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COATING SLURRY, SEPARATOR, PREPARATION 

METHOD FOR SEPARATOR AND BATTERY 

TECHNICAL FIELD 

[0001] The present invention relates to the technical field of battery separators, 

and in particular to a coating slurry for coating a battery separator, a separator coated 5 

with the slurry, a preparation method for the separator, and a battery. 

BACKGROUND 

[0002] Lithium battery separator is one of four core components in a lithium-ion 

battery, which functions in separating a positive electrode from a negative electrode, 

allowing lithium ions to pass therethrough, and insulating electrons. The performance 10 

of the separator directly affects the performance of lithium-ion battery and is one of 

the key technologies that restrict the development of lithium-ion batteries. 

Lithium-ion battery separators used in the fields of HEV (Hybrid Electric Vehicle), 

EV (Electric Vehicle), and energy storage need to satisfy performance requirements 

such as high heat resistance, low impedance, high adhesion, etc. 15 

SUMMARY 

[0003] The present invention provides a coating slurry, a separator, a preparation 

method and a battery, so as to improve the heat resistance and a breakage temperature 

of an oil-based coated battery separator. 

[0004] According to a first aspect of the present invention, there is provided a 20 

coating slurry, main components of which include a solvent, an ultra-high 

heat-resistant polymer resin binder, an auxiliary binder, a cross-linking agent, and an 

inorganic filler. 
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[0005] In some embodiments, a melting point of the ultra-high heat-resistant 

polymer resin binder is above 200°C, an addition amount of the ultra-high 

heat-resistant polymer resin binder is 1-60wt%, and the ultra-high heat-resistant 

polymer resin binder is selected from one or two of polyimide, ether anhydride 

polyimide, fluoroanhydride polyimide, ketone anhydride polyimide, bismaleimide 5 

oligomer, and alkenyl-terminated polyimide oligomer. 

[0006] In some embodiments, an addition amount of the auxiliary binder is 

1-20wt%, and the auxiliary binder is selected from one or more of acrylate polymer, 

polyacrylic acid, polyurethane acrylate, polysiloxane methacrylate, PVDF 

homopolymer, vinylidene fluoride-hexafluoropropylene copolymer, and 10 

polyvinylidene fluoride-tetrafluoroethylene-propylene terpolymer. 

[0007] In some embodiments, an addition amount of the cross-linking agent is 

0.001-6wt%, and the cross-linking agent is selected from one or more of 

diethylenetriamine, ethylenediamine, 3,3’-dichloro-4,4’-diaminodiphenylmethane, 

m-phenylenediamine, diaminodiphenylmethane, ITX, benzophenone, and ethyl 15 

p-dimethylaminobenzoate. 

[0008] In some embodiments, an addition amount of the inorganic filler is 

1-70wt%, and a particle diameter of the inorganic filler is 0.1-0.8 μm. 

[0009] In some embodiments, the inorganic filler is selected from one or more of 

Al2O3, SiO2, TiO2, ZrO2, MgO, CaO, AlOOH, and SiC. 20 

[0010] In some embodiments, a solid content of the oil-based coating slurry is 

7-20wt%. 

[0011] In some embodiments, the solvent is NMP. 

[0012] According to a second aspect of the present invention, there is provided a 

separator, including the aforementioned coating slurry and a substrate, where the 25 

coating slurry is coated on at least one surface of the substrate and subjected to 

ultraviolet light radiation treatment with set energy and set wavelength to obtain an 

ultraviolet cross-linked separator. 

[0013] In some embodiments, a thickness of the substrate is 5-20 μm. 

[0014] In some embodiments, the substrate is a PE wet-process separator. 30 
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[0015] According to a third aspect of the present invention, there is provided a 

separator, including the aforementioned coating slurry and a substrate, where the 

coating slurry is coated on at least one surface of the substrate, the separator has a 

breakage temperature of greater than 180°C, and a breakdown voltage of greater than 

2.1KV, and a breakdown voltage per unit thickness is greater than 5.1KV/mil. 5 

[0016] In some embodiments, a breakage temperature of the separator in a MD 

direction is greater than 210°C, and a breakage temperature of the separator in a TD 

direction is greater than 190°C. 

[0017] According to a fourth aspect of the present invention, there is provided a 

preparation method for the aforementioned separator, including the following steps: 10 

(1) preparing a slurry: adding no more than 60wt% of ultra-high 

heat-resistant polymer resin binder and 1-20wt% of auxiliary binder into a solvent; 

after being fully dissolved, adding 1-70wt% of inorganic filler and dispersing them 

evenly to obtain a premixed slurry; adding a cross-linking agent into a solvent and 

completely dissolving it to obtain a cross-linking agent solution; and adding the 15 

cross-linking agent solution into the premixed slurry in such an amount that 0.001-6wt% 

of the cross-linking agent is cross-linked, to obtain a slurry; 

(2) coating: coating the slurry prepared above on at least one surface of the 

substrate; 

(3) phase transformation: immersing the separator obtained after coating in 20 

a coagulation tank containing a mixed solution of a first solvent and a non-solvent to 

perform phase transformation; 

(4) drying: washing and drying the product obtained in the above step (3), 

to obtain a composite separator; and 

(5) ultraviolet cross-linking: subjecting the composite separator to an 25 

ultraviolet light radiation for inducing a cross-linking reaction, to obtain an ultraviolet 

cross-linked composite separator. 

[0018] In some embodiments, a wavelength of the ultraviolet light used is in a 

range of 210nm-420nm, an ultraviolet cross-linking time is 0.001s-10s, and a 

radiation light intensity is above 50mj/cm2. 30 
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[0019] In some embodiments, a ratio of the first solvent is 20-30wt% based on a 

total mass of the first solvent and the non-solvent. 

[0020] According to a fourth aspect of the present invention, there is provided a 

battery, including a separator, a positive electrode, a negative electrode and an 

electrolyte, where the separator is the aforementioned separator. 5 

[0021] Compared with the prior art, the present invention has at least the 

following technical effects: 

the heat resistance and breakage temperature of the separator are 

successfully improved at a lower cost using a simple formula and process, which 

greatly improves the safety of the battery. 10 

BRIEF DESCRIPTION OF DRAWINGS 

[0022] The present invention is further described below with reference to the 

accompanying drawings and specific embodiments. 

[0023] FIG. 1 is a schematic flow chart of a preparation method for a separator 

provided by an embodiment of the present invention. 15 

DESCRIPTION OF EMBODIMENTS 

[0024] The technical solutions in embodiments of the present invention will be 

described clearly and completely below. Obviously, the described embodiments are 

only some of the embodiments of the present invention, rather than all of the 

embodiments. Based on the embodiments of the present invention, all other 20 

embodiments obtained by those skilled in the art without making any creative work 

shall fall within the protection scope of the present invention. 

[0025] Before proposing the present application, the applicant conducted a series 

of research and experiments on the existing separators. 

[0026] Where, in order to ensure heat resistance, one way is to use the CCS + 25 

NIPS layered coating preparation process. That is, a ceramic layer is first coated on 
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both sides or one side of a PP, PE or PP/PE/PP base film to ensure the heat resistance, 

and then, an adhesive resin is coated on the ceramic layer to meet the adhesion 

performance. However, the layered coating process is relatively complicated, which is 

not conducive to cost control and production management. 

[0027] Another way is to use oil-based mixed coating process, that is, a high 5 

heat-resistant resin binder (such as polyetherimide) and a photoinitiator are coated on 

a base film, and then a UV cross-linking is performed. However, the heat resistance of 

a conventional oil-based mixed coating process is not as good as that of the layered 

coating process. The applicant has found through experimental verification and 

analysis that the reason why the oil-based mixed coating process has poor heat 10 

resistance is that the high heat-resistant resin binder itself has a very stable main chain, 

and thus has poor cross-linking effect. 

[0028] In order to solve the problem of poor heat resistance of the oil-based mixed 

coating process, the applicant conducted a series of theoretical researches and 

experimental verifications. For example, the applicant tried to replace the 15 

conventional high heat-resistant resin binder with an ultra-high heat-resistant resin 

binder (such as polyetherimide), but the improvement in heat resistance is not 

obvious. 

[0029] As a further research method, the applicant added a ceramic filler while 

replacing the conventional high heat-resistant resin binder with the ultra-high 20 

heat-resistant resin binder (such as polyetherimide) in order to further improve the 

heat resistance. However, it was found that it is difficult to complete these using the 

existing oil-based coating process in actual process. After a series of analyses and 

experiments, it was found that the reason is that the polyetherimide has poor adhesion 

when it is dissolved and then coated on the base film, while immersion in a 25 

coagulation tank is required in the oil-based coating process, and during the 

immersion, the polyetherimide would fall off, thus affecting the performance of the 

final product. 

[0030] Therefore, the technical solution of the present application is obtained after 

studying the above-mentioned problems of the oil-based mixed coating process and 30 
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conducting a series of researches and experiments, aiming to solve the problems of 

how to improve the heat resistance of the separator produced by the oil-based mixed 

coating process and how to prevent the coated slurry from falling off during the 

immersion in the coagulation tank. 

[0031] The technical solution of the present invention is described in detail below 5 

with reference to specific embodiments. The following specific embodiments may be 

combined with each other, and the same or similar concepts or processes may not be 

described in detail in some embodiments. 

[0032] An embodiment of the present invention first provides a coating slurry, 

main components of which include a solvent, an ultra-high heat-resistant polymer 10 

resin binder, an auxiliary binder, a cross-linking agent and an inorganic filler. 

[0033] A melting point of the ultra-high heat-resistant polymer resin binder can be 

above 200°C, an addition amount of the ultra-high heat-resistant polymer resin binder 

can be 1-60wt%, and the ultra-high heat-resistant polymer resin binder can be selected 

from one or two of polyimide, ether anhydride polyimide, fluoroanhydride polyimide, 15 

ketone anhydride polyimide, bismaleimide oligomer, and alkenyl-terminated 

polyimide oligomer. Preferably, the addition amount of the ultra-high heat-resistant 

polymer resin binder may be 15-60wt%. 

[0034] For example, the addition amount of the ultra-high heat-resistant polymer 

resin binder can be any one of 1wt%, 5wt%, 8wt%, 15wt%, 20wt%, 25wt%, 28wt%, 20 

30wt%, 33wt%, 38wt%, 43wt%, 47wt%, 50wt%, 56wt%, 58wt%, 60wt%, and a range 

between any two of them. 

[0035] Binder is one of the important materials that must be used in formation of 

the coating layer. The selection and use of the binder significantly affect the adhesion, 

heat resistance and electrochemical properties of lithium-ion battery separators. For a 25 

long time, polyvinylidene fluoride (PVDF) has been an important binder used in the 

battery industry and is also the most commonly used binder for lithium-ion batteries. 

However, with the increasing urgency of clean production and the rapid increase of 

requirements for battery performance in high-performance power applications, the 

problems and shortcomings of using polyvinylidene fluoride (PVDF) binder are 30 
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becoming increasingly significant. High-performance binder is becoming an 

important research direction in key materials for lithium-ion battery. 

[0036] The ultra-high heat-resistant polymer resin binder of the present 

application is different from conventional polymer resin binders (melting point of 

generally 130-160°C). The ultra-high heat-resistant polymer resin binder of the 5 

present application not only has super strong adhesion, but also has ultra-high heat 

resistance and good electrochemical properties. To comprehensively meet these 

performance requirements, the present application selects one or two of polyimide, 

ether anhydride polyimide, fluoroanhydride polyimide, ketone anhydride polyimide, 

bismaleimide oligomer, and alkenyl-terminated polyimide oligomer. 10 

[0037] In order to prevent the problem of falling off of the ultra-high 

heat-resistant polymer resin binder such as polyimide during immersion in the 

coagulation tank due to poor adhesion when applied to the base film, an auxiliary 

binder is added to the coating slurry of the present application. Where, an addition 

amount of the auxiliary binder may be 1-20wt%, and the auxiliary binder is selected 15 

from one or more of acrylate polymer, polyacrylic acid, polyurethane acrylate, 

polysiloxane methacrylate, PVDF homopolymer, vinylidene 

fluoride-hexafluoropropylene copolymer, and polyvinylidene 

fluoride-tetrafluoroethylene-propylene terpolymer. The auxiliary binders selected in 

the present application enable the coating layer to have heat resistance, adhesion, 20 

suitable swelling property, and active groups that are prone to ultraviolet cross-linking 

and grafting and are more stable in preparation of slurry system. Moreover, since 

these auxiliary binders of the present application contain unsaturated double bonds, 

they may provide the unsaturated double bonds to be effectively coordinated with the 

above-mentioned ultra-high heat-resistant polymer resin binder of the present 25 

application, and under the excitation of ultraviolet light, they can generate UV 

light-curing cross-linking active groups, so as to effectively carry out grafting and 

cross-linking. 

[0038] Preferably, the addition amount of the auxiliary binder may be 7-19 wt%. 

[0039] For example, the addition amount of the auxiliary binder can be any one of 30 
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1wt%, 5wt%, 7wt%, 8wt%, 10wt%, 15wt%, 17wt%, 18wt%, and 20wt% and a range 

between any two of them. 

[0040] An addition amount of the cross-linking agent can be 0.001-6wt%, and the 

cross-linking agent is selected from one or more of diethylenetriamine, 

ethylenediamine, 3,3’-dichloro-4,4’-diaminodiphenylmethane, m-phenylenediamine, 5 

diaminodiphenylmethane, ITX, benzophenone, and ethyl p-dimethylaminobenzoate. 

The addition amount of the cross-linking agent is closely related to the performance of 

the separator. If the addition amount of the cross-linking agent is too low, the degree 

of cross-linking and curing will be insufficient and the improvement in breakage 

temperature of the separator may not be as expected. If the addition amount of the 10 

cross-linking agent is too much, it will be remained too much in the separator and 

leads to an increased cost. Preferably, an addition amount of the cross-linking agent is 

0.01-5wt%. 

[0041] For example, the addition amount of the cross-linking agent is any one of 

0.01wt%, 0.05wt%, 0.07wt%, 0.1wt%, 0.5wt%, 0.9wt%, 1wt%, 1.3wt%, 1.7wt%, 15 

1.9wt%, 2.1wt%, 2.5wt%, 2.9wt%, 3.1wt%, 3.5wt%, 3.9wt%, 4.1wt%, 4.5wt%, 

4.9wt%, 5.1wt%, 5.5wt%, 5.9wt%, and 6wt% and a range between any two of them. 

[0042] Where, an addition amount of the inorganic filler may be 1-70wt%; and a 

particle diameter of the inorganic filler is 0.3-0.8μm. In some specific embodiments, 

the inorganic filler may be ceramic particle. It can be understood that the particle 20 

diameter of the filler as mentioned in the present application refers to a diameter of a 

secondary particle of the inorganic filler. 

[0043] In some embodiments, the inorganic filler is selected from one or more of 

Al2O3, SiO2, TiO2, ZrO2, MgO, CaO, AlOOH, and SiC. 

[0044] Preferably, the addition amount of the inorganic filler is 10-70wt%. For 25 

example, the addition amount of the inorganic filler is any one of 10wt%, 15wt%, 

20wt%, 25wt%, 30wt%, 32wt%, 35wt%, 40wt%, 45wt%, 50wt%, 55wt%, 57wt%, 

60wt%, 50wt%, 65wt%, and 70wt% and a range between any two of them. 

[0045] In the present application, the inorganic filler is added and evenly 

dispersed in the coating layer, thereby better ensuring uniform transfer of heat. 30 



 9 

 

[0046] In some embodiments, a solid content of the oil-based coating slurry is 

7-20wt%. For example, the solid content of the oil-based coating slurry can be any 

one of 7wt%, 8wt%, 9wt%, 10wt%, 11wt%, 12wt%, 13wt%, 14wt%, 15wt%, 16wt%, 

17wt%, 18wt%, 19wt%, and 20wt%, and a range between any two of them. 

[0047] In some embodiments, the solvent is NMP. 5 

[0048] The present invention further provides a separator, including the 

aforementioned coating slurry and a substrate, where the coating slurry is coated on at 

least one surface of the substrate (one or both surfaces) and subjected to ultraviolet 

light radiation treatment with set energy and set wavelength to obtain an ultraviolet 

cross-linked separator. 10 

[0049] The substrate is a PE wet-process separator, including but not limited to 

polyolefin microporous separators (polyethylene, polypropylene, polybutylene, etc.), 

polyimide microporous separators, non-woven fabric separators, multilayer composite 

separators, ceramic coated separators, polymer coated separators, etc. A thickness of 

the substrate is 5-20 μm. 15 

[0050] When the separator of the present invention is subjected to ultraviolet light 

radiation treatment, the cross-linking agent in the slurry can transition from a ground 

state to an excited state under ultraviolet light radiation of set wavelength and energy, 

and capture H ions from the C-H structure of the organic matter in the system, and at 

the same time generate organic macromolecular free radicals, and when they 20 

terminate each other, the organic macromolecules are cross-linked, so that molecular 

chain grafting and polymerization occur between the surface active groups of the 

inorganic filler and the ultra-high heat-resistant polymer resin binder as well as 

between the molecules of the ultra-high heat-resistant polymer resin binder itself, and 

then a uniform macromolecular network structure is formed. Since a uniform 25 

distribution of the inorganic filler greatly ensures a uniform and rapid transfer of heat 

as well as the cross-linked network structure of the ultra-high heat-resistant polymer 

resin binder, the overall heat resistance of the separator is greatly improved, and a 

thermal shrinkage rate at 150°C for 30min is less than 10%. In addition, the separator 

obtained in the present application also has an improved breakage temperature. The 30 
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breakage temperature of conventional products is about 150°C, while the breakage 

temperature of the product of the present invention is above 180°C, which further 

improves the safety performance of the product. 

[0051] Please refer to FIG. 1. As shown in FIG. 1, the present invention further 

provides a preparation method the aforementioned separator, including the following 5 

steps: 

S1: preparing a slurry: adding no more than 60wt% of ultra-high 

heat-resistant polymer resin binder and 1-20wt% of auxiliary binder into a solvent; 

after being fully dissolved, adding 1-60wt% of inorganic filler and dispersing evenly 

to obtain a premixed slurry; adding a cross-linking agent into a solvent and 10 

completely dissolving it to obtain a cross-linking agent solution; and adding the 

cross-linking agent solution into the premixed slurry in such an amount that 0.001-6wt% 

of the cross-linking agent is cross-linked, to obtain a slurry; 

S2: coating: coating the slurry prepared above on at least one surface of a 

substrate; 15 

S3: phase transformation: immersing the separator obtained after coating 

in a coagulation tank containing a mixed solution of a first solvent and a non-solvent 

to perform phase transformation; 

S4: drying: washing and drying the product obtained in the above step S3, 

to obtain a composite separator; and 20 

S5: ultraviolet cross-linking: subjecting the composite separator to an 

ultraviolet light radiation for inducing a cross-linking reaction, to obtain an ultraviolet 

cross-linked composite separator. 

[0052] In some preferred embodiments, a wavelength of the ultraviolet light used 

is in a range of 210nm-420nm, an ultraviolet cross-linking time is 0.001s-10s, and a 25 

radiation light intensity is above 50mj/cm2. 

[0053] In some preferred embodiments, a ratio of the first solvent is 20-30wt% 

based on a total mass of the first solvent and the non-solvent. 

[0054] The present invention further provides a separator, including the 

aforementioned coating slurry and a substrate, where the coating slurry is coated on at 30 
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least one surface of the substrate, the separator has a breakage temperature of greater 

than 190°C, and a breakdown voltage of greater than 2.1KV, and a breakdown voltage 

per unit thickness thereof is greater than 5.1KV/mil. 

[0055] In some embodiments, the breakage temperature of the separator in a MD 

direction is greater than 210°C, and breakage temperature of the separator in a TD 5 

direction is greater than 190°C. 

[0056] The performance of the separator provided by the present invention can be 

specifically seen in Table 1. 

[0057] The present invention further provides a battery, including a separator, a 

positive electrode, a negative electrode and an electrolyte, where the separator is the 10 

above-mentioned separator. 

[0058] The product performance of some examples of the present invention will 

be analyzed through experiments below. 

[0059] Example 1 

S1: preparing a slurry: adding an ultra-high heat-resistant polymer resin 15 

binder and an auxiliary binder to NMP solvent, and stirring continuously for 12h-24h 

at a temperature of 50-70°C to obtain a premixed slurry A; after polymers in the 

premixed slurry A are completely dissolved, adding an inorganic filler (particle 

diameter D50 = 0.3-0.8μm) to the premixed slurry A, stirring thoroughly for 120min 

at 30-50°C at a stirring speed of 1800rpm/min, and mixing and dispersing uniformly 20 

to obtain a premixed slurry B; in addition, adding a cross-linking agent to NMP 

solvent and completely dissolving to obtain a cross-linking agent solution with a 

concentration of 20%; adding the cross-linking agent solution to the premixed slurry 

B in an amount of 3wt% and controlling a total solid content of slurry to be 12%, to 

obtain a slurry; 25 

S2: coating: coating the slurry prepared above on at least one surface of a 

substrate, specifically, preparing a PE wet-process separator as the substrate; using a 

micro-concave roller to coat the slurry prepared above on two opposite surfaces of the 

substrate at a coating speed of 60 m/min; 

S3: phase transformation: immersing the separator obtained after coating 30 
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in a coagulation tank containing a mixed solution of a first solvent and a non-solvent 

at a temperature of 25°C to perform phase transformation, where, the first solvent 

accounts for 25wt% of a total mass of the first solvent and the non-solvent; 

S4: drying: washing and drying the product obtained in the above step S3, 

to obtain a composite separator; 5 

S5: ultraviolet cross-linking: subjecting the composite separator to an 

ultraviolet light radiation for inducing a cross-linking reaction, to obtain an ultraviolet 

cross-linked composite separator, where a wavelength of the ultraviolet light used is 

in a range of 250nm-390nm, an ultraviolet cross-linking time is 0.6s, and a radiation 

light intensity is at least 50mj/cm2; where a speed of an entire production line is 10 

30m/min. 

[0060] Where, the wavelength of the ultraviolet light fluctuates within a certain 

range. Therefore, in other examples, the ultraviolet light can be a value in a range of 

such as 210-310nm, 250-390nm, 280-420nm, etc. When a wavelength range is 

determined, the ultraviolet cross-linking time and the radiation light intensity have a 15 

great impact on the cross-linking effect. Since the formula contains inorganic particles 

that have a certain shielding effect on ultraviolet light, the cross-linking effect is poor 

when an ultraviolet light intensity is lower than 50mj/cm2. 

[0061] In the present example, the ultra-high heat-resistant polymer resin binder 

used is polyetherimide, the auxiliary binder is polyurethane acrylate, the inorganic 20 

filler is an alumina ceramic powder, and the cross-linking agent is ITX, where a mass 

ratio of the ultra-high heat-resistant polymer resin binder: the auxiliary binder: the 

inorganic filler is 60:8:32. A thickness of the substrate is 10.4 μm. 

[0062] Example 2 

[0063] The difference between Example 2 and Example 1 is that the mass ratio of 25 

the ultra-high heat-resistant polymer resin binder: the auxiliary binder: the inorganic 

filler is 25:8:57. The thickness of the substrate is 11.9 μm. Other aspects of Example 2 

are the same as Example 1, and will not be repeated here. 

[0064] Example 3 

[0065] The difference between Example 3 and Example 1 is that the auxiliary 30 



 13 

 

binder used is P(VDF-HFP) and the cross-linking agent is diethylenetriamine; where 

the mass ratio of the ultra-high heat-resistant polymer resin binder: the auxiliary 

binder: the inorganic filler is 25:10:65. The thickness of the substrate is 11.7 μm. 

Other aspects of Example 3 are the same as Example 1, and will not be repeated here. 

[0066] Example 4 5 

[0067] The difference between Example 4 and Example 1 is that the auxiliary 

binder used is P(VDF-HFP) and the cross-linking agent is diethylenetriamine, where 

the mass ratio of the ultra-high heat-resistant polymer resin binder: the auxiliary 

binder: the inorganic filler is 25:18:57. The thickness of the substrate is 11.8 μm. 

Other aspects of Example 4 are the same as Example 1, and will not be repeated here. 10 

[0068] Example 5 

[0069] The difference between Example 5 and Example 1 is that the auxiliary 

binder used is P(VDF-HFP) and the cross-linking agent is diethylenetriamine, where 

the mass ratio of the ultra-high heat-resistant polymer resin binder: the auxiliary 

binder: the inorganic filler is 60:8:32. The thickness of the substrate is 11.6 μm. Other 15 

aspects of Example 5 are the same as Example 1, and will not be repeated here. 

[0070] Example 6 

[0071] The difference between Example 6 and Example 1 is that the cross-linking 

agent is ITX+diethylenetriamine, where the mass ratio of the ultra-high heat-resistant 

polymer resin binder: the auxiliary binder: the inorganic filler is 25:8:57. The 20 

thickness of the substrate is 11.7 μm. Other aspects of Example 6 are the same as 

Example 1, and will not be repeated here. 

[0072] Example 7 

[0073] The difference between Example 7 and Example 1 is that the first polymer 

used is polyetherimide + bismaleimide, the auxiliary binder used is P(VDF-HFP), and 25 

the cross-linking agent is ITX + diethylenetriamine, where the mass ratio of the 

ultra-high heat-resistant polymer resin binder: the auxiliary binder: the inorganic filler 

is 10:20:70. The thickness of the substrate is 12 μm. Other aspects of Example 7 are 

the same as Example 1, and will not be repeated here. 

[0074] Example 8 30 
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[0075] The difference between Example 8 and Example 1 is that the first polymer 

used is polyetherimide + bismaleimide; the auxiliary binder used is P(VDF-HFP), and 

the cross-linking agent is ITX + diethylenetriamine; where the mass ratio of the 

ultra-high heat-resistant polymer resin binder: the auxiliary binder: the inorganic filler 

is 55:15:30. The thickness of the substrate is 12 μm. Other aspects of Example 8 are 5 

the same as Example 1, and will not be repeated here. 

[0076] Comparative Example 1 

[0077] The difference between Comparative Example 1 and Example 1 is that 

P(VDF-HFP) is used instead of the ultra-high heat-resistant polymer resin binder of 

Example 1, where the mass ratio of P(VDF-HFP): the auxiliary binder: the inorganic 10 

filler is 60:8:32. The thickness of the substrate is 10.6 μm. Other aspects of 

Comparative Example 1 are the same as Example 1, and will not be repeated here. 

[0078] Comparative Example 2 

[0079] The difference between Comparative Example 2 and Example 1 is that no 

auxiliary binder is added, where the mass ratio of the ultra-high heat-resistant polymer 15 

resin binder: the auxiliary binder: the inorganic filler is 60:/:40. The thickness of the 

substrate is 12 μm. Other aspects of Comparative Example 2 are the same as Example 

1, and will not be repeated here. 

[0080] Please refer to Table 1, which shows the properties of the corresponding 

separators obtained in the above Examples 1-6 and Comparative Examples 1-2. 20 

[0081] Where, the thermal shrinkage test under 150℃ for 30min is carried out as 

follows: first, cutting a separator into a test sample with a size of 50mm*50mm along 

horizontal and vertical directions of the separator; second, sandwiching the cut sample 

between A4 papers, where 5 A4 papers are stacked below the cut sample and 5 A4 

papers are stacked above the cut sample; then, setting a temperature of an oven to be 25 

150℃, and rising the temperature to the set temperature, and fully preheating the oven 

to ensure that an internal temperature thereof stably maintains the set temperature; 

then quickly putting the prepared sample sandwiched between the A4 papers together 

with the A4 papers into the oven (the sample should be placed in the middle of an 

upper layer of the oven, and cannot be placed on the lower layer) and closing the oven 30 
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door immediately; after closing the oven door, setting a testing time as 30 minutes 

according to the test requirement; after the time is up, taking out the sample separator 

from the oven, gently flattening the separator after it cools down to a room 

temperature, measuring a distance between the horizontal/vertical separator edges, 

recording the data and calculating the thermal shrinkage rate based on a thermal 5 

shrinkage rate calculation formula as below: thermal shrinkage rate (%) = (length 

between initial marks - length between marks after heating) / length between initial 

marks × 100%. 

[0082] The breakage temperature of the separator is obtained through TMA test. 

Testing the breakage temperature using TMA refers to tensioning the separator with a 10 

force (simulating a state inside the battery) and then gradually raising the temperature 

until the separator is ruptured. 

[0083] The electrode sheet adhesion performance refers to a tested adhesion force 

of two opposite sides of the separator to the electrode sheets. The test method of the 

electrode sheet adhesion performance is carried out as follows: making a coated 15 

separator sample to be tested into a standard sample strip (coated separator 

(25mm*180mm), electrode sheet (20mm*150mm)), using a hot pressing shaping 

machine to allow the coated surface of the separator and the electrode sheet to be 

bonded under a certain pressure and a temperature of 60°C, then clamping the other 

ends of the electrode sheet and of the sample by a clamp, and applying a tension until 20 

a displacement of a tensile machine is finished. Parameters of the tensile machine are 

set as follows: a fixed displacement: 150mm and a testing speed: 300mm/min. 

[0084] The test method for withstanding breakdown voltage is carried out as 

follows: using TH9320 withstanding breakdown voltage tester to perform a 

withstanding breakdown voltage test, with set parameters: output voltage 6KV, output 25 

current 1mA, rising time 30s; gently placing a copper conductor on a separator sample, 

clicking START button, so that the instrument starts to test and automatically records 

the data. 

[0085] The calculation method of the breakdown voltage per unit thickness is as 

follows: breakdown voltage per unit thickness = withstanding breakdown voltage 30 
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(KV)*25.4/separator thickness (μm) (where 1 mil=25.4 μm).

[0086] Table 1

Item

Thermal 

shrinkage rate 

under 150°C for 

30min 

Breakage 

temperature 

measured by TMA 

(°C)

Electrode sheet 

adhesion performance 

(gf/2mm)

Withstanding 

breakdown 

voltage (KV)

Breakdown 

voltage per 

unit thickness

KV/mil
MD TD MD TD A surface B surface

Example 1 8 6 228.29 180.07 49 43 3.3 8.1

Example 2 8 6.2 220 198.4 40 32 2.6 5.5

Example 3 9 8.1 243 200.05 48 43 2.5 5.4

Example 4 7.5 6.5 210.3 210 50 48 2.6 5.6

Example 5 8.8 7.2 230 213.4 48 42 3.5 7.7

Example 6 7.6 6 253 234 42 35 2.8 6.1

Example 7 9.5 8 236 213 70 65 2.1 4.4

Example 8 8.2 7 225 220 75 66 3.8 8.0

Comparative 

Example 1
36 17.9 176 165.8 40 35 1.5 3.6

Comparative 

Example 2
37 32 157.61 155.62 33 28 1.9 4.2

[0087] It can be seen from Table 1 that the present application greatly improves 

the overall heat resistance of the separator. The thermal shrinkage rates under 150°C 

for 30min in Examples 1 to 8 are less than 10%, while the thermal shrinkage rates 5 

under 150°C for 30min in Comparative Examples 1 and 2 are much larger than 10%. 

In addition, the high heat resistance and high adhesion lithium-ion battery separator 

obtained by oil-based mixed coating process in the present application also has an 

excellent breakage temperature. The breakage temperatures in Examples 1 to 8 are all 

above 180°C, further improving the safety performance of the product, while the 10 

breakage temperatures in Comparative Examples 1 and 2 are both lower than 180°C.

[0088] Where, ITX mainly functions in stimulating active groups of polyurethane 

acrylate substances to further induce grafting and cross-linking, and diamines mainly 

functions in stimulating active groups of polyetherimide to further induce bond 

breaking, grafting and cross-linking. When both of them are present at the same time, 15 

the cross-linking effect is enhanced (e.g., Example 6). Since the thickness of the 
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separators are variable, the breakdown voltage per mil unit thickness is used here to 

characterize the improvement of the breakdown voltage performance (1 mil = 25.4 

μm). 

[0089] In the description of this specification, the descriptions with reference to 

terms “an implementation”, “an embodiment”, “a specific implementation process”, 5 

“an example”, etc., mean that the specific features, structures, materials or 

characteristics described with reference to the embodiment or example are included in 

at least one embodiment or example of the present invention. In this specification, the 

exemplary expressions of the above terms do not necessarily refer to the same 

embodiment or example. Furthermore, the specific features, structures, materials, or 10 

characteristics described may be combined in any suitable manner in any one or more 

embodiments or examples. 

[0090] Finally, it should be noted that the above examples are only used to 

illustrate the technical solutions of the present invention, rather than to limit them. 

Although the present invention has been described in detail with reference to the 15 

aforementioned examples, those skilled in the art should understand that they can still 

modify the technical solutions described in the aforementioned examples, or replace 

some or all of the technical features therein equivalently. However, these 

modifications or replacements do not make the essence of the corresponding technical 

solutions deviate from the scope of the technical solutions of the examples of the 20 

present invention.  
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CLAIMS 

1. A coating slurry, wherein main components of the coating slurry comprise a 

solvent, an ultra-high heat-resistant polymer resin binder, an auxiliary binder, a 

cross-linking agent and an inorganic filler. 

2. The coating slurry according to claim 1, wherein a melting point of the 5 

ultra-high heat-resistant polymer resin binder is 200°C or more, an addition amount of 

the ultra-high heat-resistant polymer resin binder is 1-60wt%, and the ultra-high 

heat-resistant polymer resin binder is selected from one or two of polyimide, ether 

anhydride polyimide, fluoroanhydride polyimide, ketone anhydride polyimide, 

bismaleimide oligomer, and alkenyl-terminated polyimide oligomer. 10 

3. The coating slurry according to claim 1 or 2, wherein an addition amount of 

the auxiliary binder is 1-20wt%, and the auxiliary binder is selected from one or more 

of acrylate polymer, polyacrylic acid, polyurethane acrylate, polysiloxane 

methacrylate, PVDF homopolymer, vinylidene fluoride-hexafluoropropylene 

copolymer, and polyvinylidene fluoride-tetrafluoroethylene-propylene terpolymer. 15 

4. The coating slurry according to claim 1 or 2, wherein an addition amount of 

the cross-linking agent is 0.001-6wt%, and the cross-linking agent is selected from 

one or more of diethylenetriamine, ethylenediamine, 

3,3’-dichloro-4,4’-diaminodiphenylmethane, m-phenylenediamine, 

diaminodiphenylmethane, ITX, benzophenone, and ethyl p-dimethylaminobenzoate. 20 

5. The coating slurry according to claim 1 or 2, wherein an addition amount of 

the inorganic filler is 1-70wt%, and a particle diameter of the inorganic filler is 

0.3-0.8 μm. 

6. The coating slurry according to claim 5, wherein the inorganic filler is selected 

from one or more of Al2O3, SiO2, TiO2, ZrO2, MgO, CaO, AlOOH, and SiC. 25 

7. The coating slurry according to claim 1, wherein a solid content of the coating 

slurry is 7-20wt%. 

8. The coating slurry according to claim 1, wherein the solvent is NMP. 

9. A separator, comprising the coating slurry according to any one of claims 1-8 



 19 

 

and a substrate, wherein the coating slurry is coated on at least one surface of the 

substrate and subjected to ultraviolet light radiation with set energy and set 

wavelength, to obtain an ultraviolet cross-linked separator. 

10. The separator according to claim 9, wherein a thickness of the substrate is 

5-20 μm. 5 

11. The separator according to claim 10, wherein the substrate is a PE separator. 

12. A separator, comprising a substrate and a coating layer located on at least one 

surface of the substrate, wherein the coating layer is formed by the coating slurry 

according to any one of claims 1-8, and the separator has a film breaking temperature 

of greater than 180℃ and a breakdown voltage of greater than 2.1KV, and the 10 

breakdown voltage per unit thickness is greater than 5.1KV/mil. 

13. The separator according to claim 12, wherein the film breaking temperature 

of the separator is greater than 210°C in a MD direction, and the film breaking 

temperature of the separator is greater than 190°C in a TD direction. 

14. A preparation method for the separator according to any one of claims 9-13, 15 

comprising the following steps:  

(1) preparing a slurry: adding no more than 60wt% of ultra-high heat-resistant 

polymer resin binder and 1-20wt% of auxiliary binder into a solvent; after being fully 

dissolved, adding 1-70wt% of inorganic filler and dispersing them evenly to obtain a 

premixed slurry; adding a cross-linking agent into a solvent and completely dissolving 20 

it to obtain a cross-linking agent solution; and adding the cross-linking agent solution 

into the premixed slurry in such an amount that 0.001-6wt% of the cross-linking agent 

is cross-linked, to obtain a slurry;  

(2) coating: coating the slurry prepared above on at least one surface of a 

substrate;  25 

(3) phase transformation: immersing the separator obtained after coating in a 

coagulation tank containing a mixed solution of a first solvent and a non-solvent to 

perform phase transformation; 

(4) drying: washing and drying a product obtained in the above step (3), to obtain 

a composite separator;  30 
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(5) ultraviolet cross-linking: subjecting the composite separator to an ultraviolet 

light radiation for inducing a cross-linking reaction, to obtain an ultraviolet 

cross-linked composite separator. 

15. The preparation method for the separator according to claim 14, wherein a 

wavelength of ultraviolet light used is in a range of 210nm-420nm, an ultraviolet 5 

cross-linking time is 0.001s-10s, and a radiation light intensity is above 50mj/cm2. 

16. The preparation method for the separator according to claim 14, wherein a 

ratio of the first solvent is 20-30wt% based on a total mass of the first solvent and the 

non-solvent. 

17. A battery, comprising a separator, a positive electrode, a negative electrode 10 

and an electrolyte, wherein the separator is the separator according to any one of 

claims 9-13. 

 


