
                                       Aravindan et al., International Journal of Advanced Engineering Technology       E-ISSN 0976-3945 

Int J AdvEngg Tech/Vol. VII/Issue II/April-June,2016/994-999 

 

                                                                           Research  Paper  
TRIBOLOGICAL AND CORROSION BEHAVIOUR OF AL 

6063/SIC METAL MATRIX COMPOSITES 
M. K. Aravindan1 and K. Balamurugan2 

                                  Address for Correspondence 
1Department of Mechanical Engineering, The Kavery College of Engineering, Mecheri - 636 453, Salem. Tamil Nadu, India. 

2Department of Mechanical Engineering, Institute of Road and Transport Technology, Erode - 638 316, Tamil Nadu, India.  

ABSTRACT 
Aluminium (Al 6063)metal matrix composites having different volume fraction of SiC particulates (0 to 15wt %) were 
fabricated using stir casting method. The influences of the SiC percentage in Al/SiC composites were examined by 
microscopic analysis, pin-on-disk wear tests and corrosion tests. Results revealed that tribological characteristics of Al/SiC 
composites varied with respect to the SiC concentrations. Microstructures  of  the  Al / SiC  composites  revealed  that  the 
SiC with 2 and 4 volume fractions have  uniformly  dispersed  grain-boundary layers. Corrosion results show increase in SiC 
particulates reduces the corrosion rate. The addition of SiC particulates up to 10wt% provides consistent results and 
improves the material strength. Further addition of SiC particulates leads to poor tribological behaviour. The present results 
ultimately support to the researchers / manufacturers who are working in the field of fabricating Aluminium composite 
materials for aircraft, cars, astronautics and defense applications. 
Keywords: Aluminium Metal Matrix Composite, SiC, stir casting, wear, friction and corrosion 

1. INTRODUCTION 
Aluminium (Al) alloys have considerable features 
that include: higher specific modulus and strength, 
higher thermal stability and higher wear and 
corrosion resistance in comparison with unreinforced 
metals or alloys [1]. Aluminium based composites 
reinforced by ceramic particles are widely used for 
commercial purpose particularly aerospace, 
transportation, military, electronic, and nuclear 
industries. Al alloys were classified as 1XXX to 
8XXX series with respect to the composition of 
major alloying elements. Each series have different 
mechanical properties and physical characteristics. In 
the past three decades, researchers have shown their 
interest in those materials and are attempting to 
enhance their property to make them suitable for use 
in complex areas. The selection of weight percentage 
of reinforced materials depends upon solubility of 
composition, grain microstructure and the fabrication 
process. Aluminium matrix composites reinforced 
with SiCfor different applications have been done by 
many researchers [2-9]. 
Alaneme and Aluko[10] have investigated the 
fracture toughness of SiC-reinforced Al 6063 
composites through circumferential notch tensile 
(CNT) method and stated that the fracture toughness 
enhanced either by ageing treatment or by increase in 
volume percent of SiC particles. Veeresh Kumar et 
al.[11] have conducted micro hardness study of Al 
6063-SiC and Al 7075-Al2O3composites andfound 
that the hardness increased linearly with increased 
weight percentage of reinforcement particles.  The 
above studies have clearly shown the strength of 
Al6063 on both in micro-structural and mechanical 
studies.  
The effectiveness of the composite materials is 
purely depends on the structural and mechanical 
properties of the alloys. The factors influenced here 

are the melting structure, the crystallization rate, and 
the temperature gradient at the liquid–solid 
interface.Therefore a proper technique should be 
employed to fabricate Al alloy composite materials to 
achieve a better composite structure. Al alloy with 
composite materials are mostly fabricated by casting 
and powder metallurgy strategies. The casting 
methods include stir casting, compo casting and 
squeeze casting spray casting and in situ (reactive) 
processing and ultrasonic assisted casting. Likewise, 
power methods include powder metallurgy (PM) 
processing, high energy ball milling, friction stir 
process, diffusion bonding and vapour deposition 
techniques [12 - 13]. Among the variety of 
manufacturing processes, stir casting method is 
relatively simple and less expansive as compared to 
the other processing methods [14]. The objective of 
this paper is to fabricate Al 6063 / SiC with different 
weight fractions using stir casting method and assess 
their mechanicalbehaviourthrough wear, friction and 
correction tests.   
2. MATERIALS AND EXPERIMENTAL 

SETUP 
2.1. Sample selection 
We preferred Al 6XXX series particularly, Al 6063 
for fabricating Al metal matrix composites (MMCs). 
The Al 6063 alloy has higher strength, modified 
thermal properties and Tribological and corrosion 
resistance[6]. Chemical composition of Al 6063 
composite is given in Table 1. The composition of 
Silicon carbide and magnesium were purposefully 
used for achieving higher wettability, hardness and 
precipitation - hardening capacity. Commercial Al 
alloy 6063 brought it from General foundries Ltd., 
Bangalore and the composite reinforced SiC particles 
brought it from Hindustan traders, Chennai.  

Table 1. .Chemical composition of 6063 Al alloy 
Elements Si Fe Cu Mg Mn Zn Cr Ti Ca Al 
Composition 0.443 0.1638 0.0041 0.5382 0.0132 0.0001 0.0024 0.0078 0.0003 98.751 

2.2. Stir casting method 
Aluminium metal matrix composites are produced by 
many different techniques, for example, stir casting, 
squeeze casting, powder metallurgy and spray casting 
etc. Among them, we preferred stir casting method 
for preparing Al 6063 / SiC composites because it 
has many advantages, including: range of shape and 
size is very large up to 500 Kg, consist of volume 

fraction up to 0.3, to prevent reinforcement fracture 
and less expensive[12, 13, 15]. The investigation was 
performed on Al MMC's reinforced with SiC 
particles with the size of 500nm.The Al specimens 
with different weight fractions of 2,4,6,8 and 10 wt% 
SiC particles were prepared for assessing the  
friction, wear and corrosion behaviour of Al 6063 / 
SiC Metal Matrix Composites. 
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Stir casting system has a coupling motor with 
gearbox and a mild steel stirrer (Fig 1). Melting 
process was carried out in a graphite crucible in an 
oil-fired furnace. Before the process, scraps of 
Aluminium were preheated at 4500C for 3 to 4 hours. 
Likewise, SiC powdered particles were preheated at 
11000C for 1 to 3 hours to make their surfaces 
oxidized. The furnace temperature was first raised 
above the liquids for melting of alloy scraps and 
cooled down just below the liquids to keep the slurry 
in a semi-solid state. The preheated SiC powdered 
particles were mixed with Al alloy by manually. 
Stirring with automatic device is very difficult when 
alloy is in semi-solid state. Further, the sufficient 

mixture achieved through slurry reheated to a fully 
liquid state. Addition of small amount of Magnesium 
enhances the wettability for mixed composites. 
However increase the content above 1wt.  %  
increases  viscosity  of  slurry  and  hence  uniform  
particle  distribution  will  be difficult. Furnace 
temperature readings were monitored by an external 
temperature probe. The slurry was taken from the 
furnace and the composite was poured into a pre-
structured metallic mould. The as-cast composites 
were cut and machined to round bars with 15 mm for 
extrusion (Fig.2). Extrusion was carried out on the 
as-cast composites with a reduction ratio of 25% in 
area. 

 
Figure 1. Stir casting furnace experimental setup 

 
Figure 2. Prepared standard Al / SiC composite specimens 

2.3. Pin on disk tests 
Pin on disk tests were performed to evaluate the wear 
behaviour of AMMC reinforced with different 
percentage of SiC particulates. The test was carried 
out in a pin on disc machine. It has sliding velocity of 
1.5m/s and sliding distance of 2000m. A weight 
loading system was used to apply fixed load of 10N 
on pin against the disk. The disk rotated horizontally 
at disk speed of 358rpm. The disk thoroughly wiped 
by pure cotton material and confirmed that specimens 
were not lubricated and the debris formed was not 
eliminated. The test was conducted for each 
specimen with specific weight percentage of SiC 
particles at constant room temperature. The wear and 
friction of AMMCs were measured at the different 
time scale through inbuilt data acquisition system. In 
addition, the temperature variations against wear rate 
were measured from increase in temperature form 
50◦ C to 250◦ C by a furnace installed in the machine.  
2.4. Corrosion test 
Corrosion testing was conducted on SiC volume 
percent for evaluating temper conditions on the 
corrosion behaviour of Al (6063) composites. Each 
composite monolithic alloy immersed in 5wt% NaCl 
solution and corrosion rate were measured. The 
present specimen Al 6063 / SiC have mixture 
composites containing SiC particles with borax 
additive. Corrosion rate were measured by the weight 
loss of Al/SiC composites at specific time duration of 
48 hours. The rate of corrosion at specific time period 
is estimated from the difference between the initial 
and final weight loss of the specimen. The corrosion 
rate can be calculated from the standard 
mathematical formula: 
�� (����) = 87.6 × �/((� × � × �)               ---- 1 
Where, CR is the corrosion rate in mm per year, W is 
the average weight loss (g), ρ is the density of Al/SiC 

composite specimen (g/cm3), A is the surface area of 
the specimen (cm2) and T is the exposure time (hour). 
 
3. RESULTS AND DISCUSSION 
3.1. Microstructural characteristics of Al 6063 / 

SiC composites 
Microscopic study was carried out for understanding 
the particle distribution, particle size, particle flaws, 
surface irregularities and particle-matrix bonding 
present in the Al / SiC composites. The 
microstructures of Al 6063 / SiC composites were 
generated using Metallurgical Microscope (Make: 
Nikon, Range -X50 to X1500). The optical zoom 
200X in range is fixed for microstructure analysis. 
Micrograph of Al/Sic-MMC’s in standard 220 mesh 
sizes with different weight fraction (2 wt%, 4 wt %, 6 
wt %, 8 wt %, 10 wt %, 12 wt %  and 15 wt%) of SiC 
particles is shown in Fig3. The various inter-metallic 
characteristics can be revealed in the microstructures. 
The images for 2wt% of SiC, 4 wt % of SiC 
and10wt% of SiC have excellent bond between the 
matrix alloy and the reinforcement particles. Grain 
borders have revealed the distribution of the SiC 
particles in the composites. More SiC particles were 
occupied the grain boundary cavities that extend the 
material to form a large dendritic network. The 
micrographs evidenced clustering and agglomeration 
present in the composite. In the microstructure of Al / 
SiC composites, Si phase is identified apparent in the 
eutectic regions and inter-metallic compounds such 
as Mg2Si containing phases may also exist due to the 
impurities present in the matrix alloy scraps. On the 
other hand, images for 6wt % of SiC, 8wt % of SiC 
and 15 wt % of SiC have shown irregular bonding 
structure between grain and boundary layer. It 
implies that these composites are not suitable for 
perfect AMMC structure.  
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Figure 3. (a-f) shows optical micrographs of Al with 2 wt% SiC, 4 wt% SiC, 6 wt% SiC, 8 wt% SiC, 

10wt% SiC and 15 wt% SiC 
The 0 and 12wt% of SiC composites have provided 
similar morphology of 6 and 15wt% of 
SiCcomposites and therefore micrographis not 
presented. 
 
3.2. Wear behaviour of the Al 6063 / SiC 

composites 
Wear behaviour of Al / SiC composites is shown in 
fig 4. For all the Al SiC composites, the general 
observation is that there is an increase in the 
coefficient of friction for the first 240s of  
commencing the wear test.The result is due to the 
contact on hard disk which results in stick on the 
surface of the Al composites.A critical evaluation of  
graphical plots show that Al / SiC with 2wt.% , 
4wt.%  and 10wt.% have the less wear trend as 
compared to the Al / SiC with 6wt.%,8wt.%, 12wt.% 
and 15wt.%.This implies that strength of material is 
high in 2, 4 and 10 volume fractions due to the 

presence of SiC particulates and Mg fractions act as a 
load barrier as well as lubricate components. It is also 
noted that the friction rate for the each SiC 
composites undergo peak saturated at the period of 
40min. This argument is supported by the mixture of 
composites which shows that the wear interaction on 
grain boundaries. In contrast, matrix composites with 
6wt.%  SiC, 8wt.% SiC, 12wt.% SiC and 15wt.%  
SiC composites having highest wear rate that 
endorsed weak bondingbetween MMC grains and the 
SiC composite boundary layers. 
 
3.2.1. Wear rate against temperature variation  
The wear rate of Al/SiC composites against 
temperature wereexamined by varying the 
temperature at 50, 100,150, 200, 250 and 300°C, 
respectively, with an applied load of 10N. The 
graphical representation of the results is shown in fig. 
5. 
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Figure 4. Graphical representation of Al / SiC composites wear rate (μm) with respect to the time period. 

The results revealed that wear rate relatively low in 
4wt.%  SiC and  10wt.%  SiC and also composite 
with 2wt.%  SiC are comparable. The results for 
0wt.%  SiC and  8wt.%  SiC and 15wt.%  SiC have 

shown higher wear rate due to the absence / irregular 
grain boundary. The composite materials with 
6wt.%SiC and  12wt.%  SiC provide moderate wear 
rate.  

 
Figure 5. Graphical representation of Al / SiC composites wear rate (μm) with respect to the temperature. 

It is interested to note that, the wear rate decreases 
when temperature increases upto 200°C. This is due 
to the formation  of  oxide  layer decreased  the  wear  
rate  of  all  the  Al /SiC  composites. The   oxide  
layer  act as a barrier to prevent  the contact  between  
the  surfaces  of specimen  and  steel  disk. The 
similar effect of temperature variation on LM13 alloy 
with reinforced SiChas been found by Thandalam et 
al.[16]. Likewise, Song et al. [17] inferred that 6061 
Al and 2014 Al have attained greatest hardness at the 
temperature ranging between 150°C and 200°C. 
While  composites  tested  at  more than 200°C  
showed  the  higher  wear  rate due to the material  
adjacent  to  the  contact  surface turn into softening 
by thermally activated  deformation  process.   
3.3. Friction behaviour of the Al 6063 / SiC 

composites 
Friction in Al / SiC composites is mainly caused by 
the surface roughness of the specimen in contact to 
the disk. It is observed from Fig. 6 that friction rate 
increased rapidly in a short time period.  The contact 
point between specimen and disk produced instant 
heat energy. Thus, this heat source decreases the 
hardness of the composites and increases the friction 
rate. At a certain time period, the friction rate 
decreased gradually which stated that decrease in 
thermal energy contribution between specimen and 

disk. The composite with 12wt.%SiC and  15wt.%  
SiC have higher friction rate. An excessive of friction 
rate is the evidence that the hardness of the samples 
tends to decrease with an increase in the SiC content 
above 10wt%. Decrease in friction rate was attributed 
to the fact that hard SiC particulates in soft ductile 
matrix improve the wear resistance. It reveals that the 
consistently dispersed SiC particle increases the 
composite strength. Another reason is SiC 
concentration filled the dislocation voids and resulted 
in improving wear resistance.  
 
3.4. Corrosion behaviour of the Al 6063 / SiC 

composites 
Table 2 shows the variation in the corrosion rate of 
Al/SiC composites immersed in 5 wt.%NaCl solution 
at room temperature. It has been found that 
increasing the quantity fraction of the SiC 
particulates increasing the corrosion resistance of the 
Al/SiC composites.Similar results for corrosion 
resistance of Al-MMCs were reported by earlier 
workers [6, 18-23, etc]. For example, Zakaria[6] 
investigated corrosion behaviour of Al/SiC metal 
matrix composites and found that intensification of 
the corrosion resistance of the Al-MMCs due to the 
increase in the SiC volume fraction. 
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Figure 6.Graphical representation of Al / SiC composites friction rate (N) with respect to the time period. 

TABLE 2. CORROSION RATE OF AL / SIC COMPOSITES 
 

SiC Initial 
weight (g) 

Final weight 
(g) 

Weight 
loss (g) 

Al / SiC composite 
density (ρ) (g/cm3) 

Corrosion rate 
(mm/year) 

0% 10.33251 10.32766 0.00485 2.70 2.4243 

2% 10.33263 10.32797 0.00466 2.69 2.3419 

4% 10.50142 10.49705 0.00437 2.683 2.2043 

6% 10.83223 10.82797 0.00426 2.674 2.1569 

8% 10.81211 10.80793 0.00418 2.662 2.1243 

10% 10.98176 10.97778 0.00398 2.655 2.0227 

12% 10.73439 10.73048 0.00391 2.646 1.9946 

15% 10.77815 10.32877 0.00386 2.63 1.9841 

Moreover, he revealed that lesser SiC particles size 
improves the corrosion resistance and increasing the 
duration exposure reduces the corrosion rate. On the 
other hand, the Al/SiC composites with 2wt.%  SiC, 
4wt.%  SiC and  10wt.%  SiC showed better 
corrosion resistance when compared with their 
neighbour Al /SiC composites. This is a clear 
indication that the homogeneous SiC distributions 
prevent the corrosion on Al / SiCcomposites. It also 
indicates that the composites will be appropriate for 
use in marine environments.  
 
4. CONCLUSION 
Based on the outcome presented, the subsequent 
conclusions can be drawn: 
1. The microstructure of the Al/SiC composites 

exhibited particulate-matrix interface bonding and 
the distribution of SiC particulates with respect to 
the different weight percentage.  

2. The wear plot endorsed the strength of the Al / 
SiC composites. The higher wear rate implies 
weak bonding between MMC grains and the SiC 
composite boundary layers and lower wear rate 
implies good Al / SiC interface bonding. 

3. Wear rate with respect to the temperature 
variation revealed the formation of oxides at 150 - 
200°C act as a barrier to improve the wear 
resistance. Therefore, the usage of Al / SiC  
 
composites materials best suits for workstations 
those were maintain the temperature gradient 
between 150 and 200°C. 

4. The friction results revealed that Al/SiC 
composites attained higher friction rate during the 
short period and express their individual 

resistivity performance with respect to the SiC 
concentrations.   

5. The corrosion results endorsed that increasing the 
quantity fraction of the SiC particulates 
increasing the corrosion resistance of the Al/SiC 
composites.  

6. Overall, it is found that 2, 4 and 10wt.%  volume 
fraction of SiC particulatesare best suitable for 
fabricating Aluminium metal matrix composites. 
SiC particulates more than 10% of volume 
fraction are inappropriate for fabricating 
AMMCs.  

7. The present results ultimately support to the 
researchers / manufacturers who are working in 
the field of fabricating Aluminium composite 
materials for aircraft, cars, astronautics and 
defence applications. 
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