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MICROPOROUS SEPARATOR FOR LITHIUM BATTERY AND
PREPARATION METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to the technical field of lithium-ion batteries,

specifically to a microporous separator for lithium battery and a preparation method thereof.

BACKGROUND

[0002] Polyolefin-based microporous membrane is widely used as a separation membrane
for separation and selective permeation of various substances, and an isolation material, etc.
For example, polyolefin-based microporous membrane is used as a precision filtration
membrane, a separator for fuel cell, a separator for capacitor, a base material for functional
membrane which is filled with functional materials in pores in order to show new functions, a
separator for battery, etc. Among these applications, polyolefin-based microporous membrane
1s particularly suitable for use as a separator for lithium-ion batteries widely used in laptops,
mobile phones, digital cameras, and the like. As its reason, it can be enumerated that the
polyolefin-based microporous membrane has excellent membrane mechanical strength and
shutdown characteristics.

[0003] In addition, for a microporous separator for lithium battery, good planar elastic
recovery is also required.

[0004] However, the planar elastic recovery rate of commonly used polyolefin microporous
membrane is low, especially for a separator for lithium battery prepared by a wet process, which
has a planar elastic recovery rate lower than 14% in both transverse and machine directions.
This may induce the irreversible deformation of the microporous membrane during battery
assembly, leading to deviation of the microporous membrane from the design dimensions of

battery and thus affecting the electrochemical safety performance.
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[0005] At present, there is no microporous separator that combines high mechanical
strength and good planar elastic recovery, and at the same time having small thickness, and
excellent pore structure and surface. It is particularly difficult to obtain a wet-process separator

for lithium-ion battery with excellent planar elastic recovery rate.

SUMMARY

[0006] The present invention can achieve a separator for lithium-ion battery with excellent
planar elastic recovery rate, by controlling the proportion of a chain segment with low
molecular weight in the microporous separator in the case that a commonly used polyolefin
resin is used as the main raw material. In addition, the present invention also further solves the
problem of high surface resistance of the separator, and the surface resistance of the separator
for lithium-ion battery of the present invention is reduced by 20% or more compared to the
prior art. Moreover, the pore diameter, air permeability, and mechanical strength of the separator
of the present invention may also be accepted, making it suitable for use in lithium-ion batteries.
[0007] It is also found in the present invention that, by using a low-temperature multi-point
distributed stretching process in a machine-direction (MD) stretching, using a low-temperature
and low-ratio stretching in a transverse-direction (TD1) stretching, and controlling the
difference between MD stretching ratio and TDI1 stretching ratio, the above-mentioned
separator can be obtained.

[0008] In some specific embodiments, the present invention provides a microporous
separator for lithium battery, which is a single-layer porous membrane containing a polyolefin
resin. The microporous separator has an intrinsic viscosity index of 700 ml/g - 1500 ml/g,
preferably 900 ml/g - 1200 ml/g; a quantity proportion of polyolefin chain segment ingredients
with a weight-average molecular weight below 100000 in the microporous separator of 15 mol%
- 30 mol%, preferably 15 mol% - 25 mol%, or more preferably 15 mol% - 21 mol%; and the
microporous separator has a machine-direction elastic recovery rate greater than or equal to
14%, preferably greater than or equal to 18%, and a transverse-direction elastic recovery rate
greater than or equal to 14%, preferably greater than or equal to 18%, that are measured under

a condition, the condition including: cutting a separator specimen strip with a width of 15 mm
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in the machine direction (MD direction) or the transverse direction (TD direction), stretching
the separator specimen strip from Lo=100 mm in the direction at a speed of 50 mm/min to 50%
elongation, holding for 60 s, letting it stand to naturally retract for 3 min, then measuring its
length L1, and calculating the elastic recovery rate as (1.5 x Lo - L) / (0.5 x Lo) x 100%.
[0009] Preferably, a quantity proportion of polyolefin chain segment ingredients with a
weight-average molecular weight below 10000 in the microporous separator is 0.5 mol% - 2.5
mol%, preferably 0.5-1.5 mol%.
[0010] Preferably, the polyolefin resin has a molecular weight distribution of 3-6,
preferably 3.5-5.0.
[0011] Preferably, the microporous separator satisfies one or more of the following:

a. surface resistance of 0.2 Q - 0.7 Q, preferably 0.3 Q- 0.6 Q;

b. average pore diameter of 25 nm - 50 nm, preferably 30 nm - 45 nm;

c. thickness of 1 um - 30 um, preferably 4 pm - 12 pm;

d. air permeability of 10 sec/100cc - 300 sec/100cc, preferably 60 sec/100cc - 170
sec/100cc;

e. tensile strength in the MD direction or TD direction of 2000 kgf/cm? - 4000
kgf/cm?, preferably 2800 kgf/cm? - 4000 kgf/cm?.
[0012] Preferably, the polyolefin resin is selected from polyethylene (including, for
example, LDPE, LLDPE, HDPE, UHDPE), polypropylene, polybutene, polymethylpentene, a
copolymer thereof, or a mixture thereof.
[0013] Preferably, the quantity proportion of polyolefin chain segment ingredients with a
weight-average molecular weight below 100000 in the polyolefin resin is 10 mol% - 30 mol%,
preferably 10 mol% - 25 mol%, more preferably 13 mol% - 25 mol%, or further preferably 13
mol% - 20 mol%.
[0014] Preferably, the quantity proportion of polyolefin chain segment ingredients with a
weight-average molecular weight below 10000 in the polyolefin resin is 0 mol% - 2 mol%,
preferably 0.3 mol% - 1.0 mol%.
[0015] Preferably, the microporous separator is a separator prepared by a wet process.
[0016] In some specific embodiments, the present invention provides a preparation method

for a microporous separator for lithium battery, including the following steps:
3
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(a) melting and blending a mixture containing a polyolefin resin and a plasticizer to
form a melt;

(b) extruding and solidifying the melt into a thick sheet;

(c) stretching the thick sheet in a machine direction (MD direction) and in a
transverse direction (TD direction) to obtain a stretched sheet;

(d) removing the plasticizer from the stretched sheet, and drying to obtain the
microporous separator for lithium battery;

where, in the polyolefin resin in step (a), a quantity proportion of polyolefin chain
segment ingredients with a weight-average molecular weight below 100000 is 10 mol% - 30
mol%, preferably 10 mol% - 25 mol%, more preferably 13 mol% - 25 mol%, or further
preferably 13 mol% - 20 mol%; and the polyolefin resin has an intrinsic viscosity index of 800
ml/g - 1600 ml/g, preferably 1000 ml/g - 1300 ml/g.
[0017] Preferably, in the polyolefin resin in step (a), the quantity proportion of polyolefin
chain segment ingredients with a weight-average molecular weight below 10000 is 0 mol% - 2
mol%, preferably 0.3 mol% - 1.5 mol%.
[0018] Preferably, the polyolefin resin has a molecular weight distribution of 3-6,
preferably 3.5-5.0.
[0019] Preferably, the quantity proportion of polyolefin chain segment ingredients with a
weight-average molecular weight below 100000 in the microporous separator is 15 mol% - 30
mol%, preferably 15 mol% - 25 mol%, and more preferably 15 mol% - 21 mol%.
[0020] Preferably, the quantity proportion of polyolefin chain segment ingredients with a
weight-average molecular weight below 10000 in the microporous separator is 0.5 mol% - 2.5
mol%, preferably 0.5 mol% - 1.5 mol%.
[0021] Preferably, the microporous separator has a machine-direction elastic recovery rate
greater than or equal to 14%, preferably greater than or equal to 18%, and a transverse-direction
elastic recovery rate greater than or equal to 14%, preferably greater than or equal to 18%, that
are measured under a condition, the condition including: cutting a separator specimen strip with
a width of 15 mm in the machine direction (MD direction) or the transverse direction (TD
direction), stretching the separator specimen strip from Lo=100 mm in the direction at a speed

of 50 mm/min to 50% elongation, holding for 60 s, letting it stand to naturally retract for 3 min,
4
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then measuring its length L1, and calculating the elasticity recovery rate as (1.5 x Lo - L1) /(0.5
x Lo) x 100%.

[0022] Preferably, a weight ratio of the polyolefin resin to the plasticizer is between 15:85
and 45:55, preferably between 20:80 and 30:70, and more preferably 25:75.

[0023] Preferably, in step (a), an extruder is used for melting and blending, and preferably
an extruder temperature is 160 °C - 250 °C and an extruder screw speed is 60 r/min - 100 r/min.
[0024] Preferably, in step (b), the mixture is extruded through a die and attached to a casting
roller for cooling and solidifying to form a thick sheet, and the casting roller has a temperature
of 20 °C - 30 °C.

[0025] Preferably, in step (c), the stretching in the machine direction adopts a stretching
temperature of 80 °C - 120 °C and has a stretching ratio of 4-9, preferably 4-7; and the stretching
is a multi-point distributed stretching, preferably 3-7 points.

[0026] Preferably, a preheating step is provided prior to the stretching in the machine
direction, with a preheating temperature being 60 °C - 100 °C; preferably, the preheating is a
preheating with gradient temperature rise, and the gradient temperature rise of the preheating is
set in 2-4 stages, with a temperature difference between two adjacent gradients being 7 °C -
25 °C.

[0027] Preferably, in step (c), the stretching in the transverse direction (TD1) has a
temperature of 90 °C - 125 °C, preferably 90 °C - 115 °C, and a stretching ratio of 4-8,
preferably 4-6, and an absolute value of a difference between the stretching ratio in the machine
direction and the stretching ratio in the transverse direction is below 1.

[0028] Preferably, in step (d), a step of a second stretching in transverse direction (TD2
stretching) is further included after the drying procedure, and the second stretching in transverse
direction has a stretching temperature of 125 °C - 140 °C, preferably 130 °C - 140 °C, and a
stretching ratio of 1.4-1.8.

[0029] Preferably, the polyolefin resin is selected from polyethylene (including, for
example, LDPE, LLDPE, HDPE, UHDPE), polypropylene, polybutene, polymethylpentene, a

copolymer thereof, or a mixture thereof.
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DESCRIPTION OF EMBODIMENTS

[0030] Before further describing the present invention, certain terms used in the description,
embodiments, and appended claims are collected in the following paragraphs. The definitions
listed herein should be read and understood by the person skilled in the art according to the
remaining parts of the present invention. Unless otherwise defined, all technical and scientific
terms used herein have the same meanings as those commonly understood by the person skilled
in the art to which the present invention belongs.

[0031] The terms “one” and “another” as used herein, are only for descriptive purposes and
should not be understood as indicating or implying relative importance or implicitly specifying
the number of technical features indicated.

[0032] The term “approximate” as used herein, when referring to a value means to include
its variations, such as £10%, +5%, 1%, or +0.1% of a specific value.

[0033] The term “substantially the same” as used herein, when referring to two values,
means that the difference between the two values is less than 10%, 5%, or 1% of an average of
the two values.

[0034] The term “polyolefin” as used herein, may be a polyolefin monomer (i.e., a single
type of polyolefin), a polyolefin copolymer, or a polyolefin mixture.

[0035] The term “mixture” as used herein, refers to a physical mixture of two or more
homopolymers with different molecular structures, two or more copolymers with different
molecular structures, or both homopolymer and copolymer that have different molecular
structures. Specifically, the mixture may include different polymers, i.e., including at least two
polymers with different chemical properties (such as polyethylene, polypropylene, and/or
ethylene-propylene copolymer with different chemical properties); and/or polymers with the
same chemical properties but different characteristics (such as two different types of
polyethylene with different characteristics (e.g., density, molecular weight, molecular weight
distribution, rheology, additive (composition and/or percentage), etc.)).

[0036] The term “machine direction” as used herein, also known as MD direction, refers to
a direction in which the device is operated.

[0037] The term “transverse direction” as used herein, also known as TD direction, refers
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to a direction perpendicular to a direction in which the device is operated.

[0038] A first aspect of the present invention provides a microporous separator for lithium
battery, which is a single-layer porous membrane including polyolefin resin; and the
microporous separator has an intrinsic viscosity index of 700 ml/g - 1500 ml/g, preferably 900
ml/g - 1200 ml/g; a quantity proportion of polyolefin chain segment ingredients with a weight-
average molecular weight below 100000 in the microporous separator is 15 mol% - 30 mol%,
preferably 15 mol% - 25 mol%, and more preferably 15 mol% - 21 mol%; and the microporous
separator has a machine-direction elastic recovery rate greater than or equal to 14%, preferably
greater than or equal to 18%, and a transverse-direction elastic recovery rate greater than or
equal to 14%, preferably greater than or equal to 18%, that are measured under the following
condition including: cutting a separator specimen strip with a width of 15 mm in the machine
direction (MD direction) or the transverse direction (TD direction), stretching the separator
specimen strip from Lo=100 mm in the direction at a speed of 50 mm/min to 50% elongation,
holding for 60 s, letting it stand to naturally retract for 3 min, then measuring its length L;, and
calculating the elastic recovery rate as (1.5 X Lo - L1) / (0.5 x Lo) x 100%.

[0039] Preferably, the upper limit value of the elastic recovery rate of the microporous
separator measured under the above condition does not exceed 50%, preferably does not exceed
30%, and further preferably does not exceed 25%. By having the above-mentioned elastic
recovery rate, the processing stability of the separator can be ensured, avoiding excessive
resilience of the separator in the preparation process of the battery or separator, which may
affect the manufacturing of the product.

[0040] According to some preferred embodiments of the present invention, the quantity
proportion of polyolefin chain segment ingredients with a weight-average molecular weight
below 10000 in the microporous separator is 0.5 mol% - 2.5 mol%, preferably 0.5 mol% - 1.5
mol%.

[0041] In the present invention, the polyolefin resin may be any polyolefin resin commonly
used in the art for preparing a microporous separator for lithium battery. For example, it may
be selected from polyethylene (including, for example, LDPE, LLDPE, HDPE, UHDPE),
polypropylene, polybutene, polymethylpentene, a copolymer thereof, or a mixture thereof, with

polyethylene and/or polypropylene being preferred.
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[0042] According to the present invention, the polyolefin resin used is sufficient as long as
it is capable of producing the microporous separator for lithium battery required by the present
invention. In order to provide a microporous separator with high planar elastic recovery, it is
preferred that the quantity proportion of polyolefin chain segment ingredients with a weight-
average molecular weight below 100000 in the polyolefin resin is 10 mol% - 30 mol%,
preferably 10 mol% - 25 mol%, more preferably 13 mol% - 25 mol%, and further preferably
13 mol% - 20 mol%. Preferably, the quantity proportion of polyolefin chain segment ingredients
with a weight-average molecular weight below 10000 in the polyolefin resin is 0 mol% - 2
mol%, preferably 0.3 mol% - 1.0 mol%. Further preferably, a molecular weight distribution of
the polyolefin resin is 3-6, preferably 3.5-5.0.
[0043] In some specific embodiments of the present invention, the microporous separator
satisfies one or more of the following:

a. surface resistance of 0.2 Q - 0.7 Q, preferably 0.3 Q- 0.6 Q;

b. average pore diameter of 25 nm - 50 nm, preferably 30 nm - 45 nm;

c. thickness of 1 um - 30 um, preferably 4 pm - 12 pm;

d. air permeability of 10 sec/100cc - 300 sec/100cc, preferably 60 sec/100cc - 170
sec/100cc;

e. tensile strength in the MD direction or TD direction of 2000 kgf/cm? -4000
kgf/cm?, preferably 2800 kgf/cm? -4000 kgf/cm?.
[0044] In order to obtain a microporous separator with high planar elastic recovery, the
microporous separator of the present invention is preferably a separator prepared by a wet
process.
[0045] A second aspect of the present invention provides a preparation method for a
microporous separator for lithium battery, including the following steps:

(a) melting and blending a mixture containing a polyolefin resin and a plasticizer to
form a melt;

(b) extruding and solidifying the melt obtained into a thick sheet;

(c) stretching the thick sheet in a machine direction (MD direction) and in a
transverse direction (TD direction) to obtain a stretched sheet;

(d) removing the plasticizer from the stretched sheet, and drying to obtain the
8
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microporous separator for lithium battery;

where, in the polyolefin resin in step (a), a quantity proportion of polyolefin chain
segment ingredients with a weight-average molecular weight below 100000 is 10 mol% - 30
mol%, preferably 10 mol% - 25 mol%, more preferably 13 mol% - 25 mol%, and further
preferably 13 mol% - 20 mol%; and the polyolefin resin has an intrinsic viscosity index of 800
ml/g - 1600 ml/g, preferably 1000 ml/g - 1300 ml/g.
[0046] According to the present invention, by treatment of a mixture containing appropriate
polyolefin resin and plasticizer according to the preparation method of the present invention, a
microporous separator having high planar elastic recovery can be obtained, which is suitable
for applications in lithium batteries.
[0047] In the present invention, the polyolefin resin may be any polyolefin resin commonly
used in the art for preparing a microporous separator for lithium battery. For example, it may
be selected from polyethylene (including, for example, LDPE, LLDPE, HDPE, UHDPE),
polypropylene, polybutene, polymethylpentene, a copolymer thereof, or a mixture thereof, with
polyethylene and/or polypropylene being preferred.
[0048] In the present invention, the plasticizer is a small molecule solvent that can dissolve
the polyolefin resin. For example, it may be liquid paraffin, diethyl phthalate, palm oil, etc.,
preferably, liquid paraffin having a kinematic viscosity of 35 mm?/s - 120 mm?/s at 40 °C, and
further preferably liquid paraffin having a kinematic viscosity of 40 mm?/s - 55 mm?/s at 40 °C.
The testing method for kinematic viscosity is GB/T 265 method.
[0049] According to the present invention, in step (a), a weight ratio of the polyolefin resin
to the plasticizer is preferably between 15:85 and 45:55, and more preferably between 20:80
and 30:70. Specifically, the weight ratio of the polyolefin resin to the plasticizer may be 20:80,
21:79,22:78,23:77,24:76, 25:75,26:74,27:73, 28:72,29:71, or 30:70, etc. By using the weight
ratio of the polyolefin resin to the plasticizer mentioned above, the resilience performance in a
plane direction of the microporous separator can be improved.
[0050] In order to further improve the resilience performance in the plane direction of the
microporous separator, the quantity proportion of polyolefin chain segment ingredients with a
weight-average molecular weight below 10000 in the polyolefin resin is 0 mol% - 2 mol%,

preferably 0.3 mol% - 1.5 mol%. Preferably, the molecular weight distribution of the polyolefin
9
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resin is in a range of 3-6, preferably 3.5-5.0.

[0051] According to the present invention, in step (a), the treatment may be carried out
using any of the existing methods capable of forming the mixture into a melt, for example, an
extruder may be used for melting and blending. As some preferred embodiments, parameters
of the extruder include: an extruder temperature of 150 °C - 250 °C, preferably 180 °C - 240 °C,
and an extruder screw speed of 60 r/min - 100 r/min, preferably 70 r/min - 90 r/min.

[0052] According to the present invention, in step (b), the method of extruding and
solidifying the melt into a thick sheet enables the formation of a thick sheet of a desired
thickness. For example, the mixture may be extruded through a die and attached to a casting
roller for cooling and solidifying to form a thick sheet, preferably, a casting roller temperature
is 20 °C - 30 °C. In addition, the rolling speed of the casting roller may be 3 m/min - 8§ m/min.
[0053] According to the present invention, in step (c), the stretched sheet is obtained by
means of separate stretching in a machine direction (i.e., a machine-direction stretching, or MD
stretching) and in a transverse direction (i.e., transverse-direction stretching, or TD1 stretching).
Specifically, the machine-direction stretching may be carried out prior to the transverse-
direction stretching, or the transverse-direction stretching may be carried out prior to the
machine-direction stretching, with the former being preferred.

[0054] In order to further improve the resilience performance in the plane direction of the
microporous separator, in step (c), the stretching in the machine direction adopts a stretching
temperature of 80 °C - 120 °C and has a stretching ratio of 4-9, preferably 4-7; and the stretching
in the machine direction is in a multi-point distributed mode, preferably 3-7 points. In the multi-
point distributed stretching, a stretching point is a velocity ratio between two adjacent stretching
rollers with different linear velocities, that is, a ratio of a rear-roller linear velocity to a front-
roller linear velocity. The stretching ratio of each stretching point is 1.1-4. In the case of using
multi-point distributed stretching, the stretching ratio refers to a sum of the stretching ratios at
respective points, and it is preferred that each stretching ratio is independently 1.1-3, preferably
1.1-2.4. Preferably, there is at least one set of 3 adjacent stretching points, whose ratios are in
an incremental relationship, and the absolute value of the difference between stretching ratios
of the adjacent stretching points is greater than 0.1. For example, in the case of 3-point

stretching, a distribution of the stretching ratios may be as follows: 1.3/1.6/1.9 or 1.5/1.9/2.0;
10
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in the case of 5-point stretching, the distribution of stretching ratios may be as follows:
1.1/1.4/2.0/2.4/1.1 or 1.1/1.6/2.0/2.1/1.1 or 1.3/1.3/1.6/2.1/1.3 or 1.1/1.1/1.4/1.6/2.0; in the case
of 7-point stretching, the distribution of stretching ratios may be as follows:
1.1/1.1/1.2/1.3/1.4/1.55/1.6 or 1.1/1.2/1.4/1.7/1.2/1.1/1.1.

[0055] Generally, 3 adjacent points with incremental stretching ratios do not only exist in
the last 3 stretching points in a stretching section. It is preferred that the front and middle
sections of the stretching should be provided with 3 adjacent stretching points with an
incremental ratio relationship.

[0056] The incremental stretching ratio in machine direction is more conducive to sufficient
stretching and more sufficient orientation of polymer, so that the formed fibrils have better
mechanical properties and more uniform size distribution, and thus the microporous separator
has a better elastic recovery performance.

[0057] According to some further preferred embodiments of the present invention, a
preheating step is provided prior to the stretching in the machine direction, with a preheating
temperature being 60 °C - 100 °C. Preferably, the preheating is a preheating with gradient
temperature rise, and the gradient temperature rise of the preheating may be set in 2-4 stages.
It is preferred that a temperature difference between two adjacent gradients is 7 °C - 25 °C. The
preheating time may be 2 s -100 s, preferably 4 s - 60 s. In the case of the preheating with
gradient temperature rise, the preheating time of two adjacent gradients may be the same or
different, each independently ranging from 1 s - 25 s.

[0058] In order to further improve the resilience performance in the plane direction of the
microporous separator, in step (c), the stretching in the transverse direction has a temperature
of 90 °C - 125 °C, preferably 90 °C - 115 °C, and a stretching ratio of 4-8, preferably 4-6.
Moreover, it is preferred that the absolute value of the difference between the stretching ratio
in the machine direction and the stretching ratio in the transverse direction is below 1, more
preferably 0.2-0.9, or further preferably 0.4-0.8.

[0059] According to the present invention, in step (d), the plasticizer may be removed from
the stretched sheet by any method, preferably by using an extraction agent to remove the
plasticizer from the stretched sheet. The extraction agent may be an alkane extraction agent,

preferably a halogenated hydrocarbon extraction agent, with dichloromethane being the most
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preferred.

[0060] As a method of removing the plasticizer from the stretched sheet by using an
extraction agent, the plasticizer in the stretched sheet may be removed by means of circulation
feed of the extraction agent. The preferred circulation feed rate of the extraction agent is 1 m*/h
-5 m*/h. After extraction, the stretched sheet is heated for drying by means of one or more of a
hot roller, a heating plate, or a hot air, with a preferred drying temperature of 20 °C - 150 °C.
[0061]  According to a preferred embodiment of the present invention, in step (d), a step of
a second transverse-direction stretching (TD2 stretching) is further included after the drying
procedure, and the second transverse-direction stretching has a stretching temperature of 125 °C
- 140 °C, preferably 130 °C - 140 °C, and a stretching ratio of 1.4-1.8.

[0062] By adopting the above preparation method for preparation of microporous separator,
the quantity proportion of polyolefin chain segment ingredients with a weight-average
molecular weight below 100000 in the obtained microporous separator is 15 mol% - 30 mol%,
preferably 15 mol% - 25 mol%, and more preferably 15 mol% - 21 mol%. Preferably, the
quantity proportion of polyolefin chain segment ingredients with a weight-average molecular
weight below 10000 in the microporous separator is 0.5 mol% - 2.5 mol%, preferably 0.5 mol%
- 1.5 mol%. Further, the microporous separator has a machine-direction elastic recovery rate
greater than or equal to 14%, preferably greater than or equal to 18%, and a transverse-direction
elastic recovery rate greater than or equal to 14%, preferably greater than or equal to 18%, that
are measured under the following condition including: cutting a separator specimen strip with
a width of 15 mm in the machine direction (MD direction) or the transverse direction (TD
direction), stretching the separator specimen strip from Lo=100 mm in the direction at a speed
of 50 mm/min to 50% elongation, holding for 60 s, and then letting it stand to naturally retract
for 3 min, then measuring its length L1, and calculating the elastic recovery rate as (1.5 X Lo -
L1) /(0.5 x Lo) x 100%.

[0063] A third aspect of the present invention provides a microporous separator for lithium
battery obtained by the preparation method of the second aspect of the present invention.
[0064] In the following examples and comparative examples, the test methods for
respective parameter are as follows.

[0065] (1) Detailed test method for elastic recovery rate
12
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[0066] A test specimen strip with a width of 15 mm is cut along the MD or TD direction,
and a section with a length of 100 mm is measured along the length direction of the test
specimen strip and lines are drawn at two corresponding ends of the section, with the length
being defined as Lo.

[0067] The test specimen strip is placed on the stretching device, and the stretching clamps
are clamped at positions where lines are drawn (i.e., a distance between the clamps being 100
mm), with a stretching speed of 50 mm/min.

[0068] The length of the test specimen strip is stretched to 50% elongation and then held
for 60 s. The test specimen strip is removed, placed at room temperature, and left to naturally
retract for 3 minutes. Then, a distance between the lines drawn at the two ends is measured and
recorded as L.

[0069] (2) The test method for surface resistance is as follows.

[0070] A total of 4 pieces of the separator specimens with a diameter of 45 mm are cut from
a flat position and immersed in electrolyte (1.0 M LiPFs in a solvent of 1:1:1 EC/EMC/DMC
by volume), and sealed and soaked for 30 min. Approximately 15 ml of 1 mol/L fresh electrolyte
(1.0 M LiPF¢ in asolvent of 1:1:1 EC/EMC/DMC by volume) is poured into a surface resistance
test fixture. The separators 1, 2, 3, and 4 are placed respectively in the fixture for testing. Based
on that the number of layers of the separator is taken as a horizontal coordinate and the
resistance value of the separator is taken as a vertical coordinate, a linear fitting is performed
to determine a slope and a fitting degree of the straight line. When the fitting degree is greater
than 0.999, the slope is the surface resistance of the separator.

[0071] (3) The average pore diameter is measured using PMI instrument (CFP-1500AE
model, Jiayun Co., Ltd.) with an immersion solution galwick (its surface tension of 15.9
dynes/cm at 25 °C) under 25 °C, and the pore diameter is expressed in nm.

[0072] (4) The thickness is measured in accordance with the provisions of GB-T 36363-
2018.

[0073] (5) The air permeability is determined in accordance with the provisions of GB/T
36363-2018, where a pressure of 1.21 kPa is applied and the time required for 100 ml of air to
pass through a separator with an area of 6.45 cm? is determined.

[0074] (6) The tensile strength is measured in accordance with the provisions of
13
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GB/T1040.3-2006.

[0075] (7) The quantity proportion of polyolefin chain segments with a weight-average
molecular weight below 100000, and the quantity proportion of polyolefin chain segments with
a weight-average molecular weight below 10000 are measured in accordance with the
provisions of GB/T 36214.4-2018.

[0076] (8) The molecular weight distribution is measured in accordance with the provisions
of GB/T 36214.4-2018.

[0077] (9) The intrinsic viscosity is measured according to the provisions of ISO 1628-3.
[0078] Example 1

[0079] The polyethylene resin having an intrinsic viscosity of 1150 ml/g and a molecular
weight distribution of 5.0 was mixed with a plasticizer (paraffin oil with a kinematic viscosity
of 45 mm?/s) at a weight ratio of 25:75, and then melted and blended through an extruder to
form a melt; where, in the polyethylene resin, the quantity proportion of polyethylene chain
segments with a weight-average molecular weight below 100000 was 17 mol%, and the
quantity proportion of polyethylene chain segments with a weight-average molecular weight
below 10000 was 0.8 mol%. The extruder temperature was 220 °C, and the extruder screw
speed was 80 r/min.

[0080] The above-mentioned melt was cooled and solidified by a casting roller to form a
thick sheet, with a temperature of casting roller of 25 °C. The obtained thick sheet was subjected
to a three-stage preheating for temperature rise treatment: 60°C/80°C/100°C, with a total
preheating time of 15 s. Then, the preheated thick sheet was subjected to a stretching treatment,
where the stretching in the MD direction adopted 3-point distributed stretching mode, with a
constant stretching temperature of 95 °C and a total stretching ratio of 6.29, and the stretching
ratio distribution at respective points was as follows: 1.7/1.85/2.0; and the temperature for the
transverse-direction stretching (TD1 stretching) was 110 °C, and the transverse-direction
stretching ratio was 6.

[0081] After removing the plasticizer (paraffin oil) and drying with hot air at 55 °C, a
second transverse-direction stretching (TD2 stretching) was carried out at a temperature of
133 °C, with a second stretching ratio of 1.4, and then heat setting treatment was performed at

a temperature of 135 °C.
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[0082] Examples 2 to 9 and Comparative Examples 1 to 3

[0083] The differences between the preparation methods for the microporous separator for
battery involved in Examples 2 to 9 as well as in Comparative Examples 1 to 3 and the
preparation method of Example 1 are detailed in Table 1, and the parts of Examples 2 to 9 as
well as Comparative Examples 1 to 3 which are not embodied in Table 1 are the same as those
in Example 1.

[0084] Example 10

[0085] The difference of Example 10 from Example 1 lies in that: the stretching in the MD
direction adopted 5-point distributed stretching mode, with the constant stretching temperature
of 95 °C and the total stretching ratio of 9.3. The stretching ratio distribution at respective points
was as follows: 1.1/1.6/2.0/2.4/1.1. The temperature for the transverse-direction stretching
(TD1 stretching) was 110 °C, and the transverse stretching ratio was 7.5.

[0086] Examples 2-1 to 2-4

[0087] The differences of Examples 2-1 to 2-4 from Example 2 are detailed in Table 2, and
the parts of Examples 2-1 to 2-4 which are not embodied in Table 2 are the same as those in

Example 2.
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[0092] From Examples 1-11 and Comparative Examples 1-2 in Table 1, it can be seen that
when the quantity proportion of polyolefin chain segment ingredients with a weight-average
molecular weight below 100000 in the microporous separator is 15-30 mol%, the microporous
separator has good elastic recovery rate (>14%), surface resistance, and mechanical strength
(mechanical strengths in MD and TD are both > 2000 kgf/cm?). However, when the quantity
proportion of polyolefin chain segment ingredients with a weight-average molecular weight
below 100000 in the microporous separator exceeds the above range, the elastic recovery rate
and mechanical strength significantly decrease. From the comparison between Example 1 and
Example 10, it can be seen that when the stretching ratios in MD and TD are increased, except
for an increase in the tensile strength in MD, the tensile strength in TD slightly decreases, the
elastic recovery rate decreases, and the surface resistance increases.

[0093] From Examples 2-1 to 2-4 in Table 2, it can be seen that the regulation of quantity
proportion of polyolefin chain segments with a weight-average molecular weight below 100000
in the microporous separator can be achieved by mutual matching of the extruder process and
the raw material.

[0094] Unless otherwise specified in the context, the singular forms of “a”, “an”, and “the”
in the present description and appended claims include the plural forms. Unless otherwise
defined, all technical and scientific terms used herein have the same meanings as those
commonly understood by the person skilled in the art. In addition to the specific order disclosed,
the methods described herein may be performed in any logically possible order.

[0095] The representative examples are intended to assist in illustrating the present
invention, and are not intended or should not be interpreted as limiting the scope of the
invention. In fact, in addition to those shown and described herein, various modifications and
many other embodiments of the present invention will become apparent to the person skilled in
the art, including the embodiments and references to the scientific and patent documents cited
herein. The embodiments contain important additional information, examples, and guidance
that may be practically employed by the present invention in its various embodiments and

equivalents.
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CLAIMS

1. A microporous separator for lithium battery, wherein it is a single-layer porous
membrane comprising a polyolefin resin; the microporous separator has an intrinsic viscosity
index of 700 ml/g - 1500 ml/g, preferably 900 ml/g - 1200 ml/g; a quantity proportion of
polyolefin chain segment ingredients with a weight-average molecular weight below 100000 in
the microporous separator is 15 mol% - 30 mol%, preferably 15 mol% - 25 mol%, and more
preferably 15 mol% - 21 mol%,; and the microporous separator has a machine-direction elastic
recovery rate greater than or equal to 14%, preferably greater than or equal to 18%, and a
transverse-direction elastic recovery rate greater than or equal to 14%, preferably greater than
or equal to 18%, that are measured under the following condition comprising: cutting a
separator specimen strip with a width of 15 mm in a machine direction (MD direction) or a
transverse direction (TD direction), stretching the separator specimen strip from Lo=100 mm in
the direction at a speed of 50 mm/min to 50% elongation, holding for 60 s, leaving it stand to
naturally retract for 3 min, then measuring its length L, and calculating an elastic recovery rate
as (1.5 xLo-L1) /(0.5 x Lo) x 100%.

2. The microporous separator for lithium battery according to claim 1, wherein a quantity
proportion of polyolefin chain segment ingredients with a weight-average molecular weight
below 10000 in the microporous separator is 0.5 mol% - 2.5 mol%, preferably 0.5 mol% - 1.5
mol%.

3. The microporous separator for lithium battery according to claim 1 or 2, wherein the
polyolefin resin has a molecular weight distribution of 3-6, preferably 3.5-5.0.

4. The microporous separator for lithium battery according to any one of claims 1 to 3,
wherein the microporous separator satisfies one or more of the following:

a. surface resistance of 0.2 Q - 0.7 Q, preferably 0.3 Q -0.6 Q;

b. average pore diameter of 25 nm - 50 nm, preferably 30 nm - 45 nm;

c. thickness of 1 um - 30 um, preferably 4 pm - 12 pm;

d. air permeability of 10 sec/100cc - 300 sec/100cc, preferably 60 sec/100cc - 170

sec/100cc;
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e. tensile strength in the MD direction or TD direction of 2000 kgf/cm? - 4000 kgf/cm?,

preferably 2800 kgf/cm? - 4000 kgf/cm?.

5. The microporous separator for lithium battery according to any one of claims 1 to 4,
wherein the polyolefin resin is selected from polyethylene (comprising, for example, LDPE,
LLDPE, HDPE, UHDPE), polypropylene, polybutene, polymethylpentene, a copolymer
thereof, or a mixture thereof.

6. The microporous separator for lithium battery according to any one of claims 1 to 5,
wherein the quantity proportion of polyolefin chain segment ingredients with a weight-average
molecular weight below 100000 in the polyolefin resin is 10 mol% - 30 mol%, preferably 10
mol% - 25 mol%, more preferably 13 mol% - 25 mol%,; and further preferably 13 mol% - 20
mol%.

7. The microporous separator for lithium battery according to any one of claims 1 to 6,
wherein the quantity proportion of polyolefin chain segment ingredients with a weight-average
molecular weight below 10000 in the polyolefin resin is 0 mol% - 2 mol%, preferably 0.3 mol%
- 1.0 mol%.

8. The microporous separator for lithium battery according to any one of claims 1 to 7,
wherein the microporous separator is a separator prepared by a wet process.

9. A preparation method for a microporous separator for lithium battery, comprising the
following steps:

(a) melting and blending a mixture containing a polyolefin resin and a plasticizer to form

a melt;

(b) extruding and solidifying the melt into a thick sheet;

(c) stretching the thick sheet in a machine direction (MD direction) and in a transverse

direction (TD direction) to obtain a stretched sheet;

(d) removing the plasticizer from the stretched sheet, and drying to obtain the microporous

separator for lithium battery;

wherein, in the polyolefin resin in step (a), a quantity proportion of polyolefin chain

segment ingredients with a weight-average molecular weight below 100000 is 10 mol% -

30 mol%, preferably 10 mol% - 25 mol%, more preferably 13 mol% - 25 mol%, and

further preferably 13 mol% - 20 mol%; and the polyolefin resin has an intrinsic viscosity
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index of 800 ml/g - 1600 ml/g, preferably 1000 ml/g - 1300 ml/g.

10. The preparation method according to claim 9, wherein in the polyolefin resin in the
step (a), a quantity proportion of polyolefin chain segment ingredients with a weight-average
molecular weight below 10000 is 0 mol% - 2 mol%, preferably 0.3 mol% - 1.5 mol%;

further, the polyolefin resin has a molecular weight distribution of 3-6, preferably 3.5-5.0.

11. The preparation method according to claim 9 or 10, wherein the quantity proportion of
polyolefin chain segment ingredients with a weight-average molecular weight below 100000 in
the microporous separator is 15 mol% - 30 mol%, preferably 15 mol% - 25 mol%, and more
preferably 15 mol% -21 mol%;

further, the quantity proportion of polyolefin chain segment ingredients with a weight-
average molecular weight below 10000 in the microporous separator is 0.5 mol% - 2.5 mol%,
preferably 0.5 mol% - 1.5 mol%;

further, the microporous separator has a machine-direction elastic recovery rate greater
than or equal to 14%, preferably greater than or equal to 18%, and a transverse-direction elastic
recovery rate greater than or equal to 14%, preferably greater than or equal to 18%, that are
measured under the following condition comprising: cutting a separator specimen strip with a
width of 15 mm in a machine direction (MD direction) or a transverse direction (TD direction),
stretching the separator specimen strip from Lo=100 mm in the direction at a speed of 50
mm/min to 50% elongation, holding for 60 s, leaving it stand to naturally retract for 3 min, then
measuring its length L1, and calculating an elastic recovery rate as (1.5 x Lo - L1) / (0.5 x Lo) X
100%.

12. The preparation method according to any one of claims 9 to 11, wherein a weight ratio
of the polyolefin resin to the plasticizer is between 15:85 and 45:55, preferably between 20:80
and 30:70, and more preferably 25:75.

13. The preparation method according to any one of claims 9 to 12, wherein in step (a), an
extruder is used for melting and blending, and preferably an extruder temperature is 160 °C -
250 °C and an extruder screw speed is 60 r/min - 100 r/min;

further, in step (b), the mixture is extruded through a die and attached to a casting roller
for cooling and solidifying to form a thick sheet, a casting roller temperature being 20 °C -

30 °C.
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14. The preparation method according to any one of claims 9 to 13, wherein in step (c),
the stretching in the machine direction adopts a stretching temperature of 80 °C - 120 °C and
has a stretching ratio of 4-9, preferably 4-7, and the stretching is a multi-point distributed
stretching, preferably 3-7 points;

further, a preheating step is provided prior to the stretching in the machine direction, with
a temperature of the preheating being 60 °C - 100 °C; preferably, the preheating is a preheating
with gradient temperature rise, and the gradient temperature rise of the preheating is set in 2-4
stages, with a temperature difference between two adjacent gradients being 7 °C - 25 °C.

15. The preparation method according to any one of claims 9 to 14, wherein in step (c),
the stretching in the transverse direction has a temperature of 90 °C - 125 °C, preferably 90 °C
- 115 °C, and a stretching ratio of 4-8, preferably 4-6; and an absolute value of a difference
between the stretching ratio in the machine direction and the stretching ratio in the transverse
direction is below 1.

16. The preparation method according to any one of claims 9 to 15, wherein in step (d), a
step of a second stretching in the transverse direction is further comprised after the drying
procedure, and the second stretching in the transverse direction has a stretching temperature of
125 °C - 140 °C, preferably 130 °C - 140 °C, and a stretching ratio of 1.4-1.8.

17. The preparation method according to any one of claims 9 to 16, wherein the polyolefin
resin is selected from polyethylene (comprising, for example, LDPE, LLDPE, HDPE, UHDPE),

polypropylene, polybutene, polymethylpentene, a copolymer thereof, or a mixture thereof.
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