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Material Design and Electrical Insulating Functions of Polyimide/Inorganic Composite Particles
with Electrophoretic deposition and Electrostatic Spray Functions.
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To realize sustainable societal growth, the automotive industry is currently transitioning from
gasoline-powered vehicles to electric ones. Consequently, there is a growing need for the development of
compact electric motors with high energy conversion efficiency. Although a rectangular motor coil with a high
occupancy ratio has been developed, it is not easy to protect the surface of the coil using conventional dipping
methods. As an alternative method, we previously proposed an electrophoretic deposition (EPD) method and
electrostatic spray using polyimide (PI) with high heat resistance as an insulating material. An EPD material
based on the ammonium salt of a polyamide acid PAA(PMDA/ODA) as PI precursor has been developed;
however, it was subjected to hydrolysis, and the lifetime was quite low. In addition, a method using
solvent-soluble polyimide as a cationic electrodeposition material has been reported.

First, PI with methacrylic groups, PI(BPADA/AHPP), was synthesized and an electrophoretic deposition
dispersion was prepared by nano-compositing it with alumina sol. The zeta potential of the dispersion was
charged at +55.5 mV. A film of 122-um thickness was deposited on the cathode via electrophoretic deposition
using the dispersion. After baking, the insulating film exhibited high electrophoretic deposition ability and high
heat resistance, as evidenced by the 10% weight loss temperature of 413 °C and the coulomb efficiency of 27
mg/C.

To reduce the environmental load, we developed an electrophoretic deposition material composited with
glycol lignin (GL), a wood material. The hydroxyl group of GL was modified with a methacrylic group to
synthesize methacrylic-modified glycol lignin (GL-MA). PI(BPADA/AHPP) and Boehmite were complexed
with GL-MA to prepare a dispersion. The electrophoretic deposited film can form thick coatings of 48 to 115um,
with no pinholes and breakdown voltages as high as 9kV or higher. In cross-sectional observation, the thinnest
part was 85 pm and the thickest part was 108 um. A thick film with little variation was formed around the entire
circumference. The 10% weight loss temperature of this film was 402°C.

A polyamide ester, PAE(PMDA/ODA), was synthesized to protect the carboxylic acids in PAA. The EPD
solution of PAE with boehmite alumina successfully resulted in a 53 pm thickness deposition coating by EPD.
After baking the coating film for the imidization of PAE, we obtained a 10% weight-loss temperature and
Coulomb efficiency of 580°C and 82 mg/C, respectively, indicating high EPD ability and heat resistance.

Electrostatic spray coating was examined on a specimen simulating an intercoil weld. Coatings with
polyamide acid and silica or alumina inorganic particles with organically modified surfaces provided good spray
workability and formed good coating films. The coating showed high voltage resistance of more than 8kV. A
coating of more than 128 pm was formed around the entire circumference.

In this study, electrophoretic deposition and electrostatic spray materials with excellent properties were
developed by introducing reactive or protective groups into polyamide acid or soluble polyimide, or by
compositing them with various inorganic particles. Electrophoretic deposited materials with biomass degree
were also developed using modified glycol lignin.



