METHOD FOR PRCDUCI NG LI THI UM VANADI UM POLYANI ON POADERS FOR BATTERI ES
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [ 0001] None
FI ELD OF THE | NVENTI ON [ 0002] This invention relates to naterials for use
in the pokDrdssaseisactrode of lithiumion batteries andpgmm]gsmgms§mr
maki ng such materials. BACKGROUND OF THE | NVENTI ON [ 0003] Li t hi umion
batteries are recogni zed and val ued for high efficiency, energy density,

hi gh cell voltage and |ong shelf |ife and have been in conmercial use

since the REEYHOBROR PROD TITHIUM YARADTUMIROL AN foRpKe Detter
batteries for |ess cost. ngpgfwglg: curren rtnrumion
batteries is a |lithiumtransition- ic powder that is

provi ded as t BeaAREliEKa Mﬂbﬂ\ke%ﬁ%ﬁ@w@%ﬁ%@n@ sitive

el ectrode. Iron, cobalt, nMangang§Keyg _ al powders
have been used and other transition nmetal's have been considered. Cobalt
has hi gh[%'gﬂf or M@Ake but has proven to be unsafe because of the potenti al
for explosion during recharging. Iron is attractive because of its | ow

cost, but does not provide theLB TNE devsNTionf ot her transition-netals
.ni ckel . Vanadi um has been proposed, but has yet to be

such as | t d : 1a¢
used corrﬁ@p@i al %ll,s IYERIPRETBeh Ponperalnior pian theprsitive glegrede ofidivmi-ient ed
success baeribat 2 Pidogss@Tyr A KuagMa@Nas, ot her, nore devel oped systens.
[ 0005] Many net hods have been investigated to synthesize various lithium

transition-netal pol yanigni ) EL s include solid-state
reactions, carbon therm%%cg(ﬁ%,%%ﬁﬁﬁgg%é;ﬁgreduct| on nethods.
‘However , [008Hr e bitldun dare batteripy ald mgnﬂicﬂmammdfil‘;ih@gedmfeh@d&ncr}he_ maj or
probl ensyJ rati Of rticles, i nconpl.ete reactions,
c) the ei‘gins?ég%g cgl% V%gg%%{r@g %ﬂu#?easnlﬁ abi bé%%ﬁ&@ﬁ?@ e REY starti ng
mat er i al B98isd Aslhabiays dobehe taeris 2 fasee enoakeibattdr hateiibnial lepw@stuct s, d) poor

el ect r ocfyggucal ' t esulti materials, and e) the
requir err[?ﬁ(éu]f orAQIf %ﬁs {)/%ﬁfogfegu&?egtoil%ue{'ﬁ&“o "ESHpP i"".g]étﬁ‘élﬂl 5?1’5‘&‘)&?&3.1
[ 0006] Thedaniopictrowxert thanspvided sshakctive myenhlami the POMOISLSs Arle: PoSive

typi cal léfecﬁ%@et hﬁ(%, %&c;jﬂt, manganese, and nickel transition-metal powders have been used and

other transition metals have been considered. Cobalt has high performance but has proven to
be unsafe because of the potential for explosion during recharging. Iron is attractive because
of its low cost, but does not provide the energy density of other transition-metals such as
cobalt and nickel. Vanadium has been proposed, but has yet to be used commercially,
probably because of the higher expense and limited success in obtaining any advantage over
other, more developed sy_steﬁls.

[0005] Many methods have been investigated to synthesize various lithium
transition-metal polyanionic powders. These methods include solid-state reactions, carbon
thermal reduction, and hydrogen reduction methods. However, there are several problems
with each of these methods. The major problems include a) agglomeration of particles,
b) incomplete reactions, c) the existence or presence of undesirable components within the
starting materials and their subsequent presence in the final products, d) poor electrochemical
properties of the resulting materials, and e) the requirement for expensive precursors and/or
complicated processes,

[0006] These lithium transition metal polyanionic powders are most typically synthesized
using a solid state reaction. Starting materials in particle form are mixed to produce an
intimate mixture of particles. When heat is applied to effect reaction, the solid particles react

with one another through a variety of surface reactions accompanied by diffusion of reactive
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using a solid state reaction. Starting materials in particle formare

m xed to-produce an intimate m xture of particles. Wen heat is applied to
effect reaction, the solid particles react with one another through a

vari ety of surface reactions acconpani ed by diffusion of reactive:
“materials into and out of the various particles in the mxture. For this
reason, it is preferred to first provide particles with the desired
particle size and then m x these particles to create a mxture with the
pr ecur sor.s "HHISNQia8 evié thetviriou ghmiales trothe biaing. BothGh.L6g thggr%%gi‘ég ?Ot act
for a high athsli® rdGesdsal roduct . TQ acconplish this, 't cle
m xtures amt ?pr)i cfgaj;l;y pr g’g@r{gg%ﬁ%ﬁn@%&smm thea 1y thesei patticing tokreplaysi cal
m xi ng. Si AEEEHELEe plecirews ifhly dispasdd thRoubRiullol oBlas: relatively

| ar ge and/ thiéhkﬁelai(%% Wem@%g-ini f or m,g%%t_i mum c%%é??ig TGP Gt c e
to surface contact between particl e8 2FOmHisk fisge naeidle mittivey ed.tydi QA9 7] For
these abov&ePEebbnaecthpds suchdstbabbeniting iof pidsRal BixReOXi e 13 HeL g?er t hod for
synt hesi zi ﬂgteﬁggh;agu raﬁ\jerﬁrel materials. [00081;15 Pat em 1§’ 0% % agtye
Coodenough et al (hereatte %@i‘@ﬁﬂzj’s@é% ? Perewtiformp DEERNE Bbisdid das

cat hode neflepifeedo sufacy @ntrar ipeedeh patticleh isiRep 860 gﬁ‘ie@&ﬁﬂ especial |y the

i hcl usi on mﬁol yﬁgit&f}? ;ﬁHCh as (PO4)3; Wiile Goocflleno_ug. seens to prefer
manganese, iron, cobalt ‘and RreRelt “eBldubs dutrblatt provideat beten e fos 2

cheaper arfUnthesizing wtery atthansdtéia@n netal than the al ready devel oped systens
usi ng cobagppgg N »..and nese. [0009]US Patent 5,871,866 to Barker et
al (hereaft e_r8] " B;[Irfig?t%%& %2@2%?6855%% et 8} (HepepdtgrUfGdotianvaiii ) GRspBLAl

oxi de f or PmEyéreends foocathisie miteridde férofeRRA S0 Eb%nlﬂ' i.on batteries.

Li t hi um vqli;@,_gi Hrgfﬁm)égl}gat e (Li3Vy2(Po43 Q?éaﬁL\} igar%ﬁﬁs ,S?C?F%c‘ﬂlfthe _
specifically i sc USSEROB 216138 {POPG0 1 Wil Geedengmgh Bons a0 gl Aafandescri be -

‘the pr ocedfonfogbaliamd dickéinGoddaRoreAhBREBiar PO gQuprising a solid state
reaction da &Lﬁ&g | %ﬁv&\%ereﬁ'the _pr-ec&@%?ssac%g%.efﬁ? i (PPF Eapsitiont or m
- an essentially onﬁg HEYe Sptems using sobalthe clel angl mirpastssi on i n each

~ descri bi ni0%ie pbEicRarenps 8TLS6HM BLEL dnto.pellets to get better

grain to ggal gant act n_dl_Jsever a#%%?gﬁéﬁg%thﬁfﬁm%nmw_@. S
‘synt hesi s"ho Tt REHGR dpqtal oxide formuigtigns Bort wsntin Me. cafhoBd 3f iEfuth fonbAHsHEs, €L -2l
( her eaf t ekithiBh okeadjund bERpEIRS fIlji AN of lithiumtransition ietal
oxi de fo,régé{ﬁiti ons fO? use ig‘l.%d%g%%‘a %3%{’%% I?P{‘%Pﬁﬁlei Brciiically ediscassed

-~ i ncl udi ng *t oker - bl ends: t he precursors in a slurry that may include a

- sol vent VP11 s orRarir ed 'Goddsnolsi @gchpggc'fga?elsg}\ér S: SSO veﬁm%lgﬁgg‘gé%\éént ;I_h'erhe

slurry ag)g@r tdy provides the desire

slurry is then sé"%}n%h"‘i SHdpiiptg rreacsiont destribed dbbe whaeid @R hRcRifdyge the
desired priouivrdied tbifdetn BakkefiallyHofoRHoud! d.to ohtain the closely

. coheri nga&&_ﬁ&hé %réprgl"véérure IS tygﬁcggpresgo%%gmémy%?r?é%mmmie@o

{ablets. hing precursors being pressed into peliets to get better grain to grain contact
and several intcrmittcm. milling steps during synthesis of the materials,

011 US Patent No. 6,913,855 to Stoker et al (bereafter “Stoker”) also describes an

array of lithium transition metal oxide formulations for ﬁse in the cathode of lithium-ion

| batteries including LVP Stoker blends the plfecﬁrsors in a shury that may include a solvent
with some precursors being partially dissolved in the solvent. The shurry apparently provides

the dcsu'cd dispersion of the precursors. The slurry is then spray dried pﬁor to starting the |
reaction to produce the desired product. Like Baﬁcer, one option used to ob

o ' . . tain the closely
-cohering-reaction mture 1s to compress the spray dried powder into tablets, -

SUMMARY

[0012] .y present disclosure improves the state of the art of batteries and’ materials 1
useful in the production of batteries. '



SUNNARY [0012] The present d| osure |nproves t he state of the art of
batteries and materials useful in the production of batteries. [0013]The
present disclosure provides an inproved process for nmaking a carbon
contai ni ng Iithiuntvanadiuntphosphate powder. [0014] The present disclosure
- preferably conprises a process for. maki ng carbon containing |ithium
vanadi um pol yani oni ¢ powder conprising a first step of dissolving and

di spersing the precursors including_.a‘source of lithium vanadium

‘pent oxi de [W335) , Tae pekeranicRRine pROFRAMIH P& kB ShdheAdER [0 o7 m 2
l'iquid sdggﬁa H%Pen5|on The solutlon suspensi-on IS freated to a first
t enperature at Hntﬁ@mﬁwﬂﬂ@mﬁgﬂagﬁwtxreduces the five val ence state
vanadi um (£9814] tomw@@mvc@tcmﬁ@ggte%@ SRR (e haBnd e precur sors,

i ncl udi ng (gotﬂ .t hree. val ence vanadi um poI iyani oni ¢

precipitate. B }fﬂ“ﬁ‘éﬂl@ Doéyaswparmaek édnqmitsihﬁla fiss€lstesl oﬂaﬂsdﬂﬁﬁgtﬁﬂ to a
second t endispemingr @e fﬁbtdsﬂﬁ oc fhe.Lithium yanadi um pol yani onic
particles coat e n rgéélgf dth ‘\?(Pﬁ?lel"’rnécfm ‘éﬁﬁ)i- &

he
“crystalli ﬁa‘/ﬂ%ﬁﬂcccamvﬂ dzang atl‘ﬂctuhag%emrtd fbﬂlﬁﬁemcﬁﬁdlrsﬁuﬁéﬁlﬁidﬁdnﬁgn_t hﬁ]e
powder . [ GOLEdMaish@Eiof ORALARD es |scl yre conpr.i ses
process fq makin Igar bon 'contgzgﬂgnlé%’#?'ﬁ ﬁtﬁ”&g “}‘.ﬂt‘iﬁ?ﬁ‘l‘l‘&f’@%@ﬂder
conpri si ng aq'%f’?? epadipm (V&) iregyvaende mwmcvmaﬂm@

i ncl udi ngn&hﬁtmgr@@th%vgjeﬁéy‘;émi ent oxi de (V2 0s),' a pho hate a
reduci ng agent and. a carbon- res‘yrg’u%g??i?ﬁ? vapa Yﬂ(’WW‘*@mmﬁn ol vent

" to form aPSOPIRF dhepaeisdfsom ihe Eq:adandlhbatahwsmsm&silt Qfiperfne abithet @ 2
first tenpmicas HeQithiPmGaAREmL u0| t duce the five“val ence

- state vanadj um (V51). to ﬁrega?;{[ﬁ mg‘tl%‘.’g“’ée 3W§éﬁl ‘(W)re%q*m-fewmg L
parti cl esT8FB s?’h‘f’hé%l%éaumﬁﬂ apd. exarbpnxtzat et thEhec&hiF Mnferan®8 o

parti ci pap@edelue to the reduction of 'the-vanadium which in tuglfl oXI d| zes

the CRFM _ iﬁlSl ngﬁlt to beconme less soluble and to precipitafr on and - ..

Wi thin th qthes prabodiniéng ofgbé pmntahselotthewnmmra@}@dssff&qmﬂﬂge liquid so

as to promcamj,igﬁ M%E owder is then heated to a second
hi gher tenperature ?% rive cﬁ P%?’S ‘{?fc%tﬂltﬂsﬁ’rﬂ%/ﬁwmafﬂlsmbfmg

“struct ur@“ﬂn%?fﬁngﬂwmmﬂmgmtmoice&fﬁﬂﬂuﬁ OvafiaHilra e Et%ntdg'gvgf%?f k
*maki ng-

-[ 0016] Thephpsgament r .t ernatjvelLy conprises a proces
"~ carbon containing |1 hagg#na\g/%%aﬁ't%m AR FCRAYEpini ani sgveat i 1 st

step of dBbR Pﬂlwntsmemxmmﬁmwn-mbuﬂioﬁ@ &a@@t&f&ﬁrs@@eﬁ {p ayanadi um
teria

pent oxi dehe(féa&'ﬁ) cay bonresi due-for Ahd an .
" sol vent/redum n %ﬁeﬁ%&t@ﬁat tﬁ%ﬁgreel g%?c@dwtt% ﬂt“@é‘ﬁt%*} F?eﬂlmet‘hﬂanm steir ce and

al so caud@ui@ anrd éNPopartld:ies mnadmmqaeﬂﬁ%@{ﬁmg henPERENS { $OL5,form a
sol ut i onparaIRERst tes \ﬁté ?BEI n ent causes the reduc ron of
the five val ence &hichin girn exidiges ﬂihQRFM :
. sol uti onc@iﬁ%étn@lfmpmcslekﬁemmﬂe bl @ frédigitatet @NRRAY WL She EV‘PéJg}& the LW
a

parti cl egonah "’DQEF ne the CRFM is al so oxidiz nd becorres
"l ess sol ubl ehllkeﬁt£h elg SO mr#‘ geﬂg%ﬁsetﬁtﬂr'yuﬁ?%@ﬁ Pewden god the poetddrris t he
sol i d pathen dpagesl tO'I?tECCbmdthgﬂa mﬁeﬁmi-d Sdrive Ghd ARRaGEPSF 246 a&]j&ga%hﬂ?

eC gher

produce @mk-RRSH ?) |s then heated to
tenperature to 5Rl9ve A Gtg Yopige iy (REMt al | i ne structure

Wit hin tﬁ?@lq}artmm@emﬂbpimmp&ewmmesmbwas Hembkify GARM 10016al In a

first asR@inia ovi:de ocess for produci ng a fine lithium.
cat hode batt et‘gyﬁg{)vvcl{’asn"“?i dlt"‘FF g‘iﬂ"t?Eég@Plé%%p? ifis¥sstaphef sdnatiming fitie

precursors, incloding a source of hthtum vanadium pentoxide (V.0s), a phosphate, a carbon-

re31duc—formmg material and an solvent/redumng agent that is selected to dissolve the

lithium source and also cause the reduction of the vanadium pentoxide. The precursors form °

a soluuon-suspensmn. The solvent/rcducmg agent causes the reduction of the five valence

54
vanadium V>* to three valcnce vanadium V>, The so}unon-suspenmon is heated to a first

temperature to synthesize the LVP parnclw while at the same time, the CRFM is also
oxidized and becomes less soluble i in the solution, consequently precipitating on and in thc |
3



a. dispersing and dissolving precursors including.a |ithium containing
conpound, apol yaniort containing conpound and vanadi um pent oxi de (V205),
in an organi c solvent/reducing agent to form a suspensi on-sol ution; b.
heating the suspension-solution to a first elevated tenperature to cause

‘'t he organi c sol vent/reduci ng agent to reduce the vanadi um pent oxi de. from
the 5+ val'ence state to the 3+ val ence state and si nmul taneously cause the
formati on of |ithium vanadi um pol yani on solid partlcles and C. separating

the sol i d pipiuGtRs fHoohiilend goﬂutg-gthem%%éd s B0 BIREShy o i

provi ded a grocess for producin I ne irum-cari
wher ei n trFB BP¥des dsthenohasieride 8 smd e@pstempelamedosme ﬂ:ierfgmihlﬁdn df 850l Ng

precursormmmq%@@%%%&é}&t %)ggaqundi a pg ani on cont ai n| ng

conmpound, a reduchig agent and vana oXi o -sol vent to
forma su SIOﬂ sol ution; h. heatlng the suspensi on-solution to a first

el evated tiEfak allhﬁri'estta@euahe-eistﬁﬂmdeedlpﬁdc&@ f@9RRbcitDa fRAHGiEm RiFodeanadi um
pent oxi de ga&%b‘gc‘%%ge %??g%ﬁ%??%%ﬁper{gﬁstpq{?e 3+ val ence state and

si mul t aneous #F 8 vanadi um pol yani on sol i d

partlcles,a_cdlﬁgggé Sl Qm the Liguid: and d.
heating the gé I d partlcles to a secong‘hﬁ#eva e c?%tﬁﬂ]@g P?—!mflh%t S

-"hi gher than B#yaiqs ¢optaining-compornd ambeaadivmepentxitiei (VeO$) him .'inOdirgﬁﬁd on of a

hi ghly cr ys"ﬁiltehﬂ&d&%%h%{#&%t%ﬁ E% l lw_l um vanadi um pol yani on solid
particles. BRI.EF DES ’[0017] The invention, together
with furtfer e&%ﬁ?mmheohb@nmmsmte&emmﬂmtmemedrﬁnﬁ! ence to
the follow ng kj%m onjunct | on cconpanying.
drawi ngs in ca - 1%?} i gure rh]g x\ét% g?ﬁ'éﬁ% e i nventive
process for Mtqtglemﬂe[nwmﬁmgwmﬂﬁnmlg chiso ahe ﬂs:@gt@mfshﬂmnng I
alternative. m%%mgm al{:lrjvent ‘ E

c. separatmg the sohd parttclec ﬂ'om the hqutds

—
-

[0015b] In a second aspect, there is prowded a process for producmg a ﬁne hthlum

cathode battery powder whereln the process comprises the steps of:

a. dlspersmg and dlssolvmg precursors mcludmg ar hthmm conta.tmng
compound, a polyamon contammg compound, a reducgtg agent and vanadium
pentoxide (V205) i ina solvent to form a suspenswn—solutlon

b. heatmg the suspensmn—solutlon to a first elevated temperature to cause the B

 reducing agent to reduce the vanadium pentoxide from the 5+ valence staté to
the 3+ valence state and s1multaneously cause the formai:lon of lithium .
' vanadlum polyamon solid particles;

c. separating the solid particles from the 11qu1d and

d. heatmg the solid particles to a second elevated temperature that is hlgher than
said first elevated temperature to drive the formation of : a h1ghly cxystallme

structure within the lithium vanadium polyanion sohd partxcles

BRIEF DESCRIPTION OF THE DRAWINGS :
[0017].° The invention, together with further advantages thereof, may best be understood
by reference to the followirtg description taken in conjunction with the accompanying
drawings in which: .
[0018]  Figure 1 is a block diagram showing the inventive process for making LVP;
[0019) 7 Figure 2 is a block diagram showing an alternative embodiment of the'inventive
process for making LVP;



process for making LVP, [0020]Figure 3 is a block diagram show ng a
second alternative enbodi nent of the inventive process for making LW
[0021] Figure 4 is a block diagram showing a third alternative enbodi nent
of the inventive process for making LW [0022]Figure 5 is a block diagram
‘'showing a fourth alternative enbodi nent of the inventive process for
maki ng LVP; [0023]Figure 6 is a block diagram showing a fifth alternative
enbodi nent of the inventive process f.or making LVP; [0024]Figure 7 is
chart showi ng the el ectrode potential profiles of powder made fromthe

I nventive rocesses of the present invention;, and [0025]Figure 8 is a
“chart shd¥28y cdjismes 8yis jaobleck fiagramusewingaa seagsd alicmativei ambediniene ob fhecesses
over a NyRekveHrode¥tbRakiET#L ED DESCRI PTI ON OF THE | NVENTI ON [ 0026] Thi s

i nvention includes several facets or aspects. To aid in the discussion and
Figure 4 is a block diagram showmg a third alternative embodiment of the

inventive process for making LVP;
[0022] Figuré 5 is a block diagram showing a fourth alternative embodiment of the

inventive process | for making LVP;

[0023] F1gure 6 is a block diagram showmg a fifth alternative embodunent of the
 inventive process for making LVP;

[0024] Figurer 7 is chart showing the electrode potential profiles of powder made from the

inventive processes of the present invention; and _ - '
. [0025}_ Figure 8 is a chart showing capacity loss of powders niadg using the inventive

processes over a number of cycles.

DETAILED DESCRIPTION OF THE INVENTION

[0026) | This invention includes several facets or aspects. To aid in fhe discussion and
understandmg of the invention as it relates to various parameters and qualities for battenes
several definitions are provided for comparison of the materials of the present invention with
prior art materiais br materials from érior art methods. _

[0027]  As used herein, the following terms have their usual meanings in the art and are
intended to specifically include the following definitions: '

[0028]  Capacity (mAh/g) The amount of e]ectncal charge that can be stored in and
released from a given electrode material per unit weight within a certain defmed electrode

potential window.
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understandi ng of the invention as it relates to various parameters and
qualities for batteries, several definitions are pI’OVI ded for conparison
of the materials of the present invention with prior art naterials or

mat er i al syd bgagnfrgor art net hods. [0027] As used her ei npet/igob®desgsi ng
terms have their usual neanings in the art and are intended to
specifically include the follow ng definitions: [0028] Capacity (nAh/Qg):
The anmount of electrical charge that can be stored in and rel eased froma
given el ggbsodechiibabi BricRéiky P Ikl BE s b i o ERIL Al Al

el ectrode potential w ndow. 20081154282PC1/ US2008/ 065896

[ 0029] Colip@nan eeqofl¢ anatenial, to( Gap :anphat elaglpairiest chaige Babisrusedfo elnaé&et tecal

charge disghat g8f. {iemmBR SLhsid 0de material to the anount of electrical
char ge th S useecf tofgﬁarge %he el ectrode to the state before discharge.

[ 0030] A {ﬁ@éﬂbonAr éxitpneesidyedpmminaaatariall| (CRIGRFR) ay matgriahethéahi atheahi ch,
when t hep r o
tenper ac Lrbaty BEEATRAEH Wi ARyl PGt o IBRADGHR bR P AR AEE i
S substemnlgd:dth empdygnee, TBols st wnﬁu@hﬂh;phcmrsbmu&hpalafsca:ﬂscmd Heubstamtjaliy ndi cat es
that 1 NeCBErd Bedindl imi@a3! naHE ARERAT, RXcal@isaNunch B3R Car boni zat i on
is.a process that convert s“& Carbon- cont ai 2 material that
I s char a0t ze‘CC@lstmb:aumg i suﬂuectmthmb@wm@au bmhdn—cc{n@ﬂﬁ@ Iﬁnmpuumg tmew nor e
Dot {1 ORbloty 5B M R pETLOR, T2t e (o 3 rethod for
posi ti vel088Hct r’ﬁdmngab\amicaé sgecificdliygh tlpommmdm,tlhn mmnnanreﬂmﬁsttea meghodl n this
i nventio a. prefery enbodi gent. o hes roduced. with a
St ol

el i evede e oee Hi@i bareyics. c b tigyengdm efeyredr  ener gy
| oss as sompa. th ot h cat ho ers furt h%r hel i.eved t hat
li t hi um§on HI &r |dée§e uce@:(?f E rbto)r}ﬁ T ven |C%nr¥mlrnél§ul ts in
I mpr ov.edwlelt ﬁverdmnbfeasagllc‘ﬂ?rphnmhweﬂhhdt ICChuVIPrhas mnprdmtiteﬁ'rcieasy, ogeieityi t h
gg?gr f g?‘%t%olﬂe op en ywer O?TSE %?C%I%ﬁ%l\t?{?]gﬂ%eoth]ér %:Q;Q(\)QE powHerg CESiSS furtlherv\l/)egl ! am t hat

lithium-ion batterles made with the CCLVP from this invention results in improved

performance as compared with lithium-ion batteries made with other cathode powders.

[0033]  TFigure 1 shows a process flow diagram that sets forth one embodiment of the
invention. In this embodiment, the precursors required for the process include a source of
vapadiom, a source of lithium, a phosphate, a CRFM, an solvent and a reducing agent. A
single compound may serve as more than one of the precursors and specifically the solvent
may also serve as a reducing agent.

[0034] Prior to the first step in the process of combining the precursors, the precursors are
selected and prepared. For instance, the vanadium pentoxide is milled in a ball mill to a
small particulate size preferably to an aVerﬁge particle size of less than 30 micrometers, more
preferably less than 15 micrometers, still more preferably less than § micrometers and 5
micrometers or smaller is most preferred. While higher purity precursors are always
preferred, it is not necessary that expensive precursors be selected if low cost precursors are
available.

[0035] The preferred precursors for the CCLVP product are five valence vanadium oxide
(V20s) powder as the vanadium source, lithium carbonate (Li;COs) or lithivm hydroxide
(LiOH) as the lithium source, and phosphoric acid (HsPO4), ammonium hydrate phosphate
{(NH,);HPQ,) or ammonium phosphate NH,H,PQO, as the phosphate or polyanion source, a



invention. In this enbodi nent, the precursors required for the process

i nclude a source of vanadium a source of lithium a phosphate, a CRFM an
solvent and a reducing agent. A single conpound nay serve as nore than one
of the prpgudsasesand specifically the solvent may al SpepREMBs/RSsR

reduci ng agent. [0034]Prior to the first step in the process of conbining
the precursors, the precursors are selected and prepared. For instance,
the vanadi um pentoxide is mlled in a ball mll to a small particulate
size pre h bl § f n neters,
nore pr e{;%égﬁ'{e%/idlfegfggﬁp %\gﬁl&%gﬁn cr3 @F"Zﬂt %&% Qﬁdh('%? aéen? %’r% rgm%éss t han
8 m cronsltidrig theduts wall gecvgmite st dghers rapd Iaelargesmnm qumﬁsanmeatonthane hi gher
P etur s PRSI onB fofd BRYSPLSLEEL SF e donlBiofi kol EARIAL o g RETS! Ve
precursor I'ow cos precurs FSar € javai 1 ]The

- preferr edanpdlemmosan@mf:@mduhe mdﬁPhplrt@'mhmcbxmrp@squ@R%hmm pe&n}auinum oxi de
(V205) p arb nate

i t hi um ?%ai’rﬁghé‘%\gméﬁir&%gﬁ@ﬁ? Whifeoithd ol P e sraneo)
(113POY) remamm moummy@maﬁlaeﬂ’no%haEW(mhﬂ)c@Hm) a cmmhmmxm uimopdamis phat e

NI 11 H2P osph f PO garpon-re |due formng
mat er i a%@% Sg&so § 1081 aL'%/“g&l%’Q"‘gP ﬁ% %6% o Rar Y™ skl Il in
the art eunidoundscogjlvicze communtlhemé cabdnekdmng&mierrxb@rasoa‘ugars Especially

pol yani o n oun .ch €0 sed as _source e

pol yani o s&%g%%rr %62% fn t ﬁ%%%ﬁ%‘f\q@ﬁ%ﬁcﬁ% %ﬁﬁ%g |‘|!5|‘°)uar1711(a yant on 8‘911&56) uct .

W thout NMfiitation, exanples of CRFMs include pet roI eum pi tches and

chem cal | eérgceSﬁlepgoiV%rgﬁog nf8TLo bt s BILGVIS Somk WO DL OB AL Bt Ve and

phenol i ¢ resins or conmbinatt ons
conbi nat ﬂe@mredofea@uogaempﬂrmnpmdrrhbss seiclissalye ator sphudiinigt froduet. ahdaddmon the

pol yacry i : r oun i nyl _C ounds;

conmpounds O?V%tn}é’e%??’goﬁ day ra ebcr’rlrisi1 {jssucg\éié tx%essogvgg%?ag acEs 8‘ 1311110@[ %ref erred
for use lagheﬁﬁlﬁwbceawalapmtrr al berrrechmﬂ coal lotver vqﬂbxtoermmaaasdddshﬁaeﬂ ek on

pr oduct NVE 0 he sol v chose o that it dissolves sone of
t he prets:'%rrgifseors OIY%IQS%Q%Q;%W“I deﬂl %é}gllhfl%(?org ?S:l OF e fper At r%u,cgﬁﬁd does
not di ssWPdnmtedlyi-gsmdrltdron@ npn@hbr]r@tpynbhdla@tdr bu bmpthylhkp)&mlhdmb efiyeher abl y

has a hi ch t t he s an

hi gher va ence vaﬁé’g cne Pt ¢ u%reeéa?lgeso %%r e\?‘é ]élgggjg&ngs

descri bestidsehigwes, I%mnﬁ@r amﬂﬂes;OQUmhns dnd chyuchBdinades,r ezandldmnglmrb@rflthasg poi nt

pol ar org ngds s . NVP. thI-p ol i do

n- met hyl - %Q%t%ggﬁg&ﬂ %%pmﬁar‘abf’ s Sﬁlvfg 1 g0 aﬁ’yréréo e%%d'rn%)t%le reeglhcg/"fgear%mcé? bonat e

and pr ogyﬂsem ﬂ:«arsddmmnsercaoﬁmwrth aquﬂﬁasetdfpres:tmbmbH’&uﬁﬂie\selmemfrédnahgrde

al cohol s am ne I i he | i di nones,

etc. andhi L“urugc g}ilm(g Plrégnelc SOTRRER ssuc%ﬁ ﬁg%hgguflyv AR ?@dﬁgﬁééy He sol vent

may al sowlbeha;smdd@rstelyhﬁeramﬂiwmtwgm@gent In this case t he sol vent |s

reactiv h transition et RLEGUISOL S Thu solvent/r

. agents ﬁﬂ”@defhf %IOS 8?(:95cﬁ| c co oun ucm%"fﬁ:eﬂé ngtf’%gl?%’f:smﬁ g‘?%’ rbons

and car Dojidd raamebwnt\mrndﬂnonsr a&nd mpel exlated| sp sab elisastee tlﬁvhtlilmml@dﬁoxrde [aD37] The

phosphor cid. and reduci e sagent not ed ,above referably

li qui ds déﬂaan?‘% t‘mc(%n TR0 SAETLFS sne$ e%efle?ft%rgu%%qcc?“ﬁ’"g 1 %38

l'ithi ummgmbnauclvdndaﬁodnﬁﬁm sofduensapewical Whik tmﬁahihdmthmﬂﬁ édh&dl]lﬁ:l ng

agent determ th mount, qQf carhbon .preci. in.the

2ot ut i ortel MsaiSe b o BV e e ARG PoIRGE et RS lhesred g Rt

di ssol veizalof tlteh:eodmatyxs EmaliemItlmlahet];ral:tﬁlesxi)iemflthﬁ’predui'sohazﬁlacﬂl&ﬁlpeﬁlbﬂ&é vagd t hat

the part| f e duct i.S nthe article si.ze of the

precurs osrl&va(:\ltrlrsiad3 Elﬁ‘r’ﬁ% LT 'Eh oxVlo %onélﬂ%%ﬁa dfssglgesﬁ |ﬂ§\fgl8g?rh%§ttﬁet KEGIhadi um

cont i nuafisr ’g/prdatesd;sahmeg heanhgaﬁd’m seabl, it1is descrided hshEsohﬂdn}Gﬁsp@ijﬁf V5+ proceeds
it is.described as a so i on.

d h
0567 Ad0REL "9 A0 SBrRRER ot s SRS e FodRt B BRI B net i on
of the wamaltlinu rpememﬂe)m@e af ﬁ@ernvaleﬁdevmtva(lvéhcm git ahee (Wiie bttet {r\é")t hr ee
al ence t 31 neous| ol rticle tate out
\c/)f t he s?lﬂl |on\{ %1‘81 aglg o %{?Jfa ?'ét g}ﬁ? %Z‘E’c?h’egndlsggﬁ Iﬁllfﬁe |nut he
sol ut i orxidiad asd beniky loss stibps inathé Bgutim, atrdequenttyn@ecipitating on and in the
6



solid particles. Stoichionetfically, the three val ence vanadiumis best
suited for the synthesis of LW [0039]After the precursors, reducing
agent, and solvent are m xed, the mxture is heated in inert atnosphere
such as wWdg fgesazshel i um argon, carbon nonoxi de, and e@Er/bsoosdiessos de gas,
etc. while the solution/suspension is agitated. The tenperature is
controlled to be | ess than 400C, preferably bel ow 300C, even bel ow 250C,
but is at |east 50C. Heating drives the precursors and reduci ng agent to
react angfignmrfhesienbharciy s apRoRce Wk ishesiindaabE hakynhesib 0se to
the final product in stoichidmetric conposition. The presence of the

sol vent ¢fl&kents the resulting fine particles fromgrow ng and

aggl oner phsd9- ARG RS RE&wsobd rddficiflEdeh@ AL RnCROKERN, hbmeaD Gaftheat | on of
solid particles in the reaction solution to achieve the desired particle
si ze andincieert ptatosrbere| suph £s BiFEBNBel, GFEOBS Carter RPie| 8d calpe diogidy) sol i d
content Lj étp%l‘g]%%é éo%oﬁ@{ﬂ#zﬁs%ﬁ sk PEeRahYRER. 3ednRolld%o BY 1481 ght . |t

is recoghi zed t ‘at hi gher theoretical productivity would be attained with
a hi gher thaw 403, reeferniely belawBOPIC, ievendslomimsl G s arigase S| 1 H3Eng diiet | ng
factors @E [pﬁac&la&é aﬁd)l‘édgéné’%gnﬁﬂ)trehég Aol GorSOME b GRa S HEPERAToRRY, wBRh ikt 1S

preferre at the solids content be between 10% and 70% of the

sol ut i onsubeapiehs Flose Woyheviingtaroduginig sshéoprtds ermporijomb EhePBEmsDhyt fei ght .

[ 0040] Ths Aiehro ehe BhelsSsuffRRH:R bhiiBled 6t RRNAIRS ard u@fbhiiihg, bR ford ks
conventional nethod for solid-1iquid separation, such_as, for exanple,
cent ri f udsairabbetoxerirdl die, congenfritionroaselishparticles ibhe reagiprsolusiep raghieve e LW from
the sol b 00 MRQE Gzt REd RbAFH 0P qirmmgggl@arh@mnaafqh@mug@ aqy@kdirysond
contain tew O_ll? no inpurities that would be del eterious to the final

pr oduct , coseepainahe sacusarolysonshuld eedbasyieesiSp oy 7% Bp gicteht nl it reoBER ent
during t@e SURS aRURAL fowﬁ.ftﬁhty'vzo%}d Wt withS: BRI FheM a8d Jvist he
solvent Tiqu may optiaonally”be recgicl ed back to the first step of

corbi ni nggsurhrd that der widlrbs Jingiting fctge|af bighat selitacontens i the pelgtiqnrusnsesig ecur sor s
general | y, 1§ gférrlk@gl%tgﬁe &dlﬂyb&t&?ﬁé‘fﬁ‘t@ee%fﬂ)g anﬁ@@%rogttﬂerkgluﬁ&ﬁsépén'sign particle

powder from't the resulting p as a very high purity of the

st oi chi ofmew‘?iglé,enﬂm@sbﬁ@«?blmboﬁhé’o‘@égwe@tfi nal LVP crystalline product.
The mat efihaly at .S, ' i AP CARPWE Sdntiod thefny @i Cal
primry I‘:‘)]gﬂ]i clpreﬁegegteﬁpgggeggllgét %ﬁﬁ%&&%ﬁé@éﬁe it“ﬁ%ﬁg‘% the%ngg_ul tien powder
may cont fer polisidiguidpwparitidnesush gb.dreexamels, cprotugdl Acpstagan.far ddftionedd PPt of the
| nvent i Vg MR A0 2 {Ha9o1kf¥d. Swhdpethe PREGRE AR ard JTRhIulIRS OF
non-desired materials are less Ii1kely to be present in the final product.
Most of andeontain fefe gi rodthprritiesitha weuldbe delatsreustethe fipd pradve, soRLIGREEn at e
solid pr Qedzleﬁi%ﬁe{f@@m 'eﬁap%ﬁlﬂﬁ%&i‘é%&v&ﬁ aiidene SBLE: c%ﬁ%n%?.t A9f the

e I In olid s

inpurities w I'ssolved I n the sol ution, as ate

r eact i onshowonin Figurrahtthe selpgny digwid asayoeptigedlychesieeysipd rhackera the dimstisigp|ofidi ng

t hose co -'lﬁ%jlh- r RCUL S R inaRe RYREQ h&a%’ Ih& jheactions
are rmre&}ltﬂﬁe %gw%lggoggrgi%é% ?ﬂ%ﬁéﬁ){tﬁg filnalll;‘g oduct %0_04 r(@he ﬁarti cul ar
advant agibe difuid Hhecquse sftan tsepanation tthe pelidspartied pewiter ramnge digad CRERFSHILER t he

ot her pr S, &l r ' rogyk d v i biVRe QRS 8kal £QBL 1 ONS
occurri ng&gefrggssta Sl %F%Baér?ljqugf gle S.%dg%r?neegﬁf:i r%p%%gent rgducgs t he vanadi um

f rom t hecry@alling product/3Thes miatsrieleat shinsegcadiep reraDy 4h adpasmpoiani sd$yrisRd CRFM

causing it to X e recl pi rababl y
i thi n o LefRERTEe (OB AR FEpCaBR hohth BRRuRAL BbR0d M MnB0RR Y. bon
pr ovi despartigk apgetheedtsact ri cal conductivity in the LVP that is highly

desired use,in batterie u he i il

car bon- c@ﬁ{i%i ni %gm%rﬁ%ff\?ﬁla?dg\zgﬁ%ﬁnemé%ﬁ\ﬁgwg% f?/reg ;ﬁ)%g%{égel‘ﬁg% q%ggaet t he
degr ee ofonamjpsieal| irpuiitiys ohadn-desirdiemitedas fusrlessHikelyi mdde gyesoniuatthe Tipd

t enper at ur f e . CCLVP .powder 1.S, i NCI . L. Laher than
3000 1 n BRoIcherP e TSR aPa e FhudRls B REE o o hERALALUERpRETY | e
bet ween #€Bd iaikdefh@@EGronp thefselved|bycaost mese nf §6 dnaniticO®DGempam desgvadfiar abl y

bet ween 650 d 850C. The resultin 1 XL ure. j er. The
heati ng %ﬁ S?]ﬁ{}%n's ep Sf)’lr“;c])\ﬁa{ erseg? e %Oenéeslé%lrtsy l%g‘%%fleﬁ%%g oeskrg(??ﬁ%%e ﬁgl\é\gesi red
crystalline structure for the final product. [0044]1t has been found that
if the carbon-content of the resulting particles is not greater than
0.1wm % then the CCLVP powder does not have sufficient electrical
conductivity to performin a battery wi thout sone additional materials.
Graphite or carbon black nay be used as is well known in the art. Mre
preferably a carbon coating as described in US Patent Nunber 7,323,120 and
al so in PCT Published Application Nunber WO 2007/ 082217 nay be applied to
the | ow carbon content powder (<0.1wt% to provide the electrical




present invention is to create CCLVP having the preferred carbon content
w t hout having to provide additional carbon through additional steps. As
noted above, the preferred carbon content is between 0.5 w % and 10 wm %
pref er abWoO posing#es2 0.5 wt %o and 5 wt % and between 1 w PEEKSRIG/MESsbei ng
nost preferred. 8 WD 20081154282PCT/ US2008/ 065896 [ 0046] Turni ng now to
focus on several variations or enbodi nents of the inventive process,
Figure 2 indicates that the precursors are five val ence vanadium |ithium
car bonat fcluping sfpoOEdntiinae irttha patciddrs orfioanddr8 6iis@ics ol iR riieadredrelflort 0 a

t enper atH%‘“‘i’f b?,’t ween. about égoc and about 300C such that the N V1P reduces
the five e SRR BntiaA 8oVt hesi zes the LVP as a precipitate. The

| iquid i moagCcycOdparitiute @dvanay sTeRSSedehhventions Bat Rsluial & CRI Wight
byproduc&qs: ﬁlr%d the solid is pass.on %@ﬁan iné?e‘rn%ﬁdi afe heat treat up to a
t enper at B EU5E PHEYFOS BOotRPoPEaE AT ISHdE L BBDESIhEAFHogt PEREBEi 4 ¥ par at i on
is acc ?nﬁin}lﬁdiﬁﬁhsﬁy m&h&ming&%eﬁeﬁﬁb@tth@mmﬁuﬁeﬁgﬁn uﬁmﬁ%m@ fole INEF 3%1@:@,9, ]
centrifugal separatiqn or qther nmeans.. After t i ntermedi at e heat

t r eat nenff df‘“& réate" %P@ggfsameegﬁﬁ@& CEEesit /8 bermss frgheclible oAt o vp, a

8‘ tch E Optbeipigits ts)@ ragh %r@ﬁﬁl?ngiéhgﬁ h@% r&yﬂti_ﬁglc]'_lﬁﬁ}t baiﬁclﬁsl’. eqihpi §rﬁiél! Qﬂoulna%f _
escribed in U atent .7, . Briefly, t is dissalved in a
Solvent SRR HLo ?SHH{PF@@%%)?M%BE@M@&?%’&M@egg’m%%sw Br¥Ed pi t at ed
on thﬁ PRE tideGh B:&teglésf @QQU&hﬁ ﬂl%]’.l\/lﬂ’ i&ﬁ&@ﬂwgwh@a}bo@bﬂ?imgwchvg part ijcl es
are then, arated fromthe solvent and the particles are subjected to a
third he@ﬁf rea'i"“h:‘eqﬁL o ¥R %h?‘f?éh%%ﬁg%ﬁg)%ﬁfl??fa’. thafigde ‘i"J‘dCB‘né"anti ng
rraﬁ_ bﬁ f fiia$ brogh@biThe Z@q)eﬁﬁnagh@xatcaumpdvgm isﬂﬁ@@@&cgto_ad"l(ém 3 r&agﬂag _n: _zeddat
a higher te ature or may_ be carbonjzed wi thout bein i.rst stabilized.
[ 0047] | nfhfEs 3‘?9?@ iny an dnegt WB%J@?%- i@egﬁ%ﬂ%#a‘iﬂ&n& e fhopl beibgtiveEn 2 except
that t he4gonimr IR RrBRRY | REvéeh 65001 fd VOC, Bflore PAGerhBly erREh 35@ ah@at | ng
step is %@E erred, but js not necesiary to_pra t'Ece, t he invention and

pr oduce pT{af‘oveaJé@g PHHEBTIHITE %G drlePsd POy aﬁ% waae pisthisisiep PEIVIded t hat
shown i nthEh@udseryZomdididh tb Remdhd degirengpedgienguddiaforldnerifeRibiice added to the
suspensi@{)14 olutjon after the first heating step and prior to the

l'i qui d-s sepaFserbioundrifiptdt tesarepiverntont PHES pyiage pagirdesit 2ot SERISRt age of
el i m natthngoawse) ther HeOUCTVE @pRaat doed nsit BiRe sIPORHR] Fé@ilal cndshows t@n
interesting as eﬁ)tﬁ of the present .invention where the carbon- .

resi due-86PH Hy 3 PAFRY i“"é‘iho‘i@"%%‘%ﬁ‘?‘?l B@Wﬁﬁs-blﬁ‘@ﬁmﬁ)?f fbomp/eck may be

oxi dat i QRed A4 Gll QRoWIEIBGRd 21 Mbreprdfiebl{ b ¢abMpdRReLas\dBRadiMUSPektat i on of
the NMP produces water. and car bon_—gi elding materials that remain in

sol ut i orV¥Rkeay SehHEGand gfso bl T hepliskedt B NugoereY QP P22 f map e | \vp
parti cl eppRédero SRPR:Aaedn oMo dbd Q0I1tDY (B3R Ak icRBricdl 88RIctivity.

carbon-yiel ding materials can be used to coat, the LVP. In this enbodi nent,
the par {Fssngay d@? aodiional seaias PFCes§ COBRPFSS AREIngyhe GBS QP ithinPeRs to
keep t heyGRITROFoWHETs dhspende® OO on W CREM @i iR REBS I pRicIpRlfbn midikod.
carbon-yiel ding nateri al Erovj des.a well distributed coating _on the

sur f acesBFCUINE Wipthg Feading pdthen hegt treafed t camyefh the i (RIM frarhepérd al from

t he NVP t6 3Bn® 8k \e8rbds coaisit Pehivt tdtBe COLVPNRMCRIMhe NRing temperature at this
2008/ 154282PCT/ US2008/ 065896@89(20] In a nore preferred arrangenent, and

t aki ng aHPSAPwE Be byt 200 pad wreferpblpefirpen 690 apd 990" pere SEIMEY e at

| east pajetweeh 760 And®DotANernk iafiidiitl of Earb&A Al SR T CLVPLE AbfcRBlydboRtdIer _
mechani cal_ neans and an amount of the liquid is nmetered back to the solid

LVP to priganderdo geaut fQut%kyt BEHEFIH]-b &6 2010t % butp g dbR@ephr t i cl es.
As not ed REER¥RL3 WHLisdRSE predéange s between about 2% and 3% and a hi gher
anount of carbon-formng nmaterial nay be created by the

oxi dat i dP45Edu iRt FRaRsoating hagbaeR <ixcpssed ab Pfetrgh emppdiment of the

car bon- rneskdusreh@sd s RdcoRt €T AP Ha§inp HRSEHemreBdirf Cohi/NAlhod VAL of CRFM
may be added at step (d) to provide a ful lX control |l ed coating process on
S

the for rPé?j’i‘i_wdﬁjé’Pfli c@rhea through additional steps. noted above, the preferred carbon
content is between 0.5 wt% and 10 wt%, preferably between 0.5 wt% and 5 wt%, and

between 1 wt% and 3 wt% being most preferréd.
8



[0051] 1t should be apparent that the inventive process .may be practiced
using a variety of variables as controls for optinmal results. The
stoichionetry is believed to be close to optimal when one nole of V205 is
conbi ned W@ 2098/15488hvl es of Li 2CO3 and three nol es of pPOEPRISNS/@5ERSI d.
[0052]1t should be noted that all the heat treatnents are typically and
preferably perfornmed in a controlled manner such as, for exanple,
increasing the tenperature at 5C per minute up to the desired tenperature
and the p®g6r edTirditpaioat tr ecusS ohakebrdl Orariatidas &b eldbdinegsl ofahid atemfvet | Me
before the soq;ceegt heat is renmoved and.the tenperature is allowed to

return tBOsHbi SIS P e PECHPAT 1P Tvealenss, 6o SRpocabaBale, o and
hol di ng" pm&gzsoﬁe Bﬁﬁﬁga&ﬂ lNMP.: srh\ﬂqirécuisg@m h@tetih?&e agtﬁmﬁér%ﬁaiey%%l( izabd)utib\lnf t he
art. EXA 5 e.1 - 9. ans of V205 er . 2% a
Cheni cal )%:Etgraé‘hb OPJ- %&Fé‘ﬁhvﬁh’f‘%%ﬁéﬁ rpeRBe e ¥ v aq’ﬁrhﬁngs, and
?ubs eq ;Jemhmsiﬁfsamvasmw mrgapimtea hﬁaiqgfrd.isk ﬂezyc%hd@?raﬁ@lhmro&%@ﬂmﬁm%i c acid
H3PO4) were sl o oured into the beaker ile t syspensi on was
Stirred Do PRBHL PyPoicByand he selihs ot i (it SFBBRGHE TEr BEEs Rér e ¢ hen
sl oW y attd@eminid Getslaen hbadtess0n0i bl hbouvads0Rt. i I TiRd 1igaiaisbIl Geisakdfion TiBe
.resultin squLi /suagension cont ai ned soligﬁéanadiunggﬁntoxide and
di ssol veFPPRIEPehPhPAFBEEN SRELImare: asvaguyp Sifatgh conmiedl SEREFHOBi¥ ch wer e
di ; 3 8I \éeﬁthérﬂgnbhﬁ nSdiﬁ@eHF;&Otﬂe iri[&ﬁleﬂiﬁﬁuiehti cf@t;ﬁdﬁ@e@&!f 't@ﬁlbnms@}fla@&ﬁaér ed into
a .Stal.n] ess t ressure vessel, . n- but anal . .
(Cl - 13( cﬂ@@éf%wmﬁwiﬁ’ﬁ’sga Ry af%mpﬁ%%%&é feuve pegRifafig as
suspensi @iRcries iheas.erhténd ?ﬂs,lm.emgﬁ, Vﬁl&SeRFﬂt is 2608véD Blsb]%tftsan&l\hi l e ]t he
suspensi on was conti y itated, The suspensijon s al]o to coo
o P oo SR avihe LY dhe Lafibh f 0 Sy s a PPt R Oes BRI 240§ ot he
i qu; d bmﬁ ib'yt\féigﬂrt].on]élle?d%gteﬁh% gartieds gltze t%@ﬁ@phkﬁﬂ@rfrv%ﬁﬂi_étﬂﬂl&ii@ﬁﬂﬂi @bt. The
total wei gk the dried p er was . ram._ -V .
5008 15BN RDBEE) HoSHT8 PO CSBITRG < aRaNEs N HPR YT AR o1 1 o

into a Sénfilg GeY BETift ChbiGiddl 18, a Mad6edmem prodessd fihbh aMBnizeNs Skpsequent |y
heated at the foll owing se uenc%g g)n,der_ a ni_]:ir_ogen gas at nosphere: one
“hour at SBBeTEureRmaK ey aﬂé‘fn%fgd‘“ outheige figst fghilieedar 650 C. The furnace was

then al |Egﬂfﬂ tOIﬂﬁEQL}EI& t30 M@Qxﬁpl_éﬁﬁﬂp@iﬁ:ﬁ{aﬂl@ _tlﬁﬂﬂqd“]thein;:]ﬁglhtug s@eﬁgmeﬁ%was
retri eve romthe fturnace. . total wel.ght of the_recovere powder was
20. 33 grRffEmeAipts healing sep bga%‘Bmegt &ps &1”?38‘?1%!3 &F”t“ﬁ%rswbﬁ%%%%dﬁut BsYescri bed

i n Exanphegsssaty & haclice the ervehi@itan® pRani-CaC LV pekt. | es of Exanple 1 was

o e e RS B Sl i G e 2 OSSR BB 2

a nitrogeihggas al OREVheiRed e 8Bk ioh RGuPGIVIRF tHe8ikg Re@nd sBd agli prR d

R N ARG WG TR T T A,

[ 0057] Ex@mpliguid sepafdtib&legc0at i ng and carboni zation - The product powder

made in [0049] Figure 5 shows an intcrcsting aspect of the present invention where the carbon-

residue-forming material is actually contributed by the NMP oxidation-reduction reaction

with the fivé valence vanadium. Oxidation of the NMP produces water and carbon-yielding

" materials that remain in solution after the first heating step and do not evaporate if the LVP
particles are separated from the liquid by evaporation. These. carbon-yielding materials can
be used to coat the LVP. In this embodiment, the particle-liquid separation is accomplished
by evaporation so as to keep the carbon-yielding compounds with the LVP precipitate. The

- carbon-yielding material provides a well distributed coating on the surfaces of the L.VP
particles. As such, the carbonnyieiding material from the NMP can serve as a substitute for
the CRFM.

&,



Exanple 1 was coated with pitch. First, 14.4 grans of the product powder

- was dispersed in xylene. Then, 2.20 grans of petroleumpitch were

di ssolved in about 2.2 grams of xylene and heated to 90C. The pitch/xyl ene
sol uti onw@msoegesybszned with t he powder/ xyl ene suspensi arceEOskotdwsvebi ned
suspensi on was heated at 140C for 10 m nutes under continuous agitation.
The heat was subsequently renoved to | et the suspension cool to room
tenperature. The resulting solid powder was separated by filtration and
dried atpphSRC URASHorY Pletttl afhifbcbift Unl iidkehoRAWHEHze WA @beddy & 195285,

yi el di ng_about 2.8% pitch bé wel ght . 0055] The "above pitch-coat ed powder
was pl ac®dsianPracesy e it Aerserahar HbAE & HaihistoayERt Jadiuiaoroer

fol | owi ng-SEREEREESS anti A6 alBHRDE HeWyBid IR BekRIBAY 4 heabl®LYRkEpBIiad &/ N nut e
to 250C, held at 300C for 4 hours, ranped at 1 mto 400C, held at 400C
for 2 hotsised apdgortrdlad kel fgodparen ths nagisiest Srpeird ebive. briSrpReRs s was
removed {49800t B6ut 29 RRACK, afla mgﬁ&dﬁﬂ)uh{bf%aﬁbﬁ%rhﬁgqﬁitéﬁﬁ mapwbeRAENt | Y,

t he powder was placed back in the furnace and heated under a nitrogen

at nmos phebse thi xidafipreredagtion ireRgsss e fueh beylicamrequay off CHBRIESIBsHe™iBE 1 hour,
and 850Cyf@fix & RORhSan gﬁhﬁilow%.lﬂohﬁt%gcﬁpwﬁﬁiy HeQHBdMe Slep Q9 &prévidk 4 fupyvabl e and

it did not need to be mlled further. The ‘el ectrochem cal properties and

car bon cenaireliad cegtingrasesson tlsl feropdidttepagticd®ed and the results are presented

in Tabl eysy)[ 00 ANDe. '%ﬂ%&@ﬁ@ﬁ%ﬁ@@%ﬁe&s may BE pRRARURSInE A vEXAYD! es 2
and 3 were anal yzed for their carbon content in the follow ng manner: 1

gram of efavshiablemen eonitals fen erfsha)aepulty Bbe ppichipmemy it beligrgddie desderedeis
sol utio n%;ftigna!"‘iv?{%d'@i‘c’ mole W q%b'?@%om@ﬁ@d 31 H25Q4ks 8t 1;200] St MRRLIEUT €

(-220). I nsol ubl e residual solid was separated by filtration, washed

t hor oughithpsptiorihaciéi oni zed water, and dried at 100 C under vacuum for at
| east 2 fygeyys. Imﬁ?um 8RUbJtbd that RAOHE DG ROWHSIs MRS IRABNGAI JRGerdRp

determ ned to be elenental carbon by energy dispersive X-ray fl| uorescence
spect r oseasioyned i0 @ 6o)tElled maprsh sreh @l forsramplat ipgprsing Thecte BTGt MERETi n t he
above exgmhl.8s WaeGieE)a Rl EHn@and BE IERLN AP AREEL s hala t5Of prbddidiniga i on
batteries as follows: The powders were fabricated into el ectrodes for coin
cel | s anetriothehtime befery theysauire of bpa iciempoedpad dedempariareiepiinned (¢ o6 |

El ectrodg aﬁfbf‘ag% e nabirA8S TG hrEWBHE L Ofandpll ORI AR dfipsREydi t h
acetyl ene carbon bl ack powder, fine graphite powder (<§n), and

pol yvi nyiFMB#@OWHTQGbQS@IQPC(IM)S@@P@FM-n (NVMP as the solvent) to make a
slurry. The slurry was cast on 20-pmthick alumnumfoil. The slurry
coated foil was dried on a hot plgtsMmpihe dried solid filmcontained 2%

carbon bl ack, 4% gr it 4% PV and 90% |1 3V2( P 3 pawder.. The film
was tri i nt%‘%@%ﬂs‘t 5’%?%’%‘:%}(?@5%0&@9%9?@%?1 "(élf??%?rﬁ‘gﬁ? &P ng press
Sﬁ t hat ﬁl{])%d gfiﬂia'b'(b ?11 %NMF&i)ﬁzéﬂo?tdllOfmihﬂﬁawaﬁd, s’i:b@lq?encﬂiy&aﬁmd iﬂhebédkhm}(nﬁgs or
t he mass, | oadin ~the solid.filmwas controlled to be about.. cne.
However , kb SRS of B RESBPES 3516 @’Qﬁﬁw"%@ Slpwlypposea b BE pEeeT Bl B

conposi tugikn¥ies wibsatkcdocohtidudasipCs E¥P Rt of lidlun SaddndtcqBLO0K) Wratkn 5%
graphite, and 5% PVDF because the sanples were thought to_ be | ess :

el ectri cAPYYy edlsduintg viBe ¢ brakererdnls ’éng.as[ | BB S Ehe alreslﬂz‘g%s -

Di sks  0f soflutid/stsfersidn doaREBE IsoME Vanddint Padotdd add @dhd IphiesSedirddel M5 and
used as the positive el ect rogﬁe ig\@t andg{d c8i_n cells 5(isi CR2025) with

i t hi um RRSERRRtea &S 18IS o PTIPEEUE e disspled 4 e susnepsiops dde fulipe " coi n
cel | s Wags@ngb&8s FdsFered it Rag00 M\ $eidss siklcpredsingesstl, 7156 of Ghitl)ol and t he
electrolyte was 1 MLiPF6 in a mxture of solvents (40% et hyl ene '
car bonat‘é,m@i%f?&)WF sybsgaeHYadded R hed8¥5 ki et hyl car bonate). The test
schenme v@esAS ol oMRisid@acmialed iNHeraRaE gaekl 4D JR°CdoCORGIARhilcte r ent  of

0.5 mA (-50 mA/g) until the cell vaoltage reached 4, 2 volts, and charged
further SYEPERSION 5 { CONRIOURIK AZHAIET:  oFDeyFHSPFISIOR eV BuIodNEE 18r Si9h &% PR bel ow
0. 03 A e hipgRuteh erteatingindaoBd fnbicBakae depdrat&DRSH aR 1iglid bE filora@bn,Gnd r nA
until the cell voltage reached 3.0 vqglts. Char qﬁﬂi@&%&&gﬁ C clgg wer e

r epeat edPeAHd e Y  Ende gacepmnverright: ofhe 4l Py t3¢ i‘j%@ ?hg. The
capaci tyo8h the materials was cal cul ated based on the passed el ectri cal
charge during discharging, while the coul onbic efficiency was cal cul ated
based on the ratio of the discharge ggpacity to the capacity on charging.
Al'l the tests were conducted using an el ectrochemi cal test station (Arbin
Model BT-2043). Al experinments were conducted at roomtenperature (-22C).
[ 0063] A conparison of the capacities and coul onbic efficiencies at the 1st
and 10th cycles is given in Table 1 for the powders made in exanples 1, 2

and 3. The carbon content of the sanples in Exanples 2 and 3 are listed in
Table 1. WO 2008/154282PCT/ US2008/ 065896 [0064] Conpar ative Exanple - This



superior to that in the conparative exanple in ternms of the 1st cycle
capacity and coul onbic efficiency. It is noted that it contai ned about
3.3% el enental carbon, as indicated for the sanple in Exanple 2. As the
reacti onwe@npenstsr e was i ncreased from 650C to 850C, RCEUSMMBMSSE% of t he
material increased significantly However, pitch-coating and subsequent
carboni zation did not increase the capacity, as shown for Exanple 3. The
capacities in colums 1 and 3 of Table 1 were based on the total weight,

the capapigssies Phe/Rbuliing foMRlet ¥8d traRfckBd inte b S0ha sedmaNcriuiBY )43 ionl ¥
(total weight m nus, carbon conten ]39n be seen tQ@t t he capacity of

bot h t he®SaH{Iras. Ao BILAHFPUY Ee%qggtléh?l’ t§° Br5e EIIBTEST B2 hé PHEHP R cal

\éil uel, 1%;1%(,@%'%@1% attmltocg bclg ﬂéﬂu& ﬁh4f;(00’@§ hﬂlﬂl%}lﬁd’gﬁd a 63b P@.lctme 'ﬁbﬁacﬁ apacity.
anpl e 1st cycle cycl e rbon co(nte)nt % Capacit ess carbon
(mAh/ g) VERBER rHSTeBIARIY YO 5D GBTTRMET %wd&?f)eﬁ&‘glﬂf(go}eow er was retrieved from

the furnace, The total weight of the recovered powder was 20,33 grams, This is the base
. material for further processing, as described in Examples 2 and 3. The electrochemical
properties of Example 1 was tested as the cathode material for Li-ion batteries.
[0056] Example 2 .5 grams of the sample in Example 1 was heated further at 850°C for |
 6hoursin a nitrogen gas atmosphere. The resulting powder weighed 4.91 g, and remained as
a loose flowable powder. The carbon content and electrochemical properties of Example 2
are given in Table 1 below. 7
[0057] Example 3 - Pitch coating and carbonization — The product powder made in
Example 1 was coated with pitch. First, 14.4 grams of the product powder was dispersed in
xylene, Then, 2.20 grams of petroleum pitch were dissolved in about 2.2 grams of xylene
and heated to 90°C. The pitch/xylene solution was combined with the powder/xylene
suspension and the combined suspensioh was heated at 140°C for 10 minutes under
continuous agitation. The heat was subsequ.ently rémoved to let the .suspension cool to room
temperature. The resulting solid powder was separated by filtration and dried at 100°C under
vacuum. The resulting powder weighed 14.8 grams, yielding about 2.8% pitch by weight.
[0058] The above pitch-coated powder was placed in a tube furnace and heated in
nitrogen gas under the following sequences: the temperature was ramped up at a rate of
1°C/minute to 250°C, held at 300°C for 4 hours, ramped at 1°C/m to 400°C, held at 400°C for
2 hours, and then cooled down to room temperature. The powder was removed from the
furnace and blended in a plastic bottle. Su_bsequéntly, the powder was placed back in the
furnace and heated under a nitrogen atmosphere with the following sequences: 450°C for 1
hour, 650°C for 1 hour, and 850°C for 6 hours. The resulting powder remained loose and
flowable and it did not need to be milled further. The electrochemical properties and carbon
content of this Example 3 were tested and the results are presented in Table 1. |
[0059]  Analysis of carbon content — The samples in Examples 2 and 3 were analyzed
for their carbon content in the following manner: 1 gram of each sample was dissolved in 50
ml of 15 wt% acidic agueous solution (9 wt% HCI, 3 wt% HNOs, and 3% H>S04) at ambient
temperature (~22°C). The insoluble residual solid was separated by filtration, washed
thoroughly with deionized water, and dried at 100 °C under vacuum for at least 2 hours, The
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Capacity (naAh/g) Coul onbic efficiency (% 117.8 96.3 118.0 99.6 -3.3
2 124.9

WO 2008/154282 PCT/US2008/065896

resulting insoluble powder was weighed and was determined to be elemental carbon by
energy dispersive X-ray fluorescence spectroscopy.

[0060]  Electrochemical evaluation — The powders made in the above examples were
evaluated as the cathode material for lithium ion batteries as follows: The powders were
fabricated into electrodes for coin cells and then tested in the coin cells as described below.
[0061]  Electrode Preparation — A desired amount of the powder was mixed with
acetylene carbon black powder, fine graphite powder (<8um), and polyvinylidene fluoride
(PVDF) solution (NMP as the solvent) to make a slurry. The slurry was cast on 20-um thick
aluminum foil. The shury coated foil was dried on a hot plate. The dried solid film
contained 2% carbon black, 4% graphite, 4% PVDF, and 90% Li3V2(PO4)z powder. The film
was trimmed into 5-cm strips and pressed through a hydraulic rolling press so that the density
of the solid film was about 2.0 g/cc. The thickness or the mass loading of the solid film was
controlled to be about 6 mg/cmz. However, to test the samples in Examples 1 and 2, the
electrode composition was 85 wt% of the active material, 5 wt% carbon black, 5% graphite,
and 5% PVDF because the samples were thought to be less electrically conductive than
Example 3.

[0062]  Electrochemical tests — Disks of 1.41 cm in diameter were punched out from the
pressed films and used as the positive electrode in standard coin cells (size CR2025) with
lithium metal as the negative electrode, The separator used in the coin cells was a glass matt
(Watm.am® -(Glass microfibre filter, GF/B), and the electrolyte was I M LiPFg in a mixture of
solvents (40% ethylene carbonate, 30% methyl carbonate, and 30% diethyl carbonate). The
test scheme was as follows: The cells -were charged under a constant current of 0.5 mA (~50
mA/g) until the cell voltage reached 4.2 volts, and charged further at 4.2 volts for one hour or
until the current dropped to below 0.03 mA, Then the cells were discharged at constant
current of 0.5 mA until the cell voltage reached 3.0 volts, Charge/discharge cycles were
repeated to determine the stability of the materials during cycling. The capacity of the
materials was calculated based on the passed electrical charge during discharging, while the
coulombic efficiency was calculated based on the ratio of the discharge capacity to the
capacity on charging. All the tests were conducted using an electrochemical test station
(Arbin Model BT-2043). All experiments were conducted at room temperature (~22°C).
[0063] A comparison of the capacities and coulombic efficiencies at the 1% and 10®
cycles is given in Table 1 for the powders made in examples 1, 2 and 3. The carbon content

of the samples in Examples 2 and 3 are listed in Table 1.
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95.6 125.9 99.7 3.3 130.2 119.3 95.3 119.9 99.5 6.7 128.6 conparative

100.1 91.3 99.9

WO 2008/154282 PCT/US2008/065896

[0064]
source instead of V,0s. In addition, no butanol was added in this example. The solid particle

Comparative Example - This example used V,0s; powder as the vanadium

powder at the pre-reaction step was separated from the suspension by evaporating the liguid.
The rest of the steps were the same as in Example 1. |

[0065] © The data in Tab'le 1 clearly show that the LizVo(PO4); powder of Example 1 was
superior to that in the comparative example in terms of the 1% cycle capacity and coulombic
efficiency. It is noted that it contained about 3.3% eclemental carbon, as indicated for the
sample in Example 2. As the reaction temperature was increased from 650°C to 850°C, the
capacity of the material increased significantly. However, pitch-coating and subsequent
carbonization did pot increase the capacity, as shown for Example 3. The capacities in
columns 1 and 3 of Table 1 were based on the total weight, the capacities given in the last
column were based on LiaV,(PO4); only (total weight minus carbon content). It can be seen

that the capacity of both the samples in Examples 2 and 3 is very close to the theoretical
value, 131.5 mAh/g and that the pitch-coating barely affects the capacity.

st CéCl.eI o 10th (gcllj b Carbon Capacity less
Example Capacity egflilc(i)gc;c Capacity eofﬁc(i):nlcl;: content carbon
(mAh/g) (%) (mAh/g) (%) (%) (mAh/g)
1 - 117.8 96.3 118.0 99.6 ~3.3
2 124.9 95.6 125.9 99.7 3.3 130.2
3 119.3 95.3 1199 - 99.5 6.7 128.6
comparative 100.1 91.3 99.9 98.1
Table 1
[0066] For a comparison of the electrode potential profiles during charging and

discharging on the first cycle for the three samples, refer to Figure 7. All the potential
profiles exhibit the tjrpical characteristics of LizVo(PO4); materials: three plateaus at ~3.6, 3.7
and 4.1 volts vs. Li, respectively. However, there are some differences in the plateau length
and the hysteresis between chai'ging and discharging curves among the three samples.
Example 2 exhibits longer platcaus and less hysteresis than the other two, indicating that the
material is more reversible than the others.

[0067]
increased slightly after 10 cycles. Figure 8 shows the capacities of these samples at different

As shown in Table 1, the capacities of the materials in examples 1 through 3

cycles. All the powders exhibited no loss of capacity within 10 cycles.
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98.1 Table 1 [0066] For a conparison of the el ectrode potential profiles

during charging and di scharging on the first cycle for the three sanples

refer to Figure 7. Al the potential profiles exhibit the typical

char act eW@ 24084354382 Li 3V2(PO4) 3 materials: three pl at eabE€l/EB20080663963. 7 and

4.1 volts vs. Li, respectively. However, there are sonme differences in the

pl ateau | ength and the hysteresis between charging and di schargi ng curves

anong the three sanpl es. Exanple 2 exhibits |onger plateaus and |ess

hyst er esjo#68]hanThiseit GdBeentiliisiraict diac el piocetshatortling toretiemivaltioh Sielded e

reversi bl e than the ot . [ 0067 shown in Table 1, the capacities of

e’ rmt QPR o Ce0 DA e ot SRS RIS oyl 5.

Fi gur e 8cafivdasnitilsCpdiidd Batefifs. t MRS ecwaprpless isadimplic fdn@riendes aycleag. Al |

t he powders exhibited no. |l gss qf capacit ithin 10 cycles. = WO

2008/ 1549836 PISHFORy oweadle [ DcuFise Of ferptciolert MCPRE R hat ¢ he

process aoesision oboflbwibie powtRil btriypi @l e SupeAsbfanetioadlinabNihe Gesuitidy( PO43

powders that exhibit excellent el ectrochem cal properties as cathode

ot ert ol GBS Motiye BEdavePhie BroRs cHodsp Po cudon b s 4 B bees ¢ he

| east expafmioneompatidpsVtcs Ry dithidblon batdie catsdkdll ness of the process

reflects only on the synthesis of |aqose flo | ¢ powders, but also on

e upcldgh ¢ UasorBaskr b Yhee R axoraeion of gt biafel P SREILG oF e

i nvent i vabopé, ORESR Snldimifh $ theeclaise thich fHRGE tat ope intTuding ANl BRialenBfyani on

conpound_powders for |lithiumjon battery cathodes. [0069] Accardingly, the
o 2Y Shiredh

scope of & PRBE of Lheflimp Fphagd SYFTY By BIROmSTRt © Perliciste. but
i s only s aiehdddiBind i eherésbitinwhtial fhob, ldeslaiinb ade aFo@REe déstiiptiod afaral |

equi val ents. of the subjec trer of the clai.ns. _Each apd every claimis
Hoor oot #onc 6 e Brob L APl PR BRI iATh T RSB BB,

i nveﬂt i Qllﬂfefre-ﬁlaél mdmtsr@pgdaabm& bk f@n a%&mssa@rhelrat d esSgilor pttit® me%%eﬁgﬂveﬁﬁorﬂddi ti ]gn
to the preferred enpodi ments of the present jnvention. The discussion o
any ref eFBHAY] "ﬂ}’i‘yt‘ﬁe?n&%&”f 1Y gme iasfpurl?g‘fa“&ﬂ JQ‘B & RsnPrigsy dpte of hisrior art
to the pips&fibnl Nnvention, especially any reference that may have a
publication date after the priority date of this application.
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WO 2008/ 154282 PCT/ US2008/ 065896 CLAI MS 1. A process for producing a fine
lithium cathode battery powder wherein the process conprises the steps of:
a. dispersing and di ssol ving precursors including a lithium containing

conpound, wa 0d/¥@pa0n cont ai ni ng conpound and vanadi um pent oxi de (V205),
in an organic solvent/reducing agent to form a suspensi BL/E83008/¢65896 b.

heating the suspension-solution to a first el evated tenperature to cause

t he organi c solvent/reduci ng agent to reduce the vanadi um pentoxi de from
the 5+ valence state to the 3+ val ence state and simultaneously cause the
formation of Iithium vanadi um pol ydni®® %ol id particles; and c. separating
the solid particles fromthe liquids. 2. The process according to Caiml,

wherein tjhe st Oc%g orrbl ni. ng the precursors is further characterized in
that the I|th| m cont aPhORY"E B85 Gt sathods dtpymosabt whelein TepipE@e ess

according to @Inummsz];le snépebﬁl n the lithiumsalt conprises at |east one of

l'i t hi um car bopaf; 2 i t hi um hydroxi de (Li OH) and conbi nati ons
t hereof 4. The %?% Cgé%%f’ NigPrecyrsersapsinding ofigvan nomhmngbaﬁp@hdcpnbl ni ng

the precursors P@yarnwntdmtanﬁdgaﬁca@ﬁoeﬁd zﬁﬁvédadlh ﬁﬁ%o{o%ew Blh%?leoggaglﬁéu ni ng
pho'

conmpound is one h hor i id (H3PO4 ni-um
m xt ures thereo?O?Jeggreglhcg %é%é“&éé‘éﬁpﬁw@ fodtichiai m 1 wherein the step of
conbi ni ng t he. plll%tlmg’&Oﬂﬁpéﬂﬁbhh}@lﬁu&h@raéfﬁgt%ﬁévgt@&lte t3 fblg? q? ani ¢

il

sol vent/reduci nS%Va%Q& g)rl ses a high I'ing 0| n
The process accordi ng toeciEsi e 5edyss ‘él"ﬁlaﬂW@ Pﬁingamdacﬁ'dmml@ pplvmtmd@ol ar
Pff“ol i done.

sol vent is NWVP switd cnh&m§+aula£e@cdiﬁﬁt6rah@§fﬁnﬁﬂa&%5gl tc!u}’sg t}{ ﬁé{,t he

n- net hyl - pyrroIJaﬁl%rpe :;! sél ifﬁpyrrol i di non

7. The process accoraPHy Y eiidpsiides: dbtrein the step of heatl ng is
performed i ncanepangting (atsoRERMEAE. from the liquids,

2. The process according to Claim 1, wherein the step of combining the precursors is

further characterized in that the lLithium containing compound is a lithinm salt

3. The process according to Claim 2, wherein the lithium salt comprises at least one of

lithivm carbonate (Li2CO3), lithium hydroxide (LiOH) and combinations thereof,

4. The process according to Claim 1, wherein the step of combining the precursors is
further characterized in that the polyanion containing compound is one of phosphoric

acid (H3PO,), ammonium phosphate, and mixtures thereof,

5. The process according to Claim 1, wherein the step of combining the precursors
further characterized in that the organic solvent/reducing agent comprises a high

boiling point poiar solvent.

6. The process according to Claim 5, wherein the high boiling point polar solvent ig -
NMP which is also described alternatively by the names p-methyl-pyrrolidone
n-methyl-2-pyrrolidinone and 1-methyl-2-pyrrolidone.

7. The process according to Claim 1, wherein the step of heating is performed in an inert
atmosphere.
8. The process according to Claim 1, further including a step of coating the particulate

powder with a carbon-residue-forming materia] by selective precipitation after step ¢)
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8. The process according to Caim1l1, further including a step of coating
the particul ate powder with a carbon-resi due-formng naterial by selective
precipitation after step ¢) WD 2008/ 154282PCT/ US2008/ 065896 of separating
t he sol i d¥Of20esmsu482 | i qui d, and further including the s} f heating the
solid particles to a second tenperature in an inert envié@ﬂ%@?ﬁ“’%’f%a
tenperature sufficient to crystallize the |ithium vanadi um pol yani onic
sold particles and carboni ze the carbon-resi due-form ng material coating.

9. The processf @apaodid tRdsdiQ [ fu r. including a step of heating
gom%r to a?l@ioﬁttg% ﬁ%“d?va{“gqﬁ%hﬁﬁ@%géhq%egﬁrw B¢ abi | i ze

the particul asioﬁi
the size and SHApEMfesiher S6PId lepmetaiit o5 annindrh enditobMbmt M: VA RAHM M e

pol yani on af t RifiGdre R Gysedf ' he solids fromthe Iiquid and prior
to the step of coati ng}t hezes_ol i |}oﬂa‘?l ?%Wgéjo%a?lﬁmf Pd PaFHerrnd satbaniee f or mi ng
material . 10.D9FEPPrstdesonmpp mdierig coain@ ai m |, wherein the Iiquid renmoved

fromthe solid at step ¢c) is recycled back to step a) to disperse and

di ssol veS.pr eclhegos@ss atdordii€o D106 €S ng the Claim 10, further
i ncluding a s%g@r 3ti on steg in thg’ %ﬁfﬁkﬁg@gélsg&pgﬁﬁmg ‘FEpEEkice wat er
and 1ight by produitd gtk cnpyantetosiore ntabiiied teishg 2ageRipe hdte | S
directed to tshiéd sdrefesap tRflicgllS ; -di ss0l Vi precursors. 17. The
process accor.ding ta Claim.l _V\hggiriagitdr%g?ﬁggg{g{e%%ﬁftepog%gé'??éﬁi%H’QStﬂh@ solid
particles fr et ﬁlée ?‘ﬂ‘&ﬁi Pdj Brigco sl Fished bytime civasdlziabarseparalh ga such as
filtration, cebbrickidgaforaBRaAL#ON Or gravity separation. 13. The process
according to Claiml1l wherein the step ¢c) of separating the solids fromthe

liquid ig acqﬂgplloicésslsﬁed b nget\éacqorati ng the liquid fromthe solid.

accor aum 1, wherein the liquid removed from the solid at step

¢} is recycled back to step a) to disperse and dissolve precursors.

11. The process according the Claim 10, further including a separation step in the liquid
recycle so as to separate water and light by-products from the organic

solvent/reducing agent that is directed to the step a) of dispersing and dissolving

Precursors.

[y
o]

The process according to Claim 1 i i
p g to Claim 1 wherein the step ¢) of separating the solid particles

from the liquid is accomplished by mechanical separation such as filiration

centrifugal separation or gravity separation.

13. The process according to Claim 1 wherein the step ¢) of separating the solids from the
liquid is accomplished by evaporating the liquid from the solid,

14, The process according to Claim 1 wherein the step c) of separating the solids from the
liquid is accomplished by a first step of mechanical liquid extraction such as filration

centrifugal separation, or gravity separation, and a second step of separating the solid
particles from the liquid by evaporation.
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14. The process according to Caiml wherein the step c) of separating the
solids fromthe liquid is acconplished by a first step of mechani cal.
liquid extraction such as filtration, centrifugal separation, or gravity
separation, and a second step of separating the solid particles fromthe
l'iquid by evaporation. 15. The process according to C aim 14, wherein the
solid particles are coated with carbon-residue-formng materi al created by
the oxidation of NMP in step a) and wherein the coating is between about 1
and 10 vv% ght.percent of the solid particles and further including a
second he&dt n’glﬁ)%?ré’ﬁesﬁér"?%ii%doiqa@h It neheremnihte sohdrpattickt s teAmEHRhUr €
sufficient tocaghorSlegibihd- i-thi i um.pol yani.oni c. solid particles
and carboni ze the car béoﬁ?rpzdg’ﬁghig%' {)gﬁ%%tﬁggﬁg‘%ee?}f@%%o% oR et 81 d
particles. 16¥herpig e gwedng dc borvdiengiboot O @idml A Sveiiepdbdh: tdreme agkiing
conprises bet nd 3 weight percent of the solid particles. 17.
A process for pro%fﬁ%?djngu%he i Reufngy lﬁ?f%ﬁ‘t ﬁ??ﬂ‘é’gb%?ﬁ Seformpfidar aphioerei n t he
process conpransgsnhdie At £ [Esmpératude sdff&@&l%stbn&rﬁﬁﬂﬂzgitﬁéqlt%{iiuﬂlg VRNAds SOr'S

i ncluding a Ljthium containing conpound, a polyanion contal ni ng ¢ofrpound,
a reduci ng adeht™shtf \SPZWaH‘i’IHﬁ%%éﬁ‘?flo‘iﬁﬂéféﬂe\/@@@arqu—msiﬁoé—ﬁc&nﬁng Gndi@fal a

suspensi on- s@batkd ORtheRoliddpatibRG t he suspension-solution to a first
el evated tenperature to cause the reducing agent to reduce the vanadi um

pent oxi ﬂg froImthe 5+ val ence state to the 3+ val ence state and
si mul t an8ous| e P& acRedmgrtandiliion ] biwherdin thermoutmpalinyFspObataBiOihoso! | d

particles; c.  58Balabt i d.particles fromthe |liquid; and d.
heating the solid pﬁ%t ?gﬁcgﬁs.tq}tfgﬁ)éaéoglgfgﬁ&}eél evated tenperature that is

hi gher than said first elevated tenperature to drive the formation of a
hi ghl'y ¢fyst & Prasesssfar uspdncingyiat fine lithiem! bdthodemba@RA PP Ynam op: sol i d

particles. ss,. faor producing a fine lithiumcathode battery
powder vvhere#’ﬁm% Sgg%gggees?éesg%‘?‘?ﬁf?ses the steps of: e. dispersing and

di ssol vi ng paecispssing iandl WiksoDimk | piebirsers CRbRiN NY 6 und,. a.phosphate
cont ai ni ng conpound and vanadi um pe!r)_lt oxi de (V205)° i% gﬂﬁ%{f?ggﬁ?%ln"%
sol vent / r educi F§TRGEHE 2 PEIYRYPHCaniaBliRg ¢ampoznd pedicing agent and vanadium

pentoxide (V20s) in a solvent to form a suspension-solution;

b. heating the suspension-solution to a first elevated temperature to cause the
reducing agent to reduce the vanadium pentoxide from the 5+ valence state to
the 3+ valence state and simultaneously cause the formation of lithium
vanadium polyanion solid particles;
separating the solid particles from the liquid; and

d. heating the solid particles to a second elevated temperature that is higher than
said first elevated temperature to drive the formation of a highly crystalline

structure within the lithium vanadium polyanion solid particles.
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f. heating the suspension-solution to a first elevated tenperature to
cause the organi c sol vent/reduci ng agent to reduce the vanadi um pent oxi de
fromthe 5+ valence state to the 3+ val ence state and sinultaneously cause
the formation of |ithium vanadi um phosphate solid particles; g. separating
the solid particles fromthe liquid; and h. heating the solid particles to
a second el evated tenperature that is higher than said first el evated
tenperature to drive the formation of a highly crystalline structure
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19. The process according to Caim 18 wherein the step c) of separating the
sol i ds fron1@W@ﬂﬁPﬁ@@§wp%O%cconplished by a first step of nechani cal

liquid extracgti J fi i 0 ri sep i 0 . gravity
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| i qui d by evaparoatpoond, prplesphate heataimygg tdvepsohd dingavdriadives peotokhile second
tenperature. 20.The .process. according.to C aim 19 erein the solid

par L cles ar e dORORdP A FEABis B RE BRI aEBr hG: At ST 8hPed by ¢ he
oxi dation of fNNRatify Seefispinsididoldioh @b HRE elOakd Rinpetatiietitsafiscatheut 1 and
10 wei ght percent of the solid particles and wherein the second heating

step is perfor rsganiqslyent/rreueing agent énraduee te vanadimp eeniexide fromithe 8t ent to
carboni ze the cafleDshRSHIHE 3T QLithOgBLAH sHhultAahed Qlsd i BRMdidn

particles.
of lithium vanadium phosphate solid particles;

g. separating the solid particles from the liquid; and

h. heating the solid particles to a second elevated temperature that is higher than
said first elevated temperature to drive the formation of a highly crystalline
structure within the carbon containing lithium vanadium phosphate solid

particles.

19. Thé process according to Claim 18 wherein the step ¢} of separating the solids
from the liquid is accomplished by a first step of mechanical liquid extraction
such as filtration, centrifugal separation, or gravity separation, and a second step
of separating the solid particles from the liquid by evaporation, prior to heating

the solid particles to the second temperature.

20.  The process according to Claim 19, wherein the solid particles are coated with
carbon-residue-forming-material created by the oxidation of NMP in step b) and
wherein the coating is between about 1 and 10 weight percent of the solid
particles and wherein the second heating step is performed in an inert
environment at a temperature sufficient to carbonize the carbon-residue-forming

material coated on the solid particles.
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