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The presented paper presents the results of the effect of different polishing methods on passive layer chemistry and the corrosion behavior of austenitic stainless

steels. It was found that CrNiMo have a substantially better corrosion behavior than CrMnN samples. The nickel is enriched underneath the passive layer, while

manganese tends to be enriched in the passive layer. It was also noted that immersion of manganese into an electrolyte preferentially causes its dissolution. It was

found that high amounts of chromium (27.4%), molybdenum (3.3%), nickel (29.4%), with the addition of manganese (2.8%) after mechanical grinding, generates

a better corrosion resistance than after electrochemical polishing. This is most likely because of the introduction of phosphates and sulfates into its structure, which

is known for steels with a high amount of manganese. For highly alloyed CrNiMo steels, which do not contain a high amount of manganese, the addition

of phosphates and/or sulphates via the electropolishing process results in a decrease in pitting corrosion resistance, which is also observed for high manganese

steels. Electropolished samples show detrimental corrosion properties when compared to mechanically polished samples. This is attributed to substantial amounts

of sulfate and phosphate from the electropolishing electrolyte present in the surface of the passive layer.
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INTRODUCTION

To smoothen steel surfaces, mechanical polishing and electropolishing can be performed.

Mechanical polishing can introduce cold deformation, residual stresses, and debris into the steel

surface. On the other hand, electropolishing will dissolve more active sites, such as chromium poor

segregations and nonmetallic inclusions, especially manganese sulfides. Therefore, it has often

been found that electropolished steels have better corrosion properties than mechanically polished

ones. Examples are given by Lee and Lai [1] in their investigation of the surface condition of

stainless steel 316L by electropolishing in a sulfuric acid-phosphoric acid mixed electrolyte. Through

electrochemical tests (polarization scans and electrochemical potentiokinetic reactivation (EPR)

tests), they found a substantial increase in corrosion properties in sulfuric acid after electropolishing.

Furthermore, Hryniewicz, Rokosz et al. [2–5] found a ubstantial improvement in the corrosion

properties of AISI 304L and AISI 316L after electropolishing when tested in Ringer solution, 3%

NaCl, and distilled water at 25⁰C (aerated conditions). Most authors [6–10] investigated the effect of

electropolishing on stainless steel 316L and characterized corrosion properties in various media.

They conclude that electropolishing improves corrosion properties. Ziemniak [11] comes to more

diverse conclusions by considering papers of Perge, Robertson, Maekawa et al., Warzee et al., and

Guinard et al. [12–16]. Electropolished stainless steel in water at temperatures below 350 ⁰C shows

better corrosion properties due to simultaneous oxide layer formation (outer layer ferrite or chromite

rich and inner layer (chromite rich)), with the latter growing faster at cold worked, energy rich sites.

At higher temperatures (>450 ⁰C), when steam is present, short-circuiting at cold worked sites and

enhanced chromium diffusion along grain boundaries favors corrosion resistance of mechanically

polished surfaces over electropolished ones. There are different alloying concepts of austenitic

stainless steels. The CrNiMo austenitic stainless steels get their fcc microstructure mainly by

alloying with nickel. Nickel in this case is the most noble alloying element in these steels. Therefore,

it is depleted in the passive layer and enriched underneath the passive layer in the so-called

interface between the passive layer and bulk alloy [17–19]. The second, less widely spread group of

austenitic stainless steels are the CrMnN austenites, where manganese is the alloying element that

stabilizes the fcc lattice. CrMnN has been widely investigated by Speidel and Uggowitzer [20,21]

and later by Mori and his group [22,23]. Manganese in contradictionto nickel is less noble than iron

and behaves similarly to chromium with its electrochemical potential. However, Manganese is not a

passivating metal, consequently it is enriched in the passive layer, though does not contribute to an

increased passivity like molybdenum. The goal of the present paper is to compare mechanical and

electrochemical polishing and their effect on passivity and pitting corrosion resistance of austenitic

stainless steels. Not only the most widely investigated stainless steel (316L), but also steels with

different chemical compositions and alloying concepts (CrNiMo austenites vs. CrMnN austenites)

are part of this study.

METHOD
AISI Four austenitic stainless steels were investigated, two CrNiMo austenites and two CrMnN

austenites (Table 1). They have different alloying contents yielding to different pitting resistance

equivalent numbers (PREN—PREN is indicated in the footnote of Table 1). Throughout this work the

less widespread PRENMn is used. A negative factor of 1 for the alloying element manganese is

included in the PREN formula. This is necessary when investigating high-manganese and low-

manganese stainless steels together in one work. The mechanical properties of the investigated

materials are shown in Table 2. All materials were solution annealed and had a purely austenitic

grain, free from precipitates. Grain size was between 80 and 200 µm for all materials.
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Pitting corrosion properties were determined in a conventional three-electrode cell. As counter

and reference electrodes, a platinum sheet and saturated calomel electrode (SCE) with a

potential of 241 mV vs. H were used, respectively. As electrolyte, a high chloride containing NaCl

solution with 80000 ppm CCl– at starting pH = 7 was used at a temperature of 80 ⁰C. The scan

rate was 200 mV/h (forward and reverse scans), and prior to polarization scans, open circuit

potential was measured for 1 h. The start of the scanning was done from EOCP −100 mVSCE to

the limit of current density at 1 mA/cm2 or a potential of 2000 mVSCE. Each specimen was tested a

minimum three times.

Figure 1. Polarization curves of (a) mechanically polished and

(b) electropolished 18Cr21Mn2NiN stainless steel in aerated water

solution with NaCl (80000 ppm CCl–, pH 7; 80 °C, 200 mV/h).
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Table 1. Chemical composition of investigated stainless steels, in wt.%.

Material C Si Mn Cr Ni Mo N PREN PRENMn

18Cr21Mn2NiN <0,06 0,1 21,2 18,2 1,7 0,5 0,6 29 8

20Cr20Mn7Ni2MoN <0,03 20,0 20,0 7,0 2,3 0,7 39 19

18Cr15Ni3Mo (S31603) <0,03 0,3 1,8 17,5 14,7 2,8 0,1 28 26

27Cr29Ni3Mo (N08028) <0,03 0,3 2,8 27,4 29,4 3,3 0,3 43 40

PREN = %Cr + 3.3 × %Mo + 16 × %N [24,25]. PRENMn = %Cr + 3.3 × %Mo + 16 × %N – 1 × %Mn [26,27].

Material Yield Strength [MPa] Tensile Strength [Mpa] Fracture Elongation [%]

18Cr21Mn2NiN 560 920 65

20Cr20Mn7Ni2MoN 510 900 54

18Cr15Ni3Mo (S31603) 290 560 65

27Cr29Ni3Mo (N08028) 380 790 64

Mechanical polishing was done with SiC abrasive papers from 1 #20 up to #1000. Then, polished

specimens were stored for 24h in a desiccator for passive film formation. Electropolishing was

done in a commercial H2SO4-H3PO4 electrolyte E269 from Poligrat. Current density was 500

mA/cm2 at a temperature of 60 ⁰C. Polishing time was 4 minutes.

Table 2 Mechanical properties of investigated stainless steels at room temperature

Results
Polarization scans are shown in Figures 1–4 and in Supplementary Materials in Figures 1–4. In

all Figures, the left image refers to mechanically polished samples and the right one to

electropolished ones. It has to be pointed out that repeatability was good in all cases. Every

experiment was done three times to prove repeatability.

Figure 2 Polarization curves of (a) mechanically polished and

(b) electropolished 20Cr20Mn7Ni2MoN stainless steel in aerated

water solution with NaCl (80000 ppm CCl–, pH 7; 80 ⁰ C, 200 mV/h).

Figure 3. Polarization curves of (a) mechanically polished and

(b) electropolished 18Cr15Ni3Mo stainless steel in aerated water

solution with NaCl (80000 ppm CCl–, pH 7; 80 ⁰C, 200 mV/h).

Figure 4 Polarization curves of (a) mechanically polished and

(b) electropolished 27Cr29Ni3Mo stainless steel in aerated water

solution with NaCl (80000 ppm CCl–, pH 7; 80 ⁰C, 200 mV/h).

The lowest alloyed material 18Cr21Mn2NiN (Figure 1) in both surface conditions demonstrated

an open circuit potential of between –0.25 and –0.22 VSCE. There is no passive range for this

steel in the investigated electrolyte and pitting starts immediately at the open circuit potential.

The hysteresis in the curves shows that pitting occurred. Repassivation potential is in the range

of –0.35 and –0.32 VSCE independent of surface condition. Polarization curves of the higher

alloyed manganese containing steel 20Cr20Mn7Ni2MoN are shown in Figure 2. The open

circuit potential was between –0.16 and –0.14 VSCE, which is slightly more noble compared to

the lower alloyed 18Cr21Mn2NiN. Again, there was no recorded passive region, though the

repassivation potential shifted closer to the open circuit potential (from –0.20 up to –0.10 VSCE).

n Figures 3 and 4, the two stainless steels with low amounts of manganese are shown. Material

18Cr15Ni3Mo with an open circuit potential between −0.20 and −0.09 VSCE showed a passive

range with a width between 0.05 (electropolished) and 0.15 V (mechanically polished). This

steel already showed a small difference between the mechanically and the electrochemically

polished surface.
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The passive range was slightly wider for the mechanically polished condition. Repassivation potential

was close to the open circuit potential for both specimens. The highest alloyed stainless steel

27Cr29Ni3Mo, a superaustenitic steel, showed the largest difference between the two investigated

surface treatments. For the mechanically polished specimens, there was a clearly visible passive region,

while it was not observed in the electrochemical-treated ones. The open circuit potential was close to 0

VSCE for the mechanically polished samples, and it was slightly negative for the electropolished ones.

A clear distinction was observed for the repassivation potentials: mechanically polished specimens

repassivate at more noble potentials compared to the open circuit potential; electropolished ones

repassivate close to the open circuit potential. Electrochemical parameters Ecorr, icorr, Epit, and Erep are

presented in Table 3.

Table 3. Sumamary of electrochemical parameters from polarization curves of investigated stainless steels in areated water solution with

NaCl (80000 ppm CCl–, pH 7; 80 ◦C, 200 mV/h).

In the present paper, the effect of different polishing procedures on the passive layer chemistry and

corrosion behavior of stainless steels, based on potentiodynamic corrosion and XPS measurements,

is presented. It was found that CrNiMo austenitic stainless steels show a better corrosion than CrMnN

ones. It was also noted that the pitting potential is a function of PRENMN, which is shown in Figure 5.

For the three lower alloyed steels, surface treatment has no effect on pitting potential, while for the

highest alloyed 27Cr29Ni3Mo, there is a substantial difference of almost 0.2 V (with the mechanically

polished specimens being superior over electropolished ones). After the electropolishing process, the

passive layers were less noble than the ones after mechanical treatments.

Figure 5 Comparison of pitting potential of studied stainless steels in function of modified pitting resistance

equivalet with Mn (PRENMn), mechanically grinded (MG), electropolished (EP).

It was shown that the addition of molybdenum causes the formation of a compact layer, while

manganese adds-on, negatively affecting its corrosion resistance. It was demonstrated that steels

containing a lot of manganese (20–21%), low amounts of nickel (1.7–7%), and molybdenum (0.5–2.3%)

with a PRENMn of less than 19 do not show differences in pitting corrosion resistance after mechanical

and electrochemical treatments. In the case when the amount of manganese decreased (1.8–2.8%),

with a simultaneous increase in nickel (14.7–29.4%) and molybdenum (2.8–3.3%), the pitting corrosion

resistance of mechanically polished samples was significantly higher than that of the electrochemical

ones. This phenomenon can be explained by the fact that a large addition of manganese in the steel

structure probably has a negative effect on the pitting corrosion resistance of the passive layer, and any

additional incorporation of phosphates and/or sulphates into the chromium–molybdenum structure has

no significant influence on its corrosion resistance. In the case of steel with a high amount of chromium

(27.4%), molybdenum (3.3%), nickel (29.4%), and a small amount of manganese (2.8%), after

mechanical polishing, a stable and tight passive layer is formed, which is weakened by the introduction

of phosphates and sulfates to its structures. From this, we can draw the conclusion that for high-alloyed

steels that do not contain large amounts of manganese, the addition of phosphates and/or sulphates by

electropolishing results in a decrease in the pitting corrosion resistance, similar to the one observed in

the case of steels with high amounts of manganese. In this discussion, the possible effect of nickel on

pitting has thus far been neglected. Nickel usually is not included in PREN, so most authors believe that

nickel has no effect. Speidel et al. [21,28–31] found nickel to have a small negative effect with respect

to the pitting corrosion resistance, and they published this by proposing a measure of alloying as a

resistance to corrosion (MARC) value. They also included the effects of carbon and manganese in

MARC (Equation (1)).

MARC = %Cr + 3.3 × %Mo + 20 × %N + 20 × %C − 0.5 × %Mn− 0.25 × %Ni

Conclusions

• CrNiMo austenites show a substantially better corrosion behavior than CrMnN austenites;

• For all steels, chromium enrichment was noted in the passive layers;

• For CrNiMo austenites, there is nickel enrichment underneath the passive layer, while for CrMnN

austenites, manganese tends to be enriched in the passive layer;

• After electropolishing, sulfate and phosphate are present in the passive layers. The poor corrosion

properties of electropolished specimens, as compared to mechanically ground ones, can be explained

by this.
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