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PROCESS FOR PREPARING A CORE-SHELL STRUCTURED LITHTATED MANGANESE OXIDE

FIELD OF THE INVENTION

The invention relates to a process for preparing a core-shell structured lithiated
manganese oxide, the prepared core-shell structured lithiated manganese oxide and its use as
a cathode material for a lithium ion battery.

BACKGROUND OF THE INVENTION

In view of the economic and environmental advantages over commercially available
LiCoO,, spinel LiMn,O4 is a potentially attractive alternative cathode material for lithium-ion
batteries, especially for large-scale batteries. However, the spinel LiMn2O4 suffers from severe
capacity fading on cycling, especially at elevated temperatures. The cycling stability of the
spinel has been improved by two main categories of approaches: ion doping to stabilize its
crystal structure and surface coating to prevent Mn dissolution. It has been demonstrated that
Mn dissolution increases with contact area of the spinel with electrolyte. Typically, sol-gel
method and precipitation method are used for metal oxides surface coating.

Kenneth A. Walz et al., in “Elevated temperature cycling stability and electrochemical
impedance of LiMn,O4 cathodes with nanoporous ZrO; and TiO; coatings”, Journal of Power
Sources, 195 (2010) 4943-4951, describes coating LiMn,O4 cathodes with ZrO, and TiO, by
using sol-gel technique.

Xifei Li et al, in “Enhanced cycling performance of spinel LiMn2O4 coated with ZnMn2O4
shell’, Journal of Solid State Electrochem, (2008) 12: 851-855, describes coating spinel
LiMn,O4 with ZnMn,0O4 shell by mixing LiMn,O4 and ZnO in the ball mill, and calcining the mixed
powders.

These methods can reduce the contact area of the spinel with electrolyte and improve
cycling stability of the material to a certain extent. However, the resulting coating layers are not
uniform and continuous. Instead, there are isolated nano-sized metal oxide particles attached
on the surface of spinel particles. The improvement in the cycling performance of the obtained
spinel is not satisfactory.

Therefore, there still remains a need for a more useful method for forming a uniform and
continuous layer on the surface of spinel particles, to obtain a lithiated manganese oxide

material, which exhibites significantly improved cycling stability at elevated temperatures.
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SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a process for preparing
a core-shell structured lithiated manganese oxide, comprising the steps of providing spinel
LiMxMn2.4O4 particles, where M is one or more metal ions selected from the group consisting of
Li, Mg, Cr, Al, Co, Ni, Zn, Cu, and La, and 0=x<1, as core particles, and subjecting the spinel
particles to a heat-treatment with a chemical reagent reactive towards the spinel LiMxMn2.,O4
particles in the form of liquid or gas to form a continuous and uniform shell layer on the surface
of the core particles.

According to another aspect of the present invention, there is provided a core-shell
structured lithiated manganese oxide obtainable by the process according to the present

invention.

According to a further aspect of the present invention, there is provided a cathode material
for a lithium ion battery comprising the core-shell structured lithiated manganese oxide.

According to a further aspect of the present invention, there is provided a lithium ion

battery comprising the core-shell structured lithiated manganese oxide as cathode material.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is SEM image of the core-shell structured lithiated manganese oxide prepared
according to Example 1.

Fig. 2 is TEM image of the core-shell structured lithiated manganese oxide prepared
according to Example 1.

Fig. 3 is a graph showing comparison of the charge/discharge curves at 60°C of LiMNn>O4
with (according to Example 1) and without P,Os treatment.

Fig. 4 is graph showing comparison of the cycling stability at 60°C of LiMn,O, cathode
materials with (according to Example 1) and without P>Os treatment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In one aspect, the present invention provides a process for preparing a core-shell
structured lithiated manganese oxide. The process comprises the steps of:

providing spinel LiMMn,.4O4 particles, where M is one or more metal ions selected from

the group consisting of Li, Mg, Cr, Al, Co, Ni, Zn, Cu, and La, and 0<x<1, as core particles, and
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subjecting the spinel particles to a heat-treatment with a chemical reagent reactive
towards the spinel particles in the form of liquid or gas, to form a continuous and uniform shell

layer on the surface of the core particles.

The spinel LiMMn,.xO4 particles, where 0<x<1, are commercially available products, or
can be prepared by any suitable methods known to a person skilled in the art, such as solid-
state reaction method, and co-precipitation method. In a preferred embodiment, the spinel
LiMMn,.O4 partices are prepared by a solid-state reaction of a stoichiometric mixture of a
lithium compound, a manganese compound, and, if appropriate, a compound of M by heat
treating. In the solid-state reaction process, the compounds, used as the precursors of the
respective metals of lithium, manganese and M, are mixed under ball milling, and heat treated
at a temperature of preferably 650°C for 5 h in air, and then cooled. The thus-obtained product
is further calcinated at a temperature of 900°C for 10 h in air, and then cooled to room

temperature.

As the respective precursors of Li, Mn and M, the lithium compound, the manganese
compound and the compound of M are not particularly restricted, and examples thereof may
include carbonates, nitrates, hydroxides, oxides of Li, Mn and M. Preferably, lithium carbonate,

manganese oxide, and oxide of M are used.

The spinel LiIMyMn2.xO4 particles are then subjected to a heat-treatment with a chemical
reagent reactive towards the spinel particles in the form of liquid or gas. The heat-treatment can

be performed at a temperature of from 100 to 800°C for 0.5~5h.

By the heat-treatment, the spinel LiMMn2.xO4 particles react with the liquid or gaseous
reactive chemical reagent, to form a continuous and uniform shell layer on the surface of the

spinel particles.

As known to a person skilled in the art, spinel LiMxMn2.xO4 suffers from Jahn-Teller
distortion during charging-discharging process, which induces disproportion reaction of unstable
Mn®* with acid in electrolyte, and the reaction may be further enhanced at elevated temperature.
The inventor has found that after treatment with the chemical reagent that can react with the
spinel LiMxMn2.,O4, a uniform and continuous layer is formed on the particle surface, and this
protective layer, which is not spinel structure, would not suffer from Jahn-Teller distortion.
Moreover, it can significantly reduce the contact area of the core with the electrolyte, and thus
effectively reduce Mn dissolution into the electrolyte solution.

The reactive chemical reagent is preferably selected from NH3, P,Os, and triphenyl

phosphine.
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In an embodiment of the invention, NH3 is used as the chemical reagent. Preferably, NH3
gas flow at a rate of 0.01~1 L/min, preferably 0.01~0.05L/min is introduced to the spinel
particles. In this embodiment, the heat-treatment is performed at a temperature of from 650 to
750°C for 0.5~5h. It is contemplated that a shell layer of manganese nitride is coated on the
surface of the spinel particles.

In a further embodiment of the invention, P2Os is used as the chemical reagent. Preferably,
the spinel particles and P,Os powders are mixed in a weight ratio of from 10:1 to 50:1. In this
embodiment, the heat-treatment is performed at a temperature of from 550 to 650°C for 0.5~2h.
It is contemplated that a shell layer of lithium manganese phosphate is coated on the surface of
the spinel particles.

In a still further embodiment of the invention, triphenyl phosphine is used as the chemical
reagent. Preferably, the spinel particles and triphenyl phosphine powders are mixed in a weight
ratio of from 10:1 to 50:1. In this embodiment, the heat-treatment is performed at a temperature
of from 150 to 250°C for 0.5~5h. It is contemplated that a shell layer of manganese phosphate
is coated on the surface of the spinel particles.

The thus-obtained lithated manganese oxide has a core-shell structure. The core consists
of spinel LiMMn,.O4 particles, where M is one or more metal ions selected from the group
consisting of Li, Mg, Cr, Al, Co, Ni, Zn, Cu, and La, and 0<x<1. The shell, which is not spinel
structure, has a Mn-containing composition, and is produced through the reaction bewtween the
spinel LiMMn2.xO4 particles and the reactive chemical reagent. The shell has a thickness of 5-
20nm.

The core-shell structured lithated manganese oxide has a uniform and continuous layer
formed on the surface of the spinel lithiated manganese oxide. The protective layer can
significantly reduce the contact area of the spinel with the electrolyte, thus effectively preventing
Mn dissolution into the electrolyte solution, and thereby improving the cycling performance of
the lithiated manganese oxide.

The core-shell structured lithiated manganese oxide according to the invention can be
advantageously used as a cathode material for a lithium-ion battery. The oxide exhibits an
improved cycling stability, especially at elevated temperatures.

The following examples further illustrate the process according to the invention, and the
characteristics of the prepared compound used as cathode material for lithium ion battery. The
examples are given by way of illustration only, and are not intended to limit the invention in any

manner.
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LiMn2O4 powder was mixed with P.Os powder in a weight ratio of 10:1, and the mixture
was heat treated at 600°C for 1 hour in a sealed reactor. The SEM and TEM images of the
resulting compound indicated that a shell layer with a thickness of 10-20nm was continuously
and uniformly coated on the lithiated manganese oxide particles (Fig. 1 and Fig. 2).

Example 2:

LiMn»O,4 powder was treated with NH5 at a flow rate of 0.02L/min at 700°C for 1 hour in a
sealed reactor. A shell layer with a thickness of 10-20nm was continuously and uniformly
coated on the lithiated manganese oxide particles.

Example 3:

LiMn,O4 powder was mixed with triphenyl phosphine powder in a weight ratio of 10:1,
and the mixture was heat treated at 200°C for 1 hour in a sealed reactor. A shell layer with a
thickness of 10-20nm was continuously and uniformly coated on the lithiated manganese oxide

particles.
Example 4:
Spinel LiLip1Mn1 904 was prepared by a solid-state reaction process:

A stoichiometric amount of reagent grade LixCO3 (commercial battery class, micro-size),
MnO, (commercial product) were mixed by ball-milling. The mixture were heat treated at 650°C
for 5 h in air, cooled and mixed again, and then further calcinated at 900°C for 10 h in air,
cooled slowly to 600°C and finally cooled to room temperature.

The resulting Liq 1Mn4904 powder was mixed with P,Os in a weight ratio of 30:1. A heat-
treatment was conducted at 600°C in a hermetic reactor for 2 hours. A shell layer with a
thickness of 10-20nm was continuously and uniformly coated on the spinel LiLip1Mn4¢O4

particles.

Cell assembling and electrochemical tests:

The electrochemical performances of the spinel LiMn2O4 with P2Os treatment according to
Example 1 and a spinel LiMn,O4 without P,Os treatment as a control were tested using R2016-
type coin cells. The working electrode was prepared by pasting a slurry mixture of 90wt% of the
active material, 4wt% of carbon black, 1wt% of KS-6 and 5wt% PVdF1 in NMP solvent on an

aluminum foil . After coating the mixture on aluminum foil, the electrode was dried at 120°C in



WO 2013/106983 PCT/CN2012/070408

vacuum for 12 h. The R2016-type coin cell was assembled in a glove box with H,O and O, less
than 1 ppm using 1M LiPFg in EC-DMC-EMC3 (1:1:1 by volume) as the electrolyte, the spinel
oxide electrode as the positive electrode, and Li metal as the negative electrode. The cycling
performances were evaluated by using LAND cycler/Arbin battery testing system to
charge/discharge cells in the potential range of 3-4.3 V, with the current density for
charge/discharge test and cycling test being 1/3C. The test results are shown in Fig. 3 and Fig.
4.

Fig. 3 is a graph showing comparison of the charge/discharge curves at 60°C of LiMn,O4
with (according to Example 1) and without P2Os treatment (control). Fig. 4 is graph showing
comparison of the cycling stability at 60°C of LiMn,O4 cathode materials with (according to
Example 1) and without P2Os treatment (control).

As shown in Fig. 4, the capacity retention of the treated spinel after 200 cycles was about
82% at 60°C; while the capacity retention of the untreated spinel after 200 cycles was much
smaller (about 50%). From Fig. 3 and Fig. 4, it can be seen that the treated spinel LiMn2O4
particles according to the invention exhibit significantly improved cycling stability at elevated
temperature of 60°C, while the capacity is reduced only by as little as 8mAh/h, compared to the
untreated spinel LiMn,O4.
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What is claimed is:

1. A process for preparing a core-shell structured lithiated manganese oxide, comprising
the steps of providing spinel LiMMn,.O4 particles, where M is one or more metal ions selected
from the group consisting of Li, Mg, Cr, Al, Co, Ni, Zn, Cu, and La, and 0<x<1, as core particles,
and subjecting the spinel particles to a heat-treatment with a chemical reagent reactive towards
the spinel LiMxMn2.xO4 particles in the form of liquid or gas to form a continuous and uniform
shell layer on the surface of the core particles, wherein the shell is not spinel structure.

2. The process according to claim 1, wherein, the spinel LiMMn,O4 partices are
prepared by a solid-state reaction of a stoichiometric mixture of a lithium compound, a
manganese compound, and, if appropriate, a compound of M by heat treating.

3. The process according to claim 2, wherein, the lithium compound is selected from the

group consisiting of lithium carbonates, lithium nitrates, lithium hydroxides, and lithium oxides.

4. The process according to claim 2, wherein, the manganese compound is selected from
the group consisiting of manganese carbonates, manganese nitrates, manganese hydroxides,

and manganese oxides.

5. The process according to claim 2, wherein, the compound of M is selected from the
group consisiting of carbonates, nitrates, hydroxides, and oxides of M.

6. The process according to any one of claims 1 to 5, wherein, the heat-treatment is
performed at a temperature of from 100 to 800°C for 0.5~5h.

7. The process according to any one of claims 1 to 6, wherein, the chemical reagent is
selected from the group consisting of NH3, P,Os, and triphenyl phophine.

8. The process according to claim 7, wherein, NHs is used as the chemical reagent, and

the heat-treatment is performed at a temperature of from 650 to 750°C for 0.5~5h.

9. The process according to claim 7, wherein, P2Os is used as the chemical reagent, and

the heat-treatment is performed at a temperature of from 550 to 650°C for 0.5~2h.

10. The process according to claim 7, wherein, triphenyl phosphine is used as the
chemical reagent, and the heat-treatment is performed at a temperature of from 150 to 250°C
for 0.5~5h.

11. A core-shell structured lithiated manganese oxide prepared by the process according
to any one of claims 1 to 10.
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12. The core-shell structured lithiated manganese oxide according to claim 11, wherein,
the shell has a thickness of 5-20 nm.

13. A cathode material for a lithium ion battery comprising the core-shell structured
lithiated manganese oxide according to any one of claims 11 to 12 or prepared by the process
according to any one of claims 1 to 10.

14. A lithium ion battery comprising the core-shell structured lithiated manganese oxide
according to any one of claims 11 to 12 or prepared by the process according to any one of
claims 1 to 10 as a cathode material.
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