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1 Introduction

A number of papers in the literature report
work both on the modelling of [1—7] and
applications of [8—10] fluidized bed elec-
trodes. Potential industrial uses of the elec-
trode at the moment centre around the
recovery of copper from dilute solutions and
it is generally considered that future appli-
cations will be for electrochemical reactions
subject to mass transfer control. Bearing
this in mind, it would be useful to examine
the possibility of applying established mass
transfer correlations to the preliminary
design and siting of electrodes.

2. Analysis

For a fluidized bed operating under
conditions of mass transfer control at a
steady state, Fleischmann et al. [4,6]

have presented the following equation to
describe the concentration variation of the
reacting species:

udce

dx ¢ 5
where u is the electrolyte velocity in the x
direction through the bed, ¢ the voidage,
A the electrode area per unit volume and D
and 8 have their usual significance.

Since D and 8 have purely formal signifi-
cance in this context, the ratio D/§ will be
replaced by the mass transfer coefficient &
and integration of Equation 1 for a bed of
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length x gives
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where ¢, is the inlet concentration.
The local current density under limiting
conditions is

i = nFkc 3)

Substituting Equation 3 into Equation 2 and
integrating over an electrode length L gives

the total current 7 as
—ekAL
u

Data obtained from mass transfer studies in
liquid fluidized beds have been satisfactorily
correlated by semi-empirical equations having
the form [11]:
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where m; is a numerical constant, d the
particle diameter and Sc the Schmidt number
(=v/D).

Incorporating Equation 5 into Equation 4
and rearranging
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For a static bed of length L, and voidage €,
it is easy to show that, when fluidized to a
working length L and voidage e,
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where v is the fractional expansion of the bed
(L - Lo)/Lo .

Similarly the electrode area per unit volume
under static conditions 4, relates to 4 by

(1—¢) __4o
(1—e) @I+7)

Equation 6 can now be modified to include the
experimentally measurable quantities 7y and €,
so that

1 L
o8 ( nFcou) s+ 7)3'2,(9)

where m;, is another constant equal to

my @/d)° [(1 — 0)4/2:303] (0Sc3).
Thus a plot of fluidized bed experimental
data in the form of Equation 9 subject to
the limits on L and 7. discussed by Backhurst
et al. [12] should yield a straight line.

A = Ao ®)

3. Application and discussion

The most readily available data for a test of
Equation 9 are those obtained by Fleischmann
{6] for oxygen reduction in an alkaline elec-
trolyte on silver coated particles and shown
in Fig. 7 of that paper.

Fig. 1 presents the above data, covering 5,
10, and 25% expansions of static beds of
approximate lengths 4 mm to 25 mm, with
€p = 0-42and 4, = 6500m™, as a plot
of log (1 — I/nFeou) against L/zﬂ (1 +v)¥2;
a reasonably good straight line is obtained.
The three points which deviate most from
the straight line are those for a static bed
25 mm long. This supports the observations
of Backhurst er al. [12] concerning the
maximum effective length of a copper
electrode. Under the above conditions,

D= 142X10°m?s',»v = 095X 107°
m?s'andd = 485 um (average), so that
from the slope of Fig. 1, m; = 1-52, giving
the empirical mass transfer relationship for
the system as:
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(10)

The assumption that & is proportional to ui in
Equation 10 is admittedly rather tenuous for the

range of Reynolds numbers covered by Fleischmann’s

data (2 <ud/v <7). These are definitely outsjde
the Stokes flow region (Re < 1) where £ « u3 but
lower than that for the usual correlations [11]
which are quoted mostly for Re > 20. Data corre-
sponding to fluidized electrode conditions are very
fragmentary although an empirical correlation due
to Chu [13] for | <Re/1—e<30is

( S)Scﬁ 57 (Ree)—'o‘“ (11)

—-f
o]

log (1 =IInFCou)

=1
~

L
(o2 02 o3

{m'2 52}

Y S
2 (14y)32

Fig. 1. Plot of data from [6],u = 532 mm s~ (5%
expansion) (); u = 8-85 mm s™! (10% expansion) (0);
u =142 mms™' [25% expansion (4)].

For Re = 5 and € = 0-5, differences in k values
according to Equations 10 and 11 are less than 4%,
indicating good agreement in this instance between
electrochemical and non-electrochemical mass
transfer.

It is not possible to make further effective
comparison with published experimental work.
Data on a copper bed [7] are not sufficiently
detailed although % is quoted as about 1-4 X 107
ms ! with u = 28 mms™ ford ~ 460 um.
Approximate calculations of ¥ from Equation 10
gives k ranging between 1-05 X 107 ms™! to
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144 X 107% ms™ fory=0-25and y =0
respectively, again indicating quite good
agreement with Equation 10. A result quoted
by Goodridge and Ismail [1] for the oxidation
of ferrocyanide ions on platinised beads is an
order of magnitude lower than the prediction
of Equation 10, however their data in the
absence of the bed also appear to be low in
comparison with data on that system with
nickel electrodes [14].

It appears reasonable to suggest that for
copper deposition when the electrode surface
is renewed in a high state of purity and for
silver, where any oxide films, if present, would
be highly conducting [15], a straightforward
mass transfer equation allows a uyseful approach
to cell design. Obviously much more data are
desirable to rigorously test the general validity
of Equation 10.
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