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ABSTRACT: The work aims to study the difference in microstructure and electrochemical properties of multilayer coating
(TiAIN/CtN) and single coating (TiAIN and CrN) and analyze the corrosion resistance factors of coatings with different
structures, to provide theoretical reference for the development of new anti-corrosive coatings based on the characteristics of

electrochemical parameters, microstructure and corrosion morphology. 150 nm Cr coating was deposited on 316 stainless steel
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substrate with multi-arc ion plating as the transition layer. Then, CrN and TiAIN coatings were deposited alternately to prepare
the TiAIN/CrN multilayer coatings with a thickness of 10 nm. Finally, CrN and TiAIN coatings were prepared for contrast. The
cross-sectional morphology and microstructure of coatings were characterized by SEM and XRD and the corrosion resistance
mechanism was analyzed. Combined with polarization curves and impedance spectrum, the electrochemical properties of three
coatings were tested and immersion corrosion test was carried out to the coatings. The TiAIN/CrN multilayer coating exhibited a
face centered cubic structure and showed co-extensive growth and (200) preferred orientation. Through the comparison of
measurement results of potential polarization curves for the multilayer coating, stainless steel substrate and single coating, the
corrosion potential of multilayer coating shifted positively to —0.36 V, the corrosion current density decreased to 0.501 pA/cm?
and the polarization resistance was 120 kQ-cm?. In terms of EIS, TiAIN/CrN multilayer coating possessed the lowest value of
CPE (29.83x107° @ '-ecm™s"), n of 0.922 and resistance of 1.50x10° Q-cm?, compared with stainless steel substrate and single
coating. Furthermore, the corrosion morphology of multilayer coating was closed to the morphology of as-deposited coating.
Therefore, the TiAIN/CrN multilayer coating exhibited superior corrosion resistance. Nano-layered structure changes the
original growth mode of single coating, inhibits the growth of coarse columnar crystals, reduces the inherent defects and grain
size of the coating, and plays a positive role in the corrosion resistance of the coating.

KEY WORDS: TiAIN/CrN multilayer coating; TiAIN coating; CrN coating; multi-arc ion plating; corrosion resistance;

electrochemical property
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Fig.1 Schematic diagram of the deposition system by multi-arc ion plating
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Tab.1 Deposition parameters of three coatings (TiAIN,
CrN and TiAIN/CrN)

Parameters Values
Deposition pressure/Pa 3.0
Deposition temperature/‘C 300
Substrate bias/V —100
N, flow rate/(mL-min ") 500
Arc current of TiAl target/A 130
Arc current of Cr target/A 130
Bilayer numbers 20
Deposition time of TiAl target in one modulation 1.8
wavelength/min
Deposition tirr_le of Cr target in one modulation 06
wavelength/min
Total deposition time/min 120
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F A ST XRD ( GIXRD, PANalytical X-Pert )
Ay MR B AR S5 R T CuKa 28, S K315 HN 3 kW,
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Fig.2 Cross-sectional SEM images of coatings



498 £

TAiE % TIAIN/CrN 22 )2 I 41 21 4544 K it iy I B

© 271 -

T11)(200) — c-TiAIN (220) (311)
------- c-CrtN

s
> \
i
g N N .
=)

. \J oN ]

]

30 35 40 45 50 55 60 65 70 75 80
20/(°)
a WES RS

& 3

Texture coefficient

1.6

Em(111) =3 (200)
B (220) Em(311)

CiN

TiAIN
Sample type
b LU REL

TiAIN/CtN

ZFPERJZR XRD A4S R

Fig.3 X-ray diffraction patterns of three coatings: a) phase analysis of coating crystals; b) texture coefficient
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Fig.4 Representative potentiodynamic polarization curves

for the coatings and the substrate in 3.5%NaCl solution (PPI:
passivation potential interval)
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Tab.2 Electrochemical parameters of substrate and three coatings
Econ b, —b, Jeorr Corrosion  E;(vs. SCE) PPI R
Samples o . o 5 p P,
(vs. SCE)/V /(mV-:dec ') /(mV-dec ) /(pA-cm °) rate/(mm-a ') A% A% /(kQ-cm °)
SS —0.45 92.20 186.40 2.560 0.030 0.40 0.85 11.69
CrN -0.40 4423.20 143.70 0.668 0.007 0.60 1.00 69.19
TiAIN —0.37 832.89 226.72 0.513 0.005 0.32 0.47 121.54
TiAIN/CrN —0.36 2107 174.05 0.501 0.004 0.36 0.72 120.25
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Fig.5 Nyquist and bode plots of three coatings and substrate
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Fig.6 Equivalent circuit diagram
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Tab.3 Parameters of impedance response fitting results of
substrate and three coatings

Samples  R/(Q-cm?) SEE(ZI(:JZOS:) n Rp/(Q'cmz)
SS 1.384 46.35 0.901  9.27x10*

CIN 0.971 48.62 0.831  5.028x10°
TiAIN 1.909 37.012 0.951  7.57x10°
TiAIN/CIN  2.475 29.83 0.922  1.50x10°
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Fig.7 SEM images of coatings and stainless steel substrate after corrosion: a) stainless steel substrate; b) as-deposited coating

surface; ¢) CrN coating; d) TiAIN coating; e) TiAIN/CrN coating.
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