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The present invention relates to a method for producing

“lithium hexafluorophosphate; and specifically relates to a
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method for producing lithium'hexafluorophosphate-useful as an

‘electrolyte for lithium secondary batteries and a catalyst for

organic synthesis.

BACKGROUND OF THE INVENTION.

Conventionally, lithium.hexafluorophosphate is produced

by the following steps:

1) Lithium fluoride (LiF) is dissolved in hydrofluoric acid

anhydride to give a solution.

- 2) PFygas is blown into this solution. This operation causes

. LiF to react with PF. to produce lithium hexafluorophosphate.

20

25

3)  The solution is  cooled  to deposit lithium
hexafluorophosphate. S |
4) The solution is filtered to separate the depoéited lithium
hexafluorophosphate. |

5) The separatéd,lithium hexafldorophosphate is then dried to
yield lithium hexafluorophosphate as a product.
6)Followingthisstep,apmcductof1ithiumhexafluorOphosphate
Iis dissolved in an organicISOlVent, for example, for use as an
electrolyte for a lithium battery.

However, according to the related method for producing

6)
sol ved
[ithium



However, according to the related nethod for producing S REPLRCEMENT
SHEET 7 JUN 2004 I|th|un1hexafluorophosphate many ki nds of |npur|t|es such

as lithiumfluoride and’oxyfl uorophosphoric acid conpouq@gpLACﬁﬁﬂ?hﬂheﬁﬂiEﬂ
hexaf I-uor ophosphat e. Wen |ithi um hexafl uorophosphate containing such

inpurities is dissolved in an organic solvent for use as an-eﬂedUNoEMMe for
alithiumbattery, lithiumfluoride & not -soluble. iri the organic sol vent
and .the .electrolyte therefore has to be filtered. gxanples of nethods for
. renpving luhhseml hprafiluesophesphd fe patdog wihete olfi Lipufities such as

s hexafluorophosphete is dissolved in organic solvent to remove .inpurities
usi ng ahtﬂﬁwiexéﬂangedeeand @ﬁaﬁhmes@pwbﬂphdﬁuﬂjauaexammpedn@aaeetcontalned |
Application. No. 'f98987774) and a nethod-where neutralization treatnment is -
carri'ed 6Gtheﬁa£ﬁu8F88ﬁP§P 8Ffent (1984-81870:) However, these nethods 15

| tj d tivity. As described ab
el at o mot hodd PRy v ticthg PEERE SHPAERR ?fﬁlﬁ%%ﬁo éﬁ&@éﬂﬁﬁ%ﬁf@eﬁbﬁpf’éi

| aftersgtr Y, fs f t r:eat
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I i exaf | uor ophosphate of high purity cann

~ probl emakilectroRyte. 2 The pi £R Ma toavent 1 Dih DIl des idenet hod.

fox. " produci ng I It hi um hexaf | uor ophosphat e capabl e .of yielding |ithium’

.- hexaf | uoEephesphaekulpte high ther i exgaiidhoavlvenui rndg e exleaataigrite 25

‘DI SCLOSURE OF _THE | NVENTI ON- The nethod for producing lithium - ,
hexaf i uorGSAGEEREL 825cEBr BPng 1L6SFRE present i nvention i char act éri zed by .

filtering l'th?#gh eégf%ﬁqggpggagpﬁég %%géh%}l?a|%:hgmbE§1§0|vent and thea

ying after f S
@ 10~ meﬁoammezewﬁhﬁ% ﬁekéfﬁfﬁ%r@ﬁhb@ﬁﬁa@é tlfge s2L¥8Ny8q tmt is

‘.FWdroquorlc aci d -anhydride, or organic solvents that do:not react wth
" I'i t hi um bexablicos olasp hat Jeemcé\vetmmmharee NEFSieg-1a1) ime&bhahgphﬁ@@hﬁt e

~ coexists with 5 the solvent is a state-in which the follow ng ste s are
'.corrpl et edJapanese Publlshed Unexamined Pateht Appllcatlon No 19
h _8?‘774) and a method where neutrallzatlon treatment is carrled o
out‘in an organlc solvent (1984—-81870.) However, these met,hods‘ '
15 a:re coinp”lex -inf‘operation: and profkide rllow 'pr‘o'duc'ti'\'rijty‘
| As descrlbed above, related methods for produc:Lng llthlum‘
| 'hexafluorophosphate requlre complex after- treatment Even if
after- treatment is performed llthlum hexafluorophosphate of
Ahlgh purlty cannot be produced Wh.‘LCh is problematlc
"L,) 20 " The present 1nventlon prov:Ldes a method fon produc1ng "
llthlum hexafluorophosphate capable of yleldlng llthlumr
' 'hexafluorophosphate of hlgh purlty w1thout requlrlng after—'

treatment. .

25 DISCLOSURE OF THE _INVEN.TION
The method for .prod_acin_g lithium he_xafluorophospha-te
accorcl_ing to the-present _invention' is ‘characte_‘rjized }ay filtering
I-Lilthium hexafluorophosphate -coexistilng with the solvent an_d

then drying after filtering in a gas atmosphere containing PE;.



1) Lithiumfluoride (LiF) is dissolved in hydrofluoric acid anhydride to

give .a solution. 2). PFsgas is blown into this solution. This operation

. causes LiF and PFS to react to produce lithium hexafl uoroﬂgggnﬁ@%%gq‘ g)-lEET

The solution is cooled to deposit 1ithium hexafl uorophosp “t

present invention, the step of filtering the solution i's perforneq@ inNa%ﬁﬁs
at nrosphere containing PFs: CGases that.‘ﬁmy be enpl oyed as the gas contai g
PFS .15 (atnosphere gas, hereafter) are” gases that are prepared by diluting
PFS with a gas (for exanple, HF gas, HCl gas, nitrogen gas; argon gas,

hel i um gas, Ixenmmy gas, dsé®daai rtha gas Jddals,doegaNot & each Wkl BRS QLig
l'ithi ughgﬁéafclieuorodphosphate.) The concentration of PFS in the atnosphere
gas is o ~L 20°pr ef€r abYAR o BBIWEIES Witdt 1900 ROtnoresdei neitior dithium
pref erlabkeflambphdphb@enol s being still nore preferable. A concentration
less than 1 nolo may result in the effects being insufficient. A

~concentration ok shadre SBemel 1bthhus esexdF I nareass i tRFS.eonsuaphion and is

“therefore expensive. 25 On the other hand, 0.003 to 0.3 kg of PFsis

. Fig. 1is a.conceptual di agram of the filtering apparatus
. - present i nvent iGEesFitgha meyabeosoppoyal disagrem @ds t bentayhnggappar at us:

pr ef ePabl §'% 6P 1YeRE ot aIstefieuin Whkahitner Sphbspitag et epistdrHc6031 &0ed. 03 kg
of PFS bej s than 0. 003 kg of PFS may not cause

: I € , bl e.
ef fects t7 )gt g%fﬁ;ﬂ@%wg ané)nn%ﬁltdb%%?l‘fﬁ@ Wy keydsesledeic neetdse in

PFS 'consugm{lgma@i@' LS EXPENSLNS o, 7 JEW ~~. . -4 Meanwhile, the

concentration of inpurities, par ;c&'arly nmoi-sture, contained in the

at osphers) gat, dae AIHaGARl 1ntB0cRRY 961 R ©F rniRr 6oBLEEoADLY, 0, pRb or
er. c

smaller,;, and still nore preferably.1 ppb or snal contro rings

‘about a il gl AF| itphicaachekaf buodophosptiaten afeshi huPrbpHdsphEte pressure .

™ the atposphere gas maybe nornmal pressure. The tenperature may al so-be.
@ ngﬁ F%[T)g. ﬁ%ﬁom_sal\‘l{%?.@ri ngSappacstesl usd® i n dérpirtesentitimirgnt i on.

10 Dryi ngnégéﬁ##e&gﬁ%ggépfééuorophosphat e separatedas described above is -

carried out 1n er'e gas as de cribed above. ' A transition tine
. between filtering snd @ryikpg:i s Refigrabl y.shoy uri-ng. mhi ch no exposure
to an outside (air) .15gat.rrospher eis S%éf er & Iée{].iex‘dfhgtf %l\c,)fv\{ﬁlilﬁlgﬁﬁf‘gz i's

pr ef er ablgoluseicbrasi sa pmficigieappar at usis. aBEibEEh%CBEEE&%&% EﬁEdDRAV\Z r'\]'GS |
‘use I N e ’

uséd1i5;_n tpetnpr-esnent i nventi.on. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON.
cAY atmosphere gas, hereafter) are gases that are prepared by

dil_utihg"PEs‘ with a gas (for example, HF gas, H(_Zl gas, nitrogen

- gas, aqun'gas,' helium ga_ts,i xenon ,‘gaAs,: dfied é.-ir,‘ a gas'tha.t
does not react with PF, or lithium hexafluorophosphéte-. ).

| . The concentration ‘_-of PF, in the aﬁ:mosphej:é gas is

5) 20 preferably 1 to 50 mol%, with 1 te 20 mol% being more preféfable, :

'and 1 to 10 mol% being -sti.ll more preferabie. A concentra_t‘iOn

less th_;an' 1 mol% may result in the.ef‘fects being inSﬁffiéienf.

A c'oncentratidn_- of over 50 mol% -causes‘ an increése- in,PF‘S'
donsumpltiOn and is therefore expensive. o

25 - ~ On the other hand, 0.003 to 0.3 kg of Pf‘s is preferable

for 1 kg of lithium hexafluorophosphate, with 0.003 to 0.03 kg

of PF; being more preferable.' less than 0.003 kg of PF; rﬂay not

cause effects that are sufficient. An amount over O:. 3 kg causes

the increase in PF; consumption which is expensive.



25 An Enbodi ment will be described below with reference to a conpar atzvi
exanpl e. (Embodinent 1) Hydrofluoric acid anhydride solution contai W Bea..
| it hi um hexaf | uorophosphate is cooled at -20C to deposit ~E~~ ~~E~~~| ~~9T
~y~ET 7 J~a 2Q04 -5 crystals of |ithium hexafl uorophosphate. Next, this
slurry is transferred to a filtering @gparatus (20 L (liter) vol urre) ‘Wi th
inlet and outlet orifices for the atnoSphere gas to be filtered for |0

mnutes in a flow of . he at nosphere s consisting of 3 mol % of PFS and
97 nol % of ni t?ﬂ% “a. ?ﬁl%\ﬁqfﬁ'{é@ %S’HL?f AFRUTAFLEE  iRRE e S Y

at mospher { u f || ted at 105C
over ni ght&l%%mgﬁﬁeggh&ﬁem}ertﬁ |%§I1n%1§e)é<h%15 rophgg)%ﬁaﬁteé:%grl§’ ?@? pfga yi el ded
was 11. 3 deg said liefUibbesrves £awPy PPN P 1% aRd178-pravbnstdi Fr die amount
of PFs used was 0.008 kg a | kg of lithium ~~ hexafl uorophosphate. 15

(Conpar atgned emednipl & @b iyrdenél lieri ¢ fudtd canhy diLilshei repd whicdt €0ofitsAichi ng 220
| i thi um hexaf| uorophosphate was cool ed at -20C to deposit . a crystal of

l'i t hi®m H@xdﬂt&@{%’pﬁ@@ﬁéﬂ@rophﬁlépbat?hp§ bighrpundsytransferred to the
filtering 20 a atusé tﬂ(‘llter Iu with inlet and outlet orifices
for the at rmsp epﬁ%’és Lol o{ c? TAY RS PEBRL RE ST TS -

at mospher a%r\éehbé,)’c%ﬂ%l St ngognarﬂl t rogen at a flowrate of 15 L/
o _

mn, drie |nt e at nosphe gas at a roomtenperature for 25 mn, and

flnaIIy heat ed raly.1@5 showetnicdNter2hg EFFaﬁﬂﬁﬂgtuéﬁdtfﬁfﬂﬂéfﬂfggent
hexaf | uor ophosphate crystal vyiel ded was kg and inmpurities were 58 ppm

in HF andm@®tdem.in Li F. Lithium hexafl uor ophosphate was deconposed duri ng
HHltgping and .08 resulfing. i an ingrease (0 tiE.as an Tnpurity. L
described above is carried out in the atmosph'ere gas as described
above. | \
A transition time between filtering and drying is
preferably short during which no ex?osure to an outside (air)
15 atmosphere is preferable.
That shown in Fig. 2 is pieferably used as a drying
apparatus, . |
BRIEF DESCRIPTION OF THE DRAWINGS
| Fig. 1is a conéeptual diagram of the filtering apparatus
_2Q used-in the present inﬁention. |

Fig. 2 is a conceptual diagram of the drying apparatus

. used in the present invention.

BEST MODE FOR CARRYING CUT THE INVENTION
:25 : An Embodiment will be described below with reference to
a comparative example.
(Eﬁbodiment 1) |
Hydrofluoric acid anhydride solution containihg 22%

- lithium hexafluorophosphate is cooled at -20TC to deposit



-6 [ Enbodi nent 2} Hydrofluoric acid anhydride solution containing 220 of
. I'i thium hexafl uorophosphate is cooled at -20C to deposit a L QuE
|'i thi um hexafl uorophosphate. 5 Next, this slurry is transfBﬁ%@@%ﬁj{\T DHLET
filtering apparatus (100 L (liter) vol ume) with inlet and outletgo Ifj(éﬁs_

for the atnosphere gas to be. filtered for 60 mnutes flow ng whd JUR 2004

at nosphere gas consisting of 15 nol % o¢ PFS and 85 nols of nitrogen at a
flowrate of 12 L/ min, dried in the same atnosphere gas 10 at the room

t enper at 0 ind furt dried f 90 minin the flow of the
at rmsphelr%ﬂééa% cgon%flnsmtﬂqrf gt rﬁdf p%@@ g‘ﬁ‘ﬁe% mol o of nitrogen at a 35
L/ mn-flow rat@exgnc@hfl\glgidyrpg%t@? %féfé tgvgrﬂllgggmghn@@np of the

I'i t.hi um hexaf | uorophosphat e cryst urities
was 52 ppt20 ri HRL et 96 qannd)n whiith 1Bh%ta|§ﬁdnbueie5’|:§rﬂ§§9ebSf@ro@?e kg per

- | kg of lithium hexafl uorophosphate. (Conparative exanpl e 2)

Hydr of | ucrteo e ardRalrticddes 6l bt oadc ot al himigud2% lint hi lﬂﬂl‘bw of the
~ hexaf l.uor ophosphate is cooled at -20C to deposit a crystal of:lithium
“hexaf Puor®d R % J2REGANS ki i B Phird JoiLs af Bﬁséﬁ@dﬁé’dn@b" 98 nérrogen

A Poeoharat Bty S bt TR e e R aﬁﬁé?ﬁﬁ%%eéé’%%éBﬁefi :
gas excl g Vel hpRehakhnguol BLLIOOGN At 4 f"iwggi“eth begd 41 9T penee,

|n t he at nosphere gas at a.roomtenpera ure or heat ed
105 C ovexmigtt. The anount of t he 1ithium hexafl uorophosphate crystal

I~E(~I F~C~~~~~ NT - -t~~T =.7 ~~ 2Q4 gel ded was ‘54 kg and inpurities were "
54 ppmin HF an’-Ehe.ﬂ@@Otpiptn ¢oH the, lLthhumnhbeaﬁiﬂmmpﬂp)dimkpﬁmae ecwpstal |

_ gﬁc osed, fllterlng and dryln%resultln in:an increase. in L|Fas

: ﬁ@ur. |1AL 3 NEPIANEABRPL T TAGEOY BF AP & BPEhen pisast 70nwmt i on
‘Wi t hout a{lli %f .eat ment ,-- | i t hi-um hexaf | uorophosphate of a hi gher purity than.
that of conventional -can be yi el ded.

The amount of PF, used was 0. 008 kg a 1 kg of llthlum
hexafluorophosphate ' : '

15 (CompératiVe'éxample i)
Hydrofluorlc ac1d anhydrlde solutlon contalnlng o

22% llthlum.hexafluorophosphate was cooled at 20(3 to dep051t'-

a crystal of lithium hexafluorophosphate

Next thlS slurry was transferred to the filtering _7,“'

PN

“} 20 'apparatus (20‘L (liter) volume) with-iﬁlet and outlet orifices-
L 'for the-atmoéphere gas to be filtered'fOr 10 minﬁfes flowing_
the atmosPhere gas exclu51vely con51st1ng'of nltrogen.at a flow '
grate of 15 L/ min, dried in the atmosphere gas at-a room
temperatu:e for‘25 mln, and finallyrheated.at 105 C overnight.
25  The amount of the lithium hexafluordphosphate crystal
| yielded was 11.1 kg and impurities were 58 ppm in HF and 930
- pbm in LiF. | B |

Lithium hexafluorophosphate was decomposed during filtering and

drying resulting in an increase in LiF as an impurity.



"related art wt

7 . ~~~d 2004 _g_ WHAT IS CLAIMED I S: 1. A nmethod for producing lithiym

hexaf | uor ophosphate characterized in that the nmethod is carried out™ zyJUN 2004
filtering |ithium hexafl uorophosphate coexisting with a solvent and 5
carrying out post-filtering drying in a gas atnosphere containing PFS. 2.

The nethod for producing lithium hexaféuor ophosphate r according to claim

1, wherein concentration of PFs in the’gas t0 ranges from1l to 50 % 3. The

nmet hod fo roduci n i thi um hexaf | uor ophosphate according to claim1 or 2,
wher ei n Pé%ﬁ?%fﬂ]d%%m? Jomo 003 to 0. 3 kg for 1 kg of lithium

hexafluorophos fbf ?#Ef% aé?é.%. 31 eAgglﬁégﬁeggeﬁt%¥%%ﬁ%l%§?ﬁ%%

order to provi or "produ hirum ate capabl e

of producwaqiarﬁhh@n 1 Bt gy SPQaé@opéd a, i ghetr %'& r%éisla@ 4n the

out t necessity for after-treatnent for

i mpuriti e;sry@taifetdsmdliﬁqnhnrrm}iﬁrﬂlzﬂd)mmsfpdatter| ng lithi um

hexaf | uor ophosphat e coexisting with a solvent and then carrying out

after3filteringNeitlyi fgiiisn sdugay asnbsphefer cohttal AilAgePEsy apparatus
. AYY. A<(_&ﬁq@£al] A<H. AYH. A(9. A. . A(o& 7hj zo. Movl xy

{vql gb] X] c(&jlé%ﬁrc?a]v@a-]u&‘&]) c‘é{}EB] tﬂ e @aﬂté'&]tca]réa]l%]scg?éat}%%] ca] ca]

%‘Eli'] SELEI@%&%%@A ga] ca] ?]c%g cg] ’\%% ca? af%alfca]sca o"ﬁlna(i}] ca}T calc"alc
a] ca] caj C@ﬂrﬁ@d@?&ﬁ@b& Q:l&?s]fé”dﬁ@ 89]1%31]1&@% 62| maledl #BMoYs of nitrogen :

L $83WAUR&E (((*Kbng} xsnid_ Z]]c™a]c"a] c"al.ca] ca] ca] ca] ca]ca] ca] ca]c”alc
a] ca] ca] caf cza]ﬂ:]a:]vca:]at‘éa]afa]l@amaima] caf D& cia] ahleCcahas] aahosphare gas
. 10 at the room temperature for 30 min, and further drled for 906
mln in the flow of the atmosphere gas consisting of 5 mol% of
PF; and 95 mol% of nitrogen at a 35 L/ nln flow rate .and flnally
heated at 105 C overnlght o
The amount of the lithium hexafluorophosphate crystal
15  vielded was 57 kg and impurities was 52 ppm in HF and 90 ppm'
in LiF. | -
_ The amount ‘cf PF, used is 0.022 kg per 1 kg of llthlum
hexafluorophosphate
(Comparative example 2)
20',e : - Hydrofinorie acid anhydride=solution containing
22% llthlum hexafluorophosphate is cooled at 20C to deposit
ta crystal of lithium hexafluorophosphate '
Next, this slurry_ls transferred to filtering apparatus
(100 L {(liter) volume) with inlet and outlet orifices for the
25 atﬁosphere gas to be filtered for 60 minutes in the flow of the
atmosnhere gas exclusively consisting of nitrcgen at a flow rate
of 12 L/ min, dried in the atmosphere gas at a room.temperature
for 30 min, and finally heated at 105 C overnight.

The amount of the lithium hexafluorophosphate crystal

e LT
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Lithium hexafluorophosphate was decomposed during filtering and

drying resulting in an increase in LiF as an impurity.

INDUSTRIAL APPLICABILITY
Accordihg to the 'present lnventlon W1thout after—f
'treatment llthlun1hexafluorophosphate of a hlgher purlty thanf'

' that of conventlonal can be ylelded

O
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5 carrylng out post-filtering drying in a gas atmosphere

_contalnlng PF,.

2. The method for - producing llthlum hexafluorophosphate
accordlng to claim 1, wherein concentratlon of PF, in the gas

10 ranges from 1 to 50 %.

3. The method for producing llthlum hexaflucrophosphate
according to clalm 1 or 2, wherein PF ranges from 0.003 to O 3

kg for l kg of lithium hexafluorophosphate.
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hexafluorophosphate capab‘le of producing lithium
-5 - hexafluorophosphate of a higher purity than in the related art
without the necessity for after-treatment for removal of
impurities, a method is characterized by filtering lithium
hexafluorophosphate coexisting with a solvent and then carryimj

-

out afte:—filtering drying in a gas atmosphere containing PF;.



