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Abstract - Nanostructured AlSiCmetal matrix composite was prepared and its corrosion and wear properties were 
investigated. Nano-composites were produced by accumulative roll bonding process andpolarization, micro-hardness and 
surface methods were used. The surface of nanocomposites was uniform and no irregularity was observed. During the 
corrosion tests, the increase in the ARB cycles lead to enhancing in corrosion resistance and decreasing in the number of pits 
and therefore, increasing in pitting corrosion resistance. According to the SEM micrograph, by increasing the ARB cycles, 
the SiC particle size became less than 100 mm. The micro-hardness of ARB processed nanostructured Al–SiC composite is 
larger than pure aluminum. In addition, the micro-hardness of ARB processed Al–SiCnano-composite increased by 
increasing cycle number.  
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I. INTRODUCTION  
 
The accumulative roll bonding process have been 
successfully used to producing ultra-fine grained bulk 
materials, with grain sizes between several tens of 
nmto 100 nmhave been produced [1,2].Materials 
processed by ARB method have shown good 
mechanical properties such as: wears resistance, the 
yield strength, compressive strength, also by addition 
of non-metallic phases, young’s modulus have been 
increased in metal matrix composites[3-5]. It has been 
[6,7] reported that hardness of pure aluminium 
processed by ARB increased by increasing the cycles 
due to strain hardening. Metal matrix composites are 
engineering materials that ceramic particles, 
particularly SiC, Al2O3, platelets or whiskers are 
added to metal matrix to obtain the desired 
mechanical properties [8].Nowadays, application of 
metal matrix composites produced by accumulative 
roll boding process has been increased due to the 
improvement of their mechanical properties [9,10].  
Pitting corrosion is one of the main and most 
important common types of corrosion in aluminium 
metal matrix composites. Hence, it becomes 
important to pay more attention to investigate the 
corrosion behaviour specially pitting of Al-SiC 
composite produced by this process.In this work, Al-
SiCnano-composite was produced by the ARB 
process at different cycles and the corrosion and wear 
resistance of Al-SiCnano-composites were 
investigated.  
 
II. EXPERIMENTAL PROCEDURE 
 
2.1. Preparation 
The material used in this study was commercialpure 
aluminium as a matrix.SiC particles were used as 
reinforcement. The Roll bonding process was done 
after degreasing and brushing to avoid oxide 
formation. The ARB process used in this work 

consists of two stages. In the first stage, 0.26 grams 
of SiC particles were dispersed uniformly over the 
surface of aluminium sheets and tightened at their 
ends via copper wires. For rolling out these sheets, 
laboratory roll milling was used with a speed of 4 
RPM and load capacity of 20 tons. At this stage, 50% 
reduction of thickness was obtained. In continuation, 
the sheets were halved again and the process was 
repeated for 5 cycles. In cycle 5, the produced 
composite was reached 2% volume of SiC. In the 
second stage, only halving and rolling of sheets were 
done and continues to cycle 10 [6,9]. 
 
2.2. Corrosionand micro-hardness tests 
Polarization tests were carried out using an 
AUTOLAB 302N equipped with General Purpose 
Electrochemical Software. The scan rate was used 1 
mV s-1in NaCl solution. Electrochemical cell consists 
of an auxiliary electrode of platinum, reference 
electrode of Ag/AgCl and corrosion sample.SEM 
model VEGA\\TESCAN, EDS of SAMX model for 
the experiments. A contact mode AFM technique 
(NanosurfeasyScan 2 AFM) was used for studding 
the morphology of samples. The Vickers micro-
hardness measurements were carried out with loads 
of 100 grf and indention time of 15 s. All of micro-
hardness tests were done using MICROMETER 
(USA) micro-hardness measurement set up. 
 
III. RESULTS AND DISCUSSION 
 
3.1.Microstructure evaluation 
Figure 1shows a schematic outline of the bonding 
mechanism between the aluminum sheets in the 
presence of the SiC particles at interface for second 
and the sixth ARBed sample. This figure indicates the 
uniform distribution of SiC particles by increasing the 
ARBed cycles.According to the film theoryfor 
ARBmechanism, during rolling, the two opposing 
brittle surface oxide layers break up coherently to 
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expose the underlying metals which are extruded 
under normal roll pressure through widening cracks 
in the surface oxide layers from both sides of the 
interface. In the presence of SiC particles between the 
strips, the regions of SiC particles open up into 
particles and, consequently, get uniformly distributed 
in the matrix. Based on the film theory, matrix flows 
through the widening cracks in the surface oxide 
layers consequently. The opening of the surface oxide 
layer produced after surface preparation allows 
metal–metal contact and roll bonding to take place. 

 
Figure 1.Optical microscopy images of the of the Al-SiC 

composite of a) 2nd cycle and b) 6thcycle made by accumulative 
roll bonding process. 

 
FE-SEM microscopy was used to study the SiC 
particle distribution in the produced composite at the 
ARBed sample. FE-SEM micrographs of composite 
are shown in Figure 2. It represents no particle free 
zones and porosities. Also, the SiC particle 
distribution appeared to be homogeneous and 
uniform. In addition, Figure 2shows that ARB 
process has a great effect on SiC size. It is observed 
that the size of SiC is less than 100 nm and nano-
composite is formed. Also, SiC particles 
withdimensions greater than 100 nm is observed but 
by increasing the ARB cycles, the size of other SiC 
particles decreasesto less than 100 nm. 
 

 
Figure 2. FESEM micrographs of the Al-SiC composite made 
by accumulative roll bonding process: a) 500 nm, b) 300 nm. 

 
3.2. Investigating linear and cyclic polarization 
Figures 3 show the cyclic potentiodynamic 
polarization of different ARBed samples and the 
corresponding corrosion parameters is observed in 
Tables 1. As can be seen, the corrosion current 
density and corrosion rate decrease and polarization 
resistance increases by ARB cycles. This indicates 
that the tendency to corrosion and pit nucleation 
decreases due to microstructure refinement of 
aluminium by increasing the number of ARB cycles. 
In addition, cathodic current and therefore cathodic 

sites on aluminium decreases by increasing ARB 
cycles which shows uniform distribution of SiC 
particles on surface.  

 
Figure 3. Cyclic polarization curves of samples from different 
cycles of Al-SiC composite made by accumulative roll bonding 

process inNaCl solution. 
 
Table 1. Calculated parameters for linear polarization diagram 

of surface samples from different cycles of Al-SiC composite 
made by accumulative roll bonding process. 

 
Pits on ARBedaluminium produced in different cycles 
after cyclic polarization is observed by SEM image in 
Figure 4. The severity of pitting attack decreases by 
increasing the ARB cycles, which indicates that the 
active sites for pits initiation decreases due to 
refinement and homogenous distribution of SiC 
particles. 

 
Figure 4. SEM image of: (a) 2nd, (b) 4th, (c) 8th, (d) 10th surface 
samples produced by ARB process after cyclic polarization. 

 
3.2. Micro-Hardness 
Micro-hardness of the pure aluminum and Al-SiC 
composite, made by accumulative roll bonding 
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process at different cycles are shown in Figure 5. The 
micro-hardness of ARB processed Al-SiCnano-
composite is higher than pure aluminum. The micro-
hardness increases in the Al-SiCnano-composite 
fabricated by ARB process with increasing the 
cycle’s number. The rapid increment of micro-
hardness at low number of cycles is due to the density 
of dislocations and interaction between them and also 
it causes to be strain hardening [11]. The micro-
hardness value is saturated by increasing the cycle. 
This saturation takes place because during the 
fabrication of Al-SiCnano-composite high friction 
between roll surface and sample caused work 
hardening due to shear strain. Also the materials 
achieve to the steady-state density of dislocation, 
owing to the creation of high-angle grain boundaries 
[12,13]. 

 
Figure 5.Variation of Micro-hardness vs. number of ARB 

cycles. 
 
CONCLUSION 
 
Metal matrix composites Al-SiCnano-composite 
produced by accumulative roll boding process showed 
corrosion and wear characteristics such as: 
1) Corrosion resistance of samples increased by 
increasing ARB cycles. In addition, tendency to pit 
initiation decreased refinement and homogenous 
distribution of SiC particles. 
2) The surface of nanocomposites was uniform and 
no irregularity was observed. 
3) Microstructure evaluation for ARB cycles showed 
that SiC particle was distributed uniformly and ARB 
process has a great effect on SiC size. It is observed 
that the size of SiCwas less than 100 nm and nano-
composite was formed. 
4) The micro-hardness of ARB processed Al-
SiCnano-composite washigher than pure aluminum. 
The micro-hardness of ARB processed Al-SiCnano-
composite increased by increasing cycle number. The 

rapid increment of micro-hardness at the low cycle 
numberwas due to strain hardening, also due to the 
steady-state density of dislocation.The micro-
hardness value was saturated by increasing the cycles.  
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