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ABSTRACT 
This paper deals with an experimental study on Al-Chicken Bone ash hybrid composite. In this paper, Aluminium is the base metal 

composited with Chicken bone ash to form a hybrid composite. Aluminum-8011 is tested for its Wear tests. Then, Chicken bone 

ash is fused with Aluminium in molten stage to attain the hybrid composite using the stir casting method. Then, the Wear Tests to 

the hybrid composite is determined and compared with the conventional Aluminium. 
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INTRODUCTION 
 

Metal Matrix Composites (MMC’s) consist of either purity metal or an alloy as the matrix material, while 
the reinforcement generally a ceramic material. Nowadays these materials are widely used in space shuttle, 
commercial airlines, electronic substrates, bicycles, automobiles, etc., Among the MMC’s aluminium 
composites are predominant in use due to their low weight and high strength. The key attractor of MMC’s is 
specific strength and stiffness, excellent wear resistance, high electrical and thermal conductivity [1]. There has 
been an increasing interest in composites including low density and low cost reinforcements. Among various 
discontinuous dispersions used, fly ash is one of the most affordable and low density reinforcement available in 
large quantities as solid waste by-product during combustion of coal in caloric power plants [2]. Hence, 
composites with fly ash as reinforcement are likely to overcome the cost barrier for wide spread applications in 
automotive and small engine applications. It is therefore expected that the incorporation of fly ash particles in 
aluminium alloy will promote yet another use of this low-cost waste by-product and, at the same time, has the 
potential for conserving energy intensive aluminium and thereby, reducing the cost of aluminium products. 
Deuis et al [2] concluded that for adhesive wear, the influence of applied load, sliding speed, wearing surface 
hardness, reinforcement fracture toughness and morphology are critical parameters in relation to the wear 
regime encountered by the material. Song et al [3] reported changes of abrasive wear resistance of aluminium 
based composites when subjected to different ageing conditions. When aged at the lowest temperature, 
transmission electron microscopy revealed the presence of the solute clusters and small coherent precipates in 
aluminium alloy matrices and these were easily sheared by mobile dislocations. Hardness and abrasive wear 
resistance of these under aged composites were measured to be relatively low. Straffelini et al [4] Investigated, 
the effect of load and external heating on the friction and wear behaviour of two aluminium based MMC’s. 
Hemanth Kumar et al [5] simultaneously optimized the tribo logical properties: wear rate and frictional force of 
aluminium metal matrix composite. Al-Cu-Mg alloy reinforced with 6 Wt % of titanium dioxide was prepared 
using stir casting method. Dry sliding wear test was conducted to understand the Tribological behaviour of 
samples. Uvaraja et al [6] studied comparisons on Al 6061 and Al 7075 alloy with SiC and B4C reinforcement-
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produced by stir casting method. Dry friction and wear performance of the hybrid composite and unreinforced 
alloy at room temperature were investigated by using pin-on-disk wear testing machine. Present study is focused 
on wear properties of Chicken Bone Ash reinforced Aluminium 8011 Metal matrix composites. 
 
II. Experimentation: 
A. Materials: 

Aluminium alloy 8011 with copper as the primitive alloying element is selected has a base material for 
present investigation. Chicken Bone Ash was selected as a reinforcement material. The present study is mainly 
concentrated on wear properties of the composites materials. 
 
B. Preparation of Composites: 
I. Stir Casting Method:   

            

 
                         

Fig. 1: Stir Casting Apparatus 
 
In a stir casting process, the reinforcing phases are distributed into molten matrix by mechanical 

electrifying. Stir casting of metal matrix composites was proposed in 1968, when S. Ray introduced alumina 
particles into aluminium melt by stirring molten aluminium alloys containing the ceramic powders. Mechanical 
gripping in the furnace is a key element of this operation. The resultant molten alloy, with ceramic particles, can 
then be recycled considering die casting, permanent mold casting, or sand casting. Stir casting is advisable for 
manufacturing composites with up to 30% volume fractions of reinforcement .The cast composites are 
sometimes further extruded to curtail porosity, refine the microstructure, and homogenize the distribution of the 
reinforcement. A major concern combine with the stir casting process is the segregation of    reinforcing 
particles which is caused by the surfacing or settling of the reinforcement fleck during the melting and casting 
processes. The final distribution of the particles in the solid depends on material properties and process 
parameters such as the wetting condition of the particles with the melt, strength of mixing, related density, and 
rate of solidification .The distribution of the particles in the molten matrix depends on the geometry of the 
mechanical stirrer, stirring criterion, placement of the mechanical stirrer in the melt, melting temperature, and 
the characteristics of the particles added. 

 

 
Fig. 2: Final Casted MMC 
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C. Wear Test: 
The wear test was conducted proving a pin-on-disc computerized wear testing machine as show in figure in 

accordance with ASTM standards G9995. The surface finish of the specimens (Ra) 2µm was rubbed against a 
hardened steel disc, which has a better surface finish of (Ra) 0.2µm. The test worth the specimens of diameter of 
6mm and length 25mm machined from the cast specimens. The wear tests were conducted using loads of 3 and 
5 kg in at 400 and 600rpm. The test period was taken to be 15 minutes and the track radius selected was 60mm. 
The apparatus consists of a steel disc (EN24 & HRc 58) of 120 mm which forms the counter face on which the 
test specimens or the pins slide over. The wear test was also conducted for the cast specimens of the same 
conditions and standards. Keeping other conditions same, Aluminium alloy with varying percentage of Chicken 
Bone Ash in a cast conditions were assessed for wear resistance. The wear results of cast hybrid composites 
with different compositions of reinforcements at varying sliding speeds and different loads are shown in the 
result and discussion table. 

 

 
Fig. 3: Wear Test Specimens 

 

 
Fig. 4: Worn Out Specimens 
 

RESULTS AND DISCUSSIONS 
 
The effect of Fly ash and E-Glass fibre on the wear characteristics of Aluminium hybrid composites for 

different speeds and loads as shown in figures. Which is the representative graphs plotted based on wear rate 
results. The severe wear is a serious problem with practical importance because the catastrophic nature of the 
wear in the post-transition region renders the tribo-components like bearings and cylinder liners unfit for further 
use. However, sufficient is known about wear mechanism and their solutions to encourage greater application of 
the knowledge. The presence of the reinforcement has been reported to retard the mild to severe wear transition 
of the composites at higher loads. In the present case also, the loads at which the transition occur were found to 
be much higher. However, the beneficial effect of the reinforcement on the wear resistance of the composites is 
observed to be the best at low loads, which reduces with the increase in load applied [7]. It is observed from the 
figures that the wear rate of the composites reduced with the increase in reinforcement content. The reduction in 
wear rate by as much as 25 to 35% as the content of fly ash. The improvement in wear resistance of composites 
at low loads is attributed due to the presence of reinforcement, which forms a thin film at the contact surface 
between the composites and the counter face. At low loads the composites derive their wear resistance from the 
reinforcement. At high loads however, due to fracture composites lose their ability to support the load. As a 
result the counter face comes in direct contact with the matrix alloy in which high strains are developed causing 
removal of the surface layers by delimitation. This is quite clearly evident from the surface cracks found from 
the SEM micrograph [8, 9].    
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Table 1: Wear rate of Al 8011 Hybrid MMC 

SL.N
O 

MATERIAL 
RP
M 

LOAD 
(N) 

TIME 
DURATION 

SLIDING 
VELOCITY(m
/s) 

WEAR IN 
(micron) 

COF 
FRICTIONAL 
FORCE(average) 
(Newton) 

1 Al-8011 300 20 
20MIN(1200
SEC) 

1.571 135.0 0.4939 11.5 

2 

Al-
8011(CHICKE
N BONE ASH 
2.5%) 

300 20 
20MIN(1200
SEC) 

1.571 125.0 0.4056 9.5  

3 
AL8011(CHIC
KEN BONE 
ASH 3%) 

300 20 
20MIN(1200
SEC) 

1.571 115.0 0.3935 9.0 

4 
AL8011(CHIC
KEN BONE 
ASH 5%) 

300 20 
20MIN(1200
SEC) 

1.571 85.0 0.3677 9.0 

 
From figure it can be concluded that with the addition of Chicken Bone Ash wear rate of MMC is 

decreases. MMC made with 2.5 % Chicken Bone Ash having variables of 3%, 5% and 9% showing better wear 
resistance than Al-8011 alone.   

 

 
Fig. 5: Al-8011with Chicken Bone Ash MMC Wear rate compared with Al-8011 

Conclusions: 
Knowing the advantageous influence of mechanical alloying, Al-Chicken Bone Ash metal matrix 

composite produced by using stir casting method. The rate of metal matrix composite depends on the size of 
reinforcing element, manufacturing method and experimental setup. During the present experiment it was found 
that the Chicken Bone Ash contents were able to improve the Wear rate  of aluminium metal matrix composite 
compared to the aluminium-8011. 

• It is observed from the results that the wear rate of the composites reduced with the increase in 
reinforcement content also it is seen that as the load increases the wear rate also increases. 
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