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(57) ABSTRACT

The present application discloses a lithium-ion battery,
which has a positive electrode sheet, a negative electrode
sheet, a separator, and an electrolyte solution comprising a
lithium salt and a solvent, wherein based on the total weight
of the electrolyte solution, the percentage by mass of the
lithium salt in the electrolyte solution is a %, and the lithium
ion battery satisfies 5=a<10; and the load on single side of
the negative electrode sheet is W grams per 1540.25 mm?2,
and a and W satisfy 25<a/W=50; and the solvent comprises
dimethyl carbonate. The lithium ion battery has good safety
and high-temperature cycling performance, and also has
good kinetic performance.
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LITHIUM-ION BATTERY, BATTERY
MODULE, BATTERY PACK AND POWERED
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT/CN2021/
120317 filed on Sep. 24, 2021 and entitled “Lithium-ion
battery, battery module, battery pack and powered device”
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to the field of
lithium ion batteries, and in particular, to a lithium ion
battery having an electrolyte solution with a low concentra-
tion of a lithium salt, a battery module, a battery pack, and
a powered device.

BACKGROUND

[0003] In recent years, with the increasingly wide use of
lithium-ion batteries, lithium-ion batteries are widely used in
energy storage power systems such as water power, thermal
power, wind power and solar power stations, as well as
power tools, electric bicycles, electric motorcycles, electric
vehicles, military equipment, aerospace and other fields.
[0004] Typically, an electrolyte solution with a high con-
centrations of a lithium salt are used in the lithium ion
batteries to obtain a high kinetic performance. However,
LiPF,, which is usually used as a lithium salt in the
electrolyte solution, has poor thermal stability, and tends to
decompose at high temperature to generate HF, which
destroys the positive electrode material. However, the high
concentration of LiPF, results in a high viscosity of the
electrolyte solution, which is not conducive to the cycling
performance. Lithium ion batteries having an electrolyte
solution with a low concentration of a lithium salt are not
only low in cost, but also have better thermal stability and
cycling performance. However, when the lithium salt con-
centration is low, the conductivity of the electrolyte solution
decreases, which affects the kinetic performance of the
battery and restricts the practical use of lithium-ion batteries
having an electrolyte solution with a low concentration of a
lithium salt.

SUMMARY OF THE INVENTION

[0005] In view of the above-mentioned problems, an
object of the present application is to provide a lithium ion
battery which has good kinetic performance even when an
electrolyte solution with a low concentration of a lithium salt
is used.

[0006] To achieve the above object, a first aspect of the
present application provides a lithium ion battery, which has
a positive electrode sheet, a negative electrode sheet, a
separator and an electrolyte solution comprising a lithium
salt and a solvent, wherein,

[0007] Based on the total weight of the electrolyte solu-
tion, the content of the lithium salt in percentage by mass in
the electrolyte solution is a %, and the lithium ion battery
satisfies 5=a=<10.

[0008] The load on single side of the negative electrode
sheet is W grams per 1540.25 mm?, and a and W satisfy
25=a/W=50; and the solvent contains dimethyl carbonate.
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[0009] Therefore, in the present application, by using a
low concentration of a lithium salt and dimethyl carbonate
in the electrolyte solution, the battery has good safety and
high-temperature cycling performance, as well as good
kinetic performance.

[0010] In any of the embodiments, based on the total
weight of the electrolyte solution, the electrolyte solution
contains b % by mass of a positive electrode sacrificial
additive, the content of dimethy] carbonate in percentage by
mass in the electrolyte solution is ¢ %, and the Lithium-ion
battery satisfies:

c=10xb-10x10.6-a/12.51.

[0011] Thereby, the storage performance of the battery can
be improved while the kinetic performance of the battery is
improved.

[0012] In any of the embodiments, the positive electrode
sacrificial additive is a compound represented by one of the
following general formulas,

(6]
0%840, 0\840, or (ﬁ o ”
o’ 0" Yo =5 /7 =0
\ A B SS
R R O\/ \/
[0013] where R represents an alkylene group having

1-10 carbon atoms or a carbon atom optionally substi-
tuted by an alkyl group having 1-9 carbon atoms, and
[0014] optionally, the positive electrode sacrificial addi-
tive is one or more selected from 1,3-propane sultone,
ethylene sulfate and bis(ethylene sulfate).
[0015] Thus, a better effect of improving the storage
performance of the battery can be obtained.
[0016] In any of the embodiments, 2<b=4.
[0017] Thereby, the power performance and high-tem-
perature cycling performance of the battery can be further
improved.
[0018] In any of the embodiments, based on the total
weight of the electrolyte solution, the content of dimethyl
carbonate in percentage by mass in the electrolyte solution
is ¢ %, and the lithium ion battery satisfies:

c210x(5-0.08%a/W).

[0019] Therefore, the kinetic performance of the battery is
further sufficiently improved.

[0020] In any of the embodiments, the positive electrode
sheet comprises a positive electrode active material LiNi,-
Co, Mn,O,, where x+y+z=1, 0<x<1, 0<y<l, and 0<z<I,
optionally 0.1=x<0.8, and further preferably 0.1=x=<0.5.
[0021] Thus, the capacity density and the storage perfor-
mance of the battery, especially the suppression of gas
production during storage, are taken into account.

[0022] In any of the embodiments, the lithium salt is
LiPF. The high-temperature stability and high-temperature
cycling performance of such a battery can be significantly
improved.

[0023] In any of the embodiments, 5<a<7.5. The kinetic
performance of such a battery is significantly improved.
[0024] A second aspect of the present application provides
a battery module, which includes the lithium-ion battery
according to the first aspect of the present application.
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[0025] A third aspect of the present application provides a
battery pack, which includes the battery module according
to the second aspect of the present application.

[0026] A fourth aspect of the present application provides
a powered device, which includes at least one selected from
the lithium ion battery according to the first aspect of the
present application, the battery module according to the
second aspect of the present application, or the battery pack
according to the third aspect of the present application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic view of a lithium-ion battery
according to an embodiment of the present application.
[0028] FIG. 2 is an exploded view of the lithium-ion
battery according to the embodiment of the present appli-
cation shown in FIG. 1.

[0029] FIG. 3 is a schematic view of a battery module
according to an embodiment of the present application.
[0030] FIG. 4 is a schematic view of a battery pack
according to an embodiment of the present application.
[0031] FIG. 5 is an exploded view of the battery pack
according to the embodiment of the present application
shown in FIG. 4.

[0032] FIG. 6 is a schematic view of a powered device
where a lithium-ion battery according to an embodiment of
the present application is used as a power source.

LIST OF REFERENCE NUMERALS

[0033] 1 battery pack; 2 upper box; 3 lower box; 4 battery
module; 5 lithium ion battery; 51 case; 52 electrode assem-
bly; 53 top cover assembly

DETAILED DESCRIPTION

[0034] Hereinafter, embodiments of the lithium ion bat-
tery, its manufacturing method, the battery module, the
battery pack, and the powered device of the present appli-
cation will be described in detail with reference to the
accompanying drawings as appropriate. However, unneces-
sary detailed descriptions may be omitted in some cases. For
example, there are cases where detailed descriptions of
well-known items and repeated descriptions of actually
identical structures are omitted, to avoid unnecessary redun-
dancy in the following descriptions and to facilitate the
understanding by those skilled in the art. In addition, the
accompanying drawings and following descriptions are pro-
vided for fully understanding the present application by
those skilled in the art, and are not intended to limit the
subject matter recited in the claims.

[0035] “Range” disclosed herein is defined by a lower
limit and an upper limit, with a given range being defined by
the selection of a lower limit and an upper limit defining the
boundaries of the particular range. A range defined in this
manner may be inclusive or exclusive, and may be arbi-
trarily combined, that is, any lower limit may be combined
with any upper limit to form a range. For example, if the
ranges of 60-120 and 80-110 are listed for a particular
parameter, it is to be understood that the ranges of 60-110
and 80-120 are also contemplated. Additionally, if the mini-
mum range values 1 and 2 are listed, and if the maximum
range values 3, 4, and 5 are listed, the following ranges are
all contemplated: 1-3, 1-4, 1-5, 2-3, 2-4 and 2-5. In the
present application, unless stated otherwise, the numerical
range “a-b” represents an abbreviated representation of any
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combination of real numbers between a and b, where both a
and b are real numbers. For example, the numerical range
“0-5” means that all real numbers between “0-5” have been
listed herein, and “0-5” is just an abbreviated representation
of the combination of these numerical values. In addition,
when a parameter is expressed as an integer that is =2, it is
essentially disclosed that the parameter is, for example, the
integer 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, and the like.
[0036] All the embodiments and optional embodiments of
the present application can be combined with each other to
form new technical solutions, unless particularly stated
otherwise.

[0037] All technical features and optional technical fea-
tures of the present application can be combined with each
other to form a new technical solution, unless particularly
stated otherwise.

[0038] The terms “comprise”, “comprising”, “include”
and “including” mentioned in the present application may be
open-ended or closed-ended. For example, the terms “com-
prise”, “comprising”, “include” and “including” can mean
that other components not listed may also be included or
comprised, or only the listed components are included or
comprised.

[0039] Inthe present application, the term “or” is inclusive
unless particularly stated otherwise. For example, the phrase
“Aor B” means “A, B, or both A and B.” More specifically,
the condition “A or B” is satisfied by any of the following:
A is true (or present) and B is false (or absent); A is false (or
absent) and B is true (or present); or both A and B are true
(or present).

[0040] Typically, the lithium salt concentration is gener-
ally high in the electrolyte solution in the existing lithium
ion batteries to obtain a high kinetic performance. The
lithium salts used in lithium ion batteries are mostly LiPF,.
However, LiPFg has poor thermal stability, and tends to
decompose at high temperature to generate HF, which
destroys the positive electrode material. However, the high
concentration of LiPF, results in a high viscosity of the
electrolyte solution at a low temperature, which is not
conducive to the cycling performance. Reducing the con-
centration of LiPFg not only reduces the cost, but also
improves the thermal stability and cycling performance of
lithium-ion batteries. However, a low concentration of a
lithium salt results in low conductivity of the electrolyte
solution, which affects the kinetic performance of the bat-
tery. Therefore, it is desirable to improve the kinetic perfor-
mance of lithium-ion batteries having an electrolyte solution
with a low concentration of a lithium salt to make such
lithium-ion batteries suitable for practical use.

[0041] The present inventors find through various explo-
rations that for a specific lithium-ion battery having an
electrolyte solution with a low concentration of a lithium
salt, the kinetic performance of the lithium-ion battery can
be significantly improved by adding dimethyl carbonate
(DMCQ) to the electrolyte solution.

[0042] The thus obtained lithium-ion battery having an
electrolyte solution with a low concentration of a lithium salt
are applicable to various situations, such as electric bicycles,
energy storage base stations, taxis, scooters, and the like.
[0043] Specifically, in an embodiment of the present appli-
cation, a lithium-ion battery is provided, which has a posi-
tive electrode sheet, a negative electrode sheet, a separator,
and an electrolyte solution comprising a lithium salt and a
solvent.
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[0044] Based on the total weight of the electrolyte solu-
tion, the content of the lithium salt in percentage by mass in
the electrolyte solution is a %, and the lithium ion battery
satisfies 5=a=<10.

[0045] The load on single side of the negative electrode
sheet is W grams per 1540.25 mm?> and a and W satisfy
25=a/W=50; and the solvent contains dimethyl carbonate.
[0046] The load on single side of the negative electrode
sheet is the amount of the negative electrode film layer on
single side of the negative electrode sheet.

[0047] Although the mechanism is not yet clear, the pres-
ent applicant unexpectedly finds that by adding dimethyl
carbonate to the electrolyte solution in a lithium ion battery
that satisfies the above-mentioned lithium salt concentration
and the load on the negative electrode sheet in the present
application, the dynamic performance of the battery can be
significantly improved. Since the lithium salt concentration
in the electrolyte solution of the battery is between 5 and 10
wt %, the decomposition of the lithium salt is reduced, the
viscosity of the electrolyte solution is lower, and the high-
temperature cycling performance is better. Moreover, a/W
represents the lithium salt concentration relative to the load
per unit area of the negative electrode sheet, which is related
to the diffusion kinetics of lithium ions in the negative
electrode. When the value of a/W is small, the load on the
negative electrode is high, so the energy density is high.
However, in this case, the transmission path of lithium ions
is long, there is more disordered transmission, the interca-
lation and deintercalation of lithium ions are difficult, and
the available lithium ions are less. That is to say, although
the lithium-ion battery with a and a/W values satistying the
above-mentioned ranges has good safety and high-tempera-
ture cycling performance, the kinetic performance is poor.
Through numerous experiments, it is found that the use of
DMC in the solvent can improve the dynamic performance
of the battery.

[0048] The range of W can be selected by those skilled in
the art according to actual needs, and usually, W is in the
range of 0.1-0.25 g/1540.25 mm?.

[0049] In some embodiments, based on the total weight of
the electrolyte solution, the electrolyte solution contains b %
by mass of a positive electrode sacrificial additive, the
content of dimethyl carbonate in percentage by mass in the
electrolyte solution is ¢ %, and the lithium-ion battery
satisfies:

c=10xb-10x10.6-a/12.51.

[0050] When DMC is oxidized, a gas is produced. There-
fore, the addition of DMC may cause gas production during
storage of the battery, which affects the storage performance
of the battery. The positive electrode sacrificial additive can
be oxidized on the surface of the positive electrode in
preference to the solvent, so the addition of the positive
electrode sacrificial additive can prevent the DMC from
being oxidized. Moreover, the amount of DMC is also
related to the concentration of the lithium salt. When the
concentration of the lithium salt is relatively high or low, the
improvement of DMC on the kinetic performance of the
battery becomes more and more limited. In this case, reduc-
ing the amount of DMC will not affect the kinetic perfor-
mance of the battery greatly, but is beneficial to reducing the
gas production caused by oxidation of DMC. The inventors
find that given the concentration ¢ % of DMC, the concen-
tration b % of the positive electrode sacrificial additive and
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the concentration a % of the lithium salt satisfying the above
relationships, the storage performance of the battery can be
improved while the kinetic performance of the battery is
improved.

[0051] In some embodiments, the positive electrode sac-
rificial additive is a compound represented by one of the
following general formulas,

[0052] where R represents an alkylene group having
1-10 carbon atoms or a carbon atom optionally substi-
tuted by an alkyl group having 1-9 carbon atoms,

[0053] optionally, the positive electrode sacrificial addi-
tive is one or more selected from 1,3-propane sultone
(1,3-PS), ethylene sulfate (DTD) and bis(ethylene
bisulfate) (bis-DTD).

[0054] By specifically selecting the positive electrode sac-
rificial additive, a better effect of improving the storage
performance of the battery can be obtained.

[0055] In some embodiments, 2<b=4. By further defining
the amount of the positive electrode sacrificial additive, it is
ensured that high degree of oxidation of the positive elec-
trode sacrificial additive on the surface of the positive
electrode can be prevented to avoid the influence on the
power performance and cycling performance of the battery,
while the positive electrode sacrificial additive functions
fully, so that the power performance and high-temperature
cycling performance of the battery can be further improved.
[0056] In some embodiments, based on the total weight of
the electrolyte solution, the content of dimethyl carbonate in
percentage by mass in the electrolyte solution is ¢ %, and the
lithium ion battery satisfies:

c210x(5-0.08%a/W).

[0057] As mentioned previously, a/W is related to the
diffusion kinetics of lithium ions in the negative electrode.
With the increasing value of (5-0.08xa/W), the kinetic
performance of the battery becomes worse. The present
inventors find that when the concentration ¢ % of dimethyl
carbonate and a/W satisfy the above relationship, the kinetic
performance of the battery can be more fully improved.
[0058] In some embodiments, ¢ % is optionally in the
range of 5-50%, optionally in the range of 9-30%.

[0059] In some embodiments, the positive electrode sheet
comprises a positive electrode active material LiNi,-
Co,Mn,0,, where x+y+z=1, 0<x<l, O<y<l, and 0<z<I,
optionally 0.1=x<0.8, and further optionally 0.1=x=<0.5.
[0060] By the seclection of the value of x, the capacity
density and the storage performance of the battery, espe-
cially the suppression of gas production during storage, are
taken into account.

[0061] In some embodiment, the lithium salt is LiPF,.
Compared with lithium-ion batteries where the lithium salt
in the electrolyte solution is other kinds of lithium salts,
lithium-ion batteries where the lithium salt is exclusively
LiPF, is more prone to problems associated with high-
temperature stability and high-temperature cycling perfor-
mance. By satisfying the above conditions, the high-tem-
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perature stability and high-temperature cycling performance
of the lithium ion battery can be significantly improved, and
the dynamic performance of the battery is ensured.

[0062] In some embodiments, S<a<7.5. For a lithium ion
battery having such a lithium salt concentration, the kinetic
performance of the battery can be significantly improved by
satisfying the above conditions.

[0063] Further, the lithium ion battery, the battery module,
the battery pack, and the powered device of the present
application will be described below with reference to the
accompanying drawings.

[0064] Typically, the lithium ion battery pack includes a
positive electrode sheet, a negative electrode sheet, an
electrolyte, and a separator. During the charge and discharge
process of the battery, active ions are intercalated and
deintercalated repeatedly between the positive electrode
sheet and the negative electrode sheet. The electrolyte serves
to conduct ions between the positive electrode sheet and the
negative electrode sheet. The separator is provided between
the positive electrode sheet and the negative electrode sheet,
and mainly functions to prevent a short circuit between the
positive electrode and the negative electrode while allowing
ions to pass through.

[0065] [Positive Electrode Sheet]

[0066] The positive electrode sheet includes a positive
electrode current collector and a positive electrode film layer
provided on at least one surface of the positive electrode
current collector, where the positive electrode film layer
comprises a positive electrode active material.

[0067] By way of example, the positive electrode current
collector has two opposite surfaces in the direction of its
own thickness, and the positive electrode film layer is
provided on either or both of the two opposite surfaces of the
positive electrode current collector.

[0068] In some embodiments, the positive electrode cur-
rent collector can be a metal foil or a composite current
collector. For example, an aluminum foil can be used as the
metal foil. The composite current collector may include a
high molecular material substrate layer and a metal layer
formed on at least one surface of the high molecular material
substrate layer. The composite current collector can be
formed by forming the metal material (aluminium, alu-
minium alloy, nickel, nickel alloy, titanium, titanium alloy,
silver and silver alloy, etc.) on the high molecular material
substrate (such substrate as polypropylene (PP), polyethyl-
ene terephthalate (PET), polybutylene terephthalate (PBT),
polystyrene (PS), and polyethylene (PE), etc.).

[0069] Insome embodiments, the positive electrode active
material may be a positive electrode active material for
batteries known in the art. For example, the positive elec-
trode active material may include at least one of a lithium-
containing phosphate of olivine-structure, a lithium transi-
tion metal oxide, and a modified compounds thereof.
However, the present application is not limited to these
materials, and other conventional materials useful as posi-
tive electrode active materials for batteries can also be used.
These positive electrode active materials may be used alone
or in combination of two or more. Among them, examples
of'the lithium transition metal oxide may include, but are not
limited to, at least one of a lithium-cobalt oxide (such as
LiCo00,), a lithium-nickel oxide (such as LiNiO,), a lithium-
manganese oxide (such as LiMnO,, and LiMn,O,), a
lithium-nickel-cobalt oxide, a lithium-manganese-cobalt
oxide, a lithium-nickel-manganese oxide, a lithium-nickel-
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cobalt-manganese oxide (such as LiNi, sCo, ,Mn, 50, (also
referred to as NCM333), LiNi, sCo, ,Mn, 50, (also referred
to as NCM523), LiNi, sCo, ,sMn, ,50, (also referred to as
NCM211), LiNi, (Co, ,Mn,,0, (also referred to as
NCM622), and LiNi, Co, ;Mn, ,0, (also referred to as
NCMBS811)), a lithium-nickel-cobalt-aluminum oxide (such
as LiNij 5sCoq 5Al 0sO,) and a modified compound
thereof. Examples of the lithium-containing phosphate of
olivine-structure may include, but are not limited to, at least
one of lithium iron phosphate (such as LiFePO, (also
referred to as LFP)), a composite material of lithium iron
phosphate and carbon, lithium manganese phosphate (such
as LiMnPO,), a composite material of lithium manganese
phosphate and carbon, lithium iron manganese phosphate,
and a composite material of lithium manganese iron phos-
phate and carbon.

[0070] In some embodiments, the positive electrode film
layer further optionally comprises a binder. For example, the
binder may include at least one of polyvinylidene fluoride
(PVDF), polytetrafluoroethylene (PTFE), a vinylidene fluo-
ride-tetrafluoroethylene-propylene terpolymer, a vinylidene
fluoride-hexafluoropropylene-tetrafluoroethylene  terpoly-
mer, a tetrafluoroethylene-hexafluoropropylene copolymer
and a fluorine-containing acrylate resin.

[0071] In some embodiments, the positive electrode film
layer further optionally comprises a conductive agent. For
example, the conductive agent may include at least one of
superconducting carbon, acetylene black, carbon black,
Ketjen black, carbon dot, carbon nanotubes, graphene, and
carbon nanofibers.

[0072] In some embodiments, the positive electrode sheet
can be prepared by dispersing the components for preparing
the positive electrode sheet, for example, the positive elec-
trode active material, the conductive agent, the binder and
any other components in a solvent (for example, N-methyl
pyrrolidone) to form a positive electrode slurry; and apply-
ing the positive electrode slurry on a positive electrode
current collector, followed by oven drying, cold pressing and
other procedures, to obtain the positive electrode sheet.

[0073] [Negative Electrode Sheet]

[0074] The negative electrode sheet includes 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.

[0075] 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.

[0076] In some embodiments, the negative electrode cur-
rent collector can be a metal foil or a composite current
collector. For example, a copper foil can be used as the metal
foil. The composite current collector may include a high
molecular material substrate layer and a metal layer formed
on at least one surface of the high molecular 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), and
polyethylene (PE), etc.).
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[0077] In some embodiments, the negative electrode
active material may be a negative electrode active material
for batteries known in the art. For example, the negative
electrode active material may include at least one of artificial
graphite, natural graphite, soft carbon, hard carbon, silicon-
based materials, tin-based materials, lithium titanate, and the
like. The silicon-based material may be at least one selected
from elemental silicon, a silicon-oxygen compound, a sili-
con-carbon composite, a silicon-nitrogen composite, and a
silicon alloy. The tin-based material may be at least one
selected from elemental tin, a tin-oxygen compound, and a
tin alloy. However, the present application is not limited to
these materials, and other conventional materials useful as
negative electrode active materials for batteries can also be
used. These negative electrode active materials may be used
alone or in combination of two or more.

[0078] In some embodiments, the negative electrode film
layer further optionally comprises a binder. The binder may
be at least one selected from styrene butadiene rubber
(SBR), polyacrylic acid (PAA), sodium polyacrylate
(PAAS), polyacrylamide (PAM), polyvinyl alcohol (PVA),
sodium alginate (SA), polymethacrylic acid (PMAA), an
acrylate, and carboxymethyl chitosan (CMCS).

[0079] In some embodiments, the negative electrode film
layer further optionally comprises a conductive agent. The
conductive agent may be at least one selected from super-
conducting carbon, acetylene black, carbon black, Ketjen
black, carbon dot, carbon nanotubes, graphene, and carbon
nanofibers.

[0080] In some embodiments, the negative electrode film
layer may further optionally comprise other auxiliaries, for
example, a thickener (e. g., sodium carboxymethyl cellulose
(CMC-Na)) and the like.

[0081] Insome embodiments, the negative electrode sheet
can be prepared by dispersing the components for preparing
the negative electrode sheet, for example, the negative
electrode active material, the conductive agent, the binder
and any other components in a solvent (for example, deion-
ized water) to form a negative electrode slurry; and applying
the negative electrode slurry on a negative electrode current
collector, followed by oven drying, cold pressing and other
procedures, to obtain the negative electrode sheet.

[0082] [Electrolyte]

[0083] The electrolyte serves to conduct ions between the
positive electrode sheet and the negative electrode sheet. In
the present application, the electrolyte is an electrolyte
solution. The electrolyte solution comprises an electrolyte
salt and a solvent.

[0084] Insome embodiments, the electrolyte salt can be at
least one selected from lithium hexafluorophosphate, lithium
tetrafluoroborate, lithium perchlorate, lithium hexafluoro-
arsenate, lithium bis(fluorosulfonyl)imide, lithium bis(trif-
luoromethanesulfonyl)imide, lithium trifluoromethane-
sulfonate, lithium difluorophosphate, lithium difluoro
(oxalato)borate, lithium bis(oxalate)borate, lithium difluoro
bis(oxalato)phosphate, and lithium tetrafluoro(oxalato)
phosphate.

[0085] In some embodiments, the solvent may comprise,
in addition to DMC, at least one selected from ethylene
carbonate (EC), propylene carbonate, methyl ethyl carbon-
ate (EMC), diethyl carbonate, dimethyl carbonate, dipropyl
carbonate, methyl propyl carbonate, ethyl propyl carbonate,
butylene carbonate, fluoroethylene carbonate, methyl for-
mate, methyl acetate, ethyl acetate, propyl acetate, methyl
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propionate ethyl propionate, propyl propionate, methyl
butyrate, ethyl butyrate, 1,4-butyrolactone, sulfolane, dim-
ethyl sulfone, methyl ethyl sulfone and diethyl sulfone.
[0086] In some embodiments, the electrolyte solution fur-
ther optionally comprises an additive. For example, the
additive may include a negative electrode film-forming
additive, a positive electrode film-forming additive, and also
an additive capable of improving certain properties of the
battery, such as an additive for improving the overcharge
performance of the battery, and an additive for improving
the high-temperature or low-temperature performance of the
battery, etc.

[0087] [Separator]

[0088] In some embodiments, the lithium-ion battery fur-
ther includes a separator. The type of the separator is not
particularly limited in the present application, and any
well-known separator with a porous structure having good
chemical stability and mechanical stability may be used.
[0089] Insome embodiments, the material of the separator
may be at least one selected from glass fibers, non-woven
fabric, polyethylene, polypropylene, and polyvinylidene
fluoride. The separator is not particularly limited, and may
be a single-layer film or a multi-layer composite film. When
the separator is a multi-layer composite film, the material of
each layer may be the same or different, and there is no
particular limitation.

[0090] Insome 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.

[0091] 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 assem-
bly and electrolyte.

[0092] 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 of the plastic include poly-
propylene, polybutylene terephthalate and polybutylene suc-
cinate, etc.

[0093] The shape of the lithium-ion battery is not particu-
larly limited in the present application, and may be cylin-
drical, square or of any other shapes. For example, FIG. 1
shows an example of a lithium-ion battery 5 having a square
structure.

[0094] In some embodiments, referring to FIG. 2, the
outer package may 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, where the bottom plate and
the side plate defines an accommodating cavity. The case 51
has an opening that communicates with the accommodating
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 may be formed
into an electrode assembly 52 by a winding process or a
lamination process. The electrode assembly 52 is encapsu-
lated within the accommodating cavity. The electrolyte
solution impregnates the electrode assembly 52. The number
of electrode assembly 52 contained in the lithium-ion battery
5 may be one or more, and can be selected by those skilled
in the art according to specific practical needs.
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[0095] In some embodiments, the lithium-ion battery can
be assembled into a battery module, the number of lithium-
ion battery contained in the battery module may be one or
more, and the specific number can be selected by those
skilled in the art according to the use and capacity of the
battery module.

[0096] FIG. 3 shows an example of a battery module 4.
Referring to FIG. 3, in the battery module 4, a plurality of
lithium-ion batteries 5 is sequentially arranged along a
length direction of the battery module 4. Of course, any
other arrangement is also possible. The plurality of lithium-
ion batteries 5 may further be fixed by fasteners.

[0097] Optionally, the battery module 4 may further
include a shell having an accommodating space, in which
the plurality of lithium-ion batteries 5 are accommodated.
[0098] In some embodiments, the battery module may
further be assembled into a battery pack, and the number of
battery module contained in the battery pack may be one or
more, and can be selected by those skilled in the art
according to the use and capacity of the battery pack.
[0099] FIGS. 4 and 5 shows an example of a battery pack
1. Referring to FIGS. 4 and 5, the battery pack 1 may 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, where the upper box 2 can cover the
lower box 3, and defines an enclosed space for accommo-
dating the battery module 4. The plurality of battery modules
4 can be arranged in the battery box in any pattern.

[0100] In addition, the present application further provides
a powered device, which includes at least one of the lithium-
ion battery, the battery module, or the battery pack provided
in the present application. The lithium-ion battery, the bat-
tery module or the battery pack may be used as a power
source for the powered device or an energy storage unit for
the powered device. The powered device may include, but is
not limited to, a mobile device (such as a mobile phone, and
a laptop, etc.), an electric vehicle (such as an all-electric
vehicle, a hybrid electric vehicle, a plug-in hybrid electric
vehicle, an electric bicycle, an electric scooter, an electric
golf cart, and an electric truck, etc.), an electric train, a ship,
a satellite, an energy storage system, etc.

[0101] The lithium-ion battery, the battery module, or the
battery pack can be selected for use in the powered device
according to the requirements during use.

[0102] FIG. 6 shows an example of a powered device. The
powered device is an all-electric vehicle, a hybrid electric
vehicle, or a plug-in hybrid electric vehicle, etc. In order to
meet the requirements raised by the powered device for high
power and high energy density of lithium-ion batteries, the
battery pack or the battery module may be adopted.

[0103] The device may also be, for example, a mobile
phone, a tablet computer, and a laptop, etc. The device is
typically required to be thin, and the lithium-ion battery may
be adopted as a power source.

EXAMPLES

[0104] Examples of the present invention will be
described hereinafter. The examples described below are
exemplary and only used to explain the present application,
and should not be construed as a limitation on the present
application. Where specific techniques or conditions are not
indicated in the examples, the techniques or conditions
described in the literatures in the art or described in the
product specifications are followed. Where the manufactur-
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ers are not specified, the reagents or instruments used are
conventional products and are commercially available.

Example 1
[0105] (1) Preparation of Electrolyte Solution
[0106] In a glove box under an argon atmosphere with a

moisture content of <10 ppm, 30 g of EC, 50 g of EMC, 10
g of DMC and 10 g of LiPF were respectively added to a
beaker, and dissolved by fully stirring to obtain an electro-
lyte solution for use in this example.

[0107] (2) Preparation of Positive Electrode Sheet
[0108] The positive electrode active material LiNi, sCo,
1Mn,, , O,, the binder polyvinylidene fluoride, and the con-
ductive agent acetylene black were mixed iat a mass ratio of
8:1:1, and the solvent NMP was added and stirred in a
vacuum mixer to obtain a positive electrode slurry. 0.28 g
(dry weight)/1540.25 mm? of the positive electrode slurry
was uniformly coated on an aluminum foil with a thickness
of 13 um as a positive electrode current collector. The
aluminum foil was air dried at room temperature, then
transferred to and dried in an oven at 120° C. for 1 hr, and
then cold-pressed and slit to obtain a positive electrode
sheet.

[0109] (3) Preparation of Negative Electrode Sheet
[0110] The negative electrode active material artificial
graphite, the conductive agent carbon black, and the binder
acrylate were mixed at a mass ratio of 92:2:6, and deionized
water was added and stirred in a vacuum mixer to obtain a
negative electrode slurry. 0.2 g (dry weight)/1540.25 mm? of
the negative electrode slurry was uniformly coated on a
copper foil with a thickness of 8 um as a negative electrode
current collector. The copper foil was air dried at room
temperature, then transferred to and dried in an oven at 120°
C. for 1 hr, and then cold-pressed and slit to obtain a
negative electrode sheet.

[0111] (4) Separator

[0112] The separator was, model cellgard2400 purchased
from Cellgard.

[0113] (5) Lithium-Ilon Battery

[0114] The positive electrode sheet, the separator and the

negative electrode sheet were stacked in sequence, so that
the separator was positioned between the positive electrode
sheet and the negative electrode sheet to serve for isolation,
and then the system was wound to obtain a bare battery cell.
A bare battery cell with a capacity of 4.3 Ah was placed in
an outer package foil. 12 g of the electrolyte solution
prepared above was injected into the dried battery, and a
lithium ion battery was obtained after vacuum packaging,
standing, chemical formation, and shaping.

Example 2

[0115] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 52 g of EMC, 10 g of DMC, and 8 g of
LiPF; were respectively added to a beaker, and dissolved by
fully stirring to obtain an electrolyte solution for use in this
example.

Example 3

[0116] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
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electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 52.5 g of EMC, 10 g of DMC and 7.5 g
of LiPF ; were respectively added to a beaker, and dissolved
by fully stirring to obtain an electrolyte solution for use in
this example.

Example 4

[0117] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 55 g of EMC, 10 g of DMC and 5 g of
LiPF; were respectively added to a beaker, and dissolved by
fully stirring to obtain an electrolyte solution for use in this
example.

Example 5

[0118] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 16 g of EMC, 40 g of DMC, 10 g of LiPF
and 4 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 6

[0119] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 26 g of EMC, 30 g of DMC, 10 g of LiPF,
and 4 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 7

[0120] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 26 g of EMC, 30 g of DMC, 10 g of LiPF
and 4 g of DTD were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 8

[0121] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 26 g of EMC, 30 g of DMC, 10 g of LiPF,
and 4 g of bis-DTD were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 9

[0122] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
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ppm, 30 g of EC, 43 g of EMC, 15 g of DMC, 10 g of LiPF,
and 2 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 10

[0123] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 47 g of EMC, 10 g of DMC, 10 g of LiPF,
and 3 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 11

[0124] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 47 g of EMC, 9 g of DMC, 10 g of LiPF,
and 4 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 12

[0125] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 25 g of EMC, 30 g of DMC, 10 g of LiPF,
and 5 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 13

[0126] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 42 g of EMC, 15 g of DMC, 10 g of LiPF,
and 3 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 14

[0127] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 52 g of EMC, 5 g of DMC, 10 g of LiPF,
and 3 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Example 15

[0128] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 46.5 g of EMC, 12 g of DMC, 10 g of
LiPF,, and 1.5 g of 1,3-PS were respectively added to a
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beaker, and dissolved by fully stirring to obtain an electro-
lyte solution for use in this example.

Example 16

[0129] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 30 g of EC, 37 g of EMC, 20 g of DMC, 10 g of LiPF,
and 3 g of 1,3-PS were respectively added to a beaker, and
dissolved by fully stirring to obtain an electrolyte solution
for use in this example.

Comparative Example 1

[0130] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that the
electrolyte solution was prepared as follows. In a glove box
under an argon atmosphere with a moisture content of <10
ppm, 33.75 gof EC, 56.25 g of EMC, and 10 g of LiPF ; were
respectively added to a beaker, and dissolved by fully
stirring to obtain an electrolyte solution for use in this
comparative example.

Comparative Example 2

[0131] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that in
a glove box under an argon atmosphere with a moisture
content of <10 ppm, 36.38 g of EC, 60.62 g of EMC, and 3
g of LiPF, were respectively added to a beaker, and dis-
solved by fully stirring to obtain an electrolyte solution for
use in this comparative example.

Comparative Example 3

[0132] The preparation process of the lithium ion battery
was generally the same as that in Example 1, except that in
a glove box under an argon atmosphere with a moisture
content of <10 ppm, 33 g of EC, 55 g of EMC, and 12 g of
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LiPF; were respectively added to a beaker, and dissolved by
fully stirring to obtain an electrolyte solution for use in this
comparative example.

[0133] The positive electrode active materials obtained in
Examples 1 to 16 and Comparative Examples 1 to 3 were
respectively subjected to performance tests as shown below.
The test results are shown in Table 2 below.

[0134] Performance Test of Lithium lon Battery

[0135] 1. DCR (Direct Current Resistance) Test During
Initial Discharge

[0136] At 25° C., the lithium-ion battery was charged to
4.25V atrate of 1 C, then charged at a constant voltage until
the current was less than 0.05 C, and then discharged at a
rate of 1 C for 30 min. The voltage at this time was recorded
as V1. Then the lithium-ion battery was discharged at a rate
of 4 C (the corresponding current at 4 C is I) for 30 s, and
the voltage at this time was recorded as V2. The DCR during
initial discharge of the lithium-ion battery=(V1-V2)/1,
[0137] 2. Cycling Performance Test at 60° C.

[0138] At 60° C., the lithium-ion battery was charged at a
constant current of 1 C to 4.25V, then charged at a constant
voltage of' 4.25 V to a current of 0.05 C, stood for 5 min, and
then discharged at a constant current of 1 C to 2.5V. The
obtained capacity was recorded as initial capacity CO. The
above steps were repeated for the same battery, and the
cycles were counted. The discharge capacity C300 of the
battery after the 300th cycle was recorded, and the cycling
capacity retention rate of the battery after 300 cycles is
P=C300/CO*100%.

[0139] 3. Storage Performance Test at 60° C.

[0140] At 60° C., the lithium-ion battery was charged to
4.35V at a constant current of 0.5 C, and then charged at a
constant voltage to a current of 0.05 C. At this time, the
thickness of the lithium-ion battery was measured and
recorded as hO. Then the lithium-ion battery was transferred
an incubator at 60° C., stored for 30 days, and taken out. The
thickness of the lithium-ion battery at this time was mea-
sured and recorded as hl. Thickness expansion rate of
lithium-ion battery after 30 days of storage=[(h1-h0)/h0]x
100%.

TABLE 1

Relevant parameter and performance list of Examples and Comparative example

[Negative
electrode Content of Cycling
Mass sheet dimethyl Thickness capacity
percent single Positive carbonate in expansion retention
of side] electrode  percentage by rate (%) rate (%)
lithium Load W sacrificial mass, ¢ DCR after storage after cycles
salt, a (%) (g/1540.25 mm?) a/W  additive (%) (Q) at 60° C. at 60° C.
Comparative 10 0.2 50 — — 26.7 20.5 77.8
Example 1
Comparative 3 0.2 15 — — 32.1 16.5 80.6
Example 2
Comparative 12 0.2 60 — — 27.3 20.9 77.3
Example 3
Example 1 10 0.2 50 — 10 24.9 16.7 81.6
Example 2 8 0.2 40 — 10 25.3 15.4 82.1
Example 3 7.5 0.2 37.5 — 10 25.8 14.9 83.1
Example 4 5 0.2 25 — 10 26.5 14.1 83.5




US 2023/0361352 Al Nov. 9, 2023
TABLE 2
Relevant parameters and performance list of the lithium-ion batteries of Examples
[Negative Content of Thickness  Cycling
Mass electrode positive Content of Whether expansion  capacity
percent sheet electrode dimethyl 10x c=10x rate retention
of single side] Positive sacrificial carbonate b- b- (%) rate (%)
lithium Load W electrode additive in  in percentage 10 x 10 x after after
salt (g/1540.25 sacrificial percentage by by mass, ¢ 10.6 - 10.6 - DCR storage at cycles at
a (%) mm?) a/W  additive mass, b(%) (%) a/12.51 a/12.5] (Q) 60° C. 60° C.
Example 10 0.2 50 1, 3- 4 40 38 1o 229 16.7 81.1
5 PS
Example 10 0.2 50 1, 3- 4 30 38 Yes 23:1 16.2 82.1
6 PS
Example 10 0.2 50 DTD 4 30 38 Yes 23 15.2 81.9
7
Example 10 0.2 50 Bis- 4 30 38 Yes 229 14.9 81.8
8 DTD
Example 10 0.2 50 1, 3- 2 15 18 Yes 23.8 16.1 82.5
9 PS
Example 10 0.2 50 1, 3- 3 10 28  Yes 24.9 15.8 82.7
10 PS
TABLE 3
Relevant parameters and performance list of the lithium-ion batteries of Examples
[Negative Content of Thickness  Cycling
electrode positive expansion  capacity
Mass sheet electrode Content of ~ Whether Whether rate retention
percent single sacrificial dimethyl c¢= 10 x c= (%) rate
of side] Positive additive in carbonate in b - 10x 10 x after (%)
lithium  Load W electrode percentage  percentage by 10 x - - storage after
salt  (g/1540.25 sacrificial by mass, 10.6 - 0.08 x 0.08 x DCR at cycles
a (%) mm?) a/W  additive mass, b(%) ¢ (%) a/12.5| a/W) a/W) (Q) 60° C. at 60° C.
Example 10 0.2 50 1, 3- 4 0 Yes 10 mno 25.1 14.6 82
11 PS
Example 10 0.2 50 1, 3- 5 30 Yes 10 Yes 24.1 14.5 82.4
12 PS
Example 10 0.2 50 1, 3- 3 15 Yes 10 Yes 23.6 16.1 82.6
13 PS
Example 10 0.2 50 1, 3- 3 5 Yes 10 mno 25.1 15.2 80.3
14 PS
Example 10 0.2 50 1, 3- 1.5 12 Yes 10 Yes 26.1 15.4 82.1
15 PS
Example 10 0.2 50 1, 3- 3 20 Yes 10 Yes 23:1 16.3 82.6
16 PS
[0141] According to the above results, by using DMC in [0143] It should be noted that the present application is not

the solvent of the electrolyte solution, the DCR of Examples
1-16 is significantly lower than that of the comparative
example in the presence of the same electrolyte salt con-
centration. That is, the kinetic performance is improved, and
the high-temperature cycling performance is also improved
as well.

[0142] In Examples 5-16, a positive electrode sacrificial
additive is also added to the electrolyte solution, so that
when a higher concentration of DMC is used, the expansion
of the battery at high temperature is suppressed and the
high-temperature cycling performance is improved. It can be
seen from Examples 5-10 that when the battery satisfies
c=10xb-10x10.6-a/12.5l, the high-temperature storage per-
formance and cycling performance of the battery can be
further improved. It can be seen from Examples 11-16 that
when the battery further satisfies c=10x(5-0.08xa/W), the
DCR is lower, and the dynamic performance of the battery
is further improved.

limited to the above-mentioned embodiments. The above-
described embodiments are merely exemplary, and embodi-
ments having substantially the same technical idea and the
same effects within the scope of the technical solution of the
present application are all included in the technical scope of
the present application. In addition, other embodiments
constructed by applying various modifications conceivable
to those skilled in the art to the embodiments and combining
some of the constituent elements of the embodiments are
also included in the scope of the present application.

1. A lithium ion battery, having a positive electrode sheet,
a negative electrode sheet, a separator, and an electrolyte
solution comprising a lithium salt and a solvent, wherein
based on the total weight of the electrolyte solution, the
percentage by mass of the lithium salt in the electrolyte
solution is a %, and the lithium ion battery satisfies 5<a<10;
and the load on single side of the negative electrode sheet is
W grams per 1540.25 mm?, and a and W satisfy 25=a/W=50;
and the solvent comprises dimethyl carbonate.
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2. The lithium ion battery of claim 1, wherein based on the
total weight of the electrolyte solution, the electrolyte solu-
tion comprises b % by mass of a positive electrode sacrificial
additive, the content of dimethyl carbonate in percentage by
mass in the electrolyte solution is ¢ %, and the lithium-ion
battery satisfies:

c=10xb-10x10.6-a/12.51.

3. The lithium ion battery of claim 2, wherein the positive
electrode sacrificial additive is a compound represented by
one of the following general formulas:

0
O\S/O, O\S¢O, or (ﬁ o ”
~

d o Do 48/0\ / S=¢
\ A B
R R O\/ \/

wherein R represents an alkylene group having 1-10
carbon atoms or a carbon atom, the carbon atom
optionally being substituted by an alkyl group having
1-9 carbon atoms, and

optionally, the positive electrode sacrificial additive is one
or more selected from 1,3-propane sultone, ethylene
sulfate and bis(ethylene sulfate).

4. The lithium ion battery of claim 2, wherein 2<b=4.

5. The lithium ion battery of claim 1, wherein based on the

total weight of the electrolyte solution, the percentage by
mass of dimethyl carbonate in the electrolyte solution is ¢ %,
and the lithium ion battery satisfies:

c=10x(5-0.08xa/W).

6. The lithium ion battery of claim 1, wherein the positive
electrode sheet comprises a positive electrode active mate-
rial LiNi,Co Mn,O,, wherein x+y+z=1, 0<x<1, 0<y<l, and
0<z<1, optionally 0.1=x=<0.8, and further optionally 0.1=x
=0.5.

7. The lithium ion battery of claim 1, wherein the lithium
salt is LiPF,.
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8. The lithium ion battery of claim 1, wherein 5=<a<7.5.

9. A battery module, comprising a lithium-ion battery of
claim 1.

10. A battery pack, comprising a battery module of claim
9.

11. The lithium ion battery of claim 3, wherein 2<b=4.

12. The lithium ion battery of claim 2, wherein based on
the total weight of the electrolyte solution, the percentage by
mass of dimethyl carbonate in the electrolyte solution is ¢ %,
and the lithium ion battery satisfies:

c210x(5-0.08%a/W).

13. The lithium ion battery of claim 3, wherein based on
the total weight of the electrolyte solution, the percentage by
mass of dimethyl carbonate in the electrolyte solution is ¢ %,
and the lithium ion battery satisfies:

c210x(5-0.08%a/W).

14. The lithium ion battery of claim 4, wherein based on
the total weight of the electrolyte solution, the percentage by
mass of dimethyl carbonate in the electrolyte solution is ¢ %,
and the lithium ion battery satisfies:

c210x(5-0.08%a/W).

15. The lithium ion battery of claim 2, wherein the
positive electrode sheet comprises a positive electrode active
material LiNi,Co, Mn,O,, wherein x+y+z=1, 0<x<1, 0<y<1,
and 0<z<1, optionally 0.1=x<0.8, and further optionally
0.1=x=0.5.

16. The lithium ion battery of claim 3, wherein the
positive electrode sheet comprises a positive electrode active
material LiNi,Co, Mn,O,, wherein x+y+z=1, 0<x<1, 0<y<1,
and 0<z<1, optionally 0.1=x<0.8, and further optionally
0.1=x=0.5.

17. The lithium ion battery of claim 2, wherein the lithium
salt is LiPF,.

18. The lithium ion battery of claim 3, wherein the lithium
salt is LiPF,.

19. The lithium ion battery of claim 2, wherein 5=<a<7.5.

20. The lithium ion battery of claim 3, wherein 5=<a<7.5.

#* #* #* #* #*



