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Study on the Structure and Corrosion Resistance of Cr/CrCN

Multilayer Coatings Prepared by HiPIMS
TAN Shiyao" *, WANG Li*, ZHANG Meiqi*, WANG Zhenyu’, WANG Yingquan’, WANG Aiying”, KE Peiling’
(1. School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China;
2. Key Laboratory of Advanced Marine Materials, Ningbo Institute of Materials Technology and Engineering,
Chinese Academy of Sciences, Ningbo 315201, China; 3. Ningbo Runner Co., Ltd., Ningbo 315000, China)

Abstract: The Cr coating deposited by PVD method is difficult to apply on a large scale due to its poor corrosion resistance. The use of compos-
ite multilayer coating structure design can interrupt the growth of penetrating columnar crystals, reduce porosity and improve the corrosion re-
sistance of PVD deposited Cr coatings. In this work, Cr/CrCN multilayer coatings were deposited on the surface of 316L stainless steel substrate
by high - power pulsed magnetron sputtering ( HIPIMS) coupled with synchronous pulse bias technology. The morphology, composition and mi-
crostructure of the coating were characterized using SEM, XRD, EDS and Raman. The corrosion resistance of Cr/CrCN multilayer coatings pre-
pared under four different methane flow rates (5, 15, 25, 35 scem) was studied by electrochemical and acid salt spray tests. Results showed
that the introduction of CrCN intermediate layer effectively interrupted the penetrating growth of columnar crystals, and the coating exhibited a

dense and flat surface morphology. All four Cr/CrCN multilayer coatings had a good protective effect on the substrate, and the corrosion current
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density of the coating modified samples decreased compared to the substrate. After 48 h of acidic salt spray corrosion, the surface of the

multi - layer coating prepared with a methane flow rate of 25 scem did not show obvious pitting corrosion, demonstrating the best corrosion resist-

ance performance. In general, the Cr/CrCN multilayer coatings prepared by HiPIMS could effectively improve the corrosion resistance of 316L

stainless steel, which provided reference for the optimization design and industrial application of corrosion resistance of PVD Cr plated coatings.

Key words: Cr/CrCN; HiPIMS; composite multilayer; corrosion resistance
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Table 1 Deposition parameters of Cr/CrCN multilayer coatings
Samples By Cr target (HiPIMS) Ar flow/ N, flow/ CH, flow/ -
Voltage/V Current/ A Power/W Duty ratio/ % sccm scem scem
Etching -100 - - - - 40 - - 15
Cr -80 750 4.0 3 000 5 50 - - 5(top:10)
CrCN-5 -80 730 3.9 3 000 5 40 25 5 5
CrCN-15 -80 707 4.2 3 000 5 40 25 15 5
CrCN-25 -80 670 4.5 3 000 5 40 25 25 5
CrCN-35 -80 611 5.0 3 000 5 40 25 35 5
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Table 2 Chemical composition of CrCN single - layer
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coating ( atomic fraction) %
Samples Cr N C
CrCN-5 30.5 39.9 29.6
CrCN-15 24.1 30.2 45.7
CrCN-25 13.5 22.1 64.4
CrCN-35 7.6 21.2 71.2

7.6%,N JCE M 39.9% T [FE21.2%), 1% 7 I H % i i
G EB SR EA KA, K2 /R T CrCN HZ
HZH XRD 1% 1 Raman i,

K2 AR EZFT CCN BZIRIZ/
XRD 3% #1 Raman %
Fig. 2 XRD spectra and Raman spectra of CrCN single -layer

coating prepared under different methane flow rates
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Fig. 3 XRD spectra of the substrate and Cr/CrCN multilayer

coatings prepared under different methane flow rates
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Fig. 4 Surface, cross-sectional morphology and roughness of Cr/CrCN multilayer coatings prepared under different methane flow rates

2.2 RIZM R PERE ST AU RIS e i A 27 I b iod e o i A 5 S L
22,1 wALFR X 1, EEOCT A PUIR AR B, 3R i B0 T ok

MR A BTTE AN SR AR JZ e AR S BT REBRGF . AP Sa 5b B 220t 4 TP 2 2 TR IR MR Y
JEETRPERE LA RN 5 Fi7R . Nyquist 35 EBUIXH) 3161 AFEMIIRILH AR AL A SR S R B A BTN



18

et — I, A X BV Y S R 2 AR T (R Y
THUREE e AR DX DU AR U 2 A B e R DL B0 2
JIHR -5 AR A AR 4 R, 7ER] Se.5d iR Bode
e AR SRR L, B A 2R IR AR
FEARAST (107 Hz) b HA7 B8 5K 1 BH T 46 %, 31X 3¢ B
Cr/CrCN ZJZUR)ZRE W8 1 2% ¥t 3161 AN 55 M i it Ji
PERE, ULk, 5IHALRZAH L, Cr/CiCN - 25 £ )21k
R TE IR IE I (107 ~ 107 Hz) N BAS 515 B A4

Vol.57 No.7 Jul. 2024

(&5 FEACRITR Z R A B Nyquist

Mateviaty Prolection

RE AR AR AEL( ~ 80°) , FRIIXIRZ X I i Jor Fe
A AR GRICIERE . ARG 5c .5d FT7s Bode 15 0],
URERERL P AEAE 2 AR B, T 3161 Bk i U 7E
LA R, 3 3 AR5 TR 2 SRR L Y EIS A1)
FER, m R 3 A, Rl R RO R
(X3) PUB AT EUNT 107 B0, KW Sa rh R S
R B BRI

i F1 Bode 3%

Fig. 5 Nyquist spectra and Bode spectra of substrate and modified coating samples
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Table 3 Fitting results of EIS spectra of substrate and

modified coating samples

p ) 3161 Cr/ Cr/ Cr/ Cr/
arameters CrCN-5 CrCN-15 CrCN-25 CrCN-35
R/(Qeem?) 207 25 19.9 21.1 19.6
CPE./(F-em™) - 5.10x1077 1.47x107° 2.12x107° 3.83x107°
n, - 0.924 0.900 0.928  0.951

R,/ (Q-cm®) - 2.72x10* 1.22x10° 5.33x10° 1.02x10°
CPE .,/ (F-em™) 4.65x107° 3.77x1077 4.10x1077 1.46x1077 3.28x1077
na 0.856 0.663 0.779 0.955 0.507
R,/(Q-em?)  225x10° 3.69x10° 2.03x10° 3.88x10° 1.11x10°
W/ ( Q-5 -cm?) - 4.51x1077 7.32x1077 5.43x107% 1.06x1077

X? 2.81x107* 1.90x107* 2.88x107* 6.76x107* 7.92x107>
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Fig. 6 Potentiodynamic polarization curves of

substrate and samples modified by coatings
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Table 4 Tafel fitting parameters of potentiodynamic

polarization curves

Jeon” B./ B/ R,/

Samples E. ./V
(A-em™2) (Vedec™') (V-dec™') (MQ-cm?)

316L -0.21  6.40x1077 0.27 0.18 0.07
Cr/CrCN-5  -0.34 2.71x107° 2.19 0.18 95.77
Cr/CrCN-15  -0.20 1.77x107° 0.75 0.15 108.51
Cr/CrCN-25 -0.10 5.72x1071° 0.99 0.16 369.99
Cr/CrCN-35  -0.15 5.18x107° 0.42 0.14 45.90
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Fig. 7 Surface morphology of modified coating samples and their corresponding EDS surface scanning results after 48 h ASS test
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