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Abstract - Aluminium alloy 7075 is a metal matrix 
composite which has used in the aerospace and defense 
industries, due to high strength and corrosion resistant. 
Aluminium alloy 7075 was selected as the base matrix and 
reinforced with Titanium dioxide and egg shell to form a 
hybrid composite. TiO2 was used to improve hardness, while 
egg shell powder, a bio-waste material rich in calcium 
carbonate, was added to enhance stiffness and sustainability. 
In this present work, we have performed two specimens. The 
first specimen comprised 90% Al7075, 6% TiO2 and 4% Egg 
shell, while the second consisted 90% Al7075, 8% TiO2 and 2% 
Egg shell particles. Stir casting method is adopted because, 
this is the best method to make composite mixture in the 
molten stage of metal to get the proper mixture of composite. 
This specimens were subjected to Mechanical tests such as 
Micro Vickers Hardness test and Compression test, Scanning 
Electron Microscope test were conducted to study change in 
structure. 
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1.INTRODUCTION  
   
1.1 Aluminium alloy 7075 
 
The aluminium is a chemical element with symbol Al and 
atomic 13. Aluminium appears as a soft, silvery-white metal 
that is lightweight and non-magnetic belonging to the boron 
group in the periodic table. It is the third most abundant 
element in the Earth’s and is primarily extracted from bauxite 
ore. One of the most important properties of aluminium is its 
low density which makes it highly desirable in industries 
where weight reduction is critical, such as aerospace, 
automotive and transportation. The aluminium have many 
series like (1xxx, 2xxx,3xxx……,7xxx). Aluminium 7075 alloy 
is a high - strength aluminium alloy primarily alloyed with 
zinc, along with magnesium and copper, making it 
significantly stronger than many other aluminium alloys and 
comparable in strength to some steels. Al7075 is significantly 
stronger than Al6061 or Al 6065 alloys. It is nearly twice as 
strong in tensile and yield strength. Though aluminium alloy 
7075 is not as corrosion-resistance as some other aluminium 

types, it still performs better than the 2000 series in resisting 
corrosion. 

1.2 Titanium dioxide 
 
Titanium dioxide is chemically inert, non-toxic, thermally 
stable and low cost, making it an ideal reinforcement 
material in metal matrix composites. When added to 
aluminium matrix composites (AMCs), TiO2 enhances 
mechanical properties such as hardness, tensile strength, 
wear resistance and fracture toughness. It is commonly used 
in various application from pigment in paints to bone 
implants. The addition of TiO2 into aluminium matrix 
composites (AMCs) can lead to: 
 

 Increased strength 
 Enhance fracture toughness 
 Enhance wear resistance 
 Improve thermal stability 
 Better corrosion resistance. 

 

1.3 Egg shell 
 

 
 

Figure 1 Wasted Egg Shell 
 
In India, the poultry industry plays a significant role in 
agriculture, contributing to egg production with an annual 
growth rate of approximately 6% with a hen population of 
489 million. India produces around 47 billion eggs annually, 
making it the third-largest egg producing country 
globally[1]. This results in the generation of a large amount 
of egg shell waste. It is a naturally occurring bio-waste 
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material primarily composed of calcium carbonate (CaCO3) 
along with small amount of magnesium carbonate and 
calcium phosphate. Around 95% of the dry eggshell is 
composed of calcium carbonate and weighs approximately 
5.5 grams. It also includes minor amounts of phosphorus and 
magnesium (each about 0.3%) along with traces of elements 
like sodium, potassium, zinc, manganese, iron and copper[1]. 
 

2. COMPOSITION AND PROPERTIES OF MATERIALS 
 

S.No Elements Composition by 
weight (%) 

1 Silicon 0.40 

2 Iron 0.50 

3 Copper 1.60 

4 Manganese 0.30 

5 Chromium 0.15 

6 Magnesium 2.50 

7 Zinc 5.50 

8 Titanium 0.20 

9 Aluminium Balance 

 
Table 2 a) Composition of Al7075 

 

S. No. Mechanical Values 

1 Density 2.81 g/cm3 

2 Possion’s Ratio 0.33 

3 Elastic Modulus 70 - 80 Gpa 

4 Shear Modulus 26 Gpa 

5 Tensile Strength 220 Mpa 

6 Hardness 87 HRB 

7 Melting point 660.32oC 

8 Boiling point 2470oC 

 
Table 2 b) Properties of Al7075 

S. No. Mechanical Values 

1 Density 4.23 g/cm3 

2 Appearance White 

3 Porosity 0% 

4 Possion’s Ratio 0.27 

5 Elastic Modulus 230 Gpa 

6 Compressive Strength 3675 Mpa 

7 Hardness 102900 Mpa 

8 Melting point 1843oC 

9 Boiling point 2972oC 

 
Table 2 c) Properties of  Titanium dioxide 

S. No. Mechanical Values 

1 Density 2.02 g/cm3 

2 Color White 

3 Specific gravity 1.06 

4 Normal consistency 32% 

 
Table 2 d) Properties of Egg Shell 

3. PREPARATION OF EGG SHELL PARTICLES 

 
Figure 2 Preparation of Egg shell Particles[1] 

The egg shell used in the study were collected from local 
households. Then the egg shells were thoroughly washed 
with demineralize water to remove any foreign objects and 
the thin outer membrane. The cleaned egg shells were then 
dried under sunlight for 48 hours to ensure complete 
removal of moisture. After dried, the egg shells were 
pulverized using a grain miller operating at 400rpm to 
produce a fine powder. This powder was sieved of required 
size to obtain egg shell particles of uniform size distribution. 

4. PREPATATION OF CASTING 

The stir casting procedure was used for the fabrication of 
ESP-AL-TiO2 composite. Stir casting is a widely used liquid-
state fabrication technique for producing metal matrix 
composites (MMCs), particularly aluminium-based 
composites. During the procedure, reinforcement materials 
are gradually added to the molten metal, which is kept in 
motion through constant stirring to maintain even 
dispersion throughout. Compared to other methods like 
powder metallurgy, infiltration or squeeze casting, stir 
casting requires less complex equipment and it easier to 
operate. 
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Figure 3 Stir Casting setup 

Stir casting setup is preheated for half an hour preparing for 
casting . Then the graphite crucible is placed in to the 
furnace. The crucible get heated then the Aluminium were 
added to the crucible. The furnace is maintained the 
temperature at 1100oC. Aluminum gets slowly melted in to 
molten stage and then injecting the calculated weight  of 
Titanium dioxide and Egg shell particle as a reinforcement in 
to the molten metal. Mechanical stirrer is stirring the molten 
metal for 5 - 6 min at a constant speed of the 60 rpm. The 
reinforcing elements blend uniformly within the molten 
metal during stirring. 

Before pouring the molten metal into the die. Rust on the die 
surface is removed using emery paper before the split die is 
assembled and prepared for the casting process. By the use 
of holder the crucible is removed from the furnace. The 
molten metal is gradually transferred into the die cavity. 

Then the die is cooled to room temperature for half an hour , 
then split the pattern and slowly remove the casted rod from 
the die. This casting procedure is repeated for all test 
specimens.  

 

Figure 4 Casted samples 

 

Figure 5 Machined sample for hardness test 

 

Figure 6 Machined sample for compression test 

5. CALCULATIONS 

5.1 Density of materials 

Density of Al7075  = 2.81 g/cm3 
Density of Titanium dioxide = 4.23 g/cm3 
Density of Egg shell   = 2.02 g/cm3 
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5.2 Calculation of  volume of die 

Volume of die = 3.14 * Radius of die2 * Length of the die 
   = 3.14 * 12 * 27.5 
   =86.39cm3 

5.3 Manual Calculation 

Theoretical density = 100/ ( % of Al/ Density of Al + % of 
TiO2/ Density of TiO2 + % of Egg shell / Density of Egg shell ) 

         = 100/( 90/2.81 + 6/4.23 + 4/2.02 ) 

         = 2.82 g/cm3 

Mass  = Density * Volume 

  = 2.82*86.39 

  = 244.12 g 

From the total mass of 244.12 g 

90% of Al7075  = 219.46 g 

6% of TiO2  = 14.65 g 

4% of Egg shell  = 9.70 g 

Sample Al alloy 
7075 

Titanium 
dioxide 

Egg shell 

1 90% 6% 4% 

2 90% 8% 2% 

 
Table 5 a) Percentage table of MMC 

Sample Al alloy 
7075 

Titanium 
dioxide 

Egg shell 

1 219.46g 14.65g 9.70g 

2 219.46g 19.50g 4.87g 

 
Table 5 b) Composition table of MMC 

6. RESULTS AND DISCUSSIONS 

6.1 HARDNESS TEST 
 
The project we are using micro Vickers hardness test. In this 
method intender has the material of diamond intender. And 
intender penetrates the work piece by 10 to 15 seconds.  

 

 

Figure 7 Micro Vickers Hardness Tester 

We are fix a first location for hardness testing in sample 1. 
After testing the sample 1 at the load of 0.5kgf with diamond 
intender, the first location value is 97.7 HV. Now we are going 
to fix second location for finding better result. As same 
sample 1, at location 2, we get the value of 107 HV. The 
second location has bit higher value than first location. Then 
sample 1 at location 3, the value is 123 HV. And it is the 
highest value than compare to first and second location. 

 

Figure 8 Tested Sample 
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We are fix a first location for hardness testing in sample2. 
After testing the sample 2 at the load of 0.5kgf with diamond 
intender, the first location value is 113.4 HV. Now we are 
going to fix second location for finding better results. As 
sample 2, at location 2, we get the value of 127 HV. The 
second location has bit higher value than the first location. 
Then sample 2 at location 3, the value is 142 HV. And it is the 
highest value than compare to first and second location. 

SampleI.
D   

HV @ 0.5 Kgf 

Location1 Location2 Location3 

1 97.7 107.0 123.0 

2 113.4 127.0 142.0 

 
Table 6.1 Hardness values 

 

 

Fig 9 Graph plot against Hardness value and samples 

By base metal of 90% Aluminium alloy 7075 and 
reinforcement of 8% TiO2 and 2% Egg shell has the maximum 
hardness values when compare to By base metal of 90% 
Aluminium alloy 7075 and reinforcement of 6% TiO2 and 4% 
Egg shell. 

6.2 COMPRESSION TEST 

The testing sample 8 x 30mm dimension has been machined. 
The sample is fixed in to the Universal Testing 
Machine(UTM). Manual control switch is ON and the 
compression load is applied to the sample. Due to the effect 
of applied load the sample gets deformed. When it gets attain 
maximum, sample gets reduced in its original length and the 
readings has been display panel of UTM machine. 

 

 

Figure 10 Pictorial view of sample under Compression 
test 

 

Figure 11 Before Compression test 

 
 

Figure 12 After Compression test 
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I.D Initial 
Area 

(mm2) 

Ultimate 
Load (kN) 

Ultimate 
Stress 

(kN/mm2) 

Maximum 
Displacement  

(mm) 

1 51.02 14.78 0.29 7.71 

2 50.04 17.48 0.35 8.63 

 
Table 6.2 Compression values 

 
At the sample 1, the initial area is become 51.02mm2 where 
as for sample 2 the initial area is 50.04mm2. The slightly 
different may occur in the area of the samples due to the 
increase with increase in % of the reinforcement. With the 
maximum stress of 0.29 kN/mm2, the ultimate load 
withstands by the sample 1 is 14.79 kN with the maximum 
displacement of 7.71mm. Compression testing is often done 
to a break. Therefore, the breaking load of the sample 1 is to 
14.33kN. After the compression test conducted on the 
sample 1, the final gauge length is 25.52mm.With the 
maximum stress of 0.35 kN/mm2, the ultimate load 
withstands by the sample 2 is 17.48 kN with the maximum 
displacement of 8.63mm. And the maximum breaking load of 
the sample 2 is to 17.25 kN. After the compression test 
conducted on the sample 1, the final gauge length is 
24.34mm. 

 

Figure 13 Graph plotted against load and 
displacement for sample 1 

 

Figure 14 Graph plotted against load and 
displacement for sample 2 

 

Figure 15 Graph plotted against compression 
value(kN) and samples 

6.3 SCANNING ELECTRON MICROSCOPY ANALYSIS 

A scanning electron microscope (SEM) generates detailed 
images by directing a concentrated electron beam over the 
specimen. The beam interacts with the sample’s atoms, 
releasing signals that reveal surface structure and 
composition.   

 

Figure 16 Scanning Electron Microscopy machine 

 

Figure 17 Micrograph of sample containing Al 90% + 
TiO2 6% + Egg shell 4% (100μm) 
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Figure 18 Micrograph of sample containing Al 90% + 

TiO2 6% + Egg shell 4% (500μm) 

 

Figure 19 Micrograph of sample containing Al 90% + 

TiO2 8% + Egg shell 2% (100μm) 

 

Figure 20 Micrograph of sample containing Al 90% + 

TiO2 8% + Egg shell 2% (500μm) 

7. CONCLUSIONS 

The significant conclusions of experiment on Aluminium 
alloy 7075, Titanium dioxide, and Egg shell hybrid composite 
were as follows. 

 The stir casting techniques were successfully 
performed in the preparation of Aluminium alloy 
7075, Titanium dioxide, and Egg shell. 

 Adding reinforcement materials to the MMCs led 
to enhanced hardness and compressive strength 
properties.  

 The best average value of Hardness comes out to 
be of sample containing 90% Aluminium alloy 
7075 and reinforcement of 8% TiO2 and 2% Egg 
shell. i.e., 142.0 HV. 

 The best average value of Compression comes out 
to be of sample containing 90% Aluminium alloy 
7075 and reinforcement of 8% TiO2 and 2% Egg 
shell. i.e., 17.48kN. 

 The micro structure and the SEM results reveal 
that the Egg shell and Titanium dioxide 
reinforcement is properly and evenly distributed 
in the matrix phase and has a good bonding 
between the reinforcement particles and the 
aluminium alloy 7075. 

 From the studies in overall it can be concluded 
that Aluminium 7075, Titanium dioxide and Egg 
shell composite exhibit comparatively higher 
mechanical properties. 
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