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The effect of Cr addition to high Mn steel on flow-accelerated corrosion (FAC) behavior in a neutral aque-
ous environment was evaluated. For comparison, two types of conventional ferritic steels (API X70 steel
and 9% Ni steel) were used. A range of experiments (electrochemical polarization and impedance tests,
weight loss measurement, and metallographic observation of corrosion scale) were conducted. This study
showed that high Mn steel with 3% Cr exhibited the highest resistance to FAC presumably due to the for-
mation of a bi-layer scale structure composed of an inner Cr enriched Fe oxide and an outer Mn substi-
tuted partially with Fe oxide on the surface. Although the high Mn steels had the lowest corrosion
resistance at the initial corrosion stage due to rapid dissolution kinetics of Mn elements on their surface,
the kinetics of inner scale (i.e. Cr enriched Fe oxide) formation on Cr-bearing high Mn steel was faster in
dynamic flowing condition compared to stagnant condition. On the other hand, the corrosion scales formed
on API X70 and 9% Ni steels did not provide sufficient anti-corrosion function during the prolonged expo-

sure to dynamic flowing conditions.
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Fig. 1. Corrosion processes of the metal in (a) stagnant, (b) flow, and (c) flow with erodent environments [5]
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Table 1. Chemical composition of the tested samples
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wt% C Mn Cu Cr Ni Cu Fe
24Mn 0.3~0.4 ~24.0 0.4~0.5 - - - Bal.
24Mn3Cr 0.3~0.4 ~24.0 0.4~0.5 3.0~3.5 0.02~0.03 0.25~0.35 Bal.
API X70 0.01~0.1 1.0~2.0 0.02~0.05 0.1~0.2 0.01~0.02 0.2~0.3 Bal.
9Ni 0.01~0.1 0.6~0.7 0.005~0.01 0.01~0.02 ~9 0.2~0.3 Bal.
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Fig. 2. LPR curves of the samples, measured after (a) 1 day, (b) 3 days, and (c) 14 days exposed to FAC environment, and (d)
i, and MPY, obtained by curve-fitting to LPR data of the samples
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Table 2. Several electrochemical parameters obtained by curve-fitting to LPR data of the samples

1 day immersion

3 days immersion

Parameters 24Mn 24Mn3Cr API X70 ONi 24Mn 24Mn3Cr API X70 ONi
E.. (V) -0.751 -0.665 -0.540 -0.652 -0.747 -0.671 -0.598 -0.659
B, (V-decade™) 0.105 0.112 0.12 0.0889 0.079 0.093 0.12 0.086
B. (V-decade™) 0.12 0.12 0.108 0.12 0.12 0.12 0.093 0.12
i, (Arcm?) 590 x 107 4.15x10° 298 x10° 1.81x10° 4.68x10° 231x10° 279x10° 2.62x 107
7 days immersion 14 days immersion
Parameters 24Mn 24Mn3Cr API X70 ONi 24Mn 24Mn3Cr API X70 ONi
E.,. (V) -0.769 -0.679 -0.596 -0.665 -0.760 -0.674 -0.621 -0.675
B, (V-decade™) 0.12 0.12 0.12 0.12 0.104 0.12 0.12 0.12
B. (V-decade™) 0.042 0.12 0.042 0.068 0.12 0.099 0.02 0.021
i, (Arcm?) 446 x 10° 1.84x10° 2.50x10° 238x10° 4.53x10° 1.41x10° 3.53x10° 1.94x 107
0o AlmEr], A4 2 FHEE U Mo ABHE %S dehgie 24Mn 2 24Mn3Cre A4k
o] gE (A 9 AFo] AlgE221s wEjE = w, A} sk A UERSloH 53] 3 wi% 7=
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Fig. 3. EIS Nyquist plots of the samples, measured after (a) 1 day, (b) 3 days, and (c) 14 days exposed to FAC environment, and
(d) R, (R, + R,), obtained by curve-fitting to EIS data of the samples
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Table 3. Several electrochemical parameters obtained by curve-fitting to EIS Nyquist plots of the samples

1 day immersion

3 days immersion

Parameters 24Mn 24Mn3Cr  API X70 9Ni 24Mn 24Mn3Cr API X70 9Ni
R, (Qrcm?) 60.223 58.435 58.857 50.115 59.15 63.44 57.655 51.3175
O,(mF-em™s™)  1.71 x10°  1.56 x 10" 2.1 x10* 241x10° 6.44x10* 7.08x10* 273x10* 1.67x10"
n; 0.879 0.985 0.706 0.785 0.852 0.927 0.702 0.646
R, (Qcm?) 221 69.225 13.926 25.099 20.549 745.875 504.725 13.2795
O, (mF-em?s™)  3.82x10"  426x10" 2.02x10° 1.88x10% 2.76x10° 1.04x10" 391 x10* 225x10°
ny 1 0.751 0.622 0.609 0.864 0.883 0.999 0.617
R, (Qcm?) 68.25 353.275 488.15 328.9 368.225 163.313 202.28 563.875
7 days immersion 14 days immersion
Parameters 24Mn 24Mn3Cr API X70 ONi 24Mn 24Mn3Cr API X70 ONi
R, (Qrcm?) 58.24 62.335 57.785 56.972 57.688 67.21 57.817 57.817
O,(mF-em™s™) 351 x10°  7.08x10* 3.96x10" 1.68x10° 4.02x10° 1.19x10° 1.07x10% 2.67x10°
n; 0.841 0.927 0.695 0.722 0.863 0.934 0.623 0.713
R, (Qcm?) 32.857 128.203 28.44 2.897 62.595 1117.35 19.581 2.597
0, (mFem?s™)  6.95x10°  1.04x10" 4.48x10° 278 x10° 6.53x10° 9.38x107 2.00x10> 2.78 x 107
ny 0.801 0.8825 0.5789 0.497 0.867 1 0.8416 0.497
R, (Qcm?) 509.375 828.175 701.575 852.8 650.65 115.05 607.475 852.8
o] H7Fe 24Mn3Cr- #5202 R ko] T7Ieks 7 =2 A7 WS HeEhiSl= 2 24Mn 24
& U] FAC B39O #ek Bek @9 v A7bE 30e] Cre: FAC 24 spol e Sl 9
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Fig. 4. (a) Weight loss and (b) corrosion rate of the samples after exposure to FAC environment
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Fig. 5. Cross-section morphologies of (a) 24Mn, (b) 24Mn3Cer, (c¢) API X70, and (d) 9Ni after exposure to FAC environment for
14 days

(a)

(©)

Fig. 6. EDS mapping analysis of a cross-sectional images of (a) 24Mn, (b) 24Mn3Cr, (¢) API X70, and (d) 9Ni after exposure to
FAC environment for 14 days
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Fig. 7. Schematic diagram illustrating the proposed corrosion mechanism of (a) 24Mn, (b) 24Mn3Cr, (c) API X70, and (d) 9Ni,
respectively
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