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broader adoption in portable power systems because of its light weight, high voltage,

high electrochemical equivalence and good conductivity. With the prospect of broad
use of battery power in automotive propulsion systems, whether hybrid or plug-in or
other technology, many efforts have been undertaken to improve lithium-ion batteries
to meet the expected market needs and to capture as much of the substantial reward
and value that will likely come from broad implementation. One development that is
likely to be adopted in commercial lithium-ion batteries is carbon coated graphitic
powders for use on the anode or negative electrode of lithium-ion batteries. The
graphite provides efficient intercalation and de-intercalation of lithium ions while the
carbon coating enhances electrical conductivity and protection for the underlying
graphite from the electrolyte in a battery. High first cycle efficiency and long cycle
life are better enabled with such materials in the anode.

[0005] However, as with almost anything, improved performance or improved
characteristics such as lighter weight are always desirable and there is always a drive
toward providing high performance at lower cost. With the current process of making
carbon coated graphitic particles, the starting material is obtained from petroleum
coke. The coke may be calcined prior to coating or may be calcined after it is coated.
The coating is applied by a selective precipitation method where carbon residue
forming materials, preferably a high molecular weight petroleum pitch, is dissolved in

a solvent. The coke particles are added to the pitch solution and the solvent strength
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i nventi ve™¥®id8s: [0010] Figure 3 is a scanning el ectron nicrograph i mage
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accompanying drawings in which:
[0008] Figure 1 is process flow chart setting forth the basic steps of the present
invention;
[0009] Figure 2 is a process flow chart setting forth an alternative embodiment of
the inventive process;
[0010] Figure 3 is a scanning electron micrograph image of high volatile matter
coke particles that have had the volatile matter solvent extracted; and
[0011] Figure 4 is a scanning electron micrograph image of particles that are
produced by the inventive process and specifically showing high volatile matter coke

particles that have been coated with the volatile matter that has been in-situ extracted

from the coke particles and then selectively coated thereon.

DETAILED DESCRIPTION OF THE INVENTION
[0012] The description, discussion and understanding of the invention, as it relates
to various parameters and qualities for batteries, will be aided by setting forth several
definitions. As used herein, the terms are intended to have their usual meanings in the
art but for clarity, the specific definitions are provided to avoid confusion and aid in

clear understanding.
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[0020] “Power” means energy released per unit time

[0021] “Stabilization” is a process which renders particles of a carbon-residue-
forming material (CRFM) infusible such that the surface of the CRFM particles does
not soften or melt and fuse to adjacent CRFM particles during subsequent heat
treatments as long as the temperature of the subsequent heat treatment does not
exceed the instantaneous melting point of the stabilized CRFM.

[0022] “Carbonization” is a thermal process that converts a carbon containing
compound to a material that is characterized as being “substantially carbon”.
“Substantially carbon”, as used herein, indicates that the material is at least 95%
carbon by weight.

[0023] “Graphitization” is a thermal process that converts a carbon containing
compound to a material that is characterized as being at least 99% carbon by weight
including the formation of graphene sheets and the ordering or stacking of the sheets
on top of each other.

[0024] A “carbon-residue-forming material” (CRFM) is any material which, when
thermally decomposed in an inert atmosphere to a carbonization temperature of 600°C
or an even greater temperature up to about 1600°C, forms a residue which is

“substantially carbon”. Pitch is a carbon-residue-forming material.
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the volatile material and therefore the volatile material is distributed on the surface to

coat the particles.

[0027] Typically, the solvent treatment/extraction is carried out in a closed vessel
or autoclave. The solvent suspension at elevated temperature may autogenously
create pressures up to 200 psi in the closed vessel, depending upon the solvent and the
temperature. The processing conditions of the green coke at the refinery at which the
coke is created determines the available molecular weight range of the soluble pitch
and oils. The amount and type of solvent used to extract the volatile matter is selected
to adjust the molecular weight range of the extracted oils. The amount and type of
anti-solvent used to cause the precipitation of the volatile matter on the particles
determines the thickness and softening point of the coating.

[0028] The next step of the process is to remove the now solvent-treated and
coated green coke from the solvent. This is done preferably by filtering, but any other
suitable process for separating particle solids from liquid may be satisfactory. Other
potential technologies possibly include centrifugal separation, decanting and
evaporative separation. The solvent-treated green coke is preferably washed with a

low solvent strength solvent, such as a mixture of solvent with anti-solvent, to remove
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surfaces E\E‘&E‘ 11?1&)&‘[5}1’(197? efeE'trolyte decomposition degrades the performance of a battery.
As electrolyte decomposition is very undesirable, graphite anode materials with
smooth surfaces, rounded shapes, and low surfaces areas are desirable. Thus,
controlled ramping of the temperature so that the oxidative stabilization proceeds
properly is preferred.
[0030] Once the particles are stabilized at a temperature of about 325°C to 350°C,
the particles are carbonized in an inert environment at temperatures from 600°C to
1600°C. During this process the non-carbon constituents in the coating and the
underlying coke particles is reduced to the point where carbon comprises at least
about 95% of the weight of the particles.
[0031] Finally, the particles are graphitized by heating in an inert environment up
to at least 2200°C and preferably up to at least 2500°C, and more preferably up to at
least 2800°C. Typically, the graphitization temperature is not higher than 3200°C.
Graphitizing creates the closely spaced sheets or planes of carbon crystals which
accommodate the lithium ions there between. The graphite in the particle coating

forms sheets that close the ends of the sheets or planes and substantially prevent the



surface area and that could catal yze deconposition of electrolyte used in a
battery. Mdre inportantly, electrolyte deconposition degrades the

per f or marlyO 2010/839Watt ery. As el ectrol yte deconpositi on PETLS21002BEE r abl e,
graphite anode materials with snmooth surfaces, rounded shapes, and | ow
surfaces areas are desirable. Thus, control|ed ranping of the tenperature
so that t Rlsclyigaion engaeing in destrrgivepidscisadiionp Mafhdhe Jonesshepte e PRBES [ 0030]

once the BRI iRyl BaflRD! Thig felblevBd ICHPERRLILS R R 2ok 320G
the particles are tarbonizéd in an 1nert environnent at Cenperatures from
600C t o 1@06kg thewkidagvé dthlslipatioaas shdt derinpgraphitibaionc hesbatingeintiised and he

coating and the underlying coke particles is reduced to e i nt._ where
carbon coRprabiel f&ﬁo‘f"é’éﬂol’é%ﬁfﬂo%%lg’ft £ REMGQF éfﬁet Bﬁﬁ%g}fgﬁﬁ&gp}’&g_ [ 0031]

Finally, an o ik Ped 8B HBA coRdRRvit) erlel@i¥hd onment
up to at F%ﬁg{% %%%%@’n@égﬁag@?g% upot oeat IelastC 2500.(\), \ arned. nor e
pr ef er abl yo upve dramt thee Agiu2 800 theymiodalfbi} ant Hberogglaphe tirgat pwside dhper at ur e

is not higher than 3200C.. Graphitjzing creates the closely spaced sheets or
pl anes of _g%téfir?ﬁb"ﬁtﬁe‘rwﬁ‘f ﬁ?e_él %&Bﬁt aéfeéﬁ’ﬁg%%@émiehcé’nﬁ?cttmtﬁm ions there between.
The graphigga2i N tAeaPaplibtl seeabl B MmOEMRnS Rehied Belle RhpPe pro@dends of

the sheets or” planes and substantially prevent theelectrolyte from engagi ng

i n dest r ustithwheisuidablemeterislsdoriisetin eh enddsrigr & hatéary segh 35| nattisal ephitee

underlying.,particle..This is believed to . caused b X1 t he
car bon dug’ihg%n’tq’ileoe&](tﬁlﬁﬁ? ﬁ@@lstg‘t iiﬂﬂ' lﬁglteir%eﬁg glﬁiggeeauc}é %(éntgll%afrdlap ‘Ig? 4 g({ati on,
the coati pgatibstH th¥ eskeanstided andliliethé andiDirk Qubsttatel) O e@aolreal aRpensionh t he
pl ane or sheet pattern of the underlying particle. Mreover, the graphitic

coat i ng pHon aneslagy substrate snchoasriilicon oyitinyts pend, srapbitizeling is glimaged asdin t he
l'ithiumign h i thro : el CU tside the battery
i thout + Re el rsrERed A Ao BB EMEHAR S| 0¢ 10007 he an
optional @38t dh 4 beohd\eatbodimment; fachegribanaddke amtysobenpranvadditibnal t h ot her

suitable materials for use in an anode for,k a batteg%/) such as natural
gr aphi t e, a@PPRtcdFolveRhis agded for the FHSRENSIGR [q Bcrepsipthg Léiem-@-w;ﬁf%tﬂo Ph t he

green cokaymul ABs; Ysetkch oy S8 PO GDE ARIE 2031  Flfs) Aald: e
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of the volatile matter to be extracted from the coke particles, the higher concentration
actually decreases the solvent strength of the solvent causing the volatile matter to
precipitate and thereby coat the particles in a manner similar to the coating by the
primary method.
[0034] In both embodiments, the liquid solvent materials with whatever is
dissolved therein are separated from the solids so that the pitch materials may be
recovered and used for coating other particles in other processes. Sources for pitch
materials for coating powders for use in batteries are limited and there are not a wide
variety of suppliers. As such, the supply of low cost pitch is an issue for those that
may use pitch to coat their materials. Extracting pitch from green coke in a process
that concurrently produces useful anode battery powders provides an alternative
source for pitch and is a win/win situation in that valuable products are made in the
process of collecting precursors for other products.
[0035] The pitch may be separated from the solvent fluid or the

solvent/anti-solvent blended fluids through known means such as distillation, wiped

film evaporation, or other techniques. Moreover, the recoverable volatile materials
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solids so éc'&?&e%ﬁﬁpl@iis{}e??itdﬁ%o%{eidacloﬁe i.Re recovered and used for coating
C of'he

ot her partsl es | processes.  Sources for pitch materials for coating
powders f @xanfpein batteries are limted and there are not a wide variety

of suppliers. As such, th u .of low cost pjtch.is, ' f th
Chat ey TEThi T ch Webirbar 20 Hob iR Rp e el Erie Gl YURT Pl con
coke in ac&ze;ﬁ&ﬁ%hé RBleSRAGIY ﬁ%@iﬁ@’a@ﬁ@éhﬁaﬁé@f 5t 166 pdevwhatsmbiepONder S

provi des an ternative source for pitch and is a wwn/wn situation in that
val uabl e withd2@ trsillditersnefd®liene t(hd polveeds-poth caid)eint # rstpigesscsted oPar f or

ot her products. [0035] Th itch may be s ated fr.o he solvyent . fluid or
the sol veAt!PEAY- ggﬁ’ fiéf?ftogiegﬁa]élgyf‘f'%i mgﬁﬁ\%%gﬁfﬁa\ﬁﬁr%m&%éﬁ&s‘%

di stillatb0R.c108Pebtdnh i@ UARRERUs Pess@e tODROTC LAABRIAHRSndMIORRY &, the
recoverabl e volatile material smay be treated or heat processed to alter

i sot ropi cstpi 4t@REXC nader prassiae bortlienimuissgen cont ent. [ 0036] Exanpl es for

di scl osi i ] i ded.. The first he.i , | wh
the end prAL: cbRE Barir sBRY L 18rCdapants- b BB Brbiu okl ne "
second exaddldeiol the Jeftel Gt fHRANREIE AR diadelliagl RlditioralmPd enidutbHBBTI5°6. vol une

of 20 g of mcronized green anode 0rade high volatile matter cgke fromthe
Rodeo Ref The vgsshhwangllawedatpetoalto 3f Anerdethegresseregn ihg VigsselcwaicHetedwi t h 20

m Tt erge Qb L RhHEDS 1Y oS RhER b SaP) DS AR hifter® TloAIoRL %r St el

Parr
cake was then washed with ~100 mls. of xylene and allowed to dry under vacuum at

60°C. A volume of 18.5 g of dry coke was recovered. A scanning electron
micrograph (SEM) of the dry coke is provided in Figure 3. The lack of pitch coating
on the surface of the particles is evident in the micrograph. The particles have sharp,
well-defined edges, which is typical of uncoated, milled particles. The uncoated
particles were then carbonized at 1000 °C for 1 hour and graphitized at 3000 °C for
45 minutes, The filtrate was rotary evaporated to remove the toluene and to recover
the toluene-soluble pitch oils. A volume of 2 g of toluene-soluble pitch was obtained.
After correcting for the amount of toluene in the pitch oils, the yield of toluene-
soluble pitch was ~9.95%. The boiling range of the pitch was found to be greater
than 389 °F by simulated distilllation with 18% of the components boiling greater
than 1328 °F.

Example 2

[0039] A volume of 30 grams of micronized green anode grade high volatile
matter coke from the Rodeo Refinery having an average diameter of 6.13 um was
combined with 90 milliliters of toluene (3:1 solvent-to-pitch ratio) in a stainless steel
Parr autoclave. The coke-toluene slurry was purged with nitrogen for 15 minutes,

heated as a closed system under autogenous pressure to 280°C while stirring and



aut ocl ave. The coke-toluene slurry was purged with nitrogen for 15 m nutes,
heat ed as a cl osed system under autogenous pressure to 2800C while stirring
and al | o0 20/088308 at 280C under pressure for 15 m nut @€T/JSQ@8BL134 t er t he
reactor cooled to 140C, 120 ms. of toluene "anti-solvent” was added to the
vessel and the m xture was stirred an additjonal 15 mnutes at 125C. The
vessel wasllewedigestirtas 260Y0 underpressaiedfor Ad minstes.yAdtar ihe rractorseded s
relieved. e-1 ol I fildt A5~ itted
i tor - mAS G0l o SOARaeHabY e s SR b A YR et AL 120
al | owed t gvagkiirrethge sd MAGLALNT atin@BCat 5090) IHeptant isléh ntgsadfent fyr tolmkre was
recovered. A scanning electron m crograph (SEM_ of the dry, coke is provided
in Fi gur eimthisrawcessc kIhsrvessel ¢¥as @Jarehép S‘i’PIttﬂéos@F%Fc%reﬁwr‘{ﬁ’e&ﬁé’teﬁekl es is
evi dent i . oLer, i i Ll i dges,
which is ?V f%?%gpk%fa Bgﬁ%géabtkgg&%%@éfgggﬁ Fgﬁégsfﬁ%a Igag\'r,ﬁo%?g%&%dgﬁg?fl es were
t hen car b@he zekt filter AROWACHHea rwakhdtowith ah@0 griapliis0i50ddpate/B0GMe @Gxédr 45

m nutes. The filtrate s . rotary evaporated to renopve t ol uene, and to
recover t H@V?Ig!aﬁé owge by ‘E%Fzﬁ’f‘%‘ilg‘s@t%tﬂ ogﬂol 8&@?‘8?6 of éggfg ?go‘ijrﬁéﬂ]é‘? sol ubl e
pitch was \&%er‘raég'{}%?d. Af E(%Bnﬁg lre[&,fr[aﬁ Eplﬂmfogfaph RSERNRARe @y doRb HEMRstrdted e pitch

oils, the yre tol uenesol uble pitch was -9.95% The boiling range of
t he pitchimBigufobeowo Dee pitobatosting iathe389fafe bfythsinattickesdd edidsnti inlthext i on

with 18% of, the co ents boiling greater,than. 1328 FE. EX le 2 [0039] A
vol une of ey OgtR %ﬂ?ﬁ @'Pm%%? g@eraﬁ&H% pﬁ‘?’ﬁt‘a«g lﬁiﬂéﬁur\ﬁioéﬁggﬁ 8%t t er
coke fromgihgeRonRimeS LORLYIRAW BetRE & tHeapBtedil@Birftle®f Phel dodidd Was
combined with 90 mlliliters of toluene (3:1 solvent-to-pitch ratio) in a

st ai nl esspattielsh Weae theasathoniveéd at THY Yolke-t bowernd Srrhitizedvd SOBUrgdar wi t h

nitrogen for 15 m nutes,  heated as | psed t nder . en
pressure #g Iﬁgblﬂesvm:ﬂhg ssotlye'n i%aé %’ﬁlagltl%o@\%ﬁ F%X‘Z ri%rﬁ gF&gt?b%%l}glger?%?essure
for 15 m gipBBizedipaicldsh@etceanitedr 000l edpged shefiGubdidfe ming . tho fgrgihiteO

hept ane/ t ol uene was added to the vessel and the m xture was stirred an

addi t i onaFoatsl gepner easatsed gecls apada dna lithivgniogneqio el V@ReS)iisr whithiene in
this proc . | . & in the
vessel vvagﬁlﬁ%lfl}@@gégﬁgeﬁi S}tﬂfﬁg C%&é{i(ge\-l\@gﬁeﬁglhgﬂfsél Cl?tr“?i’xégggs FHE'LS ef[r))lrelgl%‘fS rcgeugh a
0. 45- nm f disthisege tapacRy .and first-cycle coulombic efficiency. The first-cycle discharge

capacity was found to be 304 mA-h/g; and the first cycle coloumbic efficiency, 90%.

[0040] Finally, the scope of protection for this invention is not limited by the
description set out above, but is only limited by the claims which follow. That scope
of the invention is intended to include all equivalents of the subject matter of the
claims. Each and every claim is incorporated into the specification as an embodiment
of the present invention. Thus, the claims are part of the description and are a further
description and are in addition to the preferred embodiments of the present invention.
The discussion of any reference is not an admission that it is prior art to the present
invention, especially any reference that may have a publication date after the priority

date of this application.



The coke filter cake was then washed with -100 ms. of 50/50

hept ane/ t ol uene m xed sol vent and allowed to dry under vacuum at 60 0C. A
vol une ofweesin/g3mwB dry coke was recovered. A scanni ng @Ceaise@n/opi3¢e ogr aph
(SEM of the dry coke is illustrated in Figure 2 below. The pitch coating
on the surface of the particles is evident in the mcrograph. Unlike the
particles in Figure 3 the particles_jn _Figure 4 have nore rounded
ill-defined edges due to coating ofCLﬁEMJEI ate-like particles. The coated
particl es jwere A hefte§RTROMERE 84rbdPQB8ate draphific hPbde Podder ahiutd 2@d at
3000 OC for 45 m nutes. The solvent was found to have recoverabl e isotropic
pitch. The grapbhiteries ahepsan thegresesswaneprisesit ed ont o a copper sheet substrate

and t he graphitecoated.copper was used as.th node, i n L1 & hi Lon coin
ol | (2095 1 of whi B idiEREren Ry Hoate Al B0 RRel Pr B it The
coin cell was test el pbicédtvolifitd Bairschar ge capacity and first-cycle

coul ombic efficiency. The first-cycle discharge capacity was found to be
304 mA-h/g; an® t hemixingtthe highevaldile matice geenicekemalh a biguid oboabt & nal |y,

t he scope of protect] LS |  on 4 0, . m
description set out Eggéc})%({e?&%%{? t??@éﬁg&h {%ﬁoéa%b%ﬂ%éﬁgk%sﬁg?%n é\%le%lﬁo foll ow.
That scope of the | ventacovlatie nattenfied thogieactakde al | equi val ents of the

subject matter of the clainms. Each and every claimis incorporated into the
specification & anaksgdiireselvert strrastly @géﬁ? SoRFBH SPERISIH 78D ¢aYEC ¢| ai ms

are part of the desgpi,pfdl AfENGnAT Bad bfe%ﬂ t&%ctgﬁsﬁ&hp&ﬂeogrc%ﬂdc € N

addition to the preferred enbodi nents of the present invention. The
di scussi on of any r efeeipitatenithe nalte marticehrngd Somma coaingithereen;pri or art to the

present invention, especi al reference that y haye a, publ.i cation
fiate after thedbr ofgrig el spve BB T CASANE Aot (s nntf Gedls for
meki ng carbon coat eghQaRbigtden cBROPGIYer for use in batteries wherein
the process conprises: a) providing green coke having high volatile matter

of at |east abelt t stabiliginghthe pontcd rareanotakiei pastietes beroxidsfiverisiabiigatioie hi gh
volatile matter green..coke.with a |liquid solvent a selected solvent to
carbon ratio to for?ﬁ?’&egbqa%%ttosﬁs gﬁﬁaﬁlﬁe a(?féagll%ag% t@oeétl att ({/ngg%i |l e
matter from the greemtgiak®@;environment;

f) carbonizing the stabilized coated green coke particles to a temperature

of at least 600°C in an inert environment; and

g) graphitizing the coated carbonized coke particles to a temperature of at
least 2200°C.
2. The process for making carbon coated graphitic anode powder according to

Claim 1 further including the step of recovering dissolved volatile matter from

the separated solvent liquid from step d).

3. The process for making carbon coated graphitic anode powder according to
Claim 1 wherein the step of altering the solvent strength comprises adding

anti-solvent to the solvent suspension.

4, The process for making carbon coated graphitic anode powder according to
Claim 1 wherein the step of altering the solvent strength comprises adding

additional solvent to the solvent suspension.



c) altering the solvent strength of the solvent suspension and cause

vol atile matter that has been extracted fromthe green coke to precipitate
on the co©2pavasBBes and form a coating thereon; d) sepamTAiSReIg/0L1320 sol vent
wi th residual dissolved volatile material fromthe coated green coke
particles; e) stabilizing the coated green c%ke particles by oxidative

st abi | i zafi on Whe Ipeogsesafar maekies sarbemsestad graphiic apodp é’&?;‘idelw%@cﬁﬁg ¥ oxygen
cont ai ni ng envi bkt r |2l i hZ coke
particles to atrtlég{r}rlpnzr‘;é'{lﬁ%l 0 %%ngégge%g%géﬁ?}ﬂ ﬂgh éﬁg?&gﬁ(& ?‘gﬁ%ht; and
g) graphitizi ngensere @adikeldnear boni zed coke particles to a tenperature of at
| east 22000C. 2. The process for naking carbon coated graphitic anode
powder according to Claim1 further including the step of recovering

di ssol ved volatile matter fromthe separated solvent liquid fromstep d).
3. The pr@cess Thempromks fig makilg varbomiceated pegphitici amode pderdpowcherdiag ¢or di ng t o
Claim1l wherein_the_ step.of altering the solvent strength conprises adding
anti - sol vent t &laiRe> Jdievan the é@ﬁé’rfs"i%ﬁﬁpg Ahe sofgens rSHE’é@B CPBW“&%B?#@“% ar bon

coated graphiti {Eﬁ%@@lﬁ D MWL vt ﬁ%&@ﬁéﬂ&l 4R Ghabi dhe WAGKEIVBttiDGel8dt&P Of

altering the solvent strength co I ses adding additional solvent to the
sol vent suspensioanthd grotipengdndiog pentfuny, hersoe g ptace hwtane patdewngreaphi t i ¢ anode
powder according to Claim1 wherein the solvent is selected fromthe group
i ncl ude tol uene, benzene, and xylene. 6. The process for making carbon
coated graphitic anode powder according to Caim5 wherein the step of

al tering 7he sdhvenicesst foengilting ompon sested gdiphiicaarnode poivdenacaopdingiéo sol vent

suspensi on and erein the antj-saolyent is selected fromthe gr

i ncl udi ng pent &fam gé{(}}fﬁ"é{lt BtFBrPg,atSE‘P% £ s ﬁ‘aﬁrf'grﬁ%é.cmﬂp“ﬁ‘ﬁga%#@%ess f or
maki ng carbon gaafissh 9513801t e BRRAEsUBRMERE. according to Claim5 wherein
the step of altering the solvent strength conprises addi ng

8. The process for making carbon coated graphitic anode powder according to
Claim 1 wherein the step of oxidative stabilization is performed such that the
temperature is progressively raised so that the coating remains infusible during
the stabilization process until a desired temperature is attained for a

predetermined period of time.

9. The process for making carbon coated graphitic anode powder according to
Claim 1 wherein the graphitization temperature is between 2500°C and

3200°C.

10.  The process for making carbon coated graphitic anode powder according to

Claim 1 wherein the carbonization temperature is between 600°C and 1600°C.

10



additional solvent to the solvent suspension. 8 The process for making
carbon coated graphitic anode powder according to Caim1l wherein the step
of oxi datWOaouyeBioBi zati on is perforned such that the t@gjparsaenoeie
progressively raised so that the coating remains infusible during the
stabilization proce tl desire oy ' | .

pr edet er n‘i1 %’ed %‘e?’?oé%%o?&t %n%‘?igfa?%ne%gétggpgéﬁ#%% %H%% %é&@%{rjg%n{]%(r)é ed
graphi ti c anodeatpeistl @herRGCHE Grovgsd @nPrizgesn 1 wherein the graphitization
tenperature i s between 2500C and, 32000C. (10, The process for m ing car bon
coated graphitBt anBE¥idiesgesen seke paitislss hgviogdiigh Tolghlsr wptierigfeat leas

car boni zati on tenpe | .1600C. 1. A process for making
carbon coated graph?wE%nﬁﬁgﬁﬁgﬁgﬁ?%?Qﬁ%’n batteries wherein the
process conpri bes: ajixipg ol Highgrolptide mattok greparcoke ivith hhguidgohieghatvaol ati | e
matter of at |east ahout ten weigh ercent_volatile matter; b i Xxing the
high volatile matt eFqu@e?P?méo g\?r%)ﬂgéaqoi QurEm Sotolveht S‘ﬁ?“@@eﬁ‘@c&%‘ﬂ sol vent
to carbon ratio to {pLmMaa WMMEMHSUSHRNR QBerPffkePafiR]dsO extract volatile
matter fromthe green coke particles; c) including particles sel ected from
t he group incl adi nginchtdingapargelepsaleated Eomi thegroupi ingluding nafurdli graphtiiet anite in
t he sol vent suspensi.gn; d) altering.the solvent strength of the sol vent
suspensi on and caus@%%‘f(’)r}’g‘%’i el 1 {u{ng?ta{lﬁ%pt %§0q5‘?§]3ﬁusé’§j?§1%t ed fromthe green
coke particlesgio pheGingl Rt SolGdhtt tRnsOK S AR tsbEeRS s@pendied Mha &sd | ng
thereon; e) separating the solvent with residual dissolved volatile
material fromthe cuelpdld matsethat brebgsarexiratted from)the grgsn|coles Aeyticlss ¢ oat ed
green coke particles by.oxidative stabili i i ing to a
tenperature of at IB%%%BI%%@&%B? CnO(gr?a%%(c;l/égseaﬁag%rn %lx\%dﬁlg t}2‘%@}(}&?onmsnt; and g)

car boni zi ng t hg) st akipaiatiag tE®ableentowREReddkt diRbIvES WVemtilo matdralmenat ur e of
at least 600C in an inert environnent.2. A process for maeking carbon coated
graphi tic anode powdercoptsd gigsn cple particles;

) stabilizing the coated green coke particles by oxidative stabilization

while heating to a temperature of at least 200°C in an oxygen
containing environment; and
2) carbonizing the stabilized coated green coke particles to a temperature

of at least 600°C in an inert environment.

11



batteries wherein the process conprises: a) providing green coke particles
havi ng high volatile natter of at |east about ten weight percent volatile

matter; BWOrRDKV088S0Bhe high volatile matter green coke WPCH/U20108213@0 sol vent
at a selected solvent to carbon ratio to forma sol vent suspension and al so

to extract,vol gt %%q%e&a%&eﬁla%ﬁlgn&atr% ggﬁgcg LFE \?mi %ﬁocféeb%h&gfdrhﬁsesﬂl vent

strength of the VEeni susperisi on an ol ati matter that has been
extract ed fronbitheicgmderircthk erquasstdoaipeises 0 preci pitate on the coke

particles and forma coating thereon;, d) separating the solvent wth
resi dual di ssofved PWIVQ?‘PH éreﬁ%tcéf%‘? B‘I‘mf:gélli*?‘t”ﬁg }E%}hf’glﬁtlg%@ﬁ’ré’glé’é I8k ticles;

e) washing the Sepaé@&%ﬁ%&%ﬁ?}@ﬂkﬁ%l?ﬂgﬁlﬁ%ti cles with a solution to
e parti )

renove light oils fromt i cles; st abili zi ng the coated green coke
particles by ok) dat midng ttlabhigh zmlatibn mattel grebie avkawyitha hquidspbentt airee of at

| east 200C i n an oxygen gcontai ni ng, envi ronnent; carboni zi ng t he

stabi | i zed coat ed g%/eg edggﬂgenbéq ‘E%B?Ié’éatltootogg?’é 1V§P YEPYF & deaggo[ 600C in
an inert environmenty extihctfodii aféi Borh AR 6@t @fkecar boni zed coke particles
to a tenperature of at |east 2200C, and i} recovering dissolved volatile

matter from the) sepaltaingdthsosabeent dtiengihdof tlaamselvent ayspension and cause

volatile matter that has been extracted from the green coke particles to
precipitate on the coke particles and form a coating thereon;

d) separating the solvent with residual dissolved volatile material from
the coated green coke particles;

e) washing the separated coated green coke particles with a solution to
remove light oils from the particles;

f) stabilizing the coated green coke particles by oxidative stabilization
while heating to a temperature of at least 200°C in an oxygen
containing environment;

2) carbonizing the stabilized coated green coke particles to a temperature

of at least 600°C in an inert environment;

h) graphitizing the coated carbonized coke particles to a temperature of at
least 2200°C; and

1) recovering dissolved volatile matter from the separated solvent liquid
from step d).
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