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ABSTRACT

Disclosed are a lithium metal negative electrode, a preparation method therefor, and a
lithium battery using the negative electrode. The preparation method for the lithium metal
negative electrode is as follows: selecting a lithium salt and an organic solvent and mixing
same to formulate an electrolyte, and uniformly mixing the electrolyte and a thickener at a ratio
to obtain a viscous liquid A, then adding a lithium powder with a volume equivalent diameter
of 1-30 yum to the viscous liquid A at a ratio, stirring and mixing same until uniform to obtain a
pasty lithium paste, and uniformly applying the lithium paste on a current collector to obtain

the lithium metal negative electrode.
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LITHIUM METAL NEGATIVE ELECTRODE AND MANUFACTURING METHOD
THEREFOR, AND LITHIUM BATTERY USING NEGATIVE ELECTRODE

Technical Field

The present invention relates to a lithium battery, and in particular to a lithium metal
negative electrode, a preparation method thereof, and a lithium battery using the negative
electrode.

Background Art
Since Sony has developed commercial lithium ion batteries using graphite negative

electrodes with an intercalation reaction as a mechanism, the lithium ion batteries have
developed rapidly. However, commercial lithium ion batteries with graphite as the negative
electrode are difficult to meet the requirements for long battery life. With the development of
lithium-ion batteries, lithium metal negative electrodes with a theoretical capacity ten times
larger than that of traditional graphite negative electrodes and a lower minimum negative
potential has become a current hot research area in lithium metal batteries.

The existing lithium metal batteries that have been successfully practically applied on the
market, have relatively small energy density and the current density, are used in nearly 4,000
Bluecars™ for the Paris car-sharing service “Autolib™”. This is first commercial lithium metal
battery for EVs (Electric Vehicle) in the world, which has an energy density of only 170 wh/kg,
and in order to increase the operating current, the operating temperature of the lithium metal
battery needs to be as high as 80°C. In addition, the reasons for restricting the popularization
of lithium metal batteries with a high energy and a high power density include: due to the limited
lithium deposition sites on the surface of the existing lithium metal negative electrodes and a
relatively large local current, during charging and discharging, especially in the case of high
current charging, of the lithium metal battery, lithium is nonuniformly deposited on the surface
of the lithium metal negative electrode, which easily produces lithium dendrites that will further
puncture the separator, causing failure or safety problems of the battery, furthermore, some of
the dendrites will detach away to form unusable "dead lithium", resulting in a decrease in the
Coulomb effect.

In the prior art, with regard to suppression of the growth of lithium dendrites on a lithium
metal negative electrode, the main concern is to form a more stable lithium metal/electrolyte
interface or use a physical barrier layer to suppress dendritic growth. However, the above
methods can only work effectively at a low areal capacity density (0.5-1.0 mAh/cm?) and a low
current density ( < 0.5mA/cm?), and when facing the preparation and research of batteries with
a high energy and a high power density, the methods have a limited effect.

At the same time, conventional lithium metal foil negative electrodes provide a limited
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electron/ion reaction area during discharging and cannot withstand higher current discharging,
limiting the upper energy power limit and energy density of lithium metal batteries; conventional
lithium metal foil negative electrodes are subject to very large expansion and contraction during
the cyclic charging/discharging of lithium metal batteries, which is not conducive to the high
cycle stability of lithium metal foil negative electrodes and their application in solid-state
batteries, etc.; due to high activity and ductility, the conventional lithium metal foil negative
electrodes are inconvenient for an ultra-thin processing; moreover, the conventional lithium
metal negative electrodes do not have any absorption effect on an electrolyte, and the
electrolyte is excessively absorbed by a positive electrode during long-term storage, resulting
in uneven distribution of the electrolyte in the battery, which are not conducive to battery
storage and high temperature performance. The above problems have resulted in the current
situation that the popularization of lithium metal batteries with a high energy and a high power
density is restricted.

Summary of the Invention

In view of the shortcomings in the prior art, a first object of the present invention is to
provide a lithium metal negative electrode, which greatly increases the areal capacity and
electron/ion reaction area of the lithium metal negative electrode, thereby increasing the high
energy performance of the lithium metal battery, which meet the requirements of lithium metal
batteries for a high energy and a high power density.

The above technical object of the present invention is achieved by the following technical
solution:

a lithium metal negative electrode, comprising a current collector and a lithium paste layer
covered on one side of the current collector, wherein the current collector is an inert conductive
material, the lithium paste layer is obtained by coating a pasty lithium paste, and the lithium
paste is formed by mixing the following raw materials in parts by mass:

10-60 parts of a lithium powder,

10-20 parts of a thickener, and

30-80 parts of an electrolyte, wherein

the volume equivalent diameter of the lithium powder is 1-30 ym,

the electrolyte is formulated by mixing a lithium salt and an organic solvent, the
concentration of the lithium salt in the electrolyte is 0.5 mol/L-5 mol/L, and the organic solvent
does not react with the lithium powder or the lithium salt.

According to the technical solution described above, the lithium paste obtained by mixing
lithium powder particles with a high specific surface area, a thickener, and an electrolyte is
uniformly applied on the surface of the current collector material to form a lithium paste layer,

in which the lithium powder particles serve as an electron-losing material during the negative
2
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electrode discharging, the lithium powder particles are uniformly dispersed in the lithium paste
by being wrapped by the thickener and electrolyte and the lithium powder particles have a high
dispersion density, thus greatly improving the areal capacity and electron/ion reaction area of
the lithium metal negative electrode, then improving the high energy performance of the lithium
metal batteries, which meet the requirements of lithium metal batteries for a high energy and
a high power density.

At the same time, the lithium powder particles are not fixed to each other, i.e., during the
charging and discharging of the lithium metal battery, according to the distribution of the lithium
powder particles and the size of the lithium powder particles, the lithium powder particles are
move adaptively and change the distribution according to the surface lithium lamination and
ablation of the lithium powder particles and the local current distribution of the lithium metal
negative electrode in the lithium paste layer, then increasing the lithium deposition site during
charging of the lithium metal battery using the lithium metal negative electrode of the present
application, and reducing the local current density of the lithium metal negative electrode,
thereby reducing the growth rate of lithium dendrites, and therefore, the reduction of the
coulombic efficiency is slowed down for the lithium metal negative electrode of the present
application after long-term use, and the cycle efficiency and safety performance are improved
for the lithium metal battery using the lithium metal negative electrode of the present application.

During the cyclic charging and discharging of lithium metal batteries, the existing lithium
metal negative electrodes will expand and contract due to lithium metal deposition/precipitation,
which will damage the cycle stability of the lithium metal negative electrode, and at the same
time, for the lithium metal solid battery, the expansion and contraction of the lithium metal
negative electrode will further damage the bond between the lithium metal negative electrode
and the solid-state electrolyte, and reduce the cycle efficiency of the lithium metal solid battery.
In the present application, the lithium paste layer is obtained by covering a current collector
with a lithium paste, and the lithium paste includes a thickener, a liquid electrolyte and non-
fixed lithium powder particles, such that the lithium paste layer has a deformability and a good
fluidity. The lithium paste layer can be deformed during the cyclic charging and discharging of
the lithium metal battery for buffering, so as to slow down the expansion and contraction and
improve the cycle stability of the lithium metal negative electrode, and when applied in lithium
metal solid-state batteries, the lithium paste layer can maintain a good contact with the solid
electrolyte to improve the application effect of the lithium metal negative electrode of the
present application in the lithium metal solid-state battery and facilitate the popularization and
use of lithium metal solid-state batteries.

Compared with the limited ductility and high activity of the lithium foil in the existing lithium
metal negative electrodes, the fluidity of the lithium paste layer enables the lithium metal

negative electrode of the present application to avoid the problems that when being ultra-thin
3
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processed, the existing lithium foil negative electrode has a decreased flatness, becomes
sticky and difficult to assemble and use after the thickness of the lithium foil is reduced, and
the thickness of the lithium paste layer is small and controllable, improving the production
efficiency and reducing production costs, and increasing the mass energy density and bulk
energy density of the lithium metal batteries using the lithium metal anode of the present
application.

In addition, the lithium powder particles and thickener in the lithium paste have a certain
liquid retention capacity for the electrolyte, which can ensure the electrolyte to wet and contact
with the lithium metal during the storage process, prevent excessive absorption of the
electrolyte by the lithium metal battery during long-term storage, promotes the uniform
distribution of the electrolyte in the battery and improves the storage performance of the lithium
metal battery.

The present invention is further provided as follows: the lithium salt is one or more of
LiIN(SO2CF3)2, LINOs, LiAsFs, LiPFe, Lil, LiBF 4, LiCIO4, LISO2CF3, and LiB(C204)2.

The present invention is further provided as follows: the organic solvent is one or more of
propylene carbonate, ethylene carbonate, fluoroethylene carbonate, diethyl carbonate,
dimethyl carbonate, methyl ethyl carbonate, 1,3-dioxolane, dimethyl carbonate, dimethyl
sulfoxide, and tetrahydrofuran.

According to the technical solution described above, the organic solvent is used as a
carrier for dissolving and dispersing the lithium salt, and also as a film-forming aid of the lithium
paste, which improves the film formability of the lithium paste and facilitates the ultra-thin
processing of the lithium paste layer, such that the lithium metal battery using the present
negative electrode can obtain more battery cell number, laminating times or winding times per
unit mass or unit volume, so as to improve the mass energy density and volume energy density
of the lithium metal battery using the lithium metal negative electrode of the present application.
In addition, the addition of fluoroethylene carbonate can also inhibit the decompaosition of the
electrolyte, reduce the interface impedance, and increase the energy power of the lithium metal
battery.

The present invention is further provided as follow: the thickener comprises one or more
of fumed silica, organic bentonite, a polyethylene wax, a polyamide wax or hydrogenated
sesame oil.

According to the technical solution described above, the above thickener can increase the
consistency of the electrolyte, prevent the sedimentation of lithium powder particles, and avoid
the liquid separation and delamination of lithium paste, and the addition of the above thickener
can also modify the surface of lithium powder particles in situ to improve the compatibility of
lithium powder particles with the organic solvent, and promote uniform dispersion of lithium
powder particles in the lithium paste.
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The present invention is further provided as follow: the thickness of the lithium paste layer
is 5-60 pm.

According to the technical solution described above, the processing thickness of the
lithium paste layer is small, which can reduce the production cost, and is beneficial to improve
the mass energy density and volume energy density of the lithium metal battery using the
lithium metal negative electrode of the present application.

In view of the shortcomings of the prior art, a second object of the present invention is to
provide a method for preparing the lithium metal negative electrode, which ensures that the
lithium powder is uniformly mixed in the lithium paste and prevents the lithium paste from liquid
separation and delamination.

The above technical object of the present invention is achieved by the following technical
solution:

a method for preparing the lithium metal negative electrode, comprising the following steps:

S1: selecting a lithium salt and an organic solvent, and mixing same to obtain an
electrolyte with a lithium salt concentration of 0.5 mol/L.-6 mol/L;

S2: mixing 10-20 parts of a thickener and 30-80 parts of the electrolyte in parts by mass
to obtain a viscous liquid A,

83: adding 10-60 parts of a lithium powder to the viscous liquid A in 82 in parts by mass,
and stirring and mixing same until uniform to obtain a pasty lithium paste; and

S4: uniformly coating the lithium paste on the side of a current collector to obtain the
lithium metal negative electrode.

According to the technical solution described above, the preparation process of the lithium
paste in the preparation method of the lithium metal negative electrode is carried out in two
steps, i.e., first mixing an electrolyte and a thickener to obtain a viscous liquid A, and then
mixing the viscous liquid A with a lithium powder, wherein during the mixing process after the
lithium powder added to the viscous liquid A, the lithium powder particles are protected by the
wrapping of the viscous liquid A, which has a buffering function for the collision between the
lithium powder particles or between the lithium powder particles and the stirring apparatus,
reducing the breakage risk of the lithium powder particles during the stirring and maintaining
the integrity of lithium powder particles, and the viscous liquid Awith a greater viscosity avoids
the lithium powder particles to settle during mixing, such that the lithium powder is uniformly
mixed in the lithium paste, and prevents the lithium paste from liquid separation and
delamination.

The present invention is further provided as follow: the stirring process of S4 is performed
in a vacuum environment with a vacuum pressure of 10-10Pa.

According to the technical solution described above, the lithium powder is added to the

viscous liquid A and then stirred such that to the viscous liquid A, gases are easily stirred and
5
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dissolved therein, and micro-bubbles and dissolved gases in the viscous liquid A are removed
under vacuum, to avoid mixing micro-bubbles in the prepared lithium paste and avoid
precipitation of micro-bubbles in the lithium paste layer during charging and discharging,
thereby improving the film formability of the lithium paste and improving the lithium metal
negative electrode of the present application and the performance of the lithium metal battery
using the lithium metal negative electrode of the present application.

The present invention is further provided as foliow: steps S1-S4 are all completed in a dry
atmosphere, and the water dew point in the dry atmosphere is less than -10°C.

According to the technical solution described above, the lithium paste is prevented from
being exposed to moisture during the preparation therefor, to avoid the water content in the
lithium paste which will reduce the coulomb efficiency of the lithium metal battery and cause
the potential safety hazard.

In view of the shortcomings of the prior art, a third object of the present invention is to
provide a battery with a good charging-discharging cycle performance, and having
characteristics of a high energy and a high power density.

The above technical abject of the present invention is achieved by the following technical
solution:

a lithium metal battery, which is a liquid or solid-state lithium metal battery, which includes
the above lithium metal negative electrode.

In summary, the present invention has the following beneficial effects:

1. The lithium paste obtained by mixing lithium powder particles with a high specific
surface area, a thickener, and an electrolyte is uniformly applied on the surface of the current
collector material to form a lithium paste layer, in which the lithium powder particles serve as a
electron-losing material during negative electrode discharging, the lithium powder particles are
uniformly dispersed in the lithium paste by being wrapped by the thickener and electrolyte and
the lithium powder particles have a high dispersion density, thus greatly improving the areal
capacity and electron/ion reaction area of the lithium metal negative electrode, then improving
the high energy performance of lithium metal batteries, which meet the requirements of lithium
metal batteries for a high energy and a high power density.

2. The lithium powder particles are not fixed to each other, i.e., the lithium powder particles
can be move adaptively in the lithium paste layer according to the distribution of the lithium
powder particles and the size of the lithium powder particles, then increasing the lithium
deposition site of the lithium metal negative electrode during charging of the lithium metal
battery, and reducing the local current density of the lithium metal negative electrode, thereby
reducing the growth rate of lithium dendrites, and therefore, the reduction of the coulombic
efficiency is slowed down for the lithium metal negative electrode of the present application

after long-term use, and the cycle efliciency and safety performance are improved for the
8
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lithium metal battery using the lithium metal negative electrode of the present application.

3. The lithium paste layer has a deformability, can be deformed during the cyclic charging
and discharging of the lithium metal battery for buffering, so as to improve the cycle stability of
the lithium metal negative electrode, and when applied in lithium metal solid-state batteries,
the lithium paste layer can maintain a good contact with the solid electrolyte to improve the
application effect of the lithium metal negative electrode of the present application in the lithium
metal solid-state battery and facilitate the popularization and use of lithium metal solid-state
batteries.

4. The lithium paste has a good fluidity, which improves the processability of the lithium
paste, and the thickness of the lithium paste layer obtained by the coating thereof is small and
controllable, which improves the production efficiency, reduces the production cost, and
improves the mass energy density and volume energy density of the lithium metal battery using
the lithium metal negative electrode of the present application.

5. The lithium powder particles themselves and thickener in the lithium paste have a
certain liquid retention capacity for the electrolyte, which can ensure the electrolyte to wet and
contact with the lithium metal during the storage process, prevent excessive absorption of the
electrolyte by the lithium metal battery during long-term storage, promotes the uniform
distribution of the electrolyte in the battery and improves the storage performance of the lithium
metal battery.

6. The acquisition approach of the lithium paste in the preparation method of the lithium
metal negative electrode is carried out in two steps, i.e., first mixing an electrolyte and a
thickener to obtain a viscous liquid A, and then mixing the viscous liquid Awith a lithium powder,
s0 as to reduce the breaking rate of the lithium powder particles during the stirring, ensure
that the lithium powder is uniformly mixed in the lithium paste, and prevent the lithium paste
from liquid separation and delamination.

7. Using the lithium metal negative electrode of the present application, the lithium metal
battery has a good cycle stability, a high energy density and a high power density.

Detailed Description of Embodiments
Example 1,

a lithium metal negative electrode, which includes a current collector and a lithium paste
layer covering the current collector.

The current collector is an inert conductive material, which can be determined according
to actual conditions. Here, it is preferably a copper foil with a thickness of 8 ym.

The lithium paste layer is directly obtained by coating a pasty lithium paste, and the
thickness of the lithium paste layer is 5-60 ym.

The lithium paste is formed by mixing the following raw materials in parts by mass:
7
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10-60 parts of a lithium powder, 10-20 parts of a thickener, and 30-80 parts of an
electrolyte.

The morphology of the lithium powder is granular, flake or needle-like, and the volume
equivalent diameter thereof is 1-30 ym, that is, the maximum volume equivalent diameter of
lithium powder particles is 30 pm.

The thickener is one or more of fumed silica, organic bentonite, a polyethylene wax, a
polyamide wax or hydrogenated sesame oil.

The electrolyte is formulated by mixing a lithium salt and an organic solvent, wherein the
concentration of the lithium salt is 0.5 mol/L-5 mol/L. The lithium salt is one or more of
LiN(SO.CF3). (abbreviated as LiTFSI), LiNOs, LiAsFs, LiPFs, Lil, LiBF4, LiCIO4, LiSO.CF3, and
LiB(C204)2 (abbreviated as LiBOB). The organic solvent is formulated from one or more of
propylene carbonate (abbreviated as PC), ethylene carbonate (abbreviated as EC),
fluoroethylene carbonate (abbreviated as FEC), diethyl carbonate (abbreviated as DEC),
dimethyl carbonate (abbreviated as DMC), methyl ethyl carbonate (abbreviated as EMC), 1,3-
dioxolane (abbreviated as DOL), ethylene glycol dimethyl ether (abbreviated as DME),
dimethyl sulfoxide (abbreviated as DMSO), and tetrahydrofuran (abbreviated as THF).

The preparation method of the above lithium metal negative electrode, as follows:

81: choosing one or more of LiTFSI, LiNOs, LiAsFe, LiPFs, Lil, LiBF4, LiClO4, LiSO.CF3,
and LiBOB as the lithium salt, choosing one or more of PC, EC, FEC, DEC, DMC EMC, DOL,
DME, DMSO, and THF to formulate an organic solvent, and mixing the lithium salt and the
organic solvent to formulate an electrolyte with a lithium salt concentration of 0.5 mol/L to 5
mol/L;

82: mixing 10-20 parts of a thickener and 30-80 parts of the electrolyte in parts by mass
to obtain a viscous liquid A;

S3: in a vacuum environment with a vacuum pressure of 10-10* Pa, adding 10-60 parts
of a lithium powder to the viscous liquid A, and stirring and mixing same until uniform to obtain
a pasty lithium paste; and

S4: uniformly coating the lithium paste on a current collector to obtain the lithium metal
negative electrode.

The above steps S1-S4 are all completed in a dry atmosphere.

According to the above preparation method, the lithium metal negative electrodes of
examples 1A-1F are obtained. The specific parameters are shown in Table 1.
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Table 1. Parameter table of lithium metal negative electrodes of examples 1A-1F.

Example 1A Ifgample Example 1C [Example 1D [Example 1E I1El>:(ample
Lithium powder g, 30 10 60 60 50
amount/g
Lithium powder
volume
equivalent 5 10 15 30 20 1
diameter/um
Thickener
amount/g 20 10 10 10 10 20
Thickener Organic Hydrogenate F.u'me.d
. " d sesame silica :
components and Fumed Si"caOrganlc bentonite : oil - oraanic Fumed
the mass ratio bentonite |polyethylene ol. amide b e?'nt onite = silica
thereof wax =1:1 P y_ i .
wax=1:1 |1:1
Electrolyte 30 50 80 30 30 30
amount/g
Lithium salt
concentration/m |2 3 4 5 1 2
ol-L -
Lithium salt LiASFe:  [LiNOs: | o t;ggFBG " |LiAsFs:
composition and [LiTFSI = 1 [LiPeF = LiP I;‘=1 1 LiCIO4 LiFP ='1 . LLiTFSI =
mass ratio 1 0.5:1.0 et y 068 i
Organic solvent . . _[FEC : EC: . _EC:DMC: EC:
composition and [E)f\:m=1 » g% ) ?EC DMC=0.2: ?M1E2 DOL=pEc =05 pMC =
mass ratio ) " 1:1 Y 1:0.8 1:1
Vacuum 2 1 ! 3
oressure/Pa 10 10 10 10 10 10
Lithium paste
layer 20 40 50 60 60 5
thickness/um
Example 2,

a lithium metal negative electrode, the steps of the preparation method are the same as

those in example 1, and the lithium metal negative electrodes of examples 1A-1F are obtained.

The specific parameters are shown in Table 2.

Table 2. Parameter table of lithium metal negative electrodes of examples 2A-2F.

Example Example |[Example

Example 2A oB Example 2C |[Example 2D oE oF
Lithium powder
amount/g 25 40 50 20 25 35
Lithium powder
volume
equivalent 1 10 10 15 25 10
diameter/um
Thickener
amount/g 20 15 15 20 20 10
Thickener Fumed silica Fumed Organic Polyethylene |Polyamide [Hydrogen
components and silica : bentonite : wax wax ated
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the mass ratio ethylene  jhydrogenated castor oil
thereof wax = 1: 1 |sesame oil =
1:1

Electrolyte 30 50 70 60 40 55
amount/g
Lithium salt
concentration/m 2 2.5 3.5 1.5 4.5 5
ol-L -’
Lithium salt LiAsFe : . s I _ LiBOB :
composition and [LiTFSI = 1: (57 4 LT igF, L UTESIS iasks |iTr=1:
mass ratio 1 T ' 0.7
Organic solvent ) _ ) . _ . _ [TDME : EC:
composition and [-C ; PMC =|PC: EMC IDMC -DPL = [EC :DMC = hieq'- 1 EMC =

) 1:1 =05:1 1[08:1 1:1 )
mass ratio 0.2 1:1
Vacuum 4
pressure/Pa 10 0 10 5 8 0
Lithium paste
layer 5 30 50 40 30 60
thickness/um

Example 3,

a lithium metal battery, which is a liquid-state lithium metal battery, including the lithium

metal negative electrode of example 1. The preparation method of the lithium metal battery is

as follows:

X1: To the lithium metal negative electrode obtained in example 1, on the side with the

lithium paste layer, sequentially laminating and assembling a PE-PP-PE separator paper and

the positive electrode to obtain a battery core; and

X2: assembling other components and a shell to obtain the lithium metal battery.

Thus, according to the lithium metal negative electrodes prepared under different

parameters in examples 1A-1F, different lithium metal batteries are obtained. The specific

parameters of examples 3A-3F are shown in Table 3.

Table 3. Parameter table of lithium metal batteries of examples 3A-3F

Example 3A [Example 3B [Example 3C |[Example 3D géample E;ample
Use negative Example [Example
electrode Example 1A |[Example 1B [Example 1C|Example 1D 1E pp
Lithium-rich
Use positive NCM NCA manganese-|LiFePO4 NCM NCM
elect?od e positive positive based positive positive positive
electrode |electrode  |positive electrode electrode |electrode
electrode
Example 4,

a lithium metal battery, which is a liquid-state lithium metal battery, including the lithium

metal negative electrode of example 2. The preparation method of the lithium metal battery is

as follows:
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X1: attaching and laminating a solid electrolyte membrane and a positive electrode to the
lithium metal negative electrode obtained in example 1 on the side with the lithium paste layer
in order to obtain a battery cell;

X2: assembling other components and a shell to obtain the lithium metal battery.

The solid electrolyte is the prior art, here the solid electrolyte is formed into a thin film by
means of methods of pressing, sintering or shaping, etc., and here it is an LLZO solid
electrolyte film.

Thus, according to the lithium metal negative electrodes prepared under different
parameters in examples 2A-2F, different lithium metal batteries are obtained. The specific
parameters of examples 4A-4F are shown in Table 4.

Table 4. Parameter table of lithium metal batteries of examples 4A-4F

Example 4A[Example 4B Eéample Example 4D |Example 4E [Example 4F
Use
. Example
negative Example 2AlExample 2B e Example 2D [Example 2E [Example 2F
electrode
Lithium-rich
Use positive B’;‘}fw . INcM positive g‘;ﬁiv . [manganese- lp-)lcl):seit'ijv?: NCM positive
electrode electrode electrode electrode [positive electrode electrode
electrode

Comparative example 1 and comparative example 2 are simultaneously arranged.

Comparative example 1,

a lithium metal battery, which is an existing liquid-state lithium metal battery. a copper foil
with a thickness of 8 um is used as the current collector, a lithium foil with a thickness of 100
Mm is used as the negative electrode, and LITFSI/EC-DMC is used as the electrolyte, same is
assembled with the PE-PP-PE separator paper and the NCM positive electrode, followed by
subsequent assembly to obtain the lithium metal battery of comparative example 1.

Comparative Example 2,

a lithium metal battery, and the preparation method therefor is as follows:

a lithium foil with a thickness of 100 um is used as a negative electrode, and is attached
to an LLZO solid-state electrolyte film and a copper foil with a thickness of 8 ym on the two
sides of the lithium foil, then same is assembled with a NCM positive electrode, followed by
subsequent assembly to obtain the lithium metal negative battery of comparative example 2.

The batteries obtained in example 3, example 4, comparative example 1 and comparative
example 2 are tested using a battery tester (commercial product of Shenzhen Newwell
Electronics Co., Ltd.), and the test results are shown in Table 5.
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Table 5. Table of battery performance test results obtained in example 3, example 4,

comparative example 1 and comparative example 2

Exampl [Example ExamplExampl Exampl [Exampl [Comparativ

e 3A 3B e3C 3D e 3E e 3F e example |

Voltage  [Max 4.35 4.35 4.75 41 4.3 4.35 4.35
range/\V.__ |Min 3 3 2.5 2.5 3 3 3

Battery

energy
Under 1C [density/Wh-k 400 380 500 250 260 450 280
charging (g
and Average

dischargin [Coulomb 09.76 [99.5 99.7 [99.7 90.7 99.6 65
g efficiency%

Cycle
life/time >300 300 300 300 [>300 [>300 |60
Highest stable current/C |3 2 2 2 2 4 0.5
Exampl [Example [ExamplExampl [Exampl |Exampl [Comparativ
e4A 4B e4C edD edE e 4F e example |l
Voltage  [Max 4.35 4.35 4.75 41 4.35 4.35 4.35
range/\V.__ |Min 3 3 3 2.5 2.5 3 3
Battery
energy
Under 1C [density/Wh-k 350 330 320 230 300 230 230
charging (g’
and Average

dischargin [Coulomb 99.9 99.9 99.9 [99.9 99.9 99.9 80
g efficiency%
Cycle
life/time > 400 (400 [P400 400 >400 [>400 [120
Highest stable current/C 2 2 2 2 2 2 1
Comparing the test results of comparative example 3 and comparative example 1, it can

be seen that comparing the liquid-state lithium metal battery prepared by the lithium metal
negative electrode of the present application with an existing liquid-state lithium metal battery
using a lithium foil as the negative electrode, by adjusting the thickness of the lithium paste
layer, the energy density of the lithium metal battery can be adjusted according to the design
requirements, to obtain a lithium metal battery with a high energy density, and at the same
time, comparing the lithium metal battery prepared in example 1 with the existing liquid lithium
metal battery using lithium foil as the negative electrode, the coulombic efficiency, energy
power and cycle stability thereof show a significant improvement.

Comparing the test results of example 4 and comparative example 2, it can be seen that
comparing the solid-state lithium metal battery prepared by the lithium metal negative electrode
of the present application with an existing solid-state lithium metal battery using a lithium foil
as the negative electrode, since a solid electrolyte film is used in the solid-state lithium battery,
the lithium metal negative electrode of the present application has a more obvious
improvement effect on the energy density of the prepared lithium metal battery, and with regard

to the existing solid lithium metal battery that uses a lithium foil as the negative electrode, the
12
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lithium metal negative electrode of the present application also shows a significant
improvement in the coulombic efficiency, energy power and cycle stability of the prepared
lithium metal battery.

Example 5,

a lithium metal battery, and on the basis of example 3A, the difference lies in the
simultaneous addition and mixing of an electrolyte, a thickener and a lithium powder in a
method for preparing a lithium metal negative electrode.

Example 6,

a lithium metal battery, and on the basis of example 3A, the difference lies in that the
stirring process of S4 in a method for preparing a lithium metal negative electrode is performed
under normal pressure.

Comparative example 3,

a lithium metal battery, and on the basis of example 3A, the difference lies in that the
preparation process of a lithium metal negative electrode involves preparing in an environment
with a relative humidity of 80%.

Example 7,

a lithium metal battery, and on the basis of example 3A, the difference lies in that the
composition of the thickener is different. The specific composition parameters are shown in
Table 6.

Table 6. Parameter table of example 7

Example 8A Example 8B Example 8C
Thickener Hydroxypropyl methylcellulose Sodium alginate Xanthan gum
The batteries obtained in examples 5 to 7 and comparative example 3 are tested using a

battery tester (commercial product of Shenzhen Newwell Electronics Co., Ltd.), and the test
results are shown in Table 7.

Table 7. battery performance test results of example 5, example 6, example 7 and
comparative example 3

Example | Example [Comparative Example 7
5 6 example 3 Example [Example |Example
7A 7B 7C
Voltage  [Max 4.35 4.35 The battery 4.35 4.35 4.35
range/NV. Min 3 3 beingnot 3 3 3
Battery energy 360 320 working ba5 565 305

Under 1C  |density/Wh-kg -’
charging |Average

and Coulomb 90.6 86 76 70 86
dischargingiefficiency%

[Cycle life/time 280 265 150 170 300
Highest stable current/C 1.8 1.5 1 1 1.5

Comparing the data of example 3A in Table 4 with the data of example 5 in Table 7, the
battery energy density, average coulombic efficiency, cycle life, and highest stable current of
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example 3A are all better than those of example 5. This is because during the preparation of
the lithium paste, first mixing an electrolyte with a thickener to obtain a viscous liquid A, and
then mixing the viscous liquid A with the lithium powder to avoid the lithium powder particles to
settle and agglomerate during mixing, and reduce the morphological damage of the lithium
powder caused by stirring during mixing, and ensure that the lithium powder is uniformly mixed
in the lithium paste. In addition, the electrolyte and the thickener are mixed first, which can
facilitate the adjustment of the consistency of the lithium paste, prevent the lithium paste from
liquid separation and delamination, improve the quality and stability of the lithium paste, and
improve performances of the cycle stability, energy density and energy power of the lithium
metal battery using the lithium metal negative electrode of example 3.

Comparing the data of example 3A in Table 4 with the data of example 6 in Table 7, the
battery energy density, average Coulomb efficiency, and cycle life of example 3A are better
than those of example 6. The lithium metal negative electrode is operated in a vacuum
environment during the production, which reduces the amount of micro-bubbles and dissolved
gas mixed in the lithium paste, and can improve performances of the cycle stability, energy
density and energy power of the lithium metal battery using the lithium metal negative electrode
of the present application.

In comparative example 3, a battery which is assembled using the lithium metal negative
electrode prepared in a humid environment cannot be used. Therefore, the preparation of
lithium paste in a dry atmosphere can avoid the lithium paste to be exposed to moisture,
improve the manufacturing yield of the lithium metal battery of the present application, reduces
the production of products and prevents potential safety hazards.

Comparing the data of example 3A in Table 4 and the data of example 7 in Table 7, the
battery energy density, average coulombic efficiency, and cycle life of example 3A are better
than those of example 7. In the present application, the thickener is selected from one or more
of fumed silica, organic bentonite, a polyethylene wax, a polyamide wax or hydrogenated
sesame oil, improving the consistency of the electrolyte, preventing the sedimentation of
lithium particles, and preventing the lithium paste from liquid separation and delamination,
while modifying the surface of lithium powder particles in situ to promote uniform dispersion of
lithium powder particles in the lithium paste and improve the performance of the battery.

Comparative example 4,

a lithium metal battery, and on the basis of comparative example 2, the difference lies in
that the thickness of the lithium foil as the negative electrode during the preparation process is
different.

According to the above preparation method, lithium metal batteries are prepared by using
lithium foils of different thicknesses to obtain comparative examples 4A-4E. The thickness of
the lithium foil and the yield of the lithium negative electrode are shown in Table 8.

14
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and the production product yield of the lithium metal negative electrode thereof.

Comparative |Comparative |Comparative [Comparative [Comparative
example 3A  |example 3B |example 3C |example 3D [example 3E
Lithium foil
thickness/um 5 10 50 100 200
Lithium metal
negative
electrode
cinished 0 0 20 100 100
product
yield/%

When the thickness of the lithium foil is less than 100 ym, the lithium foil thus obtained
has an increased thickness deviation, and is difficult to assemble during assembly, and due to
the activity and ductility of the lithium foil itself, the lithium foil itself is sticky and cannot be
spread, and thus cannot be assembled to produce a lithium metal negative electrode.

From the lithium paste layer thickness in Table 1 and Table 2, and the test results of various
lithium metal batteries in Table 5, it can be seen that a lithium paste is used as the lithium metal
negative electrode of the present application, and has a feasibility of ultra-thin processing, and
the lithium paste layer thickness can reach 5 ym and the prepared lithium metal battery can
still improve the stable current output, and obtain more battery cell number, stacking times or
winding times per unit mass or unit volume. The lithium metal negative electrode of the present
application can be used to produce a lithium metal battery with characteristics of a high quality
energy density and a high volume energy density.

This embodiment is merely an explanation of the present invention, and is not intended to
limit the present invention, those skilled in the art, after reading the specification, may make
modifications to the embodiment without any creative contribution, and they are protected by
the patent law as long as they are within the scope of the claims of the present invention.
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CLAIMS

1. Lithium metal negative electrode, characterized in that it comprises a current collector and

a lithium paste layer covered on one side of the current collector, the current collector is an
inert conductive material, the lithium paste layer is obtained by coating a pasty lithium paste
and has fluidity, and wherein the lithium paste is formed by mixing the following raw
materials in parts by mass:

10-60 parts of a lithium powder,

10-20 parts of a thickener, and

30-80 parts of an electrolyte, and

a volume equivalent diameter of the lithium powder is 1-30 um, and wherein

the electrolyte is formulated by mixing a lithium salt and an organic solvent, the
concentration of the lithium salt in the electrolyte is 0.5 mol/L-5 mol/L, and the organic
solvent does not react with the lithium powder or the lithium salt.

. Llithium metal negative electrode according to claim 1, characterized in that the lithium salt

is one or more of LIN(SO2CF3),, LiINOs, LiAsFs, LiPFs, Lil, LiBF4, LiCIO4, LiISO,CFs, and
LiB(C204)s.

. Lithium metal negative electrode according to claim 2, characterized in that the organic

solvent is one or more of propylene carbonate, ethylene carbonate, fluoroethylene
carbonate, diethyl carbonate, dimethyl carbonate, methyl ethyl carbonate, 1,3-dioxolane,
ethylene glycol dimethyl ether, dimethyl sulfoxide, and tetrahydrofuran.

. Lithium metal negative electrode according to claim 3, characterized in that the thickener

comprises one or more of fumed silica, organic bentonite, a polyethylene wax, a polyamide
wax, and hydrogenated castor oil.

. Lithium metal negative electrode according to claim 1, characterized in that the thickness

of the lithium paste layer is 5-60 pm.

. Method for preparing the lithium metal negative electrode according to any one of claims 1-

5, characterized in that it comprises the following steps:

S1: selecting the lithium salt and the organic solvent, and mixing the same to obtain the
electrolyte with the lithium salt concentration of 0.5 mol/L-5 mol/L;

82: mixing 10-20 parts of the thickener and 30-80 parts of the electrolyte in parts by mass
o obtain a viscous liquid A;

16
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S3: adding 10-60 parts of the lithium powder to the viscous liquid A in S2 in parts by mass,
and stirring and mixing the same until uniform to obtain the pasty lithium paste; and

84: uniformly applying the lithium paste on the side of the current collector to obtain the
lithium metal negative electrode.

5 7. Method according to claim 6, characterized in that the stirring process of S3 is performed
in a vacuum environment with a vacuum pressure of 10-10+ Pa.

8. Method according to claim 7, characterized in that steps S1-84 are all completed in a dry
atmosphere, and the water dew point in the dry atmosphere is less than -10°C.

9, Lithium battery, characterized in that it is a liquid or solid-state lithium metal battery, which
10 comprises the lithium metal negative electrode according to any one of claims 1-5.
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