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Abstract
Present day, Aluminium Metal Matrix Composites are mutable their properties
with enhanced mechanical properties by the blend of different metals and
other process. The Aluminium metal matrix composites are emerging as very
promising materials in the field of light weight vehicles, aerospace, electrical,
space shuttles and automotive for their various applications and technical
demanding properties. Fly ash is reinforced in the Aluminium 7075-T6 which
is mostly used in the aeroplanes to reduce the weight density ratio and increase
the hardness and characterized mechanical properties such as hardness, impact
strength and tensile strength. Fly ash particles at weight ratio of 15, 20 and
25% are added in the Al 7075-T6 to produce flat plate casting by stir casting
process. The weight ratio of the AMMC reduces due to the fly ash which is
industrial waste convert to usable metal so storage problem is reduced.
In this work , the mechanical properties such as tensile strength, hardness,
impact strength and SEM is experimentally tested and compare the different
levels by addition of Fly ash % and evaluating the best metal from the four
samples. Microstructure of the metals and its distribution in the aluminium is
studied in the SEM observations showed that the micron size particle’s
dispersion where more uniform.
Keywords: Scanning Electron Microscope, Aluminum 7075-T6, Fly Ash,
Mechanical Properties of AMMC, Stir Casting, Chemical composition of
AMMC.
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I. INTRODUCTION
After the iron the prominent metal which is available abundantly is the Aluminum. It
is the second largest metal in the engineering materials. The aluminium metal matrix
composite materialized as a probable material for automotive and aerospace industry.
The strength of AMMCs has increased by reinforcing fly ash particles.
Discontinuously reinforced aluminium based metal matrix composites are improving
their high strength, high isotropic and good wear resistance. Discontinuously
reinforcement aluminium composites have been developed in the various fields like
aerospace, automotive and many other engineering applications [1].
Fly ash particles are potential discontinuous dispersoids used in metal matrix
composites due to their low cost and low density reinforcement which are available in
large quantities as a waste by product in thermal power plants [2].
The tensile strength and hardness of the Metal matrix composite of AL-7075,
reinforced with fly ash and E-glass fiber improved when compared to al 7075 only is
steadied by Prabhakar Kammer [3].
Hari Prasad Rao [4] refers the Microstructure of the AL-WC composite with several
manufacturing ways and reveled exciting result such as good interfacial bond between
matrix and tungsten carbide particles. Increased the impact resistance and enhanced
Grain Structure compared to Aluminium.
In this work, Al7075-T6 and fly ash metal matrix composite is produced by stir
casting method by using waste by product of fly ash and Aluminium7075-T6.With the
comparison of the pure aluminum, the AMMC has useful properties such as high
hardness, high thermal, wear resistance and reduced weight density ratio.
The produced AMMC were studied at the fracture obtained by tensile test points with
the help of Scanning Electron Microscope. Also tensile, toughness and hardness
behavior were evaluated. Production of AMMC’s has nemours advantages which are
lightweight materials used in aerospace and automobile industry. The production of
AMMC’s gives good mechanical characteristics and less in cost.

II CASTING OF AMMC
2.1 Base Materials
In this work, Metal matrix used is an aluminum 7075-T6 alloy and its chemical
composition was shown in the Table I. The aluminium alloy (7075), with zinc as the
primary alloying element and less than half a percent of other elements such as iron,
silicon etc. Comparing to many steels its strength is more and has good fatigue
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strength and average machinability. Fig 2.1 shows the basic parent metal of
Aluminium 7075-T6.
Table: I Chemical Composition of Al 7075-T6
Component

Wt %

Component

Wt %

Silicon(Si)

0.4

Chromium(Cr)

0.18-0.28

Iron(Fe)

0.5

Zinc(Zn)

5.1-6.1

Copper(Cu)

1.2-2.0

Titanium(Ti)

0.2

Manganese(Mn)

0.3

Other Element

0.15

Magnesium(Mg)

2.1-2.9

Aluminium

Remainder

Fig 2.1: Aluminum 7075-T651 plate
The Reinforcement Material in this is Fly ash which reduce the weight ratio of the
metal and increase the mechanical properties. The density of the fly ash is low and
available in huge quantityies by burning of coal in thermal plants.
The fly ash storage is difficult due to large amount produced and occuping of large
space.The fly ash include substantial amount of lime and silica. The fly ash particle
with average size of (1-100µm) was used as reinforcement material. The specific
gravity is given as 0.65 – 2.83 gm /cc. The fly ash chemical composition is shown in
Table II. Fig 2.2 shows the reinforcement Fly ash.
Table: II Chemical Composition of Fly Ash
Element

SiO2

Al2O3

Fe2O3

CaO

LOI

Wt. %

40-60

20-30

4-10

5-30

0-3
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Fig 2.2: Fly Ash
2.2 Die Dimensions
The fig2.3 shows the die and its dimensions are 300×150×25mm made up of MS
plate. It contain four square rods and two flat plates which are ground and fitted as
square mould with the help of bolts. The surface of the plates are machined and
polished to avoid the sticking of the cast. Top of the plate a 30mm diameter hole is
drilled for pour molten metal into the cavity. At the edge of the cavity a 10mm hole to
act as a riser and escape the molten hot gases produced in the casting.

Fig.2.3: Open Die
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III. EXPERIMENTATION
An electric induction titling furnace was used to produce metal matrix composite. The
stir casting set up which consisting of stirrer and control for speed and temperature
setup. The stirrer and a DC motor to move up and down with the help of pneumatic
system. The furnace consisting of a gear set to tilt the furnace and a locking system.
The furnace is equipped with 5kg capacity clay graphite crucible. The setup of stir
casting unit is shown in fig.2.4

Fig.2.4: Stir Casting Unit
The base metal heated upto 800°C to become melt, now stir the molten with the stirrer
and pour the fly ash pre heated particles to get uniform distribution. To remove the
moisture in the fly ash it is heated to a temperature about 600°C. A different weight
ratio (15%, 20%, and 25%) by weight % the fly ash is added and molded three
samples of the AMMCs specimens. The speed and temperature of the motor and
furnace is controlled by the regulators.

Fig.2.5: Cast Samples
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IV. RESULTS AND DISCUSSION
IV.1. Tensile Test
To evaluate the tensile strength of the samples a Computerized Universal Testing
machine with 40 tonnes capacity was used under laboratory environment. All the four
samples are prepared according to the ASTM B-557-10. The dimensions of the
specimen for the samples are shown in the fig.4.1.

Fig.4.1 Tensile Test specimen
G—Gage length 2.000 ± 0.005

W—Width 0.500 ± 0.010

T—Thickness ½

R—Radius of fillet, min 1/2

L—Overall length, min 8times the width

A—Length of reduced section, min 2 1⁄4

B—Length of grip section, min) 2
¾

C—Width of grip section, approximate

All dimensions are in inches.
The tensile strength of the samples are gradually decrease by increase of fly ash
shows reduction of weight density when compared to the parent metal. Whereas the
same volumes of the pure metal to the increase of fly ash reduce its weight ratio
notably. The values of the tensile by test are shown in Table III.
Table: III Mixture of composition and Tensile Strength of Samples
Sample

Weight % of aluminum

Weight % of fly
ash

Tensile strength
(N/sq mm)

Sample-1

100

0

580

Sample-2

85

15

155

Sample-3

80

20

80

Sample-4

75

25

98
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IV.2. Hardness Test
Rockwell Hardness of each specimen was evaluated under lab environment and the
results are tabulated in Table IV. The hardness of pure metal when compared to the
metal matrix composite differs as by addition of the fly the hardness increases initially
and further increases of fly ash it notably decreases.
Table: IV Hardness of Samples
Sample

Hardness
[ HBW /10 mm ball dia / 500 kgf load]

Sample-1

57

Sample-2

67

Sample-3

80

Sample-4

66

IV.3 SEM Analysis
To establish the particle distribution of fly ash and its properties related to the
microstructure the scanning electron microscope is used. A high-energy beam of
electrons in a raster scan pattern was used to analyze the microstructure at the
breaking point of specimen in the tensile test piece. The SEM images are evident that
the distributions of the fly ash particles are uniform in the samples.

Fig 5.1: 0% Fly Ash SEM image of Al7075

Fig5.2: 15% Fly ash SEM image
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Fig5.3: 20% Fly ash SEM image

Fig 5.4 25% Fly ash SEM image

V. CONCLUSION
Aluminium based metal matrix composite was successfully casted by stir casting
process for the three ranges of fly ash particles from 15% , 20%and 25%. The
increase of the reinforcement causes reduction in tensile strength and increase in the
hard ness. In sample 3 with the reinforcement of 20% fly ash depicts the uniform
distribution of the particles and gives good hardness of the AMMC.
The tensile characteristic of the AMMC decrease with a lower rate but the weight
ratio of the material decrease notably witch is excellent sign for the light weight
material. The SEM images revel that the distribution of the reinforcement fly ash is
uniform.
By this study the sample 3 has good mechanical properties and height hardness BHN
80when compared to other samples. The industrial unwanted fly ash turned into
useable material and reduces the storage problems
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