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Abstract. In this study, B,C (5 and 10wt.%) particle-reinforced Al-15Si-2.5Cu-0.5Mg (Ecka Alumix 231®) aluminum matrix
composites were produced through cold press/ sintering technique. Sintering process was carried out at three different
temperatures (555 °C, 580 °C, 605 °C). The obtained samples were subjected to density measurement, also microstructure
analysis and hardness test were examined. Densities of the samples were measured by Archimedes technique according
to ASTM B962-08. Optical microscope and scanning electron microscope (SEM) were used in microstructure studies.
Macrohardness measurements were performed in terms of Brinell hardness by use of 31.5 kgf load and 2.5 mm ball
diameter. The green density of the samples decreased with increasing B,C wt.%. It was determined that the density
decreases in all samples with increasing sintering temperature. It was observed that the porosity increases and the pores
become larger with increasing sintering temperature. Al-rich solid solution, primary Si and Cu and Mg-rich phases in the
microstructure were determined through SEM and EDS analysis. While the hardness increased in 5wt.% particle
reinforced composites, it was observed that the hardness decreased in 10wt.% reinforced composites. Samples produced
from Alumix 231 powder was give the highest hardness value at 555 °C.
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Introduction to be improved by P/M techniques. Cold pressing
Engineering materials with various chemical and sintering, one of these P/M techniques, were
compositions and mechanical properties are developed at the University of Sevilla [1].

produced using different production techniques. In recent years, hypereutectic Al-Si P/M alloys have
One of these techniques is powder metallurgy (P/M) attracted more and more attention as matrix
technique. P/M technique has attracted the materials because of their properties such as high-
attention researchers since 1990s. Mechanical wear resistance, high strength and low density [2-6].
properties of engineering materials have been tried Similarly, boron carbide in B,C composition is an
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attractive reinforcer with its properties such as high
hardness, wear resistance, and low density [7,8].

In this study, premixed hypereutectic Al-Si P / M
alloy powder, with a trademark of Ecka Alumix 231°®
(nominal composition of AI-15Si-2.5Cu-0.5Mg
(wt.%)), was chosen as matrix material for composite
sample production. Boron carbide in B,C
composition was used as reinforcement particle.
Al/B,C composites were produced by cold pressing
and conventional sintering techniques. The
properties of the produced composites were
evaluated through microstructure studies, density
and hardness tests examinations.

Experimental procedure

B,C reinforced Al matrix composites were produced
through cold pressing and conventional sintering
techniques. Hypereutectic Alumix 231" powder,
produced by ECKA Granulate Velden GmbH (a
German company), with a sintered density of
2.67 g/cm3, was used as matrix material. The
chemical composition and average powder size of
Alumix 231 powders used in this study are given in
Table 1. The reinforcement particle B4C has a density
of 2.52 g/cm? and the average powder particle size
(Dsp) is 10 um.

Table 1. The chemical composition (wt.%) and average
powder size of Alumix-231 alloy

Composition (wt.%)

Alumix 231 Al Si Cu Mg Lubr.
Nominal Bal. 14-16 2.4-2,8 0.5-0.8 1.5
Average powder size (um)
Dso D1 Dgo
~75 ~22 ~190

Prepared Alumix231 / (5-10wt.%) B,C powders were
mixed in a triaxial mixer. Pure Alumix 231 and
Alumix231/(5-10wt.%) B,C mixture powders were
compressed with cold pressing technique by
applying 620 MPa pressure. The obtained green
samples were conventionally sintered in N,
atmosphere at 555 °C, 580 °C and 605 °C. The
pressed samples were subjected to the eliminate the
lubricant at 400 °C for 20 minutes before sintering
temperature.

The densities of the samples were measured
through the Archimedes' technique according to
ASTM B962-08. The densities were expressed as % of
the theoretical densities (% TD). The theoretical
density values were calculated via the rule of
mixtures using the material composition. Optical
microscope and scanning electron microscope (SEM)
were used in  microstructure examinations.

Macrohardness measurements were performed
using the Brinell hardness test with 31,5 kgf load and
2,5 mm ball diameter.

Results and Discussion
Table 2 illustrated the sample codes and % TD of the
produced samples. The CS sample code shown in
Table 2 represents conventional sintering. The
numbers 0-5-10 next to the CS code indicate the
wt% B,4C particle ratio.

Table 2. The specimen codes and % density values

Density (%TD)

Sample Particle

code Rate (%)  Green  T=555°C  T=580°C  T=605°C
cs-0 0 92,127 90,483 88,187 84,827
Cs-5 5 91,793 89,618 88,214 87,162
Cs-10 10 91,197 88,719 88,361 87,811
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The green density of the samples decreased with the
addition of increasing particle ratios. Green density
decreases due to increasing porosity with increasing
particle ratio. This decrease is attributed to the
porosity that occurs at the particle/matrix interface.

Sintering process caused a decrease in density in all
samples. A decrease in density was determined with
increasing sintering temperature (Table 2). It has
been found that densification of Ecka Alumix 231°
largely depended on the amount of liquid phase
presented. Researchers using Alumix 231® as matrix
material have reported similar results [11-13]. In
studies conducted with Alumix 231® powders, liquid
phase formation was mentioned at sintering
temperatures above 500 °C [6,10-13]. Studies have
indicated that the amount of liquid phase increases
with increasing sintering temperature [6,11-13].

The decrease in density observed in sintering
operations above 555 °C was attributed to the
accumulation of the formed liquid phase in one
region and sudden dimensional change. As a result,
large pores have been reported to form [11,12]. It
was determined that the liquid phase formed due to
sintering temperature had an effect on density. This
result is attributed to the formation of Al-Si liquid
phases above 557 °C eutectic temperature [9,10].

Alumix 231® is a premixed alloy powder that is
composed of a mixture of elemental aluminum and
master alloy (Al-Si-Cu-Mg) powders. Fig.1 presents
the SEM micrograph of the CS-0 (555°C sintered).
Table 3 gives the EDS analysis results. Different
regions were identified in the microstructure of the
Alumix 231° alloy: elemental Al matrix, master alloy,
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primary Si particles, Cu and Mg-rich secondary
phases.

Table 3. EDS analysis (wt.%) corresponding to the point
locations as shown in Fig.1

Sample Point Al Si Cu Mg
Point 1 95,237 0,76 3,66 0,343
CS-0 Point 2 12,224 87,288 0,441 0,048

Point 3 93,375 3,789 2,46 0,376

Figure 1. The SEM micrograph of the CS-O (Sintering
temperature 555 °C)

S it}
According to EDS analysis, the region where the Figure 2. The SEM mlcrographs of the CS-5 and CS- 10
point 1 is located is the elemental Al containing (Sintering temperature 555 °C)
small amounts of Si, Cu and Mg, and the region
where the points 2 and 3 are located is the original Optical micrographs of Alumix 231® samples
master alloy consisting of Al-Si-Cu-Mg component. sintered at different temperatures are given in Fig. 3.
Point 2 corresponds to the primary Si particles. The When the micrographs are examined, it was found
primary Si particles have grown from the master that the micrograph results are parallel with the
alloy powder. Most primary Si phases were still density measurement results (Table 2). It was
clustered within the original master alloyed powder. observed that the porosity increases and the pores
It has been stated in the literature that the phases become larger with increasing  sintering
with a bright appearance seen throughout the temperature. In samples containing 10wt.% B,C,
microstructure are Cu-rich phases (fine white phase) intergranular vacancies are clearly seen, with
[11,14,16,17]. increased porosity (Fig.3). The porosity that
increases with increasing sintering temperature has
SEM micrographs of the CS-5 and CS-10 samples are been attributed to the increase in the amount of
shown in Fig 2. The master alloy, pure aluminum liquid phase with temperature, the accumulation of
regions and B;C particles are summarized on the liquid phase in a region and the sudden
micrographs. Micrographs show that B,C clustered dimensional change during cooling [6,11-13].
the grain boundaries. In addition, there are regions
where there is no coalescence between the master Fig.4 shows the hardness curves of the samples
alloy and pure aluminum grains, and it has been produced. At the sintering temperature of 555 °C, no
determined that B,C particles are pushed into these significant effect of B,C particle addition was
vacancies where there is no coalescence during observed. An increase in hardness of =5,4% was
sintering. observed in the CS-5 coded sample. In the CS-10

coded sample, a decrease of =5,7% was determined.
The reason for not achieving a significant change in
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hardness is the increased porosity with increasing
B,C addition.

No significant change in hardness was observed in
samples containing 5wt.% and 10wt.% B4C due to
increased porosity with increasing sintering
temperatures. In the CS-0 coded sample, a
decreasing in hardness was observed with increasing

sintering temperature. The reason for the decrease
in hardness is the increased amount and size of
porosity with increasing sintering temperature. In
addition, increases and decreases in hardness values
show different tendencies according to sintering
temperatures. These different trends are reflected in
the porosity/wt.% particle relationship.

CS-10/T=555°C

B ia] § o

23

x CSl

L Py

Figure 3. Optical micrographs of CS-0 and CS-10 samples sintered at different temperatures
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60 larger with increasing sintering temperature.
- é\—\ - = .In samples containing 10wt.% B,C by weight,
: intergranular vacancies were formed with
g‘ 40 \ increased porosity.
"g " \’\* o Different regions were identified in the
= microstructure of the Alumix 231° alloy:
S 5 elemental Al matrix, master alloy, primary Si
—+=G0 particles, Cu and Mg-rich secondary phases.
10 —=-Cs5 e B,C particles clustered at the grain
0 510 boundaries. It was observed that there is
555 580 605 partial sintering between the master alloy
Sintering temperature (°C) and pure aluminum particles.
Figure 4. Hardness change graph according to different e No significant change in hardness was
sintering temperatures and wt.% particle amount observed in samples containing 5wt.% and
10wt.% B,4C.

Conclusion e In the Alumix 231 samples, a decrease in
The main conclusions for this study are summarized hardness was observed with increasing

below: sintering temperature.

10.

e B,C (5 and 10wt.%) particle-reinforced Ecka
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e The green density of the samples decreased
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e Sintering process caused a decrease in

density in all samples. A decrease in density
was determined with increasing sintering
temperature. It was observed that the
porosity increases and the pores become
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