=5 ilH 3 1k

Acta Materiae Compositae Sinica

MXene S HE A W B AT HH il 5 5 MR STHE R

XE G RS FAL &TY REX

Research progress in preparation and performance of MXene and its composite absorbing materials
WU Meng, RAO Lei, ZHANG Jianfeng, LI Yuexia, JI Ziying, YING Guobing

FELRR1EE View online: https://doi.org/10.13801/j.cnki.thelxh.20211018.001

PR BRI A SR

Articles you may be interested in

BRAAR LR B AR ST
Research progress of ferrite and its composite absorbing materials

A MR 2020, 37(11): 2684-2699  https://doi.org/10.13801/j.cnki.fhelxh.20200727.002
W R A LI

Research progress in metamaterial absorber

HAEMBIAR. 2021, 38(1): 25-35  https://doi.org/10.13801/j.cnki.fhelxb.20200921.004
MXene K BEIE S G M EHIFT i

Research progress of MXene—based hydrogel composites
EAMRIEAAR. 2021, 38(7): 2010-2024  https://doi.org/10.13801/j.cnki.fhelxb.20210302.004

TR LR S 5 W DA R T 1T
Research progress of new carbon based magnetic composite electromagnetic waveabsorbing materials

AR 2020, 37(12): 3004-3016  hitps://doi.org/10.13801/j.cnki.fhelxb.20200825.002
A SRR ER AL B ARG i 25 I PR

Preparation and wave absorption properties of graphene/iron phthalocyanine composites

B AR, 2019, 36(1): 39-50  https://doi.org/10.13801/j.cnki.fhelxh.20180524.002

TiZEMX ene S HAZ A HBHE G2 5 1 HL b PP A9 E
Research progress of Ti—based MXene and its composites in metal—ion batteries

HARRIEER. 2020, 37(12): 2984-3003  hitps:/doi.org/10.13801/j.cnki.fhelxb.20200717.001

FRERMFEARS, FRELZHINGEE



5 A HRER

Acta Materiae Compositae Sinica

i 39% 3 3H
Vol. 39 No. 3 Mar

DOI:

10. 13801/ j. cnki. fhelxb. 20211018. 001

MXene X EE §WiE# R & 5 14EqE
MRt R

F¥ REHE%K FRNE RSB, LB E

(iR 1% SER2ABE, FIAT 211100)

 OE . 5 R A R R R 5 ATk T H 25 ™ 5 A B R TS e al R, e e ek i W Ok s AS AN T
DIV BRI T5 g, W G A HERHE S L, MXene & —FhE I —4ibb R, MR T 4ig5 . EEH
AP ERIEE AR . LU RS L 1R T E R IR R A A A R A — A AR A R P R RO W A R . AR
HE T MXene K& AW ARG 4 755, 8T TR B PERE % DI 5C 1 MXene O HLRETERE, SRIGTEIR
BAAEHLHI X MXene S HE A MR IEEREIEAT BEE 50T e AR 458 . Ry 7 T % MXene M H:
24 TR AR & R T 1 AT T R ER

KR . MXene; Wlk; EGMEL; BIFE; B
FE 2SS TB34 XEkARER: A NEHS:  1000-3851(2022)03-0942-14

Research progress in preparation and performance of MXene and

its composite absorbing materials

WU Meng, RAO Lei, ZHANG Jianfeng, LI Yuexia, JI Ziying , YING Guobing’
(College of Mechanics and Materials, Hohai University, Nanjing 211100, China)

Abstract: The problem of electromagnetic pollution is becoming more and more serious with the rapid develop-
ment of the information age. The development of advanced microwave absorbing materials can not only reduce
electromagnetic pollution, but also have important implications for military security. MXene is a new type of two-
dimensional material. The unique two-dimensional structure, abundant and controllable surface functional
groups, high specific surface area, high conductivity and low density make it an ideal high-performance microwave
absorbing material. This paper first discussed the preparation methods of MXene and its composite absorbing com-
posites, then introduced the electromagnetic performance of MXene, which is closely related to the absorbing per-
formance. In addition, MXene and its composite microwave absorbing materials are summarized and analyzed ac-
cording to the loss mechanism. Finally, the development direction of MXene and its composite absorbing materials
is prospected from the aspects of type, structure and application.

Keywords: MXene; wave absorption; composites; electrical loss; magnetic loss
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Inside is a summary of the number of MXene papers in the field of wave
absorption (left) and electromagnetic shielding (right)
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Fig.1 Number of MXene papers published on
Web of Science (2011-2020)
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RGO—Reduced graphene oxide; SiCnw—SiC nanowire;
PPy—Polypyrrole; FCI—Flaky carbonyl iron
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Fig.2 Classification of MXene microwave absorbing composites: Pure
MXene, MXene/electric loss materials, MXene/magnetic loss materials,

MXene/multicomponent loss materials
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Fig.3 Electronic structure (a)*” and SEM images (b) of MAX phase and

the corresponding MXene!*”
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Fig.6 Schematic illustrations of the preparation process of
Ni/MXene/RGO aerogel (a)’® and Ti,C,T,@RGO aerogel (b)*" by freeze
drying method
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Fig.7 Schematic illustrations of the preparation process of Ti;C,T,/PPy by in-situ polymerization (a)"*”, Ti;C,T,/CNT by CVD (b)"*? and

TiyC,T,/TMO" by alternating filtration or spray coating methods (c)
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Table 1 Microwave absorption properties of MXene and its composite materials

Microwave absorbing performance

Type Materials Methods Ref.
RL,,in/dB Band width/GHz  Thickness/mm
TizC,T, Etching MAX phase -17 5.6 (12.4-18) 1.4 [80]
TizC, T, Etching MAX phase -34.4 4.7 (12.4-17.1) 1.7 [81]
MXene TizC,T, Etching MAX phase —-45.2 3.66 1.68 [83]
C/TiO, Annealing process -50.3 4.7 2.1 [85]
Ti3C,T,/TiO, Annealing process -40.07 3.6 1.5 [86]
Ti;C,T,/CNTs Ultrasonic spray -45 49 1.9 [90]
TizC,/CNTs Chemical vapor deposition -52.9 4.46 1.55 [62]
TisC,T,@GO lfizcetzrgf;:;i‘;:pmmng 491 2.9 (12.9-15.8) 1.2 [91]
Ti;C,T,@RGO Hydrothermalmethod + 3, 5.4(11.4-16.8) 2.05 57]
. Freeze drying
MXene/el(lactrlc . . Electrostatic self-assembly+
loss materials Ti3C,T,/SiCnw . -55.7 4.2 (8.2-12.4) 3.5-3.8 [92]
Freeze drying
Electrostatic self-assembly+
TizC,T,/SiCnw Solution casting+ -75.8 5.0 1.5 [50]
Hot-pressing
Ti;C,T,@PPy In-situ polymerization -49.5 6.63(8.55-15.18) 2.7 [93]
TizC,T,/PANI In-situ polymerization -56.3 5.95 2.4 [59]
Ti3C,/Ni Electroless plating -24.3 2.6 (8.66-11.26) 2.2 [94]
Ti;C,T,@Ni Co-solvothermal -52.6 6.1 3.0 [34]
Ti3C,T,/Ni chain Hydrothermal method -49.9 2.1 1.75 [96]
MXene/magnetic FeCo-TisC, Hydrothermal method -17.86 8.8 (9.2-18.0) 1.6 [95]
loss materials Fe;0,@Ti;C,T, Solvothermal method -57.2 1.4 4.2 [98]
NiFe,0,-TizC,T, Chemical coprecipitation -24.7 7.68 (10.32-18.0) 1.5 [100]
CoFe,0,-TizC, In-situ solvothermal -30.9 8.5(8.3-16.8) 1.5 [102]
TizC,/FCI Ultrasonic mixing -15.52 8.16 (9.84-18) 1.0 [103]
TisCy/Fes0,/PANI Coprecipitation +In-situ _, 5 5.2(12.8-18) 1.9 [104]
polymerization
MxXene/ RGO/Nb,CT,/Fe,0, g‘;‘iﬁ’;&iﬁiﬁiﬁ‘g&y -59.17 6.8(9.76-16.56) 2.5 [105]
multicomponent  pyg, i, /Ba,Co,Fe, 0y  Tape casting -46.3 1.6 (4.9-6.5) 2.8 [106]
loss materials . K X
Ni/TiO,/C Microwave heating -39.91 3.04 (14.24-17.28) 1.5 [107]
Fe&Ti0,@C Microwave heating + -51.8 6.5 (11.5-18) 1.6 [108]

Heat treatment

Notes: RL,,,;,—Minimum reflection loss; GO—Graphene oxide; CNTs— Carbon nanotubes; PVB—Polyvinyl butyral.
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