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ABSTRACT: The work aims to discuss the effects of different substrate materials on the tribocorrosion performance of Cr/CrN
alternating multilayer composite coatings in seawater, so as to provide references for the selection and application of
anti-tribocorrosion material substrate in seawater. Cr/CrN multilayer composite coating was deposited on 316L stainless steel
and TC4 titanium alloy substrate by multi-arc ion plating technique. The microstructure of coating materials was characterized
by XRD and SEM and the mechanical properties, electrochemical properties and tribological properties of coating materials
were analyzed by hardness test, adhesion test, electrochemical analysis, friction and wear test to compare the effects of different
substrates on tribocorrosion performance of Cr/CrN multilayer coating in seawater. The hardness of the Cr/CrN multilayer coat-
ing with TC4 titanium alloy as the substrate was 1727.2HV, 3, although slightly lower than the hardness of the coating with
316L stainless steel as the substrate (2241.5HV,3), but it was superior to the coating properties of 316L stainless steel in the
membrane-base binding force, the electrochemical performance and the tribological properties of the seawater environment. The
initial cracks appeared at 31 N and the extended cracks appeared at 42 N of multilayer coating with TC4 as substrate in the ad-
hesion test, which was larger than 22 N and 35 N of 316L substrate coating. The corrosion potential of TC4 substrate coating
was —0.20 V in electrochemical test, and the corrosion potential of the 316L substrate coating was —0.21 V. The average friction
coefficient and wear rate of the TC4 substrate coating in seawater were 0.35 and 2.9950x10™ mm®/(N-m), respectively, which
were less than average friction coefficient of 0.36 and wear rate of 4.9895x107> mm®/(N-m) of 316L substrate coating. TC4 tita-

nium alloy is more suitable to be used as the substrate material of Cr/CrN multilayer coating anti-tribological materials in sea-

water.

KEY WORDS: Cr/CrN coating; substrate; seawater; anti-tribocorrosion; friction; electrochemical
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Tab.1 Chemical composition of simulated seawater

Component NaCl  Na,SO, MgCl,

CaCl,

SrCl, KCl NaHCO; KBr H;BO;  NaF

Concentration/(g-L™")

24.530  4.090 5.200 1.160

0.025 0.695 0.201 0.101 0.027 0.003
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Fig.1 X-ray diffraction patterns of Cr/CrN multilayer coating
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Fig.2 SEM image of surface morphology
of Cr/CrN multilayer coating
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Tab.2 Microhardness values of Cr/CrN multilayer coatings on different substrate materials (HV)

Substrate materials 1 2 3 4 5 6 7 8 9 10
316L 2172 2307 2195 2249 2236 2278 2309 2193 2271 2205
TC4 1804 1762 1686 1648 1793 1679 1804 1673 1698 1725
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Fig.3 Adhesion test diagram of Cr/CrN multilayer coating: a) 316L matrix, b) TC4 matrix

2.3 HEiFEse
Ja T VMR SRR Cr/CN 2252 HAL

SEAT MR, TR K PR T WK K vk 2 1 B A 7
T I EAL (OCP ) TR Fn# Ak ( Tafel ) 3R, 316L
1 TC4 FEARLL K R FEAR FPURR Cr/CiN Z)2 B2



- 202 - * wm #H R

2018 4F 12 A

TEF K IREE T ()T B f A ph 28 il fb i e n il 4 fr
No B da RIFN, BEEWHERHERS , RXRE AT B H
PR E TR, BAAAE/NES), RN RE
BEAL Y B RN, B4 T IR AR L% . 55 41
AIEERE], PIBA Cr/CiN £2)2 5% E iR v i T %
HL e T 0UR 2R, BT FRIE R &, Uil CrN
VERELZE ( FER AR Cr05 ), A BB E i
PERE o X TFAFEZAKN S, TR B UBARZ, TC4
BT I L7 278 F 3161, H FREIREE# /N, & 4b
A, R EMARZER 3161 iRFETEE KR T 1)
SR A 4> -0.28. 021 V, T EERIZEMARLRE
) TCA AAETEME /K IR T 145 b F A2 49531 SR —0.26

-0.20 V, XU ERE, TR EUURARZ, TC4
HRE B JE ot A2 2K T 3161 R JE i A, S 4h
Cr/CrN 22 )2 1 J2 RERS (1 S VR A4 Hb 118 65 o el 457 L= T

LR R B A e A A, R %) BE AR A A il 4%
BRI BAML , 3 W e A 7 AR 375 e i 7 b 2 40 T4
TR, 28 FESRERW, MELT 3161, LA TC4
A4 MEIRN Cr/CrN Z2)20 2RI B AL f AL
2R RE o H TR R R U 2 AR A R S ] RE AR
SEREUE, WEAFTE—SRE AL . SR, XS

02|
Or TC4-Cr/CiN
~CUCIN 316L-Cr/CrN
2
m
O
©n e b =
£ 04
= TC4  316L
-0.6F
0.8 1 1 1 ) 1 1
0 500 1000 1500 2000 2500 3000 3500
Time/s
a JFERHALZR
02F of
ol 316L-Cr/CrN
TC4-Cr/CIN
4 S
[ L g e =
Q =
A e ——aaa
2 L
E/ _0.4
—0.6 |-
-0.8}
1 1 1 1 1 1 1 1 1

—8.5 —8.0 -7.5 -7.0 =6.5 —=6.0 —5.5 =5.0 —4.5
Ig[J/(A - cm™)]
b HAbhizk

Kl 4 316L fl TC4 FEAA K Cr/CiN Z )2 R )Z1E
g K PRIE T AT im0 ph 2 AR A il £k
Fig.4 Open circuit potential curves and polarization
curves of 316L and TC4 substrates and their Cr/CrN
multilayer coatings in seawater: a. Open circuit
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