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Abstract
Heat treatment of aluminium alloys are affected by means of
precipitation hardening comprising the following steps: solutionizing,
quenching and aging at room temperature (natural aging) or at
elevated temperature (artificial aging). Nevertheless, during
precipitation hardening of aluminium matrix-based discontinuously
reinforced composites, in the solutionizing stage, the matrix alloy is
modified quite significantly due to the occurrence of dislocations.
The main problem faced in the heat treatment process is the selection
of optimum combination of precipitation of hardening parameters for
achieving the required mechanical and tribological properties of
composites.

1. Introduction
Metal-matrix composites are used in advanced structural,
electronic, automotive, aerospace, wear applications and
thermal management [1]. The advantage of metal matrix
composites is their adapted physical, mechanical and
thermal properties with low density, high abrasion, high
thermal conductivity, high specific strength, high specific
modulus, and wear resistance [2, 3].
The ever-increasing demand for low cost reinforcement
encouraged the interest towards production and utilization
of using by-products from industry as reinforcement since
they are readily available or are naturally renewable at
affordable cost. Al alloys are widely used in aerospace,
automobile and electronic industries due to their excellent
wear and corrosion resistance, low density, low coefficient
of thermal expansion, good strength and castability. The
common microstructure of hypereutectic Al- alloys is
composed of primary silicon particles. The high strength
and wear resistance of these alloys are attributed to the
presence of hard silicon particles [6]. The forming based
semi-solid phase has attracted great attention as a new
technology since it complemented the shortcomings of the
current forming processes. The morphology of the primary
phase of semi-solid metals plays a very important role in the
quality control of semi-solid process. Electromagnetic
stirring is a forming process which fills the mold cavity
through injecting cylinder with semi-solid slurry after
uniformly transformed dendritic microstructure formed
during solidification process to spherical primary-Al phase
particles and distributing it into eutectic phase, by strongly
stirring the melt at the initial stage of solidification. The
electromagnetic stirring needs to be a good substitute
system of mechanical stirring to avoid alloy contamination
and damage of stirrer. The rheology forming is controlled
by grain and solid fraction using the electro-magnetic
stirring system. This study sets up the experimental data
applicable to control the particle grain size of the resulting
materials to be produced by electromagnetic stirring to
investigate the relation between
Corresponding Author,
E-mail address: shashi_gla47@rediffmail.com
All rights reserved: http://www.ijari.org

IJARI

the properties of A356 alloy such as primary-Al phase
particle sizes, their distribution, and spherical structure and
electromagnetic stirring current and time [7]. The
preparation of raw material slugs within the mushy zone,
which is the key technology of semisolid metal processing,
is an issue of great importance. In semisolid metal processes
for Al alloys, it is desired that the structure be non-dendritic
and contain minimal or no entrapped eutectic. The
traditional EMS (Electromagnetic stirring) process mainly
works in the mushy zone of the alloy, i.e., supercooled +
EMS. There are two hypotheses to explain the formation
mechanism of non-dendrites, that is, mechanical
fragmentation and the root remelting of the dendrite arms.
The homogenization of the temperature and constituents
caused by the forced convection during stirring can prompt
the nucleation of the primary α-Al phase and restrain the
growth of dendrites. The combination of light weight,
environmental resistance and useful mechanical properties
such as modulus, strength, toughness and impact resistance
has made aluminium alloys well suited for use as matrix
materials.
In AA2014/eggshell metal matrix composite, very little
study has been done to logically examine the mechanisms of
atom redistribution in the precipitation hardening process
and the effect of a variety of natural ageing times on the
mechanical properties at the end of artificial ageing process.
Among the Al-Cu-Mg casting alloys, AA2014 cast
aluminium alloy is a commercially accepted casting alloy. It
is generally used in aircraft structures, especially wing and
fuselage structures under tension. It is also used in high
temperature applications such as in automobile engines and
in other rotating and reciprocating parts such as piston,
drive shafts, brake- rotors and in other structural parts which
require light weight and high strength materials. The 2014
alloy is heat treatable in the cast condition and exhibits the
highest strength to weight ratio. The chemical and
mechanical properties of AA2014 alloy are given in Table 1
and Table 2 respectively [6].

2. Literature review
Review of heat treatment and its Process Parameters
for the Metal Matrix Fabrication are given in Table 1.
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Table 1: Chemical composition of AA2014 alloy (wt %)
Mn
Mg
Zn
Ti
Ni

Si

Fe

Cu

0.5-0.9

0.5

3.9 – 5.0

0.4-1.2

0.2-0.8

0.25

0.2

0.1

Cr
0.1

Al
Balance

Table 2: Measured properties of AA2014 alloy
Melting point
6400C

Ref.
No.
11

10

12

13

14

15

16

17

Author’s Name
(Year)
D. Godard et al.
(2002)

Density (g/cm3)

2.8

Tensile Strength (MPa)

185

Hardness (BHN)

60

Toughness (Joule)

12

Ductility (percentage elongation)

13

Fatigue Strength (MPa) for 1 x 107 cycles

90

Table 1: Review of heat treatment and its Process Parameters
Conclusion and Results

The precipitation sequences have been investigated during the cooling of an aluminium alloy AA
7010 from the solutionizing temperature. Interrupted quenching was performed at various
temperatures and different holding times
S.C Sharma et al. 1. The composite samples were aged at 32, 80, 180, and 250 °C after solutionizing at 320 °C for 3 h
(2002)
followed by cold water quenching.
2. Reduction in hardness values was observed with increase in aging time.
K. Mahadevan et 1. Composites can be heat treated by solutionizing and aging to modify the microstructure and
al.
thereby the mechanical properties.
(2005)
2. It is observed that the mechanical properties are degraded for a delay of up to 12 h before aging.
However for delay of 16 h and beyond, the properties are similar to that of composites exposed to
nil (0 h) delay.
C.H. Chiang et al.
The microstructures and mechanical properties of cast alloys in solutionized and aged conditions
(2006)
were studied.

K. Mahadevan et
al.
(2008)

1. Aluminium metal matrix composites are age hardenable and can be strengthened through
precipitation hardening process.
2. Tests, based on the design of experiments (DOE) technique, were conducted to systematically
record the influence of precipitation hardening parameters on the fatigue strength of AA 6061SiCp composite.

3. For a given solutionizing temperature of 530 ◦C it is observed that solutionizing time (St) as an
individual parameter has the maximum influence on fatigue strength of AA 6061-SiCp composite,
followed by the first order interaction effect between solutionizing time (St) and aging
temperature (AT).
I.G.
The effect of mushy state rolling on aging kinetics of stir-cast Al–4.5Cu alloy and in situ Al–4.5Cu–
Siddhalingeshwar 5TiB2composite and their tensile behavior in solution-treated (495 °C) or differently aged (170 °C)
et al.
conditions, has been investigated.
(2011)
A. Malekan et al. 1. The effect of different solution temperatures has been investigated on the microstructure and
(2011)
tensile properties of Al–Mg2Si composite specimens were subjected to solutionizing at different
temperatures of 300 °C, 350 °C, 400 °C, 450 °C, 500 °C, 550 °C and 580 °C for holding time of
4 h followed by quenching.
2. Tensile test results indicated that ultimate tensile strength (UTS) gradually decreased upon
solutionizing from 300 to 550 °C while further increase in the temperature followed by a sharp
decrease in UTS up to 580 °C solutionizing temperature.
3. It was found that the elongation has become three times greater in comparison to the as-cast state.
Elongation results showed an increase up to 500 °C and then reduced temperatures of 550 and
580 °C.
Pei-yue LI et al.
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The optimized solution treatments for specimens with dimensions of 25 mm×25 mm×2.5 mm and 70
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(2012)

mm×60 mm×20 mm are (480 °C, 30 min) and (480 °C, 90 min), respectively.

18

Choong do LeeT6 Heat treatment with solutionizing and aging treatment times of 6 h at 540 °C and 16 h at 160 °C,
(2013)
respectively, was proposed as the optimal conditions.
20
E.M. Elgallad et al. 1. Solution treatment at 530 °C for 5 h dissolved the first three phases into the solid solution and
(2014)
consequently improved the mechanical properties of the alloy.
2. By utilizing the appropriate aging temperature and time, different combinations of strength and
ductility could be obtained
19
Shashi shekhar et
Aging behaviour was studied as a function of time and temperature and corresponding
al.
microstructure as well as fractographs of tensile tested specimens was recorded.
(2014)
1. Composites can be heat treated by solutionizing and
aging to modify the microstructure and thereby the
3. Precipitation hardening process
mechanical properties.
Fabrication of metal matrix composite used in this
2. By utilizing the appropriate aging temperature and
study was fabricated by electromagnetic stir casting
time, different combinations of strength and ductility
technique, details given elsewhere [7].
could be obtained.
Precipitation hardening is a heat treatment technique
References
used to increase the yield strength as well as other
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properties of composites. The process of precipitation
parameters on surface roughness of A356/5% SiC
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