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Abstract— Composites are most successful materials used for 

recent works in the industry. Metal composites possess 

significantly improved properties including high tensile 

strength, toughness, hardness, low density and good wear 

resistance compared to alloys or any other metal. There has 

been an increasing interest in composites containing low 

density and low cost reinforcements. Among various 

reinforced materials used, fly ash is one of the most 

inexpensive and low density reinforcement available in large 

quantities as waste product during combustion of coal in 

thermal power plants as well as in the brick factory and rice 

mill. Hence, composites with fly ash with Al 7075 as 

reinforcement are likely to overcome the cost barrier as well 

as the different physical and mechanical properties for widely 

used in the automotive and space craft applications. 
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I. INTRODUCTION 

Metal  Matrix  Composites  have  evoked  a  keen  interest  in  

recent  times  for  potential in  marines,  aerospace  and  

automotive  industries  owing  to  their  superior  strength  to  

weight  ratio  and  high  temperature  resistance. The  aim  

involved  in  designing  metal  matrix  composite  materials  

is  to  combine  the  desirable attributes of metals and 

ceramics. The addition of high strength, high modulus  

refractory  particles  to  a  ductile  metal  matrix  produce  a  

material  whose  mechanical  properties are intermediate 

between the matrix alloy and the ceramic reinforcement. 

Aluminium is the most abundant metal in the Earth's crust, 

and the third most abundant element, after oxygen and 

silicon. It makes up about 8% by weight of the Earth's solid 

surface.  Due  to  easy  availability,  high  strength  to  weight  

ratio,  easy  machinability,  durable, ductile and malleability.  

Anilkumar et al. [1] have chosen Al 6061 alloy as 

the matrix material and fly ash with varying weight 

percentage (10%, 15%, 20%) with particle size [of 4-25, 45-

50, 75-100 μm] as the reinforcement to produce the 

composite by stir casting. By analyzing the sample, the 

hardness, tensile strength, compressive strength increases 

with increase in weight fraction of fly ash. 

Mani et al. [2] have investigated the hardness, 

tensile strength, and the wear resistance of the composite by 

suitable testing methods. They have used AL 6063 as the 

matrix material with fly ash as the reinforcement to produce 

the composite by stir casting. From the analysis it is clear that 

the tensile strength, hardness and wear resistance increases 

with the incorporation of fly ash 

Prabhakar Kammer et al. [3] Carried experimental   

investigation of Al7075 with Fly ash & Eglass fibers. The 

metal matrix composite is produced by stir casting. The e 

glass fibre percentage is fixed as 1% with varying fly ash (2 

to 8%) Compression strength and tensile strength tends to 

improve when compared to Al 7075 alloy. 

Mahendra Boopathi et al.  [4] Mentioned a increase 

in hardness was observed with increase in weight fraction of 

SiC & fly ash. Maximum hardness is observed at Al/ 

(10%SiC+10%fly ash). Incorporation of fly ash particles 

improves the hardness and also the deformation of the Al 

matrix. It is observed that the fact that the combination of SiC 

with fly ash particles possess higher hardness than the 

aluminum alloy. 

Anil et al. [5] investigated the mechanical properties 

like compressive strength, ductility, and hardness by using 

aluminium fly ash composites. By increasing the weight 

fraction of the fly ash particles the above mentioned 

properties gets improved. Different composition needed to be 

added in the fly ash composites to enhance their properties 

further. 

Vivekanandan et al. [6] have fabricated the 

aluminium fly ash composite by stir casting process. The 

addition of fly ash acts as a barrier to the movement of 

dislocations and there by increases the hardness of the 

composite. And also by adding fly ash to the aluminium in 

molten state increases the abrasive wear resistance. This 

strengthening of the composite is because of the solid solution 

strengthening, dispersion strengthening and particle 

reinforcement. 

Garg et al. [7] have prepared a composite by using 

aluminium 6061 as the matrix and SiC, fly ash as the matrix 

material. The composite is produced by stir casting technique 

in which the weight fraction of the silicon carbide is varied 

(from 2.5%, 5%, 7.5%. 10%) by fixing the fly ash weight 

fraction (5%). From the analysis it is clear that by increasing 

the weight fraction of SiC the tensile strength and hardness of 

the composite gets improved. 

Prasad et al. [8] have investigated the mechanical 

properties of hardness and wear rate by using different casting 

techniques .In this, al –fly ash with 7.5% weight fraction has 

high hardness and wear rate when compared to the aluminium 

alloy produced by squeeze casting and gravity casting. And 

also the sample produced in this gravity casting has low 

hardness and high wear rate. 

Lokesh et al. [9] have investigated the tensile, 

compressive, hardness and impact properties of the base alloy 

as well as the composite by stir, squeeze and gravity casting. 

In this the weight fraction of fly ash is varied from 3% to12% 

which increases the above properties. The base alloy prepared 

by squeeze casting has lower porosity when compared to the 

base alloy prepared by gravity casting. 

Prashant Kumar Suragimath et al. [10] carried out 

the mechanical properties of Aluminium alloy (LM6) 

reinforced with SiC and fly ash to find that the wear resistance 

tends to raise with addition of Fly Ash in LM6/SiC Hybrid 

composite 
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A. Aluminium as matrix 

Aluminium matrix composites (AMCs) have been widely 

studied since the 1920s and are now used in sporting goods, 

electronic packaging, armors and automotive industries. 

Aluminium is the most popular matrix for the metal matrix 

composites (MMCs). The Al alloys are quite attractive due to 

their low density, their capability to be strengthened by 

precipitation, their good corrosion resistance, high thermal 

and electrical conductivity, and their high damping capacity. 

B. Zircon sand as Reinforcement 

Zircon Sand consists of mostly Zirconium Silicate (ZrSiO4) 

and some hafnium in addition to some rare earth elements, 

titanium minerals, monazite, etc. Zircon Sand is  used  chiefly  

for  facing  on  foundry  moulds  to  increase  the  resistance  

against  metal  penetration.  Milled zircon  sand is  used  in  

refractory  paint  for  coating  the  outside  of  moulds. 

Zircon  Sand deposits  have  been  found  in  

abundance  near  Indian  coastal  regions  of  Kerala, Tamil 

Nadu and Orissa. Zircon Sand was found to be a promising 

candidate as reinforcement material for aluminium, zinc and 

lead based composites. The  last  property  is  important  since  

fabrication  processes  require  drastic  changes  in  

temperature  and  large  volumetric  changes  due  to  phase  

transformations  can  caused bonding  at  the  interface. 

Furthermore, Zircon Sand possesses a very low thermal 

expansion coefficient compared to most other ceramic oxides 

Therefore,  a  change  in  temperature  would  not  

give  rise  to  very  high  thermal stresses  within  Zircon Sand  

particles. Zircon Sand  particles can be incorporated  to  

aluminium  silicon  alloy  matrix  by  stir  casting  route  and  

the  dispersed  amount  can  be  further  increased by the 

addition of magnesium in the melt 

C. Aluminium7075 (Al7075) 

Aluminium 7075 is an aluminium alloy, in which zinc as the 

primary alloying element. 7075 aluminium alloy's 

composition roughly includes 5.6–6.1% zinc, 2.1–2.5% 

magnesium, 1.2–1.6% copper, and less than half a percent of 

silicon, iron, manganese, titanium, chromium, and other 

metals. It is strong, with a strength comparable to many steels, 

and has good fatigue strength and average machinability, but 

has less resistance to corrosion than many other Al alloys. Its 

relatively high cost limits its use to applications where 

cheaper alloys are not suitable. 

It is produced in many tempers, some of which are 

7075-O, 7075-T6, 7075-T651.It has maximum tensile 

strength no more than 40,000 psi (276 MPa), and maximum 

yield strength no more than 21,000 psi (145 MPa). The 

material has an elongation (stretch before ultimate failure) of 

9–10%. 7000 series alloys such as 7075 are often used in 

transport applications, Including marine, automotive and 

aviation, due to their high strength-to-density Ratio. Their 

strength and light weight is also desirable in other fields. 

Rock climbing Equipment, bicycle components, and hang 

glider airframes are commonly made from 7075 aluminium 

alloy. 

D. Fly Ash 

Fly ash is one of the residues generated in combustion, and 

comprises the fine particles that rise with the flue gases. Ash 

which does not rise is termed bottom ash. In an industrial 

context, fly ash usually refers to ash produced during 

combustion of coal. Fly ash is generally captured by 

electrostatic precipitators or other particle filtration 

equipment before the flue gases reach the chimneys of coal 

fired power plants and together with bottom ash removed 

from the bottom of the furnace is in this case jointly known 

as coal ash. Depending upon the source and makeup of the 

coal being burned, the components of fly ash vary 

considerably, but all fly ash includes substantial amounts of 

silicon dioxide (SiO2) (both amorphous and crystalline) and 

calcium oxide (CaO), both being endemic ingredients in 

many coal-bearing rock strata. 

Fly ash composed of crystalline abrasive silica 

alumina etc is a major source of pollution in and around 

Raichr thermal power plant, karnataka. In an attempt to find 

ecofriendly use of fly ash, 300 kg of fly ash was taken to size 

range of 100µm.   

II. EXPERIMENTAL PROCEDURE 

A. Material Preparation 

The materials used to prepare specimens are Al7075, Zircon 

Sand and Fly Ash. The specimens are prepared by machining 

the stir casted parts. For stir casting induction furnace is used. 

First the base metal is taken in a furnace and heated to 600°C. 

When base metal melts at that temperature the reinforcements 

are added to the molten base metal. Then to have self-stirring 

process temperature of the furnace is raised to 800°C and also 

the stirring is done with the help of stirring mechanism at 

normal speed. 

 

Fig. 1: Stir Casted Parts Are Taken Out From The Die After 

10 Minutes Of Pouring 

B. Specimen Preparation 

The test specimens were prepared by machining from the 

cylindrical bar castings. The samples for tensile test, each 

specimen having 6mm dia X 32mm gauge length in size. The 

specimen for hardness test, each specimen having 12mm dia 

X 10mm length in size. For microstructure test analysis, each 

specimen having 12mm dia X 10mm length in size. The 

sample for wear test, each specimen having 12mm dia X 

32mm length were prepared. 

 
Fig. 2: Tensile Specimen after Machining 

 
Fig. 3: Hardness test Specimen after Machining 
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Fig. 4: Microstructure Specimen after Machining 

 
Fig. 5: Wear test Specimen after Machining 

III. RESULTS AND DISCUSSION 

A. Tensile Testing 

Tensile test was carried out at room temperature using a 

universal testing machine. Tensile test is a fundamental 

mechanical test where a carefully prepared specimen is 

loaded in a very controlled manner while measuring the 

applied load and the elongation of the specimen over some 

distance. The composite and matrix alloy rods were 

machined. Tensile tests were performed on the composites 

produced in accordance with the specifications of ASTM (B 

557:2010) standard. The test was carried out at room 

temperature using an Instron universal testing machine. The 

tests were performed for composite composition to guarantee 

reliability of the data generated.  Al7075 90% +Zircon 6% 

+Fly Ash 4% resulted in higher tensile strength 

B. Hardness test 

Hardness is the measure of how resistant solid matter is to 

various kinds of permanent shape change when a force is 

applied. Macroscopic hardness is generally characterized by 

strong intermolecular bonds. There are three types of tests 

used with accuracy by the metals industry; they are the 

Brinell hardness test, the Rockwell hardness test, and the 

Vickers hardness test. But in our present work we considered 

only Brinell hardness test. The Brinell scale is a hardness 

scale based on the indentation hardness of a material. The 

Brinell test determines the hardness by measuring the depth 

of penetration of an indenter under a large load compared to 

the penetration made by a preload. Three repeat tests were 

performed for composite composition to guarantee reliability 

of the data generated.  Al7075 90% +Zircon 8% +Fly Ash 2% 

resulted in higher hardness strength 

C. Microstructure Studies 

The samples for microstructure examination were prepared 

by following standard(ASTM E 407,E 112) metallurgical 

procedures, etched in etchant prepared using 90 ml water, 4ml 

of HF, 4ml H2So4 and 2g CrO3 and were examined using 

Optical Microscope. 

D. Wear Test 

The prepared Al7075 with varying percentages of (Zircon 

Sand & Fly Ash) were subjected to wear test under dry sliding 

conditions. The specimen size of 12mm dia and 32mm in 

length were tested against a rotating EN- 32 steel disc. For 

each type of material, test were conducted at 60mm track dia, 

1.5kg load and keeping the sliding speed at 300,400,500,600 

rpm, wear tests were carried out at room temperature without 

lubrication for 5mins. 

Sample Composition 
Tensile Strength 

N/mm2 

M1 
Al7075 90% +Zircon 

Sand 2% +Fly Ash 8% 
38.08 

M2 
Al7075 90% +Zircon 

Sand 4% + Fly Ash 6% 
147.71 

M3 
Al7075 90% +Zircon 

Sand 6% + Fly Ash 4% 
155.17 

M4 
Al7075 90% + Zircon 

Sand 8% + Fly Ash 2% 
23.57 

Table 1: Results of Tensile Test 

 
Fig. 6: Samples Shows the Result of Tensile Test 

sample Composition 
Hardness 

strength (HBW) 

M1 
Al7075 90% +Zircon 

Sand 2% +Fly Ash 8% 
87.4 

M2 
Al7075 90% +Zircon 

Sand 4% + Fly Ash 6% 
84.9 

M3 
Al7075 90% +Zircon 

Sand 6% + Fly Ash 4% 
85.1 

M4 
Al7075 90% + Zircon 

Sand 8% + Fly Ash 2% 
87.73 

Table 2: Results of Hardness Test 

 
Fig. 7: Shows the Result of Hardness Test 

 
(a) Al7075 90% +Zircon Sand 2% +Fly Ash 8% 

 
(b) Al7075 90% +Zircon Sand 4% + Fly Ash 6% 
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(c) Al7075 90% +Zircon Sand 6% + Fly Ash 4% 

  
(d) Al7075 90% +Zircon Sand 6% + Fly Ash 4% 

Fig. 8: Metallurgical Optical Microscope (100X) 

 
Fig. 9: Wear V/S Time (Comparison Graph of Samples M1-

M2-M3-M4) 

 
Fig. 10: Frictional V/S Time (Comparison Graph of Samples 

M1-M2-M3-M4) 

IV. CONCLUSION 

From the experiments conducted to study the effects of 

adding various weight fractions of Zircon Sand and Fly Ash, 

following conclusions can be drawn. Composite material 

Al7075 reinforced with (Zircon Sand and Fly Ash) was 

successfully casted by stir casting method. It is observed that 

the combination of Zircon Sand with fly ash possess higher 

hardness than the aluminium alloy. 

1) The tensile strength in Al7075-Zircon Sand-Fly ash is 

found to increase by maintaining the increasing 

percentage of zircon sand and fly ash, decreases by 

decreasing weight percentage of fly ash 

2) The best result of tensile strength has been obtained at 

weight percentage of Al7075-Zircon Sand 6%, Flyash 

4% 

3) The hardness strength in Al7075-Zircon Sand-Fly ash is 

found to increase by increasing weight percentage of 

Zircon Sand and decreasing the weight percentage of Fly 

Ash. The best result for hardness strength has been 

obtained at weight percentage of Al7075-Zircon Sand 

8%, Fly Ash 2% 

4) The microstructure shows the grain boundaries, 

interdendritic network of copper and aluminide particles 

distributed in a matrix of aluminium solid solution 

throughout the structure 

5) Wear behaviour of AL7075-Zircon Sand-Fly ash MMCs 

is tested by pin on disk method and found increasing in 

the percentage of Zircon Sand increase wear rate and 

decrease when weight percentage of Fly ash decreases 

6) Higher wear resistance found in weight percentage of 

AL7075-Zircon Sand 6%,Flyash 4% 

7) High tensile strength and wear rate found in same 

amount of weight percentage Zircon Sand, Fly ash 
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