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Abstract: The electrochemical mechanism involved in the selective separation of chalcopyrite from galena was 
investigated by flotation and electrochemical methods in the presence of sodium sulfite and sodium silicate, respectively, 
as a single depressant and their mixture as a combined depressant. Flotation tests revealed that the floatability of 
chalcopyrite was unaffected by depressants and its recovery remained constant (>80%) within the studied dosage range. 
Galena flotation was severely depressed with descending depressing order as follows: combined depressant ˃ sodium 
silicate ˃ sodium sulfite. Electrochemical analysis confirmed the high affinity of depressants on the galena surface, 
resulting in the formation of hydrophilic species, such as lead sulfite, lead sulfate, and lead orthosilicate. The oxidation 
of chalcopyrite surface and depressants did not exhibit any signals; conversely, the self-oxidation of chalcopyrite was 
depressed. The results of cyclic voltammograms well agreed with flotation results, demonstrating that chalcopyrite 
primarily reacted with the collector O-isopropyl-N-ethyl thionocarbamate and that galena mostly reacted with 
depressants. 
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1 Introduction 
 

Chalcopyrite, as the major copper source from 
secondary mineral deposits, is the most abundant 
copper sulfide mineral accounting for nearly 70% 
of the total copper reserves globally [1−4]. Galena, 
the lead sulfide mineral, is the main source of lead 
metal worldwide with current production of more 
than 4.35×106 t [5,6]. Chalcopyrite and galena are 
usually associated in natural ore deposits. With  
the rapid decrease of high grade and large 
disseminated copper−lead ores owing to growing 

exploitation and usage, utilizing low-grade and 
complicatedly disseminated copper−lead ores is a 
promising option but poses a difficult task in 
mineral processing [7−10]. Sulfide minerals,   
such as chalcopyrite and galena, are well-known 
semiconductors and can accept or donate  
electrons [11,12]. Electrons are transferred when 
sulfide minerals are in contact with reagents, 
leading to the redox reaction of sulfide minerals. 
The products could affect the surface hydrophilic 
and hydrophobic properties of the sulfide minerals. 
Therefore, the electrochemical study of chalcopyrite 
and galena in different depression systems is useful 
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in optimizing the separation of chalcopyrite from 
galena. 

The hydrophobicity of sulfide minerals in 
electrochemically controlled conditions has been an 
area of concern in the last few decades [13,14]; the 
flotation and depression behavior of sulfide 
minerals has been studied using mixed potential 
mechanisms [15−17]. The maximum value of 
floatability of sulfide minerals at moderately 
oxidizing potentials is achieved given the formation 
of the hydrophobic sulfur [18−20]. However, the 
value decreases at reducing and highly oxidizing 
potentials owing to the unoxidized surface and the 
formation of hydrophilic metal hydroxide [21,22]. 
Oxidation constitutes a central part of the 
electrochemical reactivity of sulfide minerals in 
flotation systems based on the electrochemical 
theory [23]. Oxygen reduction affects the oxidation 
of sulfide minerals and the interactions with 
collectors, which has a pronounced effect on the 
flotation behavior of sulfide minerals [24,25]. 
Therefore, it is necessary to understand the 
mechanism of flotation separation between 
chalcopyrite and galena by using electrochemical 
methods. 

In recent years, some electrochemical methods 
for chalcopyrite flotation and galena depression 
have been studied. Electrochemical methods 
provide useful information on the oxidizing/ 
reducing characteristics of sulfide minerals. The 
electrochemical oxidation of chalcopyrite in the 
absence of any collector was studied by 
FAIRTHORNE et al [21] using zeta potential 
measurements and X-ray photoelectron 
spectroscopy. The hydrophobicity of chalcopyrite 
surface depends on two processes, namely, the iron 
and copper ion dissolution producing a sulfur-rich 
hydrophobic surface and metal hydroxide 
precipitation producing a hydrophilic surface. 
Therefore, the hydrophobicity of chalcopyrite may 
be controlled by the kinetics of formation and 
precipitation of these metal hydroxides. The redox 
behavior of galena in alkaline conditions has been 
investigated by GULER [26]. Pb-oxyhydroxides are 
released on the electrode along with sulfoxy species 
during the anodic process, whereas oxygen- 
containing Pb-species are reduced to metallic lead 
at highly reducing potentials. At a relative low 
potential, the surface of galena is oxidized to 
produce elemental sulfur, resulting in collectorless 

flotation. At a high potential, the surface of galena 
is oxidized to produce lead sulfide at pH=6, lead 
thiosulphate at pH=9, and lead hydroxide and 
sulfite at pH>12 [27]. 

Many studies have been conducted on 
inorganic depressants, such as sodium silicate and 
sodium sulfite, in the flotation of chalcopyrite and 
galena. In aqueous solutions, sodium silicates have 
three major species, including monomeric, 
polymeric, and colloidal species [28−30]. The role 
of each species in the depression mechanism was 
studied by some researchers [31,32]. These studies 
showed that the polymeric sodium silicate solution 
exhibits a high depression effect because it can 
cover a large surface of the mineral due to its 
weight and size. HOUOT and DUHAMET [33] 
reported that the good selectivity for copper sulfide 
can be achieved from other sulfides by using 
sodium sulfite in the flotation of sulfide ores with 
dialkyl-thionocarbamate as the collector. However, 
few studies have reported the electrochemical 
behavior of sodium silicate and sodium sulfite and 
their combined effects on depressing galena; this 
method may be a new non-toxic technique for 
separating chalcopyrite from galena. 

In the present study, the electrochemical 
characteristics of chalcopyrite and galena in distinct 
systems of depressants and flotation tests were 
investigated. Electrochemical analyses were used to 
characterize the products of the oxidation and 
reduction of galena and chalcopyrite and the 
strong-to-weak sequence of interaction between 
combined depressants and chalcopyrite/galena. The 
results for the separation of chalcopyrite and galena 
were verified via flotation tests. 
 
2 Experimental 
 
2.1 Mineral samples 

Chalcopyrite and galena were obtained from 
Tongling, Anhui Province and Fankou lead−zinc 
mine, Guangdong Province, respectively. Analytical 
work on the mineral samples showed the purity of 
chalcopyrite (94.62%) and galena (94.95%). The 
X-ray powder diffraction (XRD) patterns of 
chalcopyrite and galena are shown in Fig. 1. 
Mineral lumps were handpicked, crushed, ground in 
a ceramic ball mill, and sieved by screening. The 
mineral samples with particle size of 0.038−  
0.074 mm were used for micro-flotation tests. 



Ye ZHANG, et al/Trans. Nonferrous Met. Soc. China 30(2020) 1091−1101 

 

1093

These samples were stored in sealed glass bottles 
kept in a vacuum oven and ultrasonically washed in 
deionized water for several times before use. 
 

 
Fig. 1 X-ray diffraction patterns of chalcopyrite (a) and 

galena (b) 

 

2.2 Flotation tests 
Chalcopyrite and galena were subjected to 

single-mineral flotation tests in a 40 mL XFG type 
hitch groove flotation machine at a rotating speed 
of 1800 r/min. Flotation was conducted using 2.0 g 
of mineral sample and 35 mL of distilled water on a 
TCX-SOW type ultrasonic cleaner to remove the 
surface oxides. Thereafter, the sample was 
transferred to a flotation cell for further processing. 
pH was adjusted to 8.5−9 using HCl and NaOH. 
The systematic flotation flowsheet shown in Fig. 2 
comprises the copper–lead bulk flotation, reagent 
removal, and copper–lead separation in practical 
application. In the first step, butyl xanthate was 
used to recover chalcopyrite and galena. In the 
second step, Na2S was used to remove the   
residue butyl xanthate, with O-isopropyl-N-ethyl 
thionocarbamate (IPETC) as the collector. Flotation 
recovery (R) was calculated from R=m1/(m1+m2)× 

100%, where m1 and m2 are masses of the floated 
and un-floated fractions, respectively. All the tests 
were conducted in triplicates and thus the results 
presented in this work are average values with the 
standard deviation. 
 

 

Fig. 2 Proposed flotation flowsheet 
 
2.3 φh−pH diagrams 

Potential (φh) vs pH diagrams are useful for 
understanding complex systems involving various 
chemical/electrochemical components. φh−pH 
diagrams of a distinct system at 25 °C in the present 
work were constructed with thermodynamic data 
from Ref. [34] and the HSC Chemistry software, 
version 5.0. φh is based on the standard hydrogen 
electrode and its unit is V. 
 
2.4 Electrochemical measurements 

Model 283 electrochemical system from 
Princeton EG&G PARC company in America was 
used for electrochemical measurements. Potentials 
were measured against the standard hydrogen 
electrode. Power CV models from Powersuit 
workstation was used for cyclic voltammetry 
analysis in a standard three-electrode cell. The 
electrochemical setup involved a standard 
three-electrode cell by using a selected sulfide 
mineral electrode as the working electrode, 
Ag/AgCl electrode as the reference electrode, and a 
graphite electrode as the auxiliary electrode. The 
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mineral electrodes were fabricated using pure 
chalcopyrite and galena crystals. The saturated 
Ag/AgCl electrode was used as the reference 
electrode with a potential value of 0.222 V against 
the normal hydrogen electrode at 25 °C. All 
solutions were mixed in deionized water. The 
potential of the working electrode was measured 
against the reference electrode coupled to a Luggin 
capillary filled with a saturated solution of KNO3 
(0.1 mol/L) as the supporting electrolyte. All 
measurements were made at ambient temperature. 
Reproducibility was ensured by controlling the 
electrode potential to stabilize for approximately  
15 min before starting each measurement. In the 
experiments, the oxidation reduction potential of 
the slurry was measured directly after flotation. 

Voltammetry was carried out in buffer 
solutions at pH 9.18. The cyclic voltammetry 
measurements were performed from the open 
circuit potential (OCP) to 900 mV (positive-going 
potential scan) and to −500 mV (negative-going 
potential scan) and back to OCP with a sweep rate 
of 20 mV/s. 
 
3 Results and discussion 
 
3.1 Flotation behavior 

Figure 3 shows the flotation selectivity of 
chalcopyrite and galena with distinct depressant 
systems. As shown in Fig. 3(a), the flotation 
recovery of chalcopyrite was relatively higher than 
80% in the whole range of sodium sulfite dosage. 
Thus, chalcopyrite was not depressed by sodium 
sulfite. The recovery of galena decreased 
progressively with the increasing dosage of sodium 
sulfite, reaching a minimum at approximately 30% 
when the dosage was more than 800 mg/L. The 
results indicated that sodium sulfite exhibits 
pronounced depressing selectivity toward galena. 
Therefore, it can be used as the depressant in the 
selective separation of chalcopyrite and galena. 

Figure 3(b) shows that with the increasing 
dosage of sodium silicate, the recovery of 
chalcopyrite remained almost stable. However, the 
recovery of galena decreased continuously and 
reached 22.31% when the dosage of sodium silicate 
was higher than 1000 mg/L. The difference between 
the recovery of chalcopyrite and galena increased 
with increasing dosage. In contrast to the results in 
Fig. 3(a), the depressing effect of sodium silicate on  

 

 
Fig. 3 Recovery of chalcopyrite and galena as function 

of different depressant systems: (a) Sodium sulfite;    

(b) Sodium silicate; (c) Combined depressant ([IPETC]= 

100 mg/L, [2# oil] =5 mg/L, pH=8.5−9.0) 

 
galena was more intensive than that of sodium 
sulfite. 

Figure 3(c) shows the effect of the dosage of 
combined depressant on the flotation recovery of 
chalcopyrite and galena. With the increased dosage 
of the combined depressant, chalcopyrite recovery 
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remained stable, whereas the recovery of galena 
decreased gradually during the whole range of 
dosage. At a dosage of 1000 mg/L, the separation 
effect between chalcopyrite and galena was 
enhanced, with 82.37% and 20.32% flotation 
recovery, respectively. The depressing effect of the 
combined system on galena was more intensive 
than that of single sodium sulfite and sodium 
silicate. 
 
3.2 Electrochemical mechanism 
3.2.1 Electrochemical studies in single system of 

sodium sulfite 

Figure 4 shows the φh−pH diagrams for the 
systems of chalcopyrite–sodium sulfite–water, and 
galena–sodium sulfite–water. In the sodium sulfite 
system, hydrophobic products CuS occurred on the 
surface of chalcopyrite within a wide range of 
potential. The hydrophilic products PbSO3 or 
PbSO4 existed on the galena surface. Cu2+ or Fe2+  
 

 

Fig. 4 φh−pH diagrams of chalcopyrite–sodium sulfite– 

water system (a) and galena–sodium sulfite–water 

system (b) at 25 °C (Equilibrium lines correspond to 

dissolved species at 10−4 mol/L and [Na2SO3]= 

0.0159 mol/L) 

produced by the dissolution of chalcopyrite surface 
did not interact with 2

3SO  . Thus, it existed as ion 
in acidic conditions and as hydroxide in alkaline 
conditions. By contrast, Pb2+ was produced by   
the dissolution of galena surface interacting with 

2
3SO  . PbSO3 was produced, which may be further 

oxidized into PbSO4. Hydration occurred under this 
circumstance, that is, the hydrophilic product 
PbSO4 could probably interact with water 
molecules to form layers of adsorbed water 
molecules. This phenomenon is possible through 
hydrogen bonding with their surface oxygen.  
Hence, collector adsorption and adhesion between 
air bubbles were hindered, resulting in the 
depression of galena flotation. 

Figure 5(a) shows the cyclic voltammetry 
results of the reaction of chalcopyrite with sodium 
sulfite and IPETC. In the blank solution (shown in 
line 1), two oxidation current peaks (1a, 1b) can be 
noted on the anodic scan and attributed to the 
self-oxidization of chalcopyrite. The first peak (1a) 
is attributed to CuFeS2 oxidation (Eq. (1)). The 
 

 
Fig. 5 Cyclic voltammograms of chalcopyrite (a) and 

galena (b) measured in pH 9.18 buffer solution with 

sodium sulfite and IPETC 
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second peak (1b) at approximately 600 mV may be 
attributed to CuS oxidation to S0 (Eq. (2)). On the 
cathodic scan, a weak reduction peak (1c) was 
present at approximately 0 mV. The report [35] 
suggests that this peak resulted from the reverse 
reaction of Eq. (2). 
 
CuFeS2+3H2O=CuS+Fe(OH)3+S0+3H++3e   (1) 
 
CuS+2H2O=Cu(OH)2+S0+2H++2e          (2) 
 

In the solution of sodium sulfite, a new 
oxidation peak did not appear on the anodic scan. 
Meanwhile, the current value of the oxidation peak 
(2a, 2b) during the self-oxidization of chalcopyrite 
decreased. Thus, sodium sulfite depressed the 
oxidizing reaction of chalcopyrite. In addition, a 
reduction peak (2c) was observed at approximately 
0 mV on the cathodic scan and may lead to 
chalcopyrite formation. 

In the cyclic voltammogram of reaction of 
chalcopyrite with IPETC, the oxidation peak of  
Eq. (1) nearly disappeared, resulting from the 
adsorption of IPETC on the surface of chalcopyrite 
that depressed the oxidation reaction of 
chalcopyrite. One oxidation peak (4a) was observed 
at 600 mV on the anodic scan. The current value of 
the oxidation peak (4a) in the IPETC system was 
less than that of the second oxidation peak (1b) in 
the blank system. The shape of the oxidation peak 
in IPETC system was different from that of 
chalcopyrite. In addition to oxidation in Eq. (2), the 
reaction of chalcopyrite with IPETC might have 
also occurred. A previous report [36] indicated that 
at potentials higher than 0.31 V, chalcopyrite and 
IPETC will react, producing Cu−IPETC on the 
surface of chalcopyrite. This potential value is 
consistent with that of the oxidation peak in the 
diagram. A new weak reduction peak (4c) appeared 
between −50 and 150 mV on the cathodic scan, 
probably resulting from chalcopyrite production. In 
a mixed system of sodium sulfite and IPETC, the 
cyclic voltammogram was extremely similar to that 
of the IPETC system, demonstrating that IPETC 
played a leading role in the mixed system. 

The cyclic voltammetry result of the reaction 
of galena with sodium sulfite and IPETC is shown 
in Fig. 5(b). In the blank system, two oxidation 
peaks (1a, 1b) were present and attributed to    
Eqs. (3) and (4). Given the absence of excess sulfur 
component, the reduction peak, which corresponds 
to galena production, did not appear on the cathodic 

scan. In the sodium sulfite system, only one 
oxidation peak (2a) was detected on the anodic scan 
probably representing Eq. (5). The reduction peak 
did not appear on the cathodic scan, showing the 
absence of a that there was no reaction of producing 
galena. 
 
PbS+4H2O=PbSO4+8H++8e               (3) 

 
PbS+2H2O=Pb(OH)2+S0+2H++2e           (4) 
 
PbS+ 2

3SO  +5H2O=PbSO4+ 2
4SO  +10H++10e    (5) 

 
In the IPETC solution, when the potential 

value was less than 600 mV, the cyclic 
voltammogram was similar to that in the blank 
system. Thus, galena self-oxidation occurred in the 
IPETC solution. The oxidation of galena was 
depressed slightly, which probably resulted from 
the low adsorption of IPETC on the surface of the 
mineral. However, when the scanning potential was 
more than 600 mV other than the phenomenon in 
the blank system, the current density of oxidation 
peak of galena (4a) continued to increase and 
peaked at 700 mV. Galena and lead ions do not 
react with IPETC [37]. Therefore, the shuffling of 
the oxidation peak value may be the result of the 
self-oxidation of the small amount of IPETC on the 
surface of galena. 

In the mixed solution of sodium sulfite and 
IPETC, only one oxidation peak (3a) was observed 
at approximately 600 mV. When the potential value 
was less than 650 mV, the shape of oxidation peak 
was similar to that in the sodium sulfite system, 
demonstrating that in the reaction of mixed reagents, 
galena reacted with sodium sulfite in accordance 
with Eq. (5). However, when the potential was more 
than 650 mV as a result of IPETC addition, the 
shape of oxidation peak changed. 
3.2.2 Electrochemical studies in single system of 

sodium silicate 

Figure 6 shows the φh−pH diagrams for the 
Cu−Fe−Si−S−H2O and Pb−Si−S−H2O systems in 
single system of sodium silicate. Si existed in the 
form of 3SiO(OH)  in the Cu−Fe−Si−S−H2O 
system and as PbSiO4 and 3SiO(OH)  in the 
Pb−Si−S−H2O system. Therefore, the selective 
depression of galena and chalcopyrite by sodium 
silicate may be attributed to the hydrophilic product 
PbSiO4 produced on the galena surface. PbSiO4 
could adsorb on the mineral surface and interact 
with water molecules via hydrogen bonding with 
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surface oxygen. Consequently, layers of adsorbed 
water molecules were formed, thereby hindering 
collector adsorption and adhesion between air 
bubbles and the mineral particle. Therefore, the 
strong hydrophilic layers depressed the flotation of 
galena, but these reactions did not occur in the 
system of chalcopyrite. As such, sodium silicate 
cannot depress chalcopyrite flotation. 

Figure 7(a) shows the comparison among the 
cyclic voltammograms of chalcopyrite in three 
different systems. In the blank system, the cyclic 
voltammogram of chalcopyrite has been explained. 
Two oxidation current peaks (4a, 4b) can be noted 
in the voltammogram of the system of sodium 
silicate on the anodic scan. The similar peak 
potential value to that of the blank system suggests 
the absence of oxidation interaction between 
sodium silicate and chalcopyrite. Compared with 
that in the blank system, the peak current density 
decreased, revealing that the addition of sodium 

silicate depressed chalcopyrite oxidation. The 
anodic scanning curve in the mixed system was 
extremely similar to that in the IPETC system, 
suggesting that IPETC was dominated in the mixed 
system. 

Figure 7(b) shows the cyclic voltammetry 
results of galena in three distinct systems. The 
cyclic voltammogram in the blank system has been 
explained above. In the sodium silicate system, two 
oxidation current peaks (2a, 2b) were observed. The 
potential–pH diagram of the Pb−Si−S−H2O system 
suggests that the first peak (2a) should be attributed 
to Eqs. (6) and (7). The second peak (2b) may be 
attributed to the oxidation reaction (Eq. (8)) leading 
to lead silicate and sulfate formation. 
 
2PbS+ 3SiO(OH) =Pb2SiO4+2S0+3H++4e       (6) 
 
Pb2SiO4+ 3SiO(OH) =2PbSiO4+Pb(OH)2+3H++4e (7) 
 
2PbS+ 3SiO(OH) +8H2O= 

Pb2SiO4+ 2
42SO  +19H++16e             (8) 

 

 
Fig. 6 φh−pH diagram of Cu−Fe−Si−S−H2O system (a) and Pb−Si−S−H2O system (b) at 25 °C in single system of 

sodium silicate ([Si]=0.0149 mol/L, [S]=10−4 mol/L, [Fe]=10−4 mol/L, [Cu]=10−4 mol/L, [Pb]=10−4 mol/L) 

 

 
Fig. 7 Cyclic voltammograms of chalcopyrite (a) and galena (b) measured in pH 9.18 buffer solution with sodium 

silicate and IPETC 
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Compared with the voltammogram in the 
sodium silicate system, the current density of the 
first anodic peak (3a) decreased in the mixed 
system of IPETC and sodium silicate. Thus, IPETC 
depressed the interaction between galena and 
sodium silicate. The peak values of the two anodic 
peaks (3a, 3b) in the mixed system were identical 
with those in the sodium silicate system, revealing 
that the reactions (Eqs. (6)−(8)) still occurred in the 
mixed solution of IPETC and sodium silicate. 
3.2.3 Electrochemical studies in combined system 

of sodium sulfite and sodium silicate 
Figure 8 shows the φh−pH diagrams for the 

Cu−Fe−Si−S−H2O and Pb−Si−S−H2O systems   
in combined system of sodium sulfite and   
sodium silicate. The combined system involving     
0.0159 mol/L 2

3SO   and 0.0149 mol/L 2
3SiO , Pb 

primarily existed in the form of PbSiO4 in the 
Pb−Si−S−H2O system, while Fe/Cu orthosilicate or 
silicate did not form in the Cu−Fe−Si−S−H2O 

system. 
Figure 9(a) shows the cyclic voltammograms 

of the interaction between chalcopyrite and the 
combined depressant system. Under the effects of 
these two kinds of reagents, new anodic peaks did 
not appear on the anodic scan, showing that no new 
oxidation occurred under the mutual effect of 
sodium sulfite and sodium silicate. The first anodic 
peak (3a) in the solution of sodium sulfite and 
sodium silicate nearly coincides with that in the 
solution of sodium sulfite (4a). Thus, when the 
potential value is less than 250 mV, sodium sulfite 
is dominated in the mixed reagent. The shape of the 
second oxidation peak (3b) in the solution of 
sodium sulfite and sodium silicate is similar to that 
in sodium sulfite (4b). Meanwhile, the current 
density of peak in the solution of sodium sulfite  
and sodium silicate was larger than that in   
sodium sulfite. These phenomena indicate that 
sodium silicate and sodium sulfite had reacted with 

 

 

Fig. 8 φh−pH diagram of Cu−Fe−Si−S−H2O system (a) and Pb−Si−S−H2O system (b) at 25 °C in combined system of 

sodium sulfite and sodium silicate ([Si]=0.0149 mol/L, [S]=0.0159 mol/L, [Fe]=10−4 mol/L, [Cu]=10−4 mol/L, 

[Pb]=10−4 mol/L) 

 

 
Fig. 9 Cyclic voltammograms of chalcopyrite measured in pH 9.18 buffer solution with Na2SO3+Na2SiO3 and IPETC 
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chalcopyrite. Figure 9(b) shows the cyclic volta- 
mmograms of chalcopyrite in a mixed solution of 
combined depressants and IPETC. These curves 
show that the scanning curve of the reaction of 
chalcopyrite with combined depressants and IPETC 
was similar that of the interaction between 
chalcopyrite and IPETC. 

Figure 10(a) shows the cyclic voltammograms 
of galena in the sodium sulfite and sodium silicate 
solutions. The cyclic voltammogram of the reaction 
of galena with sodium sulfite and sodium silicate 
nearly coincided with that of the interaction 
between galena and sodium silicate. As such, 
sodium silicate was dominated in this system. 
Curve 2 was compared with curve 4, and the peak 
potential value of the interaction between sodium 
silicate and galena was less than that of the 
interaction between sodium sulfite and galena. This 
phenomenon is attributed to the lead orthosilicate 
produced by the interaction between sodium  
silicate and galena that adsorbed on the surface of  
 

 

Fig. 10 Cyclic voltammograms of galena measured in pH 

9.18 buffer solution with Na2SO3+Na2SiO3 and IPETC 

the mineral and inhibited the interaction between 
sodium sulfite and galena. The φh−pH diagram for 
the Pb−Si−S−H2O system (Fig. 8(b)) shows that 
lead primarily exists in the form of lead 
orthosilicate in this system. As such, the oxidation 
reaction of galena and sodium silicate occurred in 
this system. 

IPETC was added in this mixed system, and 
the cyclic voltammograms of galena are shown in 
Fig. 10(b). As shown in the figure (curve 4), two 
oxidation peaks (4a, 4b) appeared on the anodic 
scan and the peak value was the same as that in the 
system of sodium sulfite and sodium silicate    
(3a, 3b). IPETC increased the current density of the 
peak. The shape and the potential value of the peak 
were similar to those in the system of sodium sulfite 
and sodium silicate, indicating that sodium sulfite 
and sodium silicate were dominated in this system. 
 
4 Conclusions 
 

(1) The flotation results showed that the 
floatability of chalcopyrite was hardly depressed by 
all three kinds of depressants and its recovery 
remained stable (more than 80%) in the whole 
range of depressant dosage. However, all these 
depressants showed a negative effect on the 
flotation of galena with the following descending 
depressing order: combined depressant ˃ sodium 
silicate ˃ sodium sulfite. 

(2) Cyclic voltammetry measurements showed 
that in the presence of reagents, hydrophilic  
species (e.g., lead sulfite, lead sulfate, and lead 
orthosilicate) formed on the galena surface under 
low and high potential conditions were responsible 
for its depression. No evidence suggests the 
presence of chemical species on the chalcopyrite 
surface after its interaction with depressants, 
resulting in the improved floatation of chalcopyrite. 
Therefore, the results of cyclic voltammograms are 
consistent with the flotation results, demonstrating 
that chalcopyrite primarily reacted with IPETC and 
galena mostly reacted with a depressant. 
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摘  要：通过浮选和电化学方法研究黄铜矿和方铅矿在硅酸钠、亚硫酸钠分别作为单一抑制剂以及混合抑制剂条

件下选择性分离的电化学机理。浮选实验表明，黄铜矿可浮性不受抑制剂的影响，而且在实验的抑制剂用量范围

内，黄铜矿的回收率基本不变(>80%)。方铅矿的浮选受到严重的抑制，抑制剂的抑制作用由强到弱的顺序为：混

合抑制剂 > 单一硅酸钠 > 单一亚硫酸钠。电化学分析证明抑制剂在方铅矿表面作用强烈，产生亲水性物质，如

亚硫酸铅、硫酸铅和正硅酸铅。电化学分析没有发现黄铜矿表面以及抑制剂的氧化，但发现黄铜矿的自我氧化作

用被抑制。循环伏安结果与浮选结果非常吻合，表明黄铜矿主要与捕收剂 O-异丙基-N-乙基硫代氨基甲酸酯作用，

而方铅矿主要与抑制剂作用。 

关键词：浮选电化学；黄铜矿；方铅矿；亚硫酸钠；硅酸钠 
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