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Table 1 Composition ratio of PBSZ with different boron
content n/mol

Raw material DCMVS DCMS BTC HMDZ
P-BTC-1 1 1 1 6
P-BTC-1.3 1 1 1.3 6
P-BTC-1.5 1 1 1.5 6

n is in mole; DCMVS is methylvinyldichlorosilane; DCMS is
dichloromethylsilane; BTC is boron trichloride; HMDZ is hexamethyldisilazane.

1.4 #mmKRIE

{# F} Bruker Vertex 70 %! Fourier 25421 4h i
(FT-IR)(Y, d it 214 vk e IR WA DA B8 R R o o
oA S B B e . AR Bruker Avance NEO 600
R REIEIR IS (NMR)GEAT 'H. PC At VB 14y
#r, ¥7A CDCly. J@id Philips X’Pert MPD Pro 74
X S ERAT S (XRD) A 8 P & R i 1 420 A 2
Cu K, f@ 5, FH6 /0 FEVEH N 10°~90°, K H Nova
400 Nano Y434 FL ¥ S FU5E (SEM) W 52 Bl B A it 1)
MR, st #ei%{C(EDS, INCA Energy,
Oxford, UK)XJFf s #EAT X e R A B . M8
NETZSCH STA 449 F3 B M 3R 7 #r Sk
BRI AR FE . KA Keysight ES071C R E M
2553 M AR R Bt 2 4

2 EREH®

2.1 TREEXT PBSZ BIRMRZEMF0 M BEAY RN

Kl 1 AR S & PBSZ i WX AA 1 45 # AL .
B 1a~B 1c 7T I, f# A BTC 1 AR A % PBSZ
T ORI, A [ 0 25 8 P T R A 8 A A8 AU AS B S
3054 cm ' RIS AN HLRT C—H IR AR IRED, T
1593 cm ™' I C=C XUV R 45 3RS, KUY
& A WU 454 . 2954 cm ! A 2896 cm ! 23 B K
C—H ZEIRENE, 2125 cm ' A Si—H HIIRES)
I, 1247 em™' )y Si—CH:[IAS TR BN, LAb,
1465 cm ™' A1 1396 cm" F W AT e Xof |57 B—N 4 ) fif



5355 3 [

B 5 B0 SIBCN i 8 S frlt 2 1) AT HLRE 28 B FF) 52

609 -

AR ZN, 912. 829 cm ' A1 680 cm™ 4 H K
Si—N—Si MRS . Si—N—B K4 4RE 5 LL
K B—N BRI hyRshig. FrokIATE 280 C FACHK
M2 h JEH FT-IR 3%, HE 1a~El 1c T, &R
ZHCH) PBSZ AH LK, 22 Bk E 4 (P-BTC-1-280 «
P-BTC-1.3-280 . P-BTC-1.5-280) ] W Wi I 58 i 7
1170 em ' (N—H 2B FEHREN) A 2125 cm ™' (Si—H 1t
FEAR BN Ab 2 AR . KRB R R T
Si—H B N—H B2 18] Bt S ERS N, AT SE3
TN Tl A AN, ASBP“I4E 3054 cm ™!
(RHIRT C—H $) A1 1593 em ™' (C—C ‘) b AP iU
WK, KW C=CRZAKE T RERP, XLz
BRI, N FRERRASEE KT 85 B 1
LR S5, X IR B P SR T R A

Kl 1d~ 1f 4 PBSZ ) NMR . tH & 1d 7T I,
TRAEAL 2L F5 (0) AT A1, 0=0~0.41x107° 3 CH;5 L5
T, 6=4.7x10°~5.2x10° Ky Si—H FEX N 157 T
I, 5=0.82x10"° AMIEIF £ N—H )R 74,
5=1.2x10"°~2.2x10° [{1 2145} B B—N(H)—Si _Eff)
JR T EIRIE, 5=0.47x10° 4 SIN—H _Ef{J5 T IERIE,
5=5.7x10"°~6.3x10"° J}y CH=CH, § 5] )3 it 5 Fuie'®!,

/NG

Kl le &y PBSZ RiOE{AM) PC-NMR i, d=0~5x10"°
Xt Si—CH; [l HERER], 0=131x10°~142x10° Ay
CH==CH, %} [ 4Eg7, | 1f 4 PBSZ 1
"B-NMR . B 1AL, 7E "B-NMR iEEH, {1k
AR 0=28.43x10 ° NHE N TCHR ) BN, SR
el 13521%7‘61% VfﬁEl’J EERMST. 25 T,
N. Si—C. Si—H. N—H.

C—H %4%‘5—‘%@%*@520

K FH A S T BRI A [FI & &%) PBSZ
VA= R, i 2 B, B2 AT, R
o BRI 2 R AR E 300~800 °C, B & BN 3% IR
an 7E 300~800 “C it & 5 Bl i #2504 40%, 1200 °C
M B4 = RN 56%; & BN 4% KRS 7E
300~800 °C 5 o il I #4512k A 34%, 1200 °C 1P
BALT=EN 60%; T & 84 5% IIFE S 7E 300~800 C
T Y B A AR 2R N 31%, 1200 °C IR AL 77 200y
66.7%. FEEMEEH 3% % 5%, PBSZ MIHLAZ
ERP= D B 7= M 56% 38 INE] 66.7%. XA RN
PBSZ i B4 3= v (1 oo 2% mT DU i (2 3k i LA
I S RS 38 0 AT SRR A R S . (R, BRI
BN, PBSZ A IRARIIFE B KT

i

p-BTC-1-280
WoH

Intensity
Intensity

Intensity

P-BTC-1.5

SlfN Si” i C

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers/cm™

(a) FT-IR spectra of P-BTC-1

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers/cm™

(b) FT-IR spectra of P-BTC-1.3

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers/cm™

(c) FT-IR spectra of P-BTC-1.5

a a
f |/CH | CH, @
‘/S HN/s<
=z HE)/ HN|/BWH HC|/:H iy i H HN/L\]\IH 'R[\/CH 2
g >5\N/S'\N/B\N/B\N a5 gI>h ) B\ B /s\ g
i‘é /Sl ﬁ ‘\N/ Be = B /j\N ig
cDCl, J ¢ CDCl;
N ogqd b e L b 1
10 5 0 150 100 50 0 50 0 50

Chemical shift (x10°)

(d) '"H-NMR

Chemical shift (x107)

(e) *C-NMR

Chemical shift (x10°)

(©) "B-NMR

v is the stretching vibration and the stretching of atoms along the bond axis; a—g is the corresponding relationship between the peak position of the nuclear

magnetic spectrum and the precursor structure diagram.

Fig. 1

K1

PBSZ A SR A& f) 45 M FRAE

Structural characterization of PBSZ precursor
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Ip is D peak intensity; I is G peak intensity; Lq is the average distance of adjacent point-like defects.
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Fig.3 XRD patterns and Raman spectra of SiBCN ceramics after heat treatment
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Extended Abstract

Introduction An issue of electromagnetic pollution has escalated with the proliferation of electronic devices, thus posing a
significant threat to human health and electronic equipment. Consequently, there is an increasing interest in materials possessing
robust electromagnetic wave absorption capabilities. Based on the absorption mechanisms of electromagnetic wave materials, they
can be categorized into dielectric loss and magnetic loss types. The loss mechanisms of magnetic loss materials encompass damping
and hysteresis losses. Dielectric loss materials absorb electromagnetic waves through polarization and electrical conductivity losses,
typically having elevated dielectric constants. Such materials include ferroelectrics, metal oxides, and inorganic ceramics.
Polymer-derived ceramics (PDCs) represent a pivotal technology for the design and fabrication of functional ceramics. This
methodology effectively harnesses the advantages of both polymer and ceramic materials. In contrast to conventional ceramic
preparation techniques that consume energy, PDCs enable the production of ceramic materials with tunable elemental compositions
and controllable crystalline structures through meticulous design and synthesis of the molecular structures of polymer precursors,
coupled with precise control in the pyrolysis process. In this paper, polyborosilazanes with different boron contents were synthesized
via modulating the quantity of added boron source. The impact of boron content on the structure and properties of polyborosilazanes
and the phase composition/microstructure of ceramics was investigated.

Methods 20 g of n-hexane was added to a reaction flask in ice bath. Methyl dichlorosilane, vinylmethyl dichlorosilane, boron
trichloride, and hexamethyldisilane were sequentially added to the reaction flask at different molar ratios. The mixture was stirred in
an argon 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. Subsequently, the temperature was further increased to 160 C, and maintained for 3 h. The mixture was subjected to
three cycles of filtration to obtain a light yellow resin-like polyborosilazane. A series of polyborosilazanes with different boron
contents were prepared at different amounts of boron trichloride added. The samples synthesized with boron and nitrogen in a molar
ratio of 1:6, 1.3:6.0, and 1.5:6.0 were named as P-BTC-1, P-BTC-1.3, and P-BTC-1.5, with boron contents of 3%, 4%, and 5% (in
mass), respectively. The obtained precursor samples were subjected to curing treatment. The curing conditions involved heating in an
argon atmosphere at a rate of 2 “C/min at 280 ‘C for 2 h. Afterwards, the cured samples were heated in an argon atmosphere at a rate
of 5 C/min at 1000 ‘C for 1 h, and then heated at a rate of 2 ‘C/min at 1600 ‘C, for 2 h to obtain samples P-BTC-1-1600,
P-BTC-1.3-1600, and P-BTC-1.5-1600, respectively.

The chemical bonds and functional groups in the samples were identified by a model Vertex 70 Fourier transform infrared
spectrometer (FT-IR, Bruker Co., Germany). 'H, "°C, and ''B were determined by a model Avance NEO 600 nuclear magnetic
resonance spectrometer (NMR, Bruker Co., Germany). The phase composition of the ceramic samples was determined by a model
X’Pert MPD Pro X-ray diffractometer (XRD, Philips Co., the Netherlands) with Cu K, radiation source, scanning angles ranging from
10° to 90°. The microstructure of the ceramic samples was analyzed by a model 400 Nano scanning electron microscope (SEM, Nova
Co., USA), and the elemental composition analysis of the samples was performed by an energy dispersive spectrometer (EDS, INCA
Energy Co., UK). The thermal decomposition process of the polyborosilazane was analyzedby a model STA 449 F3 thermal analyzer
(Netzsch Co., Germany). The electromagnetic parameters of the materials were tested by a model E5071C vector network analyzer
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(Keysight Tech., Co., USA).

Results and discussion A series of polyborosilazanes were synthesized via controlling the amount of boron, resulting in SIBCN
ceramics with different atomic compositions. Boron effectively suppresses the fracture of Si—N bonds and the formation of Si—C
bonds, inhibits the decomposition of Si;N4 and the generation of SiC as well as facilitates the transformation of amorphous carbon
into graphite carbon, thereby increasing the proportion of graphite carbon in SiBCN ceramics. The polarization losses generated
by various dielectric crystals such as Si3Ny, SiC and graphite carbon enhance the electromagnetic wave absorption performance of
SiBCN ceramics. At a boron content of 5% (in mass), the minimum reflection loss reaches —55.67 dB at 8 GHz for a thickness of
3.5 mm.

Conclusions 1) In the precursor synthesis process, the precursor structure became more stable with an increase in boron content,
mainly composed of chemical bonds such as Si—N, B—N, Si—C, Si—H, N—H, and C—H. The ceramic yield increased from 56%
to 66.7%.

2) After heat treatment at 1600 °C, boron in polyborosilazanes suppressed the decomposition of SisN4 and the formation of SiC
in SiBCN ceramics, and enabled the control of the conductive phase and dielectric loss phase in SiBCN ceramics, thereby enhancing
the impedance matching performance of the ceramics to electromagnetic waves. The polarization losses generated by various
dielectric materials such as SizN4, SiC and graphite carbon further enhanced the electromagnetic wave attenuation performance of
SiBCN ceramics. At a boron content of 5%, SiIBCN ceramics exhibited a minimum reflection loss of —55.67 dB at 8 GHz for a
thickness of 3.5 mm, indicating that SIBCN ceramics could be an excellent candidate material in the field of electromagnetic wave
absorption.

Keywords polymer ceramic precursors; molecular structure; silicon-boron-carbon nitrogen ceramics; electromagnetic wave
absorption properties



