CN 108899475 A

(19) China National Intellectual Property Administration

* (12) Invention Patent Application

e
»* (10) Publication No. CN 108899475 A
(43) Application Publication Date November 27,
2018
(21) Application No. 201810737868.8 HOIM 10/0525(2010.01)

(22) Filing Date July 6, 2018
(71) Applicant: Zhejiang Qianjiang Lithium Battery
Technology Co., Ltd.
Address: Standard Factory Building 2, Phase I, Small
and Medium-Sized Enterprise Incubation Park,
Eastern New District, Wenling City, Taizhou
City, Zhejiang Province 317500

(72) Inventors: Hu Yaping, Li Zhengbin,Qiu Jianrong,
Liu Renjuan,
Yan Zhenzhong, He Kaiqgiang

(74) Patent Agency: Hangzhou KG Intellectual Property
Agency Co., Ltd. 33246

Agent: Zhang Haibing

(51) Int. CL.
HOIM 4/136 (2010.01)
HOIM 4/133 (2010.01)
HOIM 4/62 (2006.01)
HOIM 2/26 (2006.01)
Claims: 1 page; Description: 6 pages

(54) Title of the Invention

High-Energy-Density Lithium-lon Battery
(57) Abstract

The present invention relates to a high-energy-density
lithium-ion battery and belongs to the technical field of
lithium batteries. The lithium-ion battery of the present
invention comprises a positive electrode sheet, a negative
electrode sheet, and a separator, the positive electrode sheet
is coated with a positive electrode active material, and the
negative electrode sheet is coated with a negative electrode
active material, characterized in that the compaction density
of the positive electrode sheet is 2.4-2.55 g/cm’®, which is its
limiting compaction density, with an areal density of 360-
380 g/m? and the compaction density of the negative
electrode sheet is 1.4-1.50 g/cm®, with a thickness of 115—
125 pum. The present invention achieves the limiting
compaction density of the positive electrode sheet by the
rational configuration of the positive and negative electrode
materials of the lithium-ion battery, while effectively
ensuring high-rate charge and discharge performance of the
battery under such conditions, and at the same time,
increases the battery capacity, thereby effectively improving
the battery performance.
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1. A high-energy-density lithium-ion battery, comprising a positive electrode sheet, a negative electrode
sheet, and a separator, the positive electrode sheet being coated with a positive electrode active material, and
the negative electrode sheet being coated with a negative electrode active material, characterized in that the
compaction density of the positive electrode sheet is 2.4-2.55 g/cm?, which is its limiting compaction density,
with an areal density of 360—380 g/m?, and the compaction density of the negative electrode sheet is 1.4-1.50
g/cm’, with a thickness of 115-125 pm.

2. The lithium-ion battery according to claim 1, characterized in that the positive electrode active
material comprises the following components in mass percentage: polyvinylidene fluoride 2.7-3.2%,
conductive carbon black 0.8-1.3%, and lithium iron phosphate 95.5-96.5%.

3. The lithium-ion battery according to claim 2, characterized in that the particle size Dsg of the lithium
iron phosphate is 8-11 pm.

4. The lithium-ion battery according to claim 1, characterized in that the negative electrode active
material comprises the following components in mass percentage: sodium carboxymethyl cellulose 1.5-1.7%,
conductive carbon black 1.4-1.6%, graphite 94.6-95.1%, and styrene-butadiene emulsion 1.9-2.1%.

5. The lithium-ion battery according to claim 1, characterized in that a plurality of positive electrode tabs
are provided at equal intervals on the positive electrode sheet, and a plurality of negative electrode tabs are
provided at equal intervals on the negative electrode sheet.

6. The lithium-ion battery according to claim 5, characterized in that the number of the positive electrode
tabs is greater than the number of the negative electrode tabs.

7. The lithium-ion battery according to claim 5, characterized in that the number of the positive electrode
tabs is m, the length of the positive electrode sheet is M, the number of the negative electrode tabs is n, the
length of the negative electrode sheet is N, the distance between the positive electrode tab near the end of the
positive electrode sheet and the end of the electrode sheet is less than or equal to M/(m+1), and the distance
between the negative electrode tab near the end of the negative electrode sheet and the end of the electrode
sheet is less than or equal to N/(n+1).

8. The lithium-ion battery according to claim 5, characterized in that the positive electrode tabs are
welded to the positive electrode cap by ultrasonic welding.

9. The lithium-ion battery according to claim 1, characterized in that the separator is a wet-process ceramic
separator.
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High-Energy-Density Lithium-Ion Battery

Technical Field
[0001] The present invention belongs to the technical field of lithium batteries and relates to a high-energy-density
lithium-ion battery.

Background Art
[0002] A lithium-ion battery is a type of secondary battery (rechargeable battery) that mainly operates through the

movement of lithium ions between positive and negative electrodes. During the charging and discharging process,
Li+ is reversibly intercalated into and deintercalated from the two electrodes: during charging, Li+ is deintercalated
from the positive electrode, passes through an electrolyte, and is intercalated into the negative electrode, leaving the
negative electrode in a lithium-rich state; during discharging, the process is reversed.

[0003] In the electrodes, the compaction density of an electrode sheet is related to the hardness of the material and the
pressure. Generally speaking, the electrode coating is required to have a gap of tens of nanometers to allow
electrolyte wetting and penetration, thereby facilitating the transport of ions. For a given volume of space, a higher
compaction density corresponds to a higher capacity. Different batteries require the selection of materials and
processing techniques according to performance requirements, and the compaction density must be controlled
accordingly. If the compaction density is too high, ion transport becomes difficult, which affects a battery’s charge
and discharge performance, and the electrode sheets are prone to powder shedding and embrittlement.

[0004] The binder in an electrode is a polymer compound used to adhere an electrode active material to a current
collector. Its main function is to bind and retain the active material, enhance the electronic contact between the
electrode active material and a conductive agent, as well as between the active material and the current collector, and
better stabilize the structure of the electrode sheet. Choosing a suitable lithium-ion battery binder requires low ohmic
resistance and stable performance in an electrolyte, without swelling, loosening, or powder shedding. Generally
speaking, the properties of the binder, such as adhesion, flexibility, alkali resistance, and hydrophilicity, directly
affect the performance of the battery. By adding an optimal amount of the binder, a high capacity, long cycle life, and
low internal resistance can be achieved, which helps improve the battery’s cycling performance and fast charge—
discharge capability, and reduce internal pressure of the battery. Therefore, choosing a suitable binder is very
important.

[0005] In the existing cylindrical lithium-ion battery market, cylindrical lithium-ion batteries are not only an energy
storage device, but also an important choice for more and more passenger cars and logistics vehicles. In this context,
developing a high-energy-density battery is driven by market demand.

Summary of the Invention
[0006] The objective of the present invention is to address the above-mentioned problems existing in the prior art by

proposing a high-energy-density lithium-ion battery.

[0007] The objective of the present invention can be achieved through the following technical solutions:

[0008] A high-energy-density lithium-ion battery, comprising a positive electrode sheet, a negative electrode sheet,
and a separator, the positive electrode sheet is coated with a positive electrode active material, and the negative
electrode sheet is coated with a negative electrode active material, characterized in that the compaction density of the
positive electrode sheet is 2.4-2.55 g/cm?, which is its limiting compaction density, with an areal density of 360-380
g/m?, and the compaction density of the negative electrode sheet is 1.4—1.50 g/cm?, with a thickness of 115-125 pm.
[0009] The present invention effectively improves the capacity (0.5-0.9 Ah higher than the prior art, and reaching 3.7
Ah—4.1 Ah) and energy density (up to 142—-148 Wh/kg) of the lithium-ion battery by controlling the compaction
density of the positive electrode sheet at its limiting compaction density and the areal density at 360-380 g/m?, while
matching the compaction density and thickness of the negative electrode sheet. This reduces the internal resistance
and polarization losses of the battery, while ensuring lithium-ion intercalation and deintercalation, which is beneficial
to high-rate charge and discharge, extends the cycle life of the battery, and reduces battery-pack cost. In the electrode
sheets of the present invention, the high compaction density may further enable the design of long cell electrode
sheets and control the overall thickness of the cell. By increasing the compaction density, the length of the electrode
sheets within the same volume can be increased, allowing the positive electrode sheet length to reach 1377 mm and
the negative electrode sheet length to reach 1447 mm, whereas the positive electrode sheet length is 1233 mm and the
negative electrode sheet length is 1317 mm under conventional conditions. As a result, a greater amount of the
positive electrode material can be packed within the limited space of a 26650 steel casing, thereby increasing the
capacity of the cell.
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[0010] Preferably, the positive electrode active material comprises the following components in mass percentage:
polyvinylidene fluoride 2.7-3.2%, conductive carbon black 0.8-1.3%, and lithium iron phosphate 95.5-96.5%.

[0011] By optimizing the formulation of the positive electrode active material, the present invention improves the
adhesion of the electrode sheet and prevents the electrode sheet from easily shedding powder and becoming brittle
under high areal density and high compaction density, which is beneficial to improving the cycle life of the battery.
[0012] Preferably, the lithium iron phosphate has a particle size Dsy of 8-11 um.

[0013] The present invention achieves control of areal density and compaction density by regulating the particle size
of lithium iron phosphate, which is beneficial to lithium-ion transport. At the same time, in combination with other
components in the active material, it improves the coating quality of the positive electrode sheet, thereby enhancing
battery performance. By adopting different particle size distributions of lithium iron phosphate, the adjustment of
high compaction density and areal density is realized, which further optimizes the performance of the lithium-ion
battery.

[0014] Preferably, the negative electrode active material comprises the following components in mass percentage:
sodium carboxymethyl cellulose (CMC) 1.5-1.7%, conductive carbon black 1.4-1.6%, graphite 94.6-95.1%, and
styrene-butadiene emulsion 1.9-2.1%.

[0015] Preferably, the styrene content of the styrene-butadiene rubber in the styrene-butadiene emulsion is 35-43%.
[0016] Preferably, the styrene-butadiene rubber emulsion further contains 0.6-1.3% by mass of nano-SiO, and 0.2-
0.8% by mass of silane coupling agent.

[0017] Preferably, the preparation process of the styrene-butadiene emulsion is as follows: first mixing nano-SiO,
and silane coupling agent, and then adding them to the styrene-butadiene rubber emulsion.

[0018] Preferably, the particle size of the nano-SiO; is 20-70 nm.

[0019] The CMC and styrene-butadiene rubber emulsion composite has good performance as a binder for negative

electrode materials. However, styrene-butadiene rubber emulsion is prone to demulsification at a high shear rate, so it
cannot be mixed at a high stirring rate, which affects the preparation efficiency and bonding performance of the
negative electrode binder. The present invention can significantly improve the shear stability of styrene-butadiene
rubber emulsions by adding nano-SiO; and a silane coupling agent into the styrene-butadiene rubber emulsions,
wherein these two agents undergo a grafting reaction with styrene-butadiene rubber macromolecules in the styrene-
butadiene emulsion that grafts nano-SiO, onto the styrene-butadiene rubber macromolecular chains. Furthermore, by
controlling the styrene content in the styrene-butadiene rubber, the grafting rate of nano-SiO; can be controlled. An
excessively high grafting rate will affect a binder's bonding performance, while an excessively low grafting rate will
affect the shear stability. At the same time, the particle size of nano-SiO, is controlled within the range of 20-70 nm.
An excessively large nano-SiO, particle size will affect the flexibility of the grafted chains, leading to a significant
decrease in the shear stability of the styrene-butadiene emulsion. Nano-SiO, with the aforementioned particle size
also helps to prevent the negative electrode aqueous binder from becoming brittle after dehydration, while an
excessively large particle size will significantly reduce the flexibility of the negative electrode binder, resulting in
deteriorated electrode sheet performance.

[0020] Preferably, the positive electrode sheet is provided with a plurality of positive electrode tabs at equal intervals,
and the negative electrode sheet is provided with a plurality of negative electrode tabs at equal intervals.

[0021] Preferably, the positive electrode tabs are made of aluminum, and the negative electrode tabs are made of
nickel.

[0022] Preferably, the number of positive electrode tabs is 3-5, and the number of negative electrode tabs is 2-4.
[0023] The present invention achieves an effect similar to parallel connection through the arrangement of multiple

tabs, thereby reducing the internal resistance of the battery. For example, a three-tab configuration for negative
electrode tabs (with the negative electrode tabs respectively arranged at two ends and the middle of the negative
electrode sheet) can reduce the internal resistance by approximately 5 mQ compared with a two-tab configuration
(with the negative electrode tabs respectively arranged at two ends of the negative electrode sheet).

[0024] Preferably, the number of positive electrode tabs is greater than the number of negative electrode tabs.
[0025] Preferably, the number of the positive electrode tabs is one more than that of the negative electrode tabs.



CN 108899475 A Description 3/6

[0026] The present invention helps to reduce the output internal resistance of the battery by reasonably setting the
number of positive and negative electrode tabs.
[0027] Preferably, the number of the positive electrode tabs is m, the length of the positive electrode sheet is M, the

number of the negative electrode tabs is n, the length of the negative electrode sheet is N, the distance between the
positive electrode tab near the end of the positive electrode sheet and the end of the electrode sheet is less than or
equal to M/(m+1), and the distance between the negative electrode tab near the end of the negative electrode sheet
and the end of the electrode sheet is less than or equal to N/(n+1).

[0028] By optimizing the positions of the tabs, the present invention moves the positions of the tabs at both ends of
the electrode sheet simultaneously towards the middle, which helps to reduce the internal resistance of the battery. It
can reduce the internal resistance of the battery by 0.5-1 mQ based on the internal resistance of existing batteries,
thereby achieving designs of different internal resistance.

[0029] Preferably, the positive electrode tabs are welded to the positive electrode cap by ultrasonic welding.

[0030] The present invention uses ultrasonic welding, which can effectively reduce the internal resistance of welding
contact between the electrode tabs and the cap.

[0031] Preferably, the separator is a wet-process ceramic separator.

[0032] Preferably, the wet-process ceramic separator comprises a base film and a ceramic coating, wherein the

thickness of the base film is 14 um and the thickness of the ceramic coating is 2 um.

[0033] By using a wet-process ceramic separator, the present invention can effectively avoid safety problems caused
by micro-short circuits due to particle puncture of the separator. Furthermore, by controlling the thickness of the base
film and ceramic coating of the wet-process ceramic separator, the overall mass of the battery is reduced, which is
beneficial to improving the energy density of the battery.

[0034] Compared with the prior art, the present invention has the following beneficial effects: by the rational
configuration of the positive and negative electrode materials of lithium-ion batteries, the positive electrode sheet
reaches its limiting compaction density, and under this condition, the high rate of charge and discharge of the battery
is effectively guaranteed, while the battery capacity is improved and the battery performance is effectively improved;
by setting the position and number of electrode tabs, the internal resistance of the battery is effectively reduced; by
the rational formulation of the battery negative electrode binder, the bonding performance of the negative electrode
binder is improved, and the problem that aqueous styrene-butadiene rubber is prone to emulsification under high
shear rates is solved.

Detailed Description of the Embodiments
[0035] The following are specific embodiments of the present invention, which further describe the technical
solutions of the present invention, but the present invention is not limited to these embodiments.

[0036] Embodiment 1

[0037] The high-energy-density lithium-ion battery in this embodiment comprises a positive electrode sheet, a
negative electrode sheet, and a separator.

[0038] The positive electrode sheet is coated with a positive electrode active material, which comprises the following

components by mass percentage: 3% polyvinylidene fluoride, 1% conductive carbon black, and 96% lithium iron
phosphate, the particle size D5y of lithium iron phosphate is 9-10 um, the compaction density of the positive electrode
sheet is its limiting compaction density of 2.45 g/cm?, and the areal density is 370 g/m>.

[0039] The negative electrode sheet is coated with a negative electrode active material, which comprises the
following components in mass percentage: CMC 1.6%, conductive carbon black 1.5%, graphite 94.9%, styrene-
butadiene emulsion 2%, and the negative electrode sheet has a compaction density of 1.46 g/cm’ and a thickness of
120 pm.

[0040] Here, the styrene content of styrene-butadiene rubber in the styrene-butadiene emulsion is 39%. The styrene-
butadiene rubber emulsion further contains 1.0% by mass of nano-SiO, and 0.6% by mass of silane coupling agent.
The preparation process of the styrene-butadiene emulsion is as follows: first mixing nano-SiO, with a particle size
between 20-70 nm and a silane coupling agent, and then adding them to the styrene-butadiene rubber emulsion. The
negative electrode active material is first made into a slurry and then coated onto the metal foil of the negative
electrode sheet. The slurry preparation process is as follows: first, CMC is dissolved to make a 1.5wt% CMC
solution, then 70wt% CMC solution, conductive carbon black, and graphite are mixed and stirred at 400 rpm for 1.5
h, then the remaining 70wt% CMC solution is added and stirred at 2000 rpm for 1.5 h, and finally styrene-butadiene
rubber emulsion is added and stirred at 2000 rpm for 15 min.
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[0041] Three positive electrode tabs are arranged on the positive electrode sheet at equal intervals, and the positive
electrode tabs are made of aluminum. Assuming the length of the positive electrode sheet is M, the distance between
the positive electrode tab near the end of the positive electrode sheet and the end of the electrode sheet is less than or
equal to M/4. The positive electrode tabs are ultrasonically welded to the positive electrode cap.

[0042] Two negative electrode tabs are arranged at equal intervals on the negative electrode sheet, and the negative
electrode tabs are made of nickel.

[0043] Assuming the length of the negative electrode sheet is N, the distance between the negative electrode tab near
the end of the negative electrode sheet and the end of the electrode sheet is less than or equal to N/3.

[0044] The separator is a wet-process ceramic separator, comprising a 14 um thick base film and a 2 pm thick
ceramic coating.

[0045] Embodiment 2

[0046] The high-energy-density lithium-ion battery in this embodiment comprises a positive electrode sheet, a
negative electrode sheet, and a separator.

[0047] The positive electrode sheet is coated with a positive electrode active material, which comprises the following
components by mass percentage: 2.7% polyvinylidene fluoride, 0.8% conductive carbon black, and 96.5% lithium
iron phosphate, the particle size Dso of lithium iron phosphate is 8-9 um, the compaction density of the positive
electrode sheet is its limiting compaction density of 2.55 g/cm?, and the areal density is 380 g/m?.

[0048] The negative electrode sheet is coated with a negative electrode active material, which comprises the
following components in mass percentage: CMC 1.5%, conductive carbon black 1.4%, graphite 95.2%, and styrene-
butadiene emulsion 1.9%, and the negative electrode sheet has a compaction density of 1.5 g/cm?® and a thickness of
115 pm.

[0049] Here, the styrene content of styrene-butadiene rubber in the styrene-butadiene emulsion is 35%. The styrene-
butadiene rubber emulsion further contains 0.6% by mass of nano-SiO; and 0.2% by mass of silane coupling agent.
The preparation process of the styrene-butadiene emulsion is as follows: first mixing nano-SiO, with a particle size
between 20-70 nm and a silane coupling agent, and then adding them to the styrene-butadiene rubber emulsion. The
negative electrode active material is first made into a slurry and then coated onto the metal foil of the negative
electrode sheet. The slurry preparation process is as follows: first, CMC is dissolved to make a 1.5wt% CMC
solution, then 70wt% CMC solution, conductive carbon black, and graphite are mixed and stirred at 400 rpm for 1.5
h, then the remaining 70wt% CMC solution is added and stirred at 2000 rpm for 1.5 h, and finally styrene-butadiene
rubber emulsion is added and stirred at 2000 rpm for 15 min.

[0050] Three positive electrode tabs are arranged on the positive electrode sheet at equal intervals, and the positive
electrode tabs are made of aluminum. Assuming the length of the positive electrode sheet is M, the distance between
the positive electrode tab near the end of the positive electrode sheet and the end of the electrode sheet is less than or
equal to M/4. The positive electrode tabs are ultrasonically welded to the positive electrode cap.

[0051] Two negative electrode tabs are arranged at equal intervals on the negative electrode sheet, and the negative

electrode tabs are made of nickel.

[0052] Assuming the length of the negative electrode sheet is N, the distance between the negative electrode tab near
the end of the negative electrode sheet and the end of the electrode sheet is less than or equal to N/3.

[0053] The separator is a wet-process ceramic separator, comprising a 14 um thick base film and a 2 pm thick
ceramic coating.

[0054] Embodiment 3

[0055] The high-energy-density lithium-ion battery in this embodiment comprises a positive electrode sheet, a
negative electrode sheet, and a separator.

[0056] The positive electrode sheet is coated with a positive electrode active material, which comprises the following

components by mass percentage: 3.2% polyvinylidene fluoride, 1.3% conductive carbon black, and 96.5% lithium
iron phosphate, the particle size Dso of lithium iron phosphate is 10-11 um, the compaction density of the positive
electrode sheet is its limiting compaction density of 2.4 g/cm?, and the areal density is 360 g/m?.

[0057] The negative electrode sheet is coated with a negative electrode active material, which comprises the
following components in mass percentage: CMC 1.7%, conductive carbon black 1.6%, graphite 94.6%, and styrene-
butadiene emulsion 2.1%, and the negative electrode sheet has a compaction density of 1.4 g/cm?® and a thickness of
125 pm.

[0058] Here, the styrene content of styrene-butadiene rubber in the styrene-butadiene emulsion is 43%. The styrene-
butadiene rubber emulsion further contains 1.3% by mass of nano-SiO, and 0.2-0.8% by mass of silane coupling
agent. The preparation process of the styrene-butadiene emulsion is as follows: first mixing nano-SiO, with a particle
size between 20-70 nm and a silane coupling agent, and then adding them to the styrene-butadiene rubber emulsion.
The negative electrode active material is first made into a slurry and then coated onto the metal foil of the negative

6
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electrode sheet. The slurry preparation process is as follows: first, CMC is dissolved to make a 1.5wt% CMC
solution, then 70wt% CMC solution, conductive carbon black, and graphite are mixed and stirred at 400 rpm for 1.5
h, then the remaining 70wt% CMC solution is added and stirred at 2000 rpm for 1.5 h, and finally styrene-butadiene
rubber emulsion is added and stirred at 2000 rpm for 15 min.

[0059] Three positive electrode tabs are arranged on the positive electrode sheet at equal intervals, and the positive
electrode tabs are made of aluminum. Assuming the length of the positive electrode sheet is M, the distance between
the positive electrode tab near the end of the positive electrode sheet and the end of the electrode sheet is less than or
equal to M/4. The positive electrode tabs are ultrasonically welded to the positive electrode cap.

[0060] Two negative electrode tabs are arranged at equal intervals on the negative electrode sheet, and the
negative electrode tabs are made of nickel.

[0061] Assuming the length of the negative electrode sheet is N, the distance between the negative electrode tab
near the end of the negative electrode sheet and the end of the electrode sheet is less than or equal to N/3.

[0062] The separator is a wet-process ceramic separator, comprising a 14 um thick base film and a 2 pm thick
ceramic coating.

[0063] Comparative Example 1

[0064] The compaction density of the positive electrode sheet is 2.4 g/cm® (not its limiting compaction density), and
the remainder is the same as in Embodiment 1.

[0065] Comparative Example 2

[0066] The particle size Dso of lithium iron phosphate is 12-13 um, and its corresponding limiting compaction density
is 2.33 g/cm’. The remainder is the same as in Embodiment 1.

[0067] Comparative Example 3

[0068] The particle size Dso of lithium iron phosphate is 7-8 um, and its corresponding limiting compaction density is
2.67 g/cm®. The remainder is the same as in Embodiment 1.

[0069] Comparative Example 4

[0070] There are 2 positive electrode tabs and 3 negative electrode tabs, and the remainder is the same as in
Embodiment 1.

[0071] Comparative Example 5

[0072] The distance between the positive electrode tab near the end of the positive electrode sheet and the end of the
electrode sheet is 0.3M, and the remainder is the same as in Embodiment 1.

[0073] Comparative Example 6

[0074] The distance between the negative electrode tab near the end of the negative electrode sheet and the end of the
electrode sheet is 0.35N, and the remainder is the same as in Embodiment 1.

[0075] Comparative Example 7

[0076] The styrene content of styrene-butadiene rubber in the styrene-butadiene emulsion is 45%, and the remainder
is the same as in Embodiment 1.

[0077] Comparative Example 8

[0078] The styrene content of styrene-butadiene rubber in the styrene-butadiene emulsion is 33%, and the remainder
is the same as in Embodiment 1.

[0079] Comparative Example 9

[0080] The styrene-butadiene emulsion does not contain nano-SiO, and silane coupling agent, and the remainder is
the same as in Embodiment 1.

[0081] Comparative Example 10

[0082] The particle size of nano-SiO; in the styrene-butadiene emulsion is 70-100 nm, and the remainder is the same
as in Embodiment 1.

[0083] The performance of the batteries prepared in Embodiments 1-3 and Comparative Examples 1-10 of the present
invention was compared, and the comparison results are shown in Table 1.

[0084] Table 1: Comparison of battery performance in Embodiments 1-3 and Comparative Examples 1-10
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[0085]
. . Internal Discharge capacity
. Performance Capacity Energy density resistance retention rate after 1000
Embodiment (Ah) (Wh/kg) (mQ) cycles at 1C/1C /%
Embodiment 1 4.1 148 33 84.3
Embodiment 2 39 146 35 83.6
Embodiment 3 3.8 143 36 83.5
Comparative Example 1 33 131 38 80.2
[0086]
Comparative Example 2 32 128 37 83.3
Comparative Example 3 4.2 150 43 79.6
Comparative Example 4 4.0 148 35 82.2
Comparative Example 5 4.1 147 34 82.0
Comparative Example 6 4.0 148 35 81.9
Comparative Example 7 3.6 141 39 78.1
Comparative Example 8 3.7 145 38 78.5
Comparative Example 9 3.5 137 40 70.6
Comparative Example 10 3.6 141 38 73.7

[0087] The viscosities of the negative electrode active material slurries prepared in Embodiment 1 and Comparative
Examples 7-10 were compared, and the results are shown in Table 2.

[0088] Table 2: Comparison of viscosity of negative electrode active material slurries in Embodiment 1 and
Comparative Examples 7-10

[0089]
. Comparative Comparative Comparative Comparative
Embodiment 1 Example 7 Example 8 Example 9 Example 10
Viscosity (mpa-s) 722.3 601.8 587.6 379.5 598.2

[0090] As can be seen from Table 2 and the observation of the prepared slurries, the slurry in Comparative Example 8
showed slight demulsification after high-speed stirring, while the slurry in Comparative Example 9 showed obvious
demulsification. The slurry prepared in Comparative Example 7 showed a small amount of agglomeration and poor
shear stability. The slurry in Comparative Example 10 did not show obvious demulsification, but its shear stability
was significantly reduced.

[0091] The negative electrode sheets prepared in Embodiment 1 and Comparative Examples 7-10 were subjected to a
90° right-angle bending test. The results showed that the negative electrode sheet in Embodiment 1 had active
material detachment only after 50 bends, while the active materials in Comparative Examples 7-10 detached after 30,
26, 13 and 29 bends, respectively.

[0092] In summary, the present invention effectively improves the performance of lithium-ion batteries by the
rational configuration of the positive and negative electrode materials and the separator, as well as the settings of the
electrode sheets.

[0093] The specific embodiments described herein are merely illustrative of the spirit of the present invention. Those
skilled in the art to which the present invention pertains may make various modifications or additions to the specific
embodiments described, or use similar methods to replace them, without departing from the spirit of the present
invention or exceeding the scope defined by the appended claims.
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