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ABSTRACT

Factors affecting corrosion rate of aluminium alloy cathode plates in zinc
electrowinning cell were studied, including fluoride ion content 0-20 mg/l, chloride ion content
160-240 mg/1, sulfuric acid content 120-200 g/l, dissolved oxygen in the electrolyte solution 0-7
mg/l and different surface preparation. Scanning electron microscopy and the Image J program
were used for direct observation on nucleation and growth of zinc on the aluminium alloy cathode
surface. Potentiodynamic polarization technique was used for analysis of corrosion rate on
aluminium alloy cathode. Adhesion of zinc was tested by a universal testing machine using a
stripping jig designed in this work representing the operation of the stripping machine used in
industry. The results revealed that, electrodeposition of zinc crystals were 1-2 dimension(s). In the
case where fluoride ions presented, zinc crystals occurred preferentially along grain boundaries
and nucleation rate increases with the concentration of fluoride ions. The increasing corrosion rate
per millimolar of F is 2.26 pm/year.mM F . Corrosion was uniform and preferentially occurred
around the Fe-rich intermetallic in the aluminium alloy, which is believed to be the cause for
sticking of the zinc layer on the cathode plate. In the case where chloride ions presented, zinc

crystals formed preferentially along polishing scratches, similar to the behavior in the case where



there is no presence of these halide ions in the electrolyte. Corrosion rate of the cathode also
increased with the concentration of chloride ions, but the effect was not pronounced comparing to
the case of fluoride ions. The increasing corrosion rate per millimolar of the CI is 0.18
um/year.mM Cl and adhesion of the zinc layer on the cathode plate was less affected. Zinc
deposited rate increased with the concentration of sulphuric acid in the electrolyte. The increasing
corrosion rate per millimolar of H,SO, is 0.31 um/year.mM H,SO,. For the effect of dissolved
oxygen in electrolyte, it was found that the corrosion rate decreased with the increase of the
oxygen concentration in the solution. The cause of this behavior is not well-understood, but it is
possible that oxygen accelerated the formation of alumina film on the aluminium alloy. Finally,
roughness of the aluminium cathode surface highly affected the corrosion rate in all conditions.
The corrosion rate of the aluminium cathode plate ground with the silicon carbide paper No. 800
grits was 1.56 mmpy, higher than that polished with the 3 pm alumina powders (which was 0.95
mmpy) for nearly two times. From these results, a guideline for process control to enhance the life
time of the aluminium alloy cathode plate can be proposed. For the concentration of sulphuric
acid in the experimental range of 120-200 g/ (1.22-2.04 M), the content of fluoride and chloride
ions should be controlled to less than 10 mg/l (5.1 x 10" M) and 240 mg/l (67.7 x 10" M),
respectively, and the surface roughness of the aluminium alloy cathode plate should not exceed

that obtained by grinding with silicon carbide paper No. 800 grits.



