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Abstract: This study deals with the Preparation of (AA8011-alumina) composite and study the 
transformation of fracture mechanism using SEM technique. Conventional casting technique was employed 
on a coke fired pit furnace to fabricate the aluminium composite specimen by varying alumina particles in 
5, 10, 15 and 20% by weight. Scanning electron microscope technique was used to investigate the 
transformation of fracture mechanism with varying percentage concentration of alumina particles in an 
impact test process; it was also used to investigate whether the Al2O3 particles have dispersed uniformly 
throughout the MMC using manual stirring in coke fired pit furnace. Meanwhile the prepared specimen 
were also exposed to density, hardness, tensile and impact studies.  Elongation and impact strength of the 
composites decreased with increase in addition of Al2O3 particles, while the hardness, ultimate tensile 
strength and density of composites increased with increase in Al2O3 particles. The rapid rate of increase in 
tensile strength of the composites was observed initially but with the increase in the concentration of Al2O3 
particles this rate of increment was not too much. Fracture of the composites is characterized by dimples, 
voids, cracks, ridges, pits and particle fracture. Brittle fracture of composites in the form of cracks and 
particle fracture are due to the strong interfacial bonding between the Al2O3 particles and aluminium 
matrix at high strain rate. High impact strength of composite is due to ductile failure in the form of dimples 
whereas low impact strength is due to brittle failure in the form of micro and macro cracks, particle fracture.     

Key Words: Aluminium alloy 8011, Alumina or Aluminium oxide (Al2O3), Metal matrix composites 
(MMC), Microstructure, aluminium matrix composites (AMCs).    

   
 
 1. INTRODUCTION    

  The term “Composite” broadly refers to a material 
system which is composed of a discrete constituent 
(the reinforcement) distributed in a continuous phase 
(the matrix), 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 (interfaces) between different 
constituents. Composite materials are usually 
classified on the basis of the physical or chemical 
nature of the matrix phase, e.g., polymer matrix, 
metal-matrix and ceramic composites. In addition 

there are some reports to indicate the emergence of 
Inter metallic-matrix and carbon-matrix composites.  
This study is concerned with metal matrix composites 
and more specifically on the aluminium matrix 
composites (AMCs). In AMCs one of the constituent 
is aluminium/aluminium alloy, which forms 
percolating network and is termed as matrix phase. 
The other constituent is embedded in this 
aluminium/aluminium alloy matrix and serves as 
reinforcement, which is usually non-metallic and 
commonly ceramic such as Al2O3; which is used in 
this case. Aluminium matrix composites owning 
excellent properties like high stiffness, high strength, 
high fatigue resistance, low density and superior wear 
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resistance at elevated temperature is a challenging 
replacement for conventional alloys. Enhancement of 
mechanical properties of AMCs can be achieved by 
varying the nature of constituents, their volume 
fraction, selecting a proper fabrication  
process with a control over processing conditions [1]    
These advantages can be quantified for better 
appreciation. For example, elastic modulus of pure 
aluminium can be enhanced from 70GPa to 240GPa 
by reinforcing with 60 vol. % continuous aluminium 
fibre. The metal alloys and composite materials have 
a vast application in the automobile, aircraft and 
allied industries. Reinforcement used in the metal 
matrix affects the strength and durability of the 
material in comparison to their constituent parent 
materials. Present scenario directly links the 
mechanical  field and its research with the 
automobile and aircraft industries. It is the need of 
the society to decrease the rate of consumption of the 
fossil fuel (exhaustible) Mazaheri and Shabani [2], 
Shabanietal [3]. In order to achieve it, the efficiency 
of the automobile needs to be improved. This can be 
done by reducing the total weight of the automobile 
whose major components are the engine and the 
frame. Aluminium in its alloy form is currently being 
used for the manufacturing of various engine parts. 
The limitation of aluminium is that it is prone to 
scratches and indentations very easily. So, a need 
arises to fabricate an aluminium-based composite 
which will be wear resistant in nature by the addition 
of suitable reinforcements in defined proportion. 
Aluminium matrix composites have excellent ability 
to bear tensile as well as compressive forces Shabani 
and Mazahery [4]. Research has been going  on by 
attempting different reinforcement materials into the 
aluminium matrix to improve and enhance the 
properties of the composite. For the fabrication of 
the composites, casting, powder metallurgy, friction 
stir processing, ball milling and hot rolling and 
vacuum hot pressing are some of the techniques 
which are used by researchers. However casting 
process is largely used because of its low cost and 
high production rate Faraji et al. [5], Baghani et al. 
[6], Shabani et al. [7], but formation of clusters and 
agglomeration of reinforced particles in the base 
metal is one of the main problems of casting process 

Mazahery and Shabani [2]. Boron carbide Mazahery 
and Shabani [8], Al2O3, TiC, SiC, are the most used 
reinforcement material for MMCs. Recently 
nonmetallic components like rock dust particles, rice 
husk ash (RHA), few-layer graphene (FLG) are used 
as reinforcement and these all resulted in 
improvement in mechanical properties of the 
composites. TiC nanoparticles were reinforced into 
the matrix of Al-Si alloy by Shamsipour et al. [9], 
Shamsipour et al. [10]. The addition of TiC particles 
enhances the hardness of the aluminium alloy and 
hence decreases the wear rate. Mazahery and 
Shabani [11] and Shabani et al. [7] used the TiB2 
coated B4C particulates in Al-Si matrix and tested it 
against a hardened steel disc on a pin on disc 
machine. Kumar et al. [12] developed an 
Al5052/ZrB2 composite with different percentage of 
(0, 3, 6, 9 and 10 vol%) ZrB2 particles by reaction of 
molten AA5052 with using two inorganic salts 
K2ZrF6 and KBF4. It was reported that with the 
increase in the percentages of the reinforcement the 
hardness and density of the composite also get 
increased. The strength of the formed composite also 
got improved with increasing the amount of ZrB2 till 
9% of ZrB2 and then it started decreasing.    
   Sharma et al. [13] focuses on the production of 
aluminium (Al6082-T6) matrix composites 
reinforced with various weight percentages of 
silicon nitride particles by conventional stir 
casting route. The percentage of reinforcement is 
varied from 0 wt% to 12 wt% in a stage of 3 wt%. 
The ductility of the aluminium composite 
decreases with the increase in silicon nitride, 
however, hardness and ultimate strength 
increases. Sharma et al. [14] focus on the effect 
of graphite particles on the microstructure of 
Al6082 metal matrix composites. Authors used 
conventional casting Stir process for the 
production of the composite material. The 
addition of graphite as reinforcement in the 
aluminium matrix is not desired as it decreases 
the hardness of the composite. Almost same 
findings were reported by Alaneme and Sanusi 
[15] for the hardness of the aluminium-
graphiterice husk ash (RHA) composite. 
However, strength and toughness of the 0.5% 
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graphite and up to 50% RHA got increased. 
Kumar et al. [12] reported that the tensile surface 
of aluminium was branded by uneven distribution 
of dimples leading to ductile failure, while 
aluminium fly ash composites fabricated by stir 
cast route is characterized by brittle failure due to 
the plastic flow of the matrix. Rajmohan et al. 
[17] reported that the density of aluminium 
composites reinforced with mica was higher than 
those of the composites reinforced with SiC 
fabricated by stir casting process. Aruria et al. 
[18] fabricated aluminium, SiC and Al2O3 

particles by friction stir processing and reported 
that increase in micro hardness of composites is 
due to the pining effect of SiC and Al2O3 

particles.    
    

1. Material description:     
In this work, aluminium alloy (AA8011), shown in 
Table 1 in the form of flat plate of 300 mm length 50 
mm width and 10 mm thickness were used as base 
material, while Al2O3 particles with a particle size of 
(10) µm is used as reinforcement.. The density of 
Al2O3 particles and AA8011 aluminium alloy is 3.39 
g/cm3 and 2.71 g/cm3 respectively. Table 1:    

    Percentage    

Si    0.720    

Fe    0.800    

Cu    0.002    

Mn    0.015    

Mg    0.020    

Cr    0.002    

Zn    0.002    

Ti    0.009    

Pb    0.002    

Al    Remaining    

    

    

2. Experimental Procedure:    

Composite samples were prepared by varying Al2O3 
particles in 5, 10, 15 and 20% by weight. Manual stir 
casting process (a low cost manufacturing 

techniques) was employed in a coke fired pit furnace 
to fabricate aluminium matrix composites. 
Aluminium metal matrix is melted in a graphite 
crucible at 850 ºC using a pit furnace as shown in Fig. 
1. Simultaneously the Al2O3 particles were also 
preheated at 300 ºC to remove the moisture content. 
Pyrometer was used to measure the elevated 
temperature of Aluminium alloy (AA8011) and 
Al2O3 particles in pit furnace. Manual stirring was 
initiated at a uniform speed and Al2O3 particles were 
slowly poured into the molten metal .As the stirring 
rod rotates, it generates a vortex that draws the 
reinforcement particles into the melt from the 
surface. Stirring process was carried up to 15 min.    
    

    
Fig1. Stirring process carried out in a graphite 
crucible.    

    

After the completion of stirring process the 
molten metal is poured into the die, molten 
metal is made to solidify and the prepared 
casting is removed from the die. Figure 2(a) 
and 2(b) shows the casted samples that are 
further machined to obtain desired shape for 
mechanical testings.     
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Fig 2(a) Casted specimen    
    

SEM test was carried out to study the 
changes in microstructure of samples at 
varying weight percentage of composites. 
Tensile test specimen drawing and 
dimension are shown in Fig.3 and Table 2.    

    

    
Fig 2 (b) Casted specimen    

    

     
    

      
  Fig 3. Drawing of tensile test specimen    

    

   
 Table 2: Dimensions of tensile test specimen    
    

    Specimen Dimensions    
          (in mm)    

W-width of narrow 
section    

15    

L- length of narrow 
section    

90    

WO- width over all    30    

LO-length over all    250    

G-gauge length    80    

D-distance between 
grips    

150    

T- thickness    12    

    
    
    

      
   Fig 4. Schematic representation of Izod test  
specimen    
    

4. Results and discussion    

    

4.1 Effect of Al2O3 particles on density:    
    

Variation in density with increase in Al2O3 
particles is depicted in Fig. 5. It can be noted that 
the density of composites increased with increase 
in Al2O3 particles. Density of the composite 
increased to a maximum of 2.895 g/ cm3 at 20% 
Al2O3 particles concentration against the base 
AA8011 aluminium alloy. The reason for increase 
in density is due to the more weight of the Al2O3 
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particles (3.39 g/cm3) compared to that of the base 
AA8011 aluminium alloy (2.71 g/ cm3).    

    

 

       Fig 5. Influence of Al2O3 particles on density    

   

4.2 Effect of Al2O3 particles on hardness    
    

The effect of Al2O3 particles in aluminium 
composites is shown in Fig. 6(a) and hardness 
test sample images are shown in Fig. 6(b). 
Increase in percentage of Al2O3 particles in 
aluminium matrix increases the hardness of 
composites. Researchers reported similar trend 
that addition of fly ash, SiC and tungsten 
carbide improves the hardness of aluminium 
composites. Sharma et al. [19] reported a 
reverse trend that increase in addition of 
graphite reduces the hardness of composites 
due to the lubricating nature of graphite. 
Rajmohan et al. [17] revealed that addition of 
mica reduced the hardness of composites; 
thereby improving the machinability of 
composites. Increase in hardness is fairly due 
to the resistance offered to indentation by the 
hard reinforced particles. Also the presence of 
porosity inversely influences the hardness of 
composites.    

  
 Fig 6(b). Hardness test samples    
   

4.3 Effect of Al2O3 particles on tensile 
strength and % elongation    

    
Influence of Al2O3 particles on Ultimate  

 Tensile  Strength  (UTS)  of  
AA8011aluminium composite is shown in  
Fig. 7. It can be observed that the strength of 
composite increased with increase in Al2O3 
particles. The maximum   increase in UTS was 
35.82% when compared to that of the base 
aluminium alloy (AA8011). Increase in UTS 
may be due to the interfacial bonding between 
the soft aluminium matrix and the hard Al2O3 
particles. Researchers also reported similar 
trend while studying the tensile strength of 
aluminium composites reinforced with mica, 
fly ash and SiC respectively [17,16,20]. The 
fractured tensile test specimen showing 
different profile is presented in Fig. 8. It can 
be observed from Fig. 9 that % elongation of 
the composites decreases with increase in 
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Al2O3 particles content. This finding is well 
supported by  
other researchers that the elongation of aluminium 
composites  decreases  with increase in SiC, and nickel 
particles [24,25]. It may be attributed to the fact that the % 
elongation decreases with increase in UTS. Addition of 
Al2O3 particles influences the interfacial bonding between 
the aluminium alloy and Al2O3 particles. Addition of 
reinforced particles reduces the elastic deformation and 
gradually promotes the plastic deformation of composites.      

 

 

Fig 9. Influence of Al2O3 particles on % elongation.    

        

 4.4. Effect of Al2O3 particles on impact strength    
    

Influence of Al2O3 particles on impact strength of 
AA8011 aluminium composite are shown in Fig. 10. It 
can be observed from  
Fig. 10 that impact strength obtained by Izod  
   test decreases with 
increase in Al2O3  

     particles.     

  Fig 7. Influence of Al2O3 particles on Ultimate     

tensile strength.    

    
    

     
 Fig 10. Influence of Al2O3 particles on impact strength.    

    
 The maximum decrease in impact strength  compared to                                                        

      Fig 8. Fractured tensile test specimen                      the base aluminium alloy was 48.14% as shown in  

                                                                                       Fig. 10. Fractured impact test specimen are shown in Fig. 11    
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 Fig 11. Fractured izod impact test specimen    
    
Similar kind of decrease in impact 
strength is reported by other 
researchers in their study using other 
reinforcements [16,21,22]. Hamouda et 
al. [6] revealed that the residual stress 
generated due to the thermal mismatch 
between the matrix and reinforcement 
leads to the formation of brittle nature 
of composites along the crack tips 
thereby decreasing the fracture 
toughness of composites. Increase in 
hardness of composites increases the 
brittleness of composites thereby 
decreasing the impact strength of 
composites. The impact strength of a 
material depends on the energy 
consumed by the material when a high 
speed load is applied. The impact 
strength of the aluminium alloy is 
higher because of the plastic 
deformation energy stored in the 
material before cracking. However in 
the case of composites, plastic 
deformation energy decreases due to 
the increase in concentration of energy 
for debonding thereby reducing the 
impact strength.    
    

   

 4.5. SEM Observations:    
    

   
              Fig. 12(a) Pure Aluminium alloy(AA8011)     

    
    

    
  Fig. 12(b) Aluminium alloy(AA8011) + 5%Al2O3     

    
    

    
  Fig.12(c) Aluminium alloy(AA8011) + 10%Al2O3     
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   Fig. 12(d) Aluminium alloy(AA8011)+ 
15%Al2O3     
      

    
Fig. 12(e) Aluminium alloy(AA8011) + 
20%Al2O3     

    
    
SEM of aluminium (AA8011) 

composites and its base alloy is shown in 
Fig. 12(a-e). It can be observed from 
Fig.12(a) that the microstructure of 
aluminium alloy is characterized by 
dimples indicating a ductile type fracture 
mechanism. Ductile fracture is the major 
reason for high impact strength in 
aluminium alloy. Fractured surface of 
the composites with 5% Al2O3 particles 
Fig.12(b) shows reduction in dimples 
compared to that of the base alloy. 
Presence of voids are also evidenced 
along the surface of the specimen 
Fig.12(c). These voids are probably due 
to the weak interfacial bonding between 

the Al2O3 particles and aluminium matrix and 
also due to non-uniform distribution of Al2O3 
particles. Presence of particle clusters Fig. 
12(d) is an evidence for the improper mixing of 
Al2O3 particles during fabrication. With a 
further increase in Al2O3 particles absence of 
dimples are evidenced along the surface 
Fig.12(d) and 12(e). The low impact strength in 
composite with 10% and 15% of Al2O3 
composites  
Fig.12(c) and (d) are primarily due to the plastic 
deformation combined with the brittle mode of 
fracture. With further increase in Al2O3 particle 
upto 20% Fig.12(e) major deep and widened 
cracks are seen along the surface indicating 
brittle fracture. These dominant cracks and 
particle fracture are due to the strong interfacial 
bonding between the Al2O3 particles and 
aluminium matrix at high strain rate, increasing 
the brittle nature of the composite. In summary 
the high impact strength are due to the ductile 
failure in the form of dimples whereas low 
impact strength is due to the brittle fracture in 
the form of micro and macro cracks, particle 
fracture.    

    
    
    
    
    

5. Conclusion:    
    
In this study, test were conducted to determine the 

mechanical properties of Aluminium alloy (AA8011) 
and Al2O3 composites; following conclusions were 
drawn:    
    

1. A fair uniform distribution of Al2O3 particles 
along the aluminium matrix can be observed by 
optical microstructure.    

2. Impact strength and elongation of the 
composites decreased with increase in Al2O3, while 
the hardness, tensile strength, and density of 
composites increased with increase in Al2O3.    

3. The unreinforced alloys are subjected to 
ductile mode of fracture; with the increase in Al2O3 
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particles the mode of failure gradually 
transforms to brittle fracture.    
4. The impact fracture of the composites 
is characterized by dimples, voids, cracks, 
ridges, pits and particle fracture.     
5. The mechanical properties of 
Aluminium and Al2O3 composites along with 
characterization will serve as a technical 
database for aerospace, automotive, military 
and commercial applications.    
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