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The effects of the real-time changes in the microenvironment within the crevice caused by the change in crevice size on the induction of crevice corrosion of 201 stainless steel (201-SS) in 1 M (pH = 4.00) NaCl solution were evaluated using conventional methods and scanning electrochemical microscopy (SECM) containing potentiometric probes. Results show that a decrease in pH and an increase in the Cl− concentration within the gap are the pivotal determinants of crevice corrosion initiation. A narrower crevice creates a more aggressive corrosive environment. After immersion for 48 h, the corresponding pH values at the mouths of crevice with widths of 100, 250, 400 and 550 μm dropped to 1.64, 2.26, 2.73 and 2.88, respectively. The crevice size affects the accumulation rate of erosive ions and the initiation time of pits corrosion within the crevice, through the volume and diffusion effect. The coupling effect of the decrease in pH value and the increase in concentration of chloride ions is the main driver for the negative shift of the open circuit potential (OCP) and corrosion potential of 201-SS.
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1 INTRODUCTION
As a degradation mode of metallic materials under the influence of environmental elements, corrosion not only results in apparent financial losses but poses a disregarded threat to both life and productivity of human beings (Tang et al., 2024; Welikala et al., 2024; Liu et al., 2021; Li et al., 2025). Despite demanding challenges, long-term efforts have identified various well-known corrosion types already, while localized corrosion stands out among them due to its exceptional concealment and potentially huge destruction, making it still a hot target of investigations worldwide till now (Chen et al., 2025; Zhu et al., 2022; Torres et al., 2021; Li et al., 2022; Xu et al., 2022; Ha et al., 2024).
Crevice corrosion is one of the local deteriorations. A series of practical evidence reveal that limitation of transport process creates a distinction in the solution chemistry within and outside crevices. This differentiation is attributed to the unique occluded structure of the materials involved (Kamaraj and Erning, 2020; Hornus et al., 2019; Matsumura et al., 2022; Pickering, 1988). This process undoubtedly heightens the risk of local dissolution compared to uniform corrosion. Additionally, two speculative theories have been presented to artificially anticipate the corrosion tendencies, namely, IR drop theory and Critical Crevice Solution theory (CCST) (Aoyama and Kato, 2023; Li et al., 2017; Ding et al., 2021; Yeh et al., 2020; Yang et al., 2013; Shojaei et al., 2019; Ning et al., 2021; Bryant et al., 2014). For CCST model, changes in the electrochemical behavior are brought on by the alternation of solution chemistry (such as a drop in dissolved O2, enrichment of H+ and Cl− (Chen et al., 2016; Zhang et al., 2021; Luo et al., 2022; Hu et al., 2011; Jafarzadeh et al., 2022). This is regarded as the triggering core for corrosion. In terms of IR drop theory, it applies exclusively that crevice corrosion appears by the potential shift from passive to active state. The potential drop is known as the “IR drop”. It can be obtained by multiplying the electrolyte’s resistance and current (Shojaei et al., 2019). The potential change is obviously affected by the chemical composition within the gap, crevice gap, solution conductivity, etc (Xiao et al., 2018; Wang et al., 2016; Nose et al., 2020; Gilbert and Zhu, 2020). It has been documented that the disparity in chemical composition within the obstructed gap has significantly broadened the potential window for active corrosion to occur. To encapsulate, these studies concur that the change in ion concentration inside the narrow gap has an important impact on initiating the crevice corrosion.
Crevice geometry emerges as another critical factor that can significantly influence the progression of crevice corrosion (Ding et al., 2021; Luo et al., 2022; Xu et al., 2022). Many innovative works have emerged to investigate the link between crevice geometry and corrosion behavior. For instance, Xu and his team emphasized that the depolarization of dissolved oxygen in the gap of steel U75V was greatly controlled by the gap size based on a set of in situ self-assembled monitoring device (Xu et al., 2022). Similarly, Luo and colleagues revealed that crevice gap dimensions substantially affect the rate of solution acidification within the crevice and the initiation period of crevice corrosion utilizing a combination of electrochemical experiments and theoretical model (Luo et al., 2022). A multi-physics coupling model was created by Ding et al. to simulate the different stages of crevice corrosion of 304 stainless steel (Ding et al., 2021). Results demonstrated that the distribution patterns of pH values and chloride concentrations within the crevice were correlated with the dimensions of the gap. Varying gap sizes resulted in quite distinctly diverse corrosion behavior. It can be inferred that crevice geometry affects corrosion behavior by changing the solution chemistry inside the gap. The studies mentioned earlier have significantly deepened our understanding of crevice corrosion phenomena. The majority of research relied on numerical simulation. The large electrode size, which leads to low spatial resolution, fails to meet the demands for high-resolution tracking of ion dynamics within the microenvironment of a crevice. Meanwhile, simulation approaches often idealize the crevice corrosion process by assuming geometric characteristics. The resulting outcomes are subjective to some extent. Therefore, it is still important to better optimize the electrode size and determine the evolution of dominant elements from an experimental perspective. Our research team has designed a solid-state Pt/IrOx-pH and Ag/AgCl ultramicroelectrode (UME) for in situ pH and the chloride ion concentration monitoring over metal/solution interface using SECM (Zhu et al., 2018; Zhu et al., 2020; Zhang et al., 2024). Furthermore, leveraging the potentiometric mode of SECM, a submicron Pt/IrOx-pH UME with a precisely controllable diameter of approximately 1 μm has been created to examine the local radial pH distribution and its progression within the crevice (Bai et al., 2023). However, the relationship between crevice corrosion behavior, crevice geometry and real-time solution chemistry within the gap is not clear.
Stainless steel is most commonly used in industry, due to its outstanding mechanical properties and low cost. Nevertheless, stainless steel is susceptible to crevice corrosion. In the light of above, this study used a commercial 201 stainless steel (201-SS) as research object in this work. Meanwhile, a custom-designed high-resolution UME integrated with SECM potentiometric mode was used to evaluate the pH and chloride ion concentration in crevice of different sizes and explore their correlation with corrosion triggering.
2 EXPERIMENTAL APPROACHES
2.1 Material preparation
Table 1 details the chemical composition (wt%) of the commercial 201-SS employed in this research. 201-SS were procured from Hongwang Stainless Steel (Foshan, China). The electrochemical test specimens, which were panel-cut, featured an exposed area of roughly 4 × 7 mm2 and were securely set in epoxy resin. Prior to utilization, the testing surfaces underwent a meticulous grinding process with silicon carbide papers of 300, 600, 800, 1,000, and 2000 grits. They were mirror polished using a 1 μm silica suspension, subjected to ultrasonic cleansing in ethanol, and ultimately dried using compressed air.
TABLE 1 | Chemical composition of the studied 201-SS (wt%).
[image: Table 1]2.2 Design of device for crevice corrosion investigation
A schematic diagram of crevice setup and experimental apparatus is illustrated in Figure 1. A rectangular Polytetrafluoroethylene (PTFE) was sandwiched between the epoxy resin and glass plate to form a gap. Before the experiment, the crevice assemblies were securely fastened with threaded plastic bolts and nuts. Also, four holes were captured along the length of glass plate (Figure 1B). The reference electrode was inserted into one hole. The other three holes with a diameter of around 1.2 mm were located at different sites on the line, which correspond to the crevice’s opening, midpoint, and base. These holes are prepared for pH and the chloride ion concentration measurement during SECM test. Note that three plastic micro-rods were prepared in advance to plug the holes. The plastic micro-rod measuring the pH value (or the concentration of chloride ions) was removed, while the other two remained obstructing the holes. To remove air bubbles, electrolyte was injected into the gap using a micro-syringe prior to the test.
[image: Figure 1]FIGURE 1 | Schematic representation of a self-designed apparatus for crevice corrosion monitoring showing: (A) Details of the crevice configuration, (B) enlarged view of the glass plate and (C) an illustrative diagram of the electrochemical measurement setup.
Structures with varying gap widths were obtained via changing the thickness of PTFE gasket. As exhibited in Figure 2, four gap widths corresponding to 100 μm, 250 μm, 400 μm and 550 μm were generated in advance. To guarantee the validity, multiple gaskets and different devices were used for multiple combinations throughout assembly process. Each gap width was observed and measured using an optical microscope (OM, M230-HD228S, AOSW, China) before the test. The gap size of each assembled structure is displayed in Figure 2. It was discovered that the crevice corrosion constructed structure’s actual gaps were 101.30 μm, 258.47 μm, 400.74 μm and 550.47 μm, respectively. The minor errors were probably caused by the bolts and nuts’ assembly procedure.
[image: Figure 2]FIGURE 2 | Optical images of samples with different gap dimensions in the current work: (A) 100 μm; (B) 250 μm; (C) 400 μm; (D) 550 μm.
2.3 Electrochemical measurements
The OCP and polarization curve measurements were performed using an electrochemical workstation (CHI920D, Chenhua, China) at room temperature. During test, 201-SS electrode was served as the working electrode (WE1), a platinum wire acted as the counter electrode, and a homemade Ag/AgCl electrode was used as reference electrode (RE1): an Ag/AgCl electrode was put into a PTFE tube brimming with 3 M KCl solution, the end of the tube was capped with a porous ceramic plug. All potentials measured during the test were referenced to an Ag/AgCl (3 M KCl) electrode. The OCP tests were carried out after immersion in solutions for 0.5, 1, 2, 4, 6, 8, 24 and 48 h. The polarization curve started after the OCP was stabilized (about 30 min, ∆OCP <10 mV) with a scan rate of 1 mV/s by positively scanning the potential from −0.2 VOCP to +0.35 VOCP. The setup and procedure for SECM test were described detail in our previous study (Bai et al., 2023; Zhu et al., 2024). In summary, a submicron Pt/IrOx-pH (with a radius of 690 nm) or Ag/AgCl (with a radius of 12.5 μm) UME prepared by us was served as the working electrode (WE2), a platinum wire functioned as the counter electrode, while an Ag/AgCl (3 M KCl) electrode acted as the reference electrode (RE2). A potentiometric mode of the SECM was selected to determine the pH and concentration of chloride ions distribution within the gap. The SECM cell configuration for microenvironment monitoring is shown in Figure 1C.
2.4 Characterization
The morphology of crevice corrosion at different positions with varying gap was observed in situ using a metallographic optical microscope (OM, M230-HD228S, AOSW, China). After immersion for 48 h, the corrosion device was retrieved, the plastic plate and PTFE gasket covering on the surface were carefully peeled off. A thorough elemental and compositional analysis of the corrosion products was performed using a high-resolution scanning electron microscope (SEM, JSM-7001F, JEOL, Japan) set at an acceleration voltage of 15 kV, integrated with energy-dispersive X-ray spectroscopy (EDS), employing a mapping technique at the same voltage for a comprehensive elemental analysis.
3 RESULTS
3.1 OCP measurements
Figure 3A illustrates the temporal evolution of the OCP for a 201-SS electrode with a 100 μm gap after immersion in a 1 M NaCl solution. Evidently, the OCP progressively shifts to a more negative potential as the duration of immersion increases. Figure 3B presents the OCP variation for 201-SS electrodes with different gap widths in the same NaCl solution. A consistent trend in OCP variation is observed across electrodes with varying gap sizes: the potential shifts negatively and lowers with time. This trend is attributed to the reduction in the concentration of the cathodic reactants and the metal dissolution occurring within the crevice. The dissolution of metal generates metal cations, and their subsequent hydrolysis leads to the acidification of the electrolyte within the fissure. To maintain electroneutrality within the crevice, chloride ions from external environment migrate towards the interior of the crevice, resulting in an increasingly aggressive electrolyte environment. This is responsible for the negative OCP shift observed with extended exposure (Zhang et al., 2022; Li et al., 2016).
[image: Figure 3]FIGURE 3 | OCP variations over time in 1 M NaCl solution at room temperature: (A) OCP changes over times for the sample with a gap width of 100 μm, (B) OCP changes over time for samples with different gap widths.
Furthermore, the OCP exhibits noticeable changes in response to variations in gap size. The OCP for electrode with narrower gap is more negative compared to those with a wider gap, suggesting that a greater driving force for corrosion is established in crevices with smaller dimensions. It can be deduced that the corrosion propensity of stainless stee is influenced by the gap’s geometric features.
3.2 Polarization curves measurements
Figure 4 presents the polarization curves of 201-SS electrode with different gap widths. Meanwhile, key electrochemical parameters obtained by fitting are provided in Table 2. Observably, the four polarization curves exhibit a striking resemblance in shape. A distinct passivation region is observable for the four samples. As the crevice width diminishes, there is a marked and negative shift observed in the Ecorr values. This trend indicates that stainless steel with a larger gap possesses a reduced propensity for corrosion to take place. These results are in harmonious alignment with the observations from the OCP measurements.
[image: Figure 4]FIGURE 4 | The polarization curves under different gap widths in 1 M NaCl solution at room temperature, scan rate is 1 mV/s.
TABLE 2 | The corrosion potentials estimated from polarization data for 201-SS in 1 M NaCl solution (pH = 4.00) with different crevice width.
[image: Table 2]3.3 In-situ monitoring in gaps with different widths
3.3.1 pH distribution
Figure 5 illustrates the temporal pH variation at various positions within the crevice under different gap widths. A distinguished radial pH gradient is evident within the crevice for each slit width. The most pronounced pH drop is observed near the mouth of the gap, while the drop is less obvious at the midpoint of crevice. In comparison, the smallest pH decrease trend is monitored at the crevice base. This pH distribution is attributed to the fact that the net anodic metal dissolution and hydrolysis reactions occur predominantly near the gap mouth. In contrast, the pH decrease at the bottom and middle of the crevice is due to proton diffusion.
[image: Figure 5]FIGURE 5 | Time-dependent fluctuation of pH values of 201-SS at different locations under different gap widths: (A) 100 μm, (B) 250 μm, (C) 400 μm and (D) 550 μm.
During the immersion period, the dynamic evolution of pH at different locations within the crevice consistently follow a uniform trend across all crevice widths: it begins with a gradual increase, then the pH drops rapidly. As the duration of soaking increases, the rate of pH decrease slows down. Towards the end of the soaking period, the rate of pH drop accelerates again. The period from 0.5 to 1 h, a minor pH elevation was observed. This is believed to stem from reduction reactions involving oxygen or protons. The reactions involved are written as Equations 1, 2:
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Subsequently, the pH value precipitously declined as the duration of immersion, signifying the initiation of crevice corrosion. The metal undergoes ongoing dissolution, ceaselessly releasing metal cations into the solution. Simultaneously, the hydrolysis of a portion of these cations leads to the continuous pH drop. As the soaking time increases, a notable portion of hydrogen ions (H+) are consumed by cathodic reduction, which in turn moderates the magnitude of the pH drop. Towards the end of the soaking period, the rate of pH decreases speeds up again, indicative of significant metal dissolution and the consequent generation of a substantial quantity of hydrogen ions (H+).
Although the pH variation trends within the crevice maintain a consistent profile regardless of gap width, there is a marked divergence in the intensity of these changes. Figure 6A illustrates the pH variation with time at the crevice opening for different gap widths. As the crevice width narrows, the pH value at the crevice opening decreases noticeably. Figure 6B presents the pH values at the crevice opening for different gap widths after 48 h immersion. A dotted line is plotted to display the trend of pH variation near the crevice opening. The individual data points in the dotted line graph represent the specific pH values after 48 h immersion for each gap width depicted in the bar chart. As depicted, the pH values at the openings with widths of 100 μm, 250 μm, 400 μm and 550 μm correspond to 1.64, 2.26, 2.73 and 2.88, respectively. There is a clear correlation between the crevice width and pH value: as the gap width decreases, the pH value drops. This implies that as the crevice width diminishes, a more corrosive environment is established.
[image: Figure 6]FIGURE 6 | (A) pH variation with time and (B) the pH value after 48 h immersion at the crevice opening for different gap width.
3.3.2 Chloride ion concentration distribution
In addition to pH variations, the alterations in chloride ion concentration within the crevice are intrinsically linked to the initiation and progression of crevice corrosion. Given the heightened corrosion susceptibility at the gap opening, we specifically tracked the evolution of chloride concentration in this particular area. To achieve this, an all-solid-state Ag/AgCl microsensor was used to quantify chloride ions within the gap in real time, utilizing the potentiometric SECM technique.
Figure 7A presents the time-dependent fluctuations in chloride ion concentration at the crevice opening for different gap widths. It can be observed that the fluctuation of Cl− concentrations is relatively small in the first few hours under all four conditions, but a significant surge occurs thereafter. This is primarily due to the rate of metal dissolution within the crevice was quite minimal in the initial period of soaking. After 4 h (for the crevice width of 100 and 250 μm) or 8 h (for the crevice width of 400 μm) mark, the metal at the crevice opening underwent continuous dissolution. The unceasing generation of Fe2+ ions spurred the ongoing electromigration of Cl− ions. As a result, a discernible escalation in Cl− concentration is captured. In addition, the Cl− concentrations at the crevice opening gradually decline as the gap narrows. Figure 7B illustrates the Cl− concentration at the crevice openings after immersion for 48 h. Similarly, a dotted line is plotted to display the trend of Cl− concentrations variation near the crevice opening. The Cl− concentrations corresponding to crevices with widths of 100 μm, 250 μm, 400 μm and 550 μm are 4.38, 3.15, 2.76 and 1.86 M, respectively. This trend is positively correlated with the gap size. Their changes are in agreement with the in situ pH measurement results, demonstrating that the corrosiveness of the solution in the gap gradually increases as the gap width decreases.
[image: Figure 7]FIGURE 7 | (A) Evolution of chloride ion concentration with time and (B) the chloride ion concentration at the crevice opening after 48 h immersion for different gap width.
3.3.3 Real-time morphology observation
To track the progression of the corrosion phenomenon, real-time observations of the corrosion morphology within the crevice were conducted using optical microscopy (OM). The OM images displayed in Figure 8 are taken at typical positions. A cursory look reveals that the corrosion patterns are similar: the corrosion products migrate from the crevice opening, extending towards the crevice’s center and bottom, across all measured gap widths. The most intense corrosion activity is localized at the crevice mouth, with the middle and lower regions exhibiting only minor erosion.
[image: Figure 8]FIGURE 8 | Observation of the radial morphology of the (a1, b1, c1, d1) crevice mouth (a2, b2, c2, d2) the middle and (a3, b3, c3, d3) the bottom of the crevice with gap widths of (A) 100 μm, (B) 250 μm, (C) 400 μm and (D) 550 μm at room temperature over time.
At the initial stage, after just 1 h, no significant morphological alterations are observed across the varying gap widths, due to the stability of the passive film that fosters uniform corrosion both within and beyond the crevice confines. However, as the duration of immersion extends, nascent dark spots, indicative of an embryonic pit-like form, begin to manifest and proliferate near the crevice mouth. These minute spots are pinpointed as the inception points for crevice corrosion. The initiation time for pitting corrosion (ts) is noticed to be contingent upon the crevice width, with narrower crevices exhibiting earlier pitting. Specifically, ts is recorded at 2, 4, 6, and 6 h for crevice widths of 100, 250, 400, and 550 μm, respectively. In the case of 100 and 250 μm crevices, the corrosion zone begins to expand near the crevice opening and subsequently spreads towards the middle region after the 4 h mark. A significant buildup of corrosion products is observed at the opening, which is a consequence of extensive metal dissolution and hydrolysis reactions. Concurrently, the emergence of bubbles at the openings is a conspicuous sign of hydrogen gas evolution. However, for the 400 and 550 μm crevices, the corrosion area does not rapidly expand until after a full 8 h of immersion.
Furthermore, the increase in the gap size resulted in a decrease in the internal corrosion zone, which emphasizes that 201-SS exhibits a more remarkable crevice corrosion tendency under narrower gap conditions. This observation highlights the pivotal role of gap width in the susceptibility and progression of crevice corrosion in 201-SS material.
3.4 Ex-situ observation after corrosion
Figure 9 illustrates the ex-situ surface morphologies of 201-SS at various locations across different gap widths after immersion in a 1 M NaCl solution (pH = 4.00) for 48 h. The corrosion distribution is characterized by a pronounced heterogeneity. The crevice opening is densely packed with a substantial layer of corrosion products. As one moves into the midsection of the crevice, the density of these deposits diminishes, with the sparsest concentration found in the deepest areas. A correlation is observed between the crevice size and corrosion severity: Samples featuring narrower crevices are more prone to exhibit a broader distribution of corrosion products and a more substantial deposit layer. These observations align with the experimental results previously discussed.
[image: Figure 9]FIGURE 9 | Ex-situ morphology observation of 201 stainless steel after immersion for 48 h under the different gap widths: (A) crevice mouth, (B) the middle and (C) the bottom of crevice.
As shown in Figure 10, the elemental makeup of the corrosion products gathered around the crevice opening was identified by EDX. The elemental analysis points to the presence of iron and chromium, alongside oxygen and chlorine, within the corrosion byproducts, which implies the potential formation of hydroxide or oxide forms of iron or chromium. The presence of chlorine signal can be attributed to the adsorption of electrolyte-based sodium chloride and/or the transient formation of unstable iron oxychloride molecules that momentarily develop during testing. The oxygen signature detected by EDX is particularly intense in the crevice with a narrower width, indicating a substantial of corrosion products was accumulated on the steel surface, a consequence of the enhanced corrosive activity in narrower crevices.
[image: Figure 10]FIGURE 10 | Element analysis of corrosion products gathered around the crevice mouth under the different gap widths after immersion for 48 h.
4 DISCUSSION
4.1 The effect of internal microenvironmental variation on the initiation of crevice corrosion
Figures 3–7 indicate that microenvironmental fluctuations within the crevice substantially influence the start of crevice corrosion. The buildup of hydrogen ions (H+) within the crevice leads to the breakdown of the protective passive film, thereby triggering pit formation. The formation of these pits releases a surge of metal ions, causing a precipitous decline in pH and a rapid rise in chloride ion (Cl−) concentration. This sequence of events paves the way for the self-catalytic proliferation of crevice corrosion.
The schematic representation of the corrosion mechanism for 201-SS is depicted in Figure 11. The first hour of immersion marks the incubation phase for crevice corrosion. The passive film maintained its integrity, with homogeneous corrosion taking place consistently inside and outside the fissure. The pH value increased gradually due to the reduction of oxygen and protons (Figure 5). During this period, no visible morphological changes were observed under varying gap widths (Figure 8). As the soaking time increases, the oxygen within the crevice were exhausted. This signifies that the crevice corrosion has progressed into its secondary phase (activation stage). As a result of limited oxygen diffusion, the cathodic reactions inside the crevice are subsequently obstructed. Despite this, the external cathodic processes continue to sustain the anodic reactions occurring within the crevice. The anodic dissolution process escalates the concentration of metal ions, which undergo hydrolysis, lowers the pH and weakens the protectiveness of passive film (Figure 5).
[image: Figure 11]FIGURE 11 | Schematic diagram of the crevice corrosion mechanism of 201-SS in 1 M (pH = 4.00) NaCl solution: (A) Incubation stage; (B) Activation stage; (C) Rapid development stage.
The main description of the anode process involved is written as shown in Equations 3–6:
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With the extension of the soaking period, the pH value at the opening declines rapidly while the fluctuation of Cl− ions concentration is relatively small. No discernible morphological alteration is observed at the opening. This indicates the presence of metastable pitting corrosion. Some metals dissolve, and the hydrolysis of some metal ions lead to the decrease in pH. As the duration of immersion, some nascent dark spots, indicative of an embryonic pit-like form, begin to manifest and proliferate near the crevice mouth. This is due to the rapid decline in pH value stimulates the formation of metastable/stable pits, which further aggravates the decrease in pH and results in a gradual increase in the Cl− concentration (the generation of Fe2+/H+ ions intensified the electromigration of Cl− ions).
Upon reaching the critical levels of pH and Cl− concentration in the crevice solution, some tiny dark patches emerged near the gap mouth and increased progressively over time, indicating the occurrence of pitting corrosion. The emergence of pits releases a significant amount of metal ions, leading to the sharp pH drop at the opening. This initiates an autocatalytic chain reaction that intensifies the crevice corrosion. A substantial number of pits rapidly formed at the crevice opening and propagated towards its middle and deepest regions. The ongoing generation of Fe2+ ions intensified the electromigration of Cl− ions. As a result, there was a notable escalation in Cl− concentration. This increase heralded the progression into the third phase, which is distinguished by a rapid development period. Some bubbles were observed during this period in the case of the crevice with a width of 100 μm and 250 μm (Figure 6). This is due to a number of protons were reduced inside owing to the strong acid electrolyte, leading to the decrease slope of pH drop in Figure 5. When the rate of anodic dissolution process exceeds the hydrogen release rate, the slope of pH drops shifts positively. It was observed that no gas bubbles formed within the crevice for gap widths of 400 and 550 μm. This is likely due to the increased alkalinity within the crevice. In the current work, an incubation period followed by an activation phase preceded the onset of crevice corrosion, indicating that the initiation of this corrosion mechanism was not instantaneous. Throughout the experiment, significant alterations in the chemical composition within the crevice were meticulously monitored. Based on these observations, we contend that the CCST model can aptly characterize the metal dissolution processes that occur during the incubation and activation stages. Additionally, the severest corrosion was observed right at the mouth of the crevice. According to the literature, the strongest attack is predicted to occur close to the fissure mouth, based on the IR drop theory (Miller and Lilard, 2019). This theory posits that a remarkable increase in the metal dissolution rate and/or corrosion current leads to a notable potential drop. Upon reaching a critical IR drop value, the site and severity of the corrosion become potential dependent, thus triggering crevice corrosion. These findings are in close alignment with the observed microenvironmental changes (Figures 5, 7). Additionally, the increased acidity and Cl− concentration within the gap throughout the test, appears to be the primary catalyst for the negative shift of OCP and corrosion potential. This correlation implies that the dynamic chemical environment, characterized by increasing aggressive corrosion environment, has a substantial impact on the electrochemical processes at the electrode-electrolyte boundary.
4.2 Influence of the gap size on evolution of crevice corrosion
Based on the findings, the crevice’s geometric properties exert a notable influence on the localized chemical environment within the crevice, which subsequently affects the initiation and spread of crevice corrosion (Figures 6–8). This result aligns with the findings of Luo et al. (2022), demonstrating that the crevice gap’s dimensions significantly influence the microenvironmental fluctuations within the crevice, and also has a substantial impact on the initiation time of crevice corrosion, which is largely due to the volume and diffusion effects.
Firstly, the crevice width influences the time it takes for pitting corrosion to begin. The ts is recorded at 2, 4, 6, and 6 h for crevice widths of 100, 250, 400, and 550 μm, respectively. This means that the pits emerged earlier with a smaller gap. A direct correlation exists between crevice width, pH value, and Cl− concentration. Notably, as the crevice becomes narrower, the pH value at the crevice opening decreases, and the Cl− concentration increases. After 48 h of immersion, the pH values measured at the crevice openings were 1.64, 2.26, 2.73 and 2.88, respectively for widths of 100, 250, 400 and 550 μm, respectively. While the corresponding Cl− concentrations are 4.38, 3.15, 2.76 and 1.86 M, respectively. This pattern suggests that a narrower crevice create a more aggressive corrosive environment, which in turn leads to a negative shift in OCP and corrosion potential of the 201-SS (Figures 3, 4). The significant drop in pH and the concurrent rise in Cl− concentration with decreasing crevice width is likely due to the reduced electrolyte volume and the limited diffusion capacity within the narrower spaces.
Figure 12 illustrates the impact of gap width on the diffusion of ions within the crevice. The term “d” denotes the width of the crevice, while “V” signifies the volume of solution contained within the gap. The reduction in H+ concentration within the crevice is attributed to the hydrolysis of Fe2+ and Cr3+ ions. As the crevice width “d” diminishes, the volume of solution within the gap also decreases, which subsequently limits the diffusion of protons from the crevice to the external solution. Herein, the concentration of H+ increases with the decrease of “d”. This heightened concentration encourages the formation of more corrosion pits and the emission of metal cations. This accelerates the buildup of corrosive ions, leading to a sharper decrease in pH and a higher concentration of Cl− within the crevice solution. As a result, the initiation time for crevice corrosion is reduced with narrower crevices.
[image: Figure 12]FIGURE 12 | A schematic overview: Influence of gap widths on the ion diffusion process within the crevice.
5 CONCLUSION
In this research, the behavior of crevice corrosion in 201-SS in 1 M NaCl solution across a range of crevice widths were examined. Drawing from the aforementioned experimental findings, we have formulated the subsequent conclusions.
(1) The crevice corrosion behavior of 201-SS can be categorized into three distinct phases: incubation, activation and rapid development phase.
(2) The real-time microenvironmental variation within the crevice has a significant effect on the start of crevice corrosion. The decrease in pH and an increase in the Cl− concentration within the gap are the pivotal determinant in the incipience of crevice corrosion.
(3) The crevice dimension affects the accumulation rate of erosive ions and the time it takes for pitting corrosion to initiate within the crevice, through the effects of volume and diffusion. The ts is recorded at 2 h, 4 h, 6 h, and 6 h for crevice widths of 100, 250, 400, and 550 μm, respectively.
(4) A direct correlation was found between crevice width, pH value, and Cl− concentration. A narrower crevice creates a more aggressive corrosive environment, resulting in a more negative OCP and corrosion potential for the 201-SS.
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