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LG 2 BRI P PR R I 2 R . B 7E 203 MXene 1
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Tab.1 Raw material ratios for Ni@MXene

MXene/g NiCl,: 6H,O/g EG/mL

C¢HsNa;O,- 2H,0/g

CH;COONa/g N.H,- H.O/mL

0.15/0.3/0.6 1.2 60

0.3 3.0 6.0
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Ni@MXene T F At FF 8 FE 8 75 2 h, & 5 1 LR



Tab.2 Components of composites

Sample Filler m(Filler)/g Matrix m(Matrix)/g
S1 MXene 0.4 paraffin 0.6
S2 Ni@MXene 1:2 0.4 paraffin 0.6
S3 Ni@MXene 1:1 0.4 paraffin 0.6
S4 Ni@MXene 2:1 0.4 paraffin 0.6
Cl MXene 0.5 WPU 2.0
C2 Ni@MXene 1:2 0.5 WPU 2.0
C3 Ni@MXene 1:1 0.5 WPU 2.0
C4 Ni@MXene 2:1 0.5 WPU 2.0
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Fig.1 SEM images of (a) Ti;:AlC, and (b) Ti,C,;Tx



Fig.2 SEM images of (a) Ni@MXene 1:2, (b) Ni@MXene 1:1, (¢) Ni@MXene 2:1, (d) enlarged image of (a),
(e) enlarged image of (b) and (f) enlarged image of (c)
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Fig.4 XPS survey spectra of (a) MXene, (b) Ni@MXene and (c¢) Ni 2p
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Fig.5 Frequency dependence of (a) real and (b) imaginary parts of relative complex permittivity, (c) real and (d) imaginary parts of
relative complex permeability for the S1, S2, S3 and S4 samples over 2~18 GHz
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Fig.7 (a) Characteristic impedance and (b)attenuation constant of the S1, S2, S3 and S4 samples
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A SO C6) T HM

RL = 20lg (725)
)
r 2mfd
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R4 Fig.5 & ik 22 50, H Matlab i1 5 & FE N 1~
5 mm 2 [f] [ 4 FhFE 5 7E 2~18 GHz N W % P
2 A0 Tab.3 T s« L MXene 4 W 38 751 19 ST FE & s
B /N 5 AR RE 58 B A RO PR R s B ST E
S2~S4 K ity I B /N ST FE 5 A RO B 3 AR T
S1, Hr, S3 4 % & % (1A BUW WA 9, 4 2.6 GHz,
B/ AR AR N -32.0 dB; S4 18 5 /N s i R FE SR A
9-51.89 dB, {HH 2 W Wiy 96 8%, 9 0.8 GHz; S2
(1 g5 /N I S 45 6 5 A7 A0 WA T B 43 il 9 -45.7 dB A
1.5 GHz.

N Tk 2 SR AT B UE IR R e bR R R BA
MXene 1 3 it Ni@MXene & 3 kL . WPU i 2 {4, 1@
ok e v & T & 4 BN 20% (1) MXene/WPU F
Ni@MXene/WPU & & # Kl JE 4 58 1 2 & M RHE 2~
18 GHz i [l 9 [ W 38 PERE . 52 & M R0 FBL T 2 5K
W Fig.8 BTz, AH R W i P RE G Tab.3 Fiow , 45 &
B, FHX T2 A MELCLIM S, C2 F1 C3 1 & /N I 5
TFE KA T BN I A, A 280 WA Ay B8 AR T KR
FEH T, CA M BN RAT AR — EEE MK, §
RO W s BB IRAG T — R MR % R E N 1.3
mm [ C2 & & Mkl & /N5 1 FE 5-46.6 dB (16.6
GHz), 5 %W e 45 %8 N 3.3 GHz (14.7~18.0 GHz), #
e T JE B2 3.2 mm 1) CL, B &Mk C2 78 T8 3 (1 )£ FE
FIVER R 55 /I8 B S 153 FE 1) [0 6, A6 0 3K 43 3 6 1 5 &K
WAL B8 s b, A RO TR A MR CLY 5
T 3.6%5,

Tab.3 Microwave absorption performance of S1 to S4 and C1 to C4 samples

Sample Thickness/mm RL EAB
S1 4.4 -11.9 dB(2.8 GHz) 0.4 GHz(2.7~3.1 GHz)
S2 1.8 -45.7 dB(10.1 GHz) 1.5 GHz(9.3~10.8 GHz)
S3 1.7 -32.0 dB(11.9 GHz) 2.6 GHz(11.7~14.3 GHz)
S4 23 -51.9 dB(12.2 GHz) 0.8 GHz(11.6~12.4 GHz)
C1 32 -48.9 dB(5.3 GHz) 0.9 GHz(4.9~5.8 GHz)
Cc2 1.3 -46.6 dB(16.6 GHz) 3.3 GHz(14.7~18.0 GHz)
C3 1.6 -47.4 dB(14.8 GHz) 1.8 GHz(13.7~15.5 GHz)
C4 1.5 -38.9 dB(17.2 GHz) 1.4 GHz(16.6~18.0 GHz)




—~
o
SN
EN
(=}
{, 1
o]

(O8]
(=}

20

10

Real part of permittivity

~
(e
~
—_
Wi
(=}
1

125 " i

Real part of permittivity

0.50

Frequency/GHz

N
S
1

(b)

—_
W

—_
(=]

W
T

Imaginary part of permittivity

@

Imaginary part of permittivity

6 10 14 18
Frequency/GHz

Fig.8 Frequency dependence of (a) real and (b) imaginary parts of relative complex permittivity, (c) real and (d) imaginary parts
of relative complex permeability for C1, C2, C3 and C4 within 2~18 GHz
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Nickelization of Titanium Carbide and Its Impact on the Microwave
Absorption Properties of Composite Materials

Guangsheng Shi, Jiang Li
(State Key Laboratory of Polymer Materials Engineering, Polymer Research Institute of Sichuan University, Chengdu
610065, China)

ABSTRACT: Two-dimensional metal carbide (MXene), represented by titanium bicarbonide (Ti;C,Tx), has great
application potentials in the field of electromagnetic wave absorbing materials due to its excellent dielectric
properties. However, its high conductivity and single dielectric loss mechanism limit the further improvement of
its microwave absorption performance. Waterborne polyurethane (WPU) has been widely used in various fields
due to its advantages of environmental protection and excellent mechanical properties. Therefore, the magnetic
nickel particle modified MXene absorber (Ni@MXene) was prepared by solvothermal method in this paper. The
purpose is to improve the matching characteristics of MXene and introduce magnetic loss mechanism, thereby
improving the wave-absorbing performance of MXene. Three kinds of Ni@MXene with different nickel contents
were prepared by adjusting the mass ratio of nickel ion to MXene. The results show that the introduction of nickel
can effectively improve the matching characteristics of MXene and significantly enhance the wave- absorbing
properties of MXene. The Ni@MXene/paraffin composite has the minimum reflection loss (RL) of -32.07 dB(at
the frequency of 11.90 GHz) and the effective absorption bandwidth (EAB) can reach 2.63 GHz (ranging from
11.70 GHz to 14.33 GHz) with a filler mass fraction of 40% and thickness of only 1.7 mm. Finally, the composite
with the mass fraction of 20% was prepared by using MXene and Ni@MXene as filler and WPU as matrix, which
further verifies the improvement of absorption performance of MXene by the nickelization modification.

Keywords: MXene; waterborne polyurethane; nickel; solvent- thermal reaction; characteristics impedance;

electromagnetic wave absorption



