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ABSTRACT

This study aimed to evaluate the electrochemical corrosion behavior at the eutectic level of Al-Si automotive
alloy in 0.2 M HCI, 0.2M NaCl, and 0.2M NaOH solutions at room temperature. By EIS method in accordance with
the specific equivalent circuits of the system, and also by recording Tafel dependences, data were obtained on the
kinetic and corrosion parameters in the studied environments for two types of alloys - Al-Si alloy with a eutectic
composition of Si (12.7 wt. %) and Al-Si alloy containing traces of silicon (0.2 wt. %). Both the EIS data and the Tafel
plots disclosed to addition of Si improved the corrosion resistance in the Al-Si alloy in NaCl and HCI environments. In
contrast, the opposite phenomenon was observed in the NaOH environment. Added Si improved corrosion resistance
by forming MgO and SiO, layers, nevertheless, OH more aggressively attacks the surface than CI ions, hindering the
corrosion-resisting mechanism by Si. The alloys showed the best corrosion resistance in NaCl solution. In contrast,
NaOH was the most destructive, followed by HCI solution, as a more compact and uniform film was formed in NaCl
solution. The open circuit potential enthused to the nobler direction in eutectic alloys in NaCl and HCI solution, while
NaCl showed comparatively higher open circuit potentials (OCP) than HCI and NaOH. The corrosion current from
Tafel analysis and the polarization resistance from EIS analysis showed the maximum values in NaCl solution and
the minimum in NaOH solution, as the corrosive attack by OH was more damaging. The optical and SEM images
revealed that scratch marks on polished surfaces were disappeared, and protective layers are formed after corrosion,
which are thicker and more compact in the NaCl environment and in higher Si added alloy under NaCl and HCI
solution, NaOH being an exception. These images depicted maximum damage in NaOH solution, and then in HCI
solution, NaCl showed the minimum damage.

Keywords: Eutectic AI-Si alloy, corrosion, EIS, Tafel plots, Bode and Nyquist coordinates.

INTRODUCTION

Aluminum-based alloys with Si as the primary
alloying element are progressively used in a wide
range of lightweight components in transportation and
construction due to their excellent properties [1 - 3].
Because of'its extreme purity, high electrical conductivity,
strength, and high technical value, corrosion of Al alloys
have been the focus of numerous investigations [4]. Most

useful metals, fortunately, react with the environment
to generate protective coatings of oxide, which keep
the metals from entering the solution as ions. These
protective layers are thin and reproducible and form
after mechanical polishing. However, when immersed
in a solution, these layers thicken rapidly, making the
oxide thicker than the layer formed in the air [5]. This
oxide film remains stable in an aqueous solution but is
dissolved quickly in the 4.0 to 8.5 pH range. Beyond
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this range, the film re-forms after damage [6 - 8]. HCI,
NaOH and NaCl can contact the surfaces of an engine
cylinder or piston. Hydrochloric acid is produced when
the combustion of a liquid phase mixture containing a
hydrocarbon occurs in a diesel engine [9]. Acids are
produced from the decomposition of biodiesel [10 - 12]
and are also produced by the oxidation of petroleum
diesel [13 - 15]. In most fuel refineries, sodium
hydroxide is used as a reagent [16 - 18]. NaOH and
NaCl can mixed with the engine fuel as Na carriers [19].
Again, through salt driers in refineries, tankers which
get in contact with seawater while flushing ezc., NaCl
can leach into the fuel [18]. Also, engine radiators are
often refilled with locally available water that contains
NaCl. In marine applications, the engine parts made
with Al-Si alloy contact seawater which also contains
NaCl. Various elements such as Si, Cu, Ni, Fe, Mn, etc.
are added as alloying elements in the alloy matrix to
upgrade various mechanical and physical properties of
aluminum alloys [20]. Silicon as an alloying element
improves not only strength but surface quality, corrosion
resistance, hardness and other properties in the alloy [21,
22]. The eutectic system of Al-Si has two solid phases,
of which the eutectic composition is 12.2 £ 0.1 wt. %
Si [23]. The electrochemical impedance spectroscopy
methods are the most powerful steady-state methods
in electrochemistry, estimating a number of parameters
of analogous electrochemical systems like capacitance,
resistance, electrolyte-passive film efc. [24]. In EIS,
actual electrochemical processes taking place in the
material are related to the theoretical circuit elements
by fitting alternating voltage and frequency data with
analogous electrical circuits. In EIS, an electronic
device is subjected to an AC potential, the response
of the AC current is measured, and changes in phase
shift and amplitude are recorded throughout a range of
frequencies. By inspecting the current response across
different frequencies it is possible to separate operations
occurring on different timescales, making it a suitable
tool for distinguishing electronic and ionic processes
in mixed conductors [25]. The potentiodynamic
polarization test (Recording of Tafel plots) is one of
the most frequently used techniques for assessing
specimen corrosion. The active/passive corrosion rates
of different potentials can be accurately determined
using this method, which also helps in understanding
the various processes taking place on the surface of
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metal samples [26].

Although Al-Si alloys exhibit outstanding both
physical and mechanical properties, but the corrosion
resistance of these alloys in aggressive environments
is not vastly studied. Recently, some studies are going
on evaluating the corrosion resistance of these alloys
in different media [27, 28]. Again, the role of Si on
electrochemical corrosion performance in NaCl solution
has been studied previously [22]. Therefore, the objective
of this exercise is to understand the corrosion nature of
Al-Si alloy with eutectic composition of Si (12.7 wt. %)
compared to an alloy without Si, keeping the amount of
other constituting alloying elements constant in HCI,
NaOH and NaCl solution of 0.2 M concentration.

EXPERIMENTAL

Materials

Available in the market, aluminium, copper,
magnesium, and AI-50 wt. % Si master alloy ingots of
pure quality were employed for this purpose. To evaluate
the effect of Si alone as an alloying element, a sample
with eutectic composition is taken and another without
Si, keeping levels of Cu and Mg constant. Although
it was supposed to prepare a sample without Si, some
small amount of Si was intruded into the alloy. Fe, Ni,
Sn, and Sb were also detected as trace impurities in the
alloys. The following are the primary ingredients of the
two alloys (in wt. %):

Alloy 1: A1-0.2 % Si-2.2 % Cu - 0.8 % Mg, presented
below as “trace Si added alloy”, 0.2Si;

Alloy 2: A1-12.7% Si-2.2 % Cu - 0.8 % Mg, presented
below as “eutectic Si added alloy”, 12.7Si.

These alloys were melted in a graphite crucible
using a natural gas pit furnace. An appropriate flux cover
was employed to prevent oxidation during the melting
process. Preheating a 20 x 200 x 300 mm? sized mold
of mild steel to 250°C was necessary for the casting.
For homogenization, a muffle furnace was utilized,
heated at 450°C for 12 hours and air-cooled to allow
the stresses relieving. After homogenizing the samples,
were solutionized for two hours at 535°C and then
quenched in salt water until they reached a single phase
super saturated zone. The chemical composition of the
test alloys was determined using a Shimadzu PDA 700
optical emission spectrometer. The natural oxide layer
was then machined away from the alloys. Machining was
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done to produce rectangular samples (5 mm X 5 mm x
12 mm) from the cast products. The samples were aged
at 200°C for 4 hours for achieving peak strength [29].
The sample surfaces except the 5 mm x 5 mm surface
were coated with PVC heat shrinkable tube so that other
surfaces remain unaffected. The exposed surfaces were
polished with 320, 600, 800, 1200, and 2000 grit emery
sheets to achieve a smooth and refined surface. The
whole experiment was performed at 25 + 1 °C.

Electrochemical Impedance Spectroscopy (EIS)
Technique

A computerized CH Instruments - Electrochemical
Workstation, connected to a three-electrode system
of 100 mL capacity, was used to perform the EIS
technique on the experimental alloys. The 0.2 M NacCl,
HCIl, and NaOH electrochemical cells are prepared by
the solutions of the corresponding electrolytes mixed
with deionized water. As reference electrode, Ag/AgCl
electrode, as a counter electrode, a platinum rod, and as
the working electrode the experimental samples were
used. Only 5 x 5 millimeters of each working electrode
surface was exposed to the corresponding solution. The
working electrode was connected to the working station
by crocodile clips. The working electrode was dipped in
the concerned solution to prepare the polarization cells.
The system was given a time interval of about half an
hour to achieve a steady state. A frequency domain from
0.2 Hz to 100 kHz was chosen and the excitation AC
signal had an amplitude of 5 mV peak to peak, prior to
establishing the open circuit potential (OCP). To ensure
more precision, the solutions were refilled occasionally
throughout the experimental runs. After concluding
the experiment at open circuit potential, analogous
circuits were created using the tool EC-Lab Analyst.
The response values were matched to the analogous
circuits with the greatest precision achievable which are
presented in Fig. 1. The Randle’s circuit is used to model
the electrochemical systems of NaCl and HCl media (Fig.
1(a)), and another circuit was used for NaOH medium
which was previously used to model electrochemical
system of Al alloy in NaOH environment [30]. Fig. 1(a)
consists of the circuit components solution resistance
(R), polarization resistance or corrosion resistance (R ),
and effective double layer capacitance (C ), and Fig.
1(b) consists of the solution resistance (R ), an inductive
element L, two R -C, and R -C, terms in series with L.
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Fig. 1. The equivalent circuit for fitting impedance data of
the Al-based alloys in solutions of a - 0.2 M NaCl and 0.2
M HCl, b - 0.2 M NaOH.

Potentiodynamic Polarization Technique

The tests on potentiodynamic polarization were
performed using the same experimental setup as the
EIS analysis. The potential sweep was carried out
from -1 V to +1 V against the reference electrode. A
scan rate of 0.50 mV s! was selected. As a result, the
configuration was able to generate a steady state open
circuit potential. The required Tafel plot was created
following the conclusion of the experiment. The Tafel
polarization plot was used to measure the corrosion
potential (£, ) in millivolts, the corrosion current (7 )
in micro amps, and the corrosion rate in mm year' for
each of the experimental alloys. The established formula
aaccording to ASTM standard G102 is:

Iorr KEW

corr

pA

where [ _is the corrosion current in amperes, K is the

(M

Corrosion rate =

constant which defines the units of corrosion rate in mm
year!, EW and p are the equivalent weight and density
of the alloys respectively and 4 is the area exposed to
the surrounding environment.

The sample surfaces appeared to have degraded after
the experiment, and they were examined with a standard
optical microscope and a scanning electron microscope.

RESULTS AND DISCUSSION

Impedance Measurement

The Nyquist plots of the traced Si along with
12.78Si added alloys are shown in Fig. 2 for salt, acidic
and basic media, respectively. The semicircle like
capacitive-resistive model is used to derive the real Z

and imaginary Z,_ component of the impedances. The

a

corrosion of aluminium-silicon alloy is regulated by
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a charge transfer process, as evidenced by a separate
complete semicircular appearance on the Nyquist
diagrams [31]. Frequency dispersion may cause some
distortion in the diagrams [32]. The shape of a Nyquist
plot depends on the electrode matrix, like the working
electrode composition etc. and the electrochemical
responses at the surface of the working electrode or in
the bulk station [33]. Fig. 2 displays depressed Nyquist
plots, suggesting that they are not ideal semicircles as
predicted by EIS theory. The non-ideal behavior of the
double layer as a capacitor explains this disparity [34,
35]. The range of the values of Z_ is the highest for
NaCl solution, HCI having a medium range, whereas,
the NaOH solution has a short range of values. This
indicates the maximum corrosion resistance in NaCl
solution, followed by HCI and NaOH solution. Again,
the maximum value of Z _ is higher for 12.7Si added
alloy than 0.2Si added alloy in case of NaCl and HCI
solution, and the opposite phenomenon is observed in
case of NaOH solution. The values of Z _ are lower in
HCI from NaCl environment. So, Fig. 2(b) is prepared
with a lower scale. Again, the real values of impedance
under NaOH environment are even lower than those
under HCI environment. Eventually, the Nyquist
diagram (Fig. 2(c)) is plotted with even lower scale.
The computerized CH instruments - Electrochemical
Workstation generated the EIS data for the experimental
alloys, which were then simulated by EC-lab Analyst.
The best fitted circuit models are shown in Fig. 1 and the
data generated from the fitted circuit is presented in Table
1 and Table 2. Table 1 shows the polarization resistance
(Rp), solution resistance (R ) and the effective electrical
double layer capacitance (C ;) are represented for 0.2
M NaCl and 0.2 M HCI solution. Extremely low values
of R_are observed compared to Rp. Table 2 shows the
corresponding circuit components of the impedance
data in case of 0.2 M NaOH solution. The sum of R,
and R, might represent the polarization resistance Rp
[30]. The values of R_are connected to the solution used
and those of R are linked to the working electrodes.
The polarization resistance informs about the reactivity
rate of the surface with the environment. R is inversely
proportional to the material corrosion rate [32, 36 - 38].
The data suggest highest Rp values for NaCl solution
and for HCI and NaOH chronologically. Additionally,
12.7Si added alloys show higher R for both NaCl and
HCl solutions. Whereas it appears that 0.2Si added alloy
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Fig. 2. Nyquist diagrams of the eutectic and trace Si added
alloys in environment of a) - 0.2 M NaCl, b) - 0.2M HCI,
¢) - 0.2M NaOH.

has higher value of R compared to 12.7Si in NaOH
solution. The added Si provides a corrosion inhibition by
forming Mg, Si intermetallic particles, which eventually
transform into MgO and SiO, layers, protecting the
alloy surface from corrosion. However, eutectic Si at
the alloy grain boundaries acts as cathodic clusters for
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galvanic corrosion [39]. Although MgO and SiO, can
protect the alloy surface from corrosion in NaCl and HCI
environment, they fail to do so in NaOH environment as
the aggressive OH- thins out the protective oxide layers
and attack the grain boundaries. Hence, the effect of Si is
rather deleterious in NaOH environment. It is concluded
that NaCl shows the best corrosion performance
followed by HCI and NaOH, where in both NaCl and
HCI the eutectic alloy has better corrosion resistance,
NaOH showing the opposite phenomena. Cl- dissolved
in the solution attacks the alloy surface and results in
pitting corrosion, where the corrosion is more destructive
in HCI media as the solubility of AL O, is enhanced in
alkaline and acid media [40, 41]. Besides, HCI induces
rapid corrosion of Al [5]. Al corrosion is more severe in
NaOH solution than HCI and NaCl due to the relentless
attack by the OH corrosive agents, which has high
adsorption at little distances.
Aqueous sodium hydroxide dissolves the aluminium
oxide layer:
Al,05(s) + 2NaOH(aq) — 2NaAl0, (aq) + H,0(1) 2
2Al1(s) + 2NaOH (aq) + 2H,0(1) - 2NaAl0, (aq) + 3H,(g)
3)
HCI provides an inherent cathodic defense from
anion-metal interactions which NaOH does not [42]. In
case of HCI and NaCl environment, higher corrosion
resistance is found in higher silicon added alloy as Si
forms Mg,Si intermetallic phase with Mg, which is
anodic to the aluminium matrix and may enhance the
corrosion resistance of the alloys to some extent. The
Mg Si precipitations form SiO, and MgO [22, 43, 44].

However, in NaOH there is higher rate of H, generation
on the exposed surfaces of the alloy with eutectic amount
of Si, which may be responsible for the increased
corrosion [39].

The increase in Si concentration has a detrimental
effect on the corrosion resistance in Al-Si alloys according
to previous studies [45]. Moreover, superfluous amount
of Si rises the cathodic rate of reaction, as Si tends to
gather along the grain boundary, leading to inter-granular
corrosion and stress-corrosion cracks [46]. It can be
decided from the EIS test results that the detrimental
effects of Si on corrosion are counter-balanced by the
positive of Mg, Si intermetallic in case of both 0.2 M HCI
and NaCl environment. Previous research has shown that
as corrosion resistance rises, the value of open circuit
potential shifts toward nobler (positive) direction [36].
The open circuit potential of 12.7S1 added alloy is more
positive than of 0.2Si added alloy in NaCl and HCI
environment, which aligns with the previous research,
and the OCP value decreases in higher Si added alloy
in NaOH environment, which lies with our previous
observation, too.

The impedance data obtained are shown as Bode
plots in Fig. 3. The absolute values of impedance and
frequencies are plotted on the Bode magnitude plot (Figs.
3(a), 3(b), 3(c)) and the phase angles and frequencies
are plotted on the Bode phase plot (Figs. 3(a*), 3(b*),

3(¢™)). Z,, s @nd 0 are defined as,
—Zimagina
g = tap- 1 _Desmany (4)
Zrenl
Z = (Zeea® + Zimaginary )
modulus real imaginary

Table 1. Electrochemical impedance spectroscopy experimental results for 0.2 M NaCl and HCI solution.

Good f
Environment Alloy R (Q) R (@) C,(uF) | OCP(V/SCE) 00 F“ifss ©
NaCl 0.2Si1 20.17 5381 7.16 -0.68407 0.003151
12.7Si 38.39 16514 6.803 -0.67207 0.003361
Hel 0.2Si1 29.98 264 71.5 -0.89805 0.03338
12.7Si 26.03 750 10.81 -0.68843 0.02856
Table 2. Electrochemical impedance spectroscopy experimental results for 0.2 M NaOH solution.
. C C OCP (V/ | Goodness
E t All R(Q) | R (Q) | R (Q ! 2 L (uH
NaOH 0.2S1 | 4.994 36 9.691 | 0.1407 519 2.266 -1.3742 0.1943
a
12.7Si | 4.092 16.76 | 20.27 150 0.0874 0.297 -1.3832 | 0.02533
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In Figs. 3(a), 3(b), and 3(c) it is observable that |Z]
is higher at low frequency in HCI than NaOH, also in
NaCl than HCI, depicting that the corrosion resistance is
maximum in NaCl and minimum in NaOH environment.
Again, |Z] is higher at close to zero frequency in 12.7 wt.
% Si added alloy in sodium chloride and hydrochloric
acid solutions. On the contrary, |Z] is higher in 0.2 wt.
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% Si added alloy at close to zero frequency in NaOH
environment. These results align with those from
Nyquist diagrams. In Figs. 3(a*), 3(b*), and 3(c*) it
is seen that there is no phase shift at very low and very
high frequencies, showing resistive response, and at
medium frequencies the phase shift is closer to -90°,
which denote capacitive response.
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Fig. 3. Bode magnitude (a-c) and phase plots (a*-c*) for trace Si (curves 1) and 12.7Si (curves 2) added Al-Si alloys in
environment of 0.2 M: a, a* - NaCl, b, b* - HCI and ¢, ¢* - NaOH.
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Potentiodynamic Polarization Analysis

Table 3 represents the results the corrosion current
), corrosion potential (£ ) and the corrosion rate
or the loss in mm Year' obtained from potentiodynamic

(L.,
polarization analysis.

Although in both HCI and NaCl environments the
corrosion rate decreases as wt. % of Si is increased, in
caustic soda environment the opposite trend is observed,
which is like the result found in EIS analysis. According
to previous research, a further positive value of corrosion
potential dictates upgraded corrosion resistance [47].
Investigating our results, more positive values of £_
are found for NaCl environment compared to the HCI
and NaOH environments. Like the previous results, more
positive values of corrosion potential are found in 12.7Si
added alloy in HCI and NaCl corrosive environment
showing better corrosion resistance in alloy with higher
amount of Si, while NaOH being an exception. Surface
characteristics like surface porosity, the presence of
unmolten powder, and melt pool border density on
the surface could all contribute to slight scatter in the
potentiodynamic curves [48]. Another observation is, the
corrosion rate is considerably higher in NaOH compared
to both HCI and NaCl solutions. Earlier investigations
also found equivalent results. Hydrochloric acid shows
less corrosion tendency than sodium hydroxide due to
underlying cathodic protection arisen from anion-metal
interactions [42]. The sodium chloride environment
shows the best corrosion performance among all
environments in consideration, since the breakdown
and pitting corrosion by CI ions are more pronounced
in lower pH values [5].

Fig. 4 shows the Tafel plots for the experimental
trace Si added alloy and 12.7Si added alloy in 0.2 M

E/Vvs. SCE
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Fig. 4. Tafel plots for trace Si and 12.7Si added Al-Si

alloys in: a) 0.2 M NacCl, b) 0.2M HCI, c) 0.2M.

Table 3. Experimental results of potentiodynamic polarization analysis.

. Corrosion Current, | Corrosion Potential, | Corrosion Rate in
Environment Alloy . .
I inpA E_ inmV mm year’'
0.2Si 25.158 -654.302 1.1667
NaCl -
12.7Si 15.898 -630.005 0.6911
Hel 0.2Si 248.209 -662.037 10.8817
12.7Si 152.753 -656.786 6.63116
NaOH 0.2Si 719.301 -1354.797 31.5348
& 12.7Si 766.242 -1379.837 33.2633
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Optical Micrographic Observation
The optical microstructures of the 0.2Si and 12.7Si
added Al-Si alloys are presented in Fig. 5. Polished
surfaces with few scratches are shown on the images
before corrosion. Post corrosion demolishment of
surfaces is clearly visible in the images, where the most
deterioration is identified for NaOH solution. More pits
and pinholes are seen on the surfaces of trace Si added
alloy, but thicker layers are found for 12.7Si added alloy
in NaCl and HCl environment. In the alloys, preferential
0.2Si Alloy

Before
corrosion

NaCl

HCI

NaOH
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dissolution of active Al particles occurred, and the nobler
Si particles were left on the surface. However, a different
scenario is observed in case of NaOH solution where the
surface is more severely deteriorated for 12.7Si added
alloy than 0.2Si added alloy as the attack by OH-ions
cannot be defended by the strengthening effect of Mg, Si.
White spots on the surfaces of the alloys after corrosion
correspond to the Al,O, formed after hydrolysis
reaction [39]. A yellow green color tone is observed for
the surface of each alloy after corrosion, which may
12.7Si Alloy

SN 100pm:

Fig. 5. Optical microstructures of 0.2Si and 12.7Si added Al-Si alloys in 0.2 M NaCl, 0.2 M HCI and 0.2 M NaOH
environment.
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represent the SiO, layer formed [49]. Again, a whitish
tone is also observed which may represent the MgO layer
formed [50]. The least destruction of the surface seems
to have occurred for NaCl environment. Accumulation
of Si particles is more visible on the surface of 12.7 Si
added alloy in case of NaOH environment, which refers
that only silicon has survived the disastrous corrosive
effect of OH" ions, and other elements which could not
survive the corrosion attack are dissolved.

SEM and EDX Observation

The SEM images of tested alloys in different
environments are shown in Fig. 6. More degraded
surfaces are observed for 0.2Si alloy in NaCl and HC1
environments. More uniform and stable corrosion
occurs on the surfaces of the eutectic alloy in these
two environments. However, more scattered, and

rapid corrosion is visible for the eutectic alloy in
NaOH environment unlike the other two solutions.
Polished marks are visible in case of NaCl solution as
environment, indicating the least corrosion among all
environments, which lies with our previous observation.
The protective oxide layers are comparatively more
tightly bound with the surface in alloys after corrosion
in NaCl environment than in other environments.
For NaOH solution, most destruction of surfaces as
more cracks and pinholes can be detected. Needle like
primary Si particles are visible on the surface of 12.7Si
added alloy in NaOH environment, which depict that
the surface is severely corroded remaining only the Si
particles.

The wt. % elements composition of the surfaces of
the alloys is presented in Table 4. It is visibly noticed
that the percentage of Al is lowest in NaOH environment,

—
x 100 5.0kv_ SET

Fig. 6. SEM images for 0.2Si (a, ¢, ) and 12.7Si (b, d, f) added alloys after electrochemical corrosion in 0.2 M NaCl (a,
b); 0.2 M HCI (¢, d) and in 0.2 M NaOH (e, f) environment.

100pm
x I
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Table 4. The composition in wt. %. of the surfaces from the EDX analysis.

Environment Alloy Content, wt. %
(0] Al Si Mg Cl Fe Cu Na
NaCl 0.2Si1 27.46 68.38 0.51 0.67 0.73 0.69 1.46 0.10
12.7Si 32.85 46.78 16.43 0.54 2.08 0.08 1.24 -
HCl 0.2Si1 53.17 41.82 0.36 0.22 2.25 1.05 1.13 -
12.7Si 43.77 34.82 17.66 0.70 1.13 0.6 1.32 -
NaOH 0.2Si1 62.55 26.42 0.98 431 0.22 - 3.13 2.39
12.7Si 33.74 10.69 44.53 345 0.55 0.73 5.04 1.27

followed by HCI and NaCl for both samples. Again,
the percentage of Si is maximum on the surface of the
alloy under NaOH environment and then in HCI and
NaCl solution in decreasing order, since other elements
are dissolved at a greater rate in the most corrosive
environment, which NaOH and then HCI according to
the results from EIS and potentiodynamic polarization
analysis.

CONCLUSIONS

This study researched the corrosion behavior of Al-
Si automotive alloy at eutectic level under acid, base,
and salt environments and the following conclusions
can be drawn:

Corrosion is most destructive if the alloys are
immersed in NaOH solution, and least destructive
environment is NaCl solution, as OH" ions attack the
surfaces more violently than CI- ions, and the CI- ions
act more disastrous in lower pH; Not only the EIS and
potentiodynamic polarization analysis shows this result
but also the optical micrographs SEM images support
this order of environment for corrosion rate: NaOH >
HCI > NaCl; The addition of Si enhances the corrosion
performance in NaCl and HCI solution, while NaOH
behaving in the opposite way. The corrosion performance
gets even deteriorated in higher Si added alloy immersed
in NaOH solution; Oxides like SiO, and MgO are formed
as protective layers in every alloy after corrosion, which
can be detected by yellow green tone of the surfaces in
optical micrographs. The tone seems deeper in higher Si
added alloy in every environment. The coating is thickest
in NaOH solution, and thinnest in NaCl solution; The
EDX analysis shows lowest concentration of aluminium
for the alloy under NaOH and the highest concentration
under NaCl. Again, the percentage of Si is maximum in
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NaOH medium and minimum in NaCl medium, which
show that other elements are dissolved at a greater rate
in NaOH solution.
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