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Abstract: For high chromium cast iron (HCCI) used in marine atmospheres for a long time, the different corrosion
behaviors of surfaces with different crystal orientations will inevitably lead to microscopic corrosion galvanic cells and
pitting initiation. By defining the corrosion behavior of different oriented surfaces and adjusting the proportion and
combination of specific oriented surfaces, the galvanic corrosion sensitivity of high chromium cast iron can be effectively
weakened and the corrosion rate of high chromium cast iron can be delayed. Therefore, in this paper, the corrosion
potential and corrosion current density of the (100), (110) and (111) crystallographic surfaces in KmTBCr26 high chromium
cast iron were calculated by first principles modelling, and the electrochemical corrosion anodic dissolution reaction
polarization curves of this HCCI in a neutral NaCl environment were obtained. The results show that the surface with (100)
orientation has the highest corrosion potential and the lowest corrosion current density among the three low-index surfaces,
which are -0.567 4 V and -7.858 7 log(A/cm?) for the ideal surfaces, respectively, showing the best corrosion resistance.
However, the existence of surface vacancies and Cl adsorption can lead to an increase in the calculated results of corrosion

current density on all the three low-index surfaces, that is, the anode dissolution rate is accelerated, and the dissolution rate
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gap between different surfaces is slightly reduced. At the same time, it also reduces the corrosion potential of all surfaces

and slightly narrows the potential difference between different surfaces.
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Tab.1 DFT—-derived specific values of several key parameters in the formula of the Tafel line for three low—index surfaces
of Fe,,Crs. ¢"E**p and ¢“E*/p are the impacts of the escape of Mg atoms and chlorine adsorption on the surface

5 Esurf . E - c vac E»ac . 0 wd c ad Ead . B }
Surface Euf(J-m?) e /(eV -atom™) E™/eV /(eV -atom™) EYeV /eV -atom AGy/eV
(100) 2.833 0.066 8.820 0.003 3 -4.291 -0.0019 4.975
(110) 3.044 0.091 5.735 0.002 8 -4.540 -0.002 6 4.975
(111) 2.871 0.074 6.510 0.002 7 -4.470 -0.002 2 4.975
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Fig.1 The polarization curves of the anodic dissolution reaction of three low-index surfaces of the KmTBCr26 matrix: (a) the ideal
surfaces, (b) the surfaces considering the escape of Mg atoms and chlorine adsorption on the surface. Both the reaction of anodic
dissolution and cathodic hydrogen evolution adopt a standard hydrogen electrode as a reference
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Tab.2 Comparison of corrosion current density
log(I/(A - cm™)) and corrosion potential U(V vs. SHE) of
anodic dissolution curves on three low—index surfaces of

the KmTBCr26 matrix

3 . , KmTBCr26 3
Alflog(A/cm?)]
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Tab.3 Comparison of the dissolution rate gap
Alllog(A/cm?)] and potential difference AU(V vs. SHE)
between each two surfaces of the three low—index surfaces

of the KmTBCr26 matrix

log(1/(A-cm?)) U(V vs. SHE) Alllog(A/em?)] AU(V vs. SHE)
(111) -7.503 0 -7.484 6 -0.879 1 -0.8975 (110)/(111) 0.744 0 0.7310 0.6777 0.664 7
(110) -6.759 0 -6.753 6 -1.556 8 -1.5621 (110)/(100) 1.099 7 1.051 8 0.989 3 0.9415
(100) -7.858 7 -7.805 4 -0.567 4 -0.620 7 (111)/(100) 0.3557 0.320 8 0.3117 0.276 8
b Cl b (
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