DESCRI PTI ON Processes for Produci ng Phosphorus Tetrafl uoride and Phosphate
Hexa fl uoride TECHNI CAL FI ELD [ 0001] The present invention rel ates
to processes for produci ng phosphorus pentafluoride and a phosphate
hexaf | uori de, and nore specifically to a process for produci ng phosphorus
pentafl uoride, which is used as a raw material of a phosphate hexafl uori de,
and a process for producing a phosphate hexafl uoride, which is useful as an
electrolyte for a battery or celldgsckIzatialyst f or or gani csynt hesi sreacti on,
or the Iike. BACKGROUND ART [0002]

Processes for Producing Phosphorus Tetrafluoride and Phosphate

Hexafluoride

TECHNICAL FIELD
(0001}

The present invention relates to processes for producing
phosphoxuspentafluorideandﬁaphOSphatehexafluoride,éndnmre
specifically to a process for preducing phosphorus
pentafluoride, which is used as a raw material of a phosphate
hexafluoride, and a process for producing a phosphate
hexafluoride, which is useful as an slectrolyte for a battery

or cell, a catalyst for organic synthesis reaction, or the 1ike.

BACKGROUND ART
(00021

As a conventional process for producing a phosphate
hexafluoride, for example, a process for producing LiPfs may
be a process of disscolving lithium chloride inhydrogen fluoride
and then adding, thereto, phosphorus pentachloride (Non-Patent
Document 1 described below). In this process, phosphorus
pentachloride is added directly to hydrogen fluoride. Since
phosphorus pentachloride has strong hygroscopic preperty,
phosphorus pentachloride contains water contained originally

therein and water absorbed from air at the time of the addition.



As a conventional process for producing a phosphate hexafluoride, for
exanpl e, a process for producing Li PF6 may be a process of dissolving
lithiumchloride in hydrogen fluoride and then adding, thereto, phosphorus
pent achl ori de (Non-Patent Docunent 1 described below). In this process,
phosphorus pentachloride is added directly to hydrogen fluoride. Since
phosphorus pentachl ori de has strong hygroscopi c property, phosphorus.

pent achl o ide. gant.alns et et coont alned ori gl gl yaiber ela, and at er

absor be émair at the time of the a tion’ ontfai s tHe waters,

ther eby . b%hng80§%§9hX%%gd?TQHEHeQS Lh Boem oxvILyoride,such as Li POFA i

generate& r'to so ve such a pro%ren1 for exanpl e,

Pat ent Qﬁ%g | described bel ow di scl oses a nmethod of cooling a gas
gener at ed “by - reactlon bet ween phosphorus pentachl ori de and hydrogen
fluoride into_the range from-40 to -84C tg remve phos horus ox fluoride,
and then introdueifg*t he aaév n?BCHyar8§8ﬁ Eluorifde SEATRREC h FRFERIFUm
fluoride is dissolved. [0004 ent Docunment 2 described bel ow

di scl osél§>’"é\m]@rnecés%esd?rfJatchb\ﬁeﬁ@wadbﬁ‘ééﬁﬁ@?u% kompourd aRet hyarofEdori ¢ aci d
to react. with each other to gfoduce phosphor us pentaflubrlde and

i nt r oducieng rele dphos PREEIS Ope REAMEEST PHE SPACGUE SEINGECER S6HLd& aPiuor i ne
conmpound i n anhydrous hydrofluoric acid, thereby produci ng a phosphate
hexaf | ueridde ceenpaoundidButther mbeeraPateAtoboedfrent 284t@atwes Admatveas t he
phosphorus conmpound, pals, PBr5, P255, or the like is used w thout using
any oxi aeaaphaxychkarifdecafl dehosphiotisn whitch dgicdesy watsergaas iatlyypr oduct .

[ 0005] As descri bed above, in conventional processes for producing
Li PF6, rg/dﬂ@e@pqmslmqfdet he mrodictiiamiwatierud:s danvial vedisdiherefore, there
is caused a problemthat a hydrol yzate produced on the basis of the water
results jignghe decrease of purity.

Patent Document 2 described below discloses a process of
allowing a phosphorus compeound and hydroflucric acid to react.
with each other tc produce phosphorus pentaflivoride, and
introducing the phosphorus pentafluoride into & solution of a
fluorine compound in anhydrous hydrofluoric acid, thereby
producing a phosphate hexafluoride compound. Furthermere,
Patent Document 2 states that as the phosphorus compound, PCls,
PBrs, P:S;, or the like is used without using any oxide or
oxychloride of phosphorus, which gives water as a byproduct.
00057

s described above, in conventional processes for
producing LiPFe, in the course of the production, water is
involwved; therefore, there is caused a prcblem that a
hydrolyzate produced on the basis of the water results in the

decresase of purity.



[ Pat ent Docunent JP- A- 60- 251109 [ Patent Docunent 2] Japanese Patent No.
2987713 [ Non- Pat ent Docunent Fl uori ne Chem stry Vol. 1 (1950) DI SCLOSURE OF
THE 1 NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0007]

[00086]
[Patent Document 1] JP-2-60-251109
[Patent Document 2] Japanese Patent No. 2987713
[Non~Patent Document 1] Fluorine Chemistry Vol. 1

{1950C)

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

In light of the problems, the invention has been made.
An object thereof is to provide a phosphorus pentafluoride
producing process wherein phesphorus pentafluoride is
separated/extracted from a pentavalent phosphofus compound or
a solution thereof, or a composition obtained by allowing the
pentavalent phosphorus compound or the scolution thereof to
react with hydrogen flucride, thereby producing phosphorus
pentafluoride; and a phosphate hexafluoride producing process
wherein the resulitant phosphorus pentafliucride is used as raw

material to produce a phosphate hexafluoride high in purity.

MEANS FOR SOLVING THE PROBLEMS
[0008]

In order to sclve the conventional problems, the
inventors have investigated processes for producing phosphorus

pentafluocride and a phosphate hexafluoride., As a result, the



In light of the problens, the invention has been made. An object thereof is
to provide a phosphorus pentafluoride produci ng process wherei n phosphorus

pentafl uoride is separated/ extracted froma pentaval ent phosphorus conpound
or a solution thereof, or a conposition obtained by allow ng the

pent aval ent phosphorus conpound or the solution thereof to react with

hydr ogen fl uoride, thereby produci ng phosphorus pentafl uoride; and a

phospha&ﬁvgﬁ%ef»g%vgefﬁ 0duSi NG PLOCcess wherLeincLh ebéegukggﬂgdpisgsphorus
pentafluoride is used as raw material to prdoduce a phosphate hexafluoride

hih T noUEEL Y, VEANSOFOR, S0 NG, THE, PROBLEVSLLO00E) | Bogrdet oto sol ve the

convention ventors have investigated processes for
produ0|T? Qg?sphorus pent af l uori de and a phosphate hexafl uoride. As a
result H i nventors have found out that the object can be attained by

adopting the followi ng means, and have made the, Inventon,, (9009

the present invention relates to a process for producing
phosphorus pentafliuoride, wherein a carrisr gas is brought into
contact with either of the following one: a pentavalent
phosphorus compeound, & solution thereof, or a sclution in which
a composition obtained by allowing the pentavalent phosphorus
compound or the solution thereof to react with hydrogen fluoride
is dissolved, thereby a phosphorus pentafluoride is extracted
into the careser gas.
[0010]

In the process, a carrier gas is brought into contact with
a pentavalent phosphorus compound or a solution thereof, or a
solution in which a composition obtained by allowing a
pentavalent phosphorus compound or & solution thereof to react
with hydrogen fluoride is dissolved, therebymaking it pessible

To separate phosphorus pentailuocride from the pentavalent
phosphorus compound or the like and extract the phosphorus
pentafliucride into the carrier gas. The phosphorus
pentafluoride contains no water, so as to be high in purity.
For this reason, the phosphorus pentaflucride is very good as

a raw material of a phosphate hexafluoride.

[0011]



That is, in order to achieve the above descri bed object, the present
invention relates to a process for produci ng phosphorus penta:iuoride,
wherein a carrier gas is brought into contact with either of the follow ng
one: a pentaval ent phosphorus conpound, a solution thereof, or a solution
in which a conposition obtained by allow ng the pentaval ent phosphorus
conpound or he solution thereof to react with hydrogen fluoride is

di ssol ved, thereb% a,g?os%horus$p%ntaf uor e is extracted,into the career
gas. [0010] - The AFYRETHPBCESsETE Earrier gad its thRbught it o cont act

wi th a pentaval ent phosphorus _conpound or a solution thereaof, or a solution
in whi cREIEERHES 16 obtaicRed Py Tal Fowiig S ferft SPRRETt- pIgs pifor us
conmpound or a solution thereof to react with hydrogen fluoride is

di ssol ved,sacHésshy ifakicageidy Fossieble X6 IS8 Faridie IBRESPISTFs pent af | uori de
fromthe pentaval ent phosphorus conpound or the |ike and extract the
phosphomss: tpentafliver icdde itwoethise eaitdi érygaszerTHe whosppharas tpent af | uori de
contains no water, so as to be high in purity. For this reason the
phosphorasp gperntsaafdngeribde uss peerte fgood ias: a Rawtimberiak, oizhanphosphat e
hexaf | uori de. [0011] In the invention of the above constitution

It is prefiarahbl eft hetdrthensalubirods in whiechotheieonpeséti bh, iisc dissol ved,

i s heated, thereby evaporating phosphorus pentafl uoi de gas together with
hydr ogen: filgipnilde: gas: 40 separatregphospher Use pent atlaier cderi At ddhis tine,

when the content of hydrogen fluoride in the, solutionis small, it is
al I onabl g, 4 o di-ssplte hydiegen Hd uonige gas as the carrier gas, and
subsequently heat the solution. [0012] In order to achieve the

above desgy-ijed object, the present invention relates a process for
produci ng a phosphate hexafl uoride, wherein phosphorus pentafluorlde

obt ai ned by t@§1Qﬁ@%ﬁ?%x>ﬁ&ﬁmﬂﬁﬂgu%kn kRQR§P gégiﬁgan§g;éggjq§w%ccording

toclaimlisallo to react with a uoride 1n accordance with the

fol | ow ng, chert al, reacti on, toLgul 4. dhes ey, Producl.g f he,phosetiat e

hexafluoride, wherein phosphorus pentafiuoride obtained by the
process for producing phesphorus pentafluoride according to
claim 1 is allowed %o react with a fluoride in accordance with
the following chemical reaction formula, thereby producing the

phosphate hexaflucride:

nPFs + Min — M(PFgin
wherein M represents any one selected from the group consisting
of Li, Na, ¥, Rb, Cs, NH; and Ag when n is 1, represents any
one selected from the group consisting of Ca, Mg, Ba, Zn, Cu
and Pb when n is 2, angd represents any one selscted from the
group consisting of 21 and Fe when n is 3.
[0014]

The phosphorus pentafliucride cbtained by the producing



[0013] nPF5 Me-h.M ( PF6) n wherein Mrepresents anyone selected fromthe
group consisting of Li, Na, K Rb, Cs, NH4 and Ag when n is 1, represents
any one selected fromthe group consisting of Ca, My, Ba, Zn, Cu and Pb
when n is 2, and represents any one selected fromthe group consisting of
Al and Fe when n is 3. [0014] The phosphorus pentafl uoride obtained by the
produci ng process | ess contains water and has higher purity as conpared
With phogphorus entaf | uori de qbtaingd Qg Convegtiopa%éQrOQUcing rocesses.
Thus, t & OGERer AEF O~ Ot & 1y A1z Al BF=al pRbSprhat e hexar CabFEdéCcan be
depressed. In short, atcording to the process, a phosphate hexafl uoride
whi ch doedinehosBREEME &eWéFgP95é9§ Q%&aﬁé‘@dhibg’h Bty 108F be produced.

[ 00151 It is preferable that the reaction between the phosphorus
pent af | wBIGoge LagdrhecFadr i d&iusat Theagtnt heti ol |vwrnyy S epszare SConduct ed
a first step of dissolving phosphorus pentafluoride gas in an organic

sol vent ,a phserohte Seep féficaddientpn Pe d4er o¥gani ¢ ISokvent,; adee:fdiggri de, the
anount of which is an anount stoichionetrically equivalent to the
phosphorwstpentafdaser, deghororetst beghfometide anbantidesssot lnam tehen st oi cb
metrically equival ent anount, thereby generating a solution of the
phosphat=: rhexaflyuericdendand sa rikinr gustiey efarcyel imgdedcsol uti on of the
phosphat e hexafluoride into the first step, thereby dissolving phosphorus
pent af | ugygadg gas in the solution of the phosphate hexafl uoride instead of
t he organi c sol vent.

It is preferable that the reaction between the phosphorus
pentafluoride and the fiuoride, at least the following steps
are conducted a fiﬁst step ¢f dissolving phosphorus
pentaflucride gas in an organic solvent, a second step of adding,
to the organic solvent, the fluocoride, the amount of which is
an amount stoichiometricelly eguivalent to the phosphorus
pentafluoride, or a stoichiometric amount less than the
stoichiometrically egqguivalent amount, thereby generating a
solution of the phosphate hexafluoride, and a third step cf
cycling the solution of the phosphate hexafluoride into the
first step, thereby dissclving phosphorus pentafiluoride gas in
the sclution of the phesphate hexafluoride instead of the
organic solvent.

[G016]

In general, a flucride is slightly soluble in any organic
solvent. Accordingly, when a fluoride is added to an organic
solvent before the absorption of phosphorus pentafluoride gas,

the fluoride turns into & slurry state. For this reason, at



[00161 In general, a fluoride is slightly soluble in any organic

sol vent. Accordingly, when a fluoride is added to an organi c sol vent before
t he absorption of phosphorus pehtafluoride gas, the fluoride turns into a
slurry state. For this reason, at the tine of the absorption of phosphorus
pentafl uoride, the inside of the apparatus is blocked with the fluoride in
a solid state so that the apparatus is hindered from bei ng operat ed.
However, according to the above-nentioned process, in the first step,
phosphord& gefteafducritdéfas ats i °dt RSO § MY @ orygariie sol¥ent, and
subsequently a fluoride is added to the organic solvent in the second step.
In this WasiosaCphespFate Trexes Faotdecss vsyrit REsi Zed-T ¥t K aryani€ sol vent
as shown in the above-nentioned chem cal reaction fornmula. Furthernore, the
addi t i onsaatourste ¢tiatthéehil apprideths asshondhredefricabtinequsadent. to
phosphorus pentafluoride or |less than the stoichionetrically equival ent
anount ; Hderefor ecctneinhol®tok didverd-ruort dene@acts ewst, hi phoasphor us
pent afl uoride. Asa result, a non-slurry-state solution of a phosphate

hexaf | uogt e, ithohittained parersgilncan denreact.ed fikgar edecdoes notoremai n.
This makes it possible to circulate the solution of the phosphate

hexaf | uoggten i At hen i r:5ia shepecardtdissolvuedphespher usapentaftueri de gas
in the solution of the phosphate hexafl uoride instead of the organic

sol vent {the thigd step)lin kReSBOFER aceOR di NG, 10 :th@ s3box e  Eat ) oned
process, various apparatuses including an absorption tower becone usabl e,

and furti@&aﬁ&&%&@ﬁ%“%yﬁ@%é@&&@@ of %é%%%raﬁgﬁaéé‘i%'én@%%ggﬁ%wﬂt_’uiai nabl e.

Thus, the productivity of the phosphate hexafl uoride can I nproved.
[0017] The ab Jé—ﬂéﬁé¥§g§aQQ!%ﬂkﬂﬁtr%g%tQEg@Qb%mﬁﬂgyen%uifh@%mgEQSt.e'ther
one of a honadueous organi ¢ solvent or a nonaddéous i'oni ¢ I'iquid. "This
makes itkggssible.tg absor b gpq:Iu¥f§oge§éafluorigeiMQEhog;vipdybing any
hydr ol ysi'sT %%%%%H%sﬁ%orus“peﬁta T uori de”or a° phosphat et fiexaftuoride i s
hydrol yzed, . produced are acidic natayigi§ _such _as_phosphat e oxyfl uoride,
hydr ogers BF 4G T: and BROSPIGYT T 3 Lop LoRpBnehtSSi neot uble i n t he
organi ¢ sol vent, such as a phosphates oxyfluoride and a phosphate. \Wen an
el ect r ol FEPECROPR T O RO & NG Res8 e di c T hat 8f Pafs O i"RSofubfe
conponents is used in an electricity accunul ating el enment, bad effects,
such as b fdsicern deahel @t Betieri B aER 6T b PEecti'e P6per LEeSsrearet
giventothe electricity accunulating elenent. It is therefore preferred to
use, as &hechryanreysorvent scausotvent whekepphehe toneéhtpaifoniaf water
is low From such a viewpoint, the concentration of water in the organic
sol vent pPstaieterdtseL0Gppmresciessibyoneighticeporet pregfzerabl §ni® ppm or
| ess by weight, and in particular preferably 1 ppmor |ess by weight.
makes 1t possible to circulate the soluticn of the phosphate

hexafluoride into the first step, and dissolve phosphorus
pentaflucoride gas in the sclution of the phosphate hexafluoride
instead of the organic solvent (the third step). In short,
according teo the above-mentioned process, varicus apparatuses
including an absorption tower become usable, and further a
continuocus coperation of a used apparatus becomss attainable.
Thus, the productivity of the phosphate hexafluocoride can be
improved.

[0017]



[ 0018] It is preferable that the first and third steps are
conducted, using an absorption tower. According to the produci ng process of
t he invention, phosphorus pentafluoride is dissolved in an organic sol vent
and a phosphate hexafl uoride solution and subsequently a fluoride is added
thereto; therefore, the systemdoes not turn into a slurry state.
Therefore, even if, for exanple, an absorption tower is used in the first

and third steps, ,the iEsLdg thggegf hs pre!eqte% fr%nkbqin%{bhch%d and a
continuous operatfoR“EheredtSi 5" fade &t CaCAabICe S A %4 ot eSulrt, *tRE
productivity of the phosphate bexafl| uoride can be inproved. %QOlQ]
| n or defifd echiieve & RENEREFEdesty i bed SohiEcts °F e preSBRPYF mAéntS on
rel ates anel ectrolyticsolut on, conprising a phosphate hexafl uoride
obt ai ned-isgitche Broeesadkedriprpabcingst ke pRESPRaPECRBRAF G0 de. [0020]
In order to achieve the above described object, the present invention
r el at es raTel aGtudGrc dey a6 Cnoultattinggelieme mny dofprdsing + h&héhectrol ytic
sol ution. Exanples of the electricity accunulating el ement of the invention
i ncl ude randddthium grrsecondaryicbatt er yrarmmbitdie [Hékmiluoride is
nydrolyzed, produced are acidic materials, such as phosphate
oxyfluoride, hydrogen fluoride, and phosphoric acid, or
components insoluble in the organic solvent, such as a
phosphates oxyfluoride and a phosphate. When an electrolytic
solution containing these acidic materials or inscluble
components is used in an electricity accumulating element, bad
effects, such as corrosion, and a deteriocration in elasctric
properties, are given to the electricity accumulating element.
It is therefore preferred to use, as the organic solvent, a
solvent wherein the concentration of water is low. From such
a viewpoint, the concentration of water in the organic scolvent
is preferably 100 ppm or less by weight, more preferably 10 ppm
or less by weight, and in particular preferably 1 ppm or less
by weight.
[0018]
It is preferable that the first and third steps are
conducted, using an abscrption tower. According to the

producing process of the invention, phosphorus pentaflucride

is dissolved in an organic solvent and a phosphate hexafluoride

[

sclution and subsequently a fluoride iz added thereto:



EFFECT OF THE | NVENTI ON [ 0021] The invention produces the follow ng
advant ageous effects through the above-nenti oned neans. [0022]

According to the invention, a carrier gas is brought into contact with a
pent aval ent phosphorus conpound or a solution thereof, or a solution in
whi ch a conposition obtained by | ow ng a pentaval ent phosphorus conpound
or a solution thereof to react with hydrogen fluoride is dissol ved;

t her ef or 7php§Rporus pent af | uori de contai ning no ter and havi ng high

pUT ity CalF e Drodiced SYRGFThErtioT €0 e phosphioruss 0Ty State.

Therefore, even if, for example, an absorption tower is used
inn the first and third steps, the inside thereof is prevented
from being blocked and a continuous operaticn thereof is made
attainable. As a result, the productivity of the phosphate
hexafluoride can be improved.

[0019]

In order to achieve the above described object, tThe
present invention relates an electrolytic solution, comprising
a phosphate hexaflucride obtained by the process for producing
the phosphate hexafluoride.

[0020]
In order to achieve the above described object, the

present invention relates an electricity accumulating element,
comprising the electrolytic solution. Examples ¢f the

electricity accumulating element of the invention include a

lithium~ion seconcdary battery and the like.
EFFECT OF THE INVENTION

The invention produces the following advantageous
effects through the above-mentioned means.
[cozz]

According to the inventicn, a carrier gas is brought into

contact with a pentavalent phosphorus compound or z soluticn



p ntafluoride obtained by the invention is used as a aw material to produce
a phosphate hexafl uoride, thereby nmaking it possible to render the produced
phosphat e hexafl uor de one that contains no hydrol yzate and has high
purity. BRI EF DESCRI PTI ON OF THE DRAW NGS [0023] [FIG 1]FIGs. 1(a) to 1(c)
are explanatory views, each of which schematically illustrates aprocess for
produci ng phosphorus pentafluorida according to an enbodi nent of the

i nvention. ; [FIG 2]FIG 2 is an explanatory view which schematically
i |1 ust r S ST apParatis ¥ orrpridgdutiing: & phHosphat el Hexaftaisrsdeaccor di ng
to an enbodi nent of the invention. [FIG 3]FIG 3 is an explanatory
vi ew whixhiowing a pentavalent pheosphorus compound or a solution

thereof to react with hydrogen flucride is dissolved; therefore,
phosphorus pentafluoride containing no water and having high

urit

ke
<

can be produced. Furthermore, the phosphorus

o]

sntafluoride obtazined by the invention is used as a raw
material to produce a phosphate hexaflucride, thereby making
it possible to render the preduced phesphate hexafluoride one

that contains no hydrolyzate and has high purity.

BRIEF DESCRIPTION OF THE DRAWINGS.
[0023]

[FIG. 1] FIGs. 1(a} to l{c) are explanatory views,
eadzofﬁhichschematicallyillustratesa;mocessforpmoducing
phosphorus pentefluoride according to an embodiment of the
invention.

[FIG. 2] FIG. 2 is an explanatory view which
schematically illustrates an apparatus for producing a
phosphate hexafluoride according to an embodiment of the
invention.

[FIG. 3] FIG. 3 is an explanatocry view which
schematically illustrates a cross section cof a lithium

secondary battery of the invention.

EXPLANATION OF REFERENCE NUMERALS

10



schematically illustrates a cross section of a lithiumsecondary battery
of the invention. EXPLANATI ON OF REFERENCE NUMERALS [0024] 1first
absorption tower 2first tank 3punp 4cool er

[C024]
1 first absorption tower
Z first tank
3 nump
4 cooler
5 second absorption tower
© second tank
b cump
8 cooler
9 degassing tower
10 third tank
1z ailr pump
i3 condenser
21 positive electrods
22 negative electrode
23 porous separator
24 positive electrode can
25 negative slectrods can
26 gasket
27 spacex
28 spring

BEST MODE FOR CARRYING OUT THE INVENTION
[0025]

With reference to FIGs. 1, an embodiment of the invention

—
!_.l



5second absorption tower 6second tank 7punp 8cool er 9degassi ng tower
10third tank 12air punp l1l3condenser

will be described hereinafter. FIGs. 1{a) tc lic) ars
explanatory views, each of which schematically illustrates an
apparatus for producing phosphorus pentafluoride according to
the embodiment. However, portions unnecessary feor the
description are omitted, and some porticns thereof are
illustrated with enlargement, reductiohn, or the like in order
to make the descriptiocon easy.
[0026]

The phosphorus pentafluoride producing process according
to the invention is conducted by bringing a carrier gas into
contact with a pentavalent phosphorus compound or a solution

thereof, or a solution in which a compeosition obtained by

u
|—
[

owing the pentavalent phosphorus compound or the solution

rt

hereof to react with hvydrogen fluoride i1s dissolved.
(60271

The pentavalent phosphorus compound may be in the state

E

<

of any one of liguid, gas and sblid. The compound may be
dissclved in water or an organic solvent to be used in the form
of a solution. The pentavalent phosphorus compound 1s not
particularly limited, and examples therecf include phosphorus
pentaocxide (P20s5), orthophosphoric acid (Hz:PO:), polyphosphoric
acid, metaphosphoric acid, pyrophosphoric acid, triphosphoric
acid, isodiphosphate, phosphenic acid, phosphinic acid,
phosphenic acid, diphosphonic acid, cyanophosphoric acid,

cyanophosphonic acid, diethyldithiophosphinic acid,



21positive el ectrode 22negative el ectrode 23porous separator 24positive
el ectrode can 25negative el ectrode can 26gasket 27spacer 28spring

chiorophenylphosphonic acid, trimethyl phosphate, o-methyl
phenvlselenophosphinate, pyrophosphonic acid, a phosphorus
oxyvhalide such as phosphorus oxychloride (POCl;), phosphorus
oxybromide (PCBrs), phosphorus oxyicdide (POIs) or phosphorus
oxyIiluoride (POF3), phosphorus pentasulfide {P;3:), phosphorus
thiofiuoride (PSF:}, trichlorophoesphinesuifide (PSCli),
phosphonitrile fluoride (PNFy), pheosphonitrile chloride
(PNCl;), phcsphorus pentachloride, phosphorus pentabromide,
phosphorus pentaiodide and the like. These phosphorus
compounds may be used alone or in combination of two or more
thereof.

[0028]

The pentavalent phosphorus compound may ke & compound
obtained by oxidizing a zercvalent or trivalent phospho:us
compound in a usual way. Examples of the zerovalent phosphorus
compound include white phosphorus, red phespheorus, black
phosphorus and the like. Examples of the Trivalent phosphorus
compound include phosphorus trichloride (PCl;), phosphorus

tribromide (PBri), phosphine {(PH;), prhosphorous acid and the

As hydrogen fluoride described above, anhydrous nydrogen
fluoride may be used as it 1ls, or may be dissolved in water,
an organic solvent, or a mixed solvent of water and an organic

sclvent to be used in the form cof a hydrogen fluoride solution.

'J
o)



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [0025] Wth reference to FIGs. 1,
an enbodi nent of the invention wll be described hereinafter. FIGs. 1(a)
to 1(c) are explanatory views, each ofschematically illustrates an
apparatus for produci ng phosphorus penta |uoride according to the

enbodi mrent. However, portions unnecessary for the description are omtted,
and sone portions thereof are illustrated with enlargenent, reAuctiot, or
the like_ in order tq nake the gescription easy

phosphord¥ BEnt aFFuori'de ‘ptotitict ng® process %%t%*‘r%?%ai]%ltiﬁétffﬂg%ﬁ onis
conducted by bringing a carrier gas_ into contact wth a pentaval ent
phos phortieTE0fp o FRETGE “a Esol utdvor ehere gty A v L Yottt ol i3 vl ch a
' conposi tion obtai ned by
industrial grade, a common grade, a semiconductor grade or the
like may be used as it is, or may be used in a state where the
concentration therecf is appropriately adiusted. Among them,
from the viewpoint of less amount of impurities, the use of the
semiconductor grade acid is preferred. From the viewpolnt of
costs, anhydrous hydrofluoric acid, the industrial grade acid
or the common grade acid 1s preferred. For the impurity
concentrations, the concentration of each metal impurity is
preferably 1000 ppm or less by weight.
[0030]
When the pentavalent phosphorus compound is used in the
formofeasolution,theconcentrationthereofiSpreferablyfrom
1 to 100% by weight. 1IIf the ccecncentration is less than 1% by
weight, a decrease Iin the yield may be causad.
{00311
The concentration of hydrogen flucride in the hydrogen
flucride solution 1s preferabiy in a range from 1 to 100% by
weight. If the concentration is lsss than 1% by weight, the
amount of impurities in the composition obtained is large. Thus,
a decrease in the productivity may be caused.
[0032]
It is sufficient that the proporticn of hydrogen fluoride

added to the pentavalent phosphorus compound is the chemical



al l owi ng the pentaval ent phosphorus conpound or the solution thereof to
react with hydrogen fluoride is dissolved. [0027] The pent aval ent
phosphorus conmpound nay be in the state of any one of liquid, gas and
solid. The conpound may be dissolved in water or an organic solvent to be
used in the formof a solution. The pentaval ent phosphorus conmpound is not
particularly limted, and exanples thereof include phosphorus pentaoxide
(P205), orthophosphoric acid ékBPCﬂ) . pol yphosphoric acid, netaphosphoric
aci d, pyEBpHospHor icE 86F G, t+ d}ﬂﬁsW%@%’éi%{oﬁ%d{%hé%ﬁa?%?mb%phoni c
aci d, phosphinic acid, phosphenic acid, diphosphonic acid, cyanophosphoric
aci d, cyanoprosphomt i, dithsdale hiophosphiai¢ akighosphorus

chl or ophenyl phosphoni ¢ acid, trinethyl phosphate, o-nethyl

phenyl setenophosphi datiss qusophosphonine acihe,r aaphesphoriis axyhal¢de such
as phosphorus oxychl ori de (POC13), phosphorus oxybom de (PO3r3), phosphorus
oxyi odi der{R043)cori phespharys, oxyfluds voea it PORIsuphdspherasdpéntmasul fi de
(P235), phosphorus thiofiuoiodu (PSF3), trichlorophosphinesul fide (123013),
phosphonid rih@ué4 0041 dei £N-2) . phosphonitrile chloride (PNCl2), phosphorus
pent achl ori de, phosphorus pentabrom de, phosphorus pentai odi de and the

|'i ke. Thesezphosphorus conpounds may be used al one or in conbination of two
or nore thereof. [0028] The pent aval ent phosphorus conmpound nmay be a

conpound obt aifed Hy.0xk di Zi ngy Bozerovahente O 1L 1 M3l ept o phospher us
compound in a usual way. Exanples of the zeroval ent phosphorus conpound

 nel ude LS. PRASRNOLUS LA AIASPIOMLS - DLack; fnasphosis. and 1t ke |1 ke.

Exanpl es e trivafent “phosphorus conpoun 1'ncl ude p osphor us

Lricht ord den P01 cphosahor s, 14 LA 08 (PRI or BRASRDLBR PR e
rhosphorus compound and a hydrogen flucride solution at the same
time, or a method of adding the both dropwise at the same time.
The method may be a method of putting, into a reaction container,
elither one of a solution ¢of the pentavalent phosphcerus compound
or a hydrogeﬁ fluoride solution in advance, and then adding the
other dropwise theresto.
[0034]

The temperature for the reaction between the pentavalent
phosphorus compound and hydrogen fluocride is not particularly
limited, and is preferably from -50 to 200°C. If the reaction
temperature is lower than -50°C, the composition may aggregate
or the reactlon may not easily advance. On the other handg, if
the reaction temperature is higher than 200°C, an especial
apparatus is reguired so that an inconvenience may be caused.
[0635]

The composition obtained by the reaction between the

15



As hydrogen fluoride descri bed above, anhydrous hydrogen fluoride may be
used as it is, or may be dissolved in water, an organic solvent, or a m xed
sol vent of water and an organic solvent to be used in the formof a
hydrogen fluoride solution. The hydrogen fluoride solution is not
particularly limted; for exanple, commercially available hydrofluoric acid
in an industrial grade, a conmon grade, a sem conductor grade or the like
may be used as it is, or may be used in a state where the concentration

t her eof P &p5r-opth D@I%Fhé?&}é&st’:éﬁpo FEheMIHFEER the' A &poitt of | ess
amount of inpurities, the use of the sem conductor grade acid is preferred.
From t hé SHIS[FBITRY 6F - cESE s @RAYEr obi8 Shyh bP ¥ Lot | et 8L tHeHdust ri al
grade acid or the common grade acid is preferred. For the inpurity

concent HatHWi%y, - itth€ sbacehtr ats on Hf3 eadtlE etald,i Apdretyoi sapd ef ersabl y 1000
ppmor |ess by weight. [0030] When t he pentaval ent phosphorus
conpounckrivs pgsed live thebeéor mMfra sgelat § ol he ttencenpratiiconnt hereof is
preferably from1l to 100% by weight. If the concentration is |less than 1%
by wei ghigmpeo deciemasenicaihhegydelldamy de sauseded[ D03 lthe groupThe
concentration of hydrogen fluoride in the hydrogen fluoride solution is

pr ef er ablampduradd ange-fomsh oy 200%- by oei ghor, IfHthe reaneentr.ati on is

| ess than 1% by wei ght, the anpbunt of inpUrities in the conposition

obt ai neds,ipg,angen, Hius H aodeareaseThs theppEodushi Mbyy= 1By De-Taused.
[ 0032]
a compound represented by a chemical formula POgFr wherein C
£g <2, L£r =5 andn is any positive number. More specific
examples thereof include PEs'nH,C, POF3-nHC, PO2F-nH,0 and the
like.
(00367
The solution obtained by the rmaction between the
pentavalent phospheorus compound and hydrogen fluoride is not
particularly limited. The content of oxygen atoms in the
composition is preferably 50% or less by weight, more preferably
30% or less by weight, and in particular preferably 20% or less
by weight. If the content of the oxygen atoms is more than 50%
by weight, & waste liguid obtained after phosphorus
pentafluoride is extracted with the carrier gas may become
large.
[0C37])
The content of phesphorus atoms in the solution i1s not
particularly limited, and is preferably 0.01% or more by weight

and 25% or less by weight, morepreferabply 0.01% crmore by weight

=
[e)



It is sufficient that the proportion of hydrogen fluoride added to the

pent aval ent phosphorus conpound is the chem cal equivalent or nore. If the
addition proportion is a chem cal equivalent or |less, a decrease in the

yi el d of phosphorus pentafluoride is caused. On the other hand, if the
addition proportion is too large, an unfavorable result is caused from an

i ndustrial viewpoint. [0033] The nmethod for allow ng the pentaval ent
phosphorus caonpound and hydrogen fluoride to react with_ea hH ot(ﬂ r.is, for
exanpl e,2% netthéd of SddainyShbth of™a $oIRAT ohCof i t'%r@pie?r’fagt?/aﬂ ent-°
phosphorus conpound and a hydrogen fluoride solution at the same tinme, or a
net hod off defishdt W 56tth 2dCopWirs 8L at ERe s aifE 1eife. ThetMetHIL Gy be a
met hod of putting, into a reaction container, either one of a solution of

t he pentaialhenphphpsphor B EEHEURRE D@ hydPdgehny Maicitde t86l s 6h in
advance, and then adding the other dropw se thereto. [0034] The

t enper atuf ecfarpitder a gacttiadn UWetiwee matvhelepdntaval ént tphospher usardnpound
and hydrogen fluoride is not particularly limted, and is preferably from
-50 to 20DE€neidortthe tir eachicorh ¢ enperat aremissi 3 owee tihan2550@, weheht,
conposition may aggregate or the reaction nmay not easily advance. On the

ot her hanige +:fsdche treagtion scenperat tibeai sehi ghermd hanc2006, nanvespeci al
apparatus is required so that an inconveni ence nay be caused. [0035] The

conposi t{en ebtainetkby fhesgeacid obbetweenahdehydrogen fluoride
beccmes high so that an inconvenience may be caused when the
solution is transported. Alternatively, gas 1s generated so
that an inconvenience may be caused.
[0038]

The carrier gas is preferably a gas inert to the sclution
in which the composition is dissolved. Specific examples
thereof include HF gas, N; gas, He gas, Ar gas, dry air, carbon
dioxide gas and the like. O©f these gases, HF gas is preferred
in the invention. Into HF gas may be incorporated one or more
of the other gases, which have been described zbove.

100391

For the carrier gas, the water content is 1% or lsss by
weight, more preferably 100 ppm or less by weight, and in
particular preferably 10 ppm or less by welght. If the water
content is more than 1% by welght, the water content in
phosphorus pentaflucride extracted also increases. When the
phosphorus pentafluoride is used as a raw material of a

phosphate hexafluoride, the contained water unfavorably causes

pot
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pent aval ent phosphorus conpound and hydrogen fluoride is represented by,
for exanple, the follow ng chem cal formula: HxPOyFznH20 wherein 1x3, 0 5
y4, 05 z 5.6, and n is any positive nunber. Mre specifically, the
conposition is a conposition containing at | east one selected fromthe
group of compounds represented by HPF6hH2C, HPOFenH20, HPO2F2. nH20,
H2PO3F. nH20, and H3PO4. nh20. The conposition may al so include a conpound
represent ed b% a_chem cal fonnuia ngFrgmhgyehn 0 <%g <21 5%§nd nis
any positi%/EHERBer OB & SPEEP {1t exdnmples PREFBOF “Frict tite  PF5: FiH0,
POF3. nH2, PQ2F-r.H20 and the like. [00.36] The sol ution obtained by
t he reac@ﬁﬁﬁ”betmeen t he pentaval ent phosphorus conpound and hydrogen
fluoride is not particularly limted. The content of oxygen atons in the
conposi ti oni spief BEablsy50941r Ires$: doynRef ght L eHo¥ &S préfceFabr§cB80% o | ess by
weight, and in particular preferably 20%or |ess by weight. If the content
of the oxXygerrlatoms: il: moreclt Hare 50%ays wel gint 1 s adwast-eved quf drobt ai ned
after phosphorus pentafluoride is extracted with the carrier gas nmay becone
| arge. [37cularly 1ikhecedntent iof phoSptorlus ah omsdimathey sodedion is
not particularly :baited, and is preferably 0.01% or nore by wei ght and 25%
or | ess dysveightd comrequrefierabiand or 0l%or fmre byswel ghttrated

in, for example, FIG. i{a}, the contact is attained by bubbling

the sclution in which the composition is dissolved with the

carrier gas. Phosphoruspentaflucoride extractedtogether with

the carrier gas hardly contains water therein. Thus, obtained

1s a material suitable as a raw material of a phosphate

nexafluoride.

[0041]

When HF gas is used as the carrier gas, as illustrated

in FIG. 1(b), it is allowable to dissolve HF gas belorehand in

the sclution in which the composition is dissclved, and heat

this solution to be distilled. In this case, together with the

evaporation of HF gas, phosphorus pentaflucride can be

extractaed and separated.

00423

Asillustratedin FIG. 1{c), in a case where a large amount
of hydrogen flucride is contained in the composition,
phosphorus pentafluoride can be extracted and separated into

the generated HF gas by heating the solution in which the

composition is dissclved. A case, where a large amount of

18



and 15% or less by weight, and in particular preferably 0.1% or nore by

wei ght and 10% or | ess by weight. If the content of the phosphorus atons is
| ess than 0.01% by weight, the yield of phosphorus pentafluoride may
decline. On the other hand, if the content of the phosphorus atons is nore
t han 25% by weight, the viscosity of the solution obtained by the reaction
bet ween the pintaval ent phosphorus conpound and hydrogen fl uori de becones
hi gh so that an Inconveni ence may be caused when the solution is

t ransporiedrogen érivatiivis v 5 gastiésngeénenatied sopdydt: ian,i neangenhence may
be caused. [0038] The carrier gas is preferably a gas inert to the
sol ut i ontié mehie murve rcofpbgiit boon i Slbssakved.« FSpecidhice iexampkesit her eof

i nclude HF gas, N2 gas, He gas, Ar gas, dry air, carbon dioxide gas and the
like. Othdesecgases,0 HEmgason sopeedesremhi rikbe 4 NvVeRkioprekatoptF gas may
be incorporated one or nore of the other gases, which have been descri bed

above. [003%e range oFOR(thienLalhd gbhrgasndt Beowal gLs contents kg,1%or |ess
by weight; nore preferably 100 ppmor |ess by weight, and in particular

pref er abbyo 40, PPM 0f - beSSi by Wi 9t 4 {-1he water content is nore than 1%
by wei ght, the water content in phosphorus pentafluoride extracted al so

i ncreasesgpMhen the phosphorus pentafluoride is used as a raw material of a
phosphat e hexafl uori de, the contained water unfavorably causes the

generation of @ hydrolyzate gt be.phosphate hexaol voride, [0040], .

thereof is preferably in the range of 10 times or more and 5000
times or less, more preferably in the range of 50 Times or more
and 500 times or less that of the phosphorus atoms in the solution.
If the amcunt used is more than the upper limit, energy costs
unfavorably increase although the efficiency of extracting
phosphorus pentafluoride rises. On the other hand, 1f the
amount used is less than the lowez'limit, The amount of
phesphorus pentaflucride extracted lowers so that phosphorus
is unfavorably discharged to the outside of the reaction system.
[0044]

The temperature when the carrier gas is brought into
contact with the soluticn is preferably from -50 to 100°C, more
preferably from -10 to 50°C, and in particular preferably from
O to 30°C. If the temperature is lower than -50°C, the vapor
pressure of phosphorus pentafluoride lowers to cause an
inconvenience that the extracting efficiency deterioratss. On
the other hand, if the temperature is higher than 100°C, water

is put intec the systemto cause an inconvenience that phosphorus

19



The neans for bringing the carrier gas into contact with the solution in
whi ch the conposition is dissolved is not particularly limted, and is
preferably an ordinarily used gas-liquid contactor in a tank or tower form
As illustrated in, for exanple, FIG 1(a), the contact is attai ned by
bubbl i ng the solution in which the conposition is dissolved with the
carrier gas. Phosphorus pentafluoride extracted together with the carrier
gas hardly contains water therein. Thus, obtained is a material suitable as
a raw napertaflobradphosphatiechexafl uordehd 004dd of the Wien HF gas is
used as the carrier gas, as illustrated in FIG 1(b), it is allowable to

di ssol vedHFt gasabiéoriehsnd rigt e sof ukiep:kA miyqf@st.hﬂﬁ?@%ht&?n I's

di ssol ved, and heat this solution to be distilled. In this case, "together

with thetevapesaiion Hfpdagass phosphos ys pentaf lyo i*% an,he exiracted
and separated. [0042] As iIIustratedpﬁg Shes %l %f%,“F%“aggése wher e

a |large }@ﬁ@y@ggoﬁgoﬂy@r&g%gﬂ%ﬂ dﬁdcﬁgﬁ%ﬂt a'glg%% iS etchl%%CQ osition,
ed an t

phosphorus pentafl uoride can be extract Separated iftot hé“gener at ed

HF gas bynheating=the, soluti i 0 conposi tion_is _dissolved. A
case, mhe?g a large annuh?ﬁ%gg ﬁ§d¥%§%%£$$%o??8e“rg‘COHtQFWed Fi®t he

conmposi ti - ns, that the l.e nunper of hydrogen fluoride in the

conpositlgﬁpfs f%rrrh? Fange*6r 20t mes I Ford And 5000°t3(Es Beress,

pr ef er abl e ranqglof SO tines or nore an 500 tines or |ess that of
h .

Ln_the r
phosphor%geéfb%%*¥rﬁq TompusTtTorm <0 to 30°
00457

The pressure when the carrier gas is brought into contact
with the solution is preferably from 1 KPa to 5 MPa, more
preferably from 10 XKPa to 1 MPa, and in particular preferably
from 0.05 MPa to 0.5 MPa. If the pressure is less than 1 KPra,
a long and largervacuum,facility is required to cause an
inconvenience thét costs increase excessively. On the cther
hand, if the pressure is mors than 5 MPa, there is caused an
inconvenience that the apparatus for the high pressure becomes
too large.

[C046]

In the phosphorus pentafluoride producing process
according to the invention, a carrier gas may be directly
brought into contact with a pentavalent phosphorus compound or
& solution thereof, or a solution of the pentavalent phosphorus
compound, therepy producing phosphorus pentafliuoride. ITnthis
case,asthecarriergas,forexample,fﬁ“gasispreferablyused.

When HF gas contacts a pentavalent phosphorus compound or a

20



[ 0043] For the ampbunt of the carrier gas used, the nole nunber thereof is
preferably in the range of 10 tinmes or nore and 5000tinmes or |ess, nore
preferably in the range of 50 tinmes or nore and 500 tinmes or |ess that of
t he phosphorus atons in the solution. If the amount- used is nore than the
upper limt, energy costs unfavorably increase although the efficiency of
extracting phosphorus pentafluoride rises. On the other hand, if anount
used is less than the lower limt, the anmpbunt of phosphorus pentafluoride

ext r act 8¢ Howers-38r that Phds pRoFES Of's O inf &% cr bl 37 & Sth&GSE s Uehe
outside of the reaction system [0044] The tenperature when the
carri er CGEP IS Chr UGHC T ritTo 1GoAEAEEE WeEHC ¢ Hecebl Wid srwtihssprigfasy abky from 50
to 100C, nore preferably from-10 to 50C, and in particular preferably from
0 to 30Grdavie-rigattienperatupesisitovwer othiad neS0C, FuhéheaporeprigSsuse of
phosphorus pentasluoride |owers to cause an inconveni ence that the
ext r act magcef fliccpencybdet epi eratesteOantthexather handphdrushe tenperature
is hicher than 100C, water is put into the systemto cause an inconveni ence
t hat phespherfuscride containing ne water from the composition.

[0047]

When phosphorus coxyfluoride, such zs POF3, beside
phosphorus pentafluoride is also extracted in the carrier gas,
it is preferred to allow the carrier gas to contact with
anhydrous hydrogen fluoride. It ilsmore preferredto allow the
gas to contact with anhydrous hydrogen fluoride ina liquid form
at this time. This manner makes it possible to allow the
phosphorus oxyfluoride, such as POFs;, and anhydrous hydrogen
fluoride to react with each other as shown in the following
chemical reaction formula, thereby producing BF
[0048]

POF: + ZHEF -» PFy + Hy0
[0048]

It is preferred to reuse the carrier gas, which is used
to produce phesphorus pentafluoride. When, for example, HF gas
is used as the carrier gas, HF gas containing phosphorus
pentafluoride is condensed to separate phosphorus
pentafluoride and HF from each other. It is allowable to heat

and svaporats condensed and collected HF, and reuse the HF as

the carrier gas, or use the HF for the reacticn with the

]
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pentafluoride is hydrolyzed. In the case of the distillation-based nethods
illustrated in FIGs. 1(b) and 1(c), the heating tenperature needs to be
equal or higher than the boiling point of hydrogen fluoride. Mre
specifically, when any one of the nethods is perfornmed at, e.g., 1 atm,
the tenperature is preferably in the range from19.5 to 50C, nore
preferably in the range from 20 to 30C. [0045] The pressure when the
carrier gas is brought into contact wth gpe solution is preferably from1l
KPa to HNP&Yarse %P@FBP%‘P? Cf‘?%?ﬁ%r%' KP&'% & STPRBE - Uafd" A p“j?eti ul ar
preferably from0.05 MPa to 0.5 MPe. 'If the pressure is less than 1 KPa, a
| ong andelsat geovacngnciathreEyrikly dquit e80tie EaUSe BATEMEGHEERRdnce t hat
costs increase excessively. On the other hand, if the pressure is nore than
5 MPa, tfheme-b8 wadded, amd noqraveniencer rthatt e lappaerat-us) ter2§He hi gh
pressure beconmes too |arge. [0046] In the phosphorus pentafl uoride
produci ngOxrldcess according to the invention, a carrier gas may be directly
brought into contact with a pentaval ent phosphorus conpound or a sol ution

t hereof , or arsal théawlaftitdret pentvaviat e pihopivdspher psncafipoundde threr eby
produci ng phosphorus pentafluoride. In this case, as the carrier gas, for
exanpl e hddn gasat-s-pref ef gkl yusedr rYiencHe gasa conractslaspentaaldent
phosphorus conmpound or a solution thereof, or a solution of the

pent aval£min RROSRNGY UsrGImeund,roi keact | i1 i S generakedchetween the both
so that the above-nentioned conposition is obtained. Furthernore, HF gas
makes it OsHhe O separat e sandnexhkagk «BNOSBROEHSN reused as the
pentavalent phosphorus compound, which is a rawmaterial. The
operation for the separation may be, for example, a method
conventionally known, such as distillation. The collected
hydrogenfluoridemaybvreusedforreactionwiththephosphorus
compound, and may be used as it i1s as hydrofluoric acid for
industry, or used in a state where the concentration thereof
is appropriately adjuéted. When the amount therecf 1s very
small, the hydrogen fluoride may be subjected to direct waste
liguid treatment toc be discharged.
[0051]
Next, PF; gas separated from the carrier gas is brought
into contact with a fluocride (MFn), thereby producing a
phosphate hexaflucoride as represented by a chemical reaction
formula illustrated below. Phosphorus pentaflucoride obtained
in the present report may ke allowed to be absorbed into an
organic solvent, thereby yielding a high-purity PFs complex.

The organic solvent is not particularliy limited, and examples
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pent af |l uori de contai ning no water fromthe conposition. [0047] When
phosphorus oxyfluoride, such as POF3, beside phosphorus pentafluoride is
al so extracted in the carrier gas, it is preferred to allow the carrier gas
to contact with anhydrous hydrogen fluoride. It is nore preferred to all ow
the gas to contact with anhydrous hydrogen fluoride in a liquid form at
this time. This manner nakes it possible to allow the phosphorus
oxyfluoride, such as POE2, and _anhydrous hydrogen fluoride to react with
each ot Hé¥e P Shigwnl §3F tHE 619 lowi TR TR Eaf ¥ &actdoht 1o ntit 28T t her eby
produci ng PF5. [0048] POF3 + 2HF -+ PF5 + H20 [ 0049] ) It is preferred
to reusedthelearrd el gasnanhitch 951 UseEi 19, pPodRitee phosphoPustdent af | uor
de. When, for exanple, HF gas is used as the carrier gas, HE gas containing
phosphordisngemt af taorddet 4 ,s Caridensetk tooseparat@ phosphbtus pent af | uori de
and HF fromeach other. It is allowable to heat and evaporate condensed and
col | ect etiH candr¢ eusetthbheeHFcasplibe canrberadgas] horirogent heublEifier t he
reaction with the pentaval ent phosphorus conpound. The tenperature when
the HF gas 4 scicondensestis-gureferabyntrom gO:10 100G spRsespreferably from
-50 to 50C, and in particular preferably from-10 to 20C. [0050]
hexafluoride solution containing no water.

[0052]

nPFy + MEn — M(PFs)in
wherein M represents any one selected from the group consisting
of Li, Na,.K, Rb, Cs, NH; and Ag when n is 1, represents any
one selected from the group consisting of Ca, Mg, Ba, Zn, Cu
and Pb when n is 2, and represents any one selected from thie
group consisting of Al and Fe when n is 3.
r0cs3]

Specific examples of the method for producing a phesphate
hexafluoride include (1) & method of zllowing a solid fluoride

with Pre gas, (Z2) a method of allowing a fluoride

t

to reac
dissclved in anhvdrous hydrogen fluoride that is a solvent to
react with PFs gas, (3) a method cf allowing a fluorids and
PF: gas to react with each other in an organic scolvent, and the
like.
[0054]

The method of allowing a2 fluoride and PFs; gas to react
with each other in an organic sclvent is preferably a method

of dissglving PF: gas first in the organic solvent, and then
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For the solution from which phosphorus pentafluoride has been separated, it
is preferred to separate and collect HF and a phosphorus conponent from
this solution. The collected phosphorus conponent is concentrated, and then
reused as the pentaval ent phosphorus conpound, which is a rawmaterial. The
operation for the separation may be, for exanple, a nethod conventionally
known, such as distillation. The coll ected hydrogen fluoride maybe reused
for reaction with the phosphorus conpound, and may be used as is as

hydr of | TS adiiE £eHoriiaGuSEr S0P TURBHCT ACAY SR ahereE T HeY cont¥nt’tat i on
thereof is appropriately adjusted. Wien the anount thereof is very small

t he hydridgen LbcasEdedray s b S (5] et el o dicrett o Wadt 671 h&i dr¥Feet nent to
be di scharged. [0051] Next, PF5 gas separated fromthe carrier gas
is broughtlieno. cénpactivwiith apbegetiide W(HWEh)Ln ttherseby tprogduci ng a
phosphat e hexafl uoride as represented by a chem cal reaction fornula

il lustratedibetowd Phosphorzus pentafddoride adaizned i ltkérptesent report
may be allowed to be absorbed into an organic solvent, thereby yielding a
hi gh- puriiy PRhiconp exuithedongan ¢ solrventbksrpat opatbiven! ardydla m ted,

and exanpl es
second absorption tower 5; a first tank 2, a second tank 6 and
a third tank 10; pumps 3, 7 and 11; a first cocler 4 and a second
cooler 8; a degassing tower 9; an alr pump 12; and a condenser
13.
[0055]

A predetermined amount of an organic solvent is charged
into each of the first tank 2 and the secend tank 6. The liquid
in the first tank 2 and that in the second tank & are supplied
into the first abscorption tower 1 and the second absorption
tower 5, respectively, through the pumps 3 and 7 to make a
circulating operation. Next, phosphorus pentafluoride (PFs)
gas is supplied into a tower bottom section of the second
absorption tower 5. The phosphorus pentaifiluocride may be
100%=-purity pheosphorus pentafliuoride, or a material diluted
appropriately by mixing an inert gas therewith. The mixing of
the inert gas makes it possible to relieve hsat-generation in

the first absorption tower 1 and the second absorption tower

I

The inert gas is not particularly limited, and exzamples
thereof include Ny, Ar, dry air, carbon dioxide gas and the like.

The amount of water in the inert gas used for the diluticn is
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t hereof include nethanol, tetrahydrofuran, diethyl ether,
t et rahydr ot hi cphene, triethylam ne, propylene carbonate, dinethyl
carbonate, diethyl carbonate and the like. Furthernore, to the PF5 conpl ex
maybe added hydrogen fluoride in a chem cal equivalent anount to yield a
phosphat e hexafl uoride solution containing no water. [0052] nPF5M-nM ( PF6)
n wherein Mrepresents any one selected fromthe group consisting of Li,
Na, K, Rb, Cs, NH4 and Ad when n is represents any one selected fromthe
group CORSIETRAGYGTS GAY B, 1 BaPrZnoT AR Bh@YPHEWEBR 1952 BPrednd abepr esent s
any one selected fromth group consisting of Al and Fe when n is 3. [0053]
Speci f i ¢éxanpl esofe 3 helretHbd: F oranst sdudiany o plvos phatfe tedxaf lupprde
include (1) a nethod of allowing a solid fluoride to react with 3F5 gas,
(2) a netrhoedsef il Wewohg acf kgonbdetdi ssohived tine anhydilous shydr agen
fluoride that is a solvent to react wwth PF5 gas, (3) a nethod of allow ng
a fluoriptesandr3Fpgass T buseatd. Wihk eackpot hes dantar Jorcgdniecgsolivent, and
the Iike. [0054]

brought into countercurrent contact with the crganic solvent

in the second absorption tower 5 to be dissolved in the crganic

solvent (first step). Heat of the absorption of the phesphorus

pentafluoride in the organic solvent is removed by the first

and secend coolers 4 and 8 leocated in the circulating line to

keep the apparatus at an appropriate operating temperature.

[00567

Next, the organic solvent in which the phosphorus

pentaflucride gas is dissolved is supplied to the second tank

6. Intc the second tank ¢ is supplied 2 fluoride, the amount

of which is an amcunt steoichiometrically egquivalent to the

phosphorus pentafluoride, or a2 stoichiometric amount less than

‘the stoichiometrically equivalent amcunt. In this way, the

phosphorus pentaflucride and the flucride react with each other

to produce a phosphate hexailuoride (second step). The

following reaction formula represents a reaction between

phosphorus pentafliuoride and lithium flucride:

[0057]

PF; + LiF - LiPFg

[0058]

The pheosphate hexafiuoride solution preduced in the
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The nethod of allowng a fluoride and 3F5 gas to react with each other in
an organic solvent is preferably a nethod of dissolving 225 gas first in
the organic solvent, and then adding the fluoride to the organic sol vent,
thereby allowing the fluoride and 3F5 gas to react with each other in the
organi ¢ solvent. A producing apparatus used in this nethod is illustrated
in FIG 2. The producing apparatus illustrated in the figure is equi pped
with a first absorption tower 1 and a second .abso tion tower_5; a first
tank 2, SECEBEoREVEANR 65 aFfa It rdttaw FOPIFGPE SPePENY 115° &% rst
cooler 4 and a second cooler 8, a degassing tower 9; an air punp 12; and a
condens&rP31ep0pg5 tower Lol ypiedetertti 166 aRBARE BFSAP orYanitsdol vent is
charged into each of the first tank 2 and the second tank 6. The liquid in
the first tank hcaphahst PERTEALUSEEORE UMK B apeosuppl Pedr ingttd FThe first
absorption tower 1 and the second absorption tower 5, respectively, through
the pumpscliamndiz kbspakedaictecubatiingsoper athon f Nephosprorlus-ion
pent af l uoride (PF5) gas is supplied into a tower bottom section of the
second ahsdrfet toa dowerd Shstherphosphorus thentdattapr i dsumedesrt(0% purity
phosphorus pentaflucride, or a material diluted appropriately by m xing an
inert gas ther ewiddhg Theuniei ngeofrazhe iicnent: gas:-HmkEs:dti qeossi ble to
relieve heat-generation 1 the first absorption tower 1 and the second

absor pt i of oW S FREgLRCEY, Gase ok iRAHdEHAEhY ddidred;a andh exanpl es
t hereof include N2, kr, dry an, carbon di oxide gas and the |ike. The anount

of water,4 pythe,dnert- gas used fonthe i bubbonrts value. By making
this circulating operation, a portion of the sclution from the
punp 7 is taken out as a product when the concentratiqn of the
phosphate hexaflucride reaches the predetermined
concentration. At the same time when the product is taken cut,
fhe organic solvent starts to be supplied from the outside to

-

the first absorption tower 1 and further the destination of the

Fh

solution supply from the pump 3 is switched from the first
absorpticn tower 1 to the second absorption tower 5 to produce
a solution of the phosphate herxafluoride continucusly. In this
case, it is allowable that a portion of the absorbing liguid
is subseguently circulated into the first absorption tower 1
and simultaneously the absorbing liguid is supplied into the
second absorption tower S,
[0059]

The amount of the supply of the fluoride into the second
tank 6 i1s preferably an amcunt stoichiometrically equivalent

to the phosphorus pentafluoride dissolved in the organic
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preferably as | ow as 100 pbmor |ess by weight, nore preferably 10 ppm or
| ess by weight, and in particular preferably 1 ppmor |ess by weight so as
not to induce the hydrolysis of the phosphorus pentafluoride. The
phosphorus pentafluoride gas is brought into countercurrent contact with
the organic solvent in the second absorption tower 5 to be dissolved in the
organi c solvent (first step). Heat of the absorptionofthephosphorus
pentafluoride in the organic solvent is removed by the first and second
cool er s P ERINB Focatdd i 1R Tk @™st g 1957 ¥&kdelF t he apparatus at an
appropriate operating tenperature. [0056] Next, the organic sol vent
i n whi chfidveciphgsphiorass. yentaf TabeP dergasiti 50 dirssasl Vel itsesiuppliet -t o the
second tank 6. Into the second tank 6 is supplied a fluoride, the anount of
whi ch i svraicranounl isthoiloghisoreixdiec aln yleguivad et 1%L waves phospokus!
pent afl uoride, or a stoichionetric anount |ess than the stoichionetrically
equi val ent irampustenkniit bislwayy fole. phbsphonais: pentafd aidrl @aécand tche
fluoride react with each other to produce a phosphate hexafl uoride (second
step). Thendwld-ownng teactionid arindra represents ia beackednwbet weegn
phosphorus pentafluoride and |ithiumfluoride: [0057] PF5 + LiF -* LiPF6
[0058] The:phesphat e hexafddor pdgesabut for preddgedhknahbent secoittk t oner 6
is sent out through a pipe by the punp 7 to be supplied to a tower top
section ﬂoéﬁﬁoﬂ%%@ﬁsﬁfc@i‘w 5Wh§@m&b§i@m§ph&zws@m afatori de

i e

supplie nto the tower bottom section is absorb into the phosphate

hexaf | uari de_ 5ol ution jysis %chh{déef%{'%@bé@éﬂ%@@,E;ﬁ"‘:@ﬁpﬁwﬁg S1£p) -

Subsequently, 1n the second tank 6, the reaction withthe fluoride is

continuousl y _conduct.ed, ther .hei eni ,goncen ion.of the
phosphat%f%e?é ?d%%%ﬁ%lﬁ%ﬂgﬁfgxﬁggigg% g%?%%ﬁggbgﬁgkﬁn%f?%#gp%?rcuIating
operation, a Eort&pn.of the solution fromthe pump 7 is,taken out_ as a
product WhhCEh& Eonteht Tatieon Sof (He Sphosphate” heXafl Uori de" feaches t he
predeterm ned concentration. At %Eg sane tine when the product .is taken
out, thelB¥GaRTc SolventSsFRFESPo b  SupptT & FT0m thE But'si de 10"t he
first absorption tower | and further the destination of the solution supply
from t he®PRRPIBT1E R&H et Fromithe  Fiché¢ 986sbF pri oif toier=T “Po-the second
absorption tower 5 to produce a solution of the phdsphate hexa.l uoride
cont i nuowstyidermtt AnE cwasel Ghe FSSREF owabt e &t hats & Tpbf i BETEhedabsor bi ng
liquid is subsequently circulated into the first absorption tower 1 and
si mul t anesush§avehebabseeht gt ¢d quidbis BUP TR it o° thrR-se€ ohid absor ption
tower S

supplying the phosphorus pentafluoride and the fluoride in

amounts steichiometrically equivalent to each cther to a
scolution into which the phosphorus pentafluoride in an
excessive amount and suitable for the coperation is allowed Lo
be abscrbed in advance.
[0060]

The phosphate hexaflucride sclution produced in the
second step, in which the ?hosphorus pentafluoride is
excessively dissolved, is supplied to the tower top section of

the second absorption tower 5 in the third step. However, a

th

portion thereof is also supplied to the degassing tower 9.

27



[ OC) 59] The amount of the supply of the fluoride into the second
tank 6 is preferably an anmount stoichionetrically equivalent to the
phosphorus pentafl uoride dissolved in the organic solvent or a
stoichionetric anmount | ess than the stoichionetrically equival ent anount in
order that the fluoride, which is slightly soluble in the organic solvent,
can avoid being present in a slurry form This nakes it possible to avoid a
matter that the inside of e apparatus is blocked with any slurry-form

f1 uori d& A TFETIRGE  f bR REICISRY & 1Fe N8B HAHCEE CENT PhosPharis peht aftéuori de
stoichionetrically excessive over the anmount of the fluoride can be

real i zedasastpy yengrthés sEPUBEFEE €orit PAE6ESKY FRERCTEheh pHospHoY us
pent af l uoride stoichionetrically excessive, at any tine, over the fluoride.
However ,thd¢ dis ipndicspénsabéeebhatht hehespessiyecambyht uotidhesphosphor us
pentafluoride is discharged fromthe systemto the outside at any one of

t he stepsisthlissd aflfassrototbéngawomatiers aknneruntaeorsabhy igenérsat ed. More
preferred is a method of supplying the phosphorus pentafluoride and the
fluori depidparmunhsosd eoehi-amet £ hoallyh egu yabephotaseaeht of hesride a
solution into which the phosphorus pentafluoride in an excessive anmount and
sui t abl ex{@retdher aperatd and $ @l ilonwethd - hes 1abs ety d readvianceaci 0060]

The phosphat e hexafl uori de sol ution produced in the second step, in which
the phosphorus pent afh yorbde: ks- excessivealy dibssehvedsrbs suppiiedito the
tower top section of the second absorption tower 5 in the third step.

However, . a. pord i O@RE*‘-&(&Q& 'éea;# 0 Supplied L9 fNe degassing- 1 omery 9.

Furthernore, the p osphat’e hexaf 1 uori de sdTutlon sent i'nto the degassing
Loy WSALEELEL (s e e sl on L e sl 2
this naqggéésélg%f§” fgggl$é% phosphorus pentafluoride. However, it

is preferred from the viewpoint of continuous productivity that

the excessive phosphorus pentafiuoride is distilled cff under

a reduced pressure. In order to ralse the efficlency of

removing the phosphorus pentafluoride under the reduced

pressure, the degassing tower 9 may be eguipped with a heater

to perform heating.

[0061]

The distilled-off phosphorus pentafluoride gas is
supplied to the tower bottom secticn of the second absorption
tower 5 by the air pump l12Z. Furthermcre, in the second
absorption tower 5, the gas is brought into countercurrent
contact with the organic sclvent and/or the phosphate
hexafluoride solution to be collected and reussd. When the

phosphorus pentafluoride, which is used as raw material,

contains a small amount of hydrogen fluoride, it is allowable
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prepared into a solution in which the phosphorus pentafluoride and the
fluoride are stoichionetrically equivalent to each other. The solution is
taken out as a product fromthe third tank 10. The phosphat e hexafl uoride
solution may be prepared by adding the fluoride sL.oichicnetrically

equi valent to the excessively dissolved phosphorus pentafluoride. However,
it ispreferredfronthe viewpoi.nt of continuous productivity that the
excessi ve phosphorus pentafluoride is distilled off undera reduced
pressur &° FHCOEder T8 PAPIRItHe ¥ H3 et eneyBf S¢ oV hg ¢ He PFRESPHGr us

pent af |l uoride under the reduced pressure, the degassing tower 9 may be

equi pped aWivch 1grhéaren oo thér FérnPhBat ilRg L GBI L1 oI hpWeodiesti| | ed- of f
phosphorus pentafluoride gas. is supplied to the tower bottom section of

t he secdndicabisier ptinch thewercosdeysthéha mhypumw 2. 1Rnrtiter ior ¢hsi n t he
second absorption tower 5, the gas is brought into countercurrent contact

W t h t heodrgariee 46l venbearedioedt h&iphosphate héxaf:l uordrdiersadditiron to be
col |l ected and reused. Wen the phosphorus pentafluoride, which is used as
raw mat efricalconcientsairng za csmlalinamauat cofgadnidr egerny ddwyorirde hyidrdegral | owabl e
to subject the phosphate hexafl uoride solution to a pressure reduction

t hrough ke dide ,puiB 1Bt ondistbths afdnbydregenatl ueri de, crand ddwen condense
t he hydrogen fluoride in the condenser 13 to be renoved. The |iquid (drain)
condensefk it e sgondensep:13scont ai Ns-the 0L gank g, sOL Ve - - dhey hydrogen
de, and the phosphorus pentafluoride; while this s¥ate of the drain is kept
as it i -drai:n; o] ubj ect: e ) Mast. Laui d oA nent,.q1and then
discharggﬁﬁnirgg?ﬁg&?%%Fiﬁe?ﬁé ﬁﬁ%?ﬁ%%ﬁ %?ﬁﬁgﬁgggafhéQﬁﬁﬁép dfﬁ%gﬂ

pent af | i _he Qor i £ saqlvent t Yo} i f
necessagg&giﬁﬁg%ﬁ%glH%fﬂgﬂégﬁoVﬁéc?%6%§%§§§ﬁ%%%%ﬁ%ﬁﬁﬁﬁgggkhgﬁig%“%uch as
distillation.or extraction.  [0062] _ §s descr,i bed above, by

ci reul atiirg HE $61°Ut on T6F B ogﬁhérﬁEESeﬁp f FEOFFde T n"the°Favént i‘on, a

3: grd_purnlléghopcp % ogfhaghee hceo)a_alf@lcl“"lioirolnd?na%zarlgebear?Oonxt'éin#é)ru; lrklet%roocg uscuec% Vgst h a good

distillation or extraction.
[0062]

LAs described above, by circulating a éolution of
phosphorus pentafluocride in the invention, & high-purizy
phosphate hexafluoride can be continuously produced with a good
yield.

[0063]

In the invention, it is preferred from the viewpcint of
industrial production efficiency to use absorption towsrs.
However, the adoption of a method based on surface absorption
or bubbling is not excluded. For each of the first and second
absorption towers 1 and 5, an absorbing apparatus in any tower
form, such azs a packed tower, a plate towsr, or a watted-wall

tower, may also be used. Furthermore, the form of the



[ 0063] In the invention, it is preferred fromthe vi ewoint of

i ndustrial production efficiency to use absorption towers. However, the
adoption of a nethod based on surface absorption or bubbling is not

excl uded. For each of the first and second absorption towers 1 and 5, an
absorbing apparatus in any tower form such as a packed tower, a plate
tower, or a wetted-wall tower, may al so be used. Furthernore, the form of
the absorption may be either of a countercurrent or concurrent form

[0064] aksorpiipnhey e $1tdot i FUUBtEpSLrrRe tconEeRERAEEDA BT R he
phosphorus pentafluoride gas in the organic solvent and the phosphate
hexaf | udriCde li s preferably 15% or | ess by weight, nore preferably 10% or

| ess by weight, and in particular preferably 5% or less by weight. If the
concentrationIof tihke fophesphodushpedtsaf eper i deegasnéant et Drgant colsol vent i s
nore than 15% by wei ght, the organic solvent and the phosphorus

pent af | uord=gedreactpanddr leach det hers S, titad d:hezrorgatilerssal vant trmy be

col ored, denatured or solidified. Additionally, absorption heat becones

| ar ge s@HdhdthensaptlLabr0fie thepdd Sk dot enpey ot Uke TRy wbeean® whfdicul t.

[ 0065] In the first and third steps, the tenperature for the

gas- | i qui,d scantract 10f; é?%@@%gh@éi@q@?rﬁﬁé|i@bh§@i@§§aﬂﬁﬁbfékea.@13gam c

Sol vent "and t he phosphate hexafl uoride solution is preferably from-40 to
100C, £ Jreferaply 10 . 60C. e ~hi gei g £ - erature
IS Iomg?{tﬁgn§5§8C?&tﬁ%£g$Banﬁg:sggpgﬁﬁc%g g%%?&ﬁf?gdg%oq?%gfﬁ?%gﬁ%peration
becones ahl e be c i-nuqusl . .ot.her ha 1 f-th
gas-liqﬁ%fgéﬁﬁéﬁ E?éﬁ%%%aqhgg“iérﬁ?gﬁé}g?%gg%foﬁ ,&?Eéng%%%rl%?gg%ure of
the phosphorus pentaf] uor.i de in_the_grganic_solvent and the.phosphate

hexaf | uGH 48 e Coree 1601l G -1 6 caloe &R °i RAGHYONF ShaE 1 AT T ho: dbsor pt i on
effici enrcgacltox\flﬁ”rcg eoa'x’ci'g gie:h@r so that the organic solvent may be colored,

¢t

denatured or solidified. Additionally, absorption heat
becomes large so that the control of the ligquid temperature may
‘become difficult.

[0065)

In the first and third steps, the temperature for the
gas~liguid contact of the phesphorus pentafluoride gas with the
organic solvent and the pheosphate hexafluoride solution is
preferably from ~40 to 100°C, more preferably from 0 to 60°C.
If the gas-liguid contact temperature is lower than -40°C, the
organic solvent is sclidified so that the operation becomes
unable to be continucusly made. On the other hand, if the
gas-liquid contact temperature is highsr than 100°C, the vapor
pressure of the phosphorus pentafluoride in the organic solvent
and the phosphate hexafluoride becomes tooc high to cause an

inconvenience that the absorption efficiency lowers or the
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organi ¢ sol vent and the phosphorus pentafluoride react with each other.
The organic solyent'is preferably at | east either one of a
nonaqueous organi ¢ solvent or a nonaqueous ionic liquid. The nonagueous
organi ¢ solvent is nore preferably a nonaqueous aprotic organic solvent.
Since the aprotic solvent has no capab
phosphat e hexafl uori de sol uti on obtai ned by the produci ng process of the

[ 0066]

invention can be used, as it is, as an electrolytic solution of an

el ect ri cit9ATEcT FRNBRITNGTE] fenPrsueh At s B9 UG Brils ccordaryi Bat t er .

[ 0067]

and exampl@s dttereof include ethyl ene carbonate, propyl ene carbonate,

ity of donating a hydrogen ion,

t he

The nonaqueous organic solvent is not particularly |inmated,

butyl ene carbonate, vinyiene carbonate, dinethyl carbonate, diethyl
car bonat gf0@&t hyl ethyl carbonate, nethyl acetate, ethyl acetate,

y-butyrol actone, acetonitrile, dinmethylforremde, 1,2-dinethoxyethane,

met hanol , i soprigpanelardndsbheshtkies pbke fldhesa songant £s s el ivendss prkehef

following are preferred fromthe viewpoi nt of continuous production:

et hyl ene; earbenatfs Propylere carbopatencdbirebyk carbonate.ddi ethyl
carbonate, nethyl ethyl carbonate, acetonitrile, and 1,2-di nethoxyethane,

each of which.is a selyent fsomwhich thes prpduced, phosphat eghexad | uori de

i's not
capabi | i

easily precipitated, that is, each of which i1s high in the

gi}yr@ttigi§§(9é9{i@gs5%rpgps@l%§:% hﬁ'@féﬁﬁpjﬂl@ dolvent has no

capability of donating & hydrogen ien, the phosphate
hexafluoride sclution obtained by the producing process of the
invention can be used, as it 1s, as= an electrolytic sciution
of an electricity accumulating element such as a lithium-ion
secondary batter.

50067}

.The nonagueous corganic solvent is not particularly
limited, and examples thereoi include ethylene carbonate,
propylene carbonate, butylene carbonate, vinylene carbonate,
dimethyl carbonate, diethyl carbonate, methyl ethyl carbonate,
methyl acetate, ethyl acetate, y-butyrclactone, acetonitrile,
dimethylformamide, 1,2-dimethoxyethane, methancl,
isopropanol and the like. ©f these organic solvents, the
following are preferred from the viewpoint of continuous
production: ethylene carbonate, propylene carbonate, dimethyl
carbonate, diethyl carbonate, methyl ethyl carbonate,
acetonitrile, and 1,Z-~dimethoxyethane, each of which 1s a

solvent from which the produced phosphate hexaflucride is noct
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These nonagueous organi c solvents nmay be used alone or in the formof a

m xture of two or nore thereof. [00661 Exanpl es of the nonaqueobs
aprotic organic solvent include cyclic carbonate, |inear carbonate,
carboxylic acid ester, nitrile, am de, ether conpounds and the |ike. These
nonaqueousaproti c organi c solvents nmay be used alonein the formof a

m xture o two or nore thereof. [00691 The nonaqueous ionic liquid is
not particularly limted, and exanples thereof include fluoride conplexes
of a quatsErsidry PARABALGRMLEE  qiEEEr Rar y SpRos phomimh asd Midlorindéget her eof .
Exanpl es of the quaternary ammoni um cation include a tetraal kyl anmoni um
cati on, canaddazel PAndtatPonindpyrazdléumaat itommaflypyridh dilgmedat.i on, a
triazoliumcation, a pyridaziniumcation, a thiazoliumcation, an oxazolium
cation, Thepe nondoneunscatgenicasyvazi nimey ¢at Lerdantichheot izke thExanpl es
of the quaternary phosphonium cation include a tetraal kyl phosphoni um cati on
and t he fdke.cfThese xnoraqueousid am aolrequitinds-eray. be used al one or in the
formof a mxture of two or nore, or may be used in the state of being

di ssol verhddr it he nonagueous organi c sol vent. [0070]

Examples of the nonaguecus aprotic organic solvent
include cyclic carbonate, linear carbonate, carboxylic acid
ester, nitrile, amide, ether compounds and the like. These
nonagueous aprotic organic selvents may be used alone or in the
form cof a mixture of two or more thereof,

[0069]

The nonaqueous iconic liguid is not particularly limited,
and examples thereof include fiucride complexes of a quaternary
ammonium or guaternary phosphonium; and fluorides thereof.

—

Examples of the quaternary ammonium cation include a
tetraalkylammonium cation, an imidazcelium cation, a pyrazolium
cation, a pyridinium cation, a triazolium cation, a
pyridazinium cation, a thiazolium cation, an oxazolium cation,
a pyrimidinium catiocn, a pyrazinium cation and the like.
Examples of fhe quaternary phosphonium cation include a
tetraalkylphosphonium caticn and the like. These nonagueous
ionic ligquids may be used alone or in the form of a mixture of
tWo or more, or may be used in the state of being dissclved in

the nonagueous organic sclvent.

10070]



The organic solvent may be a nonadueous organi c sol vent or a nonadueous
ionic liquid, or may be a m xture nade of two or nore out of the nonagueous
organi ¢ sol vents and the nonagueous ionic |liquids. [0071] The
fluoride (MFn wherein Mrepresents a netal or NH4, and 1n 3) added in the
second step is not limted to LiF, and exanpl es thereof include NaF, KF,
RoF, CsF, NWAF, AgF, CaF2, MgF , BaF, ZnF2, CuF2, PbF2, RIF., FeF3 and the
| i ke. These fluorides nay he used alone or in the formof a nﬁxtuge of two
or nore theredfs POUFYC SOLVERTRAY shpe rEt it FOt° (e eactPon~bet ween a
fluoride and PF5 gas is preferably from-50 to 200C, nore preferably from
-10 to PO0E, nHMHYFPPRarkdrédl arl Prefk ePabl§yf Pont G“ft%t@tft.mq% Phet¥enperat ure
is lower than-50C, the reaction may not easily advance. On the other hand,
if the penperatore P§ hhghepnelaA°ROOCrIehe cprediicedsphbsphate hexafl uori de
may deconpose. in the case of the nmethod (2), it is preferred to nmake an
oper at i apnf:grecoel ingior lt.heibEke in order to restrain the reaction
according to the above-nentioned chenmi cal reaction fornula, and then all ow
the flugoicdeland the gas to react with each other at a tenperature not

| ower than the boiling point (in the case of using, e.g., anhydrous
hydrogen fl uorhderasst-heesoliventhetdien tienperatsee:ssa 10:5C arr hawer,

preferably fromO to 10C at

and 1 € n £ 3) added in the second step 1s not limited to LiF,
and examples therecf include NaF, KF, RbF, Cst, NH,F, AgF, Caks,
MgFs, BaF, ZnF,;, CuF,, PbF,, AlF:;, FeF; and the like. These
fluorides may be used alone or in the form of a mixture of two
or more thereof.,
100721

The temperature for the reaction between a flucride and
PFs gas is preferably from -50 to 200°C, more preferably from
-10 to 100°C, and in particular preferably from 0 to 50°C. If
the temperature is lower than -50°, the reaction may not easily
advance. On the other hand, if the tempsrature is higher than
200°C, the produced phosphate hexafluoride may decompose. In
the casé of the method (2), it is preferred to make an operation
for cooling or the like in order to restrain the resaction
according to the above-mentioned chemical reaction formula, and
then zllow the fliuoride and the gas to react with each other
at a temperature not lower than the boiling point {(in the case
of using, e.g., anhydrous hydrogen flucride as the solvent, the

temperature is 19.5°C or lower, preferably from 0 to 10°C at

iat
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1 atnosphere). [0073] From the viewpoint of inproving the purity and
the yield of the phosphate hexafluoride, it is preferred to allow the PF5
gas to react with the fluoride under the condition that the anmount of the
gas is excessive over that of the fluoride. Specifically, for exanple, the
wei ght of the gas is preferably from1l to 10 tinmes, nore preferably from
1.01 to 5 tines, and in particular preferably from1.05 to 2 tines that of
the fluoride. 1f the anount of the PF5 gas used is nore than 10 tines, an
excessi Ve FHITBIE S t he PF5 gas may flow to the outside of the reaction
systemto cause a decrease in the yield of phosphorus although the yield of
t he phosphat® hexafl uoride increases. On the other hand, if the amount used
is less than the anount of the fluoride, the yield of t he phosphat e

hexaf | uori de unfavohabtyevowers of 00P4leving the|pulist peeferhed/ioidl | ow an
excessive portion of the phosphorus-conponent-containing gas used to

pr oduce dhenhphosphat 2 dhexafdliuomirdele ,speci ¢ ircad 1oy the t PRbgasy the bBs absor bed
into an absorbing liquid, and then collect and reuse the gas portion. The
absor bi nged iquigkds; iorh exanmilecs solwdon contadming at 4eastrione
selected fromthe group consisting of water,

aqueous hydiafd uor i gaci gsolut le@@esﬁgﬂldr@rb%ﬁa%aw eime M1epresents at
Ieast one selected fromthe group consisting of Li, Na, K, Rb, Cs, NH4,

Ag, My, Cac B e andol o Mok e SPedi ficalihy ot he. ahsor bi pac fé%ﬁyl S wat er

or aqueous hydrogen fluoride sol uti on havi ng a concentratl on of 80% by

wei ght, ar.wat er, ap a%@%’“srné‘é’gr&%@féféy%'ﬂfoﬁm Wil on ?ﬁ%ﬂgs 2 350

concent rati on of 0 to 80% by wei ght h an Msalt is a

carbonatsg, Q%/g{ 0&% g gfﬁ\#;@lg;?deyp% NE‘% @i ’\Eﬁﬁ; oqe elected fromthe

group consisti ng of _ e and Al) is
i qui o $HE Fae vad be o|arngapédo‘%“@9he°>gbﬁe%‘%’?%%b @%”%%ﬁg%Z?%absﬁ%ﬁh?%r
Times, an excessive portion of the PFygasmay fiowto the cutside
of the reaction system to cause a decrease in the yield of
phosphorus although the yield of the phosphate hexaflucride
increases. On the other hand, i1if the amount used is lesg than
the amount of the fluoride, the yield of the phosphate
hexafluecride unfavorably lowers.
[0074]

It is preferred to allow an excessive portion of the
phosphorus-component-containing gas used to produce the
phosphate hexafluoride, specifically the P¥sgas, to be absorbed
into an absorbing liguid, and then collect and reuse the gas
pertion. The absorbing liguid is, for example, a solution
containing at leaét one selected from the group consisting of

water, agueous hydrofluoric acid solution, and an M salt wherein

M represents at least one selected from the group consisting
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HaPObFc. rE20 wherein 1 < a <3, 0 <b <4, 0c6 and O 8. This makes it
possible to restrain a raw material | oss even when the 2F5 gas is used in
an excessive anount. [0075] As illustrated in FIG 2, in the
production of the phosphorus pentafluor'de, the phosphorus pentafluoride
whi ch has flowed out fromthe second absorption tower Sis collected in the
first absorption tower | connected thereto in series. The organic sol vent
cont ai ni ng the phosphorus pentafl uoride obtained in the first absorption
tower 1dfs Isuppld.edii nto tthe S€econdSabs@rptEenBEewer SnATRd -phissphor us
pent afl uori de portion that has not been absorbed in the first absorption
tower 1 greydbief vodllect ede abd ordused L byutiniel abever mentdored sabsdrdisgry et hod
This makes it possible that even when an excessive anount of the phosphorus
pent af | uordatel d= aso lig: iusedavtheg totahceamant ohhefedfs03 bgedeignrestrain a
raw material |oss. [0076] The phosphor us- conponent - cont ai ni ng gas
gener at e whete £ her phasphor usyuendaf | tiokd tiedd ssprodusedaspegifical |y
phosphorus pentafl uoride gas and HF gas, may be introduced into a

phosphords, pent af 4 uol icde pextbragst i ng Aoparatus .andy ewsedskhereineas a
carrier gas. This makes it possible that even when an excessive anount of

t he phosphor us; pe-pt8ELYoL] 48/ 9aS: 1 §e Used.n-A iLAW-BREER LBl o 9851485t
depressed. [0077]
one selected from the group consisting of Li, Na, K, Rk, Cs,
NH,, Ag, Mg, Ca, Ba, Fe and Al) is dissolved. When the PFs gas
is allowed to be absorbed into the absorbing liguid, the gas
can be collected in the form of M(PF;)n wherein 1 < n €3, and/or
Ha?PObFe mH.0 wherein 1 £ a £ 32, 0 £b g4, 0 £ c £ 6 and 0 £ m
< 8. This makss it possible to restrain a raw material loss
even when the PFy; gas i3 used in an excessive amount.
[0075]

As i1llustrated in FIG. 2, in the production of the
rhosphorus pentafluoride, the phosphorus pentafiluoride which
has flowed out from the second absorption tower - is collected
in the first abscorption tower 1 connecited thereto in series,
The organic solvent containing the phosphorus pentaflucoride
obtained in the first aksorption tower 1 is supplied inte the
second absorption tower 5. The phosphorus pentafluoride
portion that has not been absorbed in the first absorption tower
1 may be collected and reused by the above-mentioned absorbing

method. This makes it possible that even when an excessive

amount of the phosphorus pentaflucride gas i1s used, the total
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HF gas generated in the production of the phosphate hexafluoride may be
used as the carrier gas. Alternatively, the HF gas may be condensed and
collected or be allowed to be absorbed into water and collected in order to
be used for the reaction with the phosphorus conpound. [0078] A
reactor used in the invention is not particularly limted as far as the
reactor is made of a material having resistance agai nst the conposition,
and is preferably nmade of stainless steel or carbon steel. However, in a
case WheE®WHhydrEgee thydr oged flcudrisde e & doiposi 19 nelde of t he
above-nenti oned conposition |leaks or - is exposed to the air, or in sone
ot her calSE)74lt is feared that this corrodes the reactor. Wen the reactor
is corroded, the resultant product is also contam nated with the corroded
mat eri al . The entapepaptuscauvsesnanti-gonease iny the conteateodfwinet al
conponents in the product. For this reasonis preferred to use, as the
react or ,tlee regaciorcrmde coft £1luorHine contmpidtbd£sidpaad Mydaicht ori de or
pol yet hyl ene, or a reactor lined therewith, which has resistance agai nst
the conpasidpgrairud fxampkesbri @07 s and HF gas, may be introduced into

a phosphorus pentafluoride extracting apparatus and resused

therein as a carrier gas. This makes it possible that even when

an excessive amount of the phosphorus pentafluoride gas is used,

a raw material loss is depressed.

[0G77

HE gas generated in the production of the phosphate
hexafluoride may be used as the carrier gas. Alternatively,
the HEF gas may be condensed and cellected or be allowed to be
absorbed into water and collected in order tc be used for the
reaction with the phosphorus compound.

[0078)

A reactor used in the invention is not particularly
limited as far as the reactor is made of a material having
resistance against the compesition, and is preferably made of
stainless steel or carbon steel. However, 1n a case where
anhydrous hydrogen flucride or a composition made of the
above-mentioned compesition leaks or is exposed to the air, or
in some other case, it is feared that this corrodes the reactor.

When the reactor is corroded, the resultant product is also

contaminated with the corroded material. The contaminant
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Preferred exanples of this invention will be denonstratively described in
detail hereinafter. However, for the materials, blend anounts thereof, and
the |li ke described in these exanples and conparative exanpl es, the scope of
this invention is not limted thereto unless they are in particular
restrictively described. Thus, the materials and the like are nerely _
expl anatory exanples. Al of the exanples and the conparative exanples were
conduct ed under the atnospheric pressure. [0080] (Exanple 1) Into a 5-(1,

; ; ; & + + < + e .
reacti off3IgRR AAJENGFSREGORT NERT CITEIFEE T esTHE WerTN L0 glof-I&.
comverci al ly avail abl e 75% phosphoric acid solution in water and 2000 g of
anhydr ogs chipdiogeric f tiers dea$#R) I togePherawirell & netatesy thasg i@ react i on
tank was connected to a reflux condenser (20 mmin dianeter x 2n) nmade of
st ai nl essreactor made of fluorine-contained resin, vinyl chloride or

polyethylene, or a reactor lined therewith, which has

resistance against the composition.
iExamples]
[00791]

Preferred examples of this invention will bke
demonstratively described indetail hereinafiter. However, for
the materials, blend amounts thereof, and the like described
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
pressure.
[0080]
(Examplie 1)

Into a 5-L reaction tankmade of flucrine~contained resin
wera put 200 g of a commercielly available 75% phosphoric acid
solution in water and 2000 g of anhydrous hydregen fiuvoride (HE)
together with a rotator, and the reactlon tank was connected
to a reflux condenser (Z20mm in diameter x 2 m) made of stainless

stesl. The fluorine-contained resin reaction tank was heated

to 45°C in a water bath while the refliux condenser was cooled
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fluorine-contained resin reaction tank was heated to 45C in a water bath
while the reflux condenser was cooled wth brine of -30C. Furthernore, a
magnetic stirrer was used to stir the reaction liquid. Wien the bath
tenperature was raised, the reflux of HF was started. At this tinme, the
tenperature of the inside liquid was 22C. [0081] After 5 mnutes, a
gas was generated fromthe outlet in the reflux condenser. This gas was
analyzed by FTIR As a result it was verified that the gas was nade of 2E5
and a snalih amwuet 06f-HEC.| nFthehgenerat ed ryas,eiphosphores exyflhsod i des,
such as POE3, were not detected. [0082]

to stir the reaction liguid. When the bath temperature was

raised, the reflux of HF was started. At This time, the
temperature of the inside liguid was 22°C.
roosl]

After & minutes, 2 gas was generated from the outlet in
the reflux condenser. This gas was analyzed by ETIR. As a
result, it was verified that the gas was made of PFs and a small
amount of HF. In the generated gas, phosphorus oxyiluorides,
such as PCFs;, were not detected.
(0082l

Fortﬁmasimultaneouslgrgeneratedlgas,intoeﬁlmlzreaction
tank made of fluorine-contained resin were put 5 g of separately
prepared lithium fluoride (Li¥) and 100 g of anhydrous HF
together with a rotator to be dissclved, and the outlet in the
reflux condenser was connected tc the 1-1 fluorine-contained
resin reaction tank to make the generated gas capable of being
absorbed into the 1-L flucrine-contained resin reaction tank.
The 1-1, flucrine-contained resin reaction tank was cocled in
an ice bath. In esach of the reaction tanks, stirring was
conducted.
[0083]

The outlet in the reflux condenser was connected tc the
1-1L fluorine-contained resin reaction tank, and the generated

gas was allowed to be absorbed therein. As & result, the

38



For the sinmultaneously generated gas, into a 1 L reaction tank nmade of
fluorine-contained resin were put S g of separately prepared |lithium
fluoride (LiF) and 100 g of anhydrous HF together with a rotator to be

di ssolved, and the outlet in the reflux condenser was connected to the 1-1,
fluorine-contained resin reaction tank to make the generated gas capabl e of
bei ng absorbed into the 1-L fluorine-contained resin reaction tank. The
1-1, fluorine-contained resin reaction tank was cooled in an ice bath. In
each of s grgdcticonitdmks,~Istfilpciragewas ndondect 64510088 ion tankThe
outlet in the reflux condenser was connected to the 1-L fluorine-contained
resi n reagtd drctrankyo @id.t hef generiat exkigass wes cald ewedaf dobedabsardbed
therein. As a result, the tenperature of the 1-L fluorine-contained resin
react i omH=nkoadsendredm,0 tihe 5CGL Aflterr hes-generatrest gass wasred dtowed t o be
absorbed therein, the 1-L fluorine-contained resin reaction tank was taken
of f fromdihe weut t gten natherepftux gandensersnang Alhenceaakedet-o a4dC to
crystallize for 12 hours. Next, a supernatant in the 1-L fluorine-contained

resin reagti on, S ank Was ghewky, Laken.aut ;L0 seenduct, 30ld d-Likgui ds
separation. After the separation, "N2 was introduced into the reaction tank

at 3 L/md.nute, . dydrogen, { | uor ixde, Adhering {0 1dhe elyst ak-wasdrigd  and
renoved. Subsequently, the resultant was further dried in a drying machine

of 100C,for &&gggréak 0B S m}gbhdu& &gd- A iﬁﬁfgggggggo%;@g&s@fned-

[ 0084] resul t ant Ite cryst was~ ana a result,

't was identifiedas|iLhium phosphate. hexafd yord de (LIBES), The crystal

was analyzecf3 V ion cHr orat ography- a result,” the anount "of ani ons of

phosphat e, ox fluorid%_mas 5 The oféyater was
i

10 ppm or/ Tess by W& 599?%%%185%”&8{50%{%%‘?%3 ;{\%Ing%%}-?l?%set %UF%]E?E%TI c acid
was 50 ppmor |ess by_weight. I e Eteg_aqqgnt#and the jreg ngtofluoric
aci d cortEntTSRIER -weP e° eastl edY by- the SRArC IECsHer et Wk &nd =< 10
neutralization titration with sodi um hydroxi de, respectively.

a drying machine of 100°C for 3 hours. As a result, 15 ¢ of

a white crystal was cbtained.

[0084]

The resultant white crystal was analyzed by ¥XRD. As a
result, it was identified as Lithium phesphate hexafluoride
(LiPFQ. The crystal was analyzed by ion chromatography. As
a result, the amount of anions of phosphate oxyflucride was 50
ppm or less by weight. The amount of water was 10 ppm or less
by weight, aﬁd the concentration of free hydrofluoric acid was
5C ppm or less by weight. The water amount and the free
hydrofiuoric acid concentration were measured by the Karl
Fisher method and neutralization titration with sodium
hydroxide, respectively.

(G085

{Example Z)
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[ 0085] (Exanple 2) Into a 5-L reaction tanknmadeof
fluorine-contained resin were put 200 g of a commercially avail able 75%
phosphoric acid solution in water and 2000 g of anhydrous hydrogen fl uoride
(HE) together with a rotator, and the reaction tank was connected to a
reflux condenser (20 mmin dianeter x 2n) nmade of stainless steel. The
fluorine-contained resin reaction tank was kept at a constant tenperature
of 20Cin a water bath while the refl ux cqngenser was cooled with brine of
-30C. A magnetPECst Prtercdfis UsEa 1T PitheI? eaet Tom FHHfuf 4 X SBdft her nor e,
the liquid in the fluorine-contained resin_reaction tank was bubbled wth
ni t rogesga@srat ULLnPAW EOTBO8ERL LY avalAagds Jencst MBI FTomACRE cutl et
in the reflux condenser was anal yzed by ETCH As a result, it was verified
t hat thecgas iwasimwdscofa3ES 0ARd @ Tsmmll ¥ appa ity defodd9m. flncrheée géder at ed

gas, phosphorus oxyfluorides, such as POF5, were not detected. [0287]
(Exanpl e®)ether withntorat&:stry eantione t mdcnade oinf |wer igrewreontai ned
resin was put 200 g of a comrercially avail able 75% phosphoric acid

sol ut i onicnwateTitogetheenmet N 280 rotiat dd arand rt:hé meactdeons tsark nda@s sconnect ed
to a reflux condenser (20 mmin dianeter x 2 n) made of stainless steel.
The fl ugydaig-.conhaidiethiri@si+rontained resin reaction tank was kept at

a constant temperature of 20°C in a water bath while the reflux
condenser was cooled with brine of -30°C. A magnetic stirrer

a

|-t

was used to stir'the rzaction liquid. Furthermore, the ligu
in the fluorine-contained resin reaction tank was bubbled with
nitregen gas at 2 L/minute.
[008¢]

A gas generated from the outlet in the reflux condenser
was analyzed by FTIR. As a result, it was verified that the
gas was made 0f PFy and & small amount of HF. In the generated

gas,'phosphorus oxyiluorides, such as POFs;, were not detected.

Intoa 5-L reaction tank made of fluocrine-contained resin
was put 200 g of a commerciglly available 75% phosphoric acid
sclution in water together with a rotator, and the reaction tank
was connected to a reflux condenser (20 mm in diameter x Zrm
made of stainless steel. The flucorine~contained resin

reaction tank was kept at a constant temperature ¢f 20°C in a2

water tank while the reflux condenser was cooled with brine of
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reaction tank was kept at a constant tenperature of 20C in a water tank
whil e the reflux condenser was cooled with brine of -30C. A magnetic
stirrer was used to stir the reaction liquid. Furthernore, anhydrous
hydrogen fluoride in a gas formwas introduced at 150 g/mnute into the
phosphoric acid solution in the fluorine-contained resin reaction tank.

[ 0088] A gas generated fromthe outlet in the reflux condenser was
anal yzed by FTIR As a result, it was verified that the gas was made of 3F5
and a snﬁﬂPCandﬁm@g@E:HﬁSWIhIm@wgene$aﬂéd>ga$rfﬁhnsphotmsnd@qdimnides,
such as POF3, were not detected. [0089] (Exanple 4) Into a

5- BeamﬁanMmMmBmmﬂMmmumbmwm@mm&kum&ﬂmaﬂupmaﬁmb@nMas
comerci al ly avail abl e anhydrous phosphoric acid and 1800 g of anhydrous
hydr ogenrfdmaiicel (@HF)L S0ogéthentwi fhta cotapoospanditheci@aciiwn drank was
connected to a reflux condenser (20 mmin dianeter .x 2 nm nade of

st ai nl ess stteel £1dhel fd-ugrrnereentaiaied resit seacddlon tank was heated to
45C in a water bath while the reflux condenser was cooled with brine of
-30C. Furgdgmwriore, a magnetic stirrer was used to stir the reaction |iquid.
As the bath tenperature was raised, the reflux of HF was started. At this

time, the tenper@turengtathe ff@%ﬂk%éidﬂﬁi%ﬂM¥% 22C. r£B990] concenser
was analyzed by TTIR. As a result, 1t was verified that the
gas was made of PFy and g small amount of HF. In the generated
gas, phosphorus oxyfluorides, such as POF;, were not detected.
{OOB9J
(Example 4)

Into a 5-L reaction tank made of fluorine-contained resin
were put 200 g of commercially available anhydrous phosphoric
acid and 1800 g cf anhydrous hydregen fluoride (HF) together
with a rotator, and the reaction tank was connected to a refliux
condenser (20 mm in diameter x 2 m) made of stainless steesl.
The fluorine-contained resin reaction tank was heated to 435°C
in a water bath while the reflux conden.se:c was cooled with brine
of —20°C. Furthermore, a magnetic stirrer was used to stir the
reaction ligquid. Asthebath temperature was raised, the reflux
of HF was started. At this time, the temperature of the inside
liguid was 22°C.

[0080]
After 5 minutes, a gas was generated from the ocutlet in

the reflux condenser. This gas was analyzed by FTIR. As a
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After 5 mnutes, a gas was generated fromthe outlet in the refl ux
condenser. This gas was analyzed by FTIR As a result, it was verified
that the gas was nade of PF5 and a snmall anmount of HF. In the generated
gas, phosphorus oxyfluorides, such as POF3, were not detected. [0091]
For the sinmultaneously generated gas, into a 1-L reaction tank nmade of
fluorine-contained resin were put 5 g of separately prepared lithium
fluoride (LiF) and 100 g of anhydrous HF toget her vvi_:tgwa rotator to be
di ssol vé@Suaitd thevdutieet fitfot Wed v 10 Sconde st wast toRRect e't'd the 1-L
fluorine-contained resin reaction tank to nmake the generated gas capabl e of
bei ng alswrsedoifntis -t het [th6r DABEEORERI Aéd  reBpprheret i a1 e 1-L
fluorine-contained resin reaction tank was cooled in an ice bath.each of
t he reacticdn asafkks s, sWerei hgtwasteondact ed.

[0091]

For the simultaneously generated gas, intc a 1-1 reaction
tank made of flucrine~contalned resin were put 5 g of separately
prepared lithium fluoride (LiF) and 100 g of anhydrous HF
together with a rotator to be dissolved, and the outlet in the
reflux condenser was connected to the 1-L flucrine-contained
resin reaction tank to make the generated gas capable of being
abscorbed into the 1-L fluorine-contained resin reaction tank.

The 1-L fluorine-contained resin rsaction tank was cooled in
an ice bath. In esach of the reaction tanks, stirring was
conducted.

[0082]

The outlet in the reflux condenser was connected to the
1-L fluorine-contained regin reaction tank to allow the
generated gas to be absorbed therein. As a result, the
temperature of the solution in the 1-L flucrine-contained resin
reaction tank rose from 0 to 5°C. RAfter the generated gas was
allowed to be absorbed therein, the 1-L flucrine-contained
resin reaction tank was taken off from the outlet in the reflux
condenser, and then cooled to -40°C to crystallize for 12 hours.

Next, a supernatant. in the 1-IL. fluocrine-contained resin

reaction tank was slowly taken out to conduct scolid-liguid
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[ 0092] The outlet in the reflux condenser was connected to the 1-L
fluorine-contained resin reaction tank to allow the generated gas to be
absorbed therein. As a result, tenperature of the solution in the 1-1,
fluorine-contained resin reaction tank rose fromO0O to 5C. After the
generated gas was allowed to be absorbed therein, the 1-L
fluorine-contained resin reaction tank was taken off fromthe outlet in the
refl ux condenser, and then cooled to -40C to crystallize for 12 hours.

Next, aSEupéeratint h-the T2 1SHAG S cOnt Bf hed YT Fedctitnfank was
slowy taken out to conduct solid-liquid separation. After the separation,
N2 was IEGEcodascerined ¥ he THaadsE onlY 8RN Bl Hueehefydtogen ™l uori de
adhering to the crystal was dried and renoved. Subsequently, t he resul tant
was f ur chiestdiiets Bnligddiyd mgrasehi neSeps400ent by, I isouesu-A8na wegsul t, 15
g of a white crystal was obtained. [0093] The resultant white
crystal fwasrarabyzed by XREryvASyana@sithé  of t108ds dengi idedsas A4 tzhi um
phosphat e hexafl uoride (Li PF6). The crystal was anal yzed by ion

chr ot hatregraphy .15As afr esuwinti st he vamreuntvzef canizonsdf phosphate cxyfl uoride
was SO ppm or |ess by weight. The anount of water was 10 ppmor |ess by

wei ght, @ndthe concentration of free hydrofluoric acid was 50 ppmor |ess
by wei ght. The water anmount and the free hydrofluoric acid concentration

wer e measuredthy the.KanhiFishee a@gbqqlamésngﬁgn9kgaabyongbltr;eetiaon with
sodi um hydr oxi de, respectively. [0094]
result, it was identified as lithium phosphate hexafluoride
(LiPF¢). The crystal was analyzed by ion chromatography. As
a result, the amount of anions of pheosphate oxyfluoride was 50
ppm or less by weight. The amount of water was 10 ppm or less
by weight, and the concentration of free hydroflucric acid was
50 ppm or less by welght. The water amount and the free
hydrofluoric acid concentration were measured by the Karl
Fisher method and neutralization titration with sodium
hydroxide, respectively.
[00%4]
(Example 5]

Iintoa 5-L reaction tankmade of fluorine~contained resin
was put 1500 g of & 90% by weight hydrogen fluoride solution
inwater. While the solutionwas stirred, 153 gc¢f commercially
available phosphorus oxytrichloride was dropwise added thereto.
The mixing operation was made while the 5-L fluorine-contained
resin reaction tank was cooled with ice. Thereafier, the

reaction tank was connected to a reflux condenser (20 mm in



(Exanpl e 5) into a 5-1, reaction tank nmade of fl uorine-contained
resin was put 1500 g of a 90% by wei ght hydrogen fluoride solution in
water. While the solution was stirred, 153 g of conmercially avail abl e
phosphorus oxytric oride was dropw se added thereto The m xi ng operation
was made while the 5-1 fluorine-contained resin reaction tank was cool ed
with ice. Thereafter, the reaction tank was connected to a reflux condenser

(20 Mmin dianeter x 2 m qf stalnlgss % The fl uorine-contai ned
Fosi 1 EAGPFORE FoR VB BANG 0 A FRE - wal &% TP W FESFRGSF ST | i

condenser was cooled with brine of -30C Furthernore, netic_stirrer
was usedetonsriacthenreacki ons | hepich B %%é3ﬁétﬁ-ﬁ@ﬁﬁéf§@gﬁewﬁé $€rai sed,
the reflux of HF was started. At this tinme, the tenperature of the inside
liquid was 3660ux[ 0088pnser wasAfvere§ wiihbt 8¢ ina gas ~WwaSCgenerat ed from
the outlet in the reflux condenser. This gas was anal yzed by FTIR As a
resul t, Futrthasmveei f& etb gt ie e igas rwaig snadedof © PFEL T HCE ard <4 ismal |
anount of HF. In the generated gas, phosphorus - oxyfluorides, such as
POF3, waenreundt det edtechath temperature was raised, the reflux of HF

was started. AT this time, the temperature of the inside liquid
was 30°C.
[0095]

After 5 minutes, a gas was generated from the outlet in
the reflux condenser. This gas was analyzed by FTIR. As a
result, it was verified that the gas was made of PFy, HCl and
a small amount of HF. In the generated gas, phosphorus
oxyfluorides, such as POF3, were not detected.

[0096]

For the simultaneously generated gas, into a 1-L reaction
tank made of flucorine-contained resin were put 5 g of separately
prepared lithium fluoride (LiF).and 100 g of anhydrous HF
together with & rotator to be dissclved, and the outlet in the
reflux condenser was connected to the 1-L flucrine-contained
resin reaction fTank to make the generated gas capable of being
absorbed into the 1-L fluorine-contained resin reaction tank.
The 1-L fluoiinewcontained resin reaction tank was cooled in
an ice bath. In esach of the reaction tanks, stirring was
conducted.

{0097]
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[ 0096] For the sinmultaneously generated gas, into a 1-)1, reaction
tank nade of fluorine-contained resin were put 5 g of separately prepared
lithiumfluoride (LiF) and 100 g of anhydrous HF together with a rotator to
be di ssolved, and the outlet in the reflux condenser was connected to the
1-1 fluorine-contained resin reaction tank to nake the generated gas
capabl e of being absorbed intol-L fluorine-contained resin reaction tank.
The 1-L fluorine-contained resin reaction tank was cooled in an ice bath.

In each of thé&beceaétidh ¥3ﬁ¥§5f@bwﬁﬁiﬁ@nﬂﬁ§féﬁhﬂéét@ﬁpnf99@¢]ﬁo the The
outlet in the re flux condenser was connected to the 1-i fluorine-contained
resin réadt ifdmctramie tconglkliowdt e sgen@rcRed gas-aw: e aidorbddist herein. As a
result, the tenperature of the solution in the 1-1, fluorine-contained
resi n reactdranetdaniesr ase ber ams@ rice b ChaAfdier. t he gemepatéd gas was al | oned
to be absorbed therein, the 1-L fluorine-contained resin reaction tank was
t aken ofdferfpeamtihie oefitthetséhuthenrief tux lcandensetneandnthénscadd=ich to - 40C
to crystallize for 12 hours. Next, a supernatant in the 1-L

f uor i ne-ont:ained ieshbareact ion ot 8ak. wass sl owe tbakeraeul §0s ganduct
solid-liquid separation. After the separation, N2 was i ntroduced into the

reaction ke Bt 3 Hd Ee e Hydragen fluorider agdhesi ne: 1o e dystal was
dried and renoved. Subsequently, the resultant was further dried in a

dryi ng nachi eoge 199%&5 w%sh%'kén Hsr & S gsuhl, 0161 & of, anuhide grystal

was obt ai ne [009 The resultant white crystal was anal yzed by
XRD. As a re sult

e o S Lo AEOLL oo apeL iy L un phiosehat e, hexafd oy | de
Next, a supernatant in the 1-L flucrine-contained resin
reaction tank was slowly taken out to conduct solid-liquid
separation. After the separation, Np; was introduced into the
reaction tank at 3 L/minute. Hydrcgen fluoride adhering to the
crystalwasdxi;daﬁdremov@d. Subseguently, the resulitant was
further dried in a drying machine of lCO°C for 3 hours. As a
result, 15 g of a white crystal was obtained.

(0098]

The resultant white crystel was analyzed by XRD. 2As a
result, it was identified as lithium phosphate hexafluorids
(LLiPFs). The crystal was analyzed by ion chromatography. As
a2 result, the amount of anions of phosphate oxyfluoride was 50
ppm or less by weight. The amount of water was 10 ppm or less
by weight, and the concentration of free hydrofiuvoric acid was
50 ppm or less by weight. The water amount and the free
hydrofluoric acid concentration were measured by the Karl

Fisher method and neutralization titration with sodium
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a result, the anmount of anions of phosphate oxyfluor de was 50 ppm or |ess
by wei ght. The anount of water was 10 ppm or |ess by weight, and the
concentration of free hydrofluoric acid was 50 ppmor. | ess by wei ght. The
wat er amount and the free hydrofluoric acid concentration were neasured by
the Karl Fisher method and neutralization titration with sodium hydroxide,
respectively. [0099] (Exanple 6) Into a 5-L fluorine-contained resin
contai ner were put 200 g of a comercially avail able 75% phosphoric acid
sol uti ommydrwat ¢, ands2000g0i1 anhydr ous hydrogen fluoride (H F) together
with a rotator. While the solution in the container was stirred, the

sol ution;wmasssanpl ed to neasure the concentration of phosphorus. As a
resuwas 2.15% [0100]

(Example &)

Into a 5-L fluorine-contained resin container were put
200 g of a commercially available 75% phosphoric acid solution
inwater and 2000 g of anhydrous hydrogen fiuoride (HF) together
with a rotator. While the sclution in the container was stirred,
the solution was sampled to measure the concentration of
phosphorus. As a2 result, 1t was 2.15%.

(0100]

Next, the container was connected to a condenser made of
stainless steel, the temperature of which was kept at -30°C.
Anhydrous hydrogen fluor;de gas of 21°C was blown at 5 kg/hour
into the solution in'the container. In the stainless steel
condenser, hydrogen fluoride blown as a carrier gas started to
condense; thus, the hydrogen fluoride was taken out from the
system, and heated to adjust the temperature thereof to 21°C.

The hydrogen flucoride was clrculated and used as the carrier

rt

gas. The amount of water in the circulated and used carrier
gas was measured. As a result, it was 10 ppm or less by weight.
The gas discharged from the outlet in the condenser was
confirmed by FTIR. As a result, the gas was made of phosphorus
pentafluoride and a small amount of HF. Phesphorus

oxyiflucrides, such as POFs, were not detected.

[0101)
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Next, the contai ner was connected to a condenser nade of stainless steel,
the tenperature of which was kept at -30C. Anhydrous hydrogen fluoride gas
of 21C was blown at 5 kg/hour into the solution in the container. In the
stai nl ess steel condenser, hydrogen fluoride blow as a carrier gas started
to condense; thus, the hydrogen fluoride was taken out fromthe system -and
heated to adjust the tenperature thereof to 21C. The hydrogen fl uoride was
circulated and used as the carrier gas. The anount of water in the
circul at ed andufirseds tarriser tgads was ngead urredca Asiarresulves dttopweas!, 10 ppm or
| ess by weight. The gas discharged fromthe outlet in the condenser was
confirmethdylsRiuAsca tesuht, cbheagasrwass nagtep 0fd phosphorurs: the
pent af l uoride and a small anount of HF. Phosphorus oxyfluorides, such as

POP-,, weng-diotrdetected pHBtrus. As a rAkter,Sikoues, cthe bbew ng of
the carrier gas was stopped, and the solution in the container was sanpl ed

t o neasung ther-concentr athonof- phosPharusy s A8 iadesyl trakt MRSy 6500 ppm
Thereafter, the sane operation was again made to start bl owi ng hydrogen

f1uoride herei g o ALl %ef}%%&%o 2 gasedischarged fromtheoutletyin the

condenser as confirmed by FTI As a result, the conponents of the gas were

phosphorus, pentallug FeLdglg 39Q9 2,598l 1. anpunt. éﬂi fé_l'}lﬁgnseecg lﬁ}gﬁ RRQRUS

£ £ As .
oxyfl uorides, 'such as POF3, were not detected. tly, the 51omnng of

the hydrogen fluoride gas was_st ed,. and the solution in the container
was samﬂ%ﬁﬁib’ﬁ%ﬁ§ﬁﬂ§%Q%P%%ﬁéé%gggﬁ%ﬁ?tﬁ~p ggbﬁgﬁgé}““a%b$%§h it was

300 pmﬂégagfélgfla.g%%%hﬂfHF. Phosphorus oxyfluorides, such as POFy,

ware not detected. Subéequentlgn the biowing of the hydrogen
fluoride gas was stopped, and the solution in the container was
sampled tomeasure the concentration of phosphorus. 2Asaresult,
it was 300 ppm by weight.

(01021

(Example 7)

Into a reaction tank, made of fluorine-contained resin,
to the bottom of which a constant-rate pump for taking out was
connected, was put 20 kg of an anhydrous hydrogen fluoride
solution. While this anhydrous hydrogen fluoride solution was
cooled to 10°C, 1 kg of diphosphorus pentacxide was dissolved
therein. Furthermore, the anhydrous hydrogen flucrids
solution, in which diphosphorus pentacoxide was dissolved, was
supplied to a pheosphorus pentafluoride generating tank (made
of fluorine-contained resin and having a volume ¢f 10 L. The
supply was gquantitatively conducted at a rate of 8 kg/hour. The

used phosphorus pentafluoride generating tank was a tank to
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(Exampl e 7) Into a reaction tank, made of fl uorine-contained resin,
to the bottom of which a constant-rate punp for taking out was connected,
was put 20 kg of an anhydrous hydrogen fluoride solution. While this
anhydr ous hydrogen fluoride solution was cooled to 10C, 1 kg of
di phosphor us pent aoxi de was di ssol ved therein Furthernore, the anhydrous
hydr ogen fluoride solution, in which di phosphorus Pentaoxi de was di ssol ved,
was supplied to a phosphorus pentafluoride generating tank (nmade of
fl uori nehdeht ai pedderstn anhd WawvnAgs acvolamecsf - 10° AW rEhECsiigsitEcnas
gquantitatively conducted at a rate of 8 Kg/hour. The used phosphorus
pent af | var seei generratding dranik wasnay tapk stloycnbieh fa wwondensérz oC,0C and a
cool er of -50C were connected in series. Additionally, anhydrous hydrogen
fluori dgcakr25€¢ gereratred eirngas card Bxt gas genewati aAgppankdwes téwpplied to
t he anhydrous hydrogen fluoride solution in the phosphorus pentafluoiide
gener at ismeivtiank.s Wyidre deublilliung ithe ssalutioon iwi tthet hecgasiorze s, pply of
t he anhydrous hydrogen fluoride gas was conducted at a rate of 40 kg/ hour.
[0103] pentaflucride generating tank, while bubbling the solutionwith

the gas. The supply of the anhydrous hydrogen fluoride ¢as was

conducted at a rate of 40 kg/hour.

[C103]

In the phosphorus pentafluoride generating tank, a pump

was used to take out the anhydrous hydrogen fluoride solution

to keep the liquid surface ¢f the anhydrous hydrogen flucride

solution at a constant level. The taking-out rate was set to

about 8 kg/hour. The liguid temperature of a condensed liquid

generated by condensation by the condenser was 20°C, and this

condensed liguid was circulated, as it was, into the carrier

gas generating tank to be reused. When 30 minutes elapsed, PFj

gas accompanied by a very small amount of HF was constantly

génerated at arateof5.b¢g/minute fromthe outlet in the cooler.

[01041

Next, the apparatus illustraeted in FIG. Z was used to make

the following operation: Commerciaily available diethyl

carbonate (water concentration: 9 ppm by weight) in a battery

grade was charged in an amount of 2603 mL into each of the first

tank 2 and the second tank € sach made of fluorine-contained

resin, and then the pumps 3 and 7 were used to start a circulating
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I n the phosphorus pentafluoride ‘generating tank, a punp was used to take
out the anhydrous hydrogen fluoride solution to keep the liquid surface of
t he anhydrous hydrogen fluoride solution at a constant |evel. The

taki ng-out rate was set to about 8 kg/hour. The liquid tenperature of a
condensed |iquid generated by condensation by the condenser was 20C, and
this condensed liquid was circulated, as it was, into the carrier gas
generating tank to be reused. Wen 30 m nutes elapsed PT; gas acconpani ed
by a vem@egﬁatbpaﬁﬁuﬁﬂEOﬂﬁﬁFVMﬁéaeoﬁét@ﬁPFyO@eﬁ@W@f%da%@ wehlate 6 5.5
g/mnute fromthe outlet in the code [0104] Next, the apparatus

i |l ustrated tamEl, G:h2 WaswusEtk td make tdfe el p@wpﬁQBO@edaIiWﬂﬁ set
Commercially avail abl e di ethyl carbonate (water concentration: 9 ppm by
wei ght ) donlal hattery. griadefiast chariged 4 anadntasountoraf ¢2603rnt Wertso each of
the first tank 2 and the second tank 6 each nmade .of fluorine-contained
resin, andd hensdhepurpspdrandr-Z weredigeddtorahart aacichayl af ivg
operation in the individual absorption towers and tanks. At this tine, the
f1ow fats%c%f gach,of  the RuApS-3,and, 7 WBsssehct Oerlpd/di it @7 The first
cool er élthe second cooler 8 were used to set the tenperature of the
first L Cgpand that of the second tank 6, respectively, to a constant

tenperature of 20C. [0105] Subsequently, the above-nenti oned
hydr ogen-f | uor, %hgggggr ni.afl uoride gas was supplied into
t he tower botg%ggge W éﬁﬂbrpf%on tower 5 at 5.5 g/mnute.

on “df t secon
id

t
The phosphor.u Jntafluor e absor be organi c
solventﬁf(g it ndf%% laecf%ﬁ#¥¥§ ‘OSgW%gPE %ﬁ?a“ %%ﬁé% ggsgé$he
second tank .6 at 1.1 nut e was started After 60 mnutes fromthe start
of the SIS LFEERFam AN BorT o SFrOE i § AREn U 4L 9.9
mL/mnute. At the same tinme when the uct was t%%, out, an organic

sol vent VS EppFied 96 LHREE r sth % PFONE et %éjtorisd%gﬁﬁl fute and
further the destination of the solution supply through the punp 3 was

swi t chedB¥roiid fe ?ﬁr§?586§8?p%¢%ﬁ1%WMH%GQQ%Ft39év§%boﬁ8*a%§6%$tt%%ftomer 5.
Thereafter, a continuous operatlon was made. [0106] y the

cont i nuotrsd oRETatign SO 160 ofi AGLEd UMD T3APIE I 6P the §6P9ﬂﬁoﬁaﬂéSG
continuously supplied to the degassing tower 9. By a reduction in the
pr essur eathyl .tiRecdini nptirpwd 2, s tphosphor &< Yeenbaf huownt de fgasn dhssotved
excessively in the solution was
of the supply of lithium fluoride, a product was taksn out at
44,9 mL/minute. At the same tTime when the product was tTaken
out, an organic solvent was supplied to the first absorpticn
tower 1 at 43.4 mL/minute and further the destination of the
solution supply through the pump 3 was switched from the first
abscrption tower 1 to the second absorption tower 5. Thereafter,
a centinuous operation was made.
[0108]

~

Ry the continuous operation for 60 minutes, Z,947.5 g of
the scolution was continuously supplied to the degassing tower
9. Byzareductionjjztbepxessureknfth@airgnxm;lZ,phbsphorus

pentafluoride gas dissolved excessively in the solution was
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distilled off. After the distillation-off, the solution was taken out from
the third tank 10 to yield 2,911.5 g of a solution of |ithium phosphate
hexaf | uori de. Furthernore, fromthe distilled-off phosphorus pentafluoride
gas, diethyl carbonate and HF acconpanying the gas were renoved through the
condenser 13. Thereafter, a separately prepared absorbing liquid in which
di ethyl carbonate liquid was put was bubbled wth the phosphorus

pentafl uoride gas to allow the gas to be absorbed into the absorbing

| i qui d. dieithiisdvayf.herfasrwasecaldeci2dtip0107f, the sclutide was

t hus- obt ai ned sol ution of |ithium phosphate hexafl uoride in diethyl

car bonattes kdrhevanfxmit tat disod ubhhe thrpopeals wasl 110G ppid arsdessidy wei ght,
that of free acids was 10 ppmor |less by weight, and that of water was 10
ppm or |eSslihwei gHosprEte: st diant: 5o ut iren+ofe Add-Ri, umnphosphat e

hexaf |l uoride in diethyl carbonate was further subjected to a pressure
reduct i oy @t i A0C tor dissbis mﬁhcgfug sdetdhylusarhengie. charhbhs-yay,na-white

solid was obtai ned. The ite solid was anal yzed by XRD anal ysis. As a

result, éﬁo“@sabg&%éﬁi/ﬁqga&al LRl ym phosphat e hexal %g%bg@omﬁﬁgﬁﬂ

(Exarrple 8) t he sane operatlon as In was nade to

produce 25 ga %ﬁ%%’ftt%'rm 08, \ery SRLl. amount of. B MeAlglihe gpparatus

illustrated in was use oW ng eration:

Conmrer ci al | e.diet ar haonate (water co i.on; m by
wei ght) ‘?}l‘n %h bajt‘tél%bl jfade Ihiv\h%ts@ chat ged "i:ang an- anbuint e}?%!?%%S“rakt Trﬁ{)o each

of the first tank 2 a d lhe ond t@nk each mad fl uor.i ne-cont ai ned
resin, and THET If%é}? PATeré Goed™t 67§ 5?? a OCPF cUP B TRT”
operation in 5;15 ndi vj duql absorptlon t owers and tanks. At_this tine, the
flow rate'o? © c‘ﬁb%CP TR HeS pifs B anll T WAL et Te J2L RSP e THRSf i r st
cooler 4 and the second cooler 8 were used to set the tenperature of the
first tahk!® and that of the second tank 6, respectively, to a constant
tenperature of 20C. [0109] Subsequent |y, the above-nentioned
hydr ogen- f | uordide-feorital sm iy phvshorlust pent @f | Liorh den gasoswiszsupplied i o
the tower bottom section of the second absorption tower 5 at 5.5 g/ m nute.
The phosiphox Uisupeniafinctiae: gas-adsraht owedh¢ camewabsof beds ¢ tlolan organi c
solvent for 2 mnutes, and then the supply of lithiumfluoride to the
second tamkp@nents was 10 ppm or less by weight, that of free acids was

10 ppm or less by welght, and that of water was 10 ppm or less

by weight. The resultant solution of lithium phosphate

.hexafluoride in diethyl carbonate was further subjected to a

pressure reduction at 40°C to distill off diethyl carbonate.

In this way, a white solid was obtained. The white solid was

analyzed by ¥RD analysis. As a resuli, 1t was identified as

lithium phosphate hexafluoride.

(o108}

(Example 8)

First, the same operation as in Example 7 was made to

produce PFs gas containing a very small amount of HF, Next,

the apparatus illustrated in FIG. 2Z was used to make the
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at 1.13 g/mnute was started. After 80 mnutes fromthe start of the
supply of lithiumfluoride, a product wes taken out at 35.9 nL/m nute. At
the sane tinme when the product was taken out, an organic solvent was
supplied to the first absorption tower 1 at 32.5 nL/m nute and further the
destination of the solution supply through the punp 3 was switched fromthe
first absorption towerltothesecondabsorptiontower5. Thereafter, a
continuous operation was nade. [0110] By the continuous operation
for 60 mManutes,nPeB80a4ign ofCdrmes solaitlonvads abdrt tnaougl y-astipplded to the
degassing tower 9. By a reduction in the pressure by the air punp 12,
phosphor ispent athaenitdetgas :dBssohved vexcessi vel ¥ bactbeys@tadd amkanas
distilled off. After the distillation-off, the solution was taken out from

the thirghdank 10 ke yhehdr 28505 uofinSQ waconcef chit hi yg phosphat e
hexaf | uori de. Furthernore, fromthe distilled-off phosphorus pentafluoride

gas, diethylcreasbenaterand bF-aseompanyd ng 1:he- gas were. feamved through the
condenser 13. Thereafter, a separately prepared absorbing liquid i'n which

di et hyl |
i ethyl garbonat eld qui-ias Bt vas hubhled wi t é.gr]ffo ?ﬁﬁ%@so ing

pentafl uoride gas to allow the gas to be absor be

liquid. diLidisvay, hheigas wasaqoLbested; LOILIL, A5 EurLheriiore,

709.5 g of ethylene carbonate waf er “concéntration: y Wwei ght) was

added t Q.29 of .the resul solution,of |ithium phate exaf | uor
de in dﬁjﬁﬁ§§‘gbfbo%ate % ?le%dg Utf%ﬁ'dTFﬁF?ﬁIUﬁﬁﬁg ZH&F%H% af | uori de

in diethyl rbon gl ethyl arbonat e resultant sol ution, the
anount deFnﬁo u%f ﬁ%%hg m%%oiﬂr‘%ﬁﬁg r€§§ﬁbﬁﬂﬁécﬁﬁ9eﬁ iﬁeTﬁ free
aci ds was_ 10 _ppm or ess and that of water was 10 m or | ess by

wei ght . TOT2P Rexttl4 h&fﬂﬁu@&&m B Rl "RBE At Loakor i e

second tank &, respectively, to a constant temperature of 20°C.
(01091
Subsequentliy, the above-mentioned

hydrogen—fiuoﬁidewcontainingphosphoruspentafluoridegaswas
supplied into the tower‘bottonasection of the second absorption
tower 5 at 5.5 g/minute. The phosphorus pentafluoride gas was
allowed to be absorbed into an organic seclvent for 2 minutes,
and then the supply of lithium fluoride to the second tank 6
at 1.13 g/minute was started. After 80 minutes from the start
of the supply of lithium fluoride, a product was taken out at
35.9 mL/minute. At the same time when the product was taken
out, an organic solvent was supplied to the first absorption
tower 1 at 32.5 mL/minute and further the destination of the
sclution supply through the pump 3 was switched from the first
absorption tower 1 to the second absorption tower 5. Thereafter,

a continuous operation was made.

o
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coi n-shaped nonaqueous el ectrolytic solution lithiumsecondary battery
illustrated in FIG 3. Performances thereof . as an electrolytic solution
were evaluated in a charge-discharge test. Specifically, the test was nade
in accordance with the foll ow ng procedure: [0113] <Formation of a negative
el ectrode> Nat ural graphite and pol yvinylidene fluoride ( PVdF) were
m xed wth each other at a ratio by weight of 9/1, and thereto was added
N-net hyl pyrrolidone to yield a paste. el ectrode-applying applicator was
used to Bpplyi this paste evenly onto a copper foil piece 22 umin
t hi ckness. This was vacuumdried at 120C for 8 hours, and then punched out
by an el ectr odey phrchengi machs nedrayiiel doa Aégatiwvese] ectytadd ¢6oTimin
di aneter. [0114]

the solution was continuously supplied to the degassing tower

8. By areduction in the pressureby the air pump 12, phosphorus

pentafluoride gas dissclved excessively in.the soluticn was

distilled off. After the distillation-off, the solution was

taken out from the third tank 10 toyield 2,350.5 g of a solution

of lithium phosphate hexafluoride. Furthermore, from the

distilled-cff phesphorus pentafluoride gas, diethyl carbonate

and HF accompanying the gas were removed through the condenser

13. Thereafter, a separately prepared absorbing liguid in

which diethyl carbonate liguid was put was bubbled with the

phosphecrus pentafluoride gas to allow the gas to be absorped

into the absorbing liguid. In this way, the gas was collected.

Furthermore, 709.5 g ¢f ethylene carbcnate (water
concentration: 7 ppm by weight) was added to 2,350.5g of the
resultant solution of lithiumphosphate hexafluoride indiethyl
carbonate to yield a solution of lithium phosphate hexafluorids
in diethyl carbonate/ethylene carbonate. In the resultant
solution, the amount of inscluble components was 10 ppm or less
by weight, that of free acids was 10 ppm or less by weight, and
that of water was 10 ppm or less by weight.

(0112]

Next, the thus~cbitzined solution was used to form a
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<Formation of a positive el ectrode> Li 0002 powder, acetyl ene bl ack
as a conductive aid, and Pvdt as a binder were m xed with each other at a
ratio by weight of 90/5/5, and to this m xture was added

N-net hyl pyrrolidone to yield a paste. An el ectrode-applying applicator was
used to apply this paste evenly onto a copper foil piece 22 pmin

t hi ckness. This was vacuumdried at 120C for 8 hours, and then punched out
by an el ectrode punchlng machine to yield a positive electrode 21 of 16 mm
di anet ercoi-GhEFe kP Ralicsn Sof 1 & CEEin-Shap &P ionadueddd iéfect r ol yti ¢
solution lithium secondary battery> The p05|t|ve el ectrode 21 was
put ont cadmmdsott battace Ofliepediad e ©oh- 24, BndfeneprBensvEs it a porous
separator 23 made of pol ypropyl ene. Thereafter, the nonaqueous el ectrolytic
sol ut i orepreeparied:tire BExanpl=e 18 tvas: pmneeobvﬁdr@rrﬁt@ irA gyasket 26 was then
inserted hereinto. Thereafter, the negative electrode 22, a spacer 27, a
spring Zﬁhgﬂgbéﬂﬂﬁﬁﬁﬁﬁgaaﬁﬁﬂt.ZSSmecéf&u&@é&sim@bytpum ontso ke SQparator

23. A coin-shaped battery crinping nmachine was used to fold an opening in

t he posiddoe-eleet node, canr 24 i wends o tdhesebye= cl osing the opening. In this
way, a nonaqueous electrolytic solution lithium secondary battery was

f or med. QH_;ﬁ%Pently the batter was charged at a constant current of 0.4
mA. When the Vol tage reached 4.1 V, the battery was charged at a constant

vol tage @Ff“o*Analtlorfl 0= L, hour.: ;The batd-eryqums discharged at a constant
current of 1.0 mA until the voltage turned to 3.0 V. Wien the voltage

reached 3.0 V,TJggggﬁg @@%ﬁﬁ?851§gﬁgpglﬁﬁk@'*E%“*d$QE@@%9ﬁQ§9§e Wi th

this charge an cyc e, the e-di scharge test was nade. As a

result, the %har e- dlﬁchghgg effic Feé%{ggswgggH;C;D%W % \Wen the cycle of

t he char rge was repea ‘hé charglng capacity was
not Chaqgsg aé&%é'Awmethylpyrroleone to yield & paste. An

electrode-applying applicator was used To apply this paste
evenly onto a copper foll piece 22 um in thickness. This was
vacuum-dried at 120°C for 8 hours, and then punched out by an
electrode punching machine te yvield a negative electrode 16 mm
in diameter
(01147

<Formation of a positive electrode>

LiCo0; powder, acetylens black as a conductive aid, and
PVAF as a binder were mixed with each other at 2 ratic by weight
0f 90/5/5, and to this mixture was added N-methylpyrrolidone
to yield a pasie. An electrode-applying applicaté: was used
to apply this paste evenly onto a copper foil piece 2Z um in
thickness. This was vacuum-driedat 120°C for 8 hours, and then
punched out by an electrode punching machine to yield a positive

electrode 21 of 16 mm diameler.



(Exanpl e 9) First, the sanme operation as in Exanple 7 was nmade to
produce PFs gas containing a very small anmount of HE. Next, the apparatus
illustrated in FIG 2 was used to make the foll ow ng operation:
Wat er -i ncor porated, comrercially avail abl e diethyl carbonate (water
concentration: 550 ppmby weight) in a battery grade was charged in an
anount of 2603 nL into each of the first tank 2 and the second tank 6 each
made of fluorine-contained resin, and then the punps 3 and 7 were used to
start a Ci¥<hl ating operation in the individual absorption towers and
tanks. At this tine, the flowrate of each of the punps 3 and 7 was set to
1 L/ m ntEsrmdrel i rst aceoliersAzand hbeaseeond edeberco8yveresdsedisw set the
tenperature of the first tank 2 and that of the second tank 6,
respectivetiyiud Os @cSomstantademper ature of 20C. [0117] : Subsequent |y,
t he above-nenti oned hydrogen-fl uoride-contai ni ng phosphorus pentafl uoride
gas was suppligd into dhe towen betd om sect i-op %t};h@héegeﬂgoﬁbf?&@“ on

a

tower 5 at 5.5 g/mnute. The phosphorus pentafl uoride gas was owed to be

absor bed, ), <Of. i¢ sol vents £9 ] es,,-a hen.the supply of
lithi umdﬁtr}% icgé; ﬁo\g%h@e&szgdn l‘E]ﬂtblank%g%ao[ﬂ %Q%S g/’mggﬁ{)"ég&%s“é a‘r?“e%l%l From a

time aft 1 nut fro J t art ~the supply of lithiumfluoride, a
pr oduct %Srﬁ % eﬁ‘ ﬁ?lé‘%jg&rﬁs_/ m%&%?a*ﬁt“ﬁs’hg“@ls%r?é}raﬂum@e“ﬁnsen t he product
was taken out..,an. organic sol vent s supplied to the first absorption
Lower 1 Zt=43 4H) RiRACE AR T UrTET the GBBTT et T ORO8F SChes Sof utt on
supply through the pu 3 was, swtched fromthe first absorption tower 1 to
the sec ogaa%%%fr p% of* T oweT" 51 SHer Taf fer ¢ HAt tontiifFGE [Ser atfiton was made.
[0118] . By the continuous operation for 60 mnutes, 2,947.5 g of the
sol uti orf“%%%tjc%%ﬁlr%u%q%ﬁ <apphi BRI the Ae§AssIAg T GWer 2oneByTavs educt i on
in the pressure by the air pu 12, phosphorus pentafl uoride gas dissol ved,
excessi V&Y 1h tHee spreEe o d?st | PNed oRE. sEPReRrteheldisthi || ation-of f,
the solution was taken out omthe third tank1l0 to yield 2,911.5 g of a

sol ut i onc@intshdpembphosphat eiteksf haotilde. wFansheromf el dfaroapeheng
distilled-off phosphorus pentafluoride gas, diethyl carbonate and HF
acconpanyi rgra lpesgds weeeéscempdedcshrodginitdred condensery t7osThereatter, a
separately prepared absorbing liquid in which diethyl carbonate Iiquid was
put was dpsabled. wilrh trhes phosphorus:sppndafd udrdde-gas: 1o ajlowdhe gas te
be absorbed into the absorbing liquid. In this way, the gas was coll ected.
[0119] 1lithium secondary battery was formed. Subseguently, the

batter was charged at a constant current of 0.4 m&A. When the
voltage reached 4.1 V, the battery was charged at a constant
veltage of 4.1 V for 1 hour. The battery was discharged at a
constant current of 1.0 mA until the voltage turned to 3.0 V.
When the voltage reached 3.0 V, the battery was kept at 3.0V

or 1 hour. Inaccordance with this charge and discharge cycle,

+h

the charge~discharge test was made. As a result, the
charge—discharge efficiency was about 100%. When the cycle of
the charge and discharge was repeated 150 times, the charging
capacity was not changed.

[0116]
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In the thus-obtained solution of |ithium phosphate hexafl uoride in diethyl
carbonate, the anmount of insoluble conponents was 82 ppm by wei ght, and.
that of free acids was 380 ppm by wei ght. [0120] Next, in the sane
way as in Exanple 8, the solution of |ithium phosphate hexafluoride in

di et hyl carbonate was used to form a coi n-shaped nonaqueous el ectrolytic
sol ution secondary battery. Furthernore, in the sane way as in Exanpl e 8,
performances thereof as an electrolytic solution were evaluated in a

char ge- di®tharlge %lest. As a result, the charge-di scharge efficiency was
80% When the cycle of the charge and di scharge was repeated 150 tines, it
WAs possi bl e tthatsa decr ease idparhe iohargy ngh apagi ity Wassdeprcessed to a
degree of about 20% [0121] (Conparative Exanple 1) Into a 1-L
reacti onotadnkedrade obsf buerkne:eontaraed sesiin webenpubrSHg. ofnddd hi um
fluoride (LiF) and 100 g of anhydrous hydrogen fluoride (HF) together wth

a rotatofnd oxhyen dissol ved:s Nextag t:he slrd. 1 upLd nescontained rasi n reaction
tank was kept  at 5Cin an ice bath. Wiile the solution was stirred with a

magnet i Cesti g ely 25 % :0fo,2 Gormmrcialdy, avaidabl g,£8% phosphoric acid
solution In water was dropw se added thereto over 30m nutes.” At this tineg,
the temperatung of,the reacthon sl ytlon s ose Up:+t9.33,9e8E6eSn by
weight) in a battery grade was charged in an émount of 2603 mL
into each of the first tank 2 and the second tank 6 sach made
of flucrine-contained resin, and then the pumps 3 and 7 were
used to start a circulating operation in the individual
absorption towers and tanks. At this time, the flow rate of
each of the pumps 32 and 7 was set To 1 L/minute. The first coocler
4 and the second cooler 8 were used to set the temperature of
the first tank 2 and that of the second tank 6, fespectively,
to a constant temperature cof Z2C°C.
01177
Subsequently, the above-mentiocned
hydrogen-fluoride—contalning phesphorus pentaflucride gas was
supplied into the tower bottom section of the second absorption
tower 5 at 5.5 g/minute. The phosphorus pentafluoride gas was
allowed to be absorbed into an organic solvent for 2 minutes,

and then the supply of lithium fiuoride to the second tank 6

]

at L.13 g/minute was started. Froma time after 60 minutes from

I

the start ¢f the supply of lithium flucride, a product was taken

out at 44.9% mL/minute. At the same Time when the product was
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[0122] Thereafter, the solution was cooled to -40C to crystallize
for 12 hours. Next, a supernatant in the 1-L fluorine-contained resin
reaction tank was slowy taken out to conduct solid-liquid separation. In
this way, a white crystal was yielded. After the separation, N2 was
introduced into the reaction tank at 3 L/mnute in order to dry and renove
hydr ogen fl uori de adhered onto the crystal. As a result, the white crystal
turned to a pasty material. Thereafter, the material was continuously

heat ed i elgedroyumg arachigeniof IO0E forwsds hoursliedyiel tha Sotdd appeari ng
to be slightly wet. The solid obtained by the heating treatnent was

anal yzedabyoimwn @htowetageaptyy.4 As/aifnesdldng ankonsr efhephosphati€ion
oxyfluoride were recogni zed, the anount of which was 10% by wei ght. [0123)

( Conpar ab e cExampt €02)supply thkBupheseats Gopparatise dxaplkec?, cide
apparatus illustrated in FTG 2 was used to produce |ithium phosphate

hexaf | uopi de: apsorpr Fbi st @w@ﬁm&l%éys@a@h&agzbgo%ewﬁl+&»@éb0§ate (wat er
concentration: 9 ppmby weight) in a battery grade was charged in an anount

of 2603 @%efééfkf?“*b(%oﬁlEhﬁé toﬁ{?&tfb@ng %égpond tank 6 each nmade of

| uori ne-contain resin, and t punps were used to start a
circul atipng, operation in the individual absorptlon towers and tanks. At
this ti

By the continuous operation for 60 minutes, 2,%47.5 g of
the solution was continuously supplied to the degassing tower
9. Byareduction in the pressure by the air pump 12,.phosphorus
pentafluoride gas dissolved excessively in the solution was
distilled off. Aftér the distillation-off, the sclution was
taken cut from the third tank'10 to vield 2,911.5 g of a solution
of lithium phosphate hexafluoride. Furthermore, from the
distilled-off phosphorus peﬁtafluoride gas, diethyi carboﬁate
and HF accompanying the gas were removed through the condenser
12. Thereafter, a separately prepared absorbing liquid in
which diethyl carbonate liguid was put was bubbled with the
phosphorus pentaflucride gas to allow the gas to be absorbed
into the abscorbing liguid. 1In this way, the gas was collected.
[0119]

in the thus—obtained.solution of lithium phosphate
hexafluoride in diethyl carbonate, the amount of inscluble
components was 82 ppm by welght, and that of free acids was 380
pepm by weight

[0120]
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the flowrate of each of the punps 3 and 7 was set to 1 L/mnute. The first

cooler 4 and the second cooler 8 were used to set the peratu a 0 the
first tank 2 and that of the second tank 6, respectively, to a constant
tenperature of 20C. [0124] Next, the HE-containi ng phosphorus

pent afl uoride gas yielded in Exanple 7 was supplied at 5.5 g/mnute into
the tower bottom section of the second absorption tower 3. This phosphorus
pent afl uori de gas was caused to be absorbed into an organic solvent for 2
m nut es, and thet,t He Shgpkypref whivt A uanf Exerbde fntohte heokecond dfank 6 at
1.34 g/mnute was started. After 60 mnutes fromthe start of the supply of
| it hi um ¥1torirdeyh ddrd egec brd adbisonptecon it awerrhylwasrbboekedwad tisdd t hi um
fluoride, which was in a slurry form Thus, the operation turned difficult.
CLAI M5 riocesSsrd of doy ot ange p hosplroraus: pentaft tor e solution
secondary battery. Furthermcre, in the same way as in Exanple
8, performances thereof as an electrolytic sclution were
evaluated in a charge-discharge test. As a result, the
charge-discharge efficiency was 8(0%. When the cvcle of the
charge and discharge was repeated 150 times, 1t was possible
that a decrease in the charging capacity was depresssd to a
degree of about 20%.
[0121]
(Comparative Example 1)
Intoa 1-L reaction tankmade of fiucrine-~contained resin
were put-S g of lithium fluoride (LiF) and 100 g of anhydrocus
hydrogen filuoride (HF) together with a rotator te be dissolved.
Next, the 1-L fluorine-contained resin reaction tank was kept
at 5°C in an ice bath. While the soluticn was stirred with a
_ magnetic stirrer, 25 g of a commercially available 75%
phosphoric acid solution in water was dropwise added thereto
over 30 minutes. At this time, the temperature of the reacticn
solution rose up to 35 degrees.
(0122}
Thereafter, the sclution was coocled to ~40°C to

crystallize for 12 hours. Next, a supernatant in the 1I-L

fluorine-contained resin reaction tank was slowly taken out to
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wherein ~acarrier gas is brought into contact with either of the
foll ow ng one: a pentaval ent phosphorus conpound, a solution thereof,
or a sol utioni nwhi cha conpositionobtai nedbyal | owi ng t he pentaval ent
phosphorus conpound or the solution thereof to react with hydrogen fluoride
i s dissolved, t hereby a phosphorus pentafloride is extracted into
the career gas. 2. The process for produci ng phosphorus
pentafl uoride according to claim1, mher@in*Ihe solutian, in which the
conposi CPERYCE- Sei 530t Vth < iSEPRER e 1 hefeby* evipor 4t g pIosphérus
pent af | uori de gas toget her with hydrogen fluoride gas to separate
phosphoas péataffuoriider the sepazat¥Re  plodessifeF CBredtci g’ phGsphor us
pent af | uori de according to claim1, wherein the solution, in which the
conposi tieartiisrdissblated, L il bbb ligdowider theltapnFerepase tydrogen

fluoride adhered onte the crystal. As a result, the white

crystal turned to a pasty material. Thereafter, the material

was continuously heated in a drying machine of 100°C for 3 hours

to yield a solid appearing to be slightly wet. The solid

obtained by the hesating treatment was analyzed by ilon

chromatography. As a result, anions of phosphate oxyflucride

were reccgnized, the amount of which was 10% by weight.

[0123]

(Comparative Example 2)

In present Comparative Example Z, the apparatus

illustrated in FIG. 2 was used to produce lithium phcesphate

hexafluoride.

txy

First, commercially available diethyl carbonate (water
concentration: 9 ppm by weight) in a battery grade was charged
in an amount of 26032 mL into sach of the first tank 2 and the
second tank 6 each made of fluorine-contained resin, and then
the pumps 3 and 7 were used to start z ciiculating operation
in the individual absorption towers and tanks. AL this time,
the flow rate of sach of the pumps 3 and 7 was set to 1 L/minute.
The first cooler 4 and the second cooler 8 were used to set the

emperature of the first tank 2 and that of the second tank €,

oF

respectively, to a constant temperature of 20°C.
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4. The process for produci ng phosphorus pentafluoride according to claim
1, wherein the water content in the carrier gas is 1% or |ess by weight.

5. The process for produci ng phosphorus pentafluoride according to claim1,
wherein the tenperature when the carrier gas is brought into contact with
the solution, in which the conposition is dissolved, is from-50 to 100C.
6. The process for produci ng phosphorus pentafl uoride according to claim1,
wherein the carrier gas is Left-to the solution, in which the conposition

i s di ssol ek ! 7. The process for produci ng phosphorus pentafl uoride
according to claim1l1, wherein the phosphorus atom content in the solution,
in which the compositisomi-ssoditssolived, phssdiram . 0dnt0f 25% hye wed ght .

8. The process for produci ng phosphorus pentafluoride according to claim1,
wher ei n 4 @gen of Luofh de 79ass issippsad astthe gafmihek e0asto the towed. The
process for produci ng phosphorus pentafluoride according to claiml,
wherein pottom section of the second absorption tower 5. This

phosphorus pentafluoride gas was caused to be absorbed intc an
organic solvent for 2 minutes, and then the supply of lithium
fluoride inte the second tank © at 1.34 g/minute was started.
After 60 minutes from the start ¢f the supply of lithium fluoride,
the second absorption tower 5 was blockedwith lithium fluoride,
which was in a slurry form. Thus, the operation turned

difficult.

92}
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the carrier gas is brought into contact wth anhydrous hydrogen fl uori de,
t hereby phosphorus cxyfluoride extracted in the carrier gas reacts with
anhydr ous hydrogen fluoride in accordance with the foll owi ng chem cal
reaction formula, and generates phosphorus pentafluo de: 20F2 + 2HF -4 PF5
+ H20 10. The process for producing phosphorus pentafluoride
according to claiml1l, wherein the pentaval ent phosphorus conpound is a
conpound obtai ned by oxidizing a zeroval ent or trival ent phosphorus
conpound. A process foERApMEduci ng a phosphat e hexafl uori de,
wher ei n phosphorus pentafl uoride obtained by the process for producing
phosphorus pentafluoride according to claiml1 is allowed to react with a
fluoride in accordance with the followi ng chem cal reaction fornula,
t her eby produci ngz e ophesphate phexatliver ipdess i st MM PR g,
wherein
a carrier gas is brought into contact with either of the
fellowing one:
a pentavalent phesphorus compound,
a scolution thereof,
or a solution in which a composition cbtained by allowing
the pentavalent phosphorus compound or the sclution thereof o
react with hydrogen fluoride is dissolved,

thereby a phesphorus pentaflucoride is extracted into the

career gas.

Z. The process for producing phosphorus pentafluoride
according to ¢laim 1, wherein the sclution, in which the
composition ig dissolved, is heated, thereby evaporating
phosphorus pentafluoride gas together with hydrogen fluoride

gas to separate phosphorus pentafluocride.

3. The process for producing phosphorus pentafluoride
according to claim 1, wherein the solution, in which the

compoesition 1s dissolved, is bubbled with the carrier gas.

4. The process for producing phosphorus pentafluoride
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wherein Mrepresents anyone selected fromthe group consisting of Li, Na,
K, Rh, Cs, NH4 and Ag when n is 1, represents any one selected fromthe
group consisting of Ca, My, Ba, Zn and Pb when n is 2, and represents any
one selected fromthe group consisting of Al and Fe when n is 3. 12. The
process for produci ng a phosphate hexafluoride according to claim11,
wherein for the reaction between the phosphorus pentafl uoride and the
fluoride, at least the follow ng steps are conduct ed: a first step
of di ssalodorgiiplsosphot aism pentatli-aoni desgast¢n amiergannctisolaentier a
second step of adding, to the organic solvent, the fluoride, the anmount of
whi ch i grean famidnb rsti@schilgmedtetiictal.l y equi val ent to the phosphorus

pentafl uoride, or a stoichionetric anount |ess than the stoichionetrically
equi val ent anount, thereby generating a solution of the phosphate
hexaf | uori de, and athird step of cycling the solution of the

phosphat e hexaf,| ueridgi-ntetbefor sswsécﬁpciﬂﬁr@m%%p&é“
pent af | uori degas in the solution of the phosphate hexafluorlde |nstead of

the organi 6 ,8QVeRt.c1a:m 1, wherein the temperature when the carrier

gas 1is brought into contact with the socliution, in which the

composition is dissolved, iz fxom -50 to 100°C.

6. The process for producing phosphorus pentaflucride
accerding to claim 1, wherein the carrier gas is inert -to the

sclution, in which the composition is dissolved.

7. The process for producing phosphcrus pentafluoride
according to claim 1, wherein the phosphorus atom content in
the soluticn, in which the composition is dissolved, is from

0.01 to 2

N

% by welight.

8. The process for producing phosphorus pentafluoride
according to claim 1, wherein hydrogen fluoride gas is used as

the carrier gas.

h

9. The process for producing phosphorus pentafluoride
according to claim 1, wherein

the carrier gas is prought into contact with anhydrous

hydrogen flucride,

&)}
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The process for producing a phosphate hexafl uoride according to claim12,
whetein the organic solvent is at |east either one of a nonaqueous organic
solvent or a nonaqueous ionic |iquid. 14. The process for producing
a phosphat e hexafl uoride according to claim 12, wherein the organi c sol vent
is a solvent having a water concentration of 100 ppm or |ess by weight.
15. The process for produci ng a phosphate hexafl uoride according to claim
12, wherein the first and third steps are conducted, using an absorption
t ower . the@ebAnpebephrobytdxySolution,edomprtssi ng anphosphate
hexaf | uori de obtai ned by the process for producing the phosphate
hexaf | uardadesaccer g arbryvelraium dydrogen £14dride lel ectorcrbyeacctinul ati ng
el enent, conprising the electrolytic solution according to claim16.

the following chemical reacticn formula,

and generates phosphorus pentaflucride:

FOFs; 4+ ZHF — PF; + H0

10. The process for producing phogphorus pentafluoride
according to claim 1, wherein the pentavalent phosphorus
compound 1s a compound obtained by oxidizing a zerovalent or

trivalent phosphorus compound.

11. A process for producing a phosphate hexaflucride,
wherein phosphcorus pentaflucoride obtained by the process for
producing phdsphorus pentafluoride according to claim 1 is
allcocwed to react with a fluoride in accordance with the
following chemical reaction formula, thereby producing the
phosphate hexafluoride:

nPF: + MFn — M{PFgin
wherein M represents any one selected from the group consisting
of Li, Na, ¥, Rb, Cs, NH; and Ag when n is 1, represents any
one selected from the group consisting of Ca, Mg, Bz, Zn, Cu
and Pb when n 13 2, and represents any one selected from the

group consisting of Al and Fe when n is 3

-

1Z. The process for producing a phosphate hexafluorids
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according te claim 11, wherein for the reaction between the
phesphorus pentafluoride and the fluoride, at least the
following steps are conducted:

a first step of dissolving phosphorus pentaflucride gas
in an organic solvent,

a second step of adding, to the organic solvent, the
fluoride, the amount of which is an amount stoichiometrically
equivalent to the phesphorus pentafluoride, or a stoichiometric
amount less than the stoichiometrically eguivalent amount,
thereby generating a solution of the phosphate hexafluoride,
and

a third step of cycling the solution of the phosphate
nexafluoride into the first step, thereby dissclving phosphorus
pentafluoride gas in the solution of the phosphate hexafluoride

instead of the organic solvent.

13. The process for producing a phosphate hexafluoride
according to claim 12, wherein the organic solvent is at least
either one of a nonagueous organic selvent or a nonagueous ionic

liguid.

14. The process for producing a phosphate hexafluoride
according to claim 12, wherein the organic solvent 1s a sclvent

having & water concentration of 100 ppm or less by welght.

821
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15. The process for producing a phosphate hexafluoride
according to claim 12, wherein the first and third steps are
conducted, using an absorption towsr.

16. An electrelytic solution, comprising a phosphate
hexafluoride obtained by the process for producing the

phosphate hexafluoride according to claim 1.

17, Anelectricity accumulating element, comprising the

electrolytic sclution according to claim 16.
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