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ABSTRACT

The present invention relates to charging and discharging methods of a lithium ion battery
with a high capacity retention rate, which comprise the following steps: (1) when a number of
turns is n, the negative and positive electrodes of the lithium ion battery are only charged; after
the charging is finished, a third electrode and a fourth electrode are discharged with controlled
current, wherein the controlled current is 0.05 - 10 A; (2) after standing for 1 hour, the fourth
electrode is connected in parallel with the negative electrode of the lithium ion battery to
perform the discharge with the positive electrode of the lithium ion battery; (3) common charge
and discharge between the positive and negative electrodes of the lithium ion battery occur at
the (n + 1) th and subsequent turns; (4) the common charge and discharge are continued until
the next conditional number of turns, and steps (1) - (4) are repeated; and (5) when the number
of cycles reaches the specified number of turns, the charging and discharging methods are
finished; n is the conditional number of turns, which is selected from the next turn every time
the discharge capacity is attenuated by 0.2 - 1%. The charging and discharging methods can
release active lithium according to the self-demand of each battery cell or battery pack, so as

to facilitate the capacity retention rate.

Date Regue/Date Received 2021-09-16



10

15

20

25

30

35

CA 03133845 2021-09-16

CHARGING AND DISCHARGING METHOD FOR HIGH-CAPACITY RETENTION RATE
LITHIUM ION BATTERY

Technical Field
The present invention relates to the technical field of lithium ion batteries, in particular to

charging and discharging methods of a lithium ion battery with a high capacity retention rate.

Background Art

Lithium ion battery is a kind of rechargeable battery, which is composed of a positive

electrode, a negative electrode, a separator and an electrolyte. The positive and negative
electrodes are immersed in the electrolyte; lithium ions move back and forth between the
positive electrode and the negative electrode using the electrolyte as a medium. During the
charging and discharging process, Li* is intercalated and deintercalated back and forth
between these two electrodes. When charging, Li* is deintercalated from the positive electrode
and intercalated into the negative electrode via the electrolyte, such that the negative electrode
is in a lithium - rich state; the situation is opposite is true when discharging.

With the increasing requirements on the specific energy of a power battery, the traditional
graphite negative electrode can no longer meet the requirements. In the development of 300
Wh/kg high specific energy battery, the high nickel ternary + silicon carbon negative electrode
material will become the mainstream material system of a power battery. The theoretical
specific capacity of a Si material is as high as 4200 mAh/g, but the volume expansion is as
high as 300% during lithium intercalation, which will lead to cracks in a SEl film formed on the
surface of Si particles or other Si - based negative electrodes, resulting in a continuous
consumption of the electrolyte and active lithium in the positive electrode.

ZHEJIANG FUNLITHIUM NEW ENERGY TECH CO., LTD has developed a new lithium
ion battery, which comprises a positive electrode plate, a negative electrode plate, separators
arranged between the positive electrode plate and the negative electrode plate at intervals,
and an electrolyte, and further comprises a third electrode and a fourth electrode, which are
provided between the positive electrode plate and the negative electrode plate, wherein the
third electrode and the fourth electrode are separated by means of a single - layer separator,
a metal lithium negative electrode being used as the third electrode, and an activated carbon
electrode being used as the fourth electrode. However, the existing ways usually do not include
lithium supplementation. With regard to this kind of lithium ion battery with additional third and
fourth electrodes, it is necessary to develop new matching charging and discharging methods.

Summary of the Invention

The objective of the present invention is to provide charge and discharge methods of a
lithium ion battery with a high capacity retention rate, which can be applied to a lithium ion
battery with a third/fourth electrode and have the function of timely lithium supplementation.

1
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The first objective of the present invention is achieved by the following technical solution:

charging and discharging methods of a lithium ion battery with a high capacity retention
rate, which comprise the following steps:

Q) when a number of turns is n, negative and positive electrodes of the lithium ion
battery are only charged; after the charging is finished, a third electrode and a fourth electrode
are discharged with controlled current, wherein the controlled current is 0.05 - 10 A;

2 after standing for 1 hour, the fourth electrode is connected in parallel with the
negative electrode of the lithium ion battery to perform the discharge with the positive electrode
of the lithium - ion battery;

) common charge and discharge between the positive and negative electrodes of
the lithium ion battery occur at the (n + 1) th and subsequent turns;

4) the common charge and discharge are continued until the next conditional number
of turns, and steps (1) - (4) are repeated; and

5) when the number of cycles reaches the specified number of turns, the charging
and discharging methods are finished;

n is the conditional number of turns, which is selected from the next turn every time the
discharge capacity is attenuated by 0.2 - 1%.

In the prior art, the charging and discharging methods do not include a Ilithium
supplementation process or one - time lithium supplementation process, and the attenuation
process of a battery is irreversible. According to the above technical solution, the lithium ion
battery of the present application can supplement lithium in time, and when the attenuation
condition is found, that is, when the discharge capacity is attenuated by 0.2 - 1%, the positive
and negative electrodes can be charged in time; after the charging is finished, the third
electrode and the fourth electrode are discharged to realize accurate and quantitative active
lithium supplementation, and the third electrode - metal lithium electrode only has a discharge
process without charging process, and no lithium dendrites will be generated. The uniform
dispersion of active lithium in the battery can be further promoted after the standing process in
step (2); the regeneration degree of supplemented lithium of the battery is controllable, and
can be programmed for adjustment according to the actual capacity combined with BMS; the
charging and discharging methods can release lithium according to the individual needs of
each battery cell or battery pack, which is helpful to improve the capacity retention rate.

The present invention is further provided as follows: in the step (1), the third electrode is
an auxiliary negative electrode, the fourth electrode is an auxiliary positive electrode, and the
discharge current is preferably 0.05 - 2 A,

According to the above technical solution, the discharge capacity between the third
electrode and the fourth electrode is calculated by multiplying the current by the time. If the
current is small, the time required for lithium supplement is long; if the current is large, the

fourth electrode may precipitate lithium, which may cause potential safety hazards.
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The present invention is further provided as follows: the discharge cut-off condition in the
steps (1) and (2) is preferably the discharge voltage or the discharge time.

According to the above technical solution, the discharge cut-off condition is selected as
either discharge voltage or discharge time, which makes the cut-off mode more flexible and
operable with the two options.

The present invention is further provided as follows: the discharge voltage is preferably
23-29V.

According to the above technical solution, when the discharge voltage exceeds 2.9 V, the
discharge capacity is low and the lithium supplement is insufficient; when the discharge voltage
is lower than 2.3 V, the discharge capacity will be too high, and the lithium supplement will be
too much, resulting in lithium precipitation in the negative electrode graphite.

The present invention is further provided as follows: the discharge time is preferably 1 -
30 min.

According to the above technical solution, when the discharge time exceeds 30 min, the
lithium supplementation time is too long, which is not conducive to operation, and too much
lithium supplementation causes lithium precipitation in the negative electrode graphite; when
the discharge time is less than 1 min, the discharge time is too short, the discharge capacity is
low, and the lithium supplement is insufficient.

The present invention is further provided as follows: the capacity retention rate of the
lithium ion battery is at least 95%.

According to the above technical solution, the charge and discharge methods of the
present application can significantly improve the capacity retention rate of the lithium ion
battery. Compared with the batteries of the prior art, the discharge capacity attenuation of the
lithium ion battery is reduced after multiple cycles, such that the lithium ion battery has a longer
service life.

In summary, the beneficial technical effects of the present invention are as follows:

1. The lithium ion battery of the present application can supplement lithium in time, and
when the attenuation condition is found, that is, when the discharge capacity is attenuated by
0.2 - 1%, the positive and negative electrodes can be charged in time; after the charging is
finished, the third electrode and the fourth electrode are discharged to realize accurate active
lithium supplementation as needed.

2. The discharge between the third electrode and the fourth electrode is realize by
controlling the discharge time, the discharge cut-off voltage and current, and the cut-off voltage
at which the fourth electrode is connected in parallel with the negative electrode of the lithium
ion battery to perform the regular discharge with the positive electrode of the lithium ion battery,
so as to realize accurate and quantitative supplement of active lithium.

3. The metal lithium electrode only has a discharge process, which has low requirements

on the environment, and since there is no charging process, no lithium dendrites are generated,
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which solves the safety problem problems in the use of conventional lithium metal.
4. The uniform dispersion of active lithium in the battery can be further promoted after

standing for an appropriate period of time.

Detailed Description of Embodiments

The present invention is further described in detail below in combination with examples.

Alithium ion battery with a third/fourth electrode, the preparation method therefor comprise
the following steps:

Q) Providing a graphite negative electrode, a NCM111 positive electrode, and a
separator of the lithium ion battery, and laminating them according to a conventional process.

2 Providing a lithium foil with a thickness of 100 um, which is roughened by using a
stainless steel roller with a roughness of 100 meshes at a rolling pressure of 10 MPa as a third
electrode; wet mixing 50% of activated carbon, 40% of hard carbon, 5% of PVDF, 4% of
acetylene black, 1% of LixSO4 and foam nickel, rolling and drying same to obtain a fourth
electrode, laminating one layer of the third electrode and one layer of the fourth electrode on
both sides of the above battery cell, respectively, with a separator therebetween for separation.
The negative electrode tabs of the lithium ion battery are ultrasonically spot - welded together
and led out from the outer tab, the positive electrode tabs of the lithium ion battery are
ultrasonically spot - welded together and led out from the outer tab, two lithium metal electrodes
on both sides are calendered and bonded and led out from the outer tab, and two fourth
electrodes are ultrasonically spot - welded together and led out from the outer tab to form a
lithium ion battery cell with four electrodes. After electrolyte injection, and pre - sealing, top
sealing, side sealing and secondary sealing with aluminum plastic films, a lithium ion battery
cell 10 Ah is formed.

Example I:

Charge and discharge methods of the lithium ion battery with a high capacity retention
rate, wherein a lithium ion battery having a third/fourth electrode is selected, and charge and
discharge on the lithium ion battery comprise the following steps:

Q) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2 V - 3 V, when the discharge capacity has not attenuated to
99%, and when the amount of attenuation has not reached 1%, the charge and discharge of
the negative and positive electrodes of the lithium ion battery are normally performed.

2 The negative and positive electrodes of the lithium ion battery are only charged at
the number of turns every time the discharge capacity is attenuated by 1%; after the charging
is finished, the third electrode and the fourth electrode are discharged at 1 Ato 2.8 V.

) Next, standing for 1 hour, the fourth electrode is connected in parallel with the
negative electrode of the lithium ion battery to perform the discharge with the positive electrode

of the lithium - ion battery, wherein the discharge cut-off voltage is 2.7 V.
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4) This is followed by in the turns where the capacity attenuation does not increase
to 1%, the charge and discharge of the negative and positive electrodes of the lithium ion
battery are normally performed.

5) If the attenuation amount of the discharge capacity increases to another 1%, the
operations of (1) - (5) are repeated until the end of discharge at the 2000th turn, and the
discharge capacity retention rate is calculated.

Example II:

Charge and discharge methods of the lithium ion battery with a high capacity retention
rate, wherein a lithium ion battery having a third/fourth electrode is selected, and charge and
discharge on the lithium ion battery comprise the following steps:

Q) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2 V - 3 V, when the discharge capacity has not attenuated to
99.5%, and when the amount of attenuation has not reached 0.5%, the charge and discharge
of the negative and positive electrodes of the lithium ion battery are normally performed.

2 The negative and positive electrodes of the lithium ion battery are only charged at
the number of turns every time the discharge capacity is attenuated by 0.5%; after the charging
is finished, the third electrode and the fourth electrode are discharged at 0.2 A for 10 min;

) Next, standing for 1 hour, the fourth electrode is connected in parallel with the
negative electrode of the lithium ion battery to perform the discharge with the positive electrode
of the lithium - ion battery, wherein the discharge cut-off voltage is 2.8 V.

4) This is followed by in the turns where the capacity attenuation does not increase
by 0.5%, the charge and discharge of the negative and positive electrodes of the lithium ion
battery are normally performed.

5) If the attenuation amount of the discharge capacity increases to another 0.5%, the
operations of (1) - (5) are repeated until the end of discharge at the 2000th turn, and the
discharge capacity retention rate is calculated.

Example IlI:

Charge and discharge methods of the lithium ion battery with a high capacity retention
rate, wherein a lithium ion battery having a third/fourth electrode is selected, and charge and
discharge on the lithium ion battery comprise the following steps:

Q) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2 V - 3 V, when the discharge capacity has not attenuated to
99.8%, and when the amount of attenuation has not reached 0.2%, the charge and discharge
of the negative and positive electrodes of the lithium ion battery are normally performed.

2 The negative and positive electrodes of the lithium ion battery are only charged at
the number of turns every time the discharge capacity is attenuated by 0.2%; after the charging
is finished, the third electrode and the fourth electrode are discharged at 0.2 A for 1 min.

) Next, standing for 1 hour, the fourth electrode is connected in parallel with the
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negative electrode of the lithium ion battery to perform the discharge with the positive electrode
of the lithium - ion battery, wherein the discharge cut-off voltage is 2.8 V.

(4) This is followed by in the turns where the capacity attenuation does not increase
by 0.2%, the charge and discharge of the negative and positive electrodes of the lithium ion
battery are normally performed.

5) If the attenuation amount of the discharge capacity increases to another 0.2%, the
operations of (1) - (5) are repeated until the end of discharge at the 2000th turn, and the
discharge capacity retention rate is calculated.

Example IV:

Charge and discharge methods of the lithium ion battery with a high capacity retention
rate, wherein a lithium ion battery having a third/fourth electrode is selected, and charge and
discharge on the lithium ion battery comprise the following steps:

Q) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 3.9 V - 2.5 V, when the discharge capacity has not attenuated
to 99%, and when the amount of attenuation has not reached 1%, the charge and discharge
of the negative and positive electrodes of the lithium ion battery are normally performed.

2 The negative and positive electrodes of the lithium ion battery are only charged at
the number of turns every time the discharge capacity is attenuated by 1%; after the charging
is finished, the third electrode and the fourth electrode are discharged at 0.5 Ato 2.4V,

) Next, standing for 1 hour, the fourth electrode is connected in parallel with the
negative electrode of the lithium ion battery to perform the discharge with the positive electrode
of the lithium - ion battery, wherein the discharge cut-off voltage is 2.3 V.

4) This is followed by in the turns where the capacity attenuation does not increase
by 1%, the charge and discharge of the negative and positive electrodes of the lithium ion
battery are normally performed.

5) If the attenuation amount of the discharge capacity increases to another 1%, the
operations of (1) - (5) are repeated until the end of discharge at the 3500th turn, and the
discharge capacity retention rate is calculated.

Example V.

Charge and discharge methods of the lithium ion battery with a high capacity retention
rate, wherein a lithium ion battery having a third/fourth electrode is selected, and charge and
discharge on the lithium ion battery comprise the following steps:

Q) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2 V - 3.0 V, when the discharge capacity has not attenuated
to 99.7%, and when the amount of attenuation has not reached 0.3%, the charge and
discharge of the negative and positive electrodes of the lithium ion battery are normally
performed.

2 The negative and positive electrodes of the lithium ion battery are only charged at
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the number of turns every time the discharge capacity is attenuated by 0.3%; after the charging
is finished, the third electrode and the fourth electrode are discharged at 0.05 A for 30 min;

) Next, standing for 1 hour, the fourth electrode is connected in parallel with the
negative electrode of the lithium ion battery to perform the discharge with the positive electrode
of the lithium - ion battery, wherein the discharge cut-off voltage is 2.8 V.

4) This is followed by in the turns where the capacity attenuation does not increase
by 0.3%, the charge and discharge of the negative and positive electrodes of the lithium ion
battery are normally performed.

5) If the attenuation amount of the discharge capacity increases to another 0.3%, the
operations of (1) - (5) are repeated until the end of discharge at the 3000th turn, and the
discharge capacity retention rate is calculated.

Comparative example I

A lithium ion battery, the preparation method and charging and discharging methods
therefor are as follows:

Q) Providing a graphite negative electrode, a NCM111 positive electrode, and a
separator of the lithium ion battery, and laminating them according to a conventional process.

2 After electrolyte injection, and pre - sealing, top sealing, side sealing and
secondary sealing with aluminum plastic films, a lithium ion battery cell 10 Ah is formed.

) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2V - 3 V. After 2000 cycles, the capacity retention rate of the
lithium ion battery is calculated.

Comparative example Il

A lithium ion battery, the preparation method and charging and discharging methods
therefor are as follows:

Q) Providing a graphite negative electrode, a NCA positive electrode, and a separator
of the lithium ion battery, and laminating them according to a conventional process.

2 After electrolyte injection, and pre - sealing, top sealing, side sealing and
secondary sealing with aluminum plastic films, a lithium ion battery cell 10 Ah is formed.

) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2V - 3 V. After 2000 cycles, the capacity retention rate of the
lithium ion battery is calculated.

Comparative example Il

A lithium ion battery, the preparation method and charging and discharging methods
therefor are as follows:

Q) Providing a silicon carbon negative electrode, a NCM523 positive electrode, and
a separator of the lithium ion battery, and laminating them according to a conventional process.

2 After electrolyte injection, and pre - sealing, top sealing, side sealing and

secondary sealing with aluminum plastic films, a lithium ion battery cell 40 Ah is formed.
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) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2V - 3 V. After 2000 cycles, the capacity retention rate of the
lithium ion battery is calculated.

Comparative example 1V:

A lithium ion battery, the preparation method and charging and discharging methods
therefor are as follows:

Q) Providing a graphite negative electrode, a LiFePO, positive electrode, and a
separator of the lithium ion battery, and winding them according to a conventional process.

2 Placing the lithium ion battery into an aluminum shell, injecting an electrolyte, and
sealing same to form a lithium ion battery cell 20 Ah.

) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 3.9 V - 2.5 V. After 3500 cycles, the capacity retention rate of
the lithium ion battery is calculated.

Comparative example V:

A lithium ion battery, the preparation method and charging and discharging methods
therefor are as follows:

Q) Providing a silicon carbon negative electrode, a LiMnO, positive electrode, and a
separator of the lithium ion battery, and winding them according to a conventional process.

2 Placing the lithium ion battery into an aluminum shell, injecting an electrolyte, and
sealing same to form a lithium ion battery cell 30 Ah.

) After the conventional formation, 1C charge and discharge cycle test is started on
the battery with a voltage from 4.2V - 3 V. After 3000 cycles, the capacity retention rate of the
lithium ion battery is calculated.

Test method: the discharge capacity at the 3000th turn is divided by the discharge capacity
of the first turn, and the instrument adopts the MEWARE charging and discharging cabinet.

Test results:

Sample Capacity retention rate (%)
Example | 97
Example 96
Example Il 95
Example IV 98
Example V 96
Comparative example | 80
Comparative example Il 75
Comparative example 11| 65
Comparative example IV 85
Comparative example V 70

It can be seen from the above table that the capacity retention rates of the lithium ion
batteries of the present application after a long cycle are all more than 95%, which is greater
than that of the samples of the comparative examples. It can be seen that timely lithium

supplementation during the use of the lithium ion battery can improve the capacity retention
8

Date Regue/Date Received 2021-09-16



CA 03133845 2021-09-16

rate of the lithium ion battery.

The examples in the specific implementations are preferred examples of the present
invention, and are not intended to limit the scope of protection of the present invention, and
thus: equivalent changes made according to the structure, shape and principle of the present
invention shall be contained within the scope of protection of the present invention.
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CLAIMS

1. A method of charging and discharging a lithium ion battery, the method comprising:

(1) when a conditional number of turns is n, negative and positive electrodes of the lithium
ion battery are charged; after the charging is finished, a metal lithium electrode as a third
electrode and an activated carbon electrode as a fourth electrode are discharged with a
controlled current, wherein the controlled current is 0.05 - 10 A;

(2) after standing for 1 hour, the fourth electrode is connected in parallel with the negative
electrode of the lithium ion battery to perform the discharge with the positive electrode of
the lithium ion battery;

(3) charge and discharge between the positive and negative electrodes of the lithium ion
battery occur at the (n + 1) th and subsequent turns;

{4) the charge and discharge are continued until the next conditional number of turns, and
steps (1) - (4) are repeated; and
(56) when the number of cycles reaches a specified number of turns, the charging and

discharging methods are finished;

wherein n is the conditional number of turns selected from the next turn every time the
discharge capacity is attenuated by 0.2 - 1%.

. The method according to claim 1, wherein: in the step (1), the third electrode is an auxiliary

negative electrode, the fourth electrode is an auxiliary positive electrode, and the discharge
current is 0.05 - 2 A.

. The method according to claim 1, wherein: the discharge cut-off condition in the steps (1)

and (2) is a discharge voltage or discharge time.

. The method according to claim 3, wherein: the discharge voltage is 2.3 -2.9 V.
. The method according to claim 3, wherein: the discharge time is 1 - 30 min.

. The method according to claim 1, wherein: a capacity retention rate of the lithium ion battery

is at least 95%.
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