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Microstructure of rare earth Ce doped Cr13 steel
based on first-principles calculations and
its corrosion resistance for CO,
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Abstract: The adsorption energy of Ce doped Crl3 steel was calculated by CASTEP module based on the first principle
method. The effects of Ce on the CO, corrosion resistance of Crl3 steel were analyzed. The Crl3 steel doped different Ce
contents was prepared by plasma arc furnace. The microstructure and electrochemical corrosion behavior of prepared
alloys in the 3.5% (mass fraction) NaCl solution saturated with CO, were investigated. The results indicate that the
stability of adsorption structure reaches to a minimum value when the content of Ce is 0.1% (mass fraction). The
adsorption quantity of Ce can refine the Fe grain and reduce the amount of carbide, leading to little segregation of alloy
elements. Ce doped Crl3 alloys exhibits the remarkable passivation behavior. When the content of Ce is 0.1% (mass
fraction), the passivation current density is the lowest and the passivation region is the widest, and the alloy exhibits the
enhanced CO, corrosion resistance. The first principles method shows a promising application in forecasting CO,
corrosion and has much directive meaning in designing new ant-corrosion materials.
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Fig. 1 Adsorption position on Fe(100) surface
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Table 1  Adsorption energies of CO, on different adsorption

position on Fe(100) surface

Adsorption energy/eV
Adsorption type
T B H
Vertical 0.6583 0.7444 0.7459
Level —4.74059 11.13971 6.3675




1860 T EA OG5 R R

201547 H

B 2 CO, 7 Fe(100)T L (105 i 45 #y

Fig. 2 Adsorption structures of CO, on Fe(100) surface: (a) T-level; (b) B-vertical; (c) B-level; (d) B-vertical; (¢) H-level; (f)

H-vertical
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Table 2 Chemical composition of rare earth Ce doped Cr13

Sample No. Mass fraction/%

Fe Cr Ce
1 87.00 13 -
2 99.90 - 0.10
3 86.98 13 0.02
4 86.95 13 0.05
5 86.90 13 0.10
6 86.85 13 0.15
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Fig. 3 T-level adsorption CO, molecular structure for Crl3
steel (a) and Ce doped Cr13 steel (b)
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Fig. 4 Variation curve of adsorption energy with Ce content
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Fig. 5 Optical micrographs of Cr13 steel with different Ce contents: (a) Ce0; (b) Cr0; (¢) Ce0.02; (d) Ce0. 05; (e) Ce0.1; (f) Ce0.15
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Fig. 6 SEM images of Cr13 steel with different Ce contents: (a) Ce0; (b) Cr0; (c) Ce0.02; (d) Ce0. 05; (e) Ce0.1; (f) Ce0.15
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Fig. 7 Potentiodynamic polarization curves of different alloys

in 3.5% NaCl solution containing saturated CO,
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