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Electrolyte and electrochemical device
Technical field

This application relates to the field of energy storage technology, and in particular to an electrolyte and an
electrochemical device containing the electrolyte.

Background technique

Electrochemical devices represented by lithium ion batteries have the advantages of high energy density, high
working voltage, low self-discharge rate, long cycle life, and no pollution. They have been widely used in
computers, smart wearable devices, smart phones, and drones. , And electric vehicles and other fields. With the
development of modern information technology and the expansion of the application range of lithium-ion
batteries, the energy density of lithium-ion batteries in this field has higher requirements.

There are many factors that affect the energy density of lithium ion batteries. At present, increasing the charge
cut-off voltage of lithium-ion batteries is one of the effective means to increase energy density, but the increase
in voltage leads to poor stability of the positive electrode. How to solve the above problems to increase the
energy density of lithium-ion batteries has become an urgent need in this field. The problem.

Summary of the invention

According to the inventor’s research, although the nitrile additives can effectively improve the stability of the
positive electrode and thus significantly improve the cycle performance of the electrochemical device, the nitrile
additives may cause the elution of copper in the negative electrode current collector and thus affect the stability
of the negative electrode. Especially when copper ions are eluted at the welding place of the tabs, it is easy to
cause battery self-discharge and even safety problems.

The invention provides an electrochemical device, which can solve the self-discharge problem of the
electrochemical device under high voltage while meeting the high-voltage cycle stability, and at the same time,
is beneficial to improve safety characteristics.

In some embodiments, the present invention provides an electrochemical device, which includes a positive
electrode, a negative electrode, a separator, and an electrolyte; wherein the electrolyte includes a nitrile

compound, and the nitrile compound accounts for a mass fraction of the electrolyte. Is A%,

The negative electrode includes a current collector, and the current collector includes: a first zone and a second
zone;

The first area is provided with a negative active material layer;

The second region does not include a negative active material layer;

The area of the second zone accounts for B% of the surface area of the current collector; and

AxB(600.

In some embodiments, the nitrile compound comprises at least one of a compound of formula I, a compound of

formula II, a compound of formula III, a compound of formula IV, a compound of formula V, or a compound of
formula VI:
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Wherein, a, d, f, j, k, 1, m, r, u, w and y are each independently an integer selected from 1 to 5, b, c, e, g, h, i, n,
0,p,q, S, t, v, x are each independently an integer selected from 0 to 5; the mass fraction A% of the nitrile
compound in the electrolyte is 0.1% to 10%.

In some embodiments, the nitrile compound includes at least one of the following compounds:

In some embodiments, the negative electrode has tabs, and the tabs are connected to the second region by
welding, and AxB(210.

In some embodiments, the negative electrode has tabs, the number of tabs is not less than 1, the tabs are formed
by cutting the current collector, and the tabs include an uncoated negative electrode active material layer Area,
and AxB(500.

In some embodiments, at least one second zone is located at the edge of the current collector, wherein the
distance between the tab closest to the edge of the current collector and the edge of the current collector is C,
and 0<C/ The width of the tab <50.

In some embodiments, at least one second area is located at the edge of the current collector, and the edge of the
second area at the edge of the current collector is folded back or not; wherein when folded back, the width of the

folded back area is D , And 0.1<D/tip width<20.

In some embodiments, the current collector is copper foil, and the copper foil has one or more properties
selected from the following:

-Copper purity >99.5%,

-The thickness is from 3 microns to 15 microns,
-The weight per unit area is 30g/m2 to 150g/m2,
-Tensile strength >20kg/mm?2, and

-Elongation > 1.5%.

In some embodiments, the second zone is optionally covered with a substance capable of adhering to the second
zone.

In some embodiments, the part of the tab is optionally covered by a substance capable of being glued thereon.
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In some embodiments, the electrolyte further includes additives, the additives including 1,3-propane sultone,
fluoroethylene carbonate, vinylene carbonate, 2,4-butane sultone , 1,4-butane sultone, methylene disulfonate,
vinyl sulfate, succinic anhydride, ethoxypentafluorocyclotriphosphazene, 1,3-dioxane or propylene At least one
of group-1,3-sultones.

In some embodiments, wherein the electrolyte further includes an anion, the anion includes at least one of Cl-,
Br-, SO42-, CO32- or F-, and the content of the anion in the electrolyte Less than or equal to 1000ppm.

Another aspect of the present invention provides an electronic device including the electrochemical device as
described above.

The additional aspects and advantages of the embodiments of the present application will be partially described,
shown, or explained through the implementation of the embodiments of the present application in the
subsequent description.

Description of the drawings

FIG. 1 is a top view of a negative electrode current collector in an embodiment of the application.

Fig. 2 is a side view of the current collector shown in Fig. 1 along the Z direction.

FIG. 3 is a top view of the negative electrode current collector in another embodiment of the application.

Fig. 4 is a side view of the current collector shown in Fig. 3 along the Z direction.

FIG. 5 is a side view of the negative electrode current collector in another embodiment of the application.
FIG. 6 is a side view of the negative electrode current collector in another embodiment of the application.
FIG. 7 is a side view of the negative electrode current collector in another embodiment of the application.
FIG. 8 is a top view of the negative electrode current collector in another embodiment of the application.

detailed description

The embodiments of this application will be described in detail below. The embodiments of this application
should not be construed as limiting the scope of protection claimed by this application. Unless clearly indicated
otherwise, the following terms used herein have the meanings indicated below.

As used herein, the terms "substantially", "substantially", "substantially", "substantially" and "about" are used to
describe and illustrate small changes. When used in conjunction with an event or situation, the term can refer to
an example in which the event or situation occurs precisely and an example in which the event or situation
occurs very closely. For example, when used in conjunction with a value, the term may refer to a range of
variation less than or equal to +10% of the stated value, such as less than or equal to £5%, less than or equal to
+4%, less than or equal to +3%, If less than or equal to +2%, less than or equal to +1%, less than or equal to
+0.5%, less than or equal to +0.1%, or less than or equal to +0.05%, then the two values can be considered
"substantially" the same.

In addition, sometimes amounts, ratios, and other numerical values are presented in range format herein. It
should be understood that this type of range format is for convenience and brevity, and should be flexibly
understood, not only including the values explicitly designated as range limits, but also encompassing all
individual values or sub-ranges within the stated range, as if clearly Specify each value and subrange locally.

In the detailed description and claims, a list of items connected by the term "one of" may mean any one of the
listed items. For example, if items A and B are listed, then the phrase "one of A and B" means only A or only B.
In another example, if items A, B, and C are listed, then the phrase "one of A, B, and C" means only A; only B;
or only C. Project A can contain a single element or multiple elements. Project B can contain a single element or
multiple elements. Project C can contain a single element or multiple elements.
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In the detailed description and claims, a list of items connected by the term "at least one of" can mean any
combination of the listed items. For example, if items A and B are listed, then the phrase "at least one of A and
B" or "at least one of A or B" means only A; only B; or A and B. In another example, if items A, B, and C are
listed, then the phrase “at least one of A, B, and C” or “at least one of A, B, or C” means only A; or only B; C
only; A and B (exclude C); A and C (exclude B); B and C (exclude A); or all of A, B, and C. Project A can
contain a single element or multiple elements. Project B can contain a single element or multiple elements.
Project C can contain a single element or multiple elements.

As used herein, the content of each component in the electrolyte is based on the total weight of the electrolyte.
1. Electrolyte

In some embodiments, the electrolyte of the present invention contains a nitrile compound, and the nitrile
compound includes at least one of the compound of formula I, compound of formula II, compound of formula
III, compound of formula IV, compound of formula V or compound of formula VI:

Wherein, a, d, f, j, k, 1, m, r, u, w and y are each independently selected from 1, 2, 3,4 or 5,b, c, e, g, h, i, n, o,
P, q, S, t, v, X are each independently selected from 0, 1, 2, 3, 4, or 5; the mass fraction A% of the nitrile
compound in the electrolyte is 0.1% to 10%, 0.3% to 8%, 1% to 6%, or 3% to 4%, in some embodiments, the
A% is about 0.5%, about 1.5%, about 2.5%, about 3.5%, about 4.5%, about 5.5%, about 6.5%, about 7.5%,
about 8.5%, or about 9.5%.

In some embodiments, the nitrile compound includes at least one of the following compounds:

In some embodiments, in order to further improve the performance of the lithium ion battery, the electrolyte
further contains one or more of the following additives: 1,3-propane sultone (PS), fluoroethylene carbonate
(FEC), vinylene carbonate (VC), 2,4-butane sultone, 1,4-butane sultone, methylene disulfonate (MMDS), vinyl
sulfate (DTD) ), succinic anhydride (SA), ethoxypentafluorocyclotriphosphazene, 1,3-dioxane (DOX) or
propenyl-1,3-sultone.

In some embodiments, in order to inhibit the dissolution of copper in the electrolyte containing the nitrile
compound, the electrolyte may also contain anions, such as at least one of the following inorganic anions, such
as Cl-, Br-, SO42-, CO32 -, or F-. In some embodiments, the content of the anion in the electrolyte is less than
or equal to 1000 ppm.

In some embodiments, the electrolyte further includes a lithium salt and an organic solvent.

In some embodiments, the lithium salt is selected from one or more of inorganic lithium salt and organic lithium
salt. In some embodiments, the lithium salt contains at least one of fluorine, boron, or phosphorus. In some
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embodiments, the lithium salt is selected from one or more of the following lithium salts: lithium
hexafluorophosphate (LiPF6), lithium bistrifluoromethanesulfonimide (LiTFSI), bis(fluorosulfonyl) Lithium
amide (abbreviated as LiFSI), bisoxalate boric acid (abbreviated as LiBOB), difluorooxalate boric acid
(abbreviated as LiDFOB), lithium hexafluoroarsenate (abbreviated as LiAsF6), lithium perchlorate (abbreviated
as LiClO4), trifluoro At least one of lithium methanesulfonate (LiCF3SO3).

In some embodiments, the concentration of the lithium salt is 0.5M to 1.5M. In some embodiments, the
concentration of the lithium salt is 0.8M to 1.2M.

The organic solvent includes a cyclic ester and a chain ester, and the cyclic ester is selected from at least one of
ethylene carbonate (EC), propylene carbonate (PC), y-butyrolactone (BL) and butylene carbonate One; the chain
ester is selected from dimethyl carbonate (DMC), diethyl carbonate (DEC), ethyl methyl carbonate (EMC),
propyl ethyl carbonate, methyl formate (MF), ethyl formate ( At least one of MA), ethyl acetate (EA), ethyl
propionate (EP), propyl propionate (PP), methyl propionate, propyl acetate, methyl butyrate, and ethyl butyrate.

2. Electrochemical device

The electrochemical device of the present application includes any device that undergoes an electrochemical
reaction, and specific examples thereof include all kinds of primary batteries, secondary batteries, fuel cells,
solar cells, or capacitors. In particular, the electrochemical device is a lithium secondary battery, including a
lithium metal secondary battery, a lithium ion secondary battery, a lithium polymer secondary battery, or a
lithium ion polymer secondary battery. In some embodiments, the electrochemical device of the present
application is an electrochemical device having a positive electrode having a positive electrode active material
capable of occluding and releasing metal ions, and a negative electrode having a negative electrode active
material capable of occluding and releasing metal ions. It includes any of the above-mentioned electrolytes of
the present application.

Electrolyte

The electrolyte used in the electrochemical device of the present application is any of the above-mentioned
electrolytes in the present application.

negative electrode

In the electrochemical device according to the present application, the negative electrode includes a current
collector and a negative electrode active material layer provided on the current collector. The anode active
material layer contains an anode active material. The specific types of negative electrode active materials are not
subject to specific restrictions, and can be selected according to requirements.

The negative electrode can be prepared by a preparation method known in the art. For example, the negative
electrode may be obtained by mixing an active material, a conductive material, and a binder in a solvent to
prepare an active material composition, and coating the active material composition on a current collector.

The negative electrode active material includes a material that reversibly intercalates/deintercalates lithium ions.
In some embodiments, the material that reversibly intercalates/deintercalates lithium ions includes a carbon
material. In some embodiments, the carbon material may be any carbon-based negative active material
commonly used in lithium ion rechargeable batteries. In some embodiments, the carbon material includes, but is
not limited to: crystalline carbon, amorphous carbon, or a mixture thereof. The crystalline carbon may be
amorphous, flake-shaped, flake-shaped, spherical or fibrous natural graphite or artificial graphite. Amorphous
carbon can be soft carbon, hard carbon, mesophase pitch carbide, calcined coke and the like.

In some embodiments, the negative active material layer includes a negative active material. In some
embodiments, the negative electrode active material includes, but is not limited to: lithium metal, structured
lithium metal, natural graphite, artificial graphite, mesophase carbon microspheres (abbreviated as MCMB),
hard carbon, soft carbon, silicon, silicon -Carbon composite, Li-Sn alloy, Li-Sn-O alloy, Sn, SnO, SnO2, spinel
structure lithiated TiO2-Li4Ti5012, Li-Al alloy or any combination thereof.

In some embodiments, the negative active material layer may include a binder, and optionally a conductive
material. The binder improves the bonding of the negative active material particles with each other and the
bonding of the negative active material with the current collector. In some embodiments, the binder includes but
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is not limited to: polyvinyl alcohol, carboxymethyl cellulose, hydroxypropyl cellulose, diacetyl cellulose,
polyvinyl chloride, carboxylated polyvinyl chloride, polyvinyl fluoride , Polymers containing ethylene oxide,
polyvinylpyrrolidone, polyurethane, polytetrafluoroethylene, polyvinylidene fluoride, polyethylene,
polypropylene, styrene butadiene rubber, acrylic (ester) styrene butadiene rubber , Epoxy resin, nylon, etc.

In some embodiments, the conductive material includes, but is not limited to: carbon-based materials, metal-
based materials, conductive polymers, or mixtures thereof. In some embodiments, the carbon-based material is
selected from natural graphite, artificial graphite, carbon black, acetylene black, Ketjen black, carbon fiber, or
any combination thereof. In some embodiments, the metal-based material is selected from metal powder, metal
fiber, copper, nickel, aluminum, silver. In some embodiments, the conductive polymer is a polyphenylene
derivative.

In the electrochemical device according to the present application, the current collector of the negative electrode
may be selected from copper foil, nickel foil, stainless steel foil, titanium foil, foamed nickel, foamed copper,
conductive metal-coated polymer substrates, and combinations thereof. In some embodiments, the current
collector includes copper foil.

In some embodiments, the copper foil is produced by electrolysis or rolling, the purity is greater than or equal to
99.5%, and the sum of the content of trace elements such as nickel, zinc, and chromium is less than or equal to
0.5% by weight;

In some embodiments, the copper foil has one or more properties selected from the following:
eCopper purity is greater than or equal to 99.5%;

oThe thickness is 3 microns to 15 microns, for example, the thickness is about 4 microns, about 5 microns,
about 6 microns, about 7 microns, about 8 microns, about 9 microns, about 10 microns, about 11 microns, about
12 microns, About 13 microns, or about 14 microns;

oThe weight per unit area is 30g/m2 to 150g/m2, for example, the weight per unit area is about 50g/m2, about
70g/m2, about 90g/m2, about 110g/m2, or about 130g/m2;

oThe tensile strength is greater than or equal to 20kg/mm?2, for example, the tensile strength is greater than or
equal to 30kg/mm?2, greater than or equal to 40kg/mm?2, or greater than or equal to 50kg/mm?2;

e The elongation is greater than or equal to 1.5%, for example, the elongation is greater than or equal to 2%,
greater than or equal to 2.5%, greater than or equal to 3%, greater than or equal to 3.5%, or greater than or equal
to 4%.

In some embodiments, the copper foil is produced by electrolysis, has a purity greater than or equal to 99.5%, a
thickness of about 6 microns, a tensile strength greater than or equal to 30 kg/mm?2, and an elongation greater
than or equal to 3%.

In some embodiments, the copper foil has a certain degree of corrosion resistance, for example, using ethylene
carbonate (EC), propylene carbonate (PC), and diethyl carbonate (DEC) at about 45° C. according to mass ratio
It is 3:1:7 and the electrolyte with 1mol/L LiPF6 content has no obvious color change after immersing for about
48 hours.

In some embodiments, the electrochemical device includes a positive electrode, a negative electrode, a
separator, and an electrolyte; wherein the electrolyte includes a nitrile compound, and the nitrile compound
accounts for A% by mass of the electrolyte; the negative electrode includes The current collector includes: a
first region and a second region; wherein the first region is provided with a negative active material layer; and
the second region does not include a negative active material layer. The area of the second zone accounts for
B% of the surface area of the current collector, and AxB is less than 600, for example, AxB is less than 550,
less than 500, less than 450, less than 400, less than 350, less than 300, less than 250, Less than 200, less than
150, less than 100, less than 50, less than 30, less than 15, or less than 5.

In some embodiments, the negative electrode has tabs, and the tabs are connected to the second region by
welding, and AXB is less than 210. For example, AxB is less than 200, less than 150, less than 100, less than 50,
less than 30, less than 15, or less than 10.

Ningde Amperex Tech. Exhibit No. 2018

Zhuhai CosMX Battery Co. Ltd. v. Ningde Amperex Tech.
IPR2026-00402, U.S. Patent No. 12,334,494

Page 6 of 40



Figures 1 and 2 illustrate a schematic diagram of a current collector of a negative electrode in an embodiment of
the present invention. The current collector includes: a first region 1 and a second region 2; wherein the first
region is provided with a negative electrode active material layer (as shown in FIG. Shown in the middle gray
area); the second area does not contain a negative active material layer. The negative electrode has a tab 3,
which is connected to the second region by welding.

As shown in FIG. 2, in some embodiments, at least one second region is located at the edge of the current
collector, wherein the distance between the tab closest to the edge of the current collector and the edge of the
current collector is C , The width of the tab is W, and the range of "C/W" (that is, the ratio of C to W) is 0-50,
for example, 5-40, 10-30, 15-40, or 20-30.

In some embodiments, the negative electrode has tabs, and the number of tabs is 1 to 150, for example, the
number of tabs is 3, 5, 7, 9, 10, 15. One, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 130, or 140
The tabs are formed by cutting the current collector, and the tabs include areas where the negative electrode
active material layer is not coated, and AXB is less than about 500; for example, AxB is less than 450, less than
400, and less than 350 , Less than 300, less than 250, less than 200, less than 150, less than 100, less than 50,
less than 30, less than 15 or less than 10.

3 and 4 illustrate schematic diagrams of a current collector of a negative electrode in another embodiment of the
present invention. The current collector includes: a first region 1 and a second region 2; wherein the first region
is provided with a negative electrode active material layer; The second region does not include a negative active
material layer. The negative electrode has a plurality of tabs 3, the tabs are formed by cutting the current
collector, and the tabs include regions where the negative electrode active material layer is not coated.

As shown in Figure 5, in some embodiments, at least one second area is located at the edge of the current
collector, and the edge of the second area located at the edge of the current collector is folded back or not;
wherein when folded back, The width of the turn-back area is D, the width of the tab is W, and the range of
"D/W" (that is, the ratio of D to W) is 0.1 to 20, such as 2 to 18,4 to 16, 6 to 14, 8 to 12, Or 9 to 10.

As shown in FIG. 6, in some embodiments, at least one second region is located at the edge of the current
collector, and the negative electrode further includes one or more second regions that do not contain a negative
electrode active material layer located in the middle of the current collector. .

In some embodiments, in order to reduce the surface area of the second zone as much as possible, the second
zone is optionally covered with a substance capable of bonding to the second zone. For example, as shown in
FIG. 7, a part of the second area is covered by, for example but not limited to, a polymer tape 4.

In some embodiments, the part of the tab is optionally covered with a substance capable of adhering to it. For
example, as shown in FIG. 8, in order to reduce the dissolution of copper ions at the welding place between the
tab and the second zone, the welding portion of the tab can be covered with, for example, but not limited to, a
polymer tape.

In the negative electrode of the present invention, the first region (that is, the region provided with the negative
electrode active material layer) may be located on the upper surface, the lower surface or both of the negative
electrode current collector; the second region may be located on the negative electrode current collector At the
edge and/or inside the second area, the second area also includes a tab welding part, a tab area formed by
cutting, and an edge folding area.

positive electrode

The material of the positive electrode used in the electrochemical device of the present application can be
prepared using materials, structures, and manufacturing methods known in the art. In some embodiments, the
technology described in US9812739B can be used to prepare the positive electrode of the present application,
which is incorporated into the present application by reference in its entirety.

In some embodiments, the positive electrode includes a current collector and a positive electrode active material
layer on the current collector. The positive electrode active material includes at least one lithiated intercalation
compound that reversibly intercalates and deintercalates lithium ions. In some embodiments, the positive active
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material includes a composite oxide. In some embodiments, the composite oxide contains lithium and at least
one element selected from cobalt, manganese, and nickel.

In some embodiments, the positive electrode active material is selected from one or more of lithium cobaltate,
lithium manganate, lithium nickelate, or lithium nickel manganese cobalt ternary materials, and the negative
electrode active material contains silicon or silicon oxide material, It can also be selected from graphite, hard
carbon, mesophase carbon microspheres and any other negative electrode materials that can release lithium.

In some embodiments, the positive active material may have a coating on its surface, or may be mixed with
another compound having a coating. The coating may include at least one selected from the oxide of the coating
element, the hydroxide of the coating element, the oxyhydroxide of the coating element, the oxycarbonate of the
coating element, and the hydroxycarbonate of the coating element. Kind of coating element compound. The
compound used for the coating may be amorphous or crystalline.

In some embodiments, the coating element contained in the coating may include Mg, Al, Co, K, Na, Ca, Si, Ti,
V, Sn, Ge, Ga, B, As, Zr or any of them. combination. The coating can be applied by any method as long as the
method does not adversely affect the performance of the positive electrode active material. For example, the
method may include any coating method known in the art, such as spraying, dipping, and the like.

The positive active material layer further includes a binder, and optionally a conductive material. The binder
improves the bonding of the positive electrode active material particles to each other, and also improves the
bonding of the positive electrode active material to the current collector.

In some embodiments, the binder includes, but is not limited to: polyvinyl alcohol, hydroxypropyl cellulose,
diacetyl cellulose, polyvinyl chloride, carboxylated polyvinyl chloride, polyvinyl fluoride, ethylene-containing
Oxygen polymers, polyvinylpyrrolidone, polyurethane, polytetrafluoroethylene, polyvinylidene fluoride,
polyethylene, polypropylene, styrene butadiene rubber, acrylic (ester) styrene butadiene rubber, epoxy resin,
Nylon etc.

In some embodiments, conductive materials include, but are not limited to: carbon-based materials, metal-based
materials, conductive polymers, and mixtures thereof. In some embodiments, the carbon-based material is
selected from natural graphite, artificial graphite, carbon black, acetylene black, Ketjen black, carbon fiber, or
any combination thereof. In some embodiments, the metal-based material is selected from metal powder, metal
fiber, copper, nickel, aluminum, silver. In some embodiments, the conductive polymer is a polyphenylene
derivative.

In some embodiments, the current collector may be aluminum, but is not limited thereto.

The positive electrode can be prepared by a preparation method known in the art. For example, the positive
electrode may be obtained by mixing an active material, a conductive material, and a binder in a solvent to
prepare an active material composition, and coating the active material composition on a current collector. In
some embodiments, the solvent may include N-methylpyrrolidone and the like, but is not limited thereto.

In some embodiments, the positive electrode is made by forming a positive electrode material using a positive
electrode active material layer including lithium transition metal-based compound powder and a binder on a
current collector.

In some embodiments, the positive active material layer can usually be made by the following operations: dry
mixing the positive electrode material and the binder (conducting material and thickener used as needed) to
form a sheet, The obtained sheet is press-bonded to the positive electrode current collector, or these materials
are dissolved or dispersed in a liquid medium to form a slurry, and then coated on the positive electrode current
collector and dried. In some embodiments, the material of the positive active material layer includes any
material known in the art.

Isolation film

In some embodiments, the electrochemical device of the present application is provided with a separator
between the positive electrode and the negative electrode to prevent short circuits. The material and shape of the
isolation membrane used in the electrochemical device of the present application are not particularly limited,
and it may be any technology disclosed in the prior art. In some embodiments, the isolation membrane includes
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a polymer or an inorganic substance formed of a material that is stable to the electrolyte of the present
application.

For example, the isolation film may include a substrate layer and a surface treatment layer. The substrate layer is
a non-woven fabric, film or composite film with a porous structure, and the material of the substrate layer is
selected from at least one of polyethylene, polypropylene, polyethylene terephthalate, and polyimide.
Specifically, a polypropylene porous film, a polyethylene porous film, a polypropylene non-woven fabric, a
polyethylene non-woven fabric, or a polypropylene-polyethylene-polypropylene porous composite film can be
selected. The substrate layer can be one layer or multiple layers. When the substrate layer is multiple layers, the
polymer composition of different substrate layers can be the same or different, and the weight average molecular
weight is different; when the substrate layer is multiple layers , The closed cell temperature of the polymer of
different substrate layers is different.

A surface treatment layer is provided on at least one surface of the substrate layer, and the surface treatment
layer may be a polymer layer or an inorganic substance layer, or a layer formed by a mixed polymer and an
inorganic substance.

The inorganic layer includes inorganic particles and a binder. The inorganic particles are selected from alumina,
silica, magnesium oxide, titanium oxide, hafnium dioxide, tin oxide, ceria, nickel oxide, zinc oxide, calcium
oxide, zirconium oxide, One or a combination of yttrium oxide, silicon carbide, boehmite, aluminum hydroxide,
magnesium hydroxide, calcium hydroxide, and barium sulfate. The binder is selected from polyvinylidene
fluoride, vinylidene fluoride-hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate,
polyacrylic acid, polyacrylate, polyvinylpyrrolidone, polyvinyl ether, One or a combination of polymethyl
methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. The polymer layer contains a polymer, and
the material of the polymer includes polyamide, polyacrylonitrile, acrylate polymer, polyacrylic acid,
polyacrylate, polyvinylpyrrolidone, polyvinyl ether, polyvinylidene fluoride or poly( At least one of vinylidene
fluoride-hexafluoropropylene).

Three, application

The electrochemical device of the embodiment of the present application has improved cycle performance and
high temperature stability under over-discharge conditions, and is suitable for use in various electronic devices.

The use of the electrochemical device of the present application is not particularly limited, and it can be used for
various known uses. For example, notebook computers, pen-input computers, mobile computers, e-book
players, portable phones, portable fax machines, portable copiers, portable printers, headsets, video recorders,
LCD TVs, portable cleaners, portable CD players, Mini discs, transceivers, electronic notebooks, calculators,
memory cards, portable recorders, radios, backup power supplies, motors, cars, motorcycles, assisted bicycles,
bicycles, lighting equipment, toys, game consoles, clocks, power tools, flashlights , Cameras, large household
storage batteries or lithium-ion capacitors, etc.

Example

Hereinafter, examples and comparative examples are given to further specifically describe the present
application, but as long as the gist is not deviated, the present application is not limited to these examples.

1. Preparation of lithium ion battery
(1)Preparation of negative electrode
(i) The negative electrode formed by welding the tab

Dissolve artificial graphite powder, sodium carboxymethyl cellulose (CMC), and styrene-butadiene rubber in
water at a mass ratio of 96:2:2, mix thoroughly and stir to obtain negative electrode slurry, and evenly coat the
negative electrode slurry to a thickness of 12 On the specific area of the copper foil of the micron negative
current collector, the negative active material layer is obtained by baking at 120° C. for 1 hour, and then
compacting, slitting, and welding tabs to obtain the negative electrode.

(i1) The negative electrode formed by cutting the tab
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Dissolve artificial graphite powder, sodium carboxymethyl cellulose (CMC), and styrene-butadiene rubber in
water at a mass ratio of 96:2:2, mix thoroughly and stir to obtain negative electrode slurry, and evenly coat the
negative electrode slurry to a thickness of 12 On the specific area of the micron negative current collector
copper foil, the negative active material layer is obtained by baking at 120° C. for 1 hour, and then compacting,
cutting the tabs, and slitting to obtain the negative electrode.

(iii) Preparation method of the negative electrode with polymer tape in the second area of the negative electrode
(Example 59)

Dissolve artificial graphite powder, sodium carboxymethyl cellulose (CMC), and styrene-butadiene rubber in
water at a mass ratio of 96:2:2, mix thoroughly and stir to obtain negative electrode slurry, and evenly coat the
negative electrode slurry to a thickness of 12 On the specific area of the copper foil of the negative electrode
current collector of micrometers, the negative electrode active material layer is obtained by baking at 120°C for
1 hour, and then undergoes compaction, slitting, welding tabs, and in the second area (that is, the negative
electrode slurry is not coated Area) pasted with a polymer tape made of acrylate to obtain a negative electrode.

(iv) Preparation method of the negative electrode (Example 60) with polymer tape at the welding of the tab

Dissolve artificial graphite powder, sodium carboxymethyl cellulose (CMC), and styrene-butadiene rubber in
water at a mass ratio of 96:2:2, mix thoroughly and stir to obtain negative electrode slurry, and evenly coat the
negative electrode slurry to a thickness of 12 On the specific area of the micron negative current collector
copper foil, the negative active material layer is obtained by baking at 120°C for 1 hour, and then compacting,
slitting, welding the tabs, and pasting the tab welding area with acrylic polymer Material tape to obtain a
negative electrode.

(2)Preparation of positive electrode
(1) The positive electrode formed by welding the tab

The positive active material lithium cobalt oxide (molecular formula is LiCoQO2), the binder polyvinylidene
fluoride (PVDF), and conductive graphite (Super-P) are dissolved in N-methylpyrrolidone (NMP) at a mass
ratio of 96:2:2 Mix it evenly to make positive electrode slurry. The positive electrode slurry was uniformly
coated on a positive electrode current collector aluminum foil with a thickness of about 12 microns, and baked
at 120° C. for 1 hour to obtain a positive electrode active material layer, and then compacted, welded tabs, and
slit to obtain a positive electrode.

(i1) The positive electrode formed by cutting the tab

The positive active material lithium cobalt oxide (the molecular formula is LiCoO2), the binder polyvinylidene
fluoride (PVDF), and conductive graphite (Super-P) are dissolved in N-methylpyrrolidone (NMP) at a mass
ratio of 96:2:2 Mix it evenly to make positive electrode slurry. The positive electrode slurry was uniformly
coated on a positive electrode current collector aluminum foil with a thickness of 12 microns, and baked at 120°
C. for 1 hour to obtain a positive electrode active material layer. After that, the positive electrode was obtained
by compacting, cutting tabs, and slitting.

(3)Preparation of electrolyte

In a dry argon atmosphere glove box, mix ethylene carbonate (EC), propylene carbonate (PC), and diethyl
carbonate (DEC) in a mass ratio of 3:1:7, add LiPF6 as a lithium salt, and add Specific types and amounts of
additives (the types and amounts of added substances are shown in Table 1, and the content of each component
in the electrolyte is based on the total weight of the electrolyte). The concentration of LiPF6 in the electrolyte is
about 1 mol/L.

(4)Preparation of isolation membrane
Use polypropylene isolation film about 12 microns thick

(5)Lithium-ion battery preparation
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A polypropylene film of about 12 microns was used as the separator. Lay the positive electrode, the separator,
and the negative electrode in order, so that the separator is in the middle of the positive and negative electrodes
to separate them, and then wind and put them into an aluminum foil packaging bag. After baking at 80°C to
remove water, inject the corresponding electrolyte. After vacuum packaging, standing, forming, shaping and
other processes, the preparation of the lithium ion battery is completed.

2. Test on the copper foil used in the negative current collector
Copper foil thickness test: Use a micrometer to measure 5 points and take the average value.

Mass per unit area: Cut the copper foil into 100*100mm wide sheets and weigh, and calculate the mass per unit
area. Mass per unit area = weight/area;

Tensile strength test: use a tensile testing machine to test, the length of the test sample is 200+0.5mm, the width
is 15+£0.25mm, the tensile speed is set to 50mm/min, the chuck distance of the testing machine is 1254+0.1mm,
test 5 For parallel samples, take the average value as the test result. During the test, the length of the sample is
parallel to the axis of the fixture, and the sample is kept straight. The test temperature is 20+£5°C

Elongation test: use a tensile testing machine to test, the length of the test sample is 200+£0.5mm, the width is
15£0.25mm, the tensile speed is set to S0mm/min, the chuck distance of the testing machine is 125+0.1mm, and
5 samples are tested For parallel samples, take the average value as the test result. During the test, the length of
the sample is parallel to the axis of the fixture, and the sample is kept straight. The test temperature is 20+£5°C;
elongation=stretched length/original length;

3. Lithium-ion battery performance test
(1)Cycle performance test

The lithium-ion battery was charged to 4.45V at a constant current of 1C at 45°C, left for 30 minutes,
discharged to 3.0V at 1C, and charged and discharged 500 times.

Li-ion battery capacity retention rate (%)=discharge capacity of 500 cycles/first discharge capacityx100%.
(2)60°C high temperature storage test

Put the lithium-ion battery in a 25°C thermostat, charge it to 3.95V at a constant current of 0.5C, test the
thickness of the battery, and then fully charge it to 4.45V, store the battery in a 60°C oven for 30 days, during
which time, every 3 Test the thickness of the battery once a day. If the thickness growth rate of the battery
relative to 3.95V is greater than 60%, stop the test.

Thickness growth rate = (thickness after storage-3.95V thickness) / 3.95V thickness x 100%
(3)Floating charge leakage current test

Put the lithium-ion battery at 45°C for 120 minutes, charge it to 4.45V at 1C, maintain the constant voltage
charging state for 15 days, and record the current after 15 days.

(4)Battery squeeze test

Put the lithium-ion battery in a thermostat at 25°C, charge it to 4.45V at a constant current of 0.5C, then charge
it to a current of 0.05C at a constant voltage, squeeze the battery with a pressure of 20KN, and observe whether
the battery burns or explodes.

A. Prepare the electrolytes and lithium ion batteries of Examples 1 to 39 and Comparative Examples 1 to 6
according to the above method, wherein copper foil is used as the negative electrode current collector, and the
copper foil is produced by electrolysis, with a purity of >99.5% and a thickness of 6 microns, tensile strength
>30kg/mm?2, elongation >3%. The area of the second zone accounts for 18.2% of the surface area of the
negative electrode. The connection method between the tab and the second zone is welding. The width w of the
tab is 0.8cm. The distance C between the tab and the edge of the current collector is 2cm. It is located in the
current collector. The width D of the edge-turn-back area of the second area of the edge is 1.8 cm. The positive

Ningde Amperex Tech. Exhibit No. 2018

Zhuhai CosMX Battery Co. Ltd. v. Ningde Amperex Tech.
IPR2026-00402, U.S. Patent No. 12,334,494

Page 11 of 40



electrode tab is correspondingly prepared by welding. Test the cycle capacity retention rate, floating charge
leakage current and 60°C high temperature storage test of the lithium ion battery with different cycles. The test
results are shown in Table 2.

Table 1

Note: "/" means not added

Table 1 shows the examples and comparative examples when the ratio B% of the area of the fixed second region
to the surface area of the negative electrode is 18.2%. Compared with Comparative Example 1 in which the
nitrile compound is not contained in the electrolyte, the cycle performance of Examples 1 to 39 in which the
specific nitrile compound in the range of 0.1% to 10% by weight is added to the electrolyte is significantly
improved. From the comparison of Comparative Example 2 to Comparative Example 5 and Comparative
Example 1, it can be seen that when the content of the nitrile compound is increased to 12% by weight so that
the value of AxB reaches 218.2, the cycle performance is improved compared to Comparative Example 1, but
improved The amplitude is reduced and the battery self-discharge is further improved. It can be seen from
Comparative Example 6 that when the content of the nitrile compound increases to 15% so that AxB)210, the
floating charge leakage current exceeds S0mA, which seriously affects the use of the battery. Therefore, when
the electrolyte contains 0.1% to 10% by weight of the specific nitrile compound, when the connection method of
the tab and the second zone is welding, AxB(210 can ensure the improvement of battery performance while
introducing small Self-discharge. The addition of nitrile compounds can improve the cycle because the nitrile
group can complex the metal ions on the cathode and stabilize the metal ion potential, thereby reducing the
structural phase transition of the cathode material. At the same time, the nitrile compound can also be adsorbed
on the cathode surface, reducing the cathode and the electrolyte. Contact, the combination of the two, can
significantly improve the battery's cycle and floating performance; but at the same time, the nitrile compound
has a certain solubility for the negative current collector copper foil, especially when the surface of the copper
foil current collector without active material is exposed to the electrolyte In the middle, the solubility of the
nitrile compound on the copper foil is greatly enhanced, and the eluted copper ions can be slowly reduced to
elemental copper on the surface of the negative electrode during the charging and discharging process of the
battery and deposited continuously, which eventually leads to a partial short circuit of the battery and
deterioration of self-discharge. Although the nitrile compound will deteriorate the self-discharge of the battery,
it has obvious advantages in the electrical performance of the battery. Therefore, we need to add a certain
amount of nitrile compound to the electrolyte and control the area of the exposed empty copper foil within a
certain range. Can take into account the battery's electrical performance and self-discharge;

B. Prepare the electrolytes and lithium ion batteries of Examples 40 to 52 and Comparative Example 8
according to the above method, wherein copper foil is used as the negative electrode current collector, and the
copper foil is produced by electrolysis with a purity of >99.8% and a thickness of 8 microns , Tensile strength >
30kg/mm?2, elongation > 3%; the connection between the tab and the second zone is welding, the tab width w is
0.8 cm, and the distance between the tab and the edge of the current collector is 2 cm; located at the edge of the
current collector The width D of the folded-back area at the edge of the second zone is 2.5 cm. The positive
electrode tab is correspondingly prepared by welding. Test the cycle capacity retention rate, floating charge
leakage current and 60°C high temperature storage test of the lithium ion battery with different cycles. The test
results are shown in Table 2.

Table 2
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Table 2 shows the examples and comparative examples when the content of the nitrile compound in the
electrolyte is fixed at 3% by weight. As shown in Examples 40 to 51, when the content of the nitrile compound
in the electrolyte is fixed at 3% by weight, the battery cycle and storage performance is better. As the area of the
second area of the negative electrode in the battery is adjusted, the value of AxB As shown in Comparative
Example 8, when the value of AxB exceeds 210, the battery will have a serious self-discharge phenomenon,
which will seriously affect the use of the battery. The negative electrode current collector in Example 52 does
not have a second region (ie, B is 0.4), so that the value of AxB is 1.2. Compared with Comparative Example 8,
the battery in Example 52 has better cycle performance and low leakage current.

C. Prepare the electrolytes and lithium ion batteries of Example 53 to Example 60 and Comparative Example 9
according to the above method, wherein copper foil is used as the negative electrode current collector, and the
copper foil is produced by electrolysis with a purity of >99.8% and a thickness of 6 microns, tensile strength
>30kg/mm?2, elongation >2%. The connecting manner of the tabs and the second area is cutting, the number of
tabs is 9, the width w of the tabs is 1.5c¢m, and the width D of the edge folding area of the second area at the
edge of the current collector is 1.5cm. The positive electrode tab is prepared by cutting. Test the capacity
retention rate, floating charge leakage current and 60°C high temperature storage test of different cycles of
lithium-ion battery. The test results are shown in Table 3.

table 3

As shown in Table 3, Example 53 to Example 60 and Comparative Example 9 all adopted the method of cutting
tabs to prepare batteries. From Example 53 to Example 59, it can be seen that adjusting the area ratio B% of the
second zone has no significant effect on the battery capacity retention rate, but the battery self-discharge
increases; when the amount of nitrile compound A% in Comparative Example 9 increases When it reaches 12%
by weight and the area ratio of the second zone B% reaches 54%, and the value of AxB is 648, the self-
discharge current reaches 40mA. The negative electrode current collector in Example 60 is all coated with active
material, but there is no active material on the tabs (that is, B%=2.3% is the proportion of the empty copper foil
at the tabs), so the value of AxB is 6.9, which is comparable to Comparative Example 9. In comparison, the
battery cycle and storage performance of Example 60 is better, and the leakage current is small. In summary,
when the battery is prepared by cutting tabs, it is necessary to control the AxB within 600 to make the battery
performance better.

D. Prepare the electrolytes and lithium-ion batteries of Examples 61 to 63 according to the above method,
wherein copper foil is used as the negative electrode current collector, the copper foil is produced by
electrolysis, the purity is >99.8%, the thickness is 6 microns, and the tensile strength >30kg/mm?2, elongation
>2%. The connecting method of the tab and the second zone is welding, the tab width is 0.8cm, the distance C
between the tab and the edge of the current collector is 2cm, and the width D of the edge folding area of the
second zone at the edge of the current collector is 1.8cm. The positive electrode tab is correspondingly prepared
by welding. Test the cycle capacity retention rate, floating charge leakage current and 60°C high temperature
storage test of lithium-ion battery with different cycles. The test results are shown in Table 4.

Table 4
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As shown in Table 4, in Example 61, a certain area of polymer adhesive was pasted on the copper foil area not
coated with the active material layer to reduce the contact area between the copper foil and the electrolyte; it is
comparable to Example 63 where the polymer tape is not pasted Compared with Example 61, the leakage
current is lower. In Example 62, the polymer tape covering a certain area at the tab welding position can also
reduce the self-discharge of the battery compared with Example 63 where the polymer tape is not attached.
Therefore, in the actual battery design, polymer tape can be covered at the welding area of the tabs on the
negative electrode copper foil current collector and other empty copper foil areas that are not coated with
negative active material or other can be bonded to the copper foil and tabs To reduce the self-discharge of the
battery.

E. Prepare the electrolytes and lithium ion batteries of Examples 64 to 70 according to the above method,
wherein copper foil is used as the negative electrode current collector, the copper foil is produced by
electrolysis, the purity is >99.8%, the thickness is 6 microns, and the tensile strength >30kg/mm?2, elongation
>2%. The connecting method of the tab and the second zone is welding, the tab width is 0.8cm, the distance C
between the tab and the edge of the current collector is 2cm, and the width D of the edge folding area of the
second zone at the edge of the current collector is 1.8cm. The positive electrode tab is correspondingly prepared
by welding. Test the cycle capacity retention rate, floating charge leakage current and 60 °C high temperature
storage test of the lithium ion battery with different cycles. The test results are shown in Table 5.

table 5

Note: "/" means not added

Comparing Examples 64 to 69 with Example 70, it can be seen that adding other additives to the electrolyte
containing a specific nitrile compound can significantly improve the battery cycle and the growth rate of
floating thickness, and the addition of FEC can increase the negative electrode The LiF content of SEI
effectively increases the stability of the anode SEI; the addition of additive VC can polymerize on the surface of
the SEI to form a network protective layer, strengthen the flexibility of the SEI, and the addition of other
additives, which can be used to a certain extent Stabilize or strengthen the SEI protective layer, thus
significantly improving the cycle performance of the cell; at the same time, because of the film-forming effect
of the additive on the negative electrode, it can also reduce the deposition of copper ions on the negative
electrode to a certain extent, reduce the self-discharge of the battery, and further improve the battery The overall
electrical performance.

Therefore, it can be seen from the examples and comparative examples that nitrile compounds, as effective
additives for improving cycle stability, have a greater impact on battery self-discharge. In order to improve
battery long-term storage performance, it is necessary to control the content of nitrile compounds and the area of
the empty copper foil area. Within a certain range, the battery capacity will not be significantly reduced after
long-term storage. At the same time, adding a certain amount of other additives to the electrolyte can improve
the battery's cycle and self-discharge, and ensure the battery's long-term cycle and storage performance.

F. Prepare the electrolytes and lithium-ion batteries of Examples 71 to 72 according to the above method,
wherein copper foil is used as the negative electrode current collector, the copper foil is produced by
electrolysis, the purity is >99.8%, the thickness is 6 microns, and the tensile strength >30kg/mm?2, elongation
>2%; the connection between the tab and the second zone is welding, the tab width w is 0.8cm; the distance C
between the tab and the edge of the current collector is 2cm; in embodiment 71, it is located at the edge of the
current collector The width D of the edge-turned-back area of the second zone is 1.8 cm, and the edge of the
second zone at the edge of the current collector in Example 72 is not folded back. The positive electrode tab is
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correspondingly prepared by welding. Test the cycle capacity retention rate, floating charge leakage current and
squeeze test of different cycles of lithium-ion battery. See Table 6 for the test results.

Table 6

As shown in Table 6, the edge of the second region located at the edge of the current collector in Example 71 is
folded back, and the edge of the second region located at the edge of the current collector in Example 72 does
not turn back. The capacity retention rate and floating leakage current of the two are not Obvious difference, but
the squeeze test shows that the use of folding back reduces the risk of burrs piercing the diaphragm at the tab
welding point, so the battery has higher safety performance.

G. Prepare the electrolytes and lithium ion batteries of Examples 73 to 76 according to the above method,
wherein copper foil is used as the negative electrode current collector, the copper foil is produced by
electrolysis, the purity is >99.8%, the thickness is 6 microns, and the tensile strength >30kg/mm?2, elongation
>2%; the connection between the tab and the second zone is welding, the tab width W is 0.8cm; the distance C
between the tab and the edge of the current collector is 2cm; The width D of the edge folding area is 1.8 cm. The
positive electrode tab is correspondingly prepared by welding. Test the cycle capacity retention rate and floating
charge leakage current of the lithium-ion battery with different cycles. The test results are shown in Table 7

Table 7

As shown in Table 7, when the electrolyte contains an appropriate amount of anions, such as Cl-, it will improve
the leakage current of the battery, but when the addition amount is too high, such as more than 1000ppm, the
battery capacity retention rate will be more affected. Big. Therefore, while ensuring the electrical performance
of the battery, an appropriate amount of anions can be added to the electrolyte to improve the floating charge
leakage current;

The above are only a few embodiments of the present invention, and do not limit the present invention in any
form. Although the present invention is disclosed as above in preferred embodiments, it is not intended to limit
the present invention. Anyone familiar with the profession, Without departing from the scope of the technical
solution of the present invention, making some changes or modifications using the technical content disclosed
above is equivalent to an equivalent implementation case and falls within the scope of the technical solution.

non "non

References throughout the specification to "some embodiments", "partial embodiments", "one embodiment",
"another example", "examples", "specific examples" or "partial examples" mean At least one embodiment or
example in this application includes the specific feature, structure, material, or characteristic described in the
embodiment or example. Therefore, descriptions appearing in various places throughout the specification, such
as: "in some embodiments", "in embodiments", "in one embodiment", "in another example", "in an example
"In", "in a specific example" or "exemplified", which are not necessarily quoting the same embodiment or
example in this application. In addition, the specific features, structures, materials or characteristics herein can

be combined in one or more embodiments or examples in any suitable manner.

Although illustrative embodiments have been demonstrated and described, those skilled in the art should
understand that the above-mentioned embodiments should not be construed as limiting the application, and the
embodiments can be changed without departing from the spirit, principle, and scope of the application ,
Substitution and modification.

Ningde Amperex Tech. Exhibit No. 2018

Zhuhai CosMX Battery Co. Ltd. v. Ningde Amperex Tech.
IPR2026-00402, U.S. Patent No. 12,334,494

Page 15 of 40



Ningde Amperex Tech. Exhibit No. 2018

Zhuhai CosMX Battery Co. Ltd. v. Ningde Amperex Tech.
IPR2026-00402, U.S. Patent No. 12,334,494

Page 16 of 40



CN111342129A Electrolyte and electrochemical device
Data originating from sources other than the EPO may not be accurate, complete, or up to date.

The wording below is an initial machine translation of the original publication. To generate a version using the
latest translation technology, go to the original language text and use Patent Translate.

1.An electrochemical device, which comprises a positive electrode, a negative electrode, a separator and an
electrolyte; wherein,

The electrolyte contains a nitrile compound, and the mass fraction of the nitrile compound in the electrolyte is
A%,

The negative electrode includes a current collector, and the current collector includes: a first zone and a second
zone;

The first area is provided with a negative active material layer;

The second region does not include a negative active material layer;

The area of the second zone accounts for B% of the surface area of the current collector; and

AxB(600.

2.The electrochemical device according to claim 1, wherein the nitrile compound comprises at least one of a

compound of formula I, a compound of formula II, a compound of formula III, a compound of formula IV, a
compound of formula V or a compound of formula VI:

Wherein, a, d, f, j, k, 1, m, r, u, w and y are each independently an integer selected from 1 to 5, b, c, e, g, h, i, n,
0,p,q, S, t, v, x are each independently an integer selected from 0 to 5; the mass fraction A% of the nitrile
compound in the electrolyte is 0.1% to 10%.

3.The electrochemical device according to claim 1, wherein the nitrile compound comprises:

At least one of

4.4. The electrochemical device according to claim 1, wherein the negative electrode has a tab, the tab being
connected to the second region by welding, and AxB(210.
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5.The electrochemical device according to claim 1, wherein the negative electrode has tabs, the number of tabs
is not less than 1, the tabs are formed by cutting the current collector, and the tabs contain Coating the area of
the negative electrode active material layer, and AXB(500.

6.The electrochemical device according to claim 4 or 5, wherein at least one second region is located at the edge
of the current collector, wherein the distance between the tab closest to the edge of the current collector and the
edge of the current collector Is C, and 0<C/tab width<50.

7.The electrochemical device according to claim 1, wherein at least one second region is located at the edge of
the current collector, and the edge of the second region located at the edge of the current collector is folded back

or not; wherein when folded back, The width of the turn-back area is D, and 0.1<D/tab width<20.

8.The electrochemical device according to claim 1, wherein the current collector is copper foil, and the copper
foil has one or more properties selected from the following:

Copper purity >99.5%,

The thickness is from 3 microns to 15 microns,
The weight per unit area is 30g/m2 to 150g/m2,
Tensile strength >20kg/mm?2, and

Elongation > 1.5%.

9.The electrochemical device according to claim 1, wherein the second region is optionally covered with a
substance capable of adhering to the second region.

10.The electrochemical device according to claim 4 or 5, wherein the part of the tab is optionally covered with a
substance capable of bonding thereon.

11.The electrochemical device according to claim 1, wherein the electrolytic solution further contains an
additive, the additive comprising 1,3-propane sultone, fluoroethylene carbonate, vinylene carbonate, 2,4- Butane
sultone, 1,4-butane sultone, methylene methane disulfonate, vinyl sulfate, succinic anhydride, ethoxy
pentafluorocyclic triphosphazene, 1,3-diox At least one of heterocyclohexane or propenyl-1,3-sultone.

12.The electrochemical device according to claim 1, wherein the electrolyte further contains an anion, the anion
including at least one of Cl-, Br-, SO42-, CO32- or F-, the anion being in the The content in the electrolyte is
less than or equal to 1000 ppm.

13.An electronic device comprising the electrochemical device according to any one of claims 1-12.
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+
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