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Influence of Reinforcement Size and Volume Fraction on the Thermal
Properties and Neutron Absorption of B,C-Al Metal Matrix Composites

Donghyun Lee™, Minwoo Kang™*, Eun-Seo Cho***, Junghwan Kim*, Sang-Bok Lee*,
Sang-Kwan Lee*, Seungchan Cho™'

ABSTRACT: In this study, B,C and Al powders were mixed via ball milling at 120 rpm for 24 hours to prepare the
composite powder, and the resulting powder was used to fabricate an aluminum matrix composite with dispersed B,C
particles through spark plasma sintering (SPS). The microstructure, thermal conductivity, relative density, and thermal
neutron absorption properties of the fabricated composite were analyzed. The density of the composite was measured
using the Archimedes method, revealing that the composite reinforced with 40 um B,C achieved a relative density of
100%, confirming sound fabrication. For the B,C-Al composite, due to the low thermal conductivity and excellent
neutron absorption characteristics of B,C, the thermal conductivity decreased while the neutron absorption capacity
increased as the volume fraction of B,C increased. Additionally, as the size of the reinforcement increased, the thermal
conductivity increased and the neutron absorption capacity decreased. Therefore, the properties of the composite can
be controlled by adjusting the reinforcement size and volume fraction. In this study, the composite reinforced with 40
um B,C was determined to exhibit favorable thermal conductivity and neutron absorption capacity.
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1. M E

Tl A HAE = 129 WAV 7 ES RS
A HhR oA E42 0 2 WA R = AR A w o, b
| oF 750 ton®] ARG AR} HAYSEAL It (1-4]. A&
THAT A A A 9] 2317} o 4 o whef A5
AR /AL &7 o ek =27k F7FskaL QU o]
of et T4 SR 8% FUekL e [5-7],
FAA FFAEE A LE AL A BES &
FAZ17] It A 0B AAF-E7] 9] Aol AR 9
Fo o FARG FFEAME BHEB), 7HEE(CA), AF
ue]&(Sm), 7525 (Gd), f213%(Eu), A2 =% (Dy)
59 Y47t & A QITh5,8-11]. Boron carbide(B,C)+= &
L Ax 9 d2ulE (A -SARE U= (Al density 2.7 g/cm’,
B,C density 2.52 g/cm®) w20l E3} 7 o] Agksl 9 A%
T golgt Aol qlom HE FhfEFo] ol S}
Tl 473 o] Slrh(5,12]. o]t o= dAf Al
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U B3 = oA B,CY YA 7] EIF BAF Y&, A
H URSAE Foll FFS v|A|= Ao 8 F4do] A
Al §3}e 4= QUr}[17-19]. 2 Aol A= B,CY AL =7
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2.1 ¢20|5 SENE M= g 2 =A

2 Aol A ol Beta Aol 714 Al 100 um 2
71¢] Al6061 £ (purity > 99.85%, hunan Jinhao New
material technology Co., Ltd, China)& A}8-3}% 2o, B,C
FH(Dunhua Zhengxing Abrasive Co., Ltd., Dunhua, China)
& ARESElTh B F/9AF A Aol gt kA
2] Jape BAsk] S8, B A 17k 242 5, 40,
100 pmel B,C BukS o]-g50] A2 S 30 vol% A TL
ZH]3}9t) o]%, ZH])E BT steel jaro]] @il steel ball
1} zirconia balk2 AME510] ball-to-powder ratio 20:1 2742
2 120 rpmoJlA 24 h 5<F ball millingS 48510 HU3F =
3 ke Zujslelct. Milling 714 Eko] A151E whA
3l BAMA S 3FAFA] 7] 7] 93l heptane 20 mlE process
control agent(PCA)= A[8-3}%it}.
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Fig. 1. B,C-Al6061 powders mixed with different B,C particles

PACKING SINTERING

Fig. 2. Schematic diagram of Spark Plasma Sintering (SPS)

o]|% =3l B8 Spark Plasma Sintering(SPS, Syntex Inc.,
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Electron Microscopy; SEM, JSM-6610LV, JEOL)& ©]|-8-3}¢]
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M7} o5 Amol djat X474 0] Haghe el Eq
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J(x.D)= 2 l;g_izew) 2)

B,C-Al6061 H3lA| 7 0] ZFahA] A7 A2 dHE=E
B71517] $J3l Laser Flash Apparatus (LFA467, NETZSCH,
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Fig. 3. Images of composite samples fabricated by SPS and pro-
cessing conditions

Table 1. Density of B,C-Al6061 composites fabricated by SPS

Density (g/cm?) Relative
Sample density
Theoretical | Measured o
(%)
15vol.%B,C (5 um) 2.673 2.615+0.010 97.8
30vol.%B,C (5 um) 2.646 2.629 £ 0.017 99.3

15vol.%B,C (40 um) 2.673
30v0l.%B,C (40 pim) 2,646
15vol.%B,C (100 um) 2.673
30vol.%B,C (100 pm) 2.646

2.675+0.011 100.0
2.646 + 0.013 100.0
2.651 +0.003 99.1
2.616 +0.021 98.8

o]glom, 5 um B,C BERR| A9 AF oz e 4
U= s Yefdlsd ol Al £ ojy] ujAgt B,C 2
59 Sl o3t Aog ghetEch shAg FiE = 97%
ooz AAHeRE 7|Fo] A2 AXT B =TT A
Z29 AL QI 4= ek &3 Bkl gk 2y wE
& oA ghgtot, 24 F uA|l2A W U BA A
ol A A S AHY B 7] 59 S 2o ¢
Zhe] ] grop Edo] US| £3E Aos wekE
SPS 3o &2 AlxH Jx=27] ¢ A HEE B,C-Al6061
LA 7 9] SEM v A| 24 Fig. 40 Uretii Qlek 422
717} 5 um¢l B,C-Al6061 E3taj 50| A, Ados =3
717} 2 100 pm H7]9] Al 5 Ao]o] A Zof Hixw|
o A2 gl 4= qllem, o]2igt #4215 vol.% B,C-
Al6061 23215 o8] 30 vol.% B,C-Al6061 B3A5olA]
< o] ggs| IEEICH v, 3717} 40, 100 pm2] =gt
27 9] 79-+= B,C A7 Al 712 Yjof| o] =g = d7gst
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Fig. 5. Calculated macroscopic cross section of B,C-Al compos-
ites based on the size and volume fraction of reinforce-
ments
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24 242 Bo) of Ao|F AZei weke o Folrh
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Table 2. Density, heat capacity, thermal diffusivity and thermal
conductivity of B,C-Al6061 composites fabricated by

SPS
. Heat Thermal Thermal
. Density . op e -
Composites (g/em?) capacity | Diffusivity | Conductivity
m
& (J/g-:K) (mm?/s) (W-m.K?)
15vol.%B,C
VOL7oBS 2.615 0.919 40.32 96.89
(5um)
30vol.%B,C
VOL7oB4 2.629 0.949 38.92 97.10
(5um)
15vol.%B,C
VOL70Bs 2675 | 0919 50.44 123.99
(40um)
30vol.%B,C
VOL70Bs 2646 | 0.949 38.13 95.74
(40um)
15vol.%B,C
2.651 0.919 50.29 122.52
(100um)
30vol.%B,C
2.616 0.949 41.24 102.38
(100um)
150 _
@— 30 vol.%
g 140t —@— 15 vol.%|
E
S 130 123.99 122.52
= e
2 120} P B
= 24
3 110 //
2
T 83"~ J——
O e, e 102.38
g 97.1
E 9P 95.74
]
=
= 80}
?0 1 1 1 L 1 | L 1 1 L

0 10 20 30 40 50 60 70 80 90 100 110
Reinforcement size (um)

Fig. 6. Thermal conductivities of B,C-Al composites based on
the size and volume fraction of reinforcements
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