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Abstract: The effect of temperature on the corrosion behavior of Al-12Si-1Mg automotive alloy in 3.5% NaCl
solution was studied. The work was carried out using conventional gravimetric measurements and
complemented by resistivity, optical micrograph, scanning electron microscopy (SEM) and X-ray analyzer
(EDX) investigations. Gravimetric analysis confirmed that with varying exposure periods by both the
environment the weight loss of the alloy increases and the normal corrosion rate profile of an initial steep
rise followed by a nearly constant value of corrosion rate were observed. The rate of corrosion at room
temperature of the alloy was found to be lower than that of higher temperature solution. At higher solution
temperature attack of corrodent on surface is increased due to higher rate of chemical reactions. Optical
micrographs of the alloy show the higher pit density at higher solution temperature.
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1. Introduction

Al-Si based casting alloys have been widely used in automobile. In recent years, the understanding of
eutectic solidification in Al-Si based casting alloys has drawn a great attention to many researchers [1]-[3].
Materials for lightweight construction in automotive engineering must meet complex requirements. It is
essential to combine good formability with high strength in service, excellent corrosion resistance and
weldability [4]. For automotive body panels, additional decorative requirements must be met, which require a
perfect material surface. Corrosion is a natural process, which converts a refined metal to a more
chemically-stable form, such as its oxide, hydroxide, or sulfide and chloride. It is the gradual destruction of
materials by chemical and/or electrochemical reaction with their environment [5]. Corrosion behaviour of
aluminum alloys is significantly affected by the presence of particles in the matrix [6]. Particles that contain
Cu and Mg tend to be anodic relative to the alloy matrix, while those that contain Fe and Mn behave in
cathodic manner relative to the matrix [7]. Previous works show that Mg,Si particles tend to be anodic in
relation to the matrix and can act as initiation sites for corrosion [8], [9]. Most often the Mg,Si phase
dissolves leaving behind a cavity, which acts as a nucleation site for pitting [10]. These observations were
made during investigations that were carried out on commercial aluminum alloys having low Si/Mg molar
ratios [11]. There are many factors that influence the corrosion of metal namely oxygen, temperature,
chemical salts, humidity, pollutants etc. Among the different factors affecting the corrosion rate, the
temperature plays an important role [12], [13]. Increasing temperature leads to change two variables that act
in a conflicting way. Firstly, increasing temperature accelerates the reaction rate and diffusion rate of oxygen
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species by increasing the molecular diffusion coefficient. Secondly, as the temperature increases the oxygen
solubility decreases [14].

The aim of the present study was to studying the effect of temperature on the corrosion behavior of aged
Al-12Si-1Mg automotive alloy in 3.5% NaCl solution. The research has been directed towards studying the
characteristics, condition of formation and morphology of attack. The corrosion data was taken after 47 days
immersion in the solution and was investigated using weight-loss data and complemented by SEM/EDX
investigations.

2. Experimental Details

Commercially used aluminium pistons were melted in a clay-graphite crucible under the suitable flux cover
(degasser, borax etc.). The final temperature of the melt was always maintained at 750+15°C. Casting was
done in cast iron metal moulds preheated to 200°C. Mould sizes were 16 x 150 x 300 in millimeter. The alloy
was analysed by wet chemical and spectrochemical methods simultaneously. The chemical composition of
the alloy is given in Table 1. The cast alloy was homogenized in a Muffle furnace at 400°C for 18 hours and air
cooled to relieve internal stresses and for homogenization. The homogenized samples was solutionized at
530°C for 2 hours followed by salt ice water quenching to get a super saturated single phase region. The
samples of 50 x 16 x 3 mm3 size obtained and were artificially aged at 225°C for 90 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) different exposure periods up to 47 days. A
stagnant solution of 3.5% NaCl at pH 5.5 was used as the aggressive medium. Solution was prepared by
dissolving 3.5+0.1 parts by weight NaCl in 96.5+0.1 parts of distilled water. One solution was used at room
temperature and another was heated at 80°C per day. After the designated exposure in the solution medium,
the samples were rinsed with distilled water, dried between two tissue papers, and weighted again (final
weight, Wrin). Weight-loss measurements were made in triplicate and weight loss was calculated by taking an
average of these values [15].

W,
Weight loss: AW =M (1
_ (KxAW)

Corrosion Rate: K, = m
xT x

(2)

Where,

Wine = initial weight before immersion

Wiin = final weight after exposure

K = unit conversion constant (K = 8.76 x 10# for the mmpy unit)

T = time of exposure (hrs)

A =area in (cm?),

AW = Weight loss (g)

and D = density of metal (g/cm3)

Electrical conductivity of the alloy at different condition was carried out with an Electric Conductivity Meter,
type 979. Electric resistivity was calculated from those conductivity data. The washed and dried samples were
observed carefully in OPTIKA Microscope and some selected photomicrographs were taken. The SEM
investigation and EDX analysis were obtained for the surface of the alloy specimens after their immersions
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in the solution medium for 47 days. The SEM images were collected by using a JEOL scanning electron
microscope with an energy dispersive X-ray analyzer (Model: Link AN - 10000) attached.

Table 1. Chemical Composition of the Experimental Alloy (wt%)
Si Mg Cu Ni Fe Mn Ti 7n Al
Alloy 12.280 0.919 1.120 1.306 0.521 0.038 0.061 0.081 Bal

3. Results and Discussion

3.1. Gravimetric Analysis

Fig. 1 depicts the change of weight loss AW, mg.cm, calculated using (1) as a function of immersion time
for Al-12Si-1Mg automotive alloy in 3.5% NaCl solution at room temperature and solution heated at 80°C for
3 hours per day simultaneously. It is observed that weight loss was more predominant at higher temperature
solution in comparison to room temperature. In case of room temperature solution at initial stage it is found
to weight gain as the sample had negative corrosion rates. The weight gain is as a result of the formation of
passive films on the surface of the samples which lead to the temporary seizure of the corrosion attack.
Corrosion attack is restored after some days as is observed from Fig. 1 due to the gradual breakdown of the
passive films. For higher temperature solution corrosion reaction increased and the diffusion of corrosion
species are accelerated which the causes the higher weight loss. The values of Kcorr, which were calculated
from weightloss tests using (2) for the alloy, are plotted against time as shown in Fig. 2. It can be seen that,
the Kcorr values increased quite abruptly initially until immersion time of 10 days. Afterwards, the Kcorr value
and attained roughly a constant value with immersion time. Corrosion rates increase at higher solution
temperature. For most chemical reactions, the reaction rate increases with increasing temperature.
Temperature affects the corrosion rate of metals in electrolytes primary through its effect on factors which
control the diffusion rate of oxygen. Temperature affects the corrosion rate by virtue of its effect on the
oxygen solubility and oxygen diffusion coefficient. As temperature increases the diffusion coefficient of
oxygen also increases which tends to increase the corrosion rate [16]. At higher days of exposure the
accumulation of corrosion products including aluminium oxide and hydroxide, which cover up the surface
leading to decrease the weight loss and the uniform weight loss causes the constant corrosion rate.
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Fig. 1. The variation of the weight loss as a function of immersion time for Al-12Si-1Mg automotive alloy

immersed at room temperature and heated 80°C for 3 hours per day in 3.5% NaCl solution.
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Fig. 2. The change of corrosion rate as a function of immersion time for Al-12Si-1Mg automotive alloy
immersed at room temperature and heated 80°C for 3 hours per day in 3.5% NaCl solution.

3.2. Electrical Resistivity Analysis

The resistivity values of the alloy immersed in 3.5% NaCl solution for 47 days at room temperature shows a
general trend of decrease (Fig. 3). This is due to the fact that it corrodes very quickly. Aluminum forms a very
thin film of aluminum oxide and hydroxide which is about 2 nm thick and it has a bond to its surface which
affects the resistivity. In case of heated solution the resistivity of the alloy increases slightly with immersion
time. It is due to fact that the increasing temperature accelerates the reaction rate and gradual breakdown of
the passive films [17]. Higher pit formation produces an uneven surface which increases the electrical
resistivity of the surface of the experimental alloy.
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Fig. 3. The change of resistivity as a function of immersion time for Al-12Si-1Mg automotive alloy
immersed at room temperature and heated 80°C for 3 hours per day in 3.5% NaCl solution.
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3.3. Optical Micrographic Observation

Fig. 4a shows the optical micrograph of polished Al-12Si-1Mg automotive alloy before immersion into the
corrosion medium. The samples has a microstructure characterized by an Al-rich dendritic matrix, a-Al phase
and a eutectic mixture in the interdendritic region formed by silicon particles, which are coarse and
distributed in plate-like morrphology, set in an Al-rich phase [18]. In this type of image the precipitates of
Al(Mn, Fe, Cu) are those that appear in the dark tone while those of Al(Si, Mg) appear in a lighter tone. In Fig.
4b and 4c are seen that after removing the samples from the 3.5% NaCl solution at room temperature and
heated solution at 80°C for 3 hours per day for 47 days respectively, severe corrosion was observed. These
findings primarily suggested that 3.5% NaCl can be an aggressive medium to induce corrosion in the
aluminium alloys. At room temperatures corrodent attack on surface is less due to less water temperature. It
results into low pit density. At higher solution temperature, pit depth is found to be increasing due to
availability of air. With increase in water temperature attack of corrodent on surface is increased. This leads
to more pit density at higher solution temperatures.

Fig. 4. Microstructure of Al-12Si-1Mg automotive alloy a) polished before corrosion b) after corrosion in
3.5% NaCl solution for 47 days c) after corrosion in 3.5% NaCl solution for 47 days heated at 80°C for 3
hours per day.

3.4. SEM Observation
The SEM images of the Al-12Si-1Mg automotive alloy after 47 days of prolonged exposure in 3.5% NaCl

solution at room temperature and heated solution at 80°C for 3h per day as shown in Fig. 5a and 5b
respectively. The microstructures are characterized by a-Al matrix, eutectic Si, Alis(Fe, Mn)3Si; intermetallic
[19]. They indicate that the surfaces compose of thin corrosion products from which the mushrooms were
formed and the other area is covered with a thin layer of corrosion products. The higher intensity of
corrosion is observed in the alloy which immersed in hot solution. Most chemical reactions do go faster the
higher the temperature. All atoms and molecules are moving all the time. So increasing the temperature
causes them to move faster and that increases most chemical reactions [20, 21]. The weight percentage of
elements found by EDX analysis in the selected area of the SEM are 40.21% 0, 0.54% Na, 1.36% Mg, 23.52%
Al 30.32% Si, 0.27% Cl, 1.13% Mn, 0.53% Fe, 0.01% Ni, 0.99% Cu and 1.12% Zn for the alloy at room
temperature solution.

The weight percentage of elements found by EDX analysis in the selected area of the SEM for the alloy at
higher temperature solution are 42.98% O, 1.04% Na, 1.47% Mg, 14.61% Al, 34.11% Si, 0.18% Cl, 2.07 Mn,
0.15% Fe, 0.36% Ni, 1.29% Cu and 1.75% Zn. From the analysis it is shown that higher temperature solution

accelerates the chemical reaction and formation of higher passive films on the surface.
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Fig. 5. SEM images of Al-12Si-1Mg automotive alloy after exposure in a 3.5% NaCl solution for 47 days.
a) room temperature and b) heated at 80°C for 3h per day.

4. Conclusion

The results obtained indicate that the heated solution of 3.5% NaCl affected on corrosion and increases its
corrosion rate of Al-12Si-1Mg automotive alloy. At room temperature the alloy showed better corrosion
behavior. Corrosion weight loss increases at higher temperature due to higher rate of chemical reactions.
Temperature affects the corrosion rate of Al-12Si-1Mg automotive alloy because of it accelerates the reaction
rate and diffusion rate of oxygen and decreases of oxygen solubility. The gradual breakdown of the passive
films leads to more pit density at higher solution temperature. Higher pit formation produces an uneven

surface which increases the electrical resistivity of the experimental alloy.
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