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Fig. 1 Schematic diagram of Conform continuous pressing!'”!
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Schematic diagram of surface nanocrystallization
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Fig. 3 Optical microstructures of Cu-Mg alloy at different
states: (a) Conform; (b) Conform+SNC
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Fig. 4 TEM images of Conform+SNC Cu-Mg alloy: (a) Low
magnification for dislocation tangle; (b) High magnification for

twin zone
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Fig. 5 OCP curves (a), polarization curves (b) and nyquist

plots (c) of Conform and Conform+SNC Cu-Mg alloys in 0.1
mol/L NaOH solution for 1000 s
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Fig. 7 Polarization curves of Conform (a) and Conform+SNC

(b) Cu-Mg alloy immersed in various concentrations NaOH

solutions
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Table 1 ¢, and J. of Conform and SNC Cu-Mg alloy

immersed in various concentration NaOH solutions

NaOH

Sample concentration/ Peor :5100"/ 5
(mol-L") (vs SCE))V  (10°A-cm )

0.1 —0.470 5.347

Conform 0.5 —-0.530 1.437

1.0 —0.579 4.727

0.1 —0.415 1.365

Conform+SNC 0.5 —0.495 3.664

1.0 —0.530 5.381
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Fig. 8 Polarization curves of Conform (a) and Conform+SNC
(b) Cu-Mg alloy specimens immersed in 0.1 mol/L NaOH

solutions for different time
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Table 2 Electrochemical parameters of Conform and
Conform+SNC Cu-Mg alloy specimens immersed in 0.1 mol/L

NaOH solutions for different time

¢corr ‘]COIT/
Sample Time/d N
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30 -0.245 1.716 X107
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Fig. 9 Nyquist plots of Conform (a) and Conform+SNC (b)

Cu-Mg alloy specimens immersed in 0.1 mol/L NaOH

solutions for different time

20
=—NaOH, Conform

~ 15k ®—NaOH, Conform+SNC
=
‘= 10f
&
=
2
g o
s
Q -5k

-10 . . . .

-100 100 300 500 700

Time/h

10 Conform # /% Conform+SNC A4 45 427 0.1 mol/L
NaOH H AN [R] I 1] Fr) 6 ol 2 48 4

Fig. 10 Corrosion rates (with duration) of Conform and
Conform+SNC Cu-Mg alloy immersed in 0.1 mol/L NaOH

solutions for different times
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Fig. 11 Corrosion morphologies of Cu-Mg alloy immersed in 0.1 mol/L NaOH solutions for different time: (a) Conform, 2 d; (b)
Conform, 15 d; (c) Conform+SNC, 2 d; (d) Conform+SNC, 15 d

Bl 12 844 0.1 mol/L NaOH 1#2 30d SEM & il 5
Fig. 12 Corrosion SEM images of Cu-Mg alloy immersed in 0.1 mol/L NaOH solutions for 30 d: (a), (b) Conform; (c), (d)
Conform+SNC
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FEAE 0.1 mol/L NaOH ¥t F4Li2 1 30 d 1¥) SEM J8§
Mg, o, B 12(2)f(b)FTRh Conform 21K
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(EDS)/H 45 5, & 12(0) A (d) I MEARTE: A7 K 23 BT
AL EDS 23 HTR B, ARIRILC R SRR
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hEEHE, A7 2 A CuO 1 Cu(OH), VR &Y.

% 3 Conform K Conform+SNC #AHIEEA47E 0.1 mol/L
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Table 3 EDS analysis of corrosion products on surface of
Conform and Conform+SNC specimens immersed in 0.1 mol/L

NaOH solutions for 30 d

Mole fraction/%
Element  position 1 in Position 2 in Position 3 in
Fig. 12(b) Fig. 12(d) Fig. 12(d)
0] 25.51 27.02 31.05
Cu 74.49 72.98 68.95
3 i

1) Conform ZSH8: 5 42 s e i 22 N 1 )5 I
SRR LS, FEREA A M AR S, R Z
geobL 8 um 414k 2 400 nm.

2) Conform+SNC A AFEAE 0.1 mol/L NaOH ¥
B SRR A6 T FELAT, (HAS ST % F A B O
ettt B i IS, HEU R s A8
TP A R 2P T Ko 2 1T 4P KA Ak PR ) il 4
B & B AR BUR B, B m i

3) Fifi OH W JE 4w, HEEE 40 B il v
ESC iR AR M G R ) R IV R Bk N
PR S A T e, B S b A 22

4) BHEZ RIS A AE K, HEEA 0 B B il Fa A IE
¥, ACHHPUE P AP R, W8S SR B W E
PR TRV EAEE, A P A DA
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Effect of surface nanocrystallization on
electrochemical corrosion behaviours of Cu-Mg alloy

GUAN Xiao-nan', JIANG Jing-hua', CHEN Jian-ging', MA Ai-bin', SONG Dan', LI Xue-bin®

(1. College of Mechanics and Materials, Hohai University, Nanjing 211100, China;
2. Kang Yuan New Materials Co., Ltd., China Railway Construction Electrification Bureau Group, Jiangyin 214521, China)

Abstract: The electrochemical corrosion behaviours of a Conform-extruded Cu-0.4%Mg (mass fraction) alloy after
surface nano-crystallization (SNC) via a high-speed rotating wire-brushing were evaluated to develop the high-strength
and high conductivity anti-corrosive copper alloy for high-speed railway contact wires. The microstructures of the
samples were analyzed by OM, TEM and SEM, and their electrochemical corrosion behaviors were tested by an
electrochemical workstation. The results indicate that the SNC-treated surface presented obvious plastic deformation flow
traces with dislocation cells and twins. The grain size of the deformed zone is about 400 nm, presenting typical
nano-crystalline characteristic. The SNC-treated alloy presents the typical corrosion period of active, passive and
transpassive in NaOH solution. SNC improves the corrosion resistance of the Cu-Mg alloy, the corrosion current density
(Joom) decreases from 5.347 X107 A/em?to 1.365X 107> A/cm?, and the corrosion potential (p..) increases from —0.470
V to —0.415 V. In addition, the rate of corrosion increases in higher concentration of OH, whereas decreases with the
extension of soaking time due to the formation of the passive film.

Key words: Cu-Mg alloy; contact wires; surface nanocrystallization; electrochemical corrosion
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