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Abstract The aim of the present paper is to study the effect of red mud on the
characterization and mechanical behavior of aluminum alloy AA6082 composites
reinforced with red mud. Four different volume fractions (0, 2, 4, and 6%) have been
considered to fabricate the composites by stir casting route. The effect of heat treat-
ment on mechanical properties is also investigated. Vickers micro-hardness testing
and tensile testing were carried out to measure mechanical properties. Compared
to the base alloy, a significant enhancement in the hardness and tensile strength is
observed in the case of the red mud-reinforced composites. Furthermore, field emis-
sion scanning electron microscope analysis (FESEM) and energy-dispersive spec-
troscopy (EDX) were also employed to study the microstructural evolution and ele-
mental analysis of the composites. The tensile fractography study revealed a ductile
nature of failure in terms of dimple, micro-voids, and cracks.

Keywords AA6082 · Red mud · Stir casting ·Microstructure ·Mechanical
properties

1 Introduction

Metal matrix composites are the combination of metal (matrix) and particle/ceramic
(reinforcement) to achieve superior properties than the base metal. The aluminum
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metal matrix composites (AMMCs) are considered for the use in automotive appli-
cations as they manifest good properties in terms of high wear resistance, spe-
cific weight, strength, and thermal stability at high temperature [1, 2]. Lightweight
AMMCs have been developed by many investigators and revealed the above proper-
ties. The attempt to further enhance the properties of aluminum alloys continued in
the last few decades. Different types of material such as oxides, carbides of silicon,
aluminum, zircon, boron [3–6] were used as reinforcement for the fabrication of
aluminum metal matrix composites. There are a lot of fabrication techniques devel-
oped for the preparation of MMCs. Liquid metallurgy, i.e., stir casting is the most
common, economical, and highly productive method used to produce metal matrix
composites [7]. This method involves melting of aluminum alloy in a graphite cru-
cible followed by the addition of the required amount of reinforcement. Constant
stirring takes place to achieve a homogenous mixture of reinforcement particles with
the molten matrix element with the help of a mechanical stirrer.

In the present work, AA6082/red mud MMCs are prepared by stir casting route
with varying weight % of red mud. The composites are subjected to heat treatment
to enhance the properties. The mechanical properties such as micro-hardness, tensile
strength are tested for the composites both for heat-treated and as-casted condition.
The microstructural analysis is also studied for the composites.

2 Materials and Methods

The main challenge in the fabrication of AMMCs is the selection of suitable matrix
and reinforcement material. In this work, commercially available AA6082 material
was selected as base alloy and supplied byVenuka Engineering Pvt. Ltd., Hyderabad,
India, in ingot form. Aluminum 6000 series is the combination of Al–Mg–Si family.
The melting point temperature of AA6082 is 555 °C (1031 °K), and it yields higher
strength after undergoing heat treatment. The detailed composition of this alloy is
given in Table 1. Redmudwas used as reinforcement for the fabrication of aluminum
MMC. The red mud is a corrosive, solid waste residue obtained from the production
of aluminum from the bauxite ore. It has been noticed that for each ton of production
of alumina, more than one ton of red mud is produced [8] and is dumped to the
atmosphere and causes serious environmental pollution. Many attempts were made
to successfully utilize red mud for ceramic and construction materials. The chemical
composition of red mud used in this paper is presented in Table 2. As red mud
contains various metal oxides such as alumina, silica, and ferric, it may be used as a

Table 1 Chemical composition of AA6082

Element Si Mg Cr Fe Zn Mn Ti Al

wt% 1.20 1.05 0.02 0.15 0.02 0.75 0.08 Remainder
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Table 2 Chemical composition of red mud

Element Fe2O3 Al2O3 SiO2 TiO2 Na2O CaO

wt% 24.5–54.8 14.8–24.3 6.2–7.3 13.5–18 3.5–5.3 2–5

suitable reinforcement for the synthesis of MMCs. Red mud used as reinforcement
in this work was procured from NALCO Damanjodi, India.

AA6082/redmud composites were fabricated through stir casting route. Commer-
cially available AA6082 alloy ingots were cut into a convenient size so as to fit in the
graphite crucible and heated to 800 °C which is beyond the liquidus temperature of
the aluminum alloy. The prerequisite amount of red mud was preheated to 400 °C in
another furnace to remove any kind of moisture present in the particles which might
create casting defects. The red mud wrapped in an aluminum foil was then mixed
into the molten metal. Granules of hexachloroethane (C2Cl6) as degasser were then
added into the melt to remove the hydrogen gas present in it. The temperature of the
furnace was raised up to 1000 °C and then maintained there for 30 min. The mixture
was stirred intermittently for every 10 min with the help of mechanical stirrer for
homogenous mixing of red mud with the aluminum melt. After complete mixing
occurred, the molten metal was poured into a preheated die to get the casted product
for further investigation. Before that, the dross has to be removed from the melt
before pouring into the die to avoid the formation of defects. The muffle furnace
and casted composites were shown in Fig. 1. To compare the variation of different
mechanical and wear properties of the alloy with the composites, the specimens were
undergone solutionizing and artificial age-hardening heat treatment (T6 temper) in a
muffle furnace. The casted specimens were subjected to solutionizing heat treatment
at a temperature of 540 °C for 30 min, followed by quenching at an artificial aging
temperature of 170 °C for 8 h. The solutionizing treatment is required to completely
dissolve the solute elements in the aluminum solid solution. The solution-treated
samples are then quenched in water. This rapid cooling results in the prevention of

(a) (b)

Fig. 1 a Electric muffle furnace, b Al-red mud casted composites (0, 2, 4, 6%)
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formation of precipitates of the solute elements. In order to further improve the prop-
erties, artificial aging is also done to get hardened composite products. Then both
the casted and heat-treated specimens are subjected to various tests to evaluate the
properties.

2.1 Experimentation

The micro-hardness tests were carried out on the polished specimens of the com-
posites after following the standard procedure. The tests were conducted in an
OMNITECH Vickers micro-hardness tester with a load and dwell time of 500 g
and 10 s, respectively. Three readings were taken at three different locations of both
as-casted and heat-treated composites to avoid any undesirable effect of the indenter
on the non-homogeneity distribution of reinforcement particles. Tensile specimens
were prepared as per the ASTME8 standard and tested in a universal testingmachine
(TUE-C-200) at room temperature. Two samples were tested for both the as-casted
and heat-treated composites, and a comparison has been done to study the effect of
heat treatment on the tensile strength of the composites.

2.2 Characterization

Microstructural characterization was conducted by ZEISS Merlin Compact Gemini,
a FESEM machine. Highly polished samples were prepared using necessary emery
paper and Keller’s etchant. Energy-dispersive X-ray spectroscopy (EDX) was used
to identify the elements present in the composites. The SEM micrographs for the
aluminum alloy with red mud composites are shown in Fig. 2. The EDX analysis
was also carried out to find out the element composition present in the composites
shown in Fig. 3. For this study, the samples were cut from the fabricated composites
and polished using different grit of emery paper followed by cloth polishing as per
standard manual polishing method. The specimens were then subjected to standard
Keller’s etchant for further microstructural study.

3 Results and Discussion

A fair homogenous distribution of red mud particles was observed in the AA6082
alloy which leads to microstructural advantage. The SEM micrographs show that
continuous stirring is required in the case of red mud-reinforced composites because
of the tendency of red mud particles to form agglomeration at higher reinforcement
content. It was also observed that the composites are free from any type of defect in
casting. A clean interface is required for good interfacial strength in the composites,
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Fig. 2 SEM images of Al-red mud composites a Al alloy, b 2% red mud, c 4% red mud, d 6% red
mud

which yields higher tensile properties of the composites compared to the base alloy.
Furthermore, the presence of every element of red mud and aluminum alloy 6082
can be confirmed from the EDX analysis. Figure 4a, b show the comparison of
micro-hardness and ultimate tensile strength, respectively, for both the as-casted
and heat-treated specimens. It is observed that hardness of the AA6082/red mud
composites increases with the increase in weight percentage of reinforcement due
to the resistance provided to the indentation by hard red mud particles. Compared
to the base alloy, the hardness of the 6% red mud as-casted composites increased
by 15%, whereas 18% increase can be noted in the case of heat-treated specimens
shown in Fig. 4a. Influence of red mud particles on the ultimate tensile strength of
aluminum composites for both the as-casted and heat-treated samples presented in
Fig. 4b. It can be noted that the ultimate tensile strength increases with the increase in
weight percentage of redmud particles. UTS increases amaximumof 17 and 13% for
as-casted and heat-treated specimens, respectively. The increase in tensile strength
indicates a better interfacial bonding of redmud in the soft aluminummatrix. Increase
in tensile strength can also be attributed to the absence of pores in the casting. Similar
trends can be found by other research works considering different reinforcements
with aluminum matrix [1, 4, 9].
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Fig. 3 EDX elemental analysis of the composites, a base alloy, b 2% red mud, c 4% red mud, d 6%
red mud

Fig. 4 Comparison of micro-hardness and UTS for as-casted and heat-treated samples

3.1 Fractography

The tensile fractured surface of AA6082/red mud composite is shown in Fig. 5 as
scanning electron micrographs. Some equiaxed dimples are observed in case of alu-
minum6082 alloy indicating the failure due to plastic deformation. This phenomenon
is attributed to a ductile nature of fracture for the base alloy initiated by the cracking
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Fig. 5 Tensile fractography of Al-red mud composite; a base alloy, b red mud composite

of the matrix. The agglomeration of red mud particles can be seen in case of higher
volume percentage composites as it is practically difficult to distribute homogenously
for a large amount of reinforcement by stirring. The micro-voids are the major rea-
son for the crack initiation which resulted in the tensile fracture of the specimens.
The cleavage facets and the dimples are the indications that the composites have
undergone brittle as well as ductile nature of fracture, respectively.

4 Conclusions

AA6082/red mud composites were successfully manufactured and the effect of heat
treatment on the mechanical properties was also investigated. The microstructure of
fabricated MMCs was characterized by SEM and XRD, and it revealed the existence
of redmud particle in the compositeswith uniform dispersion. Themicro-hardness of
the compositeswas enhanced from80.3 to 92.1HVwith respect to the variation of red
mud particles in as-casted condition and 88.4 to 104.3 HV in heat-treated condition.
Addition of redmudparticles increased the tensile strength both in as-casted and heat-
treated condition from 144.23 to 169.87MPa and 158.25 to 179.5 MPa, respectively.
The fracture mode of the composite was found to be a mixed mode in nature.
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