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This study aimed to examine effects of microstructural changes through quenching and tempering (QT)
and quenching and partitioning (Q&P) heat treatments on corrosion behavior of ultra-high-strength alloy
steel containing Cr, Mo, Ni, and Cu. Electrochemical methods including polarization and impedance spec-
troscopy along with microstructural characterization indicated that the conventional partitioning process
could lead to formation of retained austenite with larger size in a martensitic matrix, resulting in a higher
corrosion rate in saline environments. In contrast, a slightly higher partitioning temperature than marten-
site transformation start temperature produced more finely distributed austenite in a bainitic matrix, exhib-
iting greater long-term corrosion resistance. This improvement was primarily attributed to the uniform
distribution of Ni in the microstructure and the formation of Cr-enriched corrosion product with inhibiting
properties in advanced stages of corrosion. These findings provide significant insights into alloying strat-
egies to ensure superior long-term corrosion resistance of ultra-high-strength alloy steel in neutral aqueous

environments.
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CORROSION BEHAVIORS OF ULTRA-HIGH-STRENGTH ALLOY STEEL ACCORDING TO HEAT TREATMENT CONDITIONS
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Fig. 1. Heat treatment conditions: (a) QT; (b) Q&P
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Fig. 3. EBSD phase map, image quality map, and phase fraction of the three samples: (a) QT; (b) Q&P 370; (c) Q&P 270
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Fig. 4. Electrochemical evaluation of the two samples (low-alloy steel and alloy steel): (a) Potentiodynamic polarization; (b)
Impedance spectroscopy
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Fig. 5. (a) LPR curves (semi-log format) of the three samples measured after 28 days of immersion in a 3.5% NaCl solution; (b)
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Table 2. Several electrochemical parameters of the three samples, obtained by fitting to LPR curves (semi-log format) with

Wagner-Traud equation

Sample: QT
Parameters
E_V) B, (V/decade) B.(V/decade) Lo (Alem?)
1d -0.598 0.065 0.120 8.70 x 10°¢
3d -0.643 0.075 0.100 7.50 x 10
14d -0.642 0.060 0.040 5.51x10°¢
28d -0.647 0.060 0.030 3.78 x 10
Sample: Q&P 370
Parameters
E_V) B, (V/decade) B.(V/decade) Lonr (Alem?)
1d -0.612 0.040 0.120 7.05 x 10
3d -0.653 0.058 0.140 7.13 x 10
14d -0.660 0.070 0.040 4.81 x 10
28d -0.660 0.060 0.030 3.34 x 10
Sample: Q&P 270
Parameters
E_V) B, (V/decade) B.(V/decade) Lonr (Alem?)
1d -0.593 0.067 0.120 1.09 x 107
3d -0.660 0.070 0.100 7.78 x 10
14d -0.657 0.065 0.050 6.47 x 10
28d -0.655 0.053 0.023 4.65 x 10
420 CORROSION SCIENCE AND TECHNOLOGY Vol.23 No.5, 2024
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Fig. 6. (a) EIS Nyquist plot of the three samples measured after 28 days of immersion in a 3.5% NaCl solution; (b) Change in
R, of the three samples with immersion time

Table 3. Several electrochemical parameters of the three samples, obtained by fitting to EIS Nyquist curves with equivalent

circuit model

Sample: QT
e (Q-]f,inz) (F- cn? 2gm1) M (Qﬁfmﬁ) (F‘chrdzl's”") Ha (Qicfnﬁ)
1d 20.22 2.25E-4 8.32E-1 41.68 1.10E-4 8.64E-1 1671
3d 6.24E-4 3.30E-7 7.96E-1 20.05 8.9E-4 0.88 2176.7
14d 19.83 3.71E-3 731E-1 1964 1.86E-2 7.75E-1 1196
28d 20.51 3.18E-3 8.14E-1 39.82 7.64E-4 5.56E-1 3121
Sample: Q&P 370
e (Qf,;nl) (F-cn%-s"-‘ ) n (Qf,fmz) (F'crgg]'s"") P (Qicrlnz)
1d 21.38 7.68E-3 7.22E-1 8322 4.43E-3 8.91E-1 1918
3d 20.91 1.33E-3 7.58E-1 53 1.68E-4 1 2557
14d 19.82 1.51E-3 8.25E-1 2670 7.14E-3 0.854 708.3
28d 0.01 1.19E-8 9.68E-1 21.73 3.58E-3 7.79E-1 3488
Sample: Q&P 270
e (Q-Ii}nz) (F-cn%-s"-‘ ) o (gfginz) (F-cr%ll-s"-‘) i (Qﬁ;nz)
1d 20.38 2.06E-4 8 44E-1 2827 1.0E-4 8.54E-1 1786
3d 19.74 1.54E-3 7.77E-1 18.95 2.06E-4 1 2159
14d 19.99 4.10E-3 7.96E-1 1374 1.35E-2 1 695.1
28d 20.08 3.42E-3 8.17E-1 1811 1.11E-2 1 1118
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Cr

Fig. 7. SEM-EDS analyses of the three samples after 28 days of immersion in a 3.5% NaCl solution: (a) QT; (b) Q&P 370; (¢)
Q&P 270 samples
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