#oate B3 o# T Vol.54  No.3
2026 4 3 A 55 201—212 1T Journal of Materials Engineering Mar. 2026  pp. 201—212

PERELT]. AR T R, 2026,54(3) :

=g

P

Sl T8, A5, HE, & 87 5 5 FhE Bk A 4 e LR 7K b i T S ol 4
201-212.
DIAO Wang, WANG Yifei, XIAO Shuaiheng, et al.Corrosion and wear resistance of tin bronze and five commonly used iron-
carbon alloys in simulated seawater[ J ].Journal of Materials Engineering , 2026,54(3) : 201-212.

HEASME KRS EEENEKFR
i J&§ i B 452 1

T ORLELELHMELE R KBALHRE,BIE,
LENCEE BN £ 2 AN X TE
(1ARIEH: SEHL TRy Be A4 AR Ve TR T A S0 ARt JEET) 36102152 VU 22 B AR b At
AP AT BRTTT 2 Al P42 71020053 53R RS A SHLI TR e, AW 1] 361021)

TEE AN AR SE R S0 R AR K 0 T Sl 7R S5 R AR I AL 9 A B ol g B (TR it ) T, L i il
P R M T T2 A5 Y IR A 22 4V o ) Dl B 400 7 el Ak 22 R v, B 9% T A B 4 (CMI690) il 74K (GCrl5) RN
M (AH36 ) \SeimALELE F %8k (HT350) | i sl &4 il BL (8 7 # QSn8) Fly LIRS 4 AN (45 8% 76 Tk A i
Tt & o AR b A 2k R L PR 9T T HET Pl R LI, 45 SR 3 I AR Al 1 4612, QS8 [ J plp A7 i v T HAb Bk & 4, B
U R A/ (0.09 mm/a) o EL7E ik BE R 45 F R, HT350 PR EL A 50 e B 8 R0 A7 28 (430 3 4, Ak 451 2% (6.28 X
1079 mm?*/(N-m) ) B IK , (K F QSn8 (3.47X107° mm?/(N-m) ) ; H Al 4 Ff 4 e} ol 4853 R 5 88 5, 7F (1.22~1.88) X
10  mm’/(N-m)Z ] . QSn8 AEAHY N TG /K BRI T HAT F4 14 i J8 Dl A g Aok g v B, 2 i ol 2844 o R} (H AR
B R R A 2 MERE R M AT T, PT LA HT 350 M4 %

SRR S IR ) A R 4 5 VKA Ik

doi: 10.11868/j.issn.1001-4381.2025.000271  CSTR: 32421.14.j.issn.1001-4381.2025.000271

FESES: TGI7;TB31  XEFRIEE: A XEHS: 1001-4381(2026)03-0201-12

Corrosion and wear resistance of tin bronze and five commonly
used iron-carbon alloys in simulated seawater

DIAO Wang', WANG Yifei',XIAO Shuaiheng',ZENG Rong',ZHANG Qifa', YANG Lijing’,
WEN Wenhui',DAI Leyang', CHENG Jun®,ZENG Buhui", WANG Junwei"

(1 Key Laboratory of Marine and Offshore Engineering of Fujian Province , School of Marine Engineering, Jimei University,
Xiamen 361021, Fujian, China; 2 Xi’ an Saflex Material Protection Limited Liability Company, Xi’an 710200, China;
3 School of Marine Equipment and Mechanical Engineering , Jimei University, Xiamen 361021, Fujian, China)

Abstract: The ship’s anchor chain rings, sliding bearings, and other components exposed to seawater are
subjected to long-term corrosion and wear, collectively referred to as tribocorrosion. The tricoborrosion
resistance of these materials directly affects the operational safety of marine equipment. In this study, the
in-situ electrochemical testing method for corrosion and wear are employed to investigate the tribocorrosion
resistance of six commonly used materials in artificial seawater environments: anchor chain steel
(CM690) , bearing steel (GCrl5) , high-strength marine steel (AH36 steel) , cast iron for diesel engine
cylinder liners (HT350), tin bronze for plain bearing bushings (QSn8), and steel most commonly used in
mechanical structures (45 steel). The objective is to analyze their corrosion resistance and damage
resistance mechanisms. The results show that under pure corrosion conditions, QSn8 exhibits a
significantly higher self-corrosion potential compared to other iron-carbon alloys, and has the lowest
corrosion rate (0.09 mm/a). However, under corrosion wear conditions, HT350 demonstrates a relatively
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low wear loss rate (6.28>X10° mm?*/(N+m) ), second only to QSn8 (3.47>X10 ° mm*/(N+m) ). This is
attributed to its high hardness and the lubricating effect of graphite flakes within the cast iron matrix. The
other four materials exhibits higher wear rates, around (1.22-1.88) X 10~° mm®/(N+m). QSn8 shows
excellent resistance to both corrosion and wear in simulated seawater conditions, making it a promising

candidate for tribocorrosion-resistant components. However, its relatively high cost may limit its

widespread application. If other mechanical performance requirements are met, HT350 can serve as a cost-

effective alternative.
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Table 1 Composition of specimens tested

Mass fraction/ %
Sample
C Si Mn S P Cr Fe Sn Cu
AH36 steel 0.15 0.15 0.50 0.01 0.02 Bal.
CM690 0.20 0.25 1.64 0.01 0.02 Bal.
GCrlb 0.43 0.25 0.27 0.00 0.01 1.45 Bal.
45 steel 0.44 0.19 0.77 0.01 0.02 Bal.
HT350 3.00 1.98 0.68 0.11 0.30 0.44 Bal.
QSn8 0.01 0.31 8.53 Bal.
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Fig.1 Schematic diagram of structural device for corrosive wear
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Fig.2 Metallographic photos and SEM photos of specimens
(a)AH36; (h)CM690; (¢)GCrl5; (d)45 steel; (e )HT350; (H)QSn8; (g) GCrl5; (h)HT350
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Fig.4 Plot of OCP wversus time in aqueous NaCl solution

for six specimens
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Fig.5 Electrochemical impedance spectra and analog circuits of six specimens in aqueous NaCl solution

(a)Nyquist plot; (b)Bode plot and phase angle diagram; (¢ )fitted circuit diagram
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Table 2 Impedance fitting values for six specimens in aqueous 0.2 asn8 ——GCri5
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12}
CPE-T/ ¢
Sample R/Q . CPE-P R,/Q T -06|
(Feem™?) g
AH36steel  6.994  1.040X10° 7.823X10° 1  1399.8 S -081 HT350
CM690 7.237  1.259X107%  7.809x10'  1885.7 -1.0] CM6%0
GCrl5 7754 6.904X10°¢  7.827X10°1  2467.9 42 L et Nreel | GCr5
- o . 10 107 10° 10° 10* 10° 102 10
45 steel 7204 1.390X10°%  7.714x10' 30275 Current density/(A-cm )
HT350 6.267  2.395X10°°  7.502X10°1  1287.8 . oy
E16 6 FMRAFETE NaCl /Ky H 255 fl 254 19 2 s A 1k it 2R 1]
QSn8 5812 4.543%107  6.534X107'  3662.0 PR

Fig. 6 Dynamic potential polarization curves of six specimens under

pure corrosion conditions in aqueous NaCl solution
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Table 3 Fitting data of kinetic potential polarization curves for six specimens

Pure corrosion Corrosion during friction
Sample .. Corrosion rate/ Friction After friction

Eeoret s sce/ V Lows/ (Avrem %)

(mm-a ') E oot sce/ V Evria—Ewnt/V Ecnaonsce/V Eona—Ewn/V

AH36 steel —0.987 8.248xX107° 0.97 —0.453 0.534 —0.879 0.108
CM690 —0.982 1.413x10* 1.66 —0.425 0.557 —0.838 0.144
GCrl5 —0.978 8.002x107° 0.94 —0.422 0.556 —0.651 0.327
45 steel —1.017 1.140x10* 1.33 —0.419 0.598 —0.815 0.202
HT350 —0.931 1.855X 10 * 2.18 —0.502 0.429 —0.891 0.040

QSn8 —0.369 3.791x10° " 0.09 —0.195 0.174 —0.278 0.091
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Fig.7 OCP of six specimens under corrosive wear conditions

in aqueous NaCl solutions
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Fig.8 Coefficient of friction of six specimens under corrosive wear

conditions in aqueous NaCl solution
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Fig.9 Dynamic potential polarization curves of six specimens under pure corrosion, in-friction and post-friction conditions in aqueous NaCl solution
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Fig.11 3D morphology and contours of abrasion marks taken by laser confocal microscopy of six specimens

after 1 h of corrosion and wear in NaCl aqueous solution

(a) AH36 steel; (b)CM690; (c)GCrl5;(d)45 steel; (e )JHT350; (1)QSn8; (g)abrasion contours

7 (gring Shavings) R

o

Tk

P12 Bk A PR 2 T SEMLE
(a)AH36 5 ; (h)CM690; (¢)GCrl5; ()45 ; (e )HT 3505 (1) QSn8
Fig.12 SEM photographs of abraded surfaces after corrosive wear
(a)AH36 steel; (b)CM690; (¢)GCrl5; (d )45 steel; (e )HT350; ()QSn8

47.4 ym



210 PR T AR 2026 4F 3 A
®4 BERATERRAEDS SER(RFHE/ %)
Table 4 Results of EDS analysis of abraded surface shown in Fig.10 (atom fraction/ %)
Location Fe O C Cr Cu Sn Si
1 41.04 58.96
2 58.18 41.82
3 45.78 53.55
4 34.21 65.79
5 84.52 4.62 10.86
6 31.56 68.44
7 51.21 29.81 16.93 2.05
8 62.59 12.80 21.45 1.92
9 18.57 77.94 2.58
10 8.17 85.33 5.72

Note:* S and P are detected to be 0.61% and 0.62% respectively; **P values of 0.78 % and 0.62% are detetcted
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