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Abstract Aluminum matrix composites is aluminum matrix reinforced with metal,
ceramic, or organic compound. The reinforcement is used to improve mechanical,
thermal, or tribological properties of thematrix. Stir casting is an economical process
to fabricate the aluminummatrix composites. Stir casting is conducted bymechanical
stirring of the reinforcement particulate into metal liquid. The metal matrix compos-
ites resulted from the stir casting is affected by a homogeneous distribution of the
reinforcement. The objective of this research is to investigate the effect of reinforce-
ment preheating that has been on electroless coating on hardness and micro structure
of aluminum metal matrix composite. This study used aluminum series 6061 as a
matrix and Al2O3 as reinforcement. The temperatures of reinforcement preheating
were varied at 200 °C, 300 °C, 400 °C, and 500 °C. Stirring temperature parameters
of 700 °C± 10 °C, melting temperature of 750 °C± 10 °C, pouring temperature of
750 °C ± 10 °C, stirring times of five minutes, and stirring speed of 550 rpm. The
results showed that the preheating Al2O3 reinforcement can reduce segregation. As
the preheating temperature increases, reinforcement segregation decreases, resulting
in an increase in the wettability of Al2O3 reinforcement in aluminum.
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1 Introduction

Aluminum matrix composites (MMC) are made by dispersing reinforcement mate-
rial such as metals, ceramics or organic compounds into aluminum matrix. The rein-
forcement is incorporated into aluminum to improve its properties such as strength,
stiffness, and wear resistance. Aluminum matrix composites are widely used in sev-
eral applications due to their high strength and hardness compared to other structural
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materials [1]. Aluminum matrix composites are applied in the automotive, aircraft,
and electronics industries because of their light weight and high strength [2].

Stir casting is a metal processing method that is suitable for metal matrix compos-
ites due to its simplicity and low cost. The first step in stir casting ismetalmatrixmelt-
ing. The main parameters of stir casting are stirring speed, stirring period, impeller
blade angle, impeller size and impeller position [3]. Even though stir casting is sim-
ple and requires low cost in making metal matrix composites, it also has several
problems.

One of the problems in the stir castingmethod iswettability of reinforcement.Wet-
tability is the wetting capacity of the reinforcement by an aluminum matrix. Poor
wettability results in non-uniform distribution of the reinforcement. One method
to improve wettability and homogeneity of the reinforcement distribution is by
reinforcement preheating [4].

2 Experimental Procedure

This study used aluminum 6061 series as a matrix and Al2O3 as reinforcement.
The Al2O3 powder is the most widely used and cost-effective material having high
strength and hardness, as well as excellent thermal conductivity, good size and shape
stability, and good wear resistance [5]. The variations of the preheating temperature
were 200 °C, 300 °C, 400 °C, and 500 °C. The Brinell hardness test was conducted
using a load of 62.5 kgf and indenter diameter of 2.5 mm. The composition and
mechanical properties of aluminum alloy 6061 are shown in Table 1 and Table 2,
respectively.

The Al2O3 reinforcement was heated in oven with temperatures of 200, 300, 400,
500 °C ± 10 °C. Aluminum 6061 series was inserted into the furnace. After the
furnace reached a temperature of 700 °C ± 10 °C, the preheated Al2O3 reinforce-
ment was added into the molten metal, and then stirring process was began. The
molten metal stirring process was carried out using equipment as shown in Fig. 1
with parameters: stirring temperature of 700 °C ± 10 °C, pouring temperature of
750 °C ± 10 °C, and stirring speed of 550 rpm. After stirring for five minutes, the
molten metal was poured into the mold. After that, the casting was taken from the
mold, and then cut into test specimen. There are five specimens for Brinell hardness
test and microstructure examination as shown in Fig. 2. The microstructure of metal
matrix composites (Al6061+Al2O3) was examined using metallurgical microscope
(EuromexHolland). TheBrinell hardness testwas carried out usingElectronicBrinell
Hardness Tester (Lauzhou Huayin) according to ASTM E10.



Effect of Reinforcement (Al2O3) Preheating on Hardness … 601

Ta
bl
e
1

C
he
m
ic
al
co
m
po

si
tio

n
of

al
um

in
um

60
61

se
ri
es

[6
]

C
on

st
itu

en
t

Si
C
u

Fe
M
n

N
i

Z
n

T
i

Sn
M
g

C
r

Pb
A
l

%
W
ei
gh
t

0.
43

0.
24

0.
43

0.
13
9

0.
05

0.
00
6

0.
02
2

0.
00
1

0.
80
2

0.
18
4

0.
20
4

B
al



602 I. Setia et al.

Table 2 Mechanical Properties of aluminum 6061 [6]

Material Ultimate tensile
strength (MPa)

Yield strength (MPa) Hardness (BHN) Density (g/cc)

Al 6061 110–115 45–55 30 2.7

Fig. 1 Stir casting
equipment

Fig. 2 Specimens of casting
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3 Results and Discussion

3.1 Microstructure

Figure 3 shows the results of the microstructure observation. Figure 3(a, b), shows
the presence of Al2O3 segregation in the specimen. This occured due to the agglom-
eration and inhomogeneous dispersion of the Al2O3 reinforcement. In this study,
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Fig. 3 Microstructure of the specimens: a without preheating; preheating at temperature of,
b 200 °C, c 300 °C, d 400 °C, e 500 °C
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Fig. 4 Hardness of the
specimens
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the segregation that appeared was the agglomeration of Al2O3 reinforcement which
occured due to the lack of wettability of the reinforcement to the matrix [6, 7]. One
method to overcome segregation is by reinforcement preheating. In Fig. 3(c–e), it
can be seen that the Al2O3 reinforcement preheating can reduce Al2O3 segregation.
As the preheating temperature increased, there was a reduction in metal segrega-
tion because there was an increase in the wettability of the Al2O3 reinforcement
in aluminum. Figure 3 shows that reinforcement preheating decreases grain size of
aluminum and Al2O3 particles occupy the grain boundary.

3.2 Hardness

Figure 4 shows that reinforcement preheating increases the hardness of AMC spec-
imen. The increase in the hardness value is due to the good reinforcement particle
wettability, resulting in a strong bonding interface between the Al2O3 reinforcement
and the aluminummatrix [8]. Mechanism of grain refinement hardening as shown in
Fig. 3 also contributes on the increase of specimens. Preheating with a temperature of
500 °C resulted in the highest hardness value of 63 BHN, and reinforcement without
preheating resulted in the lowest hardness value of 47 BHN.

4 Conclusions

From the conducted research, the following conclusions can be drawn: Al2O3 rein-
forcement preheating affect reinforcement segregation and matrix grain size. The
reinforcement segregation and matrix grain size decrease with increasing tempera-
ture of reinforcement preheating. The increase in hardness value is because of matrix
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grain refinement and goodwettability of the reinforcement in aluminummatrix. Rein-
forcement preheating with a temperature of 500 °C results in the highest hardness
value of 63 BHN, and reinforcement without preheating has the lowest hardness
value of 47 BHN.
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