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(57) Abrégé/Abstract:
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A preparation method of a lithium nickel manganese oxide cathode material of a battery includes steps of providing a nickel
compound, a manganese compound, a first quantity of lithium compound, a second quantity of lithium compound and a
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(57) Abrégé(suite)/Abstract(continued):

compound containing metallic ions, mixing the nickel compound, the first quantity of lithium compound, dispersant and deionized
water to produce first product solution, adding the manganese compound into the first product solution and mixing to produce
second product solution, performing a first grinding to produce first precursor solution, mixing the second quantity of lithium
compound, the compound containing the metallic ions and the first precursor solution, then performing a second grinding to
produce second precursor solution, and calcining the second precursor solution to produce the lithium nickel manganese oxide
cathode material of the battery, the formula of which is written by Li1_0+XNi0_5Mn1_5MyO4. Therefore, the activation energy of reaction

can be reduced.
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ABSTRACT

A preparation method of a lithium nickel manganese oxide cathode
material of a battery includes steps of providing a nickel compound, a
manganese compound, a first quantity of lithium compound, a second
quantity of lithium compound and a compound containing metallic ions,
mixing the nickel compound, the first quantity of lithium compound,
dispersant and deionized water to produce first product solution, adding the
manganese compound into the first product solution and mixing to produce
second product solution, performing a first grinding to produce first
precursor solution, mixing the second quantity of lithium compound, the
compound containing the metallic ions and the first precursor solution, then
performing a second grinding to produce second precursor solution, and
calcining the second precursor solution to produce the lithium nickel
manganese oxide cathode material of the battery, the formula of which is
written by Lij 0NipsMn;sMyO4.  Therefore, the activation energy of

reaction can be reduced.
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PREPARATION METHOD OF LITHIUM NICKEL MANGANESE
OXIDE CATHODE MATERIAL OF BATTERY AND LITHIUM NICKEL
MANGANESE OXIDE CATHODE MATERIAL OF BATTERY

TECHNICAL FIELD

[0001] The present disclosure relates to a preparation method of a
lithium nickel manganese oxide cathode material of a battery and a lithium
nickel manganese oxide cathode material of a battery, and more particularly
to a preparation method that increases the tap density and the charge
capacity per unit weight of the lithium nickel manganese oxide cathode
material of a battery prepared by a solid-state reaction by adding metallic

ions with valence equals to 2, 3, 4 or 5.

BACKGROUND

[0002] With quick development of technology, a lot of electronic
products and electricity-driven transports are developed to improve the life
function, enhance the efficiency of energy use and reduce the air pollution.
Lithium batteries are widely used since they are safe and non-memorized
and can be repeatedly used.

[0003] In prior art, a lithium compound, a nickel compound and a
manganese compound are disclosed to be utilized for preparing a cathode
material of a lithium battery. However, the batteries made of the lithium
nickel manganese oxide compound prepared through a solid-state reaction
cannot satisfy the requirement of power consuming of the electronic
products or the electricity-driven transports. Under this circumstance, to
increase the total charge capacities of the batteries so as to lengthen the use

time of the electronic products and the electricity-driven transports, it is
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necessary to increase the tap density and the charge capacity per unit
weight of the lithium nickel manganese oxide cathode material of a battery.
[0004] There is a need of providing a preparation method of a lithium
nickel manganese oxide cathode material of a battery and a lithium nickel
manganese oxide cathode material of a battery to obviate the drawbacks

encountered from the prior art.

BRIEF SUMMARY

[0005] It is an object of the present invention to provide a preparation
method of a lithium nickel manganese oxide cathode material of a battery
and a hthium nickel manganese oxide cathode material of a battery to solve
the problems of lower tap density and lower charge capacity per unit
weight of a lithium battery made of a lithium nickel manganese oxide
compound prepared by a solid-state reaction of prior art.

10006] An object of the present invention provides a preparation
method of a lithium nickel manganese oxide cathode material of a battery
and a lithium nickel manganese oxide cathode material of a battery. By
adding a compound containing metallic ions with valence equals to 2, 3, 4
or 5 into a solid-state reaction to produce primary particles, which are
product powders having octahedral structures, the charge capacity per unit
weight and the tap density of the lithium nickel manganese oxide cathode
material of the battery can be increased, and the activation cnergy of
reaction can be reduced in the thermal treatment stage while preparing the
lithium nickel manganese oxide compound through a solid-state reaction.
[0007] In accordance with an aspect of the present disclosure, there is
provided a preparation method of a lithium nickel manganese oxide
cathode material of a battery. The preparation method includes steps of (a)

providing a nickel compound, a manganese compound, a first quantity of
2
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lithium compound, a second quantity of lithium compound, and a
compound containing metallic ions with valence equals to 2, 3, 4 or 5, (b)
mixing and stirring the nickel compound, the first quantity of lithium
compound, dispersant and deionized water for a first time period to
produce first product solution, (¢) adding the manganese compound into the
first product solution and then mixing and stirring for a second time period
to produce second product solution, (d) performing a first grinding on the
second product solution to produce first precursor solution, (e) mixing and
stirring the second quantity of lithium compound, the compound containing
the metallic ions with valence equals to 2, 3, 4 or 5, and the first precursor
solution for a third time period, and then performing a sccond grinding, to
produce second precursor solution, and (f) calcining the second precursor
solution to produce the lithium nickel manganese oxide cathode material of
the battery. The formula of the lithium nickel manganese oxide cathode
material of the battery is written by Li, ¢+NipsMn; sM,O4. M represents
the metallic ions with valence equals to 2, 3, 4 or 5, x is greater than or
equal to -0.1 and less than or equal to 0.1, and y is greater than 0 and less
than or equal to 0.08.

[0008] In accordance with another aspect of the present disclosure,
there is provided a lithium nickel manganese oxide cathode material, the
formula of which is written by Lij ¢ NigsMn,sV,04. V represents the
vanadium, X is greater than or equal to -0.1 and less than or equal to 0.1,
and y is greater than 0 and less than or equal to 0.08.

[0009] In accordance with another aspect of the present disclosure,
there is provided a preparation method of a lithium nickel manganese oxide
cathode material of a battery. The preparation method includes steps of (a)
providing a nickel compound, a mangancse compound, a lithium

compound, and a compound containing metallic ions with valence equals to

pe
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2, 3, 4 or 5, (b) mixing and stirring the nickel compound, the lithium
compound, dispersant and dcionized water for a first time period to
produce first product solution, (¢) adding the manganese compound and the
compound containing the metallic ions with valence equals to 2, 3, 4 or 5
into the first product solution and then mixing and stirring for a second
time period to produce second product solution, (d) performing a grinding
on the second product solution to produce precursor solution, and (¢)
calcining the precursor solution to produce the lithium nickel manganese
oxide cathode material of the battery. The formula of the lithium nickel
manganese oxide cathode material of the battery is written by
Lij g+4xNigsMny 5.4sMO4. M represents the metallic ions with valence
equals to 2, 3, 4 or 5, and x is greater than ( and less than or equal to 0.1.
[0010] In accordance with still another aspect of the present
disclosure, there is provided a lithium nickel manganese oxide cathode
material, the formula of which is written by Lij g4 NigsMnys.aV, Oy,
wherein V represents the vanadium, and x is greater than 0 and less than or
equal to 0.1

[0011] The above contents of the present disclosure will become
more readily apparent to those ordinarily skilled in the art after reviewing

the following detailed description and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 schematically illustrates the flow chart of a first
preparation method of a lithium nickel manganese oxide cathode material
of a battery of the present invention,

[0013] FIG. 2 schematically illustrates the SEM analysis diagram of
primary particles of the product powder prepared by adding vanadium

compound;
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[0014] FIG. 3 schematically illustrates the SEM analysis diagram of
secondary particles of the product powder prepared by adding vanadium
compound;

[0015] FIG. 4 schematically illustrates the flow chart of a second
preparation method of a lithium nickel manganese oxide cathode material
of a battery of the present invention;

[0016] FIG. 5 schematically illustrates the charging and discharging
characteristic diagram of a cell battery made of the product powder
prepared by adding vanadium compound into the first preparation method
or the second preparation method of the present invention;

[0017] FIG. 6 schematically illustrates the charging and discharging
rates diagram of the cell battery made of the product powder prepared by
adding vanadium compound into the first preparation method or the second
preparation method;

[0018] FIG. 7 schematically illustrates the diagram indicating the
relation between the increment of tap density Dt of product powder
prepared by adding vanadium compound into the first preparation method
or the second preparation method and the percentage of added vanadium
ions;

[0019] FIG. 8 schematically illustrates the thermogravimetric analysis
and the differential thermal analysis diagram of the product powder of the
lithium nickel manganese oxide cathode material of a battery of prior art;
and

[0020] FIG. 9 schematically illustrates the thermogravimetric analysis
and the differential thermal analysis diagram of the product powder
prepared by adding vanadium compound into the first preparation method

or the second preparation method.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0021] The present disclosure will now be described more specifically
with reference to the following embodiments. It is to be noted that the
following descriptions of preferred embodiments of this disclosure are
presented herein for purpose of illustration and description only. It is not
intended to be exhaustive or to be limited to the precise form disclosed.
[0022] Please refer to FIG. 1. FIG 1 schematically illustrates the
flow chart of a first preparation method of a lithium nickel manganese
oxide cathode material of a battery of the present invention. As shown in
FIG. 1, a first preparation method S100 of a lithium nickel manganese
oxide cathodc material of a battery of the present invention includes steps
as follows. At first, as shown in step S101, providing a nickel compound,
a manganese compound, a first quantity of lithium compound, a second
quantity of lithium compound, and a compound containing metallic ions
with valence equals to 2, 3, 4 or 5. In this embodiment, the compound
containing metallic ions with valence equals to 2, 3, 4 or 5 is not limited to
a vanadium compound, a niobium compound, a manganesc compound or a
antimony compound, and is preferred to be a vanadium compound.

[0023] In some embodiments, the nickel compound can be selected
from the group consisting of NiO and NiCOs;. In some embodiments, the
manganese compound can be selected from the group consisting of Mn,O;,
MnO, MnCO; and Mn,(COs);, but not limited herein. In some
embodiments, each of the first quantity of lithrum compound and the
second quantity of lithium compound is selected from the group consisting
of LiOH and Li,CO;, and the first quantity of lithium compound and the
second quantity of lithium compound are the same compound or different

compounds. In some embodiments, the metallic ions with valence equals

6
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to 2, 3, 4 or 5 are selected from the group consisting of Mn,0;, MnO,
MnCOs, Mny(CO3); and V,0s, but not limited herein.

[0024] Next, as shown in step S102, mixing and stirring the nickel
compound, the first quantity of lithium compound, dispersant and
deionized water for a first time period to produce first product solution.
In this embodiment, the first time period required for mixing and stirring is
preferred to be 10 minutes, but not limited herein.

[0025] Then, as shown in step S103, adding the manganese
compound into the first product solution and then mixing and stirring for a
second time period to produce second product solution. In this
cmbodiment, the second time period required for mixing and stirring is
preferred to be 10 minutes, but not limited herein.

[0026] Next, as shown in step S104, performing a first grinding on
the second product solution to produce first precursor solution. In this
embodiment, in order to make all the components in the second product
solution completely reacted, the second product solution is put into a ball
mill for grinding at 450-650 rpm for 2-3 hours, thereby completing the first
grinding so as to produce the first precursor solution. The first precursor
solution contains precursor of the lithium nickel manganese oxide
compound.

[0027] Then, as shown in step S105, mixing and stirring the second
quantity of lithium compound, the compound containing the metallic ions
with valence equals to 2, 3, 4 or 5, and the first precursor solution for a
third time period, and then performing a second grinding, to produce
second precursor solution. In this embodiment, the third time period
required for mixing and stirring is preferred to be 10 minutes, but not
limited herein. In a preferred embodiment, in order to make the first

precursor solution and the second quantity of the lithium compound and the
7
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compound containing metallic ions with valence equals to 2, 3, 4 or 5
completely reacted, the second grinding is implemented by a ball mill
grinding at 350-750 rpm for 2-3 hours, thereby completing the second
grinding so as to produce the second precursor solution.

[0028] Next, drying the second precursor solution, then as shown in
step S106, calcining the second precursor solution to produce the lithium
nickel manganese oxide cathode material of the battery. The formula of
the lithium nickel manganese oxide cathode material of the battery is
written by Lij ¢ NigsMn; sM;Oy. M represents the metallic ions with
valence equals t0 2, 3, 4 or 5, x is greater than or equal to -0.1 and less than
or equal to 0.1, and y is greater than O and lcss than or equal to 0.08.
Moreover, the calcination is implemented by placing the preliminary-dried
second precursor solution in a ceramic sintered vessel and maintaining at a
temperature of 800°C for 10 hours, so that a lithium nickel manganese
oxide cathode material of a battery having high tap density and high charge
capacity per unit weight is produced.

[0029] Please refer to FIG. 2 and FIG 3. FIG 2 schematically
illustrates the SEM (Scanning Electron Microscope) analysis diagram of
primary particles of the product powder prepared by adding vanadium
compound. FIG. 3 schematically illustrates the SEM analysis diagram of
secondary particles of the product powder prepared by adding vanadium
compound. In a preferred embodiment, the compound containing metallic
ions with valence equals to 2, 3, 4 or 5 is a vanadium compound, the
vanadium compound is added in the step S105, and the formula of the
lithium nickel manganese oxide cathode material prepared in the step S106
is written by Lij 0+ NipsMn; sV,04, x is greater than or equal to -0.1 and
less than or equal to 0.1, and y is greater than 0 and less than or equal to

0.08. The surface exteriors are shown through SEM in FIG. 2 and FIG. 3.
8
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In this embodiment, as shown in FIG 2, the primary particles of the
cathode material, which is written by Lij p:\NipsMn; 5V,0,, of the battery
are arranged as octahedral structures, thereby achieving the advantages of
increasing the charge capacity per unit weight and the tap density.

{0030] Please refer to FIG. 4. FIG 4 schematically illustrates the
{low chart of a second preparation method of a lithium nickel manganese
oxide cathode material of a battery of the present invention. As shown in
FIG. 4, a second preparation method S200 of a lithium nickel manganese
oxide cathode material of a battery of the present invention includes steps
as follows. At first, as shown in step S201, providing a nickel compound,
a manganese compound, a lithium compound, and a compound containing
metallic ions with valence equals to 2, 3, 4 or 5. The compound
containing metallic ions with valence equals to 2, 3, 4 or 5 is not limited to
a vanadium compound, a niobium compound, a manganese compound or a
antimony compound, and is preferred to be a vanadium compound.

[0031] Next, as shown in step S202, mixing and stirring the nickel
compound, the lithium compound, dispersant and deionized water for a
first time period to produce first product solution. Then, as shown in step
S203, adding the manganese compound and the compound containing the
metallic ions with valence equals to 2, 3, 4 or 5 into the first product
solution and then mixing and stirring for a second time period to produce
second product solution. Next, as shown in step S204, performing a
grinding on the second product solution to produce precursor solution.
Next, drying the precursor solution, and then as shown in step S205,
calcining the precursor solution to produce the lithium nickel manganese
oxide cathode material of the battery. The formula of the lithium nickel

manganese oxide cathode material of the battery is written by
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L1} 014xNipsMn;s4MO4. M represents the metallic ions with valence
equals to 2, 3, 4 or 5, and x is greater than 0 and less than or equal to 0.1.
[0032] The nickel compound, the lithium compound, the manganese
compound and the compound containing the metallic ions with valence
equals to 2, 3, 4 or 5 selected by the second preparation method S200 are as
same as those selected by the first preparation method S100, and are not
redundantly described herein. In addition, the first time period described
in the step 8202, the second time period described in the step $S203 and the
calcination described in the step S205 are as same as those described in the
first preparation method S100, and are not redundantly described herein.
Moreover, the grinding of the step S204 is implemented through putting the
second product solution in a ball mill for grinding at 350-450 rpm for 2-3
hours, thereby completing the grinding to produce the precursor solution.
[0033] Similarly, in the second preparation method S200, the
compound containing the metallic ions with valence equals to 2, 3, 4 or 5 is
preferred to be a vanadium compound, the vanadium compound is added in
the step S203, and the formula of the lithium nickel manganese oxide
cathode material prepared in the step S205 is written by
Lij 14xNigsMny 5.4V Oy, V represents vanadium ions, x is greater than or
equal to 0 and less than or equal to 0.1. The surface exteriors shown
through SEM are similar with the surface exteriors shown in FIG. 2 and FIG.
3, and are octahedral structures, so that the lithium nickel manganese oxide
cathode material of a battery prepared by the second preparation method
S200 also achieves the advantages of increasing the charge capacity per
unit weight and the tap density.

[0034] Please refer to FIG. 5§ and FIG. 6. FIG 5 schematically
illustrates the charging and discharging characteristic diagram of a cell

battery made of the product powder prepared by adding vanadium
10
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compound into the first preparation method or the second preparation
method of the present invention. FIG 6 schematically illustrates the
charging and discharging rates diagram of the cell battery made of the
product powder prepared by adding vanadium compound into the first
preparation method or the second preparation method. The product
powder of the lithium nickel manganese oxide cathode material added with
the vanadium compound prepared through the first preparation method
S100 or the second preparation method S200 are coated on an aluminum
substrate and then assembled as a coin cell (model type: 2032). The coil
cell is tested by a charging and discharging machine to charge and
discharge at 0.1 coulomb for two cycles and charge and discharge at 2
coulombs for two cycles. The range of testing voltage is between 3.2 and
4.9 volts. The test result is shown in FIG. 5. The charging and
discharging rate (i.e. C-rate) of the coin cell is then tested by the charging
and discharging machine through a 0.5C charge and 1C, 3C, 5C, 7C, 9C
and 10C discharges, among which C is the capacity of the coin cell (e.g.
C=800mAh, 1C charge rate means the charging current is 800mAh), and
the test result is shown in FIG. 6. Therefore, since the lithium nickel
manganese oxide cathode material prepared through the first preparation
method S100 or the second preparation method S200 has good electric
characteristics, the charge capacity per unit weight provided by the lithium
nickel manganese oxide cathode material of the present invention is greater
than the charge capacity per unit weight provided by the lithium nickel
manganese oxide cathode material of prior art.

[0035] Please refer to FIG. 7. FIG. 7 schematically illustrates the
diagram indicating the relation between the increment of tap density Dt of
product powder prepared by adding vanadium compound into the first

preparation method or the second preparation method and the percentage of
i}



CA 02956381 2017-01-24

added vanadium ions. The tap densities of the lithium nickel manganese
oxide cathode material prepared through the first preparation method S100
or the second preparation method S200 are tested with different
percentages of the added vanadium ions, and the test result is shown in FIG.
7. As shown in FIG. 7, with increasing of percentage of the added
vanadium ions, the tap density of the product powder prepared by the
present invention are also increased about 25-50 percent.

[0036] Please refer to FIG. 8 and FIG 9. FIG & schematically
illustrates the thermogravimetric analysis and the differential thermal
analysis diagram of the product powder of the lithium nickel manganese
oxide cathode material of a battery of prior art. FIG 9 schematically
illustrates the thermogravimetric analysis and the differential thermal
analysis diagram of the product powder prepared by adding vanadium
compound into the first preparation method or the second preparation
method. The product powder of the lithium nickel manganese oxide
cathode material prepared by the manners of prior art are analyzed through
the thermogravimetric analysis (i.e. TG) and the differential thermal
analysis (1.e. DTA), and the analysis result is shown in FIG. 8. The
product powder of the lithium nickel manganese oxide cathode material
added with the vanadium compound prepared through the first preparation
method S100 or the second preparation method S200 are analyzed through
the thermogravimetric analysis and the differential thermal analysis, and
the analysis result is shown in FIG. 9. As shown in FIG. 8 and FIG. 9, it
can be easily known that the activation energy of reaction required to be
provided in the thermal treatment stage of the preparation method of the
present invention is obviously lower than the activation energy of reaction
required to be provided in the thermal treatment stage of the preparation

manner of prior art. That is, the activation energy of reaction can be

12
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reduced in the thermal treatment stage while preparing the lithium nickel
manganese oxide compound through a solid-state reaction.

{0037] From the above description, the present invention provides a
preparation method of a lithium nickel manganese oxide cathode material
of a battery and a lithium nickel manganese oxide cathode material of a
battery to solve the problems of lower tap density and lower charge
capacity per unit weight of a lithium battery made of a lithium nickel
manganese oxide compound preparcd by a solid-state reaction of prior art.
By adding a compound containing metallic ions with valence equals to 2, 3,
4 or § into a solid-state reaction to produce primary particles, which are
product powders having octahedral structures, the charge capacity per unit
weight and the tap density of the lithium nickel manganese oxide cathode
material of the battery can be increased, and the activation energy of
rcaction can be reduced in the thermal treatment stage while preparing the
lithium nickel manganese oxide compound through a solid-state reaction.
Therefore, the total electricity per unit volume of the battery is increased,
the use time of the electronic products and the electricity-driven transports
are lengthened.

{0038} This paragraph has been intentionally deleted

CA 2956381 2019-05-24



CLAIMS:

1. A preparation method of a lithium nickel manganese oxide cathode material
of a battery, comprising steps of:

(a)  providing a nickel compound, a manganese compound, a first
quantity of lithium compound, a second quantity of lithium compound, and a
compound containing vanadium ions, niobium ions, manganese ions or antimony
ions;

(b)  mixing and stirring the nickel compound, the first quantity of lithium
compound, dispersant and deionized water for a first time period to produce first
product solution;

(¢)  adding the manganese compound into the first product solution and
then mixing and stirring for a sccond time period to produce second product
solution;

(d)  performing a first grinding on the second product solution to produce
first precursor solution;

()  mixing and stirring the second quantity of lithium compound, the
compound containing the vanadium ions, the niobium ions, the manganese ions or
the antimony ions, and the first precursor solution for a third time period, and then
performing a second grinding, to produce second precursor solution; and

(f)  calcining the second precursor solution to produce the lithium nickel
manganese oxide cathode material of the battery, wherein the formula of the
lithium nickel manganese oxide cathode material of the battery is written by
Li1.0+xNiopsMni sMyOs, and wherein M represents V, Nb, Mn or Sb, x is greater than
or equal to -0.1 and less than or equal to 0.1, and y is greater than 0 and less than

or equal to 0.08.

14
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2. The preparation method according to claim 1, wherein the nickel compound

is selected from the group consisting of NiO and NiCOs.

3. The preparation method according to claim 1, wherein the manganese
compound is selected from the group consisting of MnyO3, MnO, MnCO3 and
Mny(CO3)s.

4. The preparation method according to claim 1, wherein each of the first
quantity of lithium compound and the second quantity of lithium compound is
selected from the group consisting of LiOH and Li>CO3, and the first quantity of
lithium compound and the second quantity of lithium compound are the same

compound or different compounds.

5. The preparation method according to claim 1, wherein the compound
containing the vanadium ions, the niobium ions, the manganese ions or the
antimony ions is selected from the group consisting of Mn203;, MnO, MnCOs,

Mny(CO3)3 and V»20s.

6. The preparation method according to claim 1, wherein each of the first time

period, the second time period and the third time period is 10 minutes.

7. The preparation method according to claim 1, wherein the first grinding is

implemented by a ball mill grinding at 450-650 rpm for 2-3 hours.

8. The preparation method according to claim 1, wherein the second grinding

is implemented by a ball mill grinding at 350-750 rpm for 2-3 hours.

15
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Providing a nickel compound, a manganese compound, a
first quantity of lithium compound, a second quantity of 5101
lithium compound, and a compound containing metallic -

ions with valence equals to 2, 3,4 or 5

v

Mixing and stirring the nickel compound, the first quantity of =~ 3102
lithium compound, dispersant and deionized water for a first |
time period to produce first product solution

Adding the manganese conﬁpound into the first product LA 3103
solution and then mixing and stirring for a second time |
period to produce second product solution ]

Performing a first grinding on the second product solutionto | S104
produce first precursor solution

N
\

Mixing and stirring the second quantity of lithium
compound, the compound containing the metallic ions with | ___ 5105
valence equals to 2, 3, 4 or 5, and the first precursor
solution for a third time period, and then performing a
second grinding, to produce second precursor solution

\/

Calcining the second precursor solution to produce the B

lithium nickel manganese oxide cathode material of the [~ 5106

battery, the formula of the lithium nickel manganese oxide
cathode material of the battery is written by

Li1.o+xNio.5Mm.5MyO4
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S200

T T

Providing a nickel compound, a manganese compound, a
lithium compound, and a compound containing metalic ~ —— S201
ions with valence equals to 2, 3,4 or 5

Mixing and stirring the nickel compound, the lithium — 5202
compound, dispersant and deionized water for a first time
period to produce first product solution

A/
Adding the manganese compound and the compound

- containing the metallic ions with valence equals to 2, 3, 4 or

. 5into the first product solution and then mixing and stirring

for a second time period to produce second product solution

— 5203

Performing a grinding on the second product solution to LA $204
: r
produce precursor solution |

\ /

Calcining the precursor solution to produce the lithium nickel,
manganese oxide cathode material of the battery, the S205
formula of the lithium nickel manganese oxide cathode

material of the battery is written by

Li1.0+4xNio.sMn1.5-4xMxQO4
J
N
( End )
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Voltage (V)
3.5

i

o
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———— 15t 0.1C Charge 145 mAh/g

=== 3rd 1C Charge 137mAh/g

P i B

1C=800mAhlg

=== 15t 0.1C Discharge 128mAh/g
2nd 0.1C Discharge 136mAh/g

w====3rd 1C Discharge 129mAh/g
4th 1C Charge 130mAh/g 4th 1C Discharge 129mAh/g

2nd 0.1C Charge 140 mAh/g

i i i ] | i i ! |

20 40 60 80 100 120 140 160 180 200
Charge capacity per unit weight (mAh/g)

FIG. 5
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Voltage (V)
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—1C — 3C v BC 7C — 9C — 10C
140 mAh/g 125 mAh/g 94 mAh/g 64 mAh/g 42 mAh/g 36 mAh/g
1C=800mAh/g
20 40 60 80 100 120 140 160 180

Charge capacity per unit weight (mAh/g)

FIG. 6
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Differential thermal analysis
Heating rate: 10°C /Minute

Thermogravimetric Range: Room temperature-1000 °C
analysis Atmosphere: Air
100 3 100
4 80
90 | 1%
440
420 e
Mass (%) 8o - J0 AT
4-20
w0l —— 140
TG fﬁgfw,mc
DTA 4 -80
60 : w : . . . : _
0 200 400 600 800 1000

Temperature ('C)

FIG. 8 (PRIOR ART)
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Differential thermal analysis
Heating rate: 10°C /Minute

Thermogravimetric Range: Room temperature-1000 C
analysis Atmosphere: Air
100 - 120
4100
90 |- l 80
460
4 40
Mass (%) 80 120 AT(C)
{0
i irnﬁf.../... - 20
70 ]
e 1-40
DTA 4-60
64 . ! . i . | . ) .
0 200 400 600 800 1000

Temperature (C)

FIG. 9
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Providing a nickel compound, & manganese compound, a
first quantity of lithium compound, a second guantiy of
{ithium compound, and a compound containing metallic

ions with valence equalsto 2, 3,4 or &

—8§101

Mixing and stirring the nickel compound, the first quanity of
lithium compound, dispersant end deionized water for a first
time period to produce first product solution

~~8102

Adding the manganese compaound into the first product
solution and then mixing and stirring for a second time
period to produce second product sclution

8103

y
Performing a first grinding on the second product solution to
produce first precursor sclution

k—sm

Mixing and stirring the second quantity of lithium
compound, the compound containing the metallic ions with
valence equals fo 2, 3, 4 or 5, and the first precursor
solution for a third time period, and then performing &

__second grinding, to produce second precursor solution |

—8105

Calclning the second precursor solution to produce the
lithium nickel manganese oxlde cathode material of the
baltery, the formula of the lithium nickel manganese oxide
cathode material of the battery is written by

Li1.0+xNio.sMn1.sMyOa

Con

—3106
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