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ABSTRACT 
Hybrid aluminium metal matrix composites are produced through liquid metallurgy route using Al 7075 alloy as base material by 

reinforcing with 3 wt% of B4C and 3 - 15 wt% of Al2O3.  The  amount  of  Al2O3 particles  is  varied  as  3, 6, 9, 12 and 15 wt%. 

Present paper involves the studies of corrosion resistance properties of Al7075 MMC. Corrosion tests were conducted by weight 

loss method in acid and salt medium. Electrochemical corrosion behavior of the hybrid Al7075 MMC was studied using the 

Electrochemical Polarization technique. Results show that the composites exhibited increased corrosion rate as compared to its 

monolithic matrix alloy. 
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INTRODUCTION 

 
Aluminium alloys exhibit excellent mechanical properties and high strength to weight ratio, because of 

which they are widely used in aerospace, defence, automobiles, and marine applications.  The strength of the Al 
alloys can be further enhanced by reinforcing the Al matrix with hard ceramic particles like Al2O3, B4C, SiC, 
TiB2 etc., which increases the mechanical properties of the resulting composite materials by dispersion 
strengthening mechanism [1,2]. When short fibres are reinforced with MMCs, they will offer outstanding 
specific strength and stiffness along the direction of  the fiber when compared to the MMCs with particulate 
reinforcements which have more isotropic properties. Most of the research on particulate reinforced MMCs has 
focused on their manufacturing of composites and their mechanical properties [3,4]. Addition of carbides in the 
Al7075 alloy increased the strength of the alloy, but significantly decreased the corrosion resistance. The 
corrosion rate of both the matrix alloy and composite decreased as the time duration increases [5]. Relatively 
little research has been conducted on their corrosion behaviour, and hence, the mechanisms of corrosion are not 
well understood. Conflicting data and interpretations exist regarding corrosion initiation sites and the function of 
reinforcement in corrosion susceptibility [6-8]. The major advantages of Aluminium 7075 composites compared 
to unreinforced materials are increased stiffness, improved strength, decreased density, improved high 
temperature properties, controlled thermal expansion coefficient, heat management, greater wear resistance and 
improved damping capabilities [4,9]. Continuous alumina-fibre reinforced Al–2 wt% Cu–T6 metal–matrix 
composite in 3.15 wt% NaCl solution exhibited increased corrosion rate as compared to the corresponding 
monolithic alloy [10].  
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MATERIALS AND METHODS 
 

A. Sample Preparation: 
In the present study, liquid metallurgy technique is adopted and Al7075 that exhibits excellent casting 

properties and good strength is used as the base alloy. The chemical composition of Al7075 alloy is given in 
Table I. 
 
Table 1: Chemical Composition Of Al7075 Alloy 

Elements Si Fe Cu Mn Mg Cr Zn Ti Al 
wt% 0.4 0.5 1.6 0.3 2.5 0.15 5.5 0.2 bal 

  
The reinforcement particles are B4C and Al2O3. The amount of B4C addition has been kept constant (3 wt%) 

and the amount of Al2O3 addition was varied as 3, 6, 9, 12 and 15 wt% during the stir casting process. The 
particle size of Al2O3 and B4C are around 20 μm to 30 μm. Table II shows the properties of Al7075 matrix and 
reinforcement materials. Table III shows the process parameters that are employed in the stir casting process. 
The prepared hybrid Al7075- Al2O3 -B4C composites were shown in Fig. 1. 

The specimens are prepared from the bar castings. Cylindrical specimen of size 20mm (diameter) x 10mm 
(height) are machined from the castings of the composites and the matrix alloy. The samples were successively 
ground using 240,320,400 and 600 grit SiC paper and were polished according to standard metallographic 
techniques and dipped in acetone and dried. The samples were weighed upto fourth decimal place using 
electronic balance and also the specimen dimensions were noted down using Vernier gauge. 
 
Table 2: Properties Of Matrix (Al7075) And Reinforcement Materials (Al2o3 And B4c) 

Properties Al7075 Al2O3 B4C 
Elastic modulus (GPa) 70-80 300 480 
Density (g/cc) 2.81 3.69 2.5 
Poisson’s Ratio 0.33 0.25 0.21 
Hardness (VHN) 78.5 1800-2000 3000 
Tensile Strength (T)/ Compressive Strength (C) 220 (T) 2100(C) 3000(C) 

  
Table 3: Stir Casting Process Parameters 

Parameters Value 
Spindle speed (rpm)  500 
Temperature of melt (°C)  770 
Stirring time (min)  10 
Preheated temperature of mould (°C)  300 
Preheat temperature of Al2O3 particles (°C)  420 
Preheat temperature of B4C particles (°C)  450 

 

 
 
Fig. 1: Stir cast hybrid Al7075-Al2O3-B4C composites. 
 
B. Corrosion Test: 

The corrosion tests by conventional weight loss method were conducted at room temperature for the 
monolithic alloy and Al7075 hybrid MMC. Weighed specimens were immersed in the 1N HCl and 3.5% NaCl 
and taken out at 24, 48, 72, and 96 hrs and the weight loss was calculated. To minimize the contamination of the 
aqueous solution and loss due to evaporation, the beakers with the samples were covered with paraffin paper 

C1 C2 C3 C4 C5 
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during the entire corrosion test period. Weight loss was converted into corrosion rate and expressed in mils 
penetration per year (mpy) [11]. Corrosion rate is calculated using the following formula. 

 

 
 
where, W is the weight loss in milligrams, D is density of the specimen g/cc, A is the area of the specimen 

(inch2) and T is the exposure time in hours. 
Electrochemical measurements for the prepared monolithic alloy and MMC were performed using the CHI 

608B electrochemical analyzer (CH Instruments, USA). The three-electrode cell consisted of the reference 
electrode (Ag/AgCl), the counter electrode (Pt), and the working electrode (prepared monolithic alloy and 
MMC). The corrosion resistance of monolithic alloy and hybrid MMC was evaluated in 3.5 wt. % NaCl 
solution.   

The potentiodynamic polarization measurements were carried out with a sweep rate of 2 mV/s using CHI 
608B electrochemical analyzer.  When the electrode reached a steady value, the OCP was first noted. The 
potential range was fixed at ±200 mV from the OCP and then the polarization measurements were carried out 
from cathodic to anodic direction. The plot of E vs log I was made from which corrosion potential (Ecorr), 
corrosion current density (Icorr), anodic and cathodic Tafel slopes (ba & bc) values were calculated. 
 

RESULTS AND DISCUSSION 
 
The monolithic alloy and hybrid MMCs are immersed in 1N HCl and 3.5% NaCl solution for four days and 

samples are weight at 24 hrs interval to calculate the corrosion rate. The corrosion rates of composites and 
monolithic alloy in1N HCl are given in Table IV and Fig. 2.  
 
Table 4: Corrosion Rate of Composites in 1N HCl 

COMPOSITE 
CORROSION RATE (mpy) 
24 hrs 48 hrs 72 hrs 96 hrs 

Monolithic alloy 1818.96 618.86 556.14 250.89 
3% Al2O3+3%B4C 3123.59 673.22 614.68 468.33 
6 % Al2O3+3%B4C 3228.13 807.03 652.32 518.51 
9 % Al2O3+3%B4C 3449.75 1062.11 694.13 568.69 
12 % Al2O3+3%B4C 3980.81 1103.92 735.95 597.96 
15% Al2O3+3%B4C 4792.02 1547.16 1024.47 802.85 

 

 
Fig. 2: Corrosion rate of monolythic alloy and composites in 1N HCl. 

 
The corrosion rates of composites and monolithic alloy in 3.5% NaCl solution are given in Table V and 

Fig.3. The corrosion rate decreases with increasing immersion time. The monolythic alloy shows lower 
corrosion rate than the hybrid composites. 
 
Table 5: Corrosion Rate Of Composites In 3.5% Nacl 

COMPOSITE 
CORROSION RATE (mpy) 
24 hrs 48 hrs 72 hrs 96 hrs 

Monolithic alloy 12.96 9.2 5.85 4.6 
3% Al2O3+3%B4C 18.4 12.13 8.78 5.44 
6 % Al2O3+3%B4C 22.16 17.14 13.38 7.94 
9 % Al2O3+3%B4C 26.34 21.74 15.05 10.04 
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12 % Al2O3+3%B4C 30.11 24.25 17.56 13.38 
15% Al2O3+3%B4C 33.87 26.76 21.33 16.31 

 

 
Fig. 3: Corrosion rate of monolythic alloy and composites in 3.5% NaCl. 

 
From the weight loss corrosion test (Fig. 2 and Fig. 3), it is observed that the monolithic alloy and hybrid 

MMC exhibit a decrease in corrosion rate with increase in test duration in both HCl and NaCl solutions. It is 
clear from the graph that the corrosion resistance of the composite increases as the exposure time increases.  
There is a black deposit development on the specimen. The phenomenon of gradually decreasing corrosion rate 
indicates the possible passivation of the matrix alloy. Castle et. al.[12] pointed out that the black film consists of 
aluminium hydroxide compound. This layer protects additional corrosion in acid media. But exact chemical 
nature of such protective film is still not determined. Also, from the graphs it is clear that the corrosion 
resistances of the monolithic alloy are higher when compared to that of the composites in both the mediums. 

The corrosion potential Ecorr, corrosion current Icorr, anodic Tafel slope (ba) and cathodic Tafel slope (bc) 
calculated using Tafel extrapolation method, are compiled in Table VI.  The corrosion current (Icorr) values are 
increased with increasing concentration of reinforcement in the composites.  The increase in corrosion current 
values implies that the corrosion resistance was decreased when the reinforcement of Al2O3 increases from 3% 
to 15%. Fig. 4 shows the polarization curves for monolithic alloy and hybrid MMC with various percentage of 
reinforcement that are examined in 3.5% NaCl. The Ecorr and Icorr are estimated using Tafel extrapolation 
technique. 

The results show that, the addition of Al2O3 and B4C to aluminium matrix alloys increases the 
inhomogenities in these materials, thereby increasing the corrosion susceptibility of MMCs. In this study, the 
Al7075 hybrid MMC exhibited less corrosion resistance than its monolithic alloy. The immersion experiments 
revealed that the hybrid MMC corroded at higher rates and developed a larger pit depth than the monolithic 
alloy. 
 
Table 6: Potentiodynamic Polarization Test Results Of Monolythic Alloy And Composites In 3.5% Nacl 

Sample no. Composite Corrosion potential 
(Ecorr) 
(V) 

Corrosion current 
density(Icorr) 
(µA/cm2) 

Anodic Tafel 
slope  
(V/decade) 

Cathodic Tafel 
slope  
(V/decade) 

C0 Monolithic alloy -0.866 6.804 6.681 2.363 
C1 3% Al2O3+3%B4C -0.833 7.599 15.94 3.177 
C2 6 % Al2O3+3%B4C -0.866 13.80 11.69 2.055 
C3 9 % Al2O3+3%B4C -0.888 18.81 9.493 2.599 
C4 12 % Al2O3+3%B4C -0.813 30.28 4.537 2.062 
C5 15% Al2O3+3%B4C -0.921 55.10 4.250 1.281 

 
Fig. 4: Potentiodynamic polarization curves of monolithic alloy and composites in 3.5% NaCl. 
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The polarization experiments showed that the corrosion current densities for the composites were greater 
than those for the monolithic alloy. The ‘‘edge effect” may relate for this observable fact as the presence of the 
inert alumina particles in the Al matrix increases the ratio of circumference to area for the Al matrix [13]. In 
addition, the presence of the reinforcement particles may disrupt the continuous oxide layer on the MMC 
surface. 
 
Conclusions: 

The hybrid Al7075-Al2O3-B4C composites were successfully produced by liquid metallurgy route through 
stir casting process. The effect of reinforcement percentage on the corrosion rate of the composites in 1N HCl 
and 3.5% NaCl solutions were studied. The corrosion rate of monolithic alloy and composite were decreased 
with increase in immersion time in both the solutions. The corrosion rates of the composites were higher than 
that of the monolithic alloy in both 1N HCl and 3.5% NaCl solutions. It indicated that the composites have 
lower corrosion resistance than the monolithic alloy. This may be attributed to the fact that the increase in the 
reinforcement percentage enhanced inhomogeneity in the composites, which led to more corrosion in these 
materials.  
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