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Erosion-corrosion behaviors of Hadfield steel under a neutral aqueous environment with fine SiO, parti-
cles were examined and compared with those of conventional carbon steel. A range of electrochemical
experiments (potentiodynamic polarization, linear polarization, and impedance), immersion test, and slurry
pot test (i.e., erosion-corrosion test) were performed. Results showed that the Hadfield steel composed of
austenitic matrix with (Fe,Mn)-based carbide had lower corrosion potential and higher corrosion current
density than carbon steel with a typical ferrite/pearlite structure. In addition, pipe forming increased total
corrosion rates (i.e., pure corrosion and erosion-enhanced corrosion rates). Nevertheless, the erosion-cor-
rosion rate of Hadfield steel was much smaller. Morphological observation showed that local damage in
the form of a crater by erosion-corrosion was more noticeable in carbon steel. The higher resistance of
Hadfield steel to erosion-corrosion was attributed to its lower total erosion rates (i.e., pure erosion and cor-
rosion-enhanced erosion rates) highly depending on surface hardness. This study suggests that Hadfield
steel with higher resistances to flowing erosion-corrosion in an aqueous environment can be applied widely
to various industrial fields.
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Fig. 1. (a) Schematic diagram of the erosion-corrosion test cell developed for electrochemical applications; (b) FE-SEM
observation of SiO, particles used in erosion and erosion-corrosion test
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Fig. 4. Schematic diagram showing the position of the
sample obtained from the pipe
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Table 2. Several fitted parameters obtained by curve-fitting to LPR data of the tested samples (E,,,, 8, f,, and i, are the
corrosion potential, anodic Tafel slope, cathodic Tafel slope, and corrosion current density, respectively)
24 h immersion
Parameters SS275 Plate SS275 Pipe 13Mn Plate 13Mn Pipe
E,, -0.74591 -0.7158 -0.7388 -0.7302
B, 0.03 0.051 0.06
B 0.02 0.12 0.12
Loy 2.09E-06 6.26E-06 1.1E-05 1.58E-05

Table 3. Several parameters obtained by curve-fitting to EIS Nyquist plots of the tested samples (Q, R, Q,, and R, are
capacitance of surface film, resistance of surface film, double layer capacitance at the solution/metal lnterface, and charge

transfer resistance at the solution/metal interface, respectively)

24 h immersion

Parameters SS275 Plate SS275 Pipe 13Mn Plate 13Mn Pipe
0, 7.124E-4 7.59E-4 7.89E-4 1.05E-3
R, 2.546E+3 2.912E+2 2.15E+2 3.40E+2
0, 5.74E-3 2.258E-4 5.76E-04 1.41E-3
R, 1.343E+3 1.517E+3 1.061E+3 6.50E+2
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Fig. 9. Weight loss of the two samples before and after pipe
forming, measured after immersion test in a 3.5 wt% NaCl
solution for 24 hours
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and after pipe forming, measured after erosion-corrosion
test in a 3.5 wt% NaCl solution with SiO, particle for 24
hours
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Table 4. Four individual components composed of total erosion-corrosion rates (V) of the tested samples (C), C;, E, and E, are
pure corrosion, erosion-enhanced corrosion, corrosion-enhanced erosion, and pure erosion, respectively)

Parameters SS275 Plate SS275 Pipe 13Mn Plate 13Mn Pipe
C, 4.33E-6 6.33E-6 6.59E-6 7.6154E-6
C, 3.7E-5 9.75E-5 5.44E-5 1.38E-4
E, 3.08E-4 1.14E-4 6.35E-4 7.11E-5
E, 9E-6 2.53E-6 4.93E-6 1.93E-6
v, 3.58E-4 2.20E-4 4.50E-4 2.19E-4
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