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Chemical mechanical polishing (CMP) has been a standard technique in semiconductor manufacturing 
for achieving smooth surfaces. CMP utilizes a synergistic interplay of chemical and mechanical 
interactions to achieve the desired removal rates, selectivity, and ultimately planarity with different 
substrate materials. In this study, the impact of CMP on the surface properties of steel used in the 
petroleum industry was examined, with a focus on its corrosion behavior posttreatment. Steel 
samples were subjected to CMP with and without an oxidizer in a silica-based slurry, and their surface 
characteristics were compared to those of samples polished mechanically. The addition of an oxidizer 
to the slurry resulted in increased material removal rates and the formation of an oxide layer on the 
surface; this phenomenon was not observed in CMP without an oxidizer. However, in mechanical 
polishing, the action of silicon carbide grains on the steel surface led to an increase in the removal rate 
but caused a decrease in its corrosion resistance. Compared with other treatments, the oxide layer 
provided a good protective barrier against corrosion and improved the corrosion resistance of the steel 
substrate. Based on the results from the practical study, an improvement in the corrosion resistance 
properties was observed due to the chemical reaction of the oxidizer and the mechanical action of 
the silica nanoparticles; these results showed the importance of chemical mechanical polishing as an 
alternative method to reduce the corrosion of steel in acidic environments. Additionally, the effect of 
hydrogen peroxide in a silica slurry with respect to the wettability, surface roughness, and hardness of 
steel was examined using contact angle measurements, profilometry, scanning electron microscopy, 
and microhardness tests.
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Abbreviations
CMP	� Chemical mechanical polishing
MP	� Mechanical polishing
H2O2	� Hydrogen peroxide
SiO2	� Silicon dioxide (Silica)
MRR	� Material removal rate
Ra	� Average surface roughness
SEM	� Scanning electron microscopy
DIW	� Deionized water
SCE	� Saturated calomel electrode
Ecorr	� Corrosion potential
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Icorr	� Corrosion current density
βA	� Anodic Tafel Slope
βC	� Cathodic Tafel Slope
CR	� Corrosion rate
Tc	� Corrosion rate in mm/year
EW	� Equivalent weight
MRP	� Material removal process
pH	� Potential of hydrogen (Acidity/Alkalinity Measure)

The surface properties of materials can influence how they can be joined, painted, and functionalized and how 
they respond to aggressive environments, such as corrosive environments. Surface conditions determine the 
formation of passive/protective layers on a surface in different environments and consequently affect the chemical 
response of a material, such as in the case of corrosion1. The investigation of the electrochemical properties of 
carbon steel has been the focus of several studies for a variety of applications in different industries, such as 
storage tanks, construction materials for chemical reactors, boilers and heat exchangers and oil and gas transport 
pipelines2,3. Mechanical treatments of the surface alter the surface properties by changing the arrangements of 
atoms in the surface plane4. Mechanical surface treatment induces subsurface alterations marked by macroscopic 
imperfections, such as roughness, abrasion, and scratches5,6. Furthermore, it results in localized dissipation 
of energy and matter, accompanied by an inadequately regulated temperature rise and subsequent cooling; 
these factors partially contribute to the significant residual compressive stress7–9. Dynamic recrystallization 
occurs because of significant deformation and localized temperature elevation, resulting in a nanostructured 
configuration known as a grain layer8,10. These surface alterations can affect the local characteristics of the 
material and the reactivity of the steel11. As a result, these alterations can cause adverse changes to the passive 
layer generated on the steel, reducing its corrosion and stress corrosion cracking resistance10–13. A surface can be 
treated chemically14, mechanically15,16, or by a combination of the two17,18. Commonly used mechanical surface 
treatment methods include polishing, grinding, pressure abrasive cleaning, buffing and brush cleaning.

Chemical mechanical polishing (CMP) is a wet polishing process that uses a combination of mechanical and 
chemical actions to achieve global planarity on a surface19–23. Different from traditional surface treatments with 
harsh oxidation chemicals, the CMP method provides the option to regulate the nanometer-level roughness and 
is a straightforward process involving a rotating machine, pad, and slurry with harder powder than the film being 
treated24. This method is notably more environmentally friendly than many other chemical treatment methods. 
The substances used in this CMP process do not have a significant impact on the environment. Because this 
approach is more environmentally friendly than other chemical treatments, it can minimize the negative impact 
on the environment during the large-scale production of solar panels. Because of these advantages, CMP has 
been utilized by the manufacturing sector for semiconductor production processes, including integrated circuits 
(ICs) and electronic devices, for many years25–27.

Lei and Luo prepared spherical SiO2 and examined its effectiveness in polishing hard disks. Their experimental 
findings demonstrated an increase in polishing performance28. Seo and Lee suggested that the CMP process 
involved the sequential formation of a passive layer by the oxidizer and abrasion by abrasives in the slurry. 
Nonetheless, achieving balanced etching and passivation reactions is needed to prevent a rapid etching rate 
and ensure high overall surface planarity29. Hu used a silica nanoparticle-based slurry, studied the effects of the 
oxidizer and pH on the polishing performance of stainless steel and reported that elevated material removal 
rates (MRRs) were essential for oxidation to occur in an acidic slurry30. However, the formation of microdefects 
ranging from 1 to 2 μm in size was inevitably observed on the post-CMP surfaces. In a study by Lee et al. the 
electrochemical mechanical polishing (ECMP) technique was utilized for polishing stainless steel substrates. 
During ECMP, an additional anodic potential was applied to the substrate, i.e., stainless steel, and after polishing, 
a reduced surface roughness (23 nm) was observed with respect to that of the post-CMP surface roughness 
(38 nm)31.

The basic mechanism of the CMP process is the mechanical removal of the chemically softened material 
surface32. The main components of a CMP process/system are the substrate, polishing pad, and slurry. In 
addition, the chemicals in the slurry react with the metal surface and form an oxide layer, whereas the presence of 
abrasive nano/microparticles on the pad surface removes the material on the wafer surface. During this process, 
the depassivated areas dissolve until the passive oxide layer forms again33–36. Many studies suggest that the 
presence of oxidizers in slurries enhances the material removal rates. The most extensively used oxidizer during 
CMP is hydrogen peroxide (H2O2) because of its high stability and strong oxidizing ability37–39. The effects of 
different sizes of colloidal silica nanoparticles and their efficacy on 52,100 steel were examined by Keo et al.40. 
They reported that a smooth surface with a low surface roughness near 8.4 nm was obtained. On the other hand, 
Peng used an alumina-based slurry with the same type of steel and reported that the oxidizer, oxidizer content 
and abrasive content were the most important factors affecting the polishing performance, material removal rate 
and the surface roughness41.

Jiang et al. conducted chemical mechanical polishing trials on AISI 52,100 steel using H2O2 as the oxidizer 
and glycine as the complexing agent. As the H2O2 concentration increased, the material removal rate (MRR) 
rapidly increased, followed by a gradual decrease and eventual stabilization42. Wu et al. performed CMP on AISI 
52,100 steel using H2O2 as the oxidizer and a TiSol-NH4 dispersion as the complexing agent. Similarly, when 
the concentration of H2O2 increased, the material removal rate (MRR) rapidly increased, followed by a gradual 
decrease, and eventually reached a stable point43. Zhao and colleagues utilized K2S2O8 as the oxidizing agent to 
examine the polishing ability of GCr15 steel. The MRR increased nearly linearly as the concentration of K2S2O8 
increased. As previously stated, CMP of GCr15 steel relies on oxidation for its critical processes44
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Several commonly used techniques to alter the corrosion behavior of steel include surface treatments such 
as shot peening45, the use of inhibitors46,47 and the use of surfactants with inhibitors48,49. Shot peening increases 
the surface roughness, which leads to an increased contact area; as a result, the resistance to corrosion decreases. 
Rivera et al.50 used inhibitors to improve resistance to corrosion in an acidic medium and reported a significant 
improvement in corrosion resistance depending on the quality of the inhibitor. Abd-Elaal51 used surfactants 
with inhibitors to improve resistance to corrosion. Their results revealed greater inhibition efficiency under all 
the tested conditions.

CMP technology is considered a superior method that can fulfill both surface roughness and smoothness 
needs. It is now one of the most convenient technologies for processing hard and brittle materials to achieve a 
supersmooth and undamaged surface and is commonly utilized in large-scale integrated circuits, semiconductors, 
and various industrial processes. CMP is likely the best option for high-efficiency ultraprecision machining 
of large ultrathin stainless-steel flexible display substrate surfaces to achieve ultrasmooth and undamaged 
machining surfaces52. However, the use of CMP as an alternative surface treatment for preventing the corrosion 
of metals has not been studied. The mechanism of silica nanoparticle removal during the CMP process is not 
yet well understood, especially in acidic mediums. CMP increases the surface smoothness, changes the surface 
wettability behavior and surface roughness and forms a protective layer on the surface. These substantial 
modifications to the surface properties are expected to significantly affect the corrosion resistance of metals. 
The formation of a durable protective layer decreases the surface roughness and improves the surface corrosion 
resistance.

In this study, an investigation of the effects of CMP on the surface properties of steel for its validation as a 
surface treatment for metals to improve the corrosion resistance was performed. A mechanically polished (MP) 
sample was used as the baseline, and the effect of the oxidizer in the CMP slurry on the surface properties was 
investigated in terms of wettability, surface roughness, material removal rate and static corrosion by immersing 
the samples in an acidic medium. The corrosion rates were measured from pre- and post- immersion weight 
differences. Moreover, potentiostatic and potentiodynamic analyses and Tafel plots were constructed to evaluate 
the effects of CMP on the electrochemical corrosion behavior of the steel.

Materials and methods
Materials
In this study, low-carbon steel from AL-AHDAB, an Iraqi oil field company, was utilized. The chemical 
composition is listed in Table 1. The samples were cut into 10 × 10 mm squares with a 2 mm thickness.

CMP experiments
Slurry and oxidizer
A commercial silica (SiO2)-based slurry with a solid loading of 10 wt%. with a particle size of 50 nm was obtained 
from BASF, SE, Germany, and used in the polishing experiments. The pH was adjusted with 0.1 M HCl/0.1 M 
NaOH, and the pH values were adjusted according to the isoelectric point of the silica nanoparticles to ensure 
stability during the polishing process. Hydrogen peroxide (H2O2 34.5–36.5 wt% obtained from Sigma Aldrich) 
was diluted to 3 wt% by adding deionized water (DIW).

The CMP experiments were performed with a SUBAIV-IC1000 stacked polishing pad on a desktop 
Tegrapol-31 polisher. The downforce during the experiments was set to 70  N on the 10 × 10 × 2  mm steel 
coupons. The rotational speed for both the turntable and the sample holder was set to 100 rpm. The CMP slurry 
was fed at a constant flow rate of 100 ml/min. The samples were mechanically polished with a FORCIPOL 1V, 
Metkan grinder-polisher using 800 μm silicon carbide (SiC) abrasive paper at 300 rpm for 3 min. All polishing 
experiments were conducted three times. The CMP performance was evaluated in terms of the MRR (Å/min), 
wettability and average surface roughness. The material removal rates were determined from the pre- and post-
CMP weight differences these difference were measured using a high-precision balance with 0.01 mg accuracy.

Material removal rate (MRR)
The material removal rates obtained with the mechanically polished samples and two different CMP treatments 
(i.e., 10 wt% silica slurry and 10 wt% slurry + 3% H2O2) were evaluated by weighing the samples before and after 
CMP and mechanical polishing. Three samples of each type were polished for the average material removal rate 
(MRR) measurements. Equation (1)11 below was used for the calculations:

	
MRR = 108 × ∆m

7.98 × A × t
� (1)

where MRR (Å/min) is the material removal rate, ∆m (g) is the weight difference before and after the polishing 
process, A (cm2) is the area of the sample and t (minutes) is the polishing time.

Element C Si Mn P S Ni Mo Cr Fe

% 0.10 0.269 0.616 0.003 0.001 0.050 0.106 0.653 98.13

Table 1.  Chemical composition (wt%) of the steel sample.
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Surface characterization
Hardness evaluation
Hardness testing of the steel samples (MP-baseline) and CMP-treated samples was conducted via the Vickers 
hardness testing protocol using an ARS9000 fully automatic micro hardness testing system (Future Teach, 
FM-300e, Kanagawa, Japan) with an applied load of 1000 g for 5 s. Three measurements of each sample were 
collected, and the average was reported.

Characterization of the surface roughness
The average surface roughness (Ra) of the steel samples was measured using a Dektak 6M stylus profilometer, 
following the ASME B46.1 standard, which is commonly used for surface roughness characterization. The 
surface roughness values were recorded as the average of three measurements per sample. Additionally, the 
surface topography of the steel samples after seven days of static corrosion in an acidic medium was examined 
using a ZEISS EVO/LS10 SEM.

Wettability analyses
The steel samples were characterized for wettability via contact angle measurements with deionized water 
(DIW). The contact angles were measured via the sessile drop method using a KSV ATTENSION Theta Lite 
optical goniometer. The size of the drop was maintained at ~ 120 μm. The average of three tests performed for 
each sample at room temperature is reported.

Immersion tests
The corrosion behavior was examined using immersion tests. The steel samples in each mechanical polishing 
treatment group and chemical mechanical polishing treatment group were suspended in glass beakers with 
DIW at pH 2 with the help of an insulated wire. After 7 days of exposure at room temperature, the samples were 
removed from the harsh environment, cleaned thoroughly with DIW, dried with air and weighed on a balance 
(Swiss Made ES125SM) with an accuracy of ± 0.01 g. The weight before and after performing the immersion test 
after every 24 h of exposure was used to determine the corrosion rate using the following Eq. (2)51:

	
Tc = 8.76 ∗ 104 ∗ ∆Mc

ρ ∗ A ∗ t
� (2)

where Tc is the corrosion rate in mm/year, ΔMc is the mass loss in g, A is the area in cm2, t is the testing time in 
hours and ρ is the specific mass in g/cm3 (7.85 g/cm3).

Electrochemical analyses
The electrochemical corrosion behavior of the steel substrates was investigated via potentiostatic and 
potentiodynamic analyses in DIW at pH 2 at room temperature using a Gamry 1000 potentiostat. The 
electrochemical measurements were performed with a three-electrode glass cell consisting of a steel sample as 
the working electrode, a saturated calomel electrode (SCE) as the reference electrode, and a platinum helical wire 
as the counter electrode. The surface area exposed to the electrolyte was 1 cm2. The potentiodynamic polarization 
curves were obtained with a scan rate of 1 mV/s from − 0.6 to 1.5 V. The time period for potentiostatic scanning 
was set to 1800 s with an input potential of 0 V vs. Eref; the real values shown during the test were ~ 90–100 μV, 
and these were considered to be negligible and assumed to be zero. The total volume of the electrolyte used was 
200 ml.

Results and discussion
Material removal rate evaluation
Figure 1 shows the material removal rates of the steel samples during three different surface treatments: (1) 
mechanical polishing, (2) CMP with a 10 wt% silica slurry and (3) CMP with 3% H2O2 in a 10 wt% silica slurry. 
Among them, the MRR was greater after the MP treatment because of the mechanical polishing by the abrasive 
silicon carbide paper; this led to a very rough and grooved surface, as shown in Fig. 3a and b. The presence of 
H2O2 in the slurry results in the formation of an oxide layer on the steel surface; this causes an increase in the 
MRR30,41 since the removal of the oxide layer from the surface is easier than that from the pure material because 
of the mechanical action of the slurry particles (silica). Despite the increased MRR with an oxidizer in the slurry, 
the CMP process results in an increased smoothness. In the case of CMP without an oxidizer in the silica slurry, 
the material removal is accomplished predominantly by the mechanical abrasion of the silica abrasive on the 
steel surface, and the MRR is the lowest in this case among the three surface treatments30.

Surface characterization
Hardness measurements
The microhardness results for the steel samples are shown in Fig. 2. Compared with the MP process, the CMP 
process improved the hardness. The samples treated with CMP and an oxidizer in the slurry had the highest 
hardness values among the three surface treatments; these results could be attributed to an oxide film growth on 
the steel surface. The film formed on the steel surface in the presence of H2O2 was composed of two layers. The 
outer layer was much stronger than the inner layer and the steel substrate; thus, these samples were harder than 
those for the other two cases52.
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Surface roughness and wettability analyses
Figure 3 shows the average surface roughness as a function of the different surface treatment techniques. The 
mechanically polished sample was the baseline; the surface roughness of the mechanically polished sample was 
the highest among the three cases since it was polished with sandpaper (800 μm SiC) and flowing DIW. Here, the 
samples treated with CMP and 3 wt% H2O2 as an oxidizer in the silica slurry had the smoothest surface among 
the three cases.

The smooth surface from the CMP process with H2O2 was caused by the formation of a protective oxide 
layer on the metal surface; this result was attributed to abrasion by the silica nanoparticles and the presence of 
an oxidizer in the slurry31,40. Moreover, the surface roughness profiles of the samples are shown in Fig. 3b; here, 
the CMP-treated samples in the presence of H2O2 have fewer defects and surface scratches. Figure 3a shows the 
wettability behavior of steel samples after the three different surface treatments. The contact angle decreased 
when the surface became smoother; thus, the samples that were chemically and mechanically polished with 10% 
slurry + 3% H2O2 had greater wettability than the other samples. Thus, the presence of the oxidizer in the silica 
slurry increased the contact area between the steel surface and the droplet, which resulted in a small contact 
angle. Moreover, the roughness of the steel surface caused by mechanical polishing led to scratches and pits on 
the surface due to the action of the silicon carbide granules; these scratches and pits clearly affected the contact 
angle between the drop and the surface.

Fig. 2.  Hardness measurements of the steel samples with different surface treatments.

 

Fig. 1.  Removal rates of the steel samples with different surface treatments.

 

Scientific Reports |        (2025) 15:15254 5| https://doi.org/10.1038/s41598-025-98210-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Immersion tests
The effect of 7 days of immersion on the corrosion rate is shown in Fig.  4. For the first two days, elevated 
corrosion rates were observed, and the rates decreased as time increased. This decrease was caused by an increase 
in the formation of the corrosion products over time. Since the immersion tests were conducted under static 
conditions, a thick layer grew over time; thus, the corrosion rate decreased53, and the mechanically polished 
samples corroded at higher rates than the CMP-treated samples. This occurred because of the effectiveness of the 
acidic medium in the first days of immersion; additionally, the layer formed on the mechanically treated surface 
broke down more quickly than the other surfaces. The decreased corrosion rates of the CMP-treated samples 
could be attributed to the formation of a protective oxide film due to the presence of an oxidizer in the slurry, i.e., 
(10% silica slurry + 3% H2O2) and a smoother surface with respect to the CMP-treated sample with 10% silica 
without an oxidizer. The use of an oxidizer in the silica slurry provided a high removal rate, a flat surface and high 
smoothness; thus the defects that caused corrosion were controlled. As a result, the corrosion rate decreased, and 

Fig. 3.  (a) Surface wettability and average roughness (Ra) values for the different surface treatments. (b) 
Average roughness profile at different surface treatments after 7 days of immersion.

 

Scientific Reports |        (2025) 15:15254 6| https://doi.org/10.1038/s41598-025-98210-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


this effect continued over time. This result highlights the importance of using chemical‒mechanical polishing as 
an alternative method to avoid corrosion.

The adhesion of the silica to and adsorption of hydrogen peroxide on, the post-polished steel surfaces in 
the three environments were observed using SEM. The SEM image of the mechanically polished steel substrate 
revealed wells and protrusions; this involved deep scratches and indicated a rough surface, as shown in Fig. 5a. 
After CMP with the silica-based slurry (10 wt%), the polished surface had fewer deep scratches and few abrasions 
due to the nature of the nanoparticles, which led to their adhesion to the steel surface. Numerous silica particles 
were present on the steel surface, as shown in Fig. 5b. Figure 5c shows the SEM image of the steel sample treated 

Fig. 5.  SEM images of the steel samples after seven days of immersion tests: (a) mechanically polished, (b) 
CMP with 10 wt% slurry + no oxidizer and (c) CMP with 10 wt% slurry + 3 wt% H2O2.

 

Fig. 4.  Relationship between the corrosion rate and immersion time for 7 days.
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with the silica-based slurry and H2O2. Many silica particles adhered to the steel surface. As a result, the polishing 
performance of the steel surface, including its surface roughness and MRR, depended on the oxidizer content in 
the slurry; thus, the presence of the oxidizer in the silica slurry improved the abrasion of the slurry on the steel 
substrate and led to the adhesion of the silica particles to the steel surface.

Electrochemical analyses
The evolution of the potentiostatic scan with respect to time under different surface treatments in an acidic 
medium (pH = 2) is shown in Fig. 6. All curves initially showed a decrease in potential followed by a stabilization 
period, which could be attributed to the formation of an oxide film covering the substrate surface54. The MP-
samples initially had a high potential, and the potential then decreased with respect to time; thus, the oxide layer 
formation needed an extended amount of time, and the sample corroded rapidly. The samples subjected to CMP 
with a 10 wt% slurry + no oxidizer and CMP with a 10 wt% slurry + 3 wt% H2O2 showed different behaviors; this 
was evident from the lower potential, which clearly reflected the effects of the additives. In addition, the potency 
gradually decreased with time; thus result indicated that a protective layer formed on the surface. This behavior 
could also be shown by potentiodynamic tests.

Potentiodynamic polarization curves were obtained after 45 min of immersion in an acidic solution at a pH 
of 2. The corresponding corrosion current densities “Icorr” obtained via Tafel extrapolation are depicted in Fig. 7, 
and the data are listed in Table 2. Equation (3) was used to calculate Icorr, as shown below55:

Fig. 7.  Potentiodynamic polarization curves of the steel samples subjected to different surface treatments.

 

Fig. 6.  Potentiostatic scans (Im vs. time) of the steel samples subjected to different surface treatments.
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Icorr = βa

2.3(βa + βc)
∆I

∆E
� (3)

The corrosion rate was calculated using the following formula56:

	
Corrosion rate = 0.13Icorr (E.W )

density
� (4)

where EW is the equivalent weight, Icorr is the current density in μA/cm2, density is the density of the corroding 
species in g/cm3, and ∆I

∆E  is the slope of the polarization resistance plot, where ∆E is expressed in volts and ∆I  
is expressed in μA. Note that all these data and calculations (Icorr, Ecorr, 

βA, βC, corrosion rate) are obtained using 
the Gamry 1000 potentiostat software.

Since the medium utilized as the electrolyte for the potentiodynamic tests was acidic and the anodic potential 
was higher than the cathodic potential for the samples that underwent MP and CMP with a 10 wt% silica slurry, 
the corrosion rate increased. However, for samples treated with CMP with 10 wt% silica slurry + 3 wt% H2O2, 
the cathodic potential was higher than the anodic potential; hence, decreased corrosion rates were observed. 
Specifically, the corrosion current density of the steel samples treated with CMP decreased from 23e−3 mA/
cm2 in the absence of the oxidizer to 15e−3 mA/cm2 in the presence of the oxidizer. Among the three surface 
treatments, the current found for the MP samples had the highest value of 37e−3 mA/cm2, whereas the CMP 
samples (10 wt% slurry + 3% H2O2) had the lowest value of 15e−3. The current of the MP was directly related 
to the corrosion rates of the samples. However, the current of CMP in the presence of the oxidizer enhanced 
the corrosion resistance of the steel surface because the protective layer formed on the surface prevented the 
medium from penetrating the metal surface. The corrosion rates (mm/y) presented in Table 2 showed a similar 
trend as the corrosion rates obtained from the static corrosion tests, as shown in Fig. 4.

The improvement in corrosion resistance observed after chemical mechanical polishing (CMP) is attributed 
to a combination of mechanical surface modification and chemical passivation. The CMP process removes 
surface irregularities, reducing micro-defects and roughness that typically serve as initiation sites for localized 
corrosion. The presence of an oxidizer (H2O2) in the CMP slurry plays a crucial role by promoting the formation 
of a stable oxide layer on the steel surface. This oxide layer not only enhances corrosion resistance by acting as 
a protective barrier but also contributes to increased surface hardness due to its densification. Furthermore, the 
smoother surface achieved through CMP reduces the adhesion of corrosive species and minimizes localized 
electrochemical reactions, thereby lowering overall corrosion rates. The wettability analysis further supports 
this mechanism, as the polished surface exhibited improved hydrophilicity, which facilitates a more uniform 
distribution of the corrosive medium, reducing the risk of localized attack. The combined effects of oxide layer 
formation, increased hardness, and surface smoothness result in a more corrosion-resistant steel surface, as 
confirmed by both static and electrochemical corrosion tests.

Conclusion
The corrosion behavior of carbon steel in a harsh medium after mechanical and chemical mechanical polishing 
treatment has been reported. Based on these findings, the combination of an oxidizer (H2O2) and silica 
nanoparticles (SiO2) in the CMP slurry strongly affected the average roughness and enhanced the material 
removal rate. The presence of oxidizers in the polishing slurry resulted in the oxide layer formation on the 
surface, which was easier to abrade than steel. However, after the CMP process, the oxide layer served as a 
protective layer against corrosion. CMP with silica nanoparticles in the slurry resulted in smoother surfaces 
than those produced by pure mechanical polishing. The combined effect of the silica nanoparticles and oxidizers 
in the slurry removed the protruded parts from the surface and fills the valleys, resulting in a durable and 
corrosion-resistant surface. On the basis of these data, the chemical‒mechanical polishing process, as an 
alternative method to reduce or limit corrosion, was effective in aquatic environments and could be reliable in 
industrial applications. The corrosion rate determined after seven days of immersion tests showed that roughness 
and wettability played important roles in corrosion. In addition, the behavior between the immersion test and 
the electrochemical corrosion test was consistent. The decreased wettability and increased smoothness of the 
chemically mechanically polished surface resulted in better corrosion resistance than that of the rough baseline 
surface prepared with pure mechanical polishing. The mechanical action of the silica particles caused damage to 
the surface, and this damage led to an increase in the corrosion rate.

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on 
reasonable request.

Polishing CR(mpy) Corrosion rate (mm/yr) Icorr (mA/cm2) Ecorr (mv) βA (V/decade) βC (V/decade)

Mechanical polishing 17e−3 0.7 37e−3 − 525 56 41

CMP 10 wt% Slurry 11e−3 0.5 23e−3 − 549 48 18

CMP (10 wt% Slurry + 3% H2O2) 7e−3 0.3 15e−3 − 550 2 7

Table 2.  Tafel plot data of the steel samples obtained via potentiodynamic data analyses.
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