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COMPOSITE FILM, METHOD OF PREPARING THE SAME AND LITHIUM
BATTERY HAVING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to and benefits of Chinese Patent Application Serial No.
201510955330.0, filed with the State Intellectual Property Office (SIPO) of P. R. China on Dec. 18,

2015. The entire contents of the above mentioned application is incorporated herein by reference.

FIELD

The present disclosure generally relates to a field of lithium battery, especially relates to a

composite film, a method of preparing the same and a lithium battery having the same.

BACKGROUND

Lithium battery is mainly made up of positive/negative electrode materials, an electrolyte, a
separator and a shell packaging material. The separator is an important component of the lithium
battery, it separates the positive electrode and the negative electrode of the lithium battery to avoid
an internal short circuit and allow electrolyte ions passing freely so as to realize electrochemical
charging/discharging. The property of the separator is a key factor which may have an influence on
an interface structure and internal resistance of the battery, thus affecting a capacity, a cycle
performance and a safety performance of the battery. The separator having excellent performance
plays an important role for improving a comprehensive performance of the battery. Therefore, the
separator is called as a “third electrode” of the battery.

However, a conventional separator generally has a poor thermostablity. A method of
preparing a composite film as a separator is provided in the art, which includes spinning on a
polyethylene (PE) microporous film having an ultra-high molecular weight to form a fiber layer,
the fiber layer contains polyvinylidene fluoride or polyacrylonitrile (PAN), the fiber layer is tightly
combined with a polyethylene microporous layer after being hot rolled, thus obtaining the
composite film. Such composite film may have a good effect when it is used as a lithium battery

separator, and a solvent used includes acetone, N’N-dimethylformamide (DMF) or N’N-dimethyl



WO 2017/101819 PCT/CN2016/110149

acetamide (DMAc).
However, there is no obvious improvement for the thermostability of the composite film

obtained by the method mention above.

SUMMARY

The present disclosure seeks to solve at least one of the technical problems in the related art
to some extent. Therefore, the present disclosure provides a composite film.

According to a first aspect of the present disclosure, a composite film is provided. The
composite film includes a porous separator and a fiber layer disposed on a surface of the porous
separator and containing polyetherimide.

According to a second aspect of the present disclosure, a method of preparing a composite
film is provided. The method includes steps of:

S1) providing a porous separator;

S2) providing a spinning solution including a solvent, and a spinning polymer dissolved in
the solvent and including polyetherimide; and

S3) preparing a fiber layer on the porous separator by using the spinning solution and drying
the fiber layer to obtain the composite film comprising the porous separator and the fiber layer
disposed on the porous separator.

According to a third aspect of the present disclosure, a lithium battery is provided. The
lithium battery includes a positive electrode, a negative electrode and the composite film
mentioned above, the composite film is disposed between the positive electrode and the negative
electrode.

The composite film of the present disclosure may have an excellent thermostability, and when
the composite film of the present disclosure is used as a lithium battery separator, it won’t swell
and absorb fluid, thus maintaining a good polymer morphology. A stability in use of the composite

film may be greatly improved, thus to guarantee the performance of the lithium battery.

DETAILED DESCRIPTION

Embodiments of the present disclosure are described in detail below, and examples of the

embodiments are shown in accompanying drawings. The following embodiments described by
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referring to the accompanying drawings are illustrative, aim at explaining the present disclosure,
and should not be interpreted as limitations to the present disclosure.

According to embodiments of the present disclosure, a composite film is provided. The
composite film includes a porous separator and a fiber layer disposed on a surface of the porous
separator, the fiber layer contains polyetherimide.

It should be noted that the porous separator may be a polyolefin separator. The polyolefin
separator is a commonly used separator in lithium battery, for example, a polypropylene (PP)
separator, a polyethylene (PE) separator, and a PE/PP/PE three layers separator, etc.

In embodiments of the present disclosure, the fiber layer is disposed on a surface of the
porous separator, and the fiber layer contains polyetherimide. Through intensive experiments, the
inventors found that the fiber layer formed by polymer containing polyetherimide may improve a
thermostability of the composite film effectively.

Specifically, in some embodiments, the fiber layer may be directly made of polyetherimide;
or the fiber layer may be made of a mixture of polyetherimide and an auxiliary polymer, that is the
fiber layer contains polyetherimide and the auxiliary polymer.

In some embodiments, the fiber layer contains polyetherimide and an auxiliary polymer. It
should be noted that, under this circumstance, it is possible that one fiber contains polyetherimide
and auxiliary polymer or each fiber only contains one of the materials, and the fiber layer includes
a first fiber containing polyetherimide and a second fiber containing the auxiliary polymer.

In embodiments of the present disclosure, the auxiliary polymer is at least one selected from a
group consisting of polyacrylonitrile, copoly(ether ether ketone), polyether sulfone,
polyamide-imide, polyamide acid, and polyvinylpyrrolidone. When the auxiliary polymer is used
together with polyetherimide, a binding force between the fiber layer and the porous separator may
be effectively improved, which is beneficial for the functioning of polyetherimide, so as to
improve the thermostability of the composite film.

In some embodiments, the fiber layer contains about 15 wt% to about 100 wt% of
polyetherimide and about 0 wt% to about 85 wt% of the auxiliary polymer, then, the
thermostability of the composite film may be effectively improved. In some embodiments, the
fiber layer contains about 50 wt% to about 80 wt% of polyetherimide and about 20 wt% to about

50 wt% of the auxiliary polymer. Then, bonding strength between the fiber layer and the porous
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separator may be improved, and the thermostability of the composite film may be further
improved.

It should be noted that there are no particular limitations for the size of a fiber in the fiber
layer. In some embodiments, the fiber in the fiber layer has a diameter of about 100 nanometers to
about 2000 nanometers. In some embodiments, the fiber layer has a thickness of about 0.5 microns
to about 30 microns, then the porous separator may be effectively bonded with a positive electrode
and a positive electrode, so as to improve a cycle performance of a battery.

In some embodiments, the fiber layer has a porosity of higher than 75%. In some
embodiments, the fiber layer has a porosity of about 75% to about 93%. The fiber layer has a high
porosity, which may effectively ensure an ionic conductivity of the composite film.

In some embodiments, the fiber layer has an areal density of about 0.2 g/m”* to about 15 g/m”.
It should be noted that “areal density” refers to a mass of a coating material coated on unit area of
a substrate. With the “areal density”, a quantity of the coating material coated on the substrate can
be obtained. It should be noted that the porosity of the fiber layer may be obtained by calculating
from the areal density, the thickness, and a noumenal density of the polymer. It should be noted
that the noumenal density of the polymer refers to a density of the polymer solid itself. In
embodiments of the present disclosure, when the areal density of the fiber layer is within the range
above, an ionic conductivity of the composite film may be assured, ionic migration won’t be
influenced, and the composite film may have a good adhesive property, so as to improve the safety
performance of the battery.

In some embodiments, fibers in the fiber layer have a certain orientation and are regularly
distributed. Specifically, in some embodiments, the fiber layer includes at least one group of fiber
bundle, the fiber bundle includes multiple fibers parallel to each other. For example, if the fiber
layer includes only one group of fiber bundle, the fibers in the fiber layer have a same orientation.
In some embodiments, the fiber layer includes multiple groups of fiber bundles, the multiple
groups of fiber bundles intersect with each other or are parallel to each other. For example, in one
embodiment, the fiber bundle in the fiber layer is vertical to another, that is, the fibers in the fiber
layer are distributed in an orthogonality manner.

A fiber layer prepared by a traditional electrostatic spinning process has a poor mechanical

performance. Through intensive experiments, the inventors found that the fibers in the fiber layer
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obtained by traditional electrostatic spinning process are disorderly deposited on the separator, the
fibers in the fiber layer have no certain orientation, and are in a loose accumulation state. It should
be noted that, through analysis, when the fibers, in a loose accumulation state, are applied under an
external force, sliding between fibers is easily occurred, which may result in a poor mechanical
performance of the fiber layer.

While in the composite film of the present disclosure, the fiber layer includes a fiber bundle,
and the fiber bundle includes multiple fibers which are straight and extend in a same direction.
Since the fibers are parallel to each other and extend in a same direction in a straight state, the
fibers have a certain orientation. When the fiber layer is applied under an external force in such
orientation direction, relative sliding between fibers in a straight state may not occur due to a
tension of the fibers themselves, which is against to an external pull force. In a macroscopic view,
the fiber layer may have excellent mechanical strength.

The fibers regularly distributed in the fiber layer may be beneficial for improving a hot
shrinkage performance of the composite film and improving a mechanical performance of the
composite film. Especially when the fibers are distributed in the fiber layer in an orthogonality
manner, a hot shrinkage performance and a mechanical performance of the composite film in each
of a lateral direction and a longitudinal direction may be improved.

It should be noted that, in embodiments of the present disclosure, the fibers are distributed in
the fiber layer in an orthogonality manner means that a large number of fibers are distributed in a
lateral direction and a longitudinal direction, and the fibers distributed in the lateral direction are
vertical to the fibers distributed in the longitudinal direction.

It should be noted that the fiber layer may be disposed on one side of the porous separator,
and also, the fiber layer may be disposed on each of two sides of the porous separator. In one
embodiment, the fiber layer is disposed on each of two surfaces of the porous separator.

In some embodiments, the composite film further includes an inorganic particle layer
disposed between the fiber layer and the porous separator. Specifically, in some embodiments, the
inorganic particle layer includes inorganic particles and an adhesive.

In some embodiments, the inorganic particles include at least one selected from a group
consisting of Al,O3 (a-Al;03, B-AlLOs, or y-Al,0s), Si0,, BaSO,, TiO, (for example, rutile or
anatase), CuO, MgO, LiAlO;, ZrO,, carbon nanotube (CNT), BN, SiC, Si;Ns, WC, BC, AIN,
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Fe,0s;, BaTiOs3, MoS,, a-V,0s, PbTiOs, TiB,, CaSiOs;, molecular sieve ZSM-5, clay and kaolin. In
some embodiments, the inorganic particles include at least one selected from a group consisting of
Al,O3, Si0; or BaSOy.

In some embodiments, the inorganic particles include Al,Os;, especially a-Al,Os, so that the
inorganic particles have an excellent thermal insulation and an electrochemical stability, which
may facilitate to improve a thermostability of the composite film, thus to improve safety
performance of the battery. In some embodiments, the inorganic particles include SiO, or BaSOy,
so that a thermostability of the composite film may be improved.

Through intensive experiments, the inventors found that, with the inorganic particle layer
disposed on the surface of the porous separator, a compatibility between the fiber layer and the
inorganic particle layer is better than the compatibility between the fiber layer and the porous
separator. In addition, the inorganic particle layer has an irregularity surface containing a plenty of
particle protrusions, which may provide more attachment points for the fibers in the fiber layer,
thus to improve adhesion strength between the fiber layer and the inorganic particle layer.
Therefore, the fiber layer may easily combine the positive/negative electrode and the separator to
form a whole. Besides, with the inorganic particle layer, the composite film may have a good
dimensional stability and a high thermal shrinkage resistance performance. When the fiber layer
has an excellent adhesion performance, a hardness of the obtained lithium battery may be
improved, and electrode plate may not be easily deformed during cycling, thus obtaining a high
safety performance. In addition, with the inorganic particle layer, strength of the porous separator
and an affinity with electrolyte of the porous separator may be improved.

In some embodiments, the inorganic particle has a particle size of about 50 nanometers to
about 3 microns. The inventor found that when the particle size of the inorganic particle is within
above range, on one hand, the porous polyolefin separator may be prevented from being blocked
by the inorganic particle, thus the lithium ion may pass the porous polyolefin separator smoothly.
On the other hand, a thickness of the inorganic particle may be easily regulated, thus to effectively
improve mechanical strength and a thermostability of the composite film, then a safety
performance of the battery may be improved. It should be noted that the adhesive is configured to
adhere the inorganic particles and the porous separator. In some embodiments, the adhesive is

soluble in organic solvents or deionized water. For example, the adhesive is at least one selected
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from a group consisting of polyvinylidene fluoride (PVDF), poly(vinylidene
fluoride-hexafluoropropylene) (P(VDF-HFP)), polymethyl methacrylate (PMMA),
polyacrylonitrile (PAN), polyimide (PI), polyvinylpyrrolidone (PVP), polyoxyethylene (PEO),
polyvinyl alcohol (PVA), carboxymethylcellulose (CMC) and styrene butadiene rubber (SBR).

In some embodiments, a weight ratio of the inorganic particles to the adhesive in the
inorganic particle layer is about 9:1 to 24:1.

It should be noted that a thickness of the inorganic particle layer may be regulated by one
with ordinary skills in the art in a relatively larger range according to actual needs. In some
embodiments, the inorganic particle layer has a thickness of about 0.5 microns to about 3 microns.
Within such range of a thickness of the inorganic particle layer, mechanical strength and a thermal
shrinkage resistance of the porous separator may be effectively improved, and a lithium ion
migration speed of the composite film may be effectively guaranteed, which is beneficial for an
electrical performance of the battery.

In some embodiments, the fiber layer is disposed on each of two sides of the porous separator,
similarly, in some embodiments, the inorganic particle layer is disposed on each of two surfaces of
the porous separator. In these embodiments, the inorganic particle layer is disposed between the
fiber layer and the porous separator.

The present disclosure further provides a method of preparing a composite film described
above, comprising steps of’

S1) providing a porous separator;

S2) providing a spinning solution including a solvent, and a spinning polymer dissolved in
the solvent and including polyetherimide; and

S3) preparing a fiber layer on the porous separator by using the spinning solution and drying
the fiber layer to obtain the composite film including the porous separator and the fiber layer
disposed on the porous separator.

In embodiments of the present disclosure, in step S1, the porous separator is provided as a
substrate. The subsequent operation is carried out on the surface of the porous separator. As
mentioned above, the porous separator maybe a commonly used polyolefin separator.

In step S2, the spinning solution is provided. The spinning solution includes a solvent and a

spinning polymer dissolved in the solvent, the spinning polymer includes polyetherimide.



WO 2017/101819 PCT/CN2016/110149

In embodiments of the present disclosure, the spinning polymer may be polyetherimide, then
the fiber layer obtained via electrostatic spinning is made of polyetherimide. Otherwise, the
spinning polymer may be a mixture of polyetherimide and an auxiliary polymer. In some
embodiments, the auxiliary polymer is at least one selected from a group consisting of
polyacrylonitrile, copoly(ether ether ketone), polyether sulfone, polyamide-imide, polyamide acid,
and polyvinylpyrrolidone.

Specifically, in some embodiments, when electrostatic spinning with polyetherimide and the
auxiliary polymer, the polyetherimide and the auxiliary polymer are dissolved separately to form
different spinning solutions, and the different spinning solutions containing the polyetherimide and
the auxiliary polymer respectively are electrostatic spun at the same time. Then a spinning layer
formed contains fibers of polyetherimide and fibers of the auxiliary polymer.

It should be noted that, the polyetherimide and the auxiliary polymer may be mixed firstly to
form a spinning solution containing different polymers, followed by being electrostatic spun. Then
a spinning layer formed contains fibers of a mixture of polyetherimide and the auxiliary polymer.

In some embodiments of the present disclosure, in order to have a simple process, the
polyetherimide and the auxiliary polymer are dissolved separately to form different spinning
solutions.

When the polyetherimide and the auxiliary polymer may be mixed to form a spinning
solution, in some embodiments, a weight ratio of the polyetherimide to the auxiliary polymer is
about 50-80:20-50. Then, the adding of the auxiliary polymer won’t result in reducing a
thermostability of the composite film, on the contrary, when the weight ratio of the polyetherimide
to the auxiliary polymer is within above range, a bonding force between the porous film and a
spinning layer obtained may be effectively improved, thus to further improve thermostability of
the composite film.

The solvent in the spinning solution is configured to dissolve the spinning polymer, so that
the subsequent electrostatic spinning process may be carried out smoothly. In some embodiments
of the present disclosure, the solvent is at least one selected from a group consisting of N-methyl
pyrrolidone, N’N-dimethylformamide, N’N-dimethyl acetamide, methylbenzene, acetone, and
deionized water.

In embodiments of the present disclosure, the spinning solution is provided to prepare the
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fiber layer via electrostatic spinning in consequent steps. Thus, it should be noted that a
concentration of a spinning polymer in the spinning solution may be within a common
concentration range so that the spinning solution may be spun via electrostatic spinning. In some
embodiments, the spinning polymer has a concentration of about 3 wt% to about 30 wt% in the
spinning solution. For example, the spinning polymer has a concentration of about 8 wt% to about
20 wt% in the spinning solution. It should be noted that, when a relative molecular mass of the
polymer is constant and other conditions are certain, the concentration of the spinning solution is a
conclusive factor that influences intertwining of a molecular chain in the solution. It should be
noted that a polymer solution may be divided into three kinds of solutions according to
concentration and the molecular chain morphology of the polymer solution, namely a dilute
solution, a semi-dilute solution, and a concentrated solution. In the dilute solution, the molecular
chains are separated from each other and distributed evenly, along with increasing of the
concentration, the molecular chains overlap with each other, and an entanglement may occurs. A
boundary concentration of the dilute solution and the semi-dilute solution is called as an overlap
concentration, which means that, along with increasing of the concentration, the molecular chains
have a trend to contact with each other and then overlap with each other, and a boundary
concentration of the semi-dilute solution and the concentrated solution is called as an entanglement
concentration, which means that, along with increasing of the concentration, the molecular chains
have a trend to overlap with each other and entangle with each other. In embodiments of the
present disclosure, when the concentration of the spinning solution is within the above range, a
spinning performance may be effectively ensured. In addition, along with the increasing
concentration of the spinning solution, a entanglement degree is increased, and then the spinning
performance is better. It should be noted that, when electrostatic spinning with different spinning
solution containing different polymer, concentration of each spinning solution is dependently
within the above range.

In step S3, the fiber layer is prepared on the porous separator by using the spinning solution.
In some embodiments, the fiber layer is prepared via electrostatic spinning. It should be noted that
the method of electrostatic spinning is known by those skilled in the art, for example, by regulating
spinning parameters such as receiving a distance, a temperature, a humidity, a speed of needle, a

voltage, a flow velocity and a rotate speed of roller, so that electrostatic spinning may be carried
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out on the surface of the porous separator.

With the method mentioned above, a composite film of the present disclosure may be
prepared. Since polyetherimide is used as the spinning polymer, a thermostability of the composite
film may be improved. Especially, when a mixture of the polyetherimide and the auxiliary polymer
is used as the spinning polymer, an excellent adhesion performance of the fiber layer may be
ensured at the same time, which is beneficial to combine the separator and the positive/negative
electrode.

It should be noted that there are two ways of electrostatic spinning, namely spinning with
needle and spinning without needle, and the present disclosure may use both ways of electrostatic
spinning. For example, in some embodiments, spinning with needle is used, a flow velocity of
spinning solution is about 0.3 to about 5 mL/h, a spinning temperature is about 25 Celsius degrees
to about 70 Celsius degrees, a spinning humidity is about 10% to about 60%, and a voltage
difference between the needle and the roller is about 5 kV to about 20 kV.

In the present disclosure, when the flow velocity of spinning solution is within the above
range, an applicable diameter of fiber may be obtained, and the needle may be prevented from
being blocked so that the spinning process may be carried out. Especially, when a mixed solution
is used, and the flow velocity of spinning solution is controlled to be within the above range, the
fiber layer thus obtained may have an excellent porosity and adhesive performance. When the
spinning temperature and the spinning humidity are within the above range, and the mixed solvent
is used, the fiber smoothly obtained by spinning may be dried, thus the fibers may be prevented
from being adhered, so as to improve a porosity of the fiber layer, and also, an adhesive
performance of the fiber layer may be prevented from being declined. And when the voltage is
within the above range, the spinning solution may be easily activated to form a jet flow, so as to
generate an effective stretching effect in the electric field. In such a way, fibers with applicable
diameter may be obtained, so that the morphology the formed fibers may be guaranteed, which
may be beneficial for improving porosity and adhesive performance of the fiber layer.

In some embodiments, the fiber layer is prepared via a high speed electrostatic spinning
method or an auxiliary electric field electrostatic spinning method. With the high speed
electrostatic spinning method or auxiliary electric field electrostatic spinning method, a fiber layer

with straightly orientated fibers inside may be prepared on the surface of the porous film.
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Specifically, the high speed electrostatic spinning method includes: electrostatic spinning
under a condition that a collecting device configured for collecting fiber has a rotation speed of
about 1000 rpm to about 6000 rpm. If a linear velocity of the surface of the collecting device is too
small, the fiber thus formed may be distributed on the surface of the collecting device in a random
accumulation state because the fast moving jet flow has a disorder state, the fiber layer thus
obtained may have poor mechanical strength. While when the linear velocity of the surface of the
collecting device reaches a certain level, the fiber thus formed may stick to the surface of the
collecting device in a circumference manner tightly, and a sedimentary direction of the fiber is the
same and generally in a straight state, that is, the fiber bundle thus formed is straight and extends
in a same direction. On the other hand, when the linear velocity of the surface of the collecting
device is overly high, the fiber jet flow may be destroyed by an overly high receiving speed, then a
continued fiber won’t be obtained.

Through continuous experiment on common electrostatic spinning process, the inventors
found that, when the rotation speed of the collecting device is about 1000 rpm to about 6000 rpm,
a fiber bundle straight and extended in a same direction may be obtained. In some embodiments,
the rotation speed of the collecting device is about 1000 rpm to about 2000 rpm, the fiber in the
obtained fiber layer may have a better configuration, which may be more beneficial for improving
mechanical strength of the fiber layer.

When the rotation speed of the collecting device is about 1000 rpm to about 6000 rpm, other
process method of the high speed electrostatic spinning may be any commonly used process
method. For example, by regulating spinning parameters, such as a receiving distance, a
temperature, a humidity, a speed of needle, a voltage difference between the needle and the
collecting device, a flow velocity and a rotate speed of collecting device, electrostatic spinning
may be carried out on the surface of the porous separator. It should be noted that there are two
ways of electrostatic spinning, namely spinning with needle and spinning without needle, and the
present disclosure may use both ways of electrostatic spinning. Generally, in electrostatic spinning,
the collecting device configured for collecting fiber includes a roller or a receiving plate. It is well
known by those skilled in the art that a rotatable collecting device usually is a roller. Thus, in some
embodiments, the rotate speed of collecting device means a rotate speed of a roller which is used

as a collecting device.

11
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In embodiments of the present disclosure, the specific high speed electrostatic spinning
method may be electrostatic spinning with needle or electrostatic spinning without needle. When
electrostatic spinning with needle is used, a flow velocity of spinning solution is about 0.3 to about
5 mL/h, a spinning temperature is about 25 Celsius degrees to about 70 Celsius degrees, a spinning
humidity is about 10% to about 60%, and a voltage difference between the needle and the roller is
about 5 kV to about 20 kV.

In embodiments of the present disclosure, when the flow velocity of spinning solution is
within the above range, an applicable diameter of fiber may be obtained, and the needle may be
prevented from being blocked so as to ensure the spinning process may be carried out well. When
the voltage 1s within the above range, the spinning solution may be easily activated to form a jet
flow, so as to generate an effective stretching effect in the electric field. Then a fiber with
applicable diameter may be obtained, a configuration of the fiber may be guaranteed, which may
be beneficial for improving porosity and adhesive performance of the fiber layer.

When an electrostatic spinning without needle is used, as stated above, spinning temperature
is about 25 Celsius degrees to about 70 Celsius degrees, the spinning humidity is about 10% to
about 60%, a moving speed of solution bath is about 0 to 2000 millimeter/sec, a voltage of a
source end for generating fiber is about 0 to 150 kV, a voltage of collecting device is about -50 kV
to 0 kV, and a voltage difference between the source end and the collecting device is about 20 to
200 kV.

In some embodiments, the auxiliary electric field electrostatic spinning method includes:
setting an auxiliary electrode on an end, far away from a source end for generating fiber, of a
collecting device, wherein the collecting device has a voltage of about -60 kV to about 0 kV, the
auxiliary electrode has a voltage lower than or equal to -60 kV, and a voltage difference exists
between the auxiliary electrode and the collecting device; and electrostatic spinning.

The auxiliary electrode includes multiple metal electrode plates parallel to and fixed to each
other. In some embodiments, the metal electrode plate has a length of about 10 millimeters to
about 1000 millimeters and a width of about 1 millimeter to about 500 millimeters. In some
embodiments, a distance between two adjacent metal electrode plates is about 1 millimeter to
about 500 millimeters. In some embodiments, a distance between the auxiliary electrode and the

collecting device is about 1 millimeter to about 1000 millimeters.

12
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Alternatively, the auxiliary electric field electrostatic spinning method may include: taking an
area between the source end for generating fiber and the collecting device as a spinning area, the
spinning area is disposed between two charged planes that parallel to each other, the two charged
planes is disposed in a direction from the source end to the collecting device, a voltage difference
between the two charged planes is lower than or equal to 60 kV, and then electrostatic spinning.

With the two auxiliary electric field electrostatic spinning methods mentioned above, an
additional electric field is formed between the spinning areas, then a motion morphology of fiber
in the spinning areas may be changed, such that the fibers are distributed regularly on the
collecting device, and the fiber in the fiber bundle thus obtained is straight and extends in a same
direction.

In some embodiments, the auxiliary electric field electrostatic spinning method is used,
similar to the high speed electrostatic spinning method, other conditions of electrostatic spinning
method are the same as common electrostatic spinning method. As stated above, for example, both
spinning with needle and spinning without needle may be used. In addition, when the auxiliary
electric field electrostatic spinning method is used, the collecting device may be a receiving plate,
or a rotatable roller. When a rotatable roller is used as a collecting device, it should be noted that
the rotation speed of the roller may be any common rotation speed (for example, smaller than
1000rpm). In some embodiments, the roller has a high rotation speed (for example,
1000-6000rpm). Then a combined action of the high speed electrostatic spinning and the auxiliary
electric field electrostatic spinning may be realized, so as to further improve mechanical property
of the obtain fiber layer.

When spinning with needle is used, a flow velocity of spinning solution is about 0.3 to about
5 mL/h, a spinning temperature is about 25 Celsius degrees to about 70 Celsius degrees, a spinning
humidity is about 10% to about 60%, and a voltage difference between the needle and the
collecting device is about 5 kV to about 20 kV. For example, in some embodiments, a flow
velocity of spinning solution is about 0.6 to about 2.0 mL/h, a spinning temperature is about 30
Celsius degrees to about 50 Celsius degrees, a spinning humidity is about 20% to about 50%, and
a voltage difference between the needle and the roller is about 8 kV to about 15 kV.

When an electrostatic spinning without needle is used, as stated above, the spinning

temperature is about 25 Celsius degrees to about 70 Celsius degrees, the spinning humidity is
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about 10% to about 60%, a moving speed of solution bath is about 0 to 2000 millimeter/sec, a
moving speed of the collecting device is about 0 to 20000 millimeter/min (the collecting device is
configured as a plate, which doesn’t rotate), alternatively, when the collecting device is a roller, a
rotation speed of the collecting device is about 1000 rpm to 6000 rpm, a voltage of a source end
for generating fiber is about 0 to 150 kV, a voltage of collecting device is about -50 kV to 0 kV,
and a voltage difference between the source end and the collecting device is about 20 to 200 kV.

With the method mentioned above, a fiber bundle which is straight and extends in a same
direction may be prepared on the surface of the porous separator. When other conditions are
constant, the fibers on the surface of the porous separator may have a same orientation. The fiber
layer obtained includes multiple groups of fiber bundles, the multiple group of fiber bundles are
parallel to each other.

In some embodiments, after a fiber bundle is formed on the porous separator via the high
speed electrostatic spinning method or the auxiliary electric field electrostatic spinning method, the
porous separator is rotated, and then the high speed electrostatic spinning method or auxiliary
electric field electrostatic spinning method is continuously performed. Then two fiber bundles with
different orientations may be obtained; and mechanical strength of the fiber layer may be further
improved. In some embodiments, according to actual needs, the above steps is repeated at least
once to prepare the fiber layer on the porous separator, the fiber layer includes multiple groups of
fiber bundles, the multiple groups of fiber bundles have different orientations. It should be noted
that a manner of rotating the porous separator may be regulated according to actual needs. For
example, the porous separator may be first detached from the collecting device, then the porous
separator is rotated and fixed to the collecting device, therefore, the porous separator is rotated
without changing position of the collecting device, or the collecting device may be rotated so as to
rotate the porous separator.

It should be noted that a rotation angle of the porous separator may be regulated according to
actual needs or the needed amount of fiber bundles. In some embodiments, the rotation angle of
the porous separator is about 30 degrees to 90 degrees.

Through intensive experiments, the inventors found that, when the concentration of the
spinning solution is within the above range, with the above electrostatic spinning method, a well

matching between an evaporation speed of solvent and a fiber forming speed may be realized, thus
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a fiber layer with a good morphology, a high adhesion and a better adhesion between fibers in the
fiber layer may be obtained, and the fiber layer has a porosity higher than 75%. In some
embodiments, the fiber layer has a porosity of about 75% to about 93%.

As stated above, the fiber layer obtained by the above mentioned electrostatic spinning
method may have a regular orientation distribution, which is beneficial for improving mechanical
property of the fiber layer, thus to ensure excellent mechanical strength to the composite film.

In embodiments of the present disclosure, the fiber diameter and thickness of the fiber layer
may be varied in a relatively large range, which may be modified by controlling specific process
conditions. In some embodiments, the fiber in the fiber layer has a diameter of about 100
nanometers to about 2000 nanometers, and the fiber layer has a thickness of about 0.5 microns to
about 30 microns.

In some embodiments, the fiber layer has an areal density of about 0.2 g/m” to about 15 g/m”.

In embodiments of the present disclosure, the electrostatic spinning may be carried out on one
side of the porous separator, and also, the electrostatic spinning may be carried out on each of two
sides of the porous separator. In some embodiments, in step S3, the fiber layer is prepared on each
of two side surfaces of the porous separator via electrostatic spinning. For example, in some
embodiments, a fiber layer is firstly formed on one surface of the porous separator via electrostatic
spinning, and the porous separator is selectively hot rolled and dried, and then a fiber layer is
formed on the other side surface of the porous separator via electrostatic spinning, and then the
porous separator is selectively hot rolled and dried.

In some embodiments, after the step S1 and prior to the step S2, the method further includes
preparing the inorganic particle layer on the surface of the porous separator, and then in step S3,
the fiber layer is prepared on a surface of the inorganic particle layer.

Specifically, the inorganic particle layer is prepared by steps of: coating a slurry comprising
an inorganic particle layer, a coating solvent and an adhesive on the surface of the porous separator,
and drying the slurry to obtain the inorganic particle layer on the surface of the porous separator.

In some embodiments, the inorganic particles include at least one selected from a group
consisting of Al,O3 (a-Al;03, B-AlLOs, or y-Al,0s), Si0,, BaSO,, TiO, (for example, rutile or
anatase), CuO, MgO, LiAlO,, ZrO,, carbon nano tube (CNT), BN, SiC, SizN4, WC, BC, AIN,

Fe,0s;, BaTiOs3, MoS,, a-V,0s, PbTiOs, TiB,, CaSiOs;, molecular sieve ZSM-5, clay and kaolin. In
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some embodiments, the inorganic particles include at least one selected from a group consisting of
Al,O3, Si0; or BaSO4. In some embodiments, the inorganic particle has a particle size of about 50
nanometers to about 3 microns.

It should be noted that the adhesive is configured to adhere the inorganic particles to the
formed inorganic particle layer and provide a binding force between the porous separator and the
inorganic particle layer. In some embodiments, the adhesive is at least one selected from a group
consisting of PVDF, P(VDF-HFP), PMMA, PAN, PI, PVP, PEO, PVA, CMC and SBR. It should
be noted that the coating solvent is used to ensure that the slurry thus obtained may have a certain
fluidity facilitating to process, and the coating solvent is removed in subsequent processes, then
the inorganic particle layer only contains the inorganic particles and the adhesive. In some
embodiments, the coating solvent is at least one selected from a group consisting of
N-methyl-pyrrolidone (NMP), N’N-dimethylformamide (DMF), N’N-dimethyl acetamide
(DMACc), methylbenzene, dichloromethane, trichloromethane, deionized water and ethyl alcohol.

In some embodiments, a weight ratio of the inorganic particles, the coating solvent to the
adhesive in the slurry is about 9-24:67-500:1

In embodiments of the present disclosure, the inorganic particle layer is formed on the surface
of the porous separator, and the fiber layer obtained may be tightly adhered to the inorganic
particle layer. Therefore, on one hand, peel strength of the composite film thus obtained may be
effectively improved; on the other hand, the inorganic particle layer is disposed between the
porous separator and the fiber layer, which may ensure an excellent thermal shrinkage resistance
of the whole composite film.

In embodiments of the present disclosure, the thickness of the inorganic particle layer may be
varied in a relatively large range. In some embodiments, the inorganic particle layer has a
thickness of about 0.5 microns to about 3 microns.

As stated above, the fiber layer may be prepared on each of two sides of the porous separator,
similarly, the inorganic particle layer may be first formed on each of two sides of the porous
separator, and then the fiber layer is formed on each surface of the two inorganic particle layers.

In some embodiments, after the electrostatic spinning is performed, the film obtained may be
selectively compacted under a pressure of about 1 MPa to about 15 MPa, for example, the film

obtained is hot rolled (hot rolling condition: a temperature of about 25 Celsius degrees to about 60

16



WO 2017/101819 PCT/CN2016/110149

Celsius degrees, a pressure of about 1 MPa to about 15 MPa), and then the film is dried with
forced air at 50 Celsius degrees for 24 hours.

The present disclosure also provides a lithium battery, which includes a positive electrode, a
negative electrode and a composite film mentioned above and disposed between the positive
electrode and the negative electrode.

It should be noted that the method of preparing the lithium battery is similar to that of a
common lithium battery, for example a positive electrode plate and a negative electrode plate are
separated by the composite film in a drying room, and then a core is prepared via winding, an
electrolyte is injected into the core and then the lithium battery is obtained after being sealed.

It should be noted that the positive electrode and the negative electrode are well known by
those skilled in the art, detailed description thereof is therefore omitted herein.

The present disclosure will be further described hereinafter by referring to Examples.

Example 1

This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of spinning solution

Spinning polymer polyetherimide and spinning polymer polyether sulfone are added into two
solvents (NMP) respectively and dissolved sufficiently by a water bath with magnetic stirring at 70
Celsius degrees, so as to form two spinning solutions with concentrations of 20 wt% and 15 wt%
respectively.

2. Preparation of composite film

A PE separator Al having a thickness of 11 microns is wrapped on a roller (collecting device),
the two spinning solutions are spun by an electrostatic spinning method with needle on one surface
of the PE separator Al at the same time. Parameters of electrostatic spinning includes: receiving
distance is about 12 centimeters, temperature is 25 Celsius degrees, humidity is 50%, an inner
diameter of the needle is 0.46 millimeter, a moving speed of the needle is 6.6 millimete/sec, a
voltage is 10 kV, a flow velocity is 0.3 mL/h, a rotate speed of the roller is 2000 rpm. After the
electrostatic spinning, the PE separator Al is detached and mold pressed under a pressure of 15

MPa for 1 minute, followed by being dried with force air at 50 Celsius degrees for 24 hours to
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form a composite film S1, which has a fiber layer having a thickness of 3 microns form on one
side surface thereof. A diameter of the fiber in a SEM image is measured via TEM Macrography
software and recorded, and then an average fiber diameter calculated is 176 nanometers, and an
areal density of the fiber layer calculated via gravimetric method is 1.22 g/m’.

3. Porosity test

A mass of macromolecule on one unit area is calculated from a weight of the spinning
solution, and a volume of macromolecule on one unit area is calculated from a known
macromolecule density. Then a porosity of the composite film S1 is calculated according to a
computational formula of:

Porosity=(1- volume of macromolecule/(area x thickness)) x 100%

The porosity of the composite film S1 obtained is 79%.

4. Mechanical property test

Tensile strength and puncture strength of the composite film S1 are measured by a universal
testing machine of Shenzhen Junrui Instrument & Equipment co., LTD.

Lateral tensile strength of the composite film S1 obtained is 121 MPa, longitudinal tensile
strength of the composite film S1 obtained is 116 MPa, and the puncture strength of the composite
film S1 obtained is 0.524 kgf.

5. Thermostability test

The composite film S1 is shaped into a 6 centimeters x 6 centimeters square piece and placed
in an oven. The composite film S1 is baked at a temperature of 120 Celsius degrees, 140 Celsius
degrees, 160 Celsius degrees, and 180 Celsius degrees for 1 hour respectively. Then a length and a
width of the square piece is measured, and a hot-shrinkage rate of the composite film S1 is
calculated according to a computational formula of:

Hot-shrinkage rate=(1-length/6) x 100%

Lateral hot-shrinkage rates obtained at temperatures of 120 Celsius degrees, 140 Celsius
degrees, 160 Celsius degrees, and 180 Celsius degrees are 1.00%, 3.50%, 2.20%, and 8.00%
respectively, and longitudinal hot-shrinkage rates obtained at temperatures of 120 Celsius degrees,
140 Celsius degrees, 160 Celsius degrees, and 180 Celsius degrees are 0.80%, 1.30%, 2.50%, and

5.80% respectively.
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Example 2

This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of spinning solution

Spinning polymer polyetherimide and spinning polymer polyacrylonitrile are added into two
solvents (NMP) respectively and dissolved sufficiently by a water bath with magnetic stirring at 70
Celsius degrees, so as to form two spinning solutions with concentrations of 20 wt% and 10 wt%
respectively.

2. Preparation of composite film

A PE separator A2 having a thickness of 11 microns is wrapped on a roller (collecting device),
the two spinning solutions are spun by the electrostatic spinning method with needle on one
surface of the PE separator A2 at the same time. Parameters of electrostatic spinning includes:
receiving distance is about 12 centimeters, temperature is 25 Celsius degrees, humidity is 50%, an
inner diameter of the needle is 0.46 millimeter, a moving speed of the needle is 6.6 millimete/sec,
a voltage is 10 kV, a flow velocity is 1 mL/h, a rotate speed of the roller is 200 rpm. After the
electrostatic spinning, the PE separator A2 is detached and mold pressed under a pressure of 5
MPa for 3 minutes, followed by being dried with force air dried at 50 Celsius degrees for 24 hours
to form a composite film S2, which has a fiber layer having a thickness of 5 microns form on one
side surface thereof. A diameter of the fiber in a SEM image is measured via TEM Macrography
software and recorded, and then an average fiber diameter calculated is 176 nanometers, and an
areal density of the fiber layer calculated via gravimetric method is 1.35 g/m’.

Based on the same test method of Example 1, the porosity of the composite film S2 obtained
is 82%, the lateral tensile strength of the composite film S2 obtained is 103 MPa, the longitudinal
tensile strength of the composite film S2 obtained is 105 MPa, the puncture strength of the
composite film S2 obtained is 0.544 kgf, the lateral hot-shrinkage rates obtained at temperatures of
120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius degrees are 0.00%,
0.00%, 1.20%, and 3.50% respectively, and the longitudinal hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius

degrees are 0.80%, 1.00%, 2.20%, and 7.00% respectively.
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Example 3

This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of spinning solution

Spinning polymer polyetherimide and spinning polymer polyacrylonitrile are added into two
solvents (NMP) respectively and dissolved sufficiently by a water bath with magnetic stirring at 50
Celsius degrees, so as to form two spinning solutions with concentrations of 20 wt% and 13 wt%
respectively.

2. Preparation of composite film

A PE separator A3 having a thickness of 11 microns is wrapped on a collecting device, an
auxiliary electrode is disposed on a rear side of the collecting device, the auxiliary electrode
includes multiple metal electrode plates that parallel to and fixed to each other, the metal electrode
plate has a length of 500 millimeters and a width of 200 millimeters, a distance between two
adjacent metal electrode plates is 200 millimeters, and a distance between the auxiliary electrode
and the collecting device is 500 millimeters. The two spinning solutions are spun via electrostatic
spinning without needle method on one surface of the PE separator A3 at the same time.
Parameters of electrostatic spinning includes: receiving distance is about 18.2 centimeters,
temperature is 25 Celsius degrees, humidity is 35%, a moving speed of liquid bath is 540
millimeter/sec, a moving speed of substrate is 150 millimeter/sec, a voltage of the source end for
generating fiber is 40 kV, a voltage of the collecting device is -20 kV, a voltage difference between
the source end and the collecting device is 60 kV. Then the separator A3 is rotated for 90 degrees
and electrostatic spun by using the same electrostatic spinning method. After the electrostatic
spinning, the PE separator A3 is detached and mold pressed under a pressure of 5 MPa for 3
minutes, followed by being dried with force air at 50 Celsius degrees for 24 hours to form a
composite film S3, which has a fiber layer having a thickness of 3 microns form on one side
surface thereof, and fiber in the fiber layer is distributed in a orthogonality manner. A diameter of
the fiber in a SEM image is measured via TEM Macrography software and recorded, and then an
average fiber diameter calculated is 510 nanometers, and an areal density of the fiber layer
calculated via gravimetric method is 1.12 g/m?.

Based on the same test method of Example 1, the porosity of the composite film S3 obtained
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is 78.9%, the lateral tensile strength of the composite film S3 obtained is 141 MPa, the
longitudinal tensile strength of the composite film S3 obtained is 137 MPa, the puncture strength
of the composite film S3 obtained is 0.543 kgf, the lateral hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius
degrees are 1.00%, 1.50%, 3.50%, and 6.50% respectively, and the longitudinal hot-shrinkage
rates obtained at temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees,

and 180 Celsius degrees are 0.90%, 2.30%, 3.00%, and 7.50% respectively.

Example 4

This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of spinning solution

Spinning polymer polyetherimide and spinning polymer polyacrylonitrile are added into two
solvents (NMP) respectively and dissolved sufficiently by a water bath with magnetic stirring at 50
Celsius degrees, so as to form two spinning solutions with concentrations of 15 wt% and 15 wt%
respectively.

2. Preparation of composite film

A PE separator A4 having a thickness of 11 microns is wrapped on a roller (collecting device),
two charged planes are disposed on two sides of spinning area, a voltage difference between the
two charged planes is 10kV. The two spinning solutions are spun by the electrostatic spinning
method with needle on one surface of the PE separator A4 at the same time. Parameters of
electrostatic spinning includes: a receiving distance is about 12 centimeters, a temperature is 40
Celsius degrees, humidity is 30%, an inner diameter of the needle is 0.46 millimeter, a moving
speed of the needle is 6.6 millimete/sec, a voltage is 10 kV, a flow velocity is 0.3 mL/h, a rotate
speed of the roller is 200 rpm. Then the separator A4 is detached and rotated for 90 degrees, and
fixed to the roller again, followed by being electrostatic spun by using the same electrostatic
spinning method. After the electrostatic spinning, the PE separator A4 is detached and mold
pressed under a pressure of 5 MPa for 3 minutes, followed by being dried with force air at 50
Celsius degrees for 24 hours to form a composite film S4, which has a fiber layer having a

thickness of 5 microns form on one side surface thereof, and the fiber in the fiber layer is
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distributed in an orthogonality manner. A diameter of the fiber in a SEM image is measured via
TEM Macrography software and recorded, and then an average fiber diameter calculated is 543
nanometers, and an areal density of the fiber layer calculated via gravimetric method is 1.25 g/m’.
Based on the same test method of Example 1, the porosity of the composite film S4 obtained
is 85.1%, the lateral tensile strength of the composite film S4 obtained is 132 MPa, the
longitudinal tensile strength of the composite film S4 obtained is 134 MPa, the puncture strength
of the composite film S4 obtained is 0.564 kgf, the lateral hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius
degrees are 0.00%, 1.50%, 2.60%, and 7.50% respectively, and the longitudinal hot-shrinkage
rates obtained at temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees,

and 180 Celsius degrees are 0.00%, 1.00%, 3.20%, and 7.60% respectively.

Example 5

This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of spinning solution

Spinning polymer polyetherimide is added into solvent NMP and dissolved sufficiently by a
water bath with magnetic stirring at 50 Celsius degrees, so as to form a spinning solution with a
concentration of 20 wt%.

2. Preparation of composite film

A PE separator A5 having a thickness of 11 microns is wrapped on a roller (collecting device),
an auxiliary electrode is disposed on an end of the roller that far away from the needle, the
auxiliary electrode includes multiple metal electrode plates that parallel to and fixed to each other,
the metal electrode plate has a length of 1000 millimeters and a width of 500 millimeters, a
distance between two adjacent metal electrode plates is 500 millimeters, and a distance between
the auxiliary electrode and the collecting device is 1000 millimeters. The spinning solution is spun
by the electrostatic spinning method with needle on one surface of the PE separator AS.
Parameters of electrostatic spinning includes: a receiving distance is about 12 centimeters, a
temperature is 40 Celsius degrees, a humidity is 50%, an inner diameter of the needle is 0.46

millimeter, a moving speed of the needle is 6.6 millimete/sec, a voltage is 10 kV, a flow velocity is
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1 mL/h, a rotate speed of the roller is 2000 rpm. Then the separator AS is detached and rotated for
90 degrees, and then fixed to the roller again, followed by being electrostatic spun by using the
same electrostatic spinning method. After the electrostatic spinning, the PE separator AS is
detached and mold pressed under a pressure of 5 MPa for 3 minutes, followed by being dried with
force air at 50 Celsius degrees for 24 hours to form a composite film S5, which has a fiber layer
having a thickness of 5 microns form on one side surface thereof, and the fiber in the fiber layer is
distributed in an orthogonality manner. A diameter of the fiber in a SEM image is measured via
TEM Macrography software and recorded, and then an average fiber diameter calculated is 639
nanometers, and an areal density of the fiber layer calculated via gravimetric method is 1.05 g/m’.
Based on the same test method of Example 1, the porosity of the composite film S5 obtained
is 83.2%, the lateral tensile strength of the composite film S5 obtained is 133 MPa, the
longitudinal tensile strength of the composite film S5 obtained is 137 MPa, the puncture strength
of the composite film S5 obtained is 0.529 kgf, the lateral hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius
degrees are 0.00%, 1.50%, 2.00%, and 8.60% respectively, and the longitudinal hot-shrinkage
rates obtained at temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees,

and 180 Celsius degrees are 0.70%, 1.00%, 2.50%, and 8.30% respectively.

Example 6

This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of separator having multiple layers

Al,Os5 particles having an average particle size of 615 nanometers, adhesive (PEO) and
coating solvent (deionized water) are mixed according to a weight ratio of 24:1:500 to form a
slurry. Then an Al,Os particle layer is coated on a surface of a PE separator having a thickness of
11 microns by a coating method, and dried to form a double layer separator A6 having a thickness
of 13 microns, in which the PE separator has a thickness of 11 microns, the Al,O; particle layer
coated on the surface of the PE separator has a thickness of 2 microns.

2. Preparation of spinning solution

Spinning polymer polyetherimide and spinning polymer polyacrylonitrile are added into two
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solvents (NMP) respectively and dissolved sufficiently by a water bath with magnetic stirring at 50
Celsius degrees, so as to form two spinning solutions with concentrations of 20wt% and 10wt%
respectively.

3. Preparation of composite film

The double layer separator A6 having a thickness of 13 microns is wrapped on a roller
(collecting device), the two spinning solutions are spun by the electrostatic spinning method with
needle on one surface of the inorganic particle layer of the double layer separator A6 at the same
time. Parameters of electrostatic spinning includes: a receiving distance is about 12 centimeters, a
temperature is 70 Celsius degrees, a humidity is 40%, an inner diameter of the needle is 0.46
millimeter, a moving speed of the needle is 6.6 millimete/sec, a voltage is 10 kV, a flow velocity is
0.6 mL/h, a rotate speed of the roller is 200 rpm. Then the double layer separator A6 is detached
and rotated for 90 degrees, and then fixed on the roller again, followed by electrostatic spun by
using the same electrostatic spinning method. After the electrostatic spinning, the double layer
separator A6 is detached and mold pressed under a pressure of 5 MPa for 3 minutes, followed by
being dried with force air at 50 Celsius degrees for 24 hours to form a composite film S6, which
has a fiber layer having a thickness of 3 microns form on one side surface thereof, and fibers in the
fiber layer are distributed in an orthogonality manner. A diameter of the fiber in a SEM image is
measured via TEM Macrography software and recorded, and then an average fiber diameter
calculated is 1042 nanometers, and an areal density of the fiber layer calculated via gravimetric
method is 1.11 g/m”.

Based on the same test method of Example 1, the porosity of the composite film S6 obtained
is 79.5%, the lateral tensile strength of the composite film S6 obtained is 130 MPa, the
longitudinal tensile strength of the composite film S6 obtained is 129 MPa, the puncture strength
of the composite film S6 obtained is 0.558 kgf, the lateral hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius
degrees are 0.00%, 0.60%, 1.20%, and 2.00% respectively, and a longitudinal hot-shrinkage rates
obtained at temperature of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180

Celsius degrees are 0.00%, 0.00%, 1.60%, and 1.50% respectively.

Example 7
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This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of separator having multiple layers

Si0O; particles having an average particle size of 1 micron, adhesive (PVDF) and coating
solvent (NMP) are mixed according to a weight ratio of 19:1:200 to form a slurry. Then an SiO,
particle layer is coated on a surface of a PE separator having a thickness of 11 microns by a
coating method, and dried to form a double layer separator A7 having a thickness of 13 microns, in
which the PE separator has a thickness of 11 microns, the SiO; particle layer coated on the surface
of the PE separator has a thickness of 2 microns.

2. Preparation of spinning solution

Spinning polymer polyetherimide and spinning polymer polyacrylonitrile are added into two
solvents (NMP) respectively and dissolved sufficiently by a water bath with magnetic stirring at 50
Celsius degrees, so as to form two spinning solutions with concentrations of 20 wt% and 12 wt%
respectively.

3. Preparation of composite film

The double layer separator A7 having a thickness of 13 microns is wrapped on a roller
(collecting device), the two spinning solutions are spun by the electrostatic spinning method with
needle on one surface of the inorganic particle layer of the double layer separator A7 at the same
time. Parameters of electrostatic spinning includes: a receiving distance is about 12 centimeters, a
temperature is 70 Celsius degrees, humidity is 30%, an inner diameter of the needle is 0.46
millimeter, a moving speed of the needle is 6.6 millimete/sec, a voltage is 10 kV, a flow velocity is
0.6 mL/h, a rotate speed of the roller is 5000 rpm. Then the double layer separator A7 is detached
and rotated for 90 degrees, and then fixed on the roller again, followed by electrostatic spun by
using the same electrostatic spinning method. After the electrostatic spinning, the double layer
separator A7 is detached and mold pressed under a pressure of 5 MPa for 3 minutes, followed by
being dried with force air at 50 Celsius degrees for 24 hours to form a composite film S7, which
has a fiber layer having a thickness of 5 microns form on one side surface thereof, and fibers in the
fiber layer are distributed in an orthogonality manner. A diameter of the fiber in a SEM image is
measured via TEM Macrography software and recorded, and then an average fiber diameter

calculated is 1059 nanometers, and an areal density of the fiber layer calculated via gravimetric
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method is 1.24 g/m’.

Based on the same test method of Example 1, the porosity of the composite film S7 obtained
is 83.5%, the lateral tensile strength of the composite film S7 obtained is 120 MPa, the
longitudinal tensile strength of the composite film S7 obtained is 119 MPa, the puncture strength
of the composite film S7 obtained is 0.577 kgf, the lateral hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius
degrees are 0.50%, 0.40%, 0.60%, and 1.80% respectively, and the longitudinal hot-shrinkage
rates obtained at temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees,

and 180 Celsius degrees are 0.70%, 1.00%, 0.50%, and 1.50% respectively.

Example 8

This Example is used to illustrate the composite film of the present disclosure and the
preparation method thereof.

1. Preparation of separator having multiple layers

BaSO, particles having an average particle size of 500 nanometers, adhesive (PEO) and
coating solvent (deionized water) are mixed according to a weight ratio of 10:1:200 to form a
slurry. Then an BaSQ, particle layer is coated on a surface of a PE separator having a thickness of
11 microns by a coating method, and dried to form a double layer separator A8 having a thickness
of 12 microns, in which the PE separator has a thickness of 11 microns, the BaSO, particle layer
coated on the surface of the PE separator has a thickness of 1 microns.

2. Preparation of spinning solution

Spinning polymer polyetherimide is added into solvent NMP and dissolved sufficiently by a
water bath with magnetic stirring at 50 Celsius degrees, so as to form a spinning solution with a
concentration of 20wt%.

3. Preparation of composite film

The double layer separator A8 having a thickness of 12 microns is wrapped on a roller
(collecting device), the spinning solution is spun by the electrostatic spinning method with needle
on one surface of the inorganic particle layer of the double layer separator A8. Parameters of
electrostatic spinning includes: a receiving distance is about 12 centimeters, a temperature is 25

Celsius degrees, humidity is 50%, an inner diameter of the needle is 0.46 millimeter, a moving
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speed of the needle is 6.6 millimete/sec, a voltage is 10 kV, a flow velocity is 0.3 mL/h, a rotate
speed of the roller is 2000 rpm. After the electrostatic spinning, the double layer separator A8 is
detached and mold pressed under a pressure of 3 MPa for 5 minutes, followed by being dried with
force air at 50 Celsius degrees for 24 hours to form a composite film S8, which has a fiber layer
having a thickness of 5 microns form on one surface of the inorganic particle surface thereof, and
fibers in the fiber layer are distributed in an orthogonality manner. A diameter of the fiber in a
SEM image is measured via TEM Macrography software and recorded, and then an average fiber
diameter calculated is 1158 nanometers, and an areal density of the fiber layer calculated via
gravimetric method is 1.02 g/m’.

Based on the same test method of Example 1, the porosity of the composite film S8 obtained
is 84.3%, the lateral tensile strength of the composite film S8 obtained is 119 MPa, the
longitudinal tensile strength of the composite film S8 obtained is 124 MPa, the puncture strength
of the composite film S8 obtained is 0.576 kgf, the lateral hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius
degrees are 0.00%, 0.30%, 0.50%, and 1.00% respectively, and the longitudinal hot-shrinkage
rates obtained at temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees,

and 180 Celsius degrees are 0.00%, 0.50%, 0.80%, and 1.50% respectively.

Comparative Example 1

This Comparative Example is used to comparatively illustrate composite film of the present
disclosure and the preparation method thereof.

Based on the same test method of Example 1, lateral tensile strength of the PE separator Al
of Example 1 is 150 MPa, the longitudinal tensile strength of the PE separator A1 of Example 1 is
152 MPa, the puncture strength of the PE separator A1 of Example 1 is 0.501 kgf, the lateral
hot-shrinkage rate obtained at a temperature of 120 Celsius degrees and the longitudinal
hot-shrinkage rate obtained at a temperature of 120 Celsius degrees are 70.0% and 75.2%
respectively. At a temperature higher than 140 Celsius degrees, the PE separator A1 of Example 1

is melt, it has a shrinkage rate higher that 95%.

Comparatively Example 2
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This Comparative Example is used to comparatively illustrate composite film of the present
disclosure and the preparation method thereof.

The preparation process of the composite film of this Comparative Example is the same as
that of Example 4, except for that: the spinning polymer is polyacrylonitrile, the composite film
obtained is marked as D2.

Based on the same test method of Example 1, the porosity of the composite film D2 obtained
is 83.0%, the lateral tensile strength of the composite film D2 obtained is 130 MPa, the
longitudinal tensile strength of the composite film D2 obtained is 129 MPa, the puncture strength
of the composite film D2 obtained is 0.501 kgf, the lateral hot-shrinkage rates obtained at
temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees, and 180 Celsius
degrees are 0.80%, 1.00%, 6.50%, and 86.0% respectively, and the longitudinal hot-shrinkage
rates obtained at temperatures of 120 Celsius degrees, 140 Celsius degrees, 160 Celsius degrees,
and 180 Celsius degrees are 0.70%, 1.50%, 3.50%, and 82.2% respectively.

As can be seen from test results of these Examples and Comparative Examples, the composite
film of the present disclosure has an excellent thermostability, especially at a high temperature,
and the composite film of the present disclosure has a very low hot-shrinkage rate.

In addition, the fibers in the fiber layer of the composite film of the present disclosure are
distributed in a certain orientation, thus mechanical strength of the composite film of the present
disclosure may be effectively improved.

Although embodiments of the present disclosure have been shown and described, those
ordinary skilled in the art can understand that multiple changes, modifications, replacements, and
variations may be made to these embodiments without departing from the principle and purpose of

the present disclosure.
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CLAIMS

What is claimed is:

1. A composite film, comprising a porous separator, and a fiber layer disposed on a surface of

the porous separator and containing polyetherimide.

2. The composite film of claim 1, wherein the fiber layer is made of polyetherimide.

3. The composite film of claim 1, wherein the fiber layer is made of polyetherimide and an

auxiliary polymer.

4. The composite film of claim 1, wherein the fiber layer contains about 15 wt% to about 100

wt% of polyetherimide and about 0 wt% to about 85 wt% of the auxiliary polymer.

5. The composite film of claim 1, wherein the fiber layer contains about 50 wt% to about 80

wt% of polyetherimide and about 20 wt% to about 50 wt% of the auxiliary polymer.
6. The composite film of any one of claims 3-5, wherein the auxiliary polymer is at least one
selected from a group consisting of polyacrylonitrile, copoly(ether ether ketone), polyether sulfone,

polyamide-imide, polyamide acid, and polyvinylpyrrolidone.

7. The composite film of any one of claims 1-6, wherein a fiber in the fiber layer has a

diameter of about 100 nanometers to about 2000 nanometers.

8. The composite film of any one of claims 1-7, wherein the fiber layer has a thickness of

about 0.5 microns to about 30 microns.

9. The composite film of any one of claims 1-8, wherein the fiber layer has a porosity of

about 75% to about 93%.
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10. The composite film of any one of claims 1-9, wherein the fiber layer has an areal density

of about 0.2 g/m” to about 15 g/m”.

11. The composite film of any one of claims 1-10, wherein the fiber layer includes at least one

group of fiber bundle, the fiber bundle includes multiple fibers parallel to each other.

12. The composite film of any one of claims 1-11, wherein the fiber layer includes multiple

groups of fiber bundles, the multiple groups of fiber bundles intersect with each other.

13. The composite film of any one of claims 1-12, wherein the fiber layer is disposed on each

of two surfaces of the porous separator.

14. The composite film of any one of claims 1-13, wherein the porous separator is a

polyolefin separator.

15. The composite film of any one of claims 1-14, further comprising an inorganic particle

layer disposed between the fiber layer and the porous separator.

16. The composite film of claim 15, wherein the inorganic particle layer includes inorganic

particles and an adhesive.

17. The composite film of claim 16, wherein the inorganic particles comprise at least one
selected from a group consisting of Al,Os3, Si0O;, BaSO4, TiO,, CuO, MgO, LiAlO,, ZrO,, CNT,
BN, SIC, Si3N4, WC, BC, AIN, F6203, BaTiO3, MOSz, OC-V205, PbTiO3, TiBz, CaSiO3, molecular

sieve, clay and kaolin.

18. The composite film of claim 16 or 17, wherein the adhesive is at least one selected from a
group consisting of polyvinylidene fluoride, poly(vinylidene fluoride-hexafluoropropylene),
polymethyl methacrylate, polyacrylonitrile, polyimide, polyvinylpyrrolidone, polyoxyethylene,

polyvinyl alcohol, carboxymethylcellulose and styrene butadiene rubber.
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19. The composite film of any one of claims 16-18, wherein the inorganic particle has a

particle size of about 50 nanometers to about 3 microns.

20. The composite film of any one of claims 16-19, wherein the inorganic particle layer has a

thickness of about 0.5 microns to about 3 microns.

21. The composite film of any one of claims 16-20, wherein the inorganic particle layer is

disposed on each of two surfaces of the porous separator.

22. A method of preparing a composite film of any one of claims 1-21, comprising steps of:

S1) providing a porous separator;

S2) providing a spinning solution including a solvent, and a spinning polymer dissolved in
the solvent and including polyetherimide; and

S3) preparing a fiber layer on the porous separator by using the spinning solution, and drying
the fiber layer to obtain the composite film comprising the porous separator and the fiber layer

disposed on the porous separator.

23. The method of claim 22, wherein step S1 further comprises providing an inorganic

particle layer disposed on a surface of the porous separator.

24. The method of claim 23, wherein step S1 comprises: providing the porous separator, and
then preparing the inorganic particle layer on the surface of the porous separator; and

step S3 comprises: preparing the fiber layer on a surface of the inorganic particle layer.

25. The method of claim 23 or 24, wherein the inorganic particle layer is prepared by steps of’
coating a slurry comprising inorganic particles, a coating solvent and an adhesive on the surface of
the porous separator, and drying the slurry to obtain the inorganic particle layer on the surface of

the porous separator.
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26. The method of claim 24, wherein the inorganic particle layer is prepared on each of two
surfaces of the porous separator, and the fiber layer is prepared on each of the inorganic particle

layers prepared on two surfaces of the porous separator.

27. The method of any one of claims 22-26, wherein the spinning polymer has a

concentration of about 3wt% to about 30wt% in the spinning solution.

28. The method of any one of claims 22-27, wherein step S2 further comprises providing an
auxiliary spinning solution including an auxiliary polymer, and
step S3 comprises preparing a fiber layer on the porous separator by using the spinning

solution and the auxiliary spinning solution.

29. The method of claim 28, wherein the auxiliary polymer is at least one selected from a
group consisting of polyacrylonitrile, copoly(ether ether ketone), polyether sulfone,

polyamide-imide, polyamide acid, and polyvinylpyrrolidone.

30. The method of claim 28 or 29, wherein a weight ratio of the polyetherimide to the

auxiliary polymer is about (50-80):(20-50) in step S3.

31. The method of any one of claims 22-30, wherein in step S3, the fiber layer is prepared by
a high speed electrostatic spinning method or an auxiliary electric field electrostatic spinning

method.

32. The method of claim 31, wherein the high speed electrostatic spinning method comprises:
electrostatic spinning under a condition that a collecting device configured for collecting fiber has

a rotation speed of about 1000 rpm to about 6000 rpm.

33. The method of claim 31, wherein the auxiliary electric field electrostatic spinning method
comprises:

setting an auxiliary electrode on an end, far away from a source end for generating fiber, of a
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collecting device configured for collecting fiber, the collecting device having a voltage of about
-60 kV to about 0 kV, the auxiliary electrode having a voltage lower than or equal to -60 kV, and a
voltage difference existing between the auxiliary electrode and the collecting device; and
electrostatic spinning;

or taking an area between a source end for generating fiber and a collecting device as a
spinning area, the spinning area being disposed between two charged planes that parallel to each
other, the two charged planes being disposed in a direction from the source end to the collecting
device, a voltage difference between the two charged planes being lower than or equal to 60 kV;

and then electrostatic spinning.

34. The method of any one of claims 31-33, wherein the step S3 comprises steps of: forming
a fiber bundle on the porous separator via the high speed electrostatic spinning method or the
auxiliary electric field electrostatic spinning method, rotating the porous separator, continuously
performing the high speed electrostatic spinning method or the auxiliary electric field electrostatic
spinning method; and repeating above steps at least once to prepare the fiber layer on the porous
separator, wherein the fiber layer includes multiple groups of fiber bundles, the multiple groups of

fiber bundles have different extending directions.

35. The method of any one of claims 31-34, wherein the high speed electrostatic spinning

method is carried out under a rotation speed of about 1000 rpm to about 2000 rpm.

36. The method of claim 33, wherein the auxiliary electrode comprises multiple metal
electrode plates parallel to and fixed to each other, the metal electrode plate has a length of about
10 millimeters to about 1000 millimeters and a width of about 1 millimeter to about 500
millimeters, a distance between two adjacent metal electrode plates is about 1 millimeter to about
500 millimeters, and a distance between the auxiliary electrode and the collecting device is about 1

millimeter to about 1000 millimeters.

37. The method of any one of claims 22-36, further comprising: pressing the composite film

under a pressure of about 1 MPa to about 15 MPa after the fiber layer is prepared.
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38. A lithium battery, comprising a positive electrode, a negative electrode and a composite

film of any one of claims 1-21 disposed between the positive electrode and the negative electrode.
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