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This study examined the effect of micro-alloying elements (C, V, and Mo) on the corrosion behavior of
1Cr-containing ferritic steel in a CO,-saturated acidic aqueous solution. A variety of experimental meth-
ods were employed, including microstructural analyses, electrochemical measurements, and surface exam-
inations. The findings revealed that an increased addition of carbon (C) to this alloy system led to a higher
fraction of coarse Fe,C and M,C;, which limited chromium (Cr) enrichment in the inner corrosion scale
and caused the FeCO, crystals on the outer surface to coarsen. These changes resulted in a greater sus-
ceptibility to long-term corrosion. In contrast, the addition of vanadium (V) markedly enhanced Cr enrich-
ment in the inner layer and refined the FeCO; crystals on the outer layer of the corrosion scale, leading to
improved long-term corrosion resistance. Molybdenum (Mo) also contributed to enhanced corrosion resis-
tance, similar to V, but during the early stages of corrosion, it exhibited much higher dissolution rates and
showed a limited ability to form protective FeCO, layers under acidic conditions, which may impede the

full realization of its corrosion-resistant benefits.
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Table 1. Chemical composition of the three tested samples (wt%)
C Mn Si S P Cr Mo \Y

Cr C 0.08-0.10 <15 <3.0 <0.01 <0.08 1 - -

Cr VvV 0.03-0.05 <1.5 <3.0 <0.01 <0.08 1 - 0.15~0.3

Cr_Mo 0.03-0.05 <1.5 <3.0 <0.01 <0.08 1 0.4~0.6 -
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Fig. 3. EBSD phase map, image quality map, inverse pole figure map, and phase fraction of the three samples: (a) Cr_C; (b)
Cr_V; (¢) Cr_Mo

(a)

Total  Parttion Total  Partiion Total  Parttion

Phase Fraction ~ Fraction Phase Fraction ~ Fraction Phase Fraction  Fraction
W Ferite 0984 0984 I Ferite 0993 0993 W Ferrte 0993 0993
[ M7 C3cabide 0016 0016 [ w7C3cavide 0007 0.007 [ M7C3cabice 0007  0.007
[ m23cs 0000  0.000 [ m23ce 0000 0000 [ m23cs 0000  0.000

Fig. 4. EBSD phase map, image quality map, and phase fraction of the three samples: (a) Cr_C; (b) Cr_V; (¢) Cr_Mo
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Fig. 5. Equilibrium calculation for the phase fraction of precipitates with temperature, constructed by JMatPro: (a) Cr_C; (b)
Cr_V; (¢) Cr_Mo
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Fig. 5. (Continued) Equilibrium calculation for the phase fraction of precipitates with temperature, constructed by JMatPro:
(a) Cr_C; (b) Cr_V; (c¢) Cr_Mo
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Fig. 7. (a) Changes in corrosion rate with immersion times, obtained by electrochemical LPR measurements; (b-d) Corrosion
rates after (b) 1-day, (c) 6-days, and (d) 14-days of immersion in a 5 wt% NaCl solution with a pH of 4.5 adjusted using HC1
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Fig. 11. Surface morphologies of the three samples ((a) Cr_C; (b) Cr_V; (c) Cr_Mo) after 7-days of immersion in a 5 wt% NaCl

solution with a pH of 4.0 adjusted using HC1

Table 2. EDS point analysis on area marked on Fig. 11
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Fig. 12. XPS high-resolution spectra of the Cr_Mo sample surface

a pH of 4.5 adjusted using HCI: (a) Cr 2p,,; (b) Mo 3d
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