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Abstract: The aftermath of Cl− anion concentration reactions
on the corrosion resistance of pure Zn metal in 0.0625M
H2SO4 was examined by potentiodynamic polarization,
optical representations, scanning electron image analysis,
energy dispersive X-ray (EDX) spectroscopy, open-circuit
potential analysis, X-ray diffractometry, weight loss method
and X-ray fluorescence. The results show that the degrada-
tion of Zn increased with an increase in the chloride con-
centration from 4.089 and 0.218mm/year to 10.085 and
4.015mm/year (polarization and weight loss). The corrosion
potential at 0.0625M H2SO4 to 0.0625M H2SO4/0.5% NaCl
concentration displayed minimal variation (−1.535 to −1.519 V),
whereas a significant shift was observed for the plots at
0.0625M H2SO4/1% NaCl and 0.0625M H2SO4/2% NaCl (−1.384
and −0.932 V). The weight loss plot at all Cl− anion concen-
trations displayed an ordered decrease in the corrosion rate
analogous to exposure times. The scanning electron micro-
scopic images of Zn in 0.0625M H2SO4/2% NaCl solution
showed significant deterioration and corrosion pits. The
image at 0.0625M H2SO4 solution revealed limited localized
and general surface deterioration, while the corresponding
EDX data depict the presence of S. The Zn open-circuit
potential plot from a 0.0625M H2SO4 solution was relatively
electropositive compared to the plot from a 0.0625M H2SO4/
2% NaCl solution. Both plots exhibited limited reactive-inert
transition properties and attained relative thermodynamic
equilibrium after 600 s of exposure with final corrosion
potentials of −0.91 and −0.97 V at 7,200 s. Zn was the only
crystallographic phase identified on its surface before corro-
sion, whereas ZnS, ZnFes, ZnMnS, ZnMnFeS, and ZnMg4
corrosion products were identified after corrosion.

Keywords: zinc, corrosion management, NaCl, environ-
mental degradation, H2SO4

1 Introduction

Ferrous alloys such as stainless steels, carbon steels, tool
steels, low-grade alloys, etc., are the most applicable mate-
rials currently in use worldwide coupled with ongoing
research to improve their engineering properties for
optimal application in astringent environments [1–6]. How-
ever, they are prone to corrosion leading to economic and
financial loss in a variety of industries [7–9]. Protection of
steel parts, structures, columns, fittings, pipes and compo-
nents is of utmost economic importance [10,11]. One of the
most cost-effective, versatile, resilient and proven methods
for the protection of steel is by Zn coatings. Zn offers sig-
nificant cost-effective protection against metallic corrosion
in atmospheric environments through cold-dip galvanizing,
hot-dip galvanizing, galvannealing, electro-galvanizing, con-
tinuous-line galvanizing, zinc plating and spraying, mechan-
ical plating and zinc-pigment paints [12]. Zn is the fourth
most utilized metal globally with about 50% of Zn produc-
tion applied in Zn galvanizing processes [13]. It represents
the 23rd most available material in the earth’s encrustation
at 0.013%. The most common application of Zn is its usage as
an anti-corrosion coating [14,15]. Other applications include
white pigmentation in paints, catalyst in rubber production,
manufacture of protective agents for rubber polymers and
plastics, production of photocopying materials [16,17], pro-
pellant in model rockets [18], and corrosion protection for
roofing sheets and petrochemical infrastructure [19,20]. The
exceptional corrosion resistance of Zn is due to the evolu-
tion of a barrier coating that stifles further corrosion of
the Zn surface by its exposure to atmospheric elements
such as fog, rain, gases, dew, soot, snow, humidity and reac-
tive dust. The reaction of Zn with O2 results in the formation
of a thin, corrosion-resistant oxide layer that further reacts
with moisture leading to the formation of zinc hydroxide
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and, subsequently, resilient and chemically stable zinc car-
bonate after reacting with CO2 [21]. Zn corrosion is influ-
enced by the environment in which it is applied [22,23].
Salt composition within marine conditions significantly
influences Zn corrosion [24]. Nevertheless, coatings of
Zn have been applied for generations to protect steel
from corrosion with some coatings still very effective
after a century. Zn and metallic parts coated with Zn
exhibits substantially extended operational lifespan com-
pared to some other alloys exposed to the atmosphere.

2 Experimental methods

2.1 Materials and preparation

Square-shaped Zn sheets with surface proportions of
100mm × 100mm × 50mm (length, breadth and thickness)
were split into sevenwork samples with dimensions of 1 cm ×

2 cm using a manual hand tool for weight loss measurement,
potentiostatic analysis and open-circuit potential evaluation.
Elemental analysis of the Znwork piece was performed with
a PhenomWorld high-resolution electron microscope at
the Covenant University Central Instrumentation Research
Facility, Ota, Ogun State, Nigeria. The energy dispersive
X-ray (EDX) microanalysis, represented in Figure 1, shows
the Zn spectrum image with wt% compositions of 100%
metallic Zn. Cu cables were affixed to Zn workpieces with
soft solder before being enmeshed pre-solidified acrylic
paste. The exterior area of the Zn workpiece was graded
with SiC sheets (60–1,500 grits), brightened with a 3 µm dia-
mond mixture and washed with de-mineralized H2O and
dimethyl ketone. And 0.0625M H2SO4 solution was concocted
from standard class H2SO4 acid solution. The recrystallized

NaCl at 0.0625, 0.125, 0.25, 0.5 and 1% was added to the acid
solution. The electrochemical and weight measuring instru-
ments were checked for any likelihood of systematic anoma-
lies. The performance of both instruments is limited by their
precision and accuracy. Instrument calibration, hardware
test and test for reproducibility of consistent results were
done for the instruments.

2.2 Potentiodynamic polarization and open-
circuit potential evaluation

Corrosion kinetics was evaluated by potentiodynamic polar-
ization while corrosion thermodynamics was determined 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 consists of
a triple cord electrode (Zn workpiece electrode, Ag/AgCl
threshold electrode and Pt cord counter electrode), was net-
worked to a laptop computer. Polarization data lines were
drawn at a plot progression of 0.0015 V/s initiating at −1.55 to
+1.1 V. The corrosion potential, Cp (V), and the corrosion
current density, Cj (A/cm2), values were acquired by Tafel
computation. The corrosion rate, Cr (mm/year), is quantified
from the following numerical values:
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where Ba and Bc are anodic and cathodic Tafel slopes
(V/dec).

2.3 Weight loss measurement

The Zn workpieces were placed in 200mL of a 0.0625 M
H2SO4 solution at NaCl concentrations of 0.0625, 0.125, 0.25,
0.5, 1 and 2% for 168 h of exposure. The weight measure-
ment of Zn was done once in 24 h. The corrosion rate, CRT
(mm/year), is calculated as:
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Figure 1: EDS spectrum for Zn workpieces.
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whereWL is the weight loss (g), D is the density (g/cm3), t is
the time (h), A is the exposed surface area of the Zn work-
piece (cm2) and 87.6 is a constant for the corrosion rate.

2.4 Scanning electron microscopy (SEM), EDX
and optical microscopy analysis

The Zn workpieces were suspended for 240 h in the acid-
chloride solution. SEM images of Zn were obtained using a
PhenomWorld scanning electron microscope prior to and
following the corrosion test. Optical illustrations of Zn
workpieces prior to and following the weight loss test
at specific NaCl concentrations in the acid media were
obtained and studied with an Omax trinocular metallur-
gical microscope and USB digital microscope after weight
loss evaluation.

2.5 X-ray diffractometry (XRD) and X-ray
fluorescence (XRF)

XRD data and the information on the component phases,
compounds, impurities, precipitates, etc., on Zn workpieces
from weight loss tests at a specific NaCl concentration,
were obtained after scanning with a Rigaku D/Max-lllC
X-ray diffractometer at a sweep rate of 2°/min within
2–50° at ambient temperature with a Cu K-alpha radiation
established at 40 kV and 20mA in 2θ. The diffraction results
(correlationmagnitude) receivedwere compared to threshold
results obtained from the mineral powder diffraction folder

(ICDD) containing the threshold information of over 3,000
minerals. The composition of the Zn surface and its corroded
specimens was evaluated using a Lab-X3500 Benchtop XRF
Analyser with detection limits at ppm to 100%. The Lab-X
3500 instruments are fitted with Oxford Instruments
Analytical Software Package, ASP3500, and pre-defined
calibrations.

3 Results and discussion

3.1 Potentiodynamic polarization and
optical microscopy characterization

Potentiodynamic polarization plots produced from the
Zn reaction in 0.0625 M H2SO4, 0.0625 M H2SO4/0.0625%
NaCl, 0.0625M H2SO4/0.125% NaCl, 0.0625M H2SO4/0.25%
NaCl, 0.0625M H2SO4/0.5% NaCl, 0.0625M H2SO4/1% NaCl
and 0.0625M H2SO4/2% NaCl solutions are represented in
Figure 2. Table 1 shows the potentiodynamic data retrieved
from the plots. Figure 3a–d shows the optical images of the
Zn surface after the polarization test. The plots at 0.0625M
H2SO4 to 0.0625M H2SO4/0.5% NaCl concentrations displayed
minimal variation in corrosion potentials, i.e., from −1.535 to
−1.519 V compared to the plots at 0.0625M H2SO4/1% NaCl
and 0.0625M H2SO4/2% NaCl solutions exhibiting corrosion
potential values of −1.384 and −0.932 V. This variation is due
to the effect of the Cl− anion concentration within the elec-
trolyte, which influenced the redox reaction behavior of
Zn. Zn corrodes relatively slower at a low Cl− anion concen-
tration due to the evolution of a protective oxide on its sur-
face [25]. The Cl− anions within the acid electrolyte diffuse
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Figure 2: A potentiodynamic polarization plot of Zn in a 0.0625 M H2SO4 to 0.0625 M H2SO4/2% NaCl solution.
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through the protective oxide film, causing corrosion of Zn
[26,27]. Zn corrosion in acid chloride solutions occurs through
two processes [28]. The cathodic half-cell is the reduction of O2

and evolution of H2 gas:

+ + →− −O 2H O 4e 4OH ,2 2 (4)

+ →+ −2H 2e H .2 (5)

The corresponding anodic half-cell reaction is the oxi-
dation of Zn:

→ ++ −Zn Zn 2e .2 (6)

Zn2+ reacts with H+ ions and SO4
2− ions according to

the following equation:

+ → +Zn H SO ZnSO H .2 4 4 2 (7)

The Zn2+ and 2OH− ions react to produce Zn(OH)2 [29]:

( )+ →+ −Zn 2OH Zn OH .2
2 (8)

The Cl− anions transport to anodic sites resulting in the
formation of Zn5(OH)8Cl2:

( ) ( ) ·+ + → +− −5Zn OH 2Cl H O Zn OH Cl H O 2OH .2 2 5 8 2 2 (9)

The polarization plots at 0.0625MH2SO4 to 0.0625MH2SO4/
0.125% NaCl concentrations displayed a cathodic potential shift
due to the collapse of the inert oxide [30,31], whereas from
0.0625M H2SO4/0.25% NaCl to 0.0625M H2SO4/2% NaCl con-
centrations, the corrosion potential shift was anodic. Beyond
a 0.0625 M H2SO4/0.125% NaCl concentration, the reaction
effect of Cl− anions on the Zn surface in the H2SO4 solution
surpassed the ZnO on the Zn surface leading to its deterioration.

Table 1: Potentiodynamic polarization data for Zn corrosion in a 0.0625 M H2SO4/2% NaCl solution

Sample NaCl
concentration
(%)

Corrosion
rate, CR
(mm/year)

Corrosion
current, I (A)

Corrosion
current
density, J
(A/cm2)

Corrosion
potential,
CP (V)

Polarization
resistance,
Rp (Ω)

Cathodic
Tafel slope,
Bc (V/dec)

Anodic
Tafel
slope, Ba
(V/dec)

A 0 4.089 3.48 × 10−4 2.74 × 10−4 −1.535 73.76 −4.399 8.414
B 0.0625 4.118 3.51 × 10−4 2.76 × 10−4 −1.547 73.44 −5.984 1.221
C 0.125 4.127 3.52 × 10−4 2.77 × 10−4 −1.547 73.08 −4.546 15.810
D 0.25 5.259 4.48 × 10−4 3.53 × 10−4 −1.540 61.60 −4.627 15.400
E 0.5 6.515 5.55 × 10−4 4.37 × 10−4 −1.519 48.54 −2.568 14.020
F 1 7.398 6.30 × 10−4 4.96 × 10−4 −1.384 39.70 −3.334 13.250
G 2 10.085 8.59 × 10−4 6.77 × 10−4 −0.932 29.90 −4.495 11.860

Figure 3: Optical representations of Zn surfaces: (a) preceding corrosion, (b) following corrosion in 0.0625 M H2SO4, (c) following corrosion in
0.0625 M H2SO4/0.0625% NaCl and (d) following corrosion in 0.0625 M H2SO4/2% NaCl.
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The optical images in Figure 3b depict general surface dete-
rioration due to the reaction effect of SO4

2− anions within
the electrolyte compared with Figure 3a. In the presence of a
low Cl− anion concentration, the competitive adsorption/
reaction of Cl− and SO4

2− anion results in a superficial gen-
eral surface deterioration at a magnification of ×10 and
visible localized deterioration of Zn surface at a magnifica-
tion of ×100. At a 2% Cl− anion concentration, the extent of
Zn surface deterioration is very severe (Figure 3d). Table 1
shows a progressive increase in the Zn corrosion rate
values. The corrosion reactions occur at the metal–solution
interface within the acid chloride solution [32]. The corro-
sion rates vary from 4.089mm/year in a 0.0625M H2SO4

solution to 10.085mm/year in a 0.0625M H2SO4/2% NaCl con-
centration. At 0.0625M H2SO4 to 0.0625M H2SO4/0.125%
NaCl concentrations, the variation in the corrosion rate is
minimal due to the effective protection of the Zn surface
within the electrolyte by ZnO. However, at a 0.0625M
H2SO4/0.25% NaCl concentration, the corrosion rate of Zn

significantly increases to 5.259mm/year, indicating the threshold
Cl− anion concentration for accelerated corrosion. This
observation continued till a 0.0625M H2SO4/2% NaCl concen-
tration. The polarization plots from 0.0625M H2SO4/0.25%
NaCl to 0.0625M H2SO4/2% NaCl show a cathodic potential
shift in agreement with an increase in the Zn corrosion rate
analogous to the Cl− anion concentration. This occurred with
an increase in the anodic/cathodic Tafel plots.

3.2 Open-circuit potential and XRF analysis

The open-circuit potential plots for Zn corrosion in 0.0625M
H2SO4, 0.0625M H2SO4/0.0625% NaCl and 0.0625M H2SO4/2%
NaCl solutions are presented in Figure 4. Table 2 depicts the
XRF results retrieved from the analysis of Zn surfaces prior
to corrosion and following corrosion in the solutions men-
tioned earlier. The Zn plot in a 0.0625M H2SO4 solution
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Figure 4: An open-circuit potential plot for Zn corrosion in 0.0625 M H2SO4, 0.0625 M H2SO4/0.0625% NaCl and 0.0625 M H2SO4/2% NaCl solutions.

Table 2: XRF analysis data on the concentration of oxides on Zn surfaces

Oxides As received 0.0625M H2SO4 0.0625M H2SO4/0.0625% NaCl 0.0625M H2SO4/2% NaCl

Counts per
second

% Conc. of
oxides

Counts per
second

% Conc. of
oxides

Counts per
second

% Conc. of
oxides

Counts per
second

% Conc. of
oxides

Fe2O 8,378 3.03 6,315 0.292 1,526 0.268 6,201 0.292
TiO2 2,116 0.94 1,435 0.064 687 0.023 1,426 0.063
CaO 1,830 3.31 1,300 0.296 665 0.254 1,256 0.293
K2O 791 0.5 590 0.025 297 0.148 595 0.024
SiO2 394 65.87 418 6.581 410 6.582 504 6.566
ZnO 175 0.6 204 92.8 180 90.4 336 91.2
Al2O 171 3.21 166 0.316 145 0.298 264 0.303
MgO 54 0.46 41 0.046 24 0.046 53 0.046
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exhibited the most electropositive data plots indicating
higher resistance to surface oxidation. The plot initiated at
−0.95 V (0 s) moderately increased to −0.92 V at 800.01 s of
exposure due to the initial corrosion of the Zn surface before
the onset of protective oxide formation. Beyond 800.01 s, the
plot showed relative stability before culminating at −0.91 V
(7,200 ns). Though the plot configuration indicates signifi-
cant active/passive transition behavior on the Zn surface
during exposure as the protective oxide on Zn continues
to grow. The XRF data in Table 2 show that Fe2O, CaO,
SiO2, Al2O and ZnO oxides exhibit the highest concentration
among the oxides on the Zn surface before corrosion com-
pared to the other oxides. The concentrations of these oxides
(excluding ZnO) decreased in the acid and acid chloride
electrolytes when compared to the values obtained for as-
received Zn. Simultaneously, the concentration of ZnO sig-
nificantly increased due to the redox reaction effect of the
corrosive anions in H2SO4 and H2SO4/NaCl solutions. In the
presence of these corrosive species, ZnO is formed on the Zn
surface. These oxides influenced the semi-conductor proper-
ties of Zn surfaces before and during the corrosion reaction
processes, and hence, invariably the corrosion resistance
of Zn and its thermodynamic properties. The Zn plot at
0.0625M H2SO4/2% NaCl solution depicts the most electro-
negative plot configuration due to the combined reaction
effect of Cl− and SO4

2− anions in the electrolyte. The plot
initiated at −1 V sharply increases to −0.97 V at 494.4 s.
Beyond this point on the plot, the relative thermodynamic
stability of the Zn surface was attained compared to the Zn
plot at 0.00625M H2SO4. The plot eventually culminated at
−0.96 V at 7,200 s of exposure. The corrosion potential values
of the plots align with the results obtained from potentiody-
namic polarization where an increase in the Cl− anion

concentration leads to the breakdown of the protective
oxide on the Zn surface and exposure of the substrate metal
to corrosion.

3.3 SEM, EDX and weight loss analysis

The weight loss data of Zn corrosion at a specific Cl− anion
concentration are presented in Figure 5. Table 3 indicates
the weight loss data at 168 h of examination. SEM images
(mag. ×2,000 and ×3,000) of Zn before corrosion, after cor-
rosion in a 0.0625 M H2SO4 solution and after corrosion in a
0.00625 M H2SO4/2% NaCl solution are shown in Figure
6a–c. Table 4 shows the EDX data for the SEM images.
The weight loss data plots show that the Zn corrosion beha-
vior at a specific Cl− anion concentration depicts a similar
plot configuration throughout the exposure hours sig-
nifying similar redox reaction processes of Zn in the acid
electrolyte. However, the corrosion rates increased with an
increase in the Cl− anion concentration. It is also observed

Figure 5: A corrosion rate plot for Zn corrosion in 0.00625 M H2SO4 to 0.0625 M H2SO4/2% NaCl solution.

Table 3: Weight loss data for Zn corrosion in a 0.0625 M H2SO4 solution
at 0.0625–2% NaCl concentration at 168 h of exposure

NaCl
concentration (%)

Weight loss,
WL (g)

Corrosion rate, CRT
(mm/year)

0 0.196 1.562
0.0625 0.209 1.670
0.125 0.213 1.700
0.25 0.225 1.798
0.5 0.239 1.906
1 0.249 1.990
2 0.503 4.015

6  Roland Tolulope Loto



that the corrosion rate of Zn at all concentrations generally
decreased after 48 h of exposure to 168 h. At 0% Cl− anion
concentration, the corrosion rate initiated at 0.218 mm/
year progressively increased to 2.381 mm/year (48 h) before

terminating at 1.562 mm/year (168 h). The corresponding
SEM image in Figure 6b shows extensive but limited sur-
face deterioration compared to Figure 6a, which shows the
bulk Zn morphology before corrosion. The corresponding
EDX data in Table 4 show 100% wt concentration of Zn on
the surface. The presence of S in Figure 6b shows that SO4

2−

anions are accountable for the deterioration of Zn surfaces.
Second, the presence of O (atomic concentration of 48.96%
and wt concentration of 22.03%) within the same figure was
detected at significant concentrations simultaneously with a
decreased Zn concentration. This is probably due to the for-
mation of ZnO during or after immersion in a 0.0625M H2SO4

solution. The addition of Cl− anions to the acid electrolyte at
0.0625, 0.125 and 0.25% concentrations (weight loss analysis)
marginally increased the corrosion rate of Zn from initial
values of 0.425, 1.805 and 2.336mm/year at 24 h to 1.670,
1.700 and 1.798mm/year at 168 h of exposure. However, at
0.5 to 1% Cl− anion concentrations, a substantial increase in
the corrosion rate of Zn was observed due to the presence of
excess Cl− anions in the acid electrolyte. At a 2% Cl− anion
concentration, the corrosion rate of Zn significantly increased
between 4.376mm/y at 24 h and 4.015mm/year at 168 h.
Figure 6c shows a visible degraded Zn morphology due to
the electrochemical action of SO4

2− and Cl− anions. The cor-
responding EDX data (Table 4) show a significant presence of
S, Cl and O, which are actively involved in the redox electro-
chemical reactions taking place on Zn surfaces.

Figure 6: SEM images and EDX data for Zn: (a) preceding corrosion test,
(b) following corrosion in 0.0625 M H2SO4 solution and (c) following
corrosion in a 0.0625 M H2SO4/2% NaCl solution.

Figure 6: (continued)
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Table 4: EDX data for Zn preceding the corrosion test, following corrosion in 0.0625 M H2SO4 solution and following corrosion in a 0.0625 M H2SO4/
2% NaCl solution

Zn Zn in 0.0625 M H2SO4 Zn in 0.0625 M H2SO4/2% NaCl

Element
symbol

Atomic
conc.

Weight
conc.

Element
symbol

Atomic
conc.

Weight
conc.

Element
symbol

Atomic
conc.

Weight conc.

Zn 100 100 O 51.66 22.93 Zn 90.19 97.02
Zn 38.24 66.98 O 8.47 2.23
S 8.81 7.94 Cl 0.68 0.40
N 0.60 1.21 S 0.66 0.35
Zr 0.48 0.95

Figure 7: XRD peaks for Zn: (a) preceding corrosion, (b) following corrosion in a 0.0625 M H2SO4 solution and (c) following corrosion in a 0.0625 M
H2SO4/2% NaCl solution.
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3.4 XRD

XRD of Zn after application of electrochemical techniques
in the acid chloride electrolyte prior to corrosion, following
corrosion in 0.0625 M H2SO4, and following corrosion in
0.0625 M H2SO4/2% NaCl solution was performed, and the
results are shown in Figure 7–c. The figures also depict the
corresponding optical images of the Zn surface at magni-
fications of ×5 and ×20. The diffraction peaks shown in
Figure 7a (Zn(002), Zn(100), Zn(101), Zn(102), Zn(103), Zn
(110), Zn(112), Zn(200) and Zn(201)) generally indicate the
presence of a pure Zn metal and its crystalline nature
[33,34]. The corresponding peaks occurred at 2Ɵ = 30.3°,
34.5°, 35.8°, 46.5°, 55.5°, 63.2°, 66.3°, 68.6°, 70.2° and 73.3°
for Zn before the corrosion test. The highest peaks in these
figures occurred at 30.3°, 34.5° and 35.8°, which match the
Zn (100), Zn (101) and Zn (002) phases, respectively [35].
Most corrosion products on Zn surfaces are crystalline,
and insoluble and tend to add to the corrosion resistance
of the Zn H2SO4 solution [36]. The peak data in Figure 7b at
2Ɵ = 38.5°, 40.4°, 42.6°, 50.4°, 57.1°, 64.5°, 65.6°, 66.3° and 73.5°
generally indicate the presence of ZnS, ZnFeS and ZnMnS.
The peak data of Figure 7c (2Ɵ = 26.5°, 30.4°, 35.6°, 36.4°,
40.1°, 42.3°, 47.4°, 50.2°, 55.3°, 63.4°, 66.4°, 67.2° and 67.3°)
show the presence of ZnS, ZnFeS and ZnMnS, ZnMg4 and
ZnMnFeS phases compared to the presence of impurities
detected with EDX and XRF analysis.

4 Conclusion

Zn exhibited intermediate resistance to corrosion in a
0.0625 M H2SO4 solution and within it at low Cl− anion
concentrations where the reactive/inert transition beha-
vior of the corrosion polarization plots was marginal. A
higher Cl− anion concentration above 0.5% results in a
significant anodic corrosion potential shift and extensive
localized and general morphological deterioration of the
metal. Variation in the Cl− anion concentration has limited
influence on the corrosion properties of Zn analogous to
exposure times, despite an increase in the corrosion rate.
EDX analysis before corrosion indicates 100% Zn content,
wt%. Although, the exposure to H2SO4 captures the pre-
sence of S while Cl was captured in the presence of Cl−

anions. However, the presence of other impurity elements
in trace concentrations was discovered after the partial
destruction of the Zn substrate metal. The open-circuit
potential plots of Zn in the acid chloride solution indicate
limited thermodynamic instability on Zn surfaces. However,
the Cl− anion concentration dictates the potential shifts of

the plots. Crystallographic phases and compounds on Zn
were significantly influenced by the electrochemical action
of Cl− and SO4

2− anions.
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