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DESCRIPTION MANUFACTURING METHOD OF
HEXAFLUOROPHOSPHATE TECHNICAL FIELD [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 = Ag, it has
attracted attention as a counteriiért that A5l§Eherates acid necessary for
an initiation reaction in photo %olymerization and a growth reaction.

Furthermorg' in the Case of BEINME, iPls deetiifad a Fal maeHARat is

used in the manufacturing of medicine intermediates. [0003]
20Hexafluorophosphate DPF6 in a solid state is a compound that is
TEengratlyunsiable in water. When moisture exists in the reaction system,
oxyfluorophosphate (DPOaFb) is produced as a by-product and
[ dhexafluorophosphate is decomposed into DE or DF ¢ (HF). Among those,
especially when lithium 25 hexafluorophosphate, silver

hexafluorephosphate i@lcearelel relates to a manufacturing method
of hexafluorophosphate that is useful as an electrolvte for a

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

BACKGROUND ART
[0002]

Hexafluocrophosphate DPFg (D = Li, Na, K, etc.) is used
as the electrolytic 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 reacticn in photo
polymerization and a growth reaction. Furthermecre, in the case
of D = NHy, 1t is useful as a raw material that is used in the
manufacturing of medicine intermediates.

00637

Hexafluorophosphate DPFy in a sclid state is a compound
that is generally unstable in water. When moisture exists in
the reaction system, oxyfluorophosphate (DPO.F,) is produced
as a by-product and hexafluorcphosphate is decomposed into DE
or DE + ¢ (HF). Among those, especially when lithium

hexafluorophosphate, silver hexaflucrophosphate, etc. are left
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in air, they decomposes gradually while generating white smoke (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 5acid component (HP,

HPO2F2, H2PO3F, etc.) [0004] For this reason, conventionally,

hexafluorophosphae is generally obtained by producing phosphorous
. pentafluoride ( PF5 ) by reacting anhydrous hydrogen fluoride with
l'gh%%ﬁno"réﬁéf HERAETED fot oxample 2pRosphorbasIfrtacHidrde (PO15) smoke
,gﬁg_further Ry. reacting the generated PF5 with metal fluoride (DF or OF ¢
" (HF)) M anHydrods fiydrdgen TiGoHde™e L HAWBVEL becadse s sofice - This
.havi oisture absorbing_property and smoke-generating property,
Qégfcgﬁgg “bﬁ%gﬁhgrcucs%g peé%?é%:ﬁ”fg% e,eréiqL}ée% inthis fethBd and A9arge re

=AUt qfducogen chlatide pasisgeperaier. during the reaction this -,

method has a disadvantage that workability 1S poor such that tréatment o

athe:generatackgas has to bepasformed 00051 200n the other hand, itis
also known that the disaggregated hexaffuorophosphate anion (PF6-) is

[ alsoastable in an aqueous solution. This is because a complex with a
water molecule is formed where a stable coordination compound such as
water éxists;Howewer; itis difficurlt torext-act also thecafluorophosphate is
hexafluorophosphate 25anion that is stable in a solution due to water
JeRBTRgG WY & Sohitiorrdsshexafiliorophpsphaterthatis ap @nhydrous solid. (PFs;)
[0006]
byreactlnganhydroushydrogenfluoridewithphosphoroushalide,
for example, phosphorous pentachloride (PCls), and further by
reacting the generated PF. with metal fluoride {(DF or DF - ¢
(HE')) in anhydrous hydrogen fluoride.

However, because a solid having moisture absorbing
property and smoke-generating property, so-called rhospheorus
pentachloride, is 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.

[0005]

On the other hand, it is alsc known that the disaggregated
hexafluorophosphate anion (PF:7) is also stable in an aguaous
solution. This is because z complex with a water molecule is
formedwhereastable coordination compound such as water exists.

However,ji:isdifficulttx)extractalsotﬁmahexafluorophosphate

anion that i1s stable in a sclution due to water existing in a
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For example, NaPF6 exists as a stablea solution when it s dissolved in

water . However, i m e ease of extracting 5 this as a crystal with a method

such as recrystallization, NaPF6 deposits in a state of NaPF6 .H20 that is

a hydrate, not as NaPF6 that is an anhydride. Furthermore, when heating

or drying under reduced pressure is performed to dehydrate water content

of this NaPF6 H20, a part of hexafluorophosphate is decomposed into 10

oxyfluorophosphate. The same decomposition also occurs in NH4PF6,
S NGBEE andiSLiIP BB 24id e spediaipin stieniarkablé in #ie casevohIdRE6S0Lid .
@ﬁ&}}\gPFG, which are decomposed into oxyfluorophosphate even when a
all-lamount of a hydrate exists. For this reason, a report that LiPF8,

NaPFg, NHAPFG gd ABQPPFFG 15 have been synthesized in anaqueous
solution"system fas Tot existed Vet (0007 @ A& decribed above, S0+ ution

althougt f 0 h S hat eIZQ,PFG'o‘lhjfn%tablejn water, in the case QfD .
%HQ_ PJ‘&%%L%q %%‘;"3%%% T, Elis e R/‘"eg(?ré“gtga 8§§>§Bﬁ(§mtlng

=K (potassium) (KP crystal is Sticcasstal

rievenungderthe existgnce of a.small amount.of \%gtgltr}zlzsocra%_ \m zga!%fh%ger__ 6N aPFg

following Patent Document 1 describes a manutracturing method o
adyJpanufacturng.a hexghugrephosphericiacid solution with reaction of . .. o

£

anhydrous hydrogen fluoride with phosphorus 25 pen aoxide, and then by
hreacting:withma potaissium salt:suchras> potassium flugride and- Qp}?%%%nder

hydroxide. However, with this method, because the reaction o
r¢fiosphdroes pamtadxideawitie ambydrous diydrogendluaride-is yiolents itis this

very dangerous and control of the reaction is
NaPFe - Ho0, a part of hexafluorophosphate is decomposed into
oxyfluorophosphate. The same decomposition alsc occurs in
NHyPFs, AgPFs, and LiPFs, and especially it is remarkable in the
case of LiPFg and AgPFs;, which are decomposed into
oxyfluorophosphateevenwheneasmallamoumtofkahydrateaxistsx
For this reason, a report that LiPF,;, NaPFg, NH;PFs, and AgPFs
have been synthesized in an agueous solution system has not
existed yet.
[00073

As described above, although hexafluorophosphate DPF is

unstable in water, in the case of D = K (potassium) (KPFg), a
crystal 1s successfully extracted as a solid even under the
existence of a small amount of water. For example, the following
Patent Document 1 describes a manufacturing method of KPFgs by
manufacturing a hexafluorophosphoric acid solution with
reaction of anhydrous hydrogen fluoride with phosphorus

pentaoxide, and then by reacting with a potassium salt such as
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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 Patent
Document 2, potassium 10 hexafluorophosphate is synthesized by
reacting with 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
PAfdtitle {HoweverisHeseriBed fHthizietHodiatarReGGhthereaction 15 is
not as violent as phosphorus pen aoxide, the temperature of the solution

increased 8¢ e réaction Proce&fsWhen ad@ing & fota8siuftestting: ©f
p.hc}/é:ir ftlourocgig,qac‘ﬁijd.nF.u{gtoh}ggrrngr%,1,6}E ynth?si% of rubidum -~

‘hexafliorophosphiate and cesium hexafidstopicsphate ffsbe possiblef 1

thisJnethod.ds applied. 20, Ho r.dn this case, because rubidium_ . .
Vldihydroéen phosphate; cesiu%%ﬁ}grog%% P %%bﬁgﬁ, Flibidigm - S2ction s

e-holyphosphate; and cesium:palyphosphate canngt be easily obtained, itis, , . .
hard to say that it is a practical method. [0(509] 250n the other hand, ~

whexafluorophospherie.acig(HPRG)4s synthesized as inthefollQwing- .- nas
chemical reaction Formula 4 or 5 according to the following Patent

veDocument:8; This isthecause svater iscoordinated in HPEGand EWPF6 is
stabilized. H3PO + 6HFHPF6 + 4H20(Formula 4) P20512HF2HPF6

{ (BH20(Formula 5)

Then, in the following Patent Document 2, potassium
hexafluorophOSphatejf:synthesizedku/reactingudtheapotassium
compound of phosphoric acid (potassium dihydrogen phosphate or
potassium polyphosphate) using hydrofluoric acid of 60 to 97%
by welght even without using anhydrous hydrogen flucride.
However, it isdescribedinthismethodthat althoughthe reaction
is not as violent as phosphorus pentaoxide, the temperature of
the solutiocn increases as the reaction proceeds when adding a
potassium salt into hydrofluoric acid. Furthermore, a
synthesis of rubidium hexafluorophosphate and cesiun
hexafluorophosphate may be possible 1f this method is applied.
However, in this case, because rubidium dihydrogen phosphate,
cesiumdihydrogenphosphate, rubidiumpolyphosphate, and cesium
polyphosphate cannot be easily obtained, it is hard to say that
it is a practical method.

[C009]

On the other hand, hexafluorophosphoric acid (HPFs) is
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However, the extraction ion of HPF6 as a crystal (a solid) is not performed

in this technique, and it is discussed only as a solution of HPF6. [0010]

10Furthermore, in the following Patent Document 4, PF5 gas is generated

by utilizing HPF6. However, the extraction of HPF6 as a crystal (a solid) is

not performed in the technique as [0011] Furthermore, in the following

Patent Document 3, 4, etc., 15 there is a description of HPF6. 6H20,

HPF6. 4H20, and HPF5*2H20. However, it is not described that these are
S WryStal GESofid) anditcan beread frominertesediption thataheyaraala 4 or
. coordination number in the solution. That is, it is considered to be very
> Giffiotift 16 R&dHy EXFattheLitiioropRESPHOMCALH-A8 a 20crydtala Solgy atse
Wfrlg_)eranvaﬁhsexaﬂuor hosphate anion (PF6-) solg}j}on.' [0012] [Patent

ocument 1USE NS 5488599 [Paterit Boctnient'2]J se'Bdmined

Patent 25Publication No. 5:72324 . (Formula 4)

P;0s + 12HF - 2HPF, + 5H,0 (Formulia 95)

However, the extraction of HPFs; as a crystal {(a solid)
is not performed in this technigue, and it is discussed only
ag a solution of HPFg.

[0010]

Furthermore, in the foliowing Patent Document 4, PFs gas
is generated by utilizing HPF;. However, the extraction of HPF,
as acrystal {a solid} isnot performed in the technique as well.
[0011)]

Furthermore, in the following Patent Document 3, 4, etc.,
there is a description of HPFg - 6H;0, HPF: - 4H,0, and HPF; - Z2H,0.
However, it is not described that these are a crystal {(a scolid)
anditcanbereadfromthedescriptionthat theyare acoordination

number in the solution. That is, it is considered to be very

difficult to easily extract hexafluorcphosphoric acid as a

crystal {a sclid) from a hexafluorophosphate anion (PFg )
solution.
[0012)

[Patent Document 1) USP No. Z48829%

[Patent Document 2] Japanese Examined Patent

Publication No. 5-72324



10

Ui

]

20

25

[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 above, and it is an object of the present invention to provide a
manufacturing method of hexafluorophosphate that is capable of

manufasturing-hexaflyprophosphate (AREG: A 5N KnBb.3s INHEy «

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

p.oonirel of a xeagtion:ig pessible; and workability is excellent. MEANS FOR
SOLVING THE PROBLEMS [0014]
[Patent Document 4] Japanese Translation of a PCT

Internaticnal Patent Application No. 2005-50784%

DISCLOBURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0013]

The present invention is proposed to solve the problem
as described above, and it is an cbject of the present invention
to previde a manufacturing method of hexafluorophosphate that
is capable of manufacturing hexafluorophosphate {APFg: 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 workablility is excellent.

MEANS FOR SOLVING THE PROBLEMS
[0014]

Inorder tc solve the above problems, the present inventors
have performed an intense investigation, and as a result, have
found that hexafluorophosphate (MPFg: M = Li, Na, K, Rb, Cs,
NHy, and Ag) can be manufactured at 2 low cost even in an aquecus
solutionsystembyusing three kinds of a H,POyF; agueous solution,
& hydrofluoric acid aqueous solution, and ME - r (HF)} as raw

materials and optimizing the addition ratio of these raw

>



10

15

20

25

In order to solve the above problems, the present inventors 20 have
performed an intense investigation, and as a result, have found that
hexafluorophosphate (MPF6: M = Li, Na, K, Rb, Cs, NH4, and Ag) can be
manufactured at a low cost even in an aqueous solution system by using
three kinds of a H,<POyEz aqueous solution, a hydrofluoric acid aqueous
solution, and MF r (HF) as raw 25 materials and optimizing the addition
ratio of these raw materials and the concentration of the solutions. [0015]

mERe preseat inventien is-a manufacturing methed of bexafluoraphosphate
(MPF6( M is at least one kind selected from the group consisting of Ni,

[Na,1K,)Rb, Cs, NH4, and Ag) having at least a HXPOyEz aqueous
solution, a hydrofluoric acid aqueous solution, and MF r (HF) as raw
material$i{wheeeiant0, OxGend, 0y, and Dz63 A0 ERREGT OF fBE0d of
INVENTION [0016] According to the present invention, the synthesis
heptiekbfioorophosphatesMPREEM ¥ Lis Na, KeRbi Cs; dlH4nangdsAg)cand from
be performed simply and at a low cost because inexpensive 15 raw
CiatsTas Rafbe uséd BAdthe handliag iS velp eaSy. BEST MODEAEORaving

CARRYING OUT THE INVENTION [0017]
at least a HyPO,F, aqueous sclutior, a hydrofluoric acid aqueous

sclution, and MF - r (HF) as raw materials.

{(wherein, r 20, 0 £ x £3, 0 £y <4, and 0 € z < G)

BFFECT OF THE INVENTION
[001e]

According to the present invention, the synthesis of
hexafluorophosphate MPFg (M = Li, Na, K, Rb, Cs, NH4, and Ag)
can be performed simply and at a low cost because inexpensive

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

BEST MODE FOR CARRYING OUT THE INVENTION
00171

In the present invention, it is possible to synthesize
MPFg (M is at least one kind selected from the group consisting
of Na, K, Rb, Cs, NH, and Ag) using at least three kinds of
a HyPOyF, agqueous solution, a hydrofluoric acid aqueous solution,
and MF - r (HF) as raw materials. However, r = 0, 0 £ x £ 3,
0 sy<£4, and 0 £ z £ 6, preferably 0 £ x £3, 0 £y £ 3, and

0£z%55, andmore preferably 0 £z £ 3, Moreover, it is obvious
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In the present invention, it is possible to synthesize 20 MPF6 (M is at least
one kind selected from the group consisting of Na, K, Rb, Cs, NH4, and
Ag) using at least three kinds of a HXPOyF, aqueous solution, a
hydrofluoric acid aqueous solution, and MF r (HF) as raw materials.
However,r>0,0<x<3,05y4,and 0z 6, preferably 0 5x 5. 3,0y 3,
and 250 z 5, and more preferably O z 3. Moreover, it is obvious that the
object can also be achieved using a HXPOyF, aqueous solution and a
chydrotiuericacid @guegqus selutiopdhat aremixed g have a q—?ﬁ“@ﬁ“z agueonus
composition in advance. [0018] 5The present invention is preferably
sedriied ontzaceerding to the: pextiwe kinds abmetheds J0049] + na+ FEsL mi xed
as a first method, a HxPOyFz aqueous solution is reacted with a
thydreflgoric aeid agueoussplution aceording:thy10 the, following chemical
reaction Formula 1, and then a crystal of a hexafluorophosphoric acid
Rydrate (HPF6.gH20) is extracted as a solid once. Furthermore, according
to the following chemical reaction Formula 2, MPF6 is produced by a
reaction of thEEi@raktéd HPFEE QH20 Rith ME # (HF)(wheidin, gqueRtsording
and 15 p is used in an amount of the stoichiometric amount or more).

“[0020FHBSYF, ¥ PHEHPES YHARESfRa 1)

[0019]

First, as a first method, a HyPOF, aguecus solution is
reacted with a hydrofluoric acid agueous solution according to
the following chemical reaction Formula 1, and then a crystal
of a hexafluorophosphoric acid hydrate (HPFg - qH0) 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 - qB;0 with MF - r (HF) (wherein, g 2 1, and

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

[0020]

HyPOyF, + pHF -» HPFg - gH,0 (Formula 1)

HPEs - gH:0 + MF - © (HF) -~ MPFgz + (r+1) HF + gH0 (Formula
2)
[0021]

Asecondmethodisamethodof synthesizingMPFsby reacting
a HyPOyF; aqueous sclution, a hydrofluoricacid aqueous solution,
andMP'-r (HF) at the same time according tothe following chemical
reaction Formula 3.

{00227
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H8F6 qH20 + MF r (HF)MPF6 + ( r+1) HF + gH20(Formula 20[0021]

A second method is a method of synthesi zing MPF6 by reacting a
HxPOyF, aqueous solution, a hydrofluoric acid aqueous solution, and MFr
(HF) at the same time according to the following chemical reaction
Formula 3. 25[0022] ME r (HF) + H'POyFz + 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 ] 5Examples of

the HXx,POYEZ agueous ﬁg%i% tllaté'%gsgg iﬁgpg Qr(:}zgé]%g inventg%mul a 3)

include an aqueous solution ih which one or more kin pentavalent

phosphoraus-eempeungs spch-as 3205,:H3R04 H3Q3: HAP207 H533020:cunt
H6E1013 f H2PO3F HPO2F 2 | POF 3 and PF5 are dissolved in any one

oafwateroshydrofiuerieacid, carcagueotsdd salution that is generated by a
reaction of oxyhalogenated phosphorus such as 30013 and POBr3 with
[FIFZ and an aqueous solution that is generated by decomposition of EPF6
(E = H, Li, Na, K, Rb, Cs, and Ag) . Furthermore, an aqueous solution that
is not ré&cteHE i the abdve chéical reastomFormbilasibto BhHPOyFzsed in
.15 that is obtained by recovering and concentrating filtrates, etc. of the
C BeRféat Foactio EBrmtfas 10 3$fay Deiréusad sHoweaver, O<bo < jick one

¥3, and 0.< z <5, and more freferably 0<z<3.[0024]
ot more kinds of pentavalent phosphorous compolnds such as P,0s,

HsPOy, HPO3, HyP0y, HsP301p, HsPyO13, HpPO3F, HPO,F,, POF;, and PFs
aredissolved inany one of water or hydrofluoric acid, an aqueous
solution that is generated by a reaction of oxyhalogenated

phosphorussuchasPOCl3andPOBrgwitHHF,andanaqueoussolution
that is generated by decomposition of EPF¢ (E = H, Li, Na, K,
Rb, Cs, and Ag). Furthermore, an aguecus solution that is not
reacted in the above chemical reaction Formulas 1 to 3, H.PO,F,
that is obtainedby recovering and concentrating filtrates, etc.
of the chemical reaction Formulas 1 to 3may be reused. However,
0sx<1l, 1£y<3, and 0 £z £ 5, and more preferably 0 <
z = 3.

[C024]

The concentrationof the HyPO,F, in the above H,PO,F, agueous
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 vield. In a case
where the concentraticn is high, the agueous solution is

approaching to be a solid and the handling may become difficult



10

15

20

20The concentration of the H'"POyF, in the above H"POyEz aqueous
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 concentration is
high, the aqueous solution is 25 approaching to be a solid and the
handling may become difficult from the viewpoints of moisture absorbing
property and the like. Furthermore, because viscosity becomes high even
f when thevaquenus-solutiomdaes-nethecemersi salid ribiscespeeiallythe 1ike.
preferably 75 to 85% by weight. Further, when it is in this range,
Forthiophosploriesacid rewhich xs= 8 b= dom@nd z =0 swommen fone agueous
adding to foods, and a product having high purity can be obtained at a low
s ¢ost, Jo025|cHse wohcentratioh of thelhydrotltiofie aeidthat isldsedroferably
during the reactions of the above-described chemical reaction Formulas 1,
72, ahd 8% ot espésiafy limited - HoweveF Sthen“theScohtehtratiory 6 H@-
hydrofluoric acid is too low, the generation of a PF67 anion becomes
° }%ﬂ@@{}%&E}Bﬁ6§ﬂ1§t‘é1a‘hi6ﬁs‘§h&ﬁ%sxaﬂ§02 Y27 difiofi'afe Géneratéd “OTOn
with prigrity instead, and 15 therefore it is preferably 40% by weight or
“Hore FhHber 1t & rereral 556 BN of 1oos Folt R bt o= b°
andling. Furthermore, among those, it is preferably 50% by weight or
O%%rént'ogw%g b?/ vf/ié%htcgr gés, and especially preferably 55% by weight
r §f frare to 75% by weight or less. 20[0026] Furthermore, in the
present invention, it is important to keep the concentration of hydrofluoric

acid infthe hydretiypric-acid, aqyeous SolulionAQ%dy: weight arémere after:sed

reacting at least two kinds of HJOyF" HF, and MF. r (HF). In 25 the case
a©of less thas 4Q%dyi weight.fan excessive amout obwatehemical reaction
Formulas 1, 2, and 3 1s not especially limited. However, when
the concentration of the hydrofluoric acid is too low, the
generationof a PFs anionbecomes difficult, oxyphosphate anions
such as a HPOF,” anion are generated with priority instead, and
therefore it ig preferably 40% by weight or more. Further, it
ispreferably85%byweight orless fromthe viewpoint of handling.
Furthermore, among those, 1t is preferably 50% by weight or more
to 75% by weight or less, and especially preferably 55% by weight
or more to 75% by weight or less.
[0026]

Furthermore, in the present invention, it is important
to keep the concentration of hydroflucric acid in the
hydrofluoric acid aguecus solution 40% by weight or more after
reacting at least two kinds of HyPC,F,, HE, and MF - r {(HF). In

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

10
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promotes hydrolysis of the PF6 anion. Therefore, the concentration of
hydrofluoric acid in the agueous solution after the reaction is preferably
40% by weight or more to less than 80% by weight, and especially
preferably 45% by weight or more 5 to less than 65% by weight from the
viewpoint of yield and handling properties such as filtration. On the other
hand, in the above chemical reaction Formula 1, because the HXPOYFZ
agueous solution or the HF agueous solution that are used and a water

pEempenent atds generated by dhergactionare sepasateddedhe sakid
10side as crystallization water, the concentration of hydrofluoric acid can

cdecmaderigher than thiatdheforerthe seactiom {002 ZquecTthesgladeiafithef ter
above hydrofluoric acid is not especially limited, and an industrial grade, a

tlgenerakgrade, aslSosemiconaductof Qtade, etelinithe pmarket eahdhe ased than
as it is or by appropriately adjusting the concentration thereof . Among

8 ffiobe, assemicondbcior gradel that HastE fower Ambunt ofdinplfritiestisor more
preferably used. However, from the viewpoint of the cost, an industrial _

L i BlyEhéral Gride €18 lare e8pdetally 20 preferableY itds Suficiertie - 179
each metal impurity is 1 ppm by weight or less as the concentration of

© TRBGAteS T008] GiTtie GiHeh e, a SFodUCion THEOIBPVE T (HIS) 10072

o gon cspesle i g xdes s SRR Z5: sonucson
or the HF agueous sclution that are used and a water component
that is generated by the reactlion are separated to the solid
sideascrystallizationwater, theconcentrationofhydrofluoric
acid can be made higher than that before the reaction.
(00271

The grade of the above hydrofluoric acid is not especially
limited, and an industrial grade, a gensral grade, a
semiconductor grade, etc. in the market can be used as it is
orbyappropriétélyadjustingtheconcentrationthereof. Among
those, asemiconductorgrade thathas 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. It 1s sufficient if each metal impurity is 1 ppm
by weight or less as the concentration of impurities.
[0G28]

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

notalsoespeciallylimited, andoxides, hydroxides, carbonates,

chlorides, etc. containingM=L11, Na, K, Rb, Cs, and Ag, products
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produced by reacting NH3 with hydrofluoric acid or ammonium fluoride, or
metal fluorides ME . r (HF) (r O) produced by excessively reacting these
products with hydrofluoric acid are used. In addition, MF. r (HF) that is
produced as a by-product 5 due to the reaction of the following chemical
reaction Formula 6 may be reused. [0029] MPF6 HF -* PF5ME r
(HF)(Formula 6) (wherein, HF is used in an amount of the
stoichiometric 10 amount or more) [0030] There are problems that the

oapdling of phosphiorys periach|tds an phospligtous pertaode ts o

I or aC =)
ifficult beca ey aresolids having a¥ge mms%ure’”absor%lng propléurrtl :

fa%do}gsgpeﬁsi@'%! $ %ﬁor%%i!:‘}éfé%BQO&Wf‘?”Y'O?Hk‘ﬁsrg‘%if%‘féﬁ%!%é” Oced by

manufacturing facilities, etc., and mechanization is

caltergpted: Op thesether hand: because Lif, 4ifF; {HR), NaBNaE (HFL KR are

(HF), RbF (HF), CsF, etc. do not absorb moisture as intensely as
ugkesphorausqentaciioride and 2@:phesphoroyspemacddeand they gre quc:
crystals having excellent fluidity, loading of the raw materials is easy.
digrtherrnbee roeth tH,POyEztand HE larewifuig (agireotis satatier)atropormula
temperature, and comparing to the case of using phosphorous
tpérschieride aag phosphorus pentaoxide as raw materials, they 25 have
advantages that thei r workabi 1 i ties in loading raw materials into
[{hémanufacturing facilities, etc. are remarkably improved and that
mechanization can also be attempted eas ly As a matter of course, these

lead to YRproved!productiVity of hexafiioféPhosphatef5[ongi 6)

{(wherein, HF is used in an amcunt of the stoichiometric
amount or more)
[0030C]

fhere are problems that the handling of phosphorus
pentachloride and phosphorous pentaoxide is difficult because
they are solids having large moisture absorbing property, and
especially its workability is poor when loading raw materials
intoznanufacturihg facilities, etc., and mechanization is also
difficult to be attempted. On the other hand, because LiF, LiF

(HF"), NaF, Naf -+ (HF), KF : (HF), RbF - (HF), CsF, etc. do not

absorb moisture as intensely as phosphorous pentachleride and
phosphorous pentaoxide and they are crystals having excellent
fluidity, loading of the raw materials is easy. Furthermore,
both HyPO,F., and HF are liguid (agueous solution) at room
temperature, and comparing to the case of using phoesphorous
pentachloride and phosphorus pentaoxide as rawmaterials, they

have advantagesthat theirworkabilitiesinleoadingrawmaterials
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In the above chemical reaction Formula 1 or 3, there are no problems if

the addition ratio of HF to H'"POYF, is 1 equivalent or more. However, in a

case where the addition ratio is small, because the concentration of

hydrofluoric acid after the reaction 10 becomes low, it is preferably 1.5
‘equivalents or more. The concentration of hydrofluoric acid after the

reaction can be increased if the addition ratio is further increased.

However, because it becomes industrially uneconomical, it is preferably

less than 10 equivalents. On the other hand, hecause the 15 solubility. of

t%e %ré%uce%’qrglﬁi%lcger&ggsgg% lginl%%feggé: ofthe ﬁﬁnﬁaoﬁ]éﬁlﬁljrgtijorﬁ?ﬁoved
Is,possible o ncreaseihe yield, However, hecause the amoynt of :
dissolution of MPF6 increases u% to the Igrge {anr%oﬁﬁlf%? even %Sthaematte‘“

solubllity isslows andithe yield decreases.and among thase, év?gfpecia“y

20 preferably 2 equivalents or more to 7.5 equivalents or less. [0032]

HeueHE! 16 1B e iadbeyve chemical reaction Formula 2 or 3, the reaction
proceeds quantitatively when the addition ratio of MF r (HF) to H,POyFz

191306 B equivalents. However/ when 25 the addition ratio becomes large,

MF r (HF) becomes a compound having large r by reacting with HF and
therefork:: thé coneentratibrof hydroflueric acid Fothesystdnmededreasesre are
and the yield also decreases , itispreferablyl.01 to 2 equivalents, and
THriohgth686 itis espeeiafly preferablyik05itdil seduivalehts wheaquivalent
industrial and economic efficiencies are taken into account. [0033] In
the"idve cHEMTCH Feadtivl FotAfuIY 1S fse Hading ficticdof &e raws small,

materials is not especially limited, and any ofa
becausetheconcentrationof hydrdfiuoricacidafterthe reaction

becomes low, it is preferably 1.5 equivalents or more. The
concentration of hydrofluoric acid after the reaction can be
increased if the addition 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 vield.
However, because the amount of dissclution of MPFs increases
due to the large amcunt of HF even if the solubllity is low,
and the yield decreases, and among those, it is especially
preferably 2 eguivalents or more to 7.5 equivalents or less.
[0032)

rurther, in the above chemical reaction Formula 2 or 3,
the reaction proceeds quantitatively when the addition ratio
of MF + r (HF) to HyPO,F; is 1 to 3 eguivalents. However, when

the addition ratic becomes large, MF: r (HF) becomes a cempound
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10 method of adding a HxPOyFz aqueous solution and a hydrofluoric acid
agueous solution all at once, a method of dropping a H,POyF, aqueous
solution or a hydrofluoric acid agueous solution at the same time, and a
method of placing any one of a HjOyF2. aqueous solution or a hydrofluoric
acid agueous solution in a reactor 15 first and dropping the other aqueous
solution may be used. However, in the reaction of a HXPOyF, aqueous
solution and a hydrofluoric acid aqueous solution, because heat is hardly

nggnerated dyring the reaction, a method of adding a H,<POYF, aqugpus
Solution anda hydroﬁuorlc acid a%ueous solution all"at once 20715

cBreterable when %%”?ﬁi?8?%%.96%%%@&@%%%’?1%”2‘ers%Qae aggi:”% ses and

method of the raw materials in the above chemical reattion Formu is

+ Rat@lso gspecially limited..and any of a-method of adding 8 HXRQYE, 41 ant s,

agueous solution in which 25 MF.r (HF) is dissolved and a hydrofluoric
aBeidagquegusseltion: all at eaes.a method.ekdropping.a HXRPOYFZ. 1 | 5

agueous solution which MF r (HF) is dissolved or a hydrofluoric acid
egqueals:salutioneat theisame timea andea method effiacing apy one 6ta aken

HxPOyF, aqueous solution in which MF r (HF) is dissolved or 5 a
ihydroflaoreatid aqueous solution in a reactor first and dropping the other

agueous solution maybe used. Furthermore, a method of placing MF r
[@4FYih a reactor first and adding a HXPOyF, aqueous solution and a

hydrofluoric acid aqueous solution into the reactor all at once or a method

of placiiy TeME? (B iRS feAttof ikt AAd Bropbig d e e deags hod

C)?ol tionorahydrofluoricacidaqueous solution into the reactor at the same
[

me maybe J8&F Fuither 14 i§Gid ifi SHch MPRG is'didSsived M6 thdse ©f @
m%%%ganég"Qggﬁggeénﬁlﬁ%ZHfggqgggﬁﬂ solution and a hydrofluoric
acid,aqueous solution all at once, a method of dropping a HyPO,F,
aqueous solution or a hydrofluoric acid agueocus solution at the
same time, and a method of placing any one of a H,PO,F, aguecus
solution or a hydrofluoric acid agqueous sclution in a reactor
first and dropping the other aguesous solution may be used.
However, in the reaction of a H,PO,F, agueocus solution and a
hydrofluoric acid aqueous solution, becaﬁse heat 1s hardly
generatedduring the reaction, amethodof addinga HPO,F; agueous
solution and a hydrofluoric acid agueous soluticn all at once
is preferable when considering productivity.
[0034]

Further, the adding methoed of the raw materials in the

above chemical reacticonFormula 3isnotalsoespeciallylimited,
and any of a method of adding a H,PO,F; agueous solution in which

MF - r (HF) is dissolved and a hydrofluoric acid agueous solution

14
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15Heat is hardly generated during the reaction in the reaction of the
HxPOyFz aqueous solution and the hydrofluoric 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 aqueous 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 HXPOyF, aqueous
solution, because heat is hardly generated during the reaction, a method

aQEaQQi%@ee,HﬁPQthQHUS@Uaﬁgggifﬂgagd  Bydrofluaric acid agueous .+

solution’in which ME t (HF)'is 25 dissolvéd all at oncé is preferable when

wHORsidgeNng prodystivity. [0036) f#étée%oée’@gﬁﬁgé%%ﬁbg Cs NHdqueous
and Ag) is synthesized by reacting a HPF6 gqHZ20 crystal (solid) that is 5

sextiacted in the gbove chemigal reagtion Resmyla2 WithMES (P )any one of
andthereactionmethodatthistimeisnotalsoespecially limited, At this time,

zanyrof a methosbof-adding anyoneofwater orHF to therhIPES gil28cived or
crystal or ME k (HF), dissolving it by stirring, and then adding these

asolutions alk at oncey,Ldroppingthese sofutions abthe sametime, dirst and
adding one solution into the other solution. [0037] However, because

dararidnt HEard broddcatkas a byproduet asathiereattion probeadd frmore,

the same as the chemical reaction
a method of placing MF - r (HF} in a reactor first and adding

a HyPO,F. agueous sclution and a hydrofluoric acid agueous
solution into the reactor all at once or a method of placing

MF - r (HF) in a reactor first and dropping a HyPO,F, agueous

eyl

solutionor ahydrofluoricacidaqueous solution into the reactor
at the same time may be used. Further, a liguid in which MPFg
is dissolved into these solutions in advance may be used.
[0035]

Heat 1s hardly generated during the reaction in the
reaction of the H,POF, aqueocus sclution and the hydrofluoric
acid agueous solution, however, bescause some heat is generated
when MEF - r (HF) reacts with HF, it is preferable to use a MF
- r {HF) / HF agueous solution 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 sclution and the HiPO,F,
aqueocus solution, because heat 1s hardly generated during the
reaction, a method of adding the HyPO.F, agueous solution and
a hydrofluoric acid aqueocus solution in which MF - r ([HE) is

dissclved all at once is preferable when considering
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15 Formula 2, solids are placed in the reactor and stirring may 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 4s the most
preferable. [0038] In the above chemical reaction Formulas 1 to 3, the
reaction temperature is not especially limited. However, because a
ppgg@&yﬂ%@gﬁion that is a reverse reaction occurs in the 25 above
~ chemical reaction Formulas 1 to 3 when the reaction temperature
rbeegmes 70C or more and a hydrolysis reaction of PF6- also occurs in the
chemical reaction Formula 2, it causes a decrease of the yield . Further,
becauseseatteringof Hiwpecursiwhen he reaction terppesatyre isthighcy s
the reaction is preferably 5 performed at 50C or less. Furthermore,
sbeeause: thedqepetionr: rate begomessiow inthe case of allowdemperature+
, it is prefe..rably -40C or more . Further, in the case of considering :
e productivity, itis Eispeaially prefesabile 10 pederm thewreaction i the anger Mr -
of -20C to +30C. 10[0039] In the above chemical reaction Formulas 1
 toH] theeerg sthkizationteapaeitinecis hotialso espediallydimitedo Brpecially
lower it is, the more the yield is improved. However, it leads to an increase
1 oFeG§tGn thé aspedts of iiddertay 15 fadlifestarmP probuetidity: Fotthisone of
reason, it is preferably -40C or more to +30C or less, more preferably
WE3GC gt mife & +20E OF fess, HG arforifthoser éépecially breferab§ssEving
. or more to +20C or less, Further, because the solubility of HPF6 qH20 is
. hig}ﬁ{ acivstat E&indtbe SotEined §tl 08 c?trEPneoSrS. 56That & ﬁ%ecicfs% of <=
, it hbecomes. possible that HPF6, gH20 can be. extracted as.a |, .
e B roaking T et Bon i B b (e S2cR0 e DyFur e o
1 R ;arg and.the tergperature 0C or less. Then, in the case of performing a
crystallization of HPF6.qH20, it is very important to make the temperature
[ 620G 250r more to OC or less, and among those, preferably -40C or

However, because water and HF are produced as a by-product
as the reaction proceeds in the same as the chemical reaction
Formula Z, solids are placed in the reactor and stirring may
beperformedwithouianécessityofaddingwaterorHF. However,
an increase of the liquid amount is closely related to the
selublility, andbecausethesmaller the liguidamount, the better
it is, and among these, a method of placing the solids in the
reactor and stirring is the most preferable.

00381

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

above chemical reaction Formulas 1 to 3 when the reaction
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more to -5C or less. [0040] The reaction or crystallization time n the
chemical reaction Formulas 1 to 3 is not especially limited. However, 5 in
a case where it is short, there is a possibility that the yield decreases. On
the other hand, in a case where it is long, the productivity decreases. For
this reason, the reaction or 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 10 1.5 hours or more to 8 hours or less, and among those,

especially preferably 2 haurs or more to 6 hours or less. [0041% Itis a
Bre oT hs resentiAvention 16 EAFAS: & HPF6 dk20 eRutal (B8RHE- 0" ©F

piFom.the regetion systemyto outside ab 15 the system py glystallization far, o . o

example after the reaction in the chemical reaction Formula 1. However, g

2 8L-9OEe, Preferably:2;0r mare anpd-mgre-preferably & @rmore. T hatds,curs
because this HPF6 gH20 crystal (solid) is a hydrate, the moisture in the

wBystem shifls 40 the erysiak side.and therconeentration 20-afydofiuerice rably
acid in the solution can be increased. Furthermore, by adding HF having

phighcaansentrationtinte this diteate, it canhe-aninitialiconsentsationorgant ion
be made close to the initial concentration, a mother liquid can be

rgoRtineooslyusédnithe reaction of the nextdatel; aindtherefore pceSerably
25 reduction becomes possible. [0042]

~-40°C ormere. Further, in the case of considering productivity,

it is especially preferable to perform the reaction in the range

of ~20°C to +30°C. |

[(0039)

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 to an increase of cost in the aspects of incidental
facilities and productivity. For this reason, it is preferably
-40°C or more to +30°C or less, more preferably -20°C or more
to +20°C or less, and among those, especlally preferably -5°C
or more to +20° or less. Further, because the solubility of
HPFy - gH20 is high, a crystal cannot be obtained at 0°C or more.
That is, in the case of HPFg ' qH:0, it becomes possible that
HPFg-gH,Ocanbe extractedasacrystal bymakingthe 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, it is very important tomake the ftemperature -50°C

or more to 0°C or less, and among those, preferably -40°C or
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Stirring is preferably performed during the reactions However, the level of
stirring is not especially [0043] The HPF6 gH,0 or the MPF6 that is
obtained by the above set of operations is subjected to solid-liquid
separation. An example of the method of solid-liguid separation is a
filtration, and a known general filtration method such as natural filtration,
pressurized filtration, and centrifugal filtration can be 10 adopted as the
filtration method. [0044] After the solid-liquid separation in the
chemical req,gtion formula 2 or 3, the purity of the MPF6 is preferably
mfﬁlé?ea{:s%dmﬁy a Bé:rf(;r?rﬁﬁg washing. Known methods such as a. method of
43 ,@@ﬂforming washing by dispersing the MPF6 into a washing agent
again and a method of performing washing by introducing a washing
agent difectlynto.g sepayation apparaius apd gontacting withthe MREB; 41
can be used alone or in combination as a washing operation Further,
rthere isa casenwhere thediltrate after filteation2gonfainsan-excessiveieve r,
amount of MPF6 salt solution or a large amount of acid. In,_his case, if
idistillaticry etbesissperformedsorothe filtrate-and a MPEG saltisolution amat the
acid is recovered, the double effects of cost reduction due to the load
yiedludtivhcofwastewatebtreatrnent and ofthe recoveryaof valiable matedalsong,
25 can be obtained. [0045] Here, the washing agent is not especially
tliyfited Cdnd BhYioh arhyeiRBIaE - highty cohéentraea HE, dilttedsdELion or
pure water, etc. may be used. Furthermore, for the purpose of neutralizing
Cadia - thelwashihg may te performed With i Bfkefire salt oF thesame? hours,
catLong r example, in the case of synthesizing KPE6, K2CO3, KHCO3,
PERE §e1d5. AS'dBScrived'ab6ve oy petfitming AIKHTing nétftrefiZatisn=rabLy
1ingl ences 8fﬂer8§:ion@?y?a\%icd} contamjnation of metal imqp%gties tothe | 11
product; at& 10 the fatter s{le}bscgﬁ & SUppressed one Fese, especially
preferably 2 hours or more to 6 hours or less.
[0041]
It is a feature of the present invention to extract a HPFg

© gH:0 crystal (solid) from the reaction system to cutside of
the system by crystalliization for example after the reaction
in the chemical reaction Formula 1. However, g is 1 or mere,
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 hydrefluoric acid in the solution can be increased.

Furthermore, by adding HE having high concentration into this
filtrate, it canbe an initial concentration or can be made close
tothe initial concentration, amother liguidcanbe continuously
used in the reaction of the next batch, and therefore a cost

reduction becomes possible.
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0046] Further, the temperatureduringthefiltrationandwashing 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
MPESG 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. The drying time is not especially limited. However, it
{98 §énerally 0.5 to 72 hours. The drying is preferably performed at a drying
temperature of less than 120C. When it isgerformed at a temperature of
120C oF miore Meiryirfg Richities Decsnmieteéxpertre, 95 niameheatreaction.
nSa aci%y bg%omgs necessary, and the production cost becomes high.
“Elrther beckuse W& higher the températute He mEr5Essiitity of the =<
MRE being decomposed by a small amount of moisture, and therefore
the drying is preferably performed at 85 to 110C. [0048] MRES6 having
a moisiue gontent of 1000 pRm by weight or Jess can be maufactyred .
simply with the above ‘method. Further, bécause inexpensive raw ”
sdnaterialg gan bedised i thigymethad-and the manufactuing mefhod s ., - 5,
simple, cost reduction can be 10attempted. i
example of themethodof sclid-liquidseparationisa filtration,

and a knowngeneral filtrationmethod such asnatural filtration,

pressurized filtration, and centrifugal filtration can be

Hh

adopted as the filtration method.
00443
Afterthesolid-liquidseparationinthe chemical reaction
formula 2 or 3, the purity cof the MPF; is preferably increased
by a performing washing. Known methods such as a method of
performing washing by dispersing the MPFy; intoc a washing agent
againenuian@thodcyfperformingwashingknfintroducingeawashing
agent directly inte & separation apparatus and contacting with
theMPFgcanbeusedalcneorincombinationaséwashingoperation,
Further, there is a case where the filtrate after filtration
contains an excessive amount of MPFg salt solution or a large
ameunt of acid. Inthiscase, ifdistillation, etc. isperformed
on the filtrate and a MPFs salt sclution ér acid is recovared,
the double effects of cost reduction due to the load reduction
ofwastewater treatment andof therecoveryof valuablematerials

can be obtained.
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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] MPFE + jFk (HF)JPF6 + NF k (HE)(Formula 7) (wherein, j =
Li, Na, K, Rb, Cs, NH4, and Agf and kO) 20[0051] Here, the solvent that is
used in the salt exchange is not especially limited, and any or anhydrous

[Q—ﬂﬁ,fﬁghly concentrated HF, diluted HE, pure water, organic solvents, etc
may be used. Among these solvents, anhydrous HF and highly 25

concefifated HE aré ESpeeillf preterabie (005030 e  Fukthérhors; ied. and

arghe chemi ali{gagtion Forglulﬁxzé, the ratio of the JE H (HE) to the MPF6 is
preferably ' fo°2 dquivalefits Frowever G8Eanas tinréacted BIR FEtHE] 1s Pure

wé%'é%‘? ir@at%é].PFrgatQa e used. Furthermore, for the purpose of
neutralizing acid, the washing may be performed with an alkaline
salt of the same cation (for example, in the case of synthesizing
KPFg, KoCO;, KHCCs;, etc. is used). As described above, by
performing alkaline neutralization, influences of erosion by
acid, contamination of metal impurities to the product, etc.
in the latter step can be suppressed.

[00486]

Further, the temperatureduring the filtration and washing
is not alsc especially limited. However, it is performed at
—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.

[0047]

The MPFs that is obtained by the solid-liguid 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
nours. The drying is preferably performed at a drying
temperature of less than 120°C. When it is performed at a
temperature of 120°Cormore, drying facilities become expensive,

a large heat capaciiy becomes necessary, and the production cost
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5 is a product when the ratio increases, the ratio is especially preferably
1.0 to 1.1 equivalents. [0053] The amount of the solvent that s used is
not also especially limited. However, when the amount of the sol vent
increases, 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 (HE) or MF (HF) that is produced as a
by-product is mixed into JPF6 that is a product. Because of this, the

Depssit bfithl solVent'is proferably 05 to 10 timpse 15 andwespeeially ure, the
preferably 1 to 5 times the weight of MPF6. [0054] In the salt exchange,

MERE defdintymethdd’of avr ifatdRals REAGtRISE eapeciaminiited sExampiasount
gf the method include a method in which a solution having MPF6 or JF k

CYHEY belry 20 dissolvéeinfa Sofeht's added sl af oRes bf isdrbppedatormed

same time, .and a method in which one solution is added to the other

a%o%ufloh Fur’tﬁe?more a method of placing a solvent into a reactor first
@@ggslowly adding MPF6or JF.k (HF) thereinto may be used. Furthermore,
it may be a reverse operation thereof,

MPFg naving a molsture content of 1000 ppm by weight or
less can benmanufactured 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]

Farthermeore, according tothe folliowing chemical reaction
Formula 7, a salt exchange may be performed on the
hexafluorophosphate (MPFy;: M = Li, Na, K, Rb, Cs, NH;, and Ag)
that was obtained with the method of the above chemical reaction

Formulas 1 to 3.

[0050]
MPEe + JF - k (HF) — JPFg; + MF - k (HF) {Formula 7)
{wherein, J = Li, Na, K, Rb, Cs, NHg, and Ag, and k = 0)
(0051

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

concentrated HF are especially preferable.
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25 However, the reaction is preferably performed after dissolving the raw
materials once as a method for not being incorporated the unreacted
products of the raw materials, etc. into JPF6. [0055] The reaction,
crystallization, filtration, washing, and 5 drying methods are not also
especially limited, and they can be performed under the conditions
described above. [0056] In the case of performing the salt exchange
on the hexafluorophosphate that was obtained with the above chemical 10
{¢&8action 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 Sy [005 7] Becatie arydrilibhcadid Hatedus: the ratio
solution is used in 15 all of the set of operations, a container made of a
fidorineresirt, viflyichidride! pofyéthyieng, S cortaimer linedwithtthgse- s -
nPieferably ysed, [Examples] 20000981\ up) s mixed into JPF. that
is a product when the ratio increases, the ratio is especially
preferably 1.0 to 1.1 eguivalents.
[0053]

Theamount of the solvent that isusedisnotalscespecially
limited. However, when the amoun® of the solvent increases,
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 JPF; that is a product. Because
of this, the amount of the solvent is preferabliy 0.5 to 10 times,
and especially preferably 1 to 5 times the weight of MPF..
(00547

In the salt exchange, the adding method of raw materials
is not alsc especially limited. Examples of the method include
& method in which a solution having MPFg or JF - k (HF) being
dissolved in a solvent is added all at once or is dropped at
the same fime, and a method in which one solution is added to
the cther solution. Furthermore, a method of placing a solvent
intoar@actorfirstandslowlyaddingM?FgorJF'k(HF}thereinto

may beused. Furthermore, itmaybe areverse operation thereof.

However, the reaction is preferably performed after dissclving
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Below, the preferred examples of this inventionbe described illustratively

in detail. However, the materials, the compounding amounts, etc. that are

described in these examples are not for the purpose of limiting the scope

of this 25 invention to those as long as there is especially no limiti

description, and they are only illustrative examples. [0059] (Example 1)

160 g of acid potassium fluoride (KF(HP)) and 700 g 5 of 75% by weight

of hydrofluoric acid (HF) in a semiconductor grade were placedina 3 L
L hgagtich Vassel hidde efaflusfine resih@EA)togetheriting rotatorrandated
_the KE (HE) was dissolved ile stirunder an ice bath. Furthermore, 175 g
CI5T 8594 B§ Weight ot phospRofd abiIgH3POA)abas waighted - putin e 1G P Fes -
{Gc,gpgﬁatory funnel, it was slowly dropped over 30 minutes while cooling

with an ice bath, and the reaction was performed while stirring for 6 hours.

[00 GO]TEhee rea et:zt et itovrvfcjls c? 19 39 lsecda?l-ls zcaqﬁqdo %ryslt'aj_l H.Z*!:agla? Q ivgn?xs, washing, and

drying methods are not also especially limited, and they can
be performed under the conditions described above.
10056]

In the case of performing the salt exchange on the
hexafluorophesphate that was obtained with the above chemical
reactlion Formulas 1 to 3 zccording 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 hydrofluoric acid agueous 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.

[Exampleas]
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 purpose of limiting the scope of this

invention to those as long as there is especially no limiting
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15 performed 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 55% by weight. On the other hand, the
recovered crystal was washed with 400 g of pure water. Thereafter, drying
was 20 performed at 1055C for 12 hours. The amount of the obtained
crystal was 156g ( yield 5 6% ) . Furthermore, when XRD measurement of
the obtained crystal was performed, it was found to be KPEG6. Further,

devtenithe rAdistte Sohtetit of fife oBtinet KPFE-B1AdS MeasHRStEWRY a

_ moaisture meter, it was 350 PQM by weight (as 25 a result of performing

e 8ﬁromatography of the filtrate, only ~ anion and PF1 anion were
Exé)gtecte{d. The rate of the material that could be extracted as a crystal was

@ﬁq—“fgwé“\?er, because 100 g of KPF6was dissolved in the washed

filtrate pfter Waspinag with éE)]ug;e water, it was found that the reaction was
approximatély quantitativaly proceeting.y “o= e (’E - (585} and 700 ¢

of 75% by welght of hydrofluoric acid (HF) in & semiconductor
grade were placed in a 3 L reaction vessel made of a fluorine

resin (PFA) togetherwitha rotator, and the KF- (HF) was dissolved

o\®

while stirring under an ice bath. Furthermore, 175 g of 85
by weight of phosphoric acid (H3PO,) 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 € hours.

[0060]

Thereafter, 1t was cooled to -5°C and crystallization was
performed 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 55% by weight. On the other hand, the recovered crystal
was washed with 400 g of pure water. Thersafter, drying was
performed at 105°C for 12 hours. The amount of the obtained
crystalwas 1569 {yield56%}). Furthermore, whenXRDmeasurement
of the obtained crystal was performed, it was found to be KPF,
Further, when the moisture content of the obtained KPF: was
measured with a molsture meter, it was 350 ppm by welght {as

a result of performing ion chromatography of the filtrate, only
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[0061] (Example 2) The filtrate of Example | 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

H3PO4was 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 15 while cooling with an ice
pathiandidvas dissoived while stifringr tBath of this hydrofiudridacitkterial

agueous solution and phosphoric acid solution was transferred into a

t@éﬁa?é’t&ﬂ;ﬁf%@l? Bh8 Ur6Ppig Waspericrmed at 1 sanfecime overidscause

%nute§ v}xérgjle stirring under an ice bath. This solution was cooled to -40C,

ahd crystaliidation was pefformed for48 hvlifs! (0062 NeR, #é e washing
obtained precipitate was filtered by, suction and filtration. At this time,

wwﬁ%r? %ééjﬁd Q%%ﬁée“n\{é/rgﬁosn ‘of the fﬁ??gté WS fEamiafivelfanaipegitmately

ql\ﬁv@ggﬁg{g@y\}%@ghg 2n.2a cErq%gth(ar hand, the recovered crystal was
washed with 400 g'of pure watér. Thereafter, drying was performed at

1 40%€ ffor 8 hours. The amount of the obtained crystal was 155 g.
Furthermore, when XRD measurement of the obtained crystal was
( petformed, it was found to be KPF6. According to the above

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 liguid. This liguid was added
to the 3 L of reaction vessel made of PFA, and 200 g of 75% by
weight of H;PO, was added and dissolved., On the other nand, 550
g of 75% by weight of HF in a semiconductor grade was placed
in a separate container, 145 g ¢f KF - (HF) was slowly added
while coolingwithanicebath, anditwasdissolvedwhile stirring.
Each of this hydrofluoric acid aqueous solution and phosphoric
acld 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 quantitatively analyzed, it was 48% by weight. On

the other hand, the recovered crystal was washed with 400 g of
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5 description, it can be found out that the yield was 55% (the amount of

KPF6 that was dissolved in the washing liquid was not included). Further,

when the moisture content of the obtained KPF6 was measured with a

moisture meter, it was 500 ppm by weight [00631 (Example 3) 160 g

of KF (BF) and 940 g of 55% by weiht of HF in a semiconductor grade

were placed in a 3 L of reaction vessel made of PFA together with a

rotator, and the KET (HF) was dissolved while stirring under an ice bath.
PFifthHetndre, 175 910f 856 15 bynvdight o3RO vasnweighed 16 piit ifor &
n separate container, and afphosphoriﬂcl acid aqueous solution was added

At once Whitd'&tifring i a'WiteP Bath SFZOCE THer@hctiGiFand > 9-
-.crystallization were performed as it is for 4 hours, Next, the obtained
R intals vids fiteied By Sucfion and fitation. F0AFHISTHE WheRThE* ==

-cancentration of the-filtrate was quantitatively, analyzed, it was 42% b

p%/_v%gk%t%gﬂtﬁle“otﬁré hgfrgdl%ﬁ%e \réle%:ok\g/%re%yg@"sta was. \)L/[v%%ﬁgd With 400 § bove
4 o8 purg,walsr, Thereafter,drying was performed af 105Cfon 24 hourss s (1 pe

Furthermore, when XRD measurement of the obtained crystal was 25
aperformed, Hbwas found.tohe KPR6: Begausethe amaunt-of theobtaingd ro«

crystal was 53 g, the yield was 19% (the amount of KPF6 that was
inissotied)in thewvashing liguictwasnetdneluded).dthermare, whenthes i ned

moisture content of the obtained MPF6 was measured with a moisture
Kiietas $t Wass200ppm: b weighits 500643 (Bamptedd s 508Qgofiacideight .
~ammonium fluoride (N8LIF (HF)) and 115 g of 75% by weight of H3PO4
[ Were blaced in a 3 L of reaction vessel made of PFA together with a

rotator, and SOO g of 80% by weight
(Example 3)

160 g of KE - (HF} and %40 ¢ of 55% by weight of HF in
a semiconductor grade were placed in a 2 L of reaction vessel

made of PFAtogetherwitha rotator, and the KF- (HF) was dissolved

while stirring under an ice bath. Furthermcre, 175 g of 83

e

by weight of H3PO; was weighed to put in a separate container,
and a phesphoric acid agueous solution was added all at once
while stirring in a water bath of 20°. 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 weight. On the other
hend, 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 KFF;. Because the amount of the
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10 of H 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, when the HF concentration of the filtrate was quantitatively
analyzed, 15 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 95C for 24 hours, Furthermore, when XRD measurement of
Olthé bBRnEd Chstal WaS perférmel Sitwas- Pumisto-Bé NiHaPFerBeehusé KPFs
the amount of the obtained crystal was 20 82 g, the yield was 58% (the
ot of RbiBEe fat %sf%sesdﬁ?eﬁ“ihl%ﬂe waShiHg Iigtid was tnciuded) .
pofincluded) . Fy}gherr{lgge when the moisture content of the obtained
'NHABES Was mEaSired Wit A Toisttrs Phater: was ppr By WRight Fe was
5 ple B). . ... ,.210 g of cesium fluorid sF) and 700 g.of
m%%%%%%vé%ﬁmofﬁéﬁfas §(Lelﬁ1€|acoip1%h‘étbf g?ddewv?/éregélgcg ih %% Ii“ia‘gfL ght.
[ #eaction vessel made of PFA together with a rotator, and the CsF was
dissolved while stirring under an ice bath. Furthermore, 175 5 g of 85%,
(hyaneight afyH3PO4 was weighed to put in a separatory funnel, it was
slowly dropped over 30 minutes while cooling with an ice bath, and the
reacticnowagscperformedwhile stining fos 12-hourg=Thereafter,itwas 115 ¢ or
cooled to -5C and crystallization was performed for 36 hours. Next, the
7 ‘obtéinedprecipitate Wasl0Witterebby sactiomand filtratidn rAtthisitineyesse 1
when the HF concentration of the filtrate was Quantitatively analyzed, fr
NEGEE 8594 b eightt Onrthel sther harid: the recovered trystaf Vidgwaghed: ght
with 400 g of pure water. Thereafter, drying was performed at 105C for 12
©hdurs: Whef SORIF PREHStSHehE Bfithe’#5 ohtained ciystarwesiie stirring
uJ?(grfgrmed,_‘ it was found to be CsPF6 . Because the amount of the
‘Sbtainéd crystal Was 368 g the fidiwas 96T (the Hfotiht 6EE5PPE thatr e
e O(%jr%se(%!vaeg T the v%?shigg E\%Uid was not inclgﬁded). Furthermore, when
he obtained C5PFE Was measuréd With grec-pitate

1
~ the moisture con en% 0)

wé@o_'ﬁi‘ir@&%@rbk?‘%%%?9&9%88”}"94%%%@0@066% this time, when the
HE concentration of the filtrate was guantitatively analyzed,
it was 63% by weight. On the other hand, the recovered crystal
was washed with 400 g of pure water. Thereafter, drving was
performed at 95°C for 24 hours. Furthermore, when XRD

measurement of the obtained crystal was performed, it was found
to pe NH PFs. Because the amount of the obtained crystal was
82 g, the yield was 58% (the amount of NH,PF: that was dissclved
in the washing liquid was not incliuded) . Furthermore, when the
moisture content of the cbtained NH,PF; was measured with a

moisture meter, it was 800 ppm by weight.

=
5
o
=
o
I‘,,l
1]
(2]
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(Example 6) A metaphosphoric acid aqueous solution was prepared

by dispersing 120 g of metaphosphoric acid (HP03) in 50 g of pure

25water. Furthermore, 160g of KF. (Hr) and 700 g of 75% by weight of

HF in an industrial grade were placed in a 3 L of reaction vessel made of

PEA together with a rotator, and the KF (HE) was dissolved while stirring
under an ice bath. Each of these solutions was transferred into a

separatory funnel, and dropping 5 was performed at the same time into

the 3 L of rdaiof 74451 MAHE o PEA 576 18 inlits n Gwaist Bathiri on

20C, and the reaction was performed While stirring for 1 hour. 'IT'herFeafLer,M ‘
i R eSS0 Wak et TG For3 houre: Nesd =% o7

it was codled to10¢ and crystafiza

+dhe obtained precipitate wggéuﬁs&%d %M§ tcti—&)“rlo%@_%ﬁ'tfayga- ALtis. - s

time, when the HF concentration of thé filtrafe was quantitatively analyZzed,

o dkwas »a% by weight: Ontheothernhand  theseqovered cpystalwas, .. - 175
washed with 400 g of pure water. Thereafter, drying was performed at

g 100G far 18 hoursy W¥hem XRBPypeasurementof theobtained-crystal, was + o vy
15 performed, it was found to be KPF6. Because the amount of the

fobtainedicrystal was184 g -thepveldwas 48%m(the amount ofKPFSthat; with
was dissolved in the washing liquid was not included). Furthermore, when

anthedaoistire content betheebtained KPEGwas oreastired With atmaisture; for
meter, it was 420 ppm by weight. 20[0067] (Example 7) 600 g of 80%

L by ueight of IHE Ire af irdustiialvgradecand:al rotatdrWere placed ia Bilzaf: i on
reaction vessel made of PEA, 120 g of phosphorous oxyfluoride (POF3)

WaaB ab5orieavhite 25stiring T anié&battt "0 BESDRIUM TRBHRE Cate was

¢ .(H_\I@Fgwg%slowé%l .added to thfe' solution.in which POF3 was dissolved, _
“and-it was disSo1vEd Whifd Stirrihg - EBofint and eryStaltiz atibi Sverdnen the HE

erformed on this solution.at.-20C for 48 hours. Next, the ohtained .
C%S&Bi?ét%“v&é)snﬁ e%ret gyfs%ét%gr? and fiftraior =+ “atweqy analyzed, it

G

was 25% by welight. 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
obtainedcrystalwasperformed, it was foundtobe CsPF,. Because
the amount of the obtained crystal was 368 g, the yield was 96%
{the amount of CsPI¢ that was dissolvad in the washing ligquid
was not included). Furthermore, when the moisture content of
the obtained CsPF; was measured with a molsture meter, it was
200 ppm by weight.
[0066]
(Example 6}

A metaphosphoric acid agueous solution was prepared by
dispersing 120 g of metaphosphoric acid (HPOz) in 50 g of pure

water. Furthermore, 160 gof KF: (HF) and 700 g of 75% by weight
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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 PEA, it was dispersed
by adding 100 g of anhydrous HE to the reaction vessel, and stirring was
performed for 30 10 minutes. Thereatfter, it was kept still, a supernatant
liquid was taken out, and air drying was performed by introducing N2 to a
bottle at 3 L/min. Thereafter, drying- was performed at 100C for 6 hours.
o IVRenIXRErmeadufeidrit of THe Obtained crystat svasi pedorméd oif wasact ion
found to be NaPF6. Because the amount 15 of the obtained crystal was
V525§, thBdAsldWad BRos-@Re alfourit of NaPFethatwas disselvedsn KE - (HF)
anhagdrou HF in the washing liquid was not included). Furthermore, when
"He rﬁgigﬁfjréf %én‘i’éﬁt*o? % obtairted NRPES Was Théastred withr aThofsturd e s

meter, it was 650 ppm by weight, O[OOGE} Example Q)USZOO g 75% ,
S?/\?"e{?gﬁ“todﬁ—ﬁ?i% érgaglrﬁiégﬁ Jc%o“}%%rgd%%\? sgpjlgci“eog”i/ a2 B'Lf redltion” “PP1Y

vesselmade of RRA fagether with, 3 [otalor, it was stifred.under an ic )
; bath, Furthermor%, 420 25 g of 85% by weiah%o HyBPEOCi'"ng%vCe%iglh%% o ~°°"

mPYL in,a seearatory. funnel,;it was dropped over 15 ETL'MG%_%V lg.cooling ; ., .
|

with an ice bath, and the reaction was performed w le stirring or 3'hours.

r didheraaftery shisssotution-was.cooled 4@ 140G and:crystallization Wasereafrer,
performed for 48 hours. Nex, the obtained

it was cooled to 10°C and crystallization was performed for 3
hours. Next, the obtained precipitate was filterad by suction
and filtration. At this time, when the HF concentration of the
filtrate was quantitatively analvzed, it was 55% by welght. 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 KPF¢. Because the amount of the
obtained crystal was 134 g, the yield was 48% (the amount of
KPFg that was dissolved in the washing liquid was not included) .
Furthermore, when the moisture content of the obtained KPF¢ was
measured with a molsture meter, it was 420 ppm by weight.
(0067
{(Example 7)

600 g of 80% by weight of HF in an industrial grade and
a rotator were placed in & 3 L of reaction vessel made of PFL,
120 g of phosphorous oxyfluoride {(POF3) was absorbed while

stirring inanicebath. 60gof Sodium flucride (Nafb) was slowly
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5 precipitate was filtered by suction and filtration. The weight of he 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 water content and the HF content are added. According
to the above 10 description, it is considered to be in a form of HPF6.gH20
having crystallization water. On the other hand, when the HF
concentration of the filtrate was quantitatively analyzed was 71% by
agRsght: I BrGageowhéreamatet did: hobshiftfio the crystaksideas, and it was
crystallization water, the HF concentration was 15 caalculatedtobe
S EBEAhFEIghT: Hotvevel 'Beatise iCRas Heflially 7196 by Weight zit whgrin were
a form of containing crystal water as expected, and g is considered to be 2
PO Migra[h060] NekE a*Nak ¥ M s6ibition Was prebafed by plating 8887, the
5 qlfpl\é%f: ina?2L E)fcretaction S\/eff?ﬂ madg of PFA and adding 1050 g of

i

anhydrous HF o the reaction vesselwhile codling \with 8A ié8 bath. O the- % -
noterhand: iie engamauntof the HERG oianed aboveyasplacedin, .
a

a 3L of reaction vessel made of PFA, and the preparedW solution

guas-added over2Qminutes 25 while stirring Q”Q?r aa i%l%a:th' Afterdhe o pop

reaction, it was cooled to -10C and the crystallization was performed for

hd8chourse Next.a supernatant liguid; insthe. 3k, of teaction vessel made of - : 1,
PFA was slowly taken out, and a solid-liquid separation was performed.

v fter thesseparationh N2 was inttodyeedsintolbatnitle gt Solyminandidid rous
__drying was performed. Thereafter, drying was performed at 105C for 3
Hihoues. DivhereXRbDimeasirenreht ok the ebtainetrcrystabwas pesformedsitr 30
was found to be NaPF6. Because the amount of the obtained crystal was
MYESTE the VIEIBRR33%; Fukther swheh the fidisture contentof thent 1iquid
obtained NaPF6 was measured with a mo sture e , as 420 ppm by weight.
wiﬁo%ﬂken out, and air drying was performed by introducing Np
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 NaPFs. BRecause the amount
of the obtained crystal was 62 g, the yield was 32% (the amount
of NaPFs that was dissolved in anhydrous HE in the washing liquid
was net included). Furthermore, when the moisture content of
the obtained NaPFg 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 retator, it was stirred under an ice bath. Furthermore, 420

g of 85% by welght of H3PO; was welghed to put in a separatory
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(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% 15 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 H3PO4 was
weighed to put in a separate polyethylene container, it was added into
hydrofluoric acid all at once while stirring under an ice bath, and the

stirring was performed for 20 30 minutes while cooling with an ice bath.
Lurtiteafter: thiig SoRBARTAS E561Ed 16 -20C ahd Trystallizatiorewasy with an

erformed for 24 hours. Next, the obtained precipitate was filtered by
£ ctign ancfiltralish, ‘Fﬁé‘i?\/eﬁjﬂt dﬁﬁeﬁ&?ﬁsgmﬁ%%éﬁédrﬁmﬁ&maé%ofor 3

The entire amount of this crystal in a
ét %evea Ter, thlsysnluLLQH was cooled to —-40°C and

crystallization was performed for 48 hours. WNext, the obtained
precipitate was filtered by suction and filtration. The weight
of the crystal in a wet condition was 1080 g. In the case of
HPF¢ (no crystallization water), the 100% vield was 532 q.
However, the actual weight is obviously larger even if the water
content and the HF content are added. According to the above
description, it is consideredtobe ina formof HPF¢ - gH,0 having
crystallization water. On the other hand, when the HF
concentration of the filtrate was guantitatively 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 was actually
71l% by weight, it was in a form of contalning 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 NaF 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 1n a 3L of reaction vessel made of

PEA, and the prepared NaF' / HF sclution was added over 20 minutes

while stirring under an ice bath. After the reaction, it was
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25 wet condition was transferred into a 11, of reaction vessel made 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]

Next, the HF solution after performing the reaction of KPF6 HE 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 KPE6 and KF(HF), and the
Chsphiter edntaifed 1090% bf KFL (R Theobtdined KRFELKEC T} for 48
__mixture was slowly added to the above 1 7.0 of reaction vessel made of .
"PER -and e redclioh Was PerormedarshE Tor 28 Hours FiidSiiring vessel
navas difficult in the initial stage, of the reaction, because jt was a reaction .
“hetween solids: However, after 30 minutes of the 15 téaction - H20 FHE 2100
. ar enerated from the_crystal, and the stirring could be easily .
w%ear oFrﬁgg ?[%%%2] ﬁL%éxt%%‘ oSk()%E‘ggiﬁég tb?éjcrfﬁité\?é WS%’ fi[féjrkéa%%/uceg tnto
= puotionang filfration,.The recouered crysial was washed ywith 406 9200 o

pure water. Thereafter, drying was performed at 105C for 24 hours. When

aXBR measurementafdhe ebtained crystal was performed, itas,foundfo. .o+
be KPE6. Because the amount of the obtained crystal was 105 g, the yield

ofvas85% (therarmdount ot KPR6ihat was dissetved in the: washing figuid nzpr, .
was not included). 25 Further, when the moisture content of the obtained

BeREGwashe amount of the obrained crystal was 205 ¢, the vield

was 33%. Further, when the moisture content of the obtained

NaPFewasmeasuredwithamolsturemeter, it was 420 ppmby weight.
r0o070]

(Example 9)

In order to reuse HI', 840 g of 75% by welght of HF was

prepared by adding 140 g of anhydrous HF to the 700 ¢ of 71

O\f 5]

by weilght 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 welght of H;PC4 was weighed to put in a separate polyethylene
container, it was added into hydrofliuoric acid all 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 and 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

wel condition was transferred intco a 1 L of reaction vessel mads
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measured with a. moisture meter, it was 400 ppm by weight. [0073]

(Comparative Example 1) 120 g of PF(HF) and 600 g of 50% by weight of

HE in an industrial grade were placed in a 3 L of reaction vessel made of

PEA together with a rotator, and the KF.(HF) was dissolved while stirring

under an ice bath. Furthermore, 120 g of 85% by weight of H3PO4 was

weighed to pu a separate container, and a phosphoric acid aqueous

solution was added all at once 10 while stirring under an ice bath. The
O eddionvaiid crystallization wererpetotmed as!it isfor46 hoers. However,

the crystal did nor precipitate at all . When the HF concentrat ion of the
CHiitrte Walmesstred; itwas 3696 by WeightiLEafRémicracaniontanalysisl . 1t
vas pzegrforrpe_d by ion chromatography, PF6% anion 15 was not detected

at aﬁ, a°nd3(§nl‘3’?eo"5& GOrophosphate anion such as HPC2F2- and PC43%
upre detected. [0074] (Conventional Example) The present

example is a method described in Patent 20Document 4. 790 g of

olyph c agid (9. s.added to a 5 L of reaction vessel made, of

A, o 33§ of QoL (6L, 7 et Saded whle Webbmg & ©F

KﬂﬁglbWﬁpangémqekF~ (HF} was completely concentrated, dried,
and hardened, and 125 g of white powders were recovered. When
ARD measurement of this powder was performed, it was found to
be a mixture of KPFy; and KF © (HF), and the powder contained

g0

ol

of K& - (HF) . TheobtainedKPFG/KF-(HF)ndxturewasslowiy

added to the above 1 L of reaction vessel made of PEA, and the

reactlion was performed at 20°C for 48 hours. The stirring was

1)

difficult in the initial stage of the reaction because it was
a reaction between solids. However, after 30 minutes of the
reaction, Hx0 / 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 e}
of pure water. Thereafter, drying was performed at 105°C for
24 hours, When XRD measurement of the obtained crystal was
performed, it was found to be KPF;. Because the amount of the
obtained crystal was 105 g, the yield was 55% (the amount of
KPFg that was dissclved in the washing liguid was not included).

Further, when the moisture content of the obtained KPF; was
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stirring. Addi-onal stirring was performed at 25C for 3 hours, 25 and then it
was cooled to -4 0C, and crystallization was performed 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]
5From the above description, the simple synthesis of MPF6 is possible by
making the HF concentration after the reaction 40% by weight or more.
Furthermore, in any of the methods, only at least thre incis of raw

neRgeras of aLH"POYRZ aguesustsdlation, iathydrefludiic agich aquesus. ght .
solution, and MF r (HF) were used. 10In a case where z =0, itis a

[Bhosdphoric acid aqueous solution, and 75% by weight of H3PO4 is
distributed for adding to food in a large amount. Furthermore, the fluoric

PG o scttrirFislsd used for semiconductor or industrial uses in
a very large amaqunt. In addition, because MF r (HF) can be 15

synthesizedPedsily by the' feactioh of fitiri¢acidl with'okided Hydhsxigés HE in

carhanates, chlorides, etc., anyof the rawmaterials can be easily obtained
Yanditis a sﬁperi%r mebfh%d%%)ré%gfe(%ﬁtd“ thé c%nV(-%?r]f%i(%)“"reﬁeiii“’rr{i‘é“t(ﬁIgdﬁié(.aSSep1 made

o ZUNRUSTRIAIAPPLICABILITYJ007] .. The MBES, that s ghtalnedin, .
the present invention can be used as an elréctro yte of a'battery Which is
wiurthersaxpeetadindevelopmentforg:hybrid carin the future. 120 ¢ of ges
by weight of H;POs was welghed to put in a separate container,
and a phosphoric acid agueous solution 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, it was 36% by weight. Furthermore,
anion analysis was performed by ion chromatography, PFe anion
was not detected at all, and only oxyflucorophosphate anion such
as HPO,F,” and PO,"" were detected.
(0074}
(Conventional Example)

The present example is a2 method described in Patent
Document 4.

790 g of Polyphosphoric acid (9.4 mol) was added to a b

reaction vessel made of PFA, and 1235 ¢ of anhydrous HF

=

Fhy

Lo
(6l. 7 mol) was added while keeping at 25°C by cooling under
stirring. Additional stirringwasperformedat 25°C for 3 hours,

and thenitwas cooledto-40°C, anderystallizationwas performed
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25The hexafluorophosphate manufactured in the present 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, itis

utilized as a counter ion that generates acid necessary for an initiation

reac on in photo polymerization and a growth reaction. Furthermore, in the

case of M = NH4, it is useful as a raw material that is used in the
fogantifagtiifing of raBaiéie intemyetiates 2GIIAIMSP t 2 L neal mah astumgrore ,

method of hexafluorobnosphate sa (MPF6: M is at least one kind selected
“HEMhE griupteneiting 5LeRLY NANR, RblEsaNpA shasH ATy at t was
ﬂgaﬁ |;|JXF.’O, IE agueous solution, a hydrofluoric acid agueous solution,

and ME Fﬂﬁi )-as raw materials. (wherein,0, 0 < x3, 0 < y4, and 0z6) 102.

T 5rpanufac:turing method of hexafluorophosphate according to claim 1,

wheréin MPF6 is synthesized by reacting the HJOyF, aqueous solution

with the. hygdrofluorig, acid agg%%sp%%ﬂon«eﬁg%gﬁg d&% F‘%ﬁ“ﬁb&%]%%ﬁz §T BT

extracting a crystal of a hexafluorophosphoric ac rate

1 25,2 se¢h oBce, 15 andihen reacting the extractedHPF6, gHZOWIAMEL . & )

(HF) according to Formula 2.
40% by weight or more. Furthermore, in any of the methods, only

atleastthreekindsofrawmaterialsofaf&?@ﬁ%aqueoussolution,
a hydrofluoric acid aquecus solution, and MF - r (HF) were used.
In a case where z = 0, it is a phosphoric acid aqueocus solution,
and 75% by weight of H3PO, is distributed for adding to food
in a large amount. Furthermore, the fluoric acid agueous

solution 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., anyoftherawmaterials
can be sasily obtained and it is a superior method compared to

the conventional methods.

INDUSTRIAL APPLICABILITY
(00761

The MPFg 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 hexafliuocrophosphate manufactured in the present
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H,POyF, + pHF -* HPF6 gH20(Formula 1) (wherein, g1, and p is used in

an amount of the stoichiomptric amount or more) 20HPF6-qH20 MF r

(HF)(r+1) HE gH20(Formula 2) 3. The manufacturing method of

hexafluorophosphate according to claim 1, wherein MPF6 is synthesized

by react 25 the HXPOyEz aqueous solution, the hydrofluoric acid aqueous

- solution, and ME r (HE) all at once according tO Formula 3. (wherein, s

and y are 1 or more) 4. The manufacturing method of
L hesaffucrophospitatess dccomling e claim lly wherein shesHxROYE, hasaalvst

concentration of 50 to 98% by weight in the H,POyFz aqueous solution.
farThE reaniFfactaring mdthed df herafliorophosphate according to claim

1, wherein the H"POyFz has a concentration 10 of 75% by weight to 85%

by weifitin the HESYE agdésudSdiatiol. = L. Themanufacturingis used

(Ener}bod f hegaflgorgpho;phate according to claim 1, wherein the .
Shydrotidorieadid m'the AydrofliBHRE &l aquetius ofitiorfused’haga case of
M cgnﬁ%r}traiti@niof 1540% Zbg C\(\/ec_]i‘%ht or more,

8 Urals a counter ion that generates acid
necessary for an initiation reaction in photo polymerization
and a growth reaction. Furthermore, in the case of M = NH,,
it is useful as a raw material that is used in the manufacturing

of medicine intermediates.
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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 2050% by weight to 75% by weight. 8.
The manufacturing method of hexafluorophosphate according to claim I,
wherein the concentration of the
hydrofluoricacidinthehydrofluoricatidagtfeoussolutionafter 25reacting at
least two kinds of HXPOyF,, HF, and MF (Ht) is kept at 40% by weight or
more. 9. The manufacturing method of hexafluorophosphate
according to claim 8, wherein the concentration of the hydrofl o ic acid in
the hydrofluanicratic aguedns solatior aftef régctng atteast twekindsopa Lt
HxPOyF" HF, and ME r (HF) is kept at 45% by weight or more and less |
(MiRan 6596y weRgHts one kify! FRe Riarftfaéiififg-Afethod of consisting
hexafluorophosphate 10 according to claim 1, wherein HPF6 gH20 is
of Erystifized: R0r T8, ThemamtAiring MEMRGd of HexaffuGrophosphats ©us
according to claim 10, wherein the crystallization is performed at -50C or,
50 Hiéret6 0C GHIESS T ABSTRAGT < A TiiHe mautdctaring RBOH of ResE®)
. uorophosghate (M255: M = Li, Na, K, Rb, Cs, NH4, and Ag) of the present
as iﬁ\?e"‘nt%ﬁ, Stleasta H,POyF, aqueous solution, a hydrofluoric acid

aqueous solution, and MF r(HF) are used asray malerials, (wherein, - ¢,

2. The manufacturing method of hexafluorophosphate
according to claim 1, wherein MPFs is synthesized by reacting
the H,PO,F, agueous solution with the hydrofluoric acid agquecus
solution according to Formula 1, extracting a crystal of a
hexafluorophosphoric acid hydrate (HPFg - gH:0) as a solid once,
andthenreactingtheextractedHPFgmﬁbOwithMF-r(HF)according
to Formula 2.

H,PO,F, + pHF — HPFg - gH,0 (Formula 1)

(wherein, g = 1, and p i1s used in an amount of the
stoichiometric amount or more)

HPFg - qHoO + MF - r (HF) — MPFs+ (r+1) HF + gHy0 (Formula

3. The manufacturing method of hexafluorcphosphate
according to claim 1, wherein MPF¢ is synthesized by reacting
the HyPO,F. aqueous soluticn, the hydrofluocric acid agueous

solution, and MF + r (HF) all at once according to Formula 3.
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r [err] 0,0 {err] x < 3, O [err] y [err] 4, and O [err]z [err]6) . According to the
above description, a manufacturing method of hexafluorophosphate can
be provided which is capable of manufacturing hexafluorophosphate
(GPF[err]: G = Li Na, K, Rb, Cs, NH4, and Ag) at a low cost in which the
raw materials can be easily obtained, the control of the reaction is
possible, and the workability is excellent,

ME - r {HF) + HyPO,F, + sHF — MPFg + yH0 {Formula 3}

(wherein, s and y are 1 or more)

4., The manufacturing method of hexafluorophosphate
according to claim 1, wherein the H,PC,F, has a concentration

of 50 to 98% by weight in the H.PO,F. agueous sclution.

5. The manufacturing method of hexafluorophosphate
according to claim 1, wherein the H PO,F, has‘a concentration

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

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

50% by weight to 75% by weight.

8. The manufacturing method of hexafluorophosphate
according to claim 1, wherein the concentration of the
hydroflucricacidinthehydrofivoricacidagqueoussolutionafter

reacting at least two kinds of HyPO,F,, HF, and MF - r (HF) is
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kept at 40% by weight or more.

9. The manufacturing method of hexafluorophosphate
according to c¢laim 8, wherein the concentration of the
hydrofluoricacidinthehydrofiuvoricacidaquecus solutionafter
reacting at least two kinds of HyPOF,, HF, and MF - r (HF) is

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

10. The manufacturing method of hexafluorophosphate

according te claim 1, wherein HPFg - gHp0 is crystallized.
11. The manufacturing method of hexafluorophosphate

according to claim 10, wherein the crystallization is performed

at -50°C or more to 0°C cor less.

39



10

ABETRACT

Inthemanufacturing methodof hexafluorophosphate (MPFg:
M = Li, Na, K, Rb, Cs, NHy, and Ag) of the present invention,
at least a H,PO,F, agueous solution, a hydrefluoric acid agueous
sclution, and MF - r (HF) are used as raw materials {wherein,
rz20, 0£x<3, 0y <4, and 0 €2z < 6). According to the
above description, a manufacturing method of
hexafluorcphesphate can be provided which is capable of
manufacturing hexafluorophosphate (GPFg: G = Li, Na, K, Rb, Cs,
NHg, and Ag) at a low cost in which the raw materials can be
easily obtained, the contrcl of the reaction is possible, and

the workability is excellent.
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