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Abstract: Comparative analysis of the corrosion resilience
and passivation characteristics of pure zinc (Zn) and alu-
minum (Al) alloys in neutral chloride and acid-chloride
solutions at 0.5-3% NaCl concentrations was done with poten-
tiodynamic polarization, potentiostatic evaluation, optical char-
acterization, and open circuit potential measurement. Results
show Al alloy was more resistant to general corrosion in both
solutions with values ranging from 0.031 to 0.082 mm/year, and
0.037 to 0.389 mm/year compared to Zn alloys with values
of 0.432-0.691 mm/year and 0.465-5.016 mm/year. Corrosion
potential values of Zn alloy were significantly more electrone-
gative than the values for Al alloy. The passivated region of the
polarization plots for Al was thermodynamically unstable with
visible current transients compared to that of Zn. Passivation of
Al occurred at the early onset of anodic polarization in the
neutral chloride solution. Zn alloy passivated at specific poten-
tials, coupled with stable passivation behavior. The passivation
range values of Al were generally greater than the values for
Zn due to delayed stable pitting activity. Optical images for Al
showed extensive localized degradation along specific regions
and grain boundaries, whereas Zn morphology indicates gen-
eral surface degradation. Open circuit potential plots indicate
significant growth of Al,0; oxide on Al coupled with active—
passive transition behavior of the oxide. This contrasts the
observation for Zn where the plot configuration indicates lim-
ited oxide formation and growth but significant thermody-
namic stability.
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1 Introduction

Fe-based alloys have extensive industrial applications world-
wide due to their versatility, relative ease of production,
availahility, and exceptional mechanical properties for appli-
cations that require structural rigidity, stiffness, and extended
lifespan [1-6]. One of the major limitations in the application
of Fe-based alloys is their vulnerability to corrosion, though
this is more associated with the carbon-based ferrous alloys
whose failure in corrosive environments results in economic
and financial loss. Stainless steels with sufficient Cr, Ni, Ti,
Mb, etc., content are significantly more resistant to corrosion,
but their advantages are offset by their relatively high cost of
production and utilization [7-9]. This necessitates the need
for low-cost alternatives with respect to corrosion protection
of metallic parts, structures, columns, fittings, pipes and com-
ponents, and mechanical properties. However, other impor-
tant factors that must be taken into consideration are the cost
of production, lower cost of application, etc. [10-13]. The
application of Zn coatings has been proven to be one of the
most resilient and proven methods of protection of ferrous
alloys. This is possible by cold-dip galvanizing, hot-dip galva-
nizing, galvannealing, electro-galvanizing, continuous-line
galvanizing, zinc plating and spraying, mechanical plating,
and zinc-pigment paints [14]. Being the fourth most applic-
able metal worldwide and twenty-third most represented
element within the earth’s crust (0.013%), about 50% of Zn
produced is used in the Zn galvanizing technique [15-17].
The other significant industrial utilization of Zn includes
white discoloration in paints, stimulant in rubber proces-
sing, manufacture of precautionary agents for rubber poly-
mers and plastics, production of photocopying parts [18,19],
catalyst in prototype rockets [20], protective coating for
cover sheets, and oil and gas infrastructure [21,22]. Al alloy
is extensively utilized in the production of industrial com-
ponents, civil engineering applications, telecommunication
wires, boilers, degradation-resistant containers, chemical
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production, and welding of aluminum parts [23]. Al metal
makes up about 8% of the elemental composition of the
Earth’s crust. Its economic importance is second to Fe. The
strength and density to mass proportion, electrical and heat
conduction, low- and high-temperature stability, non-toxi-
city, mechanical properties, corrosion resistance, and indus-
trial relevance [24,25]. The aluminum industry yields $174
billion to the American Gross Domestic Product and about
$70 billion yearly in direct economic output [26]. Al alloys
are significantly applied in the manufacture of parts for vehi-
cles, chemical production plants, energy-generating plants,
aeroplanes, infrastructures, etc. [27-30]. The properties of Al
can be modified to align distinct industrial and engineering
requirements.

The corrosion resistance of Zn is due to the growth of a
passive inert oxide film which hinders further corrosion
reaction mechanisms when exposed to the atmosphere.
The passive inert oxide film occurs due to the reaction of
Zn with O, resulting in the evolution of Zn(OH), and there-
after ZnCO; after reacting with CO, [31]. The electroche-
mical property of Zn to sustain a protective oxide is mainly
determined by the pH of the environment, especially acidic
pollutants. Because zinc forms an amphoteric oxide, strong
alkalinity can also adversely affect zinc’s corrosion beha-
vior by interfering with the formation of protective layers
[32]. Salt composition within marine conditions also signif-
icantly influences Zn corrosion [33]. Al displays significant
resistance to corrosion degradation because of the forma-
tion of Al,0; on its surface [34]. Howbeit, its structural
strength and functional lifespan can be severely reduced
in corrosive environments containing minimal concentra-
tions of CI, 8042', etc. The protective oxide deteriorates in
the presence of threshold concentrations of the corrosive
anions [35,36]. A number of theories are available on the
mechanism of deterioration of the inert oxide on metallic
alloys resulting from the electrolytic transport of reactive
species through the protective oxide to the metal. Previous
studies show that reactive species interact with the protec-
tive oxide leading to its deterioration through the evolution
of metallic complexes [37,38]. Other studies suggest dete-
rioration in Cl” anion electrolyte is related to the interme-
tallic phase and elemental composition which limits their
economic relevance [39]. It has been proven that the protec-
tive oxide on metallic alloys is normally stable at minimal
anionic concentrations [40-42]. A study on the effect of cor-
rosive anions on Al-based galvanic anodes indicates pitting
potential decreased with an increase in anionic content
whereas other anionic species showed a passivating effect
[43]. Effective utilization of Zn and Al alloys results from ade-
quate information on the corrosive nature of the applicable

DE GRUYTER

environments, degradation rate, and type of corrosion. Loca-
lized corrosion of Zn and Al can be ascertained by their
characteristics, size, microstructural properties, and electro-
chemical properties at the metal-solution interface This
necessitates appropriate comprehension of the nature and
process of interaction of the corrosive anions with the metal
exterior in aqueous solutions. A number of corrosion resis-
tance studies have been performed on Zn and Al.

Graedel studied the corrosion of Zn in the atmosphere.
Observation shows that the corrosion layer formation and
the chemical reactions involved are a direct consequence
of the pH of the aqueous surface film due to its influence on
the dissolution of the passive oxyhydroxide surface [44].
Ferry and Mohd Sukarnoor studied the corrosion reaction
processes of Zn-coated mild steel in saline aqueous media.
Results showed the degradation rate of fully coated steel
reduces with exposure time while the values for the Zn
coated with scratch were slightly higher [45]. The atmo-
spheric behavior of hot-dip Zn galvanized and Al-coated
steel wire strands from long-term exposure tests in rural
sulfur, industrial, and marine areas of the islands of
Taiwan was studied by Yaw-Tzong et al. The major corro-
sion product for the Zn-coated steel in severe marine envir-
onments was found to be Fe,05, and no zinc coating was left
for the protection of the base steel after 2 years [46]. Al-
Moubaraki and Al-Rushud studied the corrosion behavior
of Al 7075, Al 2024, and Al 6061 in the Red Sea water. Results
obtained showed that the corrosion rates exhibit a contin-
uous decrease with exposure time. The order of corrosivity
of the Al alloys is Al 6061 < Al 2024 < Al 7075. Pitting corro-
sion was the prevalent corrosion pattern detected on alloys
[47]. According to Seyeuxa et al. [48], degree of localized
corrosion damage differs with regard to the concentration
of corrosive species and the type of aqueous environment.
There is a need to further evaluate the inert film on metallic
alloys to comprehend the mechanism associated with the
collapse and reformation of the protective oxides which is
the focus of this investigation. Silva et al. [49] and Mollapour
and Poursaeidi [50] studied the deterioration of the passive
film on stainless steel and established that the strength of
the inert oxide to electrochemical degradation is substan-
tially controlled by external factors. In agreement with Pao
et al. [51], Zhang et al. [52], Liu et al. [53], and Calderon et al.
[54] showed that resistance to pit formation and growth
with steel results from different determinant variables asso-
ciated with industrial environments and metallurgical prop-
erties of the alloy. On account of citation [49-54], this
research studies the localized corrosion resistance, passiva-
tion properties, and polarization behavior of Zn and Al
alloys in neutral chloride and acid-chloride solutions.
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2 Materials and methods

2.1 Materials and preparation

Flat squared zinc (Zn) sheets with surface proportions of
100 mm by 100 mm by 50 mm (length, breadth, and thick-
ness) and cylindrical aluminum alloy (Al) were cut into six
work samples with a median configuration of 1 cm by 1cm
(length and breadth) using manual hand tool for potentio-
dynamic polarization, optical microscopy, and open circuit
potential evaluation. Elemental analysis of the Al and Zn
work samples were analyzed with PhenomWorld high-
resolution electron microscope. The wt% compositions of
Al and Zn are shown in Table 1. Cu cables were affixed to
Al and Zn work samples with soft solder before being
enmeshed with pre-solidified acrylic paste. The exterior
area of the Al and Zn work samples was graded with SiC
sheets (60-1,500 grits), brightened with a 3 ym diamond
mixture, and washed with de-mineralized H,0 and dimethyl
ketone. Neutral chloride solution prepared from recrystal-
lized NaCl (obtained from Titan Biotech, India) at 0.5, 1, 1.5, 2,
2.5, and 3% NacCl concentration. Acid-chloride solution
(0.0015M H,SO, containing 0.5, 1, 1.5, 2, 2.5, and 3%
NacCl concentration) was prepared from standard class
H,S0, acid solution obtained from Sigma-Aldrich, USA.

2.2 Potentiodynamic polarization and open
circuit potential evaluation

Corrosion kinetics was evaluated with potentiodynamic
polarization while corrosion thermodynamics was deter-
mined by open circuit potential evaluation. Both tests were
done at 308 K (ambient temperature) by adopting a Digi-Ivy
2311 potentiostatic apparatus. The apparatus which con-
sists of a triple cord electrode (Al and Zn work sample
electrode, Ag/AgCl threshold electrode, and Pt cord counter
electrode) was networked to a laptop computer. Polarization
data lines were produced at plot progression of 0.0015V/s
initiating at -2 to +0.75V. Corrosion potential, C, (V), and

Table 1: Wt.% Composition of Al and Zn alloys
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corrosion current density G (A/cm?) results were acquired

by Tafel computation. Corrosion rate C,. (mm/year) was retrieved

from the numerical values below;

0.00327 x G x Cy
D .

CRT = (1)

Here, E,, indicates the equivalent weight (g) of Al and
Zn, 0.00327 represents corrosion constant while D is the
density (g/cm®). Polarization resistance P, (Q) was assessed
from the following numerical formula:

i]
ICI' ’
where B, and B, indicate anodic and cathodic Tafel curves
(V/dec).

B,B.

2)
B, + B, (

B =2303

2.3 Optical microscopy analysis

Optical illustrations of Al and Zn work samples prior to and
following potentiostatic analysis in neutral chloride and
acid-chloride media at specific NaCl concentrations were
obtained and studied with an Omax trinocular metallur-
gical microscope.

3 Results and discussion

3.1 Potentiodynamic polarization studies

The potentiodynamic polarization plots for Al and Zn alloy
corrosion in neutral chloride and chloride sulfate electro-
lytes are shown in the following figures. Figure 1(a) and (b)
demonstrates the corrosion polarization plots for Al and Zn
alloys in neutral chloride media (0.5-3% NaCl concentra-
tion) while Figure 2(a) and (b) illustrates the corrosion
polarization plots for Al and Zn alloys in 0.0015 M H,SO,
media at 0.5-3% NaCl concentration in 0.0015M H,SO,
solution. Tables 2 and 3 presents the polarization data
obtained for both alloys from the neutral chloride and

Element Fe Si Cu Zn Ti Mg Pb Sn Al

Al alloy

Wt% composition 0.232 0.078 0.0006 0.0016 0.006 0.0027 0.0012 0.007 99.66
Element Fe Si Cu Zn Ti Mg Pb Sn Al
Zn alloy

Wt% composition — — — 100 — — — — —
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Figure 1: Potentiodynamic polarization diagram of (a) Al alloy and (b) Zn alloy in neutral chloride media (0.5-3% NaCl concentration).

acid-chloride solutions. The cathodic part of the polariza-
tion curves in Figure 1(a) and (b) substantially varies from
each other. The plots in Figure 1(a) depict a similar slope
configuration after 0.5% NaCl concentration which indi-
cates the cathodic-reduction reaction of the redox reaction
process (H, evolution and O, reduction) occurs under the
activation mechanism. The cathodic slope configuration
for Zn shows a limited Cl~ anion concentration effect on
the cathodic reaction process which invariably alters the
corrosion potential of the alloy [55]. Generally, the cathodic
reaction occurs according to equations (3)—(5) as follows:

2H" + 2e” > H,, 3)
0, + 2H;0 + 4e™ — 40H, 4
0, + 4H* + 4e” — 2H,0. (5)

The anodic reaction involves the diffusion of Zn** and
AI*" ions following ionization of the alloy surfaces within

the electrolyte [56]. The anodic polarization plots in Figure
1(a) and (b) substantially vary from each other. However,
the anodic plots within each figure also vary according to
the NaCl concentration. This variation shows the anodic
corrosion reaction mechanism is diffusion-controlled. While
the plot in Figure 1(b) depicts limited dissolution of the Zn
surface due to limited collapse of the inert oxide film initi-
ally formed on the alloy before passivation of the alloy
[57,58], Al alloy exhibited significant current transient peaks.
These peaks signify active-passive transition behavior on
the steel surface. The peaks extend to the region where
stable pitting initiates for the plots at 1-3% NaCl concentra-
tion. A gain in Cl” ion concentration causes the substitution
of OH™ ions on the Al surface resulting probably in the
interaction of CI” and net progression in corrosion rate as
shown in Table 2 [59]. However, the formation of passivating
oxide film (Al,03) during potential scanning strongly influ-
enced the overall reaction processes [60-62].
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Figure 2: Potentiodynamic polarization diagram of (a) Al alloy and (b) Zn alloy in 0.0015 M H,SO4 media at 0.5-3% NaCl concentration.

The reaction process in the presence of chloride on the
Al surface is summarized by the following equation (equa-
tions (6)-(13)):

Al - AT** + 3¢, (6)

A¥* + H,0 — Al(OH)** + H, @)
AI¥* + Cl - AICI*, ®
AI(OH)** + CI” - AI(OH)CI*, 9
AICI** + 2H,0 — AI(OH),CI + 2H, (10)
AI(OH)CI* + H,0 — Al(OH),CI + HY, 1
Al(OH),CI + H,0 Al(OH); + H* + CI, (12)

2A1(OH)s(amorphous) — y Al,O5 - HyO(boehmite) 13)
+ 2H,0.

Zn alloy displays a stable anodic passivation reaction
at all CI” anion concentrations during potential scanning.
The analogous anodic reaction process for Zn occurs as
follows:

Zn - Zn** + 2e". (14)

The strong attraction of Zn alloy for O, causes strong
resistance to active-passive transition behavior at all NaCl
concentrations. The passive portion on Zn stretches to the
transpassive portion of the anodic plot where pitting cor-
rosion initiates and grows.
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Table 2: Potentiodynamic polarization values for Al and Zn corrosion in neutral chloride media (0.5-3% NaCl concentration)

Nacl Corrosion rate  Corrosion Corrosion Corrosion Polarization Cathodic Tafel  Anodic Tafel
conc. (mm/year) current (A) current density potential (V) resistance, R, (Q)  slope, B. (V/dec) slope, B,
(%) (A/cm?) (v/dec)
Al alloy

0 0.031 279 x 107° 279 x 107® -1.019 9201.00 -7.843 4.240

0.5 0.043 3.95x10°° 3.95x107° -0.925 6504.00 -13.710 3.019

1 0.062 5.65x107° 5.65x107° -0.848 4725.00 1.446 -1.413
1.5 0.085 7.74 x 107° 7.74 x 107° -0.915 3318.00 -7.894 2.963

2 0.084 7.59 x 107° 7.59 x 1078 -0.930 3408.00 -7.164 13.720
2.5 0.086 7.84 x 107° 7.84 x 107° -0.867 3015.00 -19.830 1.601

3 0.082 7.48 x 107° 7.48 x 107° -0.814 3814.00 -10.550 4137

Zn alloy

0 0.432 2.90 x 107 2.90 x 107 -1.230 886.30 -2.567 -2.737
0.5 0.453 3.04 x107° 3.04 x 107° -1.233 823.20 -2.926 -2.119

1 0.465 3.12x107° 3.12x107° -1.292 796.10 -6.559 2.278

1.5 0.481 3.23x107° 3.23x107° -1.301 723.70 -6.422 2.943

2 0.554 372x107° 3.72x 107 -1.240 691.40 -2.212 0.046

2.5 0.653 438x107° 438x107° -1.251 653.20 -2.420 -3.202

3 0.691 463 x107° 463 x107° -1.250 586.70 -3.037 -2.941
Table 3: Potentiodynamic polarization values for Al and Zn corrosion in 0.0015 M H,SO4 media at 0.5-3% NaCl concentration

Nacl Corrosion rate  Corrosion Corrosion Corrosion Polarization Cathodic Tafel  Anodic Tafel
conc. (mm/year) current (A) current density potential (V) resistance, R, (Q)  slope, B. (V/dec) slope, B,
(%) (A/cm?) (V/dec)
Al alloy

0.5 0.037 334x107° 3.34x107° -0.857 5811.00 8.056 14.910

1 0.049 442 x107°° 442 x107°° -0.801 7694.00 -1.535 21.120
1.5 0.386 3.51x107° 3.51x 107 -0.698 733.10 -0.614 14.400

2 0.384 3.49 x 107° 3.49 x 107° -0.698 748.40 -3.414 12.080
2.5 0.385 3.50 x 107° 3.50 x 107° -0.701 736.20 -1.236 14.470

3 0.389 3.54 x107° 3.54 x 107 -0.734 721.00 -3.554 32.580
Zn alloy

0.5 0.465 312x107° 3.12x107° -1.047 822.90 -1.756 18.230

1 2.443 1.64 x 1074 1.64 x 1074 -1.048 156.70 -1.296 12.410
1.5 3.321 2.23x107* 2.23x107* -1.042 115.30 -1.118 11.590

2 3.863 2.59 x 1074 2.59 x 1074 -1.042 99.12 -1.107 13.700
2.5 4.308 2.89 x 107 2.89 x 107 -1.048 89.62 -2.402 12.010

3 5.016 337x107 3.37x107* -1.042 76.35 -0.554 14.430

Observation of Table 2 shows corrosion rate data for Al
and Zn alloys in the neutral chloride solution. Correlation of
the data shows Al is more resilient to general corrosion com-
pared to Zn despite significant thermodynamic instability on
the Al surface due to current transients. The corrosion rate of
Zn started at 0.432 mm/year (0.5% NaCl concentration) analo-
gous to corrosion current density of 29 x 107 A/cm* and
consistently increased to 0.691 mm/year (3% NaCl concentra-
tion) due to the reaction effect of the CI” anions analogous to
corrosion current density of 4.63 x 10 A/cm?. The increase in
Cl” anion concentration hastened the resolve of the inert film

on Zn alloy such that adsorbed O, molecules on the metal
surface are substituted by ClI” anions through aggressive
adsorption and removal reactions processes [63]. This exposes
the alloy to further corrosion reactions due to the evolution of
weak surface precipitates. The corrosion rate of Al alloy
initiated at 0.031 mmy/year (0.5% NaCl concentration) and con-
sistently increased to 0.085 mm/year at 1.5% NaCl concentration,
where it peaked. Beyond 1.5% NaCl concentration, corrosion
rate results varied, culminating at 0.082mm/year consistent
with a corrosion current density of 7.48 x 107° Ajem?® at 3%
NaCl concentration. The limited variation in corrosion rate
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data for Al shows the threshold CI” anion concentration was
attained from 15 to 3% NaCl concentration. The threshold
values are the product of the redox reactions on the Al surface
and the formation of precipitates.

The corrosion polarization plots in Figure 2(a) and (b)
substantially vary from the plots in Figure 1(a) and (b) due
to the additional presence of SO,%” anions within the elec-
trolyte. The dual electrochemical interaction of CI” and
S0,* anions ensured the anodic slope of the polarization
curves (Figure 2(a) and (b)) remains high at all CI” anion
concentrations. This is due to the collapse of the ionized Al
and Zn surfaces. This assertion is proven by the corrosion
rate results for Al and Zn in Table 3. The corrosion rate
results initiated at values of 0.047 and 0.465 mm/year (0.5%
NaCl concentration) and consistently progressed to values
of 0.389 and 5.016 mm/year. It is clearly stated that the
corrosion rate data for Al and Zn in the chloride-sulfate
solution are substantially greater than in the neutral
chloride solution, while the corrosion rate results for Zn
are substantially greater than the corresponding values
for AL The observation proves the chloride-sulfate solution
is much stronger and more aggressive than the neutral
chloride solution. Second, the precipitates deposited from
the reaction processes of the ClI7/SO,% anions are more
soluble when compared to the precipitates from the neutral
chloride media. The substantial rise in corrosion rate for Al
in the chloride-sulfate solution occurred at 1.5% NaCl con-
centration (0.386 mm/year). The reaction of Al with the 8042‘

anion occurs according to the following equations:
AP* + S0 - AlSO3, (15)

Al(OH)** + S03%™ — Al(OH)S03 . (16)

Corrosion resistance of Zn and Al alloys in dilute electrolyte = 7

Zn** reacts with H" ions and $O,*” ions with respect to
the following equations:

Zn + H,SO, — ZnSO, + H,. a7

Zn?** and 20H" ions react to produce Zn(OH), [64].

Zn?* + 20H - Zn(OH),. (18)

Cl” anions transport to anodic sites resulting in the
formation of Zns(OH)sCl,

SZH(OH)Z + 2CI" + Hzo - Zns(OH)8C12~H20 + 20H". (19)

The cathodic polarization curves in Figure 2(a) and (b)
depict a substantial reduction in the cathodic polarization
reaction toward the end of the polarization slope before
the intersection with the anodic plot. This is due to a
decrease in the H, evolution and O, reduction reactions
associated with enhanced impedance of the alloy surface
and a decrease in the diffusion of reducible species [65].
Significant current transients were visible on the anodic
cathodic polarization plot due to passivation reactions
associated with the transient collapse and passivation of
the protective oxide.

3.2 Passivation and pitting corrosion studies

Potentiostatic data for Al and Zn corrosion in a neutral
chloride solution were obtained from the potentiodynamic
polarization plots. Table 4 depicts the potentiostatic para-
meters obtained. Al and Zn are known to form protective
oxides on their surface when attacked by corrosive species.
This occurs due to the interaction of O, atoms inside the

Table 4: Potentiostatic data for passivation and pitting corrosion resilience of Al and Zn corrosion in NaCl media (0.5-3% NaCl concentration)

NaCl concentration (%) Corrosion Passivation Passivation Stable pitting Passivation
potential (V) potential (V) current (A) potential (V) range (V)

Al alloy

0.5 -0.925 — — -0.638 0.287

1 -0.923 — — -0.644 0.279

1.5 -0.928 — — -0.656 0.272

2 -0.920 — — -0.674 0.246

2.5 -0.867 — — -0.683 0.184

3 -0.814 — — -0.699 0.115

Zn alloy

0.5 -1.233 -1.200 3.10x 107 -1.010 0.223

1 -1.250 -1.220 2.68 x 107 -1.050 0.200

1.5 -1.244 -1.210 3.06 x 107 -1.040 0.204

2 -1.240 -1.220 2.70 x 107> -1.040 0.200

2.5 -1.251 -1.230 3.84x107° -1.050 0.201

3 -1.250 -1.230 3.08 x107° -1.050 0.200
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(a)

(b)

Figure 3: Optical representative images of (a) Al alloy and (b) Zn alloy before corrosion test.

electrolyte. The inert film suppresses electrochemical reac-
tions at the metal-solution interface [66,67]. The corrosion
potential is the value where the proportion of cathodic
and anodic mechanisms intersects on the polarization
plot and indicates their electrochemical properties. The pas-
sivation potential represents the potential where transient

corrosion pits disappear due to the passivation of the alloy
surface [68]. The stable pitting potential is the value at which
corrosion pits initiate and grow without the possibility of
collapsing while the passivation range gives an indication of
the resilience of the protective oxide. Table 4 shows the Al
alloy passivates after anodic polarization without the

(b)

Figure 4: Optical representative images of (a) Al alloy and (b) Zn alloy from neutral chloride solution at 3% NaCl concentration.



DE GRUYTER

evolution of transient corrosion pits (metastable pitting).
Hence, its passivation is almost instantaneous. However,
significant current transients are visible throughout the pas-
sivation region. The current transients are the results of
breakage and reformation of the protective oxide on the
Al surface. Nevertheless, the protective oxide is thermody-
namically unstable.

Comparing these to the potentiostatic data for Zn alloy,
it is evident that limited anodic polarization of the alloy
surface occurred before stable passivation of the Zn sur-
face. Metastable pitting activity is completely absent from
the polarization plots. The absence of current transients
shows the protective oxide is stable though it did not trans-
late to greater corrosion resistance considering the corro-
sion rate values in Table 2. Zn passivated at potential
values ranging from -1.20 V (3.10 x 107 A) at 0.5% NacCl to
-1.23V (3.08 x 107 A) at 3% NaCl concentration. The alloy
passivated at almost the same potential which extended up
to the potential for stable pitting (-1.010 to -1.050 V). Al
pitted at values ranging from -0.638V at 0.5% NaCl to
-0.699V at 3% NaCl. The passivation range values for Zn
alloy are generally lower than the corresponding values

Corrosion resistance of Zn and Al alloys in dilute electrolyte == 9

for Al alloy as shown in Table 4 at all NaCl concentrations.
This confirms that Al though more thermodynamically
unstable at the passivated regions exhibits a protective
oxide that is more resilient compared to the oxide on Zn
[69]. CI” anion concentration influences the passivation
range for Al alloy. The passivation range value for Al
decreases from 0.287V at 0.5% NacCl to 0.115V at 3% NaCl.
This contrasts the observation for Zn alloy where the passi-
vation range values after 0.5% NaCl concentration (0.223 V)
were generally stable till 3% NaCl concentration.

3.3 Optical microscopy analysis

Optical representative images of Al and Zn alloys after
corrosion in neutral chloride solution at 3% NacCl concen-
tration are revealed in Figure 3(a) and (b) while Figure 4
shows their representative images from the acid chloride
solution at 3% NaCl concentration at mag. x10, x40 and
x100. In agreement with the corrosion rate results from poten-
tiodynamic polarization, it is clearly visible in Figure 3(a) that

(b)

Figure 5: Optical representative images of (a) Al alloy and (b) Zn alloy from acid-chloride solution at 3% NaCl concentration.
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localized deterioration occurred on the surface of Al alloy.
Localized deterioration occurred along the grain boundary
simultaneously with the general surface corrosion. The loca-
lized deterioration is responsible for the current transients
due to active—passive transition properties of the protective
oxide [70]. This phenomenon proves the resilience of the
oxide film. However, under-induced potential corrosion will
eventually occur. Comparing this to the optical image in
Figure 3(b), it is established that Zn underwent general sur-
face deterioration. The effect of localized corrosion is negli-
gible. This is due to the microstructural and metallurgical
properties of Zn which significantly differs from Al alloy.
The extent of localized surface deterioration on Al increased
in the presence of combined Cl” and SO,*” anions as shown in
Figure 4(a). Adsorbed O, atoms responsible for the formation
of Al,0; were displaced by the corrosive anions which
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exposed the substrate Al alloy to corrosion. This observation
also applies to Zn as depicted in Figure 4(b) where the
degree of general surface deterioration is much higher.

3.4 Open circuit potential analysis

Open circuit potential plots for Al and Zn at 0.5% and 3%
NaCl concentrations from the neutral chloride and acid-
chloride solutions were produced as shown in Figures
5(a) and (b). In agreement with the results from potentio-
dynamic polarization test, Figure 5(a) shows Al alloy in
neutral chloride solution displayed greater corrosion resi-
lience and increased protective oxide evolution during
potential monitoring. The plot at 0.5% NacCl concentration

-0:370 + I
-0.470 7 —_ AI0.5% NaCl
5 "0-570 - —AI3% NaCl
o ——2Zn 0.5% Nadl
L 0670 4 Zn 3% Nad
& -0.770 s RN e
%) /
> 0870 4\ [ /
> e
& -0.970 —‘;{/ R S R
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(b)

Figure 6: OCP Plot for Al and Zn alloys in (a) neutral chloride solution and (b) acid-chloride solution at 0.5 and 3% NaCl concentration.
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initiated at -1.216 V (0 s), a significant electronegative value
due to its amphoteric nature. The surface characteristics of
the Al results in spontaneous electrochemical reactions, i.e.
instantaneous collapse and subsequent repassivation of
the protective oxide. Electropositive shift of the OCP plot
occurred to 901.8 s (-0.524 V). It must be noted that the shift
is due to the growth of Al,03 on Al alloy [71]. The compe-
titive reaction of O, and Cl™ ionic species results on the
alloy surface results in adsorption of O, atoms responsible
for oxide formation. Though this observation is specific to
0.5% NaCl concentration. Beyond 900s of exposure, the
OCP plot for Al is relatively stable, but the potential tran-
sients show the electrochemical properties of the protec-
tive oxide is unstable till 7,200s at —0.399 V. Comparing
these observations to the plot at 3% NaCl concentration,
it is very probable that increase in Cl~ anion concentra-
tion increased the corrosion tendency of the Al alloy as
depicted in the plot configuration [Figure 6(a)]. The electro-
positive shift associated with Al at 5% NaCl concentration
has significantly decreased. The plot at 3% NacCl concen-
tration initiated at —0.844 (0 s), underwent a minor elec-
tronegative shift till —0.948 V at 269.6 s before shifting
electropositively to -0.801V at 808.21s. Henceforth, from
this value, the OCP plot was thermodynamically stable till
-0.771V at 7,200 s. It is also visible that the potential transi-
ents have decreased.

Comparing the thermodynamic behavior of Al to Zn in
NaCl, Zn at 0.5, and 3% NacCl concentration displayed the
same OCP plot configuration. The plots initiated at —1.205
and -1.268 V shifted electropositively before reaching ther-
modynamic equilibrium at -0.929 V (132.4 s) and -1.007V
(282.8 s). The corrosion rate values at 7,200 s are —0.977 and
-0.996 V which is significantly more electronegative than
the corresponding values for Al alloy. However, potential
transients are completely absent due to the stability of the
protective oxide on Zn in spite of its higher corrosion ten-
dency. The plot configuration for Zn in the acid-chloride
solution at 0.5 and 3% NaCl concentration [Figure 6(b)]
was usually the same as that of Zn in the neutral chloride
solution [Figure 6(a)]. The OCP values started at —1.03 and
-1.24V (0 s) and underwent a sharp electropositive shift to
-0.990V at 200s. After this section, the OCP plot was gen-
erally constant till -0.96 and -0.98 V at 7,200 s. In the pre-
sence of the combined electrochemical influence of CI” and
SO,* anions, the electrochemical properties of the Zn sur-
face were generally stable. The OCP plot for Al in the acid-
chloride solution exhibited substantial potential transient
throughout. The degree of instability is much higher for
the Al plot at 3% NaCl concentration. Both plots (Al at 0.5
and 3% NaCl concentration) initiated at —0.684 and -0.753 V
(0s) and terminated at —0.602 and -0.666 V (7,200 s)
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4 Conclusion

Analysis of the corrosion resistance and passivation beha-
vior of aluminum and zinc alloys in neutral chloride and
acid chloride solutions shows the protective oxide on alu-
minum is more resilient to general and localized deteriora-
tion in the presence of CI” and $O,*” anions. The corrosion
potential of zinc polarization plots was significantly more
electronegative compared to the values for aluminum. The
passivation range values for aluminum were significantly
wider than the values for zinc despite visible thermody-
namic instability. Data from open circuit potential mea-
surement show significant formation and growth of the
protective oxide aluminum which is responsible for its
higher corrosion resistance compared to zinc. Zinc alloy
despite its lower corrosion resistance compared to alu-
minum exhibited thinner and less resilient oxide formation
which exhibits more thermodynamic stability. Localized
deterioration occurred along the grain boundary simulta-
neously with the general surface corrosion on the surface
of Al alloy. The deterioration is responsible for the signifi-
cant current transients on the polarization plots. Zn under-
went general surface deterioration which became more
adverse in the presence of CI/SO,*~ anions. This phenom-
enon is due to differences in the microstructural and metal-
lurgical properties of Zn compared to Al alloy.
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