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ABSTRACT  

The present studyaimsto investigate the corrosion behavior of the Cu–Al2O3 nanocomposite, with various alumina 

contents, in both 3.5wt.%NaCl and 0.5 M H2SO4 solutions using electrochemical technique. The Cu–Al 2O3 

nanocompositeswith different weight fractions of Al2O3were produced bypowder metallurgy method.                               

The Cu–Al2O3 nanocomposite powders were prepared bymechanochemical technique. The structure and characteristics of 

the powders and composites produced from this route were examined by XRD, SEM, EDS and metallography. The results 

showed that, the alumina of nano-sized particles was formed and dispersed within the copper matrix. It was found that the 

Cu–15%Al2O3nanocompositehad the lowest corrosion resistance.All specimens exhibited lower corrosion current density 

in 3.5wt% NaCl solution than that in 0.5M H2SO4 solution. 
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INTRODUCTION 

Metal matrix nanocomposites are a new class of nanostructured materials which areconsisting of nanoparticles 

used as reinforcements. Normally, micron-sized particles are used to improve the ultimate tensile and yield strength of 

metals. However, the ductility of MMCs significantly deteriorates by high ceramic particle concentration [1]. Aluminum 

oxide (Al2O3) which has been investigated for high temperature structural applications is a hard refractory ceramic because 

of its good strength and low coefficient of thermal expansion. In recent years, more attention has been focused on nano 

alumina powders for using in advanced engineering materials [2]. Studies on the synthesis and characterization of         

nano-scale alumina dispersed copper metal matrix composites have attractedthe scientific interest in the recent years, 

because nanostructure-type materials are expected to have special physical and mechanical properties. In the             

copper–alumina system, the nano-scale Al2O3 particulate dispersion can provide unique characteristics, such as high 

thermal and electrical conductivities, as well as high strength and excellent resistance to high temperature annealing. 

Therefore, Cu-based metal matrix composites are being used in many industrial applications such as; contact supports, 

frictional break parts, electrode materials for lead wires and spot welding [3, 4]. The main requirements for structure of 

these materials are a homogenous distribution and small size of oxide particles on copper matrix [5, 6]. Many 

manufacturing processes have been used for producing such composites. In general, most metal matrix composites are 

produced by squeeze or stir casting or by spray forming or by powder metallurgy techniques. In these methods the 

reinforcements are incorporated or added into the matrix by ex-situ methods. Recently, in-situ chemical process is adopted 

to produce theCu–Al2O3 nanocomposite powder with ahomogenous distributionof oxide particles in the copper matrix.   
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The in-situ method in which the reinforcements are created by chemical reactions during composite fabrication has been 

employed in this study.Mechanochemical milling has been used to eliminate agglomeration of reinforcements and to obtain 

dispersed nanoparticles [7, 8]. However, the mechanisms responsible for the in-situ formation of reinforcement phases in 

some reaction systems are not well understood [9–11]. The in-situ chemical process has several advantages over the other 

methods such as; more homogenous reinforcement, excellent surface bonding and pure inter-phase.Therefore, it appears to 

be a suitable method for preparing Cu–Al2O3 nanocomposite [12–16]. 

In spite of the extensive research for development of the physical and mechanical properties of MMCs, few 

studies have been devoted to their corrosion behavior [17]. The effect of reinforcements oncorrosion behavior of 

composites isstill unclear. Corrosion current density has been shown to increase, decrease or remaining unaffected in the 

presence of reinforcements. In addition, reinforcements have been shown to increase ordecrease or not to affect the open 

circuit potential (OCP) [18]. The main causes of the corrosion in MMCs are reported as; (1) galvanic coupling between the 

matrix and the reinforcement materials, (2) formation of an interfacial phase between the reinforcement and matrix and (3) 

microstructural changes resulted from manufacture of the MMCs[19-21]. The objective of the present work is to study the 

effect of Al2O3 nanoparticles contents on the corrosion behavior of the produced nanocomposites. 

EXPERIMENTAL WORK  

The Cu–Al2O3 nanocomposite powderscontaining different alumina contents were prepared by mechanochemical 

technique, in which copper powder and aluminum nitrate Al(NO3)3 were used as transient components.Cu-Al2O3 

nanocomposite briquettes were fabricated by cold pressing at 600 MPa then sintering at 950oC in a hydrogen atmosphere 

for 2 hours as reported in details elsewhere [22]. X-ray diffractmeter with Cu Ka radiation was used to assess the 

transformation of the phases and to measure the crystallite size of nanocomposite powders [23]. Nanocomposite powders 

wereexamined using scanning electron microscopy (SEM) with energy dispersive spectrometer (EDS). 

Microstructuralexamination was conducted on metallographically polished samples to investigate the morphological 

characteristics of the grains and present phases.  

The corrosion behavior of Cu–Al2O3 nanocomposites was studied in 3.5wt.%NaCl and 0.5M H2SO4 solutions 

using electrochemical techniques.Both3.5 wt.%NaCl and 0.5 M H2SO4 solutionswere prepared prior to each test using 

distilled water.All electrochemical experiments were conducted usinga Gamry PCI300/4 Potentiostat/Galvanostat/Zra 

analyzer connected to a PC. The Echem Analyst software (version 5.21) was used for all electrochemical data analysis.       

A three-electrode cell composed of a specimen as a working electrode, platinum counter electrode and saturated calomel 

electrode (SCE) as a reference electrode was used for the tests. Tafel polarization tests were carried out using a scan rate of 

0.5 mV/min at 25°C. The specimens with exposed surface area of 1.0 cm2 were used as a working electrode. Prior to 

electrochemical tests, the specimens were cathodically cleaned for 15 min at -1500 mV (SCE) to remove the air-formed 

oxide film. The applied routine automatically selects the data that lies within the Tafel region (±250 mV with respect to the 

corrosion potential). 

RESULTS AND DISCUSSIONS 

Microstructure and Phase Analysis 

Figure 1 shows X-ray diffraction (XRD) pattern ofthe produced nanocomposite (Cu–15% Al2O3) powder        

(after reduction by hydrogen). Peaks of elementary Cu and Al2O3 are quite pronounced in the pattern, confirming the 



Corrosion Behavior of Copper–Alumina Nanocomposites in Different Corrosive Media                                                                                     3 

 
editor@iaset.us                                                                                                                                                     www.iaset.us 

formation of Al2O3. However the intensity of the Al2O3 peaks is very low and not up to the proportion of the 15 wt. % 

Al 2O3. The reason for this may be attributed to the facts that the Al2O3nanoparticles are extremely small and that they are 

embedded in a Cu matrix which has high density[22]. The particle size of alumina, (Al2O3) was calculated from X-ray line 

broadening using Scherer’s formula (D = 0.9λ / B cos θ), where, D is the crystallite size, λ is the wavelength of the 

radiation, θ is the Bragg's angle and B is the full width at half maximum [23]. The size of alumina nanoparticles showed a 

value of 50 nm whilst size of copper crystallites were 200 nm. 

 

Figure 1: X-Ray Diffraction Patterns of (Cu–15%Al2O3)  Composite Powder 

The obtained Cu-Al2O3 powders were characterized by scanning electronmicroscopy (SEM) with an energy 

spectrum analyzer (EDS) as presented in Figure 2. Microstructural analysis of the powders confirmed the possibility of   

Cu-Al2O3 nanocomposite synthesis by the mechanochemical technique, starting from copper powder and aqueous solution 

of Al(NO3)3. The surface morphology is rough. EDS image scan indicates that uniform distribution of Cu, Al and O 

elements all over surface. The level of copper is much higher than that of aluminum and oxygen.  

For the composite materials, it is very important to obtain homogeneous reinforcement in the matrix in order to 

enhance mechanical, electrical and thermal properties. Figure 3 shows optical microstructureof polished Cu-Al2O3 

nanocomposite with 10%Al2O3 fabricated by mechanochemical technique after sintering at 950 °C for 2 h in hydrogen.   

The microstructure is composed of fine Cu and Al2O3. There are two distinct regions; one region is a black area 

representing alumina, the other one is a white area mostly occupied by copper. It can be noted that the alumina phase(dark 

regions) is relatively good distributed in copper matrix. In order to indicate the distribution of elements in the structure, 

surface analysis of a polished sintered sample containing 10% Al2O3was performed by both SEM and EDS. The 

composition scanning (EDS) images shown in Figure 4 shows a homogeneous distribution of elements in the structure. It 

can be seen that copper covers almost the entire surface of the sample. The results of surface scanning for aluminum and 

oxygen show that these two elements are present less in the structure of the sintered sample and the surfaces they occupy 

are inter-lapping, which corresponds to the existence of an Al2O3 dispersed in the structure. 

CORROSION BEHAVIOR OF CU–AL 2O3NANOCOMPOSITES 

Corrosionbehavior in 3.5wt% Nacl Solution 

Polarization curves of the pure copper specimens and the composite samples in 3.5%  NaCl  solution are given in 

Figure 5. Corrosion potential and current density values were also calculated by Tafel extrapolation method and listedin 

Table 1. Figure 5 shows the striking similarity between typical polarization curves for the composite specimens and the 

pure copper specimen.The behavior exhibited by the composites is therefore consistent with that of pure copper in chloride 

media as detailed by Lee et al [25] and Milsevet al [26]. The anodic polarization  
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Figure 2: SEM and EDS Analysis Micrograph of the (

Figure 3: Microstructure 

Figure 4: Sem Image and Eds Composition Scanning of Cu, Al and O for (Cu
Nanocomposite, Showing the Very Uniform Distribution of the Elements

behavior of the copper composites is dependent on the mass transport

model to explain the anodic polarization characteristics of Cu has 

the anodic reaction in chloride media, the corrosion process involves at least three steps: (a) transport of chloride ions to 

the Cu/NaCl solution interface, (b) reactions 
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Analysis Micrograph of the (Cu–15%Al2O3) Nanocomposite Nanocomposite Powders

 

Microstructure of Nanocomposite Containing10%Al2O3

 

Figure 4: Sem Image and Eds Composition Scanning of Cu, Al and O for (Cu
Nanocomposite, Showing the Very Uniform Distribution of the Elements

behavior of the copper composites is dependent on the mass transport-reaction mechanisms of the chlorid

model to explain the anodic polarization characteristics of Cu has been proposed [27] and is described below.

nodic reaction in chloride media, the corrosion process involves at least three steps: (a) transport of chloride ions to 

the Cu/NaCl solution interface, (b) reactions at the interface as shown in equations (2) and (3), and (c) transport of the 
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ocomposite Nanocomposite Powders 

Al2O3 

Figure 4: Sem Image and Eds Composition Scanning of Cu, Al and O for (Cu–10%Al2o3)  
Nanocomposite, Showing the Very Uniform Distribution of the Elements 

reaction mechanisms of the chloride ions. A 

and is described below.Considering 

nodic reaction in chloride media, the corrosion process involves at least three steps: (a) transport of chloride ions to 

(2) and (3), and (c) transport of the 
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corrosion products away from the interface or deposition of the products on the Cu surface. Each of these reactions has its 

own rate-limiting step.  

Cu + Cl-CuC1-+ e-(2) 

CuCl- + C1-CuC1-2(3) 

Table 1: Corrosion Properties of (Cu–Al2O3) Nanocomposite with Different Al2O3  
Content in 3.5%Nacl Solution 

Composites 
Corrosion Current 

Density Icorr. 
(Ma/Cm2) 

Corrosion 
Potential 

Ecorr.(- Mv) 
Cu 0.012 213 

(Cu–10%Al2O3) 0.039 223 
(Cu–15%Al2O3 0.063 163 

 

 

Figure 5: Potentiodynamic Polarization Curves for (Cu–Al2O3) Nanocomposite in 3.5wt.% Nacl Solution 

It can be seen from Table1 that the corrosion current density (icorr) value of the pure copper specimen increased by 

Al 2O3 nano particle addition. It was found that the icorr of pure copper was 0.012 mA/cm2and the addition of 10% Al2O3  led 

to increase in current density registered 0.039 mA/cm2.  On the other hand, the severity of corrosive attack increased with 

15 wt.% Al2O3(0.063 mA/cm2). As shown in Table (1) the corrosion potential (Ecorr)of pure copper was -213 mV. While 

Ecorrof the (Cu–Al2O3) nanocomposite was -223 mV for  the specimen with 10% Al2O3 and -163 mV  for the specimen with 

15%Al2O3.From these observations, it seems that the (Cu–Al2O3) nanocomposite have less corrosion resistance as 

compared to the pure copper. One possible reason for this is that the (Cu–Al2O3) nanocomposite may have a higher initial 

susceptibility to corrode compared to pure copper because of the presence of A12O3 particles. The(Cu–Al2O3) 

nanocomposite may corrode in the interfacial area due to the residual stresses between the alumina particles and the copper 

matrix. In other words, it may be easy to initiate corrosion in the (Cu–Al2O3) nanocomposite [28]. 

Corrosionbehavior in 0.5M H2SO4 Solution 

Polarization curves of the base Cu and the composite samples in 0.5M H2SO4 solution are given in Figure 6. 

Corrosion potential and current density values were given in Table(2). As shown in Figure 6,(Cu–Al2O3) 

nanocompositewith different weight percentage of Al2O3showed  nearly the same  behavior in both anodic and cathodic 

regions.  It can be seen from Table (2) that the corrosion current density (icorr) value of the pure copper specimen was 

increased by Al2O3nano particles addition. The icorr  of(Cu–10 % Al2O3) nanocompositeand pure copper was (0.354  and 
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0.246 mA/cm2) respectively. The highest attack of tested specimens had taken place in case of (Cu– 15% Al2O3) 

nanocomposite (5.3 mA/cm2). As shown in Table 2, there is a difference in the corrosion potential (Ecorr.) between the     

(Cu–Al2O3) nanocompositeand the pure copper. The corrosion potential was 63.6 mV in case of (Cu– 15%Al2O3) 

nanocomposite,while it was 29.5 mV in case of pure copper.  

 

Figure 6: Potentiodynamic Polarization Curves for (Cu–Al2o3) Nanocomposite  
in 0.5m H2so4 Solution 

Table 2: Corrosion Properties of (Cu–Al2O3) Nanocomposite with Different Al2O3  
Content in 0.5M H2SO4 Solution 

Composites 

Corrosion 
Current 

Density Icorr. 

(Ma/Cm2) 

Corrosion 
Potential 
Ecorr.(Mv) 

Cu 0.246 29.5 
(Cu–10%Al2O3) 0.354 32.9 
(Cu–15%Al2O3) 5.3 63.6 

 

 

Figure 7: SEM Micrographs of Corroded Surfaces after potentiodynamic polarization measurement in 
3.5% NaCl  solution (a) Pure Cu, (b) Cu–10%Al2O3, and (c) Cu–15%Al2O3 
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By comparing the resultsof corrosion behavior in 3.5wt.%NaCl solution and that in 0.5M H2SO4 solution, it can 

be seen that the corrosion current density icorrof all specimens is increased in 0.5M H2SO4 solution in comparison with 

3.5wt.% NaCl. This result may be due to a high rate of dissolution of the specimens in 0.5M H2SO4 solution in comparison 

with 3.5wt.%NaCl [29]. It can be also noted that there was a gradual increasein icorr values of (Cu–10% Al2O3) 

nanocomposite compared to the pure copper specimens in 3.5wt.%NaCl solution as well as in 0.5M H2SO4 solution.While 

there was a severely increase in icorr values of (Cu–15% Al2O3) nanocomposite compared to the pure copper specimens in 

0.5M H2SO4 solution. This behavior is associated with the very uniform distribution of Al2O3 in (Cu–10%Al2O3) 

nanocompositeand good connection of the matrix with the reinforcement particles [30,31]. 

Corrosion of(Cu–Al2O3) nanocomposite may be influenced by microstructural features due to the presence of the 

reinforcements,and intermetallic phasesthatmay be formed around reinforcements [24]. Differences in the coefficient of 

thermal expansion between reinforcements and matrices can lead to the generation of dislocations [32] during heating and 

cooling of (Cu–Al2O3) nanocomposite. High dislocation density may possibly lead to higher corrosion in some metals[33]. 

The reinforcement particles left inrelief resulting from matrix corrosion mayform fissures, leading to crevice-type 

corrosion[34, 35]. Intermetallic phases may have potentials and corrosion resistances different from the matrix[36]. Active 

intermetallics and thosewith high corrosion rates may corrode and leavefissures or crevices on dissolution. 

 

Figure 8: SEM Micrographs of Corroded Surfaces after Potentiodynamic Polarization Measurement in  
0.5M H2SO4 Solution (A) Cu–10%Al2O3; (B) Cu–15%Al2O3 

Microstructure Characteristics of the Corroded Surfaces after Corrosion 

The corroded surfaces of the base Cu and the composite samples after polarization test in 3.5%  NaCl solution 

were exhibited in Figure 7(a-c). Pure copper has the best corrosion resistance and its corroded surface is shown in       

Figure 7-a. It can be observed that the corrosion of pure copper is a uniform corrosive damage. Comparing Figure 7-b and 

Figure 7-c,it is clear that the corroded surfaces of (Cu–15%Al2O3) nanocompositeis more rough than that of specimen   

(Cu–10%Al2O3) nanocomposite.As the Al2O3 increased in copper matrix, imperfections were introduced due to different 

coefficient of thermal expansion between Al2O3and Cu. The interface becomes weak and it will be a preferred site for 

corrosion attacking, therefore, crevice corrosion happens easily. Corroded surfaces of (Cu–10%Al2O3) nanocompositeand 
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(Cu–15%Al2O3) nanocompositeafter polarization test in 0.5M H2SO4 solution were shown in Figure 8(a,b). As shown in 

Figure 8-a, the corroded surface seems plainer than that of (Cu–15%Al2O3) nanocomposite Figure 8-b. There are many 

depressions on the corroded surface of (Cu–15%Al2O3) nanocompositewhere Al2O3 particles were pulled out from the 

copper matrix. The corroded surface proves that there is some serious corrosion which results in debonding of Al2O3 on the 

interfaces between copper and Al2O3. The ability of the matrix to tightly bond with the reinforcement is poor, and 

inevitably, Al2O3 particles are more easily pulled out from the matrix. 

CONCLUSIONS 

In the presentstudy, the corrosion behavior of copper–alumina nanocomposites in NaCl, and H2SO4 was 

investigated. The main conclusions drawn from the current study were: 

• The potentiodynamic polarization curves generatedfor pure copperand (Cu–Al2O3)nanocompositewere similar. 

The four regions of polarization behavior,typical of pure copper, were observed in 3.5wt.%NaClsolution. 

• In both 3.5wt.%NaCl and 0.5M H2SO4 solutions, the severity of the corrosion of the(Cu–Al2O3) 

nanocompositeincreased with increasing Al2O3 content. 

• Addition of 10 wt.% Al2O3showed small risein icorr of pure copper as compared withaddition of 15 wt.% Al2O3 in 

both3.5wt.% NaCland 0.5M H2SO4 solutions. 

• All specimens exhibited corrosion current density in 3.5wt% NaCl solution lower than that in0.5M 

H2SO4solution. 
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