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Corrosion Resistance of ZrO, Coating Prepared by High Power
Impulse Magnetron Sputtering

SUNLi JIANG Qin ZHANG Zhigiang LIQian LIAO Bin OUYANG Xiaoping
(College of Nuclear Science and Technology, Beijing Normal University, Beijing 100875, China)

Abstract: Corrosion-resistant metal oxide films are widely used in the key parts of aerospace, ocean ships and other extreme
environments, but the traditional preparation technology deposits films easily with voids and cracks, and high power impulse
magnetron sputtering (HiPIMS) has proven to be an effective method of depositing dense films without voids and cracks. Ultra-thin
ZrO, films are prepared on stainless steel by HiPIMS. The law of variation for corrosion resistance of the films following the O, flow
rate is studied with scanning electron microscope (SEM), photoelectron spectrometer (XPS), X-ray diffractometer (XRD), atomic
force microscope (AFM), nano-indenter (Nano Test P3) and electrochemical equipment (CS300). The results reveals that when the O,
flow rate is 40 mL / min, the nano-hardness A and the elastic modulus £ achieve to the highest value of 26.38 GPa and 290.9 GPa
respectively. Meanwhile, the film prepared under 40 mL / min O, flow rate exhibits excellent corrosion resistance. The self-corrosion
current density I, is 45.802 pA/ cm?, four orders of magnitude lower than that of 304L stainless steel. The EIS spectrum shows that
the radius of capacitive reactance arc, the impedance value of low frequency region and the phase angle increase continuously with
the increase of O, flow. The strong corrosion-resistant metal oxide films can be achieved by HiPIMS, which plays an important role
on protecting the stainless steel.
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Table 1 Deposition parameters of the ZrO, coatings

Samples Cl C2 C3
Oxygen flow / (mL / min) 16 32 40
Argon flow / (mL / min) 100
Target power / kW 5
Frequency / kHz 1
Pulse width / pus 30
Temperature / ‘C 200
Substrate bias / V -60
Deposition time / h 1
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Fig. 1 Elemental atomic ratio of the coating

prepared at different oxygen flow rates
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Fig. 3 XPS spectra of coatings were prepared at different oxygen flow rates
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Fig. 4 Surface morphology and cross-section morphology of the coating prepared at different oxygen flow rates
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Fig. 7 Load-displacement curves of the coatings prepared at different oxygen flow rates
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Table.3 Polarization data of ZrO, coatings prepared at different oxygen flow rates

Samples S/ mV S/ mV Lo/ (A * cm’z) Eon/V Reorr / (mm  A)
304L 148.02 -76.776 1.037 8x1077 -0.280 36 1.220 7x107
C1 62.866 -38.037 2.707 4x107° ~0.185 76 3.184 5x107°
2 79.155 —62.965 5.431x1071° -0.132 51 6.388x107°
C3 46.565 -34.13 4.580 2x107" 0.020 79 5.387 3x107

f: Tafel slope of anodic branch; 4. Tafel slope of cathodic branch; /,y: Corrosion current density; E..,: Corrosion potential; Rc: Corrosion rate.
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prepared at different oxygen flow rates
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Fig. 11 Electrochemical impedance spectroscopy of coatings prepared at different oxygen flow rates
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Fig. 12 Equivalent circuit diagram of different oxygen flow coating after EIS fitting
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Table 4 Fitting results for EIS data in NaCl solution

Samples R/ (Q +cm?®) R/ (Q+cmd) Ry/(MQ+cm?) Ci/ (nF « cm?) OFT/(nF «cm?) QOpP/(Fecem?) Qu-T/(uF + cm?) Qu-P/(F «cm?)

Cl 2.378 12.78 0.861 94 29.124
C2 3.368 29.97 52679 29.368
C3 2.585 241.60 145.8 -

- - 3.584 6 0.894 71
— - 4.9412 0.931 02
145.84 1.086 0.102 82 0.933 18

Rq: Solution resistance; Ry Film resistance; R: Charge transfer resistance; Cy: Film capacitance; Oy Film capacitance; Qq: Double layer capacitance.
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