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ABSTRACT

Aims: This paper investigates four different metallic coatings of 17-4PH stainless steel and tests
them in seawater as a means of preventing seawater corrosion of turbine upper stage blades..
Study Design: The self-corrosion current densities of the different specimens in the synthetic
seawater solution were measured using open circuit, polarization curves, and electrochemical AC
impedance spectra.

Place and Duration of Study: Department Between July 10, 2023, and August 10, 2023, the
Laboratory of the School of Mechanics, North China University of Water Resources and
Hydropower (NUWRH).

Methodology: For the working condition of turbine final blades, four different metal coatings based
on 17-4PH stainless steel are investigated to simulate the working condition of turbine blades, and
electrochemical tests are carried out on the four different specimens in the test solution of
synthesized seawater solution. The self-corrosion current densities of the different specimens in the
synthetic seawater solution were measured using open circuit, polarization curves, and
electrochemical AC impedance spectra.
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Results: The results show that the AHP-coated 17- 4PH stainless steel specimens have the lowest
self-corrosion current density (color) in the synthetic seawater solution.

Conclusion: Non-invasive This indicates that the corrosion rate of AHP coatings in synthetic
seawater solutions is slower than that of TW-7 coatings, sprayed stainless steels, and other

stainless steels in the same conditions.

Keywords: Metal coating; electrochemistry; synthetic seawater; corrosion resistance.

1. INTRODUCTION

With the continuous development of economic
globalization,  humanity's  exploration and
research in the marine field have reached an
unprecedented level [1]. Our country also follows
the trend of the times, and with it comes the
development and utilization of marine resources,
which not only brings abundant resources to our
country, but also further gives full play to our
marine development strategy, ensures the
security of our marine territories [2], and pushes
forward the construction and development of a
strong country based on the sea. Most of the
equipment currently in use is based on metal, so
when metal equipment is exposed to harsh
environments for an extended period, it will
inevitably suffer from different degrees of wear
and corrosion [3]. One of the most effective ways
to improve the corrosion resistance of metals is
to treat the substrate [4]. One of the most
important and influential surface treatment
methods is to protect the surface of the substrate
with a coating layer [5]. In recent years, scientists
at home and abroad have conducted a lot of
research and experiments on the corrosion and
protection of metals [6]. Up to now, the current
methods of corrosion protection of metals
include: coating protection, changing the
structure of the metal, electrochemical protection,
surface treatment of the metal, media treatment,
corrosion inhibitor  protection, temperature
protection and maintenance [7]. Individually or in
combination, these methods can provide
adequate protection against corrosion and thus
reduce the risk to the metal. However, in
practice, the most suitable method of protection
should be selected on a case-by-case basis. In
the present review, the main focus of this paper
is to analyze the feasibility of electrochemical
protection of metal coatings used for the
protection of turbine upper-stage blades by
simulating electrochemical tests in a synthetic
seawater environment [8].

2. MATERIALS AND METHODS

The material used in the experiment is steel [9].
17-4PH stainless steel is a commonly used low

carbon steel, the yield strength is generally
between 725-1180MPa, with high strength and
corrosion resistance, good welding performance
and processing performance, widely used in
construction, machinery manufacturing,
highways and bridges, etc [10]. Moreover, its
chemical composition contains carbon, silicon
and manganese, Sulfur, phosphorus, etc [11].

The specific composition is shown in
Table 1.
The TW-7 coatings, AHP coatings and

sandblasted SERMETEL coatings are produced
by applying a high temperature resistant topcoat
consisting of silicone, high temperature resistant
pigmented fillers, additives and organic solvents.
Main Properties: Good heat resistance up to
200°C for a long period; good adhesion; moisture
resistance, Oil-resistant performance; good
weather resistance; can be directly constructed
on high-temperature substrates at 200°C. Used in
boilers [12]. It is used on steel surfaces where
the temperature of engine casing, exhaust pipe,
chimney, oven and other high-temperature
equipments and pipelines is less than 200°C [13].
According to the technical standard of the
inorganic phosphate coating layer, the production
process is based on 17-4PH stainless steel
[13].

Material leakage in the ambient temperature of
20-40 °C, its relative humidity control for 40% -
70%. Detailed operation is as follows:

(1) Sandblasting. Test forged samples with 40
mesh white corundum sand, sandblast the
samples and then use compressed air to blow
away the dust on the outside of the substrate and
abrade the material simultaneously. When
sandblasting a flat surface, ensure the
spraying angle is about 65°~75°, and keep a
distance of 250-280mm between the nozzle
and the workpiece when spraying at right
angles.

Distance. The process should keep the
environment clean to avoid contamination
[15].
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(2) Bottom slurry mixing and spraying. Adopt
mechanical mixer to mix the slurry for three
hours, filter and remove impurities with 150-mesh
filter to ensure that the slurry is uniform
and non-layered, as well as precipitation and
shelf-life slurry [16]. Spraying two times in
total to ensure that the spraying s
sufficient and the interval between each spraying
is 20 minutes to ensure that the specimen
is completely dry  before proceeding
Spraying.

(3) Curing and shot peening of the substrate
base. After spraying, the samples are cured in a
heat treatment oven [17]. The performance
parameters were: hold at 200°C for 70 minutes,
then heat to 380°C and hold for 70 minutes. The
air in the furnace was cooled to room
temperature [18]. Spray the bottom Layer with
granules after curing using a spray pressure of
0.4-0.5 MPa. At the same time, turn on the
compressed air and release it for 10-15 minutes.
Check the surface for compressed air [18].
External and shot peening can only be carried
out without water.

(4) Coatings are sprayed and cured. Hold at
100°C for 50 min, then increase the temperature
to 400°C for 50 min and cool to room
temperature in a heat treatment oven. The curing
procedure was repeated. In total, two coats were
applied [19].

Make sure that the spraying is sufficient and that
the interval between each spraying is 20 minutes

to ensure that the specimen is dehydrated before
spraying.

The instrument used in this experiment is an
electrochemical workstation, as shown in
Fig. 1.

In this experiment, four different coatings were
tested on an electrochemical workstation with a
synthetic seawater solution at 23+2°C as the
electrolyte, using a three-electrode system with
saturated calomel as the reference electrode,
platinum sheet as the counter electrode, and the
sample as the working electrode. The open-
circuit potential was used as the measurement
potential, and the impedance response
characteristics were tested in the frequency
range of 0.01-100 kHz. The polarization curves
were measured in the potential range of £0.5 V
open-circuit potential, and the scanning rate of
0.5 mV was used to compare the electrochemical
impedance response of the coatings before and
after the experiments.

2.1 Electrochemical
and Analysis

Experiment Results

Fig. 2 shows the open-circuit potentials of the
four samples in synthetic seawater, with values
ranging from -0.77V to -0.67V. The sandblasted
SERMETEL coating sample has the largest
open-circuit potential, while the TW-7 sample has
the smallest open-circuit potential. The
composition of the synthesized seawater is
shown in Table 2.

Table 1. Composition of experimental materials (%)

C Si Mn

S P (sth. or sb) else

<0.22 <0.35 <£1.40

<0.045 <0.045 Fe

Fig. 1. Electrochemical workstation
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Table 2. Synthetic seawater components and their concentrations

individual common magnesi magnes calcium dicalcium  sodium sodium
parts salt um ium chloride phosphate bicarbon bromide
making up a chloride sulfate ate

compound

concentration  26.5g/L 2.4g/L 3.39g/L 1.1g/L 0.73 g/L 0.2 g/L 0.28 g/L

.64

86
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Fig. 2. Open-circuit potentials of four specimens in synthetic seawater
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Fig. 3. Polarization curves of four specimens in synthetic seawater

596



Ming; J. Sci. Res. Rep., vol. 30, no. 6, pp. 593-599, 2024, Article no.JSRR.117432

Table 3. Polarization curve fit data

Specimen number

Self-corrosion potential

Self-corrosion current

score (V) densityscore (Alcm2)
TW-7 -0.895 2.225 x 10-7
AHP -0.557 5.961 x 10-8
Sandblasted SERMETEL coatings -0.900 3.169 x 10-6
Shot Peening SERMETEL Coatings  -0.646 3.989 x 10-7
40
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Fig. 4. AC impedance spectra (Bode plot) and AC impedance spectra (Nyquist plot) of four
specimens in synthetic seawater solution

Table 4. AC impedance fitting data

Specimen number Rs C Rp
TW-7 301.4 4.021 x 10-7 3.706%x105
AHP 1424 2.941 x 10-8 4.536 x 105
Sandblasted SERMETEL coatings 1271 1.353 x 10-6 1.16 x 104
Shot Peening SERMETEL Coatings 56.89 2.362 x 10-6 6.646 x 103
Fig. 3 shows the polarization curves of the four  corrosion resistance among these four
specimens, in which it can be seen that the four  specimens.

specimens have more obvious passivation
characteristics. Table 3 shows the self-corrosion
potential and self-corrosion current density
obtained by fitting the polarization curves. The
level of self-corrosion potential represents the
ease of corrosion, the higher the self-corrosion
potential is, the less likely that galvanic corrosion
will occur, and the lower it is, the more likely that
galvanic corrosion will occur. The AHP coating
has the highest self-corrosion potential and the
lowest self-corrosion potential at the same time,
which indicates that the AHP coating is the least
prone to galvanic corrosion. Once corrosion
occurs, the corrosion rate is lower than the rest
of the specimens. The sandblasted specimens
have the lowest self-corrosion potential and the
highest self-corrosion potential of the self-
corrosion current density, which indicates that
the sandblasted specimen has the worst

Fig. 4 shows the Bode and Nyquist plots of the
AC impedance of the four specimens,
respectively. Because of the poor conductivity of
the inorganic phosphate coatings, the impedance
spectra are scattered at low frequencies, and the
AC impedance was fitted to an R(CR) type
circuit. The fitted data are shown in Table 4. The
AHP coating has the most considerable
polarization resistance value, consistent with the
polarization curve results.

3. CONCLUSION

The AHP-coated 17-4PH stainless steel samples
all have the lowest self-corrosion current density
(icorr) in synthetic seawater solutions, which
indicates that AHP coatings corrode slower in
synthetic seawater solutions than TW-7, shot
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SERMETEL, and sandblasted

SERMETEL in the same conditions Layer.
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