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Abstract: Aluminium alloy-bottom ash metal matrix composite is produced with different wt % of bottom ash (0%, 4%,4%,)with
different methods using stir casting method mechanical testing such as wear and bending tests were performed.
Characterizations namely x-ray diffraction (XRD) and scanning electron microscope (SEM) analysis were carried the
percentage of reinforcement present was confirmed using XRD technique distribution of reinforcement in the composite is
viewed through SEM the wear rate of AMMC composite prepared by third method (4% reinforcement) has good wear strength.
The bending strength is excellent for 1% method; increasing % of reinforcement reduces the bending strength of AMMC.
Keywords: Aluminium, Bottom ash, Bending strength, Wear rate, XRD analysis.

I INTRODUCTION
Now a day’s aluminium alloys are used in majority of applications because of their excellent properties such as higher strength to
weight ratio, good corrosion resistance, higher thermal conductivity, and low density. Aluminium also have low melting point,
lesser thermal stability, comparatively lesser tensile and fatigue strength than the steels. Aluminium is obtained about 8% of the
earth surface, it is the third most abundant constituent recognized by human and it has been found as the largely common metal on
earth.
The color of aluminium looks silvery to dull gray. Bottom ash is used as reinforcement because it is least expensive and easily
available in large quantity. Powder metallurgy, spray coating, electroplating and stir casting are different methods available to
manufacture aluminium metal matrix composites.
Among these method stir casting is more economical and also suitable for the mass production and another reason is in normal
casting process the reinforcement is not distributed uniformly in molten metal, to overcome this drawback stir casting process
method is used to fabricate cast product.
This work is done to determine the mechanical behaviour such as bending, wear of the aluminium-bottom ash composite with
different weight percentages of bottom ash (0%, 4%, 4%) and also to check uniform distribution of bottom ash in the aluminium
metal matrix, SEM and XRD tests are also conducted to know the microstructure of aluminium metal matrix composite.

Il. METHODOLOGY
Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed Phase (ceramic particles, short fibres)
is mixed with a molten matrix metal by means of Mechanical stirring. The liquid composite material is then cast by conventional
casting methods and may also be processed by conventional Metal forming technologies. Stir casting setup consist of crucible
placed in the electric furnace.
There is a base stand which holds the motor to which stirrer is connected. the stirrer blades are made of steel, initially crucible is
cleaned to remove foreign particles, and electric furnace is switched ON , then the required quantity of aluminium slabs are weighed
in the weighing machine and taken in to crucible and is placed into the furnace. After certain time period, the temperature of the
furnace reaches to 830° and the metal inside the crucible slowly comes to molten condition. Due to contamination of dust particles,
slag or sludge is formed on the surface of molten metal.
And this slag is removed frequently. The aluminium molten metal was degasified to eliminate blow holes in the cast product, and it
is done by adding degasifying tablets which allows the gases to escape from the molten metal then the mechanical stirrer is inserted
into the molten metal and stirring is carried out until there is a development of swirl in the molten metal, then bottom ash is added
and stirring is continued for 5 minutes. So that bottom ash distribute uniformly through the melt. Later stirrer is removed from the
molten metal. And the mixture is poured into the metal die or permanent die and is allowed for solidifying
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Fig 3 pouring molten metal in to die fig 4 cast product

1. STIR CASTING IS DONE IN DIFFERENT METHODS

A. Method 1 (0% reinforcement)

Initially crucible is cleaned to remove dust and foreign particles and placed in the furnace. Electric furnace is switched ON and
aluminium billets weighing 1.5 kg is added in to the crucible and heated up to 830°% to melt the aluminium billets which took
150mins, and the slag formed at the surface of molten metal due to contamination of dust particles is removed, and there by
degassing tablet is added in to the crucible to eliminate blow holes and dissolved gasses, and the molten metal is stirred for 5 mins
and the molten metal is poured in to the pre heated die and allowed for solidification in the presence of air to get the cast product.

B. Method 2 (4% Reinforcement)

Initially crucible is cleaned to remove dust and foreign particles and placed in the furnace. Electric furnace is switched ON and
aluminium billets weighing 2 kg is added in to the crucible and heated up to 830% to melt the aluminium billets which took 150mins,
and the slag formed at the surface of molten metal due to contamination of dust particles is removed, and bottom ash weighing 4%
of aluminium by weight is added to molten metal and thereby degassing tablet is added in to the crucible to eliminate blow holes
and dissolved gasses, and the molten metal is stirred for 5 mins and the molten metal is poured in to the pre heated die and allowed
for solidification in the presence of air to get the cast product.

C. Method 3 (4% Reinforcement)

Initially crucible is cleaned to remove dust and foreign particles and placed in the furnace. Electric furnace is switched ON and
bottom ash weighing 4% of aluminium by weight is added and aluminium billets weighing 2 kg is added in to the crucible and
heated up to 830° to melt the mixture which took 150mins, and the slag formed at the surface of molten metal due to contamination
of dust eliminate blow holes and dissolved gasses, and the molten metal is stirred for 5 mins and the molten metal is poured in to the
pre heated die and allowed for solidification in the presence of air to get the cast product.

D. Method 4:- (4% Reinforcement)

Electric furnace is switched ON and aluminium powder weighing 2kg is mixed with 100 grams of bottom ash (i.e., 4% of
aluminium by weight) and this mixture is placed in the furnace and heated up to 830% to melt the mixture. Due to temperature
sharing between the aluminium and bottom ash, the temperature to melt the mixture is high and is not achieved with the furnace. So
the cast product obtained is semisolid or crystalline solid, the required product is not obtained.
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V. TEST CONDUCTED
A.  Wear Test
A pin on disc test apparatus shown in fig 3.1 was used to determine the wear behavior of Al2024 metal matrix composite reinforced
with bottom ash. Specimens of diameter 6mm and length 30mm were prepared according to ASTM standard G99.

a-weights
b-motor
c-base plate:
¢ d-dgmper
e-disc
f-frame
g-specimen
h-lever arm

The diameter of the disc is 160 mm and thickness is 8mm, experiment is conducted at track diameter of 90 mm.

Initially the specimen is held firmly in the work piece holder and is perpendicular to disc surface. Required load (10N, 20N, 30N) is
applied up on the specimen to achieve desired stresses. And disc is made to rotate at a constant speed of 600rpm for a time period of
10mins for each load. Wear rate and frictional forces are recorded continuously through pc based data logging system. Tribo acquire
is a proprietary integrated control and data acquisition software used, it is user friendly and has capability to log sample information
as entered by the operator for future reference and comparison.

B. Bending Test

Here

b=20mm;

t=6mm.

Three point bending test was performed to determine the bending strength of aluminium metal matrix composite reinforced with
bottom ash and also to evaluate maximum bending load. Specimen of thickness 6mm and width 20 mm are prepared according to
ASTM standard E290. This test conducted in universal testing machine

The flexural strength formula is given as:

Flexural strength =M * Y/I

M is bending moment; y is distance from the natural axis and | is the moment of inertia. The maximum flexural surface stress occurs
in the mid-point of the specimen.

Therefore:

M=P*L/4

Y=t/2

I=b*t3/12

Where P is the load applied by the testing machine; T is thickness of the specimen; B is breath of the specimen, and L is the span
length.
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V. RESULTS AND DISCUSSION
A.  Wear Test
In the graphs trace 0, trace 1, trace 2, represents load 10N,20N,30N respectively.
1) Method 1

Wear rate under different loads is show in figure. Under load 10 N the wear rate of specimen is 422.8um, as load increases to 20N
the wear rate is decreased to 242.8 um and further it is decreased to 130 um under 30 N load hence in this method the wear rate of
the specimen is decreasing as load increases i.e., the loss of material is decreasing as load increases.

2) Method 2

The variation of wear rate and different loads is shown in figure the wear rate of the specimen and 10N load is 53.8 pm, as load
increases to 20N the wear rate increases to 330 um and further it is increased to 373 um under 30N load hence the wear rate of
specimen prepared by using this method increases as load increases i.e., the loss of material increases the load increases.

3) Method 3

The wear rate of specimen under different load is shown in figure the wear rate under load 10N is 228 um and it is decreases to

88um and 85 um under load 20N and 30N respectively hence the wear rate gets decreases as load increases that is loss of material is
getting less as load increases.
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B. Bending Test
Method 1 Method 2
2.0 --
18
1B ~ .
1.6
L6
1
|
2 1.2 T
| : ; L
e 1 o T 1
Load(kN}) |
1o 08 | |
Load{kN) e | I
08 [ |
0.6 s T
02 T
0.4 | :
0o E o & o
(- S i pac - ik R i o
b 00 1o Iz.n I:.n 40 50 60 70 &0 90 100
Cross Head Travel(mm)
Method 3
20
1.8
1.6
1.4
1.2 [
Q) TS CPPREY (SR S | O
1.0 |
|
Load (kM) T R Y. Y
0.8 '
os: 1 [-rTTTTRTTYT T T
g~
|
0.2 Il 5
il !
s |0 o |1 A lz -0 l:a 0 Iq.n I.'j.fl 6.0 I?_u B0 3.0 10.0

Cross Head Travel {mnd

From the graph the bending strength of aluminium metal matrix composite is decreasing from method 1 to method 3 i.e., by the
addition of bottom ash bending strength of the composite getting decrease. The specimen prepared in method 1 has the maximum
bending strength of 10.67 N/mm?. By addition of 4% of bottom ash In method 2, the bending strength is decreased to 10N/mm?and
it is further decreased to 8.67N/mm? in method 3. The load required to bend the specimen is Maximum for method 1 compared to
other methods, hence the composites prepared by method 2 and method 3 can be used in applications having less bending strength.

Bending load
PURE ALUMINUM AL-4%0F BOTTOM ASH AL-4%0F BOTTOM ASH
(METHOD 1) (METHOD 2) (METHOD 3)
1.28 KN 1.20 KN 1.04KN
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C. SEM Analysis
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The size and shape of bottom ash particles has been observed under SEM and the results are shown in figures the size of the
reinforcement particles in the range of 201 to 50pL.

In the first method as show in fig 1&2 aluminium and its constituents dispersed uniformly and there is less porosity. In second
method as shown in figure 3 & 4 the reinforcement particle of size ranging 20p to 50y is uniformly distributed in aluminium metal
matrix and porosity is less (the dark spots not clearly visible). In third method as shown in fig 5&6 the reinforcement is not
uniformly mixed in aluminium metal matrix, and the porosity obtained is more.
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D. X-Ray Diffraction
The specimens have been examined for their X-ray diffraction (XRD) pattern using x-ray diffractometer in the 20 range 20° to 90°
using Cu, as target material, the step size and dwell time were suitably adjusted which was used for identification of various phases.
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VI. CONCLUSION
From this study presence of bottom ash reinforcement had confirmed using XRD techniques for various wt% of Al2024-bottom ash
composite. The size and shape of bottom ash particles has been observed under SEM and the size of the reinforcement particles in
the range of 20 to 50u.Mechanical testing such as wear strength, bending strength were evaluated. Maximum bending load is
1.28kN was observed in cast product prepared by method 1, wear strength is good in specimen prepare by method 3.
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