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ABSTRACT 

 

Rice Husk ash (RHA) is one of the industrial waste byproducts available abundantly in the world. In the present 

work, an attempt is made to incorporate the RHA particles in the molten Aluminum. The RHA particles were added into the 

matrix melt by creating a vortex with the help of a mechanical stirrer and the melt temperature was maintained between 

800
0
C to 850

o
 C. Dry sliding wear experiments were performed in a pin on disc wear equipment against a chromium steel 

disc at a speed of 3m/s and normal loads of 10N, 20N, 30N, 40N and 50N at room temperature of 30
0
C. Scanning Electron 

Microscope (SEM) is used to study the wear characteristics of the unreinforced by the Al/RHA composites. From the 

experiments it is observed the composite exhibits higher resistance to wear as compared to unreinforced Al. this paper 

emphasis on exclusive studies on Scanning Electron Microscope on dry sliding wear behavior of Metal Matrix Composites 

with Aluminum and Rice Husk Ash, here the Rice Husk Ash has been acted as vital role in the reinforced to Aluminum 

metal matrixes. 

 

KEY WORDS: Scanning Electron Microscope (SEM), Rice Husk Ash (RHA), Dry sliding wear, Aluminum and Metal 

Matrix Composites. 

 

 

INTRODUCTION 

The term “composite” broadly refers to a 

material system which is composed of a discrete 

constituent distributed in a continuous phase and which 

derives its distinguishing characteristics from the 

properties of its constituents, from the geometry and 

architecture of the constituents, and from the properties 

of the boundaries between different constituents. 

Composite materials are of different types on the 

basis of the physical or chemical nature of the matrix 

phase such as polymer matrix, metal matrix and ceramic 

composites. This research paper mainly focused on metal 

matrix composites and specifically on the Aluminum 

matrix composites (AMCs). In AMCs one of the 

constituents is Aluminum which forms percolating 

network and is termed as matrix phase. Properties of 

AMCs can be tailored by varying the nature of 

constituents and their volume fraction. The major 

advantages provided by composite materials are Greater 

strength, Improved stiffness, Reduced density(weight), 

Improved high temperature properties, Controlled 

thermal expansion coefficient, Thermal/heat 

management, Enhanced and tailored electrical 

performance, Improved abrasion and wear resistance, 

Control of mass (especially in reciprocating applications) 

and Improved damping capabilities.These advantages can 

be quantified for better appreciation.  

Over the years, AMCs have been tried and used 

in numerous structural, non-structural and functional 

applications in different engineering sectors. Driving 

force for the utilization of AMCs in these sectors include 

performance, economic and environmental benefits. The 

key benefits of AMCs in transportation sector are lower 

fuel consumption, less noise and lower airborne 

emissions. With increasing stringent environmental 

regulations and emphasis on improved fuel economy, use 

of AMCs in transport sector will be inevitable and 

desirable in the coming years. 

According to the UK Advisory Council on 

Science and Technology, AMCs can be viewed either as 
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a replacement for existing materials, but with superior 

properties, or as a means of enabling radical changes in 

system or product design. Moreover, by utilizing near-net 

shape forming and selective-reinforcement techniques 

AMCs can offer economically viable solutions for wide 

variety of commercial applications. 

Recent success in commercial and military 

applications of AMCs is based partly on such innovative 

changes made in the component design. Lack of 

knowledge and information about utilization possibilities, 

service properties and material producers have hindered 

the wider usage of AMCs. Recognizing these peripheral 

and extraneous difficulties, AMCs community in USA 

and Europe are pursuing consortium and networking 

approaches to implement the applications of AMCs in 

everyday societal use. AMCs are of four types depending 

on the reinforcement like Particle-reinforced AMCs 

(PAMCs), Whisker or short fiber reinforced AMCs 

(SFAMCs), Continuous fiber reinforced AMCs 

(CFAMCs)and Mono filament reinforced AMCs 

(MFAMCs). 

The available Literature reveals that most of the 

studies have been carried out to evaluate the wear 

behavior of Aluminum based particulate or whisker 

reinforced composites. The principle tribological 

parameters that control the friction and wear 

performances of reinforced Aluminum composite can be 

classified into two categories. One is mechanical and 

physical factors and the other is material factors. The first 

factor has been identified as sliding velocity and normal 

load, where as with regards to the second category factors 

they are volume fraction and type of reinforcements.  

Wear of metals is probably the most important 

yet at least understood aspects of tribology. It is certainly 

the youngest of the tri of topics, friction, lubrication and 

wear to attract scientific attention, although its practical 

significance has been recognizes throughout the ages. 

1
The abrasive wear resistance of Al2O3/SiC 

using a dry sand/rubber wheel abrasion tester and 

concluded that composites containing Al2O3 were found 

to be superior to those containing SiC. 
2
The another 

phenomenon that wear resistance of the composites were 

found to range from almost two to six times that of the 

unreinforced matrix alloy. According to previous studies 

revealing that the dry sliding wears of 
3
aluminum matrix 

composites and determined the wear resistance by 

observing various micro structural parameters such as 

volume fraction of particulate and particulate size. 

Various studies reveal that 
4
addition of 

reinforced particles increases the resistance of the 

composites to sliding wear under dry conditions, even for 

small volume fraction of particles.  

A part of it 
5
the wear resistance of specimen 

containing fly ash was comparable to that of alumina 

fiber reinforced alloy and superior to that of base alloy. 

The present research paper has been focused on 

Scanning Electron Microscopic (SEM) studies of 

different micro structural parameters on Dry Sliding 

Wear Behavior of Metal Matrix Composites with 

Aluminum and Rice Husk Ash. 

 

EXPERIMENTAL  

MATERIALS AND METHODS  

Matrix Material: 

6
Pure Aluminum with the theoretic density of 2760 kg/m

3
 

is used as the matrix material.  

Reinforcement material:  

Rice Husk Ash (RHA) on burning gives 14–20% by 

weight of Ash which contains 90% by weight silica and 

minor amounts of other elements. The chemical 

composition of the RHA is as follows (Table no; 1) 

(Courtesy of Department of Biotechnology of Andhra 

Pradesh-India) 

Table1.  Chemical composition of RHA 

Constituents % of Availability 

Silica – SiO2 90.23 

Graphite 4.77 

Calcium Oxide – CaO 1.58 

Magnesium Oxide –MgO 0.53 

Potassium Oxide – K2O 0.39 

Ferric Oxide – Fe2O3 0.21 

 

2. Preparation of the Composites: 

Composite materials fabrication carried out by 

using one of the commonly used liquid state method 

called Stir Casting method.The matrix material model 

chosen for the preparation of composites is pure 

Aluminum. Pure Aluminum was charged into the 

graphite crucible and heated to about 750 ºC till the entire 

Aluminum in the crucible was melted. The reinforcement 

particles (RHA) were preheated to 800
0
C for 1 hour 

before incorporation into the melt. After the molten metal 

was fully melted degassing tablet (hexachloroethane) was 

added to reduce the porosity. Simultaneously 1wt % 

magnesium (was added to the melt in order to enhance 

the wettability between rice husk particles and the Al 

melt. The stirrer made up of stainless steel was lowered 

into the melt slowly to stir the molten metal at the speed 

of 500 -700 rpm. The preheated RHA particles were 

added into the molten metal at a constant rate during the 

stirring time. The stirring was continued for another 5 

min even after the completion of particle feeding. The 
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mixture was poured into the mold which was also 

preheated to 500 ºC for 30 min to obtain uniform 

solidification. Using this process 4, 6, and 8% by weight 

RHA particle-reinforced composites were fabricated. 

 

3. Pin-on-Disc wear testing machine: 

The dry sliding wear tests were conducted on a 

pin-on-disc wear testing machine (Model: TL-20, 

DUCOM) according to the ASTM G99-04 Standards. 

The cylindrical pins (8mmdiameter and 25mm height) of 

the Aluminum/composite were used as test material. The 

hardened chromium steel was used as the counter face 

material. The wear tests were carried out at different 

loads of 10N, 20N, 30N, 40N and 50N. The sliding speed 

and sliding distance was maintained at 3.14m/s 

(corresponding to disc speed of 600rpm) and 3768 m 

respectively for all the tests. The track radius was fixed at 

50mm. Wear tests were carried for 20min at room 

temperature (30
0
C – 36

0
C) without any lubrication. 

Weight of the specimens before and after the experiment 

was taken with help of photoelectric balance with an 

accuracy of ±0.1mg. 

 

The weight loss then converted to wear rate (Wr) 

using the expression  

                   Wr = Δm/L                                                         

where Δm is the difference in mass before and after the 

wear experiment, and ‘L’ is the sliding distance 

corresponding to 600rpm for 20min at a track radius of 

50mm. The worn surfaces and worn debris of the 

unreinforced Aluminum  and Al/RHA composites were 

examined and analyzed using scanning electron 

microscope (SEM) (Model JSM-6610LV) equipped with 

energy dispersive X-ray analysis (EDX).  

 

RESULTS AND DISCUSSIONS 
 

1. Microstructure analysis: 

 

JSM-6610LV Scanning electron microscope 

(SEM) equipped with energy dispersive X-ray analyzer is 

used to study the microstructure of the Al/RHA 

composite. Good retention of Rice hush ash particles was 

clearly seen in the microstructures of Al/RHA 

composites. Good interfacial bonding can be obtained by 

heating of rice husk ash particulates prior to dispersion 

and addition of magnesium in small quantities during 

stirring which improved wettability of rice husk ash 

particles. 

 

2. 
7
Wear of Composites:  

Figure 2 and 3 shows the variation of weight 

loss and wear rate as a function of normal load for the 

unreinforced Al and Al/RHA composites. It is seen from 

the plots with the addition of rice husk ash particles the 

wear rate of the composite is decreasing. Also it could be 

seen that the wear rate increases as the normal load 

increases. 

Fig 1: Microstructure of Al/RHA Composites 

 

 
 

 

Fig 2: Variation of mass loss as a function of load 
 

 

 

Fig 3: Variation of weight rate as a function of load 

 

 

Fig 4: Variation of COF as a function of load 

Variation of coefficient of friction Vs different normal 

loads for the unreinforced Aluminum and the composite 

specimen is shown in Figure 4. The figure indicates the 

friction coefficient of Aluminum decreases with 

increasing RHA particles content. However 8% RHA 
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reinforced composites shows an increase in the friction 

coefficient at higher loads of 40N and 50N due to the  

 

particle transferring from the matrix to the steel disc 

interface which leads to an increase in the friction 

coefficient. 

3. 
8
Morphology of Worn surfaces: The worn out 

surface of some selected /typical specimens after the 

wear test are observed under scanning electron 

microscope. Morphology of the worn surface of the 

unreinforced Al at different loads of 10N and 50N a 

wearing time of 20min are shown in fig 5 and fig 6 

respectively. The wear surfaces of the unreinforced Al at 

a load of 10N consists of two regions long smooth 

patches which are marked as A and large craters marked 

as B. The region A consists of ridges and grooves 

running parallel to the sliding direction which shows an 

abrasive wear was predominant in these regions.  The 

region B consists of large craters indicates locally 

adhesive wear. SD indicates the sliding direction. As the 

load increases to 40N the smooth patch region decreased 

and the size of the craters was increased. At a load of 

50N the smooth patch vanishes and the size of the crater 

is maximum indicating severe loss of the material. 

It has been observed that the composites do 

show improved wear resistance compared to their 

unreinforced Al.  Morphology of the worn surface of the 

Al/RHA composites with different weight percentage of 

the reinforcement at two different loads of 10N and 50N 

are shown in the Figs 7, 8 and 9. Topography of worn 

surface for Al/2% RHA composite shows the presence of 

grooves and ridges in the sliding direction. At higher 

loads discontinuous ridges and deep grooves along the 

sliding direction can be observed (fig 8). This indicates 

typical abrasive wear in the composite. As the volume 

fraction of the reinforcement increases these grooves and 

ridges becomes shallower indicating the resistance to 

wear. The worn surface of Al/8%RHA under an applied 

load of 50Nwas shown in the Fig 9. As the weight 

fraction of the reinforcement increases smooth patches 

can be seen even at higher loads. 

 

Fig 5: Morphologies of the worn surface of Aluminum 

at a load of 10N 

 

 
(Courtesy of Andhra University laboratories) 

 

 

Fig 6: Morphologies of the worn surface of Aluminum 

at a load of 50N 

 

(Courtesy of Andhra University Laboratories) 

 

Fig 7: Morphologies of the worn surface of Aluminum 

/ 2%RHA composite at a load of 10N 

 

 
(Andhra University Laboratories) 
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Fig 8: Morphologies of the worn surface of Aluminum 

/ 2%RHA composite at a load of 50N 

 

 
 

 

Fig 9: Morphologies of the worn surface of Aluminum 

/ 8%RHA composite at a load of 50N 

 

 
 

CONCLUSIONS 

1. Rice husk Ash particles were successfully incorporated 

in Aluminum by using stir casting technique. 

2. Micro structure analysis shows the uniform 

distribution of rice husk ash particles in the Aluminum. 

The microstructure also revealed good interfacial bond 

between matrix and rice husk ash particles. 

3. The wear rate decreases with the increase in weight 

percentage of the RHA particles. 

4. Friction coefficient of Aluminum decreases with 

increasing RHA particles content. However 8% RHA 

reinforced composites shows an increase in the friction 

coefficient at higher loads of 39.22N and 49.03N, due to 

the fact that poor interfacial bonding between the 

reinforcement and the matrix which cause particle 

transferring from the matrix to the steel disc interface 

which leads to an increase in the friction coefficient. 
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