; YZe3e?<L@6T+5 " 5 1 ~ MAY 2003 SPECI FI CATI ONS METHOD OF PURI FYBNdAY 2003
LITHIUM HEXAFLUOROPHOSPHATE t, Technical Field of Invention The present

i nventi.on concern ion method of |ithium hexafl uorophos
that allows to pur my/ﬂmmmm@ﬂhexafl uor ophosphate usef ul “\m\\“ ﬁ %\E\nce
|'i t hium secondary cel |l | yte, organic synthesis nedlu

like, to an extrenely hl M purity. Prior Art Lithium hexafl uor ophesphate is

usual Iy synthesized in an 'n5°|§pE@IﬁF€Aﬁﬂbﬁ§Ch as hydrofluoric anhydride
or organic nedium however it reacts wth a trace of water existing in the

15 nmedi um andHERHQP .OEsPURIFNING dETHIOM IHEXAFDUOROPHOSPRATE, then they
are mxed into the product and contam nates the sane. Besides, lithium
hexaf | uor ophosphat e deconposes and equilibrates partially as shomm in the
foll owi ng expression, when it is dissolved in hydrofluoric anhydride or
organic 20 nedium LiPF6 ~- -~ LiF + PF5 This LiF is mxed into the product
and becones inpurity. As |ithium hexafl uorophosphate has an extrenely high
noi §t ur e Taksan philomriabid iotfy Inerek it race of humidity in the 25 atnosphere
provokes hydrolysis to generate fluoric acid portion. In addition, |ithium

fluoride or | The preg¥ytk! inrepbosphabrcebkhPQsRydrifi gebesntieskt Aoy Grse
inpurity. If lithium1 ' 7 1 8 MAY 2003 hexafl uorophosphat e cont ai ni ng
such i npudithiiem ilsexsfliesophddphanteekhael edillodsyt€o blunrdfiyc laicirdi v odes
into el ectrode material, and lithiumfluoride becones residue as it is
i nsol ubl &etxa faugawphompdiaka,andisefpl r easfi | foat i dnsamthaegnovial thium
secondary cell electrolyte, organic synthesis medium or the
10 like, to an extremely high purity.
Prior Art
Lithium hexafluorophosphate is usually synthesized in an
insoluble medium such as hydrofluoric anhydride or organic
medium; however it reacts with a trace of water existing in the
16 medium, and generates oxyfluoride and lithium fluoride etc.,
then they are mixed into the product and contaminates the same.
Besides, lithium hexafluorophosphate decomposes and
equilibrates partially as shown in the following expression,
when it is dissolved in hydrofluoric anhydride or organic
20 medium.
LiPF, « — LiF + PF,
This LiF is mixed into the product and becomes impurity.
As lithium hexafluorophosphate has an extremely high
moisture absorption ability, even a trace of humidity in the
25 atmosphere provokes hydrolysis to generate fluoric acid portion.

In addition, lithium fluoride or lithium oxyfluorophosphate

(LiPO,F,) 1is generated to cause impurity. If lithium



5 wHile lithium oxyfluorophosphate accel erates the deconposition of 6awganig
medi um and possibly increases inner voltage, |lowers cell capacity, or

i nfllames. Conventionally, these inpurities can be renoved, by a nethod
wherein |ithium hexafl uorophosphate is solved in an 10 organi ¢ nedi um and
ihpurities are renoved by an ion exchange (exchange} resin (Japanese Patent
Lai d- Open No. SHQU 59-87774) or a method for neutralizing in an organic
medi um (18pangae, BRhedhnk Rkl KRR MlnS LR 94 BHAEM re 104EV BLegat d NS
met hods solve once”in an organi ¢ nedi um 1 ncreasing the production 15
process and ¢Qst se1 Mo 1 et 9? td i
oxyfluorogﬂgspﬁa§g mﬁ%ﬁ8¥ﬁﬁgr?ggga§ 3%g%ﬁ%§g§5%?gﬁ%pgﬁt IC;H%%h¥%&§ HE

4- 16406, m%i‘??@%i? P@r&@ntli%wmncafi@&rmet E%'ébné-slfif@ziau@r # methad; for

maki ng hexaf [ uor ophosphat e contact 20 w a gas contal ning

pent af | ughaphesRBal S0 daR2RGRE Rt §RY éjﬁ?ﬂ'xg%?f‘if@ratﬁ)n GrePBadv o1, the

| i ke i nvol ve danger in~gas treatnent requi re speci al know edge.

Mor gover whiheori c1g8RiGh PhospPpIubesbRbspRitde t b seshase reqred to
be refined to a high purity, increasing cost and affecting considerably 25

t he pr odu@boﬁpb@etiBhebcf@f@anﬂ@m%dﬁungoavlan%bggabl MOLe ¥88s Nidner
satisfactory. 2 1 6 MAY 2003 f It is an object of the present invention
to provi #elaaper,i fliow@lrisoremdt kagaefi thi,t kirumnTsaddsuor ophosphate that all ows
to obtain high purify lithium hexafl uorophosphate, by converting

hydr ogenf | uor Cdavemtyibnadrliyje, tHddehi inpuititoieslecan beotrkeawviedpuroyt i€s,
generated in the course of production, handling or conservation of |ithium
hexaf | uomephosip hdieredmd I tdeihimv hdéxd Aituprophicsphatie 0iki sbilwed in an

hexaf | uor ophosphate. Di sclosure of the Invention The purification nmethod of
| i 10 um begahlicomephospbhateimpurheipseaeat remoeadilon as iarectleanged by
that the purification is performed by introduci ng phosphoric chloride and
hydr ogen {ekgbeinde }ofes he (@lepsridse Retesnsdryid-odpen dducBHQUpIbsEHLT4 )

pentafl uoride or the quantity nore than necessary for converting rude

| ithium kexaf methoghfophaes tegdtizimandn iarhiangansba madings phiaea gk
oxyfluoride in the raw material into |ithium hexafl uorophosphate, in the

react i on Pefené&ni-ai ¢hOPentNQ i SHOUNP PekhB T Obr dptieytiat @scbheaemeftheds hi um

solve once into an organic medium, increasing the production
16 process and costs.

Moreover, a method for reacting and removing
oxyfluorophosphate with fluoric gas (Japanese Patent
Publication No. HEI 4-16406, Japanese Patent Publication No.
HEI 4-16407) or a method for making hexafluorophosphate contact

20 with a gas containing pentafluorophosphate (Japanese Patent
Laid-Open No. HEI 6-29850) or the like involve danger in gas
treatment and require special knowledge. Moreover, fluoric gas
or phosphor pentafluoride to be used are required to_be refined
to a high purity, increasing cost and affecting considerably

25 the product price.

Therefore, none of conventional method was not

satisfactory.



+ 15 hexaf | uorophosphate with 4% hydrogenfl uori de, 50ppm oxyfl uoride an'(] Blgég 203
lithiumfluoride before purification and reacting them Effect ~ ) In the
present invention, inpurities such as hydrogen 20 fl uoride, oxyfluoride,

lithiym fluoride contained in |lithium hexafl uorophosphate are converted

into |ithium hexafl uorophosphate by addi ng phosphoric chloride for the
purification. At this nonment, phosphoric chloride and hydrogen fl uoride of

equal or superi@rigoaﬁhsbgge'tvelfe@ﬁegri e ﬂ&ﬂﬁéﬁ@8e§r£9¥?ée20ting

them At this nmoment, phoSphoric c e reacts w ydr ogen uoride to

generate Wt%h@@h‘é@%ﬁ@itrﬁum héﬁa@l%ﬁfoﬁf?eg?ﬁ%é thatE115wEF> +

5HC1 ( 1 he generat ed phosphor pentafluoride reacts respectively with

oxyfl uorigle amstaisn hinmyhl usardeyasiiehlens hoxRe1GEPYERLEENARED 'E%hi um
hexaf | uor ophosphate and purified. 5 Li POXFY + PF5 -~ LIPF6"+ POxFy_1 (2)

Li F + PFSonvéi Py h3drbien eaabi 0de shawr hio dive f of iuk am(duslenel gps

quantitatively at the roomtenperature and nornmal pressures. By-product
hydr8chl ostive gadmpairiet eishvojesera té® tihe fleactbarst0 andpdbaahargayd from
the system wi thout depositing to the product or renmaining, because of high
vapor pr essndkindherravhsepfaphospasr Lethhlmar hdrafoubydphgephiibeoahde is
desirabl e that hydrogen fluoride be equal or superior to chem cal

equi val emigeduwithhoheverodegen ihtphdsphoninchézachhiorbghosphameexcess and
remai ns non-reacted, it can be renoved by heating at an tenperature equal

or superiBisebo3noe pEchheelnvensiubhi mati on tenperature is 100C. The

reaction of phOSDholrhepgair@a‘ildaemd%e%ngdoawﬁlie@mnd%eﬁlaﬂmrb?hsﬁ%;wrd@I a (2)
and the reaction of phosphor 20 pentafluoride and lithium7tluoride shown in
que formul a (35he present invention is characterized by that the purification
1 10 is performed by introducing phosphoric chloride and hydrogen
fluoride of the quantity necessary for producing phosphor
pentafluoride or the quantity more than necessary for
converting rude lithium hexafluorophosphate containing lithium
hexafluorosphate and oxyfluoride in the raw material into
lithium hexafluorophosphate, in the reaction system with brut
lithium hexafluorophosphate containing lithium
15 hexafluorophosphate with 4% hydrogenfluoride, 50ppm oxyfluoride

and 13% lithium fluoride before purification and reacting them.

Effect

f ) In the present invention, impurities such as hydrogen
20 fluoride, oxyfluoride, lithium fluoride contained in lithium
hexafluorophosphate are converted into lithium
hexafluorophosphate by adding phosphoric chloride for the
purification. At this moment, phosphoric chloride and
hydrogen fluoride of equal or superior to the equivalent amount

25 are introduced for reacting them.
At this moment, phosphoric chloride reacts with hydrogen

fluoride to generate phosphor pentafluoride:



+ depend on the tenperature. The reaction develops easily if the teﬁﬁé%ﬁﬁ@ﬁﬁ
is high. However, as the tenperature attains 250C or nore, the

‘count er-reaction as shown below will occur, increasing the content of
lithiumfluoride as inpurity. Fig. 25 1 shows an exanple of differential
thermal anal ysis of |ithium hexafl uorophosphate. 4 ~1 B MAY 2003 LiF +
PF5 ~-- -~ LiPF6 (4) >250C Though the reaction of phosphor pentafluoride

wi th oxyfluoride, lithiumfluori roceeds sufficiently around the 5
nor mal pressuk§$5iT % dEs%F&bTéﬂ%ﬁgt t he reactidﬁ)develops under the
pressure f 1,O S i t er n | V. pressur not
only theTpéa %#%ﬂggggéﬁggﬁﬁ%F;%gh#%;ﬁ&gf#g% ﬁ?%ﬁggxyggﬁﬁﬁT%é%f?ﬁ%ﬁﬁ m

fluorid B , L1 hj hosph
uor! eoR&%éﬁS?idQ%ﬁd XltH&!hm.%%eiﬁedﬁilggtflogflg%woé W’%yﬂle‘;%gé@%&i%ﬂﬁ]gsp ate

10 deconpo I'ncreasing i npuri

re'atiO”iﬁkﬂigﬁtW@?QfﬁﬁgiggﬁEggﬂﬁ@ei%%?L&%Eﬁf&%ﬁLd“e by the inner pressure

of the reaction system itionally tinme necessary for this

gengration re I depgpds_op. gandit ions such as - tenperature or pressure,
and®t he cont eﬁﬁbé?ﬁasghgﬁ? ooeh PP tiori B9<Tuxyt | uor@de and 1ithium f1uori de

in lithiumhe | uor osphats. used for the generatyi on, however several
hours to a mh%?g dangﬂd n?bE?}are sufficient. vﬁ%ﬁ the purification

reaction is ceppl etRhctiOUBhEY Ny 0gR8 J&8rmhEHR gimg Ryl OI088 s
fluoride, phosphor pentafluoride, 20 hydrochl oride, and non-reacted

phosphor iggagltli®kitd&ed3ds adr enpUFg6# @aﬂ?éﬁéelhye dHd o desr rdiid A& |

Drawings Fig. 1 is a graphic show ng the results of differential thernal
anal ysi s BgFplrotibictnhhaxathuerephgsphiad @ot23nkbdved ifita gH@pLotsiv ng the

rel ati onship between inner pressure of the reaction system free acid and
i n40l ubl envesistttarded from the system without depositing to the product
or remaining, because of high vapor pressure.

The ratio of phosphoric chloride to hydrogen fluoride is
desirable that hydrogen fluoride be equal or superior to
chemical equivalent amount; however, even if phosphoric

15 chloride is in excess and remains non-reacted, it can be removed
by heating at an temperature equal or superior to 100°C because
its sublimation temperature is 100°C.

The reaction of phosphor pentafluoride and oxyfluoride
shown in the formula (2) and the reaction of phosphor

20 pentafluoride and lithium fluoride shown in the formula (3)
depend on the temperature. The reaction develops easily if the
temperature is high. However, as the temperature attains 250°C
or more, the counter-reaction as shown below will occur,
increasing the content of lithium fluoride as impurity. Fig.

25 1 shows an example of differential thermal analysis of lithium

hexafluorophosphate.



- E16 MAY 2003 Best Enbodi nents of the Invention (Enbodi ment 1) 500 @&)MA‘brzgm
| ithi um hexafl uorophosphate containing 4~ of hydrogen fluoride, 50ppm of
oxyfltuoride (Li POF4) and 0.13 5 of lithiumfluoride is taken in a PFA
vessel of 1L, 5.5g of phosphoric chloride is added thereto and m xed wel |,
then the vessel is sealed with nitrogen gas flow, heated a whole night at
760Torr, 105C for reaction. Remaining gas is purged by nitrogen gas to

obtain purified_|ithi hexaf I ophosphate. 10 Inpurities thereof is
quanti fi ed toﬁagtérﬁkﬁnL' %bgﬁ% (gg

e hydr fluoride 30ppm yfluoride | Oppmor |ess
and lithiumfluoride 0.04% that the stoichionetric amount of
phosphoric chloride require r oxyfluoride and |ithiumfluoride being
5.3g, it is agddgd Rerendy Je i e, 15 Lati %%@ ; of
br ut Iithiun1ﬁexagpuorophosp J%gﬁgoﬁ#éié§§883~go#¥ﬁ§ rdggﬁf%%%oﬁg%g? 50ppm

of oxyfl ngkﬁﬁoe&heﬁtm Q-lL%Qigfe éi&@é& el e s f QESGnagar?e PFA
vessel of 1L, 2.7g of phosphoric chloride, about half of “required anmount
for 520 copvrhlli PeeisBRE,t i1@S 1isntyR diidty1emdpexafihdonphasphipig deil gsided
thereto and m xed well, then it 1s operated as in (Exanple 1) thereafter.

| npuri ti esder the pbtakned.produche thescoforr & siantid ige 1o, fst &y ne
hydrogen fl uoride 50ppm oxyfluoride 30ppm and lithiumfluoride 0.08k

showi ng hbahtikRUr biregsuliave 22theehlqonteld ed-dadta dr t fUMphosphor
hexaf | uor ophosphate rather insufficiently. Note that phosphoric chloride
was addegeby alfaibralet hei sh Obghifomeiide , ampiitii i EbaokiBedig®idedds 6 E
~ MAY 2003 (Enbodi nent 2) 500 g of brut |ithium hexafl uorophosphate

cont ai ni hAard3gppmwd, hydr agen éonoracle, andtAiln HeddfRidavbogHdHalee i S
taken in a PFA vessel of 1L, 4 . Oy of phosphoric chloride is added 5

t heifet 0 adedonpweddvghcrebdine imparigiefs.! i guid bhydsioowen, fimorigle 2,
correspondi ng to phosphoric chloride is added. The vessel is sealed with
ni t r ogenbgashé| ol a thicai €t g bdmieemifgbe atidGhbinsclQblef pestdasthyn.
Remai ning gas is purged by nitrogen gas to obtain purified Iithium

hexaf | uotbghdspkat pret8ukreporfi thestbectdbni sy sjuemt | Adeit 1 enakl ¢y nthee

hydr ogen fluoride 40ppmand lithiumfluoride 0.02. Note that the

st oi chi oémei cnangeaaaryf hedr dgeirs f loemeirde ifoor  4e@gtabnphdspandsc ahl ori de
is 1.99. (Conparative Exanple 2) 15 500 g of brut lithium

hexaf | uocoplddsdiomse socht a$ Miempersippme o hyessyee, fandthéecantent 1OF of
lithiumfluoride is taken in a PFA vessel of 1L, 4 . Og of phosphoric
chl18r i de hiysirageadfineréde, sy fdyexidelnd Futhhen £ lntegsisieoincl bt bimde and
0.9g of liquid hydrogen fluoride, about half of the equival ent anmount, 20
are addedexadilagordedativdie juseds fopethtedensrahiQExdnpvevey seeeetter.

I mpurities in the obtained product thereof are quantified to determ ne
hydr ogen howisr i ge 20pthekmddriyt Mnsn RLEBET dee0. OskEsabontg hen | $Rei um

fluoride was converted intao |Iithium hexafl| uorophosphate insufficiently.
Not e t hatturification reaction is completed, through dry nitrogen gas,

remaining hydrogen fluoride, phosphor pentafluoride,
20 hydrochloride, and non-reacted phosphoric chloride gas are
purged completely.
Brief Description of Drawings
Fig. 1 is a graphic showing the results of differential
thermal analysis of lithium hexafluorophosphate.
25 Fig. 2 is a graphic showing the relationship between inner
pressure of the reaction system, free acid and insoluble

residue.



+ 25 hydrogen fluoride was added by half of the stoichionmetric anoygg MR; ZID&}E
Exanpl e 2. (Enbodi nent 3) 7 ~ ~ MAY 2003 1kg of brut lithium

hexaf | uor ophosphate contai ning 0.5% of hydrogen fluoride and 0.11 % of
lithiumfluoride is taken in a 3L vessel made of SUS316, 9.0g of phosphoric
chloride is added thereto and m xed well. It is placed in a humdifier

mai ntai ned 5 at 200C and made react for 6 hours . At this nonent, as the

vessel inner BLEES By oaﬁﬁeh@%r%%s%ﬂeifhdéﬁﬂyynuSted to nore or |ess

1500Torr. After conpletion of the reaction, the inner pressure is vented,
and furt pdasmegrRhped inside is purged by nitrogen gas to obtain
purifiedhﬁﬁthiuwl exaf | uor ophosphate. 10 Inpurities thereof is analyzed to

deternine hydeggeg &Fuorhder 25000 alkkd £ 146 iR 0d 68 Goh29n N e hat, in

t hi s Exanpl e, chem cal equi val ent anmount of phosphoric chl ori de necessaryfor

l'ithi um bleupyhdegks Added:idé Conpapmtd v @y dd darp Ofndrait1dd thium
hexafluorophgsphgte contai ning 0.11% of hydrogen quor?ﬁg)and 0. 11% of

l'i t i um blfugricde uins flakenden ig areessel arade afesAdIBLE 1%, @ f of

phosphoric chloride is added thereto and mxed well. It is placed in a

hum di fi phogphatraicned1at 1d£0is add tukdmsleneatkedowebrhothen .t this
nmonent, as 20 the vessel inner pressure has increased, it is adjusted to

nmore or khessel508Teesledheltlafiiiroddn ighnEaat eteasedna (FdDeimByHt 3) .
Impurities in the obtained |ithium hexafl uorophosphate are anal yzed to

det er m nathydoagei,f [105°Cde€ 020 p@acidn.i t Riem@aihlingr igds Q.2%uddddingn
hexaf | uor ophosphat e has deconposed as 25 the tenperature was too high. Note
t hat phogptiaoigencgber tdeobsa addedr 861 ed chi @si Enohafghio Bopdsiiodieent 4) 8
ra s MAY 2003 1kg of brut Iithium hexafl uorophosphate containing 0.5~ of
hy difogen Iimpuariitde satine fedf A sofuant hf Led tloude i etenise hyklewgen Bl 8bridssel
made of SUS316, 9. Og of phosphoric chloride is added thereto and m xed
wel | . 1t 30ppmeaveyfiloocrtdse ddppmade LeastasdfbitiDuhofilgoride thi&4%onent,
t he vessel inner pressure has attained 2500Torr. After conpletion of the
react i onNottlee tihaterthpe essaiehigmeeniedamanatf wit ldvo spdw rianedinkelr idsi de i s
purged by nitrogen gasto obtain purified |ithium hexafluorophosphate.
| mpuri ti esquiaedoffoirs oxydllypaddeoaddt éirhaemhflnogédef babngde. 3g, it
is added here by 1.0 time.
15 (Comparative Example 1)
500 g of brut lithium hexafluorophosphate containing 4%
of hydrogen fluoride, 50ppm of oxyfluoride (LiPOF,) and 0.13%
of lithium fluoride is taken in a PFA vessel of 1L, 2.7g of
phosphoric chloride, about half of required amount for
20 converting impurities into lithium hexafluorophosphate is
added thereto and mixed well, then it is operated as in (Example
1) thereafter. Impurities in the obtained product thereof are
quantified to determine hydrogen fluoridg 50ppm, oxyfluoride
30ppm and lithium fluoride 0.08%, showing that impurities have
25 been converted into lithium hexafluorophosphate rather

insufficiently. Note that phosphoric chloride was added by

half of the stoichiometric amount of the Embodiment 1.



10 20ppm and lithiumfluoride 0.01. Note that stoichionetric ann&%?h8¥’2m3
phosphoric chloride of the Exanple 3 is added. (Conparative Exanple 4) |kg
‘of - brut |ithium hexafl uorophosphate containing 0.5~ of hydrogen fluoride
and 0.11 of lithiumfluoride is taken in 15 a 3L vessel made of SUS316, 9.
Qg of phosphoric chloride is added thereto and mxed well. It is heated to
105C and nade react for 10 hours . At this nonent, the vessel inner
pressure Eaﬁ een |owered to 400Torr by a vacuum punp. After conpletion of
the reactPBROIAMEREGED gas is bl own inside. Inpurities in the 20 obtained

l'ithi hexaf h t ! I d det ' d fl.uorid
20ppm and | 11 REGma | Bt FABT0 o Tt WG hLYGF PRBPOBRACEhALE HHad Webomposed
by d ' d heating., Note that, staichi tri, t . h hor i
chi or i de BPPPRe ExARAre o5 ™ ¢ L4de 759 Aader Afar woHh A O on The
t o ti I f i) LIy fl h ,

Dectul aSTIERHER BARERSED BEi do °68 2R bV SRR BRI O

ul _as"T i . 1% kY trol Y12t o ga
Xyl uor A SE 17k B PHOGRE ofSTREYY 12" 08F Phas ETHLINERAYRD °

presem:_ef%oe@eép%&ir%sgb,lnariing,feltﬁgg}hgé%%féli@@hq&@ﬂ% %'cfo%recﬁuwA or to 5

t he equi val ent anount, and ox l'tthium fluoride are converted

intolithiugshexagl é'&éP@@%PH@FrﬁMod@?g;e%%f FABRS PRRL tRANA AfH &L irﬁﬁgﬁaﬁab

e
purified. The use of phosphoric chlori is cheap Iin cost, and the ndl i ng

is easy ag 9%@%%%Qriﬁo%th%Bger%%c%QBBQ' ﬁﬂﬁggﬁiggnb%%rﬁmiﬁng§%ﬂ§§> o

refine lithium Hexafl uorophosphate to a rty w ai ni ng

phosphor nperbakhughkdeoi SOh YR SoERNERLd asi WfSun hid ¥l Rt HIHEGIH Y e and
requires specialized know edge.” Moreover, the production of hi'gh purity

phagphor rpgnt-athieert wers S uisr@ehd©f £ 1t tBWdfd aainOAyaLsheneKtdsRdy hi gh.
15 According to the present invention, a great effect can be expected for

produci ngophecpy lard i fLastidy ohiogts .purbty dHdthtHe kit imiaphosphat e
by usi ng phosphoric chloridein the course of purification. 10
amount of hydrogen fluoride for 4.0g of phosphoric chloride is
1.9qg.
(Comparative Example 2)

16 500 g of brut lithium hexafluorophosphate containing
150ppm of hydrogen fluoride and 0.10% of lithium fluoride is
taken in a PFA vessel of 1L, 4.0g of phosphoric chloride is added
thereto and mixed well. Further, phosphoric chloride and 0.9g
of liquid hydrogen fluoride, about half of the equivalent amount,

20 are added thereto, and then it is operated as in (Example 2)
thereafter. Impurities in the obtained product thereof are
quantified to determine hydrogen fluoride 20ppm and lithium
fluoride 0.05%, showing that lithium fluoride was converted
into lithium hexafluorophosphate insufficiently. Note that

25 hydrogen fluoride was added by half of the stoichiometric amount

of the Example 2.

(Embodiment 3)



—~ s MAY 2003 What is clainmed is: 1. A purification method of Ii i M4Y 2003
hexaf | uor ophosphate wherein the purification is perforned in the presence
‘of phosphoric chloride and hydrogen fluoride of the quantity necessary for
produci ng phosphor pentafluoride of the quantity nore than necessary for
converting rude |ithium hexafl uorophosphate containing |ithium
hexaf | uor osphate and oxyfluoride in the raw material into |ithium

hexaf | h h h.b | i thi 8
nexa | uor ophoSphar s 'HOH At MERANMITCR ﬁf@#ﬁéﬁ‘%&éﬁ% i, 045

hydr 0gentl Uy 06 SOANT N Luary d@@ﬂ%ﬁ%"{w. pumtiugrige before

purificarti puri ron - me

hexaf | ”Oé%h%ggé%%naociﬁ aétﬁ'ésll% glgfm%%q{ﬁ%ghphggrd'e %f]&%df or the

reaction is |1 ation ne

hexaf | uogﬁﬂebeﬁe%& 3&633' @%mlxoalé M@é&'ﬁ ghﬁl@%gigpfaqﬁgﬁwe i's

within the 15 range fromthe roon1t nperature to

bur 571 caLL g8t bed rilad ngee@J}eé@J' RO N O0% Bhe VB, 1 10 3

wherein e reacti on pressure 1Is equal or superior

purificathaarnptboduel hik hwa}@%@él Upg %%@&@Q&fm&ﬁéld? 4.egtherein

the reaction pressure is 760 to 3800Torr .

. AsL. A&f 588%0r AIFFE ik - 1®™%ion of the reaction, the inner pressu
A3 A 9SpTWWKst cn{ vql gb] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caf)a]ca]ca]ca]ca]

ca] cal] cakoplmaldakaa) nialoed £ aheal arnd orrad Gakhiee] Lalutaiabbl St FBddyakf al W
ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] calca]ca]ca]ca]calc
a] ca] ca] gabl] cajca] enlednca! pupifiedl *-XEddWaM X hexafluorophosphate.
10 Impurities thereof is analyzed to determine hydrogen fluoride
25ppm and lithium fluoride 0.02%. Note that, in this Example,
chemical equivalent amount of phosphoric chloride necessary for
lithium fluoride is added.
(Comparative Example 3)
16 lkg of brut lithium hexafluorophosphate containing 0.11%
of hydrogen fluoride and 0.11% of lithium fluoride is taken in
a 3L vessel made of SUS316, 9.0g of phosphoric chloride is added
thereto and mixed well. It is placed in a humidifier maintained
at 270 to 280°C and made react for 6 hours. At this moment, as
20 the vessel inner pressure has increased, it is adjusted to more
or less 1500Torr. Thereafter, it is operated as in (Embodiment
3). Impurities in the obtained lithium hexafluorophosphate are
analyzed to determine hydrogen fluoride 20ppm and lithium
fluoride 0.2%. Lithium hexafluorophosphate has decomposed as
25 the temperature was too high. Note that phosphoric chloride is

added as much as Embodiment 3.

(Embodiment 4)



| wt gb] X]]ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caﬂ gahf@/a]?@%]
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amount of phosphoric chloride of the Example 3 is added.
(Comparative Example 4)

lkg of brut lithium hexafluorophosphate containing 0.5%
of hydrogen fluoride and 0.11% of lithium fluoride is taken in
16 a 3L vessel made of SUS316, 9.0g of phosphoric chloride is added
thereto and mixed well. It is heated to 105°C and made react
for 10 hours. At this moment, the vessel inner pressure has been
lowered to 400Torr by a vacuum pump. After completion of the
reaction, nitrogen gas is blown inside. Impurities in the
20 obtained lithium hexafluorophosphate are analyzed to determine
hydrogen fluoride 20ppm and lithium fluoride 0.26%. Lithium
hexafluorophosphate has decomposed by decompression and
heating. Note that stoichiometric amount of phosphoric chloride
of the Example 3 is added.
25 Industrial Domain of Application
The present invention allows to purify easily lithium

hexafluorophosphate, useful as 1lithium secondary cell
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pentafluoride to be purified. The use of phosphoric chloride
is cheap in cost, and the handling is easy as phosphoric chloride
is solid. On the contrary, a method to refine lithium

10 hexafluorophosphate to a high purity with gas containing
phosphor pentafluoride involves danger as gas is handled
directly, and requires specialized knowledge. Moreover, the
production of high purity phosphor pentafluoride required for
the purification costs extremely high.

16 According to the present invention, a great effect can be
expected for producing cheaply and in quantity high purity
lithium hexafluorophosphate by using phosphoric chloride in the

course of purification.
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of claim 1, wherein the hydrogen fluoride used for the reaction
is liquid and/or gas.

3. The purification method of lithium hexafluorophosphate

of claim 1 or 2, wherein the reaction temperature is within the

15 range from the room temperature to 250°C.

4. The purification method of lithium hexafluorophosphate
of one of claims 1 to 3, wherein the reaction pressure is equal
or superior to 680Torr.

5. The ;;urification method of lithium hexafluorophosphate

20 of claim 4, wherein the reaction pressure is 760 to 3800Torr.
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