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Abstract  In the present investigation cast composites have been synthesized by addition of the desired amount of TiO2 (3, 
6, 9 and 12 wt %) powder to molten Al 1100-Mg alloy and all the composites of varied compositions were extruded. Study of 
microstructure on the hot extruded cast composites using Scanning Electron Microscopy (SEM) reveals that there are 
increasing numbers of bright particles of oxide with increasing addition of TiO2 powder. Also, the particle distribution in the 
composites developed by the additions of TiO2 powder shows individual particles and no significant clustering is observed. 
The hardness of the extruded composites increases with increasing addition of TiO2 particles when compared to Al-Mg (AM) 
base alloys, this may be due to healing of porosity, strain hardening and process of recovery and recrystallization. The yield 
and tensile strength increases with increasing addition of TiO2 powder. Yield strength and tensile strength improves most 
with 12 wt% addition of powder with values of 215.13 MPa and 239.7 MPa respectively. The percentage elongation increases 
with increasing addition of TiO2 powder up to 6 wt%, but addition beyond 6 wt% impairs ductility. The extruded composite 
with 6 wt% TiO2 particles shows ductility improvement of about 25.54%. 
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1. Introduction 
Aluminium is the most popular matrix for the metal matrix 

composites due to their attractive properties like low density, 
their capability to be strengthened by precipitation, their 
good corrosion resistance, high thermal and electrical 
conductivity, and their high vibration damping capacity. 
Aluminium matrix composites have been used since 1920s 
and are now used in sporting goods, electronic packaging, 
armors, automotive industries and widely used in the 
aerospace and automobile industries [1-2]. They offer a 
large variety of mechanical properties depending on the 
chemical composition of the aluminium matrix. 
Traditionally, the Al-MMCs are produced by directly adding 
reinforcements into the Al matrices [3-6]. Recently,    
some in situ methods have been developed and are being 
adopted in the production of Al-MMCs [7]. They are usually 
reinforced by aluminium oxide, silicon carbide, silicon 
dioxide, Titanium dioxide, Manganese dioxide, Graphite 
and boron etc [8-11]. The properties of metal matrix 
composites are inevitably a compromise between the 
properties of the matrix and reinforcement phases. It is clear  
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that the composition and properties of the matrix phase 
affect the properties of the composite both directly, by 
normal strengthening mechanisms, and indirectly, by 
chemical interactions at the reinforcement / matrix interface. 
Aluminium based composites, reinforced with ceramic 
particles, offer improvements over the matrix alloy an 
elastic modulus higher than that of aluminium has a value 
of 70 GPa, a coefficient of thermal expansion which is 
closer to that of steel or of cast iron, a greater resistance to 
wear and an improvement in rupture stress especially at 
higher temperatures and possibly improved resistance to 
thermal fatigue.  

The major methods to produce aluminium metal matrix 
composites are stir casting, vortex mixing method, powder 
metallurgy, liquid metal infiltration, squeeze casting, 
rheocasting, and spray deposition technique. Stir casting 
route is the most promising one for synthesizing 
discontinuous reinforcement aluminum matrix composites 
because of its relative simplicity and easy adaptability with 
all shape casting processes used in metal casting industry. 
Stir casting involves incorporation of ceramic/metallic 
particulate into liquid aluminium melt and allowing the 
mixture to solidify. Here, the crucial thing is to create good 
wetting between the particulate reinforcement and the liquid 
aluminium alloy melt. The simplest and most commercially 
used technique is known as vortex technique or stir-casting 
technique. The vortex technique involves the introduction 
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of pre-treated ceramic particles into the vortex of molten 
alloy created by the rotating impeller. In homogeneity in 
reinforcement distribution in these cast composites could 
also be a problem as a result of interaction between 
suspended ceramic particles and moving solid-liquid 
interface during solidification. Generally it is possible to 
incorporate up to 30% ceramic particles in the size range of 
5 to 100 micrometer in a variety of molten aluminium 
alloys. The melt-ceramic particle slurry may be transferred 
directly to a shaped mould prior to complete solidification 
or it may be allowed to solidify in billet or rod shape so that 
it can be reheated to the slurry form for further processing 
by technique such as die casting and investment casting. 
The process is not suitable for the incorporation of 
sub-micron size ceramic particles or whiskers. Another 
variant of stir casting process is compo-casting, where 
ceramic particles are incorporated into semisolid slurry of 
alloy.  

Number of secondary processes like extrusion, rolling and 
forging can be applied to the cast composites with the 
objectives of reducing porosity and improving the particles 
distribution. It is known that secondary processing of the 
discontinuously reinforced composites can lead to break up 
of particle (or whisker) agglomerates, reduction or 
elimination of porosity, and improved bonding, all of which 
contribute to improve the mechanical properties of metal 
matrix composites (MMCs) [12-14]. MMCs can be formed 
by conventional deformation processes such as rolling, 
extrusion or forging. Extrusion has been used as one of the 
most common secondary processing because of its excellent 
preferential axial alignment of discontinuous fibers as well 
as large compressive hydrostatic stress state. It is reported 
that tribological and strength properties of aluminum matrix 
composites have been improved by subjecting the cast 
composites to hot extrusion [15-17]. The extruded 
composites exhibited reduced porosity, a more uniform 
particle distribution, improved tensile and hardness 
properties. 

The present investigation involves synthesis of 
composites where Al 1100 was used as the matrix material 
and it was alloyed with 2 wt% magnesium to impart wetting 
to the TiO2 particles, added as reinforcements in amounts of 
3, 6, 9 and 12 wt% and hot extruded the cast composites.  
The objective of developing composites is to study their 
potential applications in structural components and the 
mechanical properties of these composites. There is an effort 
to understand the microstructure of the hot extruded 
composites including particle distribution and defects like 
porosity, in order to correlate with the observed mechanical 
properties measured in terms of hardness and tensile 
properties. 

2. Material and Methods 
The physical properties of Al 1100 are as shown in the 

Table.1. In this investigation, Al 1100 of 99.674% purity and 

commercial magnesium of 99.92% purity was used as the 
matrix for the synthesis of particle reinforced metal matrix 
composites. 

The molten Al 1100 was alloyed with magnesium since it 
promotes wetting between the molten alloy and the oxide 
particles, to be used for reinforcement, in order to retain 
these particles inside the melt. The chemical compositions of 
the commercial Al 1100 and magnesium ingots, in weight 
percent, are as shown in the Table 2. The specifications of 
TiO2 powder used as reinforcement in the present work are 
as shown in Table 3. 

Table 1.  Physical properties of Al 1100 

Properties Values 

Elastic Modulus (Gpa) 69 

Density (g/cc) 2.71 

Poisson’s Ratio 0.33 

Brinell Hardness 23-35 

Tensile Strength in Mpa 90 

Melting Temperature 646-657°C 

Table 2.  Chemical composition of Al 1100 and commercial magnesium 

 Chemical composition (wt %) 

Material Al-Ingot Al-Ingot 

Fe 0.132 0.132 

Mn 0.052 0.052 

Cu 0.041 0.041 

Zn 0.022 0.022 

Si 0.074 0.074 

Mg 0.005 0.005 

Al Bal. Bal. 

Table 3.  Specifications of Titanium dioxide (TiO2) powder 

Oxide /particle 
Type Purity (%) Density 

(g/cm3) Supplier 

TiO2 98.00 4.23 
RANKEM 
(Laboratory 

Reagent) 

2.1. Solidification Processing of Composites 

About 600 g of commercially pure Al 1100 was melted 
and superheated to a 900°C temperature in a clay-graphite 
crucible inside the muffle furnace. Before any addition, the 
surface of the melt was cleaned by skimming. The weighed 
amount of powder was added into molten Al 1100 at a 
processing temperature of 900°C and the rate of addition of 
oxide particles was controlled at an approximate rate of 6-8 
g/min. A coated flat blade stirrer was used to disperse the 
TiO2 particles in the melt. The speed of the stirrer was kept 
constant at 300 rpm. A non-contact type speed sensor was 
used to measure the stirring speed. The temperature of the 
melt was measured by using a digital temperature indicator 
connected to a chromel-alumel thermocouple. During 
stirring, the temperature of the slurry was maintained within 
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±10°C of the processing temperature.  
A magnesium lump of 2 wt% was wrapped by aluminium 

foil and plunged into the melt-particle slurry after the 
addition of TiO2 particles. When the desired time of the 
stirring elapsed, reduce the stirrer speed. After completion of 
processing steps, the graphite stopper at the bottom of the 
crucible is removed by using the lever to pour the 
melt-particle slurry into split type graphite coated and 
preheated permanent steel mould of three cavities of 12 mm 
and one cavity of 36 mm diameter and length of 80 mm 
cavities are provided in the mould. When the desired time of 
stirring is elapsed the melt particle slurry is poured in to split 
type graphite coated and preheated steel mold kept right 
below the graphite stopper and allowed to cool in air, in order 
to achieve better uniformity in distribution of the particles 
throughout the casting.  

2.2. Extrusion  

All the composites and matrix of varied compositions are 
extruded. Before extrusion all the composites and matrix 
compositions were heated in furnace up to a temperature of 
500°C for 90 min to homogenize the sample temperature 
throughout the volume. The solid lubricant graphite powder 
is mixed with semi solid lubricant grease with a proportion of 
1: 3 by making a mixture of solid and semi solid lubricant. 
The mixture is applied to inner surface of the die and 
container in order to reduce the friction during extrusion 
process. The mixture is used due to its capacity of 
withstanding high temperature of the billet, which is to be 
extruded. There after they were hot extruded from 35 mm to 
10 mm diameter with an extrusion ratio of 12.25 and then 
cooled in air.  

Alloy and four composites developed with the addition of 
different amounts of TiO2 but with the same 2 wt% of 
magnesium have been examined for microstructure. The 
scheme of sectioning the extruded alloy and composite were 
used to prepare specimens for metallographic studies. 
Samples from extruded ingots of the alloy and composite 
were prepared by standard metallographic procedure for 
metallographic examination under scanning electron 
microscope (SEM), Phenom Desktop SEM Phenom World, 
Netherland. The SEM studies were carried out with an 
electron beam accelerating potential of 15 kV. The polished 
specimens of different extruded composites and 
unreinforced alloys were examined under optical and 
scanning electron microscopes to study the presence of 
particles in the matrix. 

Average Brinell hardness has been measured for extruded 
alloy and composites developed by addition of TiO2 Powder, 
with 10 mm hardened steel ball indenter of 5000 N load was 
applied for 30 seconds on a sample and then the diameter of 
indentation was measured with the help of tool maker’s 
microscope. For each indentation, an average of two 
diameters measured perpendicular to each other was used to 
find the corresponding hardness. On each sample at least 
eight indentations were made to find the average Brinell 
hardness and the readings are reported as the average 

hardness value of the material. 
The tensile tests were carried out at ambient temperature 

for extruded composites and cast and extruded unreinforced 
alloys. The specimens were machined from each cast and 
extruded composites. The shape and dimension of the tensile 
specimens conforming to ASTM–E8M specification, at least 
three tensile specimens of 5.0 mm gauge diameter and 25 
mm gauge length, machined out from segment of each 
extruded composite and unreinforced alloy, were tested 
under uniaxial tension in a Hounsfield, Monsanto, 
H25KS/05, Surrey, England, tensile testing machine at a 
strain rate of 6.67 x 10-4 s-1 and the average of ultimate tensile 
strength, yield strength and percentage elongation is reported 
as the tensile property of the material. 

3. Results and Discussion 
3.1. Morphology of TiO2 Particles 

The size and particle shape of the TiO2 particles in the 
powder has been observed under SEM and the results are 
shown in Figure 1. The size is in the range between 2 µm and 
40µm and the shape of the smaller particles are spherical 
while the larger particles have somewhat irregular shape. 
The powder has been examined for their X-ray diffraction 
(XRD) pattern using X-ray diffractometer in the two theta 
range of 5-80° using CuKα radiation target and nickel filter, 
step size and dwell time were suitably adjusted, which was 
used for identification of various phases with the help of 
inorganic JCPDS (joint committee on powder diffraction 
standards) x-ray diffraction data card which shows the TiO2 
particles are fairly pure as shown in Figure 2. 

Different composites have been synthesized by adding 
TiO2 powder as given in Table 4 and these composites have 
been designated by using the letters AM to indicate Al 
1100-Mg alloy followed by a letter P indicates the amount of 
powder mix of 3, 6, 9 and 12 wt% respectively. 

The composite designated as AMP3 indicates that it has 
been synthesized by addition of powder by 3 wt%. Al 
1100-Mg alloy has been prepared by addition of 2 wt% of 
magnesium into Al 1100 melt and these alloys are designated 
as AM. All the composites and matrix of varied 
compositions were hot extruded. 

 

Figure 1.  SEM micrographs showing size and particle shape of the 
titanium dioxide powder 
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Figure 2.  XRD pattern of tio2 particles used in the synthesis of al 1100 
(mg)-tio2 composites 

Table 4.  Nominal Composition of the composites 

Designation of 
composites 

Magnesium 
(wt%) 

Particle 
(wt%) 

AM 2 0 

AMP3 2 3 

AMP6 2 6 

AMP9 2 9 

AMP12 2 12 

3.2. Scanning Electron Microscopy (SEM) 

The microstructures of these in-situ composites 
designated as AMP3, AMP6, AMP9 and AMP12 
respectively are shown in Figure. 3(a), (b), (c) and (d) 
respectively. 

 

Figure 3.  Sem micrographs of different extruded composites  developed 
by increasing amounts of tio2 powder designated as (a) amp3 (b) amp6 (c) 
amp9 and (d) amp12 respectively 

The SEM micrographs clearly reveals possibly the 
presence of intermetallic compound (bright needles, 
A-marked by arrow) and reaction will also produce alumina 
(B-marked by arrow) by oxidizing aluminium and also some 
dark spots (C-marked by arrow) due to porosities which 
could be seen very clearly in Figure 3(b). There are 
increasing numbers of bright particles of oxide with 
increasing addition of TiO2 powder as evident from 
microstructures of composites developed by addition of 3, 6, 
9 and 12 wt% TiO2 powder respectively in Figure 3 (a), (b), 
(c) and (d). The microstructure clearly reveals possibly the 
presence of intermetallic compound Al3Mg2 (bright needles)  
and reaction will also produce alumina by oxidizing 
aluminium and also some dark spots due to porosities which 
could be seen very clearly in Figure.3. 

3.3. Mechanical Properties of Al 1100 (Mg) – TiO2 
Composites 

3.3.1. Brinnell Hardness  

Average Brinell hardness has been measured and the 
readings are reported as the average hardness value of the 
material. The hardness of the extruded composites increases 
with increasing addition of TiO2 particles to AM base alloys 
as shown in Figure 4. After extrusion there is an increase in 
hardness which may be due to healing of porosity and the 
strain remaining after incomplete dynamic process of 
recovery and recrystallization. 

 

Figure 4.  Average hardness in extruded alloy and composites developed 
by increasing addition of TiO2 powder 

3.3.2. Tensile Properties 

The stress-strain behaviour of the extruded alloy and 
composites developed by addition of different amounts of 
TiO2 powder has been determined by tensile tests and the 
results are shown in Figure 5. 

After the extrusion there is significant improvement in the 
strength and ductility with powder addition. Extrusion 
reduces the shape size and distribution of the porosity in the 
material and thereby increases the mechanical properties but 
it could not reduce the porosity completely. 

The yield strength and tensile strength of the extruded 
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composites increases with increasing addition of TiO2 
particles to AM base alloys as shown in Figure 6. The 12  
wt% of TiO2 powder addition extruded composite exhibited 
high yield strength and tensile strength. The improved 
strength in extruded composites may be due to reduction in 
porosity content, reduction in grain size and uniform 
distribution of TiO2 particles. This may be due to 
compressive strains involved in the extrusion process. The 
extruded composite with 6 wt% of TiO2 powder exhibiting 
higher percentage of elongation. Whereas percentage 
elongation in extruded composite decreases with the increase 
in the reinforcement content for 3 wt% of TiO2 and then 
percentage elongation again increases with 6 wt% of 
reinforcement. This may be due to high porosity content. 
When the content increased to 12 wt% of TiO2, there is slight 
increase in percentage elongation may be due to the 
clustering of particles in the composites. 

 

Figure 5.  Tensile stress-strain behaviour of extruded AM alloy and 
composites 

 

Figure 6.  Comparison of yield strength, tensile strength and percentage 
elongation in extruded alloy and composites with increasing addition of tio2 
powder 

4. Conclusions 
The conclusions of the present study are outlined below.  

1.  The Liquid metallurgy route (stir casting technique) 

was successfully adopted in the preparation of alloy 
and composites containing 0, 3, 6, 9 and 12 wt% of 
TiO2 powder reinforcement. 

2.  XRD analysis shows that the TiO2 particles are 
fairly pure and SEM analysis shows that the TiO2 
particles have irregular shapes. 

3.  Due to hot extrusion, reduction in porosity content, 
matrix grain size and grain refinement is achieved. 
This may be due to the action of compressive forces 
in hot extrusion process.  

4.  The hardness and tensile strength properties of the 
extruded composites is found to be increased with 
the increase in percentage of reinforcement. Higher 
hardness and tensile strength properties are noticed 
for the 12 wt% of TiO2 powder addition. 

5.  The 12 wt% extruded composite developed after 
extrusion exhibited good strength and percentage of 
elongation around 21.96%. 
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