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Charge Traps and Microscopic Properties of Polyimide Under Effects of Electric
Field and Temperature
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Abstract: Polyimide is often used as an insulating material for inverter motors due to its good thermal stability and elec-
trical insulation properties, however, during its application, the charge traps generated by its conformational defects can
trigger space charge effects when space charges are trapped under the influence of external factors, thus accelerating the
aging of polyimide. Therefore, the microscopic behavior of polyimide molecules under the effects of electric field and
temperature is simulated based on the density functional theory and molecular dynamics to help deeply analyze the trap
depth of polyimide molecules, and the connection between molecular microscopic properties and electrical aging reaction
is discussed using the transition state theory and free energy increment theory. The results show that, at electric fields of
0.1x10'°V/m to 0.4x10'°V/m, the polyimide molecules move directionally along the electric field, and their structures
are orderly arranged; when the electric field is 0.5%10'% V/m, the molecular morphology is no longer maintained, resulting
in free volume rearrangement, due to the electric field forces exceeding the intermolecular interaction forces of the polyi-
mide. The energy bands of the polyimide molecules are tilted by the applied electric field and the trap depth deepens with
increasing field strength. The thermal motion of the polyimide system intensifies under the effect of temperature, and the
molecular chain segment movement space is stretched. Compared to the electric field, the increase in temperature leads to
an overall decrease in the trap energy level, and the charge is more likely to be trapped at high temperatures. The electric
aging reaction follows the transition state theory, and the electric field will change the microstructure of polyimide mole-
cules and will increase the molecular vibration frequency, thus the free energy increment will change, which enables the
aging reaction rate within the molecular system to accelerate. It is found that the free energy increment of polyimide sys-
tem is approximately linear with the electric field, and grows with the temperature.

Key words: polyimide; microstructure; traps; free volume; free energy increment
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Fig.1 Molecular structure of polyimide
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Fig.4 Curves of temperature and energy with time in PI model
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Table 1 The FFV of PI model at different conditions
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