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Abstract 
Of the many types of particulate reinforcements fly ash is one type that is being used from the recent past to develop the 

composites. In the current research fly ash is reinforced in the aluminium alloy AA2024 to develop ALFA (ALuminium Fly Ash) 

composites. The stir casting technique is employed in the development of the said composite as this technique is economical and 

would produce a composite with fairly uniform distribution of the fly ash reinforcement in the alloy matrix. The fly ash was added 

in 2.5 and 5% by weight to the molten metal. Increase in the percentage weight of fly ash reinforcement resulted improvement in 

the mechanical properties. The composite is tested for hardness, tensile strength and wear performance under pre-heat treatment, 

as quenched and in peak hardened conditions. The peak hardened composite showed a superior hardness, tensile strength and 

wear resistance than the others. 
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1. INTRODUCTION 

MMCs are tailor made materials, resulting when two or 

more non similar materials (of which one is a metal) are 

mixed to improve the properties. Conventional materials 

may not always give the desired properties in all service 

environments. MMCs exhibit highly enhanced properties 

like higher specific strength, modulus, damping ability and 
good resistance to wear in comparison to plain alloys. From 

the recent past researchers interest has been in composites 

processing lower density and lower cost dispersions. Of the 

many particulate dispersions employed, fly ash is one of the 

low cost and low density material hugely existing as waste 

material in coal fired plants. Thus, composite having fly ash 

as reinforcing material will reduce the cost of automobile 

and small engine components. 

 

In the on hand research, 2024 aluminium alloy is considered 

as the base matrix and fly ash as the reinforcement. 

Motorized stir casting is adapted for fabricating composite 
specimens. The fly ash was mixed in 2.5 and 5% by weight 

to the alloy melt. The composite is tested for hardness, 

tensile strength wear characteristics. 

 

Previously there were many attempts by the investigators to 

fabricate ALFA composites especially with wide variety of 

aluminium grades. The summary of their findings has been 

presented here in the chronological order of the work 

progress. 

 

T.P.D Rajan et al [1] analyzed the influence of different stir 

casting methods on the structure and properties of fine fly 

ash particulates (13 µm) reinforced Al–7Si–0.35Mg alloy 

composite. The liquid metal stir casting, compo casting 

(semi solid processing), and modified compo casting 

followed by squeeze casting methods were analyzed and 
found that the latter has been effective method to fairly 

disperse , give relatively low agglomeration and pore free 

fly ash particle reinforced composites. 

 

Al (12 wt. % Si) matrix was introduced with 15 wt. % of fly 

ash particles by liquid state processing in the investigation 

by M. Ramachandra et al, [2]. The wear and friction 

properties of the as cast composite is examined by sliding 

wear test, slurry erosive wear test and fog corrosion test. 

The findings of this group is that the resistance to wear 

increased with increase in fly ash quantity, but decreased 
with rise in normal load, and sliding velocity. In the study 

reported by K.V. Mahendra and     K. Radhakrishna [3] 

corrosion rate enhanced with rise in fly ash content in Al–

4.5% Cu alloy matrix. The composite here is fabricated by 

regular foundry technique. Fly ash was included in 5, 10, 

and 15 wt. % in the melt. The test results indicated an 

improvement in hardness, tensile strength, compression 

strength, and impact strength with rise in the fly ash 

quantity. On the other hand the density was found to reduce 

with rise in fly ash quantity. Resistance to the dry wear and 

slurry erosive wear enhanced with rise in fly ash quantity. 
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A356 Al based fly ash composite was processed by stir cast 

method followed by hot extrusion. Composites with 6 and 

12 vol. % of fly ash dispersions were produced in the 

investigation by Sudarshan and M.K.Surappa [4]. Fly ash 

with narrow size (53–106 µm) and wide size (0.5-400 µm) 

was employed for producing composites. Hardness, tensile 
and compressive strength, damping properties of the plain 

alloy and composites were tested. The findings of the 

present work are that the composites reinforced with former 

size range fly ash particle exhibited better mechanical 

properties in comparison with the composites having later 

size range particles. Keeping in mind the previous reference 

A356 based composites containing 6 and 12 vol. % of fly 

ash particles were further tested for sliding wear in dry 

conditions by the same team [5]. The dry sliding wear 

characteristics of plain alloy and composites was 

investigated using Pin-On-Disc machine by loading at 10, 
20, 50, 65 and 80 N at a constant sliding velocity of 1 m/s. 

The test outcomes showed that resistance to wear of ALFA 

composite is almost similar to that of aluminium oxide and 

silicon carbide dispersed aluminium alloy. Size and volume 

fraction of fly ash particles were found to be mainly 

affecting the wear and friction characteristics of composites. 

In the latest work by S. Sarkar et al [6] composites are 

fabricated by varying quantity of fly ash dispersion phase. 

Also, the composites were analyzed through XRD, wet 

chemical analysis, and image analysis. Mechanical and wear 

characteristics of the composites are also evaluated. The 

results showed that, fly ash can be added to maximum of 17 
wt. % to Al-Mg alloy by vortex method to fabricate 

composites. Introduction of Mg is found to enhance the 

wettability of fly ash with Al melt and hence leads to an 

increase in the retention of the fly ash in the composites. 

The strength and hardness could be enhanced significantly 

with the inclusion of fly ash. The ductility was also 

appreciable as compared to the composites analyzed 

previously. The resistance to wear was also increased with 

the increase in quantity of fly ash and Mg. 

 

Significant work is done by the researchers like A. Daouda 
et al [7] on nickel coated fly ash micro balloon composites. 

This group demonstrated that stir casting technique could be 

effective to fabricate Pb–Ca–Sn alloy based composites 

having high quantity (45 vol. %) of Ni- coated fly ash micro 

balloons. The thermal cycling characteristics of A535 based 

composites having varying amount of fly ash produced 

through stir casting are investigated by W.A.Uju et al [8]. 

The test samples were applied with ten thermal cycles in the 

range 40-300oC in a Seteram Setsys Evolution Thermo 

mechanical analyzer. The test outcome indicated that strain 

hysteresis loops evolved during thermal cycling. The 

hysteresis and residual plastic strains introduced in the alloy 
while thermal cycling reduced with the increase of fly ash. 

Also, the addition of fly ash in A535 enhanced its 

dimensional stability. 

 

The possibility of using the aluminium syntactic foam to 

develop fly ash composite by making use of stir casting 

technique is explored in the study indicated by D.P. Mondal, 

S. Das [9].The produced syntactic foam was analyzed 

through microstructure, hardness and compressive 

deformation characteristics. It was observed that the 

syntactic foam behaves like high strength Al foam under 

compressive deformation showing flat plateau area in the 

stress-strain plot. 

 
In the research work by N.Suresh et al [10], composites 

were synthesized with cenospheres type fly ash as 

dispersion phase and eutectic Al-Si alloy as a matrix. Stir 

casting approach was employed to reinforce fly ash with 1% 

to 10% wt. in the Al-Si alloy matrix. The analysis shows 

that as the quantity of fly ash increased, hardness and 

ultimate tensile strength improved by 34.7% and 44.3% 

respectively, while the density reduced by 13.2%. The loss 

of wear reduced by 33% at the peak sliding distance. But, 

the % elongation indicated an only a marginal reduction 

with different % of fly ash considered in their work. Also 
the surface roughness rose with the inclusion of fly ash 

particles. 

 

In the study by Sathyabalan et al [11], an Artificial Neural 

Network was designed to guess the implication of the size 

and quantity of both fly ash and SiC dispersions on the wear 

loss of LM6 Al alloy. The prediction is found to be accurate 

as seen from the verification of test results. 

 

The major disadvantage of the liquid state processing is the 

presence of chemical reactions among Al and fly ash at 

elevated temperatures. Precipitator fly ash substrate, 
produced by hot pressing in argon, was investigated by N. 

Sobczak et al [12] by TEM and EDAX. The findings proved 

the oxy-redox reactions among Al and such fly ash 

constituents as SiO2, Fe2O3, Fe3O4 and mullite. 

 

2. EXPERIMENTAL PROCEDURE 

2.1 Fly Ash 

The fly ash adapted as reinforcement in this work is a 

precipitator type fly ash borrowed from Bellary Thermal 

Power Station, Bellary, Karnataka, India which is a light 

gray colored fine powder that is passing 100% through 300 

µm ISS sieve and has a bulk density 1.11gm /cc. Chemical 

analysis of fly ash is done as per IS: 1727-1967 RA 2004 

and the components in it are shown in table 1. Sieve analysis 
data and the particle size distribution of fly ash are shown in 

table 2 and figure 1 respectively. 

 

2.2 Al Alloy 

AA2024 is used as matrix material whose chemical details 

are shown in table 3. The cast alloy was provided by 

MMMT Institute, MRC, Bangalore, Karnataka, India. This 

alloy has good specific strength and excellent fatigue 

resistance properties. It is extensively applied in aircraft 

structural parts, fittings of aircraft, hardware, wheels for 

truck and components in transport sector. 
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2.3 Synthesis of Composite 

3 kg of 2024 aluminium is melted in a crucible of electric 

furnace. The molten liquid temperature was increased to 

850oC and the scum powder in little amount is introduced to 

the melt for eliminating impurities. Degassing of the melt is 

done by adding dry hexa chloroethane of 10 gm weight 

(C2Cl6, 0.3 % by weight). The moisture in fly ash is 
removed by pre heating at 400oC for 1 h. Fly ash with 

varying % wt. is introduced to the melt vortex while stirring. 

The speed of the mild stirrer was in the range 350-400 rpm; 

duration of stirring was for 10 min to let for better mixing af 

alloy melt and fly ash. While stirring 0.5 % wt. of pieces of 

Mg is introduced to melt for enhancing the wettability 

between fly ash and melt. The molten alloy is held at 800-

850oC while the fly ash is added. The temperature of the 

melt and duration were maintained at 850oC and 5 min 

respectively while filling the molds. The molds were 

preheated to around 300oC before filling them with melt. 

Two categories of Al-fly ash composites with 2.5 and 5 % 
wt. of fly ash were produced. The solidification time of the 

melt mix is allowed for 2 h in the open atmosphere. The cast 

composites are shown in figure 2. 

 

2.4 Hardness Test 

The hardness specimens prepared were first subjected to 

lapping to obtain a polished surface on which indentations 

could be made. Hardness test was then performed on the 

digital Vickers Hardness testing machine [model-MMT 

X7A].Three readings were taken per sample and the average 

was recorded as the hardness value for that particular 

sample. Table 4 gives the results of hardness test. 

 

2.5 Tensile Test 

This test was conducted as per ASTM-E8M standard in 
electronic tensometer (model-ER3) with computerized data 

acquiring unit. The online plot of Load (kN)-vs-Cross head 

travel (mm) is obtained through the data acquiring unit. 

Tables 5-6 give the results of tensile test on specimens. 

 

2.6 Heat Treatment and Post Heat Treatment 

Testing 

After the initial pre-heat treatment testing, age hardening 

was performed on the rest of the specimens. First, all the 

remaining specimens of the 5 wt. % fly ash composition 

were introduced into a furnace maintained at about 550oC 

for about 1.5 h. After this, all the specimens were removed 

from the furnace and quenched in a bowl of water ( 25oC). 

One sample each of hardness, wear and tensile were taken at 
this stage and their individual testing was carried out to 

obtain the properties “as quenched”. The remaining 

hardness specimens were again introduced into the furnace, 

now maintained at 150oC.One sample was taken out after 

each hour and tested on the Vickers testing machine until 

the peak hardness was achieved. In this case, that is for the 

5% wt. fly ash composition, the peak hardness was achieved 

after 2.5 h, with peak hardness value as 145.4. Next, the 

remaining wear and tensile test specimen were kept in the 

furnace at 150oC and aged up to the peak hardened duration 

(2.5 h in case of the 5 wt. % fly ash composition). Similarly 

peak aged tensile and wear samples were removed and 

respective tests were performed on them so as to obtain the 

properties of the material at the peak hardened condition. 

The same process was then repeated for the 2.5% fly ash 
composition. The peak hardness time thus achieved in this 

case was 3 h 15 min and the peak hardness value was 163.4. 

 

3. RESULTS AND DISCUSSION 

3.1 Hardness Test 

Figure 3 shows the variation of hardness values with 

increasing time. For the 5% composition there was an 

increase in the hardness value until the peak hardness was 

achieved after 150 min. For the 2.5% composition the peak 

hardness was achieved after 195 min. The hardness values 

decreased after the maximum limit was achieved. The figure 

4 shows a comparison of the hardness values that were 

obtained in the various stages of heat treatment i.e. pre- heat 

treatment, as quenched and peak hardened stages. It is 
observed that the hardness values increased for both the 2.5 

and 5 wt. % fly ash compositions as the heat treatment 

gradually progressed. The maximum hardness for the 5 wt. 

% fly ash composition came out to be 145.4 while that for 

the 2.5 wt. % composition it was 163.4. 

 

3.2 Tensile Test 

The figure 5 shows a comparative graph of the variation of 

the maximum load with displacement at various stages of 

heat treatment in case of the 2.5 wt. % fly ash composition. 

The maximum load increased with displacement up to a 

certain point and then it showed a decreasing trend. The 

peak loads were observed to be 647.2, 970.8 and 1333 N at 

the pre heat treatment, as quenched and peak hardened 
stages respectively. The figure 6 shows a comparative graph 

of the variation of the maximum load with displacement at 

various stages of heat treatment in case of the     5 wt.% fly 

ash composition. The maximum load increased with 

displacement up to a certain point and then it showed a 

decreasing trend. The peak loads were observed to be 764.9, 

1167 and 1471 N at the pre heat treatment, as quenched and 

peak hardened stages respectively. 

 

3.3 Wear Test 

Wear test was conducted in a pin-on-disc tribo meter under 

dry sliding conditions. The normal load selected for the 

entire test was 10, 20 and 30 N with a constant speed of    
300 rpm. The results of the wear test conducted in the 

laboratory conditions are shown in tables 7-8 for composite 

specimens containing 2.5 and 5 wt. % of fly ash 

respectively. Figures 7 and 8 indicate that the peak hardened 

AA2024+5 composite is having superior wear performance 

under different conditions. 
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4.  TABLES AND FIGURES 

Table 1: Chemical composition of fly ash 
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Table 2: Sieve analysis data of fly ash sample 

ISS Mesh ASTM 

Mesh 

Number 

Weight 

retained(gm) 
% wt. 

Particle 

size(µm) 
Number 

106 140 0.67 1.34 105 

75 75 7.78 15.56 75 

53 53 0.05 0.1 53 

45 45 0.07 0.14 45 

0 0 41.43 82.86 < 45 

 

Table 3: Chemical composition of AA2024 
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Table 4: Hardness of specimens 

Type 

of specimen 

VHN 

pre-heat treatment As quenched Peak hardened 

AA2024+2.5 125.5 126.8 
163.4 

(3hr 15 min) 

AA2024+5 133.7 126.5 
145.4 

(2.5 hrs) 

 

Table 5: Results of 2.5% wt. fly ash tensile test 
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Table 6: Results of 5% wt. fly ash tensile test 
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Table 7: Wear test results for 2.5% wt. fly ash composite conducted at 300 rpm for 1 h duration in dry conditions 

As quenched 

Load (N) 10 25 35 

Initial weight 

(gm) 
3.714 3.625 3.465 

Final weight (gm) 3.625 3.465 3.255 

Weight loss 

(gm) 
0.10 0.16 0.21 
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Pre-heat treatment 

Initial weight 

(gm) 
3.725 3.655 3.535 

Final weight (gm) 3.655 3.535 3.365 

Weight loss 

(gm) 
0.07 0.12 0.17 

Peak hardened 

Initial weight 

(gm) 
3.711 3.661 3.571 

Final weight (gm) 3.661 3.571 3.441 

Weight loss 

(gm) 
0.05 0.09 0.13 

 

Table 8: Wear test results for 5% wt. fly ash composite conducted at 300 rpm for 1 h duration in dry conditions 

As quenched 

Load (N) 10 20 30 

Initial weight 

(gm) 
3.721 3.641 3.511 

Final weight 

(gm) 
3.641 3.511 3.321 

Weight loss 

(gm) 
0.08 0.13 0.19 

Pre-heat treatment 

Initial weight 

(gm) 
3.728 3.658 3.548 

Final weight 

(gm) 
3.658 3.548 3.408 

Weight loss 

(gm) 
0.07 0.11 0.14 

Peak hardened 

Initial weight 

(gm) 
3.722 3.692 3.622 

Final weight 

(gm) 
3.692 3.622 3.522 

Weight loss 

(gm) 
0.03 0.07 0.10 
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Fig. 1: Fly ash particle size distribution 

 

 
Fig. 2: As cast specimens solidified in the crucible 

 

 
Fig. 3: Variation of hardness values with time (Obtaining the peak hardened state) 
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Fig. 4: Comparison of hardness values at various stages of heat treatment 

 

 
Fig. 5: Comparison of tensile test results at various stages of heat treatment for 2.5% wt. fly ash composite 

 

 
Fig. 6: Comparison of tensile test results at various stages of heat treatment for 5% wt. fly ash composite 
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Fig. 7: Wear behaviour for 2.5% wt. fly ash composite 

 

 
Fig. 8: Wear behaviour for 5% wt. fly ash composite 

 

 

5. CONCLUSION 

1) Composite containing 2.5 and 5% by wt. of fly ash were 

successfully produced by stir casting with homogeneous 
dispersion of fly ash in the aluminium alloy matrix. 

2) The composite containing 5% by wt. of fly ash showed 

superior mechanical properties than that containing 2.5 wt. 

%. 

3) Composite were successfully heat treated in different 

conditions like quenching in water (25oC) and peak 

hardened state. 

4) The hardness (VHN), tensile strength and wear 

characteristics were improved much in the peak hardened 

state. 

5) Aluminium fly ash composites can be used in wear 
resistant applications there by reducing the cost of 

components in various applications. 

 

REFERENCES 

[1] T.P.D. Rajan , R.M. Pillai , B.C. Pai , K.G. 

Satyanarayana and P.K. Rohatgi, “Fabrication and 
characterisation of Al–7Si–0.35Mg/Flyash metal 

matrix composites processed by different stir casting 

routes,” Composites Science and Technology, Vol. 

67, 2007,pp.3369–3377. 

[2] M. Ramachandra and K. Radhakrishna, “Effect of 

reinforcement of Flyash on sliding wear, slurry 

erosive wear and corrosive behavior of Aluminium 

matrix composite,” Wear,Vol.262,2007,pp.1450–

1462. 

[3] K.V. Mahendra and K. Radhakrishna, “Fabrication 

of Al–4.5% Cu alloy with Flyash metal matrix 
composites and its characterization,” Materials 

Science-Poland, Vol. 25, No. 1, 2007, pp.57-68. 



IJRET: International Journal of Research in Engineering and Technology         eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________ 

Volume: 04 Issue: 02 | Feb-2015, Available @ http://www.ijret.org                                                                                  37 

[4] Sudarshan and M.K. Surappa, “Synthesis of Flyash 

particle reinforced A356 Al composites and their 

characterization,” Materials Science and 

Engineering A, Vol.480, 2008, pp.117–124. 

[5] Sudarshan and M.K. Surappa, “Dry sliding wear of 

Flyash particle reinforced A356 Al composites,” 
Wear ,Vol.265,2008,pp.349–360. 

[6] S. Sarkar, S. Sen and S. C. Mishra, “Studies on 

Aluminium – Flyash Composite Produced by 

Impeller Mixing,” Journal of Reinforced Plastics 

And Composites, Vol. 00, No. 00, 2008. 

[7] A. Daouda, M.T. Abou El-Khair, A.Y. Shenouda, E. 

Mohammed and P.K. Rohatgi, “Microstructure, 

tensile properties and electrochemical behavior of 

Pb alloy–45 vol.% Flyash microballoon 

composites,” Materials Science and Engineering A , 

Vol.526,2009,pp.225–234. 
[8] W.A. Uju and I.N.A. Oguocha, “Thermal cycling 

behaviour of stir cast Al–Mg alloy reinforced with 

Flyash,” Materials Science and Engineering 

A,Vol.526,2009,pp.100–105. 

[9] D.P. Mondal , S. Das, N. Ramakrishnan and K. 

Uday Bhasker, “Cenosphere filled Aluminium 

syntactic foam made through stir-casting technique,” 

Composites: Part A ,Vol.40,2009,pp.279–288. 

[10] N. Suresh, S. Venkateswaran and S. Seetharamu, 

“Influence of cenospheres of Flyash on the 

mechanical properties and wear of permanent 

moulded eutectic Al–Si alloys,” Materials Science-
Poland, Vol. 28, No. ,2010, pp.55-65. 

[11] Sathyabalan, P, V. Selladurai and P. Sakthivel , 

“ANN Based Prediction of Effect of Reinforcements 

on Abrasive Wear Loss and Hardness in a Hybrid 

MMC,” American J. of Engineering and Applied 

Sciences Vol.2 No.1,2009,pp.50-53. 

[12] N. Sobczak , J. Sobczak , J. Morgiel and L. 

Stobierski , “TEM characterization of the reaction 

products in Aluminium–Flyash couples,” Materials 

Chemistry and Physics,Vol.81,2003,pp.296–300. 

 

BIOGRAPHIES 

Chandrakant R Kini is the first author. 
Presently he is a Research Scholar in the 

Department of Mechanical and 

Manufacturing Engineering, Manipal 

Institute of Technology, Manipal 

University, India. He has B.E in 

Mechanical Engineering and M. Tech in 

Thermal Engineering from NITK, Surathkal.  Presently he is 

doing PhD. His area of research includes materials and 

metallurgy, CFD analysis of Gas Turbine Blade cooling. 

www.manipal.edu 

 
Mr. Shivaprakash Y.M is the 

corresponding author and working as 

Assistant Professor(sr.scale) in the 

Department of Mechanical and 

Manufacturing Engineering, MIT, 

Manipal,Karnataka,India. He did his B.E 

in Mechanical Engineering from Gulbarga University  and 

M.E in Machine design from Bangalore University. 

Presently he is pursuing the Ph.D (composite materials) 

under the supervision of Dr.K.V.Sreenivasa Prasad at SJCE, 

Mysore, affiliated to VTU, Belgaum. www.manipal.edu 

 

Mr. Gowri shankar M. C received his 
Bachelor’s Degree in Mechanical 

Engineering (Mysore University, India 

1998) and Master’s Degree in Precision 

and Quality Engg (IIT Kharagpur, India 

2006). He has to his credit 7 years of 

professional experience in industry and 

more than six years in teaching and research. His area of 

interest includes Manufacturing, Heat treatment and 

Metallurgy. He is a faculty member at Manipal Institute of 

Technology, Manipal and carrying his research in the area 

of heat treatment of composites from Manipal University. 
He has published 3 research papers in journals and presented 

5 research papers in conferences. www.manipal.edu 

 

Dr. S. S. Sharma holds Bachelor’s degree 

in Industrial & Production Engineering 

(Mysore University, India 1987), Master’s 

degree in Materials Engineering 

(Mangalore University, India 1996) and 

PhD degree in Materials Engineering 

(Manipal University, India 2007). He has 

24 years of teaching experience. His area of interest includes 

Heat Treatment, Deformation of Metals, Material 
Characterization, Composite Materials. He has published 28 

research papers in journals and presented 47 research papers 

in conferences.www.manipal.edu 

 

Dr. K.V.Sreenivasa Prasad is the 

Professor and Head of IPE at SJCE, 

Mysore, Karnataka, India. He obtained 

his M.E in Mechanical Engineering from  

IISc, Bangalore and Ph.D from IITK. His 

area of specialization is Materials and 

Metallurgy. Till date he has published 
about 40 research papers in various reputed journals, 

conferences and symposia. www.sjcemysore.org 


