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Fig.1 Schematic of the preparation of sandwich-structured TPU/FeCo@CNT/MXene composite foams
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Fig.2 SEM images of surface layers in TPU/FeCo@CNT/MXene
composites
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Fig.3 SEM images of TPU/FeCo@CNT/MXene composite foams with different thicknesses
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Tab. 1 Sample identification of TPU/FeCo@CNT/MXene composites

Sample Density of sample/ Porosity of Volume fraction Volume fraction of

code (g cm®) sample/% of Ti,C.T/% FeCo@CNT/%

T1.4 1.30 4.1 3.7

T1.6 1.07 17.7 33 3.0

T1.8 0.86 334 2.6 2.5

T2.0 0.76 41.3 2.4 2.2

T2.2 0.69 46.5 2.2 2.0
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Fig.4 Electrical conductivity in-plane and the electric resistance
through- plane of TPU/FeCo@CNT/MXene composite
foams with different thicknesses
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Fig.5 (a) SET and (b) SEA of TPU/FeCo@CNT/MXene composite materials with different thicknesses
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Fig.6 (a) AVE EMI SE and (b) absorptivity and reflectivity of TPU/FeCo@CNT/MXene composite materials with dif-

ferent thicknesses

X AN A )& FE ) TPU/FeCo@CNT/MXene H 4 il
WAL RLEAT T OF ) EMI SE {8 A {8 F0 R A8 135,
H 85 R0 Fig.6 w25 KW, 765 B KM FEAK 1)
[F) B, 52 A5 YL R A R 1 1 359 F R B i 2 35 K T
7 F b A, R TG B ik B K (B ¥ K T30 dB. B & A
it 5L R 3600, SF ¥ EMI SE A8 55 19 K5 e, Y8
15 30~60 dB. A {H A FH 7 (18 5, b 5 FE 0 )R B
1 38 0, A B 58 38 K 5 0 AR KT 0.6, Tk B A R
& CAWROSCA) 32 B BR WL o X A2 T = IR 45 A
% [¥] Fabry—Pérot ¥ 9% Ji , FE % 72 B A 5 MR RE 1)
ETFIREE Z RS TR, KA T 2R AR
AT K8 43 v BB Rk P 5 A MR A, 2
B 25, DR R R 1 5 AL o AR O A2
Fig.6 7] %1, R 48 & i 5% 1+ B A [A] , TPU/FeCo@CNT/
MXene 5 4 L7 IF HLE B M BR HH O 22 e, (RAE AE
A R AT, 46 R FE N 1.8 mm i, “F ¥ EMI SE
B K EJEBE N 1.6 mm I, A 8 % K, #2392 0.8,
s, 38 I Y R U 2K A T ) % R AN (R R SR Y HL B
J5 WV R A RE S S B R 14 B A ) 1R R i e
AR T R .

114
80 F — ;
% o/ O\O i N
< 60 F 12 ¢
& / o
L i >
£ 2
EA0T «/// 110 2,
20r —o—Maximum SE,
r —v—Frequency ]
0 1

Ti4 Tl6 TI8 T20 T22
Sample

Fig.7 Maximum EMI SE and frequency with the maximum EMI
SE under different thicknesses
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Fig.8 Schematic diagram of the electromagnetic shielding
mechanism of TPU/FeCo@CNT/MXene composites with
sandwich structure after foaming

2.5 FHERFRHLIE

SR T A b AR RE R YR G R R B M RE 1 52
HUER, A< 3P il 4% 1) = B3R 45 79 1¥) TPU/FeCo@CNT/
MXene & & ¥ & £ KL 1 5 # AL EE W0 Fig.8 i =
HH VA 45 W 3R 2 B RE R R S Bk T, N B kR
() H R AR B R 2 2 8], G 2 kR R AR
CERVATE S R R N TR S U ol N 0B
53 FE AN A HLARURE , K 40 R U A R IR MR, T DA
ARE R CAWR S 3 B BR ML A o R R S R
-G v s el TP =N S N I S
5 FLBR BB K, B A AR LR ) H R O 1 AT )
=A%) .

3 it
AW T — P 2 457 1) TPU/FeCo@CNT/



6

MXene 1 3£ #4 KL . ] FeCo 1&1i MWCNT, 4hjin — 4
FoR MXene et i 7E N RE, HRIERHAE S
KA TPU, ] % v 8] 2 &8, BB AR
R R A B s sl TN O R I D
A3 B A A F L 1) TPU/FeCo@CNT/MXene il
WM R, SRR, MK R T Z 400
RS I R BE AR D, R I B A B e
WU 2 % . 1T Fabry-Pérot SL 4R 2N, — 5& K H ]
25 B R TR e A R R I R, R
A HRE T Mk AR W A . Bl R R R R AR
JE W R U AR R AR AR A, {8 EMI SE (1 06 E 7]
B R . 48 ERTIR, AR Il % TR
A RTIE Ve ARG Ak H R R R RE 77 I A AR ik
TPU & 5 B SR A RE, Dy il £ B 5 w] i 1 o 14 5
AR AL TR

S 3

[1] Wang G, Zhao J, Ge C, et al. Nanocellular poly(ether- block -
amide)/MWCNT nanocomposite films fabricated by stretching-
assisted microcellular foaming for high- performance EMI
shielding applications[J]. Journal of Materials Chemistry C,
2021, 9: 1245-1258.

[2] Cheng Y, Zhu W, Lu X, et al. Recent progress of electrospun
nanofibrous materials for electromagnetic interference shielding
[J]. Composites Communications, 2021, 27: 100823.

[3] Ma L, Hamidinejad M, Liang C, ef al. Enhanced electromagnetic
wave absorption performance of polymer/SiC- nanowire/MXene
(Ti;C.T,) composites[J]. Carbon, 2021, 179: 408-416.

[4] Abbasi H, Antunes M, Velasco J, et al. Recent advances in
carbon- based polymer nanocomposites for electromagnetic
interference shielding[J]. Progress in Materials Science, 2019,
103: 319-373.

[5] Jiang D, Murugadoss V, Wang Y, et al. Electromagnetic interference
shielding polymers and nanocomposites- a review[J]. Polymer
Reviews,2019,59:280-337.

[6] Wang C, Murugadoss V, Kong J, et al. Overview of carbon
nanostructures and nanocomposites for electromagnetic wave
shielding[J]. Carbon, 2018, 140: 696-733.

[77 Xu X, Li Z, Shi L, et al. Ultralight conductive carbon nanotube
polymer composite[J]. Small 2007, 3: 408-411.

[8] Zeng Z, Wang C, Siqueira G, et al. Nanocellulose - MXene

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

biomimetic aerogels with orientation - tunable electromagnetic
interference shielding performance[J]. Advanced Science, 2020,
7: 2000979.
Rohini R, Bose S. Electromagnetic interference shielding materials
derived from gelation of multiwall carbon nanotubes in
polystyrene/poly (methyl methacrylate) blends [J]. ACS Applied
Materials & Interfaces. 2014, 6: 11302-11310.

Han N, Wang Z, Shen X, et al. Graphene size- dependent
multifunctional properties of unidirectional graphene aerogel/
epoxy nanocomposites[J]. ACS Applied Materials & Interfaces,
2018, 10: 6580-6592.

Ameli A, Nofar M, Wang S, et al. Lightweight polypropylene/
stainless- steel fiber composite foams with low percolation for
shielding[J]. ACS
Applied Materials & Interfaces, 2014, 6: 11091-11100.

efficient electromagnetic  interference
Jiang Q, Liao X, Yang J, et al. A two-step process for the
preparation of thermoplastic polyurethane/graphene aerogel
composite foams with multi-stage networks for electromagnetic
shielding[J]. Composites Communications, 2020, 21: 100416.
Yang J, Liao X, Wang G, et al. Fabrication of lightweight and
flexible silicon rubber foams with ultra-efficient electromagnetic
interference shielding and adjustable low reflectivity[J]. Journal
of Materials Chemistry C, 2020, 8: 147-157.

Yang J, Liao X, Li J, et al. Light-weight and flexible silicone
rubber/MWCNTs/Fe;0,

electromagnetic

nanocomposite foams for efficient

interference  shielding and microwave
absorption[J]. Composites Science and Technology, 2019, 181:
107670.

Ling J, Zhai W, Feng W, et al. Facile preparation of lightweight
microcellular polyetherimide/graphene composite foams for
electromagnetic interference shielding[J]. ACS Applied Materials
& Interfaces, 2013, 5: 2677-2684.

Yan D, Ren P, Pang H, et al. Efficient electromagnetic interference
shielding of lightweight graphene/polystyrene composite [J].
Journal of Materials Chemistry C, 2012, 22: 18772-18774.

Wang Z, Wei R, Liu X. Fluffy and ordered graphene multilayer
films with improved electromagnetic interference shielding over
X-Band[J]. ACS Applied Materials & Interfaces, 2017, 9: 22408-
22419.

Tang X, Li J, Wang Y, et al. Controlling distribution of multi-
walled carbon nanotube on surface area of poly(e-
caprolactone) to form sandwiched structure for high-efficiency
electromagnetic interference shielding[J]. Composites Part B:

Engineering,2020, 196: 108121.



Preparation and Electromagnetic Interference Shielding Properties of
Frequency-Selective TPU/FeCo@CNT/MXene Composite Foam

Pengwei Song, Xiaohan Wang, Xia Liao
(College of Polymer Science and Engineering, State Key Laboratory of Polymer Materials Engineering, Sichuan
University, Chengdu 610065, China)

ABSTRACT: The research and development of electromagnetic shielding materials have been attached great
importance because of the serious electromagnetic radiation environments. The preparation of electromagnetic
shielding materials with low density and high absorbing performance has become a hot topic in current research. In
this paper, TPU/FeCo@CNT/MXene sandwich composite foams were successfully prepared by carbon dioxide (CO,)
foaming method using thermoplastic polyurethane (TPU) as matrix material by the combination of FeCo- alloy-
modified carbon nanotube (FeCo@CNT) and MXene fillers. The electromagnetic shielding performance was analyzed
by vector network analyzer. Results show that sandwich composite foams possess frequency selective electromagnetic
shielding feature, and the frequency at shielding peak moves from 9.2 GHz to 13.0 GHz as the foaming conditions
vary. The efficient angel lightweight electromagnetic interference shielding material was realized in foam with a
density of 0.76 g/cm’ and an average electromagnetic interference shielding effectiveness of 53.7 dB.

Keywords: electromagnetic interference shielding; frequency selectivity; sandwich structure; thermoplastic

polyurethane



