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Functional design of MXene-based composite and research progress in
the field of intelligent electromagnetics

ZHANG Ran"”’, FANG Guian', LU Yingi', ZHANG Hongcheng’, DONG Liming'

(1. School of Materials and Chemical Engineering, Xuzhou Institute of Technology, Xuzhou 221018, Jiangsu, China; 2. Foshan
(South China) New Materials Research Institute, Foshan 528222, Guangdong, China )

Abstract: MXene, as a typical two-dimensional transition metal carbide/nitride, exhibits broad application prospects in intelligent
electromagnetic fields owing to its exceptional electrical conductivity, tunable interlayer spacing and rich surface functionalization.
This review systematically summarizes recent advances in the synthesis, performance modulation strategies and research progress of
MXene-based composites within the domain of electromagnetic functional materials. Firstly, it introduces the fundamental structural
and electronic characteristics of two-dimensional MXene and critically examine prevailing synthesis routes alongside the resulting
microstructural features of MXene-based composites. Secondly, it deeply explores the performance control strategies for these
composites, elucidating the underlying mechanisms of multidimensional interfacial optimization—including tailored structural
design, targeted surface functionalization and synergistic hybridization. Finally, in response to the key challenges currently faced by
MXene-based composite, such as inadequate environmental stability, underdeveloped scalable manufacturing protocols and
difficulties in achieving balanced multifunctional integration—it proposes promising future research directions to facilitate their

translation into high-end applications, particularly in aerospace and related advanced technological fields.
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Table 1 Comparative analysis of classification, advantages and limitations for MXene synthesis methods'* >
Synthesis . . R
Classification Advantage Limitation
method
Chemical HF etching Simple process, highly efficient, high product purity Highly toxic and corrosive
etching

Molten-salt

etching
Electrochemical Anode oxidation Green and safe, easy to control layer spacing
etching
Bottom-up Chemical vapor
method deposition quality single-crystal films

In-situ HF etching Mild process, good product dispersion

Environmentally friendly, high reaction efficiency

Long reaction time

High reaction energy consumption,
require post-treatment

Slow etching process, low product yield

Controllable thickness and size, large-area and high  High process cost, low yield
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(a) schematic diagram of the preparation process;
(b) surface temperature measurement
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(a)-(c) the front view and cross-section SEM images;

(d) thermal images under infrared lamp irradiation; (e) average surface temperature
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(a) schematic diagram of multi-layer casting process;

(b)comparison of resistivity and conductivityfor different polymer composite; (c) time-dependent surface
temperatures of the composite film
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