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of the invention. The tion concerns a nmethod o purifilm%
Iithiun1hexaf|uorosphaﬂﬂﬂﬂﬂﬂ%“““m purifying lithium2 8 ~IAY é% Y 2008
hexaf | uor ophosphate, use instance, lithium secondary 5 cel

el ectrolyte organic synthe5|s nedlun1or the like, to an extrenely high
purity. 2. Description: of the related art. Lithium hexafl uorophosphate is
usual Iy synthesized in an medi um such as hydrofl uoric anhydride
or organic io medium mmmmﬁm mm@m acts with a trace of water existing in

t he medi um and gener at de and lithiumfluoride etc., then they
are mxed into the product *at@2*cont am nates the sane. Besides, lithium
hexaf | uor ophosphat e deconposes and equilibrates partially as shown in the
foll owi ng expression when it is dissolved in hydrofluoric anhydride or
organic nedium ~,~ PF6~ -~L~.F + PF; 1 REPLACEMENT ~i ~E~~' 2 s ~a~~ax
z~~ This LiF is mxed ,into the product and becones an inpurity) As l|ithium
hexaf | uor ophosphate ryas an extrenely high noi sture absorption ability,

even a trace of humdity in the atnosphere provokes hydrolysis to generate

the fluoric acid portion.. In addition, lithiumfluoride or lithium

oxyf |l uor ophowphat e (Li POxFy) is generated t-n cause an inpurity [If lithium
hexaf | uor ophosphat e containing such inpurities is used as lithiumcell. the
electrolyte, fluoric acid erodes into electrode material., and lithium

fluoride becones a residue as it .0 is insoluble'!in organic medi um and
requires filtration and renoval, mhlle 1li t hi um oxyt | uor ophosphat e

accel erates the deconposmWGNmHMUNﬂNDE) | INVERdT and possibly increases
i nner voltage or lowers cell capacity. Conventionally, these inpurities can
be renpvedribydanfiethed itivesttercein | it hi um hexaf | uour ophocphate is

di ssolved in an organic nmedium and inpurities are renoved by an ion
exchange rEsenp¢dapatesavRatemn lanFameh Note Sl 8D-B77#4yi88 a net hod
far neutralizing in an organic nmedium(J ganese Pat ent . Lai d- Open No. SHOU

59 618¥©?lHMOhé¥éﬁlW9¥§ﬁ? hdd¥§ ekt Riet pY beficttBR88 process and
s. Moreover, a nethod fox actlng and renDV|ng uor ophosphate with
EC T s3obn Y aRssas

fIuor?%‘@géuPESBQﬁ§QQQEﬁ%3 i34 off FEFRAS 1 FWpEnese fatent
Publ i ca HEX 4- 16407 or a thod_f i a; or gphgsphat e
mhich“Eihtﬁ ESS RO °8 (g sy oﬁ%éﬁﬁ?n% peﬁ%d¥?§o£%p gép g%g (?gpgﬁese

Pat en (@) 50) or the like involves danger in gas
treat %r%ﬁ?e”‘e?iyzmgﬁE%L&éEﬁz\%NT SHECT 2 8 MAY 2003

2. Description of the related art.
Lithium hexafluorophosphate is usually synthesized in an

insoluble medium such as hydrofluorilc anhydrlde vr organic

10 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.
Begides, lithium hexafluorophosphate decomposes and equilibrates
partially as shown in the following cxpresoion, whan it is

14 dissolved in hydrofluoric anhydride or organic medium.

LiPF,~ —LiF + PP,
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requi re special know edge Moreover fluoric gas or phosphoRE;q_qa\@EMENﬂ'oSHﬁﬁﬁ
be used are required to be refined to a high purity, increasing cqst axed
considerably affecting the product pr ice . 5 Therefore, none of theMAY 2003
conventional. nethods are satisfactory It is an object of the present
invention to provide a nethod of purifying |ithium hexafl uorosphate that

al | ows t o TohitsaiLd Fhiigh ypimed yihie htlm herdugt| avfophesplest &n bynreotivert i ng
hydrogen LO fluoride, oxyfluoride, lithiumfluoride or other inpurities,

gener at ed Aisn ltilid ioourisexs il pe sepbeFBRARGNBRENG o AXEFTFENAtHER? of |1t hi um
hexaf | uor ophosphate and m xed with the product, in%gm%%ihium
hexafiaigtopiso SRR IRt SUMARYL ERY THEVERVENFFENS18 T Yo g YR ifying

li t hi um hexaf | uorosphate of the present invention.si characterized by that
the BEMCSREELOPTIVYERE RNBHOBYSL R FBdQ@W&aﬁﬁo%rﬁﬁél%%rq and

hydrogen Fluoride of _a quantity, necessary f.or praqducing phosphor

pent #4FdTde of LY RhEPRY hﬁ¥§lPWa%iH a§8a gﬁﬁﬁE%%$e~~~~y 20 crude

7.1 thi um_hexaf |l ucr gphn~phar oxyfl uvrj { t i j,ntp
1 hiE e TR e PhAr - Or RS FEtAT D st e e Br L oy
l'ithi hexaf | Ctipi-o sEfifect i1 b1y S

i nver#ﬁm 01~J§E?&“iurrr}}:[:lc}ﬁe?}?iyggﬁgg%ﬁhgggﬁég%oggﬁﬁz%ﬁlfﬁgrsé'L(:IcE lnri%ﬁﬁ%%%e.fgﬁl?%?um
fJ~-uord de; GeNiAI ey | Bkl Eﬁ%&@r&ﬁg%fé,ummﬁo@i@ deFEIEOXIMYET ted i x~to
l'ithium r~~PLACEMENT SHEET 2 MAY 20p, 3 he~afl uvi ophosphate b~ addi ng
phosphogd € Sl st de160% tha putiHiieatilamridte thdcomenment rephdsphasi tt

chl oride and hydrogen fluoride of equal or superior to the equival ent
anount g af €sd N oduggdotramnneacttdomm BdAtr ddiscynent b rahbsphardc chl or sde
reacts with hydrogen fluoride to generate phosphor pentaf ~,s~r; ~3e PCl6 +
5HF ~@hSvatl SHGhi{e11) +Fhengenarfdived-qaiosyihaie preral ¢ tR 8etReact s
respecti~rely with oxyfluoride and lithiumfluoride as follows to be
convedéedmpos bt Lon| oft hemorSearicu BashitBdpit® RERP by . +NEHSA7SE PERRG . +
PFD ' ~ ~1PL"'~ ~I- PO sF'_1 h~.F + PFS T~iPFs (2) (~) The reaction. shown
by foreditage zprdboersfs S§dantGaRRTNEI- y at

Conventionally, these impurities can be removed, by a method
Wh&Lei? lithium hexafluorophocphate is dissolwved in an orgAnic
medium and impurities arxe removed by an ion exchange resin
(Japanese Patent Laid-Open No. SHOU 59-87774) or a method for
neutralizing in an organic medium (Japanese Patent Laid-Open No.
SHOU 55-81870); however, these methods increase Lhe production
procesg and costs.

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

a method for making hexalluorophosphate which contacte with a gas

26 ~ontaining pentafluorophosphate (Japanese Patent Laid-Open No.

HEI €6-29850) or the like involves danger in gas treatment and
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room tenperature and nornmal pressures. By-product hydrochl g as is
~=~~t iiavolved in. the rcaation but discharged fromthe ﬁgpﬁﬁ&ﬁﬁbﬂf SHEET

depositing to or remaining in the product because of high vaporégégﬁﬁuhﬁi
The ration of phosphoric chloride to hydrogen fluoride is desir ha
hydrogen zl uox'ide by equal or suYe~i oz by chemcal 2 0 equival ent

anm , mequirehapexsral, levenl édgpY-, sspleies  CELALHAE: Fas 4N BXEESS, 2Nd
remai ns non~reacted, it can be renoved by heating at ~. tenperature ec~uaZ
or hi gleataflawridi0Go Ieeausedi asedubbuited. eo WRMREIALINE 5 400G The
reaction n, C pxl uSphoz p~r~tatl.uoride and oxyfl uoxi de shown 25 in the

f or MUPRIIEY ;afdr R Fie@ t ¢t ofnghoophddepebilafl bf@ee dmanthd igibdudn
fluor~.de shown in the formula (3 ) depend on the 4 REPLACEMENT SI~ 2 8
MAY 2833 SSeuy~r al,uL ~ . ~hL 1'C~ICtioz~ de~rclopc cacily i~ the
tenperature i However, as the tenperature attains 250C or nore, the

i o high
counter-rei@ﬁrc#log'se_rsmeb%ﬁ oW Ri FEnvVeREdPnanEesdsidsy atee content of

Iithiunkaggane_as an inmpurity. Fig. 1 shows an 5 e:~anple of differenti al
t her ma " &FaRy&i“¢Yof . Li t hi um hc~saf | uor ophoephate . LiF -t- PF5 r ~ L~Ff6

(4) 5 250C Eh ugh .t he reactipn_of hosgh_r. ent af | uoxzde with ~0

ox~rf|uori&e,%sﬁﬁﬁn§%qﬂ% i%g 5$8c§58§ ngE EFELIRD F& REVIMGS-13 Teidiadhl
ig: ol i t [ I d , tf th

Feact on Pre YA TR Dok E ok ERBha0E, EBEE, BLIRE G P et on

f ph f ' i id i.t.bi f ' d

Par 01 5B, e o S B PP ULt gt St omposed.

i nCr edLiupg 1ideN UK S IoATRS, ~L StEROMN £ 1LBrFHE. o2 JRVdNe &l.atd yashi p
bet ween free acid and insol uble residue by the inner pressure of the

react gemcsypsteemirA tdh téanas= | oy, pthduttiBnnedassaivid ¢ U SsHeFarerat i on
reacti on depends om condi.tions such as ~eneLature oz ?0 pressure, and

t - hc~of- lomthemm dfexafirogerpidsphate, andy fiiunedi ¢ethantd igdddimd | uatdgle iz~
|'i t hi um hexaf | uorophosphate used for the generation, howEVer several hours
to a %HGPEU@a%@%ﬂ£&ﬂ%ﬁﬁphﬁ%9bﬁt¢ic~.ent. when the purification reactiozz

is conpleted the remaining hyd. ~wc~em f| uvx~. de hosphor pcntafl uori de,
hydr ochl ori de) and non-reaé&%@Q%ﬁ%éﬂﬁéﬂﬂiéﬁﬁﬂﬁﬁﬁﬁgﬂgas are purged
com-al et e7'r¥)’e Engr\:?yog,{] Lgf prE‘HEQQSQ gqgh'iu% hexafluorogphats of the
present invention si characterized by that the purification is
performed by introdueing phosphoric chloride and hydrogen
fluoride of a quantity necessary for producing phosphor
pentafluoride of a quantity more than necessary for converl iy
crudce lithium hexafluorophmaphate and oxyfluoride in the raw
material into lithium hexafluorophosphate, in the reaction system
with brut or dry lithium hexafluorophosphate and reaction.
Effect.
In the present 1lnvention, impurities such as hydregen
Lfluoride, oxyfluoride., lithium £luoride contained in lithium

hexafluorophosphate are comverted into lithium



REPLACEMENT SHEET z s ~~Y 2008 BRI EF DESCRI PTI ON Ch THE DRAWPNASEMENT SHEET
above-mentianed and other features and advantages of this inventi @23 MANGy3
the manner of attaining them w |l becone 5 nore apparent and the
~n~rentivn wll be better understood by reference to the ~Fnll ow ng
description of an enbodi nent of the invention taken in, coz~.jun.ction.
mﬁthHg%gﬁyaa¥§§ﬂag§mhg&amyngadimge@&b@pﬂan}c.hhﬁdkiﬁgﬂﬁqﬂﬂmhshomﬁng t he
results of differential. tGthermal analysl.5 of Zitl-riv.m
hexafdutigriepitacnhat cat abdiEi mom@nics @hgeamblnrc cs i deheand| lardoogdn p
bet ween i nner pressure of the reactzon system free acid, and insolub7.e
r esi dileworGaie espongiial oef enprcéos-Itar &dtee etintd@aitle AU poreli ng 1~
party ~ hroughout the several vi_eWs _ ThP exenplif icatyol~ set out
her eiimtidddistadt bsr oneapeébarred enbodi mez~.t of the invention, in one
form and such exenplification |.s not to be cor strued as limting the

5 scope of thfe thi@mMPBANEn BRAPSPEATES DHPT LI BIFIAUESCR BTZAREERISH) 1;
| NV ENTTON ~n Best Enbodi nents of the |nvention, ( Enbod~.nment 1 ) 500 g of
brut £14qiiden HexAENBEPEFhBSFREPE T AL HY 4t hydrogen fl uori de. ,

Ao Vbl ST OB hocpior T Chl o e = aaued: ther b an
ooy A o ST Re L BBRRR SRR YRR ey REeye @

react | on- | L n] I rged fy 44 10w gasot Be 0BbABrBUAI Rhed
Iithi%%¥ eX3 #%%r%%%oggﬁgﬁg@l%%nwit?%s t her eof mer% qaantifigd to

det ex{q g; AYHEREEAUE AR NEAN®XYLL uoréde | Qopm or |ess and |ithium
LOFIuoere 5904@6 Not e thatcgﬁ%he sto~.chl Ome Cric anmount of phosphor i.c:
cx~lvX. ir8ieols, quirk,ed LilPF, + POF,., (2)

~

LiF + PFy — LiPF, (3)
The reaction shown by formula (1) develops quantitatively at
room temperature and normal pressures. By-product hydrochloric
15 gas is‘nuL involved in the recactioen but discharged from the
system without depositing to or remaining in the product because
of high wvapor pressure.
The ration of phosphoric chloride to hydrogen fluoride is
desirable that hydrogen fluoxide by equal or superior by chemical
20 equivalent amount; however, even if phosphoric chloride is in
excess and remainsg non-reacted, it can be removed by heating at
a temperature equal or higher than 100°C, because its sublimation
temperature is 100°C.
the reaction ol phosphoxr pentaflucride and oxyfluoride shown
25 in the formula (2) and the reaction of phosphor pentafluoxide and

lithium fluoride shown in the formula (2)depend on the



oxyflunride arrl lithiumfluoride being 5.3g; it is addd@EPhA@EMENTOSHgE
(Conmpar ative Exanple 1) 500 g of brut Iithium hexafJ. uorophosphat% 2003
containing 4% of LOriyc~. ~c.,~etl fluor~,c7.~ ~Qppm of oxyfl ol | .Pt\fc
(Li POF6) and .7.3~ of lithiumfluoxide is taken in a CFA vessel of 7.~
2. 79 of phosphoric chloride, about half of required anount for converting
i mpur i &g k0lo=li t hinemexafildnrdphobsphat ead slpdiledehbet etrpeand uricx ed
well, then ~t is operated as in (Exanple ~.) chexeaftar. 15 Inpuri ~ ies in
tl - ~phbhhr aHbweRe,predutie ttersofatwere gubdingi 28006 det wemenethieydr ogen
:fluoride SOppm oxyfluoride 30ppmand [ithiurn fluoride 0.08% show ng
t hat Copotietr-reschdvs Beershamvdre oW | wibl JIOFEHT uniREXaRPGBE0EEsphat e
zather insufficiently. rTote that phosphoric ¢l~il~ _~ic~e was added by hal f
of t heostenshpémitlihdwn fHksritdef 2 EndBdiHBRELEY - (ERBEdi eSO 300 g of
brut |ithium hexafl| uorophosphat.e conf ai ni | S5o0ppm of hydrogen Fl uoride and
54 0g BRATPLR] G ANFGA Y Sk e h &RPERST 00l LOEREHn o1y of
phosphoric_chloride i~ ac3dPd there to 25 and m xed well. Further, 2.0g of
| i qui BHPdrSgERPORE 13 cor respondi ng to phosphoric chl oxi de i s added. The
vessel is 7, REPE%‘%‘SE'-NEN T 2 8 MAY 2003 sealed with nitrogen gaa fil ow,
heat ed a V\,ﬁ“&ll:‘e"'ni “ht” at 75 nrr, 105 C for reaction. Renaining gas ?(54)
purged by nitrogen gas {o,obtain purified |ithium hexafluorophosphate.
2npurities thereof were quantified to determ ne: hydrogen fluoride 40ppm
and lithiu ' % N9k e hbkenshea £eimeaiele iws ount  of
hydr ogen f:@&o%r“{g} e%%gz%%%&%hogrﬁ%??g chl ﬁri ~3P is 1.99. (Conparative
LoE~T ar R 121200, dLfnbxt cLubhiae pewabkder epllasphiake 1Gontainidg: 450ppm
of hydxogen fluoride and 0.10i of lithiumfluoride is taken in a LO PFD
vessehnamall pradygued, yluSphodesdrebler tteti $haddeddtieretdeaidod hACgr
wel | . Further, phosphoric chloride and 0 _9g of |iquid hydrogen fluoride,
about phaldfswafe t hel Bquire vateat ianoeistear 4 sapadd rettdie gmRpatiereit is
operated as in (Exanple 2) thereafter. inpurities in the obtajned product
t her e@iragerur guairt Py t he Sreactiepn ofn Shosphgro RENFA T T Pt and

lithi~imfl,~nri c~,~?0_gi%,,how’ni%tha |ithiu quoridt[q,éwas

con~r ePEEd- YIS i t hi B HBxAF PRSIE5h S5 EFES iYei et y. C"NOt2 t hat

hydr ogen fl uoxi de, was added hal f , of StR-chio i C; 5 Lh~e
LSExarrpI“é‘“Qt”(’j%nbd]gjdgﬁh%rﬁt g‘\?x‘?%bwfl?ﬁhg’fe pt%‘% E:t I%c%mfﬁéeé'afﬁﬁ%%%%%org hat e

cont ai .ni 0. 5% of ogen ri 0.,11 fedd td jde is taken

in a S]Lmé)l‘g%lst:ejregrrhde@%?gS%%Sfé&u@.'og%o?qg;ﬁoszdhqoérfi)ct%éhI%%%%Ié#%%%ded

t her ety0,.apde M xeda Webda- ahl iSisP1aGAG iresd duenind} fires Imiet ap Pedsake 260C

a,~~~.,1 evade to Least for G hours. I~t this nonent, as thc~ 25 vessel

inner yHesseer a8 bpsteasedaddi tivradilust ethd ¢ imr eneressary forx this
generation reaction depends on conditlions such as Leuperature or

20 pressure, and the content of hydrogen fluoride, oxyfluoride, and

lithium fluoride in lithium hexafluorophosphate used for the
generation, however several hours to a whole day and night are
sufficient. When the purification reaction is completed the
remaining hydrogen fluoride, phosphor pentaflueride,

25 hydrochloride, and non-reacted phosphoric chloride gas are purged

completely, through dry nitrogen gas.



| ess | 5coTorr. After conpletion o the reactioxl) the i RERIACBMENT SHEET
REPLACEMENT SHEET 2 8 MAY Z003 pLeSSUrc is ~r~nted, arid furtheisq@ﬁ{&%?
iR

remai zr.ed inside is pur~ecl by nitrogen gas to obtain purified
hexaf | uor ophosphate. Inpurities thereof were analyzed to determ ne:
hydxogez~ Fl uoride 25ppm and lithiumfluoride 0.42a. Note that, in this
Exanple) a 5 chem cal. equival ent anount of phosphoric chloride necessary
~cr lithiumfluoxzde is added. (Conparative Exanple 3) | kg of brut [ithium
hexaf | uor ophosphat e cBRIZEMDEFIRTATION iy BRRnDRANENSEde and 0. 11 of
lithiumfluoride is taken in a 3L, _0 vessel. made of SUS37.U, 9.0~ c.C
pIzosplzorTbecﬁb@Vﬁd@ﬁQ§%ﬂﬁﬁﬁj%Wﬁw%@h%raga%tH¥§§daﬂélPﬁyaﬁﬁa9?§ Pltaced in
a humdifier mu~ ntai.ned at 270 to 28bC anal ,made.to reai& or 6 hours.
bl

At t hFBlFORBHEREASNL h@NFedls MARRAT pPEsdbk@1RAEY FBFBas¥E L+ £SO ust ed
to noxe or _|ess 150c7Torr. Thereafter, it{,Ss.0 d 15 nbodi nent

53) . THphr ?PP@EEFLE. S5t A T w%i?’ui éﬁq ﬁ%&g%ﬁugr@%ﬁﬁgﬁ?ﬁé e%ywer e
anal yzed to_detex' tnines -hy n i 0 n :ni fl yori.de 0. 2a.
1ty AT REBREFI SoxSapasar e g Rt puet oo Bt R rklldb e oo,
hi gh. ;Nvte that . pho [ i . agdd a . =AM alt ~
S R SR e B B R TR oo et aehtal ni ng
0. 5a %Regggaogen fluoxide anal 0.11 of Lithiumfluoxide is taken in a 3L
vessel . nade ‘of SUS316, 9.0g of phosphoric chloride is added thereto anc~
m xed, WQ kiglt 1 § heateeapioid0Skonntigmtde resuleaco 2% iffderkhdioalrs. 1~t
this nonment the vessel 1 nner pressure hds attaimed 2500Torr. After

toconpl ehie@manf atnhd yelactd BN i theunnheradlucREPbAGBYENE ;SHEET 2 8 MAY 2003
pressuxe is vented, and Furthex and for; hpr gas rPmainec7. inside is
purged by Fizg,.t r2ogen aasrarhibbt ahavpogi thed relafilgnsidrafr imasphigsphat e.
Trpuri.ties thereof were anal yzed to determ ne:, hydrogen fl uqrade 20ppm and
| 20 hi piekEuo @ .o £eECNRS EHAESTe LEE8 Bt Condita d DSRAHRL S
phosphoric chloride oL exanple 3 zs added. (Conparative Exanp~.e 4) 1kg of
brut MeEtidMd -hexaf | uor ophosphs. te containing 0.5~ of hydrogen fluoride and

0.11 of lithiumfluorjde is_taken_in, Q. 9. g
of phosphOQQFﬁﬁﬁRﬁ?%&F$srﬁgﬁgaan~ P%E%%tgﬁé %ﬁ%é%?%gyﬁaf%ﬁsﬁééﬁ%g ed to
7.05C an e to t r (g t Ky MR 1 £ i

15pr essﬁraercéhgasqbreoeur?lf%%r% 8t %%8%% ?rlgé’qai v?g%um punp%l%lirl%eéﬁcg%r%\? g?%n of
t~.e rh@“ﬁetj.'rpr!bllrl.‘xéE:PQ@@Sgéﬁexﬁr@f@ﬂie‘dn%‘n%dﬂrﬁw idf. e | Thddwer Lon pbimi n~d
| it hium he~,.afl uorophosphate” wPra anal yzed to determ ne: hydrogen fluoride
20ppmand ddihi wnd | seehdexBmp i fhidshiium hex afdtudrophosphaterhed deconposed
by deconpression az~d heating. Note that the st,oichionetric anount of
phos phaimic: iofy orhelesobpExafipfhe 3nvernddded.in any manner.

Ve

DETAILED DESCRIPTION OF TIH INVENTION

20 Best Embodiments of the Invention
(Embodiment 1)

500 g of brut lithium hexafluorophosphate containing 4% of
hydrogen fluoride, 50ppm of oxyfluoride (LiPOF,) and 0.13% of
1iLhiium fluoride is taken in a PFA vessel of 1L, 5.Rg of

25 phosphoric chloride is added thereto and mixed well, then the

vessel iz sealed with nitrogen gas flow, heated a whole night at



20 Inr~"at-.rial nomain Application 'the present inventi OHERLAGEMENT SHEET
easily purif~r 1ithium hexa~l uorophosphate, useful as |ithium se@fdgyy2003
cell electrolyte or organic synthesis nedium It is ch,aracter~.zed that by
harnful i.nmpu.c~.ties suc~z as o:~.yfluorxd.e and 7.ithiumfluoride nr

i-.h~: like 25 are nade to react in the presence of phosphoric chloride and
hydr of I7é8fMce racilP BfiafoBr r3ageirar t BPMENEHG FRA ot BIHSAT  Damyt tprgen
REPLACEMENT SHEET 2 $ ,MAY 200 5 LOvxy L 1 uu.~ ids 5.~ d 1 ith iumf

| uor i dgraax & c ket dPreifiedl IiChivm %@&aafflﬁ%%mﬁ;rﬁteﬁe B\ RehS 9%
phosphor pentatluoride. The use of phosphoric.ch]ora.de xpensi ve, and

ne . P isin

the harkhdneaf §'exe caednastpRbs pRosE e&‘ﬁ\lﬁzdéwicgoﬁﬁr} df.l‘@ﬁlf?]é RTr ary,
a nmethod tqQ refine |jthium hexafl ugroph hat e:-t 0__a. hi ity.W~tr=_the
Gas. covaE T PhoLpHOT Bz LERrl St 1 ha Myt fen el by igte  bhat

ndl ed . di rect| ul peci ﬁ%q? ~No : advb thg
? o.du_ct%rb% o %%%g‘ﬁ%‘%ﬁg %ﬁ%?ﬁ’%o?%p rI#ta l%rﬁmd\é&l%gﬁi%edlggdr@{%%. B8
purification ls; gxpensi Y%tPé%Oﬂé{bﬁd?@ﬁéﬁgor@%J Lid 2| ¥ X34eQr herd geAL
ettcct Caz~. be sxpecter~ tnr producing inexpensively and in quant~.ty high

puxity 47.4 thi gm hexaf | uor ophosphate bar using phosphoric chloride in the
course of purification. Wiile this invention has been descrZz bed. as

hav~. ng(@@mﬁargtg{aepgggﬁ@i@d 1desi gn, the presanL ~.n.vention ran he further
nodified within the spirit and scope of this disclosure. '"this application
~. s therefor®odngesafedrtia ddvérwamhersilateowrshozphate orondaprangodd of t he
inw ention using its general principles. Further, this appJ.iCat~.on is

iut ellHegdogencoHvecrsdeh dopamt Wi edxoimenide (EPAF.Jdiae osti®e @5 cone
w thin known. or customary pxactice in the art to which this invention
per t ai nkiantumhituekitial LswtEken thie 3 i 1A svetseheChppendéd’8l 8Fnms. i

REPLACEMENT SHEET 2 8 MAY .20Q Wi~. II]_f IpCﬁ%S CLAI I\/E& IS 1. . A_nethod of _. o
pur i fyiﬁ@%?@@ﬁ%@nﬁh&?&*ﬂl‘j@ox@%ﬂ% dtalt gek)reqinet e naFREMpUFPFy FREVERE 85t
is perforned.in the presence of .phosphori | oL i C
hydr ogeh™PHaoF +88 (LHEF lttcnrfém&u}g?ﬁ? yu%]é%%@(géa@?/g?%r%r% ﬂégnéﬁ%ﬁggghgp d
pent at | uori de( PES) ... xI ~5J§£[I. e;th eax- GRvertin~
l'ithi urﬁ“ﬁ‘ﬁgrlg’ g Li E;neglnd'%xl%l orlé'd‘]ieé(cl1 rr?% Jé{luggx‘lgﬁ?%gu%? ¥nbeatee
ngaf|u9&8§QE?EQQLE%FQEE ohtained product thereof were quantified to
determine: hydrogen fluoride SOppm, oxyfluoride 30ppm and lithium
fluoride 0.08%, showing that impurities have been converted into

lithium hexafluorophosphate rather insufficiently. ©Note that

phosphoric chloride was added by half of the ptoichiometxric

20 amount of Embodiment 1.

(Embodiment 2)

500 ¢ of brut lithium hexafluorophosphate containing 150ppm
of hydrogen fluoride and 4.0g of lithium fluoride is taken in a
PFA vessel of 1L, 4.0g of phosphoric chloride is added there to
25 and mixed well. Further, 2.0g of liquid hydrogen fluoride

corresponding to phosphoric chloride is added. The vessel is
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(Comparative Example 2)
500 g of brut lithium hexafluorophosphate containing 150ppm
of hydrogen fluoride and 0.10% of lithium fluoride is taken in a

Lo PFA vessel of 1L, 4.9g of phousphoric chloride is added thercto
and mixed well. Further, phosphoric chloride and 0.8g of liguid
hydrogen fluoride, about half of the equivalent amount, are added
thereto, and then it is operated as in (Example 2) thereafter.
Impurities in the obtained product thereol were quantified to

15 determ%ne: hydrogen fluoride 20ppm and lithium Fluoride 0.05%,
showing that lithium fluoride was converted into lithium
hexafluorophosphate insufficiently. Note that hydrogen fluoride
was added by half of the stoichiometric amount of the Example 2.
(Embodiment )

20 1kg of brut lithium hexafluorophosphate 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 is added
thereto and mixed well. It is placed in a humidifier maintained
at 200°C aud made te react for 6 houres. At this moment, as the

25 vessel inner pressure has increased, it is adjusted to more or

less 1500Torr. After completion of the reaction, the inner
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hexafluorophosphate were analyzed to determine: hydrogen fluoride
20ppm and lathium fluoride 0.2%. Lithium hexafluorophosphate has
decomposed as the temperature was tLoo high. Note that phosphoric

chloride is added as much as Eubudiment 3.

20 (Embodiment. 4)
1kg of brut lithium hexafluorophosphate containing 0.5% of
hydrogen fluoride and 0.11% of lithium fluoride is taken in 2 3L
vessel made of SUS316, 9.0g of phosphoric ¢hloride is added
thereto and wixed well. It ig heated to 105°C and made to react
25 for 10 hours. At this moment the vessel inner pressure has

attaimed 2500Torr. After cowpletion of the reaction, the inner
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lkg of brut llthium hexafluorophosphate containing 0.5% of
hydrogen fluoride and 0.11% of lithium fluoride is taken in a 3L
.0 vessel made of SUS31le, 9.0y of phosphoric ¢hloride ic added
Fhereto and mixed well. It is heated to 105°C and made to 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
L5 obtain?d lithium hexafluorophosphate were analyzed to determine:
hydrogen fluoride 20ppm and lithium fluoride 0.26%. Lithium
hexafluorophosphate has decomposed by decompression and heating.
Note that the stoichiometric amount of phosphoric chloride of
Example 3 1s added.
20 Industrial Domain Application
The present invention allows to easily purify lithium
hexafluorophosphate, useful as lithium secondary cell electrolyte
or organic synthesis medium. It is characterized that by harmful
impuritlies such as oxyfluoride and lithium fluoride or rhe like
25 are made to react in the presence of phosphorie chloride and

hydrofluoric acid equal or superior to the equivalent amount, and

10
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the production of high purity phosphor pentafluoride reguired for

the purification is expensive.

LQ According to the preseunl invention, a great effcct can ke
expected for producing inexpensively and in gquantity high purity
1ithium hexafluorophosphate by using phosphoric chloride in the
course of purification.

While this invention has been described as having a

15 prefcrgcd design, the presant jinveation can be further modified
within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or
adaptations of the invention using its general principles.
Further, this application is inleuded to cover such departurco

20 froem the present disclosure as come within known or customary

practice in the art to which this invention pertains and whach

£311 within the limits of the appended claims.
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2. The method of purifying lithium hexafluorophosphate of
claim 1, wherein the hydrogen fluoride used Loz Lle redaction is
liquid and/ox gas
3. The method of purifying lithium hexafluorophosphate of
claim 1, wherein the reaction temperature is within the range
from the room temperature to 250°C
43 Thie method of purifying lithium V of one of claims 1,
wherein the reaction pressure is equal or supexior to 680Torr.

5. The method of purifying lithium V of claim 4, wherein

the reaction pressure is 760 to 3800Torr.
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