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| NVENTI ON: Met hod for Producing Lithium Hexafl uorophosphate 5 TECHNI.l:AiE_E ;
FI ELD The present invention relates to a nmethod for producing lithium

hexaf | uor ophosphat e, 'and specifically relates to a r nethod for producing

| it hi um hexaf | uorophosphate useful as _an 10 electrolyte for |ithium
secondary batteries and a catal yst foﬂ-nrganic synthesis. BACKGROUND OF
THE | NVENTI ON Conventional ly, |ithium hexafl uorophosphate is produced 15 by
the following steps: 1) Lithi um3BE{IEIFATIONF) is dissolved in hydrofluoric
acid anhydride to give a solution. 2) PFsgas is blown into this solution.
Thi s operation causes LiF to react with PFS to produce |ithium

hexaf | uo @S .solution is cooled to deposit |ithium
hexafluo?ggﬁbsgﬁgﬁgﬁ §8V$§g¥ggrution is filtered to separate the deposited

i thi um pexabdugepiresphatag B):Ahenseeasat 88-htdismhexaf | uor ophosphat e
is then dried to 25 yield |ithium hexafl uorophosphate as a product. 6)

Foll oing this step, a product of |ithium hexafl uorophosphate is dissolved
in an or%gnic solvent, for exanple, for use as an electrolyte for a |ithium
battery. THGWOMERAL 4dESPding to the related method for producing

The present invention relates to a method for producing

_lithium hexafluorophosphate; and specifically relates to a
method for producing lithium'hexafluorophosphate-useful as an
10 'elect:olyte'for lithium secondary batteries and a catalyst for

organic synthesis.

BACKGROUND OF THE INVENTION .
. | 'Conventionally, lithium hexafluorophosﬁhate is produced
15 by the'follbwingrsteps:
- 1) Lithium fluoride (LiF) is dissolved in hydréfluoric 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.
ﬁ=_20 3) ' The soiution is cooled ﬁb deposit lithium
hexafluorophosphate. - S |
4) The solution is filtered to separate the depoéited lithium
hexafluorophosphate. |
5) The separatéd,lithium hexafldorophosphate is then dried to
25 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



S REPLRCEMENT SHEET 7 JUN 2004 I|ithium hexafl uorophosphate, many ki nds of

inpurities such as lithiumfluoride and oxyfl uorophosphoric acid conpound
are contained in hexafl iorophosphate. Wen |ithium hexafREFLg@@ﬁEhﬁt SHEET
contairning such 5 inpurities is dissolved in an organic solvent. for use as
an electrolyte for a lithiumbattery, lithiumfluoride is not /sgUNoPgps iri
the organic solvent and..the .electroeldte therefore has to be filtered. ‘
gxanpl es of nmethods for renoving these inpurities,are,a 10 nethod where

~Li thi um lh&kafinube nphibsphepbosphdtssahaved Himder gEnigpaol vess sk enpve

- .inpurities using an ion exchange resin (Japanese Published Unexam ned
Pat ent Appiiicut ifdmoNdde' 889877 7)o amch@sphetriad anlier eonputindl azat¢ortained
treatment is carcied out ip an organic solvent (1984-81870:) However, ‘these
met hods 15 E?éaééHBFQQPﬁPEﬁE?ati on and provide |ow pfoductivity. As
descri bed abov el at.ed et hods f roduci ng 1 ithium hexafl uor gphosphat e

. require conpl 'egqhgh e?l-]tq-'glelé% nﬂ‘.ax .giHBF?PfiWéﬁ?’f‘? eafPENE e er fOIRd,
it higim L iexakkyaLopho f4 hi; I 1.y scan lyged,. whjch is

b obl St e e Tl SRR N TS

~ fox. " produechgollivtbi fon Bexat hiah epRespRat Bi @apablre uef-ivieel ding Iithium *
hexaf | uor ophosphate of high purity without. requiring aftertreatnment. 25 -

- DI. SCLOSURE @RTHES L INVENTLAN thive emgdmodt: f splpenduendg tHhet helentrolyte o
‘hexaf i uorophosphat e accordi.ng.to the .present -invention is-charaeterized by .
filtering EEERRER, HéﬁaFPuBPo%H&@ﬁﬁ&F‘-e coexi sting with-the solvent and then

~drying after- figl kng Lp-a_. at ppsphere-.containing PFS, .R—~'~ .~ + -
CYI TR LT LReEBRi RS 58 BafRsal NN R R Rt B b e it s
‘ @_drml UREitGoACT hardly dridunPr h@&gémusréghag;?ﬁ&téh% dg;BEk1LEACtiM th

~l'i'thi um hexaf | uorophosphate. A state where lithium hexafl uorophosphate .

. coexi st sowiganit $dievant ventensvea isdpatrd £iidswhs by tihei dioklkehangestepin ar e

. conmpleted._ 1) Lithiumifluoride (Li-F) is- dissolved in hydrofluoric acid
anhydri déJepagiese FabddisieidoVnexaniprey fatieh th|Apm- iigrtd athidp sol#4on. This
operatio es Li F-and PES to react tq.produce lithium: L
oat | uoPaTRAlpRafen HOEhed ISR R O s 2RO Ol e CHEPbs i FA RIS
hexaf | uoERhosRhA ot s isnyenthon, & piaf. i jng the -

- solution s pe%?gésngah?ﬁ_%ﬂg‘égsﬁgst%ggpqhéigﬁgbﬂt al_lwr]ffen‘gé%%%feéasdéésﬁ?%&a% may be
enpl tyedaae hapdas ¢anbperharg oRFanddpl-at-imsphekepgaguchereayter) are gases .
that are prepared by diluting PFS'V\A"[E a gas (for exanple, HF gas, HCl gas,.
nitrogen gas; &sgdesgashedealbionn, gaslakehorthass Tot edodiucing Jashidmat does
-not react wi'th PF5 or |ithium hexafl uorophosphate.) The concentration of -
PFS in t BEX*3SpRENesEaRetiesTequlng prmpkeasiik e ttFesoMeita, WeR 4fto 20 .

ol % bel g-Inre RLLRHAPLS: paGotnbd, 19: PRE S RENS: BS L LABESRREETSE AP e A
concentration ‘ T S Tm o _ T o
S high purity cannot be produced, which is problematic. .
‘L,) 20 ' The present invention provides a -method. for. producing
lithium- hexafluorophosphate capable of . yielding lithium

' "hexafluorophosphate of high purity_'wii:hout requ-iring, after—

treatment.

25 DISCLOSURE OF THE _INVEN.TION
The method for prod_ticin_g lithium he_xafluorophbspha—te
accord_ing to the-present _invention is ‘characte_‘rjized }:;y filtering
iithium héxafluorophosphate -coexistilng with the solvent an_d

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



less than 1 nolo may result in the effects being insufficient. A
concentration of over 50 nbl o causes an increase in PFS consunption and is

. therefore expensive. 25 On the other hand, 0.003 to 0.3 k Fsing N T c
preferable for 1 kg of |ithium hexafl uor ophosphate Wi th 8:‘%@3&0 0" b3 é'—h_ET
of PES being nmore preferable. Iess than 0. 003 kg of PFS may not= gays Y58 4
effects that are sufficient. An anount,over O. 3 kg causes the increase 12[”]
PFS.consunption which is expensive. ~ 77 Jew ~~. . -4 Meanwhile, the
concentration of inpurities, particul ar | y noisture, contained in the’

at nosphere gas niesy pbef eneéxliy aB00tppb 11 1Rl er yn4pr g Hr gpgp_gpily "Jjb pgglgr
smal | egnh? d&tl Il nore preferably 1 ppb or smal I er. Such®contro rings

about 3 yiel s of°Hi Pﬁgﬁﬁ%ﬁexﬁffﬁ%?%ho@ﬁiat éloof nREghrpaet t ywitFhe 1ptessur e
of t hehakabsphesithgasharrybe normal pressure. The tenperature may al so be

- normal. Fig. 1 shows a filtering apparatus used in the present invention.
10 Drying of |i& hitahehehafeubi opis phater separaiadratdeseki bed aboye is
~carried out in_the at nosphere gas as de cribed above. ' Atransition tine
bet weén fVI‘% éPllﬁénéricF ASFHARG Jr%wbit@héir@bfcylmw dtepagmhéohphet @xposur e
to an outs ‘-réf?l %@fat sp ere is preferable That shown in Fig. 2 is
‘prefer abI use H at %, 1 e re DESTRTPHT O @ HE ORAW NGS

Fig. 1 isaﬁmt@@ 1 éag;asrglo; lille fllterlng apparatus 20 used in the
present invention. gg 2 1s concept ual diagram of the drying apparatus

used in the Rwseeamtls IO Rt oBERTs MIE, IR CARRYLNG, OLT. THE: LIWENT! ON 25

An Enbodi ment- wi || be described below with reference o a conparative e
exarrpl e. Yol emt to) regdtotbuproduasi mmdrh%mwdmm@ ning 220
?Bexafl uorophosphate is cooled-at -20C to deposit  ~E=~ ~~E~~~i ~~9T_,‘ ;

+ Qbls-5 gpydthrRr oflﬁltFHQQ%lﬁéxafW@orophusphﬂte llthlum | S

hexafluorophosphate
‘ In the present'invention, the step of fllterlng the
solution is performed in a gas atmosphere contalnlng PF5
) Gases that may be employed as the gas contalnlng PF.
:_15- (atmosphere gas, hereafter) are gases that are prepared by -
dllatlng'PF with.a gas (for example, HF.gas, HCl gas, nltrogen
: gas; argon gas, helium gas, xenon gas,.drled alr, a gas that
does not react w1th PF, or llthlum hexafluorophosphate ).
| _ The concentratlon -of PF, 1n ‘the atmosphere gas is
5:) 20. preferably 1to 50 molo, with 1 to 20 mol% belng more preferable, :
'and 1 to 10 mol% belng Stlll more preferable A concentratlon
less than 1 mol may result in the effects belng 1nsuff1c1ent
A concentratlon of over 50 mol% causes an 1ncrease ln PF'
consumptlon and is therefore expensive. |
25 - ~ On the other hand, 0.003 to 0.3 kg of Pfsis 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 PEsnmy'not
causeeffectsthataresufficieht. AnamountOverOtqugcauses

the increase in PF; consumption which is expensive.



Next, this slurry is transferred to a filtering apparatus (20 L (Iitef) .
volume) with inlet and outlet orifices for the atnosphere gas to bek: JUN
filtered for 10 mnutes in a flow of the 5 atnobsphere gas consisting of 3
nol % of PFS and 97 nol % of nitrogen at a.flowrate of 15 L/ mn; dried in
the sane at nosphere gas at a roomtenpgrature for 25 mn; and finally
heated at | 05C overni ght. The anount "of "the |ithium hexafl uorophosphate

crystal 10 yi el ded 11,3 kg and inpuyrities were 50 ppmin HF. and 70 ppm
TR The antlir iR Lerct He S 6 B0 KyT STPIRG EAPST R LA Ly

hexaf | uorpphgsphat : - [ r.ofd uari.c L d_anhydri de
sol ution r[f(g)(l)int al n|'ngoggglf‘?g%%ﬁ%eé;%??%%ﬁgé)ﬁh%gr\%ﬁgrc?g&lyegﬁgtpg OCto
deposit .orasazystal, abrki phiaarhexafidangphosphateer, NeXtscih Sacldirry was
transferred to the filtering 20 apparatus (20 L (liter) volume) with inlet
and out | gtredrerfaiides Lfmrb tdresabbsphersugasoharbe Biides etholsera @i gliqiut es
flow ng. the atnosphere gas exclusively consisting of nitrogen at a flow
rate ®f P& L/ithiium @ﬁ@é%wrp@@owmwh@fehgag BUratyoom tenperature for 25
mn, and finally heated at 105 C overni %ht. 25. The aneunt of the lithium
hexaf | uor ophos&%’ft BEEY T QI°Ty FRE GEaRRESre 2K G RP PRPUALIFRES W% 58 ppm

|0 HE andi330 Bt ol LM exaLygr ophosphat e vs decomposed dur i ng

filtering an ng resu ng in an incréase in LiF as -an inpurity. L -6
[ Enbodi.ment 2} sHiydr of lsw@kisC aagid taphngr hggasot 4t i @& 0T aiHd N 220, 10f

| i t hi um hexaf | uorophosphate is cooled at =20C to deposit a crystal - of

l'i t hi um Hewaftiorophosphate. 5 Next, this slurry is transferred to

_fi_Ijt(mi ng apparatus (100 L (liter) volume) with inlet and outlet orifices
for tHe at nospherreai§asCfo bethiymt dicsc flolorepheichliess fHemPatedhe as |

at nospher as.consisting of 15 | % of  PFS.and 85.nols of nitrogen at a
Flow 1 at So5T 1F) SRV Lo AT T PHE Shiie ATESRASES 38 “E6- SRS LRET oom

t enper at wigfor 30 nin, and further dried for 90 min in the flow of the

at nrosphere gas consisting of 5 nol % of PF5 and 95 nol o of nitrogen at a 35
L/ min flow rate, taadst Wahl y: fieat edtakeh05r O oyvermy ghha Theyangunts of the
~l'ithium hexafl uorophosphate crysta | 15 yiel ded was 57 kg and inpurities
‘was 52 ppasierablanghogtpgur ing LilFiciThee snpustiref tPFS usedside 00022 kg per

| kg,of Lithium hexafl uorqphosphate. (Conparative exanple 2) 20
Hydr&gl UG SEG S Carttiy & §r§§ﬁﬁt‘i on contai ning 22%1ithium

hexaf| uorophosphale i, ¢pol gdpdl -20G 4 o, deponldy p crygtal of diffHgm.
- hexaf | uor ophosphat'e. _
o apparatus, . '
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a conceptual diagram of the filtering apparatus
'ﬂ*__2Q used in the present invention.
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



Next, this slurry is transferred to filtering apparatus (100 L (liter)

. volune) with inlet and outlet orifices for the 25 atnosphe =
filtered for 60 mnutes in the flow of the atnosphere gas é&ﬁ@@%&@ﬂ SHe Bl
consisting of nitrogen at a flowrate of 12 L/ min, dried in the tr&o %mre

gas at a roomtenperature for 30 mn, and finally heated at 105~ d JUN
overnight: The amount of the lithium h§xafluorophosphate crystal | ~E( ~!
- F~C~~~~~~NT ~'-t~~T 7 ~~ 24 gel ded was 54 kg and inpurities were 54 ppm

HF it hexaf | h hat d d ,
ot g T PP B M b T AR aRosPar v as an i mpurity.
| NDUSTRI AL APPLN&&B' khi¥ Mydllggt% ﬁ&ﬂ%&?‘é”& Efi‘é%’i&‘n Ny %é{‘%

ophosphate o an- t hat of

aftertreatnent, |i t’hi um hexaf I'uor gher
convent i ot@0 Tanl bies ) eldlathe ). w&th~1nQe%0Qﬁd_gutY\E|€~To£§f§Eé£NEQr|§1 1. A

- method- for producing lithium hexafl uorophosphate characterized in that the

met hod i s ee@sphir@w@ahyof bet EiLhgreit fioun heafdteer dphasghateoogixé st i ng

S with sol vent and 5-carry out post-filtering drying in a gas atnosphere
“cont aPni riyFpEEPhere ‘F’ﬁé ?x%‘i?fo%#r& OproBadimf FFi and ¥ nex bt laforbphosphat e r

~ “accordin m_1 r oncent n _of PFs in the gas t0 ranges
from1 tgaéda%a%” e r?gt Egdl’? ‘gﬁfc‘?cﬂg‘q iR ﬁﬁ@ﬁe?ﬁWPgBPﬁﬁﬁo%%ate _
accor di ng, e ES ra fro 00 for 1
kg of lithi ‘Jam exaf %‘3‘ %5%%3?%%& nzf “i%rg' %g‘%f/fénagl yghe %%‘Br (%Fk(g .
‘DI SCLOSUREvémgitker to provide a method for pr oduci ng lithium.

hexaf | uorophosphat e capabl e of producing I« thi um'5 hexaf | uor ophosphat e of a

‘higher purity tHem &mounie @@I‘ahedlathlumt hert fl1heropeesshdtye f orystal |

_ @ er-treat nt for ingval impurities,-a method is characterized by
C§7 t AP ng/ T FHIR M AT ukswmoeeﬁ&ﬂfétéeéxwewrfgp werhin BDlansh Capierit hen
carrying aytppbter- fllterl ng drying i.n-a gas atm)sphere contai ni ng PFs. -

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

.hexafluorophosphate

15 (CompératiVe'example 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-

| '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‘?s mln, and finallyrheated.at 105 C overnight.

25e The amount of the lithium hexafluordphosphate cr?stal

yielded was 11.1 kg and impurities were 58 ppm in HF and 930

- pbm in LiF. | . |

Lithium hexafluorophosphate was decomposed during filtering and

drying resulting in an increase in LiF as an impurity.
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15

25

L (liter volume) with inlet and outl orlflces(%of the

& ()-

atmosphere gas to be filtered for 60 minutes flowing the

atmosphere gas consisting of 15 mol% of PF.and 85 mol% of nitrogen
' <

~at the room temperatureé for 30 min, and further dried for 90

'_at a flow rate of 12 L/ min, dried in the same atmosphere gas .

min in the flow of the atmosphere gas consisting of 5 mol% of

N\

PF; and 95 mol% of nitrogen at a 35 L/ min flow rate, and flnally
heated at 105 T overnlght |

The amocunt of the lithium hexafluorophosphate crystal

vielded was 57 kg and impurities was 52 ppm in HF and 90 ppm'

in LlF

The amount ‘cf PF, used is 0.022 kg per 1 kg of llthlum

hexafluorophosphate

(Comparative example 2)

o0

Hydrofinoric acid anhydride=solution containing

22% llthlum hexafluorophosphate is cooled at 20C to deposit

 a crystal of lithium hexafluorophosphate

Next, this slurry_ls transferred to filtering apparatus

(100 L {liter) volume) with inlet and outlet orifices for the

atnosphere 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.ﬁemperature
for 30 min, and finally heated at 105 C overnight.

The amount of the lithium hexafluorophosphate crystal

e LT
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INDUSTRIAL APPLICABILITY
R Accordihg to the 'pfesent lnventlon W1thout after—”’
treatment llthlun1hexafluorophosphate of a hlgher purlty tban

 that of conventlonal can be ylelded
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Ent r yWor Docurrent
lithium hexafluorophosphate coexisting with a solvent and

5 carrying out post-filtering drying in a gas atmosphere

_containing 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 1 kg of lithium hexafluorophosphate.



