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Abstract: Using 17-4PH steel with good toughness and castability, easy to press and weld as the base material, SERMETEL 
water based high temperature resistant coating for coating, the 17-4PH stainless steel surface after surface cleaning is coated 
with a part of the shot peening method of first coating the bottom coating and then coating the sealing coating, the other 
part is coated with primer coating to dry after sand blasting treatment and then coated with sealing coating. The service 
performance of the coating was tested by continuous spray resistance to synthetic seawater, heat/synthetic seawater salt 
spray cycle test and electrochemical test, after 100h SERMETEL coating shot blasting and sandblasting treatment, obvious 
corrosion occurred on the surface of the sample, and the color of the sample surface became dark, and scattered pitting pits 
were visible. The pitting pits on the surface of the samples of synthetic seawater continuously sprayed for 1000h were 
enlarged and connected into sheets. Serious corrosion has occurred on the surface of the 1000h synthetic seawater continuous 
spray sample, after the combined alternating action of high temperature and seawater salt spray, the surface of the sample 
has a relatively obvious and large corrosion trace, especially the specimen edges corrosion is more serious, the coating 
corrosion exposed the substrate, and the substrate appeared obvious rust color. The self-corrosion potential and self-
corrosion current density of SERMETEL coated 17-4PH stainless steel samples treated with shot blasting and sandblasting 
were determined by electrochemical experiments in different concentrations of NaCl solution. Found shot peening and 
sandblasting coating corrosion rate is the fastest in 5% NaCl solution. 

Keywords: stainless steel; coating; harsh environment; wear resistance and corrosion resistance. 

1 INTRODUCTION 

Phosphate, as an inorganic material, has good high temperature 
resistance, however, its application technology is more complex, 
mainly used in aerospace and other special fields and casting 
fields [1,2]. Initially, the phosphate binder is cured without 
curing agent, and the curing temperature is usually 400-
500℃,with the continuous progress of related research, 
phosphate binders began to be cured with curing agents in the 
1990s,the curing temperature of the binder system decreases 
from 400-500℃ to 190℃,now the application of inorganic high 
temperature resistant phosphate coatings and related composite 
materials in China is less.[3,4,5,6,7]At present, high temperature 
resistant composite material prepared by high temperature 
resistant phosphate binder is widely used in radar radome, in the 
late 1950s, due to the good electromagnetic wave transmission 
and thermal shock resistance of phosphate-based materials, they 
could meet the performance requirements of high-speed aircraft 
radomes, and relevant research and results began to emerge one 
after another.[8]In the 1960s, researchers began to study and 
promote low-cost high-temperature resistant phosphate-based 
composites, especially for high-performance phosphate curing 

and careful brushing, the inorganic high temperature resistant 
phosphate-related materials can be cured at temperatures below 
300 °C, and can maintain good comprehensive mechanical 
properties at ambient temperatures up to 650 °C.[9]Inorganic 
phosphate is used as an inorganic coating because its 
phosphorus exists in the form of phosphate ions in the solution, 
and has many significant advantages over other coatings in 
terms of performance, and is widely used in various industries. 
Because it has good heat resistance, corrosion resistance, oil 
resistance, high temperature resistance and other characteristics. 
It has a good effect on the protection of the machine, and its 
coating can be applied to mechanical metal equipment as anti-
corrosion materials under high humidity, wear-resistant 
materials, and refractory materials under high temperature 
[10,11,12]. At present, the coating using inorganic phosphate as 
a coating has been widely used in aerospace development, 
Marine ship manufacturing, automotive new energy industry 
and other fields and has achieved ideal results. The world's 
commercial inorganic high temperature resistant aluminum-
phosphate anti-corrosion coatings can provide good surface 
protection when the coating thickness is 50μm,the research 
found that according to the salt spray atmosphere corrosion test 
standard of the American Society for Material Testing, the 
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water-based aluminum phosphate coating can withstand more 
than 3000h salt spray corrosion test, has excellent corrosion 
protection and high temperature oxidation resistance, and can be 
used for the surface protection of the blade in the low 
temperature section of the engine, it can also replace the 
cadmium-plated titanium technology for surface protection of 
aircraft landing gear parts and fasteners[13,14,15]. However, 
because the related coatings can be applied to sensitive areas, 
the relevant technical information of this type of coatings is 
relatively small. 

Continuous spray resistance test to synthetic seawater, 
heat/synthetic seawater salt spray cycle test and electrochemical 
experiment for SERMETEL water-based high temperature 
resistant coating can make up for the relevant research on 
corrosion and wear resistance of SERMETEL water-based high 
temperature resistant coating. For such a widely used phosphate 
coating, it can contribute to its preparation and application in 
industry. It is of great significance to provide some guidance and 
reference [16]. 

2 COATING ANTICORROSION 

MECHANISM 

The anticorrosion mechanism of coatings mainly includes three 
categories: shielding of corrosive medium, chemical passivation 
and electrochemical protection. Corrosive medium shielding 
refers to the surface protection method that the coating on the 
surface of the metal substrate can prevent the corrosive medium 
in the surrounding environment from spreading to the metal 
substrate, so as to avoid the corrosion of metal materials. 
Chemical passivation refers to the passivation of strong 
oxidizing additives or fillers in the coating on the surface of the 
metal material, and the passivation of the surface of the metal 
matrix, so as to avoid metal corrosion. Electrochemical 
protection is mainly the use of low-potential metal materials as 
fillers for corrosion protection of metal materials, the low-
potential metal is corroded as an anode in the corrosion process, 
and the protected workpiece is used as the galvanic battery 
cathode, which is protected by sacrificing the low-potential 
metal anode for corrosion protection. 

The main anticorrosive mechanism of the water-based 
aluminum-containing phosphate anticorrosive coating studied in 
this paper is corrosion medium shielding and chemical 
passivation, when chromium-containing primer paint is sprayed 
onto the surface of the substrate and forms a porous aluminum 
phosphate coating, the porous coating can prevent the coating 
from peeling off the substrate surface due to the difference in 
thermal expansion coefficient between the coating and the metal 
substrate. Meanwhile, the chromium passivator in the primer 
paint will passivate the surface of the metal substrate, forming a 
passivation film. After the topcoat paint is cured, it will form a 
continuous and dense aluminum coating on the surface of the 
primer paint. The topcoat coating effectively seals the pores of 
the primer coating and forms a dense aluminum phosphate 
protective coating with the primer coating on the surface of the 
high-strength steel. 

3 EXPERIMENT 

3.1 EXPERIMENTAL MATERIALS 

The material used in the experiment is 17-4PHB steel.17-4PHB 
steel is a commonly used low carbon steel, the yield strength is 
generally between 235-245MPa, with high strength and 
corrosion resistance, better welding performance and processing 
performance, widely used in construction, machinery 
manufacturing, highways and Bridges and other fields, its 
chemical composition includes carbon, silicon, manganese, 
sulfur, phosphorus, etc., the specific composition is shown in the 
following table： 

TABLE 1 EXPERIMENTAL MATERIAL COMPOSITION (%) 

C Si Mn S P Other 

≤0.22 ≤0.35 ≤1.40 ≤0.045 ≤0.045 Fe 

SERMETEL coating is made by brushing a high temperature 
resistant top paint composed of silicone, high temperature 
resistant fillers, auxiliaries and organic solvents [17,18]. Main 
characteristics It has good heat resistance and can withstand the 
high temperature of 200℃ for a long time; it has good adhesion; 
the paint film is resistant to moisture and oil; it has good weather 
resistance; it can be directly constructed on substrate at high 
temperature of 200° C. For boiler, engine shell, exhaust pipe, 
chimney, oven and other high temperature equipment, pipeline 
temperature less than 200℃ steel surface use [19]. 

The construction method is divided into two steps: spraying and 
brushing. Highly pressure airless spray. The use of gas spraying 
should pay attention to adjust the viscosity of the coating and air 
pressure. The diluent should not exceed 10%, otherwise the 
coating performance will be affected. It is used in pre-coating 
and small area coating, but the specified dry film thickness must 
be reached. The method used in this test is to distribute sand 
blasting and shot blasting on the bottom layer after the spray 
base material is dry, and then apply top paint on the surface of 
the bottom layer after sand blasting and shot blasting. 

3.2 SAMPLE PRETREATMENT 

Pre-cleaning of test pieces Dip the test piece into petroleum 
ether, gently wipe the test piece with the absorbent cotton or 
medical gauze held with tweezers, wipe clean and dry with hot 
air; 

Test piece grinding in the dry condition, the uncoated surface of 
the test piece is polished step by step with 150-1000 grit paper, 
and the grinding direction is parallel along the short edge, that 
is, the parallel direction of the two holes; 

Cleaning of test pieces the polished test piece is repeatedly 
washed with clean water to remove surface impurities and sand 
particles, and then ultrasonic cleaning in anhydrous ethanol and 
acetone alternately for 5 minutes, 3 times each, until the grinding 
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chips, sand particles and other pollutants on the test piece are 
washed away. For the test pieces coated with inorganic coating, 
it is not necessary to polish them, but to rinse them with clean 
water repeatedly, and then ultrasonic cleaning them in 
anhydrous ethanol and acetone alternately for 5 minutes 3 times 
each; 

Drying of the test piece the cleaned test piece is dried with hot 
air and cooled to room temperature; 

Preservation of test pieces If the test cannot be done immediately, 
the test piece should be stored in the dryer. However, samples 
stored for more than 24 hours should be re-polished. 

4 EXPERIMENTAL CONTENT 

4.1 RESISTANCE TO SYNTHETIC SEAWATER 

CONTINUOUS SPRAY TEST 

The synthetic seawater spray was kept at 35±2℃ for 100h and 
1000h, respectively. After the test is completed, see if there is 
breakage or severe corrosion spread in the area where the 
coating is cut. After the test was completed, the coating (crossed 
sample: cut place) was observed to see if there was damage or 
serious corrosion, and the structure, thickness, composition and 
corrosion products of the coating were observed and analyzed 
by scanning electron microscopy, energy spectrum and X-ray 
diffraction to obtain the influence of the above exposure 
environment on the coating. 

4.2 HEAT RESISTANT/SYNTHETIC SEAWATER 

SALT SPRAY CYCLE TEST 

A cycle of "heating 2h at 450℃ in air circulation oven, air 
cooling to room temperature, and then exposure to synthetic 

seawater salt spray at 35±2℃ for 20h" was carried out for 10 
consecutive cycles. After the test was completed, the surface 
damage and corrosion spread of the paint film were observed, 
and the structure, thickness, composition and microstructure of 
the coating test plate and corrosion products were tested and 
analyzed by scanning electron microscopy and energy spectrum, 
so as to obtain the influence of the above exposure environment 
on the coating. 

4.3 ELECTROCHEMICAL TEST 

On the electrochemical workstation, 23±2℃ synthetic seawater 
and 3.5%wt sodium chloride solution (the concentration of 
sodium chloride solution can be adjusted appropriately) were 
used as electrolytes to test the polarization curve and the open 
circuit potential was used as the measuring potential, and the AC 
impedance test was carried out in the frequency range of 0.01 to 
100 kHz. The electrochemical characteristics and impedance 
response of the coating were analyzed by electrochemical tests 
on the electrochemical workstation. 

5 RESULT ANALYSIS 

5.1 ANALYSIS OF PHYSICAL AND CHEMICAL 

PROPERTIES OF SERMETEL COATING 

Fig. 1a Shows The Surface Morphology Of The Sample Treated 
With SERMETEL Coating. As Can Be Seen From The Figure, 
The Surface Of The Inorganic Phosphate Coating Is Relatively 
Flat And The Whole Is Wavy. In Addition, The Surface Of The 
Coating Was Relatively Flat At High Magnification, And No 
Cellular Protrusions Were Observed.

  

FIGURE.1 (A) SEM MORPHOLOGY OF 17-4PH STAINLESS STEEL SPECIMEN COATED WITH SERMETEL COATING SHOT 

PEENING. (B) SEM SURFACE MORPHOLOGY OF 17-4PH STAINLESS STEEL SAMPLE COATED WITH SERMETEL COATING 

AND SANDBLASTED. (C) CROSS-SECTION MORPHOLOGY OF THE SAMPLE TREATED WITH SERMETEL COATING. (D) CROSS 

SECTION MORPHOLOGY OF SANDBLASTED SAMPLES COATED WITH SERMETEL COATING. (E)(F) THE SURFACE AND 

CROSS-SECTIONAL EDX SPECTRA OF THE SHOT-PEENED SAMPLE COATED WITH SERMETEL COATING RESPECTIVELY 
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Fig. 1b shows the surface morphology of sandblasted samples 
coated with SERMETEL coating. As can be seen from the figure, 
the surface of the inorganic phosphate coating is relatively flat 
on the whole, and more fine cracks can be seen in the entire field 
of view. Considering that this is caused by the drying shrinkage 
of the coating and the temperature change during the preparation 
of the coating, signs of cracks can be seen locally. In addition, 
the surface of the coating was relatively flat at high 
magnification, and no cellular protrusions were observed. 

Fig. 1c shows the cross-section morphology of the sample 
treated with SERMETEL coating. As can be seen in the figure, 
the coating is relatively thin, and the binding of the substrate can 
be seen a clear line. The inside of the coating is relatively loose, 
in the form of stacking particles, with more internal pores. 

Fig. 1d Cross section morphology of sandblasted samples coated 
with SERMETEL coating. In the figure, it can be seen that the 
coating and the substrate are tightly bonded, and the inside of 
the coating is relatively dense, but cracks and local 
fragmentation of the coating can be seen, which should be hot 
cracks that appear under the influence of temperature during the 
preparation of the coating. 

Fig 1e and 1f show the surface and cross-sectional EDX spectra 
of the shot-peened sample coated with SERMETEL coating 
respectively. The spectrum shows that the main chemical 
elements in the coating are O, C, Cr, P, Mg, and Al. From the 
metal element content, the Mg element content is greater than 
the Cr element content, which is greater than the Al element 
content, suggesting that the original composition is a composite 
coating of aluminum chromate and magnesium dihydrogen 
phosphate. At a certain temperature, the coating decomposes 
into a composite coating of P2O5, Al2O3, Cr2O3, and MgO. 

5.2 CONTINUOUS SPRAY TEST OF SYNTHETIC 

SEAWATER RESISTANCE 

The synthetic seawater spray was kept at 35±2℃ for 100h and 
1000h, respectively. After the test is completed, see if there is 
breakage or severe corrosion spread in the area where the 
coating is cut. After the test is completed, the coating (crossed 
sample: where it is cut) is observed for damage or severe 
corrosion to obtain the effect of the above exposure environment 
on the coating. 

 

FIGURE 2. (A)(B) MACROSCOPIC PHOTOGRAPH OF THE SURFACE OF 17-4PH STAINLESS STEEL SPECIMEN COATED WITH 

SERMETEL COATING SHOT PEENING AND SANDBLASTING TREATMENT AFTER SYNTHETIC SEAWATER SPRAY TEST. (C)(D) 

METALLOGRAPHIC PHOTOGRAPHS OF THE SURFACES OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH SERMETEL 

COATING AND SANDBLASTED BEFORE AND AFTER BEING KEPT 100H AND 1000H AT 35±2℃ SYNTHETIC SEAWATER SPRAY 

RESPECTIVELY. (E)(F) SEM IMAGES OF SURFACES OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH SERMETEL 

COATED SHOT PEENING AND SANDBLASTING AFTER 100 HOURS AND 1000 HOURS OF SYNTHETIC SEAWATER SPRAY TESTS. 

Figure 2a b shows the macroscopic photos of the surfaces of 17-
4PH stainless steel samples coated with SERMETEL coating 
and sandblasted before and after the synthetic seawater spray at 

35±2℃ and kept for 100h and 1000h respectively. As can be 
seen from the figure, relatively serious corrosion has occurred 
on the surface of the sample of synthetic seawater continuous 
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spraying for 1000h, and the surface of the sample is covered by 
thick sedimentary salt layer. 

Figure 2 c d shows metallographic photographs of the surfaces 
of 17-4PH stainless steel samples coated with SERMETEL 
coating and sandblasted before and after being kept 100h and 
1000h at 35±2℃ synthetic seawater spray respectively. As can 
be seen from the figure, after 100h continuous salt spray test of 
synthetic seawater, no obvious traces of rust were seen on the 
surface of the sample, and there was some adhesion of deposited 
salt particles at the crossing, and traces of matrix corrosion, 
showing brown corrosion products. 

Figure 2e f SEM images of surfaces of 17-4PH stainless steel 
samples coated with SERMETEL coated shot peening and 
sandblasting after 100 hours and 1000 hours of synthetic 
seawater spray tests. Whether it's 100 hours of spray, or 1,000 
hours of continuous spray. The surface of the shot peening 
samples is coated with a layer of seawater dissolved salt, and 
there is a coating crack propagation and fragmentation. On the 
other hand, the surface of sandblasted samples showed serious 
corrosion, and the coating fell off.  

5.3 HEAT RESISTANT/SYNTHETIC SEAWATER 

SALT SPRAY CYCLE TEST  

Heat resistant/synthetic seawater salt spray cycle is a cycle of 
"air circulation oven heating for 2h at 450 ° C, air cooling to 
room temperature, and then exposed to synthetic seawater salt 
spray at a temperature of 35±2 ° C for 20h for 10 consecutive 
cycles. After the test was completed, the surface damage and 
corrosion spread of the paint film were observed, and the 
influence of the above exposure environment on the coating was 
obtained. 

Figure 3a b displays the macroscopic images of the surface of 
17-4PH stainless steel samples prior to and following 
SERMETEL coating. These samples underwent a heat/synthetic 
seawater salt spray cycle test, along with shot blasting and 
sandblasting treatment. It can be seen that after the combined 
alternating action of high temperature and seawater salt spray, 
relatively obvious corrosion traces appear on the surface of the 
sample, especially the corrosion of the sample edge is relatively 
serious, and the coating corrosion exposes the substrate, and the 
substrate appears obvious rust color. In contrast, SERMETEL 
coated sandblasting sample corrosion is more serious than 
SERMETEL coated shot blasting sample. 

 

FIGURE 3. (A)(B) THE MACRO-PHOTOS OF SHOT PEENING AND SAND BLASTING WERE TAKEN BEFORE AND AFTER THE 

EXPERIMENT (C)(D) THE METALLOGRAPHIC PHOTOS OF SHOT PEENING AND SAND BLASTING WERE TAKEN BEFORE AND 

AFTER THE EXPERIMENT (E)(F) THE SCANNING ELECTRON MICROSCOPE (SEM) IMAGES OF SHOT PEENING AND SAND 

BLASTING AFTER HEAT RESISTANCE AND SALT SPRAY TEST WERE OBTAINED 

Fig. 3c d is a metallographic photograph of the surface of 17-
4PH stainless steel specimen coated with SERMETEL coating 
shot blasting and sandblasting before and after heat 

resistant/synthetic seawater salt spray cycle test. In the figure, 
there is no obvious coating peeling phenomenon on the surface, 
and more corrosion products accumulate at the crossing. 
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Fig. 3e is a SEM photo of the surface of 17-4PH stainless steel 
specimen coated with SERMETEL coating after a heat 
resistant/synthetic seawater salt spray cycle test. After 10 cycles 
of heat resistant/synthetic seawater salt spray cycle, more salt in 
seawater is dissolved and deposited on the surface of the sample. 

Fig. 3f is a SEM photo of the surface of 17-4PH stainless steel 
sample coated with SERMETEL coating sandblasted after heat 
resistant/synthetic seawater salt spray cycle test. After 10 cycles 
of heat resistance/synthetic seawater salt spray cycle, the surface 
cracks deepened and fell off. 

5.4 ELECTROCHEMICAL TEST 

5.4.1 SAMPLE PREPARATION 

The sample size is 10×10×10mm as shown in Figure 5, The 
working area of the electrochemical test is 1cm2. The stranded 
copper wire is pasted on the back of the sample with conductive 
copper tape. The non-working surface is encapsulated with 
epoxy resin except for the working surface. 

 

FIGURE 4. SCHEMATIC DIAGRAM OF ELECTROCHEMICAL 

SAMPLE PREPARATION 

5.4.2 ELECTROCHEMICAL TEST 

The electrochemical test was carried out on the 760e 
electrochemical workstation of Chenhua, using a three-electrode 
system, 17-4PH stainless steel sample coated with SERMETEL 
coating shot blasting and sandblasting and the test piece 
uncoated with rust remover as the working electrode, platinum 
sheet as the auxiliary electrode, saturated calomel electrode 
(SCE) as the reference electrode. The test solutions are 1%, 
3.5%, 5% NaCl solution by mass fraction and synthetic seawater 
solution. When preparing NaCl solution, deionized water and 
analytically pure grade NaCl reagent in line with national 
standards are used; Sodium chloride, magnesium chloride, 
magnesium sulfate, calcium chloride, potassium chloride, 
sodium bicarbonate and sodium bromide were added to the 
deionized water. The contents of each salt were as follows: 
sodium chloride: 26.50 g/L; Magnesium chloride: 2.40g /L; 
Magnesium sulfate: 3.30g /L; Calcium chloride: 1.10 g/L; 
Potassium chloride: 0.73 g/L; Sodium bicarbonate: 0.20g /L; 
Sodium bromide: 0.28 g/L.Analytical pure reagent was used for 

each component. The items of open circuit potential, 
polarization curve and AC impedance were selected 
respectively for electrochemical test. 

（1）Open circuit potential test 

The open circuit potential is also called the potential time curve, 
which refers to the curve of the open circuit potential change 
over time between the working electrode and the reference 
electrode, and can be used to detect the natural corrosion 
potential [20]. Natural corrosion potential is an important 
thermodynamic parameter for corroding metal electrodes, which 
is of great significance in studying metal corrosion behavior and 
analyzing corrosion process, and is widely used in anti-
corrosion engineering technology [21,22]. For example, 
combining potential-pH diagram to judge the corrosion 
tendency of metal; Judging the polarity of metal in galvanic 
corrosion; The characteristic potential and sensitive potential 
interval of some local corrosion were determined. In cathodic 
protection engineering, as an important technical parameter and 
criterion. 

After the sample was soaked in the solution for 30min and 
reached the stable state, the open circuit potential was tested. 
The test time was 300s, and the fluctuation of the open circuit 
potential was less than 5mV. The open circuit potential of each 
sample in the stable section was recorded. 

（2）Electrochemical impedance test 

Electrochemical AC impedance spectroscopy is to measure the 
change of impedance with the sine wave frequency, and then 
analyze the electrode process dynamics, double electric layer 
and diffusion, etc., to study the electrode materials, solid 
electrolytes, conductive polymers and corrosion protection 
mechanisms [23,24,25]. Electrochemical impedance 
spectroscopy is to apply a small amplitude AC potential wave 
with different frequencies to the electrochemical system, and 
measure the ratio of AC potential and current signal with the 
change of sine wave frequency ω, or the phase Angle of the 
impedance Φ  with the change of ω . The electrochemical 
system is regarded as an equivalent circuit, which is composed 
of basic components such as resistance (R), capacitor (C) and 
inductor (L) in different ways such as series parallel 
combination. Through EIS, the composition of the equivalent 
circuit and the size of each component can be determined, and 
the electrochemical meaning of these components can be used 
to analyze the structure of the electrochemical system and the 
properties of the electrode process [26]. 

The frequency range of the electrochemical impedance 
spectroscopy test was 10mHz-100kHz, the AC excitation signal 
was a sine wave with a amplitude of 10mV, and the measured 
potential was an open circuit potential. The fitting analysis of 
the electrochemical impedance spectroscopy data was carried 
out by using ZSimpWin software, and the fitting circuit model 
was established to further calculate the charge transfer resistance. 

（3）Polarization curve test 

The polarization curve represents the relationship between 
electrode potential and polarization current or polarization 
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current density. If the electrodes are anode or cathode, the 
resulting curves are called anode polarization curves 
respectively (anodic polarization curve) Or cathode polarization 
curve (cathodic polarization curve) [27,28]. The polarization 
curve is divided into four regions: active dissolution region, 
transition passivation region, stable passivation region and over 
passivation region. The polarization curve can be measured by 
experimental method. The analysis of polarization curve is one 
of the basic methods to explain the basic law of metal corrosion, 
reveal the mechanism of metal corrosion and discuss the way to 
control corrosion. The polarization curve with the electrode 
potential as the horizontal coordinate and the current passing 
through the electrode as the vertical coordinate is called the 
polarization curve. It characterizes the functional relationship 
between the driving force potential of the corrosion galvanic cell 
reaction and the reaction velocity current. The experimental 
polarization curve is measured directly from the experiment. 
The relationship between potential and current of individual 
electrode reaction on local anode or local cathode is called the 
true polarization curve, that is, the ideal polarization curve. 

The scanning rate was 0.5mV /s, the scanning range was ±
0.5mV, the Tafel curve was obtained, and the self-corrosion 
potential and self-corrosion current density were recorded. The 

corrosion rate was calculated by the extrapolation method of 
Tafel curve [29]. The corrosion rate is calculated as follows： 

        (1) 

Where A is the atomic weight; Icorr is the self-corrosion current 
density, expressed in units of A/cm2; n is the number of 
electrons transferred in the electrochemical reaction; and F is 
Faraday's constant (1F = 28.6 Aꞏh). ρ is the density of the metal, 
expressed in units of g/cm3. 

5.4.3 COMPARISON OF ELECTROCHEMICAL TESTS IN 

DIFFERENT CONCENTRATIONS OF NACL SOLUTIONS 

Fig. 5 ab shows the open circuit potential of SERMETEL coated 
shot peening and sandblasting treated samples in 1%, 3.5% and 
5% NaCl solutions, respectively. SERMETEL coatings with 
shot peening and sandblasting have the highest open circuit 
potential in 1% NaCl solution and the lowest open circuit 
potential in 5% NaCl solution. This indicates that with the 
increase of NaCl solution concentration, the corrosion effect on 
SERMETEL coatings treated with shot peening and 
sandblasting is gradually enhanced. 

 

FIGURE 5. (A) COMPARISON OF OPEN CIRCUIT POTENTIALS OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH 

SERMETEL COATING AND SHOT PEENING IN NACL SOLUTIONS OF DIFFERENT CONCENTRATIONS. (B) COMPARISON OF 

OPEN CIRCUIT POTENTIALS OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH SERMETEL COATING AND 

SANDBLASTED IN NACL SOLUTIONS OF DIFFERENT CONCENTRATIONS 

Fig. 6a and b show the polarization curves of the samples coated 
with SERMETEL coating in shot blasting and sandblasting 
solutions with different concentrations of NaCl. It can be seen 
from the figure that the coatings treated by SERMETEL shot 
blasting and sandblasting in different concentrations of NaCl 
solutions have obvious passivation characteristics. Table 2 
shows the self-corrosion potential and self-corrosion current 
density obtained by fitting the polarization curve. The level of 
self-corrosion potential represents the difficulty of corrosion of 
the sample. The higher the self-corrosion potential is, the less 
electrochemical corrosion will occur, and the lower the self-
corrosion potential is, the more electrochemical corrosion will 
occur. The higher the self-corrosion current density, the faster 
the corrosion rate of the sample. With the increase of NaCl 

solution concentration, the self-corrosion potential value of the 
coating treated with SERMETEL shot peening did not decrease, 
indicating that the coating treated with SERMETEL shot 
peening was not sensitive to NaCl concentration, and the 
corrosion tendency did not increase. The self-corrosion potential 
value of the coating treated with SERMETEL sandblasting 
showed an overall decreasing trend, indicating that the corrosion 
tendency increased with the increase of NaCl concentration. In 
addition, in different concentrations of NaCl solutions. The self-
corrosion potential of SERMETEL shot peening coating is 
higher than that of SERMETEL sandblasting coating. This 
shows that the SERMETEL shot peening coating is less prone 
to corrosion than the SERMETEL sandblasting coating. The 
self-corrosion current density of the coating treated with 
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SERMETEL shot peening is the highest when the concentration 
of NaCl solution is 1%. However, the self-corrosion current 
density decreased with the increase of NaCl concentration, The 
reason is that obvious electrochemical corrosion occurs when 
NaCl concentration is 1%. And when NaCl concentration 
increases, the passivation of the coating prevents further 

corrosion. The self-etching current density of the coating treated 
with SERMETEL shot peening generally increased with the 
increase of NaCl solution concentration, this indicates that the 
increase of ions in the solution accelerates the corrosion, 
Passivation did not play an effective protective role. 

 

FIGURE 6. (A) COMPARISON OF POLARIZATION CURVES OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH SERMETEL 

COATING SHOT PEENING IN NACL SOLUTIONS OF DIFFERENT CONCENTRATIONS. (B)COMPARISON OF POLARIZATION 

CURVES OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH SERMETEL COATING AND SANDBLASTED IN NACL 

SOLUTIONS OF DIFFERENT CONCENTRATIONS. 

TABLE 2 POLARIZATION CURVE FITTING DATA 

 
Sample 
number 

Self-
corrosion 
potential 
Corr (V) 

Self-etching 
current density 
Corr (A/cm2) 

1% NaCl 
Solution 

Sha -0.675 1.523×10-6 

Wan -0.744 6.624×10-7 

3.5% NaCl 
Solution 

Sha -0.575 2.816×10-7 

Wan -0.874 1.641×10-7 

5% NaCl 
Solution 

Sha -0.587 3.103×10-6 

Wan -0.832 1.651×10-6 

Table 2 shows the self-corrosion potential and self-corrosion 
current density obtained by fitting the polarization curve. The 
level of self-corrosion potential represents the difficulty of 
corrosion of the sample, The higher the self-corrosion potential 
is, it is not easy to have electrochemical corrosion, The lower it 
is, the easier it is to have electrochemical corrosion. The 17-4PH 

stainless steel sample coated with SERMETEL has the lowest 
self-corrosion potential. This indicates that 17-4PH stainless 
steel samples coated with SERMETEL coating are more prone 
to electrochemical corrosion. The self-corrosion current density 
is used to characterize the speed of corrosion process, that is, the 
corrosion rate, from the perspective of kinetics. Fig. 7abcd 
shows the Bode diagram and Nyquist diagram of AC impedance 
of 17-4PH stainless steel samples coated with SERMETEL 
coating in shot blasting and sandblasting solutions at different 
concentrations of NaCl, respectively. Due to the poor 
conductivity of the inorganic phosphate coating, the impedance 
map data points are relatively scattered in the low frequency 
stage. The AC impedance is fitted, and the fitting circuits are all 
R(CR) type (see Figure 8). The fitted data are listed in Table 3. 
Charge transfer resistance (Rct) reflects the charge transfer 
resistance between the electrode surface and the reactant in 
solution. The value of charge transfer resistance is related to the 
reaction rate of the electrode surface, so it can be used to 
evaluate the reaction performance of the electrode surface. 

As shown in Table 3, with the increase of NaCl concentration, 
the charge-reaction resistance values of the samples coated with 
SERMETEL coating after shot peening and sandblasting 
decreased as a whole, indicating that the resistance of charge 
transfer and transfer on the coating surface decreased with the 
increase of NaCl concentration, and the corrosion of the coating 
increased accordingly. 
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FIGURE 7. (A) AC IMPEDANCE SPECTRA OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH SERMETEL COATING IN 

DIFFERENT CONCENTRATIONS OF NACL SOLUTION (BODE DIAGRAM). (B) AC IMPEDANCE SPECTRA OF 17-4PH STAINLESS 

STEEL SAMPLES COATED WITH SERMETEL COATING IN DIFFERENT CONCENTRATIONS OF NACL SOLUTION (NYQUIST 

DIAGRAM). (C) AC IMPEDANCE SPECTRA OF 17-4PH STAINLESS STEEL SAMPLES COATED WITH SERMETEL COATING IN 

DIFFERENT CONCENTRATIONS OF NACL SOLUTION (BODE DIAGRAM). (D) AC IMPEDANCE SPECTRA OF 17-4PH STAINLESS 

STEEL SAMPLES COATED WITH SERMETEL COATING IN DIFFERENT CONCENTRATIONS OF NACL SOLUTION (NYQUIST 

DIAGRAM). 

 

FIGURE 8. AC IMPEDANCE FITTING CIRCUIT 

TABLE 3 AC IMPEDANCE FITTING DATA 

 Sample 
number 

Rs C 
Rct 

1% NaCl 
Solution 

Sha 498.2 18.62×10- 0.596×105 

Wan 430.1 11.48×10- 0.3613×105

3.5% NaCl 
Solution 

Sha 233.3 18.00×10- 0.65×105 

Wan 216.6 9.30×10-8 0.74×105 

5% NaCl 
Solution 

Sha 1396 1.609×10-
6 

3.612×104 

Wan 620.3 1.326×10-
7 

3.868×105 
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