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The Mechanism of Nodular Growth in Copper Electrorefining
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a. Department of Materials Science and Engineering, Kyoto University, 36-1 Yoshida-hommachi, Sakyo-
ku, Kyoto 606-8501, Japan (*Corresponding author, E-mail: murase.kuniaki.2n@kyoto-u.ac.jp)

The mechanism of nodulation in copper electrorefining process was investigated by experimental method and
simulation, in particular as for its growth in height. Due to the high current density at the tip, the nodule height
increased as an exponential function of the time for electrolysis. Therefore, the growth behavior of nodules was
strongly affected by the size of the nucleus and the existence of the threshold size to lead an electrical short circuit
was suggested. Since some nodules obtained in the industrial process included mold releasing agent carried from
anode-casting process, mold releasing agents are considered to be one of the main causes of the large nodule and
need to be removed for the improvement in the current efficiency.
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Fig.1 Photographs of nodules obtained in an industrial copper tankhouse:
(a) a nodule growing on a copper cathode 2 and (b) another nodule

removed from a cathode.
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Table 1 Composition of electrolyte and conditions for electrolysis.

Composition Conditions for electrolysis

CuSO4 0.76 mol dm™3 Temperature 65 °C
H,SO04 1.94 mol dm™ Current density 350 Am™
Cl- 60 mg dm™ Time 40 h
Thiourea 5 mg dm Agitation None
Glue 0.5 mg dm™

Fig.2 (a) The setup of electrolysis experiment and (b) the photograph of cathode with copper bump.
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Fig.4 The modeling for the simulation of current-potential distribution: (a) the
meshing condition on the electrode and (b) the shape of electrodes with
large scale.
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Fig.5 (a) The growth of copper bump on cathode by electrolysis for 40
h at average current density of 350 A m 2, (b) the relationship
between initial bump height Hjn; and average growth rate AH/At,
and (c) the dendritic growth on the copper bump.
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Fig.6 The relationship between bump height and time for
electrolysis at average current density of 350 A m?
depending on initial bump height: bump with the diameter
of (a) 92 mm and (b) ¢4 mm.
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Fig.7 An example of the result of simulation of the current-potential distribution
for electrolysis using a cathode with a copper bump: (a) the distribution of
current density and (b) the distribution of potential with equipotential lines
at every SmV.
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Fig.8 The relationship between bump height and the maximum

current density at the tip of the bump: bump with the
diameter of (a) 2 mm and (b) ¢4 mm.
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Fig.10 (a) The results of dissolution tests with nodules obtained in the industrial process: nodules
before dissolution test and residues insoluble in nitric acid, (b) the representative XRD
pattern of the residues, and (c) schematic illustration of nodule generated by mold releasing
agent as the nuclei.
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