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Abstract- In this paper the stir casting technique was used to fabricate Al 2024/red mud MMC. The MMC was developed 
under the environment of Argon gas using controlled process parameters. The effect of different weight percentage and 
particle sizes of red mud on the mechanical properties of Al/2024 MMC is reported. Scanning Electron Microscope (SEM) 
images reveal the uniform distribution of the reinforced red mud particulates in the MMC. XRD examination confirms the 
presence of red mud particles in the MMC. The results reveal that tensile strength and micro hardness of the Al2024/red mud 
MMC increased with the increasing weight percentage and decreasing particle size of red mud in the MMC.  
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I. INTRODUCTION 
 
A composite material is a mixture of two or more 
micro or macro constituents that differ in form and 
chemical composition which are essentially insoluble 
to each other [1]. Various types of composites based 
on different matrix (metal, polymer and ceramics) 
have developed over a period [2]. Composites can be 
tailor made to possess high strength, high toughness 
light weight, low cost, good damping capacity, wear 
resistance, corrosion resistance, hardness, 
conductivity, creep strength, fatigue strength, 
negative thermal expansion coefficient and unusual 
combinations of electric, magnetic and optical 
properties [3]. The examples of naturally occurring 
composites are shell, wood, bone and teeth. The 
composites based on metals and their alloys are 
known as MMC [4].  
 
Hashim et al. [5] design and developed economical 
stir casting setup for the production of MMC’s. 
Different process parameters have significant effect 
on the mechanical properties. Controlling the various 
process parameters can produce varieties of MMC’s 
parts and products with wide range of mechanical 
properties. Mechanical properties show an increasing 
trend due to the large difference in coefficient of 
thermal expansion between the alloy and the 
reinforcement [6,7]. Shorowordi et al. [8] conducted 
an exhaustive comparative study on microstructure 
and interface characteristics of boron carbide, silicon 
carbide and alumina reinforced metal matrix 
composites. All the composites were prepared using 
stir casting technique. Various compositions ranging 
from 0 to 20 vol. % of SiC, Al2O3 and 0-13 vol. % 
B4C used as reinforced particulates. Results reveal 
that the macrostructure of Al-SiC and Al-Al2O3 was 
almost similar although through the structure. 
Authors claimed that the pores formed in the 
composite reduced the strength of the composites. S. 
Balasivanandha et al. [9] Investigated Al/Silicon 
Carbide MMC, using stirring speed and stirring time 

as processing parameters. Results show that stirring 
speed and stirring time impacted the hardness of 
MMC. With the increase in stirring speed the grain 
size decreases which may be attributed to the 
fragmentation of dendrites due to increased shear 
forces [10]. Microstructure analysis shows that at 
lower levels of the processing parameters particle 
clustering was more. Kalaiselvan et al. [11] modified 
stir casting route was designed and developed for the 
production of Al (6061-T6) MMC reinforced with 
B4C. With the addition of K2TiF6 the wettability of 
B4C increases. The uniform dispersion of the B4C 
particles was evident from the SEM images. Hardness 
and tensile strength improved with the increasing wt 
% B4C particulates. Rebba et al. [12] studied the 
effect of MOS2 on the mechanical properties of 
Al2024 MMC. Results reveal that the tensile strength 
and hardness of the MMC was highest with 4% 
MOS2. SEM images reveal the uniform distribution 
of the particulates in the MMC. XRD images confirm 
the presence of the particulates in MMC.  
In this paper an attempt has been made to fabricate 
Al2024/red mud MMC with different weight 
percentage and particle size of red mud. Experimental 
investigation is carried out to study the mechanical 
properties of the developed Al2024/red mud MMC. 
SEM and XRD tests are conducted for micro-
structural characterization of the fabricated MMC 
 
II. EXPERIMENTAL SETUP 
 
2.1 Materials 
Aluminium alloys have excellent mechanical 
properties that makes them suitable candidate for the 
matrix material. Al 2024 is the most suitable material 
out of the 2000 series to be used as the matrix 
material. The 2000 series provides excellent 
properties and thus they can be extensively used as a 
matrix material in various MMC’s applications.  
2.2 Reinforcement 
The red mud used for the present study was taken 
from the aluminium refinery of HINDALCO located 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-8, Aug.-2016 

Microstructural Characterization of Al2024/Red Mud MMC 
 

126 

at Renukoot, UP. Red mud is available free of cost as 
it is an industrial waste and has good wettability with 
the aluminium alloys. 
 
2.3 Fabrication of Al2024/red mud MMC 
A known quantity of aluminium matrix alloy 
(Al2024) was charged into the crucible placed inside 
the specially designed and developed muffle furnace 
under inert atmosphere. The temperature inside the 
furnace was raised to 800oC which is above the 
liquidus temperature of the alloy and maintained until 
the charge fully melted. The red mud particles were 
preheated at 800 o C for three hours to improve their 
wettability with the melt. In order to further enhance 
the wettability with the melt, small quantity of 
magnesium was added. After the creation of the 
vortex in the melt region, red mud particles were 
added in the melt at constant rate. The stirrer speed 
was maintained constant at 700 rpm. The stirrer was 
withdrawn from the furnace and the melt was poured 
into the preheated mould which was subsequently 
allowed to be cooled at room temperature. Using the 
same procedure several Al2024/red mud MMC were 
fabricated with different wt% of red mud ranging 
from 5%-15% and different red mud particle size 
ranging from 90휇-250휇. 
 
III. RESULTS AND DISCUSSION 
 
3.1 Density 
Density of the developed Al2024/red mud MMC was 
found using the Archimedes’s principle.  Initially, the 
weight of specimen in air (Wa) and weight in water 
(Ww) are measured. The density (ρ) is measured using 
the equation given below. The density of the water is 
taken as 1 gm/cm3. 
 

ρ =
W

W − W × Density	of	water 

 

 
Figure 1: Density variation of Al2024/red mud MMC with 

different weight percentage of red mud particles 
 
Figure 1 represents the density of the developed 
Al2024/red mud MMC with different weight fraction 
of red mud particles. From the figure it is clear that 
the density of the Al2024/red mud MMC increases 

with the increasing percentage of red mud weight 
fraction. The increase in density value of 15% red 
mud weight fraction MMC is about 5.39% over the 
density value of 2.78 gm/cc. This increase in density 
may have occurred due to uniform distribution of red 
mud particles.  
 
3.2 Micro-hardness 
The cast samples are cut into required shape and size 
for micro-hardness test. The test was conducted on 
Vicker hardness test machine (Model VM 50), make 
FIE, using test method according to IS 1501-2002 
standard. Figure 2 shows the variation of micro-
hardness of the fabricated Al2024/red mud MMC 
developed using different red mud particle size & 
different weight percentage of red mud particles. 
From the figure it is clear that the micro-hardness 
increases with the increase in red mud particles 
weight fraction and the value is maximum with 15% 
weight fraction and 90	휇 particle size of red mud 
reinforcement. The increased hardness value may be 
attributed to the hard reinforced particles providing 
resistance to the dislocations in the MMC. The 
decrease in the micro-hardness value for the 5% and 
10% weight fraction of the red mud particles may be 
due to agglomeration of the red mud particles. The 
micro-hardness value of 15% weight fraction of red 
mud particles is about 1.5 times the micro-hardness 
value of Al2024 matrix. 
 

 
Figure 2: Variation of micro-hardness with different stirrer 

blades and different wt% of red mud particles 
 
3.3 Ultimate Tensile Strength (UTS) 
The effect of different weight percentage and particle 
size of red mud in Al2024/red mud MMC is 
investigated and the results are shown in figure 3. The 
Ultimate tensile strength of the Al2024/red mud 
MMC rises with the increase in red mud weight 
fraction and decrease in particle size. The increased 
tensile strength may be attributed to the resistance 
provided by the hard reinforced particles to the 
passage of the dislocation in the MMC. The value of 
UTM was found to be maximum for the 15% weight 
fraction red mud particles developed with 90	휇 red 
mud particles size. The increase in UTS value of 15% 
red mud weight fraction Al2024/red mud MMC is 
about 1.7 times the UTS value of Al2024 matrix.   
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Figure 3: Variation of tensile strength with different stirrer 

blades and different wt% of red mud particles 
 
IV. MICROSTRUCTURAL 
CHARACTERIZATION 
 
4.1 Scanning Electron Microscope (SEM) 
Samples were prepared out of the casted specimens 
for SEM examination. The test result reveals refined 
grain size of the MMC attributing to the uniform 
distribution of the red mud particles which act as 
nuclei restricting the grain growth during the 
solidification process. Figure 4 shows the SEM 
images illustrating the microstructure of the 
developed Al2024/red mud MMC in SEI mode. From 
the microstructural analysis it is clear that the red 

mud particles are uniformly distributed in the 
developed MMC with limited agglomeration.  
 

 
Figure 4: SEM image of Al2024/red mud MMC in SEI mode 

 
4.2 XRD of the developed MMC 
XRD analysis of the developed samples was carried 
out using X’Pert Pro PANalytical XRD machine. 
Figure 5 shows the XRD pattern of the Al2024/red 
mud MMC. From the XRD patterns it is clear that the 
presence of elements like Fe, Si and Ti confirms the 
presence of red mud particles in the developed 
Al2024/red mud MMC.  

 

Figure 5: XRD analysis of the Al2024/red mud MMC 
 

CONCLUSION 
 
In this paper analysis of the Al2024/red mud MMC 
was carried out which was developed using a 
specially designed stir casting setup. Different 
particle size and different weight fraction of red mud 
was used to develop the Al2024/red mud MMC. 
Various tests were conducted on the developed MMC 
to identify the different physical and mechanical 
properties. The presence of elements like Fe, Si and 
Ti confirms the presence of red mud particles in the 

developed MMC. The following conclusions are 
drawn based on the research investigation: 

1. Stir casting setup can be effectively used to 
develop the Al2024/red mud MMC.  

2. The density of the developed Al2024/red mud 
MMC increased with the increase in weight 
fraction of the red mud particles. 

3. Effect of different particle size on the 
mechanical properties were investigated and it 
was found that the value of micro-hardness 
and tensile strength was found to be maximum 
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for 90휇 and 15% weight fraction of red mud 
particles.   

4. The increase in UTS value of 15% red mud 
weight fraction Al2024/red mud MMC is 
about 1.7 times the UTS value of Al2024 
matrix. 

5. SEM analysis of the developed MMC reveal 
uniform distribution of the reinforced particles. 

6. XRD analysis of the developed MMC 
confirms the presence of red mud particulates 
in the Al2024/red mud MMC.  
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