FmFEAR HES1E EsH
- 40 - SURFACE TECHNOLOGY 2022 4 5 A

AT BKBEBEPROGENERERTA

BHEAR", EMK', BFEE', REE'

(. BZK 22T REAHRDINT SN T2HRET, BiX 430063;
2. EONIBT K= MRSeeRaN N LISk, EIX 430063)

FE: A& 2L CMA90 AP S, R ERTEFIILT R IQMESE A wAL S R Z 18] 0945 5-4F
Ao Fik A RAHMAF CS2350 BALE TAEsEfe Rtec BHBEHRIEALITE CM490 ZiASANEA TifKIAE
T B BERERE, @i o AR e, BEEK. AOBRALETLIA, TES2HEL
FRRRBRR K F R B BERARREE, BBk, BEBEHRZ R EAFNIIE, &R CM490 44+
BRI R R B BATIE MRS, £ 20, 50, 80 N FH#14 42x1072, 6.5x1072, 7.9x10 2 mm’/h; %
WAL B BATIE 3 3, SON THAAR K, 3844 0.095V, & WERER = %5 KRR A £ 04
%, TBREABEIRABIIEAA G BARAZE ; BR R BB ERMAAMA R T TR, EMAETLH & EM
%k F% 95.80%~96.82%; JEikAERAI K EAEA BERBMARA, bBERERE KT EH 47.14%~49.37%:;
JE AR 3 R BN K AR F b AR IR R AR B4 98.32%~98.65% , & I R EAE A Bk £ EIA 4k
S EPLEARAR K A9 B T AR PR F e BBk, B AN mR T RER R BE
YAZE . B CMA90 4R 8 i 4 v R B R 75 AW L EAE R3S K T B R R AR R ik, P&
77 3E CM490 4R & & 7= A6 T5 3 | R AREBT A R M 5| A8 wAB T Ak, FRad KB R 3 A B 64 ) AR AT
B HAREE RAARE R TARIR G P 0y 7T SE b A K B ) IRALAR AR B8 L 4E

KR CM490 4R; B4 EM; REZER; ALiBK; B854k, G

hESZES: TG172.5; TH117 X#EARIRES: A XEHS: 1001-3660(2022)05-0040-09

DOI: 10.16490/j.cnki.issn.1001-3660.2022.05.005

Corrosion and Wear Behavior of Mooring Chain Steel in
Artificial Seawater Solution

DONG Bin-jie"?, DONG Cong-lin®, BAI Xiu-gin*, YUAN Cheng-ging"
(1. Reliability Engineering Institute, National Engineering Research Center for Water Transportation Safety, Wuhan, 430063,

China; 2. School of Marine and Energy Power Engineering, Wuhan University of Technology, Wuhan 430063, China)

ABSTRACT: During the service processes of anchor chain steel, the friction between the chain links easily causes volume loss

WA BEA: 2021-10-14; f&ITHEF: 2021-11-30

Received: 2021-10-14; Revised: 2021-11-30

EEWH: TREFJAABMAMAR ( Z/EHEH[2019]1358 5 )

Fund: The High-tech Ship Scientific Research Project of the Ministry of Industry and Information Technology (Ministry of Industry and
Information Technology[2019] No.358).

EERT: EWA (1997—), %, MEAMAL, TLMAFT QAREGEBS Bk,

Biography: DONG Bin-jie (1997-), Male, Postgraduate, Research focus: wear and corrosion of metals.

BRAEE: aFF (1971—), K, WM&, 3k, T Z2HRH btk @B, BRE Hik,

Corresponding author : BAI Xiu-qin (1971-), Female, Doctor, Professor, Research focus: surface friction, wear and corrosion of materials.

DONG Bin-jie, DONG Cong-lin, BAI Xiu-qin, et al. Corrosion and Wear Behavior of Mooring Chain Steel in Artificial Seawater Solution[J].
Surface Technology, 2022, 51(5): 40-48.



51 5

HWA, e N TR P R0 EE 018 B AT - 41 -

of the contact surface. At the same time, metal materials are often affected by corrosion and electrochemistry of ocean. There is
a serious coupling effect between corrosion and wear on the anchor chain steel at the ocean environment. CM490 steel was
chosen to quantitatively explore the coupling effect between friction and electrochemical corrosion of mooring chain steel in the
marine environment in this paper. The CM490 anchor chain steel was made into a cylindrical specimen with a height of 4mm
and a radius of 6 mm. One side of cylindrical specimen was naked, and other side was connected to a copper wire and was
encapsulated with epoxy resin. Koster CS2350 electrochemical workstation and Rtec friction tester were used to carry out the
corrosive wear behaviors of CM490 mooring chain steel. The dynamic corrosion wear tests were carried out using a pin-disk
reciprocating motion module, with a reciprocating frequency of 0.5 Hz, a reciprocating distance of 6 mm, and a linear velocity
of 6 mm/s. The normal applied loads of were set to 20 N, 50 N, and 80 N, respectively. The polarization curve, open circuit
potential, coefficient of friction, surface morphology and element distribution were examined to analyze to the electrochemical
corrosion volume loss and friction volume loss quantitatively, and eventually to reveal the interaction mechanism between
corrosion and friction. The resulted showed that the overall volume loss rate of the CM490 material increased with the increase
of the load, and were 4.2x107% 6.5x1072, 7.9x10 %> mm*/h under 20, 50 and 80 N, respectively. The peak value of the open
circuit potential increased with the increase of the load, and the peak value of 0.095 V was the biggest at 80 N, which indicated
that there were obvious differences between the corrosion wear products and the substrate, and resulted in deepening the
corrosion of the CM490 material due to the galvanic corrosion. The corrosion and wear volume loss at the wear scratch was the
main volume loss, and was about 95.80%~96.82% of the total volume loss of CM490 steel. The coupling effect between the
corrosion and wear significantly increased volume loss rate of materials at the friction area, and was about 47.14% to
49.37%.The promotion volume loss rate of corrosion on wear was about 98.32% to 98.65% volume loss rate to the interaction of
corrosion and wear, which indicated that the interaction volume loss was mainly manifested in the promotion effect of corrosion
on wear. Due to defects such as dislocations in the wear process and galvanic corrosion, the friction process deepened the
corrosion of the unworn area. As a summary, the interaction effects between corrosion and friction on the surface of CM490
steel increased the volume loss rate of material at the contact wear area. Both the deformation of the CM490 steel surface caused
by the high load-friction and the galvanic corrosion caused by the generated products had a significant promotion effect on the
corrosion at the unworn area. This paper provides the theoretical to ensure the reliability and long-term service of the platinum
chain in offshore engineering equipment.

KEY WORDS: CM490 steel; corrosive wear; interaction; artificial seawater; galvanic corrosion; damage mechanism
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Fig.1 Corrosive wear test system: a) sample; b) schematic diagram of corrosion and wear tester; c) three-electrode system
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Tab.2 Corrosion and wear interaction parameters of CM490 steel under different loadsin artificial sea water solution

Material loss rate/(x10~> mm®-h™")

Cor AW, ACy, S C Co ACy,

Load/N
T, 7, /8 Cy W,
20 41.789 40.036 1.754 39.686 0.350 20.252
50 64.591 62.381 2.210 61959 0.423 32491
80 79.036 76.525 2.511 75995 0.530 40.425

0.018 19.434 0.332
0.021 29.468 0.402
0.026 35.570 0.504

19.766 2.103  0.667  1.087
29.870 2.633 0.664 1.546
36.074 3.041 0.659 1.852
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Tab.3 CM 490 steel corrosion and wear interaction parameters proportion relation
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20 95.80 4.20 49.37 50.58 0.04 98.32 94.99 61.97 83.38
50 96.58 3.42 47.88 52.08 0.03 98.65 95.03 69.95 83.94
80 96.82 3.18 47.14 52.82 0.03 98.60 95.05 73.76 82.58
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Fig.7 Statistics of each component of corrosion wear: a) the wear track; b) the unworn area
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JEAS P R VE I (AWL/S ) ) 98.32%~98.65%, 21
B X 3 P S 45 65 okt <2 LA A A RO
Pl B A A0, L et A AR R IR, AR B IR X
WY ph A S R (AC/Cy ) 2 95%, JEEHE
I AR okt = A BH S R PR E VR
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FMNGE T A A5 DX 8 0 5 P R & %o O BB IR X G J%
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B T AR BB DXk
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