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Preparation of High Corrosion Resistance Ni-Fe-Sm Alloy Films
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ZHAO Jing CHEN Biging DU Chan ZHU Yunna ZHANG Shimin
(School of Chemistry and Chemical Engineering, Qinghai Normal University, Xining 810000, China)

Abstract: In order to solve the problem of rough surface and poor corrosion resistance of Ni-Fe alloys prepared in traditional aqueous
electrolytes, the Ni-Fe-Sm ternary alloy membranes are prepared by adding rare earth element Sm to modify Ni-Fe alloy from choline
chlorine-urea ionic liquid system (Reline). Through cyclic voltammetry, Tafel test, scanning electron microscope and X-ray energy
spectrometer, respectively, the electrochemical behavior of metal ions in Reline ionic liquid, the surface morphology of alloy film and
resistance corrosion performance are studied. The results show that Ni(Il) and Fe(1I) are one-step irreversible reduction processes,
and the nucleation mechanism of Ni-Fe-Sm alloy in Reline system is three-dimensional instantaneous nucleation. The metal elements
on the surface of the Ni-Fe-Sm alloy film are evenly distributed, and the microstructure is nodular spherical particles. The surface of
the alloy film is fine, with few cracks and neat arrangement. In 3.5 wt.%NaCl and 10 wt.%HCI solutions, adding rare earth element
Sm, the corrosion resistance of the alloy film is significantly improved. When the deposition potential is —1.22 V and the deposition time
is 20 min, the self-corrosion current density is the lowest, the corrosion rate is the lowest, the self-corrosion potential is the most positive,
and the corrosion resistance is the highest. This paper further enriches the understanding of adding rare earth elements to the Reline system
to improve the corrosion resistance of alloys, making it have better application prospects in the fields of protection and storage.
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Fig.2 SEM and EDS images of pure Ni coatings at different reduction potentials in Reline system
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Table 1 Content of different metals in the Ni-Fe-Sm

alloy film at different deposition potential

Potential / V -1.20 -1.22 -1.24 -1.26 -1.28
Ni / wt.% 55.7 41.2 45.9 49.3 49.8
Fe / wt.% 20.6 24.1 20.6 20 17.7
Sm/ wt.% 1.1 1.3 1.0 0.9 0.7
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Fig. 8 Relationship between Ni-Fe-Sm alloy film composition and deposition potential
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Fig. 9 SEM images of Ni-Fe-Sm alloy films obtained at different deposition potentials in Reline system
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Table 2 Influence of different deposition time on different

metal content in the Ni-Fe-Sm alloy film

Time / min 10 15 20 25 30
Ni / wt.% 28.9 35.4 41.2 50.6 54.9
Fe / wt.% 16.5 22.2 24.1 395 35.6
Sm/ wt.% 0.5 0.9 1.3 11 15
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Fig. 11 Relationelation curve between different deposition time and metal content of Ni-Fe-Sm alloy film
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Table 3 Corrosion resistance parameters of

different composition alloy films

Alloy coating Ni-Fe  Ni-Fe-Sm
Self-corrosion current  Ecor / V -0.765 —0.420
Self-corrosion current density Jeor / (uA * cm’z) 600 24.6
Anodic tafel slope b, / (V + dec™) 2.90 341
Cathodic tafel slope b / (V + dec™) 7.606 6.110
Linear polarization resistance R, / (Q + cm?) 17.3 463.7
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Fig. 14 Tafel curve of Ni-Fe-Sm alloy film at 3.5 wt.%NaCl and weight loss curve at 10 wt.%HCI under
different deposition potential and deposition time
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Table 4 Corrosion resistance parameters of Ni-Fe-Sm alloy films obtained at different deposition potentials

Deposition potential / V -1.20 -1.22 -1.24 -1.26 -1.28
Self-corrosion current Ego / V —-0.482 -0.420 -0.582 -0.636 -0.621
Self-corrosion current density Jeor / (WA * cm™?) 92.2 24.6 110 317 210
Anodic tafel slope b, / (V « dec™) 2.689 3.410 2.678 3.184 1.935
Cathodic tafel slope b / (V + dec™) 8.877 6.110 6.797 7.916 7.364
Linear polarization resistance R, / (Q « cm?) 105.0 4637 104.0 46.6 36.9
Corrosion rate / (ug * cm™ « h™) 27 23 33 42 36

R5 TRITIART EAY Ni-Fe-Sm & & ERTHE R 1E S5

Table 5 Corrosion resistance parameters of Ni-Fe-Sm alloy film with different deposition time

Deposition time / min 10 15 20 25 30
Self-corrosion current  Ego / V —0.604 —0.653 —-0.420 —0.659 —0.647
Self-corrosion current density Jeor / (uA * cm’z) 275 145 24.6 71.9 209
Anodic tafel slope b, / (V « dec™) 1.65 3.06 3.41 3.73 3.28
Cathodic tafel slope b / (V + dec™) 7.45 8.56 6.11 7.95 8.25
Linear polarization resistance Rp / (Q * cm™2) 434 64.8 4637 129.5 45.0
Corrosion rate / (ug * cm? . h 90 60 23 58 75
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