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Abstract - The Aluminium metal matrix composite material with Al-5%Mg matrix and Red mud particles reinforcement of different
proportions (5, 10 and 15wt.%) were prepared by stir casting technique. The specimens prepared with this composition were subjected
to severe plastic deformation by Equal channel angular pressing (ECAP) technique. The ECAP die with the channel angle of 105° and
curvature angle of 30° are prepared and the ECAP process was carried out at room temperature for a single pass. The effect of ECAP
on the thermal properties of Al-5%Mg -Red mud composite was evaluated for various weight fractions of red mud. The thermal
analysis of composite before and after ECAP is investigated by using Thermo Gravimetric — Differential thermal analyzer (TG-DTA)
and Differential scanning calorimeter (DSC). The thermal properties such as thermal decomposition, thermal stability, thermal
conductivity and phase transformation of the as-cast Al-5%Mg -Red mud and ECAPED composites are compared with the Al-5%Mg
base alloy material.
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1. INTRODUCTION

Metal Matrix Composites materials have a combination of different, superior properties to an unreinforced matrix which
are increased strength, higher elastic modulus, higher service temperature, improved wear resistance, high electrical and thermal
conductivity, low coefficient of thermal expansion and high vacuum environmental resistance. These properties can be attained
with the proper choice of matrix and reinforcement. The Bauxite residues, also known as red clay, red mud or alumina refinery
residues (ARR), are a very alkaline waste product consisting mainly of iron oxide which is created in the industrial production of
alumina. This is the primary material used in manufacturing of aluminium metal, as well as widely used in the manufacture of
ceramics, abrasives and refractories). In terms of metal production, the ratio of aluminium to red mud is 1:2. The rising demand
for inflation has made it interested in the usage of Red mud as reinforcement element in the composites, as it contains major
elements such as Al,O3, Fe,O3, TiO, and Na;O elements with properties that are suitable for thermal applications. It has higher
strength than untreated heat-resistant alloys. In this present study, the stir casting method was employed to fabricate the Al-5%Mg
and Red mud composite material. Thermal characterization of metal matrix materials using differential scanning calorie
measurement is a resourceful technique to determine the distribution of heat flow and specific heat ability and enthalpy.
Measurement of the thermal properties of materials is fundamental to a better understanding of thermal design. Differential
Scanning Calorimeter (DSC) is the technique that measures the difference in heat flow to a sample and to a reference sample as a
direct function of time or temperature under heating, cooling or isothermal conditions. There is extensive research conducted, in
order to assess the specific thermal capacity and enthalpy of Al6061, silicon carbide and graphite metal composite matrix from
room temperature to 300 °C based on heat flow response. (S.A Mohan Krishna@?2016). Equal Channel Angular Pressure (ECAP)
has the ability to achieve a secondary element Grain size. Aluminum alloy was deformed by ECAP until eight passes at 473 K.
The grain size was changed to 300nm by deformation. Specific heat capacity was monotonically increased. ( Jong Cheon Lee
@2009).

2. EQUAL CHANNEL ANGULAR PRESSING

Severe plastic deformation (SPD) characteristics are seen to be beneficial by strengthening pure metals and alloys and
refining the grains by introducing a larger deformation of plastic as a true strain value which is greater than 1. SPD is performed
under high pressures and relatively at low temperatures; it is often less than ideal 0.4Ty,, where Ty, is the highest temperature in
Kelvin which refers to the homologous temperature threshold at which the materials start to exhibit significant time dependent
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deformation under stress, known as creep. Among the different SPD techniques, equal-channel angular extrusion/pressing
(ECAE/P) process is important because it is unique in permitting the determination of a large number samples with no change in
the appropriate coatings that the industries use. The angle of the channel is the most important experimental factor that affects the
refinement of the grain because it forces the total tension imposed on each pass. Most experimental works reported to date used
channel angle values of 90 ° to 120 °, and there was little or no attempt to compare the results obtained when using die with
different channel angles. Despite the efficiency of the ECAP process, the primary challenges of using a 90° die angle in Equal
Channel Angular Pressing (ECAP) are the extremely high pressing forces required and the increased risk of material cracking or
failure, particularly in materials with limited ductility. It is empirically easier to press billets when using dies with angles that are
larger than 90° for very hard materials or for materials with low ductility. It is claimed that it is difficult to compress commercially
pure tungsten at a channel angle of 90° degrees even at a high temperature of 1273 K due to crack generation in the billets.
However, excellent results are achieved at the same temperature with ECAP die shown in the figure 1, when the angle of the
channel increased from 110 ° to 120 °.
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Figure 1: ECAP Die with channel angle of 105° and outer channel angle 30°,
3. EXPERIMENTAL INVESTIGATION

3.1 Sample Preparation: Al-5%Mg alloy ingots were kept in a graphite crucible and charged into electric resistance furnace and
the temperature was raised up to 750°C. To remove the moisture content from Red mud particles of three proportion specimens,
they were kept at 350°C for 30 minutes. Preheated Red mud particle was uniformly added to Al-5%Mg molten metal at 750
OC and stirring operation was carried out at 200rpm for 7 minutes. After the casting process, specimens were prepared by
removing the excessive material from casted billets. The casted composite billets were machined to dimensions as 16x16x150 mm
by using CNC milling machine to align with the cross section of ECAP die which is in the square shape.

Before doing the ECAP process the samples should undergo the heat treatment process to homogenize the microstructure
of samples. The temperature of the annealing of samples depends on the materials that are performing ECAP process and
generally for aluminium alloy the annealing temperature is performed at 350°C to 400°C and for aluminium composites, it is
lower than the aluminium alloy i.e, 200°C to 300°C. In this present study, before doing ECAP the samples were annealed at a
temperature of 230°C for 30 minutes to homogenize the microstructure of the samples.

3.2 Extrusion process of ECAP

In the present investigation, the extrusion process of ECAP has been carried out by Universal testing machine (UTM) as shown in
figure 2 with required loads for all the combinations of composite material that is 5, 10 and 15wt%’s. High carbon and high
chromium punch is used while using the lubricant Molybdenum disulphide (MoS,), which is applied to the die channels and cross-
sections of the samples in order to reduce the friction between the samples and walls of the die.
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Figure 2: Universal testing machine (UTM)
4. THERMAL ANALYSIS OF COMPOSITE SPECIMENS
4.1 Thermo Gravimetric-Differential Thermal Analysis (TG-DTA):
The materials undergo physical and chemical transactions when they are heated and cooled.

TG-DTA is one in which the heat effect analysis associated with chemical and physical changes of a material which is heated at a
linear rate is experimented. In other words, differential thermal analysis is a technique in which the temperature difference
between the sample and the thermally inert reference substance is continuously recorded as a function of furnace temperature or
time. Its effects may be either endothermic or exothermic.

Thermogravimetric analysis is quantitative where any weight change associated with transition can directly
record the loss in weight with time or temperature due to dehydration or decomposition. Thermogravimetric curves are
characteristic curves for a given compound or system because of a unique sequence of physiochemical changes which occurs over
definite ranges and at rates that are a function of molecular structure. Changes of weights are as a result of rupture and/ or
formation of various physical or chemical bonds at elevated temperature that lead to the evaluation of volatile products or the
formation of heavier products. The usual ambient temperature is maintained up to 1200°C with reactive or inert atmosphere.
Figure 3 show the apparatus used to conduct Thermo Gravimetric-Differential Thermal Analysis.

Figure 3: Hitachi 7000 series TG-DTA

4.2 Differential scanning calorimeter (DSC):

Differential Scanning Scanner (DSC) is a thermal analysis technique used for more than two decades to measure temperatures and
heat flows associated with shifts in materials as a function time and temperature. These measurements provide quantitative and
qualitative information about the physical-chemical changes involving heat or exothermic processes, or changes in heat capacity.
DSC shown in figure 4 is the most widely used thermal analysis technique with the applicability to metal alloys, polymers and
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organic materials as well as different inorganic substances. A DSC measures the difference in heat flow rate (mW=mlJ) between a
sample and inert reference as a function of time and temperature.

Figure 4: Differential scanning calorimeter

.5 .RESULTS AND DISCUSSIONS

Thermal analysis was performed in the temperature range of 25 to 850 °C at a heating range of 10 °C/min on Hitachi
Simultaneous Thermogravimetric Analyzer (STA) 7000 Series apparatus (A facility at Advanced analytical laboratory (AAL),
Andhra University Visakhapatnam) shown in figure 3. All the prepared samples (Al-5%Mg matrix composite with red mud
compositions) were subjected to TG and DTA to investigate thermal behaviour and analyzed the variations with respect to pure
Al-5%Mg alloy. The samples (as casted and after ECAP) are subjected to a heat range of 10 °C/min under N, environment to
employ degradation rate and heat difference. The heat difference occurs due to phase transformation that takes place in the
material and these phase transformations can be seen as Exothermic, Endothermic and Enthalpy reactions. Thermal decomposition
of material can be calculated by the amount of weight or mass change which occurs at that various temperature. Thermal
conductivity values are listed for before and after ECAP samples in the table 1.

- loss (%) = mass initial(Mi) — mass final(Mf) %100
weight loss or mass loss (%) = mass initial(M7)

Table 1: Thermal conductivity values of before and after ECAP samples

Material Thermal conductivity (K)

Al-5Mg alloy 121

Before Equal channel angular pressing

Al-5Mg -5%Redmud composite 112.8
Al-5Mg -10%Redmud composite 124.8
Al-5Mg -15%Redmud composite 124.8

After Equal channel angular pressing

Al-5Mg -5%Redmud composite 118.32
Al-5Mg -10%Redmud composite 134.64
Al-5Mg -15%Redmud composite 126.6
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5.1 Thermal stability:

Thermal analysis was performed in the temperature range of 25 to 850 °C at heating range of 10 °C/min on Hitachi
Simultaneous Thermogravimetric Analyzer apparatus. Thermo Gravimetric analysis (TG) can be used to evaluate the thermal
stability of the material. In this present investigation, the thermal stability of composite material is observed from the TG curves
in graph 1. From the above TG — DTA analysis, thermal stability of 5, 10, and 15wt% of composite before ECAP was found up to
250°C and thermal stability up to the temperature range of 300 to 320°C was observed for ECAPed samples. Therefore it is
concluded that the thermal stability of ECAPed composite material is higher than non ECAPed material because of the grain
refinement in severe plastic deformation.
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Graph 1: TG-DTA analysis curves

5.2 Mass loss or weight loss:

Thermal analysis was performed on Thermogravimetric Analyzer (STA) 7000 Series apparatus. All the prepared samples
(Al-5%Mg and red mud composite) were subjected to TG and DTA to investigate thermal behavior and to analyze the variations
with respect to pure Al-5%Mg alloy. The samples (as casted and after ECAP) are subjected to a heat range of 10°C/min under N
environment to employ degradation rate and heat difference. The heat difference occurs due to phase transformation that takes
place in the material and these phase transformations can be treated as Exothermic, Endothermic and Enthalpy reactions.

The graph 2 shown in TG curves, which indicates weight loss percentage with the observations made from the graphs. In
between the temperature in the range of 25 °C to 400 °C the weight loss was observed to be 1.32% for Al-5%Mg alloy and
4.75%, 0.9%, and 0.55% mass loss was observed in 5, 10, and 15wt% of red mud composite before ECAP process. After the
ECAP process, the weight loss was observed for three wt % as 1.21%, 0.38, and 0.30% respectively. The gain in mass was
observed for the before ECAP specimens is 1.45% at 400°C to 700 °C in Al-5%Mg alloy material and 0.17%, 2.01% and 1.40%
in three selected weight percentages of composite before ECAP. Subsequently after ECAP it was observed that the gain in mass is
about 2%, 2.85% and 1.29% for the samples. By comparing TG and DTA analysis it can be concluded there is a negligible mass
loss in composite material and the loss of mass up to 100 °C may result from vapour, moisture present in the material. In the
nitrogen environment of the samples at high temperatures, the gain of mass was due to Mg and Zn present in the composite.

The loss of mass in composite was observed as, a significant loss of mass occurred was in 5% red mud percentage and
very negligible mass in 10 and 15% percentages. This is due to the lower thermal conductivity and lower heat of diffusivity of
reinforcement (Red mud). It stores the energy at higher temperatures in the melting range, because of Al-Red mud composite
having high mass gain is observed at elevated temperature. By doing equal channel angular pressing (ECAP) the grain growth
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along the material is closely packed so that the mass loss is observed as less and high bonding strength is observed than before

ECAPed samples.

5.3 Melting point:
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Graph 2: Weight loss vs temperature

The DTA curves are investigated for the composite material as shown in graph 3. The endothermic peaks are obtained in the
temperature range of 650 to 670 °C due to phase transformation from solid to liquid (melting). From the TG-DTA graph, it is
concluded that there is only 1 °C of variation between all the compositions and Aluminum alloy and it can be observed that by the
addition of red mud reinforcement with varying proportions, all the samples of the present composite material are having melting
points with a negligible change in the values as furnished in table 2.
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Graph 3: Melting points
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Table 2: Melting points of Al-SMg-Redmud composite

Material Melting point(°C)

Before Equal channel angular pressing

Al-5Mg-5%Redmud composite 659.51
Al-5Mg -10%Redmud composite 658.27
Al-5Mg -15%Redmud composite 656.95

After Equal channel angular pressing

Al-5Mg -5%Redmud composite 660.22
Al-5Mg -10%Redmud composite 657.738
Al-5Mg -15%Redmud composite 665.96

5.4 Thermal conductivity:

The thermal conductivity of the Al508 alloy and three wt% of the red mud composite material are characterized in the
Modulated DSC as shown in the graph 4. The thermal conductivity of the base material is 121 W/m? before ECAP and 123 W/m?.
The variation of the thermal conductivity is observed that initially, thermal conductivity is increased by doing the ECAP process
for alloy and composite material. It is also observed that at the 10% of red mud proportion in the matrix material the thermal
conductivity is increased and then decreased at 15% of red mud proportion.
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Graph 4: Thermal conductivity vs % of red mud

CONCLUSION:

The conclusions drawn from the present investigation are as follows:

1. The stir casting method was employed successfully to prepare composite specimens with Al-5%Mg alloy reinforced with red
mud particles.

2. The specific heat of the samples and enthalpy is successfully measured by using differential scanning calorimeter (DSC).
Specific heat capacity of Al-5%Mg alloy is more compared to casted and after ECAPED samples. It is concluded that by the
addition of red mud particles into aluminum alloy there is a gradual decrement of specific heat capacity (Cp) and Enthalpy (H).

3. The Differential thermal analysis (DTA) is used to find the melting points of the composite. It is concluded that there is no
significant effect of red mud content on the melting points of the composite.
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4. Less thermal decomposition was observed in the ECAPED samples because of its grain growth due to severe plastic
deformation and more mass loss was occurred in as casted composite material.
5. Thermal stability of the ECAPED samples is increased than non-ECAPED samples also it is concluded that where the mass loss
is more there will be less stability and vice versa.
6. Thermal conductivity of 10%Redmud reinforced composites shows an increment of 3.1% thermal conductivity value and doing
equal channel angular pressing 11.2% increment compared with pure casted Al-5%Mg. From all comparisons reinforcement of
red mud into Al-5%Mg at 10% values shows good thermal properties.
7. Al-5%Mg -Red mud composites subjected to ECAP procedure are promising engineering materials and exhibit good thermal
properties.
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