% 54 % 9 W (E A A 1

= Vol. 54, No.9
2026 £ 9 H

JOURNAL OF THE CHINESE CERAMIC SOCIETY September, 2026

http://jcesoc.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250803

Tk & B XF SIBCN SR 91i 2 P 8 S A 45 R AN VL i P R P 52 M

K 7. BFE /AW, K7 FAPHE, XL TRE FEK
ERUURHHER S, ST AP R A T A%, PRI REPPRL IS S5 MU %, 0L 430081)

# E: SiBCN RAWHTAME A RS AL A R A SRR, TR T R B -k B A 45, 2
W% LT 77 PR it v e E BRI TR ) o SR, G fe A L AROU £ ) LA S B A AR I Tk BB A 2 S B bk . DRI, B R R
GYRTIRARE SiJEFEE, & ARIES M SiBON %, K5 Si liF&&EXT SiBCN M &AL R ROW TSR K Bk
W RERIAEE LR . 45 REY], HIEABE ST A BA T SisNa. SiC AT SRR . Si e RAMUEIRE T A6 S ih &5 5
R EAL, $RmEABIFRE, A SRR T BN RS . S Si S EIEI, SiNaAHAMREEZ, B T REE
PUULFECRE . HE1k 5 SIBCN P B 00t A S5 W s 1t e s 24 )R BE0N 2.28 mm B, 7 13.49 GHz AbiE Bl /N ST 451 #6-54.38 dB;
YIERER 224 mm B, HBRBCH FEIE 6.61 GHz. 455REMH, B RERTIKAH Si & & ALk SIBCN B 8 1 il — ke

SRS RHGTIILEC,  ZAEHE R R U S PR 3R A 1 s B B AR 4 A S 46 S At

KHEIR): REMBRERRE; RAVIRTIRM AR R ERE
NEMRE: 0454-5648(2026)09-3137-13

HESHES: TQ1747  XEKFEM: A
P4 iR ATIE] : 2026-08-18

b SG @S B BRI PUs R e, miik
AE LR DR R SRR R IT 98 A AR R 2 s 1) i 2
J5 AN U30, 3 S el ae i 9/ R 18 46 R R LR 1
RS HUR R RE S T, BERARGEESITH
F T8 AT AT ST,

PTG 302 WS VAT A A 43 S A v 45 28 R 45 Y
PR, oA, A R B AR N FL BB 1L R A
REIATRL, HAZ O e T BA B s I A FE A 1B D)
B, XJET HFHFE . BT R ARE . AL
PAESEZ LA, 5 LA F AR AR A R 4
BRELAR . & @A) TR B AN, X AR
Vet 75 LM 5B A7 B AT VT BC AR A F AsTRE AL 1) A
B, DAURH & v . s, TS AL H R
W AR 3-141, o, SRA AT A M B (PDCs) /2 Hi
R WA IRAR AT I T AN P B Ak 45 ) — 2K
BRI, SR LR & B 2R AH LL, A IR A4 V2
ATTE A VIR B i it fh 2 & BT N 8 T 2R (W
B. Ti. Zr. Al %), MFIAERTIKARM BCE T o R4

W H i 2025-11-02, EITHEA: 2025-11-22,

FEWH Wb ERIH GhREMEREM AL, 2023BAA003): EZKER
FH¥ R 4252304410 1 51972242); WL HFERRAA 537
Tl

e Tk FQ000 ), T, WiLwIRA.

WEEE . Bore09se ), B, L, #iR,
BER(1978 ), B, HE, #E.

e e,

i, R fE SR A SR S T RE, SRR 2 A
BB RN Je B & . R PDCs 3 FH T8 24 45 # il
i, FFH BRI RGBSl s E A 4
FITERR, FREAT AR . P& AR A rL AR A 9 IE D
B, W OR RGNS S AR w0 AR E SR
FEAH, 388 3 th P A5 FE ML) 00 D A A AL 1) S R P
£ ] RS R A 18201, PDCs AT 428 ()4 L 1t BE AN
% JRFE S5 50 R 4 JHG by AR () H R I R i
*1*4[21—22] R

Yuan Z2BIBEEFLPSZ)NER, L AH
AR S 15 3] HEC/HFB,/SiC (R A HiE k) Al
HIN/SisN4/SiBCN(Z A H A E) B A P& kL. Li
RO SIBCN FZLIARIZ 4L SisNg P&, &
1700 CHALFG, WY o-SisNg KNITEL SiC
FRL, SN T FRTHAN A AR FEAR, JE A 2.31 mm
i, BN HRFE(RLmin) N—15.78 dB. Chen Z5I6]
JE IR TR R R R SIBCN BB
A BCFN R R IS e, A RO 5%,

Received date: 2025-11-02. Revised date: 2025-11-22.

First author: ZHANG Yu (2000-), male, Master candidate.

E-mail: YuZhang@wust.edu.cn

Correspondent authors: CHEN Ping'an (1986-), male, Ph.D, Professor.
LI Xiangcheng (1978-), male, Ph.D, Professor.

E-mail: pinganchen@wust.edu.cn; lixiangcheng@wust.edu.cn



+ 3138 - CRERR Th 223400

J Chin Ceram Soc, 2026, 54(9): 3137-3149

2026 4

SiBCN P&E{EEEAN 3.5 mm, /N SHRFERE 8
GHz 1% F-55.67 dB . Zhang Z 2516 75 K B, 7£ SiIBCN
PR, SiABTEN ok & I Hio/B-SiC. SiCN
FIBN(C), Hr BN(C)RURL ¥ S b4 A0 FE 4K R~
(1) ou/B-SiC/SICN Bk ] [, T AR FEAR 54

LiRwF R, A% PDCs YA 4L
PR RS RI R . R, AR
TAEF /- FIH PDCs Al#/r HiPERE S 2 R 451
Wit 1ERBIHEEE b (PBSZ) & M B i A8 fek Y 7%
e, BRAFEEES =M PBSZ. B S &N
SiBCN P & & fof 45 A AT LR M RE RO B2, R0 i
SiBCN P % I HURE B IS BIL ) o &5 SRR B . 1E
1600 C#AbH 5, & Si FEEiN, SiBCN Mg
HRE BRI (L3 SIBCN P& i AR Sl ik ) 45 a2 1L
ep G o 5 PR SR P 2 L v M ) A SRR
SiBCN P/ SisNg A= s I, #2517 M % pIpH
PUUCHCTERE . PR N 0 K 4 K B A TR 57 o ST
(WAAATE, B o0 T B 8 1 F RE R R IS e - SIBCN
P EEAE R E N 2.28 mm B, RLmin 7E 13.49 GHz &b
N-54.38 dB; TEJEFE N 2.24 mm I, A R0WICHT
% (EAB)A 6.61 GHz.

1.1 ER

1ECBE(CeHis, AR, =99%). PUS kIR (THE,
=99.9%). —H 3 & HELE(DMDCS, 98.5%). —
SALBH(BCl;, 1 mol/L in Hexane). A4 — H JEA ik
244 )(Borane dimethyl sulfide complex, 2 mol/L in
THF). ANHEZHALLHMDZ, 4Hr4l).
1.2 PBSZ B&mITHE

VKR AR, # 20 g IECKEIIAN NI,
SRJEHIRER 1 A R EE R B AR R 1) s SR AR N
T AR SR BT H I ek 2%
EWRNHEE R . E Ar RS R IERE 24 ho
b5 FHR A 100 CIHARE 3h, BRZ%IE ki K& HAh
BIFE . BJETHRZE 160 °C, R 3 h JGHT 3 %
PEIHIE, 1920 3 M BRI SR E e . i
U R SR NI = A5 T — RAIA [FEE
TERMERRL. 5 PBSZ BT JFkl — F A
TR N R TR EE R LU 1:6.2:6 1 4:6
(IRE 2> B 449 S30. S38 Fl S45, Tk B (Szill
B) 53 3R 30%(i & 73350 38% 1 45%.
1.3 ANETZ

B RTIRAARE S (S30. S38 I S45)[EH fr AL T,

1 TERESE PBSZ ATIRMAH AL E/RECLE
Table 1 Molar feed ratios used to synthesize PBSZ
precursors with different silicon contents

Raw material DMDCS BCl; Borane dimethyl sulfide complex HMDZ

Molar ratio 1.0 1.0 0.5 6.0
2.0 1.0 0.5 6.0
4.0 1.0 0.5 6.0

DMDCS is dimethyldichlorosilane; HMDZ is hexamethyldisilazane.
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Fig. 2 Rheological curves of PBSZ with different silicon contents
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Fig. 3 TG curves and ceramic yields of PBSZ precursors with different silicon contents
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Table 2 Proportions of various chemical bonds in the XPS spectra of SiBCN ceramic Area ratio/%
Sample No. Si-N (Si 2p) Si—C (Si 2p) N-Si (N 1s) N-B (N 1s) C-Si (C 1s)
S30-1600 71.14 8.03 94.66 5.34 9.29
S38-1600 83.09 4.81 98.88 1.12 8.50
S45-1600 72.98 4.75 95.07 4.93 5.12
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Fig. 6 Raman spectra of SIBCN ceramics after heat treatment
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Fig. 7 SEM images of SiBCN ceramics
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Extended Abstract

Introduction

SiBCN polymer-derived ceramics (PDCs) are highly promising for high-temperature electromagnetic wave

attenuation due to their unique "wave-transmitting/lossy" composite structure, which arises from the in-situ formation of
high-dielectric crystals within a low-dielectric amorphous matrix. A critical challenge, however, lies in precisely tailoring their
microstructure to maximize absorption performance. To address this issue, SiBCN ceramics were synthesized with different
compositions via modulating the silicon (Si) content in the polymer precursors to elucidate the regulatory mechanisms governing
phase composition, morphology, and electromagnetic absorption properties. The results reveal that high-temperature treatment
induces the crystallization of SisNa4, SiC, and graphitic carbon. The incorporation of Si can facilitate the graphitization of amorphous
carbon and effectively reduce internal defect density. Furthermore, an increase in Si content promotes the formation of the SizNg
phase, thereby enhancing impedance matching. The optimized SiBCN ceramics demonstrate superior microwave absorption
capabilities, achieving a minimum reflection loss of —54.38 dB at 13.49 GHz (2.28 mm thickness) and a broad effective absorption
bandwidth of 6.61 GHz (2.24 mm thickness). Consequently, this study confirms that tuning the precursor Si content effectively
optimizes both the structural configuration and impedance matching of SiBCN ceramics, offering a robust theoretical and
experimental foundation for their application in high-temperature environments.
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Methods Under ice bath conditions, 20 g of n-hexane was added to a reaction flask, followed by the sequential addition of
dimethyldichlorosilane, boron trichloride, borane dimethyl sulfide complex, and hexamethyldisilazane according to different molar
ratios of the raw materials. The mixture was stirred in Ar atmosphere for 24 h. The temperature was then raised to 100 ‘C and
maintained for 3 h to remove n-hexane and other by-products. Finally, the temperature increased to 160 ‘C and maintained for 3 h,
followed by three cycles of vacuum filtration to obtain a pale yellow resin-like polyborosilazane. A series of polyborosilazanes with
different silicon contents were prepared via varying the amount of dimethyldichlorosilane added. The samples with different
dimethyldichlorosilane to hexamethyldisilazane molar ratios of 1:6, 2:6, and 4:6 were designated as S30, S38, and S45, with silicon
contents of 30%, 38%, and 45%, respectively.

The precursor samples (S30, S38, and S45) were first cured under an N atmosphere by heating to 280 ‘C at a rate of 2 ‘C/min
and holding for 2 h. The cured samples were subsequently heated to 1000 ‘C under an N> atmosphere at a rate of 5 ‘C/min and held
for 1 h. They were then further heated to either 1400 or 1600 ‘C at a rate of 2 ‘C/min and held for 2 h. The resulting ceramic
samples were designated as S30-1400, S38-1400, S45-1400, S30-1600, S38-1600, and S45-1600, respectively.

Results and discussion The phase composition, microstructure, and electromagnetic properties of the resulting ceramics are
regulated via controlling the silicon content in the polymer precursor. The results indicate that after heat treatment in N2 atmosphere at
1600 ‘C, crystals such as SisNs, SiC, and graphitic carbon are formed within the SiBCN ceramics. Silicon promotes the
transformation of amorphous carbon into crystalline carbon in the SiIBCN ceramics, reduces the defect density within the ceramics,
and enhances the graphitization degree. The formation of SisN4 in the SIBCN ceramics increases with increasing silicon content,
improving the impedance matching performance of the ceramics. When the thickness of the SiBCN ceramics is 2.28 mm, the
minimum reflection loss reaches —54.38 dB at 13.49 GHz. At a thickness of 2.24 mm, the effective absorption bandwidth is 6.61 GHz.

Conclusions This study systematically investigated the influence of silicon content on the phase composition, microstructure, and
electromagnetic wave absorption properties of SIBCN ceramics, and thoroughly elucidated the underlying absorption mechanisms.

The results demonstrated that after heat treatment at 1600 °C, the polyborosilazane precursor transformed into a ceramic matrix
containing crystalline phases such as SisNa, SiC, and graphitic carbon. The formation of SisN4 and SiC crystals significantly increased
with increasing silicon content, effectively optimizing the impedance matching characteristics of the ceramics. Concurrently, the
graphitization degree of amorphous carbon increased, while the defect density within the ceramic decreased. The formation of
numerous nano-sized dielectric grains and heterogeneous interfaces markedly enhanced the electromagnetic wave absorption capacity
via strengthening interfacial polarization and conductive loss.

The experimental results indicated that the sample with 38 wt.% silicon content exhibited the optimal comprehensive wave
absorption performance: at a thickness of 2.28 mm, the minimum reflection loss (RLmin) reached —54.38 dB at 13.49 GHz. At a
thickness of 2.24 mm, the effective absorption bandwidth (EAB) extended to 6.61 GHz. Therefore, the microstructure and phase
composition of the ceramics could be effectively regulated via adjusting the silicon content in the precursor, leading to the
development of SIBCN ceramic materials with excellent electromagnetic wave absorption properties.

Keywords silicon—boron—carbon—nitrogen ceramic; polymer precursor; silicon content regulation; electromagnetic wave absorption
performance



