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Effect of Cubic Boron Nitride Particle Size on the Mechanical and
Thermal Properties of Magnesium Matrix Composites

Taeho Lee™**, Dawoon Jung***, Hyeonjae Park***, Seungchan Cho*, Sang-Bok Lee*,
Sang-Kwan Lee*, Yangdo Kim**, Junghwan Kim*"

ABSTRACT: In this study, cubic boron nitride (cBN) reinforced pure magnesium (Mg) matrix composites with a target
reinforcement content of 60 vol.% were fabricated by a liquid pressing process using ¢cBN particles with average size of 5,
15, 40, 100, and 300 pm, and the effects of reinforcement particle size on the microstructure, mechanical properties, and
thermal properties were investigated. Scanning electron microscopy revealed that cBN particles were relatively uniformly
distributed in the Mg matrix for all specimens, and no coarse pores or distinct interfacial reaction phases were observed.
The measured densities ranged from 2.704-2.787 g/cm3, and the back-calculated ¢cBN volume fractions were 56-61 vol.%,
indicating that dense composites close to the target composition were successfully fabricated. Tensile testing showed that
the tensile strength increased with decreasing ¢cBN particle size, reaching a maximum value of 247 MPa for the 5 um
specimen, while the 300 um specimen exhibited the lowest value of 86.2 MPa. In contrast, the thermal conductivity
increased with increasing particle size, showing values of 164, 209, 224, 288, and 298 W/(m-K) for the 5, 15, 40, 100, and
300 um specimens, respectively. Thermomechanical analysis further showed that the linear coefficients of thermal
expansion of the 40 and 100 pm specimens, calculated from the average slope in the range of 0°C-80°C, were 6.70 x 10° K
and 8.02 x 10° K, respectively. These results indicate that fine ¢cBN particles are advantageous for improving tensile
strength and inhibiting thermal expansion because of the increased interfacial area and enhanced constraint effect on the
Mg matrix, whereas coarse ¢cBN particles are beneficial for thermal conduction due to reduced cumulative interfacial
thermal resistance. Therefore, the cBN particle size is a key factor governing the trade-off between mechanical and
thermal properties in high-volume-fraction cBN/Mg composites.
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Fig. 1. SEM image of cubic boron nitride powders with different
particle size: (@) 5 um, (b) 15 pm, (c) 40 um, (d) 100 pm, (e)
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Fig. 2. Schematic of liquid pressing process



Effect of Cubic Boron Nitride Particle Size on the Mechanical and Thermal Properties of Magnesium Matrix Composites 355

cBN/Mg B34S 50 x 50 x 12 mm® 27| & A 235}7]
18l 53 Wl BN kS 60 vol %= Al4ksto] Q=
(5, 15, 40, 100, 300 um) cBN &3} uf 1% A4S #F9]
SHA o] % 539 WHE A= 2443 5, A7
378 ©]&3to] 700°C7HA] -5kl 1027 A 5hof 1}
U4 BAE L8417 T 7etEre 24, 9= 60 vol.%
BN 9H13t cBN/Mg S35 Alzsh3ich 2 Aol
Al AR WIS o] A== Fig. 29] UER it

2.2 FESEAN 54 4ot

MAF7LOFEA O 2 A %E BN/Mg EAAs Julg o}
oJolEE YAAR 40 umof| A 9 pm SAZA] SAFA O =
Aol & diamond slurry2 3 pm, 1 pm 2 0.25 pym &A1 2
Avpstdeh & AnAlE A A Y8 e o &
gho] 250k Al IS 307 X3 & A5Gk Al
H Ao A S sk f18l FAPA A A r] A (JSM-
6610LV, JEOL, Japan)2 AR-8-5}o] wlA| 22 S 25kl
Azd Edado A ees s EAH (5882,
INSTRON, USA)E A}-8-510] ZA3}9ct QA S dog-
bone /9] T A HS ARESFG L, AJsHO| Alo]2] A
o, % % F7l= 717} 5 mm, 6.5 mm % 1.5 mmo|™, ¥
E(strain rate)&E = 107/s2 43519t QAT 23]
S 5 ° 52 S-S gl @93 AsE 471
AEA 7] (TMA Q400, TA Instrument, USA)E ©]-&3}o]
5°C/min®] 52 &%= 27104 -20°C-100°C 9|4 74
g%, 0°C-80°C 717+2] t|o|H & 7|REe. 2 A4lstict. 3t
A== deiHA S, ik, B A4S o] 85ko] A&t
Ack GEAATE dolA EHAl A 7] (LFA467,
NETZSCH, German)E Al&-3lo] 2As1Gon, dx L of
=27]vd A H2le A-gsto] HrFskelet. v|gS i
oA HarE mp1d|<2] v A (1.02 J/(g*K))2t cBNO| H|H
(0.791 J/(g*K) Zr= vl o2 23E HZ (rule of mixture)
= 2A85to] ALkt cBN/Mg EqkaAl v 4(0.848 J/(g*K))
= ARESEATHIL12]. HF SHE = ThS AE o] &5}
o Aikstoitt.

k=oa-p-C, (1)

k=8Ar=

o=t 4A %

p==

Gt

3.1 5

k>

X OM=Z 24
Fig. 32 NA7IFE AL B3 A 2E BN/Mg E344)

Fig. 3. SEM Microstructure of cBN/Mg composites with different
cBN particle size: (@) 5 um, (b) 15 pm, (c) 40 um, (d) 100
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Fig. 4. Microstructural evolution during sequential polishing: (a)

Diamond disk step, (b) Diamond slurry step
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Table 1. Densities of cBN/Mg composites

Specimen ¢BN size (um) Density(g/cm?)
A 5 2.704
B 15 2.713
C 40 2.748
D 100 2.787
E 300 2.775
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