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ABSTRACT: The work aims to study anticorrosion properties of Ni-P-ZrO, nanocomposite coatings in geothermal water. The
Ni-P-ZrO, nanocomposite coatings were prepared on stainless steel substrates by adding nano-ZrO, particles into Ni-P electro-
less plating solution in the methods of ultrasonically dispersion and surfactants addition. Morphology and element composition
of the nanocomposite coatings were analyzed with SEM and EDS. The anticorrosion properties of nanocomposite coatings were
analyzed by adopting such electrochemical measurement technologies as Tafel and EIS in the simulated geothermal water at
50 C. The as-prepared Ni-P-ZrO, nanocomposite coatings were dense and nonporous. Annual corrosion rate of the Ni-P-ZrO,
nanocomposite coatings in the simulated geothermal water was over 80% lower than that of the coatings on the stainless-steel

substrate and over 20% lower than that of Ni-P coatings. Corrosion impedance, |Z| | 1z, of the Ni-P-ZrO, nanocomposite coat-
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ings declined sharply after 15 days of corrosion in the simulated geothermal water. Coating resistance, R, also decreased by

nearly two orders of magnitude. The Ni-P-ZrO, nanocomposite coatings have higher corrosion resistance compared with that of

both Ni-P coating and stainless-steel substrate. Besides, the Ni-P-ZrO, nanocomposite coatings containing the largest amount of

ZrO, nanoparticles have the best anticorrosion behavior. However, the corrosion resistance of Ni-P-ZrO, nanocomposite coat-

ings decreases markedly after a long period of corrosion.
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Fig.1 Preparation process of Ni-P-ZrO, nanocomposite coat-
ings by chemical composite plating
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Fig.2 Pictures of plating solution for preparing Ni-P-ZrO,

nanocomposite coatings: a) Ni-P plating solution; b)
composite plating solution containing ZrO, nanoparticls
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Tab.1 Composition and content of simulated geothermal water

12]

Composition MgCl,-6H,0 Na,S0;,

NaHCO;

CaCl, KCl NaCl

Content/(g-L™") 0.328 0.113

0.332 0.284 0.117 3.641
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Fig.3 SEM images of polished stainless-steel substrate and
Ni-P coating: (a) polished substrate, (b) Ni-P coating.
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Fig.4 SEM images of NPZ-1 nanocomposite coatings
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Tab.2 Electrochemical parameters calculated in Tafel
curve extrapolation method
E Annual corro-
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100 nm 6
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At% 46.68 12.91 5.03 1.68 32.17 1.53
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Fig.5 EDS spectrum analysis of NPZ-1 nanocomposite coat-
ings: a) selected EDS analysis area; b) EDS energy spectrum
and elemental content in analysis area
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Fig.6 Comparison of Tafel curves for different samples
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Fig.9 Equivalent circuit diagram (EC) for EIS data fitting
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Tab.3 Fitting parameters of EIS spectra of NPZ-1 nanocomposite coatings at different corrosion time

C‘t’irr;":/g’“ RJ(Q-em®) O/(Qm 27" p, RY(Q-cm?)  Qu/(Qm s ny R./(Q-cm?) r
0 52.86 4.61x10° 0.84 3.79%x10° 1.82x10°° 0.76 1.70x10° 3.98x10*
15 46.14 2.75%x107 0.65 8.35x10? 3.49x10™ 0.50 5.71x10* 5.16x10™
30 47.68 3.43x107 0.59 2.96x10? 3.66x10™ 0.53 4.34x10* 2.73x10*
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