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Table 1 Chemical compositions of designed alloy (mass
fraction, %)

Cu Zn Ni Sn
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Fig. 1 Metallograph of initial microstructure of samples
annealed at 1003 K.
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Fig. 2 Variation of colour difference of H-NSI samples

exposed in artificial seawater and perspiration for different

time
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Fig. 3 Variation of colour difference between gold and
designed alloys after exposed in artificial seawater and
perspiration for different times
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Fig. 4 Polarization curves of H-NS alloy after exposed in artificial seawater(a) and artificial perspiration(b) for different

time
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Table 2 Electrochemical parameters acquired from polarization curves of H-NS alloys immersed in artificial seawater and

perspiration for different time

Corrosion medium Exposure time/h b/(V-dec™) b/(V-dec™) Peor/MV Joon/ (10 °A-cm™?)
24 0.035 0.0339 —-0.2629 3.90
48 0.0256 0.0302 -0.2673 3.33
Artificial seawater
96 0.0572 0.0362 —0.2755 2.86
192 0.0567 0.0721 -0.2393 1.51
24 0.03266 0.24418 -0.2673 24.60
o o 48 0.08022 0.26185 —-0.2602 25.26
Artificial perspiration
96 0.03266 0.0411 —0.2368 85.90
192 0.03764 0.27798 —0.2328 116.00
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Fig. 5 SEM images of samples exposed in different media for different times: (a) Surface image for 1 d in artificial seawater;

(b) Cross image for 4 d in artificial seawater; (c) Surface image for 1 d in artificial perspiration; (d) Cross image for 4 d in

artificial seawater
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Fig. 6 Wide spectra of corrosion product layer on surface of CZNS-ALl alloy: (a) In artificial seawater for 1 d immersion;

(b) In artificial perspiration for 1 d immersion
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Fig. 7 Content of element compounds in surface corrosion products of H-NS alloy in artificial seawater and artificial sweat:

(a) In artificial seawater for 1 d immersion; (b) In artificial perspiration for 1 d immersion
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Fig. 8 Cu 2p spectra of corrosion product layer on surface of H-NS alloy: (a) In artificial seawater for 1 d immersion; (b) In

artificial perspiration for 1 d immersion

3 HNS AN THRAKRMA TR EMR 1 dJEE Cu bR & &
Table 3 Relative quantity of Cu containing compounds in H-NS alloy after being immersed in artificial seawater and

artificial perspiration for 1 d

Valence Corrosion Proposed Binding Intensity Relative z 2
state media compound energy/eV area quantity/%
o Cu/Cu,0 932.21 45208 422 1.653
Artificial
CuO 932.77 31150 29.1 1.653
seawater
Cu(OH), 933.95 30728 28.7 1.653
Cu 2p3/2
o Cu/Cu,O 932.39 45000 35.1 1.733
Artificial
o CuO 932.83 51705 40.3 1.733
perspiration
Cu(OH), 934.18 31625 24.6 1.733

RN 17.64%. K 4 EERMLEDIAIX & &Rl it TH® T & E, ZnO . Zns(COs),(OH)s F
HHANTHEKPEEERT Zn HSEWRMKTEN  Zns(OH)CL'H,O & EWETENTITRT S
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Fig. 9 Zn 2p spectra of corrosion product layer on surface of H-NS alloy in artificial seawater(a) and artificial perspiration(b)

for 1 d immersion
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Fig. 10 Sn 3d spectra of corrosion product layer on surface of H-NS alloy: (a) In artificial seawater for 1 d immersion;

(b) In artificial perspiration for 1 d immersion
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Table 4 Relative quantity of Zn containing compounds in H-NS alloy after being immersed in artificial seawater and

artificial perspiration for 1 d

Valence Corrosion Proposed Binding Intensity Relative Z 2
state media compound energy/eV area quantity/%

Zn 1020.76 37085 18.1 1.450
Artificial ZnO 1021.37 54428 26.7 1.450
seawater Zns(CO3),(OH)4 1022.99 57922 28.4 1.450
Zns(OH),Cl,-H,0 1022.48 54698 26.8 1.450

Zn 2p3/2
Zn 1021.11 45317 46.2 0.803
Artificial ZnO 1021.63 21207 21.6 0.803
perspiration Zns5(CO3),(OH)4 1022.07 11764 12.0 0.803
Zns(OH),Cl,-H,0 1022.31 19803 20.2 0.803

&S5 H-NS &EAENTHE/KMA TR PEM 1 d )5S Sn k&R &=
Table 5 Relative quantity of Sn containing compounds in H-NS alloy after being immersed in artificial seawater and

artificial perspiration for 1 d

Valence Corrosion Proposed Binding Intensity Relative Z 2
state media compound energy/eV area quantity/%

o Sn 486.01 9926 6.1 0.635

Artificial
SnO 486.55 11306 15.4 0.635

seawater
SnO, 487.15 8710 78.5 0.635

Sn 3d5

o Sn 485.98 39471 11.7 2.144

Artificial
o SnO 486.47 116558 57.9 2.144

perspiration

SnO, 487.07 39471 30.4 2.144

1 1 1 1 1

853 854 855 856 857 858 859 860 861 853 854 855 856 857 858 859 860
Binding energy/eV Binding energy/eV

11 H-NS &N LKA TR P SCE 1 d Ja R+ Ni 2p3 X SEkaeis
Fig. 11 Ni 2p3 spectra of corrosion product layer on surface of H-NS alloy in artificial seawater(a) and artificial

perspiration(b) for 1 d immersion
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Table 6 Relative quantity of Ni containing compounds in H-NS alloy after being immersed in artificial seawater and

artificial perspiration for 1 d

Valence Corrosion Proposed Binding Intensity Relative sz
state media compound energy/eV area quantity/%
Artificial NiO 855.33 713.36 50.7 0.058
seawater Ni(OH), 856.57 694.07 493 0.058
Ni 2p3
Artificial NiO 855.60 459.72 52.4 0.048
perspiration Ni(OH), 857.03 417.07 47.6 0.048
10} @ o0
/ 50
—~ 8 2 = €
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& 6 —~1d 3 ., 2
g —sa | S | 0 3
S N R g
N = * ook 20 =
! ] = " ... 0
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——8d ’
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H-NS & @B N THKAMN TR CE 1d M8 d J& i Nyquist EIF1 Bode K

Fig. 12 Impedance spectra of H-NS alloy after exposed for different times: (a) Nyquist spectra in artificial seawater; (b)

Bode spectra in artificial seawater; (c) Nyquist spectra in artificial perspiration; (d) Bode spectra in artificial perspiration
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seawater

(b)

Artificial
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B 13 H-NS &< fE A TR T F R (0 4 BEASEFRL AR I8 14 48 R0 F

Fig. 13 Physical models and corresponding equivalent circuits used to fit impedance data of H-NS alloy after being exposed

in artificial seawater(a) and artificial perspiration(b) environment

x7 RIBIENTHEKH H-NS &4 22 BB 55 20 B % S 40

Table 7 Elements of equivalent circuit for H-NS alloy after being exposed in artificial seawater for different time

EXpOSing Rs/ Q 1/ . R 1/ QQ/ . Rz/ x2
time/d  (Qcem®)  (10°Q " cm *s") ! (Qem’)  (10°Q"em 5" 2 (Q-em?)
1 7234 163.5 0.7808  401.6 922.1 0.6600 1170 0.0088
8 3.196 149.5 04544 86219 141.4 0.6476 1591 0.0012

* 8 RIBIEN TV H-NS & 4 22 T BB 55 20 B % S 40

Table 8 Elements of equivalent circuit for H-NS alloy after being exposed in artificial perspiration for different time

EXpOSing Rs/ Q 1/ n R 1/ Qz/ n Rct/ WR/ W . xz
time/d (Q-cm’) (10° Q" em *s") ! (Qem?) (107 Q" em *s") 7 (Qemd) (Qem?) T 3
1 3.632 165.49 0.64583 50.61 3.1586 0.5064 262 9447 176.5 0.9629 0.0013
8 3.162 1887.8 0.64971 39.13 6.7007 0.643 59.51 2124 423 0.98309 0.0013
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Corrosion behaviour of Cu-Zn-Ni-Sn imitation-gold copper alloy in
artificial seawater and perspiration

YU Xiang-yu', SHENG Xiao-fei', ZHOU Tao', YU Qian', LI Zhou"?, FU Yue'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The corrosion behaviours of imitate-gold Cu-Zn-Ni-Sn alloys in artificial seawater and perspiration were
investigated by means of colour difference test, static corrosion measurement, scanning electron microscopy
analysis, electrochemical impedance measurement and X-ray photoelectron spectroscopy analysis. The corrosion
product layer of the alloy in the early stage of artificial seawater corrosion is mainly composed of relatively dense
Cu,0 and some oxidation products with good corrosion resistance, such as ZnO, Zns(CO;),(OH)s and
Zns5(OH)3Cly'H,0. The mass transfer at the interface on both sides of the oxide film is the rate-determining step of
corrosion reaction. The main corrosion products at the initial stage of corrosion in artificial sweat are mainly loose
CuO and unstable SnO, which made the corrosion product film loose and easy to peel off. In the corrosion process
of artificial perspiration, the corrosion product layer forms in the early stage will crack, and the solid phase
diffusion at the crack end interface determined the rate of the corrosion reaction.

Key words: brass alloy; microstructure; electrochemistry; corrosion behaviour
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