
;jke3eD>A\R6T>/< +REPLACEMENT SKEET   BACKGROUND OF THE INVENTION 1. Field
of the invention. The present invention concerns a method o purifying
lithium hexafluorosphate that allows purifying lithium 2 8 ~IAY 200
hexafluorophosphate, useful as, for instance, lithium secondary 5 cell
electrolyte organic synthesis medium or the like, to an extremely high
purity. 2. Description: of the related art. Lithium hexafluorophosphate is
usually synthesized in an insoluble medium such as hydrofluoric anhydride
or organic io medium; however it reacts with a trace of water existing in
the 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 medium. ~,~.PF6~ -~L~.F + PF; 1   REPLACEMENT ~i~E~~' 2 s ~a~~ax
z~~ This LiF is mixed ,into the product and becomes an impurity) As lithium
hexafluorophosphate ryas an extremely high moisture absorption ability,
even a trace of humidity in the atmosphere provokes hydrolysis to generate
the fluoric acid portion.. In addition, lithium fluoride or lithium
oxyfluorophowphate (LiPOxFy) is generated t-n cause an impurity  If lithium
hexafluorophosphate containing such impurities is used as lithium cell. the
electrolyte, fluoric acid erodes into electrode material., and lithium
fluoride becomes a residue as it .0 is insoluble in organic medium and
requires filtration and removal, while 1ithium oxytluorophosphate
accelerates the decomposition of the organic medium, and possibly increases
inner voltage or lowers cell capacity. Conventionally, these impurities can
be removed, by a method 15 wherein lithium hexafluourophocphate is
dissolved in an organic  medium, and impurities are removed by an ion
exchange resin (Japanese Patent Laid-Open No. SHOU 59-87774) or a method
far neutralizing in an organic medium (Japanese Patent Laid-Open No. SHOU
59-61870). however, these methods increase the production 20 process and
cog s. Moreover, a method fox reacting and removing oxyfluorophosphate with
fluoric gas (Japanese Patent Publicaion No. HEI 4-16406, Japanese latent
Publication No. HEX 4-16407) or a method for making hexa.Cluorophosphate
which contacts with a gas 25 containing pentafluoxophosphate (Japanese
Patent haid--Open ~To. s-2g850) or the like involves danger in gas
treatment and 2   REPLACEMENT SHEcT 2 8 MAY 2003 



require special knowledge Moreover fluoric gas or phosphor pentafluoride to
be used are required to be refined to a high purity, increasing cost axed
considerably affecting the product pr ice . 5 Therefore, none of the
conventional. methods are satisfactory It is an object of the present
invention to provide a method of purifying lithium hexafluorosphate that
allows to obtain high purify lithium hex. afluorophosphate, by converting
hydrogen LO fluoride, oxyfluoride, lithium fluoride or other impurities,
generated in the course in production handling or conservation of lithium
hexafluorophosphate and mixed with the product, into lithium
hexafluorophosphate. SUMMARY OF THE INVENTION 15 The method of purifying
lithium hexafluorosphate of the present invention si characterized by that
the purification is performed by introducing phosphoric chloride and
hydrogen Fluoride of a quantity necessary for producing phosphor
pentafluoride of a quantity more than necessary for conve~~~~y 20 crude
7.ithium hexaflucrophn~pharP and oxyfluvride in. the raw material intp
lithium hexafluorophosphate, in the reaction system with brut or dry
lithium hexafluorophvsphate and reactipn. Effect. Tri tk~.e presenC
inventio~z, impurities such ae hydrogen 25 fluorsdp, nxyfluoride. lithium
fJ~uoride contained in lithium hexafluorophosphate a.re cox~.verted ix~to
lithium 3   r~~PLACEMENT SHEET 2 8 MAY 20p,3 he~afluviophosphate b~ adding
phosphoric chlox~.de fox the purification. At this moment, phosphoric
chloride and hydrogen fluoride of equal or superior to the equivalent
amount are introduced for reaction.. 5 At this moment, phosphoric chlorsde
reacts with hydrogen fluoride to generate phosphor pentaf_~,s~r; ~3e PC16 +
5HF ~ pF5 + SHCI ( 1 ) The generated phospk~or pentafluoride reacts
respecti~rely with oxyfluoride and lithium fluoride as follows to be
converted into LO l ithium hexafluoxophosphate and pu~i.ried. 7~1POXFy +
PFD '~ ~1PL"'~ ~!- PO,sF"_1 h~.F + PFS  T~iPFs (2) (~) The reaction. shown
by formula (Z) develops quantitativeJ.y at 



room temperature and normal pressures. By-product hydrochloric 15 gas is
~=~~t iiavolvcd in. the rcaation but discharged from the system without
depositing to or remaining in the product because of high vapor pressure.
The ration of phosphoric chloride to hydrogen fluoride is desirable that
hydrogen zluox'ide by equal or suYe~ioz by chemical 2 0 equivalent
amm.,nt~. ; however , even if pY~,osphoric chloride ~. s in excess and
remains non~reacted, it can be removed by heating at ~. temperature ec~uaZ
or higher than 7.d0C, because its 9ublimat~.on temperature is 1.00C. The
reaction n,C pxlu5phoz p~r~tatl.uoride and oxyfluoxide shown 25 in the
formula (2) and the reaction of phosphor pentafluox~.de and lithi,urn
fluor~.de shown in the formula (3 ) depend on the 4   REPLACEMENT SI~ 2 8
MAY 2003 Leuy~r al,uL ~ . ~hL 1'C~lCtioz~ de~rclopc cacily i~ the
temperature io hiqh_ However, as the temperature attains 250C or more, the
counter-reaction as shown below wild. occur, increasing the content of
lithium fluoride as an impurity. Fig. 1 shows an 5 e:~ample of differential
thermal analysis of .Lithium hc~safluorophoephate . LiF -t- PF5 r ~ L~Ff6
(4) 5 250C Though the reaction of phosphor pentafluoxzde with ~0
ox~rfluoride, l~thmm fluoride proceeds sufLyeie,~x~.J.x drouW ~Li~ normal
pxessure, it is desirable that the reaction develops under pressure_ tf the
reaction system is put under the negative pressure, not only tk~e reaction
of phosphor pentafluoride with o~yfluox'ide, lithium fluoxide proceeds
hardly, but, on the L5 ~:mitza~y~ lithium hexafluorophosphate decomposed,
increasing impurities. This ~.s shown, in Fig. 2, by the relatlvnship
between free acid and insoluble residue by the inner pressure of the
reaction system. A.dditiona~.l,y, the time necessary fox this ger~eration
reaction depends om. condi.tions such as ~emYeLature oz ?0 pressure, and
t-hc~ c-_ontent of hydrogen fluoride, oxyfluoride, and lithium fluoride iz~
lithium hexafluorophosphate used for the generation, howEVer several hours
to a wholE day and night are suffic~.ent. when the purification reactiozz
is completed the remaining hyd.~wc~em fluvx~.de, phosphor pcntafluoride,
hydrochloride) and non-reacted phosphoric chloride gas are purged
com~alete7.y, through dry nitrogen gas . 5 



REPLACEMENT SHEET z s ~~Y 2o08 BRIEF DESCRIPTION Oh THE DRAWINGS The
above-mentioned and other features and advantages of this invention, and
the manner of attaining them, will become 5 more apparent and the
~n~rentivn will be better understood by reference to the ~Fnllowing
description of an embodiment of the invention taken in, coz~.jun.ction.
with the accompanying drawings, wherein: Fig. 1, is a graphic showing the
results of differential. tG thermal analysl.5 of Zitl-riv.m
hexaflu.orophocphatc; and Fic. 2 is a graphic showing the relationship
between inner pressure of the reactzon system, free acid, and insolub7.e
residue. Corresponding reference o~laracters ~ndacate corresponding 1~
party ~ hroughout the several vi_eWS _ ThP exemplif icatyol~. set out
herein illustrates one preferred embodimez~.t of the invention, in one
form, and such exemplification l.s not to be cor_strued as limiting the
scope of the invention in any manner. DET~.1TLED laESCRIPTZON OF TII1;
INV'ENTTON ~n Best Embodiments of the Invention ( Embod~.ment 1 ) 500 g of
brut ~.ithium hexafluorophosphate containing 4~ of hydrogen fluoride.,
50ppm of oxyf~.uoride (L~.~OF4) and o .13b of lil,~sium l.uoride is talccn
in a pFA vessel of 1L, 5. ~g of 25 phosphoric chloride is added thereto and
mixed well, then the veasel is sealed w~.th nitrogen gas flow, heated a
whole night at 6   REPLACE~,~ENT SHEET 2 8 MAY 200 '76oTorr, 105C for
reaction. l~Pmaining gas i_s purged by ritrogPn gas to obtain purified
lithium hexafluorophosphate~ Impurities thereof were quantified to
detexmlne: hydrogen fluoride 30ppm, oxyfluoride lOppm or less and lithium
Fluoride 0.04%. Note that 5 the sto~.chl0me Cric amount of phosphor i.c:
cx~lvx. ir3.e L~.qui1 ed r~r 



oxyflunride arrl lithium fluoride being 5.3g; it is added here by 1.0 time.
(Comparative Example 1) 500 g of brut lithium hexafJ.uorophosphate
containing 4% of LO riyc~.~c.,~etl fluor~,c7.~, ~Oppm of oxyfluori.dc
(LiPOF6) and .7.3~ of lithium fluoxide is taken in a CFA vessel of 7.~,
2.7g of phosphoric chloride, about half of required amount for converting
impurities into lithium hexafluorophosphate is added thereto and mixed
well, then ~t is operated as in (Example ~.) chexeaftar. 15 Impuri ~ ies in
tl-~p nhtr a i nPr3 product thereof were quantified to determine: hydrogen
:fluoride SOppm, oxyfluoride 30ppm and lithiurn fluoride 0.08%, showing
that impurit~.es have been converted into J.ithium hexafluorophasphate
zather insufficiently. rTote that phosphoric cl~il~.~ic~e was added by half
of the otoichiometric 20 amount of Embodiment 1. (Embodiment 2) 500 g of
brut lithium hexafluorophosphate containing l5oppm of hydrogen Fluoride and
4.0g of lithium fluoride is ta3~en in a PFA vessel of 1.L, ~l.Og of
phosphoric chloride i~ ac3dPd there to 25 and mixed well. Further, 2.0g of
liquid hydrogen fluoride corresponding to phosphoric chloxide is added. The
vessel is 7   REPLACEMENT SHEET 2 8 MAY 2003 sealed with nitrogen gaa flow,
heated a whole nir~ht at 750Tnrr, 105 C for reaction. Remaining gas is
purged by nitrogen gas to obtain purified lithium hexafluorophosphate.
2mpurities thereof were quantified to determine: hydrogen fluoride 40ppm
and lithium 5 fluoride 0.02%. Note that the sto~.chxometric amount of
hydrogen fluoride or 4.0g of phosrhoric chlnri~3P is 1.9g. (Comparative
E~rarnp~.e 2) 500 g of bxut Lithium hexafluorophosphate containing 150ppm
of hydxogen fluoride and 0.10i of lithium fluoride is taken in a LO PFD
vessel of 1L, ~.Og oL ylu5phori,c chloride is added thereto and mihAC'j
well. Further, phosphoric chloride and 0_9g of liquid hydrogen fluoride,
about half of the equ~.valent amount, are added thereto, and then it is
operated as in (Example 2) thereafter. impurities in the obtained product
thereot were quantl~ied to LS c~.~ternt~ne : hydrogen fluoride 2appm and
lithi~.im fl,~nri c~~? 0 _ 05% , showinig that lithium fluoride was
con~rerted into lithium hexafluorophosphate insufficiently. Note that
hydrogen fluoxide was added by half of the sto~chiometric amount of Lh~e
Example 2. ( Embod~.ment 3 ? 20 ~kg of brut lithium hexafluoxophosphate
containing 0.5% of hydrogen fluoride and 0.11% of lithium fluoride is taken
in a 3L vessel made of SUS316, 9.0g of phosphoric chloride ~.s added
thereto and mixed welJ.. It is placed in a humidifier maintained aL 200C
a,~~~.,i evade to Least for G hours. I~t this moment, as thc~ 25 vessel
inner pressure has increased, it is adjusted to more or 



less l5coTorr. After completion o the reactioxl) the in.xier 8
REPLACEMENT SHEET 2 8 MAY Z003 pLeSSUrc is ~r~nted, arid further gas
remaizr.ed inside is pur~ecl by nitrogen gas to obtain purified lithium
hexafluorophosphate. Impurities thereof were analyzed to determine:
hydxogez~ Fluoride 25ppm and lithium fluoride 0.42a. Note that, in this
Example) a 5 chemical. equivalent amount of phosphoric chloride necessary
~cr lithium fluoxzde is added. (Comparative Example 3) lkg of brut lithium
hexafluorophosphate containing 0.11 of hydrogen fluoride and 0.11 of
lithium fluoride is taken in a 3L _0 vessel. made of SUS37.U, 9.0~ c.C
plzosplzoric chloride ie added there"~o an~3 mixed well.. Tt ~.s placed in
a humidifier ma:~.ntai.ned at 270 to 28bC anal made to react for 6 hours.
At this moment, as the vessel inner pressuxe has increased, it is adjusted
to moxe or less 150c7Torr. Thereafter, it ss operated as sn 15 (Embodiment
3) . rmpurities in. thA obtai nPr3 l i t-hium hexafluorophosphate were
analyzed to detex'tnine: hydxogen fluoride 20ppm and lathium fluoride 0.2a.
Lithium k~exafluoxophosphate has dECOmposed as the temperature was too
high. Nvte that phosphoric chloride as added as much. as EfIt~JU~ILICllt ~
. 20 CEmJaodimr~nh: 4) 7.kg of brut lithium hexafluoxophosphate containing
0.5a of hydrogen fluoxide anal 0.11 of Lithium fluoxide is taken in a 3L
vessel. made of SUS316, 9.0g of phosphoric chloride is added thereto anc~
mixed, wCll. Tt is heated to 105C and made ~-~ react 25 fox 10 hours. 1~t
this moment the vessel inner pressure hds attaim,ed 2500Torr. After
completion of the reaction, the inner 9   REPLACEMENT SHEET 2 8 MAY 2003
pressuxe is vented, and Furthex and for; hpr gas rPmainec7. inside is
purged by r~z,trogen gas to obtain purified lithium hexafJ.uorophosphate.
Tmpuri.ties thereof were analyzed to determine: hydrogen fluorade 20ppm and
lzthium fluoride 0.01a. 5 Note that the stoich~.ometric amount of
phosphoric chloride oL example 3 zs added. (Comparative Examp~.e 4) 1kg of
brut lithium hexafluorophosphs.te containing 0.5~ of hydrogen fluoride and
0.11 of lithium fluoride is taken in a 3L .0 ~ressel made of SU'5316, 9.Og
of phosphoric chloride is added r_~Pr~~-~ anal mixed well. zt is heated to
7.05C and made to react for 10 hours. At tk~is moment, the vessel inner
pressure has been lowered to 40oTorr by a vacuum pump. lifter Completion of
t~.e reaction, nitrogen gas xs blown inside. lmpurit~.es in the L5 obtain~d
lithium he~,.afluorophosphate wPra analyzed to determine: hydrogen fluoride
20ppm and lithium fluoride 0.26. Lithium hexafluorophosphate has decomposed
by decompression az~d heating. Note that the st,oichiometric amount of
phosphoric ohloride of ExampJ.e 3 is added. 



2o Inr~"at-.rial nomain Application 'the present invention al~.pws to
easily purif~r lithium hexa~luorophosphate, useful as lithium secondary
cell electrolyte or organic synthesis medium. It is ch,aracter~.zed that by
harmful i.mpu.c~.ties suc~z as o:~.yfluorxd.e and 7.ithium fluoride nr
i-.h~: like 25 are made to react in the presence of phosphoric chloride and
hydrofluoric acid equal or superior to the equi~ralent amount, and 10
REPLACEMENT SHEET 2 $ ,MAY 200 5 LO vxy L 1 uu.~ ids s.~,d 1 ith ium f
luoride axe converted iz~.to 1 ithium he~.afluorophosph.ate by means of
phosphor pentatluoride. The use of phosphoric chlora.de is inexpensive, and
the han,dli~n.g is easy as phosphoxie chloxide is solid. On. the contrary,
a method to refine lithium hexafluorophosphate to a high purity wi~tr~ the
gas conta~.ning phosphor pezltafl,tori r3P involves danger as gas is
handled directly, and rEquixes specialised J~nowledge. Moreover, the
production of high purity phosphor pentafluoride required for the
purification is expensive. AGCOrdin.g za the preSe~lL i2lvGxztiori, a great
ettcct caz~. be sxpecter~ fnr producing inexpensively and in quant~.ty high
puxity 7.ithium hexafluorophosphate bar using phosphoric chloride in the
course of purification. While this invention has been descrZ,bed. as
hav~.ng a. 1, 5 20 prefer~ed design, the presanL ~.n.vention ran he further
modified within the spirit and scope of this disclosure. 'this application
~.s therefore intended to cover any variations, uses, or adaptations of the
inw'ention using its general principles. Further, this appJ.iCat~.on is
iute11~1ec1 to cover such departurcc fxom the ~,resPnt disclosure as come
within known. or customary pxactice in the art to which this invention
pertains and wh.~.ch fall within the limits of the appended claims. ii
REPLACEMENT SHEET 2 8 MAY .200 WH~~.'J.' 15 CLAIMED IS 1. A method of
purifying l~.thium hexafluoxosphate(L~.pF6), wherein the purifying thereof
is performed in the presence of phosphoric pezztachloridA (PC15) and
hydrogen fluoride (HF) of the quantity necessary for producing phosphor
pentatluoride(PF5) of 5 l.xle ~uamtity more than ncacceax-y far cor~vertin~
lithium fluoride(LiF) and oxyfluoride in a crude lithium
hexafluorosphate(LiPF6). 



2. The method of purifying lithium hexafluorophosphate of clairn 1, whexem
trie hydrogen fluoride used fog, ~~m Leu~.tlVl~ 35 liquid and/or has 3_ The
method of purifying lithium hexafluorophosphate of claim 1, wherein the
reaction temperature i,s within the range from the room temperature to 250C
Tfm method of purifYiri,g J.ithium V of one of claims 1) wherein the
reaction pressure is equal or superior ~0 680Torr. 5. ~'he method of
puxifyin,g lithium V of claim 4, wherein the reaction pzessure is 760 to
3800Torr. 12 .Ar.A.A[9.A5_.A{r.Aa.A.A.Ar.AU.A3 .A 0389;
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