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Abstract
Objective: To synthesize and evaluation of wear behavior of mica. The effect
of mica, fly ash and red mud particles reinforced Al7075 alloy composites.
Method: The hybrid composites were prepared with constant 1 wt. % of red
mud particles and varying weight percentages of mica (2, 4 and 6 wt. %) and
fly ash (1, 3 and 5 wt. %) particles in Al7075 alloy by stir casting method.
Findings: The synthesized multiple particles reinforced Al7075 alloy hybrid
composites were subjected to microstructural studies and wear properties
testing.Microstructural characterizations of obtained sampleswere carried out
by scanning electron microscopy and XRD patterns. The mica, fly ash and red
mud particles were evenly distributed and presences of these particles were
confirmed by the XRD patterns.Novelty /Improvement: Al7075 alloy with red
mud, fly ash and mica particles reinforced hybrid composites were exhibited
the superior wear resistance. Various wear mechanisms were observed in the
Al7075 alloy with mica, fly ash and red mud composites using SEM.

Keywords: Al7075 Alloy; Mica; Fly Ash; Red Mud; Wear; Worn Morphology

1 Introduction
Composite materials are materials that contain continuous constituent phase called
matrix that holds together and forms stronger, stiffer reinforcement constituent (1,2)
resulting in a material with perfect blend of structural properties far better than its
constituent parts alone. Combination of properties that make composites superior over
conventional structural materials are good design flexibility, high specific strength and
specific modulus, high fatigue endurance limit, corrosion and wear resistance, thermal
cycling tolerance, tolerable coefficient of thermal expansion (3,4), etc. Relative amount
and properties of constituent phases, geometry of dispersed phase including particle
size, shape, and orientation in thematrix directs properties of composites (5–7).There are
several fabrication techniques available to process composites.The prepared composites
are usually evaluated for enhanced properties by conducting experiments like hardness,
tensile, compression, fatigue, and tribological tests as per ASTM standards (8,9).
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Due to their low density and reasonable strength, aluminium and its alloys have found applications in many areas.
They are currently being used in making of small household applications like foil, beverage cans, food utensils to large
applications like making structural parts of commercial and military aircrafts. However, for certain engineering applications,
aluminium alloys cannot be used due to their lower strength and poor tribological characteristics (10,11). Keeping an eye on
environmental regulations and cost savings, design engineers are looking into novel materials which are light in weight and
provide multifunctional properties at reasonable cost. This has led to development of novel alloys and their composites based
on light weight metals like aluminium. It is well known that there are many techniques following which one can improve
the mechanical, physical and tribological properties of monolithic aluminium or its alloys. The property enhancement can be
achieved by addition of second phase particles, heat treatment or subjecting them to secondary processing techniques. Careful
observations of these reinforcements tell that most of them have high hardness, low density and thermal stability. Selection
of reinforcements mainly depends upon the type of matrix, processing route and requirement of property for a particular
application. For economic applications the discontinuous reinforcements like particles or whiskers are most preferred.

Several researchers have investigated the impact of micro and nano particles on the properties of Al alloy matrices.
Hiremath (12) and co-authors evaluated the effect of reinforcement content on the hardness of LM25 alloy with borosilicate
glass particulates. In their study, composites were prepared by suing 3, 6, 9 and 12 wt. % of borosilicate particles in the LM25
alloy matrix. The distribution of these borosilicate glass particulates was identified by using optical microscope micro-graphs.
Kim et al. (13) studied the tensile behavior of LM25 alloy and in-situ formed TiB2 composites. The composites of LM25-TiB2
were fabricated by stir cast method using titanium and boride salts to form the TiB2 particles. The maximum tensile strength
obtained in the LM25-TiB2 composites was 165.84MPa.Umanath et al. (14) and is teamhasworked onwear behaviour of Al6061
with SiC-Al2O3 hybridmetalmatrix composites, in this work theAl6061-T6 conditionmaterial was used asmatrix inwhich SiC
andAl2O3 were reinforced for the preparation of hybrid composites and to study thewear behavior.The required test specimens
which were prepared by using stir casting process were tested as per the ASTM standards. The testing of each experiment was
conducted by using pin on disc wear tester. Nikhilesh et al. (15) carried out a review on advanced reinforcements to prepare
the hybrid metal composites. In the review article, they mentioned the various advanced organic and inorganic reinforcements
to prepare the hybrid composites. Further, a review on tribological behavior of aluminum and magnesium based hybrid metal
matrix compositesweremade byNikhilesh and co-authors (16). Aluminum (Al) andmagnesium (Mg) based hybridmetalmatrix
composites (HMMCs) having properties like a light in weight, better stiffness, hardness, strength to weight ratio, and wear
resistance are the best alternatives and has fulfilled the existing problems in all aspects of engineering and medical applications
so far. From the literature it is evident that very minimal work is carried out on multi-phase reinforced composites. Hence,
in the current research an attempt has been made to synthesize and evaluate the wear behavior of mica, fly ash and red mud
particles reinforced Al7075 alloy composite.

In the light of the above, present work focuses on development of hybrid composite material with improved tribological
properties using low cost reinforcements. Keeping this in mind a versatile aluminium alloy, Al7075 is chosen as matrix material
while low cost reinforcement likes red mud; fly ash and mica were chosen as constituents of hybrid composite. Further, with
different mica, red mud and fly ash weight percentages, the hybrid composites were fabricated by economical stir casting
technique. The developed hybrid composites were subjected to microstructural and tribological characterization.

2 Experimental details

2.1 Material used

TheAl7075 alloy was chosen as matrix material owing to its superior mechanical properties and wide applications in industrial
sector. The chemical composition of Al7075 is given in the Table 1. Mica, fly ash and red mud having particle size 10 mm size,
10 mm and 10 mm respectively were used as reinforcement’s respectively fabrication of MMCs as in Figure 1 (a-c).

Table 1. Chemical composition of Al7075 alloy
Element Cu Cr Mn Mg Si Ti Zn Fe Al
Wt. % 1.8 0.2 0.4 1.9 0.5 0.15 3.25 0.5 Balance
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Fig 1. SEMmicrophotographs of (a) Mica (b) Fly ash (c) Red mud particles

Table 2. Chemical composition mica particles
Compounds Weight Percentage
Silica (SiO2) 45.57
Alumina (Al2O3) 33.10
Potassium Oxide (K2O) 9.87
Ferric Oxide (Fe2O3) 2.48
Sodium Oxide (Na2O) 0.62
Titanium Oxide (TiO2) Traces
Calcium Oxide (CaO) 0.21
Magnesia (MgO) 0.38
Moisture at 100oC 0.25
Phosphorus (P) 0.03
Sulphur (S) 0.01
Graphite Carbon (C) 0.44
Loss on Ignition (H2O) 2.74
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Table 3. Chemical composition red mud particles
Compounds Weight Percentage
Fe2O3 55
Al2O3 15
SiO2 20
Na2O 6
CaO 3.75
TiO2 trace-0.25

Table 4. Chemical composition fly ash particles
Compounds Weight Percentage
SiO2 52
Al203 26
Fe2O3 5
CaO (Lime) 10
MgO 4
SO3 3

2.2 Composite preparation and testing

Liquid metallurgy route was employed to synthesis the hybrid composites with varied content of hybrid reinforcements.
Aluminum 7075 alloy was melted in electrical resistance furnace at a temperature of 760oC. Vortex was made in liquid
aluminum and blended with the assistance of mechanical stirrer. Premixed powder of mica (2 wt. %), fly ash (1 wt. %) and
red mud (1 wt. %) particles were included to vortex gradually while mixing was proceeded. Before blending mica, fly ash and
red mud particles were preheated in a heater to a temperature of 200oC for one hour to remove the moisture content from
the reinforcement particles which will enhance the wettability. The metallic dies were equipped by spraying the mold cavity
with lubricant. The lubricant was sprayed on the die to control the temperature and also to facilitate the easy removal of the
casting.The dies were then closed andmoltenmetal is injected into the dies under high pressure; between 10 and 175MPa.Once
themold cavity is filled, the pressurewasmaintained until the casting solidifies. CastAl7075 alloy and its hybrid compositeswere
machined to the standard dimensions and subjected to microstructure and wear studies. Microstructure studies were carried
out on metallographically polished samples of cast alloy and hybrid composites using computerized metallurgical microscope.
Further, Al7075 alloy with 4 wt. % of mica with 3 wt. % of fly ash and 1 wt. % of red mud, Al7075 alloy with 6 wt. % of mica-
5wt. % of fly ash and 1 wt. % of red mud composites were prepared by using similar method. Table 5 is indicating the various
composites prepared for the study.

Table 5. Various composites prepared for the study
SL No. Code Matrix Mica (wt. %) Fly Ash (wt. %) Red Mud (wt. %)
1 A Al7075 Alloy 0 0 0
2 B Al7075 2 1 1
3 C Al7075 4 3 1
4 D Al7075 6 5 1

After the casting the specimen is prepared for the microstructural study using optical microscope to know the uniform
distribution of reinforcement particulates in the Al7075 alloy. Microstructure images are taken for Al7075 alloy and for Al7075
with mica, fly ash and red mud particulates reinforced composites. The specimen dimensions for microstructure is 15 mm in
diameter and 5mm in height. The specimen surface is grinded by 300, 600 and 1000 grit paper. Next the surface is polished by
3µm thickness polishing paper for further smooth finish on polishingmachine. After this the specimens are cleaned by distilled
water to remove foreign particles like dirt and any other impurities if so present on the polished surface. To achieve a contrast
surface the specimens are etched by Keller’s reagent.

The wear test specimens of diameter 8 mm and 25mm length were machined from the cast composites for friction and wear
test as per ASTM G99 standard (17). The counter face disc used was EN32 steel of 160 mm diameter and 8 mm thickness with
a hardness value of HRC65. Load was varied from 20 N to 100 N in the steps of 20 N and sliding velocities were varied from
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0.314 to 1.57 m/s.

3 Results and Discussion

3.1 Microstructural studies

Figure 2 (a-b) indicates SEM micrographs of Al7075 alloy (Figure 2a) and Al7075 alloy with 6 wt. % of mica-5 wt. % of fly ash
and 1 wt. % of red mud (Figure 2b) particles reinforced hybrid composite. It can be seen from images that, the distribution of
all the reinforcements is moderately uniform. All the reinforcements are seen at the grain boundaries and inside the grains of
Al7075 alloy as in Figure 2a.

Fig 2. SEMmicrographs of (a) As cast Al7075 alloy (b) Al7075-6 % Mica with 5% wt. % Fly ash and 1% Red mud composites

Further, here exist magnificent metallurgical bond amongst matrix alloy and reinforcements. Further, it is clearly seen
from all the micrographs that there is no visible porosity or cracks in any of the composites demonstrating quality of the
composites. A good dispersion is occurred in all the combinations studied and no clustering of reinforcements are seen in
the Al7075 alloy hybrid composites as in Figure 2b. SEM micrograph shows there is good bonding between matrix material
and the reinforcements. Also, it is clearly evidenced that the particulates are concentrated on the boundary region. Reinforced
particles are present without voids and discontinuities. It is very clear that grain size decreases with increase of reinforcement
content increases in base matrix.
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Fig 3. X-ray Diffraction patterns of (a) as cast Al7075 alloy (b) Al7075-6 % Mica – 3% Fly ash-1% Red mud hybrid composites

X-ray diffraction analysis of Al7075 alloy and its hybrid composite was taken to study the composition and formation of any
new phases after casting. Figure 3 (a) shows XRD pattern for Al7075 alloy which shows only peaks related to Al at 2θ angles
of 38.4◦, 45◦ and 64.6◦. The peaks observed at this 2θ corresponds to (1 1 1), (2 0 0) and (2 2 0) planes of FCC aluminium.
Figure 3(b) is the XRD pattern of Al7075 with mica, fly ash and red mud particles reinforced hybrid composites. Al phase is
observed at 2θ angles of 38.4◦, 45◦ and 64.6◦. Further, the presence of mica is confirmed at 2θ angles of 26◦, 34◦, 44◦ and 49◦,
the presence of fly ash phases are at 2θ angles of 15◦, 34◦, 28◦, 29◦ and 40◦ and the presence of red mud phases are at 2θ angles
of 17◦, 25◦, 34◦, 36◦, 55◦ and 61◦.

3.2 Wear and Friction

Fig 4. Co-efficient of friction of Al7075 alloy with mica, fly ash and red mud hybrid composites
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Figure 4 is representing the co-efficient of friction (COF) of Al7075 alloy with mica, fly ash and red mud hybrid composites.
The composites of Al7075 alloy with constant 1 wt. % of red mud and varying weight percentages of fly ash and mica are
represented in the plot. In the plot along X axis at A represents as cast Al7075 alloy. In the plot along X axis at B represents
composites with 2 wt. % of mica, 1 wt. % of fly ash and 1 wt. % of red mud in the Al7075 alloy. Similarly, at C represents
composites with 4wt. % ofmica, 3 wt. % of fly ash and 1wt. % of redmud in theAl7075 alloy and finallyD represents composites
with 6 wt. % of mica, 5 wt. % of fly ash and 1 wt. % of red mud hybrid composites.

The hybrid composites with increase in mica and fly ash content exhibited less co-efficient of friction as compared to Al7075
alloy with only 1 wt. % of red mud composites as in point A along X axis. The co-efficient of friction of Al7075 alloy-1 wt. % of
red mud composites is 0.514; this is reduced as weight percentages of mica increases from 0 to 6 wt. % in steps of 2 wt. % and
fly ash percentage from 1 to 5 wt. % in Al7075 alloy. Al7075 alloy with 2 wt. % of mica, 1 wt. % of fly ash and 1 wt. % of red mud
composites shown a co-efficient of friction of 0.435, similarly, Al7075 alloy-4 wt. %mica-3 wt. % fly ash-1 wt. % redmud hybrid
composites are having 0.325 co-efficient of friction. The lowest COF is obtained in the case of Al7075 alloy-6 wt. % mica-5 wt.
% fly ash-1 wt. % red mud hybrid composites with 0.298 values. Here important point to be noted is that with the increase in
reinforcement content the COF values of hybrid composites decreases when compared to Al7075 alloy, which is mainly due to
formation of mechanically mixed layer (MML). This layer which is lubricating in nature is formed due to smearing of fly ash
particles along with RM and mica. With lubricating being developed at the contact interface the COF values are found to be
decreasing (18,19).

Wear behavior of Al7075 alloy with mica, fly ash and red mud composites are studied with constant load of 100 N and 1.625
m/sec sliding velocity. The wear losses of all the samples are expressed in wear rate. The wear rate of Al7075 alloy with 1 wt.
% of red mud is 55 x 10-3 mm3/m, there is decrement in the wear loss with the addition of mica and fly ash particles in the
Al7075 alloy along with constant 1 wt. % of red mud particles. The Al7075 alloy hybrid composites with 2 wt. % mica, 1 wt. %
fly ash and 1 wt. % red mud composites indicated wear rate of 52.1 x 10-3 mm3/m, Al7075 alloy hybrid composites with 4 wt. %
mica, 3 wt. % fly ash and 1 wt. % red mud composites indicated wear rate of 44.1 x 10-3 mm3/m. Further, the lowest wear rate is
observed in the case of Al7075 alloy with 6 wt. %mica, 5 wt. % fly ash and 1 wt. % redmud composites with 31.8 x 10-3 mm3/m.
Hence, as the weight percentage of mica and fly ash increases, there is decrease in the wear rate of Al7075 alloy composites.
These results are similar to Basavarajappa et al. (20) who studied the wear behavior of 15 wt. % of SiC reinforced Al2219 and
15 wt. % SiC and 3 wt. % of graphite reinforced Al2219 alloy composites. The results revealed that the increasing sliding speed
increases the wear rate in the Al2219 alloy and SiC-Graphite composites also. The increased wear as increased speed is due to
increased degree of sub surface deformation in the Al alloy and composites. Further, the wear rate is less in 15 wt. % of SiC and
3 wt. % of graphite composites due to formation of tribo-layer by the graphite particles.

Fig 5.Wear rate of Al7075 alloy with mica, fly ash and red mud hybrid composites
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It can be presumed that increase in mica and fly ash content had significant positive effect on wear resistance for hybrid
composites. Here important point to be noted is that with the increase in reinforcement content the wear rate values of hybrid
composites decreases when compared to Al7075 alloy, which is mainly due to high hardness and formation of mechanically
mixed layer (MML). The addition of reinforcements in the soft matrix acts as the barrier for the deformation during the wear
process.

It’s significant to study the worn-out surface morphology of Al7075 alloy and its micro composites as it shows the type of
wear the materials with different composition have undergone. During sliding the Al7075 matrix is softer than the rubbing
disk material and hence shows viscous flow in Al7075 matrix, which is in the form of pin causing plastic deformation of the
specimen surface, resulting in very high material loss. The worn surface of Al7075 alloy shows presence of grooves, micro-pits
and fractured oxide layer as shown in Figure 6 (a), which would have caused the increase of wear loss. Whereas 6 wt. % of mica,
5 wt. % fly ash and 1 wt. % of red mud particles in Al7075 alloy composites restrict the viscous flow of the matrix as shown in
Figure 6(b), it is observed that the grooves or erosion have reduced with increase in mica and fly ash particles along with red
mud means there is more and more resistance to wear loss of Al7075 alloy (21,22). Meanwhile, the stress seems to be transferred
on these particles and strain concentration occurs around mica, fly ash and red mud particles and worn surface area shows less
and less cracks and grooves with increasing mica and fly ash particles.

Fig 6.Worn surfaces SEM micrographs of (a) As cast Al7075 alloy(b) Al7075 alloy with 6 wt. % mica, 5 wt. % fly ash and 1 wt. % red mud
composites

4 Conclusions
Al7075 alloy with constant 1 wt. % of red mud and varying weight percentages of mica and fly ash particles reinforced hybrid
composites have been manufactured by stir casting. The microstructure and wear practices of Al7075 alloy composites were
analyzed. SEM microphotographs revealed the uniform distribution of mica, fly ash and red mud particles in the Al7075 alloy
base matrix. The XRD patterns revealed the presence of mica, fly ash and red mud phases in the Al7075 alloy matrix. The
addition of mica, fly ash and red mud particles improved the wear resistance of Al7075 alloy. The hybrid composites with 6 wt.
% of mica, 5 wt. % fly ash and 1 wt. % red mud particles showed less co-efficient of friction as compared to all other hybrid
composites. As mica and fly ash content increases in the Al7075 alloy with 1 wt. % of red mud particles, the wear rate of Al7075
alloy decreased. The worn surface morphologies indicate the various wear mechanisms involved in the hybrid composites.
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