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(54) Title of Invention

A Non-Aqueous Electrolyte, Its Preparation Method,
and a High-Voltage Lithium-Ion Battery
(57) Abstract

This invention discloses a non-aqueous electrolyte
and its preparation method, along with a high-voltage
lithium-ion battery. The electrolyte mainly includes
organic solvents, conductive lithium salts, and additives.
The organic solvents consist of at least one of the
following: cyclic carbonate solvents, aromatic
hydrocarbon solvents, and linear solvents. The conductive
lithium salt concentration in the organic solvent ranges
from 0.8 to 1.5 mol/L. The additive is used in an amount
ranging from 0.01 to 10.0 wt.%, and it is at least one of the
compounds represented by the general formula (1) below,

Ra
o
’ N\ - S‘s \N g where R and R; are selected from
I T
Ry §9)

any one of hydrogen group, acetoxy, methoxy, ethoxy,
benzene ring, cycloalkyl, Ci-Cs alkenyl, carboxyl, ester,
aliphatic carbonate, and fluorine and chlorine atoms. The
addition of these compounds into the non-aqueous
electrolyte improves the electrode/electrolyte interface
film properties, thereby helping improve the cycle life of
lithium-ion batteries operating at high voltages (greater
than 4.2 V) and mitigate the problem of gas swelling
during high-temperature storage.
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1. A non-aqueous electrolyte, comprising an organic solvent, a conductive lithium salt, and an
additive, wherein the organic solvent is selected from at least one of cyclic carbonate solvents, aromatic
hydrocarbon solvents, and linear solvents, and the additive is a substituted dipyridyl disulfide derivative,
with the following structural formula:

where R; and R» are selected from any one of hydrogen group, acetoxy, methoxy, ethoxy, benzene
ring, cycloalkyl, C-C4 alkenyl, carboxyl, ester, aliphatic carbonate, and fluorine and chlorine atoms.

2. The non-aqueous electrolyte according to claim 1, wherein R; and Rz respectively represent at least
one of methoxy, ethoxy, phenyl, and fluorine atoms.

3. The non-aqueous electrolyte according to claim 1, wherein the substituted dipyridyl disulfide
derivative is at least one of dipyridyl disulfide, bis(4-methoxy-pyridine) disulfide, bis(4-ethoxy-pyridine)
disulfide, bis(4-phenyl-pyridine) disulfide, and bis(4-fluoro-pyridine) disulfide.

4. The non-aqueous electrolyte according to claim 1, wherein the concentration of the conductive
lithium salt in the organic solvent is between 0.8—1.5 mol/L, and the additive is present in an amount of
0.01-10.0% by weight of the organic solvent.

5. The non-aqueous electrolyte according to claim 1, wherein the cyclic carbonate solvent is at least
one of ethylene carbonate, propylene carbonate, fluorinated ethylene carbonate, Y-butyrolactone, and Y-
valerolactone.

6. The non-aqueous electrolyte according to claim 1, wherein the aromatic hydrocarbon solvent is at
least one of benzene, fluorobenzene, difluorobenzene, toluene, trifluorobenzene, and xylene; and the linear
solvent is at least one of dimethyl carbonate, ethyl methyl carbonate, diethyl carbonate, ethyl acetate, methyl
propyl carbonate, ethers, and fluorinated ethers.

7. The non-aqueous electrolyte according to claim 1, wherein the conductive lithium salt is at least
one of LiPF(,, LiBF4, LiSO}CF3, LiClO4, Li(CF3SOZ)2N, and LiC(CF3SOz)3.

8. The non-aqueous electrolyte according to claim 1, wherein it further includes commonly used
additives selected from vinylene carbonate, ethylene vinyl carbonate, fluorinated ethylene carbonate,
propane sultone, butane sultone, adiponitrile, succinonitrile, LiBOB, LiODFB, etc., and wherein these
commonly used additives constitute 0.1-5.0% of the total mass of the electrolyte.

9. A method for preparing the electrolyte, comprising:

(1) mixing the organic solvents in proportion and using 5 A molecular sieves, calcium hydride, and

lithium hydride to remove impurities and moisture;

(2) dissolving the conductive lithium salt in the organic solvents at room temperature, and stirring

uniformly;

(3) adding the commonly used additives and stirring uniformly;

(4) adding the additives to prepare the non-aqueous electrolyte according to any of claims 1-8.

10. A high-voltage lithium-ion battery, comprising a positive electrode, a negative electrode, and a
separator, wherein the positive electrode material is a lithium-containing transition metal oxide, the negative
electrode material is at least one selected from carbon materials capable of lithium ion
intercalation/extraction, lithium metal, silicon, tin, or their oxides; the separator is one of woven fabric,
nonwoven fabric, and synthetic resin microporous membranes; and the lithium-ion battery further includes
the non-aqueous electrolyte according to any of claims 1-9.
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A Non-Aqueous Electrolyte, Its Preparation Method, and a High-Voltage Lithium-Ion Battery

Technical Field

[0001]  This invention relates to the field of an electrolyte and its preparation method, as well as a high-
voltage lithium-ion battery that contains this electrolyte. Specifically, it concerns a non-aqueous electrolyte
and its preparation method, along with a high-voltage lithium-ion battery.

Background Art

[0002]  Currently, non-aqueous secondary batteries, such as lithium-ion batteries, are widely used in
portable electronic devices due to their advantages, including specific energy, compact size, light weight,
no memory effect, and long cycle life. However, as portable electronic devices continue to evolve and the
attention for electric vehicles increases, conventional lithium-ion batteries no longer meet these needs.
[0003]  Currently, researchers focus on developing high-capacity and high-voltage (greater than 4.2V)
positive electrode materials, such as improving the operating voltage of lithium cobalt oxides and lithium
manganese oxides (greater than 4.2V), as well as developing high-voltage lithium nickel manganese
composite oxides. However, these positive electrode materials tend to undergo structural changes at high
operating voltages, causing transition metal dissolution and deposition on the negative electrode.
Additionally, conventional organic electrolytes are more prone to decomposition at high voltages, and these
factors lead to the deterioration of the high-voltage lithium-ion battery performance.

[0004]  Moreover, the negative electrode materials for lithium-ion batteries are typically carbon-based or
alloy materials capable of intercalating/extracting lithium ions, and non-aqueous electrolytes for commercial
batteries are composed of lithium salts and organic carbonate solvents. However, during charging
(especially under high-temperature and high-voltage conditions), the organic carbonate electrolytes undergo
reduction and decomposition at the electrode surfaces as lithium ions intercalate into the negative electrode
material. The solid decomposition products cover the electrode surface, increasing the internal resistance of
the battery. The gaseous decomposition products, such as H,, CO, CO,, CHa4, CHs, C3Hs, C3Hs, etc., lead
to an increase in internal pressure of the battery, causing the battery to swell, impeding the movement of
lithium ions, and resulting in performance degradation.

[0005]  Research has shown that improving the electrode/electrolyte interface properties can effectively
solve the related issues of non-aqueous electrolytes in lithium-ion batteries. The application of functional
additives in the electrolytes of lithium-ion batteries plays a key role in enhancing the interface properties.
This method has been widely researched due to its advantages such as being simple and achieving significant
effects. For instance, the invention patent CN00129234.X improves the discharge capacity retention by
adding diphenyl disulfide derivatives to the electrolyte. Chinese patent application No. 201310279092.7
discloses that thiophene-based thioether compounds can form a polymeric film on the positive electrode
surface, inhibiting the oxidative decomposition of the electrolyte and improving high-voltage performance
of batteries. These organic additives can improve the electrode/electrolyte interface properties, but the
quantity of the additives must be strictly controlled. Additionally, the current development of high-voltage
lithium-ion battery electrolyte additives remains limited, with relatively single-function effects. Therefore,
it is essential to develop novel electrolyte additives to improve the electrode/electrolyte interface properties
of lithium-ion batteries under high-temperature and high-voltage conditions.

Summary of the invention

[0006] In view of the issues in the background art, the objective of this invention is to provide a non-
aqueous electrolyte and its preparation method, which can suppress battery swelling at high temperatures
while maintaining a high discharge capacity retention for the battery.

[0007]  The specific solution is as follows:

[0008] A non-aqueous electrolyte, comprising an organic solvent, a conductive lithium salt, and an
additive, wherein the organic solvent is selected from at least one of cyclic carbonate solvents, aromatic
hydrocarbon solvents, and linear solvents; and the additive is a substituted dipyridyl disulfide derivative,
with the following structural formula:
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[0009]

Ry

[0010]  where R; and R; are selected from any one of hydrogen group, acetoxy, methoxy, ethoxy, benzene
ring, cycloalkyl, C-C4 alkenyl, carboxyl, ester, aliphatic carbonate, and fluorine and chlorine atoms.
[0011] Ri and R, respectively represent at least one of methoxy, ethoxy, phenyl, and fluorine atoms.
[0012]  The substituted dipyridyl disulfide derivative is at least one of dipyridyl disulfide, bis(4-methoxy-
pyridine) disulfide, bis(4-ethoxy-pyridine) disulfide, bis(4-phenyl-pyridine) disulfide, and bis(4-fluoro-
pyridine) disulfide.

[0013] The concentration of the conductive lithium salt in the organic solvent is between 0.8 and 1.5
mol/L, and the additive is present in 0.01-10.0% by weight of the organic solvent.

[0014] The cyclic carbonate solvent is at least one of ethylene carbonate, propylene carbonate,
fluorinated ethylene carbonate, ¥-butyrolactone, and ¥-valerolactone.

[0015] The aromatic hydrocarbon solvent is at least one of benzene, fluorobenzene, difluorobenzene,
toluene, trifluorobenzene, and xylene; and the linear solvent is at least one of dimethyl carbonate, ethyl
methyl carbonate, diethyl carbonate, ethyl acetate, methyl propyl carbonate, ethers, and fluorinated ethers.
[0016] The conductive lithium salt is selected from at least one of LiPFe, LiBF4, LiSO3CF3, LiClOs,
Li(CF3SOz)2N, and LiC(CF3SOz)3.

[0017]  The electrolyte further includes commonly used additives, which are at least one of vinylene
carbonate, ethylene vinyl carbonate, fluorinated ethylene carbonate, propane sultone, butane sultone,
adiponitrile, succinonitrile, LiBOB, LiODFB, etc. These commonly used additives constitute 0.1-5.0% by
weight of the total mass of the non-aqueous electrolyte.

[0018] A method for preparing the electrolyte is as follows:

[0019] (1) Mix the organic solvents in the required proportions and use 5 A molecular sieves, calcium
hydride, and lithium hydride to remove impurities and moisture;

[0020] (2) At room temperature, dissolve the conductive lithium salt in the organic solvents, and stir
uniformly;

[0021]  (3) Add the commonly used additives, and stir uniformly;

[0022]  (4) Add the additives and prepare the non-aqueous electrolyte according to the invention.

[0023]  Another objective of this invention is to provide a high-voltage lithium-ion battery, with the
following specific solution:

[0024] A high-voltage lithium-ion battery, comprising a positive electrode, a negative electrode, and a
separator, wherein the positive electrode material is a lithium-containing transition metal oxide, the negative
electrode material is at least one of carbon materials capable of lithium ion intercalation/extraction, lithium
metal, silicon or tin, and their oxides; the separator is one of woven fabric, nonwoven fabric, and synthetic
resin microporous membrane; and the lithium-ion battery further includes the non-aqueous electrolyte
according to the invention.

[0025] The advantages of this invention are as follows:

[0026] (1) The substituted dipyridyl disulfide derivative additives can improve the electrode/electrolyte
interface properties, reduce the decomposition of the electrolyte, and prevent damage to the electrodes, thus
improving the compatibility between the non-aqueous electrolyte and the active electrode materials;
[0027]  (2) By adding the substituted dipyridyl disulfide derivatives and commonly used additives, an
interface film forms on the electrode surface of the battery, which can reduce the dissolution of transition
metals from the positive electrode, suppress the deposition and reduction of the transition metals on the
negative electrode, and protect the electrode materials, which is beneficial for enhancing the high-
temperature and high-voltage performance of lithium-ion secondary batteries and improving their cycle

4
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stability, while effectively suppressing gas swelling issues within the battery.

DETAILED DESCRIPTION

[0028] The following provides further explanation of the present invention through exemplary
embodiments. However, the scope of the invention should not be limited to the embodiments; any
modifications or changes that do not deviate from the essence of the invention can be understood by those
skilled in the art and are within the scope of this invention's protection.

[0029] Embodiment 1

[0030] A non-aqueous electrolyte for high-voltage lithium-ion batteries, primarily comprising organic
solvents, conductive lithium salts, and additives, where the organic solvent is composed of cyclic carbonate
solvents (ethylene carbonate EC), aromatic hydrocarbon solvents (fluorobenzene FB), and linear carbonate
solvents (ethyl methyl carbonate EMC) in a ratio of EC:EMC:FB = 3:6:1. The conductive lithium salt LiPFs
has a concentration of 1.0 mol/L in the organic solvent, and the commonly used additives include 1.0wt.%
vinylene carbonate and 1.0wt.% propane sultone. The additive is dipyridyl disulfide used at a concentration
of 0.5wt.%.

[0031]  The preparation method for the electrolyte is as follows:

[0032] (1) Mix the organic solvents in the required proportions and use 5 A molecular sieves, calcium
hydride, and lithium hydride to remove impurities and moisture;

[0033]  (2) At room temperature, dissolve the conductive lithium salt in the organic solvents, and stir
uniformly;

[0034]  (3) Add the commonly used additives vinylene carbonate and propane sultone, and stir uniformly;
[0035] (4) Add the dipyridyl disulfide additive to obtain the high-voltage lithium-ion battery non-
aqueous electrolyte of this embodiment.

[0036]  The high-voltage lithium-ion battery electrolyte of this invention was applied to a lithium cobalt
oxide/graphite soft-pack battery. The cycling performance of the lithium cobalt oxide/graphite soft-pack
battery was tested at room temperature with a voltage range of 3.0-4.4V and at a 1C charge/discharge rate.
[0037]  After 200 charge-discharge cycles, the discharge capacity was 90.1% of the initial discharge
capacity.

[0038] Embodiment 2

[0039] A preparation method for the non-aqueous electrolyte for lithium-ion batteries is the same as that
of Embodiment 1, except that 1.0wt.% dipyridyl disulfide was used. The resulting non-aqueous electrolyte
was applied to a full battery and tested for its performance using the same method as that of Embodiment 1.
[0040]  After 200 charge-discharge cycles, the discharge capacity was 91.2% of the initial discharge
capacity.

[0041] Embodiment 3

[0042] A preparation method for the non-aqueous electrolyte for high-voltage lithium-ion batteries is the
same as that of Embodiment 1, except that 3.0 wt.% dipyridyl disulfide was used. The resulting non-aqueous
electrolyte was applied to a full battery and tested for its performance using the same method as that of
Embodiment 1.

[0043]  After 200 charge-discharge cycles, the discharge capacity was 93.1% of the initial discharge
capacity.

[0044] Embodiment 4

[0045] A preparation method for the non-aqueous electrolyte for high-voltage lithium-ion batteries is the
same as that of Embodiment 1, except that 2.0 wt.% bis(4-methoxy-pyridine) disulfide was used. The
resulting non-aqueous electrolyte was applied to a full battery and tested for its performance using the same
method as that of Embodiment 1.

[0046]  After 200 charge-discharge cycles, the discharge capacity was 92.6% of the initial discharge
capacity.

[0047] Embodiment 5

[0048] A preparation method for the non-aqueous electrolyte for high-voltage lithium-ion batteries is the
same as in Embodiment 1, except that 2.0 wt.% bis(4-ethoxy-pyridine) disulfide is used. The resulting non-
aqueous electrolyte was applied to a full battery, and its performance was tested using the same method as
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that of Embodiment 1.
[0049]  After 200 charge-discharge cycles, the discharge capacity was 91.4% of the initial discharge
capacity.
[0050] Embodiment 6
[0051] A preparation method for the non-aqueous electrolyte for high-voltage lithium-ion batteries is the
same as in Embodiment 1, except that 2.0 wt.% bis(4-phenyl-pyridine) disulfide is used. The resulting non-
aqueous electrolyte was applied to a full battery, and its performance was tested using the same method as
that of Embodiment 1.
[0052]  After 200 charge-discharge cycles, the discharge capacity was 93.2% of the initial discharge
capacity.
[0053] Embodiment 7
[0054] A preparation method for the non-aqueous electrolyte for high-voltage lithium-ion batteries is the
same as in Embodiment 1, except that 1.0 wt.% bis(4-fluoro-pyridine) disulfide is used. The resulting non-
aqueous electrolyte was applied to a full battery, and its performance was tested using the same method as
that of Embodiment 1.
[0055]  After 200 charge-discharge cycles, the discharge capacity was 90.5% of the initial discharge
capacity.
[0056] Comparative Example 1
[0057] In this comparative example, the electrolyte for lithium-ion batteries mainly contains the
following ingredients: organic solvents and aromatic hydrocarbon solvents (ethylene carbonate EC, ethyl
methyl carbonate EMC, and fluorobenzene FB in a weight ratio of EC:EMC:FB = 3:6:1), with the
conductive lithium salt LiPFs having a concentration of 1.0 mol/L in the organic solvent.
[0058]  After 200 charge-discharge cycles, the discharge capacity was 73.7% of the initial discharge
capacity.
[0059]  Application Experiment of Embodiments and Comparative Example:
[0060]  Charge-Discharge Testing Conditions: In order to measure the charge-discharge performance of
batteries using the electrolyte prepared according to the present invention, the following procedure was
conducted: lithium cobalt oxide positive electrode sheets and graphite negative electrode sheets were
prepared according to conventional methods. The electrolyte prepared in Embodiment 1 was injected into
these electrode sheets within a glove box, and 053048 soft-pack batteries were assembled. The prepared
053048 soft-pack batteries were tested using the Neware (BS-9300R model) battery testing system for
charge-discharge performance. A battery prepared with the electrolyte from the comparative example was
also tested for comparison. The batteries were cycled at a 1C charge/discharge rate within a voltage range
of 3.0-4.4V. The results from the testing indicated that, after 200 cycles, the lithium-ion batteries prepared
using the electrolyte of the present invention, with the addition of substituted dipyridyl disulfide derivatives,
still maintained a high battery capacity, showing over 20% higher charge-discharge capacity compared to
the batteries prepared with the conventional electrolyte in the comparative example.
[0061] High-temperature expansion performance test: The testing method adopted in the present
invention is as follows:
[0062]  High-temperature storage conditions: The battery is charged at 1C rate to the cutoff voltage, then
charged at constant voltage until the cutoff current is below 0.1C, and end. The battery is stored in a 60°C
high-temperature chamber for 7 days. The expansion rate is calculated using the following formula:
[0063]

(T - To)

TO >

[0064] where T is the battery thickness after high-temperature storage, and Ty is the battery thickness
before high-temperature storage.
[0065]  Test results are shown in Table 1
[0066]

Expansion rate (%) x100

Embodiment  |[Expansion Rate after 7-
Day High-Temperature
Storage

Embodiment 1 2.10%
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Embodiment 2

1.90%

Embodiment 3

1.80%

Embodiment 4

2.00%

Embodiment 5

2.30%

Embodiment 6

2.10%

Embodiment 7

2.00%

Comparative
Example 1

8.70%

[0067] From the above data, it can be concluded that the batteries prepared using the electrolyte of the
present invention exhibit significantly lower expansion rates under high-temperature conditions, which

greatly improves their safety performance.

[0068] The above provides specific descriptions of feasible embodiments of the present invention, but it
should not be construed as limiting the scope of the invention’s protection.
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