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TECHNICAL FIELD

The present invention relates to a method for producing
lithium hexafluorophosphate, and specifically relates to a
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) PF.gas is blown into this solution. This operation causes
LiF to react with PF. to produce lithium hexafluorophosphate.
3) The solution is cooled to deposit lithium
hexafluorophosphate.
4) The solution is filtered to separate the deposited lithium
hexafluorophosphate.
5) The separated lithium hexafluorophosphate is then dried to
yield lithium hexafluorophosphate as a product.
6) Following this step, a product of lithiumhexafluorophosphate
is dissolved in an organic solvent, for example, for use as an
electrolyte for a lithium battery.

However, according to the related method for producing



is di.ssolved in an organic solvent, for exanple, for use as an electrolyte
for a lithiumbattery. However, according to the related nethod for
produci ng -2- lithium hexafl uorophosphate, many kinds of inpurities such as
l'ithiumfluoride and oxyfluoride acid conpound are contained in

hexaf | uor ophosphat e. When | ithi um hexafl uorophosphate containing such 5
inpurities is dissolved in an organi ¢ 3olvent for use as an electrolyte
for alithiumbattery, lithiumfluoride contamnate is not soluble in the

organi ¢ salramim aestatthecebpebephyte, haey elidids basihpubetibkt sned.a&xanpl es
of methods for renoving these inpurities are a 10 nmethod where |ithium
hexaf | uorldghdsphetleord dédi esal vegfiinoradgaactdsobnmeotnd carenmyecaimpedi ti es
using an ion exchange resin (Japanese Published Unexam ned Patent

Appl i cat ilén hRa flggsrordpErhRrtend a net hod where neutralization treatnent is

carried out in_an organic solyent (1984-81870.) However, these nethods 15
are conpl ex in“@ﬁ@ratfbﬂhﬁﬁﬂ p%ﬁ%?éiuPBRPBPBBBQ%?ViFVP%ﬂ§n&8§cri%€31above,
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after-treatnent. Even i after-trea I'S pertorned, I um
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probl ematic. 20 The present invention provides a nethod for producing

| it hi um hexaidtuosophbiphane Wepabtgamic yseldeny knthitdm electrolyte
therefore has to be filtered.

Examples of methods for removing these impurities are a

10 method where 1lithium hexafluorophosphate is dissolved in
organic solvent to remove impurities using an ion exchange resin
(Japanese Published Unexamined Patent Application No. 1984-
87774) and a method where neutralization treatment is carried
out in an organic solvent (1984-81870.) However, these methods

15 are complex in operation and provide low productivity.

As described above, related methods for producing lithium
hexafluorophosphate require complex after-treatment. Even if
after-treatment is performed, lithium hexafluorophosphate of
high purity cannot be produced, which is problematic.

20 The present invention provides a method for producing
lithium hexafluorophosphate capable of vyielding lithium
hexafluorophosphate of high purity without requiring after-

treatment.

25 DISCLOSURE OF THE INVENTION
The method for producing lithium hexafluorophosphate
according to the present invention is characterized by filtering
lithium hexafluorophosphate coexisting with the solvent and

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



hexaf.| uor ophosphate of high purity without requiring after- treatnment. 25
DI SCLOSURE OF THE | NVENTI ON The net hod for producing |ithium

hexaf | uor ophosphate according to the present invention is characterized by
filtering. I'ithium hexafl uorophosphate coexisting with the solvent and

then drying after filtering in a gas atnosphere containing PFS. -3- Organic
solvents that may be used as the solvéht are solvents that do not react

wi th hydrofluoric acid anhydride or |ithium hexafl uorophosphate. A state
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in which the foll'owing steps are conpleted. 1) Lithiumfluoride (LiF) is

di ssol vedsalivemdy ohbtiodo cn@cirdacanhydhi ltgdt@f lgiovel @ asdlduanbpdr2ye RS gas i s
blown into this solution. This operation causes LiF and PF5 to react to
produce liitthiwwm hexafilyeorophesphate- 10 3) The solution is cooled to
deposit lithiu hexaf | uor ophpsphate. In.the present invention, the step of
filtering the MsgGtFoRNPESpbtTIoHEdSH 1 HyEOPORBEEHEr GOTBHE B M G" PES.
Gasesct hat, I - - i s gas,
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dried air, a gas that
anhydride to give a soclution.
2) PF.gas is blown into this solution. This operation causes
LiF and PF. to react to produce lithium hexafluorophosphate.
10  3) The solution is cooled to deposit lithium
hexafluorophosphate.
In the present invention, the step of filtering the
solution is performed in a gas atmosphere containing PF;.
Gases that may be employed as the gas containing PFy
15 (atmosphere gas, hereafter) are gases that are prepared by
diluting PF,; with a gas (for example, HF gas, HCl gas, nitrogen
gas, argon gas, helium gas, xenon gas, dried air, a gas that
does not react with PF. or lithium hexafluorophosphate.)
The concentration of PF, in the atmosphere gas 1is
20 preferably 1 to 50 mol%, with 1 to 20 mol% being more preferable,
and 1 to 10 mol% being still more preferable. A concentration
less than 1 mol% may result in the effects being insufficient.
A concentration of over 50 mol% causes an increase in PF,
consumption and 1s therefore expensive. |
25 On the other hand, 0.003 to 0.3 kg of PF,; 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,; may not
cause effects that are sufficient. An amount over 0.3 kg causes

the increase in PF. consumption which is expensive.



does -not react with PF5 or |ithium hexafl uorophosphate.) The concentration
of PF5 in the atnosphere gas is 20 preferably 1 to 50 nol% with 1 to 20
nol % being nore preferable, and 1 to 10 nol % being still nore preferable.
A concentration less than 1 nol% may result in the effects being
insufficient. A concentration of over 50 nol % causes an increase in PF5
consunption and is therefore expensivet-25 On the other hand, 0.003 to 0.3
kg of PF5 is preferable for 1 kg of Iithium hexafl uorophosphate, with

0.003 to 0.03 kpanhiRkEh beérentene rprebearabligpulress eshate Ht 0031 4ol pf  PF5
may not cause effects that are sufficient. An anount over 0.3 kg causes
the i ncr @ssietinrePFsorpasnAPtipihehe thospheaxparsi ve prefentbldnivhPPepprk he
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2t ospherd GRS S or BPEFaBFSET080 bpbt0 GRS i FBFLLREY o2 Pret B hbITPH ppb or
smal | er, st gigglry R Q lkltn‘?nf otr%} rings
about a %reél%c? ""?la’f T%f%iogmg exa Uogsop ogphgigﬁo {n% %%&ruftﬁ.y le(?
pressgre f 1tihe idhpsRlene dapneByhie Nkl gAr gasutg. The tenperature may
al so be normal. Fig. 1 shows a filtering apparatus used in the present
invention. 10 Dhe pgesfuleétdfi tihe kexalsipherephos plagties sepandtecteasuraescri bed
above is carried out in the at m)sghere gas as descri bed above.
The temperature may also be normal.
Fig. 1 shows a filtering apparatus used in the present
invention.
10 Drying of lithium hexafluorophosphate separated as
described above is carried out in the atmosphere gas as described
above.
A transition time between filtering and drying is
preferably short during which no exposure to an outside (air)
15 atmosphere is preferable.
That shown in Fig. 2 1is preferably used as a drying
apparatus, .
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a conceptual diagram of the filtering apparatus
20 used in the present invention.

Fig. 2 is a conceptual diagram of the drying apparatus

used in the present invention.

BEST MODE FOR CARRYING OUT THE INVENTTION

25 An Embodiment will be described below with reference to
a comparative example.
(Embodiment 1)

Hydrofluoric acid anhydride solution containing 22%

lithium hexafluorophcosphate 1is cooled at -20°C to deposit




Atransition tine between filtering and drying is preferably short
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at a flow rate of 15 L/ min, dried in the same atmosphere gas
at a room temperature for 25 min, and finally heated at 105 C
overnight.

The amount of the lithium hexafluorophosphate crystal
yielded was 11.3 kg and impurities were 50 ppm in HF and 70 ppm
in LiF.

The amount of PF. used was 0.008 kg a 1 kg of lithium

hexafluorophosphate.

(Comparative example 1)

Hydrofluoric acid anhydride solution containing
22% lithium hexafluorophosphate was cooled at -20C to deposit
a crystal of lithium hexafluorophosphate.

Next, this slurry was transferred to the filtering
apparatus (20 L (liter) volume) with inlet and outlet orifices
for the atmosphere gas to be filtered for 10 minutes flowing
the atmosphere gas exclusively consisting of nitrogen at a flow
rate of 15 L/ min, dried in the atmosphere gas at a room
temperature for 25 min, and finally heated at 105 C overnight.

The amount of the lithium hexafluorophosphate crystal
yielded was 11.1 kg and impurities were 58 ppm in HF and 930
ppm in LiF.

The slurry is decomposed during filtering and drying

resulting in an increase in LiF as an impurity.



The amount of the lithium hexafl uorophosphate crystal 10 yielded was 11.3
kg and inpurities were 50 ppmin HF and 70 ppm in LiF. The anmobunt of PF5
used was 0.008 kg a 1 kg of lithium hexafl uorophosphate. 15 (Conparative
exanple 1). Hydrofluoric acid anhydride solution containing 22%Iithium
hexaf | uor ophosphate was cooled at -20C to deposit a crystal of |ithium
hexaf | uor ophosphate. Next, this slurryowas transferred to the filtering 20
apparatus (20 L (liter) volunme) with inlet and outlet orifices for the

at nospher{@ngasimente il tered for 10 mnutes flowi ng the atnosphere gas
exclusively consisting of nitrogen at a flow rate of 15 L/ mn, dried in
t he at nbspher e Hyaks cdtl i@ moomciteapbrdride fotuRbom eontamtningally deat ed at
105 C overnight. 25 The amount of the |ithium hexafl ugrophosphate crystal
yi el ded vid$hinm hegadidanapiaspbed endise BB Lgsmatn HH nd-03tEPqssh id Li F.

The Ut o) 1o RMaRed U 00 ALl A0, 00 0rving resul 1ng fy ar
T oot ST, BB 2% b oo oot s cool
(100 L (liter) volume) with inlet and ocutlet orifices for the
atmosphere gas to be filtered for 60 minutes flowing the
atmosphere gas consisting of 15mol% of PF;and 85 mol% of nitrogen
at a flow rate of 12 L/ min, dried in the same atmosphere gas
10 at the room temperature for 30 min, and further dried for 90
min in the flow of the atmosphere gas consisting of 5 mol% of
PF, and 95 mol% of nitrogen at a 35 L/ min flow rate, and finally
heated at 105 C overnight.
The amount of the lithium hexafluorophosphate crystal
15 vyielded was 57 kg and impurities was 52 ppm in HF and 90 ppm
in LiF.
The amount of PF; used is 0.022 kg per 1 kg of lithium
hexafluorophosphate.
(Comparative example 2)
20 Hydrofluoric acid anhydride solution containing
22% lithium hexafluorophosphate is cooled at —-20C to deposit
a crystal of lithium hexafluorophosphate.
Next, this slurry is transferred to filtering apparatus
(100 L (liter) volume) with inlet and outlet orifices for the
25 atmosphere gas to be filtered for 60 minutes in the flow of the
atmosphere gas exclusively consisting of nitrogen at a flow rate
of 12 L/ min, dried in the atmosphere gas at a rcom temperature
for 30 min, and finally heated at 105 T overnight.

The amount of the lithium hexafluorophosphate crystal




5 Next, this slurry is transferred to filtering apparatus (100 L (liter)
volume) with inlet and outlet orifices for the atnosphere gas to be
filtered for 60 minutes flowing the atnosphere gas consisting of 15 nol %
of PFS and 85 nol % of nitrogen at a flowrate of 12 L/ min, dried in the
sane at nosphere gas 10 at the roomtenperature for 30 mn, and further
dried for 90 mn in the flow of the.a&tomosphere gas consisting of 5 nol % of
PFS and 95 nol % of nitrogen at a 35 L/ mn flowrate, and finally heated
at 105 Cyoeachiglhs IhacAmmnt ghstBeebifdiamnexal Lyaronlospiah g yst al
15 yiel ded was 57 kg and inpurities was ppmin HF and ppm Li F
The anmounin @firRPFS used is 0.022 kg per 1 kg of lithium

hexaf | uor ophosphat e. (Conparative exanple 2) 20 Hydrofluoric acid anhydride
sol ution cont aiThiengs 1 122% Iviashi dendmcaddichophns phidite 1in e ouledzwingoC to
deposit a crystal of |ithium hexafluqrophosphate. Next, this slurry is
transferﬁ@ﬁuﬂ§lﬂgiﬂé?@ﬂgléﬁﬁﬁﬁéﬁuén ¢1602p FPl%@P?r%BYunE) with inlet and
outlegt orifices for the 25 atnosphere gas to be filtered for 60 mnutes in
the fTow of the atnosphere gas exclusively consisting of nitrogen at a flow
rate of (ddudTrYim, dpredapiiithe at nosphere gas at a roomtenperature for
30 mn, and finally heated at 105 C overnight. The anount of the |ithium
hexaf | uor ophosplatcedimyst ab the present invention without after-

treatment, lithium hexafluorophosphate of a higher purity than

that of conventional can be yielded.



yi el ded was 54 kg and inpurities were 54 ppmin HF and 1190 ppm in LiF.
The slurry was deconposed during filtering and drying resulting in an
increase in LiF as an inpurity. |NDUSTRIAL APPLI CABI LI TY According to the
present. i nvention wi thout after- treatnment, |ithium hexafl uorophosphate of
a hi.gher purity than that of conventional can be yielded. 8 WHAT IS
CLAIMED I S: 1. A method for producing8#thium hexafl uorophosphat e
characterized in that the nmethod is carried out by filtering Ilithium

hexaf | uvoygphosphaiie @eexitst:ing with a solvent and 5 carryi ng out

post-filtering drying in a gas atnosphere containing PFS. 2. The net hod
for produci nd? | indtihod hekaf | uproghosphat i tatwor dhege £ buet @ dphatter ei n
concentration of PFS in the gas 10 ranges froml to 50 % 3. The nethod

for prod®idGatianizsd HexahrkotopghBsphatielsacabrHPARED RY af M tening,

wherein PES ranges fr 0.003 tg 0.3 kg for.1 kg.of lithiuym
hexafluogﬂgﬁﬁéﬂﬁa?%gagf&orop osé%ate co x1s£1ng %ugil a soﬂvent and
5 carrying out post-filtering drying in a gas atmosphere

containing PF,.

2. The method for producing 1lithium hexafluorophosphate
according to claim 1, wherein concentration of PF, in the gas

10 ranges from 1 to 50 %.

3. The method for producing lithium hexafluorophosphate
according to claim 1 or 2, wherein PF. ranges from 0.003 to 0.3

kg for 1 kg of lithium hexafluorophosphate.



