
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 06, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 981 

A Study on Mechanical and Tribological Properties of Al6063 MMC 

Reinforced With Nano Sic, Fly Ash and Red Mud 

Md Sadiq Ali
1
 B.S Motgi

2 

1
Post Graduate Student 

2
Research Scholar and Associate Professor 

1
Department of Mechanical Engineering 

1,2
PDA College of Engineering and Technology, Kalburgi, Karnataka, India

Abstract— The present study deals with the behaviour of 

aluminium alloy based composites, reinforced with nano 

size silicon carbide, fly ash and red mud. The nano-particles 

can improve the base material in terms of wear resistance, 

damping properties and mechanical strength. To achieve this 

objective stir casting technique has been adopted and then 

studying its mechanical and tribological properties such as 

tensile strength, impact strength and wear behavior of 

produced test specimen. The main aim involved in the 

present work is focused on study of mechanical and 

tribological properties of Al6063 alloy composite having 

varying weight percentages of 3% - 2% - 2% of nano sized 

Silicon Carbide, Fly ash and Red mud. The result indicated 

that the developed method is quite successful and there is an 

increase in the value of tensile strength, hardness with 

increase in weight percentage of SiC. Metal matrix 

composites reinforced by nano-particles are very promising 

materials, suitable for a large number of applications. 
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I. INTRODUCTION 

Metal matrix composites (MMCs) reinforced with nano-

particles, also called Metal Matrix nano-Composites 

(MMnCs), are being  investigated worldwide in recent 

years, owing to their promising properties suitable for a 

large number of functional and structural applications. The 

reduced size of the reinforcement phase down to the nano-

scale is such that interaction of particles with dislocations 

becomes of significant importance and, when added to other 

strengthening effects typically found in conventional 

MMCs, results in a remarkable improvement of mechanical 

properties. Aluminum alloys for its light weight, has been in 

the net of  researchers for enhancing the technology. The 

broad use of aluminum alloys is dictated by a very desirable 

combination of properties, combined with the ease with 

which they may be produced in a great variety of forms and 

shapes.while the reinforcement phase improves the overall 

mechanical properties of the matrix. Nowadays, 

nanoparticles have been gaining growing attention and have 

been applied in many fields to fabricate new construction 

materials with novel functions owing to their unique 

physical and chemical properties.  

 Mr. Prasanna, Mr. Devraj, Mr. Rakeshkumar,  Mr. 

Mahadevappa [1] reported that an experimental 

investigation of the mechanical properties of SiC, E-Glass 

and Red mud reinforced aluminium alloy (LM25) 

composites samples, processed by stir casting route are 

reported and analyzed. In this  study they varied the 

reinforcing material in smaller quantity to avoid the mixing 

problem. And from the results what they got shows the 

addition of reinforcing materials like Red mud, E-Glass and 

SiC improves tensile strength, Impact strength and reduces 

% Elongation. But addition of E-Glass minimizes the 

hardness. 

 Madeva Nagral, Bharat V and V Auradi [4] 

reported that 6061Al-Al2O3 composites have higher 

hardness and lower wear rate when compared to the 

hardness of 6061Al alloy. Tensile strength and yield was 

higher and ductility of composites was less when compared 

to cast Al6061. H C Anil Kumar, H S Hebbar and K S 

Ravishankar [5] reported that tensile, compression and 

hardness strength increased with the increase in the weight 

fraction of reinforced fly ash while ductility of the 

composite decreased with increase in the particle size of the 

fly ash. For composites with more than 15%wt fraction of 

fly ash particles, the tensile strength was seen to be 

decreasing. In the paper [6] it is reported that, hardness of 

the composites is found to increase with increased SiC 

content, while percentage elongation of the composites 

decreased with increase in the percentage of SiC. The tensile 

strength and compressive strength of the composites found 

increased with increase in reinforcement of the composites. 

 Silicon Carbide (SiC) is highly wear resistant and 

also has good mechanical properties with low density, 

including high temperature strength and thermal shock 

resistance. 

 In this experiment Silicon Carbide (Black) having 

grain size 60nm is used. Silicon carbide (SiC), also known 

as carborundum, is a compound of silicon and carbon with 

chemical formula SiC. It was originally produced by a high 

temperature electro-chemical reaction of sand and carbon. 

Silicon carbide is an excellent abrasive and has been 

produced and made into  grinding wheels and other abrasive 

products for over one hundred years. Today the material has 

been developed into a high quality technical grade ceramic 

with very good mechanical properties. It is used in 

abrasives, refractories, ceramics, and numerous high-

performance applications. 

 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 coalfired power plants, and together with 

bottom ash removed from the bottom of the furnace is in this 

case jointly known as coal ash [8]. 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. 
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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. 

 Red mud emerges as the waste material during the 

production of alumina from bauxite in Bayer‟s process. The 

red color is caused by the oxidized iron present, which can 

make up to 60% of the mass of the red mud. It comprises 

oxides of iron, aluminium, titanium and silica along with 

some other minor constituents. The addition of reinforcing 

phase significantly improves the tribological properties of 

aluminium and its alloy system. The thinking behind the 

development of hybrid metal matrix composites is to 

combine the desirable properties of aluminium, silicon 

carbide and fly ash. Aluminium have useful properties such 

as high strength, ductility, high thermal and electrical 

conductivity but have low stiffness whereas silicon carbide 

and fly ash are stiffer and stronger and have excellent high 

temperature resistance but they are brittle in nature. 

II. EXPERIMENTAL PROCEDURE 

A. Material Preparation: 

The materials used to prepare specimens are Al6063, SiC, 

fly ash and Red mud. 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 8.75mm dia X 35mm gauge length in size. 

The specimen for impact testing the samples for Charpy test 

10mm X55mm length with 2mm V- notch at the centre. For 

wear test the specimens with 8mm dia X 22mm length were 

prepared. 

 

 

 
Fig. 2: Tensile Specimen after Machining. 

 
Fig. 3 : Charphy Impact Specimens 

 
Fig. 4: Wear test specimens 

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 

(A370) standard. The test was carried out at room 

temperature using an Instron universal testing machine. 

Three repeat tests were performed for composite 

composition to guarantee reliability of the data generated.  

Al6063 + 9%SiC +2% flyash+2%Redmud resulted in higher 

tensile strength 

B. Impact Testing: 

Impact tests are designed to measure the resistance to failure 

of a material to a suddenly applied force. The test measures 

the impact energy, or the energy absorbed prior to fracture. 
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The most common methods of measuring impact energy are 

the Charpy Test and Izod Test. A standardized high strain-

rate test which determines the amount of energy absorbed by 

material during fracture, is called the Charpy Impact test 

also known as Charpy V- notch test. In this paper Charpy 

test specimens measure 55x10x10mm and have a notch 

machined across one of the larger faces. V-shaped notch, 

2mm deep, with 45° angle. Impact test was carried out at 

room temperature. Three repeat tests were performed for 

composite composition to guarantee reliability of the data 

generated. The reading was taken by breaking specimen due 

to the impact of the pendulum. Al6063 + 3%SiC + 

2%Flyash + 2%Redmud resulted in higher impact strength. 

C. Wear Test: 

The prepared Al6063 with varying percentages of (Sic & 

Fly ash & Red mud) were subjected to wear test under dry 

sliding conditions. The specimen size of 8mm dia and 

22mm 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 

fixed at 500rpm, wear tests were carried out at room 

temperature without lubrication for 5mins. 

Sam

ple 

 

Composition 

 

Tensile strength 

N/mm
2
 

R1 
Al6063 + 3%SiC + 2%Flyash + 

2%red mud 
79.19 

R2 
Al6063 + 3%SiC + 2%Flyash + 

4%red  mud 
100.8 

R3 
Al6063 + 3%SiC + 2%Flyash + 

6%red mud 
103.9 

R4 
Al6063 + 3%SiC + 4%Flyash + 

2%red mud 
92.49 

R5 
Al6063 + 3%SiC + 6%Flyash +  

2% red mud 
70.13 

R6 
Al6063 + 6%SiC + 2%Flyash + 

2% red mud 
86.44 

R7 
Al6063 + 9%SiC + 2%Flyash + 

2% red mud 
132.61 

Table 1: Results of Tensile Test 

 
Graph 1: Shows The Result of Tensile Test. 

Samp

le 
Composition 

Energy Absorbed 

N-m 

S1 
Al6063+3%SiC+2%Flyash+2

%red mud 
11.33 

S2 
Al6063+3%SiC+2%Flyash+4

%red mud 
9.66 

S3 
Al6063+3%SiC+2%Flyash+6

%red mud 
8.66 

S4 
Al6063+3%SiC+4%Flyash+2

%red mud 
8.33 

S5 
Al6063+3%SiC+6%Flyash+2

%red mud 
9.66 

S6 
Al6063+6%SiC+2%Flyash+2

%red mud 
9.33 

S7 
Al6063+9%SiC+2%Flyash+2

%red mud 
9.66 

Table 2: Results of Charpy Impact Test 

 

 
Graph: 3.2: Shows The Result Of Charpy Impact Test. 

 

 
Graph: 3.3: Wear V/S Time (Comparision Graph of Samples 

W1-W4) 

 
Graph: 3.4: Wear V/S Time (comparision graph of samples 

W5-W6) 

IV. CONCLUSION 

From the experiments conducted to study the effects of 

adding various weight fractions of Sic & Fly ash,and Red 

mud, following conclusions can be drawn. Composite 
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material 6063 Al alloy reinforced with (Nano SiC, Flyash & 

Redmud) was successfully casted by stir casting method. It 

is observed that the fact that the combination of SiC with fly 

ash and red mud  particles possess higher hardness than the 

aluminium alloy. 

1) The tensile strength in Al6063-SiC-Flyash and red 

mud samples, is found to increase by maintaining 

the increasing percentage of nano sized SiC. 

2) In Al6063-SiC-flyash-redmud samples, increase in 

the red mud content increases the tensile strength. 

Higher tensile strength was observed in 

Al6063+3%SiC+2%flyash+6%Redmud composite 

than Al6063+3%SiC+6%Flyash+2%Redmud.  

3) The best result of tensile strength has been obtained 

at weight percentage of 9% SiC+2% Fly Ash+ 2% 

red mud. 

4) The impact strength increases in Al6063-SiC-

Flyash and Redmud, with increase in the SiC 

weight content while decreases with increase in red 

mud content respectively. 

5) In Al6063-SiC-flyash-Redmud wear resistance 

increases with increase in SiC weight percentage 

content. Higher wear resistance was found in 

Al6063 + 9%SiC + 2%Flyash + 2%Redmud 

samples. 
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