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Abstract

With the rapid advancement of fifth-generation (5G) and sixth-generation (6G) mobile communica-
tion technologies, electromagnetic radiation pollution has become increasingly severe, driving an
urgent demand for lightweight, broadband, and high-efficiency microwave absorbing materials.
MXene, as an emerging class of two-dimensional transition metal carbides/nitrides, has attracted
considerable attention in the field of electromagnetic wave absorption due to its unique layered
structure and exceptional electrical conductivity. However, the excessively high conductivity of
pristine MXene leads to poor impedance matching, and its single loss mechanism restricts the over-
all absorption performance. This review systematically summarizes the recent progress in MXene-
based microwave absorbing materials, elaborating on the enhancement mechanisms of microwave
absorption performance through multicomponent heterostructure design and synergistic multiple
loss effects from three perspectives: magnetic oxide compounding, magnetic metal compounding,
and three-dimensional porous structure construction. It is demonstrated that the microwave ab-
sorption performance can be significantly improved by introducing magnetic components to opti-
mize impedance matching, constructing heterointerfaces to intensify polarization loss, and design-
ing three-dimensional networks to promote multiple scattering, achieving a minimum reflection
loss of —-61.3 dB and an effective absorption bandwidth of 7.04 GHz. Finally, the challenges and fu-
ture directions in this field, including environmental stability, multifunctional integration, and scal-
able fabrication, are prospected.
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Figure 1. Mechanisms of electromagnetic wave absorption [2]
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Table 1. Corresponding relationship between the reflection loss (RL) value and absorption rate
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Figure 2. Periodic table showing the distribution of elements in MXenes [7]
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Figure 3. Schematic diagram for the synthesis of various
MXenes from the corresponding MAX phases [9]
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diagram, SEM image, and three-dimensional reflection loss plot of Fes04@Ti3CaTx [17]; (d)~(f) Schematic illustration of the
synthesis process, SEM image, and three-dimensional reflection loss plot of TiO2/Ti3C2T+/Fe3Oa4 [18]; (g)~(i) Schematic dia-
gram, SEM image, and three-dimensional reflection loss plot of CoFe204-Ti3C2 MXene in the 2~18 GHz range [19]

& 4. (a) TisCoT2@CoFe204 45 K (13 i FE /R = E[16]; (b) (¢) FesOs@TisCaTx (7n B B 3l v B e = 48 [ S 4
EI[17]; (d)~(f) TiO2/TisCaT/Fe3Oa M4 I 2R 53 4541 o B I I = 4 S S B FE IR 1815 (2)~(i) CoFe204-TisC2 MXene
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Figure 5. (a) Schematic illustration of MXene/CoC; (b) Hysteresis loops of CoC, MXene-CoC, and MXene-CoP measured at
room temperature; (c) Corresponding 2D RL values at different thicknesses in the 2~18 GHz range [20]; (d) Schematic illus-
tration of the synthesis of 3D PMMA@MXene@Ni; (e) 3D RL plot of MXene@Ni microspheres; (f) The corresponding
distribution of magnetic flux lines, indicating substantial magnetic coupling between anisotropic Ni nanotips[21]; (g)~(i) Sche-
matic illustration, SEM image, and 3D RL values of porous MXene/Ni composites [22]
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Figure 6. (a)~(c) Schematic illustration of the synthesis of RGO/MXene/Ni-MF, and 3D and 2D reflection loss plots [23];
(d)~(f) Schematic illustration of the preparation process of TisC2Tx@PDA@PIF, SEM images, and 3D reflection loss [24];
(g)~(1) Schematic illustration of the preparation process, SEM images, and 3D reflection loss plot of MX/CF/epoxy foam [25]
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B, BAT=ZEM 2 22K MXene R S AT RIS BUR I D05 1) A BE S IR HE /I (R Linin PT7A—61.3 dB,
EAB #1 % % 7.04 GHz), [RIIN i 2 /240 BEAHT RARS BN TRER T 5 3R o ASCE B S AR e
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