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Abstract

	 Magnesium AZ91D alloy is reinforced with red mud particles, is the by-product of alumina 
which is extracted from refining of bauxite throughbayer process to fabricate low cost novel composite 
by powder metallurgy technique. Reinforcement ratio was varied from 0% to 15% whereas size of 
the particles were kept as 30µm.The microstructure and mechanical properties such as density and 
microhardness of the composite were evaluated. Microstructural characterization of the sintered 
composite revealed a near uniform distribution of the red mud particulates with magnesium alloy 
metal matrix.The test results indicated that the increase in weight % of red mud particles significantly 
enhances the mechanical propertiesof the composite.
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Introduction

	 Magnesium alloys have been gained 
much attention in automotive and electronic 
industries due to their light weight, excellent 
damping capacity, castability, and machinability1. 
However, insufficient high temperature strength 
and poor corrosion resistance of the magnesium 
alloys limit their extensive applications2.The need 
for high performance and light-weight materials in 
aerospace and aeronautical industries has become 
increasingly urgent in recent years, which lead to 
extensive research in processing magnesium matrix 
composites with cost-effective technologies3.

	 Magnesium metal matrix composites 
(MMCs) reinforced with ceramic particles have 
a great potential to be applied in aerospace and 
automobile industries because of their high specific 
tensile strength and modulus, as well as their 
wear resistance4,5.There are several methods to 
fabricate reinforced Mg MMCs including stir casting, 
squeeze casting, powder metallurgy, infiltration 
and mechanical alloying6-10. Among these, powder 
metallurgy (P/M) technique is probably used to 
fabricate reinforced Mg composites. The P/M 
technique can attain a more uniform distribution 
of particulates in the metal matrix with or without 
less excessive reactions between the matrix and 
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reinforcements and the composites can fabricate 
from powders without passing through a fully melting 
state11. Red mud, an industrial waste residue formed 
after caustic digestion of bauxite ores during the 
production of alumina12. Itcontains considerable 
amount of alumina, caustic soda, ferric oxide, 
titanium and other minor valuable constituents13. 
Hence, it can be act as a good reinforcement in 
metal matrix composite to enhance the physical and 
mechanical properties.  

	 This study focuses on synthesis and 
characterization of AZ91D Mg alloy reinforced with 
red mud which have been prepared by powder 
metallurgy technique.Reinforcement levels are 
varied from 0-15 wt. % of matrix material. The 
microstructure and mechanical behaviour such 
as density and hardness of sintered composite 
specimens have been investigated.

Materials and Methods

	 In this exper iment, atomized pure 
magnesium AZ91D powders (99.9% purity, ~80 
µm) and red mud particulates (~105 µm) collected 
from the alumina extraction industries through 
bayer process were used as matrix material and 
ceramic reinforcement phase, respectively. The 
chemical composition of red mud was analysed and 
shown in Table 1. The powder blends with designed 

composition of 0, 5, 10, and 15 vol. % red mud were 
mixed in a ball mill for 4 h to achieve proper quality 
mixtures.

Results and discussions

	 M i c r o s t r u c t u r e  a n d  m e c h a n i c a l 
characterization of sintered composites is carried 
out using metallographic examinations with scanning 
electron microscope (SEM) at operating voltages of 
below 20 kV, atomic force microscope (AFM) analysis, 
density, wear rate, and hardness measurements. All 
SEM specimens were sputter coated with gold-
palladium to avoid charging.  

Surface morphological analysis
	 Fig. 2 & 3 shows a general SEM view of 
the raw Mg and red mud powder particles. It has a 
broad range of particle size, from 20 to 150 µm and 
an irregular shape with a rough surface.

	 Fig.4 show the SEM micrographs of 
sintered specimens. The general arrangements 
of magnesium molecules and reinforcements of 
the Mg alloys are faintly fusedtogether at points of 
contact and some individual particles can also been 
identified in Fig 4a.It is seen that the distribution of 
red mud particles in magnesium matrix is noticeably 
uniform. Fig.4b shows the top surface of sintered 
specimen. It indicates the smooth surface with 

Table 1: Chemical composition of Red mud

Elements	 Fe2O3	 Al2O3	 SiO2	N a2O	 CaO	 TiO2	O thers

Weight %	 26.41	 18.94	 8.52	 4.75	 21.84	 7.4	 12.14

Fig.1: Photographs of the prepared green compact specimens
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uniform distribution of reinforcement in sintered 
composite. It also indicates the crack free and well-
polished surface. This may be attributed due to the 
proper distribution of pressure during compaction. 
However, some pores attributed in the specimen. 
This is attributed due to the increase in volume 
fraction of reinforcement14,15.

	 Fig. 4 (a-b). SEM micrographs of Mg/Red 
mud composites fabricated by powder metallurgy 
In order to conform the presence of reinforcement 
in sintered specimen, EDS analysis was done over 
a particular region of the composite surface. In 
the figure, Mg, Al, Zn, Mn, and oxygen peaks are 
observed. The EDS analysis confirms the existence 
of major components presented in Table 1. The 

oxygen peak is observed due to the presence of 
oxygen molecules in extracted red mud in the form 
of Fe2O3, CaO and SiO2.From the above analysis it 
has been asserted that red mud reinforcement in 
the form of Si, Al, and Mn particles are successfully 
incorporated in the Mg matrix composites.

Mechanical properties
Density
	 The theoretical density of Mg matrix 
composite was calculated using the rule of mixtures16. 
The actual density for the pure Mg compact and 
composite were calculated using Archimedes 
principle. The sintered sample was weighted in air 
(Wa), then suspended in distilled water and weighted 
again (Ww). The actual density of the composite 

Fig. 2: SEM micrograph of magnesium 
AZ91D alloy particles

Fig. 3: SEM micrograph of raw red 
mud particles

Fig. 4 (a-b):SEM micrographs of Mg/Red mud composites fabricated by powder metallurgy
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Fig. 5: EDS analysis of sintered Mg/ 15% red mud composite

Fig. 6: The effect of wt. % of red mud on density

samples is calculated using the following formula:

( )a a a w wW W Wρ ρ= − ×
	 ...(1)

	 Where pa  is the actual density, Wa  is the 
mass of the cylindrical sample in air, Ww  is the mass 
in distilled water, pw and  is the density of distilled 

water. The effect of red mud reinforcement on the 
density of sintered samples as a function of Wt. % of 
red mud is shown in Fig 6. As can be seen from the 
figure, the density increases with increase in Wt. % of 
red mud reinforcement.The addition of 15 Wt. % red 
mud increases the density from 1.83 g/cm3 to 1.94 
g/cm3. The increasing density will simultaneously 
improves the mechanical properties.
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Fig. 7:  The effect of wt. % of red mud on micro hardness

Microhardness
	 The hardness of the red mud reinforced 
composites was evaluated using Vickers hardness 
tester. The applied load on specimens is 3 kg and 
dwell time is considered as 15 s. An average of 
three readings is taken for hardness value of each 
specimen. Fig 7. shows the effect of red mud on 
micro hardness of the samples with 0-15 wt. % of 
red mud particles. The hardness of the composite 
increases with increase in reinforcement level and 
the maximum hardness of 89 VHN is observed 
in 15 wt. % of red mud.This is due to the hard 
reinforcement particles offered resistance to surface 
plastic deformation of composites during the 
indentation and the red mudparticles render their 
inherent property of hardness to the soft matrix which 
significantly increases the hardness value.

Conclusion

	 Magnesium metal matrix composites 
(MMCs) reinforced with 5, 10, and 15 wt. % red mud 
particles were successfully fabricated by powder 
metallurgy technique. The EDM analysis indicated 
that oxygen existed at the interface between the 
red mud particulate and Mg matrix due to the 
presence of Fe2O3, CaO and SiO2in reinforcement.  
SEM images of sintered composites indicates the 
uniform distribution of reinforcement particles in the 
matrix. As compared with pure Mg specimen, the 
mechanical properties such as density and micro 
hardness of Mg MMCs reinforced with 15 wt. % red 
mud particles were increased by 5.67 % and 23.59%, 
respectively. Hence the increase in reinforcement will 
considerably increases the mechanical strength.
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