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Micro-electrochemical Characteristics of Sensitized
304 Stainless steel Using Micro-droplet cell Techniques
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The influences of sensitization on localized corrosion resistance of 304 stainless steel, were investigated, using
micro-dropletcell techniques. Micro-droplet cell allows one to align the micro-electrode to the desired spot of
the working electrode and measure directly local current with the potentiodynamic polarization, linear polarization
and a.c. impedance. Micro-electrochemical tests were carried out inside of the grain and on grain boundaries
separately. It was found that sensitization decreased the pitting potential, increasing corrosion current density
around grain boundaries. Galvanic current density was also measured between grain and grain boundaries.
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MICRO-ELECTROCHEMICAL CHARACTERISTICS OF SENSITIZED 304 STAINLESS STEEL USING MICRO-DROPLET CELL TECHNIQUES
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Table 1. Chemical compositions of 304 - 316L - 321 stainless steels (Wt%)

type Fe C Cr Mo S Ni P Mn Si Ti

304 Bal. 0.05 18.08 0.1 0.002 8.05 0.019 1.07 0.46 -

316L Bal. 0.014 16.30 2.09 0.001 10.13 0.028 1.70 0.33 -

321 Bal. 0.035 17.86 - 0.000 10.18 0.032 1.58 0.53 0.35
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(b)

Fig. 2. Micro structures of 304 stainless steel after oxalic acid etch test

(a) step structeure(500x), (b) dual structure(250x), (c) ditch structure(500x)

(a) (b)

Fig. 3. (a) Micrographs of a micro-polisher and (b) the capillary
tip of a micro-droplet cell.

(b)

Fig. 4. (a) Schematic of a micro-droplet cell wih a microscope
and (b) a micrograph of electrochemical set-up with the micro-
droplet cell installed in a optical microscope (OM).
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Fig. 5. DOS with the heat-treated temperatures for sensitization
of 304 - 316L and 321 stainless steels.

Table 2. DOS of 304 - 316L - 321 stainless steels with heat-
treated during 24 hr at 650 C

304 316L 321
DOS(%) 23.67 6.11 1.93

(@

©

Fig. 6. OM micrographs of the micro structures of heat treated stainless steels after oxalic acid etching: (a) 304 (b) 316L and

(c) 321 stainless steels (x400).
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Fig. 7. Macro-and micro-potentiodynamic polarization curves of (a) solution-treated and (b) sensitized 304 stainless steels.

(2) (b)

(d)

Fig. 8. OM micrographs after micro-potentiodynamic polarization test (a) inside of a grain and (b) at grain boundary of solution-treated
304 stainless steel; (c) inside of a grain and (d) at grain boundary of sensitized 304 stainless steel.
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Fig. 9. Macro-and micro-potentiodynamic polarization curves of (a) 316L and (b)321 stainless steels.
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Fig. 10. OM micrographs after micro-potentiodynamic polarization test (a) inside of a grain and (b) at grain boundary of
316L stainless steel; (c) inside of a grain and (d)at grain boundary of 321 stainless steel.
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Fig. 14. Micro-linear polarization curves of a sensitized 304 stainless steel (a) inside of a grain (b)at grain boundaries for

measuring polarization resistances.
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Fig. 15. Micro potentiodynamic polarization curves at the inside
of a grain and at the grain boundary of the sensitized 304 stainless
steel for the measurement of the galvanic current density at the
grain boundary in 1M NaCl aqueous solurion.
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