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Abstract: Metal matrix composites (MMCs) and Metal matrix nano composites (MMnCs) have emerged as an 
important class of materials for structural, wear, thermal, transportation and electrical applications due to 
significantly improved properties like high specific strength, damping capacity and good wear resistance compared 
to unreinforced alloys. There are several techniques to produce composites, such as solid state, semi solid state 
and liquid state production route. Among the entire solid state production route powder compacting and sintering 
route is the simplest and cheapest. In the present study, aluminium composites with 1%, 2% and 3% by weight 
reinforcement of SiC (micro and nano) were prepared using compacting and sintering method. Characterization 
of the as-powder aluminium composite specimens was done using optical microscopy and scattered electron 
microscopy (SEM) which showed uniform distribution of reinforcing particles in the aluminium matrix. Hardness 
tests carried on the specimens showed increase in hardness over the pure aluminum metal which further increases 
with percentage of reinforcements. Moreover, the SiC (nano) composites showed comparatively higher hardness 
values than SiC (micro) composites. Testing of wear behavior was done on pin on disc apparatus where SiC (nano) 
composites showed improvement in wear resistance over pure aluminium and SiC (micro) composites. Considering 
all the factors, it can be concluded that aluminium based composite with 3% by wt. SiC (nano) reinforcement possess 
better wear resistance properties as compared to other fabricated composites by SiC (micro) composites.
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of the matrix phase e.g. polymer matrix, ceramic 
matrix and metal matrix. The choice of methods 
used to fabricate a composite material depends 
on the mechanical and chemical properties of the 
particle and matrix, the particle size, the particle 
packing, and the desired particle configuration. 
Powder metallurgy involves the blending of rapidly 
solidified powders with particulates, platelets or 
whiskers, through a series of steps. The sequence of 
steps includes sieving of rapidly solidified particles, 
blending of the particles with the reinforcement 
phase and finally compressing reinforcement and 
the matrix mixture to about 7 % density (Callister, 
2000). Anticipation of the types of wear to which 
components will be subjected is perhaps the biggest 
problem in solving wear problems. Material can be 
removed from a solid surface in only three ways: by 
melting, by chemical dissolution, or by the physical 
separation of atoms from the surface. The last 
method can be accomplished either by the one-time 

introduction1. 

The ever-increasing demands for “hotter, stronger, 
stiffer and lighter” than traditional materials have 
led to the design and development of advanced 
materials. Significant improvements in mechanical, 
chemical, and physical properties have been achieved 
through chemical modifications and conventional 
thermal, mechanical, and thermo-mechanical 
processing methods. The high-technology industries 
have given an added stimulus to these efforts (Daniel 
and Steven, 2001). The term “Composites” can be 
defined as material system which is composed of the 
reinforcement distributed in the matrix and which 
derive its unique characteristics from the properties 
of its different constituents, from the architecture 
and the geometry of the constituents of composites 
and from the interfaces between the different 
constituents. Composites are generally classified 
on the basis of chemical or physical characteristics 
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application of a high strain or by cyclic straining 
at lower magnitudes. Mechanical and chemical 
processes may operate separately or together, such 
as abrasion in a corrosive medium (Lloyed, 1989). 
The present study focused on comparative analysis 
of wear and hardness of composites prepared using 
nano and micro sized SiC reinforcements. The 
composites are prepared using compacting and 
sintering method.

MetHodology2. 

The aluminium (200 mesh) and silicon carbide (400 
mesh) powders were acquired from Indra Chemical 
Pvt. Ltd., India. But, the SiC powder particle size is 
not in nano scale and thus converted into the near 
nano material with the help of ball milling machine 
(Figure 1) by using the 20 tungsten carbide ball 
of diameter 5mm. Toluene was used as an active 
media to avoid the cold welding and agglomeration 
during the process. The ball to powder ratio (BPR) 
for the ball bearing was kept 10:1. The rotational 
speed was 300 rpm and to decrease the temperature, 
the process was stopped after each 30 minute for 
10 minutes. The particle was repeatedly welded; 
fractured and welded during the process as a result 
the particle size gets reduced.

figure 1: Ball Milling Machine

The milling was done for 10 and 15 hr to know 
the size of the powder. The powder was taken 
after 10 and 15 hour for the characterization. 
Scanning electron microscopy was used to study 
the morphological changes occurred during the 
mechanical milling/alloying of the SiC powder. The 
Figure 2a shows the scanning electron microscopy 
image of the initial SiC powder. Initially, the shape 
of the SiC powder was angular. After the milling of 
the powder for 10 hours, the powder gets crushed 
and the

figure 2: seM images of sic powder after crushing for 
(a) 0 hr (b) 10 hr (c) 15 hr

Figure 2b shows the scanning electron microscopy 
image of SiC powder. Image shows that there were 
particles which were less than micron in size as 
compared with scale given at the image. From the 
SEM micrograph, it is evident that the SiC powder 
size reduces from micron size to the near Nano 
size after processing for 15 hours (Figure 2c). This 
decrease in size occurs due to the impact of the 
balls on the powder as a result of which the powder 
between the balls and vial get crushed and reduction 
of the powder size takes place. Equivalent quantities 
of the mixture of metal powders were taken by 
weight. The six samples were prepared with varying 
percentage of reinforcements (SiC) i.e. 1%, 2% and 
3% by weight each for nano and micro sized particles. 
The weighing was done in a very precise weighing 
balance. The Die used for compacting composites 
was made up of die steel. The die was designed by 
AutoCAD as shown in Figure 3. The compacted 
samples are sintered in the H2 atmosphere for 1 
hour in the steel tube at 600°C due to protecting the 
oxidation of the samples.

figure 3: actual view of the die

Dry sliding wear tests for the Pure al., Al+ SiC 
(micro/nano) composites were conducted using a 
pin-on-disc machine [Model: Wear and Friction 
Monitor Tester TR-20]. The tests were conducted 
in air having relative humidity in range from 40 to 
75 % with room temperature of 30-32°C. Wear tests 
were performed on the pin specimens that had flat 
surfaces in the contact regions. The pin was held 
stationery against the counter face of a rotating disc 
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made of En-32 steel at 80 mm and 100 mm track 
diameter. En-32 steel is a plain carbon steel; case 
hardened 62 to 65 HRC as provided with the pin-on-
disc machine. The wear rate of Al-SiC(micro) and Al-
SiC(nano) composites was measured for dead weight 
(29.4 N and 49.0 N) over disk diameter 100mm with 
constant 120 RPM.

results and discussion3. 

Microstructure analysis has been done under the 
scanning electron microscope and it is observed that 
the composites exhibit good interface bonding between 
reinforcement particles and the aluminium matrix. 
It is observed that there is homogeneous distribution 
of Nano reinforcement particles in the aluminium 
matrix but there is non-uniform distribution of micro 
reinforcements in the aluminium matrix. The liquid 
metallurgy process normally causes agglomeration 
of Nano particles. The presence of SiC micro and 
nano is shown in the form of black dots in Figure 
4a and 4b respectively.

figure 4: optical micrographs of al+ sic composite 
(a) Micro scale (b) nano scale

The hardness measurement was done by using 
Rockwell hardness testing method and 3 samples 
were taken and for each sample 3 readings taken so 
as to reduce the chances of error and finally average 
values are given below in Figure 5.

figure 5: plot comparing the hardness of pure al., 
Micro and nano composites at 100Kgf load

The figure 5 shows that addition of reinforcements 
has resulted in the increase of hardness as compared 
to pure aluminium for both nano and micro particles. 
Moreover, the hardness of aluminium is directly 
proportional to percentage of reinforcements. The 
maximum increase in hardness is noticed in case 
of 3% SiC Nano particles for both 100 and 6kgf 
loads.

figure 6: plot comparing the hardness of pure al., 
Micro and nano composites at 60Kgf load

The Figure 6 shows that addition of reinforcements 
has resulted in the increase of hardness in 
aluminium. The higher hardness of Nano composites 
than the micro composites may be due to Orowan 
Stengthening mechanism and grain refinement. 
According to Orowan Stengthening mechanism, as 
the distance between precipitate particles decreases 
the stress required to let the dislocation by pass 
increase which implies that hardness is higher 
if the distance between precipitate particles is 
smaller. There are a lot of variations in hardness 
values in case of hybrid composite. At one point, 
hardness was maximum of all the composites while 
another point has shown the lowest hardness. 
This may have happened due to the porosity of the 
composite or the agglomeration of the particles. 
This porosity or agglomeration may have occurred 
either due to the entrapment of gases while improper 
wetting of the as received SiC. However it can be 
concluded that by proper fabrication of composites, 
SiC(Nano) particles can be used as a replacement 
of SiC(micro) composites since they have shown 
increase in hardness. To evaluate the performance 
of Aluminum matrix composites (AMCs), the 
extensive wear experiments have been conducted 
with samples of Al-SiC (micro) and Al-SiC (nano) 
composites.
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figure 7: plot of wear rate for dead wt. 29.4n

Figure 7 shows overall wear of Al+ SiC(Micro) 
and Al+ SiC (Nano) samples with dead weight 29.4 
N. It can be clearly seen from the graph that wear 
rate is maximum for pure aluminium. The addition 
of reinforcement increases the wear resistance 
of aluminium composites. Moreover, the nano 
composites yielded much higher wear resistance 
values as compared to micro composites.

figure 8: plot of wear rate for dead wt. 49.0 n

To improve the accuracy of our results, wear 
rate of samples at dead weight 49.0 N was also 
calculated. The figure 8 shows overall wear of Al+ 
SiC(Micro) and Al+ SiC (Nano) with dead weight 
49.0 N. As compared to 29.4 N dead weight tests, 
the wear rate has been higher in case of experiments 
performed at dead weight 49.0 N. It can be seen that 
results obtained for Al+ SiC (Nano) are significantly 
better than values of Al+ SiC(Micro). Moreover, the 
wear rate is lesser for both cases when compared 
with pure aluminium. Figure 9 and 10 shows the 
SEM micrograph of micro and nano composites 
respectively. SEM micrographs shows that specimen 
have suffered significant damage of its surface in the 
form of craters or micropits. The micrographs show 
that there are crater formations on the composite 

due to wear but the grooves are not clearly visible. 
Lower wear rates in composites at higher load can 
be attributed to a transfer layer of compacted wear 
debris along with the wear tracks can be observed 
over the sliding surface (Singh 2014). This layer 
reaches a critical thickness before being detached 
resulting eventually in generation of wear debris. 
The extent of cover provided by this transfer layer 
is determined by the load and it increases with 
increasing load because of the increased frictional 
heating and hence better compaction. The other 
reason for lower wear rate in Al+ SiC (Nano) 
composites is their high hardness as compared to 
Al+ SiC (Micro) resulting is lower real area of contact 
and therefore lower wear rate.

figure 9: seM micrographs of al., + sic (Micro) (a) at 100X 
(b) at 500X

figure 10: seM micrographs of al., + sic (nano) (a) at 100X 
(b) at 500X

conclusions4. 

The results confirmed that there is a significant 
increase in the values of hardness and wear 
resistance of aluminium with the addition of the 
reinforcements. The hardness varies as Pure al., < 
Al-SiC (micro sized) < Al-SiC (nano sized).

The maximum hardness was shown by al., with 
3% SiC (Nano) composites but the al., + SiC (Micro) 
composites also showed higher hardness value than 
pure Al.

Wear resistance of al., reinforced with 3% SiC 
Nanoparticles was found to be highest.
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