
 88 

Фізико-хімічна механіка матеріалів. – 2023. – № 2. – Physicochemical Mechanics of Materials 

 

QUANTITATIVE MODEL FOR THE PREDICTION  
OF THE CORROSION RATE OF COLD-ROLLED 316L STEEL 

A. DITTES 1, T. MEHNER 1, S. FRIEDRICH 2, B. AWISZUS 2, T. LAMPKE 1 
1 Materials and Surface Engineering Group, Institute of Materials Science and Engineering,  

Chemnitz University of Technology, Germany; 
2 Virtual Production Engineering Group, Institute for Machine Tools and Productions Processes, 

Chemnitz University of Technology, Germany 

The austenitic stainless steel 316L is used for numerous components due to its excellent 
corrosion resistance. However, forming of components influences the microstructure and 
can thus change the corrosion resistance of the steel. In this context, the corrosion rate of 
the steel 316L is determined for the case of uniform corrosion of various cold-rolled con-
ditions by ageing tests in 0.5 M H2SO4. The microstrain, the martensite fraction, and the 
residual-stress state are quantified using X-ray diffraction. The surface roughness is 
measured by laser scanning microscopy. Three different model equations are derived by 
means of multiple regression to predict the corrosion rate as a function of the specimen 
properties. The analysis shows that a particularly simple model equation, which predicts 
the corrosion rate only via the plastic strain, shows insufficiently large deviations from the 
experimentally determined corrosion rates. However, a low divergence to the experimental 
results with a mean deviation of less than 4% is achieved by using a model equation that 
takes microstructural parameters and the surface ratio into account. Within this model 
equation, an increased corrosion rate is achieved with higher microstrain and residual 
compressive stress of the austenite phase as well as a higher surface-area ratio. A higher 
fraction of martensite is found to lower the corrosion rate. 

Keywords: corrosion, modeling, cold-forming, microstructure, austenitic stainless steel, 
martensitic transformation. 

Аустенітну нержавну сталь 316L використовують у багатьох елементах завдяки її 
хорошій корозійній тривкості. Однак виготовлення елементів впливає на мікрост-
руктуру і, таким чином, може змінити корозійну тривкість сталі. Швидкість корозії 
сталі 316L за різних умов холодного вальцювання визначали для випадку рівномір-
ної корозії за випробувань у 0,5 М H2SO4. Мікродеформацію, частку мартенситу та 
залишкове напруження визначали рентгеноструктурним методом. Шорсткість по-
верхні вимірювали за допомогою лазерної сканівної мікроскопії. Застосовуючи мно-
жинну регресію, отримали три різні модельні рівняння для прогнозування швидкос-
ті корозії як функції властивостей зразка. Аналіз показав, що особливо просте модель-
не рівняння, яке прогнозує швидкість корозії лише через пластичну деформацію, 
демонструє значні відхилення від експериментально встановлених швидкостей ко-
розії. Однак малу розбіжність із експериментальними результатами із середнім від-
хиленням менше 4% отримали за модельним рівнянням, яке враховує мікрострук-
турні параметри та шорсткість поверхні. За його використання отримали вищу 
швидкість корозії за більших мікродеформації та залишкового напруження стиску 
аустенітної фази, а також більшої шорсткості поверхні. Виявлено, що більша частка 
мартенситу знижує швидкість корозії. 

Ключові слова: корозія, моделювання, холодна обробка, мікроструктура, аусте-
нітна нержавна сталь, мартенситне перетворення. 
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Introduction. Austenitic stainless steels like 304 and 316 steels are used in nume-
rous components in chemical-plant engineering, food-processing industry, medical 
technology, heat exchangers, and as bipolar plates for fuel cells due to their high corro-
sion resistance. For bipolar plate manufacturing, various studies report a relationship 
between the forming production process and the resulting corrosion properties of the 
components [1–3]. However, these publications usually neglect the microstructural 
changes in the components caused by the forming process or only qualitatively observe 
the change of a selected parameter. The non-uniform forming is associated with sig-
nificant changes in the microstructure and consequently local variations for formed 
components, which in turn may impact the local corrosion behavior. 

Forming processes like rolling often introduce preferential grain orientations. In 
this context, study [4] on the potential-free corrosion of polished and solution-annealed, 
fully austenitic 316L specimens in 0.5 M H2SO4–LiCl solution have shown the corro-
sion rate increase with the following scaling {001} < {101} < {111} of the grain 
orientations. 

Furthermore, deformation-induced martensite is frequently reported for cold-worked 
304 and 316 steels [5–9]. Cold-working-induced α′-martensite and deformation bands 
in 304L steel are reported in [5]. They are electrochemically less noble than the 
surrounding austenitic matrix. Thus, local gradients of the corrosion potential cause 
microgalvanic elements that increase the local corrosion rate [5]. 

Other studies address the effect of mechanical or residual stresses, defects, and 
martensite on the passive layer. Electrochemical studies performed on 304L steel under 
constant elastic tensile stress showed that the diffusivity for species in the passive layer 
increases with mechanical loading, indicating increased corrosion susceptibility [10]. 
This is confirmed by Mott–Schottky analyses on moderately cold-rolled 304 steel (with 
near-surface tensile residual stress), whereas the diffusivity of the passive layer is 
lowered for a severely cold-rolled condition, which has strong compressive residual 
stresses in the specimen surface due to pronounced formation of martensite [6]. In ad-
dition, another investigation showed that an accumulation of defects, e.g. dislocations, 
in the austenite due to rolling causes microstrain (MS) that increases the diffusivity of 
the passive layer [11]. 

The studies mentioned above indicate that forming processes alter various micro-
structural properties of stainless steels, which have an impact on the passive film and 
the corrosion behavior. However, the studies often target a single microstructural para-
meter and examine small and localized effects, so that no transfer to complex forming 
processes or components is possible. Quantitative models are required that describe the 
relationships between the forming process, the microstructure evolution and the resulting 
corrosion rate with sufficient accuracy. The integration of such models into finite-ele-
ment-method (FEM) simulations would allow for a better design of forming processes 
with regard to the local and global corrosion resistance of the produced components. In 
this context, this paper presents a quantitative multiple-regression model for cold-rolled 
sheets of 316L steel that links the near-surface microstructure caused by cold rolling to 
the corrosion rate for the simple case of uniform corrosion. 

Materials and methods. Material and specimen production by cold rolling. The 
material used in this study was a 2 mm thick metal sheet of 316L steel (EN 1.4044, 
supplier: Marcegaglia Specialities). In the initial state, the material was treated by solu-
tion-annealing at 1050°C and quenching. The material composition was determined by 
glow-discharge optical emission spectroscopy (mass%): 0.03 C; 17.31 Cr; 10.55 Ni; 
2.38 Mo; 1.14 Mn; 0.3 Si; 0.02 P; < 0.01 S; 0.46 Cu; 0.22 Co; 0.06 V; 0.01 Nb; Fe – bal. 

Samples (size 80×40×2 mm) were cut from the 316L sheet using a water jet and 
then processed by rolling at ambient temperature. A dual-reversing rolling mill with a 
roller diameter of 236 mm and a constant rolling speed of 3.77 rpm was applied. A to-
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tal of 14 sample conditions were produced by different rolling sequences (Table 1). 
Specimens with a size of 30 mm in rolling direction and 20 mm in transverse direction 
were extracted from the center of the rolled sheet by water-jet cutting and investigated 
with regard to the microstructure and corrosion behavior. This area provides a homoge-
nous microstructure and residual stress distribution, as evaluated by preliminary tests. 
The plastic strain (PS) of the variously rolled specimens was calculated using Simufact 
V2021.1 simulation software by applying a close-to-reality cold-rolling model and 
averaging elements of the specimen surface in the center area. 

Table 1. Rolling sequences used for specimen production  
and corresponding plastic strain 

Rolling 
sequence 

Rolling passes,  
mm 

Final 
thickness 
δ, mm 

PS 
Multiple 

regression * 

As-received 2, solution-annealed 2 0 TS 

2 → 1.5 1.5 0.32 TS 

2 → 1.5 → 1.3 1.3 0.50 VS 

2 → 1.5 → 1.3 → 1.1 1.1 0.70 TS 

2 → 1.5 → 1.3 → 1.1 → 0.9 0.9 0.94 VS 

Sequence  
2-1.5 

2 → 1.5 → 1.3 → 1.1 → 0.9 → 0.7 0.7 1.24 TS 

2 → 1.7 1.7 0.17 TS 

2 → 1.7 →1.5 1.5 0.32 VS 

2 → 1.7 → 1.5 → 1.3 1.3 0.49 TS 

2 → 1.7 → 1.5 → 1.3 → 1.1 1.1 0.69 TS 

2 → 1.7 → 1.5 → 1.3 → 1.1 → 0.9 0.9 0.93 TS 

Sequence  
2-1.7 

2 → 1.7 → 1.5 → 1.3 → 1.1 → 0.9 → 
0.7 

0.7 1.23 TS 

2 → 1.8 1.8 0.09 TS Sequence  
2-1.8 2 → 1.8 → 1.5 1.5 0.31 TS 
* The kind of used samples for the multiple regression is indicated as follows: training samples 

(TS) and validation samples (VS). 

Specimen characterization. Surface roughness. The surface roughness of rolled 
and cut specimens (20×30 mm) was studied by laser scanning microscopy (LSM) with 
a VK-X200 microscope (Keyence) equipped with a laser of a wave length λ = 408 nm. 
An area of 5000×5600 µm was recorded with ×20 magnification. For the recorded data, 
two areas (4800×450 µm and 450×4800 µm in size) were evaluated with the software 
VK Analyzer (Keyence). With respect to the corrosion rate, the surface-area ratio 
(SAR) was determined as a ratio of the real surface area (Areal) to the nominal surface 
area (Anom), and the mean value of the two areas was used as the characteristic 
parameter for the multiple regression analysis. 

Microstrain, phase composition, and residual-stress state. X-ray diffraction (XRD) 
was performed using a diffractometer D8 Discover (Bruker) with CoKα-radiation (point 
focus, irradiated area of approximately 1.2 mm in diameter) and an energy-sensitive 1D 
detector LYNXEYE XE-T. Diffraction diagrams were measured in the diffraction-angle 
(2θ) range 20...130° (step size 0.03°, step time 7.5 s/step) and evaluated by line-profile 



 91 

analyses (software Topas, Bruker) in order to determine the phase fractions (α-marten-
site, austenite) and their MS. The {311} peak of the austenite phase was used for 
residual-stress each in the positive and negative tilt direction with nine tilt angles ψ that 
were equally spaced on the sin²ψ axis from 0.0 to 0.8 (sin²ψ method).The evaluation 
was done in the software Leptos (Bruker) with a biaxial model with shear stresses and 
the corresponding elastic constants of Young modulus E{311}  = 175 GPa and Poisson 
ratio v{311}  = 0.31 [12]. XRD is averaging over an information depth of approximately 
15 µm for the investigated steel 316L. 

Corrosion experiments. Corrosion experiments were conducted for rolled and cut 
specimens (30×20 mm) and six specimens were tested for each rolling condition. Wi-
thout further preparation, the specimens were ultrasonically degreased in ethanol and 
fully immersed for 20 days in 500 ml of 0.5 M H2SO4 at 30°C within a closed beaker 
with constant mechanical stirring at 150 rpm. Samples of 10 ml each were taken from the 
electrolyte (1 h; 3 h; 5 h; 1 day; 2 days; 3 days; 6 days; 10 days; 15 days; and 20 days). 
The concentrations of the main alloying elements: iron, chromium, and nickel were de-
termined at λFe = 238.204 nm, λCr = 267.716 nm, or λNi = 221.648 nm by inductively 
coupled plasma with optical emission spectroscopy (ICP-OES) using an Optima 8300 
spectrometer (Perkin Elmer). The time-dependent corrosion rate (Ccorr) was calculated 
from the sum of the mass of dissolved iron, nickel, and chromium ions mtot, the overall 
surface area Anom, the mass density ρ of 316L steel (8.0 g/cm³) and the corrosion 
exposure time t using the equation: 

tot
corr

nom

( )
( )C

m t
t t

A
= ⋅ρ ⋅ . 

Prediction of microstructure corrosion models by multiple regression analysis. 
Correlations between the microstructure, residual stresses, roughness and the corrosion 
rate were determined by multiple regression using the analysis of variance (ANOVA) 
with a square model including interactions between the parameters (optimization algo-
rithm: least squares). The modeling was done on eleven training samples (TS). Three 
samples were used as validation samples (VS) to test the validity of the model (Table 1). 
For both the TS and VS, the absolute and average deviations between the measured and 
modeled values were used in the parameter-selection process while maintaining a low 
number of degrees of freedom. 

Results and discussion. Effect of cold-rolling on the near-surface specimen 
properties. The surface roughness was investigated for different rolled specimen condi-
tions and evaluated in terms of the SAR (Fig. 1). The differences between the individual 
specimen conditions are at most approximately 20%. The initial, 2 mm thick specimen 
condition has by far the highest SAR. As the thickness is reduced by successive rolling 
passes, the SAR of the specimens decreases because the less rough surface profiles of 
the rollers are imprinted into the specimens. For thicknesses of 1.3 mm and lower, 
roughly a constant value of about 1.15 is achieved, whereby slightly higher SAR values 
are observed for the rolling sequence 2-1.5 compared to the rolling sequence 2-1.7. 

The MS is a measure of the density of short-range defects such as voids and dislo-
cations. The as-received specimen condition has a very low MS, which can be explained 
by the prior solution-annealing treatment. With an increasing thickness reduction by 
cold-rolling, the MS strongly increases the dislocation density (Fig. 2a). A comparable 
tendency for 316L steel was reported in [8]. For the different rolling sequences, no 
pronounced difference in the evolution of the MS with rolling passes is apparent. 
Along with an increasing dislocation density in 316L samples, the dislocations typically 
arrange and form deformation twins. Deformation-induced martensite predominantly 
nucleates at the boundary between the twin and the austenite matrix as reported in [9]. 
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Fig. 1. Evolution of the surface-area ratio  
of the rolled 316L specimens determined  

by LSM. Designations in Table 1. 

The α′-martensite fraction of the differently rolled specimens was determined by 
XRD (Fig. 2b). Note that no ε-martensite was recorded in the underlying diffraction 
diagrams. The initial specimen condition (2 mm thickness) shows no martensite as no 
cold-working was applied. In general, an increasing fraction of martensite (FM) is 
observed with increasing thickness reduction by rolling, whereby the rate at which 
martensite is formed decreases progressively when compared to the introduced PS. 
This tendency is also typically reported by others for 316L steel [13]. For specimens 
with a thickness of 1.5 mm, the FM differs depending on the applied rolling sequence. 
Here, the FM of the sequence 2-1.5 is higher than that of sequence 2-1.7, which is 
again higher than the sequence 2-1.8. The opposite trend in the FM is observed for the 
sequences 2-1.5 and 2-1.7 for severely rolled specimen conditions for specimens with 
thicknesses of 0.9...0.7 mm. 

 

Fig. 2. Microstrain of austenite (a) and fraction of α′-martensite (b) determined by XRD. 
Designations in Table 1. 

Furthermore, the evolution of the 1st and the 2nd principal stresses of the austenite 
was determined by XRD (Fig. 3). With the specimen thickness reduction by cold rolling, 
strong compressive residual stresses are introduced in the surface. The compressive 
residual stresses can be explained by the formation of α′-martensite, which increases in 
volume relative to the parent austenite grains [6]. Hence, the compressive residual stresses 
of the specimen conditions are well-aligned to the FM (Fig. 2b). The most pronounced 
compressive stress is observed at a specimen thickness of 0.9 mm. A further rolling pass 
to 0.7 mm lowers the compressive stresses of both rolling sequences 2-1.5 and 2-1.7. This 
effect is stronger for the sequence 2-1.5 and can be explained by the different evolution 
of the FM of both rolling sequences at the rolling pass 0.9 mm → 0.7 mm. While the 
FM is increased for the sequence 2-1.7, it is slightly lowered for the sequence 2-1.5. The 
slight decrease of the compressive residual stress, which is observed for the sequence  
2-1.7 even though the FM rises, is explained as follows. The rolling process itself typi-
cally introduces tensile residual stresses to the rolled specimen, but those are superim-
posed by the compressive residual stresses caused by the formed martensite [6]. In this 
context, the author of [14] reported increasing tensile residual stresses in severe cold 
rolling of 316L steel, where there was no martensite. 
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Fig. 3. Principal stresses σ1 (a) and σ2 (b) of rolled 316L specimens determined by XRD. 
Designations in Table 1. 

The time-dependent evolution of the corrosion rates of three selected sample con-
ditions is shown in Fig. 4a. At the beginning of the corrosion experiments (1 h), a par-
ticularly strong metal dissolution takes place. For all tested specimen conditions, a 
rapid decrease in the corrosion rate over time is observed that tends towards a time-
infinite asymptote Ccorr∞. Note, that the initial particularly intensive mass dissolution in 
the electrolytes is caused by an additional corrosion process (e.g. rapid corrosion of a 
few very corrosion-susceptible grains), which quickly decays. For this reason, the 
correlation of corrosion rate and electrolyte exposure time was fitted by a decaying 
exponential function using only data of 3 days and more exposure time (Fig. 4a).The 
characteristic parameter Ccorr∞ was extracted (Fig. 4b) and was used for the subsequent 
modeling. The solution-annealed initial specimen condition has the lowest Ccorr∞. 

 

Fig. 4. Determination of the asymptote of the corrosion rate for a selected  
specimen condition (a) and the corresponding time-infinite corrosion rates  

of the rolled 316L specimens (b). Designations in Table 1. 

With increasing thickness reduction of the rolled specimens, a higher Ccorr∞ value 
is observed. This tendency is comparable to other studies [8], in which an increasing 
corrosion susceptibility for rolled 316L steel using potentiodynamic polarization expe-
riments, was reported. The evolution of Ccorr∞ for different thicknesses depends on the 
rolling sequence (Fig. 4b). For all specimen conditions of the sequence 2-1.5 with a 
particularly large first rolling pass, a higher Ccorr∞ was determined than for the sequen-

ce 2-1.7 with a medium first rolling pass. The lowest Corr∞  was observed for the se-
quence 2-1.8 that had a small first rolling pass. For the sequences 2-1.5 and 2-1.7, 
Ccorr∞ appears to approach a saturation value for high thickness reductions, but the dif-
ference in the level of Ccorr∞ is still present. 

Multiple regression for the determination of microstructure–corrosion relation-
ships. For the data presented, three model equations (MoEq1, MoEq2, and MoEq3) 
were established using multiple regression and ANOVA to correlate the cold-rolling 
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induced properties of the specimens to the corrosion rate (Table 2). MoEq1 is moti-
vated by the objective of integrating the prediction of the local corrosion rate into FEM 
simulations that are performed during the design of the component forming processes, 
using input variables that are easily accessible. Therefore, MoEq1 contains only the PS 
as an input parameter, which is typically accessed by such simulations. 

The objective of MoEq2 is to account for the microstructure that is altered by the 
rolling process because, as outlined in the introduction, it has a significant effect on the 
corrosion behavior. The MS and residual stress of the austenite and the FM were 
included. MoEq3 additionally considers the size of the actual surface area as an input 
parameter. It can be assumed that the surface area accessible to the electrolyte 
significantly influences the corrosion rate. 

MoEq1 is based on three summands, one of which is a constant value that depicts 
the corrosion rate of the solution-annealed initial specimen condition. The second sum-
mand is linearly coupled with the PS. It increases the predicted corrosion rate. The third 
summand is proportional to PS² and it reduces the predicted corrosion rate. Hence, it is 
particularly important for large PS values. By this, the saturation effect of the PS on the 
corrosion rate is included in the MoEq1. However, the high p-value (13.9%) of PS² 
indicates that the significance of this parameter is statistically not well-assured. The 
MoEq1 offers a rough estimate of the corrosion rate, but the prediction accuracy is in-
sufficient. This is apparent by the comparison to the experimentally determined corro-
sion rates (Table 2), which shows average deviations of 11% for the TS and 15% for 
the VS and even high maximum deviations of up to 26% for certain specimen conditions. 

In comparison, MoEq2 and MoEq3 require more measurements and methods in 
order to determine the required microstructural parameters. However, the corrosion 
rates predicted by MoEq2 and MoEq3 agree much better with the experimental results. 
They provide average deviations of less than 6 and 4% respectively (Table 2). Further-
more, the maximum deviations for individual specimen conditions are less than 13.3% 
or 12.5% and thus are significantly lower compared to MoEq1. MoEq2 and MoEq3 
both require a constant and three summands that contain, in different combinations, the 
MS, the residual stress of austenite, and the FM. The associated p-values are negligibly 
small, which indicates the significance of these parameters. Note that the applicability 
of these MoEqs is strictly limited to compressive residual stresses as no TS with 
sufficient tensile residual stress were available. The SAR, which is additionally 
included in MoEq3, is associated with an increasing corrosion rate. This explains the 
improved prediction accuracy compared to MoEq2. 

For MoEqs 2 and 3, the MS and residual stress of the austenite increase the calcu-
lated corrosion rate, whereas the FM reduces the corrosion rate. The multiplicative 
coupling of the residual stress and MS parameters in MoEq2 indicates that the super-
position of the long- and short-range mechanical stress fields particularly increases the 
corrosion rate. In MoEq3, the multiplicative coupling of the MS and SAR parameters 
indicates that a large real surface with a high MS disproportionately increases the 
corrosion rate. This could be caused by the higher number of electrolyte-exposed faces 
of those defect-rich faster-corroding grains when Areal is larger. 

The identified decrease of the corrosion rate with higher FM is contrary to another 
study [5], which describes martensite as electrochemically less noble than austenite and 
that thus suggests microgalvanic elements that lead to accelerated martensite dissolu-
tion. The relationships found in the presented MoEqs (when both austenite and mar-
tensite are present) can be explained as follows: for the underlying mechanism of 
hydrogen-type acid corrosion, from a kinetic point of view, the cathodic reaction 
(hydrogen evolution) is the corrosion-rate determining reaction, i.e., it is significantly 
slower than the anodic metal dissolution. As a consequence, higher corrosion rates are 
achieved when the cathodic area (austenite) is large. 
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Table 2. Model equations for the prediction of Ccorr∞∞∞∞ and deviations between model 
equation and experimentally derived Ccorr∞∞∞∞ for TS and VS 

2( 0.690)R =MoEq1 : 2
corr

m
0.1353 0.2795 PS 0.1319 (PS)

a
C

∞

µ  = + ⋅ − ⋅ 
 

 

Parameter p-value, % 

PS < 3.1 

PS² < 13.9 

 

 

Sample 
group 

Average 
deviation, % 

Maximum 
deviation, % 

TS group 10.6 23 
VS group 14.9 25.8  

 
2( 0.966)R =MoEq2 : 

2 2
2corr

m
0.0987 0.2916 MS( ) 0.00093 MS(MPa ) 0.00059 FM (% )

a
� �C

∞

µ  = + ⋅ − ⋅ σ ⋅ ⋅ − ⋅ 
 

 

Parameter p-value, % 

MS < 0.1 

2 MSσ ⋅  < 0.1 
2FM  < 0.1 

 

 

Sample 
group 

Average 
deviation, % 

Maximum 
deviation, % 

TS group 4.6 13.2 
VS group 6.0 9.6 

 

2( 0.971)R =MoEq3 : 

2corr
m

0.0709 0.00049 (MPa) 0.0197 FM(%) 0.5648 SAR MS( )
a

�C
∞

µ  = − ⋅ σ − ⋅ + ⋅ ⋅ 
 

 

Parameter p-value, % 

2σ  < 0.1 

FM < 0.1 
SAR⋅MS < 0.1 

 

 

Sample 
group 

Average 
deviation, % 

Maximum 
deviation, % 

TS group 3.9 12.5 
VS group 3.7 8.8 

 

Note: MoEq – model equation, SAR – Areal/Anom. The given p-value marks the error probability 
that the observed correlation is purely caused by statistical deviations (i.e. that the null hypothesis is 
more plausible). 
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With an increasing martensite content (anodic area), the ratio of the anodic and 
cathodic areas shifts to a larger anode proportion so that the total corrosion rate is reduced. 
Note that the FM determined by XRD is an average over a depth of about 15 µm and 
does not include any local information regarding the depth. Thus, it is unclear if the 
actual FM directly at the surface is significantly higher, which would decrease the 
cathodic area even more. Due to the deformation-induced formation of martensite du-
ring the rolling process, high martensite contents occur in the same sample conditions 
in which the austenitic matrix is also more plastically deformed so that there is a corre-
lation between the parameters of MS and FM (Fig. 2).The strong plastic deformation of 
austenite introduces a high defect density (i.e. high MS values), which causes the 
austenite to become electrochemically less noble [5]. In consequence, the potential 
difference between austenite and martensite becomes smaller and thus the driving force 
of the microgalvanic element is reduced with higher PS and thus FM. As a result, the 
high FM in the samples with higher thickness reductions has a mitigating effect on the 
corrosion rate. 

The outcome of both MoEqs is that the corrosion rate is increased with more pro-
nounced residual compressive stress. This seems to be in contrast to the theory that the 
diffusivity of the passive layer and thus the corrosion susceptibility is lowered by com-
pressive stresses as the interatomic spacing is reduced. This is assumed, for example in 
[6], who reported about Mott–Schottky analyses on cold-rolled 304 steel. They found a 
lower diffusivity of the passive layer for a highly rolled specimen condition with strong 
compressive stresses due to a high fraction of strain-induced martensite in comparison 
to a less rolled condition that show tensile stress [6]. In this context, although no con-
clusion on the corrosion susceptibility was made, it was shown [15] that the passive-
film thickness, that is formed on the compressive-stress-affected surface of U-shaped 
bend specimens made of 302 steel, is higher compared to the opposite surface that shows 
tensile stress [15]. Furthermore, another study [16] investigated the passive layer pro-
perties of ground as well as polished 304L steel specimens with different compressive 
residual stresses [16]. They showed that the ground condition, which had by far the 
strongest compressive residual stresses, exhibited the thinnest passive layer with the 
highest diffusivity. 

CONCLUSION 
In the present study, the microstructure, surface roughness, and the corrosion rate 

of 316L steel samples were investigated for different cold-rolled conditions. The rela-
tionship between microstructural properties and the resulting corrosion rate for uniform 
corrosion in 0.5 M H2SO4 was evaluated in different model equations. Although PS can 
be determined easily, its sole consideration in a model proved to provide insufficient 
prediction accuracy. The best prediction of the corrosion rate with an average deviation 
to experimental data of less than 4% is achieved using a model equation that includes the 
residual stress and the MS of austenite, the fraction of deformation-induced martensite, 
and the SAR. For those parameters, the corrosion rate is increased by the residual 
stress, the MS and the SAR, whereas the FM is lowering the corrosion rate. With 
respect to the underlying experimental data, the applicability of the model equation is 
limited to cold-worked specimens with only compressive residual stresses and to the 
mechanism of uniform corrosion with a small material removal. 

The model equations can be integrated into FEM simulations of the cold-rolling 
processes. This allows for the prediction and optimization of rolling-process routes of 
components regarding corrosion properties. Further work should address the transfera-
bility of the model equations established in this study to other forming processes. An 
improved accuracy of the model equation can be achieved by adding the influence of 
texture and possible near-surface heterogeneities of the microstructure. 
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