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EXECUTIVE SUMMARY 

Overview: Plastic strain renders nuclear reactor components more susceptible to stress 
corrosion cracking (SCC) and premature failure. In this study, for the first time, the strain 
activation of micro-galvanic corrosion in stainless steels was identified as a cause for 
SCC. Corrosion and surface reactivity of progressively elongated steels were analyzed 
using multimodal and multiscale approaches. As a rule, the post-yielding 
microstructures, e.g., deformation bands and α’-martensites are of lower Volta 
potentials as compared to the austenite, hence they induce localized corrosion potential 
gradient, and therefore subjected to accelerated galvanic corrosion. In addition, the 
dislocation concentrated areas are more reactive, likely due to the reduction in corrosion 
activation energy resulted from the stored energy. The superposition of surface 
reactivity and strain distribution revealed that, SCC crack initiation is likely to allocate at 
the strain concentrated areas wherein micro-galvanic corrosion is favored. The 
outcomes of this study enhance the mechanistic understanding of how the SCC 
initiation and propagation are promoted by the pre-existing and crack-induced plastic 
strain. The innovative approach established in this work can avail the investigation of 
the irradiation-assisted SCC (IASCC) processes and failure analysis of reactor 
components. 
 
 
Implications: The outcomes of this study addresses, N.B., from an electrochemical 
perspective, the fast oxidation rate observed in the deformation bands, α’-martensite, 
and dislocation networked areas in reactor environments. In addition, our results imply 
that, the micro-galvanic corrosion also avails the plastic zone oxidation of a propagating 
SCC crack. Therefore, this work provides unprecedented insights and critical inputs in 
developing mechanistic models to predict SCC events in reactor components. More 
importantly, the methodology developed herein not only is suitable for examining 
corrosion behavior of “cold-worked” alloys, it can also be applied to unravel the 
irradiation-induced or irradiation-deformation-activated corrosion mechanisms at micro-
to-macro scales. The approaches we developed offer quantitative information on the 
deformed and corroded alloys, therefore providing possible failure analysis means to 
enhance the current understanding on the degradation of nuclear reactor components. 
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Quantifying micro-galvanic corrosion in stainless 
steels activated by post-yielding microstructures 

 

1. Introduction 

Mitigating and forecasting stress corrosion cracking (SCC) in reactor components 
have always been the primary challenge for safely managing the aged nuclear power 
plants. In any SCC events, inherent crack corrosion is facilitated by the imposition of 
mechanical load, rendering possible catastrophic failure of the reactor components1,2. 
Plastic (i.e., post-yielding) deformation, whether was pre-induced3,4 or developed in-
service5, has been identified to play an assisting role in the initiation and propagation of 
SCC cracks6. The impact of deformation on corrosion is significant, so much as in a 
propagating crack, a plastic zone can be developed at the crack tip, exhibiting an 
oxidation rate three orders of magnitude higher than the surface7. This observed 
corrosion enhancement has been attributed to the faster diffusion of atoms facilitated by 
the strain-induced lattice defects7,8. Although such theories offer creditable explanation 
from a mass-transfer perspective, they discount the chemical/electrochemical potential 
changes arose from permanently deformed microstructures. The 
chemical/electrochemical potential mismatch can acutely impact on the alloys’ 
degradation behaviors, for instance, it often leads to localized micro-galvanic corrosion.   

 
To date, micro-galvanic corrosion has only been observed in multi-phase alloys 

such as magnesium9,10 and aluminum alloys11,12, which consist of phases with 
distinguished compositions. The partitioning of alloy elements renders different surface 
potentials (i.e., Volta potential) between the constituent phases13. Consequently, micro-
galvanic couples develop at the phase boundaries, thereby resulting in preferential 
corrosion of the anodic phase (i.e., vis-à-vis the cathodic phase)14. However, due to the 
strain-induced microstructural transformations are diffusion-less, and results in no 
composition change in stainless steels, the micro-galvanic effects have not been 
accounted for in the prevailing SCC studies, and therefore excluded from conventional 
SCC-prediction models15–17. But it is recently noticed that, post-yielding deformation 
indeed can alter the Volta potentials of ferrite and austenite phases in a duplex stainless 
steel, and subsequently inverted galvanic order of the phases and their corrosion 
rates18. Thus, plastic deformation can play a critical role inducting galvanic corrosion 
and promoting SCC. Although important, these impacts have not been addressed for 
austenitic steels used in nuclear reactors (e.g., 304L and 316L stainless steels). 

 
When plastically deformed, austenitic steels accommodate the bulk strain via the 

formation of dislocations and lattice transformations. However, strain localization readily 
occurs at micro-to-macro scales, and likely so is the allocation of corrosion activities. It 
therefore requires spatially resolved electrochemical characterization methods to 
unravel the localized corrosion susceptibility. To this end, the scanning Kelvin probe 
force microscopy (SKPFM) and the scanning electrochemical microscopy (SECM) were 
employed herein to determine steel’s surface reactivity in both the ambient and aqueous 
environments. By coupling the SKPFM and SECM results with electron backscatter 
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diffraction (EBSD) analyses, we seek to quantify the micro-galvanic corrosions in 
stainless steels stimulated by strain-induced lattice transformations, and to offer critical 
inputs into the developing mechanistic models that forecast the SCC susceptibility of 
reactor components.  
 

2. Experimental 

Sample preparation: A hot rolled 304L stainless steel (ArcelorMittal) with the nominal 
composition listed in Table 1 was sectioned into miniature tensile specimens shown in 
Figure 1. The specimens were elongated to 5%, 10%, 22%, and 30% strain under 
uniaxial tension at a strain rate of 5×10-4/s. To make electrodes, the gauge parts of each 
sample were sectioned using a low speed diamond wafering saw and attached to a lead 
wire. The assemblies were then embedded in epoxy resin, and the exposed surfaces 
were successively polished (N.B., with using the 50 nm colloidal silica as the final step) 
until the surface featured a mean-roughness Sa < 10 nm.  
 

 
 

(a) (b) 
Figure 1. (a) A schematic shows the geometry of the miniature tensile sample used in 

this work, the dimensions are in mm. (b) The optical photo of the progressively 
deformed samples. 

Table 1. The chemical composition of the 304L stainless steel used (mass %). 

Fe Cr Ni Mo Mn N C Si 

bal. 18.29 8.02 0.07 1.28 0.05 0.02 0.45 

 
Microstructure characterization: The crystallographic orientations of the grains were 
determined using a Scanning Electron Microscopy (SEM, Tescan Mira3) equipped with 
an EBSD detector (Oxford Ultim Max). The acceleration voltage and step size used 
were 20 kV and 500 nm, respectively. The EBSD data were subsequently analyzed 

using the OIM Analysis software. A magnetic phase detector (Fisher technology 
FMP30) was used to detect the ferrite and martensite contents of the steel specimens 
prior and post to deformation.  
 
Evaluation of the bulk corrosion behavior: A potentiostat (Princeton Applied 
Research VersaSTAT 4) equipped with a 20-mL microcell was used to perform bulk 
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electrochemical experiments. The deformed steels were connected as the working 
electrode in a system with a platinum wire counter electrode and a Ag/AgCl reference 
electrode. Bulk electrochemical tests were conducted in a lithium borate buffer solution 
(Li-BBS, 0.0375M Li2B4O7 + 0.15M H3BO3) with additional 0.1 M Lithium chloride (LiCl), 
pH 8.4. The Li-BBS is typically used to simulate the coolant chemistry of light water 
reactors (LWR)7,19,20, the applied solution is more concentrated in both Li and B in order 
to provided enough electric conductivity for room-temperature measurements. In 
addition, LiCl, as a potential coolant contaminate, was added to the solution to 
accelerate the corrosion tests. 

The solution was deareated by bubbling argon for 1 h prior to each experiment, the 
solution was unstirred during tests, but the blanket part of the cell was flushed with 
argon. Potentiostatic (PS) tests were initiated by cathodic cleaning of the working 
electrode at -1 VAg/AgCl for five minutes, and then the electrodes are equilibrated at open 
circuit for an hour, and then potentiostatically held at 0.1 VAg/AgCl for 2 h. Potentiostatic 
electrochemical impedance spectroscopy (EIS) was conducted at the same potential 
after the PS hold. The acquired EIS results were validated using a Kramers-Kronig 
method21 and then analyzed by equivalent circuit modeling using the software 

ZsimpWin (ver. 3.60). 
 
Surface reactivity analysis: The surface reactivity of the deformed 304L steels were 
evaluated using a SECM (HEKA ElProScan) operated in feedback mode. The SECM is 
equipped with a 10 μm Pt ultramicroelectrode (UME) with the RG ratio, i.e., the ratio of 
the glass-sheath-radius to the Pt-UME-radius, close to 3. The SECM tests were 
performed with samples immersed in 0.1 and 0.2 M LiCl solutions (pH 5.8) with 2 mM 
hexaammineruthenium chloride (Ru(NH3)6Cl3) as the redox mediator. (N.B., the Li-BBS 
was not used in SECM measurements to avoid potential complexations between the 
borate ions and the redox mediator.) A -0.35 VAg/AgCl potential was applied to the UME 
to promote the diffusion-limiting current of the redox mediator reduction. The surface 
reactivity was measured using the SECM operated under approaching and constant-
distance modes. The former was performed by holding slowly approaching the Pt UME 
(1 μm/s) to the sample surface while acquiring the current evolution; the latter was 
performed by tapping the UME to the surface and then lift to a constant distance (~5 
μm) and scanning the surface point-to-point. 
 
Surface topography and potential analysis: The topography of as polished samples 
was measured using an atomic force spectroscopy (AFM, Bruker Dimension Icon) 
operated under the tapping mode.  The amplitude-modulated Kelvin probe force 
spectroscopy (AM-KPFM) was performed using an antimony-doped silicon oxide tip 
(Bruker PFQNE-AL) with a calibrated work function of 4.09 eV22. 

All experiments were performed at the room temperature (23 ± 2°C). All 
chemicals used in this study are ACS reagent grade. Solutions were prepared with 
deionized (DI) water (>18 MΩ·cm).  
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3. Results and discussion 

3.1 Post-yielding microstructural analysis 

The steel’s microstructure evolution is the prerequisite governing the 
development of corrosion activities, and it was therefore characterized as the first step. 
As functions of the bulk strain, lattice defects, encompassing dislocations and strain-
induced phases were revealed by the EBSD analyses as shown in Figure 2.  

 

 
(a) 

 
(b) 

 
(c) 

Figure 2. The strain-induced microstructure evolution was analyzed by EBSD. (a) 
Image quality (IQ) maps show the buildup of microstructural defects resulted from the 
bulk deformation. The localized strain is revealed by the kernel average 
misorientation (KAM) maps shown in (b), and the development of strain-induced α’-
martensite is shown in (c). 

 
As the most common strain-induced defect, dislocations create elastic fields in 

the surrounding lattice and retain mechanical energy (i.e., the stored energy), and so 
elevates the chemical energy of steel atoms23. Therefore, the dislocation density is 
closely related to the corrosion reactivity. In specific, the accumulation of geometrically 
necessary dislocations (GND) drives grain rotation during tensile testing, and the GND 
density can be revealed by the kernel average misorientation (KAM) analysis24: 𝜌𝐺𝑁𝐷 =
2𝜗

𝑏𝜇
 [Eq. 1], where 𝜗 is the KAM angle, 𝑏 is the magnitude of burger’s vector, and 𝜇 is the 

EBSD step size (500 nm). As seen from Figure 2b, the distribution of dislocations is not 
uniform at the microscale. The KAM maps highlight the localized variation in GND 
densities, for instance, regions adjacent to grain and phase boundaries are often of high 
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KAM angles, indicating higher dislocation concentration, and, therefore, stored energy 
in these regions. Stemmed from the localized accumulation of dislocations, the 
averaged GND densities also increase proportionally as a function of the bulk strain 
(see Figure 3a). Note that, the GND density was calculated using the area-averaged 
KAM values. 

 

 
On the other hand, dislocation development can only result in a limiting localized 

misorientation angle of < 2°, further microstructural heterogeneity is attributed to the 
strain-induced phase transformations. Among the strain-induced phases, the large α’-
martensite domains has a body-centered-cubic (bcc) structure and a lath-like 
morphology, thereby can be revealed by the phase map shown in Figure 2c. Based on 
the volumetric analyses (as shown in Figure 3b), detectable amounts of strain-induced 
α’-martensite emerged in the 10% deformed sample and grew in volume as the strain 
increases. In addition, a large fraction of small martensite domains and deformation 
bands render poor electron diffraction patterns, they are denoted as dark areas in the 
image quality (IQ) as well as the other EBSD maps. By comparing the KAM and phase 
distribution images, one can notice that the deformation bands and martensites 
preferentially develops at dislocation concentrated areas, suggesting the dislocation 
accumulation stimulates the strain-induced phase transformations. Such the assertion 
can also be confirmed by the observation that, strain-induced phases are generally 
allocated adjacent to δ-ferrite inclusions, which can impede dislocation motion and 
cause dislocation accumulation26.  

 
Unlike dislocation formation processes, strain-induced phase transformations are 

usually exothermic27, implying the resulted phases do not directly contribute to the 
stored energy28. However, due to the microstructurally defective nature of deformation 

  
(a) (b) 

Figure 3. Quantification of post-yielding microstructures as functions of the bulk 
strain: (a) the densities of geometrically necessary dislocations and (b) the α’-

martensite contents as measured using the EBSD and a magnetic phase detector. 
The δ-ferrite contents were measured prior to deformation, and were subtracted in 
both measurements. The solid line represents the theoretical martensite content 

calculated based on the Olson-Cohen model25.    
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bands and the α’-martensite, their roles in inducting localized corrosion were 
subsequently assessed. 
 

3.2 Determining strain-activated bulk corrosion susceptibility. 

In order to correlate the steel’s post-yielding microstructure with corrosion 

reactivity, the progressively deformed samples were characterized via electrochemical 

means. A detreated borate buffer solution was used representing a chlorine-

contaminated reactor coolant composition. In this solution, equilibrium potentials (i.e., 

corrosion potentials) were measured following a one-hour immersion. As a result, 

evident reduction in corrosion potentials were observed as the bulk deformation 

increases (Figure 4a): for instance, the corrosion potential of the 30 % deformed 304L 

is about 60 mV lower than the undeformed control. This indicates that, strain-induced 

microstructures clearly lead to bulk corrosion instability of the 304L. More importantly, 

the corrosion potentials are decisive of the galvanic series of alloys29, the greatly 

deformed samples are therefore less noble than samples with smaller amounts of 

strain.  

 

 
(a) 

  
(b) (c) 

Figure 4. Quantification of strain-induced bulk corrosion behaviors of the 304L 
stainless steel: (a) reduction in equilibrium potential (b) enhanced corrosion rates and 

(c) deteriorated passive layer resistances.  The experiments are conducted in the 
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Such insights are also supported by the anodic behaviors of deformed 304L in 

the same solution.  An anodic potential of 0.1 VAg/AgCl was applied to simulate an 

oxidizing reactor environment resulted from reactor coolant radiolysis30–32. When 

polarized, the 304L steel passives and its corrosion current attains a steady-state rate 

after a two-hour potentiostatic hold. The steady-state corrosion rate (as shown in Figure 

4b and 4c,) doubled from 32 nA/cm2 to 64 nA/cm2 as the deformation increased from 0 

to 30 %, whereas the passive layer resistance reduced from 3.9 MΩ cm2 to 2.3 MΩ cm2, 

also by a factor of ~2. As evidenced, the formation of less resistant passive layers can 

also be attributed to the post-yielding microstructures. This is significant since, in reactor 

environments, the passive layer impedes the steel’s redox interactions with the strong 

oxidant produced by coolant radiolysis (e.g. hydroxyl radicals and H2O2)33, and 

defective passive layers enhance steel’s in-reactor reactivity.  

 

  
(a) (b) 

Figure 5. The change in steel’s surface reactivity is also sensitive to the amount of 
strain. (a) Tafel plots show a clear dependence of 𝑘𝑒𝑓𝑓 with the amount of strain. (b) 

Consistently, the calculated 𝑘𝑜 is linearly proportional to the strain. These SECM tests 
were conducted using the approaching mode in a solution of 0.1 M LiCl+ 2 mM 

Ru(NH3)6Cl3 (pH 5.8). 

 
As such, SECM was employed to characterize the surface reactivity availed by 

post-yielding microstructures. By adding a trace-amount of redox mediator (2mM 
Ru(NH3)6Cl3) in solution, the SECM measures the reduction current of the following 
reaction: 

 𝑅𝑢(𝑁𝐻3)6
3+ + 𝑒− → 𝑅𝑢(𝑁𝐻3)6

2+
 (1) 

A diffusion-limiting reduction current, I0, was attained when the SECM probe (i.e., the Pt 
ultramicroelectrode, UME) was far away from the steel surface. By approaching the Pt 
UME towards the steel surface, the UME-reduced Ru(NH3)6

2+ was oxidized by the steel 
surface to form Ru(NH3)6

3+ (through the reverse process of Reaction 1). Then the 
SECM probe acquired the feedback from surface-generated Ru(NH3)6

3+, and measured 

deaerated borate buffer solution with lithium chloride, 0.0375 M Li2B4O7 + 0.15 M 
H3BO3 + 0.1 M LiCl (pH 8.4). 
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an integrated current IUME. The reactivity of steel’s passive film is characterized by the 
generation rate constant of Ru(NH3)6

3+, 𝑘𝑒𝑓𝑓 (in cm/s), which can be quantified by 

analyzing the approach curve of the normalized UME currents (IUME / I0). 
 

As shown in the Tafel plots (Figure 5a), at a fixed amount of strain, the 𝑘𝑒𝑓𝑓 

dependence with the applied potentials are well-governed by the Butler-Volmer 

relationship34: 𝑘𝑒𝑓𝑓 = 𝑘𝑜exp[
𝛼𝑛𝐹

𝑅𝑇
(𝐸 − 𝐸0′

)] [Eq. 2], where 𝑘𝑜 is the standard rate 

constant, 𝛼 is the charge transfer coefficient, 𝑛 is the number of electrons, 𝐹 is the 
Faraday constant, 𝑅 is the gas constant, 𝑇 is the temperature, 𝐸 is the applied potential, 

and 𝐸0′
 is the standard potential of the Ru(NH3)6

3+/2+ redox couple. As depicted in 
Figure 5b, the regressed 𝑘𝑜 coincide with 𝑘𝑒𝑓𝑓, both of which were elevated by the 

post-yielding strain, indicating that post-yielding microstructures renders more reactive 
surface. In fact, the observations are consistent with the measured surface reactivity of 
the 304L when subjected to only elastic stresses35,36. And similar surface reactivity 
enhancement has also been observed for the Ni-based austenitic alloys under both 
compressive and tensile stresses37. Taken together, the post-yielding microstructures 
activate the surface reactivity in a similar way as the elastic stresses, i.e., by inducing 
defects in passive films and to synergize charge transfer reactions at the film/solution 
interface. Consequently, the surface reactivity of the 304L steel is governed by the 
amount of deformation, yielding a linear dependence of 𝑘𝑜 on the strain.    
 

3.3 Assessing the impact of micro-galvanic corrosion 

As the localization of post-yielding microstructures is evident based on EBSD 
analyses (Figure 2), the steel surface may not exhibit uniform corrosion activities. For 
instance, due to the increasing strain resulted in reduction of bulk corrosion potentials 
(Figure 4a), the localized potential gradient – a key element to induct micro-galvanic 
corrosion – is likely to rise owing to the strain localization. Thus, the surface potential 
distribution in a 10% deformed 304L was assessed using SKPFM. The results (see 
Figure 6a-d) reveal that, the strain-induced α’-martensite, and shear bands exhibit 
surface potentials (i.e., Volta potentials) about 60 mV lower as compared to the 
austenitic matrices. Such the potential difference is consistent with the corrosion 
potential reduction measured in solution (Figure 4a), implying the reduction in bulk 
corrosion potential was stemmed from the development of α’-martensite and 
deformation bands. (N.B., based on our results, the SKPFM is not able to detect any 
surface potential variation related to dislocation concentrations.) The lower Volta 
potential corresponds to the lower energy cost to extract electrons via charge transfer 
reactions38,39, and an excellent correlation has been established between the Volta 
potential and in-solution corrosion potentials40. Therefore, the α’-martensite and 
deformation bands are electrochemically less noble than the austenitic matrix. The 
micro-galvanic corrosion is expected to take place, wherein the strain-induced phases 
preferentially corrodes as the anode, whereas the austenite is catholically protected.  
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 6. Apart from the lattice defects, the strain-induced phases also play critical 
roles in promoting localized corrosion. (a) and (b) are AFM-topography maps shown 

the strain-induced α’-martensite and deformation bands, which are also of lower 
surface potentials (i.e., Volta potentials) as compared to the austenite as shown in the 

SKPFM maps ((c) and (d)). This localized potential gradient give rise to micro-
galvanic corrosion, as shown in (e) and (f), the surface reactivities of strain-induced 
phases are evidently higher. The SECM tests were conducted using the constant-

distance mode in a solution of 0.2 M LiCl+ 2 mM Ru(NH3)6Cl3 (pH 5.8). 

 
To profile the micro-galvanic corrosion at the steel surface, constant-distance 

SECM analyses were performed: the Pt UME were halted at 3 μm above the SKPFM-
scanned area and measured the redox mediator’s reaction current. As depicted in 
Figure 6e and 6f, the higher current is consistently observed at the lower surface 
potential areas, indicating the strain-induced α’-martensite and shear bands also have 
higher surface reactivity as compared to the less reactive austenite. These multimodal 
analyses demonstrated the strain-induced phases are subjected to accelerated 
corrosion owing to the micro-galvanic coupling.  

 



 

 Page 10 

  
(a) (b) 

 
(c) 

Figure 7. The strain localization can lead to localized corrosion. For example, a good 
correlation was identified between the (a) KAM map, and (b) SECM surface reactivity 
map of the 10% deformed tensile specimen. (c) shows the probability distribution of 
the normalized current from (left) all mapped areas, and (right) the strain-induced 

phases represented by the low image quality areas. The SECM tests were conducted 
using the constant-distance mode in a solution of 0.2 M LiCl+ 2 mM Ru(NH3)6Cl3 (pH 

5.8). 

 
The EBSD results showed the localization of post-yielding microstructures, the 

micro-galvanic corrosion activities are likely to follow. As such, the EBSD-KAM and 
SECM-surface reactivity were mapped and compared from the same area of the steel 
surface (Figure 7). As indicated by the circled regions in Figure 7a and 7b, higher 
surface reactivities are generally associated with higher strain concentrations. In 
particular, Figure 7c shows that the strain-induced phases (represented by the low IQ 
areas, i.e., the dark regions shown in Figure 7a) were disposed to exhibit upper-bound 
currents, and the average is also higher vis-à-vis all measured areas. Furthermore, the 
circled regions are also indicative of that, the areas of higher reactivity are generally 
associated with larger KAM angles. As aforementioned, greater KAM angles denote 
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higher dislocation concentrations, consequently, higher stored energy is stored in these 
areas that activates surface reactions and steel corrosion.  
 

On the other hand, because the SECM readily integrated responses from 
crystallographic features, e.g., grain boundaries and grain orientations41, the convoluted 
surface reactivity distribution is not entirely in congruent with the strain localization when 
measured at grain-level scales. For instance, mismatches between the surface 
reactivity and KAM maps can be observed in Figure 7. To exclude such the 
crystallographic influences, the impact of micro-galvanic corrosion was evaluated at a 
macro-scale that encompasses hundreds of diversely oriented grains. 

 

    
(a) (b) 

  
(c) (d) 

Figure 8.  The plastic strain activated bulk corrosion sensitivity can be assessed by 
using the SECM. (a) The COMSOL® simulated von Mises stress and (b) the effective 

strain distributions of the tensile specimen deformed to a 10% bulk strain. (c) 
Simulated strain distributions along the arrow shown in the inset (σ0.1 represents the 

stress required to attain the 10% bulk strain), and (d) regressed surface reactivity 
from the same locations shown a consistent distribution with the plastic strain. The 
SECM tests were conducted using approaching mode in a solution of 0.2 M LiCl+ 2 

mM Ru(NH3)6Cl3 (pH 5.8). 

 
The macro-scale strain is expected to vary in the tensile specimens employed by 

this work (Figure 1a). A COMSOL® simulation was performed to determine the stress-
strain distribution in the bulk. The simulation utilized a nonlinear elastoplastic model, 
wherein the post-yielding stress-strain relation is defined by the Ludwik relationship42: 
𝜎𝑦𝑠 = 𝜎𝑦𝑠0 + 𝑘(𝜀𝑝𝑒)𝑛 [Eq. 3], where 𝜎𝑦𝑠 is the stress beyond the yielding point, 𝜎𝑦𝑠0 is the 

yield stress (215 MPa), 𝜀𝑝𝑒 is the effective plastic strain, and 𝑘 (1033 Mpa) and 𝑛 
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(0.768) are coefficients fitted from the experimental true-stress-strain curve. Based on 
the simulated results (Figure 8a and 8b), the post-yielding strain distributed uniformly at 
the gauge part but lessened at regions closed to the sample’s head. The line profiles 
shown in Figure 8c depict the progressively increasing and then plateaued effective 
strain under successively increased stresses.  

 
Due to the effective strain accumulated at the gauge part, it is expected to have 

concentrated strain-induced microstructures and pronounced corrosion micro-galvanic 
activities. In fact, as shown in Figure 8c and 8d, greater 𝑘𝑒𝑓𝑓 values were exhibited by 

the gauge part, whereas the tensile head is relatively inert. The distribution of surface 
reactivity is in congruent with that of the plastic strain. Interestingly, the micro-galvanic 
coupling resulted in a partitioned macro-corrosion reactivity. This implies that, localized 
corrosion is favored to initiate in the component with higher amount of deformation, 
wherein acute micro-galvanic corrosion can lead to the formation of micro- pits and 
crevices, which can further develop into SCC cracks. As for a propagating SCC crack, 
the micro-galvanic corrosion also explains why the plastic zone oxides at much faster 
rates7,43.  Through surface reactivity analyses, the SECM provide feasible means to 
detect or predict the SCC susceptibilities at the micro- and bulk- scales. 
 

4. Conclusions 

Taken together, this work determined that, localization of post-yielding 
microstructures induces the micro-galvanic corrosion in stainless steels. Specifically, the 
dislocations contribute to the stored energy and elevated the steel’s chemical potential 
and corrosion reactivity. On the other hand, the deformation bands and strain-induced 
martensites are determined to have lower Volta potentials vis-à-vis the austenitic matrix, 
rendering surface potential heterogeneity. The localized potential gradients are the 
prerequisite inducting micro-galvanic corrosion; indeed, we have observed the 
enhancement in both the localized and the bulk corrosion reactivity. The outcomes of 
this study addresses, N.B., from an electrochemical perspective, the fast oxidation rate 
observed in the deformation bands, α’-martensite, and dislocation networked areas in 
reactor environments8,44. In addition, our results imply that, the micro-galvanic corrosion 
also avails the plastic zone oxidation of a propagating SCC crack. Therefore, this work 
provides unprecedented insights and critical inputs in developing mechanistic models to 
predict SCC events in reactor components. More importantly, the methodology 
developed herein not only is suitable for examining corrosion behavior of “cold-worked” 
alloys, it can also be applied to unravel the irradiation-induced or irradiation-
deformation-activated corrosion mechanisms at micro-to-macro scales. The approaches 
we developed offer quantitative information on the deformed and corroded alloys, 
therefore providing possible failure analysis means to enhance the current 
understanding on the degradation of nuclear reactor components. 
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