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The development of multicompartment rotating cylinder electrode reactors for the removal of metal from 
aqueous solutions is described. Such reactors approximate to a cascade of continuously stirred tank 
reactors and the results illustrate that, for electrodeposition of copper powder from acid sulphate 
solutions, high overall conversions (about 98%) may be realised, with low exit metal concentrations 
(about 1 mg dm -3) and reasonable current efficiencies (65-87%). 

Nomenclature 

A 

Cin 
Cout 

Creactor 

fR 
(fR)n 
F 
IL 
Kt, 
m 

M 
n 

N 
Z 

dm/dt 

electroactive surface area (cm 2) 
inlet concentration of metal (mg dm -a) 
outlet concentration of metal 
(mg dm -3) 
reactor concentration of metal 
(mg dm-3) 
fractional conversion 
overall fractional conversion 
Faraday = 96 500 (C mo1-1) 
limiting current (A) 
mass transfer coefficient (cm s -1) 
weight of metal (g) 
molecular weight of metal 
number of reactor elements in the 
cascade 
volumetric flow rate (cm a s -1) 
electron change 
rate of removal of metal (g s- 1) 

1. Introduction 

The Eco-Cell has been developed [1] and patented 
[2, 3] as a compact, high rate, selective electro- 

chemical reactor capable of automatic and con- 
tinuous removal of metal from aqueous solutions. 
Typical applications for the reactor are found in 
hydrometallurgical production of metals, effluent 
treatment [4] and the removal of metal from 
various industrial process solutions. 

The Eco-Cell concept (Fig. 1) comprises a 
rotating cylinder cathode inside a concentric 
cylindrical anode, the electrodes normally being 
separated by a suitably supported ion exchange 
membrane, typically in the form of a cloth. This 
membrane facilitates choice of an anode/anolyte 
system, somewhat independently of the cathode/ 
catholyte, which can serve to prevent mixing of 
the anode and cathode reactants and products. 
This minimizes anode corrosion due to aggresive 
catholyte species. In many cases, oxygen evolution 
is the main anode reaction and hydrogen evolution 
is a secondary cathodic process; the membrane 
then separates a potentially hazardous and incon- 
venient combination of gases. 

Metal is deposited on the circumferential sur- 
face of the cylinder, under mass transport con- 
trol. The resultant dendritic, powdery product is 
continuously dislodged by a scraping mechanism 

* This paper was presented, in part, at the Electrochemical Reaction Engineering Symposium, Southampton University, 
April (1979). 
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Fig. 2. The Eco-Cell as a single stage CSTR with inlet and 
outlet metal concentrations Cin and Cout, and a volu- 
metric flow rate N. 

Fig. 1. Schematic diagram of an Eco-Cell. 1. Anolyte, 2. 
anode, 3. membrane, 4. metal powder deposit, 5. catho- 
lyte, 6. scraping mechanism, 7. rotating cylinder cathode, 
8. insulating end discs. Inlet: metal-containing catholyte 
liquor. Outlet: metal powder fluidized in treated, metal 
depleted liquor. 

and fluidized in the turbulent flow around the 
cylinder, to emerge in the metal ion depleted 
outlet solution. 

Conventional solid-liquid separation processes, 
including settlement, filtration, centrifuging and 
hydrocycloning may then be applied to recover 
the metal for sale or re-use. 

The high mass transport provided by turbulent 
flow around the rough rotating cylinder electrode 
[5] enables reasonably high useful currents and 
recovery rates of metal to be achieved, even from 
dilute solutions [1 ]. The uniform electrode poten- 
tial experienced by the cylinder facilitates con- 
stant potential control resulting in a relatively high 
current efficiency for the selective deposition 
[6, 7] of a metal from solution. 

Due to its inherently high turbulence, the Eco- 
Cell approximates to an electrochemical, continu- 
ously stirred tank reactor (CSTR). The single pass 
cell shown in Fig. 2 operating under mass trans- 
port control will have catholyte terminal metal 
concentrations, Cin and Cout related by the frac- 
tional conversion, fR 

Ci~ - C o ~ t  1 

fR = Cin - 1 1 + K L A / N  (1) 

where KL is the mass transfer coefficient defined 
by 

IL 
KL -- A z F  Creaetor " (2) 

For the CSTR model, the assumption of perfect 
mixing renders the reactor concentration identical 
to Cou t. KL typically lies within the range 0.1 to 
1.0 cm s -1 for practical Eco-Cells, and for given 
electrolyte conditions is dependent upon the 
rotational velocity and diameter of the cylinder 
[11. 

An important characteristic of a highly turbu- 
lent, rotating cylinder electrode reactor (RCER) 
is that the value of the mass transfer coefficient is 
remarkably insensitive to axial flow through the 
reactor, i.e. KL is independent ofN.  K L A / N  may 
be regarded as a scale-up factor; for a given flow 
rate, the reactor conversion may be enhanced by 
increasing KL,A or both. There are obvious 
engineering and cost limitations here, however, 
especially in view of the fact that the rotational 
power requirement for the cylinder increases 
approximately with the cube of the rotational 
velocity. 

2. The concept of a cascade Eco-Celi 

An alternative approach to the realization of a 
high overall conversion is to employ an array of 
reactors in hydraulic series (Fig. 3); such a cascade 
allows a stepwise reduction of the metal concen- 
tration over each reactor element. If the n 
elements in the cascade are identical (which could 
tend to minimize investment costs), and each 
operates under mass transport control (which 
results in maximum duty for given conditions), the 
terminal concentrations are related by the overall 
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Fig. 3. A cascade ofn identical Eco-Cells ifi hydraulic series. 
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Furthermore, in the case of  rotating electrode 
reactors, the possibility occurs of  assembling all 
the reactor elements on a common shaft for 
engineering convenience, minimization of  space, 
and to lower investment and maintenance costs. 
Such an arrangment has been considered for the 
rotor electrodes of  the 'electrochemical pump cell' 
developed at Southampton University [8], and a 
multiplicity of  disc electrodes on a common rotat- 
ing shaft is commonly employed in the photo- 
graphic industry for cathodic recovery of  silver 
from fixing solutions [9, 10], although it must 
be noted that these assemblies do not function 
as cascades. A further possibility, in the case of  
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rotating cylinder reactors, is to employ a single 
extended cylindrical cathode, inside one reactor 
body, and to subdivide this into identical elements 
by means of  regularly spaced internal baffles 
(Fig. 4). 

Division of  the cascade reactor in this manner 
results in a versatile system offering considerable 
scope for alteration of  the number of  compart- 
ments and the extent of  each one. This construc- 
tion will approximate to a series of  CSTRs as long 
as the cylinder rotational velocity is sufficiently 
high (maintaining effective stirring in each 
element), the axial flow rate is not excessive and 
the baffle to cylinder aperture is sufficiently small 
(which discourages bypassing). 

The concept of  an idealized Eco-Cascade-Cell 
operation is illustrated in Table 1, where an inlet 
metal (copper) concentration of  100 mg dm -3 
is reduced stepwise to an outlet concentration of  
1.6 mg dm -3. Here, a conversion fR of  0.5 is 

COUT 

Fig. 4. Practical concept for a 
six-compartment cascade reactor 
with division of the anolyte and 
catholyte. 
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Table 1. Performance o f  hypothetical Eco-Cascade-Cell. Copper deposition under limiting current conditions, with a 
fractl"onal conversion o f  O.5 in each compartment, and a f low rate o f  lOOOcm 3 s-l; Cathode current efficiency 100%. 
Total current 300 A 

Compartment Cin (mgdm -3) Cou t (mgdm -3) AC (mgdm -3) -- dm/d t  (gh -1 ) (fR)n I (A) 
No. 

1 100 50 50 180 0.500 151.88 
2 50 25 25 90 0.750 75.94 
3 25 12.5 12.5 45 0.875 37.97 
4 12.5 6.25 6.25 22.5 0.938 18.99 
5 6.25 3.125 3.125 11.25 0.969 9.49 
6 3.125 1.5625 1.5625 5.625 0.984 4.75 

Overall 100 1.56 98.44 354.375 0.984 300 

assumed, the concentration thus halving over each 
element. I f  the electrolyte flow rate is 1000 cm 3 s -1, 
the individual compartment currents may be cal- 
culated by means of  the following analysis. 

A mass balance over each element yields the 
removal rate of  copper, 

dm 
d t  - l O - 6 N ( C i n - - C ~  (4) 

which will have units gs -1 i f N  is expressed as 
cm 3 s -1 and Cas mgdm -3. The rate of  copper 
removal may be related to the current, I ,  by appli- 
cation of  Faraday's law and the assumption of  
100% current efficiency: 

d m  I M  
- ( 5 )  

d t  z F  " 

For copper, z = 2 and M = 63.54 giving 

dm 
- 3.292 x 10-41. (6) 

dt 

Coupling Equations 4 and 6, 

I = N ( C i n  - -  C~ (7) 
329.2 

Equation 1 shows that in order to attain a 
fractional conversion of  0.5 with a flow rate of  
1000 cm 3 s -1 (as in Table l) the factor K A  must 
equal 1000 cm 3 s -1 , and this must be achieved by 
suitable choice o f  electrode size and rotational 
velocity [ 1 ]. 

It has already been noted that for maximum 
duty, each individual compartment of  the Eco- 
Cascade-Cell should function under limiting 
current conditions. An additional consideration is 

that electrodeposition must be maintained at or 
near the limiting current in order to produce metal 
in powder form [11], rather than as a hard, com- 
pact and adherent electroplate. The latter might 
present removal problems and a lowering of  mass 
transport due to the less favourable hydrodynamics 
and lower electrochemically active surface area. 

The most satisfactory method of  supplying 
electrical power would undoubtedly be achieved 
through a potentiostatic approach, where the 
electrode potential in each compartment could be 
automatically controlled at a preselected value, 
regardless of  metal concentration. This is rather 
impractical, however, as a separate control circuit 
would be necessary for each compartment. More- 
over, each compartment would require its own 
independent, electrically insulated cathode and 
power feed brush, or separate anodes would be 
required in each compartment. 

To overcome these problems, alternative 
approaches have been adopted, utilizing simple, 
moderately priced, constant current transformer/ 
rectifier power supplies. In the case of  divided 
cell reactors (Fig. 4), it has been found possible to 
tailor the anode size, position and effective surface 
area to achieve substantially uniform electrode 
potential in each compartment,  with a suitable 
current profile over the reactor length. This has 
been achieved by modifying the position of  the 
anode along the reactor length, the length of  
anode, and by strategic masking of  the anode. The 
number and nature o f  the variables involved in the 
resultant current density profile here, e.g. anode 
geometry, membrane resistance, intercompart- 
mental current leakage via baffles, anolyte and 



DEVELOPMENT OF THE ECO-CASCADE-CELL REACTOR 303 

G ! 

Fig. 5. Undivided cascade reactor 
with a separate pair of anodes in 
each compartment. Resistances 
R 6 >R  s 2>R 4 >R a >R 2 >R  1. 

catholyte resistance, and effect o f  gas evolution, is 
such that an empirical approach has been adopted, 
guided by experience. For undivided cell reactors 
(Fig. 5), individual anodes have been provided in 
each compartment,  and a suitable resistor network 
has been employed to achieve the desired current 
density profile over the reactor. This second 
approach, while more costly in terms of  power, 
anode material, additional electronic components 
and wiring, results in a versatile reactor, capable o f  
being easily modified to suit different needs. 

3. Experimental development 

Table 2 briefly describes three main stages in the 
development o f  working Eco-Cascade-Cells. The 
first reactor constructed was a laboratory model 
used to examine the general aspects of  the 
operation. Fabrication was largely in acrylic plastic 
for ease o f  assembly and optical transparency. The 
stainless steel cylinder rotated about a horizontal 
axis in a sealed catholyte compartment.  Nine 
removable baffle plates served to divide the 
reactor into ten similar compartments. Provision 

was made in each of  the reactor elements for a 
separate sampling point and a reference electrode 
probe for electrode potential measurement. The 
anolyte compartments were open to the 
atmosphere, and utilized a static head of sodium 
hydroxide, with nickel expanded mesh anodes. 
This construction facilitated trials involving anode 
positioning and masking. A fluorocarbon cloth 
cation exchange membrane separated the catho- 
lyte and anolyte. The catholyte employed con- 
tained copper (typically 100 mg dm -3) in acid 
sulphate (1 N H2SO4) solutions at 60 ~ C (with or 
without organic additions) at a flow rate of  
100 cm 3 s -1 . Table 3 shows four sets of results 
from this reactor using an inlet concentration of  
about 100 mg chn-3 copper being reduced stepwise 
over the ten elements to exit at about 1.0 mg 
dm -3. This corresponds to an overall conversion 
of  more than 0.97. It is interesting to note that the 
outlet concentration was identical to that in the 
ultimate compartment,  in accordance with the 
CSTR model. The overall current efficiency for 
copper was about 68-81% i.e. some hydrogen 
evolution had occurred as a secondary reaction. 

Table 2. Comparison o f  developed Eco-Caseade-Cell reactors. Current ratings are nominal 

Model Current rating (A) n Cylinder details 

Diameter (cm) Length (cm) Rotation Compartment area 
rate (rpm) (cm 2) 

1. Laboratory 100 
2. Commerical 1000 
3. Development/ 500 

commercial 

10 7.6 
12 32.4 
6 30.6 

100 2000 215 
288 860 2036 
100 730 1387 
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Table 4. Data for the i kA commercial cascade reactor 

Compartment No. Copper Fractional 
concentration conversion, f R 
(mg dm -3) 

Inlet 88.8 - 
1 73.8 0.169 
2 52.5 0.289 
3 40.0 0.238 
4 29.5 0.263 
5 21.0 0.288 
6 14.2 0.324 
7 9.75 0.313 
8 6.75 0.308 
9 4.75 0.296 

10 3.6 0.242 
11 2.8 0.222 
12 2.25 0.196 

Conditions 
Catholyte flow rateN(cm 3 s -1) 2236 
Cell voltage (V) 6.4 
Cell current (A) 900 
Temperature (~ C) 55.5 
Current efficiency (%) 65 
Overall fractional conversion (fR)n 0.975 

% 

E 

l - -  
Z 
LU 
L~ 

Z 

100 

10 

1N 1 2 3 k S 

s lope = f r ,mve = 0 . 3 2 5  

6 7 8 9 10 11 12 

[OMPARTHENT NO. , n 

Fig. 6. Concentration profiles for the IKA cascade reactor. 

The cell was fitted with potential probes in 
each compartment and during some processing full 
potential monitoring was achieved (Table 3). 

The above results were considered promising 
and were used in order to scale-up to a commercial 
reactor. A cascade cell having twelve compart- 
ments has been installed by a Danish company, in 
order to remove copper from an acid effluent 
stream [4]. In this case, the cascade reactor is used 
as a second-stage treatment, following first-stage 
reduction of the copper concentration by a single 
compartment Eco-Cell, the combined plant treat- 
ing about 8 m 3 h -1 of electrolyte. Typically, the 
cascade reactor receives a copper concentration of 
80-100 mg dm -3, and reduces this to about 
2 mg dm-a.  Table 4 shows concentration profiles 
for the reactor, an inlet of about 89 mgdm -3 
being reduced to an outlet of about 2 mg dm-3 
with an overall current efficiency of about 60%. 
The concentration profiles are shown in Fig. 6. 

While both of the above reactors operated in a 
satisfactory manner, it was considered desirable to 
develop an improved 'second generation' cascade 
reactor with a view to: 

(a) lowering capital costs; 

(b) improving engineering and minimizing 
maintenance; 

(c) facilitating routine maintenance; 
(d) attaining enhanced electrochemical 

performance; 
(e) improving the ease and efficiency of the 

metal product removal process. 
A major change has been to use a cylindrical 

cathode rotated vertically about its axis, as 
opposed to the previous horizontal design. This 
has several advantages including: 

1. minimization of floor space; 
2. improved mechanical operation; 
3. greater ease of  product recovery. 
In the horizontal designs, metal was removed 

from the reactor after a prolonged period of 
operation, the electrolytic current and normal 
electrolyte flow were turned off, and the reactor 
was backwashed with a minimum volume of nitric 
acid, to chemically dissolve the copper. This 
proved to be a rapid and successful method of 
product removal, and in the case of the commericat 
reactor, the resultant copper nitrate concentrate 
could be recycled to the first-stage Eco-Cell, pro- 
ducing copper powder. One of the inherent 
advantages of  the Eco-Cell, that is, product 
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recovery as metal powder,  was lost, however. An - 0.~ 
additional consideration is that certain of  the 
nobler metals, e.g. the platinum group, are ,~, -0.7 
difficult to dissolve chemically, and so the method 

t ~  

has a more limited range of  application. 
> -0-6 In the improved vertical design, a scraper ___. 

mechanism has been included to remove powder 
from the cathode at suitable intervals, say once -~ -0.s  

< 

every eight hours. At  such times, a backwash cycle ~_ 
would be initiated, such that the normal flow 

-13.4 
(bot tom-to- top)  could be reversed to facilitate o 

o ~  

powder removal, aided by gravity. Product 
removal is also encouraged by having apertures in -0 .~  
the baffle plates. In normal operation,  the 
apertures are covered by a close-fitting scraper 

-0-2 blade arrangement, but  during the metal recovery 
operation the blade is moved out  of  the baffle 
space. The provision of  multiple blades (one per - 0-1 
compartment)  results in a much smaller displace- 
ment  and decreased blade wear compared with a 
single blade. 

A 500 A Cascade Cell was constructed for com- 
mercial use having important  differences (see 
Table 2); in particular the catholyte flow rate was 
reasonably high at 580 to 1000 cm 3 s -a and only 

six compartments were provided. Comparable con- 
version data was obtained for this reactor but  in 
addition polarization and electrical power 

measurements were made for varying conditions of  
usage. The reactor was equipped with three pairs _ -0-~ 

of  anodes, each pair extending over two compart- 
ments. Each anode pair was separately controlled 2 -0.6 

and could be used at will. The basic polarization >~- 
characteristics were defined using galvanostatic ~--0.5 
control,  a reference electrode probe near the .~ 
cylinder in each compartment  and a lower brush z -0.4 

taJ 
engaging on the rotating cylinder shaft below 
compartment  No. 1 and 1 mol dm 3 sulphuric acid ~- 

- 0 . 3  

at 60 ~ C generating hydrogen only at the cathode 
(Fig. 7). For  a given cell current the measured 
potential  generally increased with higher compart-  - 0.2 
ment  number,  a particularly rapid increase occur- 
ring for potentials more negative than --  450 mV - 0.~ 
(SCE). The total cell voltage was also measured as 
a function of  current. This showed an ohmic 0 
relationship and yielded an effective reactor 
resistance of  0.015 ~2 when only anode pair No. 1 
was in use. 

Copper sulphate additions were made to the 
electrolyte and the polarization characteristics 

I i I J 
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i I §  

§  
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0 I I I I 
100 200 300 kO0 500 

s , I / A  

Fig. 7. Polarization behaviour for hydrogen evolution in 
the 500 A cascade reactor. Compartment number: o, 1; 
�9 , 2;X, 3; +,4; m,5;u, 6. 
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o 

Fig. 8. Polarization behaviour for copper deposition in the 
500 A cascade reactor. Compartment number: o,  1 ; o ,  2;  
+, 3;X,4; u, 5 ; - ,  5. 
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measured again. With an input concentration of  
152 mg dm-3 Cu2+ behaviour was rather complex 
(Fig. 8) but a tendency to exhibit a limiting 
current density in the potential range -- 350 to 
--  450 mV suggests an approach to mass transport 
control. When copper dosing to the batch circu- 
lation reservoir was stopped, the concentration 
depleted rapidly as copper was stripped out of  
solution. Under these circumstances the concen- 
tration decayed exponentially and Fig. 9 shows 
the results recorded after 30, 37 and 47 min of  
continuous deposition at 300 A and 2.7 V cell 
voltage. 

Analysis of  the data for the 500 A cascade 
reactor (Figs 9 and 10) showed that a reasonable 
conversion took place in compartments 1-4 but in 
the last two compartments conversion was very 
poor. This could be attributed to internal channel- 
ling or bypassing of  high concentration electrolyte 
from high concentration (lower) to low concentra- 
tion (higher) compartments, thereby effectively 
destroying the concept of  cascade flow. 

Upon disassembly and examination, a relatively 
wide gap (2 mm) was evident between the reactor 
body and the catholyte baffle plates facilitating 

? 
e200 

--o 
cm 
E 

z 5o 

Q~ 
I-- 
Z 

20 cJ  
z 
co 
L.J 

10 

5 

I I I I I 

[] 

I I I I I 
O 10 20 30  40 50 60 

T I M E  , t / m i n  

Fig. 9. Concentration decay in the 500 A cascade reactor. 
Compartment number: o, inlet; e, 1; +, 2; X, 3; u, 4; =, 5; 
6,6. 

5L 

,.j 2 

5 
I ~ i I i 

IN I 2 3 t~ 5 

100 

COUT 

io~ 
(3- 

COMPARTMENT NO., n 

Fig. 10. Concentration profiles for the early 500 A cascade 
reactor showing destruction of cascade action in higher 
compartments due to a bypass fault condition. 55 ~ C, 
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87%. Solid line shows predicted performance, according 
to Equation 3. 

such adverse channelling of  flow. The reactor per- 
formance may be readily restored by redesign of  
critical construction features, or by resealing. The 
results serve to show the importance of  correct 
design and assembly of  high conversion cascade 
reactors. 

4 .  D i s c u s s i o n  

A cascade of  CSTRs is a powerful reactor assembly, 
capable o f  high overall conversions and low exit 
concentrations of  metal suitable for effluent dis- 
charge. A turbulent rotating cylinder electrode 
geometry is a particularly advantageous combi- 
nation of  flow pattern and geometry. A uniform 
electrode surface is provided enabling a near equi- 
potential electrode to be used thereby allowing 
potentiostatic control to be exercised, while high 
mass transfer rates may be realized giving rise to 
high rates o f  conversion. In addition, the mass 
transfer to the electrode is largely independent of  
the actual flow rate, being governed primarily by 
the rotational velocity of  the cylinder, and its sur- 
face roughness and area. This is in marked contrast 
to plug flow reactors such as packed beds and 
unstirred filter press cells where the mass transfer 
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is strongly dependent on the flow rate. Mass trans- 
port controlled operation ensures maximum 
reactor duty. 

In comparison with other high conversion 
reactors, the Eco-Cascade-Cell does not suffer the 
limitations of high pressure drops which may occur 
as product builds up in packed beds or filter press 
cells. Nor does it have the problems of severely 
uneven potential distribution. Unlike the majority 
of  other electrochemical reactors for metal removal, 
the metal product may be recovered directly for 
re-use or sale; this is particularly important in the 
case of precious metals. 

Despite the importance of cascade electro- 
chemical reactors, there has been a surprising pau- 
city of published work in this field. Sudall [12] and 
Pickett [ 13] have considered the theoretical aspects 
of a cascade arrangement with respect to electro- 
lyte flow and electrical connections. The first 
author has attempted to utilize experimental data 
from a single impeller-stirred CSTR in order to 
forecast, by computer, the behaviour of a cascade 
of similar elements. 

Conventional filter press place cells are often 
designed on the basis of a number of CSTR com- 
partments in hydraulic series; the CSTR model 
being a more reasonable approximation in the case 
of  low throughput of electrolyte and thorough gas 
stirring. 

A reactor often employed in larger scale photo- 
graphic silver recovery, the 'Hickman Cell' [14] 
employs a number of carbon plate anodes and 
interleaved stainless steel cathodes, with a paddle 
agitator moving between the plates. While this 
system has been considered as a cascade cell, in 
practice, considerable bypassing and non-uniform 
electrode potential result in a non-idealized per- 
formance. In addition, mechanical disassembly, 
followed by scraping is necessary to remove silver. 

Returning to the Eco-Cascade-Cell Reactor, it is 
interesting to note that if an infinite number of 
elements were provided, the system might be 
expected to approximate to a plug flow reactor 
(PFR), with an enhanced overall conversion. If  
each compartment behaves according to the plug 
flow model, the conversion over each element 
would be given by: 

Assuming values ofKL,  A and N identical to those 
in the CSTR example, a value offR = 0.632 is 
obtained, which is somewhat greater than the 0.5 
in the comparable CSTR case. In the case of a cas- 
cade of n identical plug flow elements, the overall 
conversion is given by: 

(fR)n = 1 -- exp ( ~ b ~ ) .  (9) 

Comparing CSTR and PFR conversions for a hypo- 
thetical cascade, it may be seen that as n increases, 
the difference between the two models diminishes 
and asymptotic behaviour occurs. 

Another interesting comparison may be made 
by removing the baffles from a cascade reactor. In 
this case, the reactor behaves as one compartment, 
with an increased surface area of nil. Examining 
this case for a CSTR, the fractional conversion is 
given by: 

1 
frt = 1 - -  (10) 

nKLA/N 

and this result is equivalent to operating the n 
elements in series electrical connection and parallel 
flow. A comparison of the data reveals that an 
overall conversion of 0.875 may be attained by a 
three-compartment reactor, in contrast to the 
seven projected compartments of an unbaffled 
reactor. 

Clearly the practical cascade reactors only 
approach the hypothetical or theoretical models 
and despite careful control of flow, rotation rates, 
temperature and concentration, etc., a variable 
conversion factor was found from compartment to 
compartment (see Tables 3 and 4). Although this 
must partly be attributed to imperfect construc- 
tion of the cascade cell compartment dividers, 
thereby allowing bypassing to occur, it is also attri- 
butable to a degree of randomness in the power 
electrodeposit. 

The great virtue of potentiostatic control on the 
single-compartment Eco-Cell, which may ensure 
nearly 100% efficiency, becomes much more diffi- 
cult for the multi-compartment cascade cell and 
efficiency is consequently lower. Notwithstanding 
this deficiency it is quite clear that the cascade cell 
acts as a very effective 'stripping' or 'polishing' 
stage in the removal of metal from process effluent 
as the data of Tables 3 and 4 bear witness. 
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