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Improving Thermal Conductivity of Neutron Absorbing B,C/Al
Composites by Introducing cBN Reinforcement

Minwoo Kang***, Donghyun Lee*, Tae Gyu Lee*, Junghwan Kim*, Sang-Bok Lee*,
Hansang Kwon**, Seungchan Cho*'

ABSTRACT: This study aimed to enhance the thermal conductivity of B,C/Al composite materials, commonly used in
transport/storage containers for spent nuclear fuel, by incorporating both boron carbide (B,C) and cubic boron
nitride(cBN) as reinforcing agents in an aluminum (Al) matrix. The composite materials were successfully
manufactured through a stir casting process and practical neutron-absorbing materials were obtained by rolling the
fabricated composite ingot. The evaluation of the thermal conductivity of the fabricated composites was carried out
because thermal conductivity is critical for neutron absorbing materials. The thermal conductivity measurement results
indicated an approximately 3% increase in thermal conductivity under the same volume fraction when compared to
composite materials using only B,C particles. Through neutron absorption cross-sectional area calculations, it was
confirmed that the neutron absorption capability decreased to a negligible level. Based on the findings of this study,
new design approaches for neutron absorption materials are proposed, contributing to the development of high-
performance transport/storage containers.
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Table 1. Reinforcement volume ratio for each composite

Sample B,C content ¢BN content
Matrix alloy 0 vol.% 0 vol.%
4cBN 0 vol.% 4 vol.%
22B,C 22 vol.% 0 vol.%
18B,C + 4cBN 18 vol.% 4 vol.%

Fig. 1. SEM images of the starting powder (a) B,C, (b) cBN, (c) mixed powder of B,C and cBN
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Fig. 2. A schematic representation of the experimental procedure of the present study
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Fig. 3. Schematic diagram of the dispersion quantification
technique
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Fig. 5. Low-magnification electron probe microanalyzer image
of 18% B,C + 4% cBN/AI1100 composite

Fig. 4. SEM images of (a) Al1100, (b) 4 vol.% cBN/AI1100, (c)
22 vol.% B,C/AI1100, (d) (18+4)vol.% B,C + cBN/AI1100
composites

Table 2. Reinforcement volume ratio and dispersion index for
fabricated composites

Sample Reinforcement Vol.% | Dispersion Index
Matrix alloy 0 0
4cBN 33+ 0.8% 0.1908 + 0.043
22B,C 21.8+ 0.3% 0.2009 + 0.085
8B.C 14BN 702 02% 015182 0.027 Fig. 6. High-magnification electron probe microanalyzer image
4 of 18% B,C + 4% cBN/AI1100 composite
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