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Abstract: The main focus of this study is to examine and evaluate the effect of Fe, Ni and Cr on the corrosion 

behaviour of hypereutectic Al-Si automotive alloy in 3.5% NaCl solution. Experimental information are attained 

using conventional gravimetric measurements under different solution temperature and velocity and 

complemented by resistivity, optical micrograph, scanning electron microscopy (SEM) and X-ray analyzer (EDX) 

investigations. All the alloys show the negative corrosion rate due to formation of a very thin film of aluminum 

oxide and hydroxid on the surface. Intermetallic particles in the alloys play a major role in passivity. Temperature 

accelerates the corrosion and the higher velocity breakdown of the passive film. It also affects the resistivity of the 

alloys. The results from this study also indicate that the temperature and velocity increase the negative corrosion 

rate of the alloys due to higher rate of chemical reactions. SEM and EDX analysis indicate that the surfaces 

compose with a thin layer of aluminum oxide and hydroxide corrosion products.  
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INTRODUCTION 

The unique combinations of properties provided by 

aluminium and its alloys make aluminium one of the 

most versatile, economical, and attractive metallic 

materials for a broad range of uses—from soft, highly 

ductile wrapping foil to the most demanding 

engineering applications. Aluminium alloys are second 

only to steels in use as structural metals [1, 2]. The 

increasing demand from many industries for improved 

properties in materials has stimulated the development 

of new materials. For the automotive industry, the 

properties most required are reduced weight, low 

thermal expansion coefficient, excellent mechanical 

properties, wear and corrosion resistance [3-5]. Iron is 

the most common impurity found in aluminium and is 

intentionally added to some pure alloys to provide a 

slight increase in strength [6, 7]. Nickel is added to 

aluminium alloys to improve hardness and strength at 

elevated temperatures and to reduce the coefficient of 

expansion [8]. Chromium is added to aluminium to 

control grain structure, to prevent grain growth in 

aluminium-magnesium alloys, and to prevent 

recrystallization in aluminium-magnesium-silicon or 

aluminium-magnesium-zinc alloys during heat 

treatment.  Chromium will also reduce stress 

corrosionAl susceptibility and improves toughness [9]. 

In general, concentration of alloying element and 

environmental condition play a great role on the 

corrosion behaviour of Al-alloys [10, 11]. A material 

faces decay due to corrosion as corrosion happens in 

normal temperature. Various measures are taken 

against corrosion to prevent materials from decaying. 

But preventing corrosion is hard because there are 

various unknown factors working behind it. 

The aim of the present study was to study the effects 

of Fe, Ni and Cr on the corrosion behaviour of 

hypereutectic Al-Si automotive alloy in 3.5% NaCl 

solution under different heat and velocity. The 

corroded surfaces of the alloys were examined after 

exposure using a scanning electron microscopy and 

electric conductivity meter to understand better the 

corrosion mechanisms. 

 

METHODS AND MATERIALS 

Melting was carried out in a resistance heating 

furnace under the suitable flux cover (degasser, borax 

etc.). First the aluminium engine block was melted in a 

clay-graphite crucible which was used as the master 

alloy. Four heats were taken for developing Al-Si base 

alloys. Alloy 1 was prepared directly from master alloy. 

Adding mild steel with master alloy which contains 

large amount of Fe in it, Alloy 2 was prepared. Alloy 3 

was made by adding mild steel and Ni with master alloy 

which has considerable amount of Fe and Ni in it and 

Alloy 4 was produced by adding stainless steel with 

master alloy which contains Fe, Ni and Cr in it. The 

final temperature of the melt was always maintained at 

750±15oC. Casting was done in cast iron metal moulds 

preheated to 200oC. Mould sizes were 16 x 150 x 300 in 

millimetre. The alloys were analysed by wet chemical 

and petrochemical methods simultaneously. The 

chemical composition of the alloys is given in Table 1. 

The cast alloys were homogenized at 400°C for 18 

hours and air cooled to relieve internal stresses. The 
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homogenized samples was solutionized at 530°C for 2 

hours and then the samples were water quenched in salt 

ice water at a temperature below 20oC  to obtain a super 

saturated single phase region. The homogenizing and 

solution treatment was conducted in an Electric Muffle 

furnace. The samples of 55 x 15 x 3 mm3 size obtained 

and were artificially aged at 175°C for 240 minutes to 

conduct the tests for studying the corrosion behaviour. 

The samples were wet-sanded mechanically with SiC 

papers of 220 and 1200 grit. Before use, the samples 

were de-greased with ethanol of 99% purity and then 

rinsed with plenty of water. Afterwards, they were 

dried, weighted (initial weight Wint) different exposure 

periods up to 30 days. In this experiment a solution of 

3.5% NaCl at pH 5.5 was used as medium for corrosion 

study. The solution was prepared by mixing 3.5±0.1 

parts of NaCl salt with 96.5±0.1 parts of distilled water. 

Thus two solutions were prepared and one was kept at 

room temperature and other one was kept at 94°C. 

Samples were rotated for 8 hours per day for 30 days in 

these solutions. After the exposer period the samples 

were rinsed with water and dried fully. Then they were 

weighted again for final measurement (Wfin). Weight 

loss was measured by using following equation [12].  

 

Weight loss, 
A
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Where,  

Wint = initial weight before immersion (mg)  

 Wfin = final weight after exposure (mg) 

K = unit conversion constant (K = 87.6 for the mmpy 

unit)  

T = time of exposure (hrs)  

A = area in (cm2) 

ΔW = Weight loss (mg/cm2)  

D = density of metal (g/cm3) 

V =Linear velocity (m/s)   

ω = angular speed (rpm) 

r = radius (m) 

An Electric Conductivity Meter, type 979 was used 

to measure the electrical conductivity of the alloys at 

different conditions. Then the conductivity data were 

converted into Electric resistivity. The microstructural 

characterization of washed and dried samples has been 

carried out with the use of OPTIKA Microscope and 

JEOL scanning electron microscope with an energy 

dispersive X-ray analyzer (Model: Link AN - 10000). 

The SEM investigation and EDX analysis were 

obtained for the surface of the alloy specimens after 

their immersions in the solution medium for 30 days 

 

Table1. Chemical composition of the experimental 

alloys (wt%) 

ELEMENTS Alloy 1 Alloy 2 Alloy 3 Alloy 4 

Si 19.209 17.947 18.913 19.363 

Fe 0.795 5.910 6.256 5.501 

Ni 0.089 0.091 0.567 0.621 

Cr 0.040 0.086 0.057 1.267 

Cu 2.826 2.881 2.889 3.112 

Mg 0.245 0.186 0.193 0.232 

Zn 1.117 1.139 1.124 1.085 

Mn 0.214 0.183 0.178 0.217 

Ti 0.099 0.071 0.090 0.076 

Al Bal Bal Bal Bal 

 

RESULTS AND DISCUSSIONS 

Gravimetric analysis 

The weight loss ΔW, mg.cm-2, calculated using Eq. 

(1) for the hypereutectic Al-19Si automotive Alloy 1, 

Fe added Alloy 2, Fe and Ni added Alloy 3 and Fe, Ni 

and Cr added Alloy 4 as a function of immersion time  

at room temperature and steady arrangement in 3.5% 

NaCl solution is illustrated in Figure 1. It shows that all 

the alloys gain its weight with the immersion time. 

Under the velocity of 0.6m/s in same solution the 

weight gain increases (Figure 2). The weight loss 

graphs in Figure 3 and Figure 4, the same alloys under 

94oC heated solution at steady arrangement and 0.6m/s 

velocity respectively show the similar results of weight 

gain. The reason behind this weight gain is the 

formation of passive films on top of the surface of the 

samples. This passive film acted like a barrier against 

corrosion so corrosion rate decreases. But corrosion is 

not omitted fully because of the gradual breakdown of 

passive films but still corrosion rate attains almost a 

constant value in this stage. For this reason the weight 

gain or negative weight loss decreases at a significant 

rate. 

  

 
Figure 1. The variation of the weight loss as a function 

of immersion time of the experimental  Al-Si 

automotive alloys under 0 velocity in  3.5% NaCl 

solution at  room temperature . 
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Figure 2. The variation of the weight loss as a function 

of immersion time of the experimental Al-Si 

automotive alloys under 0.6m/s velocity in 3.5% NaCl 

solution  at room temperature. 

 

 
Figure 3. The variation of the weight loss as a function 

of immersion time of the experimental Al-Si 

automotive alloys under 0 velocity in 3.5% NaCl 

solution  heated at 94oC. 

 

 
Figure 4. The variation of the weight loss as a function 

of immersion time of the experimental Al-Si 

automotive alloys under 0.6m/s velocity in  3.5% NaCl 

solution heated at  94oC. 

The relative corrosion rate KCorr, was calculated 

using Eq. (2) for the experimental alloys. Graphs of 

corrosion rate were plotted against immersion time at 

room temperature and 94˚C temperature for all the 

alloys with no velocity and with 0.6 m/s velocity. These 

are presented in Figures 5-8. From the graphs, the 

negetive corrosion rate profile is observed against time 

in the experimental solution. All the samples shows an 

increased corrosion rate within the first 3 days of the 

experiment but as the time exposer gets higher the 

corrosion rate decreases at a significant rate. It is 

mainly because at the first stage of the experiment the 

metal surface was exposed inside the solution so the ion 

adsorption on the surface was high. Various oxide and 

hydroxide layer formed on top of it. In comparative 

terms, Alloy 3 showed the highest negative values of 

corrosion penetration rate in virtually all the media 

concentration; especially in heated solution. It may be 

because Alloy 3 contains nickel which has a better rate 

of ion adsorption. Figures show that the corrosion rate 

was almost uniform at later stage. Since the process of 

corrosion is electrochemical in nature, increasing the 

temperature usually also increases the rate of corrosion. 

This is because heat a substance, the particles move 

quicker and so collide more frequently [13]. 

Consequently the rate of corrosion speeds up in hotter 

environments, and slows down in cooler ones. The 

basic mechanism is that the addition of alloying 

elements Cr, results in the formation of protective 

passive films on the surface, which prevents further 

corrosion of the alloys underneath [14]. 

 

 

Figure 5. The variation of corrosion rate as a function 

of immersion time for the experimental Al-Si 

automotive alloys under 0 velocity in  3.5% NaCl 

solution at  room temperature . 
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Figure 6. The variation of corrosion rate as a function 

of immersion time for the experimental Al-Si 

automotive alloys under 0.6m/s velocity in 3.5% NaCl 

solution at  room temperature. 

 

 

 
Figure 7. The variation of corrosion rate as a function 

of immersion time for the experimental Al-Si 

automotive alloys under 0 velocity in  3.5% NaCl 

solution heated at  94oC. 

 

 

 
Figure 8. The variation of corrosion rate as a function 

of immersion time for the experimental Al-Si 

automotive alloys under 0.6m/s velocity in 3.5% NaCl 

solution heated at  94oC. 
 

 

Resistivity analysis 

Figure 9 and Figure 10 show the resistivity values of 

the alloys immersed in 3.5% NaCl solution at 94oC 

temperature for 30 days under steady condition and 

0.6m/s velocity respectively. It shows a general trend of 

decrease. This is due to the fact that aluminum forms a 

very thin film of aluminum oxide and hydroxide and it 

has a bond to its surface which affects the resistivity. 

The formation of oxide film on top of the surface seems 

to increase the conductivity of the alloys in other word 

decrease the resistivity. In case of the moving heated 

solution the resistivity of the alloys increases slightly 

after prolong immersion time. It is due to fact that the 

increasing temperature accelerates the reaction rate 

which increases the corrosion rate of the alloys. 

Gradual breakdown of the passive films also occurs at  

higher velocity [11]. So higher pit formation produces  

an uneven surface which increases the electrical 

resistivity of the surface of the experimental alloys. The 

initial resistivities of the alloys are different because of 

the different elements present in the alloys. Alloy 1 

shows the minimum rate of decreasing in resistivity due 

to minimum weight gain and Alloy 3 shows the highest 

decreasing in resistivity due to highest weight gain 

during corrosion. 

 

  

 
Figure 9. The change of resistivity as a function of 

immersion time for the experimental Al-Si automotive 

alloys at 0 velocity in 3.5% NaCl solution heated at  

94oC. 
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Figure 10. The change of resistivity as a function of 

immersion time for the experimental Al-Si automotive 

alloys at 0.6m/s velocity in  3.5% NaCl solution heated 

at  94oC. 

 

Optical micrographic observation 

Figure 11 shows the optical micrograph of polished 

Al-19Si automotive Alloy 1, Fe added Alloy 2, Fe and 

Ni added Alloy 3 and Fe, Ni and Cr added Alloy 4 

before immersion into the corrosion medium and after 

corrosion in room temperature and 94˚C for 30 days. 

The samples have a microstructure characterized by an 

Al-rich dendritic matrix, α-Al phase and a eutectic 

mixture in the interdendritic state formed by silicon 

particles. In this type of image the precipitates of 

Al(Mn, Fe, Cu) are those that come into view in the 

dark tone while those of Al(Si, Mg) become visible in a 

lighter tone. It is also seen from the figure that after 

removing the samples from the room temperature 

solution for 30 days, severe corrosion was observed. 

Samples immersed in hot solution faced intense 

corrosion. The reason behind it is in hot environment 

most chemical reaction rate goes higher because of the 

movement of molecules which increases their energy to 

complete the reaction. So the increases temperature 

acted as a booster for corrosion reaction [15]. In both 

conditions room temperature and heated solution, 

microstructure in Alloy 3 is much higher than the other 

alloys. It may be due to the intermetallic bond between 

Ni and Al-Si alloy has a strong oxide attraction which 

increases the corrosion. 

 

SEM and EDX observation 

Generally the microstructures of Al-Si automotive 

alloy may be characterized by α-Al matrix, eutectic Si 

and different intermetallic phases on α-Al matrix in the 

inter-dendritic region [15]. The SEM images of the 

hypereutectic Al-19Si automotive alloys after exposure 

in 94oC  heated 3.5% NaCl solution for 30 days with a 

velocity of 0.6m/s  are shown in Figure 12. The surface 

of the alloys creates of mushrooms type corrosion layer 

and the other area is covered with a thin layer of 

corrosion products [16]. Some pits are observed on the 

surface due to break down the passive film. It is more 

prominent in case of Alloy 3 because of the higher rate 

of corrosion and higher the breakdown of passive film 

at higher velocity. The weight percentage of elements 

found by EDX analysis in the selected area of the SEM 

are 33.03% O, 4.60% Na, 5.12% Mg, 24.11% Al, 

28.82% Si, 0.49% Cl, 0.33% Ti, 0.04% Cr, 0.19% Mn, 

2.19% Fe, 0.40% Ni, 0.09% Cu and 0.59% Zn for the 

Alloy 1 (Fig. 12 a). The weight percentage of elements 

of Alloy 2 found by EDX analysis in the selected area 

of the SEM for the alloy at higher temperature solution  

Figure 11. Microstructure of hypereutectic Al-Si automotive alloys before corrosion, after corrosion with a 

velocity of 0.6m/s in 3.5% NaCl solution at room temperature and after 94oC heated 3.5% NaCl solution for 

30 days 
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Figure 12. SEM images after exposure in 94oC heated 3.5% NaCl solution for 30 days with a velocity of 

0.6m/s  (a) Alloy 1 (b) Alloy 2, (b) Alloy 3 and (d) Alloy 4.  
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are 28.90% O, 3.67% Na, 16.31% Mg, 9.14% Al, 

32.96% Si, 0.73% Cl, 0.90% Mn, 3.42% Fe, 0.12% 

Ni,0.94% Cu and 2.91% Zn (Fig. 12 b). In case of Alloy 

3 the weight percentage of elements are 29.54% O, 

2.37% Na, 14.67% Mg, 11.50% Al, 31.91% Si, 0.41% 

Cl, 0.08% Ti, 1.10% Mn, 5.12% Fe, 1.71% Cu and 

1.45% Zn (Fig. 12 c). Alloy 4 shows the weight 

percentage of elements 31.65% O, 3.65% Na, 13.16% 

Mg, 12.41% Al, 33.17% Si, 1.05% Cl, 0.13% Ti, 

0.35% Cr, 0.52% Mn, 3.76% Fe, and 0.15% Cu (Fig. 

12 d). Additionally, the presence of high percentage of 

oxygen and low concentration of Fe in the alloy after 

immersion clearly indicate the formation of an oxide 

layer or film on its outer surface. 

 

CONCLUSIONS 

Presences of Fe, Ni and Cr in hypereutectic Al-Si 

automotive alloy under different temperature and 

velocity have an effect on the corrosion behaviour of 

the alloy. From the results obtained it can be concluded 

that all the alloys show the negative corrosion rate due 

to formation of a very thin film of aluminum oxide and 

hydroxide on the surface. The temperature acts as a 

catalyst for higher rate of chemical reactions which 

increase the corrosion of the alloys. Gradual 

breakdown of the passive films take place at higher 

velocity. But with increase of time exposer it tends to 

gain a steady state value because the rate of breaking 

down of passive film and formation of oxide almost 

equals. Intermetallic particles in the alloys played a 

major role in passivity breakdown. The formation of 

the thin film decrees the resistivity of the alloys due to 

the formation of conductive film on top of the surface. 

The corroded surface shows that the surface is 

completely corroded, which confirms the aggressive 

action of the NaCl on the alloys. 
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