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Fabrication of two-dimensional materials/polyimide composites by covalent bonding strategies
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With the rapid advancement of current technology, the demand for materials possessing exceptional chemical and
physical properties such as mechanical strength, thermal conductivity, electrical conductivity, and a low dielectric
constant has significantly increased. Polyimide (PI) can be a candidate to meet the above requirements, making it an
indispensable material in electronic products. However, mechanical strength, electrical conductivity, and other
characteristics are still not enough. To enhance the performance and applicability of P, filler materials with superior
chemical and physical properties to form a composite material emerge as a promising choice. There are several
requirements for the filler materials of PI, such as the dispersibility in PI, the size, and the crystallinity of the material.
To meet these requirements, this study focuses on two-dimensional (2D) materials with excellent chemical modifiability,
mass production, and structural controllability.

This thesis is divided into three parts. The first part provides a comprehensive overview of the properties, synthesis
routes, and applications of 2D materials, such as graphene and boron nitride, along with the fabrication and application
of filler materials for PI. The second part details the experimental studies conducted, including:

1) Examining the integration of graphene oxide (GO) and amine-functionalized boron nitride (BNnm2) into PI film to
improve the mechanical characteristics of PI composite films. The study reveals that combining GO with BNym» in PI
films and adjusting their proportions can significantly improve the films’ strength.

2) Covalent functionalization of hexagonal boron nitride (h-BN) with phenylenediamine (PDA) influences the
mechanical properties of PI composite films. By controlling the ball milling parameters, different variants of BNppa
were produced and then bonded with PI. This resulted in PI composites with significantly improved tensile strength and
modulus. Notably, adding a small quantity of GO to the BNppa-PI mixture further increased these mechanical properties,
leading to the creation of high-performance BN-PI composite films.

3) Developing three-dimensional (3D) carbon materials by heating covalently prepared PI nanostructures on GO.
These 3D structures were used in conductive materials, particularly as anodes in lithium-ion batteries (LIBs). By
carbonizing the PI-GO composite at temperatures above 500 °C, carbon materials retaining a nanostructure were
produced. The performance of these LIB electrodes, superior to conventional graphite, was found to depend on the
specific conditions under which the PI nanostructures were synthesized, particularly in terms of time and temperature.
The 3D carbon structures developed in this study showed enhanced capacity and rate performance, demonstrating the
effectiveness of this synthesis and annealing approach.

The third part presents the conclusion and future prospects.
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