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Modification of copper plating at low current density on
anodic film of LC4 aluminum alloy
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Abstract: Copper plating at a low current density (0.1 mA/cm®) was carried out on the anodic film of LC4 aluminum
alloy. XRD and EDS results show that the deposition product is the metal of copper, which is deposited at the bottom of
the porous layer of the anodic film. The polarization curves show that copper plating at a low current density (0.1
mA/cm?) can remarkably improve the corrosion resistance of the anodic film. The equivalent circuit of the anodic film
after copper plating is presented according to the impedance spectroscopy. The primary cause of the improvement is that
the material has the electrochemical characteristic of the copper by the modification of copper plating. Essential
difference exists between the copper plating at the low current density (0.1 mA/cm®) and the traditional electrolytic
coloring technology.
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Table 1 Chemical composition of LC4 (mass fraction, %)

Cu Mg Mn Zn Cr Al
14-2.0 1.8-28 0.2-06 5.0-7.0 0.1-0.25 Bal

BEHL248E R 10 mmX 10 mmX3 mm §R
o RIERRFER K4 300" 3T 85 % 8007,
REABAERH, %R 1.25 mol/L NaOH ¥ - #4T
WAENZERR T 2 min, 7EFE 3 mol/L 1 HNO; ¥
H % 2 min. 25 HATIRERFH R AL (H,S0,4 1.6 mol/L,
AP 02 mol/L, BRHFE: 1.3 A/em®, 25 °C, 40 min)
G, HRAEEFKEFARRRT. FHRELBEIER
HR WYK-6005 HiFa ki

¥ B AR 38 2 AR AT /D R AR AL B
X B B8 A CuSO,5H,0(180 g/L) . H,SO,
(60 g/L), HRFEREEN 0.1 mA/em?, HfTE]24 10 min.

12 BUFERWHE
A=A ER, LUERH R A Z R,

HIE AR A 4B HAR, SR PS168-B B4L 22 W& R4
BARABETE 0.5 mol/L CH,COOH YW MtkAL i
£ XFIEE EG&G A A=) 273 A B AL UFI%E
E SCHLUMBERGER 4: 7= [ 45 43§74 41 s Fry FEL AL
ZNRAREMEARRFEA 0.5 mol/L CH;COOH ¥
B AR PTIERE S A TRE 10 mV B IERE,
BRI K 1X1072~1 X 10° Hz).
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Fig.1 Surface morphologies of anodic film of LC4 aluminum
alloy: (a) Before copper plating; (b) After copper plating(0.1
mA/cm?, 10 min)
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Fig.2 XRD patterns of different samples: (a) LC4 aluminum
alloy; (b) LC4 alloy after anodizing and copper plating
(0.1 mA/cm?, 10 min)
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Fig.3 Element point distribution of anodic film of LC4
aluminum alloy: (a) Before copper plating; (b) After copper
plating(0.1 mA/cm?, 10 min)
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Table 2 EDS result of district illustrated in Fig.4 (mass
fraction, %)

District O Mg Al S Cu Zn
1 40.25 4878  6.29 4.69
2 37.17 4523 541 7.81 4.38
3 1.40 1.78  88.46 1.29 7.07

Ny LS/ PRREFZE, HIREEEH M
BEH—PE, FREFMERMEEEME, K
7£ 0.5 mol/L CH;COOH ¥+ i) B R s AL IE® T 48
it 200 mV, [7] B ke i 2 RE B R, 3 HERBAL
MEK.
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mol/LCH;COOH ¥ ¥ W 13 3% i BELHT 185 £) Nyquist &,
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B17HEE10H

Anodic film

B4 DEFER0.1 mA/em’, 10 min)fE K& & AREN
R By AT R R

Fig.4 Cross section of anodic film after copper plating (0.1
mA/cm?, 10 min)
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Fig.5 Polarization curves of different samples in 0.5 mol/L
CH;COOH solution: 1—LC4 aluminum alloy; 2—Anodic LC4
aluminum alloy; 3—Anodic LC4 aluminum alloy after copper
plating(0.1 mA/cm?, 10 min)
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Fig.6  Electrochemical impedance spectroscopy of anodic
film of LC4 aluminum alloy in 0.5 mol/L. CH;COOH solution
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Fig.7 Schematic diagram of anodic film (a) and copper
plating (0.1 mA/cm?, 10 min) (b)
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Rey: Electrolyte resistance
Ryw: Hexagonal cells resistance
Cy: Hexagonal cells capacitance

Ry Barrier layer resistance
Cp: Barrier layer capacitance

I Wall of hexagonal cell
Il Porous layer pores
11 Barrier layer
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Fig.8 Equivalent circuit of anodic film of aluminwm alloy LC4: (a) Before copper plating; (b) Equivalent circuit of (a) after
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simplification (c) After copper plating (0.1 mA/cm?, 10 min); (d) Equivalent circuit of (c) after simplification
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