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The austenitic stainless steel 316L is used foreroos components due to its excellent
corrosion resistance. However, forming of componé@ftaences the microstructure and
can thus change the corrosion resistance of tleé $tethis context, the corrosion rate of
the steel 316L is determined for the case of umifeorrosion of various cold-rolled con-
ditions by ageing tests in 0.5 M,80,. The microstrain, the martensite fraction, and the
residual-stress state are quantified using X-rdfradition. The surface roughness is
measured by laser scanning microscopy. Three diffemodel equations are derived by
means of multiple regression to predict the coosiate as a function of the specimen
properties. The analysis shows that a particulamhpkE model equation, which predicts
the corrosion rate only via the plastic strain,vghdnsufficiently large deviations from the
experimentally determined corrosion rates. Howevdmwadivergence to the experimental
results with a mean deviation of less than 4% iseaed by using a model equation that
takes microstructural parameters and the surfate ir@to account. Within this model
equation, an increased corrosion rate is achieved kigher microstrain and residual
compressive stress of the austenite phase as welhagher surface-area ratio. A higher
fraction of martensite is found to lower the coroosiate.

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

AyCTeHITHY HepkaBHY cTaib 316L BHKOPHCTOBYIOTH y 6araThOX €NEMEHTAX 3aBISKH il
XOpoIIiid KOpo3iiHii TpuBKocTi. OJHAK BUTOTOBJICHHS CJIEMEHTIB BIUIMBA€ HA MIKPOCT-
PYKTYpY i, TAKUM YHMHOM, MOE 3MIHUTU KOPO3iHHY TpUBKIiCTb cTani. IIIBUAKICTE KOPO3il
crani 316L 3a pi3HUX YMOB XOJIOJHOTO BaJbLIFOBAHHS BU3HAYAIN VIS BUIAIKY PIBHOMIp-
HOT kopo3ii 3a BunpoOysanp y 0,5M H,SO,. Mikponedopmariiro, 9acTKy MapTEHCUTY Ta
3aJINIIKOBE HATPY)KEHHS BH3HAYAIM PEHTTEHOCTPYKTYypHHM MeTojoMm. IllopcTkicTs mo-
BEPXHI BUMIPIOBAJIU 3a JOIIOMOI'OIO J1a3€PHOI CKaHIBHOI MIKPOCKOIii. 3aCTOCOBYIOUM MHO-
KHHHY PErpecito, OTPUMANIM TPU Pi3HI MOJAEJBHI PIBHSIHHS Ul TPOTHO3YBaHHS IIBUIKOC-
Ti KOpo3ii K GYHKIII BracTUBOCTEN 3pa3ka. AHaIII3 I0KAa3aB, 0 0COOIMBO IPOCTE MOJETb-
HE pIBHSHHS, SIKE MPOTHO3YE MIBUJKICTh KOPO3ii JIMIIE Yepe3 IUIacTHYHY aedopmalliro,
JIEMOHCTPY€E 3HA4HI BiIXMJICHHS BiJl €KCIEPUMEHTAIBHO BCTAHOBJICHUX IIBHAKOCTEH KO-
po3ii. OnHak Many po30iKHICTh i3 eKCIIEPUMEHTAIBHUMH PE3YJIbTaTaMH i3 CEPEeIHIM BiJl-
XuieHHsM MeHnre 4% oTpuMany 3a MOJCIEHHM PIBHSHHSM, SIKE BPAXOBYE MIKPOCTPYK-
TypHI TapaMeTpu Ta LIOPCTKICTh MOBEPXHi. 3a HOro BUKOPHCTaHHS OTPHUMAIH BHILY
HIBUAKICTh KOPO3il 3a OlnbuX MikpoaedopMauii Ta 3aIHUIIKOBOIO HAIPYXKEHHS CTUCKY
aycTeHiTHOT (a3H, a TaKoX OiIBIIOT MOPCTKOCTI MOoBEpXHi. BusiBiieHo, 110 Oijblia yacTka
MapTEHCHTY 3HIDKYE IIBHAKICTH KOPO3ii.

KnrodoBi cnoBa: xoposisa, modenosanns, xon00ua o6podKa, MiKpocmpykmypa, aycme-
HIMHA HEPIICAGHA CMATlb, MAPMEHCUMHE NePemBOPeHHs.
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Introduction. Austenitic stainless steels like 304 and 316 stert used in nume-
rous components in chemical-plant engineering, fodessing industry, medical
technology, heat exchangers, and as bipolar platdgel cells due to their high corro-
sion resistance. For bipolar plate manufacturiregjous studies report a relationship
between the forming production process and theltregicorrosion properties of the
components [1-3]. However, these publications Ugusglect the microstructural
changes in the components caused by the formingepsoor only qualitatively observe
the change of a selected parameter. The non-uniforming is associated with sig-
nificant changes in the microstructure and conseffyudocal variations for formed
components, which in turn may impact the local asion behavior.

Forming processes like rolling often introduce preftial grain orientations. In
this context, study [4] on the potential-free cemo of polished and solution-annealed,
fully austenitic 316L specimens in 0.5 M\$0O,—LIiCl solution have shown the corro-
sion rate increase with the following scaling {004}{101} < {111} of the grain
orientations.

Furthermore, deformation-induced martensite isueady reported for cold-worked
304 and 316 steels [5-9]. Cold-working-indu@gemartensite and deformation bands
in 304L steel are reported in [5]. They are elegimnically less noble than the
surrounding austenitic matrix. Thus, local gradieat the corrosion potential cause
microgalvanic elements that increase the localbsion rate [5].

Other studies address the effect of mechanicaksidual stresses, defects, and
martensite on the passive layer. Electrochemicalies performed on 304L steel under
constant elastic tensile stress showed that tistlity for species in the passive layer
increases with mechanical loading, indicating iasezl corrosion susceptibility [10].
This is confirmed by Mott—Schottky analyses on miatidy cold-rolled 304 steel (with
near-surface tensile residual stress), whereadiffiesivity of the passive layer is
lowered for a severely cold-rolled condition, whichs strong compressive residual
stresses in the specimen surface due to pronodooedtion of martensite [6]. In ad-
dition, another investigation showed that an acdatimn of defects, e.g. dislocations,
in the austenite due to rolling causes microst(®i8) that increases the diffusivity of
the passive layer [11].

The studies mentioned above indicate that formigesses alter various micro-
structural properties of stainless steels, whickehan impact on the passive film and
the corrosion behavior. However, the studies dféeget a single microstructural para-
meter and examine small and localized effectshabrto transfer to complex forming
processes or components is possible. Quantitatbdels are required that describe the
relationships between the forming process, theasiarcture evolution and the resulting
corrosion rate with sufficient accuracy. The intggm of such models into finite-ele-
ment-method (FEM) simulations would allow for atbetdesign of forming processes
with regard to the local and global corrosion rsise of the produced components. In
this context, this paper presents a quantitativiipherregression model for cold-rolled
sheets of 316L steel that links the near-surfacgasiructure caused by cold rolling to
the corrosion rate for the simple case of unifoomasion.

Materials and methods. Material and specimen production by cold rollinghe
material used in this study was a 2 mm thick mektedet of 316L steel (EN 1.4044,
supplier: Marcegaglia Specialities). In the initshte, the material was treated by solu-
tion-annealing at 108C and quenching. The material composition was deted by
glow-discharge optical emission spectroscopy (mas§%3 C; 17.31 Cr; 10.55 Ni;
2.38 Mo; 1.14 Mn; 0.3 Si; 0.02 P; < 0.01 S; 0.46 @A2 Co; 0.06 V; 0.01 Nb; Fe — bal.

Samples (size 8@10x2 mm) were cut from the 316L sheet using a watearne
then processed by rolling at ambient temperaturdudl-reversing rolling mill with a
roller diameter of 236 mm and a constant rollingespof 3.77 rpm was applied. A to-
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tal of 14 sample conditions were produced by diffierrolling sequences (Table 1).
Specimens with a size of 30 mm in rolling directeomd 20 mm in transverse direction
were extracted from the center of the rolled shgeawater-jet cutting and investigated
with regard to the microstructure and corrosiondwar. This area provides a homoge-
nous microstructure and residual stress distribuis evaluated by preliminary tests.
The plastic strain (PS) of the variously rolled@pens was calculated using Simufact
V2021.1 simulation software by applying a closedality cold-rolling model and
averaging elements of the specimen surface indhtecarea.

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

. . Final .
Rolling Rolling passes, thickness| PS Mulupl_e .
sequence mm regression
6, mm
As-received 2, solution-annealed 2 0 TS

2515 1.5 0.32 TS
2515513 1.3 0.50 VS

Sechiesnce 2.15-13-11 11 | o070 TS
2-15-13-11-509 0.9 0.94 VS
2.,.15.,13-11-09- 0.7 0.7 1.24 TS
2 - 1.7 1.7 0.17 TS
2517515 1.5 0.32 VS
2.17-15-13 1.3 0.49 TS

Sequence

217 |2-17-15-13-11 1.1 | 0.69 TS

2.17-15-13-11-09 0.9 0.93 TS
2-17-15-13-51.1-09- 0.7 1.23 TS
0.7

Sequence 2-51.8 1.8 0.09 TS

2-18 |2 .,18.15 1.5 0.31 TS

" The kind of used samples for the multiple regresssoindicated as follows: training samples
(TS) and validation samples (VS).

Specimen characterizatiarSurface roughnesd he surface roughness of rolled
and cut specimens (230 mm) was studied by laser scanning microscopy)L®ith
a VK-X200 microscope (Keyence) equipped with aladea wave lengtih = 408 nm.
An area of 50085600um was recorded witk20 magnification. For the recorded data,
two areas (480€150 um and 4584800um in size) were evaluated with the software
VK Analyzer (Keyence). With respect to the corrosimate, the surface-area ratio
(SAR) was determined as a ratio of the real surfaea A.,) to the nominal surface
area Anom), and the mean value of the two areas was usetheacharacteristic
parameter for the multiple regression analysis.

Microstrain, phase composition, and residual-stretsge. X-ray diffraction (XRD)
was performed using a diffractometer D8 Discovaul®r) with CdK,-radiation (point
focus, irradiated area of approximately 1.2 mmiantkter) and an energy-sensitive 1D
detector LYNXEYE XE-T. Diffraction diagrams were awired in the diffraction-angle
(208) range 20...130(step size 0.03 step time 7.5 s/step) and evaluated by line-jerofi

90



analyses (software Topas, Bruker) in order to dater the phase fractiona-marten-
site, austenite) and their MS. The {311} peak of @ustenite phase was used for
residual-stress each in the positive and negatiwdirection with nine tilt angleg) that
were equally spaced on the gindxis from 0.0 to 0.8 (sig? method).The evaluation
was done in the software Leptos (Bruker) with axiblamodel with shear stresses and
the corresponding elastic constants of Young madEitHY = 175 GPa and Poisson
ratio v = 0.31 [12]. XRD is averaging over an informatidepth of approximately
15 um for the investigated steel 316L.

Corrosion experimentsCorrosion experiments were conducted for rolled eut
specimens (3¢20 mm) and six specimens were tested for eacmgotiondition. Wi-
thout further preparation, the specimens were sdtmacally degreased in ethanol and
fully immersed for 20 days in 500 ml of 0.5 M$0, at 30C within a closed beaker
with constant mechanical stirring at 150 rpm. Sasplf 10 ml each were taken from the
electrolyte (1 h; 3 h; 5 h; 1 day; 2 days; 3 d&ydays; 10 days; 15 days; and 20 days).
The concentrations of the main alloying elememts,ichromium, and nickel were de-
termined at\re = 238.204 nmA¢, = 267.716 nm, oAy = 221.648 nm by inductively
coupled plasma with optical emission spectroscdpP{OES) using an Optima 8300
spectrometer (Perkin Elmer). The time-dependenbsan rate C..;) was calculated
from the sum of the mass of dissolved iron, nickal]l chromium iong, the overall
surface area\,,n, the mass densitp of 316L steel (8.0 g/cm3) and the corrosion
exposure time using the equation:

Ceonr(t) = mto_t(t) (p.
Ahom
Prediction of microstructure corrosion models by ftiple regression analysis

Correlations between the microstructure, residtrakses, roughness and the corrosion
rate were determined by multiple regression ush@ganalysis of variance (ANOVA)
with a square model including interactions betwtenparameters (optimization algo-
rithm: least squares). The modeling was done ovealé¢raining samples (TS). Three
samples were used as validation samples (VS) tdhesalidity of the model (Table 1).
For both the TS and VS, the absolute and averagatims between the measured and
modeled values were used in the parameter-seleptiess 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 differa@led specimen condi-
tions and evaluated in terms of the SAR (Fig. he @ifferences between the individual
specimen conditions are at most approximately Z0B&. initial, 2 mm thick specimen
condition has by far the highest SAR. As the thedshis reduced by successive rolling
passes, the SAR of the specimens decreases behauses rough surface profiles of
the rollers are imprinted into the specimens. Facknesses of 1.3 mm and lower,
roughly a constant value of about 1.15 is achiewdgreby slightly higher SAR values
are observed for the rolling sequence 2-1.5 conapiar¢he rolling sequence 2-1.7.

The MS is a measure of the density of short-rarefeats such as voids and dislo-
cations. The as-received specimen condition hasyalow MS, which can be explained
by the prior solution-annealing treatment. With inareasing thickness reduction by
cold-rolling, the MS strongly increases the distamadensity (Fig. 2). A comparable
tendency for 316L steel was reported in [8]. Fa¥ tifferent rolling sequences, no
pronounced difference in the evolution of the MS3hwiolling passes is apparent.
Along with an increasing dislocation density in Blamples, the dislocations typically
arrange and form deformation twins. Deformationdicedd martensite predominantly
nucleates at the boundary between the twin andublgenite matrix as reported in [9].
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~$-2-1.7
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ﬁé AN Fig. 1. Evolution of the surface-area ratio
12 L\ i? of the rolled 316L specimens determined

g i i by LSM. Designations in Table 1.
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The a’-martensite fraction of the differently rolled spmens was determined by
XRD (Fig. ). Note that nce-martensite was recorded in the underlying diffcact
diagrams. The initial specimen condition (2 mm khigss) shows no martensite as no
cold-working was applied. In general, an increadiregtion of martensite (FM) is
observed with increasing thickness reduction byjingl whereby the rate at which
martensite is formed decreases progressively wioempared to the introduced PS.
This tendency is also typically reported by othienrs316L steel [13]. For specimens
with a thickness of 1.5 mm, the FM differs depegdim the applied rolling sequence.
Here, the FM of the sequence 2-1.5 is higher thah of sequence 2-1.7, which is
again higher than the sequence 2-1.8. The opptositd in the FM is observed for the
sequences 2-1.5 and 2-1.7 for severely rolled spaticonditions for specimens with
thicknesses of 0.9...0.7 mm.

1.0 25

X Solution-annealed
3 2-1.7 A
° 0.6 ~§-2-1.8 @//,g}/ °\, 15
0.4 i}%/ =10
)
0.2 ,r:‘ff%f @ 5
X~ oL/
2.0 1.5 1.0 o, mm 2.0 1.5 1.0 8, mm

Fig. 2. Microstrain of austenit@)and fraction ofx’-martensitelf) determined by XRD.
Designations in Table 1.

Furthermore, the evolution of thé' and the 2 principal stresses of the austenite
was determined by XRD (Fig. 3). With the specintgokiness reduction by cold rolling,
strong compressive residual stresses are introdimcdloe surface. The compressive
residual stresses can be explained by the formafiafirmartensite, which increases in
volume relative to the parent austenite grainsH&jce, the compressive residual stresses
of the specimen conditions are well-aligned to Fve (Fig. 2). The most pronounced
compressive stress is observed at a specimen #sislof 0.9 mm. A further rolling pass
to 0.7 mm lowers the compressive stresses of biithg sequences 2-1.5 and 2-1.7. This
effect is stronger for the sequence 2-1.5 and eaexplained by the different evolution
of the FM of both rolling sequences at the rollpgss 0.9 mm- 0.7 mm. While the
FM is increased for the sequence 2-1.7, it is 8lidowered for the sequence 2-1.5. The
slight decrease of the compressive residual strasich is observed for the sequence
2-1.7 even though the FM rises, is explained devicl. The rolling process itself typi-
cally introduces tensile residual stresses to dlied specimen, but those are superim-
posed by the compressive residual stresses caygbe bormed martensite [6]. In this
context, the author of [14] reported increasingsilenresidual stresses in severe cold
rolling of 316L steel, where there was no martensit
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Fig. 3. Principal stressexg (a) ando, (b) of rolled 316L specimens determined by XRD.
Designations in Table 1.

The time-dependent evolution of the corrosion rafethree selected sample con-
ditions is shown in Fig.a& At the beginning of the corrosion experiment),la par-
ticularly strong metal dissolution takes place. Rfirtested specimen conditions, a
rapid decrease in the corrosion rate over timebseosed that tends towards a time-
infinite asymptoteC.r,. Note, that the initial particularly intensive rsadissolution in
the electrolytes is caused by an additional coorogirocess (e.g. rapid corrosion of a
few very corrosion-susceptible grains), which qlyickecays. For this reason, the
correlation of corrosion rate and electrolyte expestime was fitted by a decaying
exponential function using only data of 3 days amte exposure time (FigaiThe
characteristic paramet€,,, was extracted (Fig.b} and was used for the subsequent

modeling. The solution-annealed initial specimendition has the lowegi.o, .

10%¢ 0.41 ;
3 - Solution-annealed X Solution-annealed A
0>17 —o-2-1.5 , ~o
s |4 F 2155131109 e 03> LT,
£ Ié g —a—2-1.8 /  — /’/A\_\‘
1 3 S pn A
s N Ceorr= Ceorr, T ae(-00) 502 ’4:
§ ]00 . Ccor‘rw: 0.38 um/a ié) Xﬂj ’
© Ty T © o1
@ ®
0
0 5 10 15 20 t, days 2.0 1.5 1.0 S, mm

Fig. 4. Determination of the asymptote of the camosate for a selected
specimen conditiora] and the corresponding time-infinite corrosioresat
of the rolled 316L specimenb)( Designations in Table 1.

With increasing thickness reduction of the rollp@amens, a higheZ.,, value

is observed. This tendency is comparable to othaties [8], in which an increasing
corrosion susceptibility for rolled 316L steel ugipotentiodynamic polarization expe-
riments, was reported. The evolution@,, for different thicknesses depends on the

rolling sequence (Fig.B}. For all specimen conditions of the sequence52wlith a
particularly large first rolling pass, a high€g,, was determined than for the sequen-
ce 2-1.7 with a medium first rolling pass. The Isw€orr, was observed for the se-

quence 2-1.8 that had a small first rolling pasw. the sequences 2-1.5 and 2-1.7,
Ceor,, appears to approach a saturation value for highkriess reductions, but the dif-

ference in the level &Ecorr,, is still present.

Multiple regression for the determination of micrasicture—corrosion relation-
ships. For the data presented, three model equations ¢¥oEoEq2, and MoEQ3)
were established using multiple regression and AKQY correlate the cold-rolling
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induced properties of the specimens to the comosite (Table 2). MoEql is moti-
vated by the objective of integrating the predictad the local corrosion rate into FEM
simulations that are performed during the desigthefcomponent forming processes,
using input variables that are easily accessitterdfore, MoOEq1 contains only the PS
as an input parameter, which is typically accessesiich simulations.

The objective of MOEQ2 is to account for the mitrosture that is altered by the
rolling process because, as outlined in the intctdn, it has a significant effect on the
corrosion behavior. The MS and residual stresshef dustenite and the FM were
included. MoEQ3 additionally considers the sizehs actual surface area as an input
parameter. It can be assumed that the surface aesssible to the electrolyte
significantly influences the corrosion rate.

MoEqL1 is based on three summands, one of whicltansatant value that depicts
the corrosion rate of the solution-annealed ing@écimen condition. The second sum-
mand is linearly coupled with the PS. It increabespredicted corrosion rate. The third
summand is proportional to PS? and it reduces tbdiged corrosion rate. Hence, it is
particularly important for large PS values. By thie saturation effect of the PS on the
corrosion rate is included in the MoEql. Howevee highp-value (13.9%) of PS2
indicates that the significance of this paramesestatistically not well-assured. The
MoEq1 offers a rough estimate of the corrosion, raig the prediction accuracy is in-
sufficient. This is apparent by the comparisonhi® ¢éxperimentally determined corro-
sion rates (Table 2), which shows average deviatainl1% for the TS and 15% for
the VS and even high maximum deviations of up & 26r certain specimen conditions.

In comparison, MoEqg2 and MoEQ3 require more measents and methods in
order to determine the required microstructuralapeaters. However, the corrosion
rates predicted by MoEg2 and MoEQ3 agree muchrbsitle the experimental results.
They provide average deviations of less than 648adespectively (Table 2). Further-
more, the maximum deviations for individual speaineenditions are less than 13.3%
or 12.5% and thus are significantly lower compa®doEql. MoEg2 and MoEQ3
both require a constant and three summands th#&inpm different combinations, the
MS, the residual stress of austenite, and the Hi. associateg-values are negligibly
small, which indicates the significance of theseapeeters. Note that the applicability
of these MoEQs is strictly limited to compressiesidual stresses as no TS with
sufficient tensile residual stress were availablbe SAR, which is additionally
included in MoEQ3, is associated with an increasiogosion rate. This explains the
improved prediction accuracy compared to MoEQ2.

For MoEgs 2 and 3, the MS and residual stressenétlstenite increase the calcu-
lated corrosion rate, whereas the FM reduces theogion rate. The multiplicative
coupling of the residual stress and MS parameteMdEQ2 indicates that the super-
position of the long- and short-range mechanigaisstfields particularly increases the
corrosion rate. In MoEqg3, the multiplicative coumgliof the MS and SAR parameters
indicates that a large real surface with a high i§proportionately increases the
corrosion rate. This could be caused by the highenber of electrolyte-exposed faces
of those defect-rich faster-corroding grains wihey is larger.

The identified decrease of the corrosion rate Wwigfiner FM is contrary to another
study [5], which describes martensite as electnmitaly less noble than austenite and
that thus suggests microgalvanic elements that ieatcelerated martensite dissolu-
tion. The relationships found in the presented MoBghen both austenite and mar-
tensite are present) can be explained as folloas:tHe underlying mechanism of
hydrogen-type acid corrosion, from a kinetic podait view, the cathodic reaction
(hydrogen evolution) is the corrosion-rate deteingrreaction, i.e., it is significantly
slower than the anodic metal dissolution. As a equence, higher corrosion rates are
achieved when the cathodic area (austenite) iglarg
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Table 2. Model equationsfor the prediction of Ce, and deviations between model

equation and experimentally derived C  for TSand VS

um

MOEqQ1 (R? = 0.690): Ceor (—j=0.1353+ 0.2795] PS 0.1319 (B*
e a

<
Parameterl p-value, % g 0.4 TS
PS <31 503 x VS o
PS? <13.9 3
- 0.2 0% o
B
Sample Average Maximum E 0.1 »
group | deviation, % deviation, % o}
S
TS group 10.6 23 2 T 0 0 o
VS group 14.9 25.8 Experiment-derived C corry,, tm/a

MoEq2 (R? = 0.966):

Ceor, (%}zo.ogsw 0.2916] MS() 0.00098, 0 MS(MPa-) 0.00059 £M2)
Parameten p-value, % S04 )
g o TS P
MS <0.1 = x VS 4
8 0.
o,MS | <01 £03 e
FM? <01 3 02 o
> o
g
Sample Average Maximum - /
group | deviation, %| deviation, % B 0
= 0 0.1 0.2 0.3 0.4
TS group 4.6 13.2 Experiment-derived C corry,, m/a
VS group 6.0 9.6

MoEq3 (R? =0.971):

Ceorg, (%}zomog— 0.0004%, (MPa) 0.0197 FM(%) 0.5648 SAR ()¢
Parameten p-value, % 0.4
£ > TS -
02 <0.1 é; 03 xVS }/’1,1‘0
FM <0.1 08 ey
SARMS <0.1 302 o
2 /,o"’
A H 'g 0] ©
Sample verage Maximum = ,
group | deviation, % deviation, % 2 0
S .
0 0.1 0.2 0.3 0.4
TS group 3.9 12.5 Experiment-derived C corry,, m/a
VS group 3.7 8.8

Note: MoEqg — model equation, SARA..{A,om The givenp-value marks the error probability
that the observed correlation is purely causedtatystical deviations (i.e. that the null hypottsets
more plausible).
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With an increasing martensite content (anodic ard) ratio of the anodic and
cathodic areas shifts to a larger anode propostictnat the total corrosion rate is reduced.
Note that the FM determined by XRD is an averager avdepth of about 15 pm and
does not include any local information regarding tfepth. Thus, it is unclear if the
actual FM directly at the surface is significantiigher, which would decrease the
cathodic area even more. Due to the deformationded formation of martensite du-
ring the rolling process, high martensite conterasur in the same sample conditions
in which the austenitic matrix is also more plasticdeformed so that there is a corre-
lation between the parameters of MS and FM (Fig.-H& strong plastic deformation of
austenite introduces a high defect density (i.gh HS values), which causes the
austenite to become electrochemically less nobjelf6consequence, the potential
difference between austenite and martensite becemalier and thus the driving force
of the microgalvanic element is reduced with higR& and thus FM. As a result, the
high FM in the samples with higher thickness reidunst has a mitigating effect on the
corrosion rate.

The outcome of both MoEgs is that the corrosioa imincreased with more pro-
nounced residual compressive stress. This seebwsitocontrast to the theory that the
diffusivity of the passive layer and thus the cemo susceptibility is lowered by com-
pressive stresses as the interatomic spacing useed This is assumed, for example in
[6], who reported about Mott—Schottky analyses old-colled 304 steel. They found a
lower diffusivity of the passive layer for a highiglled specimen condition with strong
compressive stresses due to a high fraction ohsmmduced martensite in comparison
to a less rolled condition that show tensile stfé§sin this context, although no con-
clusion on the corrosion susceptibility was matleyds shown [15] that the passive-
film thickness, that is formed on the compressivess-affected surface of U-shaped
bend specimens made of 302 steel, is higher cohpatbe opposite surface that shows
tensile stress [15]. Furthermore, another study ii@estigated the passive layer pro-
perties of ground as well as polished 304L steetispens with different compressive
residual stresses [16]. They showed that the graamdlition, which had by far the
strongest compressive residual stresses, exhithitedhinnest passive layer with the
highest diffusivity.

CONCLUSION

In the present study, the microstructure, surfacghness, and the corrosion rate
of 316L steel samples were investigated for difield-rolled conditions. The rela-
tionship between microstructural properties andréselting corrosion rate for uniform
corrosion in 0.5 M HSO, was evaluated in different model equations. AltfoRS can
be determined easily, its sole consideration incaleh proved to provide insufficient
prediction accuracy. The best prediction of theasion rate with an average deviation
to experimental data of less than 4% is achievedj@smodel equation that includes the
residual stress and the MS of austenite, the fnaaf deformation-induced martensite,
and the SAR. For those parameters, the corrositnisaincreased by the residual
stress, the MS and the SAR, whereas the FM is lagehe corrosion rate. With
respect to the underlying experimental data, th@iegbility of the model equation is
limited to cold-worked specimens with only compresgesidual stresses and to the
mechanism of uniform corrosion with a small mateeanoval.

The model equations can be integrated into FEM lgitiams of the cold-rolling
processes. This allows for the prediction and ogation of rolling-process routes of
components regarding corrosion properties. Fustfeek should address the transfera-
bility of the model equations established in tHisdyg to other forming processes. An
improved accuracy of the model equation can beeaeli by adding the influence of
texture and possible near-surface heterogeneitige anicrostructure.
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