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[Table 1.Chemical composition of alloys by the data of XPS]

Alloy Element, mass. %
Cu Zn Si P Ca Cl Ag FeZn Si P Ca Cl Ag

Cu10Zn 87.9 11.0 0.21 0.19 0.12 0.09 0.08 0.0687.9 11.0 0.21 0.19 0.12 0.09 0.08
Cu15Zn 75.8 14.9 0.83 3.50 0.91 1.26 0.12 0.4175.8 14.9 0.83 3.50 0.91 1.26 0.12
Cu20Zn 77.9 21.2 0.04 0.20 0.24 0.07 0.06 0.1377.9 21.2 0.04 0.20 0.24 0.07 0.06
Cu30Zn 62.3 30.3 1.15 3.83 0.99 0.78 0.16 0.3662.3 30.3 1.15 3.83 0.99 0.78 0.16

. . , . . , . . , . . , . .
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[Table 2. Charge density qSD during the selective dissolution of Cu-Zn alloys at different potentials ESD; interdiffusion 
coefff cient �D ; atomic share of superequilibrium vacancies N  and the length of diffusion zone d after selective 

dissolution]

Alloy ESD, V qSD, mC cm–2 �D ·1014, cm2 s–1 N ·103 d, nm

Cu10Zn
–0.1 2.53 0.08 0.33 1.202.53 0.08 0.33
0.0 2.85 0.14 0.54 2.612.85 0.14 0.54
0.1 3.30 0.21 0.81 4.793.30 0.21 0.81

Cu15Zn
–0.1 3.10 0.72 1.89 13.803.10 0.72 1.89
0.0 5.60 1.63 4.26 46.815.60 1.63 4.26
0.1 7.30 3.14 8.23 125.527.30 3.14 8.23

Cu20Zn
–0.1 7.90 1.41 2.79 19.747.90 1.41 2.79
0.0 10.30 3.46 6.80 75.3710.30 3.46 6.80
0.1 17.70 6.71 13.20 203.7417.70 6.71 13.20

Cu30Zn
–0.1 3.90 0.14 0.19 0.143.90 0.14 0.19
0.0 5.90 0.79 1.04 1.795.90 0.79 1.04
0.1 4.00 1.53 2.01 4.814.00 1.53 2.01

. 1. ,
-

0.01 M HCl + 0.09 M KCl; dE/EE dt = 1 t /
[Fig. 1. Voltammograms of copper, zinc and copper-zinc 

alloys in deaerated 0.01 M HCl + 0.09 M KCl;
dE/EE dt = 1 mV/s]t

 Cu,Zn(a)- ...
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. 2.  Cu10Zn (a), Cu15Zn (b), Cu20Zn (c)  Cu30Zn (d) dd
 0.01 M HCl + 0.09 M KCl 

[Fig. 2. Anodic chronoamperograms of Cu10Zn (a), Cu15Zn (b), Cu20Zn (c) and Cu30Zn (d) dd
in deaerated 0.01 M HCl + 0.09 M KCl in Cottrel coordinates]
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[Table 3. Parameter  taking into account a shift of 

interface; vacancy diffusion coefff  cient D and atomic
share of equilibrium vacancies N eq in Cu-Zn alloys]

Alloy g D ·1012, cm2 s-1 N eq·107

Cu10Zn 0.06 2.55 4.060.06 2.55

Cu15Zn 0.09 3.82 2.560.09 3.82

Cu20Zn 0.13 5.09 1.810.13 5.09

Cu30Zn 0.40 7.63 1.050.40 7.63
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[Fig. 3. Anodic voltammograms of Cu10Zn (a), Cu15Zn (b), Cu20Zn (c) and Cu30Zn (d) dd

in deaerated 0.1 M KOH without and after SD at different SD; dE/EE dt = 10 mV/s]t

. . , . . , . . , . . , . .
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[Fig. 4. AFM-images of alloys surface Cu15Zn (a, c, e) and Cu30Zn (b, d, f) after mechanical polishing (ff a, b),

60-second SD (c, d) at dd E = 0.0 V in 0.01 M HCl + 0.09 M KCl and following 30-minute growth of CuE 2O 
at E = –0.17 V in 0.1 M KOH (e, f)]ff
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[Table 4. Change of capacity at the electrode/solution interface 60/ 0 during 60-seconds SD at different potentials 
ESD; current efff  ciency of oxide formation  and thickness L of Cu(I) and Cu(II) oxide formed on Cu-Zn alloys

after SD]

Alloy ESD, V 60/ 0

Cu22O (EA1A1E  = –0.17 V) CuO (EA2A2E  = 0.20 V)
, % L, nm , % L, nm

Cu10Zn

Without SD – 99 4.7 71 18.1– 99 4.7 71
–0.1 1.8 100 3.0 68 11.41.8 100 3.0 68
0.0 1.3 100 4.4 65 13.11.3 100 4.4 65
0.1 1 100 3.3 62 26.81 100 3.3 62

Cu15Zn

Without SD – 100 17.4 67 27.2– 100 17.4 67
–0.1 1.1 100 11.9 50 17.71.1 100 11.9 50
0.0 1.3 99 9.4 54 18.81.3 99 9.4 54
0.1 1.1 100 11.7 49 16.61.1 11.7 49

Cu20Zn

Without SD – 99 7.6 64 20.1– 99 7.6 64
–0.1 – 100 9.6 87 26.2– 100 9.6 87
0.0 – 100 7.3 78 29.7– 100 7.3 78
0.1 – 100 7.9 68 22.8– 100 7.9 68

Cu30Zn

Without SD – 69 6.9 83 11.1– 69 6.9 83
–0.1 1.6 71 2.1 87 6.61.6 71 2.1 87
0.0 1.3 58 2.1 85 7.81.3 58 2.1 85
0.1 0.9 69 3.3 80 9.90.9 69 3.3 80

. . , . . , . . , . . , . .
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5. EfbE Ncc  Cu2u O  CuO,
 Cu,Zn- , EE

[Table 5.  Flat band potential Efb and concentration of charge carriers Ncc in Cu2O and CuO formed on copper and 
Cu-Zn alloys after selective dissolution at different ESD]

Electrode ESD, V
Cu2O CuO

Efb, V Ncc·10–20, cm–3 Efb, V Ncc·10–20, cm–3

Cu – –0.27– 0.02 2.5 0.5 –0.09 0.02 2.1 0.4

Cu10Zn
–0.1 –0.23 0.01 5.7 0.4 –0.05 0.01 5.9 1.1
0.0 –0.24 0.01 7.5 0.8 –0.04 0.01 6.4 0.7
0.1 –0.21 0.02 6.4 0.8 –0.02 0.02 6.4 0.2

Cu15Zn
–0.1 –0.24 0.01 7.7 1.2 –0.03 0.01 7.8 0.7
0.0 –0.24 0.01 5.4 0.9 –0.04 0.01 4.7 1.3
0.1 –0.23 0.01 6.6 0.8 –0.04 0.01 6.8 0.9

Cu20Zn
–0.1 –0.24 0.01 8.9 0.4 –0.04 0.01 7.5 1.0
0.0 –0.24 0.01 9.2 0.1 –0.03 0.01 7.1 0.1
0.1 –0.24 0.02 8.1 0.1 –0.04 0.02 5.7 0.1

Cu30Zn
–0.1 –0.23 0.02 8.3 0.8 –0.04 0.02 8.1 0.4
0.0 –0.24 0.02 7.5 0.6 –0.05 0.02 7.6 0.8
0.1 –0.25 0.01 7.8 0.5 –0.08 0.02 6.9 0.9

. 5. /0.1 M KOH  Cu10Zn (a), Cu15Zn (b),
Cu20Zn (c)  Cu30Zn (d)dd –

[Fig. 5. Dependence of capacity of alloy/0.1 M KOH interface on the potential of Cu10Zn (a), Cu15Zn (b), Cu20Zn (c) 
and Cu30Zn (d) in Mott–Schottky coordinates]dd

 Cu,Zn(a)- ...

a                                                                                     b

c                                                                                     d
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ANODIC FORMATION AND PROPERTIES OF COPPER OXIDES
ON Cu,Zn(a)-ALLOYS WITH STRUCTUTE-DISORDERED SURFACE 

LAYER
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Abstract. The paper is aimed to reveal an in  uence of vacancy defectiveness of the alloys surface
layer on anodic oxide formation and electronic properties of oxide nano  lms. The monitored vacancy 
defectiveness of surface layer in Cu-Zn alloys (up to 30 at.% of Zn) was generated in the course of 
potentiostatic selective dissolution (SD) in aqua deaerated solution 0.01 M HCl + 0.09 M KCl. It was 
revealed that the SD is limited by interdiffusion of alloy’s components in the surface layer. The 

 Cu,Zn(a)- ...
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diffusion coefff  cient and vacancy concentration (or vacancy defectiveness) in the surface layer 
noticeably increase with the potential of SD. Atomic force microscopy and impedance measurements 
prove a slight increase of capacity and roughness at the alloy/solution boundary after the selective
dissolution. The anodic oxide formation on the alloys with a certain vacancy defectiveness was
examined by linear voltamperometry and chronoamperometry in aqua deaerated solution 0.1 M KOH. 
The potentials of formation of Cu(I) and Cu(II) oxides do not depend on the vacancy concentration
in the alloy’s surface layer. Coulometric measurements show a slight decrease of current efff  ciency 
of oxide formation with the vacancy concentration. The  electronic properties of copper oxides on
these alloys were determined by Mott-Schottky method. It was shown that the  at band potentials of 
Cu(I) and Cu(II) oxides do not change at transition from copper to alloys with different concentration
of zinc and superequilibrium vacancies. The concentration of acceptor defects in Cu(I) and Cu(II)
oxides signi  cantly increases with the vacancy defectiveness in the surface layer of Cu-Zn alloys.

Keywords: copper-zinc alloys, selective dissolution, surface layer, vacancy defectiveness, anodic
oxide formation.
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