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Microstructure and Wave Absorption Properties of SiC,+—Cy /Si3zN4 Composites
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(1. College of Metallurgy and Materials Engineering, Hunan University of Technology, Zhuzhou 412007, Hunan China;
2. State Key Laboratory of Powder Metallurgy Central South University, Changsha 410083, China)

Abstract: To improve the microwave absorption properties of high-temperature resistance of Si;N4 based composites, four kinds of
composites of SizNy, C;/SizNy, SiC,¢/SizN, and SiC,—C;/SizNy were prepared by a gel-casting and pressure less sintering process
using Si3N, ceramic as a substrate, and carbon fiber (Cy), SiC nanofibers (SiCyg) or SiC nanofibers coated carbon fiber (SiC,—Cy),
respectively, as an absorber. A comparative study on the microstructure, dielectric properties and microwave absorbing performance at
room temperature and 800 ‘C of as-prepared Si;N4 based composites was conducted. The results show that the high-temperature
chemical compatibility of C; and Si3N, is effectively improved by coating SiCy on C¢, and C; is well preserved in Si3N, matrix and
connected to each other into a conductive network, thus leading to the enhanced electron conduction and multiple relaxation phenomena
in SiC,—C;/SizN4 composite. The SiC,—C;/SisN, composite exhibits the maximum dielectric loss value and the optimal microwave
absorption performance both at room temperature and 800 C. At room temperature, the minimum reflection loss (RL) of SiC,—C¢/SizN,
composite is —15.2dB at a thickness of 2.57 mm, and the effective absorption bandwidth (RL<-10dB) is 1.9 GHz at a thickness of 2.30
mm. At 800 C, the minimum RL reaches —20.4 dB at a thickness of 2.0 mm, and the effective absorption bandwidth increases to 3 GHz at
a thickness of 2.25 mm. The main absorbing mechanism of SiC,—C;/Si;N, composite is multiple reflections and scattering, electrical
conduction loss, electron polarization and multiple relaxations. At 800 ‘C, the polarization and conduction of electrons are enhanced by
the accelerated thermal motion of electrons, leading to a further enhancement in the microwave absorption performance. SiC,—C;/SizNy
composite could be used as a high-performance microwave absorbing material for microwave absorption at a high temperature.
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Cr  SiCy SiCyuCy matrix)/% (grem™)
PS 100% 3.07 2.7
CS 8% 92% 3.01 4.8
SS 8% 92% 2.98 52
SCS 8% 92% 3.03 4.1

@ —Volume fraction.
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Fig. 2 SEM images of Si;N, matrix composites

2.2 JrEElEEE

B3 Jy SisN, 55 A A RE 2 IR 800 C il T
A B A B AFE A IE Y (tand=¢"/e") . HL R
REMF R RZML. HE 3R, IR, FE&PS
(I FELH RS2 ()N 5.09~5.21, A B o HUdE B (e)
tand AL SR EL T 0, NMA BB R

TE SisNg ZEARHF AN Ce )5, FEfh CS 1 &'s &”. tand
A SR PELA I BT, AR N 2m
N SiCpefis, FEME SS [ &'v &". tand A SRFME
FHELTFRER CS E—BH R, A SiCu-Cr 5

FEfh SCS [ e tand AHL S FEE— S K m T
FE & SS, 4 Hlik #] 1.25~2.52; 0.13~0.30 Al



+ 1920 - CRERR R 2540 J Chin Ceram Soc, 2021, 49(9): 19161927 2021 £

0.56~1.54, T &'FE = T4 dh CS HARTFE M SS.
IbAk, 1E e\ tand FHHL SR MR b H s R, IX
A5 R 1 s AR st 22 e /0T 7 800 °C il
T, 4 F SNy EEEEMET &'y e” tand FIHLF%
EE A 5 = IR A R AR, BT e
T ERAE T,

R4 Dybye #it, /L E S EZ 51K

18
—0— PS
—o0—CS
—A— SS
15k —— SCS

T IZ—M%M&&&MMMMAMMM

8 9 10 11 12
Frequency/GHz

(a) Real part of complex permittivity at room temperature

5
—0—PS
—0—CS
4k 4—SS
——SCS

Frequency/GHz

(c) Imaginary part of complex permittivity at room temperature

0.6
—0— PS
—o— CS
—4— SS
—— SCS
0.4
)
g
02F

Frequency/GHz

(e) Loss angel of at room temperature

A%, TR 3 2 SRR e S A B 1
SisNy FEATINAN Cp )5, BBREFYEREAY S 42 M
5, AEZERRY SiC ARSE N 157 B S, N A
FH S, IMTAERSFE S CS X5 i AR Al 1 5 A
SR, 25 e "M tand FIMENS K. 1E4H,
SRR e T LR B O H BR B 2 (K
2b), XEAAPEHIA B REIE AN RIFE I . BRI,

18
—— PS
—o— CS
-~ SS
15 —— SCS

w12

6 C 1 1 1 1
8 9 10 11 12
Frequency/GHz
(b) Real part of complex permittivity at 800 C

5
——PS
—o—CS

4+ 4—SS
—v—SCS

Frequency/GHz
(d) Imaginary part of complex permittivity at 800 C

0.6
—o0—CS
—A—SS
——SCS
04+

tand

Frequency/GHz
(f) Loss angel at 800 'C



249 H5 9 W %5 SiC,—CySisNy B & RO S5 12 5 W i P BE . 1921 -

3.0
—o— PS
—o0—CS
25F 4SS
—— SCS

8 9 10 11 12
Frequency/GHz

(g) Conductive loss at room temperature

BT Cr BB AN B FLER IS, I 2 330 b
CS 1 &'~ &"Fl tand MMEIINMMR B/ e SAA
TN SiCoeJ, Ff il SS H 22 JUBE f6 5N 45 45 K 1) T
AN I 58 7 TR A AN O, SR HsR T
5, MTER ¢'s "Ml tand (RMEHE— B8 K& T
FEd CS Be N SiCyo—Cy i, SiCor BRI T Cy
P2k, T Ceft) S LM BE B 5 AR T SiC ML
DIERE S SCS 1 &A1 tand FI{E 4k 22308 K T RE 5
SSo HFBA SiCop SR AHAR CeiEd2 (& 2d, FFARTESE
RO B2 R 458, X SEREN SCS
A SR E TR SS M. Ml T,
MR A i B S 1R e Rl R P

AR s G)
1+w7(T)

w o & &, ><U(T)

g'=g" c —
relax o
1+’ t(T)* &0

“)

o(T)=1,exp (%] (5)

Horpe e Al g5 MINERS A LU E (00— 0) F S AAH
S A HL L $(0—0), o( DRI B S E,
o NI (TR R EI IR 8] U gk
. HARGMRN@) %1, =il T, MEREN B
KoK 3 B AR R A SR 3 8. B
)P, il NIRRT 4R R, S BUEA HE
K STER AR ARG K. A, SR B 2 H
kZ5SwHEETEIME, FECREREmM, M
TAEAS 5 A H B SR tang 38 K. 800 “C Y, SisNy
G EMEIME AN HEEOE R, RN BRFE A
TEVIAREERBIFERE J7) 38 It A R T3 = A oRHE TR

3.0
—o0— PS
—o0—CS
25F —2—SS
——SCS

8 I9 110 lll 1I2
Frequency/GHz
(h) Conductive loss at 800 ‘C
B3 FEMENBEEHESE. EABREEUER. MM LY. Bt S mE R R L
Fig. 3 Real part of the complex dielectric constant, the imaginary part of the complex dielectric constant, the tangent of the dielectric
loss Angle, the conductance loss and the frequency relation curve of different samples

PERE
2.3 DRIKT4ERE

Bl 4 24 4 Tl SizNy = E A P EHE 2= iR A1 800 C
I 3D T HiFE. HIE 4o~ 4b FIAT, FEEIR
1800 'C, Fffh PS MTALEHAIEL, HEEEI 0~
5 mm B4, HRGHFEEERE 0. FEf CS 1
AT BFEEAE Z AT 800 ‘CHIAT-5 dB(K 4~
4d), VAR AMEEARZERIRBER. FE& SS
(1) S S AFEAE 7E = iR N KT =5 dBs 1E 800 CHiE
JERE T H R S I/ T-10dB FME, A R0K
WO % (RL<—10 dB, >90%W US04 /I HL I 5 451
/MEIIR T 15 dB(E de~I 4f), Tt BN MR AT
PR EHIFARIE BT . FEh SCS B/ s S e E
TEZE IR AN 800 C oM N nlik®| 7-15.2 dB(EEA
2.57 mm)F1-20.4 dB(JEFE A 2.0 mm), HA R
%N 1.9 GHZz(10.5~12.4 GHz, JEFE 4 2.3 mm) B & K
T SS(H 4g~& 4h); BE4h, 800 C &M NAE &
SCS 114 2% W YA iy B A b I B 10— 25 48 K 2
3GHz(9.7~11.7 GHz, J&LE2N 2.25 mm), U6 HR 14
Redermr. ARG IRERM, AHLLT CoMl SiCue Mt 7,
FIN SiCoe~Cr W38 71 BE NG S E3E T SisNyg P&
(R e 1 e, ELBEIR BT &, Rk e Re it — PR .

P 5 5 SCS FEAHTE 800 °C i VT AT J5 i i [l e
HERES RS A M. BE S oI, MEHE
2.00 mm I I5 B AE SO #6-20.4 dB. 7E 1.95~
2.00 mm G, BEEEERIGIMN, MBS
FEIRWTG R, kAN, AR R AR EE
WETRRA, AR R OB ST 55 B SR 3G



1922 CRERR R 2540 J Chin Ceram Soc, 2021, 49(9): 19161927 2021 £

Reflection loss/dB Reflection loss/dB Reflection loss/dB

Reflection loss/dB

_5 -
-10 %
-15 2
=
-20 £
3
=25 E
-30
_% 124
1.5 108
2055 100 ¥
0 - \
Ty 35 92 ©)
C/Q']es 4.0 45 \),69
S/Iblb 250 8.4 Q@o‘
(a) Sample of PS in room temperature (b) Sample of PS in 800 C

Reflection loss/dB

350 8.4 Q@Q
(c) Sample of CS in room temperature (d) Sample of CS in 800 'C
0
-5
o 2
—15 g
=
20 g
Q
-25 =
i)
30 =
_ 12.4
31501 5 10 81 1.6
20255, 100 &
Tblb‘('ae 35 40 92 \)eﬂ‘d
SS/I)II]] 45 5.0 8.4 Q‘eos
(e) Sample of SS in room temperature
0
-5
-10 %
~15 g
-20 g
25 S
3
-30 2
_ 12.4
31?0] 5 ) 81 1.6
205, 100 &
Tl?lc ko . 40 e}\cﬁ
S5 4.5 50 8.4 Q@O»
(g) Sample of CSS in room temperature (h) Sample of CSS in 800 C

B4 SONBHES TR R R R L

Fig. 4 Reflection loss in relation to thickness and frequency
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