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The corrosion behavior of a thermal-sprayed stainless steel (SS)-coated Q235 steel has been investigated in
simulated soil solutions using electrochemical measurements, x-ray photoelectron spectroscopy analysis,
and scanning electron microscope. The as-received Q235 steel and galvanized steel for grounding grids were
also examined for the purpose of comparison. The effects of pH value of testing solutions have been
examined. The thermal-sprayed SS-coated steel showed the best corrosion resistance among the three kinds
of materials. With increasing pH value, the corrosion resistance of SS-coated Q235 steel increased. In weak
alkaline solutions, the SS-coated Q235 steel showed the largest polarization resistance (3.23 105 X cm2),
the lowest anodic current density (1.43 1022 lA/cm2), and the largest film resistance (4.53 106 X cm2),
suggesting that the coated steel has the best corrosion resistance in weak alkaline environment. Related
corrosion mechanisms are also discussed.
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1. Introduction

Substations grounding grids play an important role in
maintaining the stable operation of power system and ensuring
the safety of operators and equipment. China mainly uses
ordinary carbon steels typically such as Q235 steel or
galvanized steel (hot-dipped Zn-coated carbon steel) as
grounding materials at present. But these two materials are
prone to corrosion when they are buried in the complex soil
environments (Ref 1-4). Some grounding grids suffer from
severe corrosion and even break during long-term service,
which directly threats to the security of power system. Because
the area of the grounding grids is very large, and usually buried
deeply under the ground, it is rather difficult and costly to on-
site protect, overhaul, repair, or replace in-service underground-
ing grids. Although copper materials or copper-coated steels
have been used as common grounding materials in US, Japan,
and many European countries (Ref 5, 6), these materials still
have many deficiencies when used as grounding grids. In the
first place, the copper grounding grids will accelerate the
corrosion of adjacent steel frame. In the second place, copper is
a strategic material in China, and the resource is not rich.
Furthermore, the buried copper will cause serious pollution to

the water and soil. Finally, copper has good corrosion resistance
in alkaline soil, but in the acidic soil, its corrosion resistance is
similar to iron. Therefore, there is no doubt that copper is not
the ideal grounding material for China (Ref 7, 8). For the above
reasons, it is necessary to understand the corrosion behavior
and mechanism of the grounding materials and develop
corresponding protective methods or on-line diagnosis tech-
niques.

An ideal grounding material must have the following
characteristics: Firstly, the grounding grids should have
enough heat stability to sustain the powerful grounding
current. Secondly, the grounding grids should have good
corrosion resistance to meet the requirement of service life.
Thirdly, the grounding materials should have rich resources
and moderate cost. Moreover, the grounding materials should
be easy to process and construct. Last but not the least, the
grounding grid should not accelerate the corrosion of the
adjacent steel frame.

In recent years, arc thermal spraying metal coatings have
been widely applied to the engineering of the corrosion and
machine protection (Ref 9-11). The metals used for spraying
usually include zinc, aluminum, and stainless steels, etc.
Generally, thermal spraying method is the use of compressed
air to make the molten metal atomize into micro drops, and
make them deposit on the prepared substrate surface at high
speed to form a complete metal layer. According to the different
corrosion environments, corresponding corrosion resistant
coatings can be chosen, and the coating thickness can be
easily controlled. Hot dip galvanized methods, by contrast, can
only prepare zinc coating, and the thickness of the coating is
very limited. The technique of thermal spraying is very simple
and easy to operate. During the process of spraying, the
temperature of the substrate surface is relatively low and can be
controlled, thus it has little impact on the microstructure and
mechanical properties of the substrate, and the deformation of
the workpiece is also small. In addition, the technique of arc
thermal spraying has low cost but high efficiency, which make
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it become the preferred technology in spraying large area anti-
corrosion engineering structures. The coating made by thermal
spraying method has many advantages, such as compact,
homogeneous, strong adhesion, and so on. Thus, in industrial
atmosphere, seawater, and soil environments, the thermal
spraying technique has greatly increased the service life of
steel structures, which can reach more than 20 years (Ref 12).

In the present work, electrochemical corrosion behaviors of
thermal-sprayed stainless steel (SS)-coated Q235 steel, as-
received Q235 steel, and galvanized steel have been investi-
gated in simulated soil solutions. Effects of pH values of
solutions on the corrosion behavior of the above materials have
been examined. Related corrosion mechanisms are also dis-
cussed.

2. Experimental

2.1 Experimental Material

The as-received Q235 steel sheet and galvanized steel sheet
for grounding grids investigated in the present work were taken
from Hunan Provincial Electric Power Corporation. The
chemical compositions of the Q235 steel are 0.18C, 0.50Mn,
£ 0.30Si, £ 0.050S, £ 0.045P, and Fe balance. The thickness
of Zn coating for the galvanized steel is about 85 lm.

The SS coating consisting of 18 wt.% Cr, 9 wt.% Ni,
1 wt.% Ti, and Fe balance was prepared on the as-received
Q235 steel sheet using an arc thermal spraying method. The
Q235 steel sheet with dimensions of 809 809 5 mm was

Table 1 Simulated soil solutions used in this study

Solutions pH Value Na2SO4, mg/L NaHSO4ÆH2O, mg/L MgCl2Æ6H2O, mg/L NaOH, mg/L

1 3.53 … 447.5 26.04 …
2 4.79 … 8.95 26.04 …
3 7.03 9.216 … 26.04 …
4 9.60 9.216 … 26.04 4
5 12.26 9.216 … 26.04 400

Fig. 1 Microstructures of the three steels used in the present work: (a) the surface morphology of thermal-sprayed SS-coated steel; (b) the sur-
face morphology of as-received Q235 steel; (c) the cross-section microstructure of thermal-sprayed SS-coated steel; (d) the cross-section
microstructure of galvanized steel
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used as substrate. The substrates were degreased ultrasoni-
cally in acetone and grit blasted with corundum in order to
remove any contamination from the surface and generate
roughened surface that promotes coating adhesion. In order to
get a better bonding between the substrate and coating, a Ni
bond layer was sprayed between them. Compressed air was
used to remove any residue from the grit blasting. The arc
spraying voltage and current were 48 V and 120 to 130 A,
respectively.

Table 2 Fitted polarization resistance (Rp) values
(X cm2)

pH value Q235 steel Galvanized steel SS coating

3.53 483 971 1441
4.79 6575 8570 15230
7.03 9206 10862 247164
9.60 9227 8513 315370
12.26 180829 84399 299300

Fig. 2 Polarization curves of the three steels at different pH values
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2.2 Electrochemical Tests

The electrochemical tests were performed at room temper-
ature and under natural aeration condition. A three-electrode
cell was used with a platinum foil as counter electrode, a
saturated calomel electrode (SCE) as the reference electrode
with saturated KCl solution, and the test specimen as working
electrode. All potentials in this study were given versus SCE.
The working electrodes were sealed with epoxy resin to expose
an area of 1 cm2. The exposed faces were ground with silicon
carbide papers of 2000 grit size and rinsed with de-ionized
water just before the immersion.

Both linear polarization measurements and potentiodynamic
polarization curves were conducted using an EG&G 273A
Potentiostat. Linear polarization measurements were performed
in the potential range from �20 to 20 mVocp, and the
polarization resistance was fitted by PowerSuite software. The
potentiodynamic polarization curves were obtained at a con-
stant scan rate of 0.5 mV/s, and corrosion current densities
(icorr) were estimated by Tafel extrapolation. The detailed
description about the sweep rate had been given in our previous
work (Ref 13). Electrochemical impedance spectra (EIS)
measurements were performed with a frequency response
analyzer (EG&G 5210) coupled to a potentiostat (EG&G
273A). The frequency range was from 100 kHz to 10 mHz
with an amplitude of 10 mV (rms) at open circuit potential
(OCP). The obtained impedance spectra were fitted with
ZSimpwin software. After each EIS measurement, potentiody-
namic polarization tests were performed. Because the EIS was
conducted at OCP, it would not affect the following potentio-
dynamic measurements too much. The potentiostatic tests were
carried out only at pH 3.53 and 9.60 to further distinguish the
corrosion behavior of the SS-coated steel in the solutions at
different pH values. The samples for potentiostatic tests were
59 59 3 mm, which were sealed with silicone rubber except
the working face. The applied polarization potential was 200
mVabove the OCP, and the maintaining time was 60 min. Each
experiment in this work was repeated at least three times to
check the reproducibility of the measurements.

Table 1 shows the simulated soil solutions with pH value
ranging from 3.53 to 12.26, based on the primary anions in soil
in Yiyang area, Hunan Province, China. The electrolytes
were prepared from analytical grade MgClÆ6H2O, Na2SO4,
NaHSO4ÆH2O, NaOH, and de-ionized water.

2.3 Surface Analyses

X-ray photoelectron spectroscopy (XPS) analyses were
carried out using an ESCALAB 250 x-ray photoelec-
tron spectrometer. Photoelectron emission was excited by
monochromatic Al Ka source operated at 150 W with initial
photo energy 1486.6 eV. A survey spectrum was first recorded
to identify all elements present at the surface, and then high-
resolution spectra of Cr 2p, Fe 2p, Ni 2p, and C 1s were
recorded. The C 1s peak from contaminative carbon at
284.6 eV was used as a reference to correct the charging
shifts. The quantification of the species in the corrosion product
films was performed via XPS peak 4.1 peak fitting software.
The surface morphology of the specimens was examined by an
INSPECT F scanning electron microscope (SEM) operating at
25 kV.

3. Results

Figure 1 shows the microstructures of the three steels used
in the present work. The thickness of SS coating was about
1 mm, and the thickness of the Ni bond layer is approximately
100 lm. The SS coating displayed a wave stack lamellar
structure. Small amount of holes and oxide inclusions were
observed in the coating. The microstructure of Q235 steel
mainly consists of pearlite and ferrite. The thickness of
galvanized zinc layer is about 50 lm.

Table 2 shows the fitted polarization resistance (Rp) of the
three kinds of materials at different pH values. It can be found
that the Rp of as-received Q235 steel increased with increasing
pH value. In strong alkaline solution, the Rp of Q235 steel
increases rapidly. The corrosion behavior of galvanized steel
was similar to that of Q235 steel. In acidic or near neutral
solutions, the Q235 steel had smaller Rp than the galvanized
steel. However, in alkaline solution, especially in strong
alkaline solution, the Rp of galvanized steel was less than that
of Q235 steel. It was clear that in all solutions investigated
presently, the SS-coated Q235 steel exhibited the largest Rp

among the three kinds of materials. The Rp of SS-coated steel
increased with increasing pH value from 3.53 to 9.60, but the
Rp slightly decreased with a further increase of pH value to
12.26. This indicates that the corrosion mechanism of the

Table 3 Electrochemical parameters obtained from the Tafel extrapolation

Materials pH value icorr, lA/cm
2 Ecorr, mV bc, mV/dec ba, mV/dec

Q235 steel 3.53 60.73 �604.1 223.51 129.58
Galvanized steel 3.53 15.33 �1012.5 198.14 117.36
SS-coated steel 3.53 14.10 �463.9 135.70 94.80
Q235 steel 4.79 3.30 �513.1 209.02 99.04
Galvanized steel 4.79 3.16 �942.6 213.34 130.79
SS-coated steel 4.79 0.91 �271.3 126.30 141.00
Q235 steel 7.03 2.80 �502.3 167.37 108.34
Galvanized steel 7.03 2.88 �935.1 241.72 139.80
SS-coated steel 7.03 0.16 �189.7 71.46 116.94
Q235 steel 9.60 2.60 �525.3 150.64 108.24
Galvanized steel 9.60 3.50 �930.9 230.70 128.57
SS-coated steel 9.60 0.014 �220.2 37.10 101.80
Q235 steel 12.26 0.053 �416.6 69.91 96.68
Galvanized steel 12.26 0.23 �493.2 111.02 205.93
SS-coated steel 12.26 0.036 �251.1 80.80 182.40
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coated steel in simulated soil solutions may change with
increasing pH value.

Figure 2 shows the polarization curves of the three kinds of
materials at different pH values. The polarization curves with no
obvious Tafel region may be related to the scope of Y-axis (E)
too big in the graph (from �1.4 to 1.6 V). Also, some factors
can lead to the deviation of anodic polarization curves from
Tafel behavior. For example, the anodic dissolution makes the
surface rough, and the electrode reactions are affected by the
mass transfer process due to large polarization current (Ref 14).

In this case, the useful part of the curve had been enlarged to
make the Tafel region more obvious, and chose the linear region
or approximate linear region to carry out Tafel fitting. As the
corrosion current can also be determined by cathodic Tafel curve
alone, for the anodic polarization curves which exhibited
passivation characteristic, the cathodic Tafel curves had been
extrapolated back to zero overvoltage to determine icorr. All the
polarization curves were fitted on the basis of the above rules.
Although there were some deviations during the fitting process,
it was sufficient to estimate the corrosion resistance of materials.

Fig. 3 Bode plots for the three steels at different pH values
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Table 3 shows the electrochemical parameters such as
corrosion potential (Ecorr), corrosion current (icorr), anodic Tafel
slope (ba), and cathodic Tafel slope (bc) obtained from the Tafel
extrapolation. In all soil simulated solutions, the icorr of SS-
coated steel was relatively low in comparison with those of the
as-received Q235 steel and galvanized steel, and the Ecorr of
SS-coated steel was more noble than those of the Q235 steel
and galvanized steel. In particular in weak alkaline solution,
the icorr of SS-coated steel was much lower than those of the
other two materials. The icorr of SS-coated steel increased

Fig. 4 Equivalent circuit used in this work

Fig. 3 continued

Table 4 Equivalent circuit and corresponding fitted parameters

Material pH Cdl, F/cm
2 Rct, X cm2 Qfilm, F/cm

2 n Rf, X cm2 L, H cm2 R, X cm2

Q235 steel 3.53 4.499 10�9 148.1 1.529 10�4 0.7877 2.389 102 286.70 47.14
Galvanized steel … 5.849 10�6 191.9 4.439 10�4 0.3298 6.849 102 4.65 105.80
SS-coated steel … 9.109 10�9 104.9 1.899 10�3 0.8011 1.309 103 … …
Q235 steel 4.79 3.249 10�10 4499 6.309 10�4 0.6561 4.259 103 … …
Galvanized steel … 6.089 10�5 1958 5.929 10�5 0.4546 3.219103 8719 1474
SS-coated steel … 1.509 10�8 58.53 2.909 10�4 0.7586 1.569 104 … …
Q235 steel 7.03 1.51910�10 4843 4.169 10�4 0.63 4.389 103 … …
Galvanized steel … 3.709 10�5 2221 4.579 10�5 0.3771 5.269 103 10060 1986
SS-coated steel … 2.509 10�10 1679 4.099 10�5 0.7758 4.709 105 … …
Q235 steel 9.60 1.969 10�10 2999 3.409 10�4 0.6089 4.969 103 … …
Galvanized steel … 2.91910�5 2021 6.469 10�5 0.4014 5.299 103 10640 1920
SS-coated steel … 2.639 10�10 3409 2.709 10�5 0.7604 4.549 106 … …
Q235 steel 12.26 3.01910�9 149.1 5.649 10�5 0.9151 1.739 105 … …
Galvanized steel … 7.41910�5 16320 1.869 10�4 0.6704 5.069 104 … …
SS-coated steel … 9.81910�9 73.5 7.399 10�5 0.8443 2.589 106 … …
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continuously with the applied potential, but the higher the pH
value, the slower the current density increased. When the pH
value was 9.60 or so, the SS-coated steel showed the lowest icorr
(1.49 10�2 lA/cm2), indicating that the SS-coated steel has
the best corrosion resistance in weak alkaline environment. The
corrosion resistance of Q235 steel and galvanized steel was in
good agreement with the previous linear polarization measure-
ment results.

Figure 3 shows the Bode plots for the three steels at
different pH values. From the impedance moduli plot, at lower
frequencies (around 10 mHz), the plot of SS-coated steel
exhibited higher impedance values than Q235 steel and
galvanized steel in each solutions, which related with the
difference of polarization resistance. The impedance moduli
increased as the frequency goes down. The low frequencies
impedance moduli of SS-coated steel increased as the pH value
increased from 3.53 to 9.60, and then decreased a little when
pH value reached 12.26. The Bode phase plot shows that the
phase angle peaks of SS-coated steel were much higher than
Q235 steel and galvanized steel in the five solutions. With the
increasing pH value, the phase angle peak of SS-coated steel
increased and shifted to lower frequencies. In alkaline solution,
the SS coating presented a wide phase angle peak, which may
be related to the passivation.

Figure 4 shows the equivalent circuit for EIS fitting.
Elements used in Fig. 4 are as follows: Rs is the resistance of
the solution; Cdl is the capacitance of the double layer; Rct is the
resistance of charge transfer which is associated with both
anodic and cathodic reactions; Qf is the constant phase element
(CPE) related to the capacitance of the film, which is introduced
instead of pure capacitance in simulations to obtain good
agreement between the simulated and experimental data; Rf is
the resistance of the film.

Because inductive features were observed in some EIS
results, the equivalent circuit Rs (Cdl Rct) (Qf Rf) (LR) was used
for these cases. According to some previous work, the inductive
behavior may be related to the iron dissolution or the presence
of chloride ions (Ref 15), while according to others, it could
arise from adsorption and desorption of a reaction intermediate
(Ref 16), but the exact reason is still unclear. The R in series
with L is just used to fit the present EIS data, and its exact
meaning is also unclear. However, the main aim of this work is
to investigate the effects of pH value on corrosion behavior of
SS-coated Q235 steel, and Rf is the most important parameter.

Table 4 shows the fitting parameters of the present exper-
imental EIS data based on the equivalent circuit. In all
simulated soil solutions, the Rf for the SS-coated steel was
obviously larger than those for the as-received Q235 steel and
galvanized steel, suggesting that the corrosion product film on
the SS-coated steel was more protective.

Potentiostatic tests have been conducted for further under-
standing why the SS-coated steel exhibits different corrosion
behaviors at different pH values. Two solutions have been
selected, in which the SS-coated steel has the most different
corrosion resistance according to the previous experimental
results. After the tests, the surface morphologies and the
composition of corrosion products were analyzed.

Figure 5 shows the results of potentiostatic tests at pH 3.53
and 9.60 for the SS-coated steel. Obviously, the SS-coated steel
showed much lower current density in alkaline solution than in
acidic solution.

Figure 6 shows the surface morphologies of the SS-coated
steel after potentiostatic tests at pH 3.53 and 9.60. It was clear
that the SS-coated steel suffered more serious corrosion in
acidic simulated soil solution.

Figure 7 and 8 show the XPS spectra for the corrosion
product scales on the SS-coated Q235 steel formed after
potentiostatic tests in the solution of pH 3.53 and 9.60. At pHFig. 5 Potentiostatic tests of SS-coated steel at pH 3.53 and 9.60

Fig. 6 Surface morphologies after potentiostatic tests of SS-coated steel at pH 3.53 (a), pH 9.60 (b)
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3.53, Fe and its oxides, Cr and its oxides were detected, while
only metallic Ni0 peaks have been detected in the corrosion
product. With increasing sputtering time, the oxide peaks
decreased and the metallic peaks increased. At pH 9.60, the
peak around 710.9 eV was corresponding to Fe2O3, and the
peak around 708 eV was the characteristic of Fe3O4 (Ref 17).
There was no metallic Cr0 peak detected at the surface while
another peak around 577.3 eV emerges, which may be
attributed to Cr(OH)2 or Cr2O3 (Ref 18). On the spectra of
Ni, the oxide and hydroxide peaks of Ni appeared (around
854 eV corresponding to NiO, around 856 eV to Ni(OH)2
(Ref 18)) instead of the metallic Ni0 peak in the corrosion
product.

Figure 9 shows the surface morphologies of the as-received
Q235 steel, galvanized steel, and thermal-sprayed SS-coated
Q235 steel after 1-year field bury in Mao Jia Tang substation
(Yiyang City of Hunan province in China). The soil pH value is
7.4 (water: soil is 1: 1). All the three steels have suffered from
corrosion after the field bury test. The Q235 steel had the most
serious corrosion with a russet rust scale formed on the
specimen surface (Fig. 9a). Under high magnification, some
obvious spallation was observed in the rust scale (Fig. 9b). The
galvanized steel showed better corrosion resistance than the
Q235 steel (Fig. 9c). But local galvanized layer on the
specimen surface had been damaged, and the steel substrate

was exposed (Fig. 9d). The thermal-sprayed SS-coated steel
had the best corrosion resistance among the three kinds of
materials. Although some rust was observed on the specimen
surface (Fig. 9e), the specimen still had the original thermal-
sprayed surface morphology, especially under high magnifica-
tion (Fig. 9f).

4. Discussions

According to the electrochemical measurement results, the
thermal-sprayed SS-coated Q235 steel has better corrosion
resistance in the simulated soil solutions than the as-received
Q235 steel and galvanized steel. The SS-coated steel showed
the largest polarization resistance (Table 2), the lowest anodic
current density (Fig. 2; Table 3), and the largest film resistance
(Fig. 3; Table 4). In addition, with increasing pH value, the
corrosion resistance of the SS-coated steel tended to become
better, in particular in weak alkaline solution.

The polarization resistance (Rp) values were determined
from the slopes of the linear polarization curves in the range of
±10 mV about the zero current potential and are collected in
Table 2. Using the Tafel slopes (ba and bc) which were
determined by polarization curves and Rp values, the corrosion

Fig. 7 Detailed XPS spectra of Fe 2p3/2, Cr 2p3/2, and Ni 2p3/2 peaks collected from corrosion product scales on the SS-coated Q235 steel
formed after potentiostatic tests in the solution of pH 3.53
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current density were calculated from the Stern Geary equation
as follows:

Rp ¼
babc

2:303 � icorr � ðba þ bcÞ
ðEq 1Þ

The results are listed in Table 5. The icorr obtained from Rp

showed the same change tendency as the icorr determined by the
Tafel extrapolation method. The icorr of SS-coated steel was
relatively low in comparison with those of the Q235 steel and
galvanized steel. In the weak alkaline solution, the SS coating
showed the lowest icorr (0.037 lA/cm2). Nevertheless, the icorr
obtained from Rp were bigger than the icorr determined by the
Tafel extrapolation method in each experiment. This may be
because linear polarization resistances do not consider the
existence of solution resistance.

In EIS results, Rct is the resistance of charge transfer which
can reflect the difficulty of electrochemical reaction. In general,
the bigger the Rct values, the smaller the corrosion rate,
accordingly, the better the protection of the corrosion products.
The charge transfer process usually reflects through the time
constant of low frequency region. Rct is affected by many
factors, and is difficult to obtain in the present test frequency
range. So, we investigated the corrosion behavior using the

resistance of the corrosion production film (Rf). Also, the
results were consistent with Rp and icorr.

The different corrosion resistance of the SS-coated steel at
pH 3.53 and pH 9.60 could be attributed to different
corrosion mechanisms. In acid solution, the process of anode
is mainly the active dissolution of SS coating, while in
alkaline solution, the process of anode is the oxidation
reaction of SS coating. According to the potential (E)-pH
diagrams of M-H2O (M = Cr, Fe and Ni) system at 25 �C
(Ref 19), in strong acidic solutions, Fe tends to dissolve in
the form of Fe2+; Cr tends to dissolve in form of Cr3+; and
Ni tends to dissolve in form of Ni2+, while in the weak
alkaline solutions, the corresponding metal oxides are the
stable corrosion products.

The present XPS results are in good agreement with the
above E-pH prediction. At pH 3.53, the peaks corresponding to
the metallic components are present even at the outmost surface
(706.48 eV corresponding to Fe0, 573.77 eV to Cr0 and
852.33 eV to Ni0) (Ref 18), especially for the spectra of Ni
2p, which indicates that the surface of SS-coated steel cannot
form good protective corrosion products in strong acid solution.
At pH 9.60, Cr2O3/Cr(OH)3, NiO, Ni(OH)2, Fe2O3, Fe3O4, and
metallic Fe0 are detected at the beginning of the sputtering. As

Fig. 8 Detailed XPS spectra of Fe 2p3/2, Cr 2p3/2, and Ni 2p3/2 peaks collected from corrosion product scales on the SS-coated Q235 steel
formed after potentiostatic tests in the solution of pH 9.60
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proposed by Sun et al (Ref 20), the OH- was associated with Cr
dominantly to form the Cr3+ hydroxide at the alloy/solution
interface due to lower standard free energy of Cr(OH)3 than

Cr2O3. The OH- could diffuse inward through the oxide film
and react with the Cr from the alloy at the metal/film interface
according to reaction (2) (Ref 21).

Fig. 9 Surface morphologies of the as-received Q235 steel, galvanized steel, and thermal-sprayed SS-coated Q235 steel after 1-year field bury
test: (a, b) the as-received Q235 steel; (c, d) galvanized steel; (e, f) SS-coated Q235 steel
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2Cr þ 6OH� ¼ 2Cr OHð Þ3 þ 6e� ðEq 2Þ

Then, the Cr(OH)3 can be changed into Cr2O3 according to
reaction (3) (Ref 22):

Cr OHð Þ3 þCr ¼ Cr2O3 þ 3Hþ þ 3e� ðEq 3Þ

It is believed that the surface of SS-coated steel will
gradually form dense and protective oxide film if the time of
corrosion in weak alkaline solution is extended. But when pH
value increases to 12.26, the excess OH- will lead to the
dissolution of the corrosion product scales according to the
reactions (4) and (5), which degrades the corrosion resistance of
the SS-coated steel. As a result, the SS-coated steel showed the
best corrosion resistance in weak alkaline solutions.

Cr OHð Þ3 þOH� ¼ CrO�
2 þ 2H2O ðEq 4Þ

Cr2O3 þ 2OH� ¼ 2CrO�
2 þ H2O ðEq 5Þ

The field bury tests further proved that the thermal-sprayed
SS-coated Q235 steel has better anti-corrosion performance
than the as-received Q235 steel and galvanized steel, suggest-
ing that such kind of coating may be of great perspective to
improve the service life of grounding mesh.

5. Conclusions

Electrochemical corrosion behaviors of the as-received
Q235 steel, galvanized steel, and thermal-sprayed SS-coated
Q235 steel have been investigated in simulated soil solutions
in the present work. Some conclusions could be drawn as
follows:

1. The electrochemical tests prove that the thermal-sprayed
SS-coated Q235 steel has the best corrosion resistance
among the three kinds of materials. With increasing pH
value from 3.53 to 12.26, the corrosion resistance of the
SS-coated Q235 steel becomes better. In weak alkaline
solutions, the SS-coated Q235 steel shows the largest
polarization resistance (3.29 105 X cm2), the lowest ano-
dic current density (1.49 10�2 lA/cm2), and the largest
film resistance (4.59 106 X cm2).

2. The pH-dependent corrosion resistance of the thermal-
sprayed SS-coated Q235 steel is due to the different cor-
rosion mechanisms and corrosion product scales. In acid
solution, the surface of the SS-coated steel cannot form
good protective corrosion product scales, while in alka-
line solution the corrosion product scales consist of metal
oxide (Fe2O3, Fe3O4, Cr2O3, and NiO) and hydroxide
(Cr(OH)3, Ni(OH)2).

3. The 1-year field bury tests prove that the thermal-sprayed
SS-coated Q235 steel has the best corrosion resistance
among the above three kinds of materials, suggesting that

such kind of coating may be of great perspective to im-
prove the service life of grounding mesh.
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