Aspects of the Development of a New Copper
Electrowinning Cell based on Reactive Electrodialysis

L. Cifuentes!, R. Glasner!, G. Crisdstomo?, J. M. Casas’
and J. Simpson®

! Depto. Ingenieria de Minas, Universidad de Chile,
Tupper 2069, Santiago, Chile

2 Depto. Ingenieria Quimica Universidad de Chile,
Beauchef 861, Santiago, Chile

% Depto. Ingenieria Metal Grgica, Universidad de
Santiago, Av. B. O'Higgins 3363 Santiago, Chile

Several authors have discussed the limitations of
conventional copper eledrowinning (EW) cdls (e.g.
Kammel, 1982 Gupta & Mukherjeg 1990): a) low mass
transfer rates due to low eledrolyte flowrates, which
have limited the cdl current density to values below 360
A/m? b) low spedfic cahode surface aea(m?/kg),
which aso limits the copper deposition rate; ) high
energy requirements (about 2kwWh per kg of deposited
copper) caused by an anodic readion

(2H,0 - O,+4H" + 4 ¢€) which exhibits both a high
equili brium potential and a high anodic overpatential,
resultingina2 V cdl voltage; d) an anodic readion
which produces add mist, causing environmental
problems.

In order to overcome these limitations, various
proposals have been made: @) new cdl designsto allow
for eledrolyte aitation; b) particulate cahodesto
increase the spedfic cahode surface aeg c) alternative
anodic reacions, with lesspasitive equilibrium potentials
and which do not produce aéd mist; d) alternative anodic
materialsto deaease the anodic overpotential. As aresult
of these propasals, a number of attempts have been made
to develop new cdls. Kammel, 1982, has considered 12
alternative cdl designs and panted out that the most
promising ones are the particulate bed cdl and the
fluidized bed cdl. In spite of al the work that has been
caried out, thereisat present only one industrial
operation implementing a particulate bed cdl for the
processng of dilute dedrolytes, which pointsto the need
for further work in thisarea

The sustitution of an alternative anodic readion
has been studied (e.g. Das, 1996. The one which has
shown more promise is the ferrous to ferric ion oxidation
(Fe* = Fe** + e) whose standard eledrode potential is
about 0.46 V lessthan the water decompaositi on potential.

One way of using the ferrous/ferric anodic
readion while avoiding adeaease in cahode arrent
efficiency due to ferric ion reduction, isto separate the
anolyte from the cdolyte. The separation and
concentration of charged spedesin solution by using
membranesin an eledric field is cdled eledrodialysis
(ED) (Strathmann, 1995. When the separation is carried
out in order to olktain a product at an eledrode, the
technique is cdled readive dectrodialysis (RED, also
known as 'eledro-eledrodialysis, Audinos, 1992.

This work aims to contribute to the devel opment
of a mpper EW cdl which overcomes the main
limitations of conventional technology. The
eledrochemicd kinetics of the ferrous/ferric readion was
charaderized on various anodic materials: lead shed,
platinum shed, graphite rod, Pt (as a surfacelayer on Ti
mesh), RuO, (on Ti) and IrO, (on Ti) by means of
potentiodynamic sweeps. Results for the limiting c.d. of
the anodic readion and the starting potentia for O,
evolution are presented in Table 1.

The ferrous/ferric reaction on Pb exhibits a very
low exchange current density even at high overpatentials,
therefore, Pb is not a suitable anodic material for this
readion. In the RED cdl which usesthe ferrous/ferric
readion and catalytic anodes, the graphite anode dfords
adegreeof eledrocaalysiswhich is smilar to that of
more expensive materials.

The cdl voltage for the Fe*'/Fe* readion was
measured for various anode materials at constant cell
current density. Results arein Table 2 and show that the
cdl voltage islower by 30-60% than those obtained in
conventional copper EW cdls. The anodic materials, in
deaeasing order of performance, are: Pt > Pt/Ti >
RuO,/Ti OIrO,/Ti Ographite.

The separation of Fe and Cu spedesin the RED
cdl isadchieved by means of anion membranes. Cuions
areretained in the caholyte, where they are dedro-
depasited on copper shee or copper mesh cahodes.
Results for cdl voltage depending on membrane type
('low' and 'high' selectivity) and number are shown in
Table 3, where A = anolyte and C = catholyte. It isclea
that both the number of membranes used and their
seledivity influencethe cdl voltage and also the cdion
separation efficiency.
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Tables

Table 1 Kinetics of the Fe** /Fe* reaction
Material i, A/m? Eat, V

Pt 290 18

RUO,/Ti 260 17

IrO,/Ti 330 17
Graphite 290 15

Led <10 17

Table2 Céll voltages, RED cdll (V)
icar, AIM? 200 250 400
Material

Pt 097 123 172

PUTI 107 129 188
RUO,/Ti 117 135 192
IrO,/Ti 118 138 202
Graphite 119 140 204
Table3 Anion membrane performance
System Vedl,V  Cu(A),% Fe(C),%
1llow sdl. 0.93 0.30 0.45
2 low sdl. 1.04 0.12 0.23
1 high sdl. 0.91 0.08 0.12
2 high. sdl. 0.99 0.02 0.03



