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Abstract: Microwave absorbing materials are widely used in stealth technology, electromagnetic compatibility,
security protection, microwave anechoic chamber, and have gained much attention. However, the traditional
microwave absorbing materials have a single function, which cannot meet the requirements of light weight, thin
coating, flexibility, environmental adaptability and so on. Flexible composite microwave absorbing materials
generally use a variety of wave absorbing mechanisms, such as conductive loss, dielectric loss and magnetic
loss. The wave absorbing efficiency is up to 99. 99% or more, and they have the characteristics of folding, ben-
ding, twisting and deformation, which provides an important idea for the application of wave absorbing materi-
als in the field of artificial intelligence, robots and wearable devices in the future. This paper focuses on some
important research progress of flexible composite microwave absorbing materials, such as carbon based, poly-
mer based, and metamaterial based, and summarizes and prospects the current challenges and future develop-
ment trends of flexible composite microwave absorbing materials.
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Table 1 Evaluation of performance indexes of microwave absorbing materials
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Figure 1  Application scenarios and requirements of

flexible wave absorbing materials
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Figure 2

(a) Schematic diagram of GAS microstructure reconstruction (Reprinted with permission from Ref. [19];

Copyright 2020 American Chemical Society); (b) Schematic diagram of synthesis process of A-CCAs (Reprinted

with permission from Ref. [20]; Copyright 2020 American Chemical Society); (c¢) Reflection mechanism of RGO/

LDC aeroneneneba gel (Reprinted with permission from Ref. [21]; Copyright 2018 American Chemical Society) ;

(d) Schematic diagram of microwave absorption mechanism of CNTs/CNFs@ C composite foam (Reprinted with

permission from Ref. [22]; Copyright 2019 American Chemical Society)
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Table 2 Specific parameters of different carbon/metal and its oxide composite flexible microwave absorbing materials
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Figure 3

(a) Schematic diagram of CC@NPC/CoS, formation process (Reprinted with permission from Ref. [26];

Copyright 2020 Elsevier); (b) Four mechanisms of NPCA with good wave absorbing performance (Reprinted with

permission from Ref. [29]; Copyright 2020 Elsevier); (¢) Schematic diagram of microwave absorption mechanism of

nickel/carbon foam sample in paraffin matrix (Reprinted with permission from Ref. [27]; Copyright 2016 American

Chemical Society); (d) Schematic diagram of microwave attenuation mechanism of FRGO/WPU/Fe, O, composites

(Reprinted with permission from Ref. [28]; Copyright 2019 Elsevier)
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Figure §

(a) Reflection loss value of PVDF/Ni composite absorbing material in X-band (Reprinted with permission

from Ref. [39]; Copyright 2015 AIP Publishing); (b) Electromagnetic interference SE in X-band of Cu NWs/PS

composites at different Cu NWs concentrations; (c¢) Contribution of reflection and absorption mechanism of Cu NWs/

PS to net EMI SE at different concentrations of Cu NWs (Reprinted with permission from Ref. [40]; Copyright 2011

Elsevier)
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Table 3  Specific parameters of different polymer/carbon composite flexible wave absorbing materials
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T AR/ SPRE B 9 K A 2.0 13 8.2~18 B (53]

PR B/ = e oK 2.0 33 8~12 e [54]

Pl A P11 B BRI 5 R 1 O R A1 6 (b)) i
TN o PR E A MR AT DUAE S R L R T
FHEW W M RE . A B/ R P B R R IR R
AR H & T AWK 6o i, hIh gtk A &
I / B T L W 2H B %) BT B UK A2 A 6 R Y s Ak
ANEWME 6(dD IR,

REW SRS G 32 MW bR 2 bk
TN T UK (BERS R I E A ETR A, ERT
Aok T R AR e B R A A
AL PE BE CAnAg [CBI 8 1 TPa) | = L3R
(6000 S/cm) A =5 1Y R 1 BL(2630 m®/g) . A
RS 0 B K BBl A e B AR R AW R BR8240, O
HEAIREWARIRTE . B4R 75 8% 1) 3k
T A RETE S A AR A B I 7 G H R L R
M A W R L . R UIRAKETER AW
FEJT TP 15 M A3, AN S BEAR R A B [
HYERE. A& MR W 9 oK B A BB BB &K
FIH .

2.3 EBA&Y/MXene £ & F 1 WK #

SFHEEGYEA A SR AR )
L6 N7 N N (0 7 L e ol - I e
fiE - MXene {1 A —F B B0 — 4 200 03 08 4 8 ik
YRR .26 T &80 S Mm% KERm
RO, R ILE R S5 MXene B4 11525 K
W2 % ) o

Liu 25 58 33 4% MXene 5 %t W (PD k&
a3 M HE ke A 22 T e L S RS BT MXene/
PT A5 1205 e EL A 0 7 Pl T D8 W Wi Pk g

BRI SR FE Jy — 45,4 dB, A B W WA 55N
5.1 GHz, Jf Hi& R IR 7 9 HLARPE BE (8] 72) I
LR (4.0 S/m) , FEFR I Sk iy R Bk L R
18 T 30 P 4 P B 9 1 S P A R L R
W R REAE AT AT & W] 2R T A AR BN .
5 H Al 4R R AL MXene 3 A 7E 5 {8 4 4
FHF MR AT 396 M AR5 35028 () (] B Bk 2%, L 3% 1 AR
P BB B T 58 06 I O BRI, 5 B0 it
AERRAR. LEAh . MXene 5 # 5 w48 fk . S 80H —
i 4 F AN ) fg M RE B9 2 K. 2021 4F, Peng 4N
F AN TR 43 F RS 00 g iy — e Fn % & — e 43 11k
N T HEAE A MXene )2 7] (B 7b) , #£ 4l MXene 1,
P T )2 ) [0 B2 R0 A7 05, 5 B0 7 W 2
FE WG 2 MXene 1, 85 F W R 2, O R o 8 4%
MXene J2 [B] 8] 5 42 {7 Br B B%, B E R T
MXene $t 8 A0 RTHE LR P L F— 2B 4R T T 1%
WU % . Shahzad 57 58 T 4 fl MXene #i
REWE A M OBHE G T P05 kN v
Ti,C, T, Ml Ti,C,T,-SA & & # % 7 & &l
T(OFR, JEEA R 45 pm 1 Ti,C, T, MR
e X P B (8. 2~12. 4 GHaz) i HLRE T 4 5 30K
(SE)h 92 dB, 3 A4 5 i W % P fig U5 T 0 &
f L 2R (4600 S/cem) Fi gl 7 3 5 b Ti, C, T, 1
R Z RN, MXene 5SREWE G KRHE
R0 2P LT 5 A O U 2 T B 3 AR AT AT TR R
(1 2% 1 Sf 48 755 FL T DR AR 3 . Zhu 500 SE S B W)
WAL J5 A BT — Bl W 3 S H R T P R i L
FLAT B AR UM 1) 22 D1 i MXene/ B T iR (PAA)



74 A T A bR S . 815 -
@

GEe8 (b)

A e 204

MM“

Mechanical
o oo o Hot-pressing PIF processmg
mixing ogeo 00
ey couste —)
110°C/300rpm
iy ® o e Zlo‘tjlﬂmm

3wt%

V-v—y.

~V-Y-y-y-y-y.

N & ~V—v—V- - - .y
“Brick and Mud” Nanocomposites Structul "~V V-V-V-V-V-V-V-V-V-y-y-v-v

EMI shielding effectiveness (dB)
S

”””””” 1wt%
_____ 5 AAAAAA A A A A b A s A A-A-AA-A-AA-AAAAd
Coated MWCNT 0.5 wt%
e @ —@ 0—0—0
0 wt%
Sc-CO, foaming 04 »
_—
Soaking:155°C, 20MPa == ! ' T T
ing: 8 9 10 11 12
Foaming:120°C,20MPa &4 rmation of lightweight

Sc-CO, release
restrictedby the structure

PLLA-MWCNT foams Frequency (GHz)

(C) Nifoam NilG

. on
- H,S0,/HNO, on
AT

CH,/H,/Ar
—) m> -
1000°C OH
70 °C
H
H
on
£ 5
PDMS Coatlng g g
g 23
«~ - ‘E‘
G/PDMS foam Nl/G/PDMS o g ~
S on
=
HCI
Nletchlng

6 () i PIF 4 B Sc-CO, % il iy 41 4 B A il 5 52 BT PLLA/MWCNT 44K 5 4 ¥ 0K ) J50 38 1917 (2016
Elsevier BUBCEF AT 5 (b) X 4B ik 44 K 5/ PS I & 42 & b4 RHE AN 7] Bk 403 K 5 ke B2 1 ol = 418 % 28RBS (2005
American Chemical Society JRALF AT ; (o) F 245 /PDMS Y ik & & A 85l 45 T2 78 2 B (2013 John Wiley and
Sons MULTF AT 5 (&) Ty AEALAT 84 S HAE PVDF A o i 5 AR R 1E1°1 (2011 John Wiley and Sons WEUF AT

Figure 6 (a) Schematic diagram of preparing light PLLA/MWCNT nanocomposite foam using the combined technology of
PIF treatment and Sc-CO, foaming (Reprinted with permission from Ref. [47]; Copyright 2016 Elsevier) ; (b) Electro-
magnetic interference shielding effectiveness of carbon nanotube/PS foam composites at different concentrations of
carbon nanotube in X-band (Reprinted with permission from Ref. [48]; Copyright 2005 American Chemical Society) ;
(¢) Schematic diagram of preparation process of graphene/PDMS foam composite (Reprinted with permission from
Ref. [49]; Copyright 2013 John Wiley and Sons) ;
in PVDF matrix (Reprinted with permission from Ref. [50]; Copyright 2011 John Wiley and Sons)

(d) Schematic diagram of functional graphene and its strengthening
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Figure 7

(a) Excellent flexibility of Mxene/PI aeroneneneba gel—bendable and torsional deformation (Reprinted
with permission from Ref. [55]; Copyright 2018 John Wiley and Sons); (b) MXene intercalated with diamine (Re-
printed with permission from Ref. [56]; Copyright 2021 John Wiley and Sons); (¢) Schematic diagram of Ti,C, T,
and Ti,C,T,-SA composite films (Reprinted with permission from Ref. [57]; Copyright 2016 John Wiley and
Sons); (d) Schematic diagram of MXene composite hydrogel formation and structure (Reprinted with permission

from Ref. [58]; Copyright 2021 American Chemical Society)
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Figure 8 (a) Perfect absorber covered with flexible polymer substrate(Reprinted with permission from Ref. [59]; Copy-

right 2011 John Wiley and Sons); (b) Flexibility of sample(Reprinted with permission from Ref. [60]; Copyright 2015

Springer Nature); (¢) Absorber flexibility in the GHz range (Reprinted with permission from Ref. [61]; Copyright 2014

AIP Publishing); (d) The surface of the sample covered on the flask has good coverage (Reprinted with permission from

Ref. [62]; Copyright 2016 Springer Nature)
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Table 4 Performance comparison of different flexible composite wave absorbing materials
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Figure 9 Performance indexes of these three flexible composite microwave absorbing materials
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