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Hot corrosion performance of Ni electrodeposited coatings

MA Li, ZHOU Ke-chao, LI Zhi-you

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Ni coatings with different grain sizes, preferred orientation and impurity element contents can be
electrodeposited by regulating cathode current density. Using transmission electron microscopy(TEM), scanning electron
microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray diffractometry(XRD), the oxide film structures,
composition and morphology of Ni coatings before and after being corroded in corrosive atmosphere of
78.07%Na3AlF¢-9.5%AlF;-5%CaF, (mass fraction, %) were investigated comparatively at 960 ‘C. The results show that
Ni coatings with smaller grains and a strong (100) preferred orientation are easily obtained under higher current density.
While Ni coatings deposited under lower current density have coarser grains and a weak (111) preferred orientation. In
the corrosive atmosphere, Ni coating prepared with a lower current density is benefit to the formation of dense NiAl,O,
spinel phase on the surface layer, while NiO is the major phase on the surface of oxide film after the corroding Ni coating
prepared with a high current density.
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Table 1 Chemical composition of Inco Ni plate used as anode

Element Mass fraction/%
Ni =99.9
Co <0.1
C <0.005
Cu <0.003
Fe <0.000 7
S <0.000 5
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Fig.1 XRD patterns of Ni coatings: (a) J=1 A/dm’; (b) J=15
A/dm’
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Fig.2 Atomic structure of Ni: (a) Eight Ni single-cells (100);
(b) Nearest neighbor atomic structure of Ni; (c) Ni(100); (d)
Ni(111)
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Fig.3 TEM bright-field images of Ni coatings (a, b) and corresponding SEAD patterns (c, d): (a), (c) 1 A/dm?; (b), (d) 15 A/dm?
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Fig.4 Grain size distribution of Ni coatings: (a) 1 A/dm?; (b) 15 A/dm®
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Table 2 XRD and TEM data analysis of Ni coatings prepared

under different current densities

Cathode current  Average  Preferred Texture
density/ grain size/ orientation coefficient/%
(A+dm?) nm (hkl) (111) (200) (220)
1 975 (111) 387 294 319
15 120 (100) 73 915 12
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Fig.5 XRD patterns of Ni coatings electrodeposited with

different current densities and then subjected to hot corrosion in
environment of 78.07%Na3;AlF¢-9.5%AIF;-5%CaF, at 960 C
for 12 h: (a) 1 A/dm?; (b) 15 A/dm>
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Table 3 Micro-area element analysis in Fig.6

Mole fraction/%
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Ni Al (0] F
B 19.85 28.69 51.46 0
39.25 17.21 43.54 0
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Fig.6  Surface photographs of Ni coatings
subjected to hot corrosion in environment of
78.07%Na3AlF-9.5%AlF3-5%CaF, at 960 C
for 12 h: (a) 1 A/dm?%; (b) Enlarged graphs of
zone B; (c) Enlarged graphs of zone C;(d) 15
A/dm?; (e) Enlarge graph of zone E
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Fig.7 SEM back scattered images of oxides formed on Ni coatings subjected to hot corrosion in atmosphere of

78.07%Na;AlF¢-9.5%AIF;-5%CaF, at 960 °C for 12 h: (a) 1 A/dm% (b) Enlarged graph of Fig.7(a); (¢) 15 A/dm?; (d) Enlarged

graph of Fig.7(c)
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Fig.8 BSE images (a, b) and EDS mappings (b~h) along cross-section of oxides formed on Ni coatings subjected to hot corrosion

in environment of 78.07%Na;AlF-9.5%AlF;-5%CaF, at 960 “C for 12 h: (a), (c), (e), (2) 1 A/dm?; (b), (d), (f), (h) 15 A/dm?
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Table 4 Standard Gibbs free energy of reactions at 1 200 K

Standard Gibbs
No. Reaction free energy/
(kJ-mol™)

1 Ni+1/20,=NiO —133.19
2 NiO+2/3AlF;=NiF,+1/3A1,03 27.10

3 Ni+1/20,+2/3AlF;=NiF,+1/3A1,03 —106.09
4 NiO+Alzo3:NiA1204 -16.86
5 Ni+1/202+A1203=NiA1204 —150.05
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