
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
16

0 
77

4
A

1
*EP004160774A1*

(11) EP 4 160 774 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
05.04.2023 Bulletin 2023/14

(21) Application number: 21946271.0

(22) Date of filing: 23.06.2021

(51) International Patent Classification (IPC):
H01M 10/0567 (2010.01) H01M 10/052 (2010.01)

(52) Cooperative Patent Classification (CPC): 
H01M 10/052; H01M 10/0567; Y02E 60/10 

(86) International application number: 
PCT/CN2021/101835

(87) International publication number: 
WO 2022/266886 (29.12.2022 Gazette 2022/52)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(71) Applicant: Contemporary Amperex Technology 
Co., Limited
Ningde, Fujian 352100 (CN)

(72) Inventors:  
• WU, Zeli

Ningde, Fujian 352100 (CN)
• HAN, Changlong

Ningde, Fujian 352100 (CN)
• HUANG, Lei

Ningde, Fujian 352100 (CN)
• AI, Zhiyong

Ningde, Fujian 352100 (CN)

(74) Representative: Gong, Jinping
CocreateIP 
Eggenfeldenerstraße 56
81929 München (DE)

(54) PREPARATION METHOD FOR SEI MEMBRANE-LIKE COMPONENT ADDITIVE, 
ELECTROLYTE, LITHIUM ION BATTERY, BATTERY MODULE, BATTERY PACK, AND 
ELECTRIC DEVICE

(57) The present application provides a method for
preparing an SEI (solid electrolyte interphase)-like film
component additive, and an electrolyte solution compris-
ing the SEI-like film component additive prepared by the
method. Compared with a conventional electrolyte solu-
tion (electrolyte solution without adding SEI-like film com-
ponent additive), the electrolyte solution of the present
application can prevent the loss of the effective ingredi-
ents caused by the dissolution of the SEI film on the neg-
ative electrode in the electrolyte solution during battery

storage and use, and the electrolyte solution of the
present application can also timely supplement the lost
or damaged SEI film with effective ingredients, so that
the damaged parts of the SEI film are quickly and timely
supplemented, thereby significantly improving the unde-
sirable situations such as decomposition of electrolyte
solution, increased side reactions, large gas production,
loss of active lithium and the like caused by SEI film dam-
age, thus significantly improving the cycling performance
and safety performance of the battery.
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Description

Technical Field

[0001] The present application relates to the field of electrochemistry, and in particular to a method for preparing an
SEI (solid electrolyte interphase)-like film component additive, as well as an electrolyte solution comprising the SEI-like
film component additive prepared by the method, a lithium-ion battery, a battery module, a battery pack, and a powered
device comprising the same.

Background Art

[0002] With the rapid development of new energy fields, lithium-ion batteries are widely used in various large power
plants, energy storage systems and various consumer products, especially in the field of new energy vehicles such as
all-electric vehicles and hybrid electric vehicles by virtue of their excellent electrochemical performance, memoryless
effect, less environmental pollution and other advantages.
[0003] During the first charging of a lithium-ion battery, electrolyte solvent and lithium salt will form an SEI (solid
electrolyte interphase) film on the surface of negative electrode, which is of great importance for the functioning of the
electrochemical performance of lithium ions. However, during battery storage or use, the effective components of the
SEI film are not stably present, and when the structure of the SEI film itself is damaged, the stability at the interphase
between the negative electrode active material and the electrolyte solution will be damaged, side reactions inside the
battery will be intensified, and the cycling performance and safety performance of the battery will be adversely affected.
However, the SEI film consumes the electrolyte solution and a large amount of lithium ions during its formation, thereby
reducing the charge-discharge efficiency of the battery and causing the accelerated degradation of battery capacity. A
large amount of gas generated during the formation of the SEI film also affects the safety performance of the battery.
[0004] Therefore, it will be of great significance to the improvement of battery performance if a method for preparing
SEI-like film component additive can be developed, and the SEI-like film component additive prepared by the method
can be added to the electrolyte solution, so as to timely supplement or restore the damaged SEI film when the SEI film
is structurally damaged or the SEI film is consumed.

Summary of the Invention

[0005] The present application has been made in view of the above-mentioned topics, and an object is to provide a
method for preparing an SEI-like film component additive, as well as an electrolyte solution comprising the SEI-like film
component additive prepared by the method, a lithium-ion battery, a battery module, a battery pack, and a powered
device comprising the same.
[0006] A first aspect of the present application provides a method for preparing an SEI-like film component additive,
comprising the steps of:

Reacting an organic solution of lithium naphthalenide with a mixed solvent in an inert gas atmosphere to obtain a
mixture containing an SEI-like film component additive, wherein,
the mass ratio of the lithium naphthalenide in the organic solution of lithium naphthalenide to the mass of the mixed
solvent is 2-8 : 1, and the mixed solvent comprises an organic solvent for a battery electrolyte solution;
drying the mixture in vacuum to obtain the SEI-like film component additive.

[0007] In any of embodiments, the mixed solvent comprises one or more of cyclic esters, linear esters, cyclic sulfones
and linear sulfones.
[0008] In any of embodiments, the mixed solvent is a mixture of ethylene carbonate, methyl ethyl carbonate, and
dimethyl carbonate.
[0009] In any of embodiments, based on the mass of the mixed solvent, ethylene carbonate is used in an amount of
20%-30%, methyl ethyl carbonate is used in an amount of 30%-40%, and dimethyl carbonate is used in an amount of
30%-50%, with the total amount being 100%.
[0010] In any of embodiments, the reaction temperature W1 and the reaction time S1 of the organic solution of lithium
naphthalenide with the mixed solvent satisfy the condition of 23.59K·min≤ln(W1+273.15)3lnS1≤30.16K·min; and the
reaction is preferably carried out with sufficient stirring.
[0011] In any of embodiments, the reaction temperature W1 of the organic solution of lithium naphthalenide with the
mixed solvent is 45-60°C, and the reaction time S1 is 60-180 minutes.
[0012] In any of embodiments, the organic solution of lithium naphthalenide is prepared as follows:
Adding a lithium metal to an organic solvent containing naphthalene in an inert gas atmosphere to react the naphthalene
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with the lithium metal, wherein the molar ratio of the naphthalene to the added lithium metal is 1-3 : 1, and during the
reaction, the reaction temperature W2 and the reaction time S2 of the naphthalene with the lithium metal satisfy the
condition of 23.59 K·min≤ln(W2+273.15)3lnS2≤30.16K·min; and the reaction is preferably carried out with sufficient
stirring.
[0013] In any of embodiments, the reaction temperature W2 of the naphthalene with the lithium metal is 45-60°C, and
the reaction time S2 is 60-180 minutes.
[0014] In any of embodiments, in the organic solution containing naphthalene, the molar ratio of the organic solvent
to the naphthalene is 1-5 : 1, and the organic solvent is selected from one or more of ethylene glycol dimethyl ether,
ethylene glycol diethyl ether, ethylene glycol dipropyl ether, ethylene glycol methyl ethyl ether, and ethylene glycol methyl
propyl ether.
[0015] In any of embodiments, the drying temperature of the mixture in vacuum is 60-80 °C; and optionally, the resulting
SEI-like film component additive is a solid.
[0016] A second aspect of the present application provides an electrolyte solution comprising the SEI-like film com-
ponent additive prepared according to the method of the first aspect of the present application.
[0017] In any of embodiments, the SEI-like film component additive is added in an amount of 0.05-0.3% by mass of
the electrolyte solution.
[0018] In any of embodiments, the electrolyte solution contains a lithium-supplying material, and the mass ratio of the
added amount of the SEI-like film component additive to the lithium-supplying material is 0.5-5 : 100; optionally, the
lithium-supplying material is one or more of lithium hexafluorophosphate, lithium difluorophosphate, and lithium tetrafluor-
oborate.
the electrolyte solution contains other additive in a mass of 0.5%-3% of the mass of the electrolyte solution; optionally,
the other additive is selected from one or more of fluoroethylene carbonate, vinylene carbonate, vinyl ethylene carbonate,
and ethylene sulfate.
[0019] A third aspect of the present application provides a lithium-ion battery comprising a positive electrode sheet,
a separator, a negative electrode sheet and the electrolyte solution according to the second aspect of the present
application, wherein the negative electrode sheet comprises a negative electrode film layer, the negative electrode film
layer comprises a negative electrode active material, and the negative electrode active material comprises one or more
of natural graphite, artificial graphite, mesocarbon microbead, hard carbon, soft carbon, silicon-carbon composite, lithium-
tin alloy and lithium-aluminum alloy.
[0020] In any of embodiments, assuming that the mass percentage of the added amount of the SEI-like film component
additive in the electrolyte solution is m1, and the mass of the negative electrode active material on a single-sided negative
electrode current collector (in g/77mm2) is m2, then the ratio of m1 to m2 is 1.1-2.8 (g/77mm2)-1.
[0021] In any of embodiments, when the positive electrode material is one of those of lithium iron phosphate system,
the charging cut-off voltage of the lithium-ion battery can reach 3.65-3.8V; and when the positive electrode material is
one of those of nickel-cobalt-manganese ternary system, the charging cut-off voltage of the lithium-ion battery can reach
4.0-4.8V.
[0022] A fourth aspect of the present application provides a battery module comprising the lithium-ion battery described
in the third aspect of the present application. The battery module can be prepared using a method known in the prior
art for preparing a battery module.
[0023] A fifth aspect of the present application provides a battery pack comprising one or more of the lithium-ion battery
of the third aspect of the present application or the battery module of the fourth aspect of the present application. The
battery pack can be prepared using a method known in the prior art for preparing a battery pack.
[0024] A sixth aspect of the present application provides a powered device comprising one or more of the lithium-ion
battery of the third aspect of the present application, the battery module described in the fourth aspect of the present
application or the battery pack of the fifth aspect of the present application, wherein the lithium-ion battery or the battery
module or the battery pack is used as a power source for the powered device or an energy storage unit for the powered
device. The powered device can be prepared using a method known in the prior art for preparing a powered device.

[Beneficial effects]

[0025] The method for preparing the SEI-like film component additive described in the present application is simple
in operation and easy for industrial application. By adding the SEI-like film component additive prepared according to
the method of the present application into a conventional electrolyte solution, on the one hand, the dissolution of the
SEI film by the electrolyte solution during storage or use of the lithium-ion battery can be slowed down or avoided, and
the consumption of the SEI film can be reduced, thereby maintaining the stability at the interphase between the SEI film
and the electrolyte solution, and in turn avoiding the deterioration of the cycling performance and safety performance of
the battery due to the continuous consumption of the electrolyte solution; and on the other hand, when the SEI film is
inevitably consumed due to abnormal conditions such as high temperature or high pressure, the SEI-like film component
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additive described in the present application can rapidly form a new SEI film, and timely supplement the damaged SEI
film, thereby maintaining the cycling performance and safety performance of the battery at the same level as that when
the SEI film is never damaged.
[0026] The battery module, battery pack and powered device of the present application comprise the lithium-ion battery
provided by the present application, and thus have at least the same advantages as that of the lithium-ion battery.

Description of Drawings

[0027] In Fig. 1, A-C respectively correspond to the state diagrams of the organic solution containing naphthalene,
the organic solution of lithium naphthalenide and the mixture containing the SEI-like film component additive during the
preparation of the SEI-like film component additive involved in Example 1 of the present application.

Fig. 2 is the 60 °C cycling performance diagram (Fig. 2.A) and 60 °C storage performance diagram (Fig. 2.B) of the
batteries corresponding to the electrolyte solutions of Example 1-1 and Comparative Example 1 of the present
application at 3.65V
Fig. 3 is the 60 °C cycling performance diagram (Fig. 3.A) and 60 °C storage performance diagram (Fig. 3.B) of the
batteries corresponding to the electrolyte solutions of Example 1-1 and Comparative Example 1 of the present
application at 3.8V
Fig. 4 is the 60 °C cycling performance diagram (Fig. 4.A) and the 60 °C storage performance diagram (Fig. 4.B)
of a battery with a nickel-cobalt-manganese ternary layered material as the positive electrode active material at a
voltage of 4.8V according to an embodiment of the present application.
Fig. 5 is a schematic view of a lithium-ion battery according to an embodiment of the present application.
Fig. 6 is an exploded view of the lithium-ion battery according to the embodiment of the present application shown
in Fig. 5.
Fig. 7 is a schematic view of a battery module according to an embodiment of the present application.
Fig. 8 is a schematic view of a battery pack according to an embodiment of the present application.
Fig. 9 is an exploded view of the battery pack according to the embodiment of the present application shown in Fig. 8.
Fig. 10 is a schematic view of a powered device according to an embodiment of the present application.

Description of reference numerals:

[0028]

1 Battery pack
2 Upper box
3 Lower box
4 Battery module
5 Lithium-ion battery
51 Case
52 Electrode assembly
53 Top cover assembly

Detailed Description

[0029] Hereinafter, the method for preparing the SEI-like film component additive, as well as the electrolyte solution
comprising the SEI-like film component additive prepared by the method, the lithium-ion battery, the battery module, the
battery pack, and the powered device comprising the same will be described in detail and specifically disclosed with
reference to the accompanying drawings, however, there may be cases where unnecessary detailed description is
omitted. For example, in order to avoid unnecessary redundancy in the following descriptions and to facilitate the un-
derstanding of those skilled in the art, there are cases where detailed descriptions of well-known items and repeated
descriptions of actually identical structures are omitted. In addition, the accompanying drawings and subsequent de-
scriptions are provided for those skilled in the art to fully understand the present application, and are not intended to
limit the subject matter recited in the claims.
[0030] For the sake of brevity, the present application specifically discloses some numerical ranges, and various
numerical ranges can be combined with each other to form corresponding embodiments. Any lower limit can be combined
with any upper limit to form a range not explicitly recited; and any lower limit can be combined with another lower limit
to form a range not explicitly recited, and likewise, any upper limit can be combined with any another upper limit to form
a range not explicitly recited. In addition, each individually disclosed point or individual numerical value can itself be
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used as a lower limit or an upper limit to combine with any another point or individual numerical value or with another
lower limit or upper limit to form a range not explicitly recited.
[0031] Unless otherwise stated, the terms used herein have the well-known meanings commonly understood by those
skilled in the art. In the present application, unless otherwise stated, "or more" and "or less" encompass the recited
number; for example, "one or more of a and b" refers to at least one of a and b, e.g. a, b, or a and b. Likewise, "one or
more" is meant to comprise at least one. In the description herein, unless otherwise stated, the term "or" is inclusive,
that is, the phrase "A or B" means "A, B, or both A and B".
[0032] In the present application, the "SEI-like film component additive" refers to the product resulting from the reaction
of the organic solution of lithium naphthalenide with the mixed solvent described herein. Since the product can slow
down or avoid the damage of the SEI film after being added to the electrolyte solution, thus significantly improving the
cycling performance and safety performance of the battery, and since the reaction product functions similarly to the SEI
film component, for the convenience of description, it is figuratively referred to herein as "SEI-like film component additive".
It should be noted that the reaction of the organic solution of lithium naphthalenide with the mixed solvent is comparatively
complicated, and the product may contain a variety of components. However, the present application is not intended to
explore which components are specifically included in the SEI-like film component additive and the content of each
component, it rather aims to study the method for preparing the SEI-like film component additive, as well as the cycling
performance and safety performance of the battery using the electrolyte solution containing the SEI-like film component
additive prepared by the method of the present application.
[0033] During the first charging of the lithium-ion battery, the electrolyte solution and lithium salt will undergo a reduction
reaction on the surface of the negative electrode, and the reduction products will deposit on the surface of the negative
electrode to form an organic-inorganic composite product, i.e. SEI film, which is of great importance for the functioning
of the electrochemical performance of lithium ions. However, the inventors have found in the course of actual research
that during storage or use of the lithium-ion battery, the effective components of the formed SEI film inevitably dissolve
into the electrolyte solution, which in turn leads to the damage of the structure of the SEI film, and greatly increases the
direct contact area between the effective components and the electrolyte solution, thus the stability at the interphase
between the SEI film and the electrolyte solution is greatly impaired, the occurrence of side reactions inside the battery
(mainly the deposition of the by-products of electrolyte solution decomposition on the surface of the negative electrode
and the gas generation of the electrolyte solution) is intensified, and the cycling performance and safety performance
of the battery are eventually deteriorated.
[0034] Particularly, when the inside of the battery is exposed to high temperature or high pressure, for example, during
long-term high temperature storage or continuous high voltage charging, the SEI film dissolves in the electrolyte solution
to a greater extent, the loss or depletion of the ingredients of the SEI film itself is more severe, and the adverse effects
on the cycling performance and safety performance of the battery are more significant.
[0035] Particularly, when the battery is subjected to high temperature cycling for a plurality of times, due to the multiple
expansion-contraction-expansion of the negative electrode material, the continuous dissolution and even shedding of
the effective components of the SEI film are also intensified, further deteriorating the cycling performance and safety
performance of the battery.
[0036] At the same time, the inventors have also found that If the effective components of the SEI film are generated
only by the reaction inside the electrolyte solution, thereby forming the SEI film, on the one hand, the amount of the
effective components generated by the reaction is less, the reaction rate is relatively slow, and the depleted SEI film
can not be supplemented timely and sufficiently; and on the other hand, the reaction needs to consume the electrolyte
solution and a large amount of lithium ions, resulting in a large amount of gas, which causes the accelerated degradation
of the battery capacity and the damage to the safety performance of the battery.
[0037] Based on these findings and through extensive experimentation, the inventors have developed a method for
preparing an SEI-like film component additive and an electrolyte solution comprising the SEI-like film component additive
prepared by the method. With the electrolyte solution of the present application, the problem of the loss of the effective
ingredients in the SEI film of the lithium-ion battery can be significantly improved, thereby significantly improving the
cycling performance and safety performance of the battery.

[Method for preparing SEI-like film component additive]

[0038] The present application provides a method for preparing an SEI-like film component additive, comprising the
steps of:

Reacting an organic solution of lithium naphthalenide with a mixed solvent in an inert gas atmosphere to obtain a
mixture containing an SEI-like film component additive, wherein,
the mass ratio of the lithium naphthalenide in the organic solution of lithium naphthalenide to the mass of the mixed
solvent is 2-8 : 1, and the mixed solvent comprises an organic solvent for a battery electrolyte solution;
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drying the mixture in vacuum to obtain the SEI-like film component additive.

[0039] The preparation method of the present application is simple in operation and easy for industrial scale application.
[0040] It should be noted that the organic solution of lithium naphthalenide is a strongly reducing solution. Surprisingly,
through extensive experimentation, the inventors have found that the reaction product of the organic solution of lithium
naphthalenide with the mixed solvent described herein can effectively mitigate or avoid the damage of the SEI film after
being added to the electrolyte solution, thus reducing the consumption of the electrolyte solution and active lithium, and
in turn significantly improving the cycling performance and safety performance of the battery. For the convenience of
description, the product resulting from the reaction of the organic solution of lithium naphthalenide with the mixed solvent
described herein is referred to herein as an "SEI-like film component additive".
[0041] In addition, in the prior art, in order to prepare an SEI film, a generally adopted method is to add a film-forming
component such as ethylene carbonate to the electrolyte solution in advance, and after the SEI film is damaged, the
film-forming component undergoes a reduction reaction at the negative electrode to generate a new SEI film. While this
method can supplement the damaged SEI film, the reaction of the film-forming component with the negative electrode
still needs to consume the electrolyte solution and a large amount of lithium ions, resulting in a large amount of gas,
which thereby causes the accelerated degradation of the battery capacity and the damage to the safety performance of
the battery. In contrast, according to the method described in the present application, the SEI-like film component additive
is prepared in advance outside the battery, and the above problems are well solved.
[0042] It should be noted that, in order to avoid the influence of oxygen in the air, the above method for preparing the
SEI-like film component additive in the present application needs to be operated in a glove box filled with an inert gas
atmosphere (H2O content is less than 100 ppm, and O2 content is less than 100 ppm), wherein the inert gas is nitrogen,
argon, or helium, preferably nitrogen or argon.
[0043] Various embodiments will be described below in terms of the general preparation procedures of the SEI-like
film component additive of the present application.

Preparation of organic solvent containing naphthalene

[0044] In some embodiments, in order to prepare an organic solution containing naphthalene, an organic solvent is
added into a reaction vessel, and then solid naphthalene is added to the solvent, and the naphthalene is completely
dissolved by stirring at ambient temperature to obtain a white clear naphthalene-containing solution, the morphology of
which is as shown in Fig. 1.A.
[0045] In some embodiments, optionally the molar ratio of the organic solvent to the naphthalene is 1-5 : 1, and the
organic solvent is selected from one or more of ethylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene
glycol dipropyl ether, ethylene glycol methyl ethyl ether, and ethylene glycol methyl propyl ether.

Preparation of organic solution of lithium naphthalenide

[0046] In some embodiments, optionally in order to prepare a desirable organic solution of lithium naphthalenide, a
lithium metal is added to the organic solution containing naphthalene in an inert gas atmosphere to react the naphthalene
with the lithium metal, wherein the molar ratio of the naphthalene to the added lithium metal is 1-3 : 1, and during the
reaction, the reaction temperature W2 and the reaction time S2 of the naphthalene with the lithium metal satisfy the
condition of 23.59 K·min≤ln(W2+273.15)3lnS2≤30.16K·min; and the reaction is preferably carried out with sufficient
stirring. The organic solution of lithium naphthalenide is prepared as a dark black solution with very strong reducibility,
the morphology of which is as shown in Fig. 1.B.
[0047] In some embodiments, optionally the reaction has a reaction temperature W2 of 45-60 °C and a reaction time
S2 of 60-180 minutes.
[0048] In some embodiments, optionally the stirring condition is to control the rotational speed at 200-500r/min (rev-
olutions per minute).

Reaction of organic solution of lithium naphthalenide with mixed solvent

[0049] In some embodiments, optionally the organic solution of lithium naphthalenide is reacted with the mixed solvent
to obtain the mixture containing the SEI-like film component additive, wherein,
the mass ratio of the lithium naphthalenide in the organic solution of lithium naphthalenide to the mass of the mixed
solvent is 2-8 : 1, the mixed solvent comprises an organic solvent for a battery electrolyte solution; and the mixture
containing the SEI-like film component additive is obtained as a yellowish turbid liquid, the morphology of which is as
shown in Fig. 1.C.
[0050] The types of the specific mixed solvent components in the mixed solvent are not limited in the present application,
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and reasonable combination can be carried out according to the specific components of the organic solvent used for
the electrolyte solution in the actually corresponding lithium-ion battery. For example, the mixed solvent may be selected
from one or more of the group consisting of cyclic esters, linear esters, cyclic sulfones and linear sulfones, and specifically
may be selected from one or more of ethylene carbonate, propylene carbonate, methyl ethyl carbonate, diethyl carbonate,
dimethyl carbonate, dipropyl carbonate, methyl propyl carbonate, ethyl propyl carbonate, butylene carbonate, fluoroeth-
ylene carbonate, methyl formate, methyl acetate, ethyl acetate, propyl acetate, methyl propionate, ethyl propionate,
propyl propionate, methyl butyrate, ethyl butyrate, 1,4-butyrolactone, sulfolane, dimethyl sulfone, methyl ethyl sulfone
and diethyl sulfone.
[0051] In some embodiments, optionally the mixed solvent is a mixture of ethylene carbonate, methyl ethyl carbonate,
and dimethyl carbonate.
[0052] In some embodiments, optionally based on the mass of the mixed solvent, ethylene carbonate is used in an
amount of 20-30%, methyl ethyl carbonate is used in an amount of 30-40%, and dimethyl carbonate is used in an amount
of 30-50%, with the total amount being 100%.
[0053] In some embodiments, optionally the reaction temperature W1 and the reaction time S1 of the organic solution
of lithium naphthalenide with the mixed solvent satisfy the condition of 23.59K·min≤ln(W1+273.15)3lnS1≤30.16K·min;
and the reaction is preferably carried out with sufficient stirring.
[0054] In some embodiments, optionally the reaction temperature W1 of the organic solution of lithium naphthalenide
with the mixed solvent is 45-60 °C, and the reaction time S1 is 60-180 minutes.
[0055] In some embodiments, optionally the stirring condition is to control the rotational speed at 200-500r/min.
[0056] In order to sufficiently reduce the mixed solvent by lithium naphthalenide, the reaction temperature and the
reaction time are controlled so that 23.59K·min≤ln(W1+273.15)3lnSK30.16K·min.

Obtaining the SEI-like film component additive by vacuum drying

[0057] The reaction product resulting from the reaction of the organic solution of lithium naphthalenide with the mixed
solvent is dried under vacuum at 60-80 °C to obtain the SEI-like film component additive product of the present application;
optionally, the resulting SEI-like film component additive is a solid. Incorporating this product into any commercial elec-
trolyte solution of lithium-ion battery can achieve the technical effects of improving the expansion rate of negative
electrode as well as improving the high temperature storage performance and high temperature cycling performance.
[0058] The preparation method for preparing the SEI-like film component additive provided in the present application
has the advantages of simple operation and readily availability of raw materials, and after the prepared SEI-like film
component additive is added to the electrolyte solution, the increase rate of negative electrode sheet expansion as well
as the high temperature cycling performance and the high temperature storage performance of the battery can be
significantly improved.

[Electrolyte solution]

[0059] A second aspect of the present application provides an electrolyte solution comprising the SEI-like film com-
ponent additive prepared according to the method of the first aspect of the present application.
[0060] The electrolyte solution serves to conduct ions between the positive electrode sheet and the negative electrode
sheet. The electrolyte solution of the present application comprises the SEI-like film component additive prepared ac-
cording to the method of the present application, and compared with a conventional electrolyte solution without the SEI-
like film component additive of the present application, the electrolyte solution of the present application can prevent the
loss of effective ingredients caused by the dissolution of the SEI film on the negative electrode in the electrolyte solution
during battery storage and use, and at the same time, the electrolyte solution can also timely supplement the lost or
damaged SEI film with effective ingredients, thus the damaged parts of the SEI film are quickly and timely supplemented,
thereby in turn significantly improving the undesirable situations such as decomposition of electrolyte solution, increased
side reactions, large gas production, loss of active lithium and the like caused by SEI film damage, thus significantly
improving the cycling performance and safety performance of the battery.
[0061] Particularly, when the battery is exposed to high temperature or high pressure, the high temperature or high
pressure increases the solubility of the effective components of the SEI film in the electrolyte solution, thereby intensifying
the loss of the effective ingredients of the SEI film. However, correspondingly the high temperature or high pressure
also promotes the components in the electrolyte solution to re-form a new SEI film at a faster rate, and therefore when
the electrolyte solution of the present application contains the SEI-like film component additive, those of the SEI-like film
component additive will be immediately supplemented to form a new SEI film.
[0062] In addition, probably because the effective ingredients of the SEI-like film component additive are very similar
to the effective ingredients in the real SEI film, in the electrolyte solution containing the SEI-like film component additive
of the present application, the effective ingredients of the SEI film can substantially reach saturation or even supersat-
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uration, so that even under severe conditions such as high temperature or high pressure, the dissolution rate of the SEI
film inside the battery of the present application is still slower, and rupture is less likely to occur.
[0063] Particularly, when the battery is subjected to high temperature cycling and high voltage charging for a plurality
of times, due to the multiple expansion-contraction-expansion of the negative electrode material, the continuous disso-
lution and even shedding of the effective components of the SEI film are intensified; however, since the electrolyte
solution of the present application contains the SEI-like film component additive, the expansion of the negative electrode
material can be suppressed to a certain extent, and the continuous dissolution and even shedding of the SEI film due
to the expansion of the negative electrode can be effectively prevented, thereby improving the cycling performance and
safety performance of the battery.
[0064] Extensive experimentation shows that the SEI-like film component additive in the electrolyte solution of the
present application does not affect the functioning of the other ingredients in the electrolyte solution.
[0065] It should be noted that if the SEI-like film component additive is directly pre-coated on the surface of the negative
electrode, it also helps to maintain the interfacial stability between the electrolyte solution and the surface of the negative
electrode. However, from the viewpoint of being more in favor of the functioning of the performance of the negative
electrode of the battery, if it is merely directly coated on the surface of the negative electrode, there may be cases where
the SEI-like film component additive can not uniformly permeate/uniformly disperse inside the negative electrode film
layer, therefore in the present application, it is preferred to add the SEI-like film component additive to the electrolyte
solution. In the present application, by adding an appropriate amount of the SEI-like film component additive to the
electrolyte solution, on the one hand, the damaged SEI film can be timely supplemented or restored, thereby improving
the cycling performance and safety performance of the battery; and on the other hand, the SEI-like film component
additive can be uniformly dispersed in the electrolyte solution, which helps to form a uniform and compact SEI film on
the surface of the negative electrode.
[0066] In some embodiments, optionally the SEI-like film component additive is added in an amount of 0.05%-0.3%
by mass of the electrolyte solution.
[0067] Through extensive experimentation, it is found that the content of the SEI-like film component additive in the
electrolyte solution is very important for the functioning of the battery performance. When the content of the SEI-like film
component additive in the electrolyte solution is less than 0.05%, it has little effects on improving the high temperature
cycling performance and high temperature storage performance of the battery, this is because, on the one hand, when
the content of the SEI-like film component additive is too low, the effective ingredients of the SEI film in the electrolyte
solution can not reach saturation, thereby having no substantial effect on suppressing the dissolution of the SEI film on
the negative electrode; and on the other hand, when the content of the SEI-like film component additive is too low, even
if the damaged SEI film is supplemented, the amount of supplementation can not keep up with the amount of loss, so
the effect of supplementing the SEI film with effective ingredients is not good either.
[0068] In contrast, when the content of the SEI-like film component additive in the electrolyte solution is higher than
0.3%, since the SEI-like film component additive contains relatively high molecular weight substances such as polycar-
bonate with a relatively high viscosity, if added in a larger amount, it will not only worsen the conductivity of the electrolyte
solution, but also increase the resistance to the formation of the SEI film on the negative electrode by the SEI-like film
component additive, thereby adversely affecting the cycling performance of the battery.
[0069] In some embodiments, optionally the electrolyte solution contains a lithium-supplying material, and the mass
ratio of the added amount of the SEI-like film component additive to the lithium-supplying material is 0.5-5 : 100.
[0070] In some embodiments, optionally the lithium-supplying material can be selected from one or more of lithium
hexafluorophosphate, lithium difluorophosphate, lithium tetrafluoroborate, lithium perchlorate, lithium hexafluoroarse-
nate, lithium bis(fluorosulfonyl)imide, lithium bis(trifluoromethanesulfonyl)imide, lithium trifluoromethanesulfonate, lithi-
um difluoro(oxalato)borate, lithium bis(oxalate)borate, lithium difluorophosphate, lithium difluoro bis(oxalato)phosphate,
and lithium tetrafluoro(oxalato)phosphate; and more optionally, the lithium-supplying material is one or more of lithium
hexafluorophosphate, lithium difluorophosphate, and lithium tetrafluoroborate.
[0071] It should be noted that the combination of the SEI-like film component additive in the electrolyte solution of the
present application with a suitable amount of other substances in the electrolyte solution, such as the lithium-supplying
material has better effects on improving the performance of the SEI film on the negative electrode and in turn improving
the performance of the battery. For example, the SEI film on the negative electrode is a composite organic-inorganic
network that enables the SEI film to have suitable ionic conductivity, suitable mechanical strength, suitable flexibility,
and compactness.
[0072] Therefore, by adding the above-mentioned lithium-supplying material to the electrolyte solution of the present
application, on the one hand, it helps to increase the quantity of active lithium ions in the electrolyte solution, thereby
improving the cycling performance of the battery; and on the other hand, the lithium-supplying material as an inorganic
substance helps to form a new SEI film by interacting with the SEI-like film component additive when the SEI film is
damaged, thereby improving the battery performance.
[0073] The SEI-like film component additive in the electrolyte solution of the present application is mainly an organic
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component, primarily contributing such characteristics as flexibility, compactness, etc. to the SEI film, while the lithium-
supplying material in the electrolyte solution of the present application primarily contributes such characteristics as ionic
conductivity, mechanical strength, stiffness, etc. to the SEI film. Therefore, when the mass ratio of the SEI-like film
component additive to the mass of the lithium-supplying material is less than 0.5 : 100, the relative content of the organic
component in the newly formed SEI film is too low, resulting in poor flexibility and high stiffness of the film, and if the
negative electrode has relatively severe expansion, the SEI film is prone to shedding or damage, thereby adversely
affecting the high temperature storage performance and cycling performance of the battery. In contrast, when the mass
ratio of the SEI-like film component additive to the mass of the lithium-supplying material is higher than 5 : 100, the newly
formed SEI film has too many organic components and too few inorganic components, the newly formed SEI film is
relatively compact, the quantity of lithium ions that can pass through the cross section of unit pore decreases, and the
resistance to lithium ion transport is high, resulting in poor high temperature cycling performance of the battery.
[0074] In addition, when too many organic ingredients are contained in the newly formed SEI film, the thermoplasticity
of the whole SEI film is increased, and the thermal stability of the SEI film as a whole is reduced, thus accelerating the
dissolution or damage of the SEI film, causing side reactions inside the battery, and further deteriorating the high
temperature cycling performance and storage performance of the battery.
[0075] In some embodiments, optionally the electrolyte solution also comprises other additive selected from one or
more of fluoroethylene carbonate, vinylene carbonate, vinyl ethylene carbonate, and ethylene sulfate, and the mass of
the other additive constitutes 0.5%-3% of the mass of the electrolyte solution.
[0076] The other additive introduced may further participate in the film formation on the surface of the negative electrode,
and at the same time, it may participate in repairing the SEI film on the negative electrode during cycling. Through
extensive experimentation, the inventors have found that after the SEI-like film component additives are used, the
combined use of the above-mentioned additives can achieve a more excellent cycling effect, but they need to be used
in controlled amounts within a certain range. If no any other additive is used at all, the film-forming effect of the SEI-like
film component additive is insufficient to some extent; however, if too many of other additives are used, not only the
extent to which the SEI-like film component additive participates in film-forming is affected, but also the SEI film becomes
too thick, resulting in the lengthening of lithium ion transport path and affecting the cycling performance of the battery.
[0077] In some embodiments, additives other than those described above are optionally included in the electrolyte
solution. For example, a negative electrode film-forming additive may be included, a positive electrode film-forming
additive may also be included, and an additive capable of improving certain properties of the battery may further be
included, such as an additive for improving the overcharging performance of the battery, an additive for improving the
high temperature performance of the battery, and an additive for improving the low temperature performance of the
battery, etc.

[Lithium-ion battery]

[0078] In an embodiment of the present application, there is provide a lithium-ion battery comprising a positive electrode
sheet, a negative electrode sheet, a separator, and an electrolyte solution containing an SEI-like film component additive.
[0079] In the present application, the negative electrode sheet comprises a negative electrode current collector and
a negative electrode film layer provided on at least one surface of the negative electrode current collector, wherein the
negative electrode film layer comprises a negative electrode active material.
[0080] By way of example, the negative electrode current collector has two opposite surfaces in the direction of its
own thickness, and the negative electrode film layer is provided on either or both of the two opposite surfaces of the
negative electrode current collector.
[0081] In the lithium-ion battery of the present application, the negative electrode current collector can be a metal foil
or a composite current collector. For example, as the metal foil, a copper foil can be used. The composite current collector
may comprise a polymer material substrate and a metal layer formed on at least one surface of the polymer material
substrate. The composite current collector can be formed by forming the metal material (copper, copper alloy, nickel,
nickel alloy, titanium, titanium alloy, silver and silver alloy, etc.) on the high molecular material substrate (such substrate
as polypropylene (PP), polyethylene terephthalate (PET), polybutylene terephthalate (PBT), polystyrene (PS), polyeth-
ylene (PE), etc.), although the present application is not limited to these materials.
[0082] In the negative electrode sheet of the present application, the negative electrode film layer generally comprises
a negative electrode active material and an optional binder, an optional conductive agent and other optional auxiliaries,
and is usually formed by coating a negative electrode paste and drying. The negative electrode paste is generally formed
by dispersing the negative electrode active material as well as the optional conductive agent and the binder, etc. in a
solvent and uniformly stirring. The solvent may be N-methyl pyrrolidone (NMP) or deionized water. By way of example,
the conductive agent can be selected from one or more of superconducting carbon, acetylene black, carbon black, Ketjen
black, carbon dot, carbon nanotube, graphene, and carbon nanofiber.
[0083] In some embodiments, optionally the negative electrode material can be coated by a method commonly used
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in the art for coating a negative electrode material. By way of example, the negative electrode material, the conductive
agent, and the binder, etc. can be dissolved in the deionized water in accordance with a certain proportion, mixed
uniformly to prepare the negative electrode paste, and then the negative electrode paste is uniformly coated on the
negative electrode current collector in one or more portions. During multiple charge-discharge cycles of the battery, the
negative electrode sheet expands due to repeated de-intercalation of lithium ions, thereby damaging the structure of
the negative electrode, and adversely affecting the cycling performance and safety performance of the battery.
[0084] In some embodiments, optionally the increase rate of negative electrode sheet expansion is 2%-10%. Optionally,
the negative electrode material on the negative electrode sheet comprises one or more of natural graphite, artificial
graphite, mesocarbon microbead, hard carbon, soft carbon, silicon-carbon composite, lithium tin (Li-Sn) alloy, and lithium
aluminum (Li-Al) alloy.
[0085] In some embodiments, optionally the Li-Sn alloy is a Li-Sn-O alloy.
[0086] In some embodiments, optionally the negative electrode material on the negative electrode sheet comprises
one or more of silicon, Sn, SnO, SnO2 and lithium metal.
[0087] For a lithium-ion battery, although metal and alloy negative electrode materials, and silicon-rich negative elec-
trode materials or the like are advantageous in improving the fast charging performance of the battery after multiple
charge-discharge cycles, they may increase the expansion rate of the negative electrode. Surprisingly, through exper-
imentation, the inventors have found that when such negative electrodes are used in combination with the electrolyte
solution containing the SEI-like film component additive of the present application, the increase rate of negative electrode
expansion is significantly improved.
[0088] In some embodiments, optionally assuming that the mass percentage of the added amount of the SEI-like film
component additive in the electrolyte solution is m1, and the mass of the negative electrode active material on a single-
sided negative electrode current collector (in g/77mm2) is m2, then the ratio of m1 to m2 is 1.1-2.8 (g/77mm2)-1. Through
extensive experimentation, the inventors have found that when the above-mentioned ratio is 1.1-2.8 (g/77mm2)-1, the
combination of the content of the SEI-like film component additive in the electrolyte solution and the coating amount of
the negative electrode material inside the same battery is reasonable, and the combination of the two items has a
synergistic effect, which is beneficial to the full functioning of the high temperature storage performance and high tem-
perature cycling performance of the lithium-ion battery.
[0089] When the above-mentioned ratio is too small, the coating amount of the negative electrode material on the
negative electrode sheet is relatively large, while the content of the SEI-like film component additive in the corresponding
electrolyte solution is relatively low. When the coating amount of the negative electrode material on the negative electrode
sheet is too large, more of the SEI-like film component additive is needed for the timely supplementation of the SEI film
components; and at this time, if the content of the SEI-like film component additive in the electrolyte solution is too low,
the efficiency and quality of film formation on the negative electrode will be affected, thereby affecting the functioning of
the electrochemical performance of the battery. In contrast, when the above-mentioned ratio is too large, there are more
of the SEI-like film component additive, while the coating amount of the negative electrode material on the corresponding
negative electrode sheet is less. At this time, an excessive amount of the SEI-like film component in the electrolyte
solution deteriorates the conductivity of the electrolyte solution, thereby deteriorating the battery performance.
[0090] In the present application, the positive electrode sheet comprises a positive electrode current collector and a
positive electrode material provided on at least one surface of the positive electrode current collector. By way of example,
the positive electrode current collector has two opposite surfaces in the direction of its own thickness, and the positive
electrode material is provided on either or both of the two opposite surfaces of the positive electrode current collector.
[0091] In the lithium-ion battery of the present application, the positive electrode current collector can be a metal foil
or a composite current collector. For example, as the metal foil, an aluminum foil can be used. The composite current
collector may comprise a polymer material substrate and a metal layer formed on at least one surface of the polymer
material substrate. The composite current collector can be formed by forming the metal material (aluminum, aluminum
alloy, nickel, nickel alloy, titanium, titanium alloy, silver and silver alloy, etc.) on the high molecular material substrate
(such substrate as polypropylene (PP), polyethylene terephthalate (PET), polybutylene terephthalate (PBT), 1,3-propane
sultone (PS), polyethylene (PE), etc.), although the present application is not limited to these materials.
[0092] In the present application, non-limiting examples of the positive electrode material include conventional positive
electrode active materials useful for secondary batteries, such as positive electrode materials of lithium iron phosphate
system or nickel-cobalt-manganese ternary system.
[0093] In some embodiments, optionally when the positive electrode material is one of those of lithium iron phosphate
system, the charging cut-off voltage of the lithium-ion battery can reach 3.65-3.8V; and when the positive electrode
material is one of those of nickel-cobalt-manganese ternary system, the charging cut-off voltage of the lithium-ion battery
can reach 4.0-4.8V.
[0094] Surprisingly, the battery containing the SEI-like film component additive of the present application can effectively
ameliorate the side reactions of the electrolyte solution at high voltage, and improve the cycling capacity retention rate
and high temperature storage performance of the battery under high temperature and high pressure. For a battery,
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increasing the charge-discharge voltage is beneficial to the functioning of the capacity of the positive electrode active
material of the battery, and increases the energy density of the battery; however, excessive charge-discharge voltage
often leads to the side reaction of the decomposition of the electrolyte solution, thus deteriorating the cycling performance
and safety performance of the battery. Through extensive experimentation and exploration, the inventors have found
that a battery made from the electrolyte solution containing the SEI-like film component additive of the present application
has good cycling performance and safety performance even at a higher voltage. Taking the case where lithium iron
phosphate is the positive electrode active material as an example, the charging cut-off voltage of a conventional lithium
iron phosphate battery is generally 3.6-3.65V, whereas the lithium-ion battery of the present application has good high
temperature cycling performance and high temperature storage performance even at 3.8V (see Fig. 3.A-B for the per-
formance diagram).
[0095] For ternary systems such as ternary layered materials, the upper voltage limit of a common ternary layered
material is 4.0V-4.3V, and by increasing the upper voltage limit of the ternary layered material, the capacity and working
voltage of the positive electrode material can be greatly increased, thereby greatly increasing the energy density of the
lithium-ion battery. However, if merely the upper use limit is simply increased, as the electrochemical window of the
electrolyte solution is relatively narrow, the high temperature storage performance and high temperature cycling per-
formance of the battery will be greatly deteriorated. However, by using the SEI-like film component additive, the corre-
sponding lithium-ion battery has good high temperature cycling performance and high temperature storage performance
even at 4.8V (see Fig. 4.A-B for performance diagram).
[0096] Optionally, the positive electrode material also comprises a conductive agent. However, the type of the con-
ductive agent is not particularly limited, and those skilled in the art can make a selection according to the actual needs.
By way of example, the conductive agent for the positive electrode material can be selected from one or more of
superconducting carbon, acetylene black, carbon black, Ketjen black, carbon dot, carbon nanotube, graphene, and
carbon nanofiber.
[0097] The positive electrode sheet in the present application can be prepared according to the methods known in the
art. The coating of the positive electrode material can be performed by a method similar to that for the coating of the
negative electrode material. By way of example, the positive electrode active material, the conductive agent and the
binder of the present application can be dispersed in a solvent (for example, N-methyl pyrrolidone (NMP)) to form a
uniform positive electrode paste; the positive electrode paste is coated on the positive electrode current collector, and
after oven drying, cold pressing and other procedures, the positive electrode sheet is obtained.

[Separator]

[0098] Lithium-ion batteries employing electrolyte solutions as well as some lithium-ion batteries employing solid
electrolytes also include separators. A separator is provided between the positive electrode sheet and the negative
electrode sheet, and functions to separate. The type of the separator is not particularly limited in the present application,
and any well known structural porous separator having good chemical stability and mechanical stability can be selected.
In some embodiments, the material of the separator can be selected from one or more of glass fiber, nonwoven cloth,
polyethylene, polypropylene, and polyvinylidene fluoride. The separator may be a single-layer film or a multilayer com-
posite film, and is not particularly limited. When the separator is a multilayer composite film, the materials of each layer
may be the same or different, and are not particularly limited.
[0099] In some embodiments, the positive electrode sheet, the negative electrode sheet, and the separator can be
made into an electrode assembly by a winding process or a lamination process.
[0100] In some embodiments, the lithium-ion battery can also include an outer package. The outer package can be
used to encapsulate the above-mentioned electrode assembly and electrolyte.
[0101] In some embodiments, the outer package of the lithium-ion battery can be a hard case, such as a hard plastic
case, an aluminum case, a steel case, and the like. The outer package of the lithium-ion battery can also be a soft pack,
such as a bag-type soft pack. The material of the soft pack can be a plastic, and examples as plastics include polypropylene
(PP), polybutylene terephthalate (PBT) and polybutylene succinate (PBS).
[0102] The shape of the lithium-ion battery is not particularly limited in the present application, and may be cylindrical,
square or of any other shapes. For example, Fig. 5 is an example of lithium-ion battery 5 having a square structure.
[0103] In some embodiments, referring to Fig. 6, the outer package can include a case 51 and a cover plate 53. Here,
the case 51 can include a bottom plate and a side plate connected to the bottom plate, with the bottom plate and the
side plate enclosing to form an accommodating cavity. The case 51 has an opening communicating with the accommo-
dating cavity, and the cover plate 53 can cover the opening to close the accommodating cavity. The positive electrode
sheet, the negative electrode sheet, and the separator can be formed into an electrode assembly 52 via a winding
process or a lamination process. The electrode assembly 52 is encapsulated within the accommodating cavity. The
electrolyte solution impregnates the electrode assembly 52. The number of electrode assemblies 52 contained in the
lithium-ion battery 5 can be one or more, and can be selected by those skilled in the art according to specific needs.
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[Battery module]

[0104] In some embodiments, lithium-ion batteries can be assembled into a battery module, the number of lithium-ion
batteries contained in the battery module can be one or more, and the specific number can be selected by those skilled
in the art according to the application and capacity of the battery module.
[0105] Fig. 7 is an example of battery module 4. Referring to Fig. 7, in the battery module 4, a plurality of lithium-ion
batteries 5 can be sequentially arranged along the length direction of the battery module 4. Of course, any other ar-
rangement is also possible. The plurality of lithium-ion batteries 5 may further be fixed by fasteners.
[0106] Optionally, the battery module 4 can also include a housing having an accommodating space, in which the
plurality of lithium-ion batteries 5 are accommodated.

[Battery pack]

[0107] In some embodiments, the above-mentioned battery modules can also be assembled into a battery pack, and
the number of battery modules contained in the battery pack can be selected by those skilled in the art according to the
application and capacity of the battery pack.
[0108] Figs. 8 and 9 are an example of battery pack 1. Referring to Figs. 8 and 9, the battery pack 1 can include a
battery box and a plurality of battery modules 4 provided in the battery box. The battery box includes an upper box 2
and a lower box 3, wherein the upper box 2 can cover the lower box 3, and forms an enclosed space for accommodating
the battery module 4. The plurality of battery modules 4 can be arranged in the battery box in any manner.

[Powered device]

[0109] In addition, the present application also provides a powered device comprising one or more of the lithium-ion
battery, battery module, or battery pack provided by the present application. The lithium-ion battery, battery module, or
battery pack can be used as a power source for the device, and can also be used as an energy storage unit for the
device. The devices can be, but are not limited to, mobile devices (such as mobile phones, laptops etc.), electric vehicles
(such as all-electric vehicles, hybrid electric vehicles, plug-in hybrid electric vehicles, electric bicycles, electric scooters,
electric golf carts, electric trucks, etc.), electric trains, ships and satellites, energy storage systems, etc.
[0110] The lithium-ion battery, the battery module, or the battery pack can be selected as the powered device based
on the usage requirements.
[0111] Fig. 10 is an example of device. The device is a all-electric vehicle, a hybrid electric vehicle, or a plug-in hybrid
electric vehicle, etc. For the device to meet the requirements of high power and high energy density for lithium-ion
batteries, battery packs or battery modules can be used.
[0112] By way of another example, the device may be a mobile phone, a tablet computer, a laptop, etc. The device
is generally required to be light and thin, and can use a lithium-ion battery as a power source.

Examples

[0113] Hereinafter, examples of the present application will be described. The examples described below are illustrative
only for explaining the present application, and are not to be construed as limiting the present application. Where specific
techniques or conditions are not specified in the examples, the techniques or conditions described in the literatures of
the art or the product specifications are followed. Where manufacturers are not specified, the reagents or instruments
used are conventional products commonly used in the art and are commercially available. if not specified, the content
of each ingredient in the examples of the present application is based on the mass without water of crystallization.
[0114] The raw material sources involved in the examples of the present application are as follows:

Lithium iron phosphate (LiFePO4, Tianjin Guoan Mengguli New Materials Science & Technology Co., Ltd.)
Ternary nickel-cobalt-manganese (LiMO2, M is a Ni-Co-Mn solid solution, and the mass ratio thereof is 8 : 1 : 1)
Artificial graphite (Guangdong Kaijin New Energy Technology Co., Ltd.)
Separator (polypropylene film, Contemporary Amperex Technology Co., Ltd.)
N-methyl pyrrolidone (NMP, CAS: 872-50-4, purity >_ 99%, Shanghai Macklin Biochemical Co., Ltd.)
Polyvinylidene fluoride (CAS: 24937-79-9, molecular weight is between 800,000-1,500,000, Shanghai Macklin Bi-
ochemical Co., Ltd.)
Acetylene black (Guangdong Kaijin New Energy Technology Co., Ltd.)
Conductive carbon black (Guangdong Kaijin New Energy Technology Co., Ltd.)
Acrylate (CAS: 25067-02-1, purity >_ 99%, Shanghai Macklin Biochemical Co., Ltd.)
Ethylene carbonate (EC, purity >_ 99.5%, CAS: 96-49-1, Shanghai Macklin Biochemical Co., Ltd.)
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Dimethyl carbonate (DMC, purity >_ 99.5%, CAS: 616-38-6, Shanghai Macklin Biochemical Co., Ltd.)
Methyl ethyl carbonate (EMC, purity ≥ 99.5%, CAS: 623-53-0, Shanghai Macklin Biochemical Co., Ltd.)
Ethylene glycol dimethyl ether (CAS: 110-71-4, purity ≥ 99%, Shanghai Macklin Biochemical Co., Ltd.)
Solid naphthalene (CAS: 91-20-3, purity >_ 99%, Shanghai Macklin Biochemical Co., Ltd.)
Lithium metal sheet (CAS: 7439-93-2, Shanghai Macklin Biochemical Co., Ltd.)
Potassium bromide (KBr, CAS: 7758-02-3, purity ≥ 98%, Shanghai Macklin Biochemical Co., Ltd.)
Lithium hexafluorophosphate (LiPF6, CAS: 21324-40-3, Guangzhou Tinci Materials Technology Co., Ltd.)
Lithium difluorophosphate (LiPO2F2, CAS: 24389-25-1, Guangzhou Tinci Materials Technology Co., Ltd.)
Lithium tetrafluoroborate (LiBF4, CAS: 14283-07-9, Guangzhou Tinci Materials Technology Co., Ltd.)

Example 1-1

[Preparation of electrolyte solution containing SEI-like film component additive]

[0115] The whole preparation process was carried out in a glove box filled with an inert atmosphere (filled with argon,
with H2O being less than 100ppm, and O2 being less than 100ppm):

After taking a beaker, 1 mol of pure solvent of ethylene glycol dimethyl ether was added to the beaker; 1 mol of solid
naphthalene (calculated as pure naphthalene C10E8 with a purity of 100%) was added to the above solvent, and
stirred at a rotational speed of 500 r/min for 3 hours at 50 °C to obtain an organic solution containing naphthalene;
1 mol of solid lithium metal (calculated as Li) was added to the above organic solution containing naphthalene,
stirred at a rotational speed of 500 r/min for 2 h at 50 °C to completely dissolve the lithium sheet, and an organic
solution of lithium naphthalenide was obtained;
At 25 °C, ethylene carbonate (EC), methyl ethyl carbonate (EMC) and dimethyl carbonate (DMC) were mixed in a
mass ratio of EC : EMC : DMC = 30 : 30 : 40 to obtain a mixed solvent;
At 50 °C, according to a mass ratio of the organic solution of lithium naphthalenide : the mixed solvent = 10 : 1, 20
g of the mixed solvent was slowly poured into 200g of the organic solution of lithium naphthalenide, and reacted at
a rotational speed of 300 r/min for 3 hours to obtain a mixture containing an SEI-like film component additive;
The above mixture was dried under vacuum at 60 °C for 2 h to obtain 10 g of solid SEI-like film component additive.

[Preparation of electrolyte solution containing SEI-like film component additive]

[0116]

300 g of ethylene carbonate (EC), 300 g of methyl ethyl carbonate (EMC) and 400 g of dimethyl carbonate (DMC)
were mixed at 25 °C to obtain a mixed solvent;
After taking 91.65 g of the above mixed solvent, 0.1 g of the SEI-like film component additive, 2 g of fluoroethylene
carbonate and 6.25 g of lithium hexafluorophosphate (calculated as LiPF6 ) were added thereto, and after stirring
to dissolve, the electrolyte solution shown in Example 1-1 was obtained.

[Preparation of positive electrode sheet]

[0117] A positive electrode active material lithium iron phosphate (calculated as LiFePO4) material, a binder polyvi-
nylidene fluoride, a conductive acetylene black, and N-methyl pyrrolidone (NMP) were mixed in a weight ratio of 48 : 1 :
1 : 50, and stirred uniformly by a vacuum stirrer to obtain a positive electrode paste; the positive electrode paste was
uniformly coated on one side of an aluminum foil with a thickness of 12 mm, and then subjected to oven drying, cold
pressing and slitting to obtain the positive electrode sheet of Example 1-1.

[Preparation of negative electrode sheet]

[0118] A negative electrode material artificial graphite, a conductive agent carbon black, a binder acrylate and deionized
water were mixed uniformly in a weight ratio of 48 : 1 : 1 : 50, and stirred uniformly by a vacuum stirrer to obtain a
negative electrode paste; the negative electrode paste was uniformly coated on one side of a copper foil with a thickness
of 8 mm, with coating mass being 0.008g/ 77mm2; and then subjected to oven drying, cold pressing and slitting to obtain
the negative electrode sheet of Example 1-1.
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[Separator]

[0119] A polypropylene film was used as the separator.

[Preparation of lithium-ion battery]

[0120] The positive electrode sheet, the separator and the negative electrode sheet of Example 1-1 were stacked in
sequence, so that the separator was positioned between the positive electrode sheet and the negative electrode sheet
and functioned to separate, and then a bare cell was obtained by winding, a tab was welded to the bare cell, the bare
cell was put into an aluminum case, baked at 80 °C to remove water, and then 12 g of the above-mentioned electrolyte
solution containing the SEI-like film component additive was injected, and an uncharged battery was obtained after
sealing. The uncharged battery then went through procedures such as standing, hot and cold pressing, forming, reshaping
and capacity testing successively to obtain the lithium-ion battery product of Example 1.

Examples 1-2 to 1-7

[0121] For Examples 1-2 to 1-7, except that the SEI-like film component additive was added in an amount of 0.15%,
0.2%, 0.25%, 0.3%, 0.05% and 0.35% by mass of the electrolyte solution, respectively, the other steps were the same
as those in Example 1-1.

Examples 2-1 to 2-10

[0122] For Examples 2-1 to 2-10, except that the lithium-supplying material was changed to LiPF6 and LiPO2F2 (the
molar ratio of LiPF6 to LiPO2F2 was 1 : 1), the other additive was changed from fluoroethylene carbonate to vinyl ethylene
carbonate, and the mass ratio of the added amount of the SEI-like film component additive to the lithium-supplying
materials was changed to 0.5 : 100, 0.8 : 100, 1.6 : 100, 2.4 : 100, 3.2 : 100, 4.0 : 100, 4.8 : 100, 5 : 100, 0.1 : 100, 6 :
100 respectively, the other steps were the same as those in Examples 1-3.

Examples 3-1 to 3-8

[0123] For Examples 3-1 to 3-8, except that the lithium-supplying material was changed to LiPF6, LiPO2F2 and LiBF4
(the molar ratio of LiPF6, LiPO2F2 and LiBF4 was 1 : 1 : 1), the other additive was changed from fluoroethylene carbonate
to ethylene sulfate, and the mass percentage of the other additive in the electrolyte solution is changed to 0.5%, 1%,
1.5%, 2%, 2.5%, 3%, 0% and 5%, respectively, the other steps were the same as those in Examples 1-3.

Examples 4-1 to 4-6

[0124] For Examples 4-1 to 4-6, except that in the steps of [Preparation of negative electrode sheet], the coating mass
was changed from 0.008g/ 77mm2 to 0.01 g/ 77mm2, 0.01 g/ 77mm2, 0.008 g/ 77mm2, 0.008 g/ 77mm2, 0.008 g/ 77mm2

and 0.008 g/ 77mm2, and the mass percentage content of the SEI-like film component additive in the electrolyte solution
was 0.01%, 0.01%, 0.012%, 0.016%, 0.0224% and 0.024%, respectively, the other steps were the same as those in
Example 1-1.

Comparative Example 1

[0125] The electrolyte solution contained 30 parts by mass of ethylene carbonate (EC), 30 parts by mass of methyl
ethyl carbonate, and 40 parts by mass of dimethyl carbonate (DMC), and the concentration of lithium hexafluorophosphate
(calculated as LiPF6) in the electrolyte solution was 0.5 mol/L.
[0126] Other steps were the same as those in Example 1-1.

[Relevant parameters and battery performance test]

1. Test of increase rate of negative electrode expansion

[0127] At 60 °C, the lithium-ion battery corresponding to Example 1-1 was charged to 3.65V at a constant current of
1C, and then charged at constant voltage to a current of 0.05C; the battery at this time was disassembled, the negative
electrode part was taken out separately, and the thickness h1 of the negative electrode was measured with a vernier
caliper; for another lithium-ion battery produced in the same batch, after 300 continuous charge-discharge cycles (cycling
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conditions: charging at a constant current of 1C to 3.65V, then charging at a constant voltage of 3.65V to a current of
0.05C, standing for 5 min, and then discharging at a constant current of 1C to 2.5V), the battery charging was continued
at 1C to 3.65V, and the battery was charged at a constant voltage to a current of 0.05C; the battery at this time was
disassembled, the negative electrode part was taken out separately, and the thickness h2 of the negative electrode was
measured with a vernier caliper, and the increase rate of negative electrode expansion =[(h2-h1)/h1]3100%. The test
procedures for the comparative example and other examples were the same as above. The data of increase rate of
negative electrode expansion in Table 1 were obtained.

2. Cycling performance test at 60 °C

(1) Cycling performance test of lithium-ion battery at 60 °C and a full charge voltage of 3.65V

[0128] Taking Example 1-1 as an example, the procedures for testing battery capacity retention rate were as follows:
at 60 °C, the battery corresponding to Example 1-1 was charged at a constant current of 1C to 3.65V, then charged at
a constant voltage of 3.65V to a current of 0.05C, stood for 5 min, and then discharged at a constant current of 1C to
2.5V, and the obtained capacity was recorded as initial capacity C0. The above steps were repeated for the same battery
above, and counting was started at the same time; the discharge capacity Cn of the battery after the nth cycle was
recorded, then the battery capacity retention rate after each cycle Pn=Cn/C0∗100%; with the 100 point values of P1,
P2...... P300 as the ordinates, and the corresponding cycle numbers as the abscissas, a graph of battery capacity retention
rate vs cycle number of Example 1-1 was obtained as shown in Fig. 2.A.
[0129] During the test, the first cycle corresponded to n = 1, the second cycle corresponded to n = 2, ......and the 300th
cycle corresponded to n = 300. The data of battery capacity retention rate corresponding to Example 1-1 in Table 1 was
the data measured after 300 cycles under the above test conditions, that is, the value of P300. The test procedures for
the comparative example and other examples were the same as above. The data of 60 °C cycling capacity retention
rate in Table 1 were obtained.

(2) Cycling performance test of lithium-ion battery at 60 °C and a full charge voltage of 3.8V

[0130] Taking Example 1-1 as an example, except that the full charge voltage was changed from 3.65V to 3.8V, the
other test procedures were the same as those of (1), and panel A of Fig.3 of the present application was obtained.

3. Storage performance test at 60 °C

(1) Storage performance test of lithium-ion battery at 60 °C and a full charge voltage of 3.65V

[0131] Taking Example 1-1 as an example, the procedures for testing battery high temperature reversible capacity
retention rate were as follows: at 25 °C, the battery corresponding to Example 1-1 was charged at a constant current of
0.5C to 3.65V, then charged at a constant voltage of 3.65V to a current of 0.05C, and after standing for 5min, the battery
was discharged at a constant current of 0.5C to 2.5V, and the discharge capacity at this time was recorded as initial
capacity C0.
[0132] The above battery was further charged at a constant current of 0.5C to 3.65V, and then charged at a constant
voltage of 3.65V to a current of 0.05C, and then the battery was put into a thermostat at 60°C, and stored for 60 days
before being taken out. The battery that was taken out was placed in an atmospheric environment at 25°C, and after
the temperature of the lithium-ion battery completely dropped to 25°C, the lithium-ion battery was discharged at a constant
current of 0.5C to 2.5V (fully discharged), and then charged at a constant current of 0.5C to 3.65V, and finally the lithium-
ion battery was discharged at a constant current of 0.5V to 2.5V; the discharge capacity at this time was C1, then the
high temperature reversible capacity retention rate of the battery after 60 days of storage is M=C1/C03100%. The test
procedures for the comparative example and other examples were the same as above, and the data of 60°C storage
reversible capacity retention rate in Table 1 were obtained.

(2) Storage performance test of lithium-ion battery at 60 °C and a full charge voltage of 3.8V

[0133] Taking Example 1-1 as an example, except that the full charge voltage was changed from 3.65V to 3.8V, the
other test procedures were the same as those of (1), and panel B of Fig.3 of the present application was obtained.
[0134] Note: when the positive electrode active material of the lithium-ion battery of the present application is a nickel-
cobalt-manganese ternary layered material, the present application mainly focuses on its 60°C cycling performance test
and its 60°C cycling performance test at a full charge voltage of 4.8V. See panel A and panel B of Fig. 4 for the measured
data.



EP 4 160 774 A1

16

5

10

15

20

25

30

35

40

45

50

55

Table 1: Relevant parameters and performance list of the lithium-ion batteries of Examples and Comparative example

Example 
No.

Electrolyte solution containing SEI-like film component additive Battery performance

Mass 
percentage m1 
(%) of the added 
amount of SEI-

like film 
component 
additive in 
electrolyte 

solution

Mass ratio of the 
added amount of 

SEI-like film 
component additive 
to lithium-supplying 

material

Mass percentage 
content of other additive 

in electrolyte solution

Increas 
e rate of 
negativ 

e electro 
de 

expansi 
on (%)

60 °C 
cycling 
capacit 

y 
retentio 
n rate 
(%)

60 °C 
storage 
reversib 

le 
capacity 
retentio 
n rate 
(%)

Lithium-
supplying 
material

Ratio
Other 

additive
Content 
(wt%)

Example 
1-1 0.1% LiPF6

1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 14.1% 94.8% 96.1%

Example 
1-2

0.15% LiPF6
1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 13.6% 95.2% 97.3%

Example 
1-3

0.2% LiPF6
1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 13.2% 96.1% 97.9%

Example 
1-4

0.25% LiPF6
1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 13.1% 95.6% 97.1%

Example 
1-5 0.3% LiPF6

1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 14.2% 95.1% 96.5%

Example 
1-6 0.05% LiPF6

1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 14.7% 94.1% 95.3%

Example 
1-7 0.35% LiPF6

1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 14.9% 93.1% 94.9%

Example 
2-1

0.2%
LiPF6, 

LiPO2F2

0.5 : 
100

vinyl 
ethylene 

carbonate
2% 13.8% 94.9% 95.7%

Example 
2-2

0.2% LiPF6, 
LiPO2F2

0.8 : 
100

vinyl 
ethylene 

carbonate
2% 13.7% 95.1% 96.2%

Example 
2-3

0.2% LiPF6, 
LiPO2F2

1.6 : 
100

vinyl 
ethylene 

carbonate
2% 13.4% 96.3% 98.0%

Example 
2-4 0.2% LiPF6

2.4 : 
100

vinyl 
ethylene 

carbonate
2% 13.3% 95.0% 97.1%

Example 
2-5 0.2%

LiPF6, 
LiPO2F2

3.2 : 
100

vinyl 
ethylene 

carbonate
2% 13.3% 94.7% 96.8%
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(continued)

Example 
No.

Electrolyte solution containing SEI-like film component additive Battery performance

Mass 
percentage m1 
(%) of the added 
amount of SEI-

like film 
component 
additive in 
electrolyte 

solution

Mass ratio of the 
added amount of 

SEI-like film 
component additive 
to lithium-supplying 

material

Mass percentage 
content of other additive 

in electrolyte solution

Increas 
e rate of 
negativ 

e electro 
de 

expansi 
on (%)

60 °C 
cycling 
capacit 

y 
retentio 
n rate 
(%)

60 °C 
storage 
reversib 

le 
capacity 
retentio 
n rate 
(%)

Lithium-
supplying 
material

Ratio
Other 

additive
Content 
(wt%)

Example 
2-6

0.2%
LiPF6, 

LiPO2F2

4.0 : 
100

vinyl 
ethylene 

carbonate
2% 13.1% 94.4% 95.7%

Example 
2-7

0.2% LiPF6, 
LiPO2F2

4.8 : 
100

vinyl 
ethylene 

carbonate
2% 12.9% 94.1% 95.4%

Example 
2-8

0.2% LiPF6, 
LiPO2F2

5 : 100
vinyl 

ethylene 
carbonate

2% 12.8% 94% 95.3%

Example 
2-9 0.2%

LiPF6, 
LiPO2F2

0.1 : 
100

vinyl 
ethylene 

carbonate
2% 17.7% 92.3% 92.7%

Example 
2-10 0.2%

LiPF6, 
LiPO2F2

6 : 100
vinyl 

ethylene 
carbonate

2% 16.3% 92.4% 92.5%

Example 
3-1 0.2%

LiPF6, 
LiPO2F2 

and LiBF4

1.6 : 
100

Ethylene 
sulfate 0.5% 14.7% 95.5% 96.9%

Example 
3-2

0.2%
LiPF6, 

LiPO2F2 
and LiBF4

1.6 : 
100

Ethylene 
sulfate

1% 14.3% 95.9% 97.3%

Example 
3-3

0.2%
LiPF6, 

LiPO2F2 
and LiBF4

1.6 : 
100

Ethylene 
sulfate

1.5% 14.8% 96.4% 97.7%

Example 
3-4

0.2%
LiPF6, 

LiPO2F2 
and LiBF4

1.6 : 
100

vinyl 
ethylene 

carbonate
2% 13.3% 96.2% 97.9%

Example 
3-5 0.2%

LiPF6, 
LiPO2F2 

and LiBF4

1.6 : 
100

Ethylene 
sulfate 2.5% 13.7% 95.7% 97.3%

Example 
3-6 0.2%

LiPF6, 
LiPO2F2 

and LiBF4

1.6 : 
100

Ethylene 
sulfate 3% 13.9% 95.1% 96.9%

Example 
3-7 0.2%

LiPF6, 
LiPO2F2 

and LiBF4

1.6 : 
100

Ethylene 
sulfate 0% 14.7% 92.3% 92.7%

Example 
3-8

0.2%
LiPF6, 

LiPO2F2 
and LiBF4

1.6 : 
100

Ethylene 
sulfate

5% 14.8% 92.4% 92.5%
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[0135] As can be seen according to Table 1, the high temperature cycling retention rate and the high temperature
storage capacity retention rate of the lithium-ion batteries corresponding to all the above Examples were significantly
higher than those of Comparative Example 1, at the same time, the increase rates of negative electrode expansion in
all the Examples were less than that in Comparative Example 1.
[0136] A comprehensive comparison of Examples 1-1 to 1-7 shows that when the SEI-like film component additive
was added in an amount of 0.1%-0.3% by mass of the electrolyte solution, the high temperature cycling retention rate
of the lithium-ion battery was higher (not less than 94.8%), the lithium-ion battery also had a higher high temperature
storage capacity (not less than 96.1%), and at the same time, the negative electrode of the lithium-ion battery also had
a lower increase rate of negative electrode expansion (not more than 14.1%). However, when the SEI-like film component

(continued)

Example 
No.

Electrolyte solution containing SEI-like film component additive Battery performance

Mass 
percentage m1 
(%) of the added 
amount of SEI-

like film 
component 
additive in 
electrolyte 

solution

Mass ratio of the 
added amount of 

SEI-like film 
component additive 
to lithium-supplying 

material

Mass percentage 
content of other additive 

in electrolyte solution

Increas 
e rate of 
negativ 

e electro 
de 

expansi 
on (%)

60 °C 
cycling 
capacit 

y 
retentio 
n rate 
(%)

60 °C 
storage 
reversib 

le 
capacity 
retentio 
n rate 
(%)

Lithium-
supplying 
material

Ratio
Other 

additive
Content 
(wt%)

Compara 
tive 

Example 
1

0 LiPF6
1.6 : 
100

fluoroethyle 
ne 

carbonate
2% 15.4% 90.2% 90.8%

Note: in Examples 2-1 to 2-10, the molar ratio of different lithium-supplying materials was 1 : 1; in Examples 3-1 to 
3-8, the molar ratio of different lithium-supplying materials was 1 : 1 : 1

Table 2: Relevant parameters and performance list of the lithium-ion batteries of Examples

Example 
No.

m1(%) m2(g/
77mm2)   (g/

77mm2)-1

Mass ratio of the added 
amount of SEI-like film 
component additive to 

lithium-supplying 
material

Increase 
rate of 

negative 
electrod e 
expansi on 

(%)

60 °C 
cycling 

capacity 
retentio n 
rate (%)

60 °C 
storage 
capacity 
retentio n 
rate (%)Lithium - 

supplyin g 
material

Ratio

Example 
4-1 0.01 0.010 1 LiPF6 1.6 : 100 15.1 92.1 93.1

Example 
4-2 0.01 0.010 1.1 LiPF6 1.6 : 100 14.5 93.6 95.1

Example 
4-3 0.012 0.008 1.5 LiPF6 1.6 : 100 14.1 94.8 96.0

Example 
4-4 0.016 0.008 2.0 LiPF6 1.6 : 100 14.0 94.5 95.7

Example 
4-5 0.0224 0.008 2.8 LiPF6 1.6 : 100 14.3 94.2 95.1

Example 
4-6

0.024 0.008 3.0 LiPF6 1.6 : 100
improve 

ment is not 
obvious

93.9 94.5
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additive was added in an amount of less than 0.1% (Examples 1-6) or more than 0.3% (Examples 1-7) by mass of the
electrolyte solution, the improvements of the high temperature cycling performance, the high temperature storage per-
formance and the expansion of the negative electrode of the lithium-ion battery were not significant.
[0137] A comprehensive comparison of Examples 2-1 to 2-10 shows that when the mass ratio of the added amount
of the SEI-like film component additive to the lithium-supplying material was in a range of 0.5-5 : 100, the high temperature
cycling retention rate of the lithium-ion battery was higher (not less than 94%), the lithium-ion battery also had a higher
high temperature storage capacity (not less than 95.3%), and at the same time, the negative electrode of the lithium-
ion battery also had a lower increase rate of negative electrode expansion (not more than 14.1%). However, when the
mass ratio of the added amount of the SEI-like film component additive to the lithium-supplying material was less than
0.5 : 100 (Examples 2-9) or more than 5 : 100 (Examples 2-10), the improvements of the high temperature cycling
performance, the high temperature storage performance and the expansion of the negative electrode of the lithium-ion
battery were not significant.
[0138] A comprehensive comparison of Examples 3-1 to 3-8 shows that in the case where the electrolyte solution
contained the SEI-like film component additive, when the content of the other additive in the electrolyte solution was in
a range of 0.5%-3%, the high temperature cycling retention rate of the lithium-ion battery was higher (not less than
95.1%), and the lithium-ion battery also had a higher high temperature storage capacity (not less than 96.9%). However,
when the content of the other additive in the electrolyte solution was less than 0.5% (Examples 3-7) or more than 3%
(Examples 3-8), the improvements of the high temperature cycling performance and the high temperature storage
performance of the lithium-ion battery were not significant.
[0139] A comprehensive comparison of Examples 4-1 to 1-6 shows that when the ratio of m1 to m2 was in a range of
1.1-2.8 (g/77mm2)-1, the negative electrode expansion of the lithium-ion battery was significantly improved, the high
temperature cycling retention rate of the lithium-ion battery was higher, and the lithium-ion battery also had a higher
high temperature storage capacity. However, when the ratio was less than 1.1 or more than 2.8, the increase rate of
negative electrode expansion, the high temperature cycling performance and the high temperature storage performance
of the battery were not significantly improved.

Claims

1. A method for preparing an SEI-like film component additive, characterized by comprising the steps of:

reacting an organic solution of lithium naphthalenide with a mixed solvent in an inert gas atmosphere to obtain
a mixture containing an SEI-like film component additive, wherein,
the mass ratio of the lithium naphthalenide in the organic solution of lithium naphthalenide to the mass of the
mixed solvent is 2-8 : 1, and the mixed solvent comprises an organic solvent for a battery electrolyte solution;
drying the mixture in vacuum to obtain the SEI-like film component additive.

2. The preparation method according to claim 1, characterized in that,
the mixed solvent comprises one or more of cyclic esters, linear esters, cyclic sulfones and linear sulfones.

3. The method according to claim 1 or 2, characterized in that
the mixed solvent is a mixture of ethylene carbonate, methyl ethyl carbonate, and dimethyl carbonate.

4. The method according to claim 3, characterized in that
based on the mass of the mixed solvent, the ethylene carbonate is used in an amount of 20%-30%, the methyl ethyl
carbonate is used in an amount of 30%-40%, and the dimethyl carbonate is used in an amount of 30%-50%, with
the total amount being 100%.

5. The method according to any one of claims 1-4, characterized in that
the reaction temperature W1 and the reaction time S1 of the organic solution of lithium naphthalenide with the mixed
solvent satisfy the condition of 23.59K·min≤ln(W1+273.15)3lnS1≤30.16K·min; and the reaction is preferably carried
out with sufficient stirring.

6. The method according to any one of claims 1-5, characterized in that
the reaction temperature W1 of the organic solution of lithium naphthalenide with the mixed solvent is 45-60°C, and
the reaction time S1 is 60-180 minutes.

7. The method according to any one of claims 1-6, characterized in that the organic solution of lithium naphthalenide
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is prepared as follows:

adding a lithium metal to an organic solution containing naphthalene in an inert gas atmosphere to react the
naphthalene with the lithium metal, such that the molar ratio of the naphthalene to the added lithium metal is
1-3 : 1,
and during the reaction, the reaction temperature W2 and the reaction time S2 of the naphthalene with the
lithium metal satisfy the condition of 23.59 K·min≤ln(W2+273.15)3lnS2≤30.16K·min; and the reaction is pref-
erably carried out with sufficient stirring.

8. The method according to claim 7, characterized in that
the reaction temperature W2 is 45-60 °C, and the reaction time S2 is 60-180 minutes.

9. The method according to claim 7 or 8, characterized in that
in the organic solution containing naphthalene, the molar ratio of the organic solvent to the naphthalene is 1-5 : 1,
and the organic solvent is selected from one or more of ethylene glycol dimethyl ether, ethylene glycol diethyl ether,
ethylene glycol dipropyl ether, ethylene glycol methyl ethyl ether, and ethylene glycol methyl propyl ether.

10. The method according to any one of claims 1-9, characterized in that
the temperature at which the mixture is dried under vacuum is 60-80 °C; and optionally, the resulting SEI-like film
component additive is a solid.

11. An electrolyte solution, characterized by comprising the SEI-like film component additive prepared by the method
according to any one of claims 1-10.

12. The electrolyte solution according to claim 11, characterized in that
the SEI-like film component additive is added in an amount of 0.05%-0.3% by mass of the electrolyte solution.

13. The electrolyte solution according to claim 11 or 12, characterized in that
the electrolyte solution contains a lithium-supplying material, and the mass ratio of the added amount of the SEI-
like film component additive to the lithium-supplying material is 0.5-5 : 100; optionally, the lithium-supplying material
is one or more of lithium hexafluorophosphate, lithium difluorophosphate, and lithium tetrafluoroborate.

14. The electrolyte solution according to any one of claims 10-13, characterized in that
the electrolyte solution contains other additive in a mass of 0.5%-3% of the mass of the electrolyte solution; optionally,
the other additive is selected from one or more of fluoroethylene carbonate, vinylene carbonate, vinyl ethylene
carbonate, and ethylene sulfate.

15. A lithium-ion battery, characterized by comprising a positive electrode sheet, a separator, a negative electrode
sheet, and the electrolyte solution according to any one of claims 10-14, wherein,
the negative electrode sheet comprises a negative electrode film layer, the negative electrode film layer comprises
a negative electrode active material, and the negative electrode active material comprises one or more of natural
graphite, artificial graphite, mesocarbon microbead, hard carbon, soft carbon, silicon-carbon composite, lithium-tin
alloy and lithium-aluminum alloy.

16. The lithium-ion battery according to claim 15, characterized in that
assuming that the mass percentage content of the added amount of the SEI-like film component additive in the
electrolyte solution is m1, and the mass of the negative electrode active material on a single-sided negative electrode
current collector (in g/77mm2) is m2, then the ratio of m1 to m2 is 1.1-2.8 (g/77mm2)-1.

17. The lithium-ion battery according to any one of claim 15 or 16, characterized in that when the positive electrode
material is one of those of lithium iron phosphate system, the charging cut-off voltage of the lithium-ion battery can
reach 3.65-3.8V; and when the positive electrode material is one of those of nickel-cobalt-manganese ternary system,
the charging cut-off voltage of the lithium-ion battery can reach 4.0-4.8V.

18. A battery module, characterized by comprising the lithium-ion battery according to any one of claims 15-17.

19. A battery pack, characterized by comprising the lithium-ion battery according to any one of claims 15-17 or the
battery module according to claim 18.
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20. A powered device, characterized by
comprising one or more of the lithium-ion battery according to any one of claims 14-17 or the battery module according
to claim 18 or the battery pack according to claim 19, wherein the lithium-ion battery or the battery module or the
battery pack is used as a power source for the powered device or an energy storage unit for the powered device.
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