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ABSTRACT

Metal matrix composites (MMCs) possess significantly improved properties including high specific strength;
specific modulus, damping capacity and good wear resistance compared to Unreinforced alloys. There has been
an increasing interest in composites containing low density and low cost reinforcements. Among various
discontinuous dispersoids used, Red Mud is one of the most inexpensive reinforcement available in large
quantities as solid waste by-product during bayer process , the principal industrial means of refining bauxite in
order to provide alumina as raw material for the electrolysis of aluminium by the Hall-Héroult process. Hence,
composites with Red Mud as reinforcement are likely to overcome the cost barrier for wide spread applications
in automotive and small engine applications. It is therefore expected that the incorporation of Red Mud particles
in aluminium alloy will promote yet another use of this low-cost waste by-product and, at the same time, has the
potential for conserving energy intensive aluminium and thereby, reducing the cost of aluminium products. Now
a days the particulate reinforced aluminium matrix composite are gaining importance because of their low cost
with advantages like isotropic properties and the possibility of secondary processing facilitating fabrication of
secondary components. The present investigation has been focused on the utilization of abundantly available
industrial waste Red Mud in useful manner by dispersing it into aluminium to produce composites by stir
casting method. Tribological behavior of the metal matrix composites was studied by performing dry sliding
wear test using a pin-on-disc wear tester. Experiments were conducted based on the plan of experiments
generated through Taguchis technique. L9 Orthogonal array was selected for analysis of the data. Investigation
to find the influence of sliding speed, applied load and sliding distance on wear rate, as well as the coefficient of
friction during wearing process was v carried out using ANOVA and regression equation for each response were
developed for both 5% and 10% Red Mud reinforced Al-6063MMCs. Objective of the model was chosen as
“smaller the better™ characteristics to analyze the dry sliding wear resistance. Results show that sliding distance
has the highest influence followed by load and sliding speed. Finally Scanning Electron Microscope were done
on wear surfaces.

. INTRODUCTION

Monolithic materials have limitations in achieving good combination of strength, stiffness, toughness and
density. To overcome these shortcomings and to meet the ever increasing demand of modern day technology,
composites are most promising materials of recent interest. Metal matrix composites (MMCs) possess
significantly improved properties including high specific strength; specific modulus, damping capacity and good
wear resistance compared to unreinforced alloys. There has been an increasing interest in composites containing
low density and low cost reinforcements. Among various discontinuous dispersoidsused, Red Mud is one of the
most inexpensive and low density reinforcement available in large quantities as solid waste product of Bayer
process. Hence, composites with Red Mud as reinforcement are likely to overcome the cost barrier for wide
spread applications in automotive and small engine applications. It is therefore expected that the incorporation
of red mud particles in aluminium will promote yet another use of this low-cost waste by-product and, at the
same time, has the potential for conserving energy intensive aluminium and thereby, reducing the cost of
aluminium products.
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now a days the particulate reinforced aluminium matrix composite are gaining importance because of their low
cost with advantages like isotropic properties and the possibility of secondary processing facilitating fabrication
of secondary components. cast aluminium matrix particle reinforced composites have higher specific strength,
specific modulus and good wear resistance as compared to unreinforced alloys. the particulate composite can
beprepared by injecting the reinforcing particles into liquid matrix through liquid metallurgy routeby casting.
casting route is preferred as it is less expensive and amenable to massproduction. among the entire liquid state
production routes, stir casting is the simplest andcheapest one. the only problem associated with this process is
the non uniform distribution ofthe particulate due to poor wet ability and gravity regulated segregation.

1. METHODOLOGY

In the present study, Al-6063/Red Mud metal matrix composite is developed for two different
Compositions by using stir casting process. The wear and frictional properties of the metal matrix
composites are studied by performing dry sliding wear test using a pin-on-disc wear tester.
Experiments are conducted based on the plan of experiments generated through Taguchi*s technique.
A L9 Orthogonal array is selected for analysis of the data. Investigation to find the influence of
applied load, sliding speed and sliding distance on wear rate, as well as the coefficient of friction
during wearing process is carried out using ANOVA. the process for the development of Al-6063/Red
Mud metal matrix composite is described. And finally the tribological experimentation is presented.

1. EXPERIMENTALWORK

A stir casting setup (Figure.2), which consisted of a resistance furnace and a stirrer assembly, was used to
synthesize the composite. The stirrer assembly consisted of a stainless steel impellor type stirrer, which was
connected to a variable speed electric motor (speed 0 to 890 rpm) by means of a steel shaft. The stirrer was
made by cutting and fixing blades in a stainless steel block. The stirrer consisted of four blades at angles of 90°
apart. Figure-1show the photograph of the stirrer from two different angles. Clay graphite crucible of 1.5 Kg
capacity was placed inside the furnace.

The stirrer assembly consisted of a stainless steel turbine stirrer fixed to a steel rod. Approximately 1.2Kg of
alloy was then melted at 810°C in the resistance furnace of stir casting setup. Preheating of Red Mud mixture at
400°C was done for one hour to remove moisture and gases from the surface of the particulates. The stirrer was
then lowered vertically up to 3 cm from the bottom of the crucible (total height of the melt was 9 cm). The speed
of the stirrer was gradually raised to 650 rpm and the preheated Red Mud particles were added with a pipe at the
rate of 10- 20g/min into the melt.

The speed controller maintained a constant speed, as the stirrer speed got reduced by 50-60 rpm due to the
increase in viscosity of the melt when particulates were added into the melt. After the addition of Red Mud
particles, stirring was continued for 10 minutes for better distribution. The melt was kept in the crucible for one
minute in static condition and it was then poured in the metal moulds
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Fig 1: Red Mud particle size 80 um

Composites Preparation by Stir Casting

The stirrer assembly consisted of a stainless steel turbine stirrer fixed to a steel rod. Approximately 1.2Kg of
alloy was then melted at 810°C in the resistance furnace of stir casting setup. Preheating of Red Mud mixture at
400°C was done for one hour to remove moisture and gases from the surface of the particulates. The stirrer was
then lowered vertically up to 3 cm from the bottom of the crucible (total height of the melt was 9 cm). The speed
of the stirrer was gradually raised to 650 rpm and the preheated Red Mud particles were added with a pipe at the
rate of 10- 20g/min into the melt. The speed controller maintained a constant speed, as the stirrer speed got
reduced by 50-60 rpm due to the increase in viscosity of the melt when particulates were added into the melt.
After the addition of Red Mud particles, stirring was continued for 10 minutes for better distribution. The melt
was kept in the crucible for one minute in static condition and it was then poured in the metal moulds.
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Figure 4.4 MMC preparations by Stir casting route

Plan of Experiments

Dry sliding wear test was performed with three parameters: applied load, sliding speed, and sliding distance and
varying them for three levels. According to the rule that degree of freedom for an orthogonal array should be
greater than or equal to sum of those wear parameters, a L9 Orthogonal array which has 9 rows and 3 columns
was selected as shown below:
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Table 1: Orthogonal array L9 of Taguchi

EXPERIMENT COLUMN 1 COLUMN 2 COLUMN 3

NO.

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 3 1 3

8 3 2 1

9 3 3 2

The selection of Orthogonal array depends on three items in order of priority, viz., the number of factors and
their interactions, number of levels for the factors and the desired experimental resolution or cost limitations. A
total of 9 experiments were performed based on the run order generated by the Taguchi model. The response for
the model is wear rate and coefficient of friction. In Orthogonal array, first column is assigned to applied load,
second column is 46 assigned to sliding speed and third column is assigned to sliding distance and the remaining
columns are assigned to their interactions. The objective of model is to minimize wear rate and coefficient of
friction. The Signal to Noise (S/N) ratio, which condenses the multiple data points within a trial, depends on the
type of characteristic being evaluated. The S/N ratio characteristics can be divided into three categories, viz.
,nominal is the best, “larger the better” and smaller the better characteristics. In this study, “smaller the better”
characteristic was chosen to analyze the dry sliding wear resistance. The S/N ratio for wear rate and coefficient
of friction using “smaller the better” characteristic given by Taguchi, is as follows:

S/N Ratio for SMALLER-THE-BETTER (Minimize), S/Ns :
=-10 Log(1/n X%, ¥})

Where y1, y2...yn are the response of friction and sliding wear and n is the number of observations.
The response table for signal to noise ratios shows the average of selected characteristics for each
level of the factor. This table includes the ranks based on the delta statistics, which compares the
relative value of the effects. S/N ratio is a response which consolidates repetitions and the effect of
noise levels into one data point. Analysis of variance of the S/N ratio is performed to identify the
statistically significant parameters.

IV. RESULTS AND DISCUSSION

The aim of the experimental plan is to find the important factors and combination of factors
influencing the wear process to achieve the minimum wear rate and coefficient of friction. The
experiments were developed based on an orthogonal array, with the aim of relating the influence of
sliding speed, applied load and sliding distance. These design parameters are distinct and intrinsic
feature of the process that influence and determine the composite performance. Taguchi recommends
analyzing the S/N ratio using conceptual approach that involves graphing the effects and visually
identifying the significant factors.

1. The control factors are statistically significant in the signal to noise ratio and it could be observed that
the sliding distance is a dominant parameter on the wear rate and coefficient of friction followed by
applied load and sliding speed.

The analysis of these experimental results using S/N ratios gives the optimum conditions resulting in
minimum wear rate and coefficient of friction. The optimum condition for wear rate and coefficient of
friction as shown in Table -2.
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Table 2: Optimum level Process Parameters for Wear Rate and Coefficient of Friction
S.No. MMCs Load(N) | Sliding Sliding Wear Coefficie | S/N ratio
Speed Distance( | Rate nt of | (db)
(m/s) m) (mms/m) | Friction(
mms/m)
1 10% Red | 30 3 1000 0.0037 0.268 48.6360
Mud
2 15% Red | 10 3 1750 0.00317 0.273 49.9788
Mud
3 10% Red | 10 4 2500 0.00325 0.277 11.1504
Mud
4 15% Red | 10 4 2500 0.00343 0.290 10.7520
Mud

2. The experimental results were analyzed with Analysis of Variance (ANOVA) which is used to
investigate the influence of the considered wear parameters namely, applied load, sliding speed, and
sliding distance that significantly affect the performance measures. By performing analysis of variance,
it can be decided which independent factor dominates over the other and the percentage contribution of
that particular independent variable. 5% &10% Red Mud MMCs of the ANOVA results for wear rate
and coefficient of friction for three factors varied at three levels and interactions of those factors. This
analysis is carried out for a significance level of 0=0.05, i.e. for a confidence level of 95%. Sources
with a P-value less than 0.05 were considered to have a statistically significant contribution to the
performance measures.

It can be observed that for aluminium (5% & 10%) Red Mud Metal Matrix Composites, that the
sliding distance has the highest influence (Pr =62.5% & Pr=7.1%) on wear rate. Hence sliding
distance is an important control factor to be taken into consideration during wear process followed by
applied loads (P=1.25% & P=57.2%) & sliding speed (Pr=37.5% & Pr=7.1%) respectively. In the
same way coefficient of friction, it can observe that the load has the highest contribution of about
85.5% & 87.2%, followed by sliding distance (13.4% & 9.7%) &sliding speed (0.6% & 1.7%) for Al-
606 with (10% & 15%) SiC metal matrix composites. The interaction terms has little or no effect on
coefficient of friction & the poolederrors accounts only 0.5% & 1.4%. From the analysis of variance
& S/N ratio, it is inferred that the sliding distance has the highest contribution on wear rate &
coefficient of friction followed by load & sliding speed.

V. CONCLUSION

The following conclusions can be drawn from the present investigation:

*  From the study it is concluded that we can use Red Mud for the production of composites and can turn
industrial waste into industrial wealth. This can also solve the problem of storage and disposal of Red
Mud.

* AA 6063 alloy matrix composites reinforced with Red Mud particles can be successfully synthesized by
the stir casting method.

»  For synthesizing of hybrid composite by stir casting process, stirrer design and position, stirring speed
and time, melting and pouring temperature, particle-preheating temperature, particle incorporation rate,
mould type and size, and reinforcement particle size and amount are the important process parameters.

*  Microstructural observations show that the Red Mud particles are uniformly distributed in the Al6063
alloy matrix and good interfacial bonding between reinforcing particles and matrix.

»  XRD results showed the presence of Red Mud particles in alloy matrix.

+ Sliding distance (62.5%) has the highest influence on wear rate followed by sliding speed(37.5%) and
applied load (1.25%) and for coefficient of friction, the contribution of applied load is 85.5%, sliding
distance is 13.4% for Al jV 6063/ 5% Red Mud metal matrix composites.
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» Applied load (57.2%) has the highest influence on wear rate followed by sliding distance (7.1%) and
sliding speed (7.1%) and for coefficient of friction, the contribution of applied load is 87.2%, sliding
distance is 9.7% for Al jV 6063/ 10% Red Mud metal matrix composites.

* Increasing incorporation of Red Mud (5% & 10%) increases the wear resistance of composites by
forming a protective layer between pin & counterface.67

»  From the above conclusion we predict that sliding distance & applied load have the highest influence on
wear rate in both composites.

» Similarly applied load is only parameter which largely influences the coefficient of friction in both
composites.

* Regression equation generated for the (5% & 10% Red Mud MMCs) present model was used to predict
the wear rate & coefficient of friction of Al jV 6063/ (5% & 10%) Red Mud MMCs for intermediate
conditions with reasonable accuracy.

VI. SCOPE OF FUTURE WORK

The present study is a preliminary work so far as the optimization of tribological testing parameters of the Al-
5% Red Mud and Al-10% Red Mud is concerned. Future study on the topic may evaluate one or more of the
following aspects:

. Other Metal Matrix Composites can be manufactured and tested by using stir casting method.

. More numbers of design parameters may be studied at a time for better control over the design space
so that improved tribological performance of Al-5% Red Mud and Al- 10% Red Mud is obtained.

. Similar studies could be conducted considering other volume fraction of Red Mud in aluminium on
the tribological behavior of the MMCs could be conducted.

. Similar studies may also be done with reinforcement other than Red Mud such as Alumina (Al203),
Boron Carbide (B4C), silicon carbide (SiC) etc.

. There is always a quest for obtaining hard and wear resistant materials for industrial applications

which is simultaneously cheaper to produce. The studies concerning the MMC:s, if properly conducted
could well reveal its potential to be a tribologically suited for industrial applications.68
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