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[0004] Requirements for a battery depend on intended applications for the battery. For

example, batteries used in electric drive vehicles need long life cycle, low cost, high gravimetric
densities and high volumetric densities sufficient to meet consumer demands. Materials used for
construction of such batteries determine ability to meet the requirements desired.

[0005] Prior anode materials include carbonaceous particles such as graphite powder.
However, density of the graphite powder limits capacity of resulting electrodes employing the
graphite powder. Further, undesired reactions with organic electrolytes during discharge can
result in fires or explosions.

[0006] Other proposed materials may exhibit properties that enable achieving better energy
and power densities and safety than the carbonaceous material being replaced. However, various
methods for synthesizing these proposed materials rely on techniques, such as solid-state
reactions or hydrogen reduction processes, which create problems. In such methods, mixing and
milling steps for combining precursors and achieving desired particle sizes for final products
contribute to preparation costs associated with the methods and may still result in incomplete
reactions and inconsistent particle sizes. Further, need for particular oxidation states of elements
within the final products may limit ability in the methods to select the precursor material based
on price.

[0007] Therefore, a need exists for improved methods of preparing particles, such as lithium

vanadium oxide powder suitable for use as anode material for batteries.



[0007] Therefore, a need exists for inproved nethods of preparing
particles, such as |ithium vanadi um oxi de powder suitable for use as anode
mat eri al worotmamssssi es. SUMMARY OF THE | NVENTI ON [ 0008] IpoTarseoiembdds nent, a
process of preparing a lithiumanode battery powder includes preparing a
liquid m xture including a reduci ng agent, vanadi um pentoxi de (V20 ), and
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ions from at least one of lithium carbonate and lithium hydroxide. Further, the method includes

forming lithium vanadium oxide by heating the mixture such that the n-methyl-pyrrolidinone
reduces vanadium oxidation state from 5+ to a lower oxidation state for precipitation of lithium
vanadium oxide particles with a formula of Li;+xVO,, given x is a number from 0 to 0.5 and
during the forming a molar ratio of lithium to vanadium within the mixture is from 1.5 to 1. The

particles are incorporated into an anode of a battery.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying drawings.
[0012] Figure 1 is a flow chart illustrating a method of preparing lithium anode battery
powder, in accordance with one embodiment.
[0013] Figure 2 is a flow chart illustrating a method of preparing lithium anode battery
 powder that includes incorporation of carbon with particles of the powder, in accordance with

one embodiment.



powder, in accordance with one enbodi ment. [0013] Figure 2 is a flow chart
illustrating a nmethod of preparing lithiumanode battery powder that
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Enbodi nents of the invention relate to nethods of making |ithiumvanadi um
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use as a negative electrode or anode material for lithiumion batteries.
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[0018] 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, forms a residue which is substantially carbon. “Substantially carbon,” as used
herein, indicates that the material is at least 95% carbon by weight.
[0019] “Carbonization” is a process that converts a carbon-containing compound to a
material that is characterized as being “substantially carbon.”
[0020] Precursors utilized in methods of preparing lithium anode battery powders include a
source of vanadium and a source of lithium. Synthesis of a resulting product defined by particles
of lithium vanadium oxide occurs via liquid phase reactions. A reducing agent as described
further herein may be in a liquid state at ambient conditions and also serve as a solvent for the
source of lithium.
[0021] In some embodiments, the precursors include vanadium pentoxide (V,Os) powder as
the source of vanadium and a lithium salt such as lithium carbonate (LiCOs3) or lithium
hydroxide (LiOH) as the source of lithium. Prior to combining the precursors, the vanadium
pentoxide may be milled in a ball mill to a desired particulate size, such as an average particle

size of less than 30 micrometers, less than 15 micrometers, less than 8 micrometers or less than 5



further herein may be in a liquid state at anbient conditions and al so
serve as a solvent for the source of lithium [0021] In sonme enbodi nents,
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embodiments, a solvent-reducing agent thus includes liquid organic compounds, such as

alcohols, hydrocarbons, and carbohydrates.

[0024] After the precursors and reducing agent are mixed resulting in a liquid mixture, the
mixture is heated in an inert atmosphere such as nitrogen, helium, argon, carbon monoxide,
and/or carbon dioxide gas while the mixture is agitated. With pressure below 3500 kilopascal,
the temperature is controlled to be between 50° C and 400° C or between 200° C and 300° C.
Heating drives the precursors and reducing agent to react and form the lithium vanadium oxide,
which may have a desired stoichiometric composition.

[0025] As the precursors are mixed and heated, the reducing agent causes the reduction of
the vanadium pentoxide from a plus-five oxidation state (V") to a plus-three or lower oxidation
state (V*"). While the vanadium pentoxide does not dissolve to form a true solution with the
source of lithium that is dissolved, the vanadium pentoxide loses oxygen atoms to the reducing
agent and combines with the lithium ions during the heating. Solid particles of the lithium
vanadium oxide precipitate out of the solution as a result of the heating and subsequent reacting.

In some embodiments, the lithium vanadium oxide formed has a formula defined as Lij+VO,,



the tenperature is controlled to be between 50 C and 400 C or between 200 C
and 300 C. Heating drives the precursors and reduci ng agent to react and
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[0028] Presence of the solvent prevents the solid particles from growing and agglomerating.
Therefore, controlling concentration of the solid particles in the mixture achieves desired particle
size and controls or limits agglomeration of the solid particles. For some embodiments, total
solid content in the mixture may be between 5% and 70% by weight. Given that theoretical
productivity may rise with increase in the solid content, the solid content may be between 10%
and 70% of the solution-suspension by weight, or above 20% by weight.

[0029] Separating the solid particles from liquids of the mixture provides a loose dry powder.
Any conventional method for solid-liquid separation, such as centrifugal separation or filtration,
can be used to separate the lithium vanadium oxide from the liquids of the mixture. Depending
on precursor quality and amount of impurities, separation can be achieved by evaporating the
liquids. In some embodiments, the liquids that provide the solvent may be recycled back for
combining with new precursors following a process that eliminates water and byproducts.

[0030] The solid-liquid separation prevents or at least limits amount of contaminants,

impurities or non-desired materials present with the lithium vanadium oxide. In particular, the
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[ 0032] Introducing graphite or carbon black 1nto the particles offers one
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CRFM using a selective precipitation method. The lithium vanadium oxide with the CRFM
coating is then heated (e.g., between 500° C and 1000° C, between 600° C and 900° C, between
700° C and 900° C) to convert the CRFM to carbon and to bond the carbon coating firmly to the
particles of the lithium vanadium oxide. The coating results in amount of carbon on and/or in the
carbon-containing lithium vanadium oxide being above 0.5 wt% and up to about 10 wt%,
between 0.5 wt% to about 5 wt%, or between 1 wt% and 3 wt%. Even without the coating,
techniques as described herein can attain the carbon content between 0.5 wt% and 10 wt%,
between 0.5 wt% and 5 wt%, and between 1 wt% and 3 wt%.
[0033] Figure 1 shows a process flow diagram that sets forth a method described herein of
preparing a lithium anode battery powder, for one embodiment. A liquid mixture that is
prepared in mixing step 100 includes a reducing agent, such as NMP, lithium ions from a lithium

salt, and vanadium pentoxide. Subjecting the mixture to conditions for vanadium pentoxide

reduction permits in vanadium reduction step 102 the reducing agent to reduce vanadium



enbodi nents, a carbon coating as described in U S. Patent Nunber 7,323,120
may be applied to the powder to provide the electrical conductivity.
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combining step 206 depends on the approach used to incorporate the carbon with the particles

and may thereby occur anytime prior to the battery assembly step 208.

[0036] For example, the carbon combining step 206 may occur with the precipitation step
204 if a CRFM is added to the mixture in the mixing step 200. Further, the CRFM may be added
to the mixture following the precipitation step 204 by adding a solution of pitch, for example, to
the mixture such that, by subjecting the mixture to conditions that permit precipitation of the
pitch, the pitch coats the particles after being formed. In some embodiments, such precipitation
of the CRFM occurs by utilizing suspensions prepared with the particles after separating the
particles from the mixture but before heating of the particles to crystallize the particles and/or
carbonize the CRFM. For some embodiments, the particles have already been heat treated for
crystallization prior to being coated by techniques described herein for precipitation of the

CRFM.



subj ected to conditions that permt precipitation of Iithium vanadi um oxide
particles. [0035] Various approaches enabl e incorporating carbon with the
parti cl eswoiniociag4s8n conbi ni ng step 206. I n sonme enbodi FeEMES20MW8596Ar bon
conbining step 206 may i nclude carbongoating applications for lithium
vanadi um oxi de powders nmade by ot her nethods, such as when powders are nade
wth V203 utilized as precursor for vanadium Further, battery assenbly
step 208 includes incorporating the particles into an anode of a battery
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enbodi nents, the particles have already been heat treated for
cryst&Dntrqlé@vebnf@ailogondldmmescoat ed by techniques described herein for

pr eci ih@ﬂl OMM [0037] In addition, the CRFM nmay be contri buted
inth g step 206 by NMP oxi dation-reduction reaction with
five yedm®nce mamadé ym as described herein. Oxidation of the NVP produces
water and carbon-yielding materials that remain in solution after the
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particles.
purged with nitrogen gas until liquid in the mixture was completely evaporated. Heat was

removed and the vessel was cooled to room temperature. A resulting dried powder weighed 34.6
grams.

[0041)] The powder was transferred into a furnace, and subsequently heated at 1150° C for 3
hours under a nitrogen gas atmosphere. The furnace was then cooled to room temperature. The
powder was retrieved from the furnace. Total weight of the powder was 30.6 grams. The
powder was then evaluated for electrochemical properties as the active anode material in lithtum
ion cells, as described further herein.

[0042] Example 2:

[0043] To evaluate potential for carbon coatings, 14.7 grams of the powder made in Example
1 was coated with about 5% of pitch. In particular, the powder was first dispersed in 100 ml of
xylene to form a dispersion heated to 140° C. In parallel, 8 grams of a petroleum pitch was
dissolved in an equal amount of xylene to form a pitch solution that was heated to 90° C. The
pitch solution was poured into the dispersion and continuously heated at 140° C for 10 minutes.

The heat was removed. The solution was cooled to room temperature. Resulting solid particles



[0039] Exanple 1 : [0040] A m xture was prepared with 31.3 grans O V20
powder (99.2% Alfa Chemcal), 18.1 grans of hydrated |ithium hydroxide
(Li O+ H Qvo2stdi3sasd 90 grans of n-nethyl pyrrolidi none (RERP)us2dilb@33%6Xt ur e
was shaken in a plastic bottle for ab®ut 10 m nutes. Subsequently, the
m xture was transferred into a stainless steel pressure vessel and heated
at 250 C for 3 hours while the m xture was continuously agitated. Then, the
vessel was contj nuousIIy gurged with nitrogen gas until liquid in the
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[ 0041] rans Into a furnace, and subsequently heated
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cells, as descri furthér herein. [[0042] Exanple 2 : [0043] To eval uate
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was coated with abo 5% of .pitch. | articul.ar s first
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coating level of 5. 3% [0044] The powder was transferred into a furnace and
heat ede‘ieﬁnﬁ‘ieflﬁ(b%ﬁalﬂéé) 1580t he fol | owi ng sequence: 1 C/minute to 250 C,
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[0046] Electrode Preparation — The powder (made in Example 1 or Example 2) was mixed
with a graphite powder, acetylene carbon black powder, and polyvinylidene fluoride (PVDF)
solution (N-methyl pyrrolidinone as the solvent) to make a slurry. The slurry was cast on 10
micron thick copper foil. A slurry coated film that resulted was dried on a hot plate. The film
that was made contained 2% carbon black, 46.5% graphite, 5% PVDF, and 46.5% of a respective
one of the powders of lithium vanadium oxide. The film was trimmed into 5 cm strips and
pressed through a hydraulic rolling press. Thickness or mass loading of the film was controlled
to be about 6 mg/cm®.

[0047] Electrochemical tests — Disks of 1.41 cm in diameter were punched out from the films
prepared as described and were used as the positive electrode in standard coin cells (size
CR2025) with lithium metal as the negative electrode. The separator used in the coin cells was a
glass mat (Watman® Glass microfibre filter, GF/B), and the electrolyte was 1 M LiPF¢ in a
mixture of solvents (40% ethylene carbonate, 30% methyl carbonate, and 30% diethyl
carbonate). A test scheme was as follows. The cells were charged under a constant current of
0.5 mA (~50 mA/g) until the cell voltage reached 0.0 volts, and charged further at 0.0 volts for

one hour or until the current dropped to below 0.03 mA. The cells were then discharged at



solution (7 % HC, 5 wt% HNO3, and 3% H2SO4) at 60 C. Acid insoluble
residual solid was separated by filtration, washed thoroughly with

dei oni zedvoavsri3se#ad dried at 100 C under vacuum for oveCcTAShawnsssesi nce
this solid contained nainly el enentallocarbon, ash content of the solid was
obt ai ned by burning in air at 850 C. The powder nade in Exanple 2 was
thereby determned to contain 5.0 % carbon. [0045] El ectrochem cal

eval uation - The powders nade in the Exanples 1 and 2 were evaluated as the
anode constenticatrefiter 015 mii until thereebanottege tieeched B yodiad ihgrasatisshirgd cydes werei nt o

| d d th in.coin cells. [0Q46]. El de, P ion -
The. pottrare sl el iy dofisying CHBb BB RIeE FREfRIeRA
powderby cakataibeiBase@bh Phssbl slekiripaveharse @ﬁdﬁ RNty WHES ol drdbici efifeciéiRYDF)

solution (N-net h%qlﬁ ngrro[idi none as the so vent_? to make a slurry. The
sl ur r yvagerslcalpged based on matka efhdiseiarge @ppgiBT tofapacity Qnsehargine.c Hdk b testy wWetehat

resul t ¢ . The f.i t d I %

Car bor B AR S PEeThcOhdll B il ki HRER YRR SO AR AL 1
powdercendictdd dt hoanmtengpeaatingr-22¢iCe. The filmwas trinmmed into 5 cmstrips
and pressed through a hydraulic rolling press. Thickness or, mass ] oadi ng of
the f Pl Eb?ﬂn?rafq t@&&ﬁ%éﬂ%@& thet Frghlt i Voltapgangrepsee duting RBEER| heest <
" oD 18l Nolthed rof Thd ofll TR Blo PBHAPUNGRGMRHY BERMLOGHT |oMaRizePaNRO as

descri bed and were used as the positive trode in standard n cells
(si ze corgo/dErhangt keyéles Hieraby Metminstasged hatahdgptforvibe glogcler adthe ahode seyparaht or

d i h [ Ils,. I Wat 1. ibre filter,
P/ ) Tosht (R PRV S o5 R ety ST PRV e el S TuEH Fonie St
et hyl eRRineAf HARBoaiRAoRREY aﬂﬁhi{ﬁ?ﬂ@én@diu%?%ﬁﬂ%&“ ethyl carbonate). A

test scheme was as follows. The cells were ed under a constant current
of 0. 40049\ ( - Beeciiy gipacint of the letectredds made wijk powder ed Bxampleol was abewd 25Rar ged

further 0.0 volts,faqr,one hour o i _t.h urs ent ..dropped.t o _bel.ow
005 i ar B bbs o PR o Shoytitio) mihfe RIS HE RPRBL Pl OmiiRY |

t he cehpac9l Wagealtwaeheashsell Onvolal SveighasfUdthi the hiaige bR Weide arpeat ed
to determine material stability during _cycling. Capac'c\'ftﬁly of the powders was

i ndi caraityorsee ulairotiet Beswacitn aadeelethe eranhitalporidsr gas dpimgh/e. a

0 SRRy HOE UL AIY 6y S, FOF S S P g
determined based on the graphite powder accounting for 46% of the total weight. The specific
capacity of the lithium vanadium oxide of Example 1 was therefore calculated on the first cycle
to be 204 mAh/g and 296 mAh/g on the tenth cycle. Even though the specific capacity for the
powder of Example 1 is about the same as if utilizing the graphite powder alone, density of the
electrodes made with the powders of Example 1 was measured to be 2.2 g/cc compared to about
1.4 g/cc for graphite electrodes without lithium vanadium oxide. Thus, volumetric specific
capacity of the electrodes made with the powders of Example 1 is higher than that of the graphite
electrodes by 57%.
[0050] Overall specific capacity of the electrodes made with powders of Example 2 was 340
mAh/g after ten cycles. Calculated specific capacity of the powders of Example 2 was 370
mAh/g. Thus, the powders of Example 2 with the carbon coating provided better specific
capacity performance relative to the powders of Example 1 that lacked the carbon coating.
[0051] In view of the foregoing, lithium vanadium oxides powders synthesized as described

herein result in desirable electrochemical properties when used as anode materials for Li-ion

batteries. Simplicity of preparing the lithium vanadium oxides powders enables economical



conducted using an el ectrochem cal test station (Arbin Mdel BT-2043). Al
experinments were conducted at roomtenperature (~22 C). [0048] In contrast
t o cat hodwormatoes&Bs t hat result in voltage increases decrngahasiyypng, the
cell voltage for the cells with the powder of Exanple 1 decreased with
chargi ng. The charge/ di scharge cycles thereby denonstrated suitability for
the powder as the anode material. Further, the powder of |ithium vanadi um
oxi de thus provi ded el ectrochem cal characteristics distinct fromsuch

cat hogeodvatier phths rpsvders hiwithewarsa dif imaxphiesiysheanedivpopuw ogrs@p deithar dacilitgiesi t y
of the Lectrgd S nﬁﬂg wi th powders of Exanple 1 was about 250 mAh/g on a
first "B apsogvcﬁle{soec%%ltcal?,oo ni Ah/ g by the tenth cycle. The
speci floe52¢apathd yreR@ed calbodingneof ﬁaag%iemw@ﬁiah haeb@htdieiosed b filvetrated.hi um
vanadi um oxi de and the graphite powder. G ven that the specific cgEacity of
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speci finventdapdnat hig ot ctdvdylas idbicuibed Berath. Umisaké deerafof Excaimpéreors thwets/atihtéorsf or e
calcul ated on the fjrst cycle to _he 204 mAh/g and. 296 mAh/ n . the tenth
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about aB%}féc?QﬂHaer’%iﬂg atd ot 'tc?bé‘%eﬁl?@liﬂﬁtatﬁg'woge BOWHSAvaatione, density of the

el ectrodes made w th the powders of Exanple 1 was neasured to be 2.2 g/cc
conpared to about 1.4 g/cc for graphite electrodes w thout |ithium vanadi um
oxi de. Thus, volunetric specific capacity of the el ectrodes nmade with the
powders of Exanple 1 is higher than that of the graphite el ectrodes by 57%
[ 0050] Overall specific capacity of the el ectrodes made with powders of
Exanple 2 was 340 mAh/g after ten cycles. Calculated specific capacity of
the powders of Exanple 2 was 370 mAh/g. Thus, the powders of Exanple 2 with
t he carbon coating provided better specific capacity performance relative
to the powders of Exanple 1 that |acked the carbon coating. [0051] In view
of the foregoing, |ithiumvanadi um oxi des powders synthesized as descri bed
herein result in desirable electrochem cal properties when used as anode
materials for Li-ion batteries. Sinplicity of preparing the lithium
vanadi um oxi des powders enabl es econom cal producti on of the powders.
Further, use of inexpensive vanadi um precursors further facilitates



maki ng production of the powders econom cal. [0052] The preferred

enbodi nent of the present invention has been disclosed and illustrated.
However, wbeoiomsessi on i s intended to be as broad as defrmam2010/083%69 cl ai s
bel ow. Those skilled in the art may be able to study the preferred

enbodi ments and identify other ways to practice the invention that are not
exactly as described herein. It is the intent of the inventors that
variations and equivalents of the invention are within the scope of the

cl ai ms bel ow and the description, MRt and drawi ngs are not to be used
tolimt the scope of the invention. CLAIMS 1. A nethod conprising the steps
of : preparing a liquid m xture conprising a reducing agent, vanadi um

pent oxi de ( V2&m)sthahabniprishiguhe stepsoff rom a lithiumsalt; and forming lithium
vanadi um oxi de by, subj.ectjng the m xture to caonditions that permt.

Feduct i on of MREAPENLAIAU BERUES FHEPHYE el sducHIs| 1657 et FB PV RafS i ¢ at i on
of i thiomovpaad|ithiR Xdderp@h litthlB Salt;Wagr ei n the particles have a fornula
defined as Li1+xVQ2, where x is a nunber fromO to 0.5. 2. The met hod
accordi ng t o forming lithiugheraidiuhovxida §yt subjeptng itld edxturec tu delitienst thaty t he

m xture that has.a r ratjo of Jithi.umto vanadi umwthin e m xture
from 1 Bt eiieea R oBfvaBidita Soalobddd WU RRE hR B Bieliplifor ol 6 P ai m
1, wher €lithivinh &ahaditih UBRi8& | JarteMEp rvileesin ahe | Retdle vk forblautefradbenat e (Li
CO ) and |ithium hydroxide (LiOH). 4. The nmethod according to claim1,
wher ei n ke VOadukerpg ingawnberdrom §de Ayt - pyrrol i di none. 5. The net hod
according to claiml1l, wherein the [ithiumsalt conprises at |east one of

| ithium carbonate (Li2C03) and |ithium hydroxi de (Li OH) and the reducing
agent i s2.n- neTlwyethyd modarding omelaind .1, Whercirefdmaihgaihe padiciey ihdudds dieatidg

further conprising crystallizing the partic|es by. heating the ticles at
a t enper e HEEL B 0000 er rafo OF iy fhyEned b MINIRGhE BriE %ﬁ@%ﬁ% ein x
I's 0.2. while forming the particles.

3. The method according to claim 1, wherein the lithium salt comprises at least one

of lithium carbonate (Li,CO3) and lithium hydroxide (LiOH).

4. The method according to claim 1, wherein the reducing agent is

n-methyl-pyrrolidinone.
5. The method according to claim 1, wherein the lithium salt comprises at least one
of lithium carbonate (Li,COs3) and lithium hydroxide (LiOH) and the reducing agent is

n-methyl-pyrrolidinone.

6. The method according to claim 1, further comprising crystallizing the particles by
heating the particles at a temperature above 1000° C.

7. The method according to claim 1, wherein x is 0.2.

8. The method according to claim 1, wherein the reducing agent is an organic

compound.



8. The method according to claim1, wherein the reducing agent is an

organi ¢ conpound. 9. The nethod according to claiml1l, wherein the mxture
further cwopnioses4ssa car bon-resi due-formng nmaterial. 10PCThiS20mi0B3969
according to claim1, further conprisi3ng: coating the particles with a
carbon-residue-formng material; and heating in an inert environnent the
particles that are coated, wherein the heating is at a tenperature
sufficient to carbonize the carbon-residue-formng nmaterial. 11. The net hod
according to claim1, further conprising: oxidizing the reducing agent that
is n-methyl -p ol elyad ri S ration of
l'i quids from ?%%%néltxtd]u?g&tr %ﬂgotg)m&glhggé%\%a?h@? %gﬁ%gtﬁmﬁtééﬁ%ogﬁg&%ogmi ght
per cent cfrbéhiesplaetforalieg masmadl.heati ng the coating in an inert environnment
at a tenperature sufficient to carbonize the coating on the particles. 12.
A nmet hod conprising the steps of: preparing a liquid mxture conprising a
reduci ngi@gentye ¥ddhBrBaRMLHE 1 (WA confRdinkl t hi umions froma [ithium
salt; form ng Iithiumvanadirum oxi de by subjecting the mxture to

condi ti ons t hetatipg thei partidies witll e carhgn-seyethie-fooning sapterialirmdvanadi um pent oxi de,

in absence of, oxygen displ acing ani.onic.c nds, fo reci pi t,atj.on of

|1t hi um vanadPGRIBA A5 55 o duet i piste shat At toried ayereln e RERY | P qui as
of the Mgk Hi@npetature BOEfididH: ROEhBER LY HE BELER réHiRicModding\W@érRiln the particles
have a fornul a defined as Li 1+xVQ2, where x is a nunber fromO to 0.5. 14.

The net hod according to claim 12, wherein during the formng a nolar ratio

of lithi to [ ' .S fram1.5 to 1.15. The nethod
accordi ng{nt o] gﬁ%ﬁ%&f@%ﬁﬁ%@gﬁn&g 1?5? mﬁ%tﬁ{rﬁcghﬁjlnts{?%ijm vanadi um oxi de is
performed by &daizinggtht hedusing agedt tat annionghyl-Biwbidoas and temaithenntke hod
according to claim12, wherei n,{he separating the particles. fromthe
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and 10 weight percent of the particles; and

heating the coating in an inert environment at a temperature sufficient to

carbonize the coating on the particles.

12. A method comprising the steps of:

preparing a liquid mixture comprising a reducing agent, vanadium pentoxide
(V705), and lithium ions from a lithium salt;

forming lithium vanadium oxide by subjecting the mixture to conditions that
permit the reducing agent to reduce the vanadium pentoxide, in absence of oxygen
displacing anionic compounds, for precipitation of lithium vanadium oxide particles; and

separating the particles from liquids of the mixture.

13.  The method according to claim 12, wherein the particles have a formula defined

as Lij+xVO,, where x is a number from 0 to 0.5.

14.  The method according to claim 12, wherein during the forming a molar ratio of

lithium to vanadium within the mixture is from 1.5 to 1.



17. The method according to claim 12, wherein the separating the particles
fromthe liquids is acconplished by a nechanical |iquid extraction and then
by evaporwiDi2on/13868 A net hod conprising the steps of: prreparseog/03sds? qui d

m xture conprising n-nethyl-pyrrolidirone, vanadi um pentoxi de (V206), and
lithiumions fromat |east one of lithiumcarbonate (Li CO) and lithium
hydr oxi de (LiOH); form ng |ithium vanadi um oxi de by heating the m xture

such that_the. n-nmethyl -pyrrolidjno reduces vanadi .0xi dati.on state from
oo 7 by T ol QR 0 ElarIS RS e TR PSR INS ot g
particl eﬁ,pei’ifﬂﬁﬁé%iB}rl%éfihg'ﬂletxﬂ&uﬂ@ﬁ{éd“iﬂeﬁafﬁ%sﬁﬁeré.ati o of lithiumto vanadi um
wthin thé mxture is froml.5 to 1 and the particles have a fornmula of

Li 1+xVQ2, where x is a nunmber from Qo 0.5; and incorporating the particles
into an ode,.of a.battery. 19. The rethod accordin g claimd8 erein
the mixt e 1 UG FeMa gy oedd gaimazomghin B Ghttetite i il i

chemi cal 1i@i@§ﬁascd@mop1ﬁhaﬁby @\Qﬁbraﬁﬁg tHel iR Sronh t@Haltidigsom pul p industry, and
phenolic resins. 2 The net hod according to claim 18, further conprising
heating the particles renmoved fromthe mxture to carbonize a material that

is part t rhi .Gl [ . S it ches
and che mPZ:' al hg}rleglglg{shg 4 5]? ?Cgﬁfé}g,tg %(i;gzg I?S?Vh%%etl I%: ﬁ%ssfep %lgtgrrlﬁoﬁle&%%t%?%u ‘E)P“ ﬁlrll% ustry,
and phenkduids i @sdansplished by a mechanical liquid extraction and then by evaporation.

18. A method comprising the steps of:

preparing a liquid mixture comprising n-methyl-pyrrolidinone, vanadium
pentoxide (V,0s), and lithium ions from at least one of lithium carbonate (Li,CO3) and
lithium hydroxide (LiOH);

forming lithium vanadium oxide by heating the mixture such that the
n-methyl-pyrrolidinone reduces vanadium oxidation state from 5+ to a lower oxidation
state for precipitation of lithium vanadium oxide particles, wherein during the heating a
molar ratio of lithium to vanadium within the mixture is from 1.5 to 1 and the particleé
have a formula of Li1+,VO,, where x is a number from 0 to 0.5; and

incorporating the particles into an anode of a battery.

19.  The method according to claim 18, wherein the mixture further comprises at least
one of petroleum pitches and chemical process pitches, coal tar pitches, lignin from pulp

industry, and phenolic resins.

20.  The method according to claim 18, further comprising heating the particles
removed from the mixture to carbonize a material that is part of the particles and
comprises at least one of petroleum pitches and chemical process pitches, coal tar pitches,

lignin from pulp industry, and phenolic resins.



