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LITHIUM METAL OXIDE MATERIALS
AND
METHODS OF SYNTHESIS AND USE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to lithium metal oxide compositions as well as
electrochemical devices utilizing such compositions and, in particular, to lithium-magnesium

nickel oxide compositions suitable as components of lithium-ion electrochemical devices.

2. Description of Related Art

Rechargeable lithium and lithium-ion batteries can be used in a variety of
applications, such as cellular phones, laptop computers, digital cameras and video cameras,
and hybrid electric vehicles etc., due to their high energy density.

Commercially available lithium-ion batteries typically consist of graphite-based anode
and LiCoQ,-based cathode materials. However, LiCoO,-based cathode materials can be
expensive and typically have relatively low capacity, approximately 150 mAh/g.

Alternatives to LiCoO,-based cathode materials include LiNiO,-based cathode
materials, which can be less expensive. Typical LiNiO»-based cathode materials can include
compositions having a formula LiNig §Co20> or LiNig gCog.15Al0.0502. These materials are
relatively more expensive than cobalt-free LiNiO,-based cathode material because of the
relatively higher cost of cobalt relative to nickel. Furthermore, LiNiCoO,-based cathode
materials usually have lower safety, cyclability, and first cycle efficiency over LiCoO,-based
cathode materials because of the lower structural stability and higher surface reactivity of
LiNiO, type cathodes.

Li(Ni, Co)O-based cathode materials have also been disclosed. For example, Lecerf
et al., in U.S. Patent No. 4,980,080, disclosed a process of making a cathode material for a
secondary battery having a formula LiyNi>.,O, or Li;xC0xO5. Xije et al., in U.S. Patent
No. 5,750,288, disclosed modified lithium nickel oxide compounds for electrochemical
cathodes and cells based on LiyM;O, materials, where M is a non-transition metal selected
from the group consisting of aluminum, gallium, tin and zinc. Mayer, in U.S. Patent
No. 5,783,333, disclosed a LixNi,Co,M,0, material. Mayer also disclosed, in U.S. Patent
Nos. 6,007,947 and 6,379,842, cathode materials having a formula LixNiyCo,M,0O; or
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LixMn, ;M 1,04 where M is a metal selected from the group consisting of aluminum,
titanium, tungsten, chromium, molybdenum, magnesium, tantalum, silicon, and combinations
thereof and M1 is one of chromium, titanium, tungsten, nickel, cobalt, iron, tin, zinc,
zirconium, silicon, or a combination thereof. Kumta et al., in U.S. Patent No. 6,017,654,
disclosed cathode materials having a formula Lij+xNij.;MyNxOa(1+x) and LiNi;yMyNxO,
where M is a transition metal selected from the group consisting of titanium, vanadium,
chromium, manganese, iron, cobalt, and aluminum and N is a Group II element selected from
the group consisting of magnesium, calcium, strontium, barium, and zinc. Sunagawa et al., in
U.VS. Patent No. 6,040,090, disclosed a positive electrode material based on Li-Ni-Co-Mn-O5.
Peres et al., in U.S. Patent No. 6,274,272, disclosed an active cathode material having a
formula Lip Ni(j.c.a-mCocAlaMgnmO,. Gao et al., in U.S. Patent No. 6,277,521, disclosed a
lithium metal oxide material containing multiple dopants with a formula LiNi;.xCoy,M.M’,O;
where M is a metal selected from the group consisting of titanium, zirconium, and
combinations thereof and M’ is a metal selected from the group consisting of magnesium,
calcium, strontium, barium, and combinations thereof. Mao et al., in U.S. Patent

No. 6,071,649, disclosed LiCoO,-coated LiNiO; or Li(Ni,Co)O, materials. None of these
disclosed Li-Mg-Ni-O,-based cathode materials.

Matsubara et al, in U.S. Patent No. 6,045,771, disclosed a cathode material having a
formula LiyxNijxoMxO,, where M is a metal selected from the group consisting of
aluminum, iron, cobalt, manganese, and magnesium, x =x1+x2, 0 <x1<0.2,0<x2<0.5,
0<x<0.5,and 0.9<y<1.3.

Multiple companies are also commercially fabricating cathodes utilizing materials
with a general formula LiNiCoMO,. TODA (earlier Fuji Chemical) manufactures products
CAS5, CA1505N, and NCA. Honjo-FMC and Nichia (both of Japan) also provide nickel-
cobalt-based cathodes. These products typically suffer from low safety properties, and

relatively low rate capability.
BRIEF SUMMARY OF THE INVENTION

In accordance with one or more embodiments, the present invention relates to
LixMg,NiO, materials, which, when utilized in electrochemical applications or systems, can
be characterized as being or providing systems that utilize safer, low-cost cathode materials

with high capacity, long cycle life, high rate, especially high powerability, as well as high
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voltage. In some embodiments, the cathode materials of the present invention can be
characterized as being lower cost, having improved chemically stability, and higher operating
voltage while providing greater capacity especially, for example, relative to LiCoO;- and/or
LiNiO,- based cathode materials.

In accordance with one or more embodiments, the present invention provides a
composition having a formula Li,MgyNiO, wherein 0.9 <x < 1.3, 0.01 <y <0.1, and
091 <x+y<l13.

In accordance with further embodiments, the present invention provides a
composition comprising a core having a formula LixMgyNiO,, wherein 0.9 <x < 1.3,

0.01 <y<0.1,and 0.9 <x +y < 1.3, and a coating on the core having a formula Li;Cop, 02,
wherein 0.7 <a<1.3,and 0.9 <b<1.2.

In accordance with one or more embodiments, the present invention provides an
electrochemical cell comprising a cathode comprising a composition having a formula
LixMg,NiQ,, wherein 0.9 <x <1.3,0.01 <y <0.1,and 0.9 <x+y <1.3.

In accordance with one or more embodiments, the present invention provides an
electrochemical cell comprising a cathode comprising particles consisting of a core having a
formula LixMg,NiO,, wherein 0.9 <x <1.3,0.01 <y <0.1,and 0.91 <x+y< 1.3,and a
coating on the core. The coating can have a formula Li,CopO,, wherein 0.7 <a < 1.3, and
0.9<b<1.2.

A method of preparing a composition comprising providing a mixture of compounds
comprising a lithium source, a magnesium source, and a nickel source and reacting the
mixture in an oxidizing atmosphere at a temperature and for a period sufficient to crystallize
the mixture into a LixMgyNiO, composition wherein 0.9 <x <1.3, 0.01 <y<0.1, and
091 <x+y<13. '

In accordance with one or more embodiments, the present invention provides a
method of preparing coated particles. The method can comprise steps of providing a first
mixture of compounds comprising lithium, magnesium, and nickel and sintering the first
mixture in an oxidizing atmosphere at a first temperature and for a first period sufficient to
crystallize the first mixture into core particles having a formula Li,MgyNiOy, wherein
0.9 <x<13,0.01 <y<0.1,and 0.91 <x +y < 1.3; and coating the core particles with a
second mixture comprising compounds comprising lithium and cobalt and sintering the
coated core particles at a second temperature and for a second period sufficient to crystallize

the coating having a formula Li,Co,O, wherein 0.7 <a < 1.3, and 0.9 < b<1.2.
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In accordance with one or more embodiments, the present invention provides a
particle comprising a core material having a composition of a formula Li;.,MgyNiO, where
Mg and Li are predominantly in a crystallographic 3a site and Ni is predominantly in a
crystallographic 3b site and 0.01 <y <0.1.

Other advantages, novel features, and objects of the invention should become
apparent from the following detailed description of the invention when considered in
conjunction with the accompanying drawings, which are schematic and not intended to be

drawn to scale.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred, non-limiting embodiments of the present invention will be described by
way of example with reference to the following, accompanying drawings. In the drawings,
each identical or nearly identical component that is illustrated in various figures is typically
represented by a like numeral. For clarity, not every component may be labeled in every
drawing nor is every component shown where illustration is not necessary to allow those of
ordinary skill in the art to understand the invention. In the drawings:

FIG. 1 is a copy of photomicrograph, representing a typical lithium-magnesium-nickel
oxide composition in accordance with one or more embodiments of the present invention;
here represented by spherical LiMgg 025NiO2;

FIG. 2 is an X-ray diffraction pattern of the composition shown in FIG. 1;

FIG. 3 is a graph showing the discharge profile, at different discharge rates, of the
material shown in FIG. 1;

FIG. 4 is a copy of photomicrograph of a typical lithium-cobalt oxide-gradient coated
lithium-magnesium-nickel oxide composition in accordance with one or more embodiments
of the present invention; here represented by an about 5 mol% LiCoO2:LiMgo 02sNiOz;

FIG. 5 is an XRD graph of the coated composition shown in FIG. 4;

FIG. 6 is a graph showing the discharge profile of the composition shown in FIG. 4
having about a 5 mol % coating level at various rates;

FIG. 7 is a graph showing the discharge profile of the composition shown in FIG. 4
having about a 10 mol % coating level at various rates;

FIG. 8 is a graph showing the discharge profile of the composition shown in FIG. 4

having about a 15 mol % coating level at various rates;
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FIG. 9 is a graph showing the area specific impedance for a LiMgo.02sNiO>
composition with about a 5 mol % LiCoO, gradient coating, using about a 1s and an 18s
pulse according to protocol 3, in accordance with one or more embodiments of the invention;

FIG. 10 is a graph showing the area specific impedance for various LiMg.025NiO2
compositions, using 1s and 18s pulses according to protocol 3, in accordance with one or
more embodiments of the invention;

FIG. 11 is a graph showing the X-ray diffraction patterns showing peak profiles at
about 5 mol %, 10 mol %, and 15 mol % gradient coating levels of a LiCoO, composition
(with an enlarged portion shown in the right side), in accordance with one or more
embodiments of the invention;

FIG. 12 is a graph showing the capacity retention of cells during abouta 1 C
discharge cycling utilizing a) LiNiO,, b) LiMgNiOs, ¢) about 5 mol % LiCoO, coated
LiMgo 025NiO,, and d) CA1505N(TODA Co., Japan); and

FIG. 13 is a graph showing the differential scanning calorimetry profile of a)
Lngo,ozsNiOi, b) about 5 mol % LiCoO, coated LiMgg.02sNiO», and ¢) TODA NCA-02
electrodes, which have been subjected to about 4.2V charging (100% state-of-charge) and

immersed in electrolyte.
DETAILED DESCRIPTION OF THE INVENTION

This invention is not limited in its application to the details of construction and the
arrangement of components or compounds set forth in the following description, including
the various examples, or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or of being carried out in various ways. Also, the
phraseology and terminology used herein is for the purpose of description and should not be

% <6

regarded as limiting. The use of “including,” “comprising,” or “having,” “containing,”
“involving,” and variations thereof herein, is meant to encompass the items listed thereafter
and equivalents thereof as well as additional items.

In accordance with one or more embodiments, the present invention provides one or
more compositions and one or more methods for forming the various compositions. The
compositions can be used as a cathode active material in, for example, rechargeable lithium
and lithium-ion electrochemical devices, such as but not limited to, batteries. In accordance

with one or more embodiments, the present invention can also provide rechargeable lithium
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batteries or lithium-ion batteries, as well as methods of preparation and use, utilizing, for
example, the compositions of the invention. The electrochemical cells utilizing the
compositions of the present invention can be characterized as, inter alia, being low cost and
chemically stable while providing high capacity during a long operating life.

In accordance with some embodiments, the composition of the present invention
typically exhibits improved capacity, cyclability, and safety over LiCoO; and LiNiO,
materials when such materials are utilized in electrochemical devices, including, but not
limited to primary and secondary batteries. The materials of the present invention can
provide economic advantages because they are typically less expensive to produce and/or
utilize compared to LiCoO,, LiNiO, or LiNipgCo0,0,-based materials.

In accordance with one or more embodiments, the present invention provides a
lithium metal oxide composition having a first metal substantially associated with an a-site
and a second metal substantially associated with a b-site in a crystalline lattice. The a-site
can be crystallographically referred to as the 3a site and the b-site can be referred to as the 3b
site in a R3m crystal lattice. In accordance with some embodiments of the invention, the first
metal can be associated at the 3a site along with, for example, lithjum, and the second metal
can be associated at the 3b site. Preferably, the first metal or, in some cases the second metal,
can provide crystalline stability during lithium intercalation and de-intercalation processes
when, for example, the materials or compositions of the present invention are utilized as
components of electrochemical devices. By providing such a structure, the composition of
the present invention can be advantageously utilized as a cathode in electrochemical devices
because, it is believed, the first metal can stabilize, at least partially, the crystal lattice during
lithium intercalation and de-intercalation processes.

In accordance with one or more preferred embodiments of the invention, the
composition can comprise a lithium-magnesium-nickel oxide wherein lithium and
magnesium are crystallographically associated with the 3a site and nickel is
crystallographically associated with the 3b site.

In accordance with one or more embodiments, the present invention provides a
composition having a general formula Li,MgyNiO,, where 0.9 <x <1.3, and 0.01 <y <0.1,
0.91 <x +y< 1.3, preferably, 0.9 <x < 1.1 and 0.02 <y <0.05. The crystalline
characteristics of the composition can be characterized as having lithium and magnesium

associated with the 3a site and the nickel as being associated with the 3b site.
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In accordance with further embodiments, the present invention provides a particle
comprising a core or interior layer having one or more layers of a metal oxide coating applied
thereon. The coating layer can comprise a second lithium intercalating material including, for
example, a compound having a formula Li;Co,O», where 0.7 <a < 1.3,and 0.9<b<1.2. In
some cases, the coating layer can be characterized as having a Co/Ni molar ratio that ranges
from about 0.01 to about 1.4, relative to the amount of nickel in the core layer. In still further
embodiments of the invention, 0.9 <a < 1.3, 1.8 <b < 2.2 and the Co/Ni molar ratio can
range from about 0.02 to about 0.8. The one or more layers can be characterized as having a
concentration gradient with respect to the amount of cobalt relative to distance, e.g. radial
distance, from the surface of the particle. The nature of the concentration gradient of the
amount cobalt, relative to distance from the surface, can range from about 100 %,
substantially all cobalt and none or only negligible trace amounts of nickel, at the outer
surface of the particle to about 0 %, substantially none or only negligible trace amounts of
cobalt at the coating/core interface. The nature or shape of the gradient profile can vary. For
example, the gradient profile can linearly decrease relative to radial distance from the surface.

In accordance with still further embodiments, the invention can be characterized as
providing a particle comprising a lithium magnesium nickel oxide core having a lithium
cobalt oxide coating layer. The amount of the coating layer can range from about 0.01 wt %
to about 30 wt% of the particle.

The present invention further provides one or more synthesis techniques that provides
a first metal having a preferential association with the 3a site and, in some cases, provides a
second metal having a preferential association with the 3b site. In accordance with still other
embodiments, the present invention provides synthesis techniques that can decrease any
tendency by the second metal to associate with the 3a site.

The first metal can provide crystalline stability to the lithium mixed metal oxide
material during lithium intercalation/de-intercalation cycling processes. Thus, the techniques
of the present invention can provide a chemically stable material that may be suitable as
components, e.g. cathodes, in electrochemical devices and be characterized as having high
capacity, low cost as well as high voltage and high rate with improved cycle life.

In accordance with one or more embodiments, the techniques of the present invention
can utilize precursor compounds that can form a lithium metal oxide, preferably a lithium
metal oxide doped with a crystal lattice stabilizing metal. In accordance with other

embodiments, the techniques of the present invention can provide or promote processing
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conditions that favor the formation of ionic species from precursor compounds that can
preferentially become associated with specific crystallographic sites. The processing
conditions of the present invention can promote formation of metal oxide species as well as
association of such species with a particular, predetermined crystallographic site. For
example, the techniques of the present invention can utilize one or more lithium donor
compounds, one or more metal donor compounds that preferentially can become associated
with a 3a crystallographic site, and in some cases, one or more metal donor compounds that
preferentially become associated with a 3b crystallographic site. Thus, in accordance with
one or more embodiments, the present invention can utilize a lithium donor compound, a
magnesium metal donor compound, and a nickel metal donor compound; the processing
conditions can promote ionic species formation, intermingling, and crystallization to form a
lithium mixed metal oxide wherein a first metal can be preferentially associated with a 3a
crystallographic site and a second metal can be preferentially associated with a 3b site.

In accordance with further embodiments, the techniques of the present invention can
provide a lithium magnesium nickel oxide composition. For example, one or more
techniques can utilize precursor compounds including, for example, those selected from the
group consisting of a lithium donor, a magnesium donor, and a nickel donor. In some cases,
one or more oxidizing agents or compounds can also be utilized. Thus, the precursor
compound mixture can comprise, for example, a lithium source, an oxidizing agent, a first
metal donor, and a second metal donor. The lithium source, the oxidizing agent, the first
metal donor, and the second metal donor, preferably, can undertake one or more phase
changes or phase transitions at about the same processing conditions, e.g. at about the same
processing temperature range. Preferably, the elements of the selected precursor compounds
can maintain their respective predetermined valences until, or in some cases through, the
phase change. Likewise, the processing conditions utilized inhibit or at least do not promote
any valance changes. Thus, in accordance with one or more preferred embodiments of the
present invention, the precursor compounds, or oxides of the respective donor components,
can be subject to processing conditions that promote or maintain chemical stability until
reaction to a desired phase.

The lithium donor or source can comprise lithium hydroxide, lithium carbonate, or
mixtures thereof. The oxidizing agent can comprise lithium nitrate or nickel nitrate or
mixture thereof. In some cases, the lithium source can comprise or consist of lithium nitrate

as well as lithium hydroxide. The first metal donor can comprise magnesium hydroxide,
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magnesium carbonate, magnesium oxide, or mixtures thereof. The second metal donor can
comprise nickel hydroxide, nickel sulfate, nickel nitrate, nickel oxide, or mixtures thereof.

The precursor compounds can have any form that facilitates mixing into the precursor
mixture. For example, the precursor mixture can comprise a powder mixture of each of the
precursor compounds or a slurry of each of the precursor compounds. Moreover, the
precursor compound can be a masterbatch comprising hydroxides of lithium, the first metal
donor, and/or the second metal donor. The oxidizing agent can be incorporated into the
masterbatch as desired to facilitate processing and storage before utilization. In accordance
with one or more embodiments, the precursor compounds can have desired a structure that,
preferably, promotes efficient utilization of the lithium metal oxide materials of the present
invention. Thus, the synthesis techniques of the invention can provide morphologically
desirable lithium metal oxide materials.

The precursor compounds can have a variety of shapes that can be transformed to a
material that can coat or be coated to form a component of an electrochemical device. For
example, one or more of the precursor powder compounds can be spherically-shaped. Other
shapes can be utilized as desired to accommodate or suit an end-user preference. Preferably,
the synthesis process of the present invention can maintain, at least partially, the spherical
shape throughout the processing or synthesis steps to provide, for example, a lithium
magnesium nickel oxide material suitable as a cathode electrode in, for example,
rechargeable electrochemical devices. Thus, in accordance with one or more preferred
embodiments, the precursor mixture comprises a nickel donor, such as but not limited to
nickel hydroxide, having a spherical shape. However, any shape and form of the starting
materials of the composition of the present invention can be utilized.

In accordance with still further embodiments, the nickel donor can comprise a high
density, e.g. high tap density, nickel hydroxide.

The LixMg,NiO, compositions of the present invention can be prepared by utilizing
precursor compounds with pre-defined or pre-selected particle sizes and morphologies. Any
particle size can be utilized to create the composition of the present invention. For example,
the particle size of a nickel donor precursor such as Ni(OH), can be in the range of about 2
um to about 20 pm.

In accordance with one or more embodiments, the material molar ratios of the
precursor compounds can be selected to provide a composition having the general material

formula LixMgyNiO,, where 0.1 <x <1.3, and 0.01 <y <0.1, 0.9 <x +y<1.3. In some
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cases, the ratios can be selected to so that 0.9 <x < 1.1, and 0.02 <y <0.05. In still other
cases, X can be about 1-y.

In yet other embodiments in accordance with the present invention, the LixMgyNiO,
or Li;yMg,NiO, materials can have any one of the following formula: Lij sMgo.00sNiO2,
Li1.0sMgo.01NiO», Li1 0sMgo.02NiO2, Lij 0sMgo.025NiO2, Li1.0sMgo.030NiO2, Li10sMgo 04NiO2,
and Li; 0sMgoosNiO,. Thus, the precursor compounds can be selected in such ratios that
provide such compositions.

The precursor compounds are typically pre-mixed to allow homogeneous mixing. In
still further embodiments, the materials of the present invention can be crystallized by, for
example, heating to sinter and facilitate crystallization into the compositions of the present
invention.

The synthesis process can comprise mixing the precursor compounds into a
substantially homogeneous mixture. The synthesis process can further comprise heating the
precursor mixture in one or more heating stages or steps, e.g. two or more heat soaks,
according to a predetermined heating profile. The synthesis process typically promotes
oxidation, or oxyhydroxide formation, of the corresponding donor components; mixing,
typically ionic mixing, of such components; and crystallization into a lithium metal oxide

composition, wherein the first metal of the composition, e.g. magnesium, is associated with a

_3asite and the second metal, e.g. nickel, is associated with the 3b site. For example, in a

lithium-magnesium-nickel oxide composition, the mixture can be heated to a first heating
temperature that promotes preferential formation of Ni**over Ni**.

In accordance with one or more embodiments of the invention, the ,ﬁrst heating step or
stage can involve heating the green, precursor mixture to allow oxide formation and/or ion
mixing without, or at least minimal, valance changes of the donor compounds. For example,
the precursor mixture can be heated to a heat soak temperature of about 450° C in a first
heating step. This first heat soaking temperature can range from about 350 °C to about
700° C. The second heating step can comprise heating to promote crystallization of the
transformed oxide mixture by, for example, heat soaking at a second heat soak temperature of
about 700° C. The second heat soaking temperature can range from about 600° C to about
800° C.

Preferably, the first soaking temperature is maintained until the precursor compounds
have been substantially transformed into their oxide counterparts. For example, the first

soaking temperature can be maintained for about one hour but can be maintained for as long
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as about six hours. In accordance with other embodiments, the first heat soak condition can
be maintained for any duration such that the synthesis procedure can proceed to the next
heating stage to commence or promote crystallization, i.e., without maintaining a first
soaking temperature. The second soaking temperature can be maintained, for example, until
the lithium metal oxide has crystallized to a desired extent. Thus, for example, the second
heat soak can be maintained for about one hour but can be maintained for as long as about six
hours.

Heating, as well heat soaking, can be performed with exposure to an oxidizing
atmosphere such as air or pure oxygen.

The first heating step can comprise raising the temperature at a rate sufficient to
promote oxide formation while reducing any tendency to destabilize the precursor
morphology. For example, the precursor mixture can heated at a rate of about 20° C per
minute, about 10° C per minute, or even about 5° C per minute. Control of the heating rate
may depend on several factors including, but not limited to, the amount being processed, the
desired relative composition, as well as the effective area exposed to the oxidizing
atmosphere. The second heating stage can comprise raising the temperature sufficient to
facilitate crystallization such that the first metal tends to be associated with the 3a site and the
second metal tends to be associated with the 3b site. For example, the oxide mixture can be
heated at a rate of about 10° C per minute, about 5° C per minute, or even about 2° C per
minute.

After heat treatment, the materials can be allowed to cool naturally to room
temperature by, for example, natural convection. Heat and soaking can be performed in any
suitable equipment. For example, a furnace or oven accommodating the mixture can be
utilized. The furnace can be supplied with air and/or oxygen.

The sintered, crystallized material can be ground in any suitable grinding apparatus.
For example, a mortar grinder (e.g., Model RM100 grinder available from Retsch/Brinkmann
or Brinkmann Instruments, Inc., Westbury, New York) fitted with an agate mortar and pestle,
can be utilized to grind the crystallized composition to render it with a desired particle size.
Other suitable grinding methods or systems can include, for example, ball milling, jet milling,
attritor mill, hammer mill and pin mill. The desired particle size can vary and can depend on
the specific application or use. Thus, in accordance ‘with one or more embodiments of the

invention, the LiyMg,NiO, composition can be formed as particles by grinding for about five



10

15

20

25

30

WO 2005/114768 PCT/US2005/017548

minutes until a mean particle size of about 2 pm to about 20 pm, preferably about 5 pm to
about 10 pm, is achieved.

In accordance with one or more preferred embodiments of the present invention, the
Li,Mg,NiO, composition, typically as particles, can further comprise a coating layer that
further improves a first cycle efficiency, life, and/or safety or even reduces gassing when the
composition is utilized as a cathodic material in electrochemical devices. In accordance with
still further embodiments of the invention, the Li,Mg,NiO, particles further comprise one or
more coating layers that reduces any gelling tendencies when the particles are prepared as an
electrode paste. For example, the particles can be coated to reduce the likelihood of gelling
in a mixture comprising NMP, PVDF, LixMgyNiO,, and conductive carbon, which is yet
another advantage over non-coated nickelates.

In accordance with one or more embodiments of the invention, the coating layer can
comprise a composition having a formula LiCoO,. The coated LixMg,NiO, particles can be
prepared by mixing therewith a lithium salt solution or mixture such as, but not limited to
LiNOs, LiOH, LiAc, Li;SO4, Li,CO3, with a cobalt containing salt solution. In accordance
with one or more embodiments of the invention, the lithium salt can comprise LiNOs and the
cobalt salt can comprise Co(NO3),6H,0. The molar ratio of Li/Co can vary but typically
ranges from about 0.6 to about 1.4. Preferably, the Li/Co molar ratio ranges from about 0.95
to about 1.05 so that the molar ratio of the Co content, in the coating layer, to the Ni content,
in the core layer, ranges from about 0.01 to about 0.4, more preferably from about 0.05 to
about 0.15.

If any water, which is typically carried with the salts, is present, it is preferably
allowed to evaporate utilizing any suitable techniques. For example, mixture can be heated
on a hot plate with stirring until dry, or in a rotating drying oven.

The precursor-coated material can then heated or sintered in air using any suitable
apparatus, such as a muffle furnace to facilitate oxidation and/or crystallization of the coating
layer on the core. For example, the coating layer can be synthesized by raising the
temperature of the precursor coated Li,Mg,NiO, particles at any suitable rate, such as about
5° C per minute, and maintained or soaked at a temperature of about 450° C for about one
hour. A second soaking temperature can be utilized by raising the temperature at a rate of
about 2° C per minute and maintained at a temperature of about 700° C for about two hours
to promote crystallization of the coating layer. Such an exemplary sintering treatment can

provide a coated material having a concentration gradient structure wherein more cobalt can
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be present at or near the outer surface compared to the region at or near the core layer. Other
techniques may be utilized that provides a coated core material having the composition of the
present invention.

The drying stage can be performed until the mixture is sufficiently dry. For example,
drying can be performed by heating at a rate of about 2° C per minute to a temperature of
about 110° C. The drying temperature can be maintained as long as necessary and may last
from 0 minutes to one or more hours.

The first heating rate to produce the one or more coating layers can vary and may
range from about 2° C per minute to about 10° C per minute. The first heat soaking
temperature can range from about 300° C to about 500° C. This first heat soaking
temperature can be maintained until the sufficient or desired oxide conversion has been
achieved. It can be maintained from 0 minutes to one or more hours. The second heating
rate can vary from about 2° C per minute to about 10° C per minute. The second heat
soaking temperature can range from about 650° C to about 750° C. It is believed that higher
soaking temperatures may promote‘ deéradation of the core layer to other than the preferred
crystallographic arrangement. The coated particles can be allowed to cool to room
temperature.

Any suitable equipment may be utilized in the drying/heating/soaking process
including, for example, any oven or furnace that provides an appropriate oxidizing
atmosphere.

The sintered, coated material can be further processed to obtain a particle sized
between about 8 pm to about 12 pm. For example, the sintered, coated material can be

ground for about five minutes in a mortar grinder fitted with an agate mortar and pestle.

Examples

The function and advantages of these and other embodiments of the present invention
can be more fully understood from the examples below. The following examples illustrate
the benefits and/or advantages of the compositions and techniques of the present invention
but do not exemplify the full scope of the invention.

In the examples, the following test protocols were performed.



10

15

20

25

30

WO 2005/114768 PCT/US2005/017548

-14 -

Protocol 1. Rate capability test and formation -1st cycle efficiency

A coin cell was used for material life test utilizing lithium metal as the counter
electrode. The positive electrode of the coin cell was made from a composite cathode
prepared in accordance with Example 2. The electrolyte was EC/DEC (1:1)-LiPFs, 1 M
(available from EM Industries, Inc., Hawthorne, New York) and the separator was a glass
fiber material (available from Fisher Scientific).

The cell was fully charged and discharged at a rate of C/20 for first cycle efficiency
measurements, which is the ratio of the discharge capacity vs the charge capacity. Thereafter
the cell was cycled at rates of about C/5, C/2, 1C, 2C, 3C, and 5C from about 2.7 volts to
about 4.2 volts. 1C rate was defined as about 150mAh/g discharge in 1 hour.

Protocol 2. Life cycle test.

A coin cell was used for material life test. The positive electrode of the coin cell was
made from a composite cathode, and the negative was made from a composite anode,
consisting of graphite as mesophase carbon microbeads (MCMB 2528, 90 wt%), PVDF
binder (7 wt%) and carbon black (3 wt%). The electrolyte was EC/DEC (1:1)-LiPFg, 1 M
(available from EM Industries, Inc., Hawthorne, New York) and the separator was a glass
fiber material (available‘ from Fisher Scientific).

The cell was initially fully charged and discharged for 3 cycles at about C/5 rate, deep
cycle. The deep cycles consisted of charging to about 4.2 V (fully charged) and discharging
to about 2.7 V (fully discharged). The cell was fully charged, to about 4.2 V (100 % state-of-
charge (SOC)), cell was then discharged to about 20 % of full capacity at about 1C rate
current to reach about an 80 % SOC. Then the cell was cycled discharging about 10% (to
about 70 % SOC) and charged 10% (to about 80 % SOC) at about 1C rate current, typically
referred to as a shallow cycle.

A deep cycle was performed after every 200 shallow cycles. This test provided an

indication of the effective life of the cell under evaluation.

Protocol 3. Area Specific Impedance (ASI) Measurement.

The ASI, in Qcm?, at various starting SOC conditions was determined by pulse

discharging a coin cell. ASI was calculated according to:
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ASI=A - (AV/]),
where A is the electrode area in cm?, where I is the discharge current pulse at a rate of about
6C. The voltage variation (AV) is the voltage change during the discharge pulse.

For example, at a SOC = 90 %, the initial voltage is measured. The cell is discharged
at a rate of 6C and the final voltage is measured after 18 sec.

ASI can correlate to the potential available power and allows for a comparison of
power capability between materials and formulations for Li-ion cells.

This can be particularly important for high pulse power applications.

Example 1. Synthesis of Li; 0sMgo.02sNiO, Composition.

A Li; 0sMgo.02sNiO, composition was prepared and evaluated. The composition was
prepared by dry mixing:

about 242.91 g Li(OH), (anhydrous fine powder available from Sigma-Aldrich, Inc.,
St. Louis, Missouri)

about 14.79 g Mg(OH), (fine powder available from Alfa Aesar, Ward Hill,
Massachusetts)

about 34.97g LiNOs (crystals available from Alfa Aesar, Ward Hill, Massachusetts)

The mixed materials were added to about 940.31 g Ni(OH), (#543 high density
spherical powder available from OM Group, Inc., Cleveland, Ohio) in a 1 liter jar. The
compounds were mixed by shaking in the jar.

The homogeneous precursor powders (precursor compounds) were placed in alumina
crucibles and sintered.

Sintering was performed by heating at a rate of about 5° C/minute to about 450° C
and held at about 450° C for about four hours. The temperature was then raised at about
2° C/minute to about 700° C and held for about four hours.

The sample was then allowed to cool naturally to room temperature. The cooled
sample was ground for about five minutes to break up any agglomerates. The powder
material was sieved through a No. 270 mesh to remove larger particles and to ensure a
desired 10 pm particle size.

FIG. 1 is a copy of scanning electron micrograph showing the morphology of the
about 10 pum spherical core material. An X-ray diffaction pattern (XRD) analysis was

performed and showed that the produced composition was phase-pure with no visible
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impurities. FIG. 2 is a copy of the XRD plot of the resultant composition. The XRD data

shows that the resulting powder is essentially free of impurities.

Example 2. Fabrication and Electrochemical Performance Evaluation of Lij ¢sMgo.02sNiO2-
based Electrochemical Cells.

A Lij 0sMgo.02sNiO; cathode was fabricated by mixing about 90 wit% active cathode
material powder produced as described in Example 1, about 6 wt% carbon black (AB100%
available from Chevron Phillips Chemical Company LP, The Woodlands, Texas), and about
4 wt% K 1120 binder containing 12% PVDF in NMP (available from Kureha Chemical of
Japan). Additional NMP (n-methyl pyrrolidone) was added to produce a desired viscosity
and promote mixing.

The solution was mixed in a 250 ml jar with about 50 steel balls on a paint shaker for
about 30 minutes. The mixed slurry was coated onto an aluminum foil, about 20 pm thick,
with a doctor blade having about a 100 wm micron coating gap.

The coated foil was dried at about 130° C for about thirty minutes. The dried, coated
foil was then densified by passing the dried, coated foil through pressurized calender rolls,
about 3 inch diameter, set at about 100 psi. The densified, dried, coated foil was cut into
about 2 cm? disks for use as electrodes. The active material weight on the disk electrodes
was typically about 20 mg. The disk electrode was dried at about 80° C under vacuum for
about sixteen hours before cell assembly.

A coin cell (Hosen type #2025) was assembled by utilizing the disk electrode as the
cathode. The coin cell was comprised of a glass fiber separator containing EC/DEC (1:1)-
LiPFg, 1 M electrolyte (available from EM Industries, Inc., Hawthorne, New York) and a
Jithium metal anode. All assembly operations were performed in an argon-filled glove box
wherein water and oxygen levels were less than about 2 ppm.

The assembled coin cell was evaluated using a cycler/tester (available from Maccor,
Inc., Tulsa, Oklahoma) for capacity, efficiency, rate capability, power and cyclability,
according to protocols 1, 2, and 3, described above. The electrochemical performance of the
Li;.0sMgo.02sNiO, composition (i.e., 0 % coating) data are listed in Table 1 below. The
discharge voltage profiles at different discharge rates are shown in FIG. 3, which shows that

the capacity of the Lij 0sMgo 02sNiO, composition was typically about 190 mAh/g.



10

15

20

25

WO 2005/114768 PCT/US2005/017548
-17 -

Table 1. Electrochemical performance of Lij osMgo.025NiO2-based cell.

LiMg,NiO, Specific Capacity at Specified Rate
Core
with st
LiCoO; | pee Y9 | 5 ic 2C 3C 5C
Coating o Y1 mAW g mAbh/g mAh/g mAh/g mAh/g
Level °
mol %
0% 87 203 192 185 180 172
5% 92 202 194 186 181 165
10% 89 197 190 179 175 162
15% 90 191 184 173 169 141

Example 3. Safety Testing of Lij 9sMgo.02sNiO, Cathode.

Coated cathodes prepared and evaluated. The densified electrode prepared as
described in Example 2 was cut into flag-shaped electrodes of about 60 x 50 mm?. The active
material weight on the electrode was typically about 300 mg. Similar to the cathode, an
anode was prepared with formulation of MCMB:PVDF (93:7) was coated on a copper foil
and cut to form 60 x 50 mm? flag electrodes. These were similarly densified by calendering
at 175 psi. The flag electrodes were dried at about 80° C, under vacuum for about sixteen
hours.

A two-electrode bag cell was assembled. The cell was comprised of the dried anode
and cathodes, separated by a glass fiber separator with a rectangular size of about 65 x 55
mm?. About 1.6 ml of EC/DEC (1:1)-LiPFs, 1 M electrolyte was allowed to soak into the
electrodes and separator and the assembly was compressed between two 70 x 60 mm? glass
plates. The whole assembly was put into an aluminum- laminated bag, approximately 80 x
70 mm?, and sealed under vacuum.

All assembly operations were performed in an argon-filled glove box wherein water
and oxygen levels were less than about 2 ppm.

The bag cells were charged and discharged at about C/ 10 current rate, between about
4.1V to about 2.7 V, then charged at about C/5 current rate to a capacity of about 180 mAh/g
to about 200 mAh/g.

The cells with charged composite cathode were disassembled in an argon-filled glove
box. The composite cathode powder was removed from the aluminum current collector. The

composite electrode powder, with EC/DEC(1:1)-LiPFs, 1 M electrolyte in a weight ratio of
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powder/electrolyte of 1:1, was loaded into a sealed pressure tight DSC pan. DSC
measurements were performed with a continuous scan rate of about 5° C/minute up to about
450° C.

The safety data shown in FIG. 13 shows DSC curves of Li; sMgo.02sNiO2 and 5%
LiCoO, coated material compared to LiNig sCog.15A10.0s02 (CA1505N cell available from
TODA Co., Japan). The DSC curves provide a signature of chemical reactivity during

exothermic reactions.

Example 4. Comparison to Li; osNiO,-based Electrochemical Cells.

A Lij ¢sNiO, composition was prepared by dry mixing:

about 244.42 g Li(OH), (anhydrous fine powder)

about 35.18 g LiNOs (crystals)

The mixed materials were added to about 946.15 g Ni(OH), (OM Group, Inc. #543
High density spherical powder) ina 1 liter jar. The precursor powder mixture was mixed by
shaking.

The precursor powders were placed in alumina crucibles and sintered. Sintering was
performed by heating at a rate of about 5° C/minute to about 450° C and held at about 450° C
for about four hours. The temperature was raised at about 2° C/minute to about 700° C and
held for about four hours.

The sample was then allowed to cool naturally to room temperature.

The cooled sample was ground for about five minutes to break up any agglomerates.
The powder material was sieved through a No. 270 mesh to remove large particles and to
ensure the desired 10 um particle size. When subjected to XRD analysis, this material was
shown to be phase-pure with no visible impurities. Electrochemical measurements of this
powder were performed in accordance with the procedure described in Example 2. The

performance results are listed in Table 2 (i.e., 0 % coating).
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Table 2. Electrochemical performance of LiNiO,-based cell.
LiNiO, Specific Capacity at Specified Rate
Core
With st
LiCoOs | pea e | CIs 1C 2C 3C 5C
Coating o Y mAh/g mAh/g mAh/g mAbh/g mAh/g
Level ’
atom%
0% 89 211 192 184 178 154
5% 88 214 203 197 190 166
10% 90 209 196 192 184 168
15% 89 197 185 179 172 151

The data show that the performance, as quantified by specific capacity, of the
LiMg,NiO,-based electrochemical cells of the present invention (see Table 1) are amongst

5 the highest when comparing to the performance of typical lithium-nickel oxide materials.

Example 5. Comparison to LiCoO,-based Electrochemical Cells.

A comparable composite cathode in an electrochemical cell was prepared using
LiCoO, (C-5 grade available from Nippon Chemical Industrial Co., LTD., Tokyo, Japan) as
10  the active material. Similar coin cells were prepared as in the previous example for

evaluation.

The electrochemical data of this material are listed in Table 3.

Table 3. Electrochemical performance of LiCoO,-based cell.

15

. Specific Capacity at Specified Rate
1% Cycle
Sample Efﬁc;)ency /5 1c oc 3C 50
mAh/g mAb/g | mAh/g | mAb/g | mAb/g
LiCoO, 97 157 143 127 108 71

The data show that the electrochemical performance of the Lij 0sMgo.02sNiO2-based
electrochemical cell of the present invention (see Table 1) exceeds the performance of typical

lithium-cobalt oxide-based cells, which is the dominating material in the market presently.
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Example 6. Performance of Varying Dopant Levels in Lij osMgyNiO; Material (y = 0.005,
0.01, 0.02, 0.025, 0.03, 0.04, and 0.05).

Seven Li; 9sMg,NiO, compositions were prepared and evaluated where y varied from
0.005, 0.01, 0.02, 0.03, 0.04 and to 0.05. The synthesis procedure for these compositions
were substantially similar to the procedure described in Example 1 except that the levels of
Mg(OH), were varied accordingly to obtain the various dopant levels.

When subjected to XRD analyses, all samples except for the sample havingy =5 %
were shown to be phase-pure with no visible impurities. For this latter composition,
Li; 0sMgo.0sNiO,, impurities were detected that indicéted the presence of mixed magnesium
oxides.

All samples were then tested electrochemically in coin cells prepared similar to the

procedure described in Example 2. The results are listed in Table 4.

Table 4. Electrochemical Properties of LiMg,NiO, at varying Mg doping levels.

Mg Doping |— Specific Capacity at Specified Rate
Levelin | 1Y% | coo | o5 | 1c | ac | 3c | sc

LiMgyNiO, % Y mAh/g | mAh/g | mAh/g | mAh/g | mAb/g | mAh/g
0 89 227 211 192 184 178 154
0.005 90 226 210 191 183 176 166
0.01 90 223 207 191 184 178 169
0.02 89 218 204 189 183 178 169
0.025 87 214 203 192 185 180 172
0.03 87 210 199 187 181 176 167

The data in Table 4 show that the electrochemical performance, e.g. at specific
capacity at 1C rate, of the LiMgyNiO,-based cells of the present invention was better when
compared to the performance of LiNiO,-based cells, and superior to the performance of a
LiCo0O;-based cells.

Example 7. Synthesis of Lij gsMgp.02sNiO, Core Particles Coated with a LiCoO, Layer.

In this example, a lithium-magnesium-nickel oxide composition, substantially
prepared as described in Example 1, was coated with a lithium-cobalt oxide layer.

To synthesize the coating layer, about 105.55 g LiNO3 (crystalline powder, available
from Alfa Aesar, Ward Hill, Massachusetts) and about 445.50 g Co(NO3),'6H,0 (crystalline
aggregates, also available from Alfa Aesar) were dissolved in about 200-300 ml distilled
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water. To which, about 1000 g of the Lij 0sMgo.02sNiO, powder substantially prepared as
described in Example 1 was added.

The excess water was removed by evaporation on a hot plate with stirring until the
mixture became a thick slurry. The slurry was poured into an alumina crucible and sintered
under the following heating profile: heat at a rate of about 2° C/min to about 110° C, hold for
about one hour at about 110° C, heat at a rate of 5° C/min to about 450° C, heat soak for
about one hour at about 450° C, heat at a rate of about 2° C/min to about 700° C, and heat
soak for about two hours at about 700° C.

The prepared sample was allowed to cool naturally to room temperature. Once
cooled, it was ground for about five minutes to break up any agglomerates and sieved through
a No. 270 mesh screen.

XRD analysis shows that the prepared coated composition had a gradient profile, with
no visible impurities, as can be seen in the copy of the XRD plot presented in FIG. 5
represented here by 5 mol % LiCoO, coated LiMgo 025NiO2. A copy of an SEM
photomicrograph for the same sample, FIG. 4, shows that the coated powder composition
maintained its spherical, about 10 pm, morphology.

Table 1 lists rate capability and first cycle efficiency of Lij.0sMgo.02sNiOz core
materials coated with various levels of LiCoO; coating. FIGS. 6-8 are graphs showing the
discharge profile of the LiCoO,-coated Li; gsMgo.025NiO,-based core composition having,
respectively, about 5 mol% coating, about 10 mol% coating, and about 15 mol% coating.
The profiles show that the lithium-magnesium-nickel composition can be coated with up to
about 15 mol% lithium-cobalt oxide layer and retain about the same electrochemical
performance. FIG. 11 is an XRD comparison of these samples showing increasing gradients

with amount LiCoO; coating.

Example 8. Evaluation of LiCoO,-coated Lij 0sMgo.02sNiO, Core Material.

Two gradient coated Lij 0sMgo 02sNiO, materials were synthesized and coated with
about 10 % and about 15% LiCoO, using the method in Examples 1 and 7. The gradient
coating was detected by studying the increasing degree of asymmetry in the Bragg
reflections. In particular, the peak 104 at about 44.4 degrees in 2-theta was used (FIG. 11) to
show how the asymmetry of peak 104 continuously increased with the amount of LiCoOs,.

The respective XRD patterns in FIG. 11 have been adjusted for 2-theta zero point position
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and normalized in intensity for comparison (shown in the insert in the right side of FIG. 11).
The gradient coated samples were also evaluated electrochemically for rate capability and

first cycle efficiency as listed in Table 1, according to protocol 1.

Example 9. Comparison of LiCoO,-coated Lij gsNiO, Core Material.

Three gradient coated Li; osNiO, materials were synthesized and coated with 5 %,
10 % and 15 % LiCoO, using the methods as substantially described in Examples 4 and 7.
The coated samples were tested electrochemically for rate capability and first cycle efficiency
as described above and protocol 1. The specific capacity results, listed in Table 2, show that
lithium cobalt oxide coated lithium nickel oxide compounds of the present invention can
provide better or at least equal performance capacity compared to non-coated compounds.

FIG. 9 shows the ASI of a cell utilizing the LiCoO,-coated Li; ¢sNiO, material,
measured according to protocol 3 above and FIG. 10 shows several ASI measurements of a
cell utilizing uncoated LiMgNiO, material. As shown in FIGS. 9 and 10, the performance, in
terms of potential available power, of the lithium-cobalt-oxide coated lithium-nickel-oxide
cells is comparable, if not better than cells utilizing the uncoated lithium-nickel-oxide
materials. FIG. 12 shows the capacity retention at a discharge rate of about 1C of cells
utilizing various active materials including lithium-nickel oxide, lithium magnesium nickel
oxide, lithium-cobalt-oxide coated lithium magnesium nickel oxide, LiNi.gCoo.15Al0,0502
(CA1505 cell available from TODA Co., Japan), and LiCoO, (C-5 grade available from
Nippon Chemical Industrial Co., LTD., Tokyo, Japan). The results presented in FIG. 12
indicate that the cells utilizing the coated and uncoated lithium-magnesium-nickel oxides of
the invention can have better performance compared to cells utilizing lithium cobalt oxide.
FIG. 13 is a graph showing the differential scanning calorimetry of the uncoated and lithium-
cobalt oxide-coated lithium-magnesium-nickel oxide material of the present invention
compared to a commercially available lithium-nickel-cobalt oxide material at about a 100 %
state of charge and shows that the coated and uncoated materials are more thermally stable.

Those skilled in the art should appreciate that the parameters and configurations
described herein are exemplary and that actual parameters and/or configurations will depend
upon the specific application in which the systems and methods of the present invention are
use. Those skilled in the art should recognize or be able to ascertain, using no more than
routine expetimentation, equivalents to the specific embodiments of the invention. For

example, the shape of the particles of the present invention, in either the coated or uncoated
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embodiments, can include particles shaped to facilitate packing and/or increase packing
and/or tap density such as, but not limited to, plates or having one dimension substantially
greater than a second and/or third dimension. Further, a range or combination of particle
sizes can also be utilized. For example, a mixture of lithium cobalt oxide coated lithium
magnesium nickel oxide particles with uncoated lithium magnesium nickel oxide particles
can be utilized in the systems, device, and techniques of the present invention wherein the
mixture can have a first type or kind of particle, e.g. uncoated, having a first particle size and
a second type or kind of particle, e.g. coated and/or a different Mg loading, having a second
particle size. It is therefore to be understood that the foregoing embodiments are presented
by way of example only and that, within the scope of the appended claims and equivalents
thereto, the invention may be practiced otherwise than as specifically described. Further, it is
to be appreciated various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and scope of the invention.
Moreover, the present invention is directed to each feature, system, or method described
herein and any combination of two or more features, systems, and/or methods, if such
features, systems, or methods are not mutually inconsistent, is considered to be within the
scope of the present invention as embodied in the claims. The use of the clarifiers such as
“first” and “second” or even “third” and “fourth” is intended to modify an element and does
not create an implication of priority, precedent, sequence, or temporal order, over another but
is intended as labels.

What is claimed is:
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CLAIMS
1. A composition having a formula LiyMg,NiO, wherein 0.9 <x < 1.3, 0.01 <y <0.1,
and 0.9 <x+y<1.3.
2. The composition of claim 1, wherein 0.9 <x <1.1.
3. The composition of claim 1 wherein 0.02 <y <0.05.

4. The composition of claim 1 wherein x = 1.05 and y = 0.025.
5. A composition comprising:

a core having a formula LiyMg,NiO, wherein 0.9 <x <1.3,0.01 <y <0.1, and
09<x+y<13;and

a coating on the core having a formula Li;Co,O, wherein 0.7 <a < 1.3, and
09<b<1.2

6. The composition of claim 5 wherein 0.9 <a<1.3 and 0.9 <b<1.2.

7. The composition of claim 5 wherein the molar ratio of Co:Ni ranges between about

0.01 to about 0.8.
8. The composition of claim 5 wherein 0.9 <x < 1.1 and 0.02 <y <0.05.
9. The composition of claim 8 wherein x = 1.05 and y = 0.025.

10.  An electrochemical cell comprising a cathode comprising a composition having a

formula Li,MgyNiO, wherein 0.9 <x<1.3,0.01 <y <0.1,and 0.9 <x +y <1.3.
11. The electrochemical cell of claim 10 wherein 0.9 <x <1.1.

12.  The electrochemical cell of claim 11 wherein 0.02 <y <0.05.
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13.  The electrochemical cell of claim 10 wherein x =1.05 and y = 0.025.

14.  An electrochemical cell comprising a cathode comprising particles comprising a core
having a formula LixMg,NiO,, wherein 0.9 <x <1.3,0.01 <y <0.1,and 0.9 <x +y < 1.3
and a coating on the core, the coating having a formula Li;Co,O, wherein 0.7 <a < 1.3, and

09<b<1.2.

15. The electrochemical cell of claim 14 wherein 0.9 <x < 1.1, 0.02 <y <0.05,
09<a<1.3,and 0.9<b<1.2.

16. The electrochemical cell of claim 15 wherein x = 1.05 and y = 0.025, a= 1, and
b=0.025.

17. A method of preparing a composition comprising:

providing a mixture of compounds comprising a lithium source, a magnesium source,
and a nickel source; and

sintering the mixture in an oxidizing atmosphere at a temperature and for a period
sufficient to crystallize the mixture into a Li,MgyNiO, composition, wherein 0.9 <x < 1.3,

0.01<y<0.1,and 0.9 <x+y<1.3.

18.  The method of claim 17 wherein the magnesium source comprises Mg(OH),, the

lithium source comprises LiNO3 and LiOH, and the nickel source comprises Ni(OH),.

19.  The method of claim 17 wherein the temperature is between about 400° C and 950° C.

20.  The method of claim 17 wherein sintering comprises heating the mixture at a rate of

about 5° C per minute to a first soaking temperature of between about 400° C and 500° C.

21.  The method of claim 20 wherein sintering further comprises maintaining the first

soaking temperature for about four hours.
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22.  The method of claim 20 wherein sintering further comprises heating the mixture at a
rate of about 2° C per minute to a second soaking temperature of between about 600° C and

900° C.

23.  The method of claim 22 wherein sintering further comprises maintaining the second

soaking temperature for about four hours.

24, A method of preparing coated particles comprising steps of:

providing a first mixture of compounds comprising a lithium source, a magnesium
source, and a nickel source and sintering the first mixture in an oxidizing atmosphere at a first
temperature and for a first period sufficient to crystallize the first mixture into core particles
having a formula Li,Mg,NiO, wherein 0.9 <x <1.3,0.01 <y <0.1,and 0.91 <x +y <1.3;
and

coating the core particles with a second mixture comprising compounds comprising
lithium and cobalt and sintering the coated core particles at a second temperature and for a
second period sufficient to crystallize the coating having a formula Li,Co,O, wherein

0.7<a<13,and 0.9 <b<1.2.

25. The method of claim 24 wherein 0.9 <x < 1.1, 0.02 <y <0.05,0.9 <a<1.3, and
09<b<1.2.

26.  The method of claim 24 wherein sintering the first mixture comprises heating the first
mixture at a rate of about 5° C per minute to a first soaking temperature of between about
400° C and 500° C and heating the first mixture at a rate of about 2° C per minute to a second

soaking temperature of between about 600° C and 900° C.

27.  The method of claim 26 wherein sintering the first mixture further comprises
maintaining the first soaking temperature for about one to about six hours and maintaining

the second soaking temperature for about one to about eight hours.

28.  The method of claim 24 wherein sintering the coated core particles comprises heating
the coated core particles at a rate of about 2° C per minute to a third soaking temperature of

between about 90° C and about 120° C.
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29.  The method of claim 28 wherein sintering the coated core particles further comprises

maintaining the third soaking temperature for about one hour.

30. The method of claim 29 wherein sintering the coated core particles further comprises
heating the coated core particles at a rate of about 5° C per minute to a fourth soaking

temperature of between about 400° C and about 500° C.

31.  The method of claim 30 wherein sintering the coated core particles further comprises

maintaining the fourth soaking temperature for about one hour.

32.  The method of claim 24 wherein sintering the coated core particles further comprises
heating the coated core particles at a rate of about 2° C per minute to a fifth soaking

temperature of between about 600° C and about 900° C.

33.  The method of claim 32 wherein sintering the coated core particles further comprises

maintaining the fifth soaking temperature for about two hours.

34. The method of claim 24 wherein the magnesium source comprises Mg(OH),, the

lithium source comprises LiNO; and LiOH, and the nickel source comprises Ni(OH),.

35. A particle comprising a core material having a composition of a formula
Li;.yMg,NiO, where Mg and Li are predominantly in a crystallographic 3a site and Ni is
predominantly in a crystallographic 3b site and 0.01 <y <0.1.

36.  An electrochemical cell using the particle of claim 35.

37.  The particle of claim 35 further comprising a coating layer on the core material, the

coating layer comprising a material having a formula Li,Cop0,, 0.7 <a<1.3,0.9 <b<1.2.

38.  The particle of claim 37 wherein the coating layer is less than about 30 wt% of the
particle.
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