






































41.

received detailed consideration. Possibly the
first investigation which considered the practical
aspects of cell operation and the cost of effluent
treatment was that of Bennion and Newman (20).
Incoming flow to their apparatus was split: 99 per
cent was directed to the cathode compartment for
metal removal and one per cent to the anode com-
partment from which a concentrated (0,74M CuS0,)
solution was obtained by anodic dissolution. Two
beds, each constructed of graphite chips, served
alternately as anode and cathode. In the packed bed
cathode the copper concentration of the incoming
solution was reduced from about 600 parts per
million to as little as 0,55 parts per million.
Operation was at pH 2,5 - 2,6 and the electrolyte
conductivity was maintained in the range 0,16 - 0,19
mhos per centimetre by means of 0,8 molar sodium
sulphate supporting electrolyte. The flow velocity
through the cell was very low, the Reynolds number
for thezcatholyte flow being of the order of

N |

Extremely low copper concentrations have been
obtained in the treatment of distillation plant
brines (21) containing up to fifty grams per litre
of sodium chloride. In a cell containing a bed of
copper turnings, one square foot in c¢ross section
and six inches deep, copper concentrations were
reduced from 1,5 parts per million to Tess than
0,2 parts per miliion in flowing streams of up to
10 000 gallons per day. When even more dilute
feeds were treated copper concentrations of as low
as 0,012 parts per million were achieved.

The development of an industrial cell for wastewater
treatment, in which the cathode surface is formed
from a fluf“y stainless steel inesh, has also

recently been announced (23, 78). Over eighty

per cent removal at fifty per cent current efficiency
is claimed for inlet streams containinc 10 - 100
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FIGURE 2.7. POROUS ELECTRODE REPRESENTATION
USED IN THE MATHEMATICAL MODEL.

The following restrictions and assumptions apply:

(a) The porous matrix can be described, without reference
to exact geometric details, by its porosity (&),
surface area per unit volume (a) and volume average
conductivity (o) which remain constant in time.

(b) The electrode is isothermal, isotropic and no
appreciable structural changes occur during operation.

(¢c) Thc hydrodynamics are characterised by the
surzrficial flow velocity and an average mass
transfer coefficient. Deviations from plug flow
by axial diffusion and dispersion are negligible.

(d) The electrolyte is sufficieni:'y dilute that the
transcort properties are consiant and activities

may be repiacsd by corcentrations.
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46.

Density variations in the electrolyte due to
concentration changes are negligible.

Operation is at steady state.

The flcwrate of electrolyte through the electrode
is sufficiently high for turbulence to destroy

any concentration gradients in the direction of
current flow. Furthermore, the length of electrode
in the direction of solution flow is sufficiently
small for concentration differences in this
direction to be averaged and the entire electrode
to be taken as operating at this average
concentration.

The conductivity of both the matrix and pore-
solution phases is uniform. The conductivity of
the solid matrix is very much greater than that
of the electrolyte.

A principal electrode reaction occurs with
current efficiency t. The rate of this
reaction may be subject to mass transfer
limitations.

An unspecified number of simultaneous side
reactions may take place. The rates of these
reactions may be described by conventional
electrochemical kinetics and may be subject
to mass transfer limitations.

If gas evolution occurs in the side reaction
the gas either remains in solution or, if
bubbles are evolved, the velocity distribution,
interfacial area and void volume are not
significantly affected.

The assumption of electroneutrality
(equation [2.29 ) holds for the electrolyte
throughout the electrode.
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49,

k, which is directly proportional to the

L
mass transfer coefficient. Solution and bed
conductivities, as well as the specific
interfacial area of the bed are lumped into
the constant b.

The two expressions within brackets correspond
to the partial current densities for the main
and side reactions. The sum yields the Tlocal
current density within the packed bed electrode.
The second of the two expressions, which

applies to the main reaction, can take on limiting
values which describe both the exponential and
limiting current sections of the typical
polairisation curve given in Figure 2.3. In

the case where mass transfer resistance in the
main reaction becomes negligible (kfa-w)

the limiting value is given by

81n 81n
Lim KK 3 T [2.41]
kil ke 81N oR,ref €p \of '
L L“R,ref "1 ’

and normal Tafel kinetics apply. When mass
transfer limitations become controlling the
limiting value at high cathodic overpotentials
(n--=) is given by

) B[ﬂ
kl‘LcRe
Lim gin

e Csver * a8

= - nF kCp [2.42]

which is simply the magnitude of the limiting
cathodic current density.



50.

As may be seen from Figure 2.7 the entire
electrode current is carried by the solution
phase at the face of the electrode which forms
the free solution interface. Within the
electrode the current is partitioned between

the matrix and solution phases and at the face
immediately adjacent to the current feeder the
entire electrode current is carried by the matrix
phase. The boundary conditions on equation
[2.34] are thus

BE - WOl (3 a‘; = _K- [2.43]
e Ll 8 g
At x =L o Sl .o [2.44]

where 1 (A/cmz) is the superficial current
density for the current feeder, given by dividing
the total electrode current by the current feeder
area. The zero approximation at x = L comes
about as the result of the large matrix
conductivities which are generally applicable

and which result in a negligible potential
gradient within the matrix phase.

The model equations and the boundary conditions
may also be expressed in terms of the
dimensionless length X = X/ as follows:

¢ T ki et [2.45]

X Bin
klcn.ref kie

2
where B = L b [2.46]
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