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Preparation and microwave absorbing properties of 2.5D woven SiC;/SiC composites

ZHAO Majuan' , WANG Xiaomeng®, WANG Ling”, QIU Haipeng® , ZHANG Diantang
(1. Key Laboratory of Eco-Textiles, Ministry of Education, Jiangnan University, Wuxi 214122, China; 2. Aerospace
Composites Technology Center, Beijing 101300, China)

Abstract: 2.5D woven SiC;/SiC composites were designed and prepared to meet the requirements of high tem-
perature microwave absorbing structural composites, and the microwave absorbing properties were studied by
combining experiment and simulation. The reflection loss of the material was measured by means of the bow
method, and the geometrical parameters of the material were extracted by X-ray computed tomography (Micro-CT)
to establish a full-thickness mesoscopic model. The reflection loss of the material was simulated and calculated on
the CST electromagnetic simulation software, and compared with the experiment results. Based on the theory of
equivalent electromagnetic parameters and field distribution map, the microwave-absorbing mechanism is
analyzed, and the effects of geometric structure parameters, electromagnetic parameters, electromagnetic field
polarization direction and incidence angle on the microwave-absorbing property of materials are studied. The
experimental results show that the 2.5D woven SiC¢/SiC composites prepared in this paper have an effective
absorption bandwidth of 3 GHz in the frequency range of 1-18 GHz, and the maximum reflection loss reaches
-17 dB at the absorption peak of 9.3 GHz, which is basically consistent with the simulation results. The composite
absorbs electromagnetic microwave mainly through the way of electrical loss, and its good microwave absorption
performance is the result of the synergistic effect of structural design and material characteristics. The overall
material thickness and fiber dielectric constant are the key factors affecting the microwave absorption performance

of 2.5D woven SiC¢/SiC composites.
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PCS precursor

A

Precursor paste containing
SiC fiber ceramic fillers
Post-processing
Infiltration
v Adhesive )
] cleaning | 2.5D SiC fiber preform 4 Pyrolysis|  Rough blank 2.5D woven
SiC fiber preform V'Y with BN interface layer I - with holes " SiC/SiC composites
Physical vapor
deposition Repeated infiltration and pyrolysis to
BCl; and NH; mass increase <1.5wt%

PCS—Polycarbosilane
1 SedRiARi 24 (PIP) Bh 4 2.5D HLEL SIC/SIC ZARHR T LK

Fig.1 Process flow chart of 2.5D woven SiC;/SiC composites prepared by precursor infiltration and pyrolysis (PIP)

K2 (a)SiC A 4EBIHIA; (b) i BN FLEJZNY SiC LFAEBIIA; (c) 2.5D ML SiCy/SIC EAMEMILIER; (d) 2.5D HL4 SiCy/SIC E A PHRIEEN:
Fig.2 (a) SiC fiber preform; (b) SiC fiber preform with BN interface layer; (c) Rough blank of 2.5D woven SiCy/SiC composites;

(d) Sample of 2.5D woven SiC/SiC composites

£ 1 25D HlH SiCy/SiC EAMBMIESH

Table 1 Specification parameters of 2.5D woven SiC;/SiC composites

Prefabricated structure Dlmsensmn/ Warp dm}flty/ Weft denfty/ Yarn fineness/tex Number of Volu'me
mm (yarn-cm™) (yarn-cm™) layer fraction/vol%
2.5D woven angle interlock ~ 40x40x3 9 3.5 185 8 45
1.3 ETF Micro-CT Bl§ I EEAMER EH 2.5D L4 SiCy/SiC Z & MR, HFE AL A 20 mmx

1 JH 7% ] Diondo-d2 3 £ &5 CT 14 &2 4 4l 20mmx3mm, i3 E &ML ERmafEs
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Program-
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I &> computer
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Fig.3 System schematic diagram of measuring reflection loss of 2.5D

absorbing
material

woven SiC¢/SiC composites by bow method
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Fig.4 X-ray computed tomography (Micro-CT) scanning results of 2.5D
woven SiCy/SiC composites: (a) Scanning morphology of warp cross-
section; (b) Scanning morphology of weft cross-section; (c) Geometric
parameters of ellipse cross-section; (d) Geometric parameters of flat

hexagonal cross-section

1.4 CSTH#TEITE
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Wi AE SR W W E SRR R . #E CST
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Hopy S, MRS R Sy MBS AR
AR, KRR Z T T Z, B

&5 2.5D ML SiCy/SIC AP EMEAL: (a) LIMHIRIHZP LR ; (b) LUm7SHIE 228

Fig.5 2.5D woven SiCy/SiC composites model: (a) Cross-section of yarn is ellipse; (b) Cross-section of yarn is flat hexagonal
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Fig.6 Simulation flow chart of CST microwave studio
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Fig. 7 Comparison between simulation results and experimental results
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of reflection loss of 2.5D woven SiC;/SiC composites model
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Fig.8 Curves of equivalent electromagnetic parameters of 2.5D woven

SiC¢/SiC composites
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map; (c) Current density distribution map; (d) Power loss density distribution map
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Fig. 10 Schematic diagram of microwave absorbing mechanism of 2.5D woven SiC/SiC composites

ek Ae . mIETA, ARG DL A B R A
MR RIS, — &7 B SR I B4 Il 25, — 3
G35 3R W )2 HEN A MR B )
EWFEZ T, —J5im, T SIC £ 4k B A 1+ K
JRYE, A AR AR N 2 T A H A0URE T 4 I
Jy— i, R PIP i il % (1) 2.5D HL 4L SiCy/SiC
525 MR IR A AE R £ BE L2 A 19 L BR (Micro-
CT HH5 I 451% 2.5D HLE SiCy/SiC & A M BHEE N
FRFLBR RN 10.7%), 3% L LB KR LE K T HL R
TEM ORI B AR AR, I 0T F R I AE B R DY
RAEZUWEU, Xt T R T .
2.3 2.5D #l 41 SiCy/SiC & & #F 4 W i 14 B8 B9 &2
SES

P b AR BB AR 5 S 25 RN L A B Bl L
A 43 F A PR AL 4332 Al CST Studio Suite 2020 15
B, BEIURE: . SRS B

T % FL Y7 W Ak T 1) RN B AR AR X 2.5D ALY
SiCy/SiC & A b kLI 5 M BB 19 52 g B A, DA R
T v ik 445 A4 W U8 02 A ) BB B 5 5 4 4 i A
WK
2.3.1 LA AR X R 3 M i 114 5 i R A

K 11(a) A B TEE d5 1.5mm. 3mm Fl
6 mm I 2.5D HLZ SiCy/SiC &2 & b Kl i 2 5t it 48
Mgk, ATLAA Y, RS E RN, A 200k
D00 WX AR (B b 0 I T R (7R 2 P i L
o R S 0 RE I A RS e i R . YR
6 mm B, 2E AR R R AL AR BT — AN B
B I T 0 o X AT DLFH 174 KBS P Sk i B, TR
JEE T 14 0 B T FL R D A R R D S A R AR
i RN R 2l . B, MORE B 3B
W AL 0 7y o7 B RS 55, HLAE R UF Y Rl R
7 R SX R I3 R A

2 (a) —+—d=1.5 mm 2 (b) —~— Weft density=2 yarns/cm 2 (c) —»— Number of fiber layers=6
0 P oaggrrssss (N . —r— Weft density=3.5 yarns/cm 0 | soosonnny —+— Number of fiber layers=
-2t -2+ "W, —o— Weft density=5 yarns/cm o} . —o— Number of fiber layers=
z 5 5 - el P Y BN
2 6| 2 6t 7 4
2 S S -6
= -8 = -8 = -8
2 -10 2 -10 g 10
8 —12 t 8 —12 | 3 r
E -14 + E —14 | ‘E -12
-16 | -16 | ~14 }
-18 -18 =16
—20 -20 -18

0 2 4 6 8 101214161820
Frequency/GHz

0 2 4 6 8 101214161820
Frequency/GHz

02 4 6 810121416 18 20
Frequency/GHz

B 11 MR LTEEXT 2.5D HLER SiCySIC Z SRR PERER M . (a) JREE d; (b) &% (c) L2424
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