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Abstract. Soluble polyimide was synthesized from 4, 4'-(4, 4'-Isopropylidenediphenyl-
1, 1'-diyldioxy) dianiline (BAPP), 4, 4’-Diaminodiphenyl ether (ODA) and 4, 4’-
Oxydiphthalic anhydride (ODPA) in a certain proportion. The porous polyimide (PI)
membranes were prepared by phase transfer method. The molecular structure, pore size,
contact angle and thermal stability were characterized by fourier transform infrared
spectroscopy (FTIR), scanning electron microscope (SEM), contact angle measuring
instrument. The results show that the prepared porous polyimide membranes have
three-dimensional network of microporous structure with a surface pore diameter of 0.5-
1 um; The porosity increases with the increasing quality ratio of anhydrous ethanol and
acetone in the solution, which reaches more than twice of the conventional Celgard 2400
membrane; The contact angles of the porous polyimide membranes are smaller than that
of separator of the Celgard 2400 membrane and showing better lyophilicity, which were
all take distilled water as the test solution. The porous polyimide membranes have better
heat resistance, and the size does not change significantly after heat treatment at a
maximum of 180°C for 0.5 h.

1. Introduction

At present, commercial microporous films such as polyethylene (PE) and polypropylene (PP) separators
are widely used, but the thermal stability of the separators are poor. For example, the melting point of
the polyethylene (PE) membrane is 130°C, and the separator of the battery will melt when it exceeds
the melting point. While the melting point of polypropylene (PP) is 163°C, and when the temperature
reaches 150°C, the separator shrinkage is nearly 30%, which easily cause safety accident [1-2]. In
addition, polyolefins have relatively lower wettability, porosity, and electrolyte absorption rate due to
their own chemical structure, resulting in a decrease in battery performance.

Polyimide (PI) refers to a kind of polymer containing the imide group on the main chain. The
molecular main chain of this kind of polymer not only contains the five-element ring composed of
heteratomic nitrogen, but also contains a very rigid aromatic ring, which is a kind of engineering plastics
with high application value. Comparing with polyolefin material, polyimide (PI) has good thermal
stability, chemical stability and outstanding mechanical properties [3-5]. Its long-term use temperature
can reach up to 300°C, which is the best comprehensive film insulation material [6]. At the same time,
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compared with the polyolefin separator, PI has a good affinity for lithium ion electrolyte due to its polar
group, so it is regarded as the next generation lithium ion battery separator material [7-9].

In this experiment, PI was synthesized by one-step method using BAPP, ODA and ODPA as raw
materials. The synthesized Pl is dissolved in a solvent, and porous polyimide membranes are produced
by phase transfer method [10-11]. Compared with traditional polyimide membranes, the heat resistance
and contact angle of porous polyimide membranes will change. In this experiment, the porosity, contact
angle and heat resistance of porous polyimide membranes were tested and compared with traditional
polyolefin membranes, so as to study the applicability of polyimide in battery separator.

2. Experimental

2.1. Materials

4,4'- (4,4- Isopropylidenediphenyl- 1,1'- diyldioxy) dianiline (BAPP), Changzhou Sunlight
Pharmaceutical Co., Ltd; 4,4’- Diaminodiphenyl ether (ODA), 4, 4’- Oxydiphthalic anhydride (ODPA),
Changshu Electronic Engineering Compound Material factory; 1 - Methyl- 2- pyrrolidinone (NMP) ;
Ethanol absolute, n-Butanol, Benzoic acid, Shanghai Aladdin Bio- Chem Technology Co., LTD; m-
Cresol, DAMAO chemical reagent Factory; distilled water, Self-preparation; Celgard 2400. Celgard,
US; acetone, Guangzhou Dongsheng Chemical Co., Ltd.

2.2. Characterization

The PI structure was characterized by the US Nicolet is 5 Fourier infrared spectroscopy analyzer.
Japan's S-4800-1 cold field emission scanning electron microscope (SEM) was used to characterize the
micropores on the surface of the battery separator. The German KRUSS optical contact angle measuring
instrument DSA100 was used, and distilled water was used as a solution to measure the contact angle
of the battery separator. The PI separator porosity (P) determination was tested according to the
following method:

Cutting a certain area of the film, Weighing its mass to M1, then soak the membrane in n-butanol for
12h, Absorbing surface n-butanol with filter paper, Weighing its mass to M2, The mass of n-butanol
absorbed by the microporous membrane is m=M2-M1. The pore volume of the microporous membrane
can be obtained by dividing the mass (m) of n-butanol by the density ( © ) of n-butanol.

The porosity calculation formula is:

In the formula: V--the volume of the porous PI membrane.

Thermal shrinkage of membrane was determined by measuring the length changes of a 60x60 mm
specimen on both machine direction (MD) and transverse direction (TD) after storage in a hot oven at
120°C, 150°C, and 180°C for 0.5h, respectively. The thermal shrinkage was calculated from:

Thermal shrinkage= (Li - Lf') / Lix100wt:%

Where Li and Lf are the initial length and the final length of specimen after high temperature storage,
respectively.

2.3. Preparation of porous polyimide membranes
(a) Synthesis of polyimide.

BAPP, ODA and ODPA are dissolved in m-cresol solution at a ratio of 1:1:2 taking benzoic acid as
catalyst. The mixture is heated to 180°C under reflux of nitrogen for 12 hours to obtain polyimide
solution. Pouring the polyimide solution into 95% ethanol solution to precipitate and wash repeatedly.
Then the synthesized polyimide was placed in a vacuum oven at 120°C for 12 h, and stored for use.

(b) Preparation of porous polyimide membranes

Prepare the solutions with acetone, absolute ethanol and NMP at different mass ratio of 0:0:10, 1:1:18
andl1:1:8. The 10% PI is respective dissolved in the above three solutions. Then three solutions were
prepared and labeled as PI-1, PI-2, PI-3, respectively. Morover, they were poured on clean glass plates,
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and the films were formed by a film applicator. The prepared membranes were immersed in distilled
water for 12 hours, and placed in an environment of 120°C for 4 hours. At last, the membranes named
of PI-1, PI-2, and PI-3 were obtained and stored for testing.

3. Results and discussion

3.1. FTIR analysis
It can be seen from the FTIR spectrum of Fig. 1 that 1780 cm-1 and 1720 cm-1 are respectively attributed
to the asymmetric and symmetric stretching vibration of C=0; 1380 cm-1 is the C-N vibration peak in

the five-membered ring; 725 cm-1 is the C=0O bending vibration peak. Thus the significant peak of
polyimide characteristics were shown from Fig.1.

Transmittance/%

Wavenumber/cm-!

Fig 1. FTIR spectrum of polyimide

3.2. The topography of membranes

Fig 2. The scanning electron microscope of Celgard 2400 membranes

Fig 3. The scanning electron microscope of porous polyimide membranes

Fig. 2 shows a scanning electron microscope of a 6 x 103 times Celgard 2400 membranes, and Fig.3
is of a 1 x 104 times porous polyimide membranes. It can be seen from the figure that the porous
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polyimide membranes prepared by the phase transfer method has a significantly higher porosity than
the Celgard 2400 membranes. The porous polyimide membranes pore size is between 0.5-1 um and the
pores are evenly distributed. The higher porosity for the porous polyimide membranes contributes to the
exchange of the electrolyte, which improves the charge and discharge performance of the battery.

3.3. The analysis of porosity

The porosity of the PI-1, PI-2, and PI-3 porous polyimide membranes are shown in the following table
1. It can be seen that the relationship between the three membranes porosity is PI-3> PI-2> PI-1.This is
because the porosity of the polyimide membranes can change with the change of the acetone and ethanol
absolute content in the solvent, and the porosity can be more than twice that of the traditional polyolefin
films. The higher void ratio for the battery separator helps the electrolyte to circulate inside the battery,
thereby increasing the charge and discharge efficiency of the battery.

Table 1. Three membranes porosity of PI-1, PI-2 and PI-3

Sample PI-1 PI-2 PI-3
Porosity 69% 74% 82%

3.4. The analysis of thermal stability

The PI and Celgard 2400 membranes were stored in different temperature for 0.5 h, and the thermal
stability of the separator was tested by measuring the change in size before and after measurement. Table
2 shows the dimensional changes of the four separators at different temperatures. At 120 °C and 150°C,
the transverse shrinkage of the Celgard 2400 membranes were 13%, 41%, and there were no shrinkage
change in the longitudinal direction. What’s more, at 180v, the membrane melts and shrinks into small
balls.The three porous polyimide membranes have no shrinkage and no deformation at 120 ° C, 150 °
C, 180 ° C for 0.5 h, which has better thermal stability than the traditional Celgard 2400 membranes and
effectively improves the safety performance of the lithium ion battery.

Table 2. Thermal shrinkage of PP, PI-1, PI-2 and PI-3 membranes.

Membrane Shrinkage (%)

Direction 120°C 150°C 180°C
Celgard 2400 MD 0 0 Melted
TD 13% 41% Melted

PI-1 MD 0 0 0

D 0 0 0

PI-2 MD 0 0 0

TD 0 0 0

PI-3 MD 0 0 0

TD 0 0 0

3.5. The analysis of contact angle

Fig 4. Photographs of contact angle of Celgard 2400 membranes
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Fig 5. Photographs of contact angle of non-porous PI membranes

Fig 6. Photographs of contact angle of porous PI membranes

The contact angle of Celgard 2400 membranes > porous PI membranes > non-porous PI membranes
from figure.4-6. And table 3 shows the contact angles of the five materials in detail. It is obvious that
the contact angle of Celgard 2400 membrane is greater than that of other four porous polyimide
membranes. This is because PI has a polar group and has better lyophilicity. By comparison, it can be
seen that the contact angle of the porous polyimide membranes gradually increases with the increasing
of the porosity, because the lotus effect is formed on the surface of the porous polyimide membranes
due to the higher porosity. Thus, porous polyimide membranes exhibit better lyophilic properties than
Celgard 2400 membranes.

Table 3. Contact angle of PP, PI-1, PI-2, PI-3 and PI-Nonporous membranes

Sample PP PI-1 PI-2 PI-3 PI-Nonporous
Contact angle 100° 70° 75.4° 84.1° 47°

4. Conclusion

The porous polyimide membranes with different porosity were prepared by phase transfer method. The
polyimide membranes has a three-dimensional network of microporous structure with a surface pore
diameter of 0.5-1 um. The porosity becomes larger with the increasing ratio of anhydrous ethanol and
acetone in the solution, up to 2 times higher than traditional polyolefin battery separator. The contact
angle of different porosity polyimide membranes are smaller than that of PP battery separator, showing
better lyophilicity. At the same time, the porous polyimide membranes are no significant change through
180° heat treatment for 0.5h and shows better heat resistance. Based on good thermal stability, porosity,
and lyophilicity, the porous polyimide membrane is expected to find application in battery separators.
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