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This paper describes the second part  of  a study on the development of  a modified anode-support  sys- 
tem for the direct electrorefining of  cement copper. The proposed system is an alternative process for 
small mines that  produce cement copper after the leaching of  copper oxide minerals. It is feasible to 
utilize a circular cell provided with an annular  AISI-316 stainless steel mesh supporting a mass of  
cement copper as the anode system. A vertical rotary cylinder of  AISI-316 stainless steel can be 
used as the cathode. The rotary cylinder, totally immersed in acidic copper sulphate electrolyte 
must  have two isolated slots at the surface to permit the stripping of  the copper deposits in the 
form of  thin sheets. As operating conditions, a solution of  C u S O  4 • 5H20: 150gdm -3 and H2804: 
50 g dm -3, Jc: 5.0 A dm -2, T: 40 °C, u: 60 rpm, can be used. The cement copper must be maintained 
wet to avoid rapid oxidation. At this stage of  the study cement copper of  90-95% purity was utilized. 

1. Introduction 

In the first part of this study [1] an electrochemical sys- 
tem for the direct electrorefining of cement has been 
proposed as an alternative process for small mines 
that produce cement copper after the leaching of 
copper oxide minerals [2-8]. In this process a modi- 
fied type of 'anode-support' system (AS) developed 
and used by the authors to refine metals and to obtain 
different products was applied [9-15]. As the anode 
system, horizontal AISI-3-16 stainless steel mesh 
placed at the bottom of the cell and covered with a 
layer of cement copper was utilized. As the cathode 
system three horizontal rotary cylinders of AISI-316 
stainless steel partially immersed in acidic copper 
sulphate electrolyte were used. The process resulted 
in copper deposits of good quality in the form of 
thin sheets which could be stripped from the 
cylinders. The main problem in the process was the 
formation of a nonconductive copper sulphate layer 
on the cement surface which gave rise to a strong 
anode overpotential resulting in a rapid increase in 
the cell voltage during the electrolysis. A pulsed cur- 
rent was used to minimize this problem. 

To avoid the formation of the copper sulphate layer 
on the anode, in this paper a new electrochemical 

* Author to whom correspondence should be addressed. 

alternative for refining cement copper using a circular 
cell is proposed. As cathode a vertical rotary AISI-316 
stainless steel cylinder is utilized. The anode system 
comprises an annular support made of AISI-316 
stainless steel mesh containing the cement copper. In 
the vertical anode system the anodic diffusion layer 
is thinner and less concentrated in cupric ions than 
in the corresponding horizontal system. Addition- 
ally, the anodic current density is smaller than the 
cathodic current density under normal operating con- 
ditions. As a consequence it was possible to run 
extended electrolyses maintaining constant the cell 
voltage without using pulsed current. 

In this work a relatively pure cement copper was 
obtained by precipitation from a solution of technical 
grade copper sulphate. Aluminum scrap was used to 
precipitate the cement copper, thus avoiding contam- 
ination with iron. 

2. Experimental details 

Cement copper (90-95% Cu) was obtained by 
precipitation with aluminium scrap from a technical 
grade copper sulphate solution (300-350grim -3) 
acidified by sulphuric acid (10-20gdm -3) at 60 °C. 
The size fractions of copper particles were: ,,~78% 
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Fig. 1. Schematic design of the acrylic cell and rotary cathode: (1) acrylic cell, (2) copper sheet, (3) cement copper, (4) AISI-316 mesh, (5) 
anode compartment, (6) diaphragm, (7) cathode compartment, (8) rotary cathode (AISI-316), (9) copper shaft, (10) copper sheet contact, 
(11) cathodic contact (Hg), (12) copper wire, (13) Nylon shaft, (14) isolated slot, (15) acrylic screen and (16) rubber plug. 

size > 8 8 # m  (Tyler mesh 170); ~15% size 
< 88 #m > 53 #m (Tyler mesh 170 and 270); ~7% 
size < 53 #m > 37 #m (Tyler mesh 270 and 400). 

Electrolyses were carried out in a circular 3.5 dm 3 
acrylic cell, having an interior diameter of  190mm. 
The annular anode-support system was formed by 
an AISI-316 stainless steel mesh (diam. 160ram), a 
sheet of copper (diam. 190ram) and cement copper 
placed between the stainless steel and the copper 
sheet (Fig. 1). The copper sheet improved the electri- 
cal conductivity of  the system, remaining protected 
by the cement copper during the electrolysis. As 
cathode system a vertical rotary AISI-316 stainless 
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Fig. 2. Schematic diagram of the system with continuous filtration: 
(1) cell, (2) cathode compartment, (3) anode compartment, (4) col- 
umn, (5) peristaltic pump and (6) filter. 

steel cylinder, 50mm diameter, 105mm long and 
1 mm thick was utilized. The anode/cathode area 
ratio was 3.2. The cylinder, totally immersed in the 
solution, had an internal electric contact via a 
15 mm diameter copper shaft. Two acrylic screens of  
65 mm diameter were placed at both ends of the cylin- 
der to avoid the production of  dendritic deposits on 
the edges of the rotary cathode. Two 1 mm wide slots 
at the cylinder surface, filled with epoxy resin, allowed 
the stripping of the copper deposits. 

An annular diaphragm of  polypropylene 3016 
(Reicotex-Chile) with an air permeability of 
26dm3dm-2min  -1, was utilized to separate the 
cathode and anode compartments. The working 
volume of  the solution was increased by means of  
an external 7.5 dm 3 glass column of 100 mm diameter 
to permit decantation of  fine cement copper 

Table 1. Electrolyte and operating parameters studied in the direct 
electrorefining of cement copper 

Electrolyte 
CuSO4 ° 5H20 50-200 gdm 3 
H2SO 4 50-200 g dm 3 

Electrodes 
Anode-support mesh 
Cathode cylinder 

AISI-316 stainless steel 
AISI-316 stainless steel 

Operating parameters 
Anode area 5.1 dm 2 
Cathode area 1.6 dm 2 
Ja/Je 3.2 
Temperature 20-40 °C 
Rotation speed 10-200 rpm 
Diaphra~gn polypropylene 



particles dispersed in the anolyte (Fig. 2). The 
solution was continuously sucked from the bottom 
of the anode compartment, decanted in the column, 
filtered and returned to the cathode compartment. 
The recirculation and filtration of the electrolyte 
was provided by a Cole-Parmer peristaltic pump 
(7015 head) and a polypropylene filter tube (Sethco, 
porosity 15#m). The rotation of the cylinder (10- 
200rpm) was achieved by means of a variable 
speed stirrer IKA RW-18. The electrolyte com- 
position and the operating parameters are given in 
Table 1. 

3. R e s u l t s  and  d i s c u s s i o n  

3.1. Current density 

3.2. Cathode rotation speed 

Figure 3 shows the effect of the cathodic current den- 
sity on the cell voltage, after 8 h electrolyses, with and 
without cathode rotation speed (30 rpm). In the range 
Jc (cathode current density): 2-6 A dm -2, the voltage 
variation is practically linear. A more favourable 
result was achieved with cathode rotation because in 
that case the mass transport process was mainly con- 
trolled by convection. No pass±vat±on of the cement 
copper mass was observed withja (anode current den- 
sity): 0.6-1.9 A dm -2. 
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To determine the influence of the cathode rotation 
speed on the cell voltage, 1 h electrolyses with rota- 
tions between 30 and 200 rpm were run in thejc range 
2 to 6 A dm -2. 

Figure 4 indicates that, in the range studied, there 
was no difference in the voltage values when the 
cathode rotation speed was increased. Nevertheless, 
better copper crystallization was achieved when the 
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Fig. 3. Effect of the cathodic current density on the cell voltage. 
Electrolyte CuSO4.5H20:  150gdm -3, H2SO4: 5 0 g d m  -3, at 
20 ± 1 °C. Key: (El) u: 0 rpm and (0)  u: 30 rpm. 
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Fig. 4. Cell voltage variation as a function of cathode rotat ion 
speed. Electrolyte CuSO 4 • 5 H 2 0 : 1 5 0  g dm -3, HzSO4:50 g dm -3, 
at  20 ± 1 °C. Current  density, L: (©) 2, (m) 4 and (x)  6 A d m  -2. 

rotation speed was maintained between 60 to 
100 rpm. When a higher speed was used, the electro- 
lyte agitation was violent and many small cement par- 
ticles passed through the diaphragm from the anolyte 
to the catholyte generating poor quality copper 
deposits with nodular and dendritic growth. 

3.3. Temperature 

Figure 5 shows the effect of temperature on the cell 
voltage, when 2 h electrolyses were carried out with 
two cathode rotation speeds, maintaining the current 
density constant. The voltage variation was as 
expected and can be explained by a change in 
the electrolyte conductivity. In the range 20-40 °C the 
rotation speed had no influence on the cell voltage. 
When the temperature was lower than 20°C, the 
mass transport was insufficient to maintain the 
copper ion concentration near the cathode and in 
that case the higher speed had a favourable 
effect. Under the indicated operating conditions 
the system reached a practically constant temperature 
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Fig. 5. Cell voltage variation as a function of temperature. Electro- 
lyte CuSO4 • 5H20:150  g d m  -3 , H 2 SO4:50 g dm-Y, jo: 3 A dm -2, 2 h 
electrolyses. Rotat ion speed, u: (v?) 60 and (0)  110 rpm. 
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Fig. 6. Effect of  electrolyte filtration on the quality of  the copper 
deposits (40x). Electrolyte CuSO4.5H20: 150gdm -3, HaSO4: 
50gdm 3, Jc: 5Adm-2 ,  T: 405: I°C, u: 60rpm, 8h electrolyses. 
(a) Without filtration and (b) with filtration. 
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of  40 + 3 °C after 2-3 h of  electrolysis (Joule effect). 
At 40°C good quality copper deposits were 
obtained, better than the deposits achieved at lower 
temperature. 

3.4. Filtration 

Figure 6 shows the nature of the copper sheets 
obtained with and without recirculation and filtra- 
tion of the solution. Deposits with many nodules 
were obtained when electrolyses were run without 
filtration (a). A good crystallization of  copper was 
obtained when the electrolyte was filtered (b), with 
neither nodular nor dendritic growth on the depos- 
its. The filtered solution was returned to the cathode 
compartment and so a continuous hydrostatic pres- 
sure was exerted by the catholyte on the diaphragm, 
avoiding the passage of fine particles from the anode 
to the cathode compartments. 

3.5. Cathode screens 

The effect of two annular acrylic screens placed at 
both ends of  the rotary cathode was very favour- 
able. Figure 7 shows that when 8 h electrolyses were 
run without the use of  screens (Fig. 6(a)) a poor  
quality copper deposit was obtained, with many den- 
drites. When the cylinder edges were protected by the 
screens a dense compact copper deposit was obtained 
(Fig. 6(b)). 

Fig. 7. Effect of  the use of cathodic screens on the quality of  the cop- 
per deposits (2x). Electrolyte CuSO4- 5H20:150 g dm -3, H2SO4: 

3 2 o 5 0 g d m -  , Jc: 5 A d m -  , T: 4 0 ±  1 C, u: 60rpm, 8h electrolyses. 
(a) Without screens and (b) with screens. 
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Fig. 8. Effect of  copper sulphate and sulphuric acid concentrations 
on the cell voltage.jc: 3 A dm -2, T: 40 4- 1 °C, u: 60 rpm, 30 min elec- 
trolyses. ( I )  CuSO4 • 5H20 conc. and (V1) HzSO 4 conc. 

3.6. Electrolyte concentration 

Figure 8 indicates the influence of the sulphuric acid 
and copper sulphate concentrations on the cell 
voltage. In this system, to obtain a good quality of  
copper deposit, it was advisable to maintain the 
copper sulphate concentration higher than 
100gdm -3. The cell voltage was reduced 35% by 
increasing the sulphuric acid concentration from 50 
to 200gdm -3. Nevertheless, when the acid concen- 
tration was higher than 100gdm -3 and the 
electrolysis was run at high current density, it was 
possible to form a nonconducting layer of copper 
sulphate on the cement copper due to the sulphate 
ion effect. For  this reason, when experiments of 
longer duration were carried out, electrolyte solu- 
tions of  CuSO4 • 5H20:100-150  g dm -3 and H2SO4: 
50-100 g dm -3 were used. 

The concentration change at the end of a 50 h elec- 
trolysis (375Ah) was an increase of 2.9 x 10-2g 
(Ah) -1 for cupric ion and a decrease of 14.6 x 
10 -2 g(Ah) -1 for sulphuric acid, with a molar ratio 
variation H2SO4/Cu 2+ equal to 5.0, higher than the 
theoretical value 1.0. This behaviour is related to the 
consumption of acid by reaction with the oxide cop- 
per contained in the cement copper and the general 
copper corrosion of  the particulated copper mass 
(Cu + 2H + + 1/202 --+ C u  2+ q- H20). 

3.7. Long duration experiment 

Figure 9 shows the variation of the cell voltage with 
time, when a 50h electrolysis was run with jo: 
5 A dm -2, reloading the anode-support with cement 
copper each 16h. With the proposed system it was 
possible to run the experiment without any problems 
caused by anode passivation. A cell voltage fluctua- 
tion of  10% was observed, with a slight decrease after 
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Fig. 9. Variation of cell voltage with time in a 50 h electrolysis. Elec- 
trolyte CuSOa • 5H20: 150gdm -3, H2804:50 g dm-3,jc: 5Adm -2, 
T: 40 4- 1 °C, u: 60 rpm. (*) Cement copper reloading. 

the cement  additions. G o o d  quali ty copper  sheets 
( > 9 9 . 9 8 % )  more  than 3 m m  in thickness were 
obtained. 

3.8. C o r r o s i o n  o f  A I S I - 3 1 6  s ta in l e s s  s t e e l  

To detect any possible a t tack on the stainless steel, 
four  7 0 0 - 8 0 0 m g  samples o f  the AISI-316 stainless 
steel used in the AS system were connected electri- 
cally outside the annular  mesh. After  a total  o f  
735Ah,  a weight loss in the range 0 .02-0 .04% was 
observed, wi thout  any relation to the locat ion o f  the 
samples. N o  pitting corros ion o f  the samples could 
be seen under  an optical microscope (60x).  

Nevertheless, it should be noted that  in this s tudy 
a good  quali ty cement  copper  free o f  chlorides, i ron 
and other  impurities was used. In  fur ther  work  the 
behaviour  o f  the same system loaded with industrial 
cement  copper  will be studied. 

4 .  C o n c l u s i o n s  

In  this work  the feasibility o f  using a vertical ro tary  
ca thode  in a circular cell with an annular  anode-  
suppor t  system for  electrorefining cement  copper  (90-  
95% purity) was studied. W h e n  an electrolysis was 
carried out,  the anode-suppor t  made  of  AISI-316 
stainless steel remained passive, acting only as an elec- 
trical contac t  between the cement  copper  and the 
external current  source. 

It  was possible to obtain  copper  deposits o f  good  
quali ty ( >  99.98%) in the fo rm o f  thin sheets (3 m m  
thick) which could be easily stripped f rom the AISI -  
316 ro ta ry  cathode.  

In  this circular cell the format ion o f  a nonconduct ive  

copper  sulphate layer on the cement copper  was 
avoided [1]. 

The concent ra t ion  o f  copper  sulphate increased and 
the a m o u n t  o f  sulphuric acid decreased cont inuously  
when the electrolysis was carried out. Fo r  this 
reason, in long dura t ion  electrolyses (e.g. 50 h) it is 
necessary to return par t  o f  the solution to the cemen- 
tat ion process or  to utilize an electrowinning cell for 
mainta ining the copper  and sulphuric acid concen-  
trations in the desired range. 

The following are the mos t  impor tan t  operat ing 
condit ions in the process: C u S O 4 . 5 H 2 0  100-  
150 g dm -3, H2SO4 50-100  g dm-3,  cathodic  current  
density 5 A d m  -2, temperature  40°C,  ca thode  rota- 
t ion speed 200rpm,  using cont inuous  electrolyte 
filtration and ca thode  screens. 
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