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was added to the solution. The effects on the nickel removal efficiency
of the nickel concentration, electrode current, catholyte flowrate and
catholyte pH were investigated. Nickel concentrations of less than one
part per million were obtained at acceptable current efficiencies from
solutions having starting concentrations of approximately one hundred
parts per million.

Good correspondence is obtained between the experimental and theoretical
results for both nickel and copper removal. The fitted values of the
electrochemical kinetic parameters for copper removal are in very good
agreement with values reported in the literature. The best fit of the
nickel results, on the other hand, is obtained with a value for the
Tafel slope for the side reaction which is far different from reported
literature values appropriate to the simple side reaction process of
hydrogen evolution.

It is shown by means of independent experiments at « rotating disc
electrode that oxygen, present as a dissolved impurity in the experi-
mental solution, takes part in additional side reactions. The complex
side reaction processes may nevertheless be lumped into a single

overall side reaction, which may be described with an adequate deqree of
engineering accuracy over the irange of experimental conditions of this
investigation by Tafel-type electrochemical kinetics. The range of the
experimentally determined apparant kinetic parameters for the overall
side reaction determined at the rotating disc electrode brackets the
values fitted to the model, thus further confirming the engineering
validity of the mathematical model, as already demonstrated by “he
accuracy of the model fit to the results for copper removal. The results
of this investigation clearly underline the need for the incorporation

of experimentally determined electrochemical kinetic parameters into the
design of industrial electrochemical reactors, for which impurity effects
may be significant, in preference to literature values determined in
ultrapure solutions.

The performance of a complete system, incorporating a packed bed electro-
chemical reactor through which a dilute solution of nigkel sulphate is
continuously recirculated, is also examined. The predictions of a simple
modei agree well with actual experimental results and illustrate how the
one dimensional model for suitiple reactions in a porous electrode may

be applied to the design of systems for metal removal.
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NOMENCLATURE

Area of current feeder = membrane area. (sz)

Specific interfacial area, (an-l)

Constant in Tafel equation [2.16]. (wvolts)

Activity of species i

Constant in porous e]ectrodezequation wrigten for
dimensioniess length, B =L b, (ohms cm )

Constant in porous electrode equation, b = a(}-+ %). (ohms )
Tafel slope in Tafel equation [2.16]. (volts)
Concentration, (ppm)

Double layer capacity,

Capacity of the diffuse double layer.

Concentration in molar units. (mo]es/cmagr moles/z)

Mean concentration of flowing solution or Bulk concentration.
Concentrations of nickel and hydrogen ions at the

cell inlet. (moles/1)

Concentrations of nickel and hydrogen ions at the
cell outlet. (mnles/1) 4

Diffusion coefficient. (cm /sec)

Equivalent average particle diameter. (am)

Membrane thickness. (am)

Potential. (volts)

Standard electrode potential. (volts)
Electronic charge.

Faradays constant. (96487 coulombs/equivalent)
Function defined by equation [B.Zg].
Superficial mass flowrate. (g/cm sec)

Function defined by G(X) = P02+ 2B [y(n)-v(ny)]
Current. (A)

Partial current for production of species 1 in reaction
i (A)

Superficial current density. (A/cmz)

2
Exchange current density. (A/cm )
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Kinetic parameter for the side reaction in the porous electrode
equation, defined by equation [2.40]. (volts 1)

Exponent in the equation for the composition dependence of the
exchange current density, defined by equation [B.16].
Diffusion layer thickness. (cm)

Packed bed void fraction.

Small dimensionless distance

Zeta potential. (volts)

Z=ta potential at the equilibrium potential, E°. (volts)
Overpotential. (volts)

Local overpotential, $,~¢,+ (volts)

Charge transfer overpotential. (volts)

Reaction overpotential. (volts)

Crystallisation overpotential. (volts)

Diffusion overpotential.(volts)

Surface overpotential for reaction j, defined by
”sj=¢1'°2'ujw‘ (volts)

Local overpotential measured at the free solution interface
of the packed bed electrode. (volts)

Local overpotential measured at the current feeder. (volts)
Local overpotential within the packed bed electrode at the
point X=1-¢ . (volts)

Specific conductivity of the solution phase. (mho/cm)
Effective specific conductivity of the solution phase. (mho/cm)
Ionic equivalent conductance, (mho/cm?equiv)

Viscosity. (g/cm sec)

Stoichiometric coefficient of component i in reaction j.
Current efficiency for the production or consumption of
species i.

Density. (g/on3)

Density. (kg/cm?)

Specific conductivity of the natrix phase.(mho/cm)

Effective specific conductivity of the matrix phase. (mho/cm)
Potential. (volts)

Electrostatic potential in the matrix phase. (volts)
Quasi-electrostatic potential in the solution phase. (volts)
Shape factor for non-spherical particies.

Function defined by equation [B.30].

Angular velocity (radians/sec )






1

INTRODUCTION

1

o1

Heavy Metal Pollution - the Background to the Problem

The harmful effects of heavy metals on human and animal life
have been known for a very long time : for instance, lead
poisoning was probably first recognised by Hippocrates (370 BC)
and mercurialism was described in AD 29 by Pliny in his
writings on the diseases of slaves (1).

It is only in recent years, however, that public concern,
spurred by such incidents as outbreaks since the early 1950's
of minamata disease (the deformation of the foetus in the
womb due to mercury absorved by the mother), has led to the
introduction of strict legislative standards governing
exposure to heavy metals and the discharge of effluents
containing these metals.

Such effluents are produced by a broad spectrum of sources
which include the metal refining, metal plating, tanning,
chlor-alkali, anodising and automotive industries. The
wastes contain a wide range of metal ions including arsenic,
antimony, cadmium, chromium, copper, lead, anganese, mercury,
silver, selenuim and zinc. Electroplating effluerts can also
contain additional quantities of extremely toxic cyanide
compounds. The magnitude of the problem may be gauged by
the fact that it is estimated that at least 10 000 tons of
copper are discarded in electroplating rinse waters in the
U.K. annually (2) and in the United States the value of
nickel and chromium lost in plating wastes has been con-
servatively estimated at 50-60 million dollars per year (3).
In 1973 losses of chromium and nickel in the Johannesburg
municipal area alone were estimated to cost a quarter of a
million rands (4).

Toxic effects have been observed at very low intake
leveis and a representitive set of figures is given in
Table 1.1(4,5). This toxicity poses further problems during
the treatment in conventional sewage works of effluents
containing these metals since, above certain threshoid
concentrations given in Table 1.2 (5), the metals can



Author Dardis K A
Name of thesis Deposition of Copper and Nickel from dilute solutions in packed bed electrolytic cells 1981

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.





