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A PROCESS OF MAKI NG CARBON- COATED LI TH UM METAL

POLYANI ONI C POANDERS Thi s application clains priority
woaoddos221Pat ent Application Serial No. 11/327, 8¢2/USedoed60292

January 9, 2006. STATEMENT REGARDI NG FEDERALLY

SPONSORED RESEARCH OR DEVELOPMENT Not appl i cabl e.

BACKGROUND Fi el d of the Invention This invention

rel ates generally to the field of making carbon-coated

powders. More particularly, this invention relates to

naking carbon-coated lithiumnetal polyanionic

e»gﬂe g&gﬂ[ﬁm@} @AR%NJWM%D Lpi LM OUBITAT,
oXl %ﬁ% ¢%§w§¢§ he cat hode

mat eri al for tteries. Because LiCoOis
expensi ve, enV|ronnentaIIy hazardous, and thermally

T SRbon %l%%ﬁ%ﬂ‘:%ﬁ& (P8 Sp Lot ! ﬁ;mcb’tmﬂ Q&Y Ad, 41}389.,972 filed

PrUfren to portab e el ectronic devices.

kmumy9JﬂIﬁn i nexpensi ve and environnental |y beni gn conpound

can be found to replace LiCoO for lithiumion
batteries, lithiumion batteries nmay becone the choice

of baSTMMNErREﬁWEEEBHM SBAYSOIRIFPas power
tools and ele Nl ternative
compounds havgﬁﬁggﬂi ﬁsggﬁhgé?‘ﬁ ggzreplace Li CoO for
Néppblieatd.ons in lithiumbattery products which require
hi gh charge/ di scharge rates and noderate to high
tenperatures. In particular, alternative |ithium
cont ai ni ng i nor gani CBAGKGRDUBChave shown prom se in
. repl aci ng Li CoQ2. However, studies have shown that the
Eﬁi@ﬂiﬂ&ﬁ%&@ﬁ¥@ﬂea5ured charge capacities of such conpounds
TIRE €nvdeBfdn kdlass bheirallt ’ﬁﬁ@fe@iéld: af nehpecidrb@scoatedppavdany More

such battery properties h bee |caII dresse

particularky; tRm R REHTHR <Site T PGS 6&3%%%}15‘ 5Ly 8‘11%%%“ ?"W“m
into the conpound, or blending/coating carbon with the
conpound. These nethods involve tineconsum ng

Background o e Jpgentioich as sol - gel processes; accordingly,

Lit fh éHbgi% bxﬂfet(m?o@g $§ e tdeg ukdPadB6: @H&Sd@ﬂﬁtdﬂabﬂﬁlhthmm jon

em cal s such as gelling and chel atin gen &@ar bl

batterics. c BRGWNG &ICWaWWE%V% v HenpPER it & ﬂﬁ{e Bﬂﬂﬁ%‘ﬂf&“a ©,
the apphéa‘i:lgﬁg be ﬁ%.gu?ﬁ @drpﬁ’e{tﬁém{ab SleCouin®ndy N8RLRA o boﬂﬁbl@ eRBe6mi€ devices. If

ocess maki ng a battery cat hode numteri al
an inexpiuiiie soheiviweaesi IO EVRTREFB09 FRppg VP PR LiCo0, for

tithium 18 1tREYs, ARRAT fh8ttedbCRadBecome the choice of batteries for many other

applications such as power tools and electrical vehicles. Thus, alternative compounds have

‘been investigated to replace LiCoO, for applications in lithium battery products which require

high charge/discharge rates and moderate to high temperatures.

In particular, alternative lithium containing inorganic compounds have shown promise
in replacing LiCoO,. However, studies have shown that the actual, measured charge capacities
of such compouhds are less than their theoretical capacities. Improving such battery properties
has been typically addressed by making particles ulira fine, doping other elements into the
compound, or blending/coating carbon with the compound. These moethods involve time-
consuming procedures such as sol-gel processes; accordingly, they might not be cost-effective
because additional chemicals such as gelling and chelating agents are consumed in addition to

the precursors of the compound itself.
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charge capacity and colunbic efficiency, of cathode
materi als. BRI EF SUMMARY Lithium netal polyanionic
woOkMRJoszampounds possess nany attractive propePCTAS2@3/060292
the cathode material for lithiumion batteries.
However, such materials are electronic insulators.
Consequently, the battery properties of the materi al
by itself may be insufficient for practical use.
f |
ng&f&ﬂ%%% tﬁ%r{eg?gxrr%g% ?ﬁ)%{S E%{I}érx{iﬁaﬁ :}:‘i’?@e %E{S}%}?}R @Qﬁﬁery cathode
material. heor.cthmnaTmeedsemhbds 4 methodeof bapiomgsathe Nzrattpmmpemeﬁ,hsuch as
r hode material wth
cnarge obel SAATRANE SRR o BuloB Midehll 1202 Toncy.
el ectronic conduct|V|ty, and ionic conductivity. The
process for making %RR@’ de materia
over comes problens i'n making conventi onal cathode
Lithhves ik pbnzanjbbjtcf(Lm)l cempbahdepisesss nimy aprawes propsrties as the
1 ot her peeds

cethodo SalPaC S RE Chaath ARDObY: 2 BEEGE by S puisors

Consequéalyt, @i/ baad pﬂs@eﬂﬁk ef iled mafbhial py dself smaydrepinisisient f01 practical

. Moo e TP SR Y SRR 88

describedB¥ERL TiR: rhsmaasane@aé edatlnyRh ppmipcrwdeﬁddﬂi 4 eibddageousheating to
process co rlses car boni zi ng t he coat owder

LMP .
form & FitBatio oG O P CUSH OB rERar il SO TERS] STIERESY, dbtronic

conducnbi@? t Y idiad I&Qﬁtﬁmﬂﬁ'&)ﬁr I'Bde PRes) GAtmbERE L BAGKIOT daﬁioﬁﬁ material
O-fold that of the respective uncoat&r terjal. In
overcomeg B RIDRE Aenveatioudl thods maEe Hﬂgﬁmewe hajigrées. The

process i 8L byd gkt @ LMP powder conprises precipitating a
car bonaceous naterlal on the LMP powder to _forma

Thssg agd piiger E@W{Qéﬂ thape #Heradsesspdsiy Wpﬁ)@dé@ent by a process for
making Q%‘éﬁ&g‘ Zde thge g at Bk %ﬁ@eﬁ%@ﬂns@@ ptREdiR@ReEL l(i%’&owder The
rg

capacity of the at | east
process figthemcdnuprisse pregipHaense ﬁ@rboaaq?etlwﬁteaﬁl othihed MF pgvdpeto form a

coated L Mér Aldbt bR Gle HocBsslMRRuoek &@lm% ﬂ:t%%ated LMP powder

pl1 tati ng a carobonaceous mat er 1 al
to produpo\me Foatt@yfqaﬂwﬂa neaseriadd Whpitp SvdleattersT hethedst ﬁ@éﬁrﬁl §as clectrical

conduct&?ggﬁbﬁglﬁ AP &%&1&6‘1&8&@3 ﬁggtéﬂg’ powder to

rease the coulonbic efficiency the LMP powder by
Iatanb@as tmm%mefﬂhe rhgghedof ngrdaalslgéhn bhmg@capa@%e pf a LMP powder

A
compnses %regﬁ%éaﬁn%/ Bl ESu LR GE Eﬂltﬁc—,a d ta| ggsfoﬂ'ﬁ Qfited TMP

on i'n order that t
powder. dé&ermpﬂmd ralsmf cdnygises wertonzng Het c¢mdl bI® paydpeto increase the

chargec%[%ac%tx fﬂ{]qg\{? o%gerlﬁia hidPP@, features and advantages

bé "descri bed hereinafter that

Iﬁ@emt filrthes albpeditment a mdileoddfbdnosagdig thh eonlowdnt ¢ffiniendst of a LMP
powder corggl)'lnses %?ecu? B 11%: aactar onaéfeous material on the LMP powder to form a coated
LMP powder. The method also comprises carbonizing the coated LMP powder to increase the
coulombic efficiency of the LMP powder by at least 10%.

The foregoing has outlined rather broadly the features and technical advantages of the
present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter that form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and the specific embodiments disclosed may be

readily utilized as a basis for modifying or designing other structures for carrying out the same
.
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those skilled in the art that the conception and the

speci fic enbodi nents disclosed may be readily utilized
wao@/szars for nodi fying or designing other sPCUAIS02860292

for carrying out the sanmepurposes of the present

invention. It should also be realized by those skilled

in the art that such equival ent constructi ons do not

depart fromthe spirit and scope of the invention as

pos o SR e EORERE L R BV BRI e

equivalentRbaétRictions ésrhoddapen tﬁS)nDﬂletSbEntI andenopeoor, the éfvenéorcas sgf farth in

be made to the acconpanying draw ngs in which:
theappenqga @#ES1 is a conparison of the 1st cycle potenti al
profiles for the carbon-coated and uncoated Li FePO4
powders that were heat treated at different

t enper at UMEFMSMRE&OFI"HHEDMWG& di schar ge

R A L s Lo

now be meﬁieftﬁﬁieei&oﬁlgm%’lﬂﬂ{vﬁﬁg,s I?Pﬂldﬂ' GURE 3 illustrates the
apacity and coul onhi c effi cienc

FIG})%@ |’ﬁ '\a,gwgamﬁ 8yc(li9%e éiﬂ é)gf;ﬁ%a gogrhg& ca:rgcgn—coated anfl

uncoated IFEPO} d&Y BlaB FereAipdt trdaiadRit dﬁftrlehmmpaﬁa&ﬁest el
capaci and coul.onbi c effi cienc 1 atrbonbcoat d and

FIGORY 2illogpyics Fisidi KDOtSS SaRacHy MEBr AT e PEE ToR RDRT

uncoated éxP‘ei?bh' 135%@&%‘ $had Rerafdal trivedd agrroenf lehperatirest hed 1st and
cycles for a LVP/Li cell durin ;:onstgﬂltf curre

FIGGEE 5t Plosivaton o dpaai) TEyePenhccHIP PG it COREER fitium

R bd at AFekrdTh GREs; Gnil| | Ustrates the cel |
vanadmm%%%rgﬁ{ee '\ﬁ? gs at at he ist and. 10t h cy

cl
FIGIMALﬂumm the rsamglt:cm%@mémfff@ﬁl@n@cﬁe t*Qﬁe1*“~F*Ifé>ﬁﬂ-mﬂf“‘»‘d LVP
(C_va)é(} q:]dgggt d/iﬁglteﬁ c(eQ\Q_ndchar gi ng and constant current
I'schar gi ng; E 7 is a conparison of tlwi
FIGARREG iStillestrates e fcfalé wemgweﬁt%r@aﬁbéf‘e?% gt d At %Dﬁffézf%a VP/Li
cell dunnflcg\{:%inﬁtgg{ g.g—gbrx{xg ??E? q.Eé’r\L/ Bons®Rd vblisRORCel %ﬁlr%ﬁgea%d cbi&antAcurrent

VP signifiés that t
dischargimgaetddnaceous- coat ed substrate was stabilized in air;

Hg{%%ggls' @cl[sﬁc §e1 gg Blzcﬁﬁésoz& e § 4 aﬁh 4 bﬁﬁtc%cleQ Poria @-l'LdJP/Li

acity and coul onb
cell dunngf(folnsuaﬁmcg&mﬁt (Cﬁ‘,&; Ihm; constant [VoRagd €CY) Gb@’gmﬁtaﬂ& gopgpingurrent
disch % s in which no additional carbon black was added
ischarging, apfle o ectrodes; and FIGURE 9 illustrates capacity

FIFURE ol fis0 a‘mompeﬁéunc o redativef capheitien rb differeritcyele (npmbers among
uncoated LVP, carbon-coated LVP, and LiCoO; electrodes. The "A" in the legend for C-LVP
signifies that the carbonaceous-coated substrate was stabilized in air, the "N" signifies
stabilization with nitrate ion.; and

FIGURE 8 illustrates capacity and coulombic efficiency of the uncoated LVP
electrodes at different cycles in which no additional carbon black was added to the electrodes;
and

FIGURE 9 illustrates capacity and coulombic efficiency of the carbon-coated LVP
electrodes at different cycles; and

FIGURE 10 illustrates capacity and coulombic efﬁc1ency of the heat-treated LVP
electrodes at different eycles in which no additional carbon black was added to the electrodes;

and
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el ectrodes at different cycles; and FI GURE 10

illustrates capacity and coul onbic efficiency of the
waeai7/8raat ed LVP el ectrodes at different cycl e6Tius2007/060292

whi ch no additional carbon black was added to the

el ectrodes; andFIGURE 11 is a conparison of capacities

at different cycle nunbers anongst uncoated LVP,

heat -treated uncoated LVP, and carbon-coated LVP;, and

FI?E%{:J';EH %s_l_z?)lf%n% e at ]%%éab;%? u%lg%ge tﬁ%ﬁ%&%gﬁoﬁgatﬁ@omed

LVP, heattidateior@onsd AvVe, @nlat bahbn—(:@@d LVRemdconst ant vol t age

el DR ST S b SR8 B e

uncoated-CHMPPONcdNl @Glag andtatd aﬁféﬁt 1(3(:) |thess toratans vobdtge BNt céo@egmg and
profiles at. the nd | es for t tr
constant {iprontGISEGE BB AREN S0 FR: SRR Pfe o SRRp el catbon

black; and/oltage (CV) charging and constant current discharge.

he -LVP el ectrode does not contain
I 3 etescetl Yo ERErofn o dPda Ch YO for heat-tratec:
LVP duritlcbRGht REAEA( ?Cfﬁh&%n&t%ﬁt wlegd QCW) eyadgess Al coastant current
car boncoat ed- cel | durln constant ;rre

discharge( @bp HE-h¥® desiods ﬁ?ew’tﬁ‘a}&ém(*’é% Pnst ant
Ff(%}?j'é? Al jghReharas @éﬂ vl Proflks @ﬁﬁxe Cl@ﬁézdﬁﬂth Qz%lks’ifdﬁ a carbon-
addi

i onal carbon bl ack. TAI LED DESCRI PTI %gi '{1 :
coated-L PREF RRREDTENEODFIENTSTN (G658 FoRgiARt volt ) Fharging and
HZ;?%]E | e PRYrRIR dREERABHaRYaddRlonRl QibsH Blgcka
constant ﬂ?‘ﬁﬁm % qg%?yanl onic (LMP) pov&‘jer ° b)
preC| p| tating a carbonaceous coatinhg on to the LM

PASBEAIS, ERITeRAION ShTPUerERARS ElmpheRNEEND

er to produce the carbon-coated LNP
Itpawdambodimcm,naé:tﬂﬁom pathede materiglvmayohs SFepgesy s @) providing a

lithium ‘% gpho f : s?t USI gxy%zﬁﬁ S&sz%rggpﬁénng@ chBnRQUEEEABY Reto the

action. In sone
LMP powddradi ﬁant@atﬁﬂhbMHvﬁbm@mtd end payatbenigipgt thesiopisd MR ppwder to

produce il?ﬁ) ﬁ%?gn-g%ltt%cfl %ﬁ OXLE get hlognv%rﬁl%b@qﬂgﬁtc o "fg&lf'}%wder may be

conpound cofrpoun
synthesxz[aﬁl yIalﬂls@'ﬂihEmZﬁ)g‘mﬂﬂid $MH tpewﬁhemmlbewbpmpbﬂ7@§@31ng any suitable

st ESERL 0T 26, 00 PR B0\ TR My e

reaction aWih aﬂﬁiﬂuo&nﬁﬁ)ﬁnoﬂiti esthdithivel ycoogioneds) atmpjt c@spmnds, and
ponio SO0 e SRS A By i
temperat{&y R isstddck aille @ethpédriuied ejizty lmmbniwtmmm:ourt A09I2ambatent £000°C,
s G RS s PP S50 S S SRR e 8. i
suitable conditions. For instance, the reaction may be carried out in inert conditions in the
absence of oxygen.|

Examples of lithium compourids that may be used include, without limitation, lithium
hydroxide, lithium carbonate, lithium acetate, lithium oxalate, other lithium salts, or
combinations thereof. Additionally, any suitable metal compounds may be used. In a specific
embodiment, the LMP powder comprises a transition metal such as, without limitation,
compounds containing iron {Fe), manganese (M), cobalt (Co), nickel (Ni), copper, vanadium
(V), chromium (Cr) or any combination thereof. Examples of metal compounds that may be

used include without limitation, metal powder, metal oxalate hydrate, metal acetates, metal

-4 -
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hydroxi de, lithium carbonate, lithiumacetate, |ithium
oxal ate, other lithiumsalts, or conbinations thereof.
wadadintosznal | y, any suitable netal conpounds mapCiaIS2007/060292
used. In a specific enbodi nent, the LMP powder
conprises a transition netal such as, w thout
limtation, conmpounds containing iron (Fe), manganese
(I\/h) cobalt (Co), nickel (N ), copper, vanadium (V),
. chr.om.u C tio e f
oxides, ol EagHs AL o Rt SOPBSARRAE otclE] St o SEARRRRboR! tat e

referencelM’tinalmlfeprmmlaﬁ:sx\mmmomaﬂ oxal ate hydrate, netal
acet at es,

Fupthet R, Ay ?"6%{310 g;ag{ﬁn Ccn%pouga? gn be U nd{e%:s kﬁoozﬁlﬁ?&w may be

used to P@hépice nen M Mowd&rsl_ I\/F’ry;eperlb»s ghé sgoénydrmmst may agvgitain owithout

s tal . Fur nor e I C d
s S O3 LSETBEE g B SRSl 2Tl PO i
fluorine @)NtRBELE @ChHhe ddibipaivier thered piBxainples dﬂmdpqio}ga!mamﬁsnclude

without. Bytaian| BOsh POy S erti0s(ARFO% I AP RaIAICA 2208t RHPe

combmaéo%)s thEdeBP! iotBer( FOlyariBAOEHal @na(}cbé u@éd txoﬁimmaizm LMP powder
her eof . Exanpl'es of such [o] %n i ncl ude,
include ¢ rerymiens sugios o1ds; 07y TGy and the g amPleS of

phosphaté\?cgnﬁ) ind NGB ndy be Ds&R mchﬁ@ﬁlwﬂ:houtommﬁﬁm Ralh@ism phosphate,

eof . Ot her poI yani ons that may be use

phosphoxsgz o ditiem; PhosDIES peReseRate fafte o SWHP?%%‘S(‘%F")M It is to be
mdersto%t%@%@@éfe&ﬂ@‘ﬁ%@l\@ refrbdonis. an{lsti@able fdlfadifie | | ke.

anpl es of phosphate conpounds that may be use
Witledut disnitatiom ssemplepiof &M ROWEpHHt mﬁyﬁﬁ’o"'é’BWﬁ?%ed md“de lithium

iron pho%ﬁg%odffgff P idu! rhsﬂgaﬂgée%}ﬁ%ﬂﬂﬁé Phati8rSatid phosphate

nati’ons ther eof . isto be un erst ood t hat
(LINiPO#)h élthuemeuéantsaahosphatm (IumnPﬁhbrIéhwn yapadiumg (phosphiate (LiVPOy), or

combmaﬁﬁlllsy %@fe%? g{an&ﬂlgg bAt! go@?&@ﬁ%@tsmﬁfz HeMOnRRWEE! $nclude

be synt hesi‘ze |nc [Tthiumiton phosp ate
Li,M X(NW)EEMM iy anyrsmuahlﬁrmagahes a0l i amestql |or prPOadtal or metalloid,

such as %’h 2%“ m{ & ,? %% WP% )?pz{ﬁ%.t ﬁl(el'lh{gl gﬁag} ’thé kﬁ%hl:‘ép igﬂlthﬂlatsuch that the

i'um phosphate (Li VPO
resultmg)qom;ibuﬁd}mwe plattransallyhentel spefigs. t Fays, anvagaphhasatiph <Lf lppetal cations

and pol O'ons? éa;n be %‘ilzgga % c%%Ju%Xﬁérlg%%h%ﬁeddlkagéeH %?ocesses

Tn an embodiment, the particle size of the synthesized LMP powder may be controlled

to produce a desired particle size. In particular embodiments, the desired particle size of the
LMP powders is less than about 50 microns, preferably less than about 20 mricrons, more
preferably less than about 10 microns. Without being limited by theory, controlling the particle
size involves mechanical mixing, milling, spray-drying or any other suitable physical or
chemical method. 4

The LMP powder may be coated with the carbonaceous material by any suitable
method. Any useful techmique for coating the LMP powder may be used. By way of non-
limiting examples, useful techniques include the steps of liquefymg the carbonaceous material
by a means such as melting or forming a solution with a suitable solvent combined with a
coating step such as spraying the liquefied carbonaceous material onio the LMP particles, or
dipping the LMP particles in the liquefied carbon residue-forming material and subsequently
drying out any solvent. The carbonaceous material may be precipitated on the LMP powder by

any suitable method to form the coated LMP powder. In an embodiment, the coated LMP
. 5.
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Li wK(AOy)2 where Mis any suitable transition netal;

Ais a nmetal or non-netal or netalloid, such as P, B,
wai2007m822AF ; and w, X, y, and z are integers i nPCINAIS2007/060292
chem cal fornmula such that the resulting conpounds are
el ectronically neutral species. Thus, any conbi nation

of metal cations and pol yanions can be utilized in
conjunction with the disclosed processes . In an

enbodi nent, t.he part.i si ze. of. Lzed L
powder mﬁblv'\ﬁlg‘?mi‘?g}’yb‘i‘s%%éﬁ?g gtfelcl]élgmt RIS &rﬁ%g Ssﬁégéﬁ (rﬁgld parf%’%lae MP
powder slﬁsipél%ior}-n ﬁaédik%abafmugemm_' 'mmxtysl ﬂ:xdrr]lh‘ee ddded dol tharkyp| powder

. slze q e owders._.is |less than t LONS
suspension e s 55 11858 TRREAP RO P eet s el i o pRefidRon the
LMP particRS $n ile@artdbattous OMR aligante. Thel dashinatmiug golbifion mey bpyprepared

) theory, controlli ng, t he]ﬁartl cle size invol ves
by dissolvipga R Eareays Maga 1 4 $9%g% spray-drying or any ot her ,

A ﬁg&iﬁkﬁfah? BB ineAlod ¥ fEleiRE Galnifeiiodting bea biBopaaoley material
) .y be coated with the carbonaceou teritﬁl %acgr#ﬂme
is to partiglyi eragslestively ERFIPilaHR the SETFNAGQRh PP B EFTANG F hE
particles. EME oRWEEE A0 BMI0R8: #5880 a cBicap@itedlsoReith bftiticicathonaceous material

exa#p es, useful techniques include the stn.ﬁ]g

. of
in a suitableabiont frgloPHEd SArBTABEE 1B° AROBRISPUL AR ALRAD & Blent o 2

combinatift o@l{r&ﬁgiﬁhﬁ{es&ﬁfeﬁ?aﬂgvéitos:ﬁisklwe‘yl‘l IMalsib@aiizl p&ibibs of the coating
sol'vent conbined with a coating step such as_s

material. (ke befudfira @ carlisBEos SRR FICAE TSR B RO TRNE raterial or
coating mlg%a%ié%: gg,i’{so%xfaé%lhsdéugﬁ’ Loghit R, LMEnd utdotihgSetrihydieuran, Tetralin, or

on resi due-form nsg mat eri al and -
naphthaleselbsegrederrddy dhyiratp of thasglver(s) datthe TR CRageREH ALY n the
: terial Q-@%ﬁﬁ eCRidrAsehnpdibd 8o MR 1RO WEBbnAEodNMhaterial
solution & g, sapcld %gffﬂ{g g tﬁe coated LMP powder. In an
completelgmbo ditmpsit cortbletclyo alissclvenpiontier splgnthe Frpigally, e solvent to
di sper si t he, D j i L@ HeEatifd
carbonacqRyE RN S0RAEY et Srap Sty BRCh o B ahitletaltonaccons
material Wadisdohesd inethaddbant et & embdvRupoHersris bgloge thei beiling goint of the
m xed so that a portion of the carbonaceous materi al
may precipitate on the LMP particles in the
CeadhanRa eoluSenshhareix tthir elvehhéo-salntsontrisdess thayl 431 prgrpommonly

ybe prepared by, dissol ving,a r i o
T
the pitch & M@hlﬁﬁ’olﬁb@@ﬁrh&’lﬂgliﬁ_fd *\ailtlﬁ: dichoiene o lyrat-6r-piddh fagios of 0.5 to 2.0.

. partia ar. sel ecti,vel y precipit at e GAl: c
Ditution Rt S pHTE RS s B PRG! BB e 2l B8 Hecga@ibaccous
material Eﬁ@é%%@ﬁlbkesrgaﬁtsfimpbm preEipil&TiOI} af themaﬂ:rdnatlmoedn‘@tﬂn@i [ Eﬂlen this
~of the carbonacepus material.in a suit vent -
o S e B LS L A TR i
act as nuSIRhHENited Forfthe Ppddigiatiban Thk rewitie ah espeialiyamifohedoating of the

above to dissolve all or a substantial portion of the
carbonaceRusrnFgishendhs pArticlhen petrol eum or coal tar pitch is

THE ©daid D6 SEMRAMP §aktibies -0/ B8 AiEpliFa 1S indling® theqmefidleginto a
material, "e.g., solvents_such as_tol uene, xyl ene .
solution of ¢arbtriaseoustraateriahyineeily - Brhon the LY Rartigles are added to the solution

of carbonaceous material directly, additional solvent(s) is generally added to the resulting

solvent.

mixture to effect partial precipitation of the carbonaceous material. The additional solvent(s)
can be the same as or different than the solveni(s) used lo prepare the solution of the
carbonaceous materials.

Tn an alternative method to the precipitation method described above, a suspension of

LMP particles is prepared by homogeneously mixing the particles in either the same solvent
-6-
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napht hal ene are preferred. The ratio of the sol vent(s)

to the carbonaceous material in the solution and the
woenp@sztiar e of the solution is controll ed so Phatustdee 060292

car bonaceous material conpletely or alnost conpletely

di ssolves into the solvent. Typically, the solvent to

car bonaceous material ratio is less than 2 and

preferably about 1 or less, and the carbonaceous

mat eri al di.ssol ved in_t ol vent
w10 95554 B o BRI e S SEREIBAS o i
different W&e Bl & dfeﬁ&d&aﬁpﬁhﬂrﬁ prezrablyrbdlm ﬁs@bmhng pbmt ebthetselvent(s).
ratio is s than re conmmo a
The suspaian, Phite LN PaeEi (Gt HEPERT AV (oY iy Rt el tprhongpeons
material, fchﬁ@in@% YrtBR Spothet &if Nthe hrina€dbuk Smhﬂeglall Yo siehesil substantially
m xed wth the splvent at solvent-to-pitch ratios
uniforralyggm *@GEUEf%Pezof@e BMERartgiesof these flux mixtures with

Thd GoB BBt VARAL cBémidalS @bMPBiitibi s¥hitleh chi‘&ﬁnaceous material that
carbonaceous material is.less soluble results

precipitatpnpats 4bo ST B £ YR BFIFIRE IG5 HA CUOREIR PE[He grubonaccous

material ?itacteéj bt UkdrR R S8 u it GHH Rl thBNd Qe (Sn ﬂfﬂ: difference in the
pr Sen a suspensijon of LMP particles

SOIUblhtYpﬂrth‘P cirbanasepumatsiial Bothe fyjtial sobutionpgnd drigghe ﬁnal solution. When

the carboﬂ5cee%h§)'1ﬁ rjia(? ris aTﬂh%gr Q344 fankss 8 nﬁﬁ&%ﬁr%&%ﬂ%’e&@é Be typically

ating o he carbonaceous material on t articles.

present. 'Dr@ skoldad mgtueaaybwoukd refeetiadPtheh pastial E’é,ec@ﬁﬁu% of gyl @ dnaterial

would frg)éﬁog% g atgg 6% S@nﬁég tasg:lb gleﬁ?hé @tr&lﬁ’.té@vwlvd‘ebtrl]ﬂ@ Bg le_lﬁ/%vfé)é rhi‘l Thc meoéecular

weight ami haw dehigm ondlieg swmmandrthgfre@ammade@% viealde pe gplatively low
molecula{ ng a%%cy 11)%%?%#%&?&}{&9@%&%0& S tHeSiadlpcpdded to

|ng m partial  precipitation
Thé sbhbﬂrtgrdfoﬂnaoc@dwanmue ratkrial Thie a sgleént pelment aropajepnt spixture

depends l?gea Ya&ep . egai%gto 1nc5uc€ﬁﬁ)f§)§' mﬁa?hg Nednl tﬁlﬂbxe%ﬁgeramre and

are e SO 1 on O car onaceous
pressure. TeA L ftateliScarlier, dilutdit ef nalqenea’fn@ tfherdsdbetians 633118'35 SOlllblh‘[y of the

carbonac%mgmgt ?lttlf)g:‘lgcrig%eg ec1 1 a ro'g%%%eagoa\ég 1sa m PR t‘?}t starting

honogen ous
the procdardti aﬁql elkvatdd ed:rhbﬁatutd‘l enc‘.s @rmluahy \lewem thd teofpsranrehduring the
sol uti of car bonaceaus nat
coating: RFPen {16) BROPHA AR APar ot Eoramat SRR PR beoduced

pressure bEAREA BlfieaturelFT206@bEIC e bt t4be°(h csj adjgstmglmst tond] rbfiveof the
sol vents). The suspensi on of fhe artlcles

solvent @ FRERVVIEMS REIeEel 814 R GPIALaR OMBBRBE iy BiAl ot and

.chemlcalc |R8icR Taht dhBoRREbiOMartial hRcipantee lﬂx'detﬁ@ I PRbeicialcan be

eposit substantially uniformly on the surface of
cmﬁﬂﬂhdhe LMP particles. The total amount and chenica

THQ RN bPRa@bnidA6uC ARONPEEAME cHRREL L ME pbRAEr may be varied by
precipitates onto the surface of the LI\/P particl.es

changingiibp empynbef saheenp vsad tordisplvertbe eabprasaeusoraterial ad thy amount of
solvent Lg Sﬁécgblﬁwsaﬂlgl?’f turs! Ol Qﬁoéﬁlo'f tshRBut YMH Gyl B b Brmount

on t erence 1 n
suitable to prov1de a desired coating. In certain embodzments the weight ratio of carbonaceous

material to solvent may be between about 0.1 to about 2, alternatively between about 0.05 and
about 0.3, alternatively between about 0.1 and about 0.2. The amount of the carbonaceous
material coated on the LMP powder may be between about 0.1% and about 20% by weight,
alternatively between about 0.1% and about 10% by weight, and alternatively between about
0.5% and about 6% by weight.
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solubility of the carbonaceous material in the initial

solution and in the final solution. Wen the
woanomszaeous nmaterial is a pitch , w de rangeBCofUS2007/060292

nol ecul ar wei ght species are typically present. One

skilled in the art would recogni ze that parti al

precipitation of such a material would fractionate the

mat eri al such that the preC| pitate would be relatively

It }fn'gq{ %ld%gu' a\{v?h gcht eona M ga.l[;Be J:lst t]hQ 9041 n %r the LMP

nung so Fes woull re atlve
may be mmhaenﬂl avhicke ik tlandallyaleeommsgwrrm e gﬂmphﬁre "éb?rﬁ?é‘?%rzamn

temperatmé ?tl Jéﬁ a(g 816%551:%1[ }epniper%P.\re Hﬁ%s %%sli'@el vlzlf:é’h ﬁf“ ﬁﬂ@@antl ly cartbon™. It is

I'n a grven solvent or sol vent
to be undafistobdi tieat Geybsndsaliyncasbondrinditajescthatf the repidveiinet leaitrR§ o pppveight

carbon. Prgfegrtnﬁ v uss AL GEAE %I[.a{t E)snérg E5RLE ma@&ﬁlﬁfxﬁsa?éjéﬁrablé%f being

earl I ér, concentrat ed f
reacted wilo hmbmdnmgcagwe fr@gmﬁmmnoymbfm@h@ hesehwitine bighgnelting point and

a high caz uﬁ ?{t]aif" Lo Oy ST &e%&%gc{sﬁfo% L}Wﬁhﬂt' 1R Rfon! 8GR dfN@urbchaceous

enharnced the process at an
materials éhdwdd pelrdlany eitalesr @darhldmglahmmﬁs pitthprerdah tartiishes, lignin from

pulp md%sgynper(g @glegol%ﬁ%ﬁlsﬂ% I) %8%1§§{§h&%e RELESHSS - InTg't‘ﬁer embodiments, the

ous eria posited at eilther
carbonacé&n inenériad imayedugede prresbinagomntiorgania comppendsspeheasyforylonitrile

b
. SRS, Ao g LI i,

onaceous eri a
carbohyd@aed ﬂiateﬁalst app ek adug#e., Edpecibldy @tefarﬂ;iuﬁm: wa s cdpe g apaterials are

t| on .of t carpaonace
pevotus G GaL o b el E RN MR the RLACAEA L BLetha o ve
effective axadatbon asstbesonuihe magdrialsoat ed on t he LMP powder nay be

varl %}8 %0 A %1 bé NEePEP Hg%ol% tﬁ@ @Bltli]clééﬁjﬁfa%ﬂal Without

e car onaceous na e anount of
]imitauoxgol vemiplen tdfe ceitdbdeacebwestsl Mnglidet urelenthe benernst dpluene,

sol vent use e nmoynt I r QVi A s
T
quinolind, atdt@h9droti@hio n&@ﬁmﬂaﬁmaatz&eﬂoab tcgzchabbm&t ﬁhylbewater methyl-

bet we t o .abqut ernat |
pyrrolidaggy, ﬁ@“ g]gsugﬁ%e B otPignagions ey n%at ﬂ?’ IR Y)en%/ n?aé{}’é‘%g[ﬂe Same o
different Ghdn 2R s@é@@hﬁlo@ lﬁldehgadafﬁ)lﬂrﬁ‘fn tie LMP pawiden a@enfson Without
hmltatloxga e}cggné% ]géﬂel %%ee e%vs\%?l[ %tmr@g‘% glbge Xylene,
benzene,35Qbke, Q‘e&%@ﬁﬂcﬁﬁféuﬁﬁmﬁ/@ blyuﬂbﬁh@hétrah&&d)fﬁhh,eiaphﬂllaleeb,)acetone

‘bet ween about Q. 5% and_about. 6%.b
cyclohexgpg gt grich: Wé’?hyg‘ﬁé‘ﬁelé‘?"é‘&n R ‘ﬁﬁ&%f’? mb&“&b‘?lﬁetgm
Ad¥si QP tdidafRéntd NEcE iBadig: any tempehingd ofhibeh garbonaceous
when thermal |y deconposed in an.inert atnosphere 1t9
solution pReHGrPIAHEE il %%Mg’gmwd@r BB Bre © G EpEous Solubos may be
heated td € fﬁg@[aﬁiréhr Lot QBB BoC]S LBMR 4000 |'1111té1$1at1 Sbandtoat ’V(Y’C to about

is to be understood that "su st anté(g h
300°C. c‘éﬁﬂi@ﬂf beinglignitcdshyt Thgervs the (CEWETRES 1Ray,pe [MELRaP ove the

solublht_xy\@f @b Ea%@ﬁmgus Raehsr ng %feﬁfboﬂft@en@%h&m ]Iﬂﬂh’d@h@dp'eﬂél&l and/or

re carbonaceous materials that are capabl e of bein -
the carbonaceous solution may be heated before being mixed together. The L powder

suspension and carbonaceous solution may be heated to the same or different temperatures.
The LMP powder suspension may be heated to temperatures from about 25°C to about 460°C,
alternatively from about 70°C to about 300°C. In another embodiment, after the LMP powder

suspension and the carbonaceous solution are mixed together, the carbonaceous-LMP mixture
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reacted wth an oxidizing agent. Preferred conpounds
i nclude those with a high nelting point and a high
woanioms2arel d after thermal deconposition. Wt ROUAUS2007/060292
limtation, exanples of carbonaceous nmaterials include
petrol eum pi tches and chem cal process pitches, coa
tar pitches, lignin frompul p i ndustry; and phenolic
resins or conbinations thereof. In other enbodinments,
t he, car bonaceous ial, may ¢ ri ' j
may be begtedy 5 Sﬂﬂﬁﬂﬁ%ﬁ; sﬂ%ﬁmﬁ%xg’%%ﬁgﬁ%?ﬁ?féggﬁgﬂﬂggﬁ%hlabmﬂ
25°C to alifl YOTICY hbéthitivele fomaatiopt T Cotoaboutr3@eCyi ny|

compounds; | 1 ul ose co ds;, and t .
ThepaPPAIES o410 CHUOBHAPE LIRS FRPa gy B Y@ fiata portion of
the carboResiRahatBgal PréEpitatsSom fccthp €IMP pewitmiodonn al cattaimaceous coating.
. pitches_ and |lignin that a_ﬁ_&}; ead%'uIE%l avaii’el Qbolied §ng ,[Qrzgllveemture
Tn particnips qmisgaeadbE SaRonassouttiWe "HEM Ea B e “O01eA 1O P
between db88 (FESlIQLBRNDOAB! AfdrdtivelyAe¥veeriaball 20°Cahd @abbutrdyCbe
used to di ssol ve the carbonaceous na%fghlf)al W t.hout

Ofgentaated; 81, costeanbMEsPOT I PDABT ERIRIFERPE i ethpaaccous-LMP

i | 8¢, suiERE e BRthdP! UeHGmple8t bANYKILHIE apivititalse Agolideo | filtration,
e éi ﬁ}gos#t under the traderr;ark Tetralin), decaline,

centrifuggtipn; wdivesnigigonand/ereclaiBeaighy dr of ur an, napht hal ene,
2SS %xébe&ﬁeﬁ'Eﬁ RO Roatl NP HRIRE mdEbé YikiRY b Olehr @08 @esidual
car bon disulfi

dé, or combinations thereof. The sol vent,
solvent omtie lceated @agintes. olhelicpited dMP PREAeE FeYShfsfdef Pgipe any suitable

A t Gry P RRYELEH cBHS REARIED BryitW, bRetfirying,
metbod. ilt%gétg%%gn’e%é lggsmgf [ qnl}i ds su?t abl e for
heating, s wepbistions thérephe LMP powder include xyl ene, benzene,

tol uene, il | . Ll BEstatl 0 iR eparation from

h} Se%ea%‘_@b rd(])]? %Iﬁtg’ni#lg ﬁg%%? %mﬁ%v:}@%fc e%}one_ , . cycl ohex an%,
the carboiidesns- LR mixturwe tSatikipyion ehdydoslade beetibs thadeostad . ME powder for
or .combi nat i ons,. t her egf di t1.onali. 6FROdLIERES 0.5% oxyeen
a predﬂ‘?rﬁ%?%gmglqoﬁgtr ggsfil%la Y hg ?eéaﬁgeffl %{tu “e of the car Bonaceous )
environreal. UTd @n epfbodimédrn, thexdcatedibMR pdveler MRypbeowgiabilized by raising the

suspension.., T carb u -Uth] b o
e
and holdid Elengbipéginyref beaweababout700C sl abHL, AROGGvely bétpesn about
250°C o eblic B, R Rl REG AR RN cBE dout 5 minues
and abou€ 3HBARAGIERLEIVEBL Btivatn ablalt &5 nendtedamisabiont 2 heudsMPhe stabilization

powder_ suspension and/ or the carbonace S i .
temperatiyg HEHGRP BEF GG AT TS T F BB OITRS c%%gﬁ‘gé%ag?‘*‘mﬂ'
The exad YSRERGLIGA AR SrbAIAANGRSEN dspad ot thotermpyratoes ehthepromrties of

the sane or different tenperatures. The LMP powder
the carbogigegeun S8 Enay be heated to tenperatures from about

R 2préBrrad SibofiGE thé bb K BMPY Sdwddr iy Bebdberted BOBe tpoesence of
about 3000C. | n_another emnbodi after t

c 0 G . nt, he. LVP.. lauid
an oxidigieg\eent.s A8 SHEDMOHAT EREREPBORAREG B 81 hitlihoHfge » haw

idizer B8 § QNG oxiliREr. C TP GRAGREOUSKY MY dHdXdrUsiE TRy be used as an
Omdlze.;r’heat ed. Q‘%he car bonaceous-LMP m xture nay be heated to
oxidizing egrpér at ures from about 25C to about 4000C-

Tl GLAA e bgwaéﬁﬁhfﬁfgﬂﬁ)e LGni 8. 38aHbN3RARGnay be accomplished

by any suitable method. In an embodiment, the coated LMP powder may be carbonized in an

inert environment under suitable conditions to convert the carbonaceous coating into carbon.
Without Himitation, suitable conditions include raising the temperature to between about 600°C
and about 1,100°C, alternatively between about 700°C and about 900°C, and alternatively

between about 800°C and about 900°C. The inert envitonment may comprise any suitable inert
-9
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The tenperature of the carbonaccous-LMP m xture may be

reduced so that a portion of the carbonaceous materi al
wonrewiogetiat es on to the LMP powder to forma PCT/US2007/060292

car bonaceous coating. Tn particul ar enbodi nents, the

car bonaceous-LMP m xture may be cooled to a

t enper at ure bet ween about QO0C and about 1000C

alternatively bet ween about 200C and about 600C. Once

coat ed coated LMP powder - al -
gas incIIfE BAEEGECOUY: EREPRTRE: By Ry CRPT A e g binations
thereof. Bhag'@hl‘ﬁﬁmﬁédﬁhh tabbecoamtd DUSP poetars endyi Het usad iapm, battery cathode

centrifugation, sedinentati and/ or clarification

material igjithigpy IgP Ratierss O ARHPCT té*’g@d‘g?ed LMP powder may be
THE baSodsQenhtiaHents Sﬁtl‘léttﬁbce&Q lvgfibedabdvbanaoaseble used to increase
particles. The coate LMVP pomdeﬁﬁrng% be dried # qg be
the batteghprapgitiegsifer kM FIW Wt Hi artioulArs i Bferss RIDRSTHSS thpt may
mcreasedﬂérxﬁhﬂﬂo\réatdm@& 1hB Chptley 486 Wy TR MG cfRR¥RBy G YiTNP powder In
eatln%% or conbi nations thereof. In sa

one embodieenly HeRIPENE WP Y B BEHe bt Lot pot 105 pretecably

t500 o dr0 Prd BRLEARY AP REEOMuL BT K éﬁcﬁher embod:ment the
byzﬂla@fgﬁﬁélgg?lon g%i |n§ﬂﬁ9e heati ng the coated

coulombiscmleiensiopt & VB REPERITBArRRSUAY bleagt 2paut 1O % H@é?rﬁk}ly by at
least aboqf‘Pi/%, é%gwg&bﬁbﬁ&)} ﬁiiéaslé hane 9s4% oxygen) environnent .

I ment e coated LMP powder nay be
Tt fitsihicr Abestiale variayisnglustiiivecerphodifgnis ‘tfo"hﬁe?r\ﬁé%‘ﬁ igygien. the

ﬁﬂk”““é%%%@?&%ﬁggﬁgﬁi al ternatively between about 2500C and

ng the tenperature between about 200C
and 4000C, alternatively between about 2500C and about

4000C f il i tivel
petveen ABSAVELITEE MR i RpBatedabilonst [ VElY
sthﬂmstsaoﬁ Ibﬂd‘eﬁ’me{- WoSR6 abduiron §xatata e Qud AN ofiempAldrich was
chsperse(i1 g 5 r5§ I,]m r|1!: Za%fdt gﬁuﬂm&l}l@&]ﬂjﬁ? 2@%“# Q)f ngt 4'%)(1@&@4% and

aous ne hé“caf bonaceous
10.917 gt l@lhilﬂﬂl hy{"ﬁbelde XBEDH HoMg QBé@wasetlSSbbaedsn aBirh]} ofawaten which was

ool R T L A R OB e v
was therd MPﬁﬂ&Heﬂldhl\E}up@gﬂeénmumt itl:%}()é@ Che tdseltipggoencewas$ placed

i e SR 0ETE 1Rl 10 B RO i

environraé&fl/ @he@ao@ﬂﬁﬁ@%re@iﬁv@dm tlﬁcmrnaﬂs,trﬁ]lxe@ Ihml!@@ﬁ aad glaped back

i the ok ba e R OB dp B A eSS nor B wP gk vt
A in the B§IGRAE HRBARGIOAY TaBYpditick albk enilkgtwios.ant l@leamcenja mmang

the coated LMP powder may be carbonized in an inert
envi ronnent under suitable conditions to convert the

CANRAIBR0EakRAL- 1200 bMhe reIBRNL iFePO, were dispersed in 100 ml of 2
wi% pitch-xylene solution and heated to 140°C. In addition, 10 g of petroleum pitch that has

about 10% xylene insoluble content was dissolved in 10 g of xylene. The latter was poured
into the LiFePO, suspension while it was continuously stirred. The suspension was
subsequently heated at 160°C for 10 minutes and cooled to ambient temperature (~23°C). The
resulting solid particles were separated by filiration and washed twice with 50 ml of xylene,
and then dried under vacuum at 100°C. The resulting dry powder weighed 21.0 g, yielding
about 5 wt% of pitch in the powder.
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Wthout Mnitation, suitable conditions include

raising the tenperature to between about 6000C and
wahort0s1211000C, alternatively between about 7080CUSZ@7/060292

about 9000C, and alternatively between about 800C and

about 9000C. The inert environment may conprise any

suitable inertgas including without limtation argon,

nitrogen, helium carbon dioxide, or conbinations

r eqf rbo zed,..t he carbon-co
sbilaon ARy GerbuNas 5 TR FRpy R A Gek S g poyder was
mixed with § Eldf R litBmbadtdagy SORﬁloﬁr(ccﬁnMnﬁigf(EI gofiltiNDE ) dusé andr ﬂEn heated

vari ous enbodi nents t he roces descrlbed a
at 260°C é‘l’r%% WS 1B dHrREs R 8AR y gglgéeﬁuﬁ gb%‘lvi' err))” Brs es o e”%meles

which wrYFcRRM0RY nitdoBe® @hé =€ 8DAr 904, he drI°Cefor :phome; tesgsctivhb,/t The
may be ingreased or i nprov i ncl ude the fa?ﬁlag ){Baed and D,
resulting PRE e IRRaPEE 4819958 P@W&‘V g3e MG

rewechvﬁgbo‘ﬂhmmu %%oﬁzﬁ&@cwtaﬁé @irb@n—b(ﬁd?ecDQMEﬁTOz;L SFhepCW&&S‘B]dck and
at | east_about 10% preferably by | east

clctricallyply . FioEFERBEISFT BYEEEeS, dQ e BTRe SO IEHCARbHEE or 2

hours. ARBDQAHAENhe p%}ﬁer%%é@m dettRE {6 b gy eafitydorleMihip Ovlﬁie&hunk was
I's 1ncreased by at |east about 10% pre rabl“y
ground il @ gaartas bod westisy, Thoresuling Pardsh b&iﬁda‘%m e &y w2p Sty Fhite, and

electnca%ﬁé%udla—%u” her ill ustrat e various illustrative

ts of the present invention, the follow ng
exanpl es are provi ded. EXAMPLE 1 - Lithiumiron

t o o "
pRRARRGFof Q0 e BURLGSH & Phre i ER tlesd Bodiicts Blbon black

fromAl drich was di sperse

4% graphiite fS8vders arfd tpbmwtedmn@ applyvisalidenedinoride A ¥PH) prjutien togform a
36 ctor-
sharry. 'Igl ras_‘_ﬁ s‘in{gg‘g} QNch gt érg 8{2 uclj‘xgm% %415 By H},th Arixidfoctor-blade

wat er whi ch
coater. masﬂﬁlmsgwamlmieﬂympmm @lete at blQ e f@‘e”@a}@wﬁﬂaﬁ@ resumﬂg solid

sol uti on. an y t gge
film had & cofnosineg ] ég a nit T%geﬁygﬁvgg’oéﬁpn@#t b%(f%t %{610»%%{5
films wefeq&bdsbd aga ﬁemdg of wastt pl9adedthiqugh afhydreadie rellinl beeat ed at

350%C% g ﬁqcl)’fiqu ;é% Znnultaltlx fa% crﬁ%ﬁ%&of%‘x 295 gf?c.we but e film

AVITO was réno
composmics:@n%v%fee 8D paben-codtadk dJlFKfR@,;O@mOﬁImenUldgi a@%dgxba]mke, i a:ud 5%

furna d hea e t, 6500C for 20 hours. The
PVDF. %Wﬁt%af% dﬁegﬁb | abel ed as A in the
THissl &M Bg (ﬂii?sﬁréfbslbtﬁfdhedl' biits ﬁpm/\eb&h afaide rbbkey filkhs tued auacﬂ as the
el ectricall uI tin acepus-.coat i n
posiive R@Rodada IO G Mo RO TEICE) Gy 14 ST SIS0ER of Lo cels
were 11tﬁi¢1nf) b Ghetsy | %C’gléfs@hﬂhﬁ aindan (ﬂ)Oh:&ﬁt salysthylddkOGGn (Cellgard® 2300
addition, 10 g of petéolg %:Q tgat ha b ]’Lgeel trode
commergigieme P hle TR (CElIGEH: S 5 PP RRHCF PRSP he Slec
and Li metA1998: BOIe ﬂi@él&&fodwﬁncpwpaﬁ@bﬂ W18 sbiledlvrifie P4 LiPFs electrolyte.
suspension while it was, ¢ |nuousl stirred. T

nt o
The solet fon dho FIRHSISSU BSRHTEh OF yHOrB e GLIen SBGETH Gy 2 1% dicthy
carbonatd] MH 88 4 &ReGHcABoRi ae deBERANIcHARed 288 Wischdiped under

constant currents between 4.0 and 2.5 volt to determine electrochemical properties of the

positive electrode materials.

Two of the most importaut properties are the gravimetric capacity of the positive
electrode material and the stability of the gravimetric capacity during repeated
charging/discharging cycles. Figures 1 and 2 show comparisons of the LiFePO, materials as
prepared above. Figure 1 shows a comparison of the electrode potentials as a function of

charged and discharged capacity for four materials. For sample A, its clectrode potential
-11-
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resulting solid particles were separated by filtration

and washed twice with 50 ml of xylene, and then dried
wanagrosacuum at 1000C. The resulting dry powdeCT/US2007/060292

wei ghed 2LO g, yielding about 5 wt% of pitch in the

powder . St abi |l i zati on and Carboni zati on -The

car bonaceous- coat ed Li FePQ powder was m xed with. 5 ¢

of alithiumnitrate solution (containing 0.1 g of

s ) D550 B0 A 2005 R b, s o

potential Hipped &alP vels whechcapaciey ditabioet!5e-A5 mAh/ggEd bgers dia¢harged from

0, 900 0C for urs, 58 T
e oS00, SARp BNGER SRR g SIRSA5 b Dot 10 v
only). HeRERheSamples B,abehet DakadBmutl bathet @pamgs ]iEmtA,vm showFhin both

resul ting powders arbqn- coated Li
figures 1 g & 5?%?‘1@‘%%‘ S@‘Flgigte(lg ﬁ?:cg S ChansRATR AT el qu%g orrpar |gson
FIRFRASARL, 2 46D ehé tised i) cﬁrb%niﬁﬁﬁoxi‘lfbai}ﬁfhtaﬁc }BBG&CgIﬁﬁstanﬂeffect on
hours. After heating, the pom&ﬁr sin et her st
the carboeqpiosl {iEeEPcPRWVESSor Bkt e TG g%%n‘é?f?%“ 1on
temperatﬂe'mbﬁlar beNstrReSt 8o daesowsul t3uey p&)ﬂﬁeﬁ cdrbdiet@tbd LiFePO,
Sanple E, was gray white andelectrl%llyl sulgt %ﬁp
powders ey GHbIA Guia @@rge/dlssbﬁﬁﬂeégc g iy SPOYEE FigWed» T cApacity
ofmemﬁﬁfia?&%ﬁék&a%oﬁﬁm%ﬂb Widaun94r gr aphi te powder s and

en m xed with apolyvinylidene fluoride (PVDF)
sol ut i KAMRBIGE. fh-sLihiwm Y anadiam BRepbaifp ¥ et es wer e

| um num (Al') foil using a hand
A Mategﬁﬁ or rﬁﬁgfg coater. The cast filns were dried on

Ihduurpl\an@dlatn Hhespitats (oY PBRowde rasobtamed fragyV elengg Technology,
Inc (Ausgﬁ/l Tf)r f’i‘%g]b@@c%kg Wdcp UJz{ndsé?O% é—ball:cﬁpgspco@{%lwagm coatcd

bon ograplte | ms were
with 5% prtetsemg the @mnmwcmmmdqre@laﬂmd hEsargHe -

’Il'l%(éw a#cﬁe% gﬁil{cﬂg:tog%ﬁ é?apzl@r GrEstal ilzéf‘&kcgr o two different

into s as above, but e film
methodsc &’h@ @e gtsampke wiay He@Bhwitly dpprexdoatebol ¢ vite Fh@mmz%r@tar Héwe 500 g

bl.a 4% ar aphj.t n 0/ f
vt e LSRR B STy dlanall ol ity i
This porfidii drfdthmzeag:dmnqﬂe Ve adddhzed byl grelvahbeatiog do 3804 ﬁ@nd held at 300°
oSi ti ve el ectrod COI ceI t I
C for 2 PR o B RGO GR bRl oLt PRl pPHRE A LS00y batch of
pitch-codted lanwléé_Bt)ab1]!iEéchy é':djlgblaimahﬁ@td 253]?0‘3 ang bbld_usl2|50° C for 6 hours
ene ar coO rcially

unde”e‘g i\{ %gs?ﬁeén#%ﬂ#‘ %';50\%&?1?@ usgdnf as the

BRPZU gtsamphe bie e bbﬂloﬁlnﬁdhé (509 mhgch imaveial stdbilided in air were

Both t he el ectrodes an it ‘s

casbonizy BRG] dePONGOEEn e o1 DRHPE PofeL TG & Pagt pip it wht v
nitrate 1n@&SA Hhiesheal atthdsphete el yhane wbdividedt @io ﬂﬁea\ﬁs&ﬁnﬂBEdeh were

carbonate, and 30 w % di car honat Th
carboniZg e 6 800 SN GO oIS (e BIP ah Eect of e

method l%?ts%ﬁ{iaﬂmo afﬁﬂ! S:a?bo?uiéﬁbﬁ wéBp&eiuRy Bh (Be Gnal breiebe MTbalresulting
roperties o he
carbon-c%ate?l LMP products stabilized in air were designated as C-LVP-A and the carbon-

coated LMP products stabilized with nitrate ion were designated as C-LVP-N.

B. Electrode Preparation and Test Scheme
Uncoated LVP and C-LVP powders were evaluated with two electrode compositions.
One composition contained carbon black, specifically 2% acetylene carbon black, 4% fine

graphitc (<8 um), 4% polyvinylidene fluoride (PVDF), and 90% C-LVP or LVP. The other
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positive electrode materials. Two of the nost

i nportant properties are the gravinetric capacity of
woheo7pexiiti ve el ectrode material and the stabi PCTsefo7/060292

the gravinetric capacity during repeated

chargi ng/ di scharging cycles. Figures 1 and 2 show

conparisons of the Li FePQ* materials as prepared

above. Figure 1 shoms a conparison of the el ectrode

otentlals as of charged i S e 0
compos1t@grfé)gret1%;: gt CaBoR %E’ﬁ{('e?[F pIER _COEBP%E;J&FE‘P% f%l’e é?gﬂlg? {'j<8 pm), 4%
polyvinyRd <6 (ffdeas IQDVEFD | @ldr ezehed Ve Or LVt Hifd erasalapdpecwhsy typically

of about 70 n. char e eI ect r ode,
conteolleq o SORES i< T A ETOE de5o Has At 2 Pe
ThAPRphiel REréRWerdfshad Rivhytdngirdiae m~zﬁ %harsg&ﬂaffdraoi’n cells
the el ectrode. Sanple E had a ver Sﬁ? { ch r and follows:
(size CRZ ﬁ\g%@%g@ﬁl)ﬁs (t%g%&a‘q@ emim%e fil éz\(as as fo
the cells %P&’!:}?& | &deﬁa @oﬁkt&ﬁ%uméﬁﬁom; @A (CHP awgwrtdﬂam z/Ate) astil the
shown | n bot h and 2. For exa
cell voltapecreachetl ch ap@sa %asamh@ge afas diskligt ﬂov%rﬁe)‘g onﬁméﬁ g5 vl the
current d?cq)gleé H:ﬁlf)e?&’w %QBWP%&“ afneh B G Niddkicen af esmRemataier bads mA

| cant effect on the carbon-coated Li FePC'4
until the pelhaeltaze Bached dhveltresEharaa/diseharee pelqs gfrerpRegted over 30 times

i zation tenperature woul d be between 700 and
forcydeg%%%gg Such prepared carbon-coated Li FePO 4 powders
were very stable during charge/discharge cycling. As

shawn iclcifiebat eri al s
C. Compgﬁﬁ? %tz}:%ns a?'d ﬁlﬁ“%nu#ce } EXAMPLE 2 -
Fligntrés Bua;nd/anﬂuhtmm flsopphdtyeandowy bmebin etfigianey jah different cycles for

coin celgﬁgdD rat gs' gm %@%%dhwc EA&O Wgﬁd %—L\é@ pﬁi@@relectmdes

Bt'H né’a Fom vz ogy, Inc (Austin,
contained 24 cabMn blatic h®he ofiarkdy/Paypoity eras ¢20ulatrd bBeal ep tmdhtal LVP or C-

s L %oh It chidmg
LVP magg,! E@H‘i‘e’égﬁ%)"%fge?u%g%ﬁi og & u]E{h) %@IH@E H?']ﬁ{g%xBGFFX hyding the
carbon bideg, grwu&ahﬁmvm uspil te febeioatt ¢l dlxfrodentimcoated éVP has an initial
stabiliz ordln ffee 0
cpacy 51 2L 5 SRR S D, PP T RO, e
10 cyclel) Ithétf @etpﬁcltde%epMOQOD&hﬁmﬂy\RSS%I dm}dﬁdhe namcity\o
(;P)or i gns

he rtion bl ended. .wi t
8 mrele & i« TRYES m@# Shaes FPESHeR, 02 ali% : mé 7 110
mAh/g ﬁcir?em lsﬂgz%ﬁe@y:-gwdm thlftﬁﬁhl ﬂﬁgaﬁeost{ﬁﬁﬂzeﬁhé?m?;&&paﬂlvalao Both
or ours L n njtro no er.e
pocersepted g ST ey SR E A RO i O Aot
the capabﬁ/fda@&ssa 8ty ab 30, b Y A/ d Ik ﬂﬁﬁal dHagget aapaﬁ@ “asacuiculated to be
at 250 C for 6 hours unager gulg g ﬁrg{fds %at £
124 mAp/g; gnlyoméd sdepcitiry e thsereBoal vPigR o5 84wy > 1 fd/ggopexiraction o

two 1 hemANViBe,)ROothay) 10 cobhifs BRANP Bith Chrbdmteahrkd the LVP in
stabilized in air were carboni zed at 900 C ;b

three wayst r g dnglkgasinitinh soplombic eHEHIcHe 25 HIEET BETEH
agmﬁca?ntt@k?&{gefgﬂslé’\hi‘eh l'i thium

Analysis of the cell voltage profiles during charge/discharge cycles indicated an

ﬂ: capacity, and 3)

additional and major benefit of the C-LVP powders, namely faster charging and discharging
oceurred with the C-LVP powders. Figures 5 and 6 show the cell voltage or potential profiles
for uncoated LVP and C-LVP electrodes, respectively. Because of the vast excess of Li metal,
the rate of oxidation or reduction at the Li metal electrode can be considered constant during
the charge and discharge cycles. For both the uncoated LVP and C-LVP celectrodes the

potential profiles (Figurcs 5 and 6) on charging and discharging were faJrly symmetric. There
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nitrate under a nitrogen atnosphere was further
subdi vided into three sanples which were carboni zed in
waioe7egen7gas at 900, 950, or 10000C, respecti PergsSL@m7/060292
determ ne the effect of the nmethod of stabilization
and carboni zati on tenperature on the final product.
The resulting carbon-coated LMP products stabilized in
air were designated as CLVP-A and the carboncoated
products_stabili h nitrate,
were threg; LAt A B0 e, e Plseats e BrEielh aicating that the
uncoated L@fm%ﬂ%@v&ﬁﬁ%@dlwﬁgmg&eﬁphh@s ﬂomdg [i3:<] @1@(@ and discharge
eval uated with two el ect ositions, .
cycle. A% BTFBY! of BHIBIEHTARE: CHBoRE CabIeE Ra p ARy lgragopysteresis

between cﬁ&%mg SREJEH: a@ﬁ% pbtaftkals ﬂﬁﬁ)thb wﬁc@tﬁbhweelécﬁ&dm@lguwfﬁ) The
yvi nyl i den uoride ( \{DF and 90% ar thsc
C-LVP eleBtQi’éP%e thsbland; @W%‘?ﬁe& PR deRIAeR BBA %‘8& hd fisgharsing

The potenﬁﬂrﬁ}gﬁﬁg & théf%ﬁ]f,VP‘ QleBirddWwER h68 siifimetddavith much less hysteresis.
pol'yvi nyl i dene fluoride (PVDF), and 92% C-LVP or LVP.
(See Figurpife nass | oadi ng was typically controlled at about 9

Fxﬁépﬁ?guréa@ ﬁl%t@é %I‘é’ pdg Sefgkdy dMBscigbeith dribgomstant cell

re are el ectrodes were tested at room
voltage (Cﬂ‘éhp]eaframsraé 42 yalttor the useonirfhF-YPcenlls @) thet hejsgin in capacity
increased ﬁ%ﬁéS tcﬁ*ﬁ h tdd bl %Pﬁ{eab—@ﬁl’tdéﬂ (PEEARE 6y Sk Sdsr I . small

*henme was as | ows: the cells were charged

capacity gaimdéuring cossutviltage phs@ﬂng@i 4@ wlimhichmesn it de statepEcharge
of the C i@%ec}leé{%tde clci] le' di%ﬁjawlve&/ glet %Mt%ﬁ&e“pa@se‘d%fd&haﬂﬁ@ electrode

tage was ts for one "hour or until
was at a ricagly ceqnmbnmnchovmned fThetsidroning kigtighandricair eqpduetign within the

i scha aQf Qar@ﬂ% datil the
CLVP p%vé%rs V6 etrgfg‘]iggggg%:sﬁgﬁggbgg %gn%%iar gel di'sc ar ge
cycles were repeated over 30 tines for cycle life
tests .. C arison of Capacities and Initial
D. C"m[t‘;‘(ﬂﬁ"ar?gcg’c}ff%?% encies Figures 3 and 4 illustrate the
Figapati shywand cempirbshi af eddtivei cmpegmai at] idiffeserd neycley coe £-LVP,

oot 30 SR ST LB PP ST O B o

malerial hirapklonThateﬁbar gﬂ\/lcap,‘aqrdrguom)s c’ﬂlhec IMQQ euhtbds edaso testedeunder

taotal  LVP aqr VP car 0
oo o e T P P AT P 10
exhibited3heddfate 86 ﬁ@hlcbﬁacﬁ@rrfdd]ﬂg’ Rbriis egkling; ﬁ@d@e\rem,ahe C+h¥P did not. (The

"A™ in thg, 1%%%&%%—/6 % ]_ngFg SQlat H Vpg}ea%ﬁl:?ﬂrrljs{;ﬁ?u% Icg?,t]e(? ﬁ‘%te%%afs stabilized in

air; the "N'Séliéﬁlﬁ%§st§ﬁﬁ%hdnﬁwﬁiﬂtrafbloﬂ\§ter 10 cycl es, the
capacity dropped to 100 mAh/g, 3.85%drop in the
capacity. On the first cycle C LVP powders vyi el ded

nffecfshﬁf@&b%ﬁmm inSBle&k-odel Forithvién and/ LADT FNfgnt Or a. r

[ized CGLVP and lithjumnitrate stabilized C
Cﬂﬁ@pézi@qhﬂéloymnmbha o TRsHA0 af MHeiet (RORBTE Cotbodes to

aid in corﬁicufcr 16h ePnYosda BPP Uhd 840V P 3% cBBAW VD férintiatdd whth bed wiBout 2%

carbon black Flgures 8 and 9 are plots of the charge capacities and coulombic efficiencies at

different cycles for the uncoated LVP and C-LVP cathodes, respectively, formulated without
carbon black. Without carbon black added to the formulation for the LVP electrode, the
capacity and coulombic efficiency dropped significantly as can be seen by comparing Figure 3
(uncoated LVP with carbon black) with Figure 6 (uncoated LVP without carbon black). The
average initial capacity and coulombic efficiency is 104 mAh/g and 84%, respectively, for the

uncoated LVP electrode formmlated without 2% carbon black. The addition of carbon black, on
. -14-
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the capacity decreased only about 0.7 mAh/g. The

initial charge capacity was calculated to be 124
woirhirgs2anly 7 mAh/ g | ess than the theoretical Pealuseo0an60292

about 131 mAh/g for extraction of two l[ithiumions in

Li3V (PO ) . Hence, the coating the LVP with carbon

enhanced the LVP in three ways: 1) higher initial

coul onbi c efficiency, 2) higher reversible capacity,

d i f t I
th otter g R Hedfopt 6 S G PR Sotnsty gt enupgei bR BT f e Ly
electrode 8Y&dnase deBllbg abafariy Eﬁgﬂ‘bﬁ 4@11@9 and maj or benefi t of

the C:-LVP powders t er. ¢ and
The ey mj»e%?c eniaied oRFtie IEVE“B‘B% & Fifes srate
followed B Heft tiAQWEt RRpS @lat revgbst élg@m@g d@‘@tceﬂidnain uhe asm ssbstrate. Heat
uncoat ed LVP and C-LVP e des, res

e vel
treatment BEERIBIOR GGG QUL s SECLS CHEPRRE PR FE- Jfor CLVP,

900 °C % Pald Wolh P BHC QPdntt ﬂﬁatheﬁeﬁadmeheeémmﬁufaanﬁonowmg
be consi dered constant during the char d| scharalcgll
carbonaceeye [ceating-uing Senpropruirscdsatiated, Bpovembe Sy Al SEPRIRENS in

charge caggkg‘ty%lﬁlgic it aln@hc P WBBw kil 416 ShedcaiBish &atifg &Hafoﬂtlﬁginal heat

rging were fairly symetric, Therewer

treatmentemperatise.upenated &V Wep W“ﬁﬁ?@ © BPQf eand f%{fﬁwg into caﬁmodes
As Flguréj I1(\?} g?@E%T A&kt tﬂeﬁ\ﬂ‘lgﬁ@{gbﬁgd TRAL 1ol iR UNGRAB6H thYRhARE @apaity and

goes t ugh three phases during the char ge
first CYGIQWQEMMW@Q rospdtiet, elﬁéroaleﬁ! egmp@reéftowmﬂeées made with uncoated

LVP ’thaihﬁ I%t%%ﬁ {rgﬁt&l giﬁgmg , gEhSr& RS Rish@ithd Yagasit®$rom 76

steresi s vveen and di schargin pot entl al s
mAh/g tof b1r4mmb/gmnd¢1m @atldovic efbemnpm dieony 67°Gue §8g¢) yyfpding rate

also was thguceé g%gdéleﬁl%%etrslp ?ﬁ%{g@ ]é&?tﬁ'cdf'ingl s 1'eﬁ Eﬁi ﬂ:u:e ﬁéat—treated uncoated

LVP eleduotiestvi stthrshfghﬂ:elbsi tilantﬂlrﬁeC@sH_WPl@et r( mm%g%? 8 and 10).
th es.

Figure 1iyghn\]r;elsela;cc%f1]\é;£1r%sgn mfl%ilff g%émlgﬂy o ﬁﬁﬁé&ﬁ g‘:l%@ %n{:dn Yhe e sampl

rates t aS|gnf|can
There w@rapaéﬂrtc},ﬁ"fganfbsohmonggthe easiplst Tet Ineetadag¥P (digirodes performed
at 4, ts faor.the u e
poorly, Vf(iﬂlgttge ﬂ%t—érgﬁed e§§ &nfad ‘bietrt]f%"f %%g@%&%go&a\{go&ydo%%d iﬂﬁ’ showed
the best F@wRY €M aﬁiajuohh eelﬁ \&MlPﬂoan-LVPl gJertods) exlnbrial mas;hmgbydpdcuy
a smal | pac gai n ring constant voltage charging
fading O‘é?FS‘?I"f’Eal\?éfF <ﬁﬁ‘¥g PO ]alg that the state of -charge of
Tthg %@erbﬂ&sqhﬂﬁé EQACIE had eleyfaflulg avwebkttvhen drrheat-trefted uncoated

har ge passed and that the el trod was . a .
LVF andevqam%m% BB apteR morh Bmeraro o Feec Bol Rk the qualiy

of the cab@AtyCorCBB FekeardisiRty\bft dhiafpet dhe (ﬁédh‘&ﬂ%f:ﬂﬁblﬁkﬁﬂ gletagiomted rapidly during

cycling f;)glftgtsllae\agtrg Lass %tgegwﬁl? d V%{)‘t%ec h ?tgcﬁ{f gogé%%g% tﬁg carbon-

coated L@W@Jﬁoﬁl@@ ﬁfgmreeh@twv end 8P v tie&entvodage‘@bﬂm dmmg dmrge and
C-LVP, uncoated LVP, and Li %éﬁg%ﬁ g:o 1TVE

dlschargqﬁyemgaat thealst anc: sy elra Fespostaly LB 1 FFB?} 3% (epaf

(LVP), BQa[t t}e'afédo Bniatdenhes (ﬁ&wﬁvﬁprﬁﬂr 2hibBA-chatdBELVEQC-LVP). The

terial was tested under
symmetnc feature and hysteresis between the charging and discharging curves drastically

L

deteriorated from the 1st to the 10th cycles for both uncoated LVP electrodes, as shown in Figs.
12 and 13. But for the carbon-coated LVP electrodes, the charging and discharging potential
profiles remained perfectly symmetric from the 1st cycle to the 10th cycle, as shown in Fig. 14.
Adding carbon black to electrodes made with uncoated LVP was necessary for them to
perform rcasonably well, but it was not necessary {0 do so for electrodes made with the carbon-

coated LVP materials. Heat treatment improved the performance of the uncoated LVP powder,
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conditions identical to those for the LVP and C LVP
powders. Both the LVP and LCO exhibited noderate to
waizgir/szpaci ty fadi ng during cycling;, however, PCAIS2007/060292
C-LVP did not. (The "A" in the legend for C LVP
signifies that the carbonaceous-coated substrate was
stabilized in air; the "N' signifies stabilization
with nitrate ion.) E. Effects of Carbon Black in
El ectrode Formati on- an r gat - ar IS:
but the RSP AR PRSP REh f AR RERlip 1, 00 BorRbfive! Wit the
carbon-cbited §3M govedrodes to aid in conduction. Uncoated LVP

d G LVP el ectrodes were..formul ate it ' t _—
iough i PBTERICn TR B B AYRS bl ndef Al M actai, &
should behakgetdpast vdrieas ahshgeq ubstitittoraf dndcalenatioas nety be made herein

. i fferent cles fqr the _uncoated LVE and,,C LVP .
without degptfigctom Bt g arpe A TTAT SR B ABTL % B papended claims.

bl ack. W thout carbon bl ack added to the fornul ation
for the LVP el ectrode, the capacity and coul onbic
efficiency dropped significantly as can be seen by
conmparing Figure 3 (uncoated LVP with carbon bl ack)
with Figure 6 (uncoated LVP w thout carbon black). The
average initial capacity and coul onbic efficiency is
104 mAh/ g and 84% respectively, for the uncoated LVP
el ectrode fornul ated wi t hout 2% carbon bl ack. The
addi ti on of carbon bl ack, onthe other hand, had little
or no effect on the capacity and coul on bic efficiency
of the C-LVP el ectrode as can be seen by conparing
Figures 4 and 9. The coating process entailed coating
xyl ene insoluble pitch on a LMP substrate foll owed by
heat treatnment steps that render a coating of a carbon
on the LMP substrate. Heat treatnent tenperatures of
greater than 600 OC yi el ded a coating of >98% car bon.
For G- LVP, 900 OC has been shown to be an efficient
final heat treatnent tenperature follow ng
carbonaceous coating using the procedures described
above. To ensure that inprovenents in charge capacity
and efficiency of CLVP were due to the carbon
coating, and not the final heat treatnment tenperature,
uncoated LVP was heat treated to 900 C and fabricated
into cathodes. As Figure 10 depicts, heat treating
uncoated LVP to 900 C increased the charge capacity
and first cycle efficiency of the resultant electrodes
conpared to el ectrodes made with uncoated LVP that has
not been heat treated (Figure 1). Heat treatnent

rai sed the capacity from76 mAh/g to 114nmAh/g and the
coul onbic efficiency from67%to 88% The
capacity-fading rate al so was reduced. Nonet hel ess,
charge capacity and efficiency for the heat-treated,
uncoated LVP el ectrodes were still slightly less than
the C-LPV el ectrodes (Conpare Figures 9 and 10).
Figure 11 gives a conparison of the capacities at
different cycles anong the three sanples.
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There were clear differences anong the sanples. The

uncoated LVP el ectrodes perforned poorly, while the
waeai7/8raat ed LVP performed better, but the PCT/US2007/060292

car bonaceous-coated LVP showed the best results. In

addition, cells with the CLVP el ectrodes exhibited no

charge capacity fadi ng over several cycles. (See

Figure 11.) The differences in the capacity and the

fadi ng rate between thgj ;treated uncoated LVP and

car bon-coated LVP powd e apparent, but only
xvﬁaﬁgbmﬁﬂmdihomever the quality of the capacity or the

revers bi y char ge .and. di char rocess

A R OT P AT G RGOy P REFBE ¢ ne

heat z)pkRadia a%ﬂﬁﬁﬁhﬁ&aﬁ&ﬁwﬁﬂﬁﬁzp@ﬂ&m-mherea; it did

not change, for the carboncoated LVP e t.rodes. .

Fi gupareqipitating a LappoRacsoiy AHEH 08 {0 %ﬁf‘ﬁﬁw’ B3t golypmionic
piiiet ROFRN Al B8ted TithidinSahal @y LYdlié fovddr; the 1st and

10th cycles, respectively for the three nawgé!als :

(uncQatierilizing the wpyted dihing Eetal PolyRiIG §O B - Lprgpgrature
be@\pge CRALROTre0AkemotYRndC- LVP) . The symmetric feature

nhystere5|s bet ween t he charq and di schar
P

cur \@sc@bwzmgarhp yoriet ithigrn fustplf pATHORIC POpvde 6%? plbduce the

| bajrtgf'}h pgtﬁgéléi gnag A d’ﬂ bokBeNGomt 8l Eﬁéﬁ"g@ |85t dESS theaBatfeh® Wathode

But for the carbon-coated LVP
meﬂeechmd@esle lﬁﬁ@recmrqu@yaaﬁéeaai ahomhtefong pot enti al
profiles remained perfectly symetric fromthe 1st
cycle to the 1Gh cycle, as shown in Fig. 14. Adding .
Tkneaptmassbd)fa@lklm d. ethscdin de fthveenolel holyAgigaiceRPW AP cRaprises 2
pdlGaESD ?6 aihl éo?&{!‘phS SrdRr ML &ASAnARIA, Wl ﬂQ&ﬁde' Ehloride

sary to do so for e ec trodes nade w t
ot doenbisatioontheatoéd LVP materials. Heat treat nent

i nproved t he performance of the uncoated LVP
powder, but the inprovenent was not S|gn|f|cant enouqh
Tﬁ@probbss ofedl@m Blwhaelehe pnlprempnlcvmpwmmBOhe PO4”, AlOs™ AsCly,

ATentonn ke Toe ARVRSGTe SOk ot HabiuBhensRhr | |

deta|I |t shoul d be understood that various changes

ubstltut nd .al t.er ns_nma er
BRSSO RARE Ui U T 4O RPr Rrtah g VR RaR B fby somorises a
uﬁﬁﬁuﬁﬁﬂgmm,as defined by the appended cl ai ms. CLAI M5
What is clainmed is: 1. A process for making a battery
cat hode material, conprising: a) providing a |ithium
THEt@bcde| YRRIMAI 4, PONESh; 2 )copieiRePisyathiesiging the lithium metal
carhonaceous material on to the |ithium netal
PHIYRYIGHE 8ATE howder to form a coated |ithi um net al
pol yani oni c powder, c) stabilizing the coated |ithium

nmet al pol yanioni c powder at a te era}ure betmeg .
ng(pmccgag; slsgm alp owlesreig fhe Lithium metal polyanionic powder comprises a

mean particle size less than about 10 microns.

The process of claim 1, wherein the precipitated carbonaceous material comprises

petroleum pitch, coal tar pitch, lignin, or combinations thereof.

The process of claim 1, wherein precipitating the carbonaccous matetial on to the

lithium metal polyanionic powder comprises:
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10.

11.

12,

13.

14.

15.

16.

d) carbonizing the coated lithiuta nmetal polyanionic
powder to produce the battery cathode material,
woher7@seibot h t he charge capacity of the battePgT/US2007/060292
cathode material and cycle life are inproved by at
| east about 10% 2. The process of claim1, wherein
the lithium netal polyanionic powder conprises a
polyanion cont ai ni ng boron, phosphorous silicon,
al um nym sul fur _.f.luori oride or conbj
t her &bfispesing ;W}Bgléls’%’ega? p(?f 35’5 i & S%Ens(%or? Liquid to

fael yaﬂrﬁ@mmmﬁyymsnia@osvder B@p@ns;orAl B 3 AsCLf AsO3 3

oo Batiin S sl ibue SR Farfime
pBhBEQuEpchkien td fdﬁmttmaﬂﬁirﬁbedi@llﬁmﬁhﬁﬁbtal Radyaticnic ariptmis esd

a transition netal .. The_process of claim1l

a) cGhpFYISEE an%’ﬁ%‘?‘?gof ﬁlée I HP%?ﬁ?‘}Fe% m“"l{ PO{‘}amomc
mRYLYAR PRLBItACWHS Carbbnactis RiAERS 9nab B Aitiur, mehe pelyanionic
the hthiumnetal polyanionic powder conprises a mean

PPWHeL cl e size | ess than about 10 microns. 7. The
process of claim1l, wherein the precipitated

car bonaceous material conprises petroleum pitch, coal
Tharesteschf clpioyRi Fhersin Sermsiinaecens spiipp iy pregaredpy partially or

chn?%?éi? a@éoh%hgmﬁe é%xbdﬂ%l@é&is B RERE hpﬂl t@atdng the

onaceous terial on to the lithium netal
pol yani oni ¢ powder conprises:a) dispersing the |ithium

&J%ce ofyc &) 'v&e&?ﬂ‘ﬁ%’ colfed Kt FHBREAST lydni S Eo&@er cgl)mpnses

Ium’metal pol yani oni ¢ powder ‘suspensi on;
baomengbwt@alr% ond gleo 20%obuwieisht ¢asbarigesays maber abet al
pol yani oni ¢ powder suspension to forma
car bonaceous-|ithium netal polyanionic mxture; and c)
medpnocﬂrsg dftedaitve Rp érrditon reemfisingeheting dha cadenadeouhsglvtion to a

ani oni e gei pitate the
0 .
t%?%otﬁgcg%ou%ennaa gtrﬁa atb%&iﬁj ?I t hi um net al
pol yani oni c
The process of claim 8, further comprising heating the lithium metal polyanionic

powder suspension to a temperature between about 20°C and about 400°C.

The process of claim 8, wherein the carbonaceous solution comprises a weight ratio of

carbonaceous material to solvent between about 0.1 and about 2.

The process of claim 8, further comprising reducing the temperature of the
carbonaceous-lithium metal polyanionic mixture to a temperature between about 0°C
and about 100°C.

The process of claim 1, further comprising drying the coated lithium metal polyanionic

powder.

The process of claim. 1, further comprising stabilizing the coated Ithium metal
polyanionic powder at a temperature between about 20°C and 400°C in the presence of

an oxidizing agent.
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17.

18.

19.

20.

21.

powder. 9. The process of claim8, wherein the

carbonaceous solution is prepared by partially or
woanpletaly di ssol ving the carbonaceous nateri BCTiUS2@7/060292

solvent. 10. The process of claim@8, wherein the

coated lithium netal pol yanionic powder conprises

bet ween about 0. 1% and about 20% by wei ght

carbonaceous material. 11. The process of claim 8,

further c ri sing, heating the carbonaceous sol Ut.i —
Thg PEP‘Fésrngr" ¢ L Bee e B S B oA BN Aoy Boyanionic
pdder TEEIsRS REfhodizatidralaMaBtenipeidtiner barwagpr ebangslieat amp about

the |lithiumnetal polyanionic powder suspension to a
1>11@9q§‘er ature between about 200C and about 4000C. 13.

The process of claim8, wherein the carbonaceous

sol ution conprises a weight ratiq of carponaceo ..
TRORERIe8 of GIHBI DoNBoISH ORI, HecoP S MBS o3, Pqlyanionic
pIR8eriE 5B iDiiRledGh MdBrsents!bt AEhmeAQART | Si Ng reduci ng

the tenperature of the carbonaceous-Ilithium netal

pol yanionic m xture to a tenperature between about 00C
220 aRR0LE i LR00G Alo chdBE BHRGESST Aftitkhal Meil pblyahidaic powder

conprising drying the coated [ithium nmetal pol yanionic
cpropdseing: 16. The process of claim 1 further conprising

st abi .1zl ' iHRGHh YRhIORH I Ganionic powder

pondBreciiing dEaRRaus bt o R et o
td Foemps esdertlithivin metad pokyanionis payedss: A, cathpaizigpihe seatg lithium
rr?elt;i'i“ Didanff150 gb\&g&a{obﬂ%@ygo&hﬁeﬁﬁ{@%abb&@' 48 BRiAkife of the

po )Pa oni c powder conprises carbonization’at a
littdnpeneibipodydnatnveprwddn bytat Begt0O%and about 1, 1000C. 18.

The process of claim1, wherein carbonizing the coated

l'ithium nmetal polyanionic powder is acconplished in_
A hethpdes éncesl thnciumnbicgdBcicdd, of A liteinogctel polyamonic powder

i ncr.easi ng the charge capacity of a |lithium netal
“BIPYEPoni ¢ powder conprising: precipitating a

car benedgsiciing Mbdagiidratecnn nhdteridlidohihe dithiemahetplopglgariionis powder

wder to ma cogted lithium netal LoRj.C fo s
Bk bbb LB S e BB fomed
R4S ahbEc powder td hcrempe ave chulbimbicheffickaeyyef daphitivy metal

and cycle life of the Jithiumnmetal polyanionic powder
PB{peaionccpiydet Byt loast 3

A process for making a battery cathode material, comprising:

a) dispersing a lithium metal polyanionic powder in a suspension liguid to form
a lithium metal polyanionic powder suspension;

b) adding a carbonaceous solution comprising piich to the lithium metal
polyanionic powder suspension to form a carbonaceous-lithium metal polyanionic
mixture;

¢) reducing the temperature of the carbonaceous-lithium metal polyamionic
mixture to precipitate the carbonaceous material on to the lithium metal polyanionic
powder to form a carbon-coated lithiwm metal polyanionic powdet; |

d) stabilizing the coated lithium metal polyanionic powder at a temperature

between about 20°C and 400°C in the presence of an oxidizing agent; and
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22.

23.

20. A nethod of increasing the coul onbic efficiency of

a lithiumnetal polyaniontc powder conpri sing:
wonewiogeziat i ng a carbonaceous material on the PCThIS07/060292

nmet al pol yani oni c powder to forma coated |ithium

nmet al pol yani oni ¢ powder; and carboni zing the coated

['ithium nmetal polyanionic powder to increase the

coulonbic efficiency of the Iithiun1neta| pol yani oni c

powde t

bt t &)y otosPhedd B e g, BERE PRTbRiCBELEE, B produce the
blattériyi tl‘.ﬂllhdﬁet alatepial, yw]mreum bothothel enharga: aamuﬁp efstherbattery cathode

ratidift e v CBfP e 48R BBt b

conprising pitch to the ['ithium et al polyanlonlc

BT R, bRl PR RRGF Pl 0 B

HfiemaadsHRplenelS - I|th|un1netal polyanlonlc m xture to
preci pitate the carbonaceous material on to the
[ithium nmetal polyanionic powder to forma
THRI 8 Pess At €firthi 2 ik tidd 1ok ank@n ip6lyR@oBier poveder comprises
stabilizing the coated |ithium netal polyanlonlc
syengdiug phasphsat ur e bet ween about 20C and 4000C in
the presence of an oxidizi ng agent; ande) carboni zi ng
the coated lithiumnetal polyanionic powder to produce
the battery cathode material, wherein both the charge
capacity of the battery cathode material and cycle
life are inproved by at |east about 10% 22. The
process of Claim 21 wherein the |ithium netal
pol yani oni ¢ powder conprises lithiumiron phosphate.
23. The process of CAaim2 1 wherein the |ithium netal
pol yani oni ¢ powder conprises |ithium vanadi um
phosphat e.

-20 -



