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The corrosion behaviors of twinning-induced plasticity (TWIP) steels with different alloying elements (Cu,
Al, Si) in a neutral aqueous environment were investigated in terms of the characteristics of the corrosion
products formed on the steel surface. The corrosion behavior was evaluated by measuring potentiodynamic
polarization test and electrochemical impedance spectroscopy. For compositional analysis of the corrosion
products formed on the steel surface, an electron probe x-ray micro analyzer was also utilized. This study
showed that the addition of Cu to the steel contributed to the increase in corrosion resistance to a certain
extent by the presence of metallic Cu in discontinuous form at the oxide/steel interface. Compared to the
case of steel with Cu, the Al-bearing specimen exhibited much higher polarization resistance and lower
corrosion current by the formation of a thin Al-enriched oxide layer. On the other hand, Si addition (3.0
wt%) to the steel led to an increase in grain size, which was twice as large as that of the other specimens,
resulting in a deterioration of the corrosion resistance. This was closely associated with the localized corrosion
attacks along the grain boundaries by the formation of a galvanic couple with a large cathode-small anode.
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EFFECT OF ALLOYING ELEMENTS (CU, AL, SI) ON THE ELECTROCHEMICAL CORROSION BEHAVIORS OF TWIP STEEL IN A 3.5 % NACL SOLUTION

Table 1 Chemical composition, calculated SFE, and average grain size of the tested specimens

Chemical composition (wt%)

Specimen SF E2 Average grain size
C Mn Cu Al Si Fe (mJ/m®) (wm)

0CuAlSi 0.71 16.63 - - - Bal. 16.0 44.3864
1.5Cu 0.72 16.94 1.52 - - Bal. 18.9 50.4839
3.0Cu 0.72 17.07 2.90 - - Bal. 21.1 50.8204
1.5Al 0.70 17.18 - 1.50 - Bal. 30.0 45.4608
3.0Al1 0.69 17.26 - 2.80 - Bal. 39.0 44.5763
1.5S1 0.69 17.08 - - 1.48 Bal. 14.5 42.7586
3.0Si 0.70 17.19 - - 2.90 Bal. 13.5 80.8707
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Fig. 3 Engineering stress-strain curves with variation in chemical
composition [23].

Table 2 Resistance values determined by curve-fitting to Nyquist
plots

Specimen R, P R, 2
(R-cm”) (R-cm”)

0CuAlSi 26.05 5034.48
1.5Cu 26.49 4396.52
3.0Cu 24.55 8900.38
1.5Al 24.58 4084.48
3.0Al 26.33 7183.6
1.5Si 27.03 4641.6
3.0Si 28.40 1575.9
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(b)

Fig. 4 EBSD image quality (IQ) maps : (2) 0CuAlSi, (b) 1.5Cu, (c) 3.0Cu, (d) 1.5Al, (¢) 3.0Al, (f) 1.5Si, (g) 3.0Si.
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Fig. 5 (a) EIS curves, and (b) PD curves and curve-fitting to PD data of (c) 0CuAlSi, (d) 3.0Cu, (e) 3.0Al, (f) 3.0Si after 72 h immersion
in a 3.5% NaCl solution at 25 °C.
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Fig. 8 Cross-section observation and EDS analysis of corrosion product formed on 0CuSiAl after 6 weeks immersion in a 3.5% NaCl
solution at 25 °C.
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Fig. 9 Cross-section observation and EDS analysis of corrosion product formed on 3.0Cu after 6 weeks immersion in a 3.5% NaCl
solution at 25 °C.
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Fig. 10 Cross-section observation and EDS analysis of comrosion product formed on 3.0Al after 6 weeks immersion in a 3.5% NaCl
solution at 25 °C.
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Fig. 11 Cross-section observation and EDS analysis of corrosion product formed on 3.0Si after 6 weeks immersion in a 3.5% NaCl

solution at 25 °C.

terfage

Fig. 12 EPMA analysis of corrosion products formed on three tested specimens after immersion test in a 3.5% NaCl solution for 6

weeks at 25 °C : (a) 3.0Cu, (b) 3.0Al, (c) 3.0Si.
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Fig. 13 (a) OM image and (b) its magnified view of the interface between corrosion product and steel matrix (3.0Si) after immersion
test at 25 °C, and (c) schematic illustration for localized corrosion attack along the grain boundary.
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