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Abstract

Pressureless sintered boron carbide bulletproof insert plates were tested by 95 type 5.8 mm steel
core bullets under high temperature conditions. The results show that the bulletproof insert plates
can withstand 8 rounds hit of 5.8 mm steel core bullets, exhibiting good multi-hit ballistic perfor-
mance. The microstructure of the ceramic in the bullet impact area was analyzed using X-ray flaw de-
tector, scanning electron microscope and EDS mapping. The boron carbide ceramic has a spatial net-
work structure composed of B+C and SiC phases. Macroscopic and microscopic crack deflection were
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observed in ceramics. Microscopic crack is mainly propagated by transcrystalline fracture and de-
flected at the B4+C/SiC phase interface and in silicon carbide area, which improves the energy dissipa-
tion performance of ceramics.
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Figure 1. Photos of shot samples: (a), (b), (c) corresponding to the front of No.1, 2, 3 samples respectively; (d) corresponding
to the top of No.1 sample; (¢) corresponding to the bottom of No.1 sample
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Table 1. Ballistic results of B4C ceramic bulletproof
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Figure 2. (a) SEM photo of B4C ceramic fragment in shot point;(b) X-ray flaw detection photo of ceramic in shot position
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Figure 3. Microstructure of B4C ceramic fracture: (a) SEM photo; (b) EDS mapping photo
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Figure 4. BSE photo of ceramic fragment in shot point

B 4. BESEERROEESRE

4. &5ig

1) AR SCR 0 He Jo% 48 B A I e 2 S B SRR, X B AL I P A R T T T HEREG, 45 SRR W AR
FER A N AT LABTAE 8 & 95 3K 5.8 mm AR HHIESEAT i, HIERFRITHVEREIL R .

2) R 5 I ) M RO SR X SR e RAT M7 5 IR A 98 o I AR SOV 2 SR S e B
G, RYPRUF GBI E, FORRLHE ByC-SiC AH S B B FIRR A AL SR X P R AE D

HE&mHE
T 7K T U & 1H R0 H (2022ZDYF05)

&E ik

(1] ERE, K, 2%, . SiC Al BiC Btk i1 2 K dT et 0], EHIA B4R, 2017, 32(9): 967-
972.

[2] VF#R, #ROCHER, SKAT, 4. TiBo. CNT XUMIEBIRRAGINIG & R IR 70 [0]. AN LR, 2022, 51(4): 716-722.

[3] MEsE], %, iR, & RN TiB: SHASEME BiC MBI E SM BB RERIR W], T2, 2021,
42(7): 1471-1481.

[4] Bogomol, I., Borodianska, H., Zhao, T., Nishimura, T., Sakka, Y., Loboda, P., ef al. (2014) A Dense and Tough (B4C-

TiB2)-B4C “Composite within a Composite” Produced by Spark Plasma Sintering. Scripta Materialia, 71, 17-20.
https://doi.org/10.1016/j.scriptamat.2013.09.022

DOI: 10.12677/ms.2025.155116 1111 PR R


https://doi.org/10.12677/ms.2025.155116
https://doi.org/10.1016/j.scriptamat.2013.09.022

i
<
nﬂf
a8

(9]

[10]

[11]

[12]

[13]

[14]

Turnage, S.A., Clayton, J.D., Rodriguez, J., Scharf, T.W. and Williams, C.L. (2024) Planar Shock Compression of Spark
Plasma Sintered B4C and B4C-TiB2 Ceramic Composites. AIP Advances, 14, Article ID: 015053.
https://doi.org/10.1063/5.0181329

Tan, D., Lao, Z., Zhang, Z., Guo, W., Sun, S. and Lin, H. (2021) Dense and Core-Rim Structured B4C-TiB2 Ceramics
with Mo-Co-WC Additive. Journal of the American Ceramic Society, 104, 2860-2867.
https://doi.org/10.1111/jace.17657

Zhao, J., Fang, Z., Jin, X., Wang, D., Ding, X. and Ran, S. (2023) B4C-TiB2 Composite with Modified Microstructure
and Enhanced Properties from Optimal Size Coupling of Raw Powders. Journal of the American Ceramic Society, 106,
4911-4920. https://doi.org/10.1111/jace.19127

Yin, Z., Yuan, J., Chen, M., Si, D. and Xu, C. (2019) Mechanical Property and Ballistic Resistance of Graphene Plate-
lets/B4C Ceramic Armor Prepared by Spark Plasma Sintering. Ceramics International, 45,23781-23787.
https://doi.org/10.1016/j.ceramint.2019.08.095

Chen, M., Yin, Z., Yuan, J., Xu, W., Ye, J. and Yan, S. (2018) Microstructure and Properties of a Graphene Platelets
Toughened Boron Carbide Composite Ceramic by Spark Plasma Sintering. Ceramics International, 44, 15370-15377.
https://doi.org/10.1016/j.ceramint.2018.05.188

Da Rocha, R.M. and de Melo, F.C.L. (2009) Pressureless Sintering of B4C-SiC Composites for Armor Applications. In:
Swab, J.J., Singh, D. and Salem, J., Eds., Advances in Ceramic Armor V, John Wiley & Sons, Inc., 113-119.

KR, EA, FOUR. BRI R A PP EREE L BEDL. 0153441, 2019, 34(8): 1805-
1812.

Hwang, C., Yang, Q., Xiang, S., Domnich, V., Khan, A.U., Xie, K.Y, et al. (2019) Fabrication of Dense B4C-Preceramic
Polymer Derived SiC Composite. Journal of the European Ceramic Society, 39, 718-725.
https://doi.org/10.1016/].jeurceramsoc.2018.12.029

Shoulders, W.T., Guziewski, M. and Swab, J.J. (2023) Microstructural and Thermal Stress Effects on Mechanical Prop-
erties of Boron Carbide Particle-reinforced Silicon Carbide. Journal of the American Ceramic Society, 107, 1249-1261.
https://doi.org/10.1111/jace. 19535

Ye, K. and Wang, Z. (2023) Residual Stress Effects on Toughening of Ultrafine-Grained B4C-SiC Ceramics. Materials
Today Communications, 36, Article ID: 106649. https://doi.org/10.1016/j.mtcomm.2023.106649

DOI: 10.12677/ms.2025.155116 1112 PR R


https://doi.org/10.12677/ms.2025.155116
https://doi.org/10.1063/5.0181329
https://doi.org/10.1111/jace.17657
https://doi.org/10.1111/jace.19127
https://doi.org/10.1016/j.ceramint.2019.08.095
https://doi.org/10.1016/j.ceramint.2018.05.188
https://doi.org/10.1016/j.jeurceramsoc.2018.12.029
https://doi.org/10.1111/jace.19535
https://doi.org/10.1016/j.mtcomm.2023.106649

	碳化硼陶瓷防弹插板抗多发弹性能研究
	摘  要
	关键词
	Multi-Hit Performance of B4C Ceramic Bulletproof Insert Plates
	Abstract
	Keywords
	1. 引言
	2. 实验方法
	2.1. 材料
	2.2. 实弹靶试试验
	2.3. 组织观察及裂纹分析

	3. 结果与讨论
	4. 结论
	基金项目
	参考文献

