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(57) ABSTRACT

Provided are an additive for a lithium-ion battery electrolyte,
an electrolyte comprising same, and a lithium-ion secondary
battery. In particular, provided is an additive used for a
lithium-ion battery electrolyte. The additive comprises a first
additive having the structure of formula (1), each individual
Ar being an aromatic group substituted with the following
substituent groups: a trifluoromethyl group, a trifluorom-
ethyl alkyl group, a methoxy group, a trifluoromethoxy
group, or a trifluoromethyl alkoxy group, at least one of the
substituent groups being a trifluoromethyl group, a trifluo-
romethyl alkyl group, a trifluoromethoxy group, or a trif-
Iuoromethyl alkoxy group; and optionally, a second additive
having the structure of formula (2), R representing a divalent
saturated or unsaturated hydrocarbon group. Also disclosed
are an electrolyte for a lithium-ion battery containing the
additive, and a lithium-ion battery containing the electrolyte.
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ADDITIVE FOR LITHIUM-ION BATTERY
ELECTROLYTE, ELECTROLYTE, AND
LITHIUM-ION SECONDARY BATTERY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of PCT
patent application no. PCT/CN2022/109429, filed on Aug.
1, 2022, which claims priority to Chinese patent application
no. 202111166334.2, filed on Sep. 30, 2021, the entire
contents of which are incorporated herein by reference.

BACKGROUND

[0002] The present application relates to the field of
lithium-ion secondary batteries, and in particular to an
additive for a lithium-ion battery electrolyte, an electrolyte
containing the same, and a lithium-ion secondary battery.

[0003] In recent years, with the continuous development
of electronic technology, the requirements for battery
devices for supporting energy supply of electronic equip-
ment are also continuously increased. Nowadays, there is a
need for batteries that can store more electric energy and
output a high power. Traditional lead-acid batteries and
nickel-metal hydride batteries can no longer meet the
requirements of new electronic products. Therefore, lithium
batteries have attracted extensive attention. In the develop-
ment process of lithium batteries, the capacity and properties
thereof have been effectively improved.

[0004] In lithium-ion batteries, ternary positive electrode
materials have become a hot spot in research and develop-
ment because of their high specific capacity for use in
electric tools and electric vehicles. Therefore, the perfor-
mance of ternary materials in terms of safety, especially the
comprehensive performance under a high voltage and a high
temperature is very important. At present, the common
problems of ternary materials include poor cycle perfor-
mance at a high temperature, more side reactions on the
electrode interface, and phase transition at a high voltage
leading to oxygen evolution in the lattice, and therefore
battery performance becomes degraded. An electrolyte, as a
carrier for lithium-ion conduction, is mainly composed of an
organic solvent, a lithium salt and a functional additive. The
traditional electrolyte system is mainly improved for the
negative electrode, but not enough for the positive electrode.
Especially under a high voltage, the stability of a solvent and
an additive is poor, resulting in rapid deterioration of battery
performance. Further, under high temperature conditions,
especially under the instantancous high-rate discharge of
electric vehicles the electrolyte can be further deteriorated.
In summary, the oxidation resistance of electrolytes and
electrolyte additives for positive electrode materials is an
urgent problem to be solved.

SUMMARY

[0005] The present application, in an embodiment, relates
to providing an additive for a lithium-ion battery electrolyte,
an electrolyte and a lithium-ion secondary battery containing
same, to solve the problem of poor oxidation resistance and
cycle performance of lithium-ion batteries in the prior art
under a high temperature and a high pressure.
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[0006] According to an embodiment, provided is an addi-
tive for a lithium-ion battery electrolyte, wherein the addi-
tive comprises a first additive having a structure of following
formula (1):

M

Ar
\
(6]
Ar (6] P/
o
/O
Ar
[0007] wherein each Ar is independently an aromatic

group substituted with at least one substituents as follows: a
trifluoromethyl group, a trifluoromethyl alkyl group, a
methoxy group, a trifluoromethoxy group, or a trifluorom-
ethyl alkoxy group, wherein at least one of the at least one
substituents is a trifluoromethyl group, a trifluoromethyl
alkyl group, a trifluoromethoxy group, or a trifluoromethyl
alkoxy group, and

[0008] optionally a second additive having a structure of
following formula (2):

"~

[0009] wherein R represents a divalent saturated or
unsaturated hydrocarbon group.

[0010] Further, in the additives above, in formula (I), the
aromatic group is a phenyl group, a naphthyl group, or an
anthracyl group.

[0011] Further, among the additives above, the first addi-
tive is any one selected from:
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[0012] and the second additive is any one selected from:

O

O >
=<j

0 0 0,
.

Oz EOE _0, ad O 0 0.
[0013] According to another embodiment, provided is an
electrolyte for a lithium-ion battery, wherein the electrolyte
comprises an additive according to the aspects above, an
organic solvent, and a lithium salt.

[0014] Further, in the electrolyte, based on 100 parts by
weight of the organic solvent and the lithium salt, the
amount of the first additive is in the range of 0.5 parts by
weight to 4 parts by weight according to an embodiment.
[0015] Further, in the electrolyte, based on 100 parts by
weight of the organic solvent and the lithium salt, the
amount of the first additive is in the range of 0.5 parts by
weight to 2 parts by weight according to an embodiment.
[0016] Further, in the electrolyte, when the second addi-
tive exists, based on 100 parts by weight of the organic
solvent and lithium salt, the amount of the second additive
is in the range of 0.5 parts by weight to 2 parts by weight
according to an embodiment.

[0017] Further, in the electrolyte, the organic solvent com-
prises a cyclic carbonate, a linear carbonate, or any combi-
nation thereof according to an embodiment.

[0018] Further, in the electrolyte, the lithium salt is
selected from the group consisting of LiCl, LiBr, LiPFg,
LiBF,, LiASF,, LiClO,, LiB(C4Hs),, LiCH,;S0;,
LiCF,S0O,, LiN(SO.CF;),, LiC(SO,CF;);, LiAIClL,,
Li,SiF,, or combinations thereof according to an embodi-
ment.

[0019] According to another embodiment, provided is a
lithium-ion secondary battery, comprising: a positive elec-
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trode plate, a negative electrode plate, a separator, and the
electrolyte according to the above-mentioned aspects of the
invention.

[0020] The additive for a lithium-ion battery electrolyte,
the electrolyte containing the same, and the lithium-ion
secondary battery achieve the effects of improving the
electrochemical performance, especially the oxidation resis-
tance and cycle performance under a high temperature and
a high pressure of a lithium-ion battery according to an
embodiment.

DETAILED DESCRIPTION

[0021] The present application relates to providing an
additive for a lithium-ion battery electrolyte, an electrolyte
and a lithium-ion secondary battery containing same.
[0022] It should be noted that, to the extent applicable,
various embodiments in the present application and features
in the various embodiments can be combined with each
other. The present application will be described in further
detail below including in conjunction with the examples.
[0023] In electrolytes for lithium-ion batteries, phospho-
rus-based compounds have received extensive attention as
flame-retardant additives to improve safety, especially phos-
phate compounds are currently the hotspot of development.
However, phosphate compounds with simple structures can
form thick SEI film on the electrodes after decomposition,
which will increase the internal resistance of the battery and
deteriorate the cycle performance. Therefore, the introduc-
tion of a fluorinated functional group substituent is often
used to improve the oxidation resistance, solubility and
wettability of additives.

[0024] It is generally believed that the SEI film formed by
the decomposition of a phosphate introduced with a sub-
stituent of a linear structure is relatively flufty, which is not
conducive to the stability of the interface, and the SEI film
is prone to rupture during cycling, and its excessive repeated
growth forms an overly thick SEI film. On the other hand,
a phosphate having a substituent of a branched chain struc-
ture can be decomposed to form a denser and more stable
SEI film. For example, in tris(hexafluoroisopropyl)phos-
phate, trifluoromethyl group is introduced as a branched
chain structure, and the electron-withdrawing effect of the
trifluoromethyl group will induce the decomposition of the
phosphate (i.e. hydrolysis of the phosphate), thereby form-
ing an SEI film to protect the electrodes. However, accord-
ing to experimental analysis, tris(thexafluoroisopropyl)phos-
phate will produce hexafluoroisopropanol CF;CH(OH)CF,
during the decomposition process, which is a fluoroalcohol
compound produced by the hydrolysis of the fluorophos-
phate. Such fluoroalcohol compound contains active hydro-
gen atoms in its molecule, and will generate compounds
such as lithium carboxylate or lithium alkoxide during the
first charging and discharging process of a battery. These
compounds have certain solubility in an organic solvent, so
they will cause the instability of the SEI film, reduce the
conductivity of lithium ions, and thus reduce the cycle
efficiency of a battery, and their reaction with metal lithium
will also increase the irreversible capacity of the battery.
Such fluoroalcohol compound therefore leads to a decrease
in cycle efficiency and cycle stability. Therefore, it is nec-
essary to eliminate or suppress the generation of the fluo-
roalcohol compound.

[0025] The present application, in an embodiment, relates
to providing an additive for a lithium-ion battery electrolyte
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in view of the deficiencies in the prior art, which can inhibit
the generation of a fluoroalcohol compound during the
decomposition of the above-mentioned fluorophosphate
additive, and effectively remove the generated fluoroalcohol
compound.

[0026] According to an embodiment of the present appli-
cation, provided is an additive for a lithium-ion battery
electrolyte, wherein the additive comprises a first additive
having a structure of the following formula (1)

M

Ar
\
(6]
Ar—O—P/
o
(6]
/
Ar
[0027] wherein each Ar is independently an aromatic

group substituted with at least one substituents as follows: a
trifluoromethyl group, a trifluoromethyl alkyl group, a
methoxy group, a trifluoromethoxy group, or a trifluorom-
ethyl alkoxy group, wherein at least one of the at least one
substituent is a trifluoromethyl group, a trifluoromethyl alkyl
group, a trifluoromethoxy group, or a trifluoromethyl alkoxy
group, and

[0028] optionally a second additive having a structure of
following formula (2):

"~

[0029] wherein R represents a divalent saturated or
unsaturated hydrocarbon group.

[0030] In an embodiment of the present application, the
first additive is any one selected from:
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[0031] and optionally, the second additive is any one
selected from:

©

(10)

(n

12)

[0032] The inventors have found through research that the
fluorine-containing phosphate additive of formula (1)
according to the present technology can be decomposed on
the surface of the electrode to form a stable SEI film, thereby
inhibiting the oxidative decomposition of the electrolyte at
the positive electrode and inhibiting the dissolution of metal
ions. Moreover, the stable phosphate can inhibit the evolu-
tion of oxygen, thereby inhibiting the gas production and the
volume growth of the battery, stabilizing the positive elec-
trode and improving the electrochemical performance of the
battery at a high temperature. On the other hand, the
introduction of a fluorine-containing group, especially a
trifluoromethyl group, can improve the solubility and wet-
tability of the additive, and further enhance the oxidation
resistance of the phosphate, thereby improving the high-
temperature and low-temperature characteristics of the bat-
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tery. In addition, the ionic conductivity can be improved to
improve the rate capability of the battery.

[0033] The reaction mechanism wherein the additive of
the present invention (taking the compound of formula (3) as
an example) is attacked by the nucleophile (Nu-) during the
battery cycle and decomposes on the electrode surface to
form an SEI film is as follows:

FsC
CF;
|
Nu + O—ﬁ—O —_—
(6]
CF;
CF;.
|
mc@—m + -o—ﬁ—o
(6]
CF;
[0034] In addition, as for the problem that a fluorophos-

phate additive decomposes to produce a fluoroalcohol com-
pound and deteriorates battery performance, the inventors
have found that the hydrolysis of the phosphate is the main
cause of the problem, and the strong electron-withdrawing
effect of the fluorine-containing group in the fluorophos-
phate additive will activate the decomposition reaction.
[0035] Therefore, an aromatic ring side chain, such as a
phenyl group, a naphthyl group or an anthracyl group, is
introduced into the first additive of formula (1) according to
an embodiment. The steric hindrance effect of the aromatic
group can effectively weaken the strong electron-withdraw-
ing effect of the trifluoromethyl group, and inhibits the
hydrolysis reaction of the phosphate, thereby reducing the
generation of a fluoroalcohol compound and protecting the
electrode from the compound, so as to improve the cycle
efficiency and cycle stability of the battery.

[0036] In addition, the introduction of the aromatic group
into the first additive of formula (1) of the invention can
weaken the addition ability of the reaction site of the first
additive, thereby preventing the problem that the SEI film is
too thick due to excessive polymerization of the first addi-
tive and improving the rate capability and cycle character-
istics of the battery.

[0037] In an embodiment, adding the second cyclic dian-
hydride additive of formula (2) can effectively remove the
fluoroalcohol compound produced by the decomposition of
the first additive of formula (1) through esterification, and
further eliminate its degrading effect on the battery perfor-
mance.
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[0038] The reaction of the second cyclic dianhydride
additive (taking the compound of formula (9) as an example)
with the fluoroalcohol compound (taking hexafluoroisopro-
panol as an example) is as follows:

OH
0, O, 0
H
0
F3C 0
Y OH.

CF; O

[0039] It should be noted that a conventional esterification
reaction requires alkali catalysis, but in an electrolyte, an
alkaline environment cannot be guaranteed due to the
decomposition of a lithium salt to generate HF during the
battery cycle.

[0040] In the present technology, the weak alkalinity of
LiPF; in the lithium battery electrolyte is utilized, and the
dianhydride additive with high reactivity is used to complete
the esterification reaction and effectively remove the fluo-
roalcohol compound, thereby improving the cycle charac-
teristic of the battery. Moreover, the decomposition product
of the second additive of formula (2) of the present tech-
nology and the decomposition product of the first additive of
formula (1) can be esterfied to form an ester compound
containing an aryl group, which can improve the wettability
of the electrodes and separator and improve the compatibil-
ity with the cyclic carbonate solvent in the electrolyte,
thereby reducing the internal resistance of the battery and
improving cycle characteristics.

[0041] In addition, the second dianhydride additive of
formula (2) of the present technology has high water absorp-
tion, which is beneficial for removing and effectively con-
trolling the moisture in the electrolyte system. Therefore, it
can inhibit the decomposition of LiPF, in the electrolyte,
thereby inhibiting battery performance deterioration due to
HF generation, and ensuring proceeding of the esterification
reaction. Further, the hydrolysis reaction of the fluorophos-
phate is inhibited, and the production of the fluoroalcohol
compound is further inhibited.

[0042] It can be determined from the description above
that by adding the second additive of formula (2) of the
present technology, a synergistic effect can be produced with
the first additive of formula (1), thereby improving the
performance of the battery more effectively.

[0043] In a further embodiment, there is no carbon-carbon
double bond in the compound of formula (9) and formula
(12), so that the compounds have higher reactivity, and are
easier to undergo an esterification reaction to remove the
fluoroalcohol compound.

[0044] According to another embodiment, provided is an
electrolyte for a lithium-ion battery, comprising the addi-
tives according to the various aspects of the invention, an
organic solvent, and a lithium salt. The amount of the first
additive is in the range of 0.5 parts by weight to 4 parts by
weight based on 100 parts by weight of the organic solvent
and the lithium salt. Preferably, the amount of the first
additive is in the range of 0.5 parts by weight to 2 parts by
weight based on 100 parts by weight of the organic solvent
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and the lithium salt. As described in detail in the following
examples, when the amount of the first additive is lower than
this range, the cycle retention rate and volume growth rate
of the battery are adversely affected; and when the amount
of the first additive is higher than this range, the cycle
retention rate and volume growth rate of the battery are
adversely affected, and at the same time the costs of the
electrolyte are increased.

[0045] In addition, in a further embodiment, there is a
second additive in the electrolyte for a lithium-ion battery,
the amount of the second additive is in the range of 0.5 parts
by weight to 2 parts by weight based on 100 parts by weight
of the organic solvent and lithium salt. As described in detail
in the following examples, when the amount of the second
additive is lower than this range, the cycle retention rate and
volume growth rate of the battery are adversely affected; and
when the amount of the second additive is higher than this
range, the costs of the electrolyte are unnecessarily
increased.

[0046] According to a further embodiment of the present
application, the organic solvent used in the electrolyte of the
lithium-ion battery comprises a cyclic carbonate, a linear
carbonate, or any combination thereof.

[0047] In an embodiment, the organic solvent is selected
from propylene carbonate, butylene carbonate, fluoroethyl-
ene carbonate, ethylene carbonate, diethyl carbonate, dipro-
pyl carbonate, ethyl methyl carbonate, dimethyl carbonate,
or combinations thereof.

[0048] As described above, by using the first additive of
formula (1) and the second additive of formula (2) of the
present technology, the compatibility with the cyclic car-
bonate solvent in the electrolyte can be improved, thereby
reducing the internal resistance of the battery and improving
cycle characteristics. In addition, by adding the additives of
the invention to an electrolyte comprising a cyclic carbonate
solvent, a linear carbonate solvent and a lithium salt, it is
possible to overcome the problem in the prior art that a
fluorophosphate additive decomposes to produce a fluoro-
alcohol compound, thereby improving the cycle efficiency
and cycle stability of the battery.

[0049] According to an embodiment, the lithium salt in the
electrolyte for a lithium-ion battery of the invention is
selected from the group consisting of LiCl, LiBr, LiPFq,
LiBF,, LiASF,, LiClO,, LiB(C4Hs),, LiCH;S0;,
LiCF;80,, LiN(SO,CF,),, LiC(SO,CF;),, LiAICl,,
Li,SiF,, or combinations thereof. As described above, the
additive of the invention utilizes the weak alkalinity of
LiPF; in the lithium battery electrolyte for esterification,
effectively removes the fluoroalcohol compound, and inhib-
its the decomposition of LiPF in the electrolyte, thereby
inhibiting the deterioration of the battery performance
caused by HF generation and improving the cycle charac-
teristics of the battery.

[0050] According to another embodiment, provided is a
lithium-ion secondary battery, comprising: a positive elec-
trode plate, a negative electrode plate, a separator, and the
electrolyte.

[0051] In an embodiment, the lithium-ion secondary bat-
tery of the invention is prepared as further detailed below.
[0052] Preparation of a positive electrode plate: A positive
electrode active material, a conductive agent, a binder, and
a dispersant are mixed to obtain a positive electrode mixture,
and the positive electrode mixture is dispersed in a solvent
to obtain a positive electrode mixture slurry. Then, the
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positive electrode mixture slurry is coated onto a positive
electrode current collector such as aluminum foil, dried, and
pressed to form a positive electrode plate.

[0053] Preparation of a negative electrode plate: A nega-
tive electrode active material, a conductive agent, a binder,
and water are stirred to prepare a negative electrode slurry.
The negative electrode slurry is then coated onto a negative
electrode current collector such as copper foil, dried, and
pressed to form a negative electrode plate.

[0054] Preparation of an electrolyte: The above-men-
tioned organic solvent, lithium salt, and additives are mixed
to prepare an electrolyte.

[0055] Assembly of battery: The positive electrode plate
prepared in the described step as a positive electrode, the
negative electrode plate prepared in the described step as a
negative electrode, and the electrolyte, a separator, and a
battery housing are assembled into a battery.

[0056] The present application, in an embodiment, will be
described in further detail below in conjunction with
examples, where the present application is not limited
thereto.

Comparative Example

[0057] A lithium-ion battery used in the Comparative
example is prepared by the following procedure.

[0058] Preparation of a positive electrode plate: A positive
electrode active material nickel cobalt lithium aluminate
NCA (specifically LiNi, ;Co, ;5Al, 0s0,) (95.50 g), con-
ductive carbon black (2.50 g), a binder polyvinylidene
fluoride (1.90 g), and a dispersant polyvinylpyrrolidone
(0.10 g) were mixed to obtain a positive electrode mixture,
and the positive electrode mixture was dispersed in N-meth-
ylpyrrolidone to obtain a positive electrode mixture slurry.
The positive electrode mixture slurry was then coated onto
a positive electrode collector made of aluminum foil, dried,
and pressed to form a positive electrode plate.

[0059] Preparation of a negative electrode plate: A mixture
(95.85 g) of a negative electrode active material silicon
oxide and graphite powder (wherein the weight ratio of
silicon oxide to graphite is 9: 1), conductive carbon black
(1.00 g), binders carboxymethylcellulose and styrene-buta-
diene latex (3.15 g), and an appropriate amount of water
were stirred to prepare a negative electrode mixture slurry.
Then, the negative electrode mixture slurry was uniformly
coated onto the negative electrode current collector made of
copper foil, dried, and pressed to form a negative electrode
plate.

[0060] Preparation of an electrolyte: Ethylene carbonate
(20.00 g), dimethyl carbonate (62.00 g), and lithium
hexafluorophosphate (18.00 g) were mixed to prepare a
basic electrolyte.

[0061] Battery assembly: a CR2016 button battery was
assembled in a dry laboratory. The positive electrode plate
prepared by the steps above as the positive electrode, the
negative electrode plate as the negative electrode, and the
electrolyte, a separator and a battery housing of a button
battery were assembled. After the battery was assembled, it
was left to age for 12 hours to obtain an NCA button battery.

Examples 1-14

[0062] Lithium-ion batteries of Examples 1-14 were pre-
pared using the same procedure as the Comparative example
above. The difference is that in Examples 1-14, in the
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preparation step of the electrolyte, ethylene carbonate (20.00
g), dimethyl carbonate (62.00 g), and lithium hexafluoro-
phosphate (18.00 g) were mixed to prepare a basic electro-
lyte, and additive A1 (i.e. the compound of formula (3) of the
invention), additive A2 (i.e. the compound of formula (4) of
the invention), and/or additive B (i.e. the compound of
formula (9) of the invention) were added to the 100.00 g of
prepared basic electrolyte. The amount of various additives
added to 100.00 g of the basic electrolyte is shown in Table
1.

TABLE 1

Additives and addition amounts thereof in 100.00
g of the basic electrolyte in the examples

Additive Al Additive A2 Additive B

(@ ® (@
Comparative 0 0 0
example
Example 1 0.50 0 0.50
Example 2 1.00 0 1.00
Example 3 2.00 0 1.00
Example 4 4.00 0 2.00
Example 5 5.00 0 2.00
Example 6 0.10 0 0.10
Example 7 0 0.50 0.50
Example 8 0 1.00 1.00
Example 9 0 2.00 1.00
Example 10 0 4.00 2.00
Example 11 0 5.00 2.00
Example 12 0 0.10 0.10
Example 13 1.00 0 0
Example 14 0 1.00 0

Battery Performance Test
[0063] For the batteries prepared in the Comparative

example and Examples 1-14, charging and discharging tests
and impedance tests were performed at room temperature
and at 2.5-4.25 V.

[0064] First, 0.1 C cycle test was performed at 25° C. for
1 cycle, and then 5 C cycle test was performed at 60° C. for
100 cycles. The capacity of the battery before and after the
cycle test at 60° C. was measured respectively to determine
the cycle retention rate of the battery at 60° C., and the
volume of the battery before and after the cycle test was
measured respectively to determine the volume growth rate
of the battery. In addition, 10 C cycle test was performed at
25° C. The capacity of the battery before and after the cycle
test at 25° C. was measured respectively to determine the
cycle retention rate of the battery at 25° C.

Volume growth rate [%]=((battery volume after the
100th cycle-battery volume before the 1st
cycle)/battery volume before the 1st cycle)x100

Cycle retention rate [%]=(discharge capacity of the
100th cycle/discharge capacity of the 1st
cycle)x100

[0065] For the batteries prepared in the Comparative
example and Examples 1-14, the results obtained in the tests
above are shown in Table 2.

Jun. 20, 2024

TABLE 2

The electrical performance test results of examples

Volume
growth rate of
the battery (%)

5 C cycle
retention rate
at 60° C. (%)

10 C cycle
retention rate

Test number at 25° C. (%)

Comparative 70.34 48.14 25.65
example

Example 1 72.51 51.60 24.01
Example 2 75.36 57.13 22.48
Example 3 71.94 50.69 21.73
Example 4 70.97 49.83 23.81
Example 5 61.40 38.45 19.16
Example 6 68.72 50.17 26.63
Example 7 73.11 52.78 24.59
Example 8 74.87 56.43 22.87
Example 9 72.31 51.64 21.08
Example 10 71.31 49.52 23.11
Example 11 60.25 37.42 20.72
Example 12 69.43 47.86 26.37
Example 13 71.47 50.21 22.64
Example 14 71.55 51.14 23.14
[0066] In the table 2 above, by respectively comparing the

results of Example 13 (only using the first additive Al of
formula (3)) and Example 14 (only using the first additive
A2 of formula (4)) and the Comparative example, it can be
determined that, compared with the lithium-ion battery
made using the electrolyte without the additive of the
invention (Comparative example), the lithium-ion batteries
made using the electrolyte containing the first additive of the
invention (Example 13 and Example 14) show improve-
ments in terms of 5 C cycle retention rate at 60° C., 10 C
cycle retention rate at 25° C., and cell volume growth rate,
respectively.

[0067] In addition, by respectively comparing the results
of Example 2 (using the first additive Al of formula (3) and
the second additive B of formula (9)) and Example 13 (only
using the first additive Al of formula (3)), as well as
Example 8 (using the first additive Al of formula (4) and the
second additive B of formula (9)) and Example 14 (only
using the first additive A2 of formula (4)), it can be deter-
mined that, compared with the lithium-ion battery made
using the electrolyte containing only the first additive, the
lithium-ion battery made using the electrolyte of the com-
bination of the first additive and the second additive shows
further improvements in terms of 5 C cycle retention rate at
60° C., 10 C cycle retention rate at 25° C., and cell volume
growth rate, respectively.

[0068] In addition, by respectively comparing the results
of Examples 1-4 (using the first additive Al of formula (3)
and the second additive B of formula (9), and the amount of
Al is in the range of 0.50-4.00 g) and Examples 5-6 (using
the first additive A1 of formula (3) and the second additive
B of formula (9), but the amount of A1l is 5.00 g or 0.10 g),
as well as Examples 7-10 (using the first additive A2 of
formula (4) and the second additive B of formula (9), and the
amount of A2 is in the scope of 0.50-4.00 g) and Examples
11-12 (using the first additive A2 of formula (4) and the
second additive B of formula (9), but the amount of A2 is
5.00 g or 0.10 g), it can be determined that when the amounts
of the first additive and the second additive in 100 g of the
basic electrolyte are in the range of 0.5 to 4 g and 0.5 to 2
g respectively, the corresponding lithium-ion batteries show
even better performance in terms of 5 C cycle retention rate
at 60° C. and 10 C cycle retention rate at 25° C. Especially
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when the amount of the first additive in 100 g of the basic
electrolyte is in the range of 0.5 to 2 g (Examples 1-3 and
7-9), the corresponding lithium-ion batteries show particu-
larly excellent performance in terms of 5 C cycle retention
rate at 60° C. and 10 C cycle retention rate at 25° C.

[0069] The results of Example 5 and Example 11 show
that when the content of the first additive in 100 g of the
basic electrolyte is higher than 4 g, although the volume
growth rate of the batteries is improved compared with
Examples 1-4 and 7-10, the 5 C cycle retention rate at 60°
C. and the 10 C cycle retention rate at 25° C. are signifi-
cantly worse than those of Examples 1-4 and 7-10, and only
the volume growth rate of the batteries is slightly better than
that of the Comparative example.

[0070] The results of Example 6 and Example 12 show
that when the content of the first additive and the second
additive in 100 g of the basic electrolyte is lower than 0.5 g,
compared with Examples 1-4 and Examples 7-10, respec-
tively, the 5 C cycle retention rate at 60° C., the 10 C cycle
retention rate at 25° C., and the volume growth rate of the
batteries deteriorated, and only the 10 C cycle retention rate
at 25° C. was slightly better than that of the Comparative
example.

[0071] In summary, by adding the first additive and the
optional second additive of the invention in the electrolyte of
the lithium-ion battery, especially adding the first additive
and the second additive of the invention in the specific
amount limited by the invention, high-temperature cycle
performance of lithium-ion batteries can be effectively
improved.

[0072] It should be understood that various changes and
modifications to the embodiments described herein will be
apparent to those skilled in the art. Such changes and
modifications can be made without departing from the spirit
and scope of the present subject matter and without dimin-
ishing its intended advantages. It is therefore intended that
such changes and modifications be covered by the appended
claims.

1. An additive for a lithium-ion battery electrolyte, the

additive comprising a first additive having a structure of
formula (1):

M

&

Ar—O—

o_//""\o/

/
Ar

wherein each Ar is independently an aromatic group
substituted with at least one substituent of a trifluo-
romethyl group, a trifluoromethyl alkyl group, a
methoxy group, a trifluoromethoxy group, or a trifluo-
romethyl alkoxy group, wherein at least one of the at
least one substituent is a trifluoromethyl group, a trif-
luoromethyl alkyl group, a trifluoromethoxy group, or
a trifluoromethyl alkoxy group, and

optionally a second additive having a structure of the
following formula (2),
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@
OX YO
R

wherein R represents a divalent saturated or unsaturated
hydrocarbon group.

2. The additive according to claim 1, wherein, the aro-
matic group is a phenyl group, a naphthyl group, or an
anthracyl group.

3. The additive according to claim 1, wherein the first
additive is any one selected from:

F
F F
O\P/O
/\
O O
F
F F,
F
F F
F F
F F
F F
O (6]
F Np#
F /\
O O F
F F,
F
F F F
F
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CF; CH;
H;C—O CF;
(0]
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(l) CF;
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(6]
CF;

FsC 0—CH,
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and optionally, the second additive is any one selected
from:

O
o) 0, 0 0,
O
—
O EOE 0, ad O 0 0.
4. An electrolyte for a lithium-ion battery, comprising the
additive of claim 1, an organic solvent, and a lithium salt.

5. The electrolyte according to claim 4, wherein the
amount of the first additive is in the range of 0.5 parts by
weight to 4 parts by weight, based on 100 parts by weight
of the organic solvent and the lithium salt.

6. The electrolyte according to claim 5, wherein the
amount of the first additive is in the range of 0.5 parts by
weight to 2 parts by weight, based on 100 parts by weight
of the organic solvent and the lithium salt.

7. The electrolyte according to claim 4, wherein the
amount of the second additive is in the range of 0.5 parts by
weight to 2 parts by weight, based on 100 parts by weight
of the organic solvent and the lithium salt.

8. The electrolyte according to claim 4, wherein the
organic solvent comprises a cyclic carbonate, a linear car-
bonate, or any combination thereof.

9. The electrolyte according to claim 4, wherein the
lithium salt is selected from the group consisting of LiCl,
LiBr, LiPF, LiBF,, LiASF,, LiClO,, LiB(CsHs),,
LiCH,SO,, LiCF,;S0,, LiN(SO,CF,),, LiC(SO,CF,),,
LiAlICl,, Li,SiF, or combinations thereof.

10. A lithium-ion secondary battery, comprising:
a positive electrode plate,

a negative electrode plate,

a separator, and

the electrolyte according to claim 4.
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