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Fig. 1. The preparation flowchart of the BN/MSR composite.
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Fig. 2. SEM images of BN composite cross-sections: (a) 0.1-BN/MSR; (b) 1-BN/MSR; (¢) 10-BN/MSR.
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Fig. 3. XRD spectra of (a) BN powders with different particle sizes and (b) BN/MSR composites.
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Fig. 4. (a) TG curves, (b)DTG curves, (c) schematic diagram of thermal decomposition mechanism of BN/MSR composites.
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Effect of boron nitride particle sizes on the high-temperature
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Abstract

To address the urgent demand for insulation materials in the high-frequency circuit packaging field,
methylphenyl silicone resin (MSR) modified with KH560 was employed as the matrix and three particle sizes of
boron nitride (BN) powders were used as fillers, to prepare a series of composites with high thermal stability
and insulating properties. The influence of BN particle sizes on the thermal stability, dielectric properties and
insulating properties of the composites was investigated in detail. The results indicated that the large boron

nitride particles exhibited a high degree of orientation in the matrix. Due to its highly oriented microstructure,
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the 10-BN/MSR composite displayed the excellent thermal stability and insulating properties. The temperature
at 5% weight loss (T5%) of the composite reached 402 °C, higher than that of the MSR. Meanwhile, its peak
temperature (Tp) reached 449 °C, which was 42 “C higher than that of the MSR. The 10-BN/MSR exhibited a
real part of the dielectric constant of 3.48, and was higher than that of the MSR. The imaginary part of the
dielectric constant and dielectric loss tangent of the 10-BN/MSR at 1 MHz were 0.02047 and 0.00595, both
lower than those of the MSR. It indicated that the introduction of BN into MSR effectively suppressed its
polarization relaxation. In addition, the 10-BN/MSR composite achieved a high breakdown strength of
111.1 kV/mm. The current density of the 10-BN/MSR composite was 6.38 x 1016 A/mm?, which was an order
of magnitude lower than that of the 0.1-BN/MSR composite. The results confirmed that the oriented BN
network significantly impeded the injection and transport of charge carriers. The insulating packaging
composite with thermal stability and insulating properties exhibited promising application prospects in the

electronic packaging field.

Keywords: Boron nitride, methyl phenyl silicone resin, thermal stability, insulating properties

DOI: 10.7498 /aps.75.20260574 CSTR: 32037.14.aps.75.20260574

200801-8


http://doi.org/10.7498/aps.75.20260574
https://cstr.cn/32037.14.aps.75.20260574
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

AT R AR RIS & P RHR BT R A AR B L 1

ek A& Ix EEAE OEM NA— AFR

Effect of boron nitride particle sizes on the high—temperature resistance and dielectric properties of methylphenyl
silicone resin matrix composites

SHI Jinle  XIA Qianshan  WANG Yan REN Lusheng CUIPeng LIU T Tianyi  XIA Yuliang

5] Fi{i5 &, Citation: Acta Physica Sinica, 75, 200801 (2026) DOI: 10.7498/aps.75.20260574

CSTR: 32037.14.aps.75.20260574

TELEHE View online: https:/doi.org/10.7498/aps.75.20260574

BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

RACTA AR RIS BT S HX PR AL S A B RE IR L
Surface structure design of boron nitride nanotubes and mechanism of their regulation on properties of epoxy composite dielectric

YrH2E 4. 2024, 73(2): 027703  https://doi.org/10.7498/aps.73.20230708

o AU SR IR S IR 100 28 45 A T A B HL il L 2 R RE
Structural evolution of siloxane—epoxy crosslinked networks and their high—temperature electrical properties

YrHE2EAR. 2025, 74(19): 197701 hitps://doi.org/10.7498/aps.74.20250654

N AL RIR LI ANR RS- TR A R 2 G
Improving insulation properties of epoxy filled with surface fluorinated polystyrene nanospheres

WIBEAEA. 2024, 73(12): 127703 https://doi.org/10.7498/aps.73.20240215

ANTFIHESAT S bs AR S e B4 LT B T B A
Electronic and piezoresistive properties of different stacked graphene/boron nitride heterojunctions

Y27, 2026, 75(9): 127703 https://doi.org/10.7498/aps.75.20251502

AR BN LT A R B AT 2 VR RR 9001 3 124U

Molecular dynamics simulation of mechanical and thermal properties of nano—zinc oxide modified cellulose insulating paper

YIBR2E4f. 2024, 73(12): 127701 hitps://doi.org/10.7498/aps.73.20240208

IR B R IR TR SR R A MR SR S AR E
Microstructure building and thermal stability of cermet—based photothermal conversion coatings with layered structures

PFEEEAR. 2023, 72(5): 057103 https:/doi.org/10.7498/aps.72.20221693


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260574
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20230708
https://doi.org/10.7498/aps.73.20230708
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250654
https://doi.org/10.7498/aps.74.20250654
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240215
https://doi.org/10.7498/aps.73.20240215
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251502
https://doi.org/10.7498/aps.75.20251502
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240208
https://doi.org/10.7498/aps.73.20240208
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221693
https://doi.org/10.7498/aps.72.20221693

	1 引　言
	2 实　验
	2.1 实验材料
	2.2 实验方法
	2.3 表征分析

	3 结果与讨论
	3.1 微观结构与相组成
	3.2 热稳定性
	3.3 介电性能
	3.4 绝缘性能

	4 结　论
	参考文献

