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Abstract

To investigate the rate-determining step of nickel, cobalt and copper electrowinning, experiments were conducted by varying
the electrolyte temperature and agitation speed using a rotating disc electrode. Analyzing the rate-determining step by
calculating the activation energy in the electrowinning process, it was found that nickel electrowinning is controlled by a mixed
mechanism (partly by chemical reaction and partly by mass transport), cobalt is controlled by chemical reaction, and copper is
controlled by mass transfer. Electrowinning of nickel, cobalt and copper was performed by varying the electrolyte temperature
and agitation speed, and the comparison of the current efficiencies was used the determine the rate-determining step.
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Table 1. Concentration of chemical reagents in electrowinning electrolyte

Ni electrowinning

Co electrowinning Cu electrowinning

Metal source 1.2 M NiSO, - 6H,0O

1.7 CoSOy - 6H,O 1 M CuSOy - 5H,O

pH 3 3.5 0.2

Buffer solution 0.5 M H;BO;s 0.5 M H;BOs -

Current Density 30, 50, 70, 90 mA/cm’ 30, 50, 70, 90 mA/cm? 50, 100, 150, 200 mA/cm®
Temperature 40, 50, 60 °C
Puddle Speed 30, 60, 90 rpm
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Fig. 1. The schematic diagram of (a) RDE system and (b)
electrowinning process.
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k = Chemical reaction rate

A = Pre-exponetial factor

E. = Activation energy

R = The gas Constant (1.987 cal * mol™" + K™)

T = Temperature in Kelvin
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Fig. 2. RDE test results in nickel electrowinning process:
(a) Variations of electrowinning rates of nickel as
function of temperature at 2.85 V and 400 rpm, (b)
Arrhenius plots for electrowinning of nickel.
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Fig. 3. Evaluation of the effect of nickel electrowinning on
process factors: (a) Current efficiency of nickel elec-
trowinning as function of temperature of the electro-
lyte, (b) Current efficiency of nickel electrowinning
as function of paddle agitation speed, (c) Current
efficiency of nickel electrowinning as function of
applied current density.
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Fig. 4. RDE test results in cobalt electrowinning process:
(a) Variations of electrowinning rates of cobalt as
function of temperature at 2.5 V and 400 rpm, (b)

Arrhenius plots for electrowinning of cobalt.
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Fig. 6. RDE test results in copper electrowinning process:
(a) Variations of electrowinning rates of copper as
function of temperature at 2.75 V and 400 rpm, (b)
Arrhenius plots for electrowinning of copper.
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