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Effect of Ammonium Citrate Concentration on Ni-Cr-Mo Alloy Coating
Prepared by Pulse Electroplating
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(Key Laboratory of the Ministry of Education for Modern Metallurgy Technology, North China University of Science and
Technology, Tangshan 063009, China)

ABSTRACT: The work aims to reveal the influencing law of ammonium citrate concentration on element content, deposition
rate, surface morphology and corrosion resistance of Ni-Cr-Mo alloy coating prepared by pulse electroplating. Ni-Cr-Mo alloy
coatings were prepared on the surface of Q235 steel by pulse electroplating. The effects of ammonium citrate concentration on
coating element content, deposition rate, surface morphology and corrosion resistance were inspected by glow discharge spec-
troscopy (GDS), X-ray diffraction (XRD), scanning electron microscopy (SEM), Tafel curve and electrochemical impedance
spectroscopy (EIS). As ammonium citrate concentration increased, Cr content and Mo content increased; Ni content, deposition

rate and the size of particles on coating surface decreased; corrosion resistance of coatings in 3.5% NaCl solution first increased
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and then decreased. Coating prepared in 196 g/L ammonium citrate bath had the highest corrosion potential(—0.537 V), the low-

est corrosion current density (0.313 pA/cm?) and the highest charge transfer resistance (2075 Q + cm?), exhibiting the best cor-

rosion resistance.
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Tab.1 Bath composition g/L
5 CeHsO,(NH,);  NiSO46H,0  CrCly6H,0 NasMoO, — CgHsOs  H3BO;  NHBr  Cj,H,sSO4Na
1 98 131.4 13.3 12.1 8.8 14 10 0.1
2 147 131.4 13.3 12.1 8.8 14 10 0.1
3 196 131.4 13.3 12.1 8.8 14 10 0.1
4 245 131.4 13.3 12.1 8.8 14 10 0.1
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Fig.1 Effect of ammonium citrate concentration on coating element content
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Fig.2 Effect of ammonium citrate concentration on deposition
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Fig.3 Effect of ammonium citrate concentration on coating surface morphology
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Fig.4 Tafel curves of coatings prepared in different ammonium
citrate concentration bath
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98 -0.582 1.014
147 -0.557 0.459
196 -0.537 0.313
245 —-0.545 0.435
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Fig.5 EIS plots of coatings prepared in different ammonium
citrate concentration bath
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Fig.6 Equivalent circuits
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Tab.3 Fitting parameters of the elements in equivalent circuit 1

Ceensormmay /(gL Ry/(Q-cm?) Ca/(x107*F-cm™) Ruf/(Q-cm?)

98 51.37 1.114 880.4

146 61.82 1.345 1537

197 60.88 5.141 2075
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Tab.4 Fitting parameters of the elements in equivalent circuit 2
Ceaoy (gL™) Ro/(Qem’)  Q/(F-em™) n Ry/(Q-cm?) Qq/(F-em™?) Ny Ry/(Q-cm?)
245 46.35 8.789x107 0.7253 170.8 7.545x107* 0.6579 1824
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