ANCDE POWDERS FOR BATTERI ES CROSS- REFERENCE TO RELATED
APPLI CATI ONS [0001] This application clains benefit of
wQ2®9/1B398vi si onal Application Serial Nunber 61POHLUSZHBD038827
filed March 31, 2008, which is herein incorporated by
reference in its entirety. FIELD OF THE | NVENTI ON
[ 0002] Enbodi aNOBEFOWIBERS\ROR BAETERIESe t 0o anode
powders for batteries. BACKGROUND OF THE | NVENTI ON
[0003] Materials used for construction of batteries
determine ability to neet requirenments desired with
respect to performance and safety. Prior anode
mat eri al s i ncl ude carbonaceous particles such as
gr aphi t e CROUSISREFARIBUEE TOSREDAPEDOAPPIRICH TIGNG may not
provi de suitable protection from hazardous situations
caused by rapid discharge of the battery such as a

hort e Cr Thie. . , e as .
100017 20" plscitplicaib il bEie B 11 & 5 Fyin @ REH R on SorH Rumber
61/04pade filddavibehidé s2@8ewliehiis beteinmeuirporatied by cafesaoeianicamtirety.

of possi bl e hazardous situations becones a priority

for battery designers and manufacturers and makers of

equi pnent that use high power batteries. Further,

batteries used in electric drive vehicles need to

provi de as nuch el&rlgy ASTHEINMVHNITON or der to neet

consuner demands. Again, the prior materials often

fail to neet these requirenents. [0004] Therefore, a
[0002peed exifbodinkddts dfiTRE Bivestidas kélgle Yo a@dd@rgdoa}dérs&aﬂbmﬁb@.ds

of making the materials. SUWARY OF THE | NVENTI ON

[ 0005] In one enbodi nent, a process of producing a

powder of coated carbonaceous material includes

mlling regul ﬁfﬁ2'¢ﬁﬁ5 i and

depositing a ?%%?lng(% cggggﬁﬂfgi?%ﬁgﬁigrning

mat erial onto surfaces of the coke particles. The

t hod rt her includes oxidi zi the co articles
0003 gl atd Dok “ThaPictine” of hatefsg biesbitregbify to meat
requirshefts ldedRd wiRRtRPedab hbEb@fance AR sty HrityiRb& AAtkrials include
graphitizing the stabilized coated particles to

carboppceatisdeartelep Riahi zedraphite peder. Tloweweraphiht priergmaterials may not

T e

such g8ersh@ftaircis. TBSpotdndnl kdikaeedPetidly ave fadRhighzdndattéries. While
. | ongest . di mensiogn of the graphitized particles in )
light eaghbndiah; payen bageries| 9@0% sipede JRMIHEIAL, copequences of possible

hazard&H0 Qb ATRAL be&n?é%v&jﬁ’iorﬁgf f&%&{éf’y &&Eﬁgﬁ%ﬁ%én%ﬁre}saz{nd makers

of equipment that use high power batteries. Further, batteries used in electric drive vehicles
need to provide as much energy as possible in order to meet consumer demands. Again, the
prior materials often fail to meet these requirements.

[0004] Therefore, a need exists for improved battery materials and methods of making

the materials.



i ncl udes carbonaceous mlled particles having a
coating layer. The coating layer is fornmed of an
wo@00di123984 and graphitized carbon residue forn PQGI/US2009/038827
material. In addition, the particles within a sanpling
of the powder have a BET surface area in square neters
per gramthat is |less than three m nus average size of
a | ongest di nensSI@GYIMMRYHeE pHEIINVIESTION mi crons ti nes
0. 183. [0007] For one enbodi nent, a rechargeable
battery includes anode powder fornmed of particles from
[000571 | | ed Th egélkbodigleat, Rl B6&HsS Of pf&h&ﬁg alpoaddr af €tdiodhrbonaceous
residue formng material coating thereon. The carbon
mateniad spedudes aitlingrigewat eakicdntorpie parigles end depasting a coating of carbon
aStabi | d i 1] rfa .
resid Rl FA AR D 30l T SpE RS, 3 Re AR ortgf inchuces
oxidizing sigpumke paricks shpare @asdth such et lirssxidibiap prdwids smrbiligd coated
partic&phe average size of the particles in m croné tines

s1tepdesedl EnfyspderandTereRhigzgHhe DRARIFIRRSS cpaiodspartigles to provide
k [ t t « W\ : a t o)
B L R AR RS B Ll rbonaceous
matertid s rwipeh erBE Rlserfadenareomp wqetre aretaxs tphr plaen & osrpanythreg minus
dr awi ngs 00Q9] Figqure 1 is.a chart il.lustratij.n
averaft i3 QonRL I SHIT B TN Cardapl SR TP 05 LB A
[00069f anodechnteto YaehlboliRient! # HeGidBY oP3b4EH icBfonaceous material
_according to one enbodi nent of the invention. [0010]
includeis ganbengrepes milled particldsihasingatdonting lagerp dihieicobénglaye is formed of
di.st.rihution. depicted in Eigure 1. al ith particl oy
an xS g SR B EO st b TR muiab oot B pfitcfes within
a sam@Engl USthe pgwaBcht o' B E Slirite MBdadh isqhare 8RER¢ férGarh AhAREless than
enbodi nent of the invention. [0011] Figure 3 1s a
three grigystaverage sige af ¢ lgees digpensivamifhepariieles ingnisrogs digog Hel 83.
[0007? ET s ufFfofaSI?e éﬁﬁ(?dir?lgnta %mx%alﬁg bgt?qu ?ncﬁ.ﬁi@g ﬁ{;c?de owder formed of
ncl udi ng exanpl e anode powder s, actording to dne
partickssifoun reHéd edgutaheokapretts@mmateilla)l degbereredidus fauming material
contng g e R, Shesht On T §109600e Of PONIEL ied and
hité€nil BAT sbfde3redbo Ridl&s ithih TRARp[ih O BF theSRARRE Nefined
srap el ectron m'scr oscorge o#ﬁlég)gmbdér particl eglngde fer om a eHne
in sqfape metdry ppr efasr teetle pese dbars reampirersi thé abiEagd kiED of the particles in
. DE?CRI Elég\l OF THE | NVENTI ON [0014] Lithiumion
MICIOPR Y e st ore energy by intercalating |ithium atonms
into mterials that are bonded to a netallic foil.
This netallic foil is in electrical contact with the




negative el ectrode of the battery. These materials
that are bonded to the netal foil of the negative
web@oteee are referred to as anode materi al s. PCI/US2009/a38827

bei ng bonded, the anode materials are a fine powder

and thus are also referred to as anode powders. [0015]

The anode powders may provide i nproved performance

over curr entBM@@ESCR@’H@@H@F@{%%\yﬁg@ﬁeCi ally

during rapid discharge or elevated tenperature

operating environnments. Wile aspects described herein
[0008ay beTHsedventionpndopéthér avith edacheraadpentagonythieof)sedy best be

I ndependent|ly of the aother. £0016] Anqde powders (may .
undergfgodreltyufgigtenFe dob fhea ftanng sdespartiofe kR 1y COBMpFigeavith the

: 0f . providing particles of a carbonaceous

mmonﬁ%?%?%gﬁﬁwg%%viding a coating of a fusible,
[0009F ar bonFigmsd duie-d olari dipstratirer paticlentize tiiseitsitioh afea odpresentative

a3 oL W BT b B o AR 5L SRpent o

inventit§d.Ng an oxi di zi ng agent; carboni zing the stabilized,
coated particles; and, optionally, graphitizing the

[0010E 0at edFrare 2 i eechartTHestpatiog dwspartigle prodisudufion teptted in Figure 1

along nayi ng.; %lts)l?e Sl?sl Il?ulﬁéﬁé%§ %E:all?lg & géxgvgegfpggk go()&ezhusting and of rejected

ceous

materi#Baédraing td bRSEPRtitkel F3hdiyedipnobt ai ned from a
vari ety of sources, exanples of which include pitches

[0011pet r ol BigwraAds eodertilpstibregeladgrinoe] pariplg s ndaPET surface
s EABESG) I SRLRRRIEEI R ETBUIBN, ot honsing o on
embodiatehpnhe aventimt. eri al s whi ch are known in the

manufacfure of prior _art el ectrodes although these .
10012 0., o Eisiret frop BIagE Fight & tFaRRing elo6Bop EUGORHODe of bowder particles,
wwon?ﬂégp CEMLSABL SF hRlisvdnishude cal cined or un-cal ci ned
green) petrol eum cokes, as well as natural and

[0013bynt heFignregy§ apd inege Tions 2 scanbgredeton sninmiseapealf pomelyr particles
e either graphitic or formgraphite on heating to

made Pﬁﬁ%f ﬂ?? “F%Hﬁ@?%%ﬁpﬁﬁmgﬂ-zzooc or higher. Fine
particles of such materials are conveniently provided

by mlling, crushing, grinding or by any other neans

whi ch can be used to provide a pul vurent carbonaceous

mat eri al having particles of dinensions which are

suitable for use in the formati on of el ectrodes.

Al t hough applicable to carbonaceous particles of

varying sizes and particle size distributions,

car bonaceous particles in some enbodi mrents have

average particle sizes of up to about 150 mm from

about 5 mmto about 70 mm or in the range of about 3

mmto about 45 mm Further, the particle size

di stribution within any ranges nay be such that not

nore than 10 weight % of the particles



are smaller than 5 mMm not nore than 10 wei ght % of
the particles are larger than 60 nm[0018] For sone
wWerivod2ivent s, the carbonaceous particles are pPOVUSAI/038827

with a fusible, carbon-residue-formng material as a

coating material. Exanples for use as the coating

materi al are carbon-resi due-formng materials which

can be reddEEAIMED WEFCTORTHDON O TEEMNYVENKEMD ar y

conpounds include those with a high nelting point and

a high carbon yield after thermal deconposition.
[0014Fxenpl BfthiutsRiubata@isi RGroTRhergyalbs iilﬂérbzhld@nQW elﬂl:ﬁjam atoms into

aromati c_residues from petrol eum .che proce

materigfs;thpfeage bpndeditp appesaHip gqub Thig arstallje f%}n]é A p}eetn,cglsqq%act with the
negat1@9 %le%ﬂ{)cl?cﬁ By ﬂ%%a@te@t ‘i“fn%s@lrﬁ SHAL 1RF SR RN Ihe metal fnl of the

sacchar use as coating materia
negatlae e:lemﬁ'od@ laseu o fanmat m)a$ ahade matemllakss Paodtd being rbontied; the anode
are readil bl e and een ob erved to be

; va| hav
materigsiase f fiHe P %’ fig]jr“@’ acH? Eﬁ% T8 82995
[0o15]rt eri ghs. arlo@0 L wdeks inSayt r(p\ffdé" rlﬂl%f(ﬁk@ Oferfdidiandd %Ver currently

carbon-residue-formng material may be any materi al
ex1st11wg"|allmld§ metertelosipdéialéd denmt tapshdisthargendt glewiitasldnpostieting aperating

an er. t nnsph carbonj zati.on tenppe
enviresh e of il SR5EA coneaive PerERNBRY bf e 5T, $héf Fpcot may
be usédhhddpehdentls l@bﬁ{eaﬂﬁdral Iy carbon.” It is to be

understood that "substantially carbon” indicates that

[0016} he r edinadepowdes Maya magofagiyregtby & arasess, thar senergllygomprises

R T e e
carbox@-ﬁd’sbﬂlﬁ fomsing URaterialcétb ahé zaifhcenof bad gehrtdoled; heabiliigd mad coated

mass of .the carpon- reS|due form ng materi al £002
particlgg by, pUPAFHIAS CBHp BEHAICE HAt 2 QRIIBEOH 1541 ASRE T REKTIZing agent;

carboﬁdglgg'ﬁgé ét)ﬁh 1150 @Pﬁé&ﬂa&@leéf : a%]'ddolﬁﬁfngﬂf‘ JrHiiHke BRT0RRA particles.

e coating nate I n coating
Thepmneﬂemaqsomdepmmchshhengs@aﬁmﬁd&ompmﬂhGGMa@& dlssolved
' aromat.j co ds .that inc

100170 Sou FRPoiEftar il PAg S LB OB R CalS B L hege Particles may

be obtgin%é ?rloiﬂ 4 OB of SRr&RNBA s"Mf%ﬁH"i%cl%@é ﬁﬁ‘éﬁeﬁ Spetroleum and coal
Exenpl ary conpounds i ncl u hose with a high nmelting

tar cobcﬂ, myn‘@n@c anthingturd agrbpiritey, eqfd cafbons detieadnfipm organic and natural

polym[e%ggi]we ;:e}é ol?@ée%uqog{dggﬁﬁtl iéc?nf%(rgréc%gg i%%als t ﬁfncﬁ' e hl?no\Vn in the

manufRSiuROMGERP YR eRRErbd | ﬁtﬁo@mhbﬁ So8RPs alB)ﬁov\elylcﬂﬁted here. Sources of
non-limting exanples, useful techniques include_the

carborpcepis raterialp dipdpde q?écmqgleorcg}-%ﬁng% ggrﬁa@ gegp]ﬁpﬁlgcokes as well as
natura'l@l{tc? %);n%etlg HitE3HHys oge? egﬁg {naf%ﬁ gﬁﬁé@l{ﬁﬁr graphmc or form

i on a SUIPéb e ven

graphit®8d he¥ging t® PraphiciRatsh teRpaiuag deQOd)‘i(I}@kelﬁglmﬂ Fine particles of such
carbon-residue-forming material onto the carbonaceous
materiglsr arp coasenigntlydprppided %yﬁgﬂlmg, crushing, grinding or by any other means

which can be used to provide a pulvurent carbonaceous material having particles of
dimensions which are suitable for use in the formation of electrodes. Although applicable to
carbonaceous particles of varying sizes and particle size distributions, carbonaceous particles
in some embodiments have average particle sizes of up to about 150 pm, from about 5 pm to
about 70 pm, or in the range of about 3 um to about 45 pm. Further, the particle size
distribution within any ranges may be such that not more than 10 weight % of the particles

are smaller than 5 pum, not more than 10 weight % of the particles are larger than 60 um.



car bonaceous particles in the liquefied
carbon-residue-formng material and subsequently
waleoppngposut any sol vent. Further useful techniPCEES2009/038827
i nclude selective precipitation of a
carbon-residue-form ng material on the carbonaceous
[0018par t i cFeis somn@0&RboddmEntst kier carbotatieouse padtickeh arayproeided with a

.. .used include roovi ding.a dry cpating .of e
Rusib o B e RN G e ot PR TGPe iR CARBBIfSdbise s the
coatin%gltﬁétél‘ﬁil Qe &%—ﬁﬁdgé’-fdﬂtﬁﬁ@&faﬁtﬁﬁfes WHRéH 88 Be8&&ed with an oxidizing

erials until a coating o . .
agent.c dixeoplare sovpeurddsrintinde metserwith a ihighpmeltingepbininatidea high carbon

. ,surface o he catbonaceous. partigles, .after ich it he

vield 3t Hiii o mp R ua o b r b et B b ABHbEE neavy

aromakild ere§idés2 68O pefrbleurt 2 chanidgle proseR apitdhes; eBgnikirdr @Y industry;
of these coating techniques may be practiced, nethods

phenofie gesinand sarbehydrptgenaerdals Redeasigars andoralyraceharides. Examples
rel atjvel £ ' ' e . . .

for 5 St SETRERIM R USRS sk B it v renity

availapRr bhd | 1@se abebnwWobghved o ez effedtiirp an gfusiblea ggkioirdesittie forming
of the coated particles. The amobunt of the

materi@l hon- r esi due-form ng material deposited on the

[()019)3ar bonﬂciggHt egl?l{c{e. s%o%sthgfiﬁqeaé&?%n\—/ Eindsglide nBRGial indySbe any

ndersto I s anpunt epends 1 n part on factors
materiahshicd, mdpet logidimidf amdnthery thefmallye dowatposgyl anah ey atmosphere to a

specific forma rfaces of the carbonacgous . Do
canbo o Bueraits DG CLHa LYY 0T ‘CORTIAG: REYS gpyiue which is
“substah@ydSarbdd t | R 88 Be WhdbritBo@ taltisdbsAtialB, WirBbn” indicates that the

expreéssed as the percentage of the mass of the coating

residueefisatat vigasto M0ke Wyotel earben,obr t #e lepsht ¥dophy t Wel egrbas.  The

measur by wei ghiing the d tiC for o
carbo T e s L Pl Sl 34 B B YR P 60% carbon
residue 38 @eibaBhSor, BRGADnithOsR ghal has? oBthetcdpbod-radidud-fodmingt ifaterial.

or fromabout 5 w%to about 20 wt % _ [0023] One nethod

[0020bf f or Ak Preenih PemBPornd dhati 68 bgroxidized and then thermally decomposed
. ' ' due- . : I o -

o oGO 0 BRSO P 10415k B

whichathe arrgarig compbinelsf ok [dinsbived n cobsst, akématic, c@npounds that include

. concentrated solution of the carhon-resi.due-form
variousgPRIERRT VR ShTSSIRY 2BIchOsaI RFEMESS; o TRuHRediSSOfHoNse) iE cgppound
. res] iy . . i _
with tg{:) rsrgﬁEfPtgsg. (PRl ggﬁxﬁ%{?&lsr‘iﬁtzlﬁﬂé Mosk Svilf Emﬁlﬁﬁeﬁﬁﬁﬁ paomt and a

I ni esi due-formng material wt
high cationeidld afteraheromb lemniposition (sl pesrileum Tidcadtay itthes).
houl d ,be cg tible with the carbon-residue-form
0217 """ a3ger RSl Rrpaf B coureah a0tk S Ry Dused. By
way St/shalitial Ramblean usdful h&hﬁ%@éé REcli®S ekd ateps Sett MRES/ing the
i ncl ude pure organic conpounds or a m xture of ) )
carbontrdsfduedptmisg Inaatal byThaneenpedh of mebingeoit fosningep selgdon with a

s PR 07 OISR, AP, S S i
carborBdsRIueZbrrhig| Uk@eridl Ofonex atiel eartomneene, phiclesneor dipping the
carbori(a)c/:leoeur;eﬁarggllesn (l)Ill It}Tee liquefied carbon-residue-forming material and subsequently
drying out any solvent. Further useful techniques include selective precipitation of a
carbon-residue-forming material on the carbonaceous particles.

[0022] A further technique which may be used includes providing a dry coating of the
carbon-residue-forming material onto the carbonaceous particles such as by mixing or

tumbling these materials until a coating of the carbon-residue-forming material is provided on



t et rahydr of uran, napht hal ene, acetone, cycl ohexane,
t et rahydr onapht hal ene (sold by DuPont under the
w0 eadarsk Tetralin), ether, water, PCT/US2009/038827
met hyl - pyrrol i di none, etc. \When a petrol eum or coa
tar pitch is used as the carbon-residue-form ng
the suifateof thke cafoonadexwpﬂr&cless alterewhish itieeydriy reohtirggeis ttlodnufsesl, to provide
xyl ene, quinoli ne, %letr drof uran, . Tetral.j n%‘{'}) ?nﬁl .

a CO&H&%H%H‘?&I ReSUrttes of 4 %‘I’i’@u%@P‘iPé}?t*( swl“ti& of these coating
technﬁ]%ép‘i’ﬁhﬁv;ﬁé égét%cf:@rﬂi'eﬁlgdmte?ﬂrﬂb@a Hefeih BB %Bés@nwﬁf&ﬁ ¥r0vide a
erature of the solution is controlled so
relativefye @wEfonon coasigl tbickarsni ofy that earbei-resdupifenshy m:atenal on the

t c | e d I to th | v
carboRRR s PR I Y R P G DURE RS ek P B ipiag of the coated
particlB! @hb amoliAt dfAhé Sarb@s fesidieFortnin® nadhRu H%ﬂosﬁéd bﬁ?ﬁﬁ ca?dﬂ)ﬂaceous
the carbon-residue-form ng material is dissolved
particlej emayo plge narawidely.eansleit s winderstiead thal this| ampur élemndﬁu iggpart on
0 AL Eu AT g 0BRSbe USROS AL sy o o

carboacto@ FarcleaToAltyoughaliamsudtiofixosiiguhhpngy fMdamys little as 1 wt% to
pitch-type materials form concentratedflux solutio

as migheieit /heexlﬁrqsafhi #sstheingrAchtage of Hreemrest e coatg fafative to the
total 1%‘9% sVt %e st A4k %somgés'ﬁ&]a |35 esél% 1n%fth(ﬂ i) ﬁa?tlaesOPefore and after

ese flux mxtu e “sane sol vent
coatingg ﬂm mﬂiuméﬂﬁ coanngvin simd érebathimbats rargss tasr fbounh2.agvt% to about 25

ma er| S sol L, fesults in partial
wt%, gf fem g f"é&f\ﬁ/e aRqi g ton- r esi due-f orni ng coati ng
[0023§mt eri @ne MBIt BF Forihpitd Qmifons Ralikd Rt At éAPorRkSMie-forming
the presence of a susSpension of carbonaceous

materpaéblf pricwitatingthe peateriad bet th@ sur@@e alitie@artioes is proyidet] @ﬁcordlng to

e QLG LA gl Sl R SRR 4 i

in a sRitdld §dl€&}t if fl)@l%@& @ﬁ@%d)lﬁﬁox@f)f &diﬁorﬁﬂisi@l@@&@@ﬁﬂg material is prepared
particles can occur by mxing the particles into or

by comphining Hde sesran-ispidae-Teaying rogterial dwéh fosiVeY farepempination of
solveﬁj[% r %tGI s%lve}ﬁh% H]S? &F#)ét%l? with' the %g%%g-rgﬁ?ﬁehﬁ)rﬁﬁlg%.bg Qoating,
orntng material directly,

carbon-resi due-
materitldhd ishovdd dssbiwe rlll( &) a issbsgaialr portign aﬁ dbel coainigheaterial. Solvents

resulting mxture to effect i al Clpl atjon o
include T greRRiR-cPRWPBRAS- 9 SrIRAHge Bt s Res e EhGapT solvent(s)

depen%l? o iR Igaﬂicd}@rrbogﬁné htesiaHsedS Seftadll fsf)l%l?cﬁ‘ ot A8BVifthe carbon-

solvent's used to prepare the solution of
residueefbhmingr esitatiab- inolude,n gormatxemppld, sber{zeﬂk%}oluene xylene, quinoline,

Al t ti , f i
e B gt RIS b b .y poron
underth& {r@entie T@@ﬁﬁﬂ)%tﬁ& Watd hBeth ﬂ?yr?&id\‘lﬁﬁh% e Whed £ Hétibleum or
t he sol ution of carbon-resi due-formn rmterlal in a

coal teopiithat vend af theotarkon-residpe-forming m&@r%nfors@lam@iﬁ, splyeats may
1nclucf§]c of[uﬁxgéj g(tg en ﬁcil.?t me,ﬁ?g %gdr(?tzxra%e traolinr@a ' | 'hnlgal&%l nlt;he ratio of

nsr o car aceou
the soP@ht(kCloehe icarboheesiderimiig Mhtbﬁaltlh&hé @d)luﬁdnﬂ Bndehe temperature of

the so(lzliiokr)lolrs] croﬁtsr(l)l(lje%e;ootrhrag ‘phge carbon-residue-forming material completely or almost
completely dissolves into the solvent. Typically, the solvent to carbon-residue-forming
material ratio is less than 2, or about 1 or less, and the carbon-residue-forming material is
dissolved in the solvent at a temperature that is below the boiling point of the solvent.

[0024] Concentrated solutions wherein the solvent to solute ratio is less than about

2:1 are commonly known as flux solutions. Many pitch-type materials form concentrated



material causing a certain portion of the
carbon-residue-formng material to deposit
weawat2as4 al |y uniformy on the surface of thePCT/US2009/038827
car bonaceous particles. [0027] The total anpbunt and
nor phol ogy of the carbon-residue-formng material that
flux sbluﬁciﬁmhabﬁahﬂpttﬂl is éghdyi sdlalsle wifen niredoevith isaliverst aﬂeq:ismtso pitch
.oon t ortlon of e carbon-resi due-form ng ,mat er
ratios Q1) g edr pPHALE obfiess Ao RErSo g Samp sl rigpopeent in
which(GR %M%n—? i a@efogﬁlfn HLOER id 1BsstBRILROl Ml ih 'pk(rtﬁf prleB@itation of the
car bon-resi due-f ng material in the initial
carbos-otsidueetorming qutlmglmafelrlﬁh| Whenuthisatilutivi end phesipitation occur in the
resi.duex

presei 6 SPRUP BLT P oNEranP st e Paef i s atphcif s for he

preciptaB8€ Nt TheORQuIS K lah @dpédiallyhBniddrin WOAMInG sRERIH B -techidbe-forming
artial precipitation of such a material would

Inmmﬁﬂanﬂﬁuﬁmmﬁﬁﬁhe mat erial such that the precipitate .

[0025¥£U| d ke}%a{l ?f:]thg %r%orbacg&lsrgégfc(f%l &h o\éﬁjr% tr%&ﬂ% 1%15 ?ch es into or

[ ting e remai nin woul

with ﬂh@}éblﬁlﬁbl@ Gﬂ bz&boﬂ@s@hﬁe-f@ﬂﬁing @ntErRl HirB@l)C OWI,haﬁ elo:b patitlbe are added
orllgl nal_pitch. [0028]. The soluhilit
to thecsolign-of €arbanaes Oﬁﬁl%éf@ﬁl%ll diyefly a&ﬂw@ﬁals%)ﬂwﬂﬁ) igrgencrally

added>) ‘?ﬁ@ 35511’1@1&% HiufleRe Btidl Eﬁ(:i Shi{oPbr ﬁﬁcéa%(ﬁl-remdue forming
i nc

udi'ng, Tor exanp e, oncentration, tenperature,
matergahd l]he additivmal sébfest(s)toexﬂ bedlnd samre, asdorl different then the solvents used to

co trated flux s i ONS caus solubility t
prepagly SHulon & e rradub BT Taears e Y 1O

[0026§2" bonAiRagvay! QrkRGsITRL ST paticlbd 0RROEMBGaceciB! MEREal can be
i ncreases w th tenperature, precipitation of the

preparedaby mgmiogerfaonslyemixéig drec e@rtlbkﬁs snathe isaget $odvant osed do fprm the

solutnl)léﬁ)g gglﬁ{%% 5%1%?%%%%5 Sg%t }rﬁa Cﬁpl%liné’%lgno sg)ivegts ol? in a different

solve@afoP® AediR WhPeifa@iréll figh MBLIRIdAlthe Bbilig Iﬂﬁiﬂ&ﬁ‘l thedsoltent(s). The
ei ther anbient or reduced pressure and_ at

suspepsiptp ef aarbe@cmusawétmle& Bcthemcembined witbche 891?13651 Q& cqthgn-residue-
forml}lg?rbtte?fa%alfs $e%alr§ﬁ$1¥189tof bR #a!?l?o drets%iue-for ng me material to deposit

on-r esi materi a eso

substdn@iafe taiferfiey oh e mﬁh&i ofahewbomebdaquadwda@z,s of t he
reci pitated carbon-resi for terjal on the
(0027 nf us! B teiah AeRRIE B ORR %Soamf the asBonfidhe- forming material that

prec1pﬁﬁﬂ%r Yntdthel WA T(l;'ie ﬁgsgﬁﬂﬁlégn RberkRat®d the portion of the

carbonaceous particles In final "diluted solution
carbondrestduebformings mdteeiaf dhati pngcmaatesr icait fgemethal $ojutirms which in turn

depenr&?fé)é?@gfqlﬁ%q}{geg%h%h%zgo f)@ Qﬁ‘[ahgd c%)glrem nglf r%{n?é 61?ater1al in the
initial&%RARh Gnd HBE SinBEdhRIBU W RN 1hE @hrbbiiesRieGBrhing GA&RI is a pitch,
as the carbon-residue-formng material and t oFuene IS

a wide hge of awledukar gesfighs ﬁPeClQSf?ée teigadly gresen. L@msltlﬁect ingthe art would
recog&ﬁe ftragp'grg 81 d ﬁ?lgﬁet?oglac{ S atpa gglteg%ggftogfrdo? ctlo ;.[3; ttl{e material such that
the prB&ipmdte kvoultioh flatil el Hiélﬁmﬂle&ﬁluf weight zﬁﬁlrlhgh? hﬁﬁlng and the remaining
solubles would be relatively low molecular weight and low melting compared to the original
pitch.

[0028] The solubility of the carbon-residue-forming material in a given solvent or
solvent mixture depends on a variety of factors including, for cxample, concentration,
temperature, and pressure. As stated earlier, dilution of concentrated flux solutions causes

solubility to decrease. Since the solubility of the carbon-residue-forming material in an



carbon-resi due-formng material, and conbi ned
solvent(s). It would be understood by one skilled in
WO b@9ar984 hat the specific ratio of sol vent toPCT/US2009/038827

carbon-residue-formng material at the concl usion of

the coating process depends on the
organizasobent ihoreasad grithesmgeratun® tpegcigtatian df gelceeatirg is élrdet eshanced by

,foL t he process. CE one hand, it js dfsirable to use .
startingethe PRACeSS oL g1 ¢ el impsealiig b igtadyale Iveripg i Rpegfure during
the coafhy BFcessMIiHe @ affdn{rBEIRLfdehi}ARGeri ANAHBR dRRdsVBN Lt éeiﬁler ambient

required so that the carbonaceous particles can b
or reddé¢sipessa and at héengmiratanetof ap@B36(C tdpabouc43Ce Bymdjusting the total

o S5 PACER!FGhoR et ot R b B LB 68 . e o
amouRdidd BAr@Bess ATCUhE Pt takeds bAbGir-feidut M @fidtédal Wi @ infusible
conventional methods, such as, for exanple,

carbog eenitpininggarticdessan e comrolisd. filtrati on. The particles
hen a [ I i .t 0 0, . .
o029 B2 2 SREAIB LY sURSP Btk B ShEL: bl R B souon

of carb®i-esidakfotih g iriatoriab peheghliyelths WS htikg oLludnid @tdn-residue-forming
met hods. [0031] The liquid remaining after fepar ation
materigf of gieaten ABAHGHF i ¥ FeAMPTEPY aRA o NI R¥pRpley fepere petroleum or

ol Coes . =
coal t%i%h%‘% chG&hRg rilaé f%g&nﬂt?eﬁfcﬁé-’i}ﬂa@flgﬁﬁf@ia@ and 1d1ferRA ?(:ﬁ{)‘sten as the

e recovere e SO convent 1l onha
solvemptheodsip «fuohieas to tlor pitotashpiugd bdiledsi thbmabi egualrtdelr for. the initial

.reduced pressure oy, evaporation at eleyated . .
solutigry Bl Mol B B HEN etrbBU AT ToR e SBptieaRUopf particles
carbo Sds¥RRLfofhA hiiSrid1 esddsEhbifad B0edt@y. MiNGoRRLIRY hrfferstéod by one

carried out at elevated tenperature so that the carbon

skilled g thguast thetrttierspedific ratéuplisdlventto chrbanfrésidusriorivigwasieral at the

are u to prepare the cqating material solution(s), .
conct iy BRaG - Lflf PRLEeh Gt oo G it PRt AR keral and
solverfli selecteldafor ARe pyEbaM DAYokeharieded Eairkiblea¥aisetRelittle solvent as

mul tiple solvents. The recovered solvent can be :

possitiy pecanseyotiteeicasheksalwnt enileynn terpthstihandugraish sokvpt is required so
thae 0{cB R Rec o b e b B R AL AR B SpIRET 09 TR ertal 18

[0030pbodi Wipbh somipletion adtthagreofpithtien stap oihezosied papiatesiact egparated

IS d d t letely infusible, . b .
from {5, B LSt SATTBRCOUTHB Gl o) Grbop s g Thaeril

using CHEHRANGEE WShRR! bich! a@,sfdr%x%gfé', Ld B e B scpiali&E ldr Mtration. The

sard particles to an oxidation reaction using an
particloxi ez i ang apgiensllyu rveishedapyitho soivante to eambionesiduadi pitcbnéor other

Ge lJdy,. onl il d. t . . tior di,ti
carborg g ptnio Mol el §n SR GH B e PO ePOey oS
[0031pat i sf aps Ofiddiy RefakBAgEMtPYscpantiont bMNGhd hRar@abticles includes

carbonaceous particles with an oxidi zi ng agent at

solverd(spond eadiduaingrebantesidue-trrniine gwkeriabt Theysalwat eambegecovered from
bonaceous icl wi.th an Pxi di zi

the SRR B7 e S RaL Rt B B oD B Plgf b edced
pressued @F @b GsbritRmpar dévat@iStenfperiti@e! I dobnet &i8bodiments, the separation of
solvent from the residual carbon forming material is carried out at elevated temperature so
that the carbon residue remains in liquid form. If different solvents are used to prepare the
coating material solution(s) and the precipitation solution, a multi-stage distillation system
may be needed to recover the multiple solvents. The recovered solvent can be directly fed

back to the system and reused in the process, while the carbon-residue-forming material is

discharged from the process.



oxi di zi ng agent can occur at anbi ent tenperatures
(approx. 200C) or at noderately el evated tenperatures,

W@ aot1zBosppr ox. 4000C). Activation of the oxi dP@I/E§009/038827
agent would typically occur at noderately el evated
tenperatures up to 4000C. In sone enbodi nents, the

[0032} enper Rbwuscinaémbdiiments diat icoatingealtthe omrbbsaceaispaaiiciedis rendered

partly gk GBS G Pl s 51 CHERETHGABBTAODT o comthg of the

carbo&a%@&ds%rtf@?és% bt%lblhzc?d Betu bﬁé‘c@ﬁ@ ded p‘aﬂfcﬂé%go bhexRliSatda®ibon using
reaction. he manner of oxi dati on depends upon

an oxidivéng @gemt uﬁdetr tappmpmdﬂezrewgloagendlthns I sz;.llmwnkmndéyo ederate

bl i SRR BRSPSl RS oty peromed

by cdMRERSSAE Ak’ @ABbARBOGO @dﬁkl@ NeitBYn RxidiEiagt 4@t aanélevated
are considered to be within the scope of the

temperaiyten o . coptag@zg themoa@dm@ﬂ@nmuwm@es trith &t apidjzingeegent at
mild cg%?'ﬁgﬁ? %ne a&?%&? oQ%r%ﬁ%C 41%21’( & zevzln gﬁﬁlgﬂ%ﬁﬁh\é Contact with the

oxidizifey ffehBts ouad at e\fﬁmentttbmpexaﬁbw@pmuszm er aﬁinodae«élyc elevated
produce the stabilized coated particles iIs
ternpefatees. dBp BosPRie: GO0 d\rdiNatien iahe RPNt Wayldtupically occur

at mo er@@'t efl@va?crd éﬁlﬂ%ﬂﬁﬁ%ﬁ%ﬁ{o%bée Tn ts%fle @&%Baﬁ{eﬁ?s ﬁf'%ntelﬂﬁerature of

y grap ize hout "an i nterven
the oxl@dtanicaalonoi raiigRincddstidw ol idsyantanbens ﬁlbl@lng point of the coating
carbonaceous material jis graphite, usef products are
materiph sgea eB§ure Ahaj meelfing Rpinf ﬁgtfterfé)agv&maitqr & ntxceRfled during the
ox1datﬁ’<ﬂ{ LGlgs- Wien the carbonaceous material is a softer
carbon such as green coke or a soft carbon derived
[0033] r om aThatmuarmkr of cyddtioat depepds ype@r thardemodd thayomdming agent

i.ncl.ude carboni zi the stabilized coated cl es
utlizeg! SHRTCIAE (reoCl LB O ABIORSt Wbt 2o0b e cikewise
VMIOL@r@HHétfdnzféagtl6rh SrR@bskl GhESreddticR LEMESARL Maf 1f pRABAd and are
000C or higher. [0035] According to this fur?her

consmbt%hp bh@\aﬁllm'glecsﬁolterﬁ thoaverdionnd st abil i zed

ar bonaceous par | es tgke und riate,.
10034F S5t Bt cuma eromede; T PePIPRF oG g BRRgRy Fetictes are
subse @RI @hoaRePOMIS! braphitiiar Qé}fendl‘ﬁétdh fiROMEErikIE isBE& When the
fenperature required to insure carbonization

carbonfisequsameipriehiuged 4o geeduse dhie byabilined; erptach partiglep dif o digh-carbon
maten&g a%hlceg/én%ar n@h ?"1{5&%%@‘?3&{ Qﬂﬂlt@ Gctt s?yh{}feﬁg ﬁhﬁﬁﬁgr@l‘é Wafticles can be
directiyaglaphitized ivﬁﬂioamaﬁr mtng®1Ng1 Ic@ﬁbofnahth(m wicphi Addhenalbygvehen the

identified yange t. 400C to about or ..
carboRgEais mplgg) & GED Bl ARkl BROGRS (e ApBud PR Carbonizing the
stabilib QP 364 e&%ﬁtjﬁclreﬁgmnttﬂe Eeﬁ‘?oﬁa@gmﬁr téﬁeﬁ id 4 §@ftertch'b%n Gfich as green
vary ue e nature of the st ['1zed coated

coke craa oftandwnsdqiaed ifodne s, nasralvet Isyraheﬁmpolymantmdhods may include
condi tions and appara

carbonizing the stabilized coated partlclfes to a temperature of about 400°C to about 2000°C
and then graphitizing the particles at a temperature of about 2200°C or higher.

[0035] According to this further step, heating of the coated and stabilized
carbonaceous particles takes place under appropriate reaction conditions to insure a high
degree, or a complete carbonization thereof. With regard to the temperature required to

insure carbonization, desirably this is achieved by raising the temperature in a controlled

manner from a starting temperature, usually ambient temperature, to the final carbonization



used. Wth regard to the apparatus, conventional ovens

are satisfactorily used, although seal ed ovens wherein
W@ 2®pazivtd c at nosphere can be mmintai ned duri nBCT/H82009/038827

carboni zation process nmay al so be used. Seal ed ovens

i nclude those in which a reduced pressure may be ‘

tempef@idtvitiicte thlls Suthin &% abacdidenidiveinangd Qbdoht WACE tb agauit@000°C or
to the atnospheric conditions for the carbonization

withirpthe sangs of phpait 46 ésiorbeet 1980 °Ge anbi ent air up to about
500C gf:q a0, t qat r r
036f500C SGupkeEE] uft RSPARGE (5L BETDRL A 63, A S of
stabilisk® Bodte caby@rBousSpardclgel a5 wels pk ahe deadtion onditeds gl epparatus
during heating under vacuum, Suitable iner )
used. s Frgarde 0 Tty CPBYEEHONE QYGRS aﬁ—‘eﬁatﬁ%ﬂd%% vsed, although
ledB fi&einOf) i ' 8 gfg th izati
o451 SRR GETEL LD LU0t h coniain
procetsempealat be eisabnfedlédoeens tildede thase wawlichviadeduyced pressure may be
. %ggcgral ly, the rate of tenperature rise to which the
matnt YA ETEE 84 ar bonaceous particles are subjected

[0037{)0 achigg¥erAdP@Nthe Atrh@phtietafitidns B tHeh@riyiRkioR fprocess, the
.5C-20C/ m n. Such a controlled tenperature rise

atmosphgemey bdhambigobair crrtoabora8iBE erezuiney aimesghstd atvietperatures
For s emhodi.nents, the coated carbonaceou .

sboveRiopt SNES: aRBOBLCUIS ) SorTAF SeaBOHe SkToie oxyeen is largely

displa_t:@d@ﬁ%%gfégt?éggﬁﬂﬁh‘ﬁ?}%aﬁ d4 thudh, |sedgble YRSt atmos%heeres include

I nter eat Treatment step where prior to t
nitrogbn, naorg drebiom ztt,i which enpeomtaacevaisilt] the haatpd coatsd catbbhraceous
. coated carbonaceous particles are heated to an
pamcfeﬁter medi ate tenperature, and nai ntained at that

[0038] Nt er NeditAt:EpAk @ MBe R Wipdr@treaBohditissy aheRf chd By TRlely but
I ntermedi ate tenperature or the period for which such
generdly, dremmathi eft emperrbee aise te whichnthi stakilized castyd gatbgnacaeus particles
| e understood to depend.fr I t QERSS.
are sffeleg 1 BT, HBRUAT" FREPS 9 P MEDRE B 05PCRUGERTR: such o

controlied @crapthtueriseothsurel that Foodl virbogizaunCRsiltearp achie¢dde SFor some
are nai ntai ned at such internedi ate tenperatures is

embodipieatsi dhal coateds sabpRacaeisattisespaicy heHPe aloi antigpl seepization
r i r .
mpe ST BT, 405,07 I8 DESRERN- e 08 SARETAREVre prir o
the firiahtcarbomidatidnetehpatatiire eaddrinnd psiceps therypated aartdbaadrene partisles are
ver .t he

.actice of a sjingle heat treatment step in
heated fogip KBNSl (QTRFRATBIE. A BUVARF o i GGty fegiperature for an
intervAl &PEmE.N M1 Bferhb&akOREBERRE ot The B fIFRVRERISDEH irdrmediate
a constant tenperature i's believed to inpart inproved
tempegitareais treainginedsmay vate andawvidbe ambdontmod dasdgpand ifineprocess to
procesr%\é j{ is{%{;l i)tgltuﬁlgﬁgto\é\@ :g%lg t}lfetai\rllis giglq oF 306t I?l%}'e e pgrriocysoofst'fjncl:eh during
which the particles are maintained at such intermediate temperatures is beneficial in
facilitating the polymerization or other ordering of the coating present on the catbonaceous
particles. Indeed, the practice of several such intermediate heat treatment steps may provide
benefits over the practice of a single heat treatment step in that the provision of more than
one heat treatment steps in which the coated particles are maintained at a constant
temperature is believed to impart improved characteristics to the coated carbonaceous

particles over particles which have undergone but one or no such heat treatment step. It is

further to be understood that during the heating of the coated carbonaceous particles
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further to be understood that during the heating of
t he coated carbonaceous particlesparticular attention
worem/12398pai d to ensure that neither the tenpeP@I/USREI/038827
attained during this heating process, nor the rate of
the tenperature rise during any part of the heating
particifaP 6@&8ioBeng 6B pafdalo dnb@reithgtrRithan@e tenpeedttites @ttpidbd during this
_of the coating upon the carbonaceous particles. is,
heatingysaesge dior fisratet ik ety rise ARingaprrart fdhe heptingdpocess be

such @tat {htéqngtgﬁﬁﬁe%gs 'mcé%i{%r Q(ﬁntef){ﬁl‘étc%gﬁ@u CRB LR ohESons particles is
enperature rise I'n the proc tenperature I's
exceedal. NMarssichpht stated bihk oerinbhbdégnatating af deumatieg {9 todepadfanted by a

the coating where said nelting point is. generall
contrtls GBFAGTEh WD B PRECE HEMBRBOES S, MR below the
instan%d]ﬁ!eéusr ﬁgﬁhg%ﬁﬁtof theadding WERE 858 88cltife bURle id RARm 1(\)/ 3igcreasing

1

ich exhibit slower ratés of tenperature rise. [0 c]1

with tBubslagog the procashe Imtvieay nfrthns reguirementyrhsatimgmrocesses include those

hi tg{gPDetr alure usegt for ghe .carboni zati on process, the
which eXhybil plosienialss @ GUEBat e es having been carboni zed
[0039)BY besapRbgshttte Mebit@RMmér PR iR HaRinwh t eRpeRtlrdiBed Sor the
not an essential requirement. Again, the cooling rate

carbopigatifis piogesisy theoenated| sasbonacequs, pariaclpe hiing ibﬁelhl%f%?nlzed may be
- ' 0 hj ool.i ng . .

coomgo%%égl\% g&‘ ?}t%n%égﬁt%kp .légg?‘fgf}‘ 1‘hasr fél 1g(ists ?S{Sh%?l}] 39@1%1%?}% gt' r éAiggm’ the

coolin@f rateelsplisibly eontrelieddue.l, ng bt hetldanbeuti a1 @ICmiac eBlkough, this
.[0040] Processes describe erein . result in a smooth :

coolinggaiei g bEFOPPEHEH i Be afpl@fwgarnlaaselaagmgéﬁ#?eclraaesﬁop@i?emwre rise

durinS QR aHBRRHiBRbSess L he stabilization of the coating is

urmgfg'l “owe é‘t’;/ contersgl | ed heating of the coated

[0040%t abi | Predsspardesaited berems resultefrf exctsmoathbenitigt upon ofidividual

the coate ticles wwth little or.no.clupping or .
carbolb s ENF nf Ot SEeT P el SPi RS Bl idliowed
by coh®SIHdt BeaBh® of Ut SShtRPEhbiGL&EE pMitRs kb tab h& efbct"Qrfin@e@Bn of the

fracture surfaces of the type which are

coated: hartigles evithslittle o ing dlumping optselfrathesioneqfzthe tedipidpali pargedes. The

o Y555 T8, A1 B VAL B D100 Bk B0 P e i
are chdfgtefigfidayly Toimhddl wish O sepu@ite partiakes tii@yand meusd &k icB)sBel bi10broken
contribute to | ow el ectrochem cal efficiency when the

apart faproyiseexstreg Bowingdpayedesn Syl dacig apfages pyg desirably minimized or
avoiddd %}E Qfl%g gge{ gelfe%vt%ﬁ.ttf)' goqqltrilﬁ%oo 1896w @ﬂe&tfo&}%ﬂctalr%gﬁc%ﬂc& {llen the

rechar iumion batteries.
particlek atzi used at hwan®icapatesaldaredhekeahlt eleotriceldemngd bells, particularly in

surface,of .the coating infusible to the subsequent
recharggghle it F%\qoaétﬁ%ﬁ- Oxi dative stabilization allows the

[0041‘£erOt hTRUTSEAAEAREP AUGER ERribDRuf A8 reAdkr PhOCRSBcd @FABe coating
reserved in the final coated particles, as oxidative

infusikle abithé zalbsequent eatbonizatidre stepr fQxidativfe sthkdlizasimni allpws the smooth
surfacie ngrg(?lilcgld elnttge tcggtiﬂc'gugrso%e l'éetl?)t be preserved in the final coated particles, as
oxidative stabilization renders the surface of the coating infusible to the subsequent
carbonization step.

[0042] Heat treatment of the stabilized coated particles is desirably conducted in a
controlled manner to minimize fusion of the particles. One skilled in the art will recognize
that highly stabilized, infusible coated particles can be heated relatively aggressively and
quickly during carbonization. In contrast, relatively mildly stabilized coated particles require

slower heating to avoid excessive melting of the coating and fusion of the particles. Use of a
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carboni zation step. [0042] Heat treatnent of the
stabilized coated particles is desirably conducted in
W@ 2@0n2398d | ed nanner to mninmze fusion of thePCT/US2009/038827

particles. One skilled in the art will recognize that
highly stabilized, infusible coated particles can be

fluidibebbead dﬁréﬁgit;ﬂabﬁhlz@tio@g@fdemit vehyneands egpeciklly bankficikd in preventing
carbopj zat i ontrf relatively mldly

clumpipg gy f@&oggﬁ@ateégamc Ses require siower heating to

[0043?V°' d XaRSShdRIME ;pﬁgiu&f: al f1&- ﬁ@x@fn‘g%vﬁféf’ of U8 pafticles after

he particles. Use of afluidized bed durin
the cagbaiization and/ongraplgitihaizn staps,awhueln paitislee sptebit attlwor no fusion among

benefi,cial in rve i andfu5|o of. t he )
the pEaES T BB FObsRh S a A e mo R B R bimpIE mechanical
agitatfong Sudhl e(%VEynﬁiseRﬁ\wﬁfmﬂé 16Dk B¢ rBBkihg %Et@\?ée@ftﬁeeﬂhuﬁlBeand forefinger.
car boni zat'i on and/ or gr aphl tization steps, which

Wherp spme duséan mgchhdietocrinred ketweempartiles, and amheguqah agitation is used to
separe?g rtﬁesg 'p%%cleg WniGhRa 9%&%&&' ltl?f ePo?er{]akgpn ‘fr%ct?raet §u(§t;]aces, in some

ree- ovvder nical agl

emboamdmsaﬁestewrawﬁe glirfes b Lot mme ma2é tHayt 108k ok AE more than 2% of
tween the thunb and forefinger. Wiere sone fusi

the t%@dysurfaeee aga Qrthe gaisteie e%’vcaaafr@ icepgidered; ag beigg rahstamally smooth
coatlr%g' tation is used to separate these particles which

y result in the formati on of new fracture surfaces,
[0044] n sonmdViahdthe icabomiged tvasel dartamhiedoas partities emyde gnagthitized before

use, SRR 00 Pl AU (G BT LG iy paicles producd

may E@ rh%édj ‘%ﬁl%&l}a% hatiog: apiRbAsd ahlivdiapoat fhe CRAMLGS of electrodes,
[ 0044] Whil’e the carboni zed coated Garbonaceous

particplarly ianddes llm’aattebles gslaq@mllwlm exthhegeahle bafteics.
i zation sse rbon

h
00457 2P0, I &3he Afhohd i Sated Gafhgang Bitetes are aso

graphfize@ & Ih¢atinl Wahi BUS stapaiglhelaélbwéd telnipetdute RehitH it M€excess of the
formati on of electrodes, particularly anodes in

tempepaiies reeched ediwsiagi the | qarhonization siqpeadihe adxmiagq ef graphitization is
[0R43]4! 0 t Lz

many égl:abonaclgl(o)%ts ggnﬁ{@rﬁﬂ}e 'ﬁ?g‘ gapg%t%tl&? ﬁﬁ& + IS 88§I§Bﬁ glli)ws for the

generdtivano ft ©@mares bideted rorgd rlatﬁbeVr&t}&dcoh&ﬂnﬁﬂﬁhw&uy\lbamhles S A certain

. i n._exce %ﬁof t he tenperatures reached during the
improyeg gysia FCGrPr%‘flé‘i? metrgegionmhgaion YrsHs, tapé at plep believed to

improY&the f&h%ee@%gcﬁ@ aef ingfidd | GRAklihg t A &%@Hhée{rb&f%é&ﬂ partlcles

process ntl lows” for the“generation of
describediberenh. cli ysd:sabcwlh}t ncptewonﬂny thaeﬂrecgtammtlzrdrdoaﬂadmenw@s show hlgh

crnc S AR TR AL Bl i

recha@@éﬂl@%ﬁf&rf’e@ﬁbﬁﬂh@éé@nzit&@a&haf ge capacity of a battery
containing the coated carbonaceous particles described

[0046her ei nGraphitizaties plsei rgmoychisnewgics hy! it aurifigasion step is especially
1mp0r9an? rhetnI frr?pqlrg %grtb%gs %ﬁéﬁ IasC ln% urg’lhgrvgpﬂteg are used as the source of the
carbonaceous particles.

[0047] With regard to appropriate graphitization conditions, again these are to be
understood to vary according to the specific nature of the carbonized, coated carbonaceous
particles, as well as the reaction conditions required to bring about the graphitization.
Generally, the same apparatus used for the carbonization step may also be conveniently used,
it only being required that such device be capable of further elevating the temperature to a

temperature or range of temperatures wherein the effects of graphitization are observed to
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capacity at a low potential of 0.0 to 0.5 volts. This
i s highly advantageous in maki ng rechargeabl e
whaiwarioes fromthese materials. [0046] G aphi PCHES10097038827
al so renoves inpurities. This purification step is
especially inportant when inpure carbons such as
occumal ypiedllyg pegphitizetiar ecquseth the téhperatey cagefof taheut 2200°C-3200°C,

carbonacequs particles. [0047]. Wth regard to, X
althougPHE PLHighe SpReE R B é}%ﬂq'aﬁ Fﬁegﬁ%ﬁn%\@tﬁl?-nﬁt%@é@r%ﬁr gnly that
a satis@clsy Hg%@é oF %g%hg&aﬁf@}{ ¥e 36GHeH! ADink Ahis"BeS REA HHaf an improved

nat ure of the_ rboni zed, coated carbonaceous
chargpegr dapadityss aclsewedl | as the reaction conditions required

bring. about .t h hitizat,ion. .Ge | | h .
1004810 vt ORI 1 B HEHRIOES ERPYERF dh 15 deyr i oh S tpization is

perfofiRAV 8RNI ANtihdtt Us@Bsphbfe LY abeddieribRd Bidvashstynat Gapaftization can
devi ce be capabl e of further elevating the tenperature

immegdigtely tfohper atthpwizagions dngehish easaptheacarbenizaghepated aanwnaceous
partic%];a?eg }e?a[n%d i%ra%%t{o!n;agﬁérg‘%s,ai.ree %bos"zgﬁ,v %% etﬁc? %%%%%%‘Fﬁ r1se raised up to

alTy, graphiti Fon oceds I

an appfupiateOfrapthitizitiod 200 6eraR@) CWitd idaatdald thewae ofrthibitghgdrature rise,
. temperatures m ght also be used in this step. It is
des1rafbgq §isdngiptained pg thesamgraterag dhag ,uyedd@@ theecaglponization step although,

e IELL] S84 oR AR LRS00, SHERIEYE [P o
the carlergéwed coetet kerbpn@eesspacticiel. t i ons it is desired that

raphi tization  is.performed in an inert atnosphere, .
[0049guch gin e chegifenty it USIGD CRFHSHRIOFS St PToffTRYhresidue-forming
materidV¥BA AR SoYest PrdbRUECR AR ARInARsidhd foMMifNc&RRE chN@rbonaceous

carbonized coated carbonaceous particles are retained

particles regardlasst ofoparagip aizat Ude coating camnbeosasamplisfedtihe@ number of ways
.tenperature.is raised up tq an.appropriate. . .

but it BRI, FtehdeBBe R ab B ay R RRagl aR<Giat o, the, presgyee of o

suspehdibi$ of EHEPREBINAERUE ipaRicled € STHiABdAtink Rh&ho® yidRisTH @difesh ddating of
the sane rate as that used for the carbonization ste

contrefledomptesitigh e arodices adeese qomnosite pattislepeavedonr ¥ thak qu pitch-
ol . . _ ‘
coatef RISO 08 el {eel R EoRED B RriBO Tl BRLSis Fepht in the

subsegusie p@ibdiepent s, the pitch coating process, or
carbon-residue-form ng material coating, proce

. S
[0050p ovi &8T SPiF SHROSHPBER -AeQtidRfion Eﬁa?ﬁ%’glsci?éfl‘?‘i gUopn the coated
paﬂic%rgﬁgf‘ ff &Y R#on! of ltﬁéc&aﬁ??.; ﬁﬁgg xidfioR %ﬁ%ﬁ&{ s fb%lv\lgieg to provide

coating can be acconp I'n a nunmber o
certait technicali tenefSipe Cirst, itys baliesed thgetha stabdizpd ewditgl patices dve relatively

e ng. material in. the presence of suspensi on of
infusifRgo I ingriaadase. pichi S PRUSTAT dediull BN ouDylprprocess
steps, SandNubSdqie£tORddNAg @F (KO Phriitlck e ReMMAB i b&llkvad@hat the stabilized
roduces a | oose conposite particle powder, so that
coatef hertigles @be oadoreed with a surface which yields high efficiency when used as an
electrode, particularly when the stabilized coated particles are used in an anode material in a
rechargeable storage cell, particularly in a rechargeable Li-ion cell.
[0051] The coated carbonaceous particles, also referred to herein as the composite
particle powders or coated particle powders, may be carbonized/graphitized at temperatures
higher than 2200°C. This high temperature heat treatment after oxidation results in both the
very high capacity and charge efficiency for the coated particle powders. It is especially

advantageous that nearly all of the high capacity of these graphitized materials occurs at a

low potential of 0.0 to 0.5 volts.
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particles do not agglonerate and no further mlling
process is required in the subsequent process steps.
WO 0®502398pbr sone enbodi ments, an oxi dati on reaPCT/U8200%038827
carried out on the coated particles prior to
carboni zation of the coating. The oxidation reaction
[0052] s bel Bewed:ntmdpnents, dencamplate nust exththie calrbdnézedf artdéor graphitized

coatecﬂéz;r (i)laclg(tg,lségsaétkl) l@ql E]Y glggr e% rﬁqﬁh@q@z% b%nlg{dfzzgeﬁfcﬁecmgal storage cells,
partic@¥H1¢ &l teBRargHIE BatlesieP Ak &H oA BOIHBSILE, 30h&thbd fd&'tﬁé"hﬁﬁufacture
subsequent “process steps, and subsequent handl i ng o

of an tlh@npai istoragees]l i8dudny dncomoratmgg gito ey agpdendithe ¢lectrical storage cell,

coned, AR5 AR GBR uL PCRP IR e el ANAIPS Rouing
layer Rk@6d bOHALoxiPiAEd, |c§1%bﬂ-&és¥dﬂéﬁ%ﬂnﬁ1§@ne&élﬁﬁl lized coated
articles are used in an anode material in

[0053fechar Hesmme e@bgqhgg@tsc dhel coafedr qarkamaggaug piaﬁméps produced from the
procesrsgsC g@srcgggcp lago%' r?lgcl.i lIIS %Otﬁ)lg %nygﬁgﬁgla{egﬂugues into e]ﬁctrodes,
o herein as the

car ponaceous par orererre

particelefip %ﬁbdes g\%ﬂb cnloe de&wﬁed smhr patiailadty dasdih,clt ds pomdlea.phaed that
may be carboni zed/ graphitized at_ fenper res her
knowre-ﬁrarfnm@mlngrﬁ@nmu@% fore s eﬁ%%@lab@lgﬁ et S%ﬁe%he s, as well as

know@-fa%ec{evﬁ:)éé %{1?? Tadigad! ﬁlStHenfoEr%ﬁbnt BE sy&f ¥lel9t‘r&ﬂ:s CARA% bided. A
an e

charge etfficiency for t coated particle powders.
particlar atcb/aa’@g@wiha:llﬂ iy o‘atdmd bagleous af s cqalmirdayb(mladreoaﬂ partieles taught

heremgl ef% tgg? 1%/215%];18}1(? 31 2 (?0:51?85 i é}é?é(jrglna% E’ﬁ ‘%8 s rréc’suﬂ}ng ina
ﬂowaﬁ@%qﬂd&e NE8ch HORLEIERoMIE: HtCor fédi'lﬁa&@ﬁlb% #atpan df ale coated
graphiti zed coated carbonaceous particles in

carbor@lcgmsrro@telsals,plarttalwmléﬁ 1rytharmml§actlu*ﬁ of|tee tﬂuepté@re %m@rfég @owder

prov1c%8%§08%§artl P %cliqrgg tLhmei‘élt}P clhe rrg d%c?e ur e o 1n% of course

very TRYREBLY i@BActS In@ g Geétic icasdctid @S any‘l battep@patticuarlyl itedhargeable
an _anode of the el ect rical storage cell, coated

batteryy o prilahi @esraelestroses ferahp ppy; ?fgalt Bteged hagge carrying capacity per
unit VB@%OMQ ye%trgﬁ'é @érﬁtﬁsfop @%’ ]5(9 %Eﬂen&rekeﬂyﬁEe Fpﬁ'ﬁgery while

an oxi di ze on-r esi ormng nateri
maint4ifidgIpod per@manentiadicneistics thbﬂeef coat ed car bonaceous

articles_ produced fr mthe rocesses .descri bed .aboyv
0054F,'c 1 opreltT TG RErRYS SEHE A Hisr P SERITERIaLS PAHGIeS is that they

have & Ivglﬁyt I‘ilgﬁi st @Q[et L ALY.Y FaRPERTe eMlidiRy "lﬁtthg Fé%&tﬁél Re&Bonaceous

rticulfarity herein, 1t"is contenplated
partlc]lem mmylapalbmab‘rm abtw the@.rhoacﬂhwthd@zs dleptrothenigalessleddwtween 0

h t rod d .
and 1 R VR BRI BHER: offee oo (BB R SR P o
the cabsiRecolis RRFtId&GUbIbreabEBNE ABE iR idhllly SOMIRtoRi 18R dindbateld eparticles

use of the coated carbonaceous particles taught herein
produ¢edeby |orﬁhqr HecmameStmaYm@ﬁlne kngwnhigi thectsht i lagsomenhegibodiments, the

carbona%crioeuls A& FeROE choa{elauzfchdr s%‘?luﬂ)rgvﬂg oo first cycle efficiency when

precursor for the carbonaceous particle is a coke material selected to have an initial volatile
matter content prior to heat treating for carbonization that is greater than 10%, greater than
15%, or greater than 20%. The coke materials with these percentages of volatile matter
content may be coated as described herein or may self coat as volatile matter is driven off
during subsequent heat treatments to carbonize the particles.

[0055] Desirable attributes relate to particle size distribution of the anode powders.

While very small particles are desirable for high rate anode powders, it turns out that there
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fl owabl e powder. Such fl owabl e powder not only
facilitates in the transport of the coated
W@ 200802898€0us materials, but also aids in the PCT/US2009/038827
manuf acture of the el ectrode since the powder provides
a good degree of packing and uniformty. Such a good
are dﬁiﬁ@%@ﬁv@ﬁa@@dhirﬁg hefing ther pativies Yo bavar sthhly. iTiypmelly the average
_the vaolunetric capacity of any battery, particularly a
particlectipafRpaah o adargest gmspsigh) @we%qq@ééoe}féelefsr@a%@f%w ng and for
high Ilaf?e!fattppﬁ ioftf! ik ?éi&ﬁ@(?ﬁ)dbec%gﬁo&a&r%dﬂgn CARAGLdYasRREcribed herein
unit volune of the electrode permts for the decrease
may benbdsbd onvealasib of azempling welath espresahis|aepartipm(@g.nil 0¢ grams or 10
oqd perfar ce characteristics thereof. [[0054 .
arem s} R B e G R &S RS BREg FO e embodiments,
the sic@ERBOACROES fPhki Fb@RBe ipartichadizd RevethadealBout 8 ¥hdi @bhicrons or
first cycle efficiency. First cycle efficienc

of the
aboutSomiasohsc ahhoviad ebers, particies Ithas agg muely pméléﬁrltbafbg) Ovisipne and more
.1 he carho ctrode . | ectr en] . d .. .
e 00 SBAR ShAGFule BT FRFIF TRt gl smension may
prese®OpiBleinS O NParfitles bf Gate | tBarebhé ehiemayor partisle thviit age BP%oi h5 or 2
. the carbonaceous ‘L))ar_t icles before coating and i
micropy BRcoEding togmpmembedments nayahaye ok ﬁ@%wﬁ eI thepyplume of
-her ' j I ' ool N
e A ORE R0 RS MRt B0, MR i i
an elevaedadrepbratnet niditionpr aviidg rapdd Histhargd isdyedleedevith clegneyive and
rsor, for_th cargonaceous.d%art Lcle i

when, precu k
hoat RS 1EaFIC% E1PEERRSA 1 6° AR e AMAl ARGSF SIC0 BREOPY EEndeiPyqepur first or

most ER0Y 0 theRia@ patifol e afhel Jr8AEH dBcérAlis BRTRO RiEALHRvehdlRh, but the
I's greater than 10% greater than 15% or greater than

resist200of Theepartidle tordtaetuiratosexpiosdh Mo sacther seficagees tofthe electrolyte.

vol atil e tter content may . he coated as.described .
smalgiEs 5 Beiey S a0 btk oo TR S Ehe PR FREbg R gptorine.
[00569f f  durmpngrosidbseabiiile fifader th@addBRMdE Ha@e GBE BaTalIZE phitiele size

particles. [0055] Desirable attributes relate to

preseigathc pivaless may be slassifiad ibyre bightafbcienryd@ngsilereifisr tywghseantially
reducc\é g}\r}% 81?321%}} {)P ?}rlﬁ 'm%r%ﬁ ! call e?rhf ﬁ‘@a!r qnifcgcfenf %1%%1 851‘?1&%3 35 fuce the

rns out ereare

populaibtost R@eded thateé ldlatian@ iveorzarthicis ®ssttiludt@tddda Figure 1 where
smal I.. Typically, the average parti clé1 si ze (based on

the avgraggrig dtcatpdnishuren i0sansel bmigans gidjbereaas veRalonapprticles less
than @gﬁﬁ@nsm}ﬂh@ %ng@n(kgr f@a&ﬁa@&iegmaﬁ ONSd 3 MicPGsGEBEntCa small

m crons o Averages as descri bed herein
percemmnge b tHeaswedhlbpomtationsofspavficles. s EnpLompgrisahj Eigure 2 provides data

from {HEiRaHe SEPls 04GR i asehe BRRfETIRGP dhe AEH AR process is
indicapQiethe it 1ARMR 1@HAMIRMoVed hABCRE ARIidaAAAY 58 LOGE Bbeled 17.

for the average particle size Is betwen about 5 and
Clearly avisignifiranbrvohimagitofgparticlenrlsss Mwnndt sicrapowes produced by the

N A P
distrititioh @Brve indib@éd bynisiciian]siel®Nsy, on may

[0057] For some embodiments, the precursor coke material itself is selected to have a
less ordered structure relative to precursor such as needle coke materials. As the powders are
produced from the precursors, the substrate or underlying particle tends to graphitize, but not
form the larger crystals typically seen in prior anode powders. The precursors that have been
previously utilized are derived from premium coke or needle coke materials. Premium or

needle cokes tend to graphitize into significant crystalline structures that are quite suitable for
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present problens. Particles of |ess than one mcron or
particles that are up to 1.5 or 2 mcrons according to
W@ 00e/123980di nent s nay have too nuch surface arREI/82009/038827
the volune of the particle. One theory proposes that
hi gh surface area anode powders in a battery that is
batterlynusan Ela@vat @eket RRIE aindércolaiagy bpeating cohdifiatg. r Apodk powders
di scharge is involved with destructive and heat .
made yisigg a@fsfﬁa cakegarg kelisvedioshave dimited pesistance do fuitier fiagtydng once the
. r r .
coatify 8 (KA BHL0A LETR SRR The eAhele IRE wrBRAL blapkflare casily
openegdchyuthke siledeadtmactitiothe diedtrothe reveslirgt moresuofact beea for further side
.particle to fracture to expose nore reactive surface
rawu&@%a to the electrolyte. Small particles are believed
[OOSSF'Ot L0 iRWRr 33udMfal id BUIRYENTo Bk Waltbry R$foBh@eSs B surface
racturing. [0056] To provide an anode powder t hat
area cf pesictastregradiesst dfepagtindd siee. Naedle cole tsidsdo praaseprrticlehihat are flat

owders may _ be.classified, by..a.high efficiency fine .
and WS Bl Pty atict SRR b g dh PRl EL RY of BVER apps. 1
has bé&EnClo@id At by GBS adeié d1e8Eulid ke s Shez@ecuRadr! thelcetdlne structure
reduce the population of particles that are |ess than

is mugh mese shisprdered gnd dendade Provide ertaocleld imppyementa Kgaruposes of
. e g8.: ; kCI »
avoidfloRUEIAT R Rolcht SERANE ol RRNE SpE Do B Boke is
a verfFve@nmbhaapepiot dtis kindaff maetialcl Be divpk relvon f8r aalling this material
. m crons represents g smal | percentage of the over ?I I i
anod§OKF ats BRTALT BT PLitedids pRrbeiigniRg KoRrodpsggqdes for aluminum
smelt%.ov&g&ﬁﬂfé% oM he uﬁ% RN RNPEABAAT RRAHE!, reference to
ere the powder fromthe nmanufacturing process Is
“regulandoledtherkitbyvdidsecreatingeohflsiohed 16 and t he renoved
articles indicated by the curve |abeled 1 early,
100598 niThF ST e B MR ke eTORB SRSy Rty Fech lfr aspeet
ratio 888, PHOYUCLIsRY6 td1€0: ML bAGEIE e B¢ 88&1Q06keBRcursors). The
renoved to provi de an anode powder having a particle

partickeis Zuscippeariib at slightly plomper sleripe s edmpygred tie chips.v dhe pbwicked define

18. 1 0057 or. sone di nent s, he, pr.ecur sar_coke
more hE i Peeh bt SRT BoBE R RS bl VBEU BRpofAF ey woua
have $ériyyeidedecdgesd. atlihedower MpeEiUfatiorprovads efiviead|Rrteedk ehasses with
materials. As the powders are_ produced fromthe

lower spgfacs gt svhighyis belipeadrtarmsovide higher eicisgey and iQye heaiepolution.
. i.ti 7zer: t . r r 2 .

The i BpARMIL LR 4 BRAQ LRGMA AR RIASE Bedmple of a thicker

shapetah@abmbaree td e erorp ckipilii shypeudfithe aedlacoke particladréseotred in Figure

em um.coke or. needl e coke materials. Prem um or

5. Wha g fé)ae%&th ShgeR R SN 4E 793188 PYhiF Tl coke precursor

powd& h4s hadwdrGrald HEd s kAR, are quite suitable
forbattery use. That 1s, quite suitable under ordinary

[0060bper at Imgaxtionkdi,t 4 chet showdenpogder 3 ilesdatessBRY svelack ereas for

o 9558 R U RLF T YRS S, e win
nitrogﬁf;{ éN{e)gassiQildg&bﬁ% Wakriall B 8418@atidd the BT SR € BY a@fdard BET
procedure. Most of the data points are based on powders made from needle coke precursor
material and are represented by circles for comparison with four square data points 22
identifying powders made from regular coke precursor material. An additional four triangle
shaped data points represent commercially available anode powders, such as graphite anode

material known as mesophase carbon micro beads (MCMB). Each data point represents a

separate sample of produced anode powder with the fiftieth percentile of the dimension
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opened by the side reaction with the electrolyte
revealing nore surface area for further side
WO 2@ot23se. [ 0058] Another issue that is beli eREdUS909/038827
i nfluence battery performance is the surface area of
particles regardl ess of particle size. Needl e coke
indlcett&h ds the xeix&airl ﬂlaretviefalge B hatrfadecartd af tlanshniysly éndicated on the

asp tio. have descri bed the particle
y-axigyg gf@ﬁ %Powg?ra{n@ & s regplar nge BESHISPD tdeTiah zhas ﬁ)wer BET
Mo
L B4 A A E BT o,
surfadeemebsis ﬂ@s plraavi . 5l equaard wetefopat grarp (ov/giréartpowders with pesaEss particle
confusjo r i.s hereaft
size LAYl QAP KB RO R GRTt (GRiSH B R S 5 Ypfqare dat
p01nt§mrbem dﬁs‘%d tihé 24 khdehrOthe @By 86 tidlin uT;*;h%d %héﬂ&' dh combinations
reason ]S his materi ‘ano e coke"
of avdymgtgclw@w amﬁ BET @uxﬂ@e gp:ab eIn'fgcqy@spggldgrtg Ipatb@m@‘@cal expression,

aodes for n h
the BET TRy o Gl WP ARIRkL e Son 5 AOR ST pBPF B surce
area IDm ,fg?g@ds aharC 6K €juah &y ﬁierdsélﬁﬁhﬁ@roﬁi arltiphigd GyniOUSB Qtus 3 or BET
The particles made wth regul ar, coke precursors

Surfaqee/},,@atr@ /thave Q-183ier micspnsci-cs ait piapian for thgdgsgedsline 24 is defined
as y —V.BI18Y% +8 to 10: 1 for particles made from needl e coke

precur so The particles thus appear in a slightly
[0061p| unpemmﬂmp@omualomnmge tod thériapsde phredg@rambde meth regular coke

defi ne re of ali bean shape than
precugsphaterial 1S FeRCRIQ FiRS grﬁamteo@magp?rr?@w%ﬂ% TiBiyions with the

electr¥I§leY It QQ 98 rRAGRS: anble poRVESs ARREEEm REHIS BIKRVIrl&Ssor materials
equi val ent particle masses with | ower Surface area

have a/\hss:graplstlb etructwredn the ymdenyide nivitgylad s efnipacédetoamodapowders made

from AT onb The Qe AT P pr B R Bt GRbEs dppear t

have h{&@ %ﬁtrangbarwys@ass ePAPRELHrderRdastFRtiRe EMtinPadddk EposiRREmafle from
t he needl e coke particles presented in Figure 5. Wth

needlg lgeke pracHrsgr nm‘trml%hdbe% belzaved shefoths wualler. legsapidetpd, and more
entanéigctl Igﬂ?alg 31% %r m81%k1%518{ P H{aﬁo'ﬁ%‘%(ﬁw 1t1p &Lnje \f'&r reveahng new

ce are onass ra npa ICU

surfaceAgdatto $ﬁwel14§bttdhytEl gerhaps%hbﬁémaﬁeab@ghﬁﬁ'ﬁhs gfajohme shasmltmn the
for various types of powders. As used herein, the
partielg rp goase PRI ARLIE HIEPREHPREA figeiug i thelo &ﬁ*e(emtﬁ)nt &@t the side

reactlagﬁ% 'ﬁir ggtrél'cﬁk offt eﬁ'l%g@ Pb@ﬁérn Qmal pBRibonS W ha% urface area
and t he data

area BET procedu
are aqmilllytlmm explvask d As sugin vihie destrvathec pronomsrieeldnlw@r @od dess potentially
recursor material and are represented by circles for
hazar@”d‘ﬁpari son with four square data points 22 identifying

[0062p %flte:r gxnfgilﬁﬁ‘?egz({f‘}‘tﬁ%tlbg%%tg{gu%ﬁ%tﬁée%%éﬁ@[ cdRt fEdRbors AR needle
coke precursors. One such distinction relates to price and favors some embodiments
described herein since regular coke is less expensive than needle coke. For example, it is not
uncommon for premium coke to cost about five times per ton what regular coke costs. A
person having ordinary skill in the art would not confuse regular coke and premium or needle
coke. Needle coke is denser than regular coke, which is generally less than about 1.7 g/cc
real density prior to calcining. Also, regular coke has a lower fixed carbon content being
about 95% or less while premium or needle coke is typically higher. The regular coke

utilized in some embodiments defines a fixed carbon content that is less than 90%, less than

80%, or between 85% and 70%.
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shaped data points represent commercially avail abl e
anode powders, such as graphite anode material known
wW@200s339phase carbon micro beads (MCMB). Each BEI/EHS2009/038827
poi nt represents a separate sanple of produced anode
powder with the fiftieth percentile of the
[0063]Jli nens Wdiileridisomt ethbodintenes, hegrecuirson thatdrial byendcyet Bich calcined,

rface ar f the sanpl |r1d ated on the
most ok ia ElaBep GRAAh HGBETR Phealeged SR éom%%f B for regular
coke \V@éﬁ eddle Bﬁgr&n{lﬁ%ﬁm BbfenSiHif @%E 188 ERert WAR rdl ld@ﬂsrc? Fed&lcined

wders of Correspondi ng average sizes. For exanpl e,
premlume:oBE‘lfemgl bétxeen abad 2 12 th@s¥ g/bawhile &lgqafér@ulaep@feshas a lower

denstf i R R 9 L oBRUR i RSN SO BB o abBining
premif@PESKel 8Bm RednllUsoke3is by €he QUelfigictRlod tREInTH SexBansicd (“CTE™).
bel ow a dashed Iine 24 and can thereby be
Premiglinsoka das stredniimeldimensombhange iremenssttodigal agewould be expected
I e
o nlf FIEL S, 60 AP R PSS, ALB b, Boge sy s s

CTEcﬁTabautca‘xu(brétoadwdmmmébnﬁ@ﬁ/"@one embodi nents is the
| a BET surface area, (in rn2 s than or equal

[00641 o't he AGBEtedrEaRHEEs s ViRlin the level o E;“wlﬂﬂani%%a%mgsesawr technique
T f

s TS S TS e O 10T e v

tempef@ur]:&%maﬁorﬁ) Hoﬁx@@ﬁl]somm etrbedinpatsecimbihe dathaiqnesyeForf example, a

ode powde wth regul ar coke prec
low Biok aiie 108 ABGIS PG FB0ndGThg esan ol prefiger material may

substzABSMELk URIeDYriRi el RPs tHraMsIdish the electrolyte. It
I's observed that anode powders nmade from regul ar coke

[0065br ecur $he amedearavadess drsvibed hesein age arfztmuatetd @tmmitth«r ehallﬁnge of

i SRS E TL A5c TR AP RSB SRR  erie

vehicleQWHe ﬁéco.gfa@ ,OTRe S50 Yo aREA e bl &&M&emﬁrs@penor safety, rate
ent angl e crystals or a less ordered structure_than

capabilityp red psltBfespariaumangeo i desribed-ghoweprake iy idstified and processed
s, |t
for plﬁf?{fgf; é%{nz’l;% nr%ﬂeereglﬁklhg gg?%)éﬁtjg ?t%/rsé aﬁg %%gxlilde i3 cl)l%éésed of singular
particle@ Sdf s¢canrolléd aivendiseibgtien hinbt Casembldlrfeen f miallcepasidesy The
new surface area to the el egtrolyte erhaps sh rt

contradled particlh HEh Siroien Rpss Prtterich ity lopeph Pyfle enhanced
therm%las”rz{b'ﬂ‘ft?e TRE %a%ﬁteﬁglsd@ﬁ BBAitdes éﬁ@u&foﬁ%gﬁ‘)ﬁllo&nﬁﬁawe graphite

ractufes so that, to the extent that the sid
particles that érdmnccspe‘rfcmmama indrighrrategmttetiycippBcatifons.he anode

owder . snal rtions,.of new sur ea a
100665t ual Ty BRYdsGPRiEs EFORAEE 5 FRBSasFis il dpierved to have a
uniforf, 0ﬁ§1§§%!n§u§| VPRIt BH-grfphie PrBRE Bbdtingh aZEﬁchlO Warticle may be
[0 nber of factors distinguish between regul ar

individusily qgat@d aftenths fiaakpaniéde sige totstablipledy ridesyrfa@roating technology
produg%;st&‘)xl%?nﬁje 1J§10fe sulaftaces Wi?h Pmmﬁleal ?gu(jgh;lgs\ép ﬁf’egﬁﬁﬂnﬁes, or discontinuities,

thus reducing the surface area of the particles. This, in turn, is believed to yield batteries with

improved thermal stability and maximized first-cycle coulombic efficiency. The anode
powders may be processed to yield particles with a smooth surface and rounded edges. The
rounded morphology of anode powder particles offers elevated structural integrity and
reduces BET surface area. Lach particle may be a singular coated entity, less prone to
structural deterioration during cycling which may eliminate the need for costly electrolyte

additives. As described above, when subjected to high temperatures, the observations are that
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descri bed herein since regular coke is | ess expensive
t han needl e coke. For exanple, it is not uncommon for
WEe@aiizays£oke to cost about five tines per tonP@ITHS2009/038827
regul ar coke costs. A person having ordinary skill in
the art woul d not confuse regular coke and prem um or
the arfvde loerdeskia. thiebatzed sakeevadvede heweer dnhamt rof diwhtacongmike] to other
which is generally | ess than abou .7 9/ cc real
anodedgp@Tgly. pHiofnods RORAERHPAY O° A SgiPle éwrlgrsuﬁawehfag ofper anode
terlaf@VG altdrXffe AR M B8ter BEIBInALOWr BRIAUBE aleCRSigned to tak
ma erve\l,%}ﬁeapr emglﬁﬁ?org}ﬁgedl e coelig I's typi cél 'y hi g%gr. %ﬁ% ot
full advegtaga of tukanade igowzled penforswnee. e Rhdddesign eondisieratiess aay include

fixed carbon content that is | t han.90% | h .
lowerggoah coff B SR oSOt HO IR, BERIT WIS, S el (ol Brpensive
chemiBARO HiaBBBE $he SlHfacP IIREMERATayBBdtehd ModBAThE @hpi@td BRAIB materials

cal ci ned, nost coke is calcined and the properties of

have guireidesitabio lserfagee Wetabition | therRbovalomdne fastl B tiaese for cells and
batter(es. THE i er%del:cF andde RiatdHal r891‘88 idh S W EQEEe gfﬁf&ﬁ%ay allow
it U éu %3 m coke I Ng

ensity fTor calcine rem

the rededtivacin @baide & dedtly catholids GdrCiaattehi p@daedrs.i Méahllyeghd aAnproved
coke_has a_ | ower density of between 2.01 to 2.10 %/cc. .
anodeppayEdssh @Tevadso ehz Euatsapaasmance artignirlyngfulosh tergperature, which
e | 5 by i cie _
o RBLAR COK ol O S8 .y oy SO 8 v e
application tvedccats mens bOthe chlhpgacitestdogismtde.o heat and woul d be
xpected to have a CTE of between about 0 and about 5
[0067f 10 7E§%H1@ﬁi C where regul ar coke has a CTE of about 9

[0068]e(a10_ 7PbRJIAPHEpardlok 18 dreipe#blcuml 1(?:@'@1'%} cBRe M®8% drixed carbon

rllerj it 1s mmthin the | evel of ski in the art to
content} avaa nyilled alsiigqadetdel td balie eresilting @reanhenkeepavder that had an

avera%eéz{}ﬁ%lg:}?z%: geblp% B?réfcg{%ULﬂ?eg%gul Api deggicsogg I%{(g)%%ero {vas heated at
850°CEf5P 2 G il hitfRBRbMErdngeAfi ques. For exanple, a | ow BET
surface area anode powder made from a regular co

. oke
[0069hr ecur Next, PR egtrmp aretile onslen atterabeips dwgated deaspdispereqdein 2500
b r Is ° .
om0 SO 517 e POBhTN G000 PRUGLS g 0 whi
being Afontin@usiyatgitdiéd. hiRumtheg rs(0agtaarsy o pppdtbdunonitch was completely
i ncl udi ng power tools, hybrid-electric,and electric

dissolyhin) 09 grarhet denssigdeian PeEx Bnothe pERiel svareysodieaisd de 140°C
and th%@ log{ed H?&ﬁhé) inl;eﬁﬂi??’[ b th%ﬁﬂcugfé%’ mix@ll SodefREPIA tek¥itiAR thixture was

I'ife performance. As cri bed above, coke is
heated atekiOP€ iferd1 Gminyevamsthed chaded phyowinc einpstaglo [While. tha haxture was

.resulti, hj ' d of
coninF B, APl ShRERc PRLARGeh i BRCRRAG Rlsgepated o
by filfeRn arRSHEHH adice WRM 190BIhiesr RAEhd ehEfen dt@ under vacuum. A
controlled particle size distribution produces

resultipgdryepiveder wraduct weighed T3fcgrams, gieing A 6% dnishioadbe powder product.

[0070] The powder product was uniformly spread on trails and placed in a furnace,
and heated in the bfollowing sequences under reduced air pressure (about —15 inch Hg):
5°C/minute to 180°C, 1°C/minute to 250°C, held at 250°C for 2 hours, 1°C/minute to 280°C,
held at 280°C for 8 hours, and then cooled to ambient temperature. During the heating,
oxygen gas in the air reacted with coated pitch such that, as a result, reacted pitch film of the
powder product became infusible and also facilitated yield of a desired crystalline structure

upon subsequent carbonization and graphitization. Thereafter, the powder product was
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thermal stability. The base material also facilitates
production of small, conductive, graphite particles
W@ bav/12398knce performance in high rate batteryPCT/US2009/038827

appl i cations. [0066] The anode powders according to

sonme enbodi nents are observed to have a uniform
transfhioedbpenaundugioafhinhee ant Igntdhat 220 Cribace: loa@in agon Eacind then

tlcle beelndlwdually coated after the final

COOIeEEHOPE]I BMPPIARIG.s est abl i shed. The surface coating

[0071] €ChNOIERQY: B RflLig 885t STIRE I})o%[ﬂt izt vas Lﬁr&ﬁl?@isw‘é& teDaluated as the
m ni mal roughness ir regu arities, or di'scontinuiti es,

anodet imgtsripkedudithignt e baftefigs én apimacadls witke lisnmi wktek foilllas ghe other

clectrpds, T bostRp ARt PHOERer ik FiS 800 e icopSed stbrie T R fposition

of 7 ®t%i golPhAsHlidedd €luanas ePPDRSIEs piaaanag thé QERE6&Y 4 Slurry mix was
d particles with a snooth surface and r ounded

prepa@éd%sthoxwghmmtmmm ey 50i0 w6 powelion. The sury mix

was cQs% g%%?%rﬁ%&ef JOE)E)? i% 191‘1% geadhaéﬁ ld&Ioi" ‘E)fb_d%: g“flgn%{}h%xévig@ %een cast was

then cEieﬂgml aliot plead etgl lﬂﬁCIﬂ)ﬁ/E)O Ihme?vh meh ﬁuﬁsa]&htl‘lyl Olasl p%ssedhto a density
eterioratio urin clhin 1 C may elimnate the

of aboedd /65 e pyyeray ¢ 7l fme BUSHdi i ves, As descri bed

00722bg\érev;a\];€?@ iskd bdﬁ?ﬁ?%nﬁowgﬂeglgxrfcﬁé'@mgﬁtafr%qeﬁre file and uscad as the

ons are thatthe ano ers 1n the charge
positied albarcaieah\eeccanlceﬂéor alﬁummemfcahwa’ts cﬁwptah@deleaircxdbhms lithium

T R R VI, TE N

betwedh HRS él@dtﬂoﬁ@ ladd LiBetad i BetH@E bRctrB@s 80 FBRERof Vere soaked in 1
cells that are designed to take full advantage of the

molarahibde estudbyie. peFieosateemt for s eladwsivincominscief ) vty cthylene
carbm?%é( 3‘0 \g{d/u gi thﬁvc\f%;qo%%%t %ﬁ:cf %6 ng( 2 i eldlc %g(r)]nart?/e ﬁgﬁ%tlslt gfgre first

chargédusdealdi ddng@nt b@reduuhal gel d%!l&id‘l@g@ réaay@r 0aboltt 4 the® ddscharged
The i nproved anode materi al s have nore desirabl e

underwpﬂ%ré cjeripmgi] the cely éfialéw redahed Hgroftastee elﬁvtrlpaltqhﬁ@@s passed
| I

durin ?lgzgg‘gg eﬁlldgtﬁ fh?@ geWe rec 1?1 cll gﬂg ﬁl%%& ﬁ@tgﬁﬁn@‘%ﬁf F,é ﬁy of the

powddrhemdrte ucilombic e‘fﬁmb&c}sfoz&adf cpdat Al thatténmii%ref @mducted at room

battery. pbro c ally, the rrproved ode powd
tempeBHsi (e ﬁ)gﬁ‘ﬁ@ %@gcéaéﬁ sitsativend pmlombig eliispexarg e for the
ExambBNReL@kEYr e, whi ch enabl es reduced cell pack costs and

he correspondi ng wei ght savings by enabling the
[0073hppl i c&héronl stebiditiciests —mee of the leellcwtie fomPachargedto 300 mAh/g

and tr8h B B en, LRSI S WG T ST R L r i od at 70°C

for 72%&%@ stheq@eslﬂm the Qe séR GecdvhRH fin thelcBafB&eind cooled to ambient
resul ti n% green coke powder that had an average

tempepsdyrej ek dischagest taBurolls 9 detomyne Hlirerameadning jcapacy e@ncapacity

retentisqke DO\NQler was heat ed at

[0074] For the thermal stability tests, after the electrodes were charged to 300 mAh/g,

the cells were dissembled and the electrodes were removed from the cells. The electrodes
were immediately placed in stainless steel capsules (0.1 cc) and hermetically sealed. All
these operations were done in a glove box with an oxygen gas or moisture level of less than 5
ppm. These capsules were placed in a micro-calorimeter and heated at 10°C/minute from

30°C to 300°C. Resulting heat flow from the capsules during the temperature ramping was
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850C for 2 hours in nitrogen environnment. [0069] Next,
500 grans of the powder after being heated was
waele@paryed in 2500 grans of xylene to form preP@RUSR009038827
a seal ed stainless steel vessel and heated to 14Q0C
whi | e being continuously agitated. Further, 500 grams
recordedd. & el anloantofizikbihbrne beatorgslcalcalayeddiysiariraeidg the Hadflow from
grans of xylene to formprenix B. The prem x B was
theo%?@@“ﬁ@é@éﬁtot?@ 140C and then poured into the premx A

[0075ﬁnd t het, [&b%ﬁk%eg?géﬁﬂetloget her. A resulting mxture was
or m nutes and then cooled to room
[00761 erper At mompa\mﬂolnepd:théemn xdolse e(9R%s fmechtmhmusbryent) was used as

itated oat ed er .that,forne
precufi indiegnl i d sl a0 Bheg ot PPoT Pk dpdecth SR SRR GUBET surface
area ds\MREiBMAL ﬁbréiQOOTHQ c&f&pdﬁébl@ DRtrelREmt Eke Wis @ddUnéledd of the green
vacuum A resulting dry powder product wei ghed 550
petrolgurarregula 9okeg mwmsm hreparatiome ap@xmbé roraeduigs tfor [lgoGomparative

I £
e BB A e B e B MR R O wimg.

[0077]sequen@@ﬁmufaﬁeéE&gﬂ;ﬂ@@d air pressure (about -15 inch
C/ mnute to 1800 | G/ minute to 25Q0C, held

Hg) : at
[0078bsooc Pofommersiat graphity mqmt@at%alzméo welvgiedrlon glogochemical
n cQphe epat
ond thh pif s BN Shcb Rl AMC o B PIPUERRA TR fkfiople,  The
graphitoahede pdtetal sushatpjuatder asade fromubphericaactrbeh peddsh which were
Mffgglc{n of the, owder r odugt bec% nf usi bl e and al so
MC Yeraggegtiqls rgioihe Rowes; Wasdoery A microe struct ure
[0079#_p0n sUksapeENin CRLRON AL IR QhBRY 4 hidHel QRitial coulombic
hereafter, the powder product wastransferred into an
efficidnagluandi bighfu capasiy artbntient eutl atlem@d@wm rexothernhio ulneat rthan the

ar gon as nd then.cooled to ro tu
compgfe3f FaameR af HRacTRSurEve SRt 2ol e B oSistst Bipbiied in the
Exam M%erlﬁﬂ&ﬂm?&péél@d upReer reatiey fo@'usé §§ andde ha448pid] ¥Br high power and
atteries in coin cells with [ithiummetal foil as the

large domest kthaumn rigd ebattries. poW;@r refersnes de cddigeg Pntle Fxemple had a
comblnaﬂlég BRTY %Qgeé' ar Ql’?&gl v \&?B%lg s%g %@1%%\} ‘Eh'e %gsh%td e Witreas both
nyI| en uor | g(e prepari
the C&Jn@@@ﬁ@d @xaﬁhp&ls ulr ayd ra hadNaSmbih&@@{sedf BY Tt hﬁfaw giﬂéa)/ and average
m xi ng the powder and a 10 wt % PVDF sol ution. The

particlg|sizerthat yysge meélarséa%%d i0% i | mon a copper foil using a

and doctor-pblade. Tne fitfmnaving been cast was thnen
dried on a hot plate at 1I&® for 30 m nutes, and
qubsequently was pressed to a density of about 1.4

g/cc through a hydraultclrolling po8$arativ®d/Ebmerstive

di sks of I1P@pertyr? were pumxhegleout fromtheg film and

Lsed as the posi tive elegtrode i|n Examplnlcel | Eagyple 2
A#e}ég‘é‘ﬁél?tlgle size (mlcrons) e 0§ heretec § ote Was*{?(it_wq
BET surface area (m”/g) 1.1 1.6 2.0
Specific capacity (mAh/g) 320 330 310
Initial coulombic efficiency (%) 96 95.5 92
Capacity retention (%) 86 82 73
Exothermic heat (J/g) 196 285 400

[0080] The preferred embodiment of the present invention has been disclosed and

illustrated. However, the invention is intended to be as broad as defined in the claims below.
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metal . A glass mat and a porous polyethylene film
(Cellgard ) were used as the separator between the
web@otzyee and Li netal foil. Both the el ectroREBUS2909/038827

separator were soaked in 1 nolar LiPF6 electrolyte.

The solvent for the electrolyte consisted of 40 wt %
Thoseetldijddeinethe arthnapbe abldGo wtildy dhe preférrabehbotiments and idmtify other

w % di. ret hyl carbgnate. The cells were first ch e
ways (hRBpcE o dseion A et RNy o RETlrd hufith g8 the fent of the
invenfoR@MBEGarfiibRt bndBhitaRs 8F fehATGRidn WRARitha O RSIRNS the claims

current until the cell voltage reached 2.0 volts. The
belowednelcthe idestipt bia rapstzach asd drivdingsi arg nehiarky wegd &nbimit the scope of the
. di scharging were recorded and used to determ ne the
mventiohacity of the powder and the coul ombic efficiency

for each cycle. Al the tests were conducted at room

tenperature (~23C). The first discharge capacity and

coul ombi c efficiency are given for the Exanple in

Table 1. [0073] Thermal stability tests - Sonme of the

cells were finally charged to 300 mAh/g and then

pl aced in an environnental chanmber where the

tenperature was controlled at 7Q0C for 72 hours.

Subsequently, the cells were recovered fromthe

chanber and cool ed to anbient tenperature, and

di scharged to 2.0 volts to determ ne the remaining

capacity or capacity retention. [0074] For the therna

stability tests, after the el ectrodes were charged to

300 mAh/ g, the cells were dissenbled and the

el ectrodes were renoved fromthe cells. The el ectrodes

were inmedi ately placed in stainless steel capsul es

(0.1 cc) and hernetically sealed. Al these operations

were done in a glove box with an oxygen gas or

noi sture | evel of less than 5 ppm These capsul es were

placed in a mcro-calorinctcr and heated at 10C/ m nute

from300C to 3000C. Resulting heat flow fromthe

capsul es during the tenperature ranpi ng wasrecorded. A

total amount of exotherm c heat was cal cul ated by

integrating the heat flow fromthe onset tenperature

to 2200C. [0075] Conparative Exanple 1: [0076] A

conpari son petrol eum coke (92% fi xed carbon content)

was used as precursor material to illustrate influence

of hi gher coke grade on such factors as BET surface

area as descri bed herein. The conparison petrol eum

coke was used instead of the green petrol eumregul ar

coke. Ot herw se, preparation and test procedures for

the Conparative Exanple 1 and the Exanple as descri bed

herein were alike.
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[0077] Conparative Exanple 2: [0078] A commercia
graphite anode material was al so eval uated for
web®@etzyehem cal and thermal properties in accRCTHANEI/038827
wi th procedures described for the Exanple. The
graphite anode material was a powder nmade from
spheri cal carbon beads, which were MCMB. Average
particle size of the powder was about 10 m crons.
[0079] As shown in Tabl eCLAIMYe Exanpl e exhibits a
hi gher initial coul onbic efficiency and hi gher
capacity retention, and rel eases | ower exotherm c heat
1. t hanptohessCamaisatg: ve Exanple 1 or the Conparative
Exanpl e 2. . Thus, .t he powder, prepared in the Exanple
pr SVLHedeRHSs EPEBCQQ%@??%?£resuItS for use as anode
MatRpdding £oalthg Bf PRV -ride iRy hiafdtRl oth LiMFALES bPhe coke
batteries. Wth reference to Figure 3, the Exanpl e had
partiglespnbi nati on BET surface area and average particle

si ze. pel ow t he dashed.,line ereas both the . .
Congist s His'2fa MRREEE el i oNRESAReAR b e gpoviter
stabfiizell a6RePpLaclaNtnaNed agesiblef dndcl e size that were above
t he dashed |line, [0080] The preferred enbodi nent  of

t hergnhitizang the sipbitizedeoatedspasiices tirseyidsg@phifiged particles

; od. ) ¥ e i d _
o 58150 AR SFrac R VBT, L IRIET A By v o
BET surfdoe an tin staprdx@ctalyl per pransinddy istaverape gibeof £bngest dimension

enbodi.nents and .identify other ways to practice the
Oftherﬁfm‘il%?ﬁ PeHiglesdp AIFGRS-exact |y as described herein. It

is the intent of the inventors that variati ons and

equi val ents of the invention are within the scope of
2. t h&helpadcess dveddimganalaimd , sdsein the B3, svafast amme is lassdhan 1.5

S R ah kS Sl b bR, Shghlia

partlcRGY BEtweQKBandd triseke particles; depositing a coating
of carbon-residue-formng material onto surfaces of

the coke particles; oxidizing the coke particles that

1 wher e b P . Cli
3. oavEartt st @ i o el bR AR by e
graphiteze8 padicles Zeth LaatRde Beeti @lie 81 bawpernyi dad griaphi ti zed

particles form ng a powder of coated carbonaceous
material in whichy <-0.183x + 3, where y is BET

Sur L1 : [ K
b SRS DR G B ATA o cn o
having a real density of less than 1.7 grams per cubic centimeter, wherein the green coke

selected provides the regular coke that is milled.

5. The process according to claim 1, further comprising removing substantially all of

the coke particles having a particle size in a longest dimension that is less than 1 micron.
6. The process according to claim 1, further comprising removing some of the coke

particles such that at least 95 percent of the particles have a longest dimension larger than

3 microns.
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of the graphitized particles in mcrons. 2. The

process according to claiml1l, wherein the BET surface
W@e®a12¥84 ess than 1.5 square neters per gram BCHUS1969/038827

average size of a |ongest di nension of the graphitized

particles is between 7 and 9 mcrons. 3. The process

according to claiml1, wherein the graphitizing further

provi des the graphitized particles with an average,
7. aspl®tbrocess epcardingiopdaim 1 furthes gomprsing remaying,subsiagtially all of
. ol Al _ o . '
e SASSHAR 0 Al L0 BB 1 61991 ricn,
whayeiatise paling fonines thegratriciet iarwhisthaveeige stz ef gl @mestatikension of
h %ﬁlecte periggs %he regular coke that is mlled. 5.
the 49l NEFIlesd8 TesR 3P 4P AYC1OBScl ai m 1, further conprising
renovi ng substantially all of the coke particles

having a particle size in a |ongest dinension that is
8. | eskhetpiegesslaqepushingito dhaimTh evherabr thesivetegosiae ot tongest dinmgnsion

or e 8 iR B e PR D "6 BEr cont of the

particles have a | ongest dinension |arger than 3
m crons. 7. The process according to claiml, further
9. conpirseasss FeepisNngg cdaimst, averin 81;? regulargpke peregsieoke.
particles having a particle size in a | ongest
di nension that is less than 1 mcron, wherein the
10. m | ThHepgodesy amotdivgy oaidimcl, €srthen copidingvaciamg the eekeqiartivles.
| ongest di mension of the coke particles is |ess than
15 mcrons. 8. The process according to claim1,
wh [ : Is : 6 [ f the
11 AR oG SRS i, Wit ARgRTh SATATIEMA o
temfidretupy ofce dmst2007@i ng to claim 1, wherein the regul ar
coke is green coke. 10. The process according to claim
1, further conprising calcining the coke particles.
12. 11.A pRdRI0Pe888d aBMadbdE rﬁaqeﬂdl,adompﬁsmger ein the
graphitizing occurs at a tenperature of at |east .
22@atonaceous Milfpdwpaeticlesthayingtacpaiing loperavbenstn thaceatingllayer is

i sing; carbonaceous mll ed ticles having.a .
forniedfian Ocfibaed it bRt EAd arbon acifdus Foring Fiatcl Y AU pgpticles
withid a @xhpliriest thngoviderbhid 4 BET stahfOdied RiSdqdate nhaéipBOgram that

material and the particles within a sanpling of the

is defied &y yrav@ 183BE. wherads theldal pirlasg aereanfetiapeerpgersize of a
1on%@ﬂgglg§£n bﬁh&*@&ﬁi@%@h@ﬁiéﬁonsto- 183x + 3, where y is the

ace area and x 1S average size of a

13.  The powder according to claim 12, wherein the particles of the sampling have an

average aspect ratio of between 3:1 and 5:1.

14.  The powder according to claim 12, wherein the average size of a longest

dimension of the particles within the sampling is between 7 and 9 microns.
15.  The powder according to claim 12, wherein the BET surface area is less than 1.3

square meters per gram and the average size of a longest dimension of the graphitized

particles is between 7 and 9 microns.
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| ongest dinmension of the particles in mcrons. 13. The
powder according to claim 12, wherein the particles of

w0 b@9g239pd | Ng have an average aspect rati o of PEL/WENI/038827
3:1 and 5:1. 14. The powder according to claim12,
wherein the average size of a |ongest dinension of the
particles within the sanpling is between 7 and 9
m crons. 15. The powder according to claim 12, wherein
the BET surface area is less than 1.3 square neters

16.Per TR SR dcdddin@VLEIFER1 5 AR Gh (1R éaﬁl‘ﬁﬁﬁ% fs SbARARNI Free of
of the graphitized particles is between and 9

parti¢ley Wik alengetiimpasigtelesstbewl diiognt o ¢l ai m 12, wherein
the sanpling is substantially free of particles with a
| ongest dinension |less than 1 mcron. 17. A

17.r echasgharehile i@aﬂté@,r%mﬁfgmgf i sing: anode powder forned
of particles frommilled regular coke precursor _
nat @oda powder farnaes o artictesifenme ntilbedieaylaneake piregursop anatenigl and

. q i.vel tahilized .and -

o oABBLRO0L N 2 BT Py N BB 500 s
andRfrAphstiuetl awherainga< 60. 18Be+Banherl yeis aBRhiuifaae seapl thigpadicles
. t.he pomper gigineﬁ [ sq$are neters per gramand X is |
withip gsagaliag okthg poyvher %QP? ) 9gatematers pengrampgd xR gverage size

of theshasigemhRrfat tery according to claim17, wherein
average aspect ratio of the particles within the

sanpling is between 3:1 and 5:1. 19. The rechargeabl e

bat.t,ery .according to claim?1l17. . rejn substantially,
18. o B BFESb firiy Seruui s Fit Hevectahiasigasspect dtio of
the garﬁemmm 188 Sarh P&}, i3 Bbi&eeR 3:1%40d sThe rechargeabl e
attery according to claim17, wherein the average
particle size of a | ongest dinension of the particles

i t-Ri | is | 0 i d .
19, BB apdortif§ So bR P WS SRS o mgrtictes
witlhiavie sampling @sve dionEns arenkidhges thaAdinmréd, Cr ons.

20.  The rechargeable battery according to claim 17, wherein the average particle size
of a longest dimension of the particles within the sampling is less than 10 microns and at

least 95 percent of the particles within the sampling have a longest dimension larger than

3 microns.
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