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Abstract: As a new type of two-dimensional (2D) transition metal carbide, nitride or carbon nitride,
MXene has excellent physical structure and excellent mechanical properties, electrical conductivity
and magnetic properties, so it is widely used in different fields, such as electrochemical energy storage,
microwave absorption, electromagnetic shielding. Carbon fiber (CF) is prepared by heat treatment and
high temperature oxidation, resulting in smooth surface and lack of active groups, which is not conducive
to the adhesion between carbon fiber and matrix, resulting in the interface properties of carbon fiber
composite materials. Nano particles are usually introduced to modify the surface of carbon fiber to
improve its roughness and give active groups. Therefore, MXene is introduced into CF surface through its
van der Waals force or hydrogen, ionic and covalent bonds to improve the mechanical interlocking effect
between CF and matrix, thereby improving the interface properties of the composite materials or enabling
functional applications. In this review, various synthesis methods, structural characteristics and properties
of MXene are summarized, and the research progress of introducing MXene into carbon fiber surface
modification by different technologies to enhance the interface properties and functional applications of
composites are discussed. Finally, the challenges faced by MXene and the development prospect of its
application in carbon fiber composites are put forward.
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Figure 1 The periodic table used to represent the MXenes. “
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M” represents the metal elements (green background); “X”

represents the nonmetal elements (gray background); “T,” means the terminal group elements (dark yellow background) (Reprinted

with permission from Ref.[4]; Copyright 2024 Elsevier B.V.)
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Figure 2 (a) Ti;AIC, particle before treatment, which
is typical of unreacted MAX phases; (b) Ti;AIC, after
HF treatment (Reprinted with permission from Ref.[19];
Copyright 2012 American Chemical Society)
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Figure 3 Schematic diagram of (a) HF etching MXene (Reprinted with permission from Ref.[19]; Copyright 2012 American
Chemical Society); (b) in-situ HF etching MXene (Reprinted with permission from Ref.[24]; Copyright 2024 Elsevier Ltd.);
(c) molten salt etching MXene (Reprinted with permission from Ref.[29]; Copyright 2022 Elsevier Ltd.); (d) electrochemical
etching MXene (Reprinted with permission from Ref.[31]; Copyright 2021 Elsevier Ltd.) and (e) CVD synthesis MXene (Reprinted

with permission from Ref.[33]; Copyright 2023 Science)
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Figure 5 (a) The temperature dependent electrical conductivity of various Mo-based MXenes (Reprinted with permission from
Ref.[47]; Copyright 2017 American Chemical Society); (b) The tensile strength of MXene (Reprinted with permission from Ref.
[48]; Copyright 2022 Elsevier Ltd.); (¢) Magnetization loops measured in the temperature range of 4K-300K for various Ti;C, T,

(Reprinted with permission from Ref.[57]; Copyright 2019 Elsevier B.V.); (d) Absorption spectra of MXene over small and large

optical energy ranges (Reprinted with permission from Ref.[60]; Copyright 2016 AIP Publishing)
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Figure 6 (a) Schematic illustration of decorating MXene on CFs through different bonds; SEM images of different CF
morphologies: (b) unsized CFs, (c) CF-v-MXene, (d) CF-i-MXene, and (e) CF-c-MXene; (f) ILSS and (g) impact strength of the
composites (Reprinted with permission from Ref.[65]; Copyright 2024 Elsevier Ltd.)
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Figure 7 (a) Schematic illustration of the preparation procedure of MXene@PANI nanocomposites and MXene@PANI-ACC
electrodes; (b) SEM micrographs of (b) activated carbon cloth (ACC), (¢c) MXene-ACC, (d) PANI-ACC, and (e) MXene@PANI-
ACC:; (f) Plots of the areal capacitance of different samples; (g) The cycling stability of 3MXene@ 7PANI-ACC electrode at a
current density of 20 mA/cm? for 5000 cycles (Reprinted with permission from Ref.[70]; Copyright 2022 Elsevier B.V.); (h) GCD
profiles of the device measured at various scan rates and current densities; (i) Specific capacitance versus current density curve of
the device; (j) Cyclic stability test curve (Reprinted with permission from Ref.[72]; Copyright 2022 Elsevier B.V.)
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Figure 8 (a) A schematic of the Ti;C,T, MXene/CFf/TPU composite preparation process; SEM images of (b-e) CF coated with
different Ti;C,T, MXene mass fractions; (f-g) Cross-sectional views of the Ti;C,T, MXene/CFf/TPU composite; (h) Tensile
strength of the Ti;C,T, MXene/CFf/TPU composites; EMI-SE of (i) SEr, (j) SE, and (k) SEr (Reprinted with permission from
Ref.[76]; Copyright 2022 Elsevier Ltd.)
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