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Preparation and Electromagnetic Shielding Performance of Layered Ti;C,T,/
Waterborne Polyurethane Composite Double—layer Films

QIN Wenfeng FU Jiawei LI Yayun WANG Xinyuan XIAO Peng
(Aviation Engineering Institute, Civil Aviation Flight University of China, Guanghan 618307)

Abstract  The Ti,C,T, MXene/WPU composite double-layer films was prepared by the alternate suction
filtration, and the microscopic morphology was characterized by scanning electron microscope (SEM) and
transmission electron microscope (TEM) , and the crystal structure was tested by X-ray diffractometer (XRD). And
electromagnetic shielding performance was tested by vector network. The results show that a few layers of Ti,C,T, can
be prepared by ultrasonic centrifugation, the composite double-layer films have high flexibility, excellent conductivity
and electromagnetic shielding performance, the surface resistance of the composite double-layer film is 3. 57 ). The
electromagnetic shielding results show that the shielding performance of the composite film of MWPU,,, is 37.9 dB.
In X-band and K-band, MWPU,,, composite film has better performance, and the composite films is absorbent
electromagnetic shielding material.
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Fig. 1  The preparation process of MWPU composite
double-layer films
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Fig. 2 TEM image of Ti,C,T, nanosheets , SEM image of MWPU
composite double—layer films
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(%]

35r  wsE,
30- va

L LLLLAIQ

L
%=m:‘=

Ti,C,T,:-WPU

6 MWPU A 2 U MHET 44 el
Fig. 6 Average of EMI SE of MWPU composite double—layer films

50

—=—MWPU

—e—MWPU,,

[ ——MWPU;,, Aihhang,
' A,

f‘ VOV

M

30F
€00e0000000°¢.

W‘o'-f".. ceniessteocees

201 W
|nenaunna®

10

40

SE, /dB

0

10 12 14 16 18
f/ GHz
F7 MWPU &5 WUz 5 i e i 141
Fig. 7 The EMI SE, of MWPU composite double-layer films

2 4 6 8



50
—=—MWPU .,
—e—-MWPU,,,
40 [—4—MWPU,,
AAA‘A““
gUJ 30 f“““k ““‘M‘
~ hAAALAALLAAA s A
=<3 . M
v 200 MO.’“"! "' -
W%.‘
10}
0

2 4 6 8 10 12 14 16 18
f/GHz

K8 MWPU K & XUZ M FE SE, [£]
Fig. 8 The EMI SE, of MWPU composite double-layer films

——MWPU,,
| —— MWPU,,
——MWPU,,,

5 ot
o
195} 4_
2_
X KB
0 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18

f/GHz
B9 AREMFE T MWPU & A XUZ MR SE,/SE,
Fig. 9 Ratio of SE,/SE; of MWPU composite double—layer films

Bifi 25 PR FR L A2 W48 K, MW PU 52 45 XU JHE P
Y e mcERE AN 19. 01 T2 34. 28 dB., 15— 7,
MWPU 5 45 U2 HEJE A1) R R o i AT W WA RE S At B
PRBR LG By 3G i 3 K, ik B o] LLE B0 E A AR
Tl 5 AR S EBURE SE, f5m T LAk 31 37. 9 F1133. 8 dB,
5 FRm s B AR AL LA e 42— 3. L, MWPU Z &
X2 TR P-4 L O i A0 LA P e N F (B, 2~18
GHaz %315 [l N S [RIRE i (R WO FE SE 5 RS FE
SE HAHMZR U E 9 im o G55 s, Toi X Brid &
K BE, MWPU, | 42 4 TR A0 {0 KT A Re i, 78
2J15 GHz 4t MWPU, , & AR K294 9. 2, KW
T B RE R REZ N , MWPU,, 52 & TR M S5 A
SE GE KT AT BFE SE, , [RI B3 B AE X B A K i B
W ISR FE SE, 78 FUREBE M 7 3 S > i XL
AT AT MWPU A2 45 U2 5 %) P 08 o e ML -
B, S T9LC,T 9K il i B s e MR E— e,
YK 2 B4 B T 1) L %, i AR L 32 v
B, S H T A P AR 2 2N, KR A T RAE
TEREAR T 52 A WA AL R, RIS 25 Bt —38 0 AR
FEL A o LV, TR 4 114 H R Ao )22 A1) T, T v
IF5 Ti,C,T 40K 7 19 155 FEL -2 AR ELAE ™ A KRB
Feo TSR TLCT 2 BA B R T AE A e
_ s

77, e R AR IR SGRI A R LRG> B
Ti,C,T 9K i R E RERT, i:—OH . =0 ,—F , i
TR I A ORI A r R e >
3 Hig

(1) 38 8 % )2 B 2s fhug ) 45 1 MWPU &2 & W2
TR, I 255 R4 BE W1 Va0 Ti,CL T, 5 45 /300 22 fik i AR
IS ARARE 3 T 7K 1 3R S R 19 i A RE 4 v 9
(NIVER e

(2)BEE WL EL 3G I, MWPU &4 002 I 1
% 17 FE PHLA2R T AR 22 3. 57 Qi i 3 e L 152 25
K% 0.08 Q.

(3)7E 2~18 GHz M [l P , i 1 o i M g Pl
FEUEG () 348 T3 0, 1 MW PU,,, &2 & T 5 5 e P g
$137.9 dB. it MWPU & £ XUZ B S #E SE
55 RHRRE SE, 1 LA AR BI7E X P B S KB, /A
TS () W OB R SE , 7E FELRE R R 7 32 M

2% 3k

[1] MA Z L, KANG S L, MA ] Z, et al. Ultraflexible and
mechanically strong double-layered aramid nanofiber-Ti,C,T,
MXene/silver nanowire nanocomposite papers for high—performance
electromagnetic interference shielding[ J]. ACS Nano, 2020, 14(7)
8368-8382.

(2] B, b LR FRALEg, 25 . S pias of 4 2 Hoovfie
AR IR ], 2 ARRER,2021,38(1): 1-10.

GAO X D, YANG W M, CHENG L S, et al. Recent
research progressing conductive glass fiber and polymer—based
functional composites [J].
2021,38(1):1-10.

(3] 24, T4, PSTERNT S SRR M fE R h
HEDF M ERE MR [T ], BEESAN/ S5 K, 2015(3) : 40-44.

LIJJ, WANG J. Study on the addition of PS microspheres

Acta Materiae Compositae Sinica,

to the dielectric and EMI properties of the electrical composites
[J]. Composites Science and Engineering, 2015(3) : 40-44.

[4] TURCZYN R, KRUKIEWICZ K, KATUNIN A, et al.
Fabrication and application of electrically conducting composites
for electromagnetic interference shielding of remotely piloted
aircraft systems[]]. Composite Structures, 2020,232: 111498.

[5] XU M, WANG Y Y, LI X L, et al. Analysis of the
influence of the structural parameters of aircraft braided—shield
cable on shielding effectiveness [J]. IEEE Transactions on
Electromagnetic Compatibility, 2020, 62(4): 1028-1036.

[6] YINX M, LIHJ, HAN LY, et al. Lightweight and
flexible 3D graphene microtubes membrane for high—efficiency
electromagnetic—interference shielding[J]. Chemical Engineering
Journal, 2020,387: 124025.

[7JHUZK, JIXX, LIBY,etal. A self—assembled graphene/

polyurethane sponge for excellent electromagnetic interference

FHIMEIT.Z  http://www.yhelgy.com 20214 %534



shielding performance[J]. RSC Advances,2019,9(44) :25829-
25835.

[8] WANG Q W, ZHANG H B, LIU J, et al
Multifunctional and water-resistant MXene—decorated polyester
textiles with outstanding electromagnetic interference shielding
and joule heating performances [J]. Advanced Functional
Materials, 2019, 29(7): 1806819.

(9] 2=, B IR . =JuRRBRA A S (MAXAR) B HAT
A T HEGIK B R (MXene) BFFE a3 5 R [J . TEHLARL%
#2,2020,35(1):1-7.

LI M, HUANG Q, Recent progress and prospects of ternary
layered carbides/nitrides (MAX phases) and their derived two—
dimensional nanolaminates (MXenes) [J]. Journal of Inorganic
Materials,2020,35(1):1-7.

[10] ALHABEB M, MALESKI K, ANASORI B, et al.
Guidelines for synthesis and processing of two—dimensional
titanium carbide (Ti,C,T, MXene) [J]. Chemistry of Materials,
2017, 29(18): 7633-7644.

CUn ) XUokedt, ¥, JA AR . 4 MXenes 252 5 418
F18 ) 2 S A P A 2 U g IO RIS E e [0 ). AL TR LA
2020,48(10) : 1-5.

LIU B J, LIU Y, ZHOU G W. Research progress on
preparation of MXenes composites and their applications in
electrochemistry [J]. New Chemical Materials, 2020, 48 (10) :
1-5.

[12] REN Y Y, ZHU J F, WANG L, et al. Synthesis of
polyaniline nanoparticles deposited on two—dimensional titanium
carbide for high—performance supercapacitors [J]. Materials
Letters, 2018,214(MAR. 1) : 84-87.

[13] LI M H, FANG L, ZHOU H, et al. Three—
dimensional porous MXene/NiCo-LDH composite for high
performance non—enzymatic glucose sensor[J]. Applied Surface
Ence, 2019, 495: 143554.

[14] LI N, CHEN X, ONG W J, et al. Understanding of
electrochemical mechanisms for CO, capture and conversion into
hydrocarbon fuels in transition—metal carbides (MXenes) [Jl.
ACS Nano, 2017, 11(11): 10825-10833.

[15] SRIET, KT8, M AL, &5 2k e b g
WU T R[], 9581741, 2020, 41(3): 182-187.

ZHANG H'Y, ZHANG X S, XIAO H, et al. Research progress

FHIMEIT.Z  hitp://www.yhelgy.com 20214 4534l

of two—dimensional carbide in field of flexible electromagnetic
absorbing[”. Journal of Textile Research, 2020, 41(3): 182-187.

[16] B, 5k B JF I, & KA B2 LB MXene 11
1 i S HC A A 0 HL R e M RE (] i A oA B R A
2019, 40(10) : 2059-2066.

LYU T, ZHANG E S, YUAN Y, et al. Preparation of
large—size single layer MXene with low defect and
electromagnetic shielding performance of MXene film [J].
Chemical Journal of Chinese Universities ,2019, 40(10): 2059-
2066.

[17] ZHEN W, CHENG Z, FANG C Q, et al. Recent
advances in MXenes composites for electromagnetic interference
shielding and microwave absorption [J]. Composites Part A:
Applied Science and Manufacturing, 2020, 136:105956.

[18] CAO M S, CAI Y Z, HE P, et al. 2D MXenes:
Electromagnetic ~ property for microwave absorption and
electromagnetic interference shielding[J]. Chemical Engineering
Journal, 2019,359:1265-1302.

[19] ALHABEB M, MALESKI K, ANASORI B, et al.
Guidelines for synthesis and processing of two—dimensional
titanium carbide (Ti,C,T, MXene) [J]. Chemistry of Materials,
2017,29(18):7633-7644.

[20] HAN J C, WANG X N, QIU Y F, et al. Infrared—
transparent films based on conductive graphene network fabrics
for electromagnetic shielding [J]. Carbon, 2015, 87 (1) :
206-214.

[21] YOUSEFI N, SUN X Y, LIN X Y, et al. Highly
aligned  graphene/polymer nanocomposites with  excellent
dielectric properties for high performance electromagnetic
interference shielding[ﬂ. Advanced Materials, 2015,26(31) :
5480-5487.

[22] HE P, CAO M' S, SHU J C, et al. Atomic layer
tailoring titanium carbide MXene to tune transport and
polarization for utilization of electromagnetic energy beyond solar
and chemical energy [J]. ACS Applied Materials & Interfaces,
2019,11(13): 12535-12543.

[23] CAOM S, WANG X X, CAOW Q, et al. Thermally
driven  transport and relaxation switching self-powered

electromagnetic energy conversion [J]. Small, 2018, 14 (29) .
1800987.



