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Lamination Interface of the Wax-Less Permanent Cathode Process
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The lamination interface generated by a power outage during the electrorefining of copper using a wax-less
permanent-cathode was investigated to elucidate the formation mechanism of the interface. X-ray diffraction, X-ray
photoelectron spectroscopic measurements and electrochemical quartz crystal microbalance measurements revealed that
the interface is composed mostly of CuCl (s) . Based on the thermodynamics of aqueous solution containing copper
jons and chloride anions, it is considered that Cu® ions are spontancously generated through the reaction Cu + Cu?*
— 2Cu" at the surface of the copper cathode, resulting in the deposition of insoluble CuCl (s) . Circulation of
electrolyte during the power outage could suppress the accumulation of Cu™ ions in the vicinity of the cathode and
minimize the formation of CuCl (s) layer, which makes the lamination interface after recovery from the power outage.
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(a) Normal stripping

Stainless
cathode

V-groove

(b) When “ lamination” arises

Crack is relieved and does not
proceed into the second layer.

Crack penetrates
copper layer

In normal case (a) , when stripping the electrodeposited copper, crack
originating from the cavity at the V-groove at the bottom of stainless
cathode, progresses and penetrates the copper layer smoothly by notch
effect. When “lamination” arises (b) , the growth of the crack is relieved
at the interface of two copper layers before and after the power outage, and
it becomes difficult to develop the cracking into the second layer.

Fig.1

25

O Power outage for 34 hr

20

B Power outage for 6.5 hr

Number of flapping required per sheet

N-th day

Fig.2 Averaged number of flapping required for the stripping of electrolytic

copper when the power outage for 6.5 or 34 h took place on the N-th day
of cathode cycle (9 days in total) in Tamano refinery.
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Fig.3 Surface chlorine content of electrodeposited copper as a function of the

length of power outage.

Fig.4 Tilted cross-sectional SEM image of substance generated on
electrodeposited copper surface after power outage for 24 h.
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Fig.5 XRD spectrum of electrodeposited copper surface after
power outage for 24 h.Determination of diffraction lines are
based on JCPDS No. 06-0344 (CuCl) and 04-0836 (Cu) .
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Fig.6 A set of XPS Cl 2p spectra measured during a depth profiling
experiment for electrodeposited copper surface after power outage
for 24 h. (Sputtering rate 5.0nm/min, Sputtering time 15 min)
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Table 1 Influence of electrolyte circulation on surface chlorine content

after a power outage for 16 h.

Chlorine on the deposition

Circulation
(%)
Circulating 0.04
Non-circulating 6.82
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Fig.8 Changes in frequency f of Cu-coated QCM electrode immersed in an
electrolyte containing 0.8 mol/L CuSO4 and 1.9 mol/L H>SO4. About
1,000 s after the beginning of the measurement, HCI (aq) was added so
that the CI” concentration became 1.5 mmol/L. The electrolyte was stirred
during 0-1,500 s and 2,300-2,700 s.
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