Mass Transfer Condiions in an Electrochemical Cell
In the Presence of Turbulence Promoters
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The presence of turbulence promoters in an electrg- to measure the local current densities. They also proposed a
chemical cell increases the intensity of local turbulence, generalized correlation.
which enhances the limiting current density and, conse-  Storck and Hutifnoted the improvement in copper recov-
guently, mass transfer coefficients. The regularity of ery in an electrochemical reactor provided with turbulence
their geometrical configuration induces a pseudo-unifor{ promoters. The results showed that the limit of one ppm could
mity of the spatial distribution of local transfer coeffi- | be obtained quite easily under usual operating conditions,
cients. Limiting current data were obtained at point| using a parallelopedic channel, 1000 x 50 x 10 mm, with
electrodes fixed on the cathode support plate for the copper cathode of 18.5 x 3.0 cm and cylindrical promoters of
system: CuSQ-H,SO,. The improvements in mass transy 8 mm dia. and spacing of 50 mm. They suggested an experi-
fer coefficients resulting from the presence of turbulence mental model cylinder for obtaining momentum and mass
promoters is assessed. The effect of flow rate, promotertransfer. Dudukovic and Djurdjeviased discs and spheres
height and promoter spacing on mass transfer coefficient in their mass transfer studies and obtained 60-80 percent
has been studied. The average mass transfer coefficignincrease in mass transfer coefficients.
was derived from the experimental data and correlated t Venkateswarlt? used coaxially placed discs on a rod as
various operating conditions by the equation: turbulence promoters for ionic mass transfer. He observed a
4 to 12-fold increase in mass transfer coefficients because of
the presence of promoters. Sujadtiabtained mass transfer
and pressure drop data using twisted tapes, both in the
There is continual effort to increase mass transfer for eadsence and presence of fluidized solids. Watditained a
nomical operation and increased output. A few investiggeneralized correlation in the presence of plate-type promot-
tors-® have studied augmentation of ionic mass transfer ra&s in the range of Reynolds numbers, 1000 to 6000, yielding
by introducing turbulence promoters in the flow paths of{tlzm equation as follows:
electrolytes and have reported encouraging results.
Investigations of the effect of cylindrical turbulence pro- Sh = 4.01 Re%g*2 Q)
moters and mesh-type eddy promoters on local and momen-
tum transfer were reported by Storck and Hétieitz and| where Sh, Re and Sc are Sherwood, Reynolds and Schmidt
Marincic® inserted rectangular, triangular and circular grawumbers, respectively.
moters near the wall of a parallelepiped electrochemical celHigher current density can be used in the tanks because of
and identified the best type of promoter, based on local ahé presence of promoters. Increase of current density in-
overall mass transfer data. creases the current efficiency, the production rate and re-
In the current study, an attempt is made to determing¢ theces required building area and inventory. Higher mass
level of augmentation in terms of mass transfer coefficientansfer coefficients can be activated by operating the cell at
as aresult of the presence of promoters, by choosing a systemparatively low flow rates by employing turbulence pro-
nearly like that of a copper refining process. The variaplamters. The associated fluid friction and increased power
covered are (i) flow rate of the electrolyte, (ii) height of thiess from the presence of promoter elements can be offset by
turbulence promoters, (iii) spacing of the promoters and| (imcreased rates of mass transfer, reduced equipment size and
positioning of the electrodes. quality of the deposit.

J, = C Re®¥ (S/H)°15

Literature Review Experimental  Procedure

The growing interest in electrolytic production of copper hadateria

led to a number of significant advances in both refining |akdhalytical reagent-grade copper sulfate and sulfuric acid

winning processes. The major techniques adopted for achierere used in this investigation. The electrolyte was prepared

ing improved mass transfer conditions are (i) increasibyg dissolving cupric sulfate in distilled water.

electrolyte circulation rate, (ii) using extended area cathpdes

(packed bed and fluidized bed cathodes) and placing eddgparatus

promoters. Several authors have developed model equatiarierglass-reinforced plastic electrolytic cell with dimen-

in presence of promotetd? sions of 0.594 x 0.19 x 0.23 m, and geometrically propor-
The effects of cylindrical promoters and mesh-type prtienalto the industrial copper electrorefining cell of Hindustan

moters on mass transfer and pressure drop in the elec@opper Ltd., Ghatsila, Bihar, India, was used. The cell was

chemical cell were reviewed by Sonin and Isaaé¢$@&torck | provided with an inlet of 0.027 m and three outlets, each

and Coeurétfurther studied the mass and momentum tran8:015 m in dia. at a spacing of 0.045 m at the exit end of the

fer in the channel cell, using a potassium ferro-ferricyanidell. A rectangular perspex plate of 0.005 m thickness, length

system. Leitzt al® used turbulence promoters in the flyid.18 m and width of 0.15 m, on which point electrodes of

flow to enhance mass transfer. An instrument was develp@e@05 m dia. were mounted flush with its surface, served as
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Fig. 1—Cathode support plate (dimensions in mm).

a cathode support plate and were placed 0.275 m fron
entrance end. A pure copper sheet anode, 0.18m x 0
0.002 m was placed 0.05 m from the exit end of the ce
copper rod 0.003 m dia. x 0.05 m length immersed in co
sulfate solution, having the composition of the bulk elec
lyte, served as a reference electrode. A metering pump
used for circulating the electrolyte in the cell. Rectang
promoters of 0.175 m in width and 0.01 to 0.07 m in he
were placed at the bottom of the cell with a spacing of 0
to 0.30 m. A potentiostat, programmer and X-Y recor
were used for the limiting current measurements. The |
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N ffee 2—Improvements in overall coefficients in absence of promoters in
1fgreed convection vs. natural convection.

I A

pipEsults & Discussion

trdhe results presented are based on the limiting current mea-
waements obtained at point copper electrodes placed on a
Ilperspex plate vertically suspended in the electrolytic cell, on
ghvhich electrodes are fixed flush with the surface. This sup-
Of@ért plate can be construed to be analogous to the cathode
detate of a refining cell where the metal deposition occurs. The
bedectrochemical reaction taking place at the point electrodes

tion of the electrodes on the inert cathode support platésigiven by

shown in Fig. 1.

Flow Procedure
The electrolyte from the recirculation tank was pumped
the metering pump to the overhead tank from which it is
to the cell. Limiting current measurements were mad
point copper electrodes for the reduction of cupric ion.
method of obtaining the limiting current is reported el
where!
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Fig. 3—Plot of overall limiting current density vs. flow rate at column

Cu?+2e - Cu 2

e mass transfer coefficient is calculated as reported ear-
fédr®and physical properties of the electrolyte are taken from
e the literature®

TheThe flow conditions in the electrolytic cell can be approxi-
senated as open channel flow. The turbulence promoters placed
at the bottom cause secondary flows locally and propagate
upwards through the electrolyte. The cathode support plate
and anode plate act on two cross-flow elements, causing
considerable blockage to the flow of the electrolyte. The flow
patterns developed are likely to cause vigorous mixing in the
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1Fig. 4—Effect of propmoter height on overall coefficients at S = 0.075 m.

2 and 3 of CSP.
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Fig. 5—Effect of promoter height on average central coefficient.

cell, resulting in favorable hydrodynamic conditions in

10

Sm
0.075

¢ QeTS
0.075

=]

el d

1.0

0.1
W 10% misec

Fig. 6—Effect of promoter height on average coefficient of columns 2 and 3.

he. Average of local values of limiting current densities/mass

vicinity of the electrodes, with consequential augmentation transfer coefficients at electrodes of columns 2 and 3

in mass transfer coefficients.

In this study, the effects of (i) flow rate of the electroly
(ii) height of the promoter (H), and (iii) spacing between
promoters (S), on limiting current density and thus on
mass transfer coefficients have been considered. The
trodes on the cathode support plate were placed column
in five rows and numbered from 1 to 15. Limiting curre
computed at columns (1, 2 & 3) against the height of
electrodes are listed in the table. In view of the fluctua

taken together (electrodes 6-15)—herein termed as “aver-
te, age coefficient of columns 2 and 3.”
the
tifect of Flow Rate
eld@th increase of electrolytic circulation, limiting current
‘wisasity increases and, consequently, mass transfer coeffi-
ntsients. The improvements in mass transfer coefficients in
tharced convection in the absence of promoters compared to
tingem in natural convection are shown in Fig. 2, where the

values of limiting current density because of flow interactidncrease is by as much as a factor of 2.75.

and narrow variations in their values, it is felt that a sim

arithmetic average of the local values obtained at indivi

electrodes should be sufficient for subsequent analyse
The experimental data at electrodes on the cathode su
plate are then categorized as follows:

a. Average of local values of limiting current densities/m

transfer coefficients at all electrodes on the CSP— he

termed as “overall coefficient.”

. Average of local values of limiting current densities/m
transfer coefficients at all electrodes in column 1 (e
trodes 1-5)—herein termed as “average central co
cient.”
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Fig. 7—Effect of promoter spacing on average central coefficient.

ple Average values of the limiting current densities for the
juedectrodes of central columns and outer columns are plotted
5.against flow rate for two cases of promoters (S = 0.30 m,
pport0.01 m; and S = 0.15 m; H = 0.03 m) and shown in Fig.
3. The plots show that the average limiting current density at
column (1) were found to be consistently higher. The limiting
assrrent density values for the other two cases of electrodes of
reislumns 2 and 3 were found to be almost the same.

agdfect of Promoter Height

eWariation in the overall coefficient with height is shown in
effiig. 4 via the plots of data with different heights (H = 0.01,
0.03and 0.07 m) ata spacing S of 0.075 m. The data show that
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Fig. 8—Effect of promoter spacing on average coefficient of columns 2 and 3.
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Limitng  Currents at Cathode Support Plate
Limiting Currents
S. No. Height from Central column Column 2 Column 3

bottom, cm Ax1C Ax 10 Ax 10

1 7.3 9.0 8.0 8.0

2 9.8 11.0 8.5 8.5

3 12.3 8.0 8.5 8.5

4 14.8 11.0 8.5 8.5

5 17.3 115 9.0 9.0

Electrolyte circulation rate: 38.33 x-1@n*/sec
Concentration of copper in electrolyte: ©.1067 kg mol/rh

overall coefficients increase with increase in the height o

promoter and that the increase is as much as 60 percent|i

range of height covered. Increase in the height of the pro
ers obstructs the flow at the bottom of the cell, altering
flow pattern. This obstruction affects the local velocities
increases the mass transfer coefficients. Similar trends
also obtained from the plots of mass transfer coefficient
height for the average coefficient of columns 2 and 3
average central coefficient data (Figs. 5 and 6).

Effect of Promoter Spacing
The data on the average mass transfer coefficients are §
for three spacings of the promoters of a given height, H =
m, for the average central coefficient and the average cg

cients of columns 2 and 3 in Figs. 7 and 8. It can be seen th:

the average coefficients are found to vary inversely
promoter spacing. For lower spacing, the combined effe
the ripple flow and axial flow causes turbulence, resultin
higher coefficients.

Data Correlation
It was found that the average mass transfer coefficie
proportional to H and inversely proportional to S; therefg
a geometric parameter (S/H) is taken into considerat
Mass transfer correlations for the data with homogene
flow of electrolyte in circular conduits in the presence
promoters are generally correlated by théadtor with Re.
The Reynolds number is defined using the hydraulic m
diameter, D=4 x cross sectional area/wetted perimeter.
constant C is evaluated by subjecting the experimental ¢
all coefficient data to regression analysis, which yields
following equation. For average central coefficients,

®)

Average deviation = 6.2 percent, Standard Deviation = 7
For the average coefficients of columns 2 and 3,

1 = 424 REF(SIH)* >

J, = 371 RE#(S/H)O 4)
Average deviation = 7.47 percent, Standard Deviation =1
The data are plotted in accordance with Egs. (3 and 4
shown in Figs. 9 and 10, respectively.

From the above equations, it is found that the expone
value of the dimensionless group, Re, is the same in
cases. Similarly, the exponential values of (S/H) is alsg
same in both cases. Comparison of the equations show
the average central coefficients are higher by 14 percent
the average coefficients of columns 2 and 3.
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Fig. 9—Correlation plot of average central coefficient data in accordance
with Eqg. (4).
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Fig. 10—Correlation plot of average coefficient of columns 2 and 3 in
accordance with Eq. (4).

Findings

DDP6The average mass transfer coefficients at electrodes lo-

anctated at the center and columns 2 and 3 increase with
increase of electrolyte flow rate.

nal The magnitude of augmentation in forced convection

bothflow with natural convection is about 2.75 fold.
tBe The mass transfer coefficients increase with increase of

s thaggromoter height and decrease with promoter spacing.

o¥efThe mass transfer data are correlated by the equation
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Editor's note: Manuscript received, May 1996; revisid
received, November 1997.
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Nomenclature
D.,—Equivalent diameter of the electrolytic cell 4 W
(W+2h), m
D,—Diffusion coefficient of the electrolyte, ¥sec
g —Acceleration of gravity, m/séc
h —Height of the electrolyte in the cell, m
H—Height of the promoter, m
J,—Mass transfer factor, KV - S¢&”?
K,—Mass transfer coefficient, m/sec
R,—Reynolds number, V - Iy
S —Spacing of the promoters, m
Sc—Schmidt numbew/D,
Sh—Sherwood number, k D/D,
V —Velocity of the electrolytes, m/sec
v —Kinematic viscosity of the solution,¥sec
W —Width of the electrolytic cell, m
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