solution,
and 75% by welght of H3PO,; is distributed for adding to food
in a large amount. Furthermore, the fluoric acid agueous

sclution is also used for semiconductor or industrial uses in
a very large amount. In addition, because MF - r (HF) can be
synthesized easily by the reaction of fluoric acid with oxides,
hydroxides, carbonates, chlorides, etc., anyeoftherawmaterials
can be easily obtéined and it is a superior method compared to

the conventional methods.

INDUSTRIAL APPLICARILITY
[C076]

The MPI's that is obtained in the present invention can
be used as an electrolyte of a battery which is further expected
in develcpment for a hybrid car in the future.

The hexaflucrophosphate manufactured in the present
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stirring. Additional stirring was performed at 25C for 3 hours, 25 and then
it was cooled to -40C, and crystallization was performed 34 for 24 hours.
However, a crystal was not obtained. Furthermore, when the HF
concentration of the filtrate was measured, it was 11% by weight. [0075]
5 From the above description, the simple synthesis of MPF6 is possible
by making the HF concentration after the reaction 40% by weight or

1 96ret FORKETBfe Uititahy DA Afeticds, Whfy fatieastthes Kinds ot Fawy st
materials of a HXPOYFZ aqueous solution, a hydrofluoric acid agueous

EbIutionC ARG ME Pﬁ%%@r&%s’éﬁa%%ﬁ%’ca%g%here z=0,itisa

phosphoric acid aqueous SO|U'[IO nd weight of H3PO4 i
distribi e’éafggaaéma 8566 i a ae%e zfﬁ‘uoun %ﬁém%re ﬁuolnsc used

Qc&gqg%%%mol%o%ngfa useg for semELco (}]%c':)or or |ndustr|9£us%§élsne of

a very large amou ition, becatise MF - Can Be 15

u synthesized easily by the reaction.of flugric.acid, with %Q@Sget}ygf%)ﬁg%&ac:ﬂ

carbonates, chlorides, etc., any of the raw materials can be easily

nobtained anddtis:a, sya&a@@@%@%@@@@@g ti)nt%%‘%%v%?ﬁx%ri zation
methods. 20 INDUSTRIAL APPLICABILITY [0076] The MPF6 that

= obtained irvthie presentinnention canckessed aﬁrantelléctfalytf effaM = NH.,
battery which is further expected
it is useful as a raw material that is used in the manufacturing

of medicine intermediates.
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in development for a hybrid car in the future. 25 The hexafluorophosphate
manufactured in the present 35 invention can be used as an electrolyte
for a battery, a catalyst for an organic synthesis reaction, etc.
Hexafluorophosphate MPF6 (M = Li, Na, K, etc.) is used as the electrolyte
of a battery. Furthermore, in the case of 5 M = Ag, it is utilized as a
counter ion that generates acid necessary for an initiation reaction in
photo polymerization and a growtl&ﬁ\ ig)n. Furthermore, in the case of
M = NH4, itis useful as a raw material that is used in the manufacturing
of medicine intermediates. 36 CLAIMS 1. A manufacturing method of
hexafluorophosphate (MPF6: M is at least one kind selected from the

group ¢Qnsisting-eff Sd4.uNank, Kb ksd N4, and Ad)avingateasta (Mprg:

HXPOyFZ aqueous solution, a hydrofluoric acid aqueous solution, and

MMFr @F)1 as sawamaterialsl (adheeeinet? Oy Ok xS dip<yohis4sanithg of
0 < _z _<6) 10 2. The manufacturing method of hexafluorophosphate

LaecBrding toRrElaimisl, WHerernMPRS issyrithesized by sgactifigPthe'. agqueous
HXPOYFzaqueous solution with the hydrofluoric acid aqueous solution

s aéedrding te Farmiude 1 nextiactivg & crystabofsa shéxafliorophosphdiic r (HF)
acid hydrate (HPF6gH20) as a solid once,

as raw materials.

(wherein, r 2 0, 0 £ x £ 3, 0 £y <4, and 0 £ z £ 6)

2. The manufacturing method of hexafluorophosphate
according to claim 1, wherein MPF¢ is synthesized by reacting
the HyPOF, agueous sclution with the hydrofluoric acid aqueous
solution accerding teo Formula 1, extracting a crystal of a
hexafluorcphosphoric acid hydrate (HPFs - gH:0) as a solid once,
andthenreactingtheextractedHPFg  qHO0withMF-r (HF} according
to Formulas 2.

HyPOyF, + pHF — HPFg; - gH:0 {Formula 1)

(wherein, gq 2 1)

HPFg - qH0 + ME' - r (HF) — MPFg + (r+1) HE + gH0C (Formula

3. The manufacturing method of hexafluocrophosphate
according to c¢laim 1, wherein MPF¢ is synthesized by reacting
the HyPO,F; agueous solution, the hydrofluoric acid agueous

solution, and MF + r (HF)} all at once according to Formula 3.
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15 and then reacting the extracted HPF6 - qH20 with MF - r (HF)
according to Formula 2. HXPOYFz + pHF -* HPF6 qH20 (Formula 1)
(wherein, g >_ 1) HPF6 gH20 + MF r (HF) -* MPF6 + (r+l) HF + gH20
(Formula 20 2) 3. The manufacturing method of hexafluorophosphate
according to claim 1, wherein MPF6 is synthesized by reacting the
HXPOYFz aqueous solution, the hydrofluoric acid aqueous 25 solution,

and MF 1 (HF) all at once according to Formula 3. 37 MF r (HF) +
HXPOVEZ +SHFE 'S MPEE 3 YE20 (E8tmara 33F BhéreiAzS and VEGET6A 3

more)_ ‘%wﬁ@% &qp’ufgctgggg g;/eégzg d ?f ng%g‘!ju%?phosphate 5 according

to claim 1, wherein the HXP as a concentration of 50 to 98% by
weight in the HXPOyF, aqueous solution. 5. The manufacturing method of
hexafluorophosphate according to claim 1, wherein the HXPOYFZ has a

concenfratiom d 0:efn{5% by weight t18-85%byweightinthe IXROYEpnate

agueous solution. 6. The manufacturing method of hexafluorophosphate
aaccordingatotalainl 4 ; wherewartbe diydroftuorie.addrn thes hydeofluesis aeit: i on
aqueous solution used has a concentration of 15 40% by weight or more.
o¥. PRe hrarftfgctasing edethod of hekafl iodphosphate caceordifg ta claim
1, wherein the hydrofluoric acid in the
5. The manufacturing method of hexafluorophosphate

according to claim 1, wherein the HyPOyF, has a concentration

of 75% by weight to 85% by weight in the H,PO,F, aquecus solution.

6. The manufacturing method of hexafluorophosphate
according to claim 1, wherein the hydrofluoric acid in the
hydroflucric acid agueous solution used has a concentration of

40% by weight or more.

7. The manufacturing method of hexafluorophosphate
according to claim 1, wherein the hydrofluoric acid in the
hydrofluoric acid agueous solution used has a concentration of

20% by weight to 75% by weight.

8. The manufacturing method of hexafluorophosphate
according te claim 1, wherein the concentration of the
hydrofluoricacidinthehydrofluoricacidagueous solutionafter

reacting at least two kinds of H.POyF,, HF, and MF - r (HI'} is
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hydrofluoric acid aqueous solution used has a concentration of 20 50% by
weight to 75% by weight. 8. The manufacturing method of
hexafluorophosphate according to claim 1, wherein the concentration of
the hydrofluoric acid in the hydrofluoric acid aqueous solution after 25
reacting at least two kinds of HXPOyFZ, HF, and MF r (HF) is 38 kept at
40% by weight or more. 9. The manufacturing method of

kgﬁgagteor@@goge/hqggiaﬁc%orgpgmp&réqim 8, wherein the concentration of
the

5 hydrofluoric acid in the hydrofluoricacid aqueous solution after
reacting at least two kinds of HXPOYFZ, HF, and MF r (HF) is kept at
45% by weight or more and less than 65% by weight. 10. The
manufacturingsmethadrat-hexaflugrephosphater 10-accolding @ Blaémtlat e
wherein HPF6 gH20 is crystallized. 11. The manufacturing method of
a hexafiiorophosphiatéraceprdihg t& claimH®), wieresin the ciystalliZationes
performed at -50C or more to OC or less. 39
hydroflucricacidinthehydroflucricacidaqueocussclutionafter

reacting at least two kinds of H.PO,F,, HF, and MF - r (HF) is

kept at 45% by weight or more and less than 65% by weight.

10. The manufacturing method of hexafluocrophosphate

according to claim 1, wherein HPFg - gH0 is crystallized.

11. The manufacturing method of hexafluorophosphate
according to claim 10, wherein the crystallization is performed

at -50° or more to 0°C or less.
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