DESCRIPTION PROCESSES FOR PRODUCTION OF PHOSPHORUS PENTAFLUORIDE AND
HEXAFLUOROPHOSPHATES 5 TECHNICAL FIELD [0001] The present invention relates to a
method of manufacturing phosphorus pentafluoride and hexafluorophosphate. More patrticularly, the
present 10 invention relates to a method of manufacturing hexafluorophosphate that is useful as an
electrolyte for an electricity storage device, a catalyst for an organic synthesis reaction, and the like,
and a method of manufacturing phosphorous pentafluoride that is used as a starting raw 15 material in

the manufacture of hexafluorophosphate. BAGKGREGINE ART [0002] In a hybrid car and an electric
car that are expected as 20 a last resort for educing CO2emission, a lithium ion secondary battery is

regarded as pReRy:dRMICe. AR AP RIgEHONTe 0! Hie lithiwm irfrsecondans batieryy ihiuk p

hexafluorophosphate having high safety and excellent electrical characteristics is exemplified. A
hexafluorophosphate including lithiuna 25z rexafnomphosphateds manufactured by using phosphorus

5 TECHNICAL FIELD
[00C1]

The present invention relates to a method of
manufacturing phosphorus pentafluoride and
hexafluorophosphate. More particularly, the present

10 invention relates to a method of manufacturing
hexaflucrophosphate that is useful as an electrolyte for an
electricity storage device, a catalyst for an organic synthesis
reaction, and the like, and a method of manufacturing
phosphorous pentafluoride that is used as a starting raw

15 material in the manufacture of hexaflucorophosphate.

BACKGROUND ART

[00C2]

In a hybrid car and an electric car that are expected as
20 a last resort for reducing CO; emission, a 1ithium ion secondary
battery is regarded as a key device. As an electrolyte of the
lithium ion secondary battery, lithium hexafluorophosphate
hawving high safety and excellent electrical characteristics is
exemplified. A hexafluocrophosphate including lithium

25 hexaflucrecphosphate is manufactured by using phosphorus



pentafluoride "PF5" as a starting raw material. Phosphorus pentafluoride is a substance that is used as
a fluorinating agent of various chemical reactions in the chemical industry and is gaseous at room
temperature. 5[0003] On the other hand, silver hexafluorophosphate "AgPF6" or potassium
hexafluorophosphate "KPFG" as a kind of hexafluorophosphates has been attracting special interest
as a counter ion that generates an acid necessary for an initiation 10 and growth reaction in
photopolymerization. Also, ammonium hexafluorophosphate "NH4PF6" is useful as a raw material that

is used in the manufactyre.ofa pharmaceutical intermediate. Furthermere, Giajemary. ammonium

salts such as triethylmethylammonium hexafluorophoSphate and 15 tetraethylammonium

hexaﬂuor%@%ghﬁ%%@d@eﬁél s %'@_BEQ'XE%JOE@B@'%Q”%Q@Hbl§éaﬁerﬁﬂ§§ﬂ%ﬂ@ﬁi§ expe_cted
as a high power electricity storage device. [0004] As described above, the hexafluorophosphate is

used as 2@ prindispensable substance-depending opfdnctionsequired in yariousfields;and PFS is a
very important substance as a raw material in the manufacture of the hexafluorophosphate. However,
when the hexafluorophesphate is manufactured bywisirg PF5, there is a common problem about the
manufacturing cost of 25 PF5. Particularly, high purity PF5 used in the manufacture of
5 [60031
Cn the other hand, silver hexafluorophosphate “AgPEFs” or
potassium hexafluocrophosphate “KPF;” as a kind of
hexafluorophosphates has been attracting special interest as
a counter ion that generates an acid necessary for an initiation
10 and growth reaction in photopolymerization. Also, ammonium
hexafluorcphosphate “NH,PF” is useful as a raw material that
is used in the manufacture of a pharmaceutical intermediate.
Furthermore, quaternary ammonium salts such as
triethylmethylammonium hexaflucrcocphosphate and
15  tetraethylammonium hexafluorophosphate are useful as
electrolytes for an electric double layer capacitor that is
expected as a high power electricity storage device.
[0004]
As described above, tThe hexafluorophosphate 1s used as
20 an indispensable substance depending on functions reguired in
varicus fields, and PF; is a very important substance as a raw
material in The manufacture of the hexaflucrophosphate.
However, when the hexafluorcophosphate is manufactured by using

PFsy, there is a common problem about the manufacturing cost of

25 PFs. Particularly, high purity PFs used in the manufacture of



a high quality hexafluorophosphate that can be used as an electrolyte of a lithium ion secondary
battery or the like is remarkably expensive. [0005] 5The methods of manufacturing PF5 and
hexafluorophosphate are described in various documents as exemplified below. Patent :
Document 1 discloses a method of manufacturing PF5 by thermally decomposing a raw material. For
example, in the case of thermal decomposition of LiPF6 (Scheme 1 shown below), 10 the
decomposition slightly occurs around 120C and LiPF6 decomposes completely around 200C to 250C.

Thereatter, apoles of LIF. eraipg s FUbermore oin-0thet gases, its diffiqulLip decompose PFSif the

decomposition i§ not performed at a very high temperature such as about 250C in the case of 15

NH4PF6, aheut 4peC indhe case ot NaRk6; and L0060, 7006 in the-¢ase of KPRG ard CSPF6 .

Therefore, expensive heat-resistant manufacturing facilities are required, resulting in increased
manufacturiagcost dhpse itie:hard e, say that the manufacturing method disclosed in Patent
Document 1 is 20 industrially reasonable. [0006] [Chemical Formula 1] LiFF6 (s)LiF (s) + PF5 (g)
[0005])
5 The methoeds of manufacturing PFs; and hexafluorophosphate
are described in variocus decuments as exemplified below.
Patent Document 1 discloses a method of manufacturing PFs
by thermally decomposing a raw materizal. For example, in the
case of thermal decomposition of LiPF¢ (Scheme 1 shown below),

10 the decomposition slightly occurs arcund 120°C and LiPFg

decomposes completely around 200°C teo 250°C. Thereafter, a
powder of Li1F remains. Furthermore, in cther cases, it is
difficult to decompose PF; if the decomposition is not performed
at a very high temperature such as abcut 250°C in the case éf
15 NH4PFg, about 400°C in the case of NaPFg, and 600°C to 700°C in
the case of KPFgand CsPFy. Therefore, expensive heat-resistant
manufacturing facilities are regquired, resulting in increased
manufacturing cost. Thus, it is hard to say that the
manufacturing method disclosed in Patent Document 1 is
20 industrially reasonable.
[000¢6]
[Chemical Formula 1]
LiPFs (s) - LiF (s) + PFs (g}
(0007}

25 Inthe reacticns of fluorination of phosphorous using C1lFEs



[0007] 25In the reactions of fluorination of phosphorous using C1F3 in a liquid hydrogen fluoride
medium (refer to Non-Patent Document 1) and fluorination of phosphorous using a fluorine gas (refer
to Patent Document 2 and Non-Patent Document 2), there is a problem that it is very difficult to control
the 5 reactions because the reactions proceed explosively. Furthermore, since an expensive fluorine
gas is used, as a matter of course, the resultant PF5 is also expensive. [0008] Patent Document 3
describes the reaction of fluorination 10 of phosphoryl trifluoride "POF3" using HF in the presence of

sulfur trioxide _Heweyer, there is aproblem thatdhe geactien s inferior.in vield apd:sutfuric acid is

produced, resulting in very Severe corrosion in the presence of HF. [0009] 15Patent Document 4

discloses gJngthogofreagting hexatiuorophespharic,aciddHPRS) with:a sylfur-based-acid under a
high pressure . However, similarly to Patent Document 3, there is a problem that sulfuric acid is

producedgresultingde yerysseverecormstamis:ihe presencexnf-Hz asdevercwhen fuming 20 sulfuric
acid is used, water or fluorosulfuric acid (HSO3F) in the system reacts with PF5 and the resultant PF5
is decompased=ntosP @ F3r [N&;: Ndne=Ratent Document 8idescribés that LiPEG 151 the
5 reactions because the reactions proceed explosively.

Furthermore, since an expensive fluorine gas is used, as &

matter of course, the resultant PF: 1s also expensive.

[0008]

Patent Document 2 describes the reaction of fluorination

iC  of phosphoryl triflucride “POF3” using HF in the presence of
sulfur trioxide. However, there is a problem that the reaction
is inferior in vield and sulfuric acid is produced, resulting
in very severe corrosion in the presence of HF.

[0009]

15 Patent Document 4 discloses a method of reacting
hexafluorophosphoric acid (HPFg) with a sulfur-based acid under
ahigh pressure. However, similarlyto Patent Document 3, there
is a problem that sulfuric acid is produced, resulting in very
severe corrosion in the presence of HF and, even when fuming

20 sulfuric acld is used, water or fluorosulfuric acid (HSO3F} in
the system reacts with PFs and the resultant PFy; is decomposed
intoc POFs.

[0010]
Non-Patent Document 3 describes that LiPFg is

25 manufactured by dissolving lithium chloride in HF and adding



25 manufactured by dissolving lithium chloride in HF and adding phosphorus pentachloride thereto.
Also, Patent Document 5 describes that hexafluorophosphate is manufactured by reacting phosphorus
pentachloride with a HF gas at a temperature within a range from 60 to 165C and adding the resultant
PF5 to an 5 anhydrous HF solution of an alkali metal fluoride. [0011] However, in the
manufacturing methods disclosed in Non-Patent Document 3 and Patent Document 5, since
phosphorus pentachloride is a solid having high hygroscopicity and is 10 inferior in workability, there

are problems fhat, pandling.properties,arg pooy whenyaw materials are chagged in he manufacturing

facilities, and that it is difficult to attempt mechanization. Also, when phosphorus halides typified by

phosphorusentachigride-are, used a8 sawinalerals: a lasge-ln.amernt-abhygrogen palide is

produced as by-products, thus requiring long and large-size facilities for treatment of an exhaust gas.

Furthermoge,JBgistiie £eiaingd:in phogphoruspentachierde is Mnixat atathereagtion system and a
portion of the resultant PF5reacts with the moisture to form phosphorus 20 oxyfluoride such as POF3

or PO2F as a-byrpeoductrAg a result, awhen dhes hexaftuosophesphate istladRE6 pexyfiupraphosphoric
acid compounds such as LiPOF4 and LiPO2F2 are produced and contaminate products, resulting in
deteribratien oy productitify ebLiPEGCAlsY, verereliPEbimawdfattuféd by thie 25 method is used as an
electrolyte of a lithium battery, there arises a problem that the oxyfluorophosphoric acid compounds
cause detéforation of characteristics of the battery. [0012] In order to alleviate the problems described

above, for ‘ . , .
However, in the manufacturing methods disclosed in

Non=-Patent Document 3 and Patent Document 5, since phosphorus
pentachloride 1s a solid having high hygroscopicity and is
10 inferior in workability, there are problems that handling
properties are poor when raw materials are charged in the
manufacturing facilities, and that it is difficult to attempt
mechanization. Alsc, when phosphorus halides typified by
phesphorus pentachloride are used as raw materials, a large
15 amount of hydrcgen halide is produced as by-products, thus
regquiring lcong and large-size facilities for treatment of an
exhaust gas. Furthermore, moisture contained in phosphorus
pentachloride is mixed into the reaction system and a portion
of the resultant PFs reacts with the moisture tce form phosphorus
20 oxyfluoride such as POF; or PORF as a by-product. As a result,
when the hexafluorophosphate 1s LiPFg, oxyflucrophosphoric
acid compounds such as LiPCF,; and LiPO;F; are produced and
contaminate products, resulting in deterioration of
productivity of LiPFs. Alsc, when LiPFg manufactured by the

25 method 1s used as an electrolyte of a lithium battery, there



5 example, Patent Document 6 discloses the following manufacturing method. First, PF5 is produced
by reacting phosphorus pentachloride with anhydrous HF. Next, phosphorus oxyfluoride is separated
by cooling a mixed gas of 2F5 and hydrogen chloride to the temperature that is the boiling point 10 of
phosphorus oxyfluoride or lower and the boiling point of PF5 or higher, for example, -40C to -84C,
followed by the reaction with lithium fluoride dissolved in anhydrous HF. According to this method, a
small amount of phosphorus oxyfluoride is separated from the mixed gas of large excess hydrogen

hloride 15 and PF5. H h [ I d.anditi
Pard 1o P e SEpa A e bLFalcn, Sinca the Bl B S 1 SOTARIAG HORLof POF3ns.

arlse =] .
hard to pertrorm the s paration operation ing pont an

phosphorus, oxyflugride. ars.close to each.giher, there aresproblems: guch,as the-possibility of occlusion

of the 20 collector. Therefore, this manufacturing method is not suited for industrial applications. [0013]
Also, Patent Bacument 7 discloses a method of manufacturing PF5 using, as a phosphorus raw
material, a 25 chloride (phosphorus trichloride or phosphorus pentachloride). However, according to
this manufacturing methed rthe-resultant BES comtainsobydingen-ehierde mixpd #hereirs Since the

boiling point of PF5 is -84.8C, whereas the boiling point of hydrogen chloride is -84.9C, it is impossible
to separatexahyilrogebeaidoridefsanieis by adsimple seethathe following

manufacturing method. First, PFy is produced by r@écting
phosphorus pentachloride with anhydrous HF. Next, phosphorus
oxyfluoride 1s separated by cooling a mixed gas of PFs and
hydrogen chloride to the temperature that is the boiling point

10 of phosphorus oxyfluoride or lower and the boiling point of PF:
or higher, for example, ~40°C to -84°C, followed by the reaction
with 1ithium fluoride dissolved in anhydrous HF. According to
this method, a small amount of phcosphorus oxyfluoride 1is
separated from the mixed gas of large excess hydrogen chloride

15 and Prs. However, phosphorus oxyfluoride cannot be completely
separated and it is very hard to perform the separation
operation. Since the boiling point and the solidifying point
of POF3 as phosphorus oxyfluoride are close to each other, there
are problems such as the possibility of occlusion cf the

20 cellector. Therefore, this manufacturing method is not suited
for industrizl applicaticons.
(0013}

Also, Patent Document 7 discloses a method of

manufacturing PFs using, as a phosphorus raw material, a

25 chloride (phosphorus trichloride or phosphorus pentachleride).



[0014] The above-described methods of manufacturing PF5 and hexafluorophosphate have various
problems such as poor workability, reactions under severe conditions, use of 10 expensive raw
materials, and disposal of by-products. Therefore, the manufacturing cost increases. Particularly,
high-quality PF5 is expensive since it is difficult to manufacture. As a result, the hexafluorophosphate
manufactured using PF5 as the raw material is also expensive. 15 Therefore in order to manufacture
inexpensive and high-quality hexafluorophosphate, it is important to manufacture inexpensive and

high-quality =5, Jp other words, it IS neqessary 10 suppress-an.advarse influence exerted:by mixing-in

of impurities, particularly moisturé and to adopt a method 20 ¢apable of utilizing, as a starting raw

material, araw Materakiakingverking environmentinte.consideration, PRIQGRARTLDOCUMENTS
PATENT DOCUMENTS 25[0015] Patent Document 1: Japanese Unexamined Patent

Publicatiop No: 209013400% ¢ pPategt Degument Zinlapanese Winexamined, RadantPublication No.
2001-122605
hydrogen chloride is -84.9°C, it is impossible to separate
5  hydrogen chloride from PFs; by a simple methed.
[0014]

The above-described methods ©f manufacturing PF: and
hexafluorcphosphate have various problems such as poor
workability, reactions under severe conditions, use of

10 expensive raw materials, and disposal of by-preducts.
Therefore, the manufacturing cost increases. Particularly,
high-guality PF; is expensive since it is difficult to
manufacture. As a result, the hexafluorophosphate
manufactured using PFs as the raw material is alsoc expensive.

15 Therefore, inorder tomanufacture inexpensive and high~quality
hexafluorophosphate, it is important to manufacture
inexpensive and high-quality PFs. In other words, it is
necessary to suppress an adverse influence exerted by mixing=-in
of impurities, particularly moisture and to adopt a method

20 capableofutilizing, as a starting rawmaterial, a rawmaterial

taking working environment into consideration.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS

25 [0015]



5Patent Document 3: French Patent No. 2,082,502 Patent Document 4:
JapanesePublishedPatentPublication No. 2005-507849 Patent Document 5: Japanese
Unexamined Patent Publication No. 06-056413 10Patent Document 6: Japanese Unexamined Patent
Publication No. 5-279003 Patent Document 7: Japanese Unexamined Patent Publication -No.
11-92135 NON-PATENT DOCUMENTS 15[0016] Non-Patent Document 1: Clifford, Beachell,
Jack, Inorg, Nucl. Chem (1957), 5, 57-70 Non-Patent Document 2: Gros, Hayman, Stuart, Trans.

DISCLOSURE OF THEIRVERTIGN PROBLERTS T0-BE SULVEDBY THEMVENTION
Publication No. 2000-154009
Patent Document 2: Japanese Unexamined Patent
Publication No. 2001-122605
5 Patent Document 3: French Patent No. 2,082,502
Patent Document 4: Japanese Published Patent Publication
No. 2005-507849
Patent Document 5: Japanese Unexamined Patent
Publication No. (06-~056413
10 Patent Document 6: Japanese Unexamined Patent
Publication No. 5-279003
Patent Document 7: Japanese Unexamined Patent
Publication No. 11-92135
NON-PATENT DOCUMENTS
15 [ocle]
Non-Patent Document 1: Clifford, Beachell, Jack, Inorg.
Nucl. Chem (1957), 5, 57-7C
Nen-Patent Document Z: Gros, Hayman, Stuart, Trans.
Faraday Scc. (1996), 62(10), 2716~-18

20 Non-Patent Document 3: Fluorine Chemistry, Vol. 1 {1950}

DISCLCSURE OF THE INVENTICN
PROBLEMS TO BE SOLVED BY THE INVENTION
[0017]

25 An object of the present invention is to provide a method

8



[0017] 25An object of the present invention is to provide a method of manufacturing phosphorus
pentafluoride, that can suppress the manufacturing cost and also can manufacture high-quality
phosphorus pentafluoride from an inexpensive and low-quality raw material. Another object thereof is
to provide a method 5 of manufacturing hexafluorophosphate, that can manufacture a high-quality
hexafluorophosphate while suppressing the manufacturing cost, using phosphorus pentafluoride
obtained by the manufacturing method of phosphorus pentafluoride as a raw material. Still another

oblect therspliIR,Riovide.an 4 Oslecialaia,sowlian I whisha Digh-Auginchexadlugrophgsphate

obtained by the manufacturing'method of hexafluorophosphate, and an electricity storage device

including thg£laelrolyic-selution, 15 MEANS FQRSOLYINGHTHERROBLEMS 0018]: -, The

present inventors have intensively studied about a method of manufacturing phosphorus pentafluoride
and hexaflyecephasphate sa astoseivedbeqrehlems of theprigri2adnAsaiesyitathey have found

that the above-described objects of the present invention can be achieved by adopting the
constitutionswlesetibed hereinafter; lasd thiog he present swenton dasheenieompieiecth 4a019]
5 o¢f manufacturing hexafluorophosphate, that can manufacture a
high-quality hexafluorophosphate while suppressing the
manufacturing cost, using phosphorus pentafluoride obtained by
the manufacturing method of phosphorus pentafluoride as a raw
material. Still another obiject therecf is to provide an
10 electrolytic sclution in which a high-quality

hexaflucrophosphate obtained by the manufacturing method of

hexafluorophosphate, and an electricity storage device

including the electrolytic solution.

15 MEANS FOR SOLVING THE PROBLEMS
(0018}

The present inventors have intensively studied about a
method of manufacturing phospheorus pentaflucride and
hexafluorophosphate so as to solve the problems of the prior

20  art. As a result, they have found that the above-described
objects of the present invention can ke achieved by adopting
the constitutions described hereinafter, and thus the present
invention has been completed.

[0019]

25 That is, in order to achieve the above described cbiect,



25That is, in order to achieve the above described object, the present invention relates to a method of
manufacturing phosphorus pentafluoride, wherein a raw material which comprises at least a
phosphorus atom and a fluorine atom is brought into contact with a carrier gas, thereby a phosphorus
5 pentafluoride is extracted and separated into the career gas. [0020] In the above-described
method, a carrier gas is brought into contact with a raw material made up of at least a phosphorus
atom and a fluorine atom contained therein, thus making it 10 possible to separate and extract

phOSphorﬁBe%tPQLé%%‘%e troguthe ’PQE‘%—("@J;‘é"hﬂg.bﬁ%%@@%@iﬁ%ﬂ{ﬁ% jeg gas. The thus

extracted phosphorus pentafluoride does not contain impurities such as oxyfluorophosphoric acid

compoungs, Mmetals.and moisture; apd thereforedias:high pugify. As-a resit, iflbds possible to simply

and easily obtain extremely high-qu phosphorus pentafluoride as a raw material of

hexafluorerhgsphateswhite suppressingihe pranufactyrng cast [Q024] o rinkl i preferable that the
fluorine atom in the raw 20 material is contained in the form of hydrogen fluoride. [0022] It is preferable

that a hydregentitoride-gas is:used asiha cardergas Thereforeh thestaywmaterialmade wp of at least
a phosphorus atom and a fluorine atom contained therein reacts 25 with a portion of a hydrogen
fluorifle gastocprbduce phesphoeussracted and separated into the career gas.

[0020]

In the above-described method, & carrier gas is brought
into contact with a rawmaterial made up of at least a phosphorus
atom and a fluorine atom ccntained therein, thus making it

10 possible to separate and extract phosphorus pentafluoride from
the raw material while being accompanied by a carrier gas. The
thus extracted phosphorus pentaflucride does not contain
impurities such as oxyflucrophosphoric acid compounds, metals
and moisture, and therefecre has high pﬁrity. As a result, it

15  is possibkle to gsimply and easily obtain extremely high-gquality
phosphorus pentafluoride as a raw materizl of
hexafluorophosphate while suppressing the manufacturing cost.
(0021}

It is preferable that the fluorine atom in the raw

20 material 1s contained in the form of hydrogen fluoride.
[06223

It is preferable that a hydrogen flucride gas is used as
the carrier gas. Therefore, the rawmaterial made up of at least

a phosphorus atom and & £flucrine atom contained therein reacts

25 with a portion of a hydrogen fluoride gas to produce phosphorus

10



pentafluoride. [0023] It is preferable that the phosphorus pentafluoride is generated by
evaporating the phosphorus pentafluoride together 5 with a hydrogen fluoride gas by heating or
decompressing of the raw material. [0024] And in order to achieve the above described object, the
present invention relates to a method of manufacturing 10 phosphorus pentafluoride, comprising the
step of: contacting a raw material that contains at least a phosphorus atom with a hydrogen fluoride
gas, which functions as a carrier gas, to extract and separate the phosphorus pentafluoride into the
hydrogen flyoride-gas, 165[0025] In the above-described method, a raw material made up of at
least a phosphorus atom contained therein is brought into contact with hydrogen fluoride as a carrier
gas. Thus,;a faw material containing a phosphorus atom reacts with a portion of 20 a hydrogen
fluoride gas to produce phosphorus pentafluoride. This phosphorus pentafluoride is generated while

being accompaniedbyithehwysregenfluoridesgas: Hdhethus gxtractedphosphots-pentafivoride does
not contain impurities such as oxyfluorophosphoric acid compounds, metals and moisture, and 25
therefore hasmkigh ity yAsSastesulitit isgpoesible tasimply s pentafluoride together
5 with a hydrogen filuoride gas by.heatiné or decompressing of the
raw material.
[0024]
And in crder to achieve the above described oblect, the
present invention relates to a methed of manufacturing
10 phosphorus pentafluoride, comprising the step of: contacting
raw material that contains at least a pheosphorus atom with
a hydrogen fluoride gas, which functions as a carrier gas, to
extract and separate the phosphcrus pentafluoride into the
hydrogen fluoride gas.
15 [0025]

In the above-described method, a raw material made up of
at least a phosphorus atom contained therein is brought into
contact with hydrogen flucride as a carrier gas. Thus, a raw
material containing a phosphorus atom reacts with a portion of

20  a hydrogen fluoride.gas to produce phosphorus pentafluoride.
This phosphorus pentaflucride is generated whilé being
accompanied by the hydrogen flucride gas. The thus extracted
phosphorus pentaflucride does not contain impurities such as
oxyIluorcphosphoric acid compeounds, metals and meilsture, and

25 therefore has highpurity. Asaresult, it ispossible to simply

11



and easily obtain extremely high-quality phosphorus pentafluoride as a raw material of
hexafluorophosphate while suppressing the manufacturing cost. [0026] It is preferable that at least
a polyatomic ion containing a phosphorus atom and a fluorine atom exists in the raw material after
being contacted with the carrier gas. [0027] It is preferable that the polyatomic ion contains at
least 10a 9F6 ion. [0028] It is preferable that the raw material is reused after generating the
phosphorus pentafluoride. [0029] 15In order to achieve the above described object, the present

invention Lelgtes {9 & methiod gt manufactiring hexaflugrophosphate, camprsing the step of: reacting
i) fafluoride ob d yq[ e method of man

fluoride with phospsi’ho s pen e obtain acturing phosphorus

pentafluoride, ot Glaig 1, accarding 10,20 ihe fallowing ehemical feadlionsehiemere wnile
suppressing the manufacturing ccst.
[0026]

5 It is preferable that at least a polyatomic ion containing
a phosphorus atom and a £luorine atom exists in the raw material
after being contacted with the carrier gas.

[0027]
It is preferable that the polyatomic ion contains at least
10 a PFg ion.
[0028]
It is preferable that the raw material is reused after
generating the phosphorus pentafluoride.
100297
15 In crder to achieve the above described object, the
present invention relates to a method of manufacturing
hexafluorophosphate, comprising the step of: reacting fluoride
with phosphorus pentafluoride obtained by the methed of
manufacturing phosphorus pentafluoride of Claim 1 according to
20 the following chemical reaction scheme,
[C03G]
[Chemical Formula 2]
sPFs + AFs — A{PFg)s
wherein s is in the range of 1< 5 £3, and A is at least one member

25 selected from the group consisting of Li, Na, K, Rb, Cs, NHy,

12



[0030] [Chemical Formula 2] sPF5 + AFsA(PF5)3 wherein s is in the range ofsand A is at least one
member 25 selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb,
Al and Fe. [0031] Since phosphorus pentafluoride obtained by the above-described manufacturing
method does not contain 5 impurities such as moisture and has high purity as compared with that
obtained by a conventional manufacturing method, it is possible to suppress production of a
hydrolyzate of hexafluorophosphate. In other words, the above-described method enables

manufactq{g 'of@gtligla ggrig&e%lyo&qpﬁhoggbaﬁl%gse Etrgm a hydrolyzate. [0032]
[CC31] |
Since phosphorus pentafluoride obtained by the
above-described manufacturing method does not contain
5 impurities such as moisture and has high purity as compared with
that obtained by a conventional manufacturing method, it is
possible to suppress producticon of a hydrolyzate of
hexafiuvorophosphate. In other words, the above-described
methed enables manufacture of a high purity hexaflucrophosphate
10 free from a hydrolyzate.
[0032]

It 1s preferable that the reaction of phosphorus
pentafluoride with the flucride comprises :a first step of
dissolving a phosphorus pentafliuoride gas in a solvent; a second

15 step of adding & fluoride to the solvent in the amount,.that
is stoichiometrically eguivalent or less than that of
phosphorus pentafluoride, to produce a soliution of
hexafluorophosphate; and a third step of circulating the
soluticn of the hexafluorophosphate to the first step, thereby

20 dissolving a phosphorus pentaflucride gas in the solution of
the hexafluocrophosphate in place of the solvent.

[0033]

In general, the fluoride is hardly scluble in an anhydrous

HF solvent or organic sclvent having & low dielectric constant.

25 Therefore, when a fluoride is added to these solvents before

13



It is preferable that the reaction of phosphorus pentafluoride with the fluoride comprises :a first step of
dissolving a phosphorus pentafluoride gas in a solvent; a second 15 step of adding a fluoride to the
solvent in the amount, that is stoichiometrically equivalent or less than that of phosphorus
pentafluoride, to produce a solution of hexafluorophosphate; and a third step of circulating the solution
of the hexafluorophosphate to the first step, thereby 20 dissolving a phosphorus pentafluoride gas in
the solution of the hexafluorophosphate in place of the solvent. [0033] In general, the fluoride is hardly

soluble in %nsarj}%ég{c%%sa OT&%?@?S%QO‘%?C g)s&%ag% Dgglipg Cg‘?lg&lagieled@%% %%g%tdZS Therefore,

Al ; :
when a fluoride 0 nts befoére “absorption phosphorus pentafluoride gas, a

suspended(s|urry) state is formed: Therefore -qduring-ahsorption.of phosphoriis peptafluoride,

occlusion due to a solid fluoride occurs inside an apparatus, resulting in that the operation is 5

impeded. Howewer -accqrdingde the abgue-deseribed methad; after a phosphorus pentaiuoride gas is
absorbed to the solvent in the first step, the fluoride is added to the solvent in the second step. Thus,

as showndn the-aboye-desciibed-pehemesl, hexafluerophosphate is systhesized-indheisolvent. 10
Furthermore, since the amount of the fluoride to be added is stoichiometrically equivalent or less than
that 6f phosphatas pertafluorigde, the entirdiffupride rehetsaiithyphosphorias pentadtubride, thus
obtaining hexafluorophosphate solution in a non-slurry state in which the unreacted fluoride does not
15 remairs fTtereford) the hexafuprophwsphateistiution dan dessirchtatetiotd the fieststep-and a
phosphorus pentafluoride gas can be dissolved in the hexafluorophosphate solution in place of the

solvent (third Step)t ¥ theriedrdst iife Bbbva-tésciibeddiehodcetalslesUsessivariblis @paratuses

second step. Thus, as shown in the above-described Scheme 1,
hexafluorophosphate is synthesized in the solvent.

10 Furthermore, since the amount of the fluoride to be added is
stoichiometrically eguivalent or less than that of phosphorus
pentafluoride, the entire fluoride reacts with phosphorus
pentafluoride, thus obtaining hexafluorophosphate solution in
a non-slurry state in which the unreacted flucride does not

15 remain. Therefore, the hexafluorcophosphate scolution can be
circulated to the first step and a phosphorus pentafluoride gas
can be dissolved in the hexafluoropbosbhate solution in place
of the solvent (third step). In other words, the
above~described method enables use of variocus apparatuses

20 including an abscrption tower and enables continuous operation,
and also enables an improvement in productivity of the
hexafluorcphosphate.

[0034]
It is preferable that a hydrogen fluoride solution is used

25 as the solvent.
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20 including an absorption tower and enables continuous operation, and also enables an improvement
in productivity of the hexafluorophosphate. [0034] It is preferable that a hydrogen fluoride
solution is used 25 as the solvent. [0035] It is preferable that an organic solvent is used as the
solvent. {0036] 5It is preferable that the organic solvent is at least one member selected from the
group consisting of nonagqueous organic solvents and nonaqueous ionic liquids. Therefore, similarly to
the anhydrous HF solvent, phosphorus mentafluoride can be absorbed without inducing hydrolysis.
When pho?%%r% 10 pentafluoride or the hexafluorophosphate undergoes hydrolysis,
oxyfluorophosphoric acid and acidic substances such as HF and phosphoric acid, or components

insoluble in the abeye-described solyents, fgr example, pxyflugrophosphates and;phgsphates are

produced. When an electrolytic solution containing these 15 acidic substances and insoluble
componends isidsed. in the electricity storage device, the solution exerts adverse influences such as
corrosion of the electricity storage device and deterioration of electrical characteristics. Therefore, a
solvent hayihgdew moisture concentration is preferably used 20 as the solvent. From such a point of
view, the moisture concentration of the organic solvent is preferably 100 ppm by weight or less, more
prefefably 10 ppmIdy ieightdrless land patticilarky prefetablycl. ppncby sveightax dessane

member selected from the group consisting of nonagueous organic
solvents and nonagueous ionic liquids. Therefore, similarly
to the anhydrous EF solvent, phosphorus pentaflucoride can be
absorbed without inducing hydrolysis. When phosphorus

10 pentafluoride or the hexafluorcphosphate undergoes hydrolysis,
oxyfluorophospheoric acid and acidic substances such as HF and
phosphoricacid, or components inscluble in the above-described
solvents, for example, cxyfluorcphosphates and phosphates are
produced. When an electrolytic scluticn containing these

15 acidic substances and inscluble components is used in the
electricity storage device, the solution exerts adverse
influences such as corrosion of the electricity storage device
and detericration of electrical characteristics., Therefore,
a solvent having low molsture concentration is preferably used

20 as the solvent. From such a point of view, the moisture
concentration of the organic solvent is preferably 100 ppm by
welght or less, more preferably 10 ppm by weight or less, and
particularly preferably 1 ppm by weight or less.
0037}

25 It is preferable that the first step and the third step

15



[0037] 25It is preferable that the first step and the third step are conducted using an absorpti_on tower.
According to the manufacturing method of the present invention, the fluoride is added after dissolving
the phosphorus pentafluoride gas in the solvent and the hexafluorophosphate solution,'a suspended
S(slurry) state is not formed. Therefore, even when an absorption tower is used in the first step ar_1d the
third step, the manufacturing method of the present invention enables prevention of occlusion inside
the absorption tower and enables continuous operation. As a result, productivity of the 10

hexafluorophosphate can be improved. [0038 It is preferable that the unreacted phosp.horus
pentafluorf%éegacsogngggr?gg ?ﬁfa phoSthdils %%ﬁ]f)dfﬁgﬁag JaR1§ Bollebea B B&ifg EsbitRd into an

. . i raw
otoral o b Pr G et i Ry 44r B8 Tatoved 0D 28 2222 T orer 10
achieve the-ahoye;deseribad obiest, e 30.Present ivaniiqnuielates to an electralytic solution
solvent and the hexafluorophcsphate solution, a suspended
5 {slurry) state is not formed. Therefore, even when an
absorption tower is used in the first step and the third step,
the manufacturing method of the present invention enables
prevention of ccclusion inside the absorption tower and enables
continuous operation. As a result, productivity of the
10 hexafluorcphosphate can be improved.
[0038]

It is preferable that the unreacted phosphorus
pentafluoride gas among the phosphorus pentafluoride gas is
collected by being abscorbed into an absorption solution and then

15 be reused. Thus, loss of the phesphorus pentafluoride gas as
the raw material can be prevented and manufacturing efficiency
can be improved.

[0039]

In order to achieve the above described object, the

20 present invention relates to an electrolytic solution
comprising the hexafluorophosphate obtained by the method of
manufacturing hexafluorophosphate.

[0040]
In.order to achieve the above described object, the

25 present invention relates to an electricity storacge device

16



comprising the hexafluorophosphate obtained by the method of manufacturing hexafluorophosphate.
[0040] In order to achieve the above described object, the 25 present invention relates to an
electricity storage device comprising the electrolytic solution. Examples of the electricity storage
device of the present invention include a lithium ion secondary battery. 5 EFFECTS OF THE
INVENTION [0041] The present invention exerts the following effects by means described above.
According to the present invention, it is possible to 10 manufacture inexpensive and high-quality

Phosphorys.Aealugride Wit law moisutg sancentcation and bigh i withoupequiing a

complicate atment operation and a specia ce, using a ality raw material. It is also

possible tq easily,manyfaciyre.an inexpensive.and high-auality 15 hexafluprephosphate without using

a complicated device, using high-quality phosphorus pentafluoride obtained by the present invention. It
is also possikig t9abtain anLlectHaity stosagedevice, that has high safety and is also excellent in

electrical characteristics, by applying a high-quality 20 hexafluorophosphate obtained by the present
invention to an electrolytic solution.
5 EFFECTS OF THE INVENTION
[0041]
The present invention exerts the following effects by
means described above.
“According to the present invention, it is pcssible to
10 manufacture inexpensive and high-guality phosphorus
pentaflucride with low mecisture concentration and high purity
wlthout reqguiring a complicated treatment operation and a
special device, using a low-quality raw material. It is alsc
possible to easily manufacture an inexpensive and high-guality
15  hexafluorophosphate without using a ccmplicated device, using
high~guality phosphorus pentafliuoride obtained by the present
invention. It isalsopossibletoobtainanelectricitystorage
device, that has high safety and is also excellent inelectrical
characteristics, by applying a high-guality
20 hexaflucrophosphate obtained by the present invention to an

electrolytic sclution.

BRIEF DESCRIPTION COF THE DRAWINGS
[0042]

25 Fig. 1 is an illustrative drawing schematically showing
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BRIEF DESCRIPTION OF THE DRAWINGS [0042] 25Fig. 1 is an illustrative drawing schematically
showing a manufacturing apparatus of phosphorus pentafluoride according to one embodiment of the
present invention. Fig. 2 is a conceptual diagram showing a manufacturing apparatus of
phosphorus pentafluoride according to another 5 embodiment of the present invention. Fig. 3isa
conceptual diagram showing a manufacturing apparatus of phosphorus pentafluoride used in
Examples 1 to 6 and Comparative Example 1. Fig. 4 is an illustrative drawing schematically

o LR L i ettt HCoS 07
One embadiment of the presgat inysptianwilkbe deseribeshindbe follayiag s on .
Fig. 2 1s a conceptual diagram showing a manufacturing
apparatus of phosphorus pentafluoride according to another
5 embodiment of the present invention.
Fig. 3 is a conceptual diagram showing a manufacturing
apparatus of phosphorus.pentafluoride used in Examples 1 to 6
and Comparative Example 1.
Fig. 4 1s an illustrative drawing schematically showing

10 a sectional view of a lithium ion secondary battery of the

present invention.

MODES FOR CARRYING OUT THE INVENTION
[0043]
15 (Method of manufacturing phosphorus pentafluoride)
One embodiment of the present inventicon will be described
in the following.
The method of manufacturing phosphorus pentaflucride
according to the present embodiment is performed by bringing
20 a raw material made up of at least a phosphorus atom and a
fluorine atom contained therein into contact with a carrier gas.
100441
The raw material made up of at least a phosphorus atom
and a fluorine atom contained therein may be in any state of

25 liquid, gas and solid. The rawmaterial may also be formed into

18



The method of manufacturing phosphorus pentafluoride according to the present embodiment is
performed by bringing 20 a raw material made up of at least a phosphorus atom and a fluorine atom
contained therein into contact with a carrier gas. [0044] The raw material made up of at least a
phosphorus atom and a fluorine atom contained therein may be in any state of 25 liquid, gas and solid. -
The raw material may also be formed into a solution by dissolving it in water, an anhydrous hydrogen
fluoride solvent or an organic solvent. [0045] In the raw material, the substance having a phosphorus 5

atom is nog pgg'@HLiiIé/nli %ﬂqg%%eg?&énﬁlesit ereof incclude Wafllri}e £?I}§)§%%%ru§, Esﬁ?%gjos horus, black

phosphorus, phosphorus t P oéghtgqr%s%rlfﬁromlde , blhos n ),

phosphorogis a¢id. phasphows-pentagxids (£205). otthpphpsphoric acid (H3PO4), polyphosphoric
acid, 10 metaphosphoric acid, pyrophosphoric acid, triphosphoric acid, isohypophosphoric acid,

phosphoniga@gid phosphinic acid, phosphenic acid, diphosphonic acid, cyanophosphoric acid,
cyanophosphonic acid, diethyldithiophosphinic acid, chlorophenylphosphonic acid, trimethyl

phosphate, o-methyt 16ehenyselerephiosphinate, Ryephasphonic acigd; oxyphesphioryshalides such
as phosphorus oxychloride (POC13), phosphorus oxybromide (POBr3), phosphorus oxyiodide (P0I3)

and phosphiosus Dxyfluaride {RAEI), phbgphomisteentasdlfide(R2553, phesphefus thidflurride (PSF3),
trichlorophosphine sulfide (P3013),
white phosphorus, red phosphorus, black phosphorus, phosphorus
trichloride (PCl;3), phosphorus tribromide (PBri3), phosphine
{PH3) , phosphorous acid, phosphorus pentaoxide (Py0s),
crthophosphoric acid (H3PO4}, polyphosphoric acid,

10 metaphosphoric acid, pyrophosphoric acid, triphosphoric acid,
ischypophosphoric acid, phosphonic acid, phosphinic acid,
phosphenic acid, diphosphonic acid, cyanophosphoric acid,
cyanophosphonic acid, diethyldithiophosphinic acid,
chlorophenylphosphonic acid, trimethyl phosphate, o-methyl

1> phenylselencphcosphinate, pyrophbsphonic aclid, oxyphosphorus
halides such as phosphorus oxychloride (POCls), phosphorus
oxybromide {POBrs), phosphorus oxyicdide {(POI3) and phosphorus
cxyfluoride (POF3), phosphorus pentasulfide (P;Ss), phosphorus
thiofluoride (PSF3), trichlorophosphine sulfide (PSCls),

20  phosphonitrile flucride (PNF;), phosphonitrile chloride
(PNClz), phosphorus pentachloride, phosphorus pentabromide,
phosphorus pentaiodide, HPFg, LiPFs, NaPFy, KPFs, RbPFg¢, CsPFg,
NH4PFs, AgPFg, Mg (PFg)2, Cal(PF¢lz, Ba{PFg)a, Zn{PFsla, Cu{PFs)2,
Pb(PFg)2, AL (PF¢) s and Fe (PFs)3. These phosphorus compounds can

25 be used alone, or two or mcore kinds thereof can be used in
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20 phosphonitrile fluoride (PNF2), phosphonitrile chloride (PNC12), phosphorus pentachloride,
phosphorus pentabromide, phosphorus pentaiodide, HPF6, LiPF6, NaPF6, KPF6, RbPF6, CSPF6,
NH4PF6, AgPF6, Mg(PF6)2, Ca(PF6)2, Ba(PF6)2, Zn(PF6)2, Cu(PF6)2, Pb(PF6)2, Al(PF6)3 and
Fe(PF6)3. These phosphorus compounds can 25 be used alone, or two or more kinds thereof can be
used in combination. [0046] In the raw material, examples of the substance having a fluoratom
include HF. In this case, HF may be used in the 5 form of anhydrous hydrogen fluoride, or may also be
used after (Ej;iz%%%\{iangii%iﬂ‘ water, an organic solvent, or a mixed solvent of water and an organic
solvent. HE'IS Tiot particularly limited and, for example, commercially available hydrofluoric acid of an
industrial QW@GF general grade, a semiconductor grade or 10 the like can be used as it is, or used
after appropriately adjusting the concentration. In view of a small amount of impurities, hydrofluoric

acid of a semiconguctor grade is,preferably usedpdewof the costanhydrqus,hydregen fluoride,
industrial grade or general grade is preferably used. 15 As the concentration of impurities, the

concentration ©f eashanetal imputitydsHireferably & 00Q-pria by:weight erdesse@047] t he The content
of the phosphorus atom in the raw material is not particularly limited and is preferably 0.01% by weight
20 orsmoréatd 25%: by wiightsohledsomere preferahly 0 <G1%elyy aveighber vrare anftb25% by weight
or less, and particularly preferably 0.1% by weight or more and 10% by weight or less. When the
content ofthegshospharus: atonmis tess thran 010196 by weigherthe yieldofphespisorts gehtafluoride

may decrease. In 25 contrast, when the content of the phosphorus atom is more than
of water and an organic solvent. HF is not particularly limited

and, for example, commercially available hydroflucric acid of
an industrial grade, a general grade, a semicenductor grade or
10 the like can be used as it is, or used after appropriately
adjusting the concentration. In view of a small amount of
impurities, hydroflucric acid of a semiconductor grade 1is
preferably used. In view ¢f the cost, anhydrous hydrogen
fluoride, industrial grade or general grade i1s preferably used.
15 As the concentration of impurities, the concentraticn c¢f each
metal impurity is preferably 1,000 ppm by weight or less.
[0047]
The content of the phosphorus atom in the raw material
is not particularly limited and is preferably C.C1l% by weight
20  ormore and 25% by weight or less, more preferably 0.01% by weight
or more and 15% by welght or less, and particularly preferably
0.1% by weight or mcre and 10% by welght or less. When the
content of the phosphorus atom is less than 0.01% by weight,
the yield of phosphorus pentafluoride may decrease. In

25° contrast, when the content of the phosphorus atom is more than
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25% by weight, if the raw material is in the form of a solution, the viscosity of the solution increases. As
a result, a problem may arise when liquid transfer is performed. Also, a problem of generation of a gas
may arise. 5[0048] The content of the fluorine atom in the raw material is not particularly limited,
and is preferably 0.03% by weight or more, and more preferably 0.3% by weight or more. [0049]
10The fluorine atoms in the raw material preferably exist in the ratio that is chemically equivalent or
more than that of the ratio of the phosphorus atoms within a numerical range of the content of the

fluorine atgme. Yyheo b fatio ohihe TLarne aps in e Jav matadgrisdess hanbe ghemcely 15

equivalent ratio, the concentration of PF5 that can be produce e raw material can be’ 0.05% by

weight or less. Thusothevpper pressweafRizoexcessively degrgases.and theamount ofithe carrier
gas required for obtaining a desired amount of PF5 increases. As a result, there is a problem that a

large-size Z@exiracter isHeguired: resuttingnin foerecenonys 18RR0] Whesa pelyatemicdian containing
a phosphorus atom and a fluorine atom exists in the raw material after contact with a carrier gas
described hitrejnaker; itispreférred da usedlye 2braw.material in a liquid state at the concentration
within a
5 [0048]
The content of the fluorine atom in the raw material is
not particularly limited, and is preferably 0.03% by weight or
mcre, and more preferably 0.3% by weight or more.
[0049]
10 The fluorine atoms in the raw material preferably exist
in the ratioc that is chemically eguivalent or more than that
of the ratio of the phosphorus atoms within a numerical range
of the content of the fluorine atoms. When the ratio of the
fluorine atoms in the raw material is less than the chemically
15 equivalent ratio, the concentration of PFs; that can be produced
in the raw material can be 0.05% by weight or less. Thus, the
vapor pressure of PFs excessively decreases and the amount of
the carrier gas required for obtaining a desired amount of PFs
increases. As a result, there is a problem that a large-size
20 extractor is required, resulting in poor economy.
[0050]
When a polyatomic icon containing a phosphorus atom and
a fluorine atom exists in the raw material after contact with

a carrier gas described hereinafter, it is preferred to use the

25 raw material in a liguid state at the concentration within a
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range from 0.03% by weight to 50% by weight, and preferably from 0.5% by weight to 20% by weight.
It is not necessary that the substance having a phosphorus atom is completely dissolved in the
solution and may be in a suspended state. Examples of the polyatomic ion include a PF6 ion, a POF6-
ion and a PO6F2- ion. It is preferred that at least a PF6- ion is contained as a polyatomic ion in view of
retention of purity of a PF6 gas to be extracted by a carrier gas. [0051] 10There is no particular
limitation on the method of manufacturing the raw material by mixing the substance having a

phosphor ' e I ari r example, od.may be a
continuou%grﬁéct)ﬂféé{ %?1;8 bz(i%%) ﬁ%ﬁﬁg({@{ #;grgﬁ ?nat%%ﬁ%ﬁsg he mangg%ﬁ%tg by placing 15 the

substance haying JJ@@C?H% atampsuch, as,dk after plaging she substanceiaving @ephasphorus atom in
a mixing vessel. The order of placing may be reversed. [0052] The temperature at which the

substance hawnga-201piespRoIS BN i mixed with the silbstanceshaviag adfliorine atom is not
particularly limited, and is preferably within a range from -50 to 200C. When the temperature is lower
than -50G; ieecaroposition containing He substancechkavieg asplasphoris atem endthe ubstance
having a fluorine atom is 25 sometimes solidified. In contrast, it is sometimes not preferred that the
temp@ratyrelis higher thaw:2006:8inde asspdtialidevice iSEoLiredin yiev of Mediresistance or the
like. [0053]
It is preferred that at least a PF¢ 1lon is contained as a
polyatemic ion in view of retention of purity of a PFs; gas to
be extracted by a carrier gas.
[0051]
10 There is no particular limitation on the method of
manufacturing the raw material by mixing the substance having
a phosphorus atom with the substance having a fluorine atom.
For example, the method may be a continuocus method or a batch
method. The raw material may also be manufactured by placing
15 the substance having a2 fluorine atom such as HF after placing
the substance having a phosphorus atom in a mixing vessel. The
order of placing may be reversed.
[0C52]
The temperature at which the substance having a
20 phosphorus atom is mixed with the substance having a fluorine
atom is not particularly limited, and is preferably within a
range from ~50 to 200°C. When the temperature is lower than

-50°C, a composition containing the substance having a

phosphorus atom and the substance having a fluorine atom is

25 sometimes solidified. In contrast, 1t 1s scometimes not
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5Regarding the moisture in the raw material, the lower the vapor pressure of moisture, the better. The
reason is that when moisture is extracted in a carrier gas, hydrolysis of PF5 extracted simultaneouslyis
induced. Fromsuchapointofview, the moisture concentration in the raw material is preferably 10 5% by
weight or less, more preferably 0.5% by weight or less, and particularly preferably 0.05% by weight or
less. [0054] It is not necessary that the raw material has high purity and the raw material may
contain metal impurities. The raw 15 material may contain a sulfate radical, moisture, or impurities

containing £Xygen, Such.as anquyiuaraphasphoric agd cogound gt the fplowing feasn. According

to the ma cturing metho e present invention, these impurities are not extracted in a carrier

gas even when contagied with;the carrier20:03s, andihussPha fo bednanufagired js pgle.
contaminated. In other words, according to the method of manufacturing phosphorus pentafluoride of

the presentimention, it is not necessary to employ a complicated and advanced purifying method
even when an easily available low-quality raw material is used, 25 and thus high-quality PF5 is
obtained. Thé high-quality PF5 is assumed to mean that the moisture concentration in PF5 is 50 ppm
by weight or less and the concentration of various metal impurities is 1 ppm by weight or less when it
is used as the rawingterial oghighs qualitytiPE6. 'Witeh tievdiiexafllofophidgsphateds, forexample,
LiPF6, in uses as an electrolyte for a lithium ion secondary battery, standards of purity, moisture, metal
impurities A& RyRiFSHSHE aeid Nndslublesresidgessineethe |iIKER thacasart arfadveiseirfluence on
safety of the battery, are severely regulated and also an 10 extremely high quality such as high purity

is required*SpEeiically, Sn ke £asE of LiPF8, Fdss Hawirdfthe purity 810 986 6F nidfe, the moisture
concentration of 50 é)pm bﬁ weight or less, the concentration of various metal impurities of 1.0 ppm by

weight or RESEHITHRE SofcEntation Ui frée Rydtomesiit: 15 5ot 50 ppm by Weight bFtess are
deﬁnaja%%@hﬁ%%ﬂ@%%ﬁ”ﬁ%ncentration in the raw material is preferably
10 5% by weight or less, more preferably 0.5% by weight or less,
and particularly preferably C.05% by weight or less.
[0054]
It is not necessary that the raw material has high purity
and the raw material may contain metal impurities. The raw
15 material may contain a sulfate radicel, moisture, or impurities
contalning oxygen, such as an oxyflucrophosphoric acid compound
for the following reason. According to the manufacturing
method of the present invention, these iImpurities are not
extracted in a carrier gas even when contacted with the carrier
20 gas, and thus PFs; to be manufactured is not contaminated. In
other words, acceording to the method of manufacturing
phosphorus pentafliuocoride of the present invention, it is not
necessary to employ a complicated and advanced purifying method

even when an easily avallable low-guality raw material is used,

25 and thus high-guality PFs 1s obtained. The high-gquality PFs is
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- [0055] The carrier gas to be brought into contact with the raw material is preferably inert to the raw
material. Specific 20 examples thereof include a HF gas, a N2 gas, a He gas, an Ar gas, dry air and
carbon dioxide. Of these gases, a HF gas is preferable in present invention. The HF gas can be easily
liquefied by cooling or pressurizing. Therefore, there is an advantage that separation with a PF5 gas
can be easily performed 25 when the HF gas is used as the carrier gas. Furthermore, when the HF
gas is gasified by means such as heating after liquefying and recovering, it is possible to recycle the

HF gas as the carder gas The HE gas may alsa be mixed.yith other gases fisted, abave; 5[0056]

The moisture content of the carrier gas is preferably 1% by weight or less, more preferably 100 ppm by

weight orﬁ?p% gpdparticlary preferably d0ppm yweight-arless. Whersthedneistigre content is
more than 1% by weight, the moisture content 10 in phosphorus pentafluoride to be extracted also

increases; Mds Aot peeferred 1o pise this phospherusrpertafiuatide: as the saw snatesial abhe
hexafluorophosphate since a hydrolyzate of the hexafluorophosphate is produced by the moisture
contained: 00574 46 hete ishapatticglas limitation Acthe Wiethod bEbringing the raw material into
contact with the carrier gas, and a conventionally used vessel or tower type gas-liquid contactor is
preferablyrased: IRovexahpiehas shown irfFig. ¢k ontdctingseparations ¢spédfomred by bubbling
the 20 carrier gas into the raw material or the solution thereof. Water is scarcely contained in
phosphoras pehtafiuptidefdracted tbgethet WittsthecdtAdy g3 o thusSHigR4GEME PRosphorus

pentafluoride is obtained, which is suited for use as the raw material of the hexafluorophosphate.
purity, moisture, metal impurities, free hydrofluoric acid,

insoluble residues and the 1ike, that exert an adverse influence
on safety of the battery, are severely regulated and alsc an
10 extremely high quality such as high purity is required.
Specifically, in the case of LiPFg, those having the purity of
99.9% or more, the moisture concentration of 50 ppm by weight
or less, the concentiration of variocus metal impurities of 1.0
ppm by weight or less and the concentration of free hydrofluoric
15 acid of 50 ppm by weight or less are defined as high-guality
LiPFs.
[0055]
The carrier gas to be brought into contact with the raw
material is preferably inert to the raw material. Specific
20 examples thereof include a HF gas, a Nz gas, a He gas, an Ar
gas, dry air and carbon dioxide. Of these gases, a HF gas is
preferable in present invention. The HF gas can be easily
liguefied by cocling or pressurizing. Therefore, there is an
advantage that separation with a PFs gas can be easily performed

25 when the HF gas 1s used as the carrier gas. Furthermore, when
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25[0058] When a HF gas is used as the carrier gas, as shown in Fig. 1(b), upon placing a HF
gas as the carrier gas in a vessel filled with a raw material, a portion of the HF gas reacts with the raw
material to produce a phosphorus pentafluoride gas. This 5 phosphorus pentafluoride gas can be
extracted in the HF gas. It is effective to condense and separate the HF gas from the discharged gas
by a heat exchanger or the like, and to reflux the HF gas to the vessel in which the raw material is
contacted with the carrier gas. Thus, the raw material can be further 10 reacted with the HF gas and

the amoury of Riesplonis peatpflvarids, exiiacied.can.bedyiinarinarepsed, 19039l £, ithen the HF

gas is used as the tarrier gas, as shown in Fig. 1(c), the HF gas is dissolved in the raw material in

advance 15-and-this,mixed.solutign mayhe distilled bydﬁ%@éi@gciaer@ﬁ%reﬁﬁ ig;pgssibledp yalorize the

HF gas , and to extract and separate phosphorus pentafluoride. In this case, in the mixed solution after
further disselvingdhe &ifsgasTihe concgatratian ok Epased.arithe tetal wveightof Hfz aad moisture is

preferably 90% 20 by weight or more, more preferably 95% by weight or more, and particularly
preferably 2884 &y vegight=ar more. [0060] In the mixed solution after further dissolving the HF gas, the
concentration of a polyatomic ion containing a phosphorus

5 [0056]

The moisture content of th@ carrier gas 1s preferably 1%
by weight or less, more preferably 100 ppm by weight or less,
and particularly preferably 10 ppm by weight or less. When the
moisture content is more than 1% by weight, the moisture content

10  in phosphorus pentafluoride to be extracted also increases. It
is not preferre& to use this phosphorus pentzflucride as the
raw material of the hexafluorophosphate since a hydrolyzate of
the hexafluorophosphate is produced by the moisture contained.
(00577

1z There is no particular limitation on the method cof
bringing the raw material into contact with the carrier gas,
and a conventionally used vessel or tower type gas-liguid
contactor is preferably used. For example, as shown in Fig.
1{a), a contacting operation is performed by bubbling the

20 carrier gas intoc the raw material or the sclution thereof.
Water 1s scarcely contained in phosphorus pentafluoride
extracted together with the carrier gas, and thus high-gquality
phesphorus pentaflucride 1s cbtained, which is suited for use

as the raw material of the hexafluorcophosphate.

25 r0058]
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25 atom and a fluorine atom is preferably from 0.03% by weight to 50% by weight, and more
preferably from 0.5% by weight to 20% by weight. It is not necessary that the substance having a
phosphorus atom is completely dissolved in the mixed solution and may also be in a suspended state.
5[0061] Furthermore, when a large amount of HF as the substance having a fluorine atom is
contained in the raw material, as shown in Fig. 1(d), phosphorus pentafluoride can be extracted and
separated in the HF gas generated by heating the raw material. 10 In this method, the HF gas
generated acts asvﬂlcarriaerH%as. In this method, another carrier gas prepared separately may be

simultaneously brought into conactWiItRTRE Faw rhaterial tHereiPextractifg A sdparfing the HF
d PF5,n th ' . Th h | t1" of HF i
omtained i e e, (s S 0 e o 10 Tids of hicfd and 5,000

contained in the raw mate case where the amou

times o legsand praferalaly 50 tmes or more and 500 fimes,f gssy i erms, of a mola rato, as that

of the phosphorus atom in the raw material . [0062] 20There is no particular limitation on the method of

heating thedaw.eaterial having.apaspherys,atqm and-a flucring-atom.;and a.vessetfype heater

equipped with a heat exchanger, or a heater of a distillation tower type is preferably used regardless of
a batéh type@spheontiaupes tyre. 250063]gas cTheameuwnt-ofthe gastiergas uged ispreferably 10

times or more and 5,000 times or less, and more preferably 50 times or more and 500 times or less, in
terms of alrnola¥ ratid,cas tiva¢ of thecphasphorus atbrmdp dheraw taterdal. dds notom the
discharged gas by a heat exchanger or the like, and to reflux
the HF gas to the vessel in which the raw material is contacted
with the carrier gas. Thus, the raw material can be further
1C reacted with the HF gas and the amount of phosphorus
pentaflucride extracted can be further increased.
[0059] |
When the HF gas is used as the carrier gas, as shown in
Flg. 1(c), the HF gas is dissolved in the rawmaterial in advance
15 and thismixed solutionmaybe distilled by heating. Therefore,
it is possible tovalorize the HF gas, and to extract and separate
phosphorus pentaflucride. 1In this case, in the mixed solution
after further dissolving the HF gas, the concentration of HF
based on the total weight of HF and moisture is preferably 90%
20 by weight or more, more preferably 95% by weight or more, and
particularly preferably 98% by weight or more.
[C060]
thhen@xedsolutionafterfurtherdissolvingtheIﬂ?gas,
the concentration of a polyatcemic ion containing a phosphorus

25 atom and a fluorine atom is preferably from 0.03% by weight to
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5 preferred that the amount is more than the upper limit since the energy cost increases although
extraction efficiency of phosphorus pentafluoride improves. In contrast, it is not preferred when the
amount is less than the lower limit since the amount of phosphorus pentafluoride extracted decreases
and 10 phosphorus is discharged out of the reaction system. [0064] The temperature at which the
carrier gas is brought into contact with the raw material is preferably from -50C to 100C, more
preferably from -10 to 50C, and particularly preferably 15 from OC to 30C. When the temperature is
lower thans50G, fhete isia problemdbak the-waRarressure of phosphopus pegiafluoyds decreases

and thus extraction efficiency deteriorates. In contrast, when the temperature is higher than 100C,
there is a prpblemdhat water pepefiates iate hessystem andindralysis20-0fphespharusspentafluoride
occurs. In the case of the method by distillation shown in Figs. 1(c) and 1(d), it is necessary that the
heating teptpesatua-issthetholing pedwef athydroges fluorde solutioneon higher s Moee: specifically,
when the contacting operation is performed under 1 atm, the temperature 25 is preferably within a
range fronad9.5nt0y5CC sandbmorie preferaplyrfrom 26te30C. [0065] The press e under which the
carrier gas is brought into contact with the raw material is preferably from 1 KPa to 5 MPa, 5 more
prefefably ffidhh 10 KPa to 1 MPa, and particularly preferably from 0.05 MPa to 0.5 MPa. When the
pressure is lower than 1 KPa, there is a problem that long and large-size vacuum facilities are
required, resultingfin BXBESEEGSt, IVEGAtrast. WHeh thaprassare Bhighek ifarf BMB&RBre is a

problem that _ , ) , .
naving a fluorine atom is contained in the rawmaterial, as shown

in Fig. 1{d), phosphorus pentafliuoride can be extracted and
separated in the HF gas generated by heating the raw material.
10 In this method, the HF gas generated acts as a carrier gas. In
this method, ancther carrier gas prepared separately may be
simultanecusly brought into contact with the.raw material,
thereby extracting and separating the HF gas and PFs in the

separately prepared carrier gas. The case where a large amount

ot
o

of HF is contained in the raw material means the case where tThe
amount of KHF is 10 times or more and 5,000 times or less, and
preferably 50 times or more and 500 times or less, in terms of
émolarratio,asthatofthegmosphorusatmnintherawn@terial.
[0062]

20 There isnoparticular limitation on the method of heating
the raw material having a phesphorus atom and a flucrine aton,
and a vessel type heater eguipped with a heat exchanger, or a
heater of a distillation tower type 1ls preferably used
regardless of a batch type or a continucus type.

25 (00631
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10 a high pressure apparatus becomes too large. [0066] In the method of manufacturing
phosphorus pentafluoride according to the present invention, phosphorus pentafluoride may also be
manufactured by bringing a carrier gas into contact 15 with a raw material having a phosphorus atom.
In this case, a HF gas is used as the carrier gas. When the HF gas is contacted with the raw material
having a phosphorus atom, a reaction occurs between them and phosphorus pentafluoride is extracted
in the carrier gas. Furthermore, the HF gas enables separation 20 and extraction of phosphorus penta

fluoride free from MO 100G/} <, WAGH POOSPhATYS XY INOHde pUER0 POS S indracted I the

carrier gas, in addition to phosphorus pentafluoride, it is preferre ring the“carrier gas into contact

with 25 anfydrgus hydroger,iyoride, Ja this gase, it isporejpeferred o uing tie ¢arriergas into

contact with liquid anhydrous hydrogen fluoride . Thus, as shown in the following chemical reaction
schem , 2556 ean-ke agwly produced DyJeacting phospherugHxyHuaride skehasR0OF2 with anhydrous

hydrogen 5fluoride. [0068] [Chemical Formula 3]
- that of the phosphorus ateom in the raw materigl. It is not
5 preferred that the amount is more than the upper limit since
the energy cost increases although extraction efficilency of
phosphorus pentafluoride improves. In contrast, it is not
preferred when the amount is less than the lower limit since
the amount of phosphorus pentafluoride extracted decreases and
10 phesphorus is discharged out of the reaction system.
[0064]

The temperature at which the carrier gas is brought into
contact with the rawmaterial is preferably from -50°C to 100°C,
more preferably from -10 to 50°C, and particularly preferably

15 from 0°C to 30°C. When the temperature is lower than ~50°C, there
is aproblem that the vapor pressure of phosphorus pentafluoride
decreases and thus extraction efficiency deteriorates. In
centrast, when the temperature is higher than 100°C, there is
a problem that water penetrates into the system and hydrolysis

20 of phosphorus pentaflucride occurs. In the case of the method
by distillation shown in Figs. 1l{c} and 1{(d), it is necessary
that the heating temperature is the boiling point of a hydrogen
fluoride solution or higher. More specifically, when the

contacting operation 1s performed under 1 atm, the temperature

25 1s preferably within & range from 19.5 to 50°C, and more
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20F2 + 21-IFPF2 + 1-120 [0069] 10It is preferred that the carrier gas used in the manufacture of
phosphorus pentafluoride is recycled. For example, when a HF gas is used as the carrier gas,
phosphorus pentafluoride and HF are separated by condensing a HF gas containing phosphorus
pentafluoride. HF thus condensed and 15 recovered may be recycled as the carrier gas or used as the
raw material of a fluorine atom after vaporized by heating. The temperature at which the HF gas is
condensed is preferably from -80C to 100C, more preferably from -50C to 50C, and particularly

preferably tom é%%ﬁol%o(%r%g_p%% o Poié preferred that a phosphorus component and a fluorine
component are separated and recovered from the raw material from which the phosphorus

pentafluoridectas been separated. The recovered phosphorus component can be recycled as the raw
25 material of a phosphorus atom after concentration. In the separation operation, for example, a
conventionally knowwe:methed suehasidistillatiorcan deemplayed; Ihe Bupkne gampenent may be
recovered and recycled as the raw material of a fluorine atom, or may be recovered as HF and used
as it is 5 asdmdustriakhydroflusriczacios be mayibéiged atersappropriately adpustmg thi gpncentration.
When the amount of the fluorine component is very small, the fluorine component may be discharged
after Girectly sabjectetetosd Wasterwatel dredfmentity 10[00FA1] and particularly

preferably from .05 MPa to 0.5 MPa. When the pressure is lower
than 1 KPa, there is a problem that long and large-size vacuum
facilities are reguired, resulting in excess cost. Incontrast,
when the pressure is higher than 5 MPa, there is a prcblem that
10 a high pressure apparatus becomes tooc large.
[0066] |
In the method of manufacturing phosphorus pentafluoride
according to the present invention, phosphorus pentaflucride
may alsoc be manufactured by bringing a carrier gas into contact
15 with a raw material having a phosphorus atom. In this case,
a HF gas is used as the carrier gas. When the HF gas is contacted
with the raw material having a phosphorus atom, a reaction
occurs between them and phosphorus pentafluoride is extracted
in the carrier gas. Furthermore, the HF gas enables separation
20 and extraction of phosphorus pentafivoride free frommoisture.
[0067]
When phosphorus cxyfluoride such as POF; is extracted in
the carrier gas, in addition to phosphorus pentafluoride, it
is preferred to bring the carrier gas into contact with

25 anhydrous hydrogen flucoride. Inthis case, it ismore preferred
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When extraction of PF5 in the carrier gas from the raw material having a phosphorus atom and a
fluorine atom proceeds, PF5 may sometimes be redissolved in the raw material . Therefore, with the
progress of extraction of PF5, the amount of PF5 15 extracted decreases. It is effective to perform a
continuous operation so as to suppress such a phenomenon. [0072] The continuous operation
can be realized by continuously feeding the raw material to a contactor for contacting the raw 20
material with the carrier gas, while continuously removing the extracted raw material from the

contactor.|tispassible fq auagliatively manyfagiuse PES by perarming iis canfigugus, aperation.

[0073] 25When HF is accompanie e carrier gas together with PF5, It is effeCtive to condense

and separateyHE.hy,a heat exchangenand then reflyx HF, p aicontacterfor sontacting the raw material

with the carrier gas. Sometimes, a small amount of PF5 is contained in the refluxed HF. In this case,

HF 5 containing a small-ammeunt effRFsmay be tefluxed-asitis: o may be tefluxed after fed to a
separator prepared separately to separate PF5. [0074] In the above-described case, it is not

always neskssarydOte isalate RED; ard PbHmay bearsedvas it isimthersubseqguentstep according to
the purpose. [0075]
5 fluocride.
[0068]
[Chemical Formula 3]
POF3 + ZHF — PFys + Hy0O
50069]

10 It is preferred that the carrier gas used in the
manufacture of phosphorus pentafluocride is recycled. For
example, when a HY gas is used as the carrier gas, phosphorus
pentafluoride and HF are separated by condensing a HF gas
containing phosphorus pentafluoride. HF thus condensed and

15 recovered may be recycled as the carrier gas or used as the raw
material ¢f a flucrine atom after vaporized by heating. The
temperature at which the HF gas is condensed is preferably from
-80°C to 100°C, more preferably from -50°C to 50°C, and
particularly preferably from -10 to 20°C.

20 [0070]

It is preferred that a phosphorus component and a fluorine
component are separated and recovered from the rawmaterial from
which the phosphorus pentaflucride has been separated. The

recovered phosphorus component can be recycled as the raw

25 material of a phosphorus atom after concentration. In the
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When a carrier gas other than the HF gas is used, the amount of the fluorine atom in the raw material
decreases by extraction 15 of PF5 from the raw material, while the vapor pressure of moisture in the
raw material increases and thus the extracted PF5 may be contaminated or hydrolysis may be
induced. In such a case, it is preferred that HF is timely supplied to a conductor for contacting the
carrier gas with the raw material. 20[0076] The material of the apparatus used in the method of
manufacturing PF5 according to the present invention is not particularly limited, and general-purpose

materials sychs-aaran sigsl and stainiess ssehgande suitablyused. 1628 necgssapy high-grade

materials such as high alloy steel may be used, and resin materials such as a tluororesin or a vinyl

chloride resiss B a resindining eaterial coateshwith the resin,material mayalso-he ysed. J~urthermore,
these materials may be appropriately used in combination. 5[0077] (Method of manufacturing

hexafluoropbagphate): ma By bringingra high-gualiteREs Das ehiained bytheabove-deseribed

method into contact with a fluoride (AP's), hexafluorophosphate is manufactured as shown in the
following 18 dhemicalreastiom schemea Also; arkigh-perigd PES complex candie abtainedily making an
organic solvent to absorb the high-quality PF5 obtained by this method. Examples of the organic
solveft inchidel it arer hotlimivel tof Inethanok teitrbhydrofuran, thethylethex Stetrahydrothiophene, 15
triethylamine, propylene carbonate, dimethyl carbonate and diethyl carbonate. Furthermore, a
hexafluoropRBSPRGTICGAGd Saldtorsféa drémanvamseantia bbamed Byaddihg achemical quivalent of

HF to a PF5 comflex. [0078] . .
the fluorine Component is very small, the fluorine component

may be discharged after directly subjected to a waste water
treatment.
10 [{0071]

When extraction of PFs in the carrier gas from the raw
material having a phosphorus atom and a fluorine atom proceeds,
PFsmay sometimes be redissolved in the rawmaterial. Therefore,
with the progress of extraction of PF;, the amount of PFs

15 extracted decreases. It is effective fo perform a continuous
cperation sc as to suppress such a phenomenon.
[0072]

The continuocus operation can be realized by continucusly

feeding the raw material to a contactor for contacting the raw
20 material with the carrier gas, while continuously removing the

extracted raw material from the contactor. It is possible to

gquantitatively manufacture PF; by performing this continuous

operation.

[0073]

25 When HE is accompanied in the carrier gas together with
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20[Chemical Formula 4] 5PF5 + AFeA(PFOs wherein s satisfies the relationship: 1s3, and A is at least
one kind selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al
and Fe. 25[0079] As a specific method of manufacturing the hexafluorophosphate, (1) a method
of reacting a solid fluoride with a PF5 gas, (2) a method of reacting a fluoride dissolved or suspended
in anhydrous HF as a solvent with a PF5 gas or (3) 5 a method of reacting a fluoride with a PF5 gas in
an organic solvent can be exemplified. [0080] The reaction temperature of the fluoride with the

PFS gas is preferably from:-80C 10,200G, more preferably, from 10,1019, 109G, and,paticularly

preferably from OC to 50C. When the reaction temperature is lower than -50C; the reaction sometimes

does not preeegd §asil-n Gontaste wien e readiionfemperatureds higherthan 200G, the produced
hexafluorophosphate is sometimes decomposed. In the case of 15 the method (2) of reacting

anhydrous ki gertaining afluskiden@neludingan aeidic floerida)withsthesPEbgas ehtained by the
present invention, it is preferred to react them at the boiling point or lower (for example, under 1 atm,
19.5C or loWwepFs; is contained in the refluxed HF. In this case, HF
5 containing a small amount of PF; may be refluxed as it is, or
may be refluxed after fed o a separator prepared separately
to separate PFs.
[0074]
In the above-described case, it is not always necessary
10 to isolate PFs, and PPy may be used as it is in the subsegquent
step according to the purpcse.
[0075]
When a carrier gas cther than the HF gas 1s used, the amount
of the fluorine atom in the rawmaterial decreases by extraction
15 of PFs from the raﬁ material, while the vapor pressure of
moisture in the raw material increases and thus the extracted
PFs may be contaminated or hydrolysis mey be induced. In such
acase,jﬁ:ispreferredthatfﬁ“istimelysuppliedtoaaéonductor
for contacting the carrier gas with the raw material.
20 [0076]

The material of the apparatus used in the method of
manufacturing PFs according to the present invention is not
particularly limited, and general-purpose materials such as
carbon steel and stainless steel can be suitakly used. II

25 necessary, high—-grade materials such as high alloy steel may
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preferably O to 10C) by subjecting them to a treatment such 20 as cooling so as to suppress the
decomposition reaction of the hexafluorophosphate to be produced. [0081] In view of an
improvement in purity and yield of the hexafluorophosphate, it is preferred that an excess amount of
25 the PF5 gas is reacted with the fluoride "AFs". Specifically, the weight ratio of the PF5 gas to AFs
is preferably from 1 to 10 times, more preferably from 1.01 to 5 times, and particularly preferably from
1.05 to 2 times. Specifically, when the weight ratio of the PF5 gas to AFs is more than 10 times,

although the 5,ield of the hexaflioranhasphate increases, the excess PES gag may flaw out of the

reaction system, resulting in a decrease of the yield of phosphorus. In contrast, it Is not preferred when

the weightiatig is less-than,L tE&eaSE‘égitﬁeD_ﬂﬁ'gr{H H@t’é@‘f‘é@%@B"E%%PQ%%%E@@%;‘LAO[OOS?]
In order to reduce a loss of PF5, a gas containing excess PF5 flowing out of the reaction system is

absorbed ixwater o1 049,802 by weight ehan agueous Hif selution serwater OF O:t08604 Py weight of
an aqueous HF solution, that contains an M salt 15 (M salt is at least one of a carbonate, a hydroxide

and a halide of apleast-anre s¢lectes:itomrthe groumeansisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca,
Ba, Zn, Cu, Pb, Fe and Al) dissolved therein, as an absorption solution, and is recovered as M(PF5)5
(1 s 3) or HRROYFz (0 s 3, 1 4, 0 z 6). Particularly 20 preferably, a gas containing excess PF5 flowing
out of the reaction system is absorbed in water or 0 to 80% by weight of an aqueous HF solution, that

contains a/M#dritlecof MERAHF 2531018y, thasafakimy kpossibleforecover the  gas as

M(PF5)s.r(HF) (1s3, 0r6) or HPF5. Herein,
By bringing a high-quality PFs; gas obtained by the

above-described methed into contact with a fluoride (AFs),
hexafluorophosphate is manufactured as shown in the following

10 chemical reaction scheme. Also, a high purity PFs complex can
be obtained by making an organic sclvent to absorb the
high-quality PFs; obtained by this method. Examples of the
organic solvent include, but are not limited to, methanocl,
tetrahydrofuran, diethylether, tetrahydrothicphene,

15  triethyvlamine, propylene carbonate, dimethyl carbonate and
diethyl carbonate. Furthermore, a hexafluorophosphoric acid
sclution free from water can be obtained by adding a chemical
eguivalent of HF to a PFs com@lex.

[6078]
20 {Chemical Formula 4]
sPFs + AFs - R(PFg)s
wherein s satisfies the relationship: 1 £ s £ 3, and A is at
least one kind selected from the group consisting of Li, Na,
¥, Rb, Cs, NHy, Ag, Mg, Ca, Bz, Zn, Cu, Ph, Al and Fe.

25 [CC79]
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25 MFsr(HF) may be obtained by reacting the M salt with hydrofluoric acid. [0083] The absorber of
PF5 is not particularly limited and, for example, a known absorber using a packed tower, a
multistage 5 tower, a spray tower or the like can be suitably used. [0084] As described above,
when a fluoride is reacted with a PF5 gas in an organic solvent, the reaction method is preferably a
method in which a PF5 gas is first dissolved in an organic 10 solvent and then a fluoride is added to
the organic solvent, thereby reacting the fluoride with the PF5 gas in the organic solvent. A

manufacturing apR%ra,ctlusi%)o %(3 gggli% %tgg rg@tt}ggllqia§98\elgﬂg§ég.% o he manufacturing apparatus
clid i i . a

shown in the drawing in es a first absorption tower 1, a second absorption 15 tower 5, a f st vessel

2, a second vessel 6-aRird yessel 10, pumps-3.n5and=11.a first refrigeraiard <3 sgeqnekrefrigerator
8, a deaeration tower 9, an air pump 12 and a condenser 13. [0085] 20In the first vessel 2 and the
second vesseh 6z agredetermined amauntofan erganic solvgntisrchargedUsingsc1ved
or suspended in anhydrous HF as a solvent with a PFs; gas or (3)
5 a method of reacting a fluoride with a PFs; gas in an organic
solvent can be exemplified.
[0080]
The reaction temperature of the fluoride with the PFs; gas
is preferably from -50°C to 200°C, mcre preferably from -10 to
10 100°C, and particularly preferably from 0°C to 50°C. When the
reactiontemperatureisiowerthaﬁw60°c,thereactionsometimes
does not proceed sasily. In contrast, when the reaction
temperature is higher than 200°C, the produced
hexafluorophosphate 1s sometimes decomposed. In the case of
15 the method (2) ¢f reacting anhydrous HF containing a fluoride
(including an acidic fluoride) with the PFs gas obtained by the
present invention, it is preferred to react them at the boiling
point or lower (for example, under 1 atm, 19.5°C or lower,
preferably 0 to 10°C} by subjecting them te a treatment such
20 as cooling so as to suppress the decomposition reaction of the
hexafluorcphosphate to be produced.
[00811]
In view of an improvement in purity and yield of the
hexafluorcophosphate, i1t is preferred that an excess amount of

25 the PFs gas is reacted with the fluoride “AFs”. Specifically,
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pumps 3 and 7, solutions in the first vessel 2 and the second vessel 6 are respectively fed to the first
absorption tower 1 and the second absorption towers, where a circulating operation 25 is performed.
Next, a PF5 gas is fed to the tower bottom of the second absorption tower 5. PF5 to be used has a
purity of 100%, or may be appropriately diluted by being mixed with an inert gas. Heat generated in the
first absorption tower 1 and the second absorption tower 5 can be reduced by mixing the inert 5 gas.
The inert gas is not particularly limited and examples thereof include N2, Ar, dry air and carbon

dioxide. The, meistuze coptent in the inert gas used for diludiondspreferably smaill, dor xargple, 100
ppm by weight or less, more preferably 10 ppm by weight or less, and particularly preferably 10 1 ppm

by weight oples$s9,aadet t9iaducehydralysis of RFS: Fhe Phe-egsds dissalved:-iman-organic
solvent by counter-currently contacted with the organic solvent in the first absorption tower 1 and the

second ahsegatiorsteowersa Girst step) deat ohabsormioac! PRSinithe atganiciselwent éshiremoved by
the first refrigerator 4 and the second refrigerator 8 disposed in a circulation line, thus maintaining a
proper opetatihg tefhperat@®es [§8861 MexT sthesorganic sblvent Confairing thetPEsgas dissolved 20
therein is fed to the second vessel 6. To the second vessel 6, a fluoride is fed in the amount that is
stoiciometiiealy efuivetentorléss tharriras PhPES. ThiseRFES $eatisawithale fubFida feproduce
hexafluorophosphate (second step). The following reaction scheme shows the reaction of PF5with
lithium 25Magridécw cut of the reacticn system, resulting in a decrease
of the yield of phosphorus. In contrast, 1t is not preferred
when the weight ratioc is less than 1 time since the yield of
the hexafluorophesphate decreases.
10 [6082]
In order to reduce a loss of PFs, a gas containing excess
PFs; flowing cut of the reaction system is absorbed in water or
0 to 80% by weight of an aqueous HF solution, or water or O to
80% by weight of an agueous HF sclution, that contains an M salt
15 (M salt is at least one of a carbonate, a hydroxide and a halide
of at least one selected from the group consisting of Li, Na,
K, Rb, Cs, NHy, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Fe and Al) dissolved
therein, as an absorption sclution, and is recovered as M{PFg}s
(1<s<3) orHyPO,F; (0853, 12y<4, 05z<6). Particularly
20 preferably, a gas containing excess PF; flowing out of the
reaction system is absorbed in water or 0 to 80% by weight of
an agueous HF solution, that contains a fluocride of MFyr (BF)
{1 Ss<3, 0£r <6y, thus making 1t possible to recover the

gas as M(PFg)e r(HF) (1 £ s £ 3, 0 S r S 6) or HPFg¢. Herein,

25 MFsr{HF} may be obtained by reacting the M salt with
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[0087] [Chemical Formula 5] PF5 + LirL1PF6 [0088] 5The solution of the hexafluorophosphate
produced in the second vessel 6 is fed to the tower top of the second absorption tower 5 through a
piping by the pump 7. PF5 fed to the tower bottom is absorbed in the solution of the
hexafluorophosphate in the second absorption tower (third step). Subsequently, the 10 concentration
of the hexafluorophosphate is increased to a desired concentration by continuously reacted with the
fluoride in the second vessel 6. After reaching the desired concentration as a result of such a

circulating ration, a portion of the solution from the pump 7 is taken out as a product. 15 Feeding of
Teenti

the organic ven JéS‘irgtcalbds‘orption tower 1 from the outside is initiated simultaneously with

takeout of the,product and also the object of feeding of the solution by the pump 3 is switched from the
first absorption tower 1 to the second absorption tower 5, and then the solution of the 20

hexafluorophosphateds.gontinyausly manufactured. In this case, an absorption solution.may also be
fed to the second absorption tower 5 whil8 con#n%o&s?ﬁ%ﬁfgu%ﬁnfjg p?olrﬁé)ﬁ %%tﬁél‘absbfb’tion solution

fo the firstabsarption lowas I0QB 25The armount of e lnodefed fo the second yossel 6
alto |

preferably the amount, that is stoichiometrically equivalent or less than ssotved in the
orgarfic scivenirso as i avgidibadiiogde haedly splible in the arganic,splvent from existing in a slurry
state. Thus, it becomes possible to
(00847
As described above, when a fluoride is reacted with a Prs
gas in an organic solvent, the reaction method is preferably
a method in which a PFs gas is first dissolved in an organic

16 solvent and then a fluoride is added to *the crganic solvent;
thereby reacting the fluoride with the Pr's gas in the organic
solvent. Amanufacturing apparatus to be applied to the method
is shown in Fig. 2. The manufacturing apparatus shown in the
drawingincludeseafirstabsorptiontower]q a second absorption

15 tower 5, a first vessel 2, z seccond vessel 6, a third vessel
10, pumps 3, 7 and 11, a first refrigerator 4, a second
refrigerator 8, a deaeration tower 9, an air pump 12 and a
condenser 13.

{6085}

20 In the first vessel 2 and the second vessal 6, a
predetermined amount of an organic sclvent is charged. Using
pumps 3 and 7, sclutions in the first vessel 2 and the second
vessel 6 are respectively fed to the first absorption tower 1

and the second absorption tower 5, where a circulating operation

25 is performed. Next, a PFs gas 1is fed to the tower bottom of

36



5 avoid occlusion or the like due to a slurry-like fluoride in the apparatus. It is possible to realize
stoichiometrically excessive PF5 relative to the fluoride by continuously feeding stoichiometrically
excessive 2F5 relative to the fluoride. However, since excess PF5 must be discharged out of the
system 10 at either of steps, a loss of the raw material occurs, which is not preferable. More preferred
is a method of feeding stoichiometrically equivalent PF5 and a fluoride to a solution containing an
excess amount, that is proper in view of running, of PF5 absorbed therein in advance. 15[0090]
The fluorids.to g%ggggdégé%% egond step i§, t limjted IF and examples thereaf include NaF,
KB', RbF, CSE, NH4F, AgF, CaéZ, MdF2, E%F;’,o zn@z 5Cé%§,3 E’bﬁ,efl%saﬁd%%%ﬁﬁése fluorides
may be US?S{Oa%IQn%’rOHX\f}? g@ﬁ%k@ﬁﬁ@%@é%@%@@a Usgdin combination gecgyding to the

uti

purpose. [0091] The solution of the hexafluorophosphate, that Contains’excess PF5 dissolved therein,

produced inthe:segond stepais fadtothe dewer, top of the secand abserptign-tower 5 inthe 25 third
step and a portion of the solution is also fed to the deaeration tower 9. Furthermore, the solution of the

hexafluorapthesphete fed be the-deaerationdower Orisdecemprassasi by the @i pump A2 and the PF5
gas is distilled off. Thus, the solution of the hexafluorophosphate in which PF5 and fluoride are

stoichiometsisally Bhaivatent is peepatred and issakencaltasia piadiict frons: the thirghvyessel 10. It is
also possible to prepare a solution of hexafluorophosphate by adding a fluoride, that is
stoichiométrigaigeequivaléntd ékcedsrdissulved PESahdwewetdtris Piefairdd to distdl excess

moisture content in the inert gas used for dilution is
preferably small, for example, 100 ppm by weight or less, more
preferably 10 ppmby weight or less, and particularlypreferably
10 1 ppm by weight or less, so as not to induce hydrolysis of PFs.
The PFs gas is dissolved in an organic solvent by
counter—-currently centacted with the organic solvent in the
first abscrption tower 1 and the second absorption tower 5

(first step). Heat of absorption of PF:; in the organic solvent

[
[$x}

is removed by the first refrigerator 4 and the second
refrigerator 8 disposed in a circulation line, thus maintaining
a proper operating temperature.
[0086]

Next, the organic solvent containing the PF; gas dissolved
20  therein is fed to the second vessel 6. To the second vessel
€, a fluoride is fed in the amount that is stoichiometrically
equivalent or less than that of PF;. Thus, PFy; reacts with the
fluoride to produce hexaflucrophosphate (second step). The
following reaction scheme shows the reaction of PFswith lithium

25 fluoride.
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10 PF5 off under reduced pressure in view of continuous productivity. In order to improve removal
efficiency of 2F5 under reduced pressure, heating may be performed by providing the deaeration
tower 9 with a heater. [0092] 15The distilled PF5 gas is fed to the tower bottom of the second
absorption tower 5 by the air pump 12. Furthermore, the PF5 gas is recovered and recycled by
counter-currently contacted with the organic solvent and/or the solution of the hexafluorophosphate in
the second absorption tower 5. When a 20 small amount of BF is contained in PF5 to be used as the
raw mater'%ogtg%r HF is distilled off by decompressing the solution of the hexafluorophosphate by the
air pump 12, HF may be removed by condensation by the condenser 13. Although the organic solvent,
HF and PFbake contained.in the sejution (drain) 25 to be condensed by the condenser 13 the solution
may be discarded by a waste water treatment, or %IF, PF5 or the organic solvent may be recovered
and recycled, if negessary, iAs therregpyering method, conventional methods such as distillation and
extraction can be used. 5[0093] As described above, in the present invention, a high-purity
hexafluorgpticsphate can be continuously manufactured in satisfactory yield by circulating the solution
of the hexafluorophosphate. 10[0094] In the present invention, an absorption tower is preferably
usedian view of indsiriabprodictive Bffitiency xadievers pse obaaethodousing duitacerabsorption or
bubbling is not excluded. The first absorption tower 1 and the second 15 absorption tower 5 can be
used for giralesoibes #FanyTorm Sachtas Bhsatketcower platé towee opnettdrbwall téwer absorber.

The absorption may be performed by either counter current or co-current form.
tower 5 threough a piping by the pump 7. PFs fed to the tower

bottom is absorbed in the solution of the hexafluorophosphate
in the second absorption tower (third step). Subsequently, the

10  c¢encentration of the hexafluorophosphate is increased to a
desired concentrationby continuously reacted with the fluoride
in the second vessel 6. After reaching the desired
concentration as a result of such a circulating operation, a
portion of the solution from the pump 7 1s taken out as a product.

15 Feeding of the organic sclvent to the first abscrption tower
1 from the outside is initiated simultanecusly with takeout of
the product and alsc the object of feeding of the solution by
the pump 3 1s switched from the first absorption tower 1 to the
second absorption tower 5, and then the sclution of the

20 hexafluorophosphate is continucusly manufactured. In this
case, an absorption scolution may also be fed to the second
absorption tower 5 while continuously circulating a portion of
the absorption soluticn to the first absorption tower 1.
[0085]

25 The amount of the flucride fed Lo the second vessel 6 is
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[0095] 20In the first step and the third step, the concentration of a PF5 gas in an organic solvent and a
solution of hexafluorophosphate is preferably 15% by weight or less, more preferably 10% by weight or
less, and particularly preferably 5% by weight or less. When the concentration of the PF5 gas 25 in the
organic solvent is more than 15% by weight, the organic solvent reacts with 2F5 and thus coloration,
denaturation or solidification of the organic solvent may occur. Also, heat of absorption increases and
thus it may become difficult to control the liquid temperature. 5[0096] In the first step and the third

step, the gasgliquid gentact, tempergture %%@F@assc‘é!%ﬂ%%{g%@‘fé&i@t@%Qi%é‘i'%%” of
hexafluorophosphate is preferably from -40 to 100C, and more preferably from 0 to 60C. When the

gas-liquid 4P caniactiemperature dslawer thans406 §inge the-owagic-selvenhis semetime solidified,
it becomes impossible to perform continuous operation. In contrast, when the gas-liquid contact

temperatugg is bighes than QG tberelis a preblemstatthe:vapor peessuieof PR inihgrorganic
solvent 15 and the solution of the hexafluorophosphate excessively increases and thus absorption
efficiency detericratestortheiorganit sevent teacts withh2k5. 009734 ddre<arganicssalventtis preferably
‘at least either of a
5 avoid occlusion or the like due to a slurry-like fluoride in
the apparatus. It 1s possible to realize stoichiometrically
excessive PFy; relative to the fluoride by continuously feeding
stoichiometrically excessive PFy; relative to the fluoride.
However, since excess PFs; must be discharged out of the system
10 at either of steps, a loss of the raw material occurs, which
is not preferable. More preferred is a method of feeding
stoichicmetrically equivalent PF; and a fluoride to a solution
conteining an excess amount, that is proper in view of running,
of PFs absorbed therein in advance.
15 [C090}
The fluoride to be added in the second step is not limited
to LiF and examples thereof include NaF, KF, RbF, CsF, NH.F,
AgF, Cal,, MgF., BaF:, ZnF:, CuF,, PkF:;, AlFs; and FeF;. These
fluorides may be used alone, or twe or more kinds thereof may
20 be used in combination according to the purpose.
[0091]
The solution of the hexaflucrophosphate, that contains
excess PFs dissoclved therein, produced in the second step, is

fed to the tower top of the second absorption tower 5 in the

25 third step and a porticon of the solution is alsc fed to the
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20 non-aqueous organic solvent or a non-aqueous ionic liquid. Furthermore, an aprotic organic solvent
is preferable. Since the aprotic organic solvent does not have capability of donating hydrogen ions, the
solution of the hexafluorophosphate obtained by the manufacturing method of the present invention
can be 25 applied directly to an electrolytic solution of electricity storage devices such as a lithium ion
secondary battery. [0098] The non-aqueous organic solvent is not particularly limited and
examples thereof include ethylene carbonate, 5 propylene carbonate, butylene carbonate, vinylene

carbonate, dimethyl sarbongle, diethykearbanate, methyethyLcathpnate, methylacetate, ety
y

acetate, y-butyl lactone, acetonitrile, dimethylformamide, 1,2-dimethoxyethane, methanol and

isopropangl Qfdhese %&%&%ﬁ%‘i’@m&B@S”@ﬂéoﬁ@g&%‘% ae, thosgdbataredess likely to cause

precipitation of the produced hexafluorophosphate, in other words, those having excellent solubility of

the hexaflyeronhosphateq forexample ; ethylene carbanate; propeng Larhenate seimethy carbonate,
diethyl carbonate, methylethyl carbonate, acetonitrile and 15 1,2-dimethoxyethane in view of

continuous ManufEetiing: Taese Drganic sofverks mayx:he Used alones oh ive of mare kinds thereof
may be used in combination. [0099] Furthermore, examples of the non-aqueous and aprotic 20
organiic sal¥eminclfide @arcdydlcaoarboniciatid @ster ra chaihycaroimcaeid ester pa easboxylic acid
ester, a nitrile, an amide and an ether compound. These non-aqueous aprotic organic solvents may be
used alon@ner iwoor keoreckinds thereufaday belused inhcorhbinatone25@I00) . It is

also possible to prepare a sclution of hexafluorophosphate by
adding a f£luoride, that is stoichiometrically equivalent to
excessdissolved??@?however,ji:ispreferr@jtodistillexcass

10 PF; off under reduced pressure in view of continuous
productivity. In order to improve removal efficiency of PIs
under reduced pressure, heating may be performed by providing
the deaeration tower 9 with a heater.
{00923

15 The distilled PFs; gas is fed to the tower bottom of the
seccnd absorption tower 5 by the air pump 12. Furthermore, the
PFs; gas is recovered and recycled by counter-currently contacted
with the crganic solvent and/or the sclution of the
hexaflucrophosphate in the second absorption tower 5. When a

20 small amount of HF is contained in PFs to be used as the raw
material, after HF is distilled off by decompressing the
solution of the hexafluorophosphate by the air pump 12, EF may
be removed by condensation by the condenser 13. Althcugh the
organic solvent, HF and PIs are contained in the solution (dradin)

25 to be condensed by the condenser 13, the solution may be
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The non-aqueous ionic liquid is not particularly limited and examples thereof include a fluoride
complex salt or a fluoride salt of a quaternary ammonium, a quaternary phosphonium or the like.
Specific examples of the quaternary 5 ammonium cation include a tetraalkylammonium cation, an
imidazolium cation, a pyrazolium cation, a pyridinium cation, a triazolium cation, a pyridazinium cation,
a thiazolium cation, an oxazolium cation, a pyrimidinium cation and a pyrazinium cation. Furthermore,
specific examples of the quaternary 10 phosphonium cation include a tetraalkyl phosphonium cation.

These non;aguequiignic liquids,may, e used.alane, oriwo.or mo;eéﬁgdém@fﬁ%o&wrbfcused in

combination, or may be dissolved in the no aqueous organic solvent. [0101] 15The organic solvent

may be a BEN-AEHEOHS Praanic selvert-anaon-aguepusdeniciliguit aloneprfwo arsmerekinds
thereof. [0102] It is preferred that the gas containing an excess phosphorus component used in

the manufaettire of 20 hexafluerophosphate; specificalya BES gas:is resoverediandrecyeled by
absorption in an absorption solution. Examples of the absorption solution include water, an aqueous
hydrofluorixatie sotttion i and asolut®nceantaining at least one kind selected from the group
consisting of M salts (M is at least 25 one kind selected from the group consisting of Li, Na, K, Rb, Cs,
NH4,:Ag, M@Q &al Ba, Zn, Cu, Pb, Fe and Al). More specifically, the absorption solution includes 0 to

80% by weight of water or an aqueous hydrogen fluoride solution, or 0 to 80% by weight of water or an
aqueous hydrogedflugiifecribed above, in the present invention, a

high~-purity hexafluorophosphate can be continuously
manufactured in satisfactory yield by circulating the solution
of the hexafluorophosphate.

10 [00%4]

In the present invention, an absorption tower is
preferably used in View of industrial productive efficiency,
however, use of a method using surface absorption or bubbling
is not excluded. The first absorption tower 1 and the second

15 absorption tower 5 can be used for an absorber in any form such
as a packed tower, plate tower or wetted-wall tower absorber.
The abscrption may be performed by either counter current or
co-current form.

[G085]

20 In the first step and the third step, the concentration
of a PFs gas in an organic scolvent and a solution of
hexafluorophosphate is preferably 15% by weight or less, more
preferably 10% by welght cr less, and particularly preferably
5% by welght or less. When the concentration of the PIs gas

25 in the organic solvent i1s more than 15% by weight, the organic
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5 solution that contains an M salt (the M salt is at least one of a carbonate, a hydroxide and a halide of
at least one selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb,
Fe andAl) dissolved therein. It is possible to recover the PF5gas as M(PF6)5 (wherein 1 s C3) and/or
HxPOyFz 10 (wherein 0 x 3,1 -C.y 4, 0z C. 6) by making the absorption solution to absorb the PF5
gas. Therefore, a loss of the raw material can be suppressed even when an excess amount of the PF5
gas is used. [0103] 15A phosphorus component-containing gas generated in the manufacture of

hexafluorgphosphate, specifically phasphopys penfafluaride and 8. HF gas.may be recycled as a carrier

gas by introduction into a phosphorus pentaﬂuorlde extractor. Therefore, it is possible to suppress a

loss of the; raw matetial20even-when an-excess amovetef aphospharus pentafijoride-gas is used.
[0104] The HF gas generated in the manufacture of hexafluorophosphate may be recycled as a

carrier gasfor=25:bygrogen flueride condensell and secavered,obeacavered By iabsotption in water
may also be used for the reaction with a raw material having a phosphorus atom. [0105] Regarding
PF5 flowing nut-of thersecondabsorpiiondowen re .
5 [00%96]
In the first step and the third step, the gas-liguid
centact temperature of a PEFs gas with an organic solvent and
a soluticn of hexafluorcphosphate is preferably from -40 to

100°C, and more preferably from 0 to 60°C. When the gas-liquid

10 contact temperature is lower than -40°C, since the crganic
solvent is sometime solidified, it becomes impossible to
perform continucus operation. In contrast, when the
gas-liquid contact temperature is higher than 100°C, there is
a problem that the vapor pressure of PFs; in the organic solvent

15 and the sclution of the hexaflucrophosphate excessively
increases and thus absorpticn efficiency deteriorates or the
organic solvent reacts with PFs.

[0087]
The organic solvent is preferably at least either cof a

20 non-agueous organic solvent or a non-agueous ionic liquid.
Furthermore, an aprotic organic scolvent is preferable. Since
the aprotic organic solvent does not have capability of donating
hydrogen ions, the solution ¢f the hexaflucrophosphate chtained
by the manufacturing method of the present invention can be

25 applied directly to an electrolytic solution of electricity
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5 5 in the manufacture of hexafluorophosphate, as shown in Fig. 2, PF5 is recovered in the first
absorption tower 1 connected in series. An organic solvent containing PF5 obtained in the first
absorption tower 1 is fed to the second absorption tower 5. 2F5 that has not been absorbed in the first
absorption tower 10 1 may be recovered and recycled by the absorbing method described above.
Thereby, even when an excess amount of a PF5 gas is used, the entire amount thereof is used, and
thus a loss of the raw material can be suppressed. [0106] 15The reaction apparatus used in the

present inyantiphJs nat pagicylady linited gs longias s made of 8 matggial baving gesistance to the

above-described composition, and stainless ste or carbon steel are pre y use as the material.
When a com@%tjon composed of anhydrous HF or the 20 above-described composition is leaked or
exposed in air, the reaction apparatus may be corroded thereby. When the reaction apparatus is

corroded, the resultast pregduetds €ontarainatad with the;eerroded substance and the-¢gntaminant may
cause an increase in the metal component content in the product. 25 Therefore, it is preferred to use,

as the reaction apparatiss, shese that haveresistancetadbe abave-gdescriked-eempesition and are
made of a fluororesin, vinyl chloride or polyethylene, or those lined therewith. 5 EXAMPLES [0107]
Prefefred pxamplesrof thisrinverntion, wititiey lemenstratively described iredetailshdreinafter, However,
for the materials, blend amounts thereof, and the like described 10 in these examples and comparative
examples dhestbpe cfahisdneartionissidtiimited twretceuntessiivép atevih partieofer testrictively
described. Thus, the materials and the like are merely explanatory examples. All of the examples and
the methyl acetate, ethyl acetate, y-butyl lactone, acetonitrile,
dimethylformamide, 1,2~dimethoxyethane, methancl and
isopropancl. Of these crganic solvents, preferred solvents
10 are those that are less likely to cause precipitation of the
produced hexafluorophosphate, in other words, those having
excellent solubility of the hexafluorophosphate, for example,
ethylene carbonate, propylene carbonate, dimethyl carbonate,
diethyl carbonate, methylethyl carbonate, acetonitrile and
15 1,2-dimethoxyethane in view of continucus manufacturing.
These organic sclvents may be used alone, or two or more kinds
thereof may be used in combination.
[0098]
Furthermere, examples cf the non-aqueous and aprotic
20  organic solvent include a cyclic carbonic acid ester, a chain
carbonic acid ester, a carboxylic acid ester, a nitrile, an
amide and an ether compound. These non-agueous aprotic organic
solvents may be used alone, or two or more kinds therecf may

be used in combinaticn.

25 [0100]
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comparative examples were conducted under the atmospheric 15pressure. [0108] (Example 1)

Using the apparatus shown in Fig. 3, the following operations were performed. 20[0109] Ina5L
reaction vessel made of a fluororesin (PFA), 100 g of commercially available phosphoric anhydride
(P205) was placed, together with a rotator, and an anhydrous hydrogen fluoride (HF) gas as a carrier
gas was introduced at a rate of 25 10 L/min. The reaction vessel was connected to a reflux tower (20
miT4 x 2 m) made of SO0S316. The temperature of the PFA reaction vessel was maintained at 25C with

a heat medium ang 2t g same.(ime, Ine teflux tayiey was gaoled Wit jne gt,-36, Eughermore,

contents in the reaction vesset were stirred by 5 a magnetic stir ter a period time, reflux of HF

started. Thereafier, fhe generation of & gas fram thedpwer fop.oftheseflyx tawer was gonfirmed.

[0110] Five minutes after the gas was generated from the reflux

fluoride salt of a guaternary ammcnium, a guaternary
phosphonium or the like. Specific examples of the guaternary
5 ammonium cation include a tetraalkylammonium cation, an
imidazolium cation, a pyrazolium cation, a pyridinium cation,
a triazoliumcation, apyridaziniumcation, a thiazoliumcation,
an oxazolium cation, a pyrimidinium cation and a pyrazinium
cation. Furthermore, specific examples of the guaternary

10 phosphonium caticn include a tetraalkyl phosphonium cation.
These non-aguecus ionic liguids may be used alcne, or two or
more kinds therecf may be used in combination, or may be
dissolved in the non-agueous organic solvent.

[0101]

15 The organic solvent may be a non-aguecus organic solvent
orarxxraqueousioniéliquidaloneortwocn:morekindsthereof.
[0102]

It is preferred that the gas containing an excess
phosphorus component used in the manufacture of

20 hexaflucrophosphate, specifically a PFs gas is recovered and
recycled by absorption in an absorption solution. Examples of
the absorption solution include water, an agueous hydrofluoric
acid solution, and a solution containing at least one kind
selected from the group consisting of M salts (M is at least

25 one kind selected from the group consisting of Li, Na, K, Rb,
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10 tower, this gas was analyzed by a Fourier transform infrared spectrophotometer (FTIR). As a result,
it was confirmed that the gas was composed of 2F5 and a small amount of HF. It was confirmed that
an oxyfluorophosphoric acid compound such as POF3 or 202F was not generated. After making 20 g
of the generated 15 gas to be absorbed in 500 g of ultrapure water, the concentration of metal
impurities in this ultrapure water was analyzed by an inductively coupled plasma mass spectrometer
(ICP-MS). As a result, it was confirmed that the concentration of metal impurities contained in the 2F5

gas was O&gpq@kﬂy w‘@(jggrhtl\% fZO&eass. gy_ll%Exqmp,)leP@’ Fe 8 onls geacmgjessel (cooled with a

coolant) made of a fluororesin (PFAJ, 200 g of a commercially available aqueous 2575% phosphoric

acid (H3204.solution-and;2,000.0 ef-commercially availablg anhydrquschysiregen fuoride (HF) were
placed, together with a rotator, and a N2 gas as a carrier gas was introducedau a rate of 0.2 1/min.

The reactiga vgsselyvas.eerneciedde asgHux tawear (20-max1)x 2 #3);made of SUS316.Jhe 5
temperature of the PFA reaction vessel was raised to 45C with a heat medium and, at the same time,

the reflux wes vesicapfed aitlirhrinefat+-30€r Futhermare,: e kedctian Soktion was-stireed by a
magnetic stirrer. In a few minutes, as the bath temperature increased, reflux of HF started. The
temperatuge 10 'of the Eactionsotutionswas 23Cs Iherdafter, thesgérneration of hegas-fromethe tower
top of the reflux tower was confirmed. [0112] Ten minutes after the generation of the gas from the
reflux towerstged ihiedss wab ehaRzed by adautier 18arafstormsafedradspeeirophic®mete
(FTIR). As aresult, it was confirmed that the gas was composed of 2F5, N2 and a small amount of HF.
It was confififidd st SHEGRILEPEHosphofic @Eid-éomPsund suBk as 2OF 2% PJ2 wiE not

generated, After making 20 g of the generated gas to be absorbed in 0.5 kg of ultrapure
Ca, Ba, Zn, Cu, Pb, Fe'and Al) dissolved therein. It ispossible

to recover the PFs gas as M(PFg)s (wherein 1< s 5 3) and/or HxPOyFy

10 {wherein 0 £ x££ 3, 1 £y <4, 0£z<£6) bymaking the absorption
solution to absorb the PFs gas. Therefore, a lgss of the raw
material can be suppressed even when an excess amcurit of the
PFs gas 1s used.

[0103]

15 A phosphorus component-containing gas generated in the
manufacture of hexafluorophosphate, specifically phosphorus
pentaflucride and a HF gas may be recycled as a carrier gas by
introduction into a phosphorus pentafluoride extractor.
Therefore, it is possible to suppress a 1loss of the rawmaterial

20 even when an excess amount of a phosphorus pentafluoride gas
is used.

[0104]
The HF gas generated in the manufacture of
hexafluorophosphate may be recycled as a carrier gas, or

25 hydrogen fluoride condensed and recovered or recovered by
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20 water, the concentration of metal impurities in this ultrapure water was analyzed by an inductively
coupled plasma mass spectrometer (ICP-MS). As a result, it was confirmed that the concentration of
metal impurities contained in the PF5 gas was 0.5 ppm by weight or less. 25[0113] (Example 3)

In a 5 L reaction vessel made of a fluororesin (PFA), 50 g of commercially available potassium
hexafluorophosphate (KPF6) and 2,000 g of anhydrous hydrogen fluoride (HF) were 5 placed, together
with a rotator, and the reaction vessel was connected to a reflux tower (20 mm(i) x 2 m) made of
SUS316. gggg%séqe Eenﬂge(ﬁg%re of the PEA re%ction v%ssgcl)\r/vagsgraised 10, 45C W&t@t%hgat medium

I ) T .
and, at the same‘tlmg, the reflux ?gwreng%ag c%%ledewﬁﬁ%rlne at e& ?—%?t e%n%gre, the reaction 10

solution was,stifred by.a magnetic gtigeﬁﬁ%gg@o@%tig& yessel temperature increased, reflux of HF

started. The temperature of the reaction solution inside was 21C. [0114] After Sminutes, a gas was
generatedfriamdhe reflux tower. 15 This gas was analyzed by FTIR. As a result was confirmed that the
gas was composed of PF5and a small amount of HF. After making 10 g of the generated gas to be

absorbed in 0.5 kgrebultrapyte mater: thei eeneentration B metabimpurties-ipthis-Ultrapure water was
analyzed by an inductively coupled plasma 20 mass spectrometer (ICP-MS). As a result, it was
confifmedsthat thé eoneentfation efemefalimpufities coptaigthintthe RiEc gaswrad 0.5 ppm by weight
or less. [0115] (Example 4)
2, PFy 1s recovered in the first absorption tower 1 connected
in series. An organic solvent containing P¥g obtained in the
first absorption tower 1 is fed to the second absorption tower
5. PFs that has not been absorbed in the first absorption tower
10 1 may be recovered and recycled by the absorbing method
described above. Thereby, even when an excess amount of a PFy
gas is used, the entire amount therecof is used, and thus a loss
of the raw material can be suppressed.
[010861
15 The reaction apparatus used in the present invention is
not particularly limited as lcong as it is made of a material
having resistance to the above-described composition, and
stainless steel or carbon steel are preferably used as the
material. When a composition composed of anhydrous HF or the
20 above-described composition 1s leaked or exposed in ailz, the
reaction apparatus may be corroded thereby. When the reaction
apparatus is corroded, the resultant product is contaminated
with the corroded substance and the contaminant may cause an

increase in the metal component content in the product.

25 Therefore, it is preferred to use, as the reaction apparatus,
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25In a 5 L reaction vessel made of PFA, 330 g of lithium hexafluorophosphate (LiPF6) and 2,000 g of
anhydrous HF were placed, together with a rotator, and the reaction vessel was connected to a reflux
tower (20 mm ep x 2 m) made of SUS316. The temperature of the PFA reaction vessel was raised to
80C with 5 a heat medium and, at the same time, the reflux tower was cooled with brine at OC.
Furthermore, the reaction solution was stirred by a magnetic stirrer. As the reaction vessel
temperature increased, reflux of HF started. The temperature of the reaction solution inside was 30C.

100116] ., The gas generated o e refus tower s analuzed bY ET IR Aol it was

confirme is gas was composed of PF5 an amount of HF. Simultaneously, the

generated gas was made to:be absorhestinure water for. A hoprs:and,ths b5, contentof.P in the

absorption solution was measured, and then the weight of the generated PF5gas was calculated. As a
result, the weightinas 205 g-and,£5%.afthe gas was generated. [0117] (Example 5) 20lna 5L

reaction vessel made of PFA, 90 g of ammonium hexafluorophosphate (NH4PF6) and 2,000 g of
anhydrous HF were placed, together with a rotator, and the reaction solution was
5 EXAMPLES
[0107]

Preferred examples of this invention will be
demonstratively described in detail hereinafter. However, for
the materials, blend amounts thereof, and the like described

10 in these examples and comparative examples, the scope of this
invention is not limited thereto unless they are in particular
restrictively described. Thus, the materials and the like are
merely explanatory examples. All of the examples and the
comparative examples were conducted under the atmospheric

15  pressure.

[0108]
(Example 1)

Using the apparatus shown in Fig. 3, the fcllowing
operations were performed.

20 [0109]

Ina 5L reaction vessel made of a2 fluororesin {PFA), 100
g of commercially availlable phosphoric anhydride (P,0s) was
placed, together with a rotator, and an anhydrous hydrogen
fluoride (HF) gas as a carrier gas was introduced at a rate of

25 10 L/min. The reaction vessel was connected to a reflux tower
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stirred by a magnetic stirrer. In the present Example 5, the operation was performed without disposing
a reflux tower. The 25 generated gas was analyzed by FTIR and, at the same time, the gas was made
to be absorbed in pure water. The PEA reaction vessel was heated to 65C with a heat medium. As a
result, hydrogen fluoride was vaporized and vigorously reacted with pure water as the absorption
solution. The generated gas was 5 analyzed by FTIR. As a result, it was confirmed that this gas was
composed of PF5 and a large amount of HF. After making the gas to be absorbed in ultrapure water
for 6 hours, the content of P in the absorption solution was measured and the weight of the PF5 gas
generated Vids ERIRuatéd Rs RFESUID the Weidi 10 DFthe PFE GaS WHE4SG antrthBYeld was 62%.
The concentration of metal irtlpurities :ﬂ thci%1 abs%rpgio %Qlcgti‘g)n was %nalxz%%g%lll%ﬂl\r{il . As a result,

it was confirmed that the CORCeNntration o mét%ﬁmpl}ri iS5 cofitained inthe gas Waso .5 ppm by

weight or less, &é[%ﬂélé%%m@ﬁe6)re§ﬁ£§fu%rn %ﬁ&PJaF £Jgaglon. yessel, %*_%(g ofees

hexafluorophosphate (CsPF6Y, 140 g o uoride (LiF) and 18 kg of anhydrous hygp";gen fluoride

(HF) weremiaead 2Qdegethesyitiha sotator; pad the reactionwassel was,connected-to a (eflux tower
(20 mmoti x 2 m) made of SUS316. Separately, 210 g of silver fluoride (AgF) and 500 g of anhydrous

HF were plagediea 3d PFA reaction vessek togethes withna yoiaten. and thamr siver-fiueride was
dissolved in anhydrous HF. An 25 outlet of the reflux tower was connected to the 3 L-PFA reaction
Thereafter, the generation of a gas from the tower top of the
reflux tower was confirmed.
[0110]
Five minutes after the gas was generated from the reflux

10 tower, this gas was analyzed by a Fourier transform infrared
spectrophotometer (FTIR). As a result, it was confirmed that
‘the gas was composed 0f PFs; and a2 small amount of HF. It was
confirmed that an oxyfluorophosphoric acid compound such as POF;
or PO.F was not generated. After making 20 g of the generated

15 gas tobe absorbed in 500 gof ultrapure water, the concentration
of metal impurities in this ultrapure water was analyzed by an
inductively coupled plasma mass spectrometer {ICP-MS). 2As a
result, it was confirmed that the concentration of metal
impurities contained in the PFs; gas was 0.5 ppm by weight or

20 less.
[0111]
(Example 2)

Ina 5L reaction vessel (cooled with a coolant) made of

a fluororesin (PFA), 200 g of a commercially available aqueous

25 75% phosphoric acid (H3POy) solution and 2,000 g of commercially
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vessel so that the generated gas can be absorbed in the 3 L-PFA reaction vessel. The 20 L-PFA
reaction vessel was heated to 70C with a heat medium and the 3 L FA reaction vessel was cooled with
an ice bath. The reflux tower was cooled with brine at 5 0C. The contents of two reaction vessels were
respectively stirred. [0119] As the temperature of the 20 L-PFA reaction vessel gradually
increased and the internal temperature reached 23C, 10 reflux of HF started. At nearly the same time,
the temperature of the 3 L-PFA reaction vessel increased to 5C from OC. After the reaction was

performed for. 6 s, the 3 L:PFA reaction vessel was re OV’\II-dIFt om the reflux tower and
crystalIizat?o\ﬁa\%vgé)%ie?fo?r%’ggqgroﬁ hggr%% k%? ggol#%’t%{ﬁg& ?eth, thé 15 SUpenifatant in the 3 L-PFA

reaction v%gg%@é;I%Lyﬁaléeq:gld%Q%%solgq{gqL{Jiidﬁe[\)gg tiogswgs gerformed. After segaration, N2
e

was introducéd into a bottle at a rate of 3 {/minute, folfo by drylng.aﬁﬁrjfﬁé:rn%rg, gr?/lng was

performed by.a dyer a4 85 for 3.aurs (o ebtain 395 g of aEysial, 200120 . . The fesulant crystal

was analyzed by XRD. As a result, it was found that the crystal was assigned to silver

hexafluorophasBualeAIPESL R maises coptentias 30 RPThOYNEIghi o lasp ana giso the

concentration of free 25 hydrofluoric acid was 50 ppm by weight or less. The moisture content was
measgred fynpaeistue-meter aadibe cencentrationof free hydrofluere acid,was-determined by

titration of sodium hydroxide. [0121] (Example 7)

a heat medium and, at the same time, the reflux tower was cooled
with brine at -30°C. Furthermore, the reaction solution was
stirred by a magnetic stirrer. In a few minutes, as the bath
temperature increased, reflux of HF started. The temperature

10 of the reaction soluticn was 23°C. Thereafter, the generation
of a gas from the tower top of the reflux tower was confirmed.
[6112]

Ten minutes after the generation of the gas from the

reflux tower started, this gas was analyzed by a Fourier

15  transform infrared spectrephotomete (FTIR). As a result, it
was confirmed that the gas was.composed of PFg, N; and a small
amcunt of HF. It was confirmed that an oxyfluorophosphoric acid
compound such as POF3; or PO,F was not generated. After making
20 g of the generated gas to be absorbed in 0.5 kg of ultrapure

20 water, the concentration of metal impurities in this ultrapure
water was analyzed by an inductively coupled plasma mass
spectrometer (ICP-MS). As a result, it was confirmed that the
concentration of metal impurities contained in the PFy gas was
0.5 ppm by weight or less.

25 [0113]
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In the present example, phosphorus pentafluoride was manufactured using a manufacturing apparatus
shown in Fig. 2. [Step 1] In 10 L-PTFE reaction vessel, 1.2 kg of acidic potassium 10 fluoride (KHF2)
was placed and 5.25 kg of semiconductor grade 75% HF was slowly added while cooling with an ice
bath. Furthermore, 1.3 kg of 85 wt% phosphoric acid (H3P0O4) was added over 30 minutes. The
reaction and crystallization were performed by stirring in a water bath at +20C for 6 hours. The 15
resultant precipitate was collected by suction filtration. The collected crystal was washed with water
and then c{r %]eta for 6 hours. The yield of the resultant crystal was 1.35 kg (yield: 65%).
Furthermore theresu tant crystal was measured by XRD and found that the crystal was composed of

KPFS. 20[0122] [Stgp,lIk, 1, Ba-10 b:PTEEJeactionyessel 12 kg;of KRS, optained abgve and 6 kg

of anhydrous hydrogen fluoride (HF) were placed, together with a rotator, and the reaction vessel was

connected; 25 0 adeflux tawarn 209k X 20m:madie-of SUB3 16 Separatelyp Hb-g i L and 1,200 g of

anhydrous HF were placed in a 2 L-PTFE reaction vessel, together with a rotator, and then LiF was
dissolved jxarhydeous HEF0AD ogtleroktheyeftex toweravasyepnricotied taithe (Z £3P Tz #eaction
vessel so that the generated PF5 gas can be absorbed in the 2 L-PTFE reaction vessel. Furthermore,
a 3 L5SPTRE eastipntwegsehras wanhecteddo dhe dowastreaheofrtthe LT FE seactionaessel for
absorption of an exhaust gas. In this 3 L-PTFE reaction vessel, a solution prepared by dissolving 50 g
of FF. (HEdn2<krefi50% byrweéighk tower (20 mm¢ x 2 m) made of 5US316. The

outside temperature of the PFA reaction vessel was raised to
45°C with a heat medium and, at the same time, the reflux tower
was cooled with brine at -50°C. Furthermore, the reacticn
10 solution was stirred by a magnetic stirrer. As the reaction
vessel temperature increased, reflux of HF started. The
temperature of the reaction solution inside was 21°C.
[0114]
After bminutes, a gas was generated from the reflux tower.
15 This gas was analyzed by FTIR. 2As a result, it was confirmed
that the gas was composed of PFs; and a small amount of HF. After
making 10 g of the generated gas to be absorbed in 0.5 kg of
ultrapure water, the concentration of metal impurities in this
ultrapure water was analyzed by anlinductiv@ly coupled plasma
20 mass spectrometer (ICP-MS). As a result, it was confirmed that
the concentration of metal impurities contained in the PF:; gas
was 0.5 ppm by weight or less.

[011

5
J

w

{Example 4)

25 In a 5 L reaction vessel made of PFAR, 330 g of lithium
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10 HF was used. [0123] The 10 L-PTFE reaction vessel was heated in a water bath at 85C, and
the 2 L-PTFE reaction vessel and the 3 L-PTFE reaction vessel were cooled with an ice bath. The
reflux tower 15 was cooled with brine at OC. The contents of three reaction vessels were respectively
stirred. [0124] As the temperature of the 10 L-PTFE reaction vessel gradually increased and the
internal temperature reached 25C, 20 reflux of HF started. At nearly the same time, the temperature of
the 2 L-PTFE reaction vessel increased to 8C from 0C and the solution gradually caused white

turbidity. [@125] &E@@%@Dggg?g 5%%Ctiﬁjgj\;\\%%% E)peﬂ%@%f% Sémcyfs fﬁ?&%&- RIFE, é@gction vessel

was removed from the reflux

separation,afesultant:cx
L-PFA vessel.

ower, fo y stirring for 4 hours whi to -40C. Solid-liquid
ysighwas performed s filration anddhe resultant srysfalawas trgpsferred to a 1

connected to a reflux tower (20 mm$ x 2 m) made of 3US316. The

temperature of the PFA reaction vessel was raised to 80°C with

5 a heat medium and, at the same time, the reflux tower was cooled

with brine

at 0°C. Furthermore, the reaction solution was

stirred by a magnetic stirrer. As the reaction vessel

temperature increased, reflux of HF started. The temperature

cf the reaction solution inside was 30°C.

10 [01lle]

The gas generated from the reflux tower was analyzed by

FTIR. As a result, it was confirmed that this gas was composed

of PFs; and a small amount of HF., Simultanecusly, the generated

gas was made to be absorbed in pure water for 4 hours and the

15 content of

the weight

P in the a2bsorption solution was measured, and then

of the generated PFs gas was calculated. Asa result,

the weight was 205 g and 75% of the gas was generated.

[0117]
(Example 3

20 In a

)

5 L reaction vessel made of PFA, 90 g of ammonium

hexafluorophosphate (NH4PF¢) and 2,000 ¢ of anhydrous HF were

placed, together with a rotator, and the reactiocn solution was

stirred by

a magnetic stirrer. In the present Example 5, the

cperation was performed withcout disposing a reflux tower. The

25 generated

gas was analyzed by FTIR and, at the same time, the
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5 At room temperature, N2 was introduced for 4 hours at a flow rate of 3 L/minute, followed by drying.
Thereatfter, the 1 L-PFA vessel was dried at 85C for 3 hours to obtain 350 g of a crystal. [0126]

The resultant crystal was analyzed. As a result, the 10 crystal was assigned to LiPF6, and the
moisture content was 50 ppmby weight or less and the concentration of free hydrofluoric acid was 50
ppm by weight or less. [0127] [Step IV] The solution was taken out of the 3 L-PTFE reaction
vessel and ion chromatography was performed. As a result, 8F6- ions were detected. This revealed

that the exhausf gas,can be irapped and ihis frap, liguid cap.he tecycled.as fhe ray maleial. [0128]

20[Step V After the reaction, the 10 L-PTFE reaction vessel was removed from the reflux tower

and the sqlutign yag.congentratedip agwater nath at 3G, anddhen g visequs,HESglution containing
KPF6/KF.v(HF) (v 0) was recovered. This solution can be 25 recycled in the first step. [0129]
(ExamplerB)drogen fluoride was vaporized and vigorously reacted with
pure water as the absorption sclution. The generated gas was
5 analyzed by FTIR. As a result, it was confirmed that this gas
was composed of PFs; and a large amount of HF. After making the
gas to be absorbed in ultrapure water for € hours, the content
of P in the abscrption solution was measured and the weight of
the PFs gas generated was calculated. As a result, the weight
10 of the PFs gas was 43 g and the yisld was 62%. The concentration
of metal impurities in this absorption sclution was analyzed
by ICP-MS. As aresult, it was confirmed that the concentration

of metal impurities contained in the PFs gas was 0.5 ppm by welght

or less.

o
o

ro1i8]
(Example 6)

In a 20 L-PTFE reaction vessel, 1.5 kg of cesium
hexafluorophosphate {CsPFg}, 140 g of lithium flucride {(LiF)
and 18 kg of anhydrous hydrogen fluoride (HF) were placed,
20 together with a rotator, and the reaction vessel was connected
to a reflux tower (20 mm$p x 2 m) made of SUS316. Separately,
210 g of siliver fluoride (AgF)'and 500 g of anhydrous HF were
placed in a 3 L-PFA reaction vessel, together with a rotator,
and then silver fluoride was dissolved in anhydrous HF. An

25 outlet of the reflux tower was connected to the 3 L-PFA reaction

52



In a reaction vessel made of a fluororesin, provided with a metering pump for takeout connected at the
bottom, 20 kg of 5 an anhydrous hydrogen fluoride solution was placed. While cooling this anhydrous
hydrogen fluoride solution to 10C, 1 kg of diphosphorus pentaoxide was dissolved. Furthermore, an
anhydrous hydrogen fluoride solution containing diphosphorus pentaoxide dissolved therein was fed to
a phosphorus 10 pentafluoride generating vessel (made of a fluororesin,volume: 10 L). Feeding was
guantitatively performed at a rate of 8 kg/hour. As the phosphorus pentafluoride generating vessel, a

vessel including.a condanser.at 0G and.a caoler at-2QG eannedtad in setigswas ysedpAp anhydrous

- hydrogen fluoride 15 gas at 25C génerated in acarrier gas generating vessel was fed into the

anhydrous-gydrogen flygdde solutipn.inthephesphoispentafiyeride-gengrating yesseliy bubbling.
The anhydrous hydrogen fluoride gas was fed at a rate of 40 kg/hour. [0130] 20In order to maintain the

liquid levehgkthe aphydrous-hydrogen fikerideselulian-aonstant inthe phespherus pentafiyoride

generating vessel, the anhydrous hydrogen fluoride solution was taken out using a pump. The takeout
rate was adjusted to abeut8 kg/hourn & hediflicktemperature of thes28 dondensatedigaiceproduced by
condensation using the condenser was 20C and this condensate liquid was directly recycled by
circulatingittCthe Carsiec gas generatingtwessek Actet @lapse of 38 miautesy aRier gasatgompanying
a very small amount of HF constantly generated from an outlet of the cooler at a rate 50f 5.5 g/min.
[0131] sULirkethe apparatus shown in Fig. 2, the following operations were performed.
Commerci&l}lli 1ag;/jailable battery grade diethyl carbonate (the moisture concentration: 9 ppm by

As the temperature of the 20 L-PFA reaction vesgsel

gradually increased and the internal temperature reached 23°C,

10 reflux of HF started. At nearly the same time, the temperature
of the 3 L-PFA reaction vessel increased to 5°C from 0°C., After
Lhe reaction was performed for & hours, the 3 L-FFA reaction
vessel was removed from the reflux tower and crystallization
was performed for 48 hours by ccoling to -40°C. Next, the

15 supernatant in the 3 L-PFA reaction vessel was slowly taken out
and solid-liquid separation was periormed. After separation,
Nz was introduced into a bottle at a rate of 3 L/minute, followed
by drying. Furthermore, dryingwas performed by a dryer at 85°C
for 3 hours to obtain 385 g of a grystai.

20 [0120]

The resultant crystal was analyzed by XRD. As a result,
it was found that the crystal was assigned to silver
hexafluorophosphate (AgPFs). The moisture content was 20 ppm
by weight or less and also the concentration of free

25 hydroflucric acid was 50 ppm by weight or less. The moisture
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10 weight) was placed in a first vessel 2 and a second vessel 6, each being made of a fluororesin, in
the amount of 2,603 mL each, and then a circulating operation in each absorption tower and vessel
was started using pumps 3 and 7. At this time, the flow rate of the pumps 3 and 7 was adjusted to 1
L/minute each. The 15 first vessel 2 and the second vessel 6 were respectively maintained at a
constant temperature of 20C using a first refrigerator 4 and a second refrigerator 8, respectively.
[0132] Subsequently, the above-described phosphorus 20 pentafluoride gas containing hydrogen

fluoride Wééxﬁ%%ﬁo%”‘lz%éo‘ﬁ{%%%%%’ﬁ glfhe éﬁgg%'gqégr Sé?lr ign tower, 8t afate ot 9->.g/mynute. This

phosphorus pentafluoride gas was made t in an organic solvent for 2 minutes, and

feeding ot Jithiym dlygride fothg second: vegsel & was sladed; ala fate2n okl 13-0imipple, Sixty

minutes after starting of feeding of lithium fluoride, takeout of the product was started at a rate of 44.9
ml/minutey, gimulaneously with takeout of the product, the organic solvent was fed to the first
absorption tower 1 at a rate of 43.4 ml/minute and also the object of feeding of the 5 solution by the
pump 3 wagswitched from the first absorption tower 1 to the second absorption tower 5, followed by

continuous operation. [0133]
5 (Example 7)

In the present example, phosphorus pentafluoride was
manufactured using a manufacturing apparatus shown in Fig. 2.
{Ste? I]

Ina 10 L-PTFE reaction vessel, 1.2 kg of acidic potassium

10 fluoride (KHF;) was placed and 5.25 kg of semiconductor grade
75% HF was slowly added while cocling with an ice bath.
Furthermcre, 1.3 kg of 85 wt% phosphoric acid (H3P0O,) was added
over 30 minutes. The reaction and crystallization were
performed by stirring in a water bath at +20° for 6 hours. The

15 resultant precipitate was collected by suction filtration.
The ccllected crystal was washed with water and then dried at
105°C for 6 hours. The yield of the resultant crystal was 1.35
kg (yield: 65%). Furthermore, the resultant crystal was
measured by XRD and found that the crystal was composed of KPFs.

20 [0122]

[Step II1]

In a 10 L-PTFE reaction vessel, 1.2 kg of KPFs obtained

above and 6 kg of anhydrous hydrogen fluoride (HF) were placed,

together with a rotator, and the reaction vessel was connected

25 to a reflux tower (20 mm¢ x 2 m) made of SUS316. Separately,
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2,947.5 g of the solution was continuously fed to the 10 deaeration tower 9 by continuous operation for
60 minutes and the excess phosphorus pentafluoride gas dissolved in the solution was distilled off by
decompression by the air pump 12. After distillation, 2,911.5 g of a solution of lithium
hexafluorophosphate was taken out of the third vessel 10. 15 Furthermore, accompanying diethyl
carbonate and HF were removed from the distilled phosphorus pentafluoride gas by the condenser 13.
Thereafter, a phosphorus pentafluoride gas was made to be absorbed by bubbling into the absorption

solution mixed, with giseparatelynignared diethyl carhonate,solution .20 followedbby cefiection. [0134]

The thus obtained diethyl carbonate solution of lithium hexafluorophosphate contained 10 ppm by

weight or less ©f apinsalukle component.ct0 pamrbyweighterless ot freeracid ang 25510 ppm by

weight or less of moisture. Diethyl carbonate was distilled off by decompressing the resultant diethyl
carbonatecspiisgionvefdithivng heyaftuorephesphate at A& to obtaina white selid olfae-white solid was
analyzed by XRD. As a result, the white solid was assigned to lithium hexafluorophosphate. [0135]
(Example &nnected to the 2 L-PTFE reaction vessel so that the generated
5 PFs gas can be absorbed in the 2 L-PTFE reaction vessel.
Furthermore, a 3 L-PTFE reaction vessel was connected to the
downstream of the 2 L-PTFE reaction vessel for absorption of
an exhaust gas. In this 3 L-PTFE reaction vessel, a solution
prepared by dissolving 50 g of KF+ (HF)} in 2 kg of 50% by weight
10 HF was used.
[0123]
The 10 L-PTFE reaction vessel was heated in a water bath
at 85°C, and the 2 L-PTFE reaction wvessel and the 3 L-PTFE
reaction vessel were cooled with an ice bath. The reflux tower
15  was cooled with brine at 0°C. The contents of three reaction
vessels were respectively stirred.
[0124]
Ls the temperature cof the 10 L-PTFE reaction wvessel
gradually increased and the internal temperature reached 25°C,
20 reflux of HF started. At nearly the same time, the temperature
of the 2 L-PTFE reaction vessel increased to 8°C from 0°C and
the golution gradually caused white turbidity.
[0125]
[Step IIT]

25 The reaction was performed for 8 heours and the 2 L-PTFE
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First, the same operation as in Example 8 was performed to produce a PF5gas containing a very small
amount of HE. Next, the following operations were performed using the apparatus 10 shown in Fig. 2.
Commercially available diethyl carbonate of a battery grade (the moisture concentration: 9 ppm by
weight) was placed in a first vessel 2 and a second vessel 6, each being made of a fluororesin, in the
amount of 2,603 mL each, and then a circulating operation in each absorption tower and vessel was
15 started using pumps 3 and 7. At this time the flow rate of the pumps 3 and 7 was adjusted to 1

L/minute %%c%ggg flrg,ég%% elhga % 99 vrgscsrgeIEer frer regpg&g\éelyfrn?Ttaln%d at a constant

temperature o using a rst refrlgerator a secon Igerator respec?vely ]%[0136]

Subseque&t’%:g’hln %%d%scﬂgﬁg gﬂgﬁgﬁgrugoo%ntgﬂ orlde Q@%conégl mg hydro ecpfluorlde was

fed to the tower bot the second absorption tower at a rate of 5 /lmlnute Is phosphorus

pentafluoride.gas wasimagde fabe-25 abserbed insan organic,selyentfon 2 (inuies, apd fgeding of
lithium fluoride to the second vessel 6 was started at a rate of 1.13 g/minute. Eighty minutes after

starting of:zfeading-of-kthitina dluerige; takeout 9k the preduct was started at agate ¢ 38 91ml/minute.
Simultaneously with takeout of the product, 5 the organic solvent was fed to the first absorption tower
1 at @&ratesof 32.5mnifrmste andadso the wbhiect of feedling:df thersolutieniby the: pampidwas switched
from the first absorption tower 1 to the second absorption tower 5, followed by continuous operation.
10[0137] rat@,88034 g of thetsolufion Wwatscontindropslydfed tbithe eiefietation tewk 9 ByZontinuous
operation for 60 minutes and the excess phosphorus pentafluoride gas dissolved in the solution was
distilled off bygecornpréssien BLtiie Hir pomp 12 Aftecdistiliaticd, 2 850.5 cofys telution of lithium
hexafluorophosphate was taken out of the third vessel 10. Furthermore, accompanying diethyl
carbonateldnd R were removed from the distilled phosphorus pentafluoride gas by the condenser 13.

Thereafter, a phosphorus pentafluoride gas was
1e resultant crystal was analyzed. As & result, the

10  crystal was assigned to LiPFg, and the moisture content was 50
pem by weight or less and the concentration of free hydrofluoric
acid was 50 ppm by weight or less.

[0127]
[Step TIV]

15 The sclution was taken out of the 3 L-PTFE reaction vessel
and ion chromatography was performed. As a result, PFs ions
were detected. This revealed that the exhaust gas can be
trapped and this trap ligquid can be recycled as the rawmaterial.
[0128]

20 [Step V]

After the reaction, the 10 L-PTFE reaction vessel was
removed from the reflux tower and the solution was concentrated
inawater bath at 35°C, and then a viscous HF soluticon containing
KPFs/KF-v{HE) (v = 0) was recovered. This solution can be

25 recycled in the first step.
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20 made to be absorbed by bubbling into the absorption solution mixed with a separately prepared
diethyl carbonate solution, followed by collection. [0138] Furthermore, 709.5 g of ethylene
carbonate (the moisture 25 concentration: 7 ppm by weight) was added to 2,350.5 g of the resultant
diethyl carbonate solution of lithium hexafiuorophosphate to obtain a diethyl carbonate/ethylene
carbonate solution of lithium hexafluorophosphate. The resultant solution contained 10 ppm by weight
or less of an 5 insoluble component, 10 ppm by weight or less of free acid and 10 ppm by weight or
less of mo'[%%@g 10139] Using the solution thus obtained, the coin type non-aqueous electrolyte lithium
secondary battery shown in Fig. 10 4 was manufactured and then performance as an electrolytic-
solution W@g@ﬁ&@e@ by a charge/discharge test. Specifically, the test was performed by the
following procedure. [0140] 15 <Fabrication of negative electrode>

In a reaction vessel made of a fluororesin, provided with

a metering pump for takeout connected at the bottom, 20 kg of
5 an anhydrous hydrogen fluoride sclution was placed. While
cocling this anhydrous hydrogen fluoride solution to 10°C, 1
kg of diphosphorus pentaoxide was dissolved. Furthermore, an
anhydrous hydrogen flucride sclution containing diphosphorus
pentaoxide dissolved therein was fed te a phosphorus

10 pentafluoride generating vessel (made of a fluororesin, volume:
10 L). Feeding was quantitatively performed at a rate of 8
kg/hour. As the phosphorus pentafluoride generating vessel,
a vessel including a condenser at 0°C and a cooler at -50°C
connected in series was used. An anhydrous hydroegen fluoride

15 gas at 25°C generated in a carrier gas generating vessel was
fed into the anhydrous hydrogen fluoride scluticon in the
phosphorus pentaflucride generating vessel by bubbling. The
anhydrous hydrogen fluoride gas was fed at 2 rate of 40 kg/hour.
[0130]

20 In order to maintain the liguid level of the anhydrous
hydrogen fluoride sclution constant in the phosphorus
pentafluoride generating vessel, the anhydrous hydrogen
fluoride solution was taken out using a pump. The taksout rate
was adiusted to about 8 kg/hour. The liguid temperature of the

25 condensate liquid produced by condensation using the condenser
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Natural graphite and polyvinylindene fluoride (PVdF) as a binder were mixed at a weight ratio of 9:1
and N-methyl pyrrolidone was added thereto to obtain a paste. This paste was uniformly applied to a
22 fin thick copper foil using an 20 applicator for electrode coating. This coated foil was vacuum dried
at 120C for 8 hours and a negative electrode 22 having a diameter of 16 mm was obtained by an
electrode punching machine. [0141] 25 <Fabrication of positive electrode> A LiCo02 powder,
acetylene black as a conductive auxiliary and PVdF as a binder were mixed at a weight ratio of 90:5:5

and N-methyl p %idon s added tp this mixture to, gbtain a paste. This paste was,uniformly
bl to B 2 R b (a6 LA ap LAt foF BeChECE Chth e T okt foil was

vacuum died at 120¢ for.8 hours.and apositive electrade 21 havng 2 diameter.of 16 gup was

obtained by an electrode punching machine. [0142] 10 <Fabrication of coin type non-aqueous

electrolyte lithiumdom seeendary bafteryz accdhePositive electsade 2hwes disposed e the bottom
face of a positive electrode can 24 and a porous separator 23 made of polypropylene was disposed

thereon, aiw thenstheronyageeeus 1o €lectplytie selitionprepared indxasiplesS svasiniected and a
gasket 26 was inserted. On the separator 23, the negative electrode 22, a spacer 27, a spring 28 and
a nedative Electrode tair25 were subsequently disposed, and then sealing was performed by folding
an openin?OF?LOBr;[Lic})n of the positive 20 electrode can 24 inward using a coin type battery caulking
Using the apparatus shown in Fig. 2, the following
operations were performed. Commercially available battery
grade diethyl carbonate (the moisture concentration: 9 ppm by
10 welght) was placed in a first vessel Z and a second vessel 6,
each being made of a flucroresin, in the amount of 2, 603 mL each,
and then a circulating operaticn in each absorption tower and
vessel was started using pumps 3 and 7. At this time, the flow
rate of the pumps 3 and 7 was adjusted to 1 L/minute each. The
15 first vessel 2 and the second vessel 6 were respectively
maintained at a constant temperature of 20°C using a first
refrigerator 4 and'a second refrigerator B8, respectively.
[6132]
Subsequently, the abcve-described phosphorus
20 pentafluoride gas containing hydrogen f£lucride was fed to the
tower bottom of the second absorption tower 5 at a rate of 5.5
g/minute. This phosphorus pentaflucride gas was made to be
absorbed in an organic solvent for 2 minutes, and feeding of

lithium fluoride to the second vesgsel 6 was started at a rate

25 o©f 1.13 g/minute. Sixty minutes after starting of feeding of
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machine to obtain a non-aqueous electrolyte lithium ion secondary battery. Subsequently, charging
was performed at a constant current of 0.4 mA and, when the voltage reached 4.1 V, charging was
performed at a constant voltage of 4.1 V for 25 1 hour. Discharging was performed at a constant
current of 1.0 mA until the voltage reached 3.0 V. When the voltage reached 3.0 V, after maintaining
the battery at 3.0 V for 1 hour, a charge/discharge test was carried out by charge/discharge cycle. As a
result, the charge/discharge efficiency was around 100%, and charging and discharging were repeated

for 150 cyglesyAsa resyll thechargecapacty did not change. 143 (Example 10) Fiist the same

operation as in Example 8 was performed 10 to produce a PF5gas containing a very small amount of

HF. Next, the felloyving/eReratiens wareperiormed ising:the apparatus shovwkin FighZ: €ommercially
available diethyl carbonate containing moisture mixed therein (the moisture concentration: 550 ppm by
weight) of erkatterygradewassplaceddn artirgt vesseklb2rand srsecopd vessebhegach Heing made of
a fluorcresin, in the amount of 2,603 mL each, and then a circulating operation in each absorption
tower andavessebwas dgtartédnising pumpsadand 1% Attthis timéethe fldwietel ohtheofiunips 3 and 7
was adjusted to 1 L/minute each. The first vessel 2 and the second 20 vessel 6 were respectively
maintained @i atconstéant tehparature DIROC sigingcd firbt Tefrigetaer Ziamdt asdevond véfrigerator 8,
respectively. [0144] Subsequently, the above-described phosphorus 25 pentafluoride gas containing
hydrogen flaoifde s fdiktd fieond absorption tower 5, followed by continuous

operation.
[0133]
2,947.5 g of the solution was continuously fed to the
10 deaeration tower 9 by continuous operaticn for 60 minutes and
the excess phosphorus pentafliuoride gas dissolved in the
solution was distillied off by deconmpressiocon by the air pump 12.
After distillation, 2,911.5 g of a solution of lithium
hexafluorophosphate was taken out of the third vessel 10.
15 Furthermore, accompanying diethyl carbonate and EF were removed
from the distilled phosphorus pentaflucride gas by the
condenser 13. Thereafter, a phosphorus pentaflucride gas was
made to be absorbed by bubkling into the absorption solution
mixed with a separately prepared diethyl carbonate sclution,
20 followed by cocllection.
[0134]
The thus obtained diethyl carbonate soluticon of lithium
hexafluorophosphate contained 10 ppm by weight or less of an
inscluble component, 10 ppm by weight or less of free acid and

25 10 ppm by weight or less of moisture. Diethyl carbonate was
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tower bottom of the second absorption tower 5 at a rate of 5.5 g/minute. This phosphorus pentafluoride
gas was made to be absorbed in an organic solvent for 2 minutes, and feeding of lithium fluoride to the
second vessel 6 was started at a rate 5 of 1.13 g/minute. Sixty minutes after starting of feeding of
lithium fluoride, takeout of the product was started at a rate of 44.9 ml/minute. Simultaneously with
takeout of the product, the organic solvent was fed to the first absorption tower 1 at a rate of 43.4
ml/minute and also the object of feeding of the 10 solution by the pump 3 was switched from the first

absorptiogsli%‘%%]léodt%%%e}ggnge%%%ﬂ{g%%%5%“%6@14‘3@8@8%% 'Hk”é‘&‘-ﬂtﬁf%%@g%a[@%%] 2,947.5

g of the solution was continuously fe e 15 deaeration tower 9 by continuous operation for 60

minutes apg fie %%e%sfp%%%;s I%SQ%?SE%Q%AQB; gé%%ﬂ:vgd'@ig thesolution was gistilled off by

decompression by the air pump 12. After distillatio 1.5 g of a solution of lithium

hexafluorgphosphate was taken gut etthe third yesseh 10,20 Eusthenmore, accompanying diethyl
carbonate and HF were removed from the distilled phosphorus pentafluoride gas by the condenser 13.

Thereaftetta:phosphorys peatafiuoridesgas.was tnade t0 beabsereed by bubbling o the absorption
solution mixed with a separately prepared diethyl carbonate solution, 25 followed by collection. [0146]
The thus gbtai®ed diethyl carbonate solution of lithium hexafluorophosphate contained 82 ppm by
weight of an insoluble component and 380 ppm by weight of free acid.
(Example 9)
First, the same operation as in Example 8 was performed
to produce a PFs gas containing a very small amount of HF. WNext,
the following operations were performed using the apparatus
10 shown in Fig. 2. Commercially available diethyl carbonate of
a battery grade {(the moisture concentraticn: 92 ppm by weight)
was placed in a first vessel 2 and a second vessel 6, each being
made of a flucroresin, in the amount of 2,603 mL each, and then
a circulating operaticn in each absorption tower and vessel was
15  started using pumps 3 and 7. At this time, the flow rate of
the pumps 3 and 7 was adjusted to 1 L/minute each. The first
vessel 2 and the second vessel 6 were respectively maintained
at a constant temperature cof 20°C using a first refrigerator
4 and a second refrigerator 8, respectively.
20 [0136]
Subsequently, the above-described phosphorus
pentaflucride gas containing hydrogen fluoride was fed to the
tower bottom of the second absorption tower 5 at a rate of 5.5

g/minute. This phosphorus pentafluoride gas was made to be

25 absorbed in an organic solvent for 2 minutes, and feeding of
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5[0147] In the same manner as in Example 9, a coin type non-aqueous electrolyte lithium ion
secondary battery was fabricated using a diethyl carbonate solution of lithium hexafluorophosphate. In
the same manner as in Example 7, performance as the 10 electrolytic solution was evaluated by a
charge/discharge test. As a result, the charge/discharge efficiency was 80%, and charging and
discharging were repeated for 150 cycles. As a result, a decrease in charge capacity was suppressed
to around 20%. 15[0148] (Comparative Example 1) In a 5 L reaction vessel made of PFA, 200 g of

KPF6 an%l%%q%a@%%@ya@'%eévegﬁeolég%%ﬁa%@segMtheawg@tg%gftééeearfeagtismssse' was

connected to a reflux tower (20mm(l) x 20 2 m) made of SU5316. Furthermore, the upper portion of

the reflux tower was copnggted to an gﬁggrmm;\&eééeaﬁeet@igmmggvat@r@@%ﬁd@iem- The PFA
reaction vessel was maintained at 15C in an ice bath and, at the same time, the reflux tower was

cooled with frine at QG curthrrmere, e 257 eagiensolidionvas stisredreya magaetigiséirrer. The
internal temperature of the reaction vessel was 14.2C, and boiling of the reaction solution did not occur
and refluxafas Hop ekisenedsinethis state.1[0448hAfler ¢haunsa RP<nuhecdbsarptiarvsalation of the
absorption vessel was analyzed by ICP-AES and the weight of the generated PFs gas determined. As
a resilt, thenweighi avaisc0 gpavend gesswasdyarerabed first absorption tower 1 at

a rate of 32.5 ml/minute and also the cbject of feeding of the

sclution by the pump 3 was switched from the first absorption

tower 1 to the second absorption tower 5, followed by continuous

cperation.

10 [0137]

2,380.4 g of the sclution was continucusly fed to the
deaeration tower 9 by continuous operation for 60 minutes and
the excess phosphorus pentafluoride gas dissolved in the
solution was distilled off by decompression by the air pump 12.

15 After distillaticn, 2,350.5 g of a solution of lithium
hexafluorophosphate was taken out ¢f the third wvessel 10.
Furthermore, accompanying diethyl carbonate and HF were removed
from the distilled phosphorus pentafluoride gas by the
condenser 12, Thereafter, a phosphorus pentafluoride gas was

20 made to be absorbed by bubbling into the abscrption solution
mixed with a separately prepared diethyl carbonate solution,
followed by collection.

[0138]

Furthermore, 709.5 g of ethylene carbonate {the moisture

25 concentraticn: 7 ppm by welght) was added to 2,350.5 g of the

61



[0150] 10(Comparative Example 2) In the present Comparative Example 2, lithium
hexafluorophosphate was manufactured using the apparatus shown in Fig. 2. First, commercially
available diethyl carbonate of a 15 battery grade (the moisture concentration: 9 ppm by weight) was
placed in a first vessel 2 and a second vessel 6, each being made of a fluororesin, in the amount of
2,603 mL each, and then a circulating operation in each absorption tower and vessel was started using
pumps 3 and 7. At this time, the flow rate of 20 the pumps 3 and 7 was adjusted to 1 L/minute each.

The first vessel % and the.second vessel 6 were respectively maintained at a constant temperature of
20C usingra({3 firs Fe r(ljgcer('g g’?C %gd %las-j:egé%F%Itr&aéfrisg%irgt%:rL %?reagj%pig%gi%lﬁ] 25Next, the

i -containgphosphesianiaiieride 9gs ptaied L EXAMPLE, Luias.fed J9 S fawer bottom of

the second absorption tower 5 at a rate of 5.5 g/minute. This“phosphorus pentaflu rldeengGas was made

to be absqrbed in. ar organic selventfer 2 minytes..and-feeding of lithium.fluoride to.the second 5

vessel 6 was started at a rate of 1.34 g/minute. Sixty minutes after starting of'feeding of lithium
fluoride, the-secandrabsosption towes Shwas oealuded with slyrmydikgithium fiuoride, whigh made the
operation difficult. [0152] 10(Comparative Example 3)
5 insoluble component, 10 ppm by weight or less of free acid and
10 ppm by weight or less of moisture.
[0139]
Using the solution thus obtained, the cein type
non-agqueocus electrelyte lithium secondary battery shown in Fig.
10 4 was manufactured and then performance as an electrolytic
solution was evaluated by a charge/discharge test.
Specifically, the test was performed by the following
procedure.
[0140)
15 <Fabrication of negative electrode>
Natural graphite and peclyvinylindene fluoride {PVdF) as
a binder were mixed at a.weight ratio of 9:1 and N-methyl
pyrrolidone was added thereto to cbtain a paste. This paste
was uniformly applied to a 22 um thick copper foil using an
20 applicator for electrode cecating. This coated foil was vacuum
dried at 120°C for 8 hours and a negative electrode 22 having
gz diameter of 16 mm was obtained by an electrode punching
machine.
(01413

25 <Fabricaticn of positive electrode>
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The present example is an example showing a conventional example described in Patent Document 4.
In a 5 L reaction vessel made of PFA, 790 g (9.4 mol) of polyphosphoric acid was added and 1,235 g
(61.7 mol) of 15 anhydrous HF was added under stirring while maintained at 25C with cooling.
Furthermore, 150 g of anhydrous HF was added to obtain 25% excess HF in the solution. The reaction
vessel was connected to a reflux tower (cooled to -50C) and 1,781 g (14.5 mol) of fuming sulfuric acid
(65% SO3) was added over 3 hours 20 while maintaining the temperature at 32C, and then the

generated gas wa%%r&aé% (BLIR. Aé eaﬁrff%% I%%I;% ﬁoans'gaénggnad\ﬁ%@isvrgaguaxqa%né rof P [0153]
(Results) 25As is apparent? m Exan’”lpﬁes %y ringing a carrier gas into contact With various

raw materigla:having a phosphoris-ajom and a fluarine, afpm gr. variqus rawy raterials haying a

phosphorus atom, high-quality phosphorus pentafluoride was’extracted and separated in the

above-desgribed garrigrgas 15 Ehus it wvas genfirmed that high-quality phasphorus pentafiuoride can
be manufactured without generating a large amount of a by-product gas as compared with a
conventiona Mmethed: D124} 10AsHs apparenifton Examalesy 16,10 ithiUMopper foil
5 using an applicator for electrode coating. This coated foil
was vacuum dried at 12C°C for 8 hours and a positive electrode
21 having a diameter of 16 mm was obtained by an electrode
punching machine.
[0142]
10 <Fabrication of coin type non-aqueous electrolyte lithium ion
secondary battery>
The positive electrode 21 was disposed on the bottom face
of a positive electrode can 24 and a porous separator 23 made
of polypropylene was disposed therecn, and then the non-agueous
15 electrolytic solution prepared in Example 8 was injected and
a gasket 26 was inserted. On the separator 23, the negative
electrode 22, a spacer 27, a spring 28 and a negative electrode
can 25 were subsequently disposed, and then sealing was
performed by folding an opening portion of the positive
20 electrode can 24 inward using a coin type battery caulking
machine to obtain a non-aqueous electrolyte lithium ion
secondary battery. Subseguently, charging was performed at a
constant current of (0.4 mA and, when the voltagé reached 4.1
V, charging was performed at a constant voltage of 4.1 V for

25 1 hour., Discharging was performed at a constant current of 1.0
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hexafluorophosphate was manufactured by using a phosphorus pentafluoride gas obtained by the
manufacturing method of the present invention as the raw material, thus making it possible to
manufacture high-quality lithium hexafluorophosphate with 15 low moisture content and high purity by
a comparatively simple method. Furthermore, lithium hexafluorophosphate obtained by the method
was applied to an electrolytic solution of a coin type non-aqueous electrolyte lithium ion secondary
battery, and thus, it was confirmed that it is possible to obtain a lithium 20 ion secondary battery in

which a d r%ﬁﬁjg %Ikaéglgl_gl %ﬁ%%{; ]%%%%%85%‘?% eyen %@%%cpgreqiggfpg 's%%rgggaare repeated.

INDUSTRIAL cording to the present invention, it s possible to

manufactyre,inexpensive apd nigh-guality phesphorusientafiuotide with:low Maigyre concentration

and high purity without requiring a complicated treatment operation and a special device, using a

low-qualityyaw fBateriab Htis alspb passible-te easiivmanufactre Ay mexpensiye andhigh-quality
hexafluorophosphate without using a complicated device, using high-quality phosphorus pentafluoride
obtained by the presant invertion as ¢Jan materiatThe highteualityhexaflbotophasphate obtained by
the present invention can be 10 suitably used in an electrolytic solution for an electricity storage
device, a gatalystsfor angrgadicl synthesis Yeactiercand e liked Amongbthecexafkioroplsosphates,
lithium hexafluorophosphate, sodium hexafluorophosphate and potassium hexafluorophosphate can
be used as areelethrolytérof thetantricigrstoidge dévicesfor peesural computers, potable phones and
hybrid cars. Also, silver hexafluorophosphate can be utilized as counter ions that generate an acid
required foP 1431

(Example 10)
?irst, the same operation as in Example 8 was performed
10 toproduce a PFs gas containing a very small amount of HF. Next,
the following operations were performed using the apparatus
shown in Fig. 2. Commexclally available diethyl carbonate
containing moisture mixed therein (the molsture concentration:
55C ppm by welght) of a battery grade was placedin a first vessel
15 2 and a second vessel 6, each being made of a fluororesin, in
the amount of 2,603 mlL each, and then a circulating operaticn
in each absorption tower and vessel was started using pumps 3
and 7. At this time, the flow rate of the pumps 3 and 7 was
adiusted to 1 L/minute each. The first vessel 2 and the second
20 vessel 6 were respectivelymaintained at a constant temperature
of 20°C using a first refrigerator 4 and a second refrigerator
B, respectively.
[0144]
Subsequently, the above-described phosphorus

25 pentafluoride gas containing hydrogen fluoride was fed to the
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initiation and growth reactions in photopolymerization. Furthermore, ammonium hexafluorophosphate
Is useful as a raw 20 material that is used in the manufacture of a pharmaceutical intermediate.
DESCRIPTION OF LETTERS OR NUMERALS [0156] 251First absorption tower 2First vessel 3Pump
4Refrigerator 5Second absorption tower 5 6Second vessel 7Pump 8Refrigerator 9Deaeration tower

tower bhottom of the second absorption tower 5 at a rate of 5.5
g/minute. This phosphorus pentafluoride gas was made toc be
absorbed in an corganic solvent for 2 minutes, and feeding of
lithium fluocride to the second vessel 6 was started at a rate
5 of 1.13 g/minute. Sixty minutes after starting of feeding of
1ithiunafluorid@,ltakeout ¢f the product was started at a rate
of 44,9 ml/minute. Simultaneouslywith takeout of the product,
the organic solvent was fed to the first absorption tower 1 at
a rate of 43.4 ml/minute and aiso the cbject of feeding of the
16 soluticn by the pump 3 was switched from the first absorptiocon
tower 1 te the second absorption tower 5, followed by continucus
operation.,
[0145]
2,947.5 g of the solution was continuously fed to the
15 deaeratiocn tower 9 by continuous operation for 60 minutes and
the excess phosphorus pentafluoride gas dissclved in the
sclution was distilled off by decompression by the alr pump 12.
After distillation, 2,911.5 g of a solution of lithium
hexafluorophosphate was taken out of the third vessel 10.
20  Furthermore, accompanying diethyl carbonate and HF were removed
from the distilled phosphorus pentafluoride gas by the
condenser 13. Thereafter, a phosphorus pentafluoride gas was
made to be absorbed by bubbling intc the absorption solution
mixed with a separately prepared diethyl carbonate sclution,

2> followed by collection.
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10Third vessel 10 12Air pump 13Condenser 21Positive electrode 22Negative electrode 23Porous
separator 15 24Positive electrode can 25Negative electrode can 26Gasket 27Spacer 28Spring
CLAIMS

[0146]

The thus obtained diethyl carbonate solution cof lithium
hexafluorophosphate contained 82 ppm by weight of an insoluble
compeonent and 380 ppm by weight of free acid.

5 [0147]

In the same manner as in Example 9, a coln type non-agqueous
electrolyte lithium ion secondary battery was fabricated using
a diethyl carbonate solution of lithium hexaflucrophosphate.
In the same manner as in Example 7, performance as the

10 electrolyticsolutionwas evaluatedby a charge/discharge test.
As a result, the charge/discharge efficiency was 80%, and
charging and discharging were repeated for 150 cycles. As a
result, a decrease in charge capacity was suppressed to around
20%.

15 [0148]

(Comparative Example 1)

In a 5 L reaction vessel made of PFA, 200 g of KPFg and
200 g of anhydrous HF were placed, together with a rotator, and
the reaction vessel was connected to a reflux tower (20mmd x

20 2 m) made of 35US316. Furthermore, the upper porticn of the
refluxg tower was connected to an absorption vessel containing
pure water by PFA piping. The PFA reaction vessel was
maintained at 15°C in an 1lce bath and, at the same time, the
reflux tower was cooled with brine at 0°C. Furthermors,. the

25 reacticn solution was stirred by a magnetic stirrer. The
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1. A method of manufacturing phosphorus pentafluoride, wherein 5a raw material which comprises at
least a phosphorus atom and a fluorine atom is brought into contact with a carrier gas, thereby a
phosphorus pentafluoride is extracted and separated into the career gas. 102. The method of
manufacturing phosphorus pentafluor de according to claim 1, wherein the fluorine atom in the raw
material is contained in the form of hydrogen fluoride. 3. The method of manufacturing
phosphorus pentafluoride 15 according to claim 1, wherein a hydrogen fluoride gas is used as the

carrier 9as, .. 4. The methiod ofmanyfaciying phasphorus peniaflugride agegiding (o, diaim 1,
wherein the phosphorus péentatluoride is 20 generated by evaporating he phosphorls pentafluoride

together wifh & hygdrogendiuoride.gas by, heating or degompigssing.of the raw.matefial.,o5 5. The
method of manufacturing phosphorus penta fluoride 25 according to claim 1, wherein at least a

polyatomigiof gertainiagaphospherus-atem, and a fluorine atom exists in the raw material after
being contacted with the carrier gas. 6. The method of manufacturing phosphorus pentafluoride
5 accordingtb4ddim 5, wherein the polyatomic ion contains at least a PF ion.
5 After 4 hours, P in the absorption sclution of the
absorption vessel was analyzed by ICP-AES and the weight of the
~generated PF; gas determined. As a result, the weight was 0
g and no gas was generated.
[0150]
10 {Comparative Example 2)
In the present Comparative Example 2, lithium
hexafluorophosphate was manufactured using the apparatus shown
in Fig. 2.
First, commercially available diethyl carbonate of a
15 battery grade (the moisture concentration: 9 ppm by weight) was
placed in a first vessel 2 and a second vessel 6, each being
made of a flucroresin, in the amount of 2,603 mL each, and then
a circulating operation in each absorption tower and vessel was
started using pumps 3 and 7. At this time, the flow rate of
20  the pumps 3 and 7 was adjusted to 1 L/minute each. The first
vessel Z and the second vessel € were respectively maintained
at a constant temperature of 20°C using a first refrigerator
4 and a second refrigerator 8, respectively.
[0151]

25 Next, the HF-containing phosphorus pentafluoride gas
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7. The method of manufacturing phosphorus pentafluoride according to claim 1, wherein the raw
material is reused after 10 generating the phosphorus pentafluoride. 8. A method of
manufacturing phosphorus pentafluoride, comprising the step of: contacting a raw material that
contains at least a phosphorus atom with a hydrogen fluoride gas, which 15 functions as a carrier gas,
to extract and separate the phosphorus pentafluoride into the hydrogen fluoride gas. 9. The
method of manufacturing phosphorus pentafluoride according to claim 8, wherein at least a polyatomic

lon 20 CO%@E@@&%&%%}A@%@ ?gg #ﬁ%@%@%%@@ i theraw mategial after heing

contacted with the carrier gas. e method of manufacturing phosphorus pentafluoride

accordingtoclaim 8 Jwhersia the palyatomicdon 2% centging gtleast alPR6- i sphordd. The
method of manufacturing phosphorus pentafluoride according to claim 8, wherein the raw material is
reused afiesgeneratingithe phespheruspentafluaside, S rbed in an organic solvent
for 2 minutes, and feeding of lithium fluocride to the second
5 vessel 6 was started at a rate of 1.34 g/minute. Sixty minutes
after starting of feeding of lithium fluoride, the second
absorption tower 5 was occluded with slurry-like Iithium
fluoride, which made the operation difficult.
[0152]
10 (Comparative Example 3)
The present example is an example showing a conventional
example described in Patent Document £.
In a 5 L reaction vessel made of PFA, 790 g (9.4 mcl) of
polyphosphoric acid was added and 1,235 g (61.7 mol) of
15  anhydrous HF was added under stirring while maintained at 25°C
with cooling. Furthermore, 150 g of anhydrous HF was added to
obtain 25% excess HF in the solution. The reaction vessel was
connected to a reflux tower (cooled to -50°C) and 1,781 g {14.5
mol) of fuming sulfuric acid (65% S03) was added over 3 hours
20 while maintaining the temperature at 32°C, and then the
generated gas was analyzed by FTIR. As a result, POF; contained
a very small amount of PFs.
[0153]
{Results)

25 As is apparent from Exampies 1 to 5, by bringing a carrier
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12. A method of manufacturing hexafluorophosphate, comprising the step of: reacting fluoride with
phosphorus pentafluoride obtained by the method of manufacturing phosphorus pentafluoride of Claim
1 according to the following 10 chemical reaction scheme, [Chemical Formula 1] sPFs AF sA(PFs),
wherein s is in the range ofs 3, and A is at least one member  selected from the group consisting of
Li, Na, K, Kb, Cs, NH4, 15 Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe. 13. The method of
manufacturing hexafluorophosphate according to claim 12, wherein the reaction of phosphorus

pentafluoridewiththe-flugride.comprisgs; 20a Jirst gtep o disgalving 8 phospheryspentafuoride gas in

a solvent; a second step of adding a fluoride to the solvent in the amount, that is stoichiometrically

equivalenterdgss thanthat obphesphorus pestafivatidends pragduee:a SORKIOE H2bing =
hexafluorophosphate; and a third step of circulating the solution of the hexafluorophosphate to

the first stepctherehy dissalving enphosphaing pentafiuerte gas ipthecsdltion-athewas
hexafluorophosphate in place of the solvent.
extracted and separated in the above-described carrier gas.
5 Thus, it was confirmed that high-gquality phosphorus
pentafluoride can be manufactured without generating & large
amount of a by-product gas as compared with a conventional
method.
[0154]

10 As is apparent from Examples 7 to 10, lithium
hexafluorophosphate was manufactured by using a phosphorus
pentaflucride gas obtained by the manﬁfacturing method of the
present invention as the raw material, thus making it possible
to manufacture high-quality lithium hexafluorophosphate with

15 low moisture content and high purity by a comparatively simple
method. Furthermore, lithium hexafluocrophosphate obtained by
the method was applied to an electrolytic solution of a coin
typenon-aqueouseiectrolytelithiumionsecondaxybattefy,and
thus, it was confirmed that it is possible to cbtain a lithium

20 ion secondary battery in which a decrease in charge capacity

is suppressed even when charging and discharging are repeated.

INDUSTRIAL APPLICABILITY
[0155]

25 According to the present invention, it is possible to
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5 14. The method of manufacturing hexafluorophosphate according to claim 13, wherein a
hydrogen fluoride solution is used as the solvent. 1015. The method of manufacturing
hexafluorophosphate according to claim 13, wherein an organic solvent is used as the solvent.

16. The method of manufacturing hexafluorophosphate 15 according to claim 15, wherein the organic
solvent is at least one member selected from the group consisting of nonaqueous organic solvents and
nonaqueous ionic liquids. 17. The method of manufacturing hexafluorophosphate 20 according

to claim 13, wherein a solvent in which watergogtienktl_i_scnot more tt‘utz{lg 1(%9 pEM by weight is used as

the solverﬁ%énu‘aciél.niahé” method of %%n%?actunrgg he*le?ﬂhorgpf?osp?\% eoaccording to claim 13,

h . . i d i i : . Th
wherein t%%ﬁ@é%ﬁ?%%?;lgzﬁg‘%ﬁ led $16p 23 ALe 6o B%E@Qe%{ﬂl%%ﬁ SQ%'%Q%%EM'C 19. The

method of manu exafluorophosphate according to claim 12, wherein unreacted

phosphorys pentafluorde gas among-hehaspheris-peniatiugride-gas-iss cellected by being

absorbed_ into an absorption solution and then be reused. 20. A method of manufacturing
hexafluorephosphate,conrising ke sten of; reacting-Huoride witbphpsphorus 10pentafiuoride

obtained by the method of manufacturing phosphorus pentafluoride of Claim 8 according to the
follovging eheysical ecactien sehemenufacture an inexpensive and high-quality
hexafluorophosphate without using a complicated device, using
high~guality phosphorus pentafluoride obtained by the present
invention as a raw material. The high-guality
hexafluorophosphate obtained by the present invention can be
10 suitably used in an electrolytic solution for an electricity
storage device, a catalyst for an organic synthesis reaction,
and the like. Amcng the hexaflucrcphosphates, lithium
hexafluorophosphate, sodium hexafluorophosphate and potassium
hexafluorophosphate can be used as an electrolyte of
15 electricity storage devices for personal computers, potable
phones and hybrid cars. Also, silver hexafluorophosphate can
be utilized as counter ions that generate an acid reguired for
initiation and growth reactions in photopolymerization.
Furthermore, ammonium hexafluorcphosphate is useful as a raw

20 material that is used in the manufacture of a pharmaceutical

intermediate.

DESCRIPTION OF LETTERS OR NUMERALS
[0156]

25 1 First aksorption tower
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[Chemical Formula 2] sPF5 + AFeA(PF5)5 15 wherein s is in the range ofs 8, and A is at least one
member selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al
and Fe. 21. The method of manufacturing hexafluorophosphate 20 according to claim 20,
wherein the reaction of phosphorus pentafluoride with the fluoride comprises: a first step of
dissolving a phosphorus pentafluoride gas in a solvent; a second step of adding a fluoride to
the solvent in the 25 amount, that is stoichiometrically equivalent or less than that of phosphorus
pentafluor'éde, to p{gdr%gg %gglgggn of hexafluorophosphate; and a third step of circulating the solution
of the hexafluorophosphate to the first step, thereby dissolving a 5 phosphorus pentafluoride gas in the
solution ofthe hexgflugrophosphate in place of the solvent. 22. The method of manufacturing
hexafluorophosphate according to claim 21, wherein a hydrogen fluoride solution is 10 used as the

solvent. 4 Refrigerator

5 Second absorption tower
5 6 Second vessel

7 Pump

8 Refrigerator

9 Degeration tower

10 Third vessel

10 12 Air pump
13 Condenser
Z21 Positive electrode

22 Negative electrode

23 Porous separator
15 24 Positive electrode can
25 Negative electrode can

26 Gasket
27 Spacer

28 Spring
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23. The method of manufacturing hexafluorophosphate according to claim 21, wherein an organic
solvent is used as the solvent. 24. The method of manufacturing hexafluorophosphate
according to claim 23, wherein the organic solvent is at least one member selected from the group
consisting of nonagueous organic solvents and nonaqueous ionic liquids. 25. The method of
manufacturing hexafluorophosphate according to claim 21, wherein a solvent in which water content is
not more than 100 ppm by weight is used as the solvent. 2526. The method of manufacturing
hexafluorophosphate according to claim 21, v&}ﬁ{ﬂ\r,psthe first step and the third step are conducted
using an absorption tower. 27. The method of manufacturing hexafluorophosphate 5 according to
claim 20, wherein the unreacted phosphorus pentafluoride gas among the phosphorus pentafluoride
gas is col lected by being absorbed into an absorption solution and then be reused. 1028. An

electrolytic solution compxisingdthedrexafivorephasphate ohtained by the methed of manufacturing

hexafluorophosphate of Claim 12. 29. An electricity storage device comprising the 15
electrolytigiselt#ion according to claim 28. 30. An electrolytic solution comprising the
hexafluorophosphate obtained by the method of manufacturing hexafluorophosphate of Claim 20. 20
5 a rawmaterial which comprises at least a phospherus atom
and a fluorine atom is brought into contact with a carrier gas,

thereby a phocsphorus pentafiuoride is extracted and

separated into the career gas.

10 2. The method of manufacturing phosphorus pentafluoride
according te claim 1, wherein the fluorine atom in the raw

material is contained in the form of hydrogen fluoride.

3. Themethod of manufacturing phosphorus pentaflucride
15 according to claim 1, wherein a hydrogen fluoride gas is used

as the carrier gas.

4. The method of manufacturing phosphorus pentafluoride

according to claim 1, wherein the phosphorus pentafliucride 1is

20 generated by evaporating the phosphorus pentafluoride together
with a hydrogen fiucride gas by heating or deccmpressing of the

raw material.

5. Themethod of manufacturing phosphorus pentafluoride

25 according to claim 1, wherein at least a polyatomic ion
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31. An electricity storage device comprising the electrolytic solution according to claim 30.

10

20

25

containing a phosphorus atom and a fluorine atom exists in the

raw material after being contacted with the carrier gas.

6. Themethod of manufacturing phosphorus pentafluocride
according to claim 5, wherein the polyatomic ion contains at

least a PFg ion.

7. The method ¢f manufacturing phosphorus pentafluoride
according to claim 1, wherein the raw material is reused after

generating the phosphorus pentaflucride.

8. A method of manufacturing phosphorus pentaflucride,
comprising the step of: contacting a raw material that contains
at least a phosphorus atom with a hydrogen flucride gas, which
functions as a carrier gas, to extract and separate the

phosphorus pentafluoride into the hydrogen fluoride gas.

9. The method of manufacturing phosphorus pentafluorids
according to claim 8, wherein at least a polyatomic ion
containing a phosphorus atom and a fluorine atom exists in the

raw material after being contacted with the carriler gas.

10. 7The method c¢f manufacturing phosphorus
pentafluoride according to claim 8, wherein the polyatomic ion

contains at least a PFg ion.
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10

20

25

11. The method of manufacturing phosphorus
pentafluoride according to c¢laim 8, wherein the raw material

is reused after generating the phosphorus pentafluoride.

12. A method of manufacturing hexafluorophosphate,
comprising the step of: reacting fluoride with phosphorus
pentafluoride obtained by the method ¢f manufacturing
phosphorus pentafluocride of Claim 1 according to the following
chemical reaction scheme,

[Chemical Formula 1]

sPFy + AFg — A(PFj5)s

wherein s is in the range of 1< s £3, and R is at least cone member

selected from the group consisting of Li, Na, K, Rb, Cs, NHg,

- Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe.

13. The method of manufacturing hexaflucrophosphate
according to claim 12, wherein the reaction of phosphorus
pentafluoride with the flucride comprises:

a first step of dissolving a phosphorus pentafluoride gas
in a sclvent:

a second step of adding a flucride to the solvent in the
amount, that is stoichiometrically eguivalent or less than that
of phosphorus pentafluoride, to produce a sclution of

hexaflucrcophosphate: and
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a2 third step of circulating the soluticn of the
hexaflucrophosphate to the first step, thereby dissolving a
phospheorus pentaflucride gas in the solution of the

hexafluorophosphate in place of the solvent.

14. The method of manufacturing hexaflucrophosphate

according to claim 13, wherein a hydrogen fluoride solution is

used as the sclvent.

15. The method of manufacturing hexafluocrophosphate
accerding to claim 13, wherein an organic solvent is used as

the solvent.

16. The method of manufacturing hexafluorophosphate
according to claim 15, wherein the crganic sclvent is at least
ong member selected from the grcup consisting of nonagueous

organic solvents and nonagueous ionic liguids.

17. The method of manufacturing hexafluorophosphate
according to claim 13, wherein a solvent in which water content

is not more than 100 ppm by weight is used as the solvent.

18. The method of manufacturing hexaflucrophosphate
according to claim 13, wherein the first step and the third step

are conducted using an absorption tower.
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12, The methecd of manufacturing hexafluorophosphate
according to claim 12, wherein the unreacted phosphorus
pentafluoride gas among the phosphorus pentaflucride gas is
collected by being abscorked into an absorption solution and then

be reused.

20. A method of manufacturing hexafluorophosphate,
comprising the step of: reacting fluoride with phosphorus
pentaflucride obtained by the method of manufacturing
phesphorus pentafluoride of Claim 8 according to the following
chemical reaction schems,

[Chemical Formula 2]

sPFs + AFy ~ BA{(PFg)s
wherein s is in the range of 1< s £3, and A is at least one member
selected from the group consisting of Li, Na, K, Rb, Cs, NHg,

Ag, Mg, Ca, Ba, Zn, Cu, Pb, Al and Fe.

21. The method of manufacturing hexafluorophosphate
according te claim 20, wherein the reaction of phosphorus
pentafluoride with the fluoride comprises:

a first step of dissclving a phosphorus pentafluoride gas

in a solvent:

a second step of adding a fluoride to the solvent in the

amount, that is steoichiometrically equivalent or less than that
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of phosphorus pentafluoride, to pfoduce a solution of
hexafiuorophosphate; and

a2 third step of circulating the solution of the
hexafluorcphosphate to the first step, thereby dissocolving a
phosphorus pentaflucride gas in the solution of the

hexafluorophosphate in place of the solvent.

22. The method of manufacturing hexafluorophosphate
according to claim 21, wherein a hydrogen fluoride solution is

used as the solvent.

23. The method of manufacturing hexafluorophosphate
accerding to claim 21, wherein an o¢rganic solvent 1s used as

the solvent.

24, The method of manufacturing hexafluorophosphate
according to claim 23, wherein the organic solvent is at least
cone member selected from the group consisting of nonagueous

organic sclvents and nonagueous ilonic liguids.

25. The method of manufacturing hexafluorcphosphate
accerding to claim 21, wherein a sclvent in which water content

is not more than 100 ppm by weight is used as the solvent.

26. The method of manufacturing hexafluorophosphate
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according to claim 21, wherein the first step and the third step

are conducted using an absorption tower.

27. The method of manufacturing hexafluorophosphate
according to claim 20, wherein the unreacted phosphorus
pentafluoride gas among the phosphorus pentaflucride gas is

collected by being absorbed into an absorption solution and then

be reused.

28, An electrolytic solution comprising the
hexafluorophosphate obtained by the method of manufacturing

hexaflucrcphosphate of Claim 12.

29. An electricity storage device comprising the

electrolytic sclution according to claim 28.
30. An electrolytic solution comprising the
hexafluorcphesphate obtained by the method of manufacturing

hexafluocrophosphate of Claim 20.

31. An electricity storage device comprising the

electrolytic soluticn accerding to claim 30.
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