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Abstract: The friction pairs, such as the valve core and valves of seawater pumps, are under the conditions
of seawater corrosion and wear (referred to as “tribocorrosion” ). The tribocorrosion resistance of materials
directly affects the service life and safety reliability of marine engineering equipment. In-situ corrosion
friction tests are adopted to quantitatively study the corrosion and wear mechanisms of three passivable
alloys: titanium alloy (Ti75) , stainless steel (316SS), and aluminum alloy (5083) in a 3.5% (mass
fraction) NaCl aqueous solution. The results show that due to the lubricating effect of the erosion products
of Ti75, corrosion and wear have a negative synergy, reducing the amount of wear, while the corrosion
and friction of 5083 aluminum alloy and 316SS samples promote each other. The corrosion rate and
tribocorrosion rate (2.25>X10* mm?/(N+-m) ) of 5083 aluminum alloy are both the highest, while the
tribocorrosion rate of 316 stainless steel (6.78X107° mm?/(N-m) ) is the lowest. Among the three
materials compared in this article, 316SS is the best material for manufacturing wear-resistant parts in
seawater.
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Table 1  Composition of three specimens actually measured
Sample Mass fraction/ %
C Mn Al Ni Cr Fe Mo Zr Ti Mg

Ti75 alloy 3.13 1.87 1.91 Bal.

316 stainless steel 0.03 1.39 0.02 10.14 16.82 Bal. 2.00

5083 aluminum alloy 0.70 Bal. 4.29
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Fig.3 Electrochemical impedance spectra and analog circuits of three specimens in 3.5% NaCl aqueous solution

(a)Nyquist plot; (b)Bode plot and phase angle plot; (¢)fitted circuit diagrams for Ti75 alloy and 316 stainless steel;
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Table 2 Impedance fitting values for three kinds of specimens in 3.5% NaCl aqueous solution

R./ CPE-T/ R,/ CPEL-T/ R,/ CPE2-T/ R,/
Sample ,  CpE-p . ) , ' cpEz-p ,
(Q+em?) (F+cm?) (Q+em?) (F+cm?) (Q+cm?) (F+cm?) (Q+em?)
Ti75 alloy 9.973 3.938X10° 0.89 6.017<10°
316 stainless steel 6.731 4.232x10° 0.91 5.189x10°

5083 aluminum alloy  6.087

1.330X107° 2.339X10° 1.590X10°° 0.55 2.220X10°

2.2.3  PEA AT L

3 AR AETE 3.5 % NaCl 7K 3 ¥ rb i 45 1 3 e, £z
WAl Z& P 4 BT o 3 Fh A4 Ak 24 3¢ B 1 B i %)
FE DX TR, 2 AR AR A T Bl AR S, Hovp Ti75 & 4 R 8
RENTRY R o B N = X SR VAN =B X SR o - M 13
WAL RS HLAL 23 2R 7R K Ey Lo ELFLE,,
SFIRRE LR S EAN R 3R o S ol A A7 e vy,
TS JE ok P e 5 1 o b O %8 AR, AR I ke
AR AL 5 5Tl PR 57 R, AR Y T SR S ek i )
o R TI75 6 4 1 By e T A B AR, 3R
A A T SRR T S5 A5 5083 R A 4 14 Bl IR HL A7
K, WA 4 i s i pe i 25 . 3P ER

T 383 Tafel SMETEARAT 3R I 2 (V) 5
Tl 2R /N F AR UK+ Ti75(0.48 pm/a) <<316 A
54N (29.45 pm/a) <5083 #1 A 4 (351.24 pm/a) . 4
BEAR B 9 8 B K T 5 mA/em?® B R 77306 [ 49 48, 3 Fif
REAIE BT AR i P, WL 3 e 0 it
S S T A D SN e e s Xk AU )
Pt & S AL S e —
JBEA A Bt I AE AR R b B A KT B KR
A 5l AR A AL T B RN E,, Z AL SRR A ik
SIUREE R R AUOR 3 77 A T R e 5 A L L/ T
E, B 5 e & A fdlife . EV5 E,. 02
(AE,=E,—E,,) 8/, Wiz & 4 5 iR 18 2 6



154

PR T AR 2026 4 9 H

9 —— 5083 aluminum alloy 2.3 Lﬁﬁ?g’ﬁ'j‘]

8 |— 316 stainless steel

7 '_u.ITI(DZE 3”3);083 Immum H oy 23 1 ﬂ:%EE,LL
woer gag AP REAE 3.5 NaCl K 7 VR 5 B 43 25 1
FANEE e P OCP 5 ] 19 0 2 11 2 n ) SB?m TF i o f32
Sal 81— F 8 T 4 Ay R B (1) B 0 o P
5o Gl g e Br (1) FUEI R 09 FEEAL B BE (I1) . A e A %60, 76
N e S LR B B, 316 AN G0 5083 68 4 42 1 IF o £

B HHRPRGE | T Ti75 4 416 T4 BE BT IT B b (7 | T

2 T S S RS

10-°10 10 107 10 10-° 10~ 10~ 102 10~
Current density/(A-cm2)
P4 3FMRFETE 3.5 NaClK W 435 ol
FAF T RITEII R AL M2k
Fig.4 Cyclic polarization curves of three specimens under pure

corrosion conditions in 3.5 % NaCl aqueous solution

FOPRGE . 766 1 BE S8 By BEINE , 316 AR50 5083 45 &
4B OCP{H e ka e , 1 Ti75 4 4 OCP H 3 1 JE
S Bl 1 BE R E B B, 5083 #5442 1Y T i L vz
B (—1.30 V), Hk, Ti75 44 ((—0.77£0.08) V),
316 REP AR AERIE (—0.47 V) o FREETLBYEL,

Ti75 & 4 19 OCP KA Wk &2 3] B2 # 1ij 19 OCP {H, 1
JrkeE . 3 IAEET 508348 A ki E e ST 5083884 4 Fl 316 AN B OCP {i W& A1 T B8 8 if 1)
Lol OCP{H.
F3 3IMILEEIRR A RIS EHE
Table 3 Cyclic polarization curve fitting data for three specimens
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Ti75 alloy —0.01 5.61x10°° 7.32 7.62 0.30 0.30 0.48 —0.54 —0.53
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Fig.5 OCP of three specimens under corrosive wear conditions in

3.5%NaCl aqueous solution
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Fig. 7 Dynamic potential polarization curves of three specimens under pure corrosion and corrosion-erosion conditions in 3.5% NaCl aqueous solution

(2)5083 aluminum alloy; (b) Ti75 alloy; (¢)316 stainless steel
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Fig.10 SEM photographs of wear mark surfaces after corrosive wear
(a)5083 aluminum alloy ; (b)316 stainless steel; (¢)Ti75 alloy
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Table 4 Results of EDS analysis of the abraded surface shown in Fig.10 (atom fraction/ %)

Test position O Al Mg Ti Cr Fe Ni Others

1 50.16 45.86 2.25 — — — — Cl: 1.16, Yb: 0.56

2 24.95 71.58 3.47 — — — — —

3 25.92 — — — 20.13 43.08 8.43 Cl: 0.91, Si: 0.75, Mo: 0.74

4 5.47 — — — 20.02 58.98 13.52 Si: 0.89, S: 1.13

5 38.50 — — — 20.14 33.44 6.69 Al: 0.51, Si: 0.71

6 11.14 4.92 — 82.10 — — — Mo: 0.76, Zr: 1.08

7 34.36 3.30 — 60.30 — — — Cl: 0.57, Zr: 0.75, Mo: 0.72
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Fig.11 Quantitative analysis of synergistic effect of three specimens under corrosion and friction conditions

(a)comparison of pure corrosion and pure wear; (b)comparison of total material loss rates;; (¢)comparison of synergistic effects of corrosion and wear
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