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2024 Aluminum alloy with 15Wt% SiC particulate composite was produced by P/M processing.
Mechanical alloying (MA) technique was used to mill the blended powder under purified nitrogen.
The results of MA processing have been investigated with SEM, EDAX and XRD. The results
show that the matrix particle size and crystallize size reduced after MA and homogeneous
distribution of SiC, reinforcement in the matrix could be obtained. The MA processing also results
in cold worked structure, contamination due to oxygen, iron and carbon in the matrix.
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Introduction

Aluminum based metal matrix composites are
used in aerospace, defence and selected automotive
applications such as high performance racing
applications [1]. The most commonly used
materials as reinforcement are SiC, Al,Oz or B,C
into the aluminum matrix. These materials are used
to improve elastic modulus, enhanced heat and
wear resistance [2]. The attritor, which is
effectively a high energy ball mill containing
internally agitated media, is widely used to
disperse reinforcement in the P/M matrix. The
most important concept in the attritor is that the
power input is used directly for agitating the media
to achieve grinding and is not used for rotating or
vibrating heavy tank in addition to the media [3].
While applying the technique for dispersoid
distribution, it is known as mechanical alloying
(MA). Though, it is not really ‘alloying’ due to
insolubility of the dispersoids in the matrix [4].
Mechanical alloying, as originally developed by
Benjamin, was used to produce a combined oxide
dispersion strengthening with gamma prime
precipitation hardening in a nickel-based
superalloy [5].

The purpose of the present studies is to
investigate the influence of MA processing on the
particle size, crystallite size and microstructural
changes in powder particles and distribution of
SiC, reinforcement and their corresponding
properties.

Methodology

2024 Al alloy powder supplied by the M/S
EKCA Granulate Veldem GmbH, Germany, with a
particle size of <71um , and the silicon carbide
powder with an average particle size of 10-15 um
were used in these investigations. The chemical
composition of the 2024Al powder is shown in
Table 1.

As-received 2024 Al powder was mechanical

alloyed with 15wt% SiC particles in a high energy
attrition mill for 8 h with a rotation speed of 350
rpm. The milling media used was stainless steel
balls of 12.2mm dia. The weight ratio of milling
media to powder was 10:1. Acrawax C was used
as a process control agent (PCA). Milling was
carried out in purified nitrogen to prevent
oxidation during milling. These mechanical
alloying parameters have been summarized in
Table 2. The MA powder was then degassed at
temperature of 200° C, in vacuum oven at 107 torr.

Table 1. The Chemical Composition of 2024A1 Powder
(Wt%)

Component Wt. %
Al Balance
Cr Max 0.1
Cu 3.8-49
Fe Max 0.5
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Mg 1.2-1.8
Mn 0.3-09
Si Max 0.5
Ti Max 0.15
Zn Max 0.25
Other, each Max 0.05
Other, total Max 0.15

Table 2. Mechanical Milling Parameters

Parameter Details
RPM 350
Grinding media hardened steel
balls
(dia.-12.2 mm)
Ball to charge ratio  10:1
Atmosphere purified nitrogen
Process Control 2Wt% Acrawax C
Agent (PCA) (2gm)
Milling Time 8hr

Particle size analyses were carried out by CILAS
analyzer. The morphologies and distribution of the
SiC particles and compositional analysis were
carried out using TESCAN scanning electron
microscope (SEM) with energy-dispersive X-ray
analyzer (EDAX). For phases analysis Philips X-
Part X-ray diffraction unit with Cuy, radiation (k,
=0.1542nm) was used.

Results and Discussion

Morphologies of particles and their size evolution

Figures 1 (a) and (b) show the particle size
distribution of milled 2024 and 2024+15Wt%SiC.
The particle sizes D at 0.5 in mechanically alloyed
2024 and 2024+15Wt%, are 32.65um and
13.71um respectively. This reduction in particle
size from as received powder particle size <71 um
due to mechanical alloying.
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Figure 1. The particle size distribution of (a) Milled
2024 and (b) Mechanical alloyed 2024/SiC,

Figure 2. The powder Izlorphologles: (a) SiC pownder;
(b) SEM of as received 2024 Al (c) SEM of milled
2024Al1 (d) SEM of MA 2024A1/SiC, showing
embedded SiC,

Scanning electron micrographs of as received SiC
particles, 2024Al and milled and MA 2024Al are
shown in Fig.2 It can be seen that the SiC particles
have irregular shape and sharp angles and the initial
spherical shape of the 2024Al powder has become
irregular shaped after MA, with the small particles
also flattened and attached to the large particle
(Figure 2c¢) and also the SiC, particles get embedded
in the matrix powder (Figure 2d). Refinement of
particles is seen in 2024Al when milled with SiC,,
At the time of mechanical alloying the small
particles collided with the large particle, and then
were cold-welded. At same time, the assembled
particle was broken when the collision force was
large enough to exceed the compressive strength of
the particle [6].

X-ray diffraction pattern
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Figure 3 and Figure 4 shows the XRD patterns
of as received 2024Al, milled 2024Al and MA
2024A1+15Wt%SiC. The XRD patterns show a
decrease in peak intensity and an increase in peak
width after MA, indicating a change in crystallite
size. Fig. 4 shows shifting of the main peak to
higher 20 angle indicates the existence of strain in
the MA matrix powder. Thus the line broadening
of the main peak is due to both stresses and grain
size reduction caused by MA [7]. The crystallite
size calculated by the following Scherrer equation
which gives the peak broadening due to crystallite

size B(29) _ 0944

Where B is peak width and L crystallite size.
The crystallite size in as received 2024Al, milled
2024Al and MA 2024Al/SiC,, are 102 nm, 73 nm
and 45 nm respectively.
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Figure 3. XRD patterns of as received 2024Al, Milled
2024A1, MA 2024AISiC
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Figure 4. Effect of mechanical alloying

A powder weight change experiment was
performed to investigate the gas and moisture

absorbed during MA (Figure 5).
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Figure 5. Weight changes of MA 2024A1/SiC, powder;
(A) Weight loss after degassing treatment at 200° C (B)
Weight gain by degassed powder after exposure in air
for 24 h

A powder weight change experiment was
performed to investigate the gas and moisture
absorbed during MA. The weight loss of MA
2024Al/SiC, powder was 4wt% after heating in
vacuum at 200° C for 1 h; while the weight gained
by the degassed powder was only about 0.4wt%
after exposure to the air for 24 h (Figure 5). Thus
powder adsorbed about 4wt% gases, during the
MA processing, which may include O,, moisture
and N,, oxygen will most likely be combined as
ALO; and is not removable by degassing
treatment.

EDS analysis [Figure 6] indicate some
contamination of the MA powder with oxygen,
iron from the milling media, and carbon resulting
due to decomposition of the Acrawax C used as a
PCA. These contaminants may affect the
compressibility and sintering characteristics of the
powder [8].
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Figure 6. EDS analysis of the MA 2024Al/SiC powder

According to the above experiments, the MA
processing could have advantageous to obtain a
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composite with uniform reinforcement distribution,
but the disadvantages are obvious [9].

Conclusions

SiC particles dispersed 2024Al alloy matrix
was synthesized using MA technique. These
investigations show that:

1. A relatively homogeneous distribution of
SiCp reinforcement in the finer 2024Al matrix
could be obtained by mechanical alloying
technique.

2. MA processing also results in cold worked
structure, contamination due to oxygen, iron and
carbon in the matrix.

3. Crystallite size in matrix of nanometre.
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