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Fast electrocrystallization of copper in presence of
additive methyl violet and C1

ZHANG Zhen, HUANG Jia-long

(School of Chemistry and Chemical Engineering, South China University of Technology,
Guangdong Key Laboratory of Fuel Cell Technology, Guangzhou 510640, China)

Abstract: The copper electrocrystallizations on copper electrode in the concentrated acid CuSQO, solutions, containing
315 g/L CuSO, and 110 g/L H,SO, with methyl violet and CI” alone or both of them at 40 ‘C were studied by linear
sweep voltammetry, cyclic voltammetry and chronoamperometry techniques. The results show that the
electrocrystallizations in the electrolytes above are complex relatively. At beginning, the electrocrystallization processes
follows the instantaneous nucleation with three-dimensional growth, and then changes to the progressive nucleation with
three-dimensional growth gradually. But the processes would deviate from the theoretical model after longer nucleation
time. The deviation suggests that the processes are controlled by both diffusion and electrochemical reaction step.
Moreover, the combination of methyl violet and Cl enable electrocrystallization to run into mixed control faster than
methyl violet or Cl . The methyl violet and Cl have significant depolarization effect in the processes, and increase the
diffusion coefficient of Cu®" in the electrolytes cooperatively and facilitate the electrocrystallization and nucleate process
of copper notably. An optimum concentration of both methyl violet and Cl ', such as 2.5 mg/L methyl violet and 20 mg/L
Cl', can increase the diffusion coefficient and get enough nuclear number density on the electrode surface and is
beneficial to electrocrystallization.
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Fig. 1 Linear sweep voltammetry curves of copper electrode in CuSO, solutions containing different concentrations of additives: (a)
CI'; (b) Methyl violet; (c), (d) Methyl violet+Cl
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Fig. 2 Cyclic voltammetry curves of copper electrode in CuSO, solutions containing different concentrations of additives: (a) Cl ;

(b) Methyl violet; (c), (d) Methyl violet+CI
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Table 1 Nuclear number density N and diffusion coefficient D of Cu on Cu electrode at different concentrations of C1” and —0.5 V

Nuclear number density, N/(10%cm ?)

Diffusion coefficient, D/(10 ® cm®s ")

0 mg/L 30 mg/L 40 mg/L

0 mg/L 30 mg/L 40 mg/L

1.18 0.292 0.589

2.65 5.84 3.23
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Fig. 4 Relationship between CTTs and concentrations of methyl violet(a) and potential(b) and non-dimensional (//I,Y—t/t,

plots((c), (d)) corresponding to (a) and (b), respectively
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Table 2 Nuclear number density N and diffusion coefficient D of Cu on Cu electrode at different concentrations of methyl violet

MV)
Nuclear number density, N/(10%cm ?) Diffusion coefficient, D/(10 ® cm?®s ")
o Omg/L 05mg/L 25mg/lL 5SmglL 10 mg/L Omg/L 05mg/l 25mg/lL 5mg/Ll 10mg/L
-0.4 - - 0.526 - - - 4.16 - -
—-0.5 1.18 0.287 0.623 0.480 0.460 2.65 6.33 4.14 4.91 4.66
—-0.7 - - 0.417 - - - 9.56 - -
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Table 3 Nuclear number density N and diffusion coefficient D of Cu on Cu electrode at —0.5 V and 2.5 mg/L methyl violet with

different concentrations of Cl1™

Nuclear number density, N/(10%cm ?)

Diffusion coefficient, D/(10 ® cm?®s ")

Additive free 0 mg/L

20mgL 40 mg/L 80 mg/L

Additive free Omg/L 20mg/L 40 mg/L 80 mg/L

1.18 0.623 0.121 0.092

0.105

2.65 4.14 1.16 1.43 1.39

F4 05V T 40 mg/L CUMNIANIARE FFHE S N AR H fpl B o B0 e N 59 R 8D
Table 4 Nuclear number density N and diffusion coefficient D of Cu on Cu electrode at —0.5 V and 40 mg/L Cl with different

concentrations of methyl violet

Nuclear number density, N/(10%cm ?)

Diffusion coefficient, D/(10 ® cm?®s ")

Additive free 0 mg/L 2.5mg/L 10 mg/L Additive free 0 mg/L 2.5mg/L 10 mg/L
1.18 0.589 0.092 0.174 2.65 3.23 1.43 8.99
CuSO4~ 110 g/L HSO, iy I FERR VAT, 1 I
7SS . ; . - .
3 e B 0.5~10 mg/L WKL I, CI7E 20~80 mg/L e

1) LSV, CV. CA IG5 AT AN, 555 315 gL

U, FHELYS USRI PRI 5
HEAAAE s RESE AR PR H &5 i o
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