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Abstract
The ferritic structure in the stainless steels introduces a number of complications of a
metallurgical nature that can influence corrosion behaviour. Before the corrosion studies, three types
of surface treatments have been performed on AISI 430 SS samples: mechanical/abrasive polishing
MP, standard electrolytic polishing EP, and magnetoelectro-polishing MEP. Polarization curves were
studied to compare the corrosion behaviour of 430 SS surface in aqueous 3% NaCl solution. In the
corrosion studies also extensive pitting corrosion phenomenon was evaluated.
Abstrakt
Feritická struktura v nerezových ocelích pĜedstavuje množství komplikací v metalurgických
vlastnostech, protože mĤže mít vliv na korozi. PĜed studiem koroze, byly vykonány tĜi ošetĜení
povrchu na vzorcích AISI 430 SS: mechanicko/abrazivní leštČní MP, standardní elektrolytické leštČní
EP a magneticko-elektrické leštČní MEP. Polarizaþní kĜivky byly studovány k porovnání prĤbČhu
koroze povrchu 430 SS ve 3% NaCl vodném roztoku. Ve studiích koroze byl taktéž hodnocen
fenomén rozsáhlá dĤlková koroze.
1 INTRODUCTION
Type 430 is the basic 17%Cr ferritic stainless steel. For years it used to be the multipurpose
ferritic stainless steel, with a range of chromium content between 14 and 18%, giving the user a choice of properties. Specifying chromium of about 14% in the steel improves its weldability, impact
resistance, strength, and hardness, but some sacrifice in corrosion resistance appears. With chromium
on the high side, there was a gain in corrosion resistance, particularly in nitric acid, but a loss in mechanical properties, particularly impact strength [1, 2].
The AISI 430 SS with 17%Cr is inferior to 304 SS as regards deep durability. Though it does
not have good corrosion resistance properties as the Cr-Ni steels, it is used under less severe corrosive atmospheres for chemical processing equipment, furnace parts, heat exchangers, oil burner parts,
petroleum roller equipment, protection tubes, recuperators, rubber plant machinery, scientific apparatus, storage vessels, tubing, television cones, electrical appliances, solar water heaters, air conditioners, kitchenware, household appliances, decorative trims, parts for washing machines, etc.
The ferritic structure in these stainless steels introduces a number of complications of a metallurgical nature that can influence corrosion behaviour. Austenitic stainless steels are non-magnetic,
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while ferritic and duplex are magnetic. The arrangement of atoms in the ferrite crystal (bcc) is different from the one in the austenite crystal (fcc). Pitting, an insidious localized type of corrosion occurring in halide media, can put complete installations out of operation in relatively short time. In general, resistance to pitting corrosion increases with chromium content [3, 4].
The study results, concerning the effect of electro polishing of the austenitic stainless steels
both in absence and in the presence of a magnetic field have been reported elsewhere by the authors
[5-12]. Here the ferritic stainless steel studies are reported. We have performed three surface treatments of the 430 SS, mechanical abrasive polishing MP, standard electrolytic polishing EP, and electro polishing in a magnetic field MEP, to compare corrosion behavior of the samples’surface.
2 METHOD
2.1 Material
The AISI 430 stainless steel, as the most frequently used ferritic material, was taken for the
study. Three sets of AISI 430 stainless steel samples, cut of a sheet-steel of about 1.22 mm thick and
of rectangular shape of 30u35 mm, have been used for the investigations.
2.2 Surface treatments
First the abrasive polishing (MP) was used for the prepared 430 SS samples. Samples were
polished with an abrasive SiC paper of up to grit size 1000. Then the electropolishing experiments
were carried out on the same material to evaluate the differences between these two processes.
The electrolytic polishing was performed both in the absence and in the presence of a magnetic field. For the experiments, a constant external magnetic field below 1T was applied to the EP
system by neodymium ring magnets. For both processes, standard EP and MEP, the same type of a
proprietary electrolyte was applied, being a mixture of sulphuric and orthophosphoric acids and the
bath was unstirred during the process.
2.3 Corrosion measurements
Corrosion studies after abrasive polishing MP and after two different modes of electropolishing, beyond the plateau level (oxygen evolution regime), both in the absence (EP), and in the presence of a magnetic field (MEP), were carried out on 430 SS samples in an aqueous 3% NaCl solution,
at 25 qC. The electropolishing polarization characteristics concerning the AISI 430 SS are presented
in Fig. 1. In the picture (Fig. 1) the transpassive
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Fig. 1 Electropolishing polarization characteristics obtained on ferritic AISI 430 SS dependent on
treatment conditions presenting two regions: 1 – plateau, 2 – transpassive.
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The semi-shadowed area of typical industrial applications has been indicated region 2, marked
as semi-shadowed, has been presented, with EP and MEP polarization characteristics taken into account in our corrosion studies. During the corrosion studies, polarization curves were performed on
the samples’ surfaces both after EP and MEP. The electrochemical system used for the corrosion
measurements consisted of the potentiostat ATLAS 98 with the software IMP98, current platinum
electrode Ept-101, and the saturated calomel electrode EK-101P used as a reference. The polarization
curves were obtained each time after holding the samples in the solution at open circuit potential: (a)
for 60 minutes, and (b) for 24 hours.
Pitting corrosion was also studied by counting the number of pits in the area of exposition, i.e.
on the studied active samples’ surface area of about 2 cm2.
3 RESULTS AND DISCUSSION
3.1 Uniform corrosion
Electrochemical corrosion study results after 1 hour of exposition are presented in Figs. 1, 2.
Potentiodynamic curves of AISI 430 SS in aqueous 3% NaCl solution presented in Fig. 2
430 SS in 3% NaCl Solution after 1 hour
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Fig. 2 Polarization curves obtained on AISI 430 SS in aqueous 3% NaCl solution after
three treatments: (a) abrasive polishing MP, (b) standard electropolishing EP,
(c) magnetoelectropolishing MEP.
Time of sample exposition: 1 hour indicate on differentiated course of the curves, with the
smallest plateau though the highest corrosion potential revealed after MP, and the biggest plateau
after EP. Polarization curve after MEP, with a smaller plateau than that after EP, reveals irregularities
proving of arisen pitting corrosion (see arrow in Fig. 2). The critical potentials equalled after: MP
230 mV, EP 390 mV, and MEP 410 mV vs. SCE, respectively.
Corrosion rates have been calculated and the results are presented in Fig. 3. The obtained results show the highest corrosion rate to be after a standard electropolishing (CR = 2x10-3 mm.a-1), and
the lowest  after abrasive polishing (CR = 5.15x10-4 mm.a-1). The corrosion rate calculated after
magnetoelectropolishing equals 1.28x10-3 mm.a-1.
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430 SS in 3% NaCl Solution after 1 hour
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Fig. 3 Comparison of corrosion rates obtained on AISI 430 SS in aqueous 3% NaCl solution
after three treatments: MP  abrasive polishing, (b) EP  standard electropolishing,
(c) MEP  magneto-electropolishing. Time of sample exposition: 1 hour
Electrochemical corrosion study results after 24 hours of exposition are presented in Figs. 4,
and 5. Potentiodynamic curves of AISI 430 SS in aqueous 3% NaCl solution presented in Fig. 4,
apart from differentiated course of the curves, indicate on shifting the curve after a standard electropolishing EP closer to the curve after MP. In this Fig. 4, the potentiodynamic curve does not exhibit
any irregularities (referred to the pits) in its course in comparison with that curve after 1 hour of exposition. The critical potentials after 24 hours of exposition in 3% NaCl solution equalled after: MP
281 mV, EP 295 mV, and MEP 387 mV vs. SCE, respectively.
430 SS in 3% NaCl Solution after 24 hours
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Fig. 4 Polarization curves obtained on AISI 430 SS in aqueous 3% NaCl solution
after three treatments: (a) abrasive polishing MP, (b) standard electropolishing EP,
(c) magnetoelectropolishing MEP. Time of sample exposition: 24 hours
Corrosion rates have been calculated and the results are presented in Fig. 5. The obtained results show the highest corrosion rate to be after magnetoelectropolishing (CR = 1.36x10-3 mm.a-1),
and the lowest  after abrasive polishing (CR = 5.3x10-4 mm.a-1). The corrosion rate calculated after a
standard electropolishing is comparable to CR after MEP and equals to 1.33x10-3 mm.a-1.
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430 SS in 3% NaCl Solution after 24 hours
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Fig. 5 Comparison of corrosion rates obtained on AISI 430 SS in aqueous 3% NaCl solution
after three treatments: MP  abrasive polishing, (b) EP  standard electropolishing,
(c) MEP  magnetoelectropolishing. Time of sample exposition: 24 hours
3.1 Pitting corrosion
The results of pitting corrosion on AISI 430 SS surface submerged in aqueous 3% NaCl solution after three treatments: MP, EP, and MEP are presented in Figs. 6, and 7.
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Fig. 6 Pits comparison on AISI 430 SS surface submerged in aqueous 3% NaCl solution
after three treatments: MP  abrasive polishing, (b) EP  standard electropolishing,
(c) MEP  magnetoelectro-polishing
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Fig. 7 Number of pits counted on AISI 430 SS surface submerged in aqueous 3% NaCl solution
after three treatments: MP  abrasive polishing, (b) EP  standard electropolishing,
(c) MEP  magnetoelectropolishing
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Comparable number of pits have been obtained on surfaces after MP and MEP. After a standard electropolishing EP the number of pits was 20 to 25% less though many of the pits were of bigger sizes.
The reverse behaviour of AISI 430 SS after MEP in comparison with the results after that
treatment of austenitic steels [7-12] induced the Authors to carry out the investigations of corrosion
behaviour of a carbon C45 steel after analogous treatments. The C45 steel samples were prepared by
abrasive polishing (grit size 500) MP, by a standard electropolishing EP and by magnetoelectropolishing MEP. The obtained Nyquist plots of corrosion behaviour of C45 steel samples in aqueous
3% NaCl solution after MP, EP, and MEP are presented in Fig. 8. The obtained results show that the
best corrosion resistance revealed the C45 sample after abrasive polishing MP, worse corrosion resistance was after a standard electropolishing EP, and the worst  after magnetoelectropolishing MEP.
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Fig. 8 Comparison of EIS corrosion results in 3% NaCl solution obtained on C45 non-alloyed steel
samples after: 1-MP - abrasive polishing using a grit paper 500, 2 -EP – standard electropolishing,
2-MEP – magnetoelectropolishing
3 CONCLUSIONS
Application of a magnetic field in the process of electrolytic polishing of austenitic stainless
steels [5-12] and other metallic materials (Ni-Ti alloy [13-16], Co-Cr-W alloys [17], CP Grade 2 titanium [18]) resulted in the increase of corrosion resistance of such treated surfaces. In this study we
applied the magnetoelectropolishing to ferritic stainless steel of AISI 430, and non-alloyed C45 steel.
The results of corrosion resistance in 3% NaCl indicate on different behaviour of 430 SS after this
electrolytic polishing in a magnetic field. The highest corrosion resistance of 430 SS after one hour of
exposition is observed on standard electropolished EP surfaces, and much lesser corrosion resistance
after MEP, though it is still higher than after abrasive polishing (using grit size 1000). However, after
24 hours the surfaces of ferritic 430 SS samples after both MEP and EP indicate very similar corrosion resistance, with abrasive polished MP surfaces revealing the highest corrosion rate.
Pitting corrosion on 430 SS samples after three different treatments MP, EP, and MEP has
been observed right after electrochemical corrosion studies (Fig. 6). In the field of corrosion studies
(area of 2 cm2) there were from 105 up to 335 pits after MEP, and 82 pits after EP though they were
much deeper and bigger (see Fig. 6 EP). The number of corrosion pits after MP was a little bit higher
(108 pits, that is about 20% more) than that after EP.
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The additional results obtained on a non-alloyed C45 steel (Fig. 8) have confirmed the reverse
corrosion results with the worst corrosion resistance after MEP, better after a standard electropolishing EP, and the best after an abrasive polishing MP, even with the abrasive paper of grit size 1000.
The reason of different behaviour of ferritic materials (AISI 430 SS, C45) after MEP seems to
be possible to explain on molecular level. During the process of MEP the surface film formed on
magnetic materials presents much worse protective properties, resulting specifically in pitting. Further investigations are needed to reveal both composition and structure of the oxide/hydroxide film
formed on the surface of ferritic materials.
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