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Abstract: Cold rolled SS is also fruitfully used in deep drawing however the presence of 
scales or oxides on the surface reduces the life of the tools and emphasises creep phenomena 
of the material. Then a cleaning of the SS surface from these impurities is necessary. Oxides 
can be formed during the hot rolling preceding the cold one, or during the annealing 
performed between the several steps of thickness reduction. The annealing helps to decrease 
the work hardening occurring during the process. Normally this heat treatment is performed in 
reducing atmosphere of pure hydrogen (bright annealing), but even in this conditions oxides 
are formed on the SS surface. To avoid this uncontrolled oxide growth one method recently 
applied is an electrochemical cleaning performed in an electrolytic solution containing 
chrome, generally called electrochemical passivation. The electrochemical passivation allows 
the dissolution of the contaminating hard particles on the strips. Few scientific contributions 
are available in literature, which explain in detail the process mechanism. 
The aim of this work is to investigate if the electrochemical passivated surface acts in a 
different way with regard to corrosion phenomena with respect to conventional SS. 
Electrochemical measurements like polarisations, chronoamperometries and surface analysis 
were used to investigate the corrosion behaviour of electrochemically passivated AISI 304L 
and AISI 305. The effect of some process parameters were considered, too. 
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Introduction 
Cold rolled SS is also fruitfully used in deep drawing however the presence of scales or 
oxides on the surface reduces the life of the tools and emphasises creep phenomena of the 
material. Then a cleaning of the SS surface from these impurities is necessary. Oxides can be 
formed during the hot rolling preceding the cold one, or during the annealing performed 
between the several steps of thickness reduction. The annealing helps to decrease the work 
hardening occurring during the process. Normally this heat treatment is performed in reducing 
atmosphere of pure hydrogen (bright annealing), but even in this conditions oxides are formed 
on the SS surface. The removal of the oxide scale can be performed with electrolytic pickling 
[1]; if properly done, it should passivate the stainless steel surface and ensure corrosion 
resistance of the material. 
In this paper the effect of the electrochemical passivation on the surface morphology and 
corrosion behaviour of AISI 304L and AISI 305 SS was investigated. The effect of some 
process parameters were considered, too. 
 
Experimental 
Materials 
Several strips of SS characterised by the presence of different amounts of oxides were used as 
specimens. A rough estimation of the oxide scale presence before pickling was done through 
surface analysis by SEM. Then, a reference standard to evaluate the “Oxidation Number”, 
O.N., before treatment was established: it is based on a numerical scale from 0 to 5, in which 
No. 0 represents no oxides on the surface. As an example,  Fig. 1 represents three oxidation 
numbers, 1, 3.5 and 5. 
The apparatus for electrolytic pickling provides that the electric current is conducted through 
the strip indirectly without electrically conductive contact between the strip and the 
electrodes. The strip is run vertically past anodes and cathodes which are mounted vertically 
and the electrolyte liquid is fed in between the strip and the electrodes. Some process 
parameters were varied to analyse their influence on the material descaling; the strip speed 
and the loading density (A/dm2). The temperature of the electrolyte was set at 70°C. 
The characteristics of tested materials can be summarised in Table 1. 
 

Table 1 Test materials 

Material Before treatment After treatment 
 O.N. Designation Loading density (C/dm2) O.N. Designation 
304L 3 A 850 0 E 
304L 3 A 1850 0 F 
304L 5 B 1500 0 G 
305 0.5 C 1000 0 H 
305 3 D 1000 0 I 
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a) b) 

 
c) 

Fig. 1 Scanning electron micrographs recorded from SS strips with O.N. a) 1, b) 3.5, c) 5. 

Electrochemical techniques 
Electrochemical measurements were performed on steel sheets of the different materials. The 
electrochemical cell was so-called Avesta-cell. The sample area in the Avesta-cell was 0.785 
cm2. A three electrode arrangement was used; the reference electrodes were SCE or SSE 
depending on the test solution, while the counter electrode was a platinum net placed in a 
separate compartment in contact with the test solution through a fried vitreous membrane. 
The electrochemical characterisation of the steels was performed through polarisation 
measurements in: i) 1 M Na2SO4 aqueous solutions at T = 70°C with a potential sweep rate of 
1 mV/s, to compare the general electrochemical behaviour of the different steel surfaces; ii) 
0.14 M NaCl aqueous solution at room temperature with a potential sweep rate of 1 mV/s, to 
evaluate possible differences in the corrosion behaviour of the initial or treated materials. The 
potentiodynamic tests were started from the open circuit potential, since the cathodic 
polarisation had no influence on the anodic polarisation curve. 
The electrochemical measurements were carried out using remote controlled potentiostat- 
galvanostat (PAR273A) with dedicated software (Powersuite, Perkin Helmer). 
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Results and discussion 
At first, the effect of electrolytic pickling on the surface morphology of the specimens was 
evaluated through SEM analysis. 
Fig. 2 shows, as an example, the characteristics of the surface of a 305 SS before (O.N. = 3) 
and after electrochemical pickling (O.N. = 0). 
The scale disintegration in the treated material can be readily seen; after the pickling there is a 
reduction of the oxide particle density and the presence of holes in the surface. 
 

        
Fig. 2 Morphology of the 305 SS a) before (O.N. = 3) and b) after (O.N. = 0) electrolytic 
pickling. 

A preliminary analysis of the materials was performed with potentiodynamic polarisation 
curves to evaluate the electrochemical behaviour of the oxide scale. 
The results reported in Fig. 3 and Fig. 4 refer to strips of SSs with different oxidation numbers 
before pickling. 
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Fig. 3 Anodic polarisations in 1 M Na2SO4 aqueous solution at T = 70°C, sweep rate = 1 
mV/s, a) before and b) after electrolytic pickling AISI 304L SS. 
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A clear influence of the oxide scale on the electrochemical behaviour of the alloys can be 
detected. In the passive region the current of the untreated specimens is higher than the 
current of the treated samples; the pickling slightly passivate the stainless steel surface 
protecting it from dissolving. At potentials above 1.3 V vs SHE and before the transpassive 
dissolution region, the untreated specimens show a current peak which indicates the 
electrochemical dissolution of the oxide scale [2]. The charge consumed in the current peak is 
almost equal in the 304SS samples at different O.N., about 1.25 10-2 C/cm2. It is smaller for 
the 305SS samples, about 2.42 10-3 and 7.67 10-3 C/cm2 for the sample characterised by 
O.N.=0.5 and 3, respectively. After the peak the current density is equal for all the specimens, 
indicating that they suffer transpassive dissolution by similar mechanisms. 
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Fig. 4 Anodic polarisations in 1 M Na2SO4 aqueous solution at T = 70°C, sweep rate = 1 
mV/s, a) before and b) after electrolytic pickling AISI 305 SS. 

Polarisation curves in 0.14 M NaCl aqueous solution were performed to start the analysis of 
the influence of the electrolytic pickling process and parameters on the corrosion behaviour of 
the materials. Preliminary results are reported in Fig. 5. 
The initial materials, A and C, present very similar corrosion behaviour, with a wide passive 
region and a current peak at about 1.4 V vs SHE, probably related to the presence of the oxide 
scale. On the other hand, the materials treated with a medium loading density (850-1000 
C/dm2), E and H, have a smaller passive region, then pitting occurs. The electrochemical 
passivation performed at high loading density (1850 C/dm2) seems to enhance the corrosion 
resistance of the material (specimen F): the wide passive region is characterised by the lowest 
current densities. 
On the basis of these preliminary results it seems that electrolytic pickling may enhance the 
corrosion properties of the initial materials, but a proper selection of the process parameters 
must be done. Further investigations to better understand the effective influence of the process 
parameters on the corrosion behaviour of the treated materials are in progress. 
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Fig. 5 Anodic polarisations in 0.14 M NaCl aqueous solution at room temperature, sweep 
rate = 0.5 mV/s for a) AISI 304L:  A - not treated, E: treated, loading density 850 C/dm2, F - 
treated, loading density 1850 C/dm2; b) AISI 305: C - not treated, H: treated, loading density 
1000 C/dm2. 
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