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Stainless steel is a metal that does not generate rust. Due to its excellent workability, economic feasibility,
and corrosion resistance, it is used in various industrial fields such as ships, piping, nuclear power, and
machinery. However, stainless steel is vulnerable to corrosion in harsh environments. To solve this problem,
its corrosion resistance could be improved by electrochemically forming an anodized film on its surface. In
this study, 316L stainless steel was anodized at room temperature with ethylene glycol-based 0.1 M NH,F
and 0.IM H,O electrolyte to adjust the thickness of the oxide film using different anodic oxidation voltages
30V, 50V, and 70 V) with time control. The anodic oxidation experiment was performed by increasing
the time from 1 hour to 7 hours at 2-hour intervals. Corrosion resistance according to the thickness of the
anodic oxide film was observed. Electrochemical corrosion behavior of oxide films was investigated

through polarization experiments.
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CORRELATION OF SURFACE OXIDE FILM GROWTH WITH CORROSION RESISTANCE OF STAINLESS STEEL
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Fig. 1. OM image before and after electropolishing stainless steel. (a) SUS 316L (b) Electropolished SUS 316L
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Fig. 2. EDS image of the stainless steel oxide film; (a) SUS 316L (b) Anodization SUS 316

Table 1. EDS analysis before and after anodization of stainless steel 316L

Element (at%)
Sample
FeK OK CrK SiK NiK SK CK
SUS 316L 16.14 29.10 05.42 01.88 19.18 02.38 25.89
Anodization 04.06 51.22 01.85 00.37 04.30 00.46 37.74

Fig. 3. SEM image of anodic oxidation with application time at 30 V applied voltage; (a) 1 hour, (b) 3 hours, (¢) S hours, (d) 7

hours

Fig. 4. SEM image of anodic oxidation with application time at S0 V applied voltage; (a) 1 hour, (b) 3 hours, (c) 5 hours, (d) 7

hours
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Fig. 5. SEM image of anodic oxidation with application time at 70 V applied voltage; (a) 1 hour, (b) 3 hours, (c) 5 hours, (d) 7

hours
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Fig. 6. Variation of stainless steel 316L oxide film thickness
with voltage and application time
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Table 2. Thickness of stainless steel oxide film according to the anodic oxidation time and voltage modulation

1 hour 3hour 5 hour 7 hour
30V 9 um 19 pm 21.5 pm 25.5 pm
50V 13.7 pm 21.7 pm 24 um 26.7 pm
70V 18.7 um 23 um 28.3 um 32.5 um
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Fig. 7. Electrochemical polarization curves of bare and stainless steel oxides treated with different voltages at an anodization

time of 7 hours in 3.5 wt% NaCl solution

Table 3. Electrochemical polarization test results for
different voltages with a processing time of 7 hours

Sample E..(mV) I..(A/cm?)
Bare SUS 316L -190 6.67 x 10°*
30V -163 1.12 x 107"
50V -72 7.78 x 107"
70V 19.9 7.70 x 107"
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