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Abstract 
The Metal Matrix Composites application has increased in many areas of 
science and technology, because of its additional physical, wear and mechan-
ical properties. In comparison with all MMC’s, aluminum-based MMC’s are 
finding wide applications due to their better strength to weight ratio, better 
stiffness, and high thermal conductivity as well as very good wear and corro-
sion properties. The properties of a composite mainly depend on better dis-
tribution of reinforcement in the matrix, which is very difficult to achieve. 
Basically Redmud is a byproduct of alumina, and it is waste product obtained 
during Bayer’s process. This waste product must be recycled else it may be 
dangerous to the environment. Redmud can be used as reinforcement for alu-
minium composites in order to achieve better properties. The proposed re-
search work includes preparation of Aluminum 6061-Red mud metal matrix 
composites using liquid metallurgy route following stir casting technique. An 
alloy Al6061 containing 0.60 percent silicon and Magnesium of 0.82 percent 
was used as the matrix material. Two different compositions of the Alumi-
num 6061-Red mud composites are prepared in addition to the base matrix 
and evaluated for mechanical properties also the force acting on the cutting 
tool at different spindle speeds during machining of the composite materials 
were analyzed. 
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1. Introduction 

Composite materials are majorly preferred in current technology, because of 
their wide advantages which makes it more suitable in many sectors namely, au-
tomotive, aircraft, marine etc. The main reason behind this is the strength to 
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weight ratio, this makes it more suitable for many industrial applications. 
In order to achieve better properties a new composite material with improved 

physical and mechanical properties need to be developed. Excessive research has 
been carried out to understand the structure, property and nature of materials. 
From survey, it was found that Stir casting technique can be performed to de-
velop a composite material with different reinforcements [1] and with proper 
stirring method. The aluminum matrix reinforced with different weight frac-
tions of silicon carbide using molten metal method showed increase in hardness, 
impact strength of the composite. The homogeneous dispersion of silicon car-
bide particles in metal matrix was achieved with manual two-step stir casting 
method [2]. During casting of SiC reinforced with Al-10%, it was found that the 
Sic particles were distributed uniformly in the matrix and the processing tem-
perature was 700˚C to 800˚C at 10min holding time [3], there was gradual in-
crease in ultimate strength and hardness. In melting process carried out using 
muffle furnace and graphite crucible with Al-Cu-Mg alloy reinforced with pre-
heated Sic-Al2O3 particles at 700˚C, found increase in hardness, ultimate tensile 
strength , elastic modulus [4].  

The effect of density, hardness, porosity investigated during fabrication of 
AA6061 alloy reinforced with Al2O3 and red mud particles at varying percentag-
es, the results showed improvement in hardness and tensile strength with in-
crease in reinforcement [5]. During dry machining of aluminium and fly ash 
composite it was observed that the cutting tool fails due formation of built-up 
edge. But at higher speed and feed due to higher chip velocity breakdown of built 
up edge takes place, in turn the tool life increases [6] [7] [8]. In machining of hy-
brid MMC’s it was inferred that as the cutting speed, feed increases the contact 
time of the insert decreases. Also it was found that due to reduced contact time of 
inserts the wear resistance of HMMC’s was higher [9] [10] [11] [12]. As the 
weight percentage of Silicon Carbide particles increases in cast MMC’s, the hard-
ness of the composite is found higher with reduction in forgeability. At different 
cutting speed and constant feed rate the cutting forces increases with increase in 
depth of cut mean while the power consumption also increases [13] [14] [15].  

During machining of cast Al-TiC composite it was observed that cutting force 
increases with increase in feed rate and constant speed for all weight fractions 
mean while cutting force decreases with increase in cutting speed this may be 
due to reduced friction rate at higher speeds [16]. Higher the value of cutting 
force was found while machining under dry condition with higher feed rate and 
depth of cut. The BUE formation rate was prominent at lower speed [17]. The 
decrease in the surface roughness values can be explained that the possibility of 
BUE formation reduces with the increased cutting speed. The surface finish and 
cutting forces remained unaffected when new cutting tool was used for machin-
ing of the mmc’s, however, the BUE was found lower when new PCD insert were 
used for machining [18] [19]. The interaction between cutting speed and depth 
of cut was found more significant, the authors considered the failure of the cut-
ting tool in term of flank wear and crater wear [20]. Addition of reinforcement 
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SiC to the composite material reduces elongation of the composite and increases 
the hardness of the composite material. The authors observed that machining 
variable rate of feed is the most influencing factor for cutting temperature. The 
cutting force found higher at higher rate of feed and higher depth of cut. This is 
due to the fact that the rate of material removal is higher and hence significant 
power is required for removing the chip from the work material [21].  

In the present research work Aluminium-Redmud composite was prepared 
using stir casting method, varied percent redmud was used to fabricate the com-
posite material. The newly developed composite material was subjected to hard-
ness, density and SEM analysis. Machining tests were carried out to find the cut-
ting forces using varied machining parameters. 

2. Experimental Data 
2.1. Matrix & Reinforcement 

In the current study, Al6061 is selected as matrix material due to its wide ad- 
vantages namely good corrosion resistance, high damping capability, good ther-
mal & electrical conductivity which majorly consist of Fe-0.25%, Si-0.6% Mg-0.82% 
weight ratio. Figure 1 shows Al6061 matrix material. 

Redmud basically an industrial waste which is a byproduct obtained during 
extraction of alumina by Bayer’s process, it majorly consists of 30 to 60 percent 
of ferrous oxide, 10 to 20 percent of aluminium oxide, 350 percent silicon car-
bide and 2 to 10 percent sodium oxide and 24 percent titanium oxide. Also 
Redmud is abundantly available and low cost material, hence currently Redmud 
is selected as reinforcement material as shown in Figure 2. Chemical composi-
tion of Aluminum alloy and Redmud particles are as shown in Table 1 & Table 
2 respectively. 

2.2. Preparation of Mould 

The sand mixture is prepared by adding binder i.e. bentonite, coal dust as addi-
tive and water. The sand is prepared by hand mixing. After preparation of 
moulding sand, the mould is prepared by ramming the sand in the mould box. A 
pattern of size 300 mm length × 100 mm diameter is selected for preparation of 
mould cavity. Later vent holes are created in the mould in order to remove the 
hot gases generated during pouring of molten metal in casting process and mould 
is preheated. Figure 3 and Figure 4 show preheating of mould and the mould 
box ready for casting respectively. 

2.3. Fabrication of Composite Material 

Fabrication of composite is carried out using Stir casting process. In this method 
proper weight fraction of Aluminium-Al 60601 is placed in graphite crucible and 
heated up to molten state in electric induction furnace.  

Figure 5 shows Stirring process used to fabricate the aluminum with Redmud 
particles. Degassing is carried out using hexacholoro ethane tablets. Figure 6 
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shows the molten composite pouring into a preheated sand mould box of 300 
mm length and 100 mm diameter. Figure 7 shows casted Aluminum metal ma-
trix composite, Figure 8 shows preturned Aluminum metal matrix composite 
specimen of size 300 mm length and 100 mm diameter ready for conducting the 
experiment. 

 
Table 1. Chemical composition of Aluminum alloy. 

Material Fe Si Mn Zn Cu Ti Cr Mg Al 
Weight% 0.25 0.60 0.03 0.1 0.22 0.1 0.24 0.82 Remaining 

 
Table 2. Chemical composition of Redmud. 

Material Al2O3 Fe2O3 SiO2 TiO2 Na2O CaO LOI 
Weight% 17 - 20 44 - 47 7 - 9 8 - 11 17 - 20 44 - 47 7 - 9 

 

 
Figure 1. Al6061 Alloy. 

 

 
Figure 2. Redmud material. 

 

 
Figure 3. Preheating of mould. 
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Figure 4. Mould ready for casting. 

 

 
Figure 5. Preparation of Aluminum met-
al matrix composite. 

 

 
Figure 6. Pouring molten Aluminum met-
al matrix composite into cavity. 

 

 
Figure 7. Casted Aluminum metal matrix com-
posite. 
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Figure 8. Aluminum metal matrix composite speci-
men ready for experiment. 

3. Machining of Composite Material 

Machining of composite material is performed on JOBBER XL CNC Lathe. The 
casted composite material is machined to inspect different mechanical properties 
and the cutting force acting on the tool at varied cutting speed. 

3.1. Cutting Tool 

The cutting tools used for the experiments are throw away type tungsten carbide 
inserts. Positive rake tool holder of 25 mm shank size is used for the machining 
application. Figure 9 shows the tool holder and the tungsten carbide inserts used 
for conducting the experiment. 

3.2. Machine Tool 

Machining of composite material is performed on JOBBER XL CNC Lathe is 
shown in Figure 10. The machined composites with 0%, 3% & 6% Redmud are 
used to conduct the experiment. The specification Jobber XL CNC Lathe and 
machined samples are shown in Table 3 & Figures 11-13 respectively. 

4. Experimental Results & Discussion 
4.1. Hardness Measurement 

The Brinell hardness tests were conducted in accordance using ASTM standards 
on KB3000H model Krystal Elmec make Brinell Hardness Tester as shown in 
Figure 14. 

 
Table 3. Specification of Jobber XL CNC Lathe. 

 Machine Tool Specification 

Maximum diameter which can be machined 270 mm 

Maximum length which can be machined 400 mm 

Spindle speed range 50 - 400 RPM 

Job clamping system Hydraulic 

Dimension of CNC lathe 2200 × 1750 × 1750 in mm 
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Figure 9. Cutting tool used for the experiment. 

 

 
Figure 10. JOBBER XL CNC Lathe used for the experiment. 

 

 
Figure 11. Machined Al6061 with 0% RM. 

 

 
Figure 12. Machined Al with 3% RM. 
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Figure 13. Machined Al with 6% RM. 

 

 
Figure 14. Krystal elmec brinell hardness tester. 

 
The hardness of the material is as shown in Table 4. It was found that Al6061 

aluminium alloy without any reinforcement the hardness obtained was 38 BHN, 
with addition of 3% Redmud reinforcement the hardness was found to be 47 
BHN and with addition of 6% reinforcement the hardness increased to 56 BHN. 
Figure 15 shows the influence of Redmud reinforcement on hardness of the 
material. It is also observed that hardness of the composite material found high-
er than matrix material. Hardness of the composite material containing 6% 
redmud found higher than other two specimens. 

4.2. Density Measurement 

Density measurements were carried out on the base alloy and reinforced samples 
using Archimedes’ principle. The density of metal matrix aluminium Al6061 
without any reinforcement was found to be 2.70 gm/cc. With the addition of 3% 
and 6% Redmud reinforcement the density values were 2.63 & 2.58 respectively. 
It can be observed that as the percent reinforcement increases the density of the 
composite material decreases as shown in Table 5. Figure 16 shows the Influ-
ence of Redmud reinforcement on density of the material. 
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Figure 15. Influence of Redmud reinforcement on hardness of the material. 

 

 
Figure 16. Influence of Redmud reinforcement on density of the material. 

 
Table 4. Hardness of composite material. 

Material Brinell Hardness Number 

AL6061+ 0% Redmud 38 

AL6061+ 3% Redmud 47 

AL6061+ 6% Redmud 56 
 

Table 5. Density of composite material. 

Material Density( gm/cc) 

AL6061+ 0% Redmud 2.70 

AL6061+ 3% Redmud 2.63 

AL6061+ 6% Redmud 2.58 

4.3. Analysis of Micro Structure 

Figure 17 shows the scanning electron microscope used to conduct the micro-
structural examinations. Figure 18(a) shows the SEM Microphotographs of the 
Al6061 grade aluminum alloy used for the experiments. Figure 18(b) shows the 
SEM Microphotographs of the Al6061 grade aluminum alloy reinforced with 3% 
redmud and Figure 18(c) shows the SEM Microphotographs of the Al6061 grade 
aluminum alloy reinforced with 6% redmud. From, Figure 18(b) and Figure 
18(c), it is clear that the distribution of the red mud particles in the matrix is 
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uniform and hence the method selected to prepare the composite material is 
proved. 

4.4. Cutting Force Measurement and Analysis 

The cutting force acting on the cutting tool at varied speed and feed per revolu-
tion at constant depth of cut is analyzed for both matrix material and the com-
posite containing varied percentage of redmud. Figures 19-24 show the analysis 
of the cutting force acting on different composite material. It is observed that as 
the cutting speed increases the cutting force acting on tool decreases and in-
crease of feed per revolution leads to increase of cutting force.  

Figure 25 shows the built up edge problem observed while machining alumi-
num-redmud composite material. 

 

 
Figure 17. SEM used for the experiments. 

 

 
(a) 

 
(b) 
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(c) 

Figure 18. SEM images of matrix material and its composites. (a) 
SEM Image of Al6061 grade aluminum alloy; (b) SEM image of 
Al6061 grade aluminum reinforced with 3% redmud; (c) SEM image 
of Al6061 grade aluminum reinforced with 6% redmud. 

 

 
Figure 19. Effect of cutting speed on cutting force while machining Al6061 
with varied percent filler at 0.08 mm/rev. feed. 

 

 

Figure 20. Effect of cutting speed on cutting force while machining Al6061 
with varied percent filler at 0.16 mm/rev. feed. 
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Figure 21. Effect of cutting speed on cutting force while machining Al6061 with 
varied percent filler at 0.24 mm/rev. feed. 

 

 
Figure 22. Effect of feed per revolution on cutting force while machining Al6061 
with 0% filler. 

 

 
Figure 23. Effect of feed per revolution on cutting force while machining Al6061 
with 3% filler. 
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Figure 24. Effect of feed per revolution on cutting force while machining Al6061 
with 6% filler. 

 

 
Figure 25. Built up edge observed while machining Aluminum metal matrix 
composite. 

5. Conclusions 

The conclusions arrived from the research work are: 
1) As the percent of red mud increases, the hardness of the composite increases. 
2) The density of the composite material decreases with increase of red mud. 
3) From SEM images, we can infer that Stir casting method leads to uniform 

distribution of reinforcement. 
4) The cutting force acting on cutting tool decreases with the increase in cut-

ting speed. 
5) The cutting force increases when feeding per revolution increases. 
6) During machining, with increase in percent of reinforcement in composites 

to 6%, the cutting force acting on the cutting tool was found higher. 
7) Cutting force found least at 0.08 mm/revolution. 
8) Built up edge observed while machining aluminum alloy and its compo-

sites, however, the intensity of built up edge formation was found lower while 
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machining composite material. 
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