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Fig. 2 Microstructure of SiOC ceramics: (a) SiO: particle skeleton; (b—) SiC nanowires [27]
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Fig. 3 Explanation of electromagnetic wave absorption mechanism in high-temperature oxidation environments
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Table 1 Microwave absorption properties of particle reinforced Si-O—C ceramic composite absorbing materials

Microwave absorbing properties

Composites Frequency range Reference
RL,/dB EAB/GHz Thickness/mm
SiC 2.0-18.0 -36.0 2.0 35 [21]
SiO, 2.0-18.0 -28.1 6.4 2.3 [27]
TiB, 8.2-12.4 —-55.1 42 3.6 [29]
ZrB; 26.5-40.0 13.5 2.9 [30]
ZrB; 8.2-12.4 -51.9 42 2.9 [31]
ZrB; 26.5-40.0 -29.3 13.5 3.0 [32]
TiC 26.5-40.0 -14.3 13.5 <1.0 [33]
SiC 8.2-12.4 —61.0 35 2.8 [34]
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Fig. 5 SEM of two different porous Si—-O—C ceramics: (a)—(b) longitudinal direction and cross-section views of oriented honeycomb
Si~O—C ceramics®"; (c)—(d) HPSC at different magnifications 381
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Table 2 Microwave absorption properties of heterogeneous element modified Si—-O—C ceramic absorbing materials

Microwave absorbing properties

Type Frequency range Reference
RL,,;/dB EAB/GHz Thickness/mm
Si-B-0-C 5.4-18.0 11.4 10.0 [40]
Si-Zr-O0-C 2.0-18.0 —40.4 6.9 4.0 [43]
Si-Ti-B-O0-C 2.0-18.0 —61.6 1.2 7.6 [44]
Si-Fe-B-O0-C 2.0-18.0 —47.90 4.4 1.6 [45]
Si-Ni-O-C 2.0-18.0 —55.6 39 1.3 [46]
Si-Fe-O-C 2.0-18.0 —47.6 3.7 45 [47]
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Table 3 Microwave absorption properties of fiber reinforced Si—-O—C ceramic composite absorbing materials

Microwave absorbing properties

Type Frequency range

Reference

RL.,;/dB Band width/GHz Thickness/mm
C¢Si-O-C 2.0-18.0 -62.9 14.7 2.7 [51]
12.0-18.0 —46.0 43 1.6 [53]
2.0-18.0 243 49 1.2 [55]
2.0-18.0 —-65.5 49 29 [63]
2.0-18.0 —48.2 3.1 3.6 [64]
2.0-18.0 -57.0 3.7 1.3 [65]
SiCy/Si-0-C 8.2-124 -32.8 42 4.0 [56]
12.4-18.0 —24.5 4.8 1.9 [57]
8.2-124 -26.0 32 3.0 [58]
8.2-124 -62.8 39 3.1 [59]
8.2-12.4 -27.1 4.1 2.9 [60]
8.2-12.4 -56.9 42 3.0 [66]
Oxide fiber/Si-O-C 4.0-40.0 -30.0 8.6 9.0 [62]
8.2-12.4 -35.1 3.8 29 [67]
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Research Progress on Preparation of Si—-O—C Ceramic Composite Microwave-Absorbing
Materials via Precursor Conversion Method

DING Donghai, LIU Qian, XIAO Guoging, ZHANG Yanjie
(College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi’an 710055, China)

Extended Abstract

In recent years, with the rapid development of electronic devices, electromagnetic pollution has become increasingly severe,
threatening the normal operation of electronic equipment and posing significant risks to information security. In the field of military
radar stealth, the development of high-temperature absorbing materials with "thin, light, wide, and strong" characteristics along with
high mechanical strength, heat resistance, corrosion resistance, and oxidation resistance becomes a critical scientific challenge
urgently requiring resolution to reduce radar detection capabilities against military equipment and enhance adaptability in complex
environments.

However, magnetic materials lose their magnetism in high-temperature environments, thereby reducing their ability to dissipate
electromagnetic waves. Conductive loss-type materials, primarily composed of carbon, are prone to oxidation when exposed to air for
extended periods, which diminishes their conductivity and consequently weakens their wave-absorbing performance. Si—O—C
ceramics are a type of high-temperature ceramic with an open polymeric network structure composed of free carbon phases and
amorphous Si—O—C glass phases. These ceramics exhibit some advantages such as high-temperature resistance, oxidation resistance,
and excellent mechanical strength, making them a potential candidate for high-temperature wave-absorbing materials. Among the
various methods for preparing Si—O—C ceramics, the precursor conversion method is widely used due to its simple process, broad
range of matrix composition adjustments, and high conversion efficiency.

This review represents the preparation of particle-reinforced Si—O—C ceramic composite microwave absorbing materials,
porous Si-O-C ceramic absorbing materials, and hetero-element modified Si—O—C ceramic absorbing materials via the precursor
conversion method. It introduces the fabrication of fiber-reinforced Si—O—C ceramic composite absorbing materials, including C¢/
Si—O—C ceramics, SiC#/Si—O—C ceramics, and oxide fiber/ Si—O—C ceramics, achieving a structural-functional integration.
Compared to single-phase Si—O—C ceramic materials, Si—O—C ceramic composites exhibit superior dielectric properties and
balance multiple loss mechanisms and impedance matching, thereby enhancing microwave absorption performance. In addition, the
future development directions of Si—O—C ceramic composite absorbing materials are also discussed.

Summary and prospects This review summarizes recent research on the preparation of Si—O—C ceramic composite absorbing
materials by a precursor conversion method from multiple aspects. Particle reinforced Si—O—C ceramics suppress the volume
shrinkage of sintered products and improve the yield of ceramics. Porous Si—O—C ceramics cause multiple reflections of
electromagnetic waves entering the interior of the material, prolonging the propagation path and helping to improve impedance
matching. Introducing heterogeneous element M into Si—O—C ceramics can alter the phase separation and crystallization behavior,
and improve the thermal stability of Si—O—C ceramics. Fiber reinforced Si—O—C ceramics achieve a structural and functional
integration. However, the manufacturing accuracy of complex structures is limited, and traditional mechanical processing is difficult
to achieve high-precision forming of complex lattice structures. Porous Si—O—C ceramic composite absorbing materials face a
challenge of balancing structure and performance, and the porosity is difficult to accurately control, with pore size, shape, and
distribution being disordered. The interface bonding and phase separation problems of heterogeneous element modified Si—O—C
ceramics are prominent, and interface defects are easily formed between heterogeneous phases due to significant differences in
chemical properties. Fiber reinforced Si—O—C ceramic composite absorbing materials have both structural load-bearing and
absorbing functions, but there is a limited research on the effect of external loads on their absorbing performance at high
temperatures.

Keywords  silicon—oxygen—carbon ceramics; precursor conversion method; dielectric properties; microwave absorption
performance; microwave-absorbing material



