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Abstract. Continuous cleaning process of the molten copper slags in a channel reactor under a vertical 
electric field is proposed. The copper-matte settling velocity under the vertical electric field is much faster 
than that only under the gravity in the molten slags, and the electric field can also accelerate the magnetite 
reduction. Cu content in the slag can fall below 0.35 wt. % during the continuous cleaning process, which 
exceeds much more existing slag treatment process. In addition, the behaviours of some other heavy metal 
elements in the molten slags during the continuous process are also discussed. 

1 Introduction  
The slag cleaning process is the essential component in 
the copper production industry [1-4]. The traditional slag 
cleaning process including slag reduction and quiet 
sedimentation has higher energy consumption and lower 
efficiency [5-7]. With the increasing depletion of copper 
resources, the more efficient treatment process of the 
copper slags should be developed. In the copper smelting 
slags, physically entrapped and chemically dissolved are 
the main reasons for the copper losses.  

Due to the molten slags ionic structures, it can 
improve the cleaning process by the application of the 
electro-capillary effect in accelerating the copper-matte 
drops settling [8-13]. The behaviors of matte droplets in 
the molten slags under a vertical electric field are studied 
by Choo et al, and the slags and matte composition can 
significantly affect the migration direction of the 
droplets [12-13]. Warczok et al [14] investigated that the 
copper droplets can migrate to the cathode in the molten 
CaO-SiO2-Al2O3 slag in the external electric filed. The 
copper recovery rate is significantly improved [15]. The 
same results were obtained in our previous studies [16].  

On the other hand, the electrolysis reactions can be 
generated in the surface of the electrodes and molten 
slags. Metallic copper will be generated around the 
cathode during the electrolysis process of molten Cu2O-
containing slag [8]. Iron-rich phases are formed around 
the cathode for the FeOx-containing CaO-Al2O3-SiO2 
molten slags under the constant current field [9]. Fan et 
al [17-18] develop a method to selective precipitation of 
magnetite in the copper molten slag for downstream iron 
separation by using high-voltage electrical pulses.  

Through above discussion, external electric field has 
the wide application prospects in the copper slag 
cleaning process. In this paper, continuous copper slag 
cleaning process in vertical DC electric field (CVDCF) 

is developed. A channel type of furnace with continuous 
slag feeding system is applied during the process. 

2 Experimental apparatus and 
procedure  
The apparatus for molten copper slag cleaning in flow 
condition is shown in Fig.1. An alumina reaction 
crucible is placed in channel reactor by using MoSi2 bar 
as the heating device. Then, metallic copper power (as 
cathode), copper slag and graphite powder (as anode) are 
added to the crucible in order. Two graphite rods are 
immersed into the electrodes, and they are connected to 
high-power linear DC voltage-stabilized power sources 
equipment. The temperature is determined through the 
Pt-Pt/Rh thermocouples. All the experiments are 
performed under the pure Ar gas circumstance.  

The original materials used in the experiment are the 
copper-converting slags. The compositions are the FeO-
SiO2-Fe3O4 based slags with 4.36 wt.% copper, as shown 
in Table 1. We expect to control the molten slag flowing 
conditions by controlling the feeding rate. The feeding 
and sampling regimes of the copper slags were shown in 
Fig.2. The samples after the experiments are analyzed by 
XRF (X-ray fluorescence, XRF-1800, Shimadzu), XRD 
(X-ray diffraction, D/max 2000 diffractometer, Rigaku), 
ICP-AES (inductive coupled plasma emission 
spectrometer, PE 8300DV, Perkin-Elmer) and direct 
weighting. 

3 Results and discussion 
The copper-matte droplets in the molten slags can be 
aggregated at the bottom of the furnace hearth under the 
effects of gravitational and electrostatic forces. The 
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movements of the matte droplets can be seen as the 
synthesis of vertical and horizontal, as shown in Fig.3. In  
the horizontal direction, the droplets motion velocity is 
equal to the molten slag flow velocity approximately as 
the following equation:   
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    The droplets residence time in the horizontal direction 
can be obtained as follow: 
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can be obtained as follow: 
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1    y Droplets motion velocity in the vertical directionv m s−− ⋅/      
The copper droplets residence time in the cleaning 

furnace is depended on the residence time in the 
horizontal direction, and the increase of the tx is benefit 
for the cleaning process. From equation 3, increasing 
furnace hearth size and decreasing the molten slag flow 
rate and prolong the droplets horizontal residence time. 
Meanwhile, the decreasing of ty can accelerate the 
copper droplets settlement, and the efficient methods are 
to reduce the slag layer thickness and promote the 
droplets settling rate.   In our experiments, it is hard to 
change the furnace size (l) and the molten slag thickness 
(h). 

Table 1 Chemical composition of slags/ wt.% 
Components Contents / wt.% 

FeO 47.38 

Fe3O4 7.37 

SiO2 33.54 

CaO 3.00 

Cu 4.36 

ZnO 1.90 

PbS 1.71 

Others 0.74 

 

Fig.1 Experimental apparatus and the internal size during the 
molten copper slags cleaning process under the vertical electric 

field 

 
Fig.2 Feeding-sampling regimes of the molten slags 

 

 
Fig.3 Description of the matte droplets settling track 

 
We need to appropriately control the feeding rate (Q) 

to prolong the copper droplets residence time in the 
furnace. On the other hand, the droplets settling rate can 
be accelerated through the external electric field. The 
copper contents of the slag as the function of time during 
the continuous cleaning process in the vertical electric 
field are shown in Fig.4. The copper contents in the 
molten slags remained unchanged basically when the 
electric intensity is increased to 1.5V/cm after 100min 
(Fig.4a) and when the feeding rate is less than 3.0 g/min 
after 120min(4b). 
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Fig.4 Copper contents as a function of time with various 

electric field intensities (a) and slag feeding rates (b) during the 
CVDCF process 

 

 
Fig.5 Optimization experiment of CVDCF process (a) and the 

comparisons with the main cleaning processes (b) 

 
The results of the optimization experiment are shown 

in Fig.5a. The copper contents in the slag will fall below 
0.35%, and keep the relatively stable value when the 
feeding rate is less than 3.0 g/min at the electric field 
intensity of 1.5V/cm in the tests. Comparing to the 
mainstream copper slag cleaning processes (Fig.5b), the 
CVDCF process has great advantages in both cleaning 
duration and efficiency. 

Variety regulations of some other elements in the 
copper slag during the continuous CVDCF process are 
also investigated, as shown as Fig.6a. From the picture, 
the contents of Zn and Pb are decreased in the cleaning 
process. This illustrates that the application of CVDCF 
process is propitious to the removal of some heavy metal 
elements from the copper slag, and produces the active 
effects on the subsequent processing. Otherwise, the Al 
contents are increased at the same time. The electrolysis 
can also celebrate the reaction crucible corrosion process. 
How to avoid or reduce the reactor corrosion while 
during the CVDCF process is a problem in the further 
experiments. 

The phases transitions during the CVDCF process are 
displayed in Fig.6b. The peaks of Cu and PbS are 
gradually weakened with the increase of the duration. 
There are obvious effects to the copper and lead 
recovery. The diffraction intensity of magnetite is also 
decreasing during the process, and the fayalite intensity 
is strengthened at the same time. The possible reason for 
the phenomenon is that the strong electric field can 
course the decomposition of Fe3O4 into FeO and O2. The 
results are generally consistent with those obtained 
through the CVDCF process.  

 

 
Fig.6 Elements contents (a) and copper slag phases (a) during 

CVDCF process 
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4 Conclusions  
Continuous cleaning process of the molten copper slags 
under the vertical electric field (CVDCF process) is 
studied in the paper. Some conclusions are as following 
according to the above discussion: 

(1) The cleaning process of the molten copper slags 
can be improved efficiently by the external electric field. 
The copper-matte settling rates in the molten slags under 
the electric field are much higher than that only under 
the gravity.  

(2) The copper contents in the slags can fall below 
0.35% in the CVDCF process. Comparing to the main 
copper slag cleaning processes, the process has great 
advantages in both cleaning duration and efficiency.  

(3) The application of external electric field in the 
slag cleaning process is propitious to the removal of 
some heavy metal elements from the slag, and produces 
the active effects on the subsequent processing.  
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