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(a)—TiC JFk (BE i SO) FIEE i ST XRD K% 5 (b)—HE dh S2 19 XRD &3 .
(a)—X-ray diffraction (XRD) patterns of the TiC raw powder (referred to as sample SO) and sample S1; (b)—

X-ray diffraction (XRD) pattern of sample S2.
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Figure 1
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XRD patterns of raw powder and different heat treatment temperatures
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(a) —HE A SO Y SEM E& 5 (b)—HEfh ST SEM & 5 (o) —HE i S2 9 SEM B R 5 (d—g)—HE il S2 19
DX 3ol T 4 4 R (h)—FE i S2 RIS H A e R &tk .
(a)—SEM image of sample SO; (b)—SEM image of sample S1; (¢)—SEM image of sample S2; (d—g)—
EDS surface analysis of sample S2; (h)—element content table of EDS surface analysis of sample S2.
2 TICHMAREREHALEERETH SEM
Figure 2 SEM images of raw powder and different heat treatment temperatures
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Figure 3 Histogram of particle size distribution of
sample SO, sample S1 and sample S2
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Figure 4 TG-DSC curve of sample SO
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Figure 5 Electromagnetic parameters of TiC/PE composite materials

—FBOR U, A REAY A H A5 RE 32 2 el A AR AR D
e B FE BB 43 2H . LA Cole-Cole Debye # ity
AR, Y &' e” 22 fH) 2 B [ 56 &R (Cole-Cole 2 B )
W AR EFE s B A A o MR (1) AT D5
FE & ) Cole-Cole Bl (¢'-" #1 k) , Horp &' A 41 BB A

A A9 A B B B e R A A SR IS A R G A R R
: +2 = ; =y (1)
X RE S S00, S01,S02, S03., S1 Al S2 78 Jil %
50—75 GHz Z [8] By 4 s R FE AL B 4T T 0 5%, &5
WME 6. MR 6T W, 245K i 1Y Cole-Cole il £

!

(e

HL RS L D B A E R RO R e R R AR AR

(a) (bh)
1.007 1.457
1.401
0.957 )
%  1.354
0.90- 30
6 7.3 92 94 96 98 10.0
. &
(d) 4.0 (e) 6.6
6.4
3.8
6.2
:'“’3_(,_ ° % 6.0
° 5.8 TN
3.44 5 6 ] A R
° 2503 ' ° o5l 952
111 114 117 12.0 123 1.6 14 s 6 17 10.6 107 10.8 1009 110 111
&' &' &

(a)—#E i S00; (b)—H#E i SO1; (¢)—Hf b S02; (d)—HE A S03; (e)—HE i ST; (H—FE b S2.
(a)—sample S00; (b)—sample SO1;(¢c)—sample S02; (d)—sample S03; (e)—sample S1; (f)—sample S2,
6 TIC/PEE&##1#) Cole-Cole i £k
Figure 6 Cole-Cole curve of TiC/PE composite material
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Study on the Microwave Dielectric Properties of TiC/PE Wax Composite
Materials in the 60 GHz Band

ZHANG Kuicai,ZENG Fansheng, YU Zhenhua, CHEN Jia, XIAO Quanneng,ZENG Guoxun, YIN Tao
(School of Materials and Energy , Guangdong University of Technology, Guangzhou 510006, China)

Abstract: With the rapid advancement of millimeter-wave technology, the 60 GHz band has demonstrated considerable
potential for applications in communications, radar, remote sensing, and various other domains. However, the short
wavelength inherent in the 60 GHz band leads to significant propagation distribution effects, rendering signals highly
susceptible to interference. To mitigate this challenge, the development of effective millimeter-wave absorbing materials is
crucial. Given TiC’ s superior dielectric properties, high dielectric loss, and robust electromagnetic wave absorption
capabilities, research has focused on the microwave absorption performance of TiC powders and their composites within the 60
GHz band. The study investigated the influence of TiC powder filling ratio (mass fraction) and heat treatment temperature on
the complex permittivity and microwave absorption performance of TiC/PE composites. Characterization of the samples was
conducted using X-ray diffraction (XRD) , scanning electron microscopy (SEM) , differential scanning calorimetry (DSC) ,
and a laser particle size analyzer (LPS). Experimental results indicate that an increase in TiC powder mass fraction results in
an elevation of the composites’ complex permittivity, with microwave absorption performance adjustable via heat treatment
temperature. Specifically, at a TiC mass fraction of 75% , the real part (¢) of the complex permittivity ranged from 11.19 to
12. 60, the imaginary part (¢") from 3.33 to 3.91, achieving a minimum reflection loss (RL,;,) of —24.20 dB at a thickness
of 0.30 mm, and a maximum effective absorption bandwidth (EAB) of 15.50 GHz at 0.35 mm thickness. When the heat
treatment temperature was set to 200 ‘C, ¢ ranged from 14.45 to 16.54, ¢’ from 5.56 to 6.44, with RLmin reaching
—19.18 dB at 0. 30 mm thickness and an EAB of 16.83 GHz. Conversely, at 325 ‘C, TiC powder underwent oxidation and
cracking, resulting in ¢’ values between 10.67 and 11.05, € between 0.86 and 1.19, RL,, of —48.28 dB at 2.15 mm
thickness, and an EAB of 5.50 GHz at 1.10 mm thickness. By manipulating the TiC powder mass fraction and heat
treatment temperature, the complex permittivity can be controlled, enabling the maintenance of a large EAB for TiC powder
composites across a broad frequency range. TiC powder composites exhibit outstanding microwave absorption performance in
the 60 GHz band, offering valuable insights for the design of microwave absorbing materials in the millimeter-wave spectrum.

Keywords: TiC;powder;heat treatment; composites; 60 GHz band; dielectric properties; microwave absorption properties; wave

absorbing materials
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