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A B S T R A C T   

Redox potential (Eh) control plays a significant role during sulfide mineral flotation by influencing the reactions 
on the surface of the minerals and accordingly the flotation behaviour. In this study, the metallurgical perfor-
mance of typical copper sulfide minerals, molybdenite as well as gangue minerals (e.g., pyrite, tennantite, and 
enargite) under different pH and Eh conditions of the flotation cell were investigated. The copper and molyb-
denum processing plant at the Sungun complex-Iran were selected as a case study. For this purpose, Eh of 
flotation cells of phases 1 and 2 of copper and molybdenum processing circuits – Sungun complex – were 
measured by off-line method. After performing chemical analysis, the mineralogical study of the input load and 
products of each of the aforementioned flotation circuits in the rougher, cleaner, re-cleaner, and scavenger stages 
was performed. Based on the results, the potential in cells of phases 1 and 2 of copper concentration plants is in 
the range of − 60 to − 100 mV; and for the molybdenum plant, is in the range of − 500 to − 700 mV. The potentials 
of more than − 100 mV in the phases of copper concentration plants have created suitable conditions for the 
separation of copper sulfide and molybdenite minerals from gangue minerals, especially pyrite. Adjustment of Eh 
in the range of − 500 to − 700 mV in the molybdenum processing plant has also led to the depression of copper 
minerals and the flotation of molybdenite, resulting in the effective separation of these minerals. However, grade 
analysis and mineralogical studies indicate the misplaced copper minerals into tailings, the passage of chalco-
pyrite and pyrite to molybdenum concentrate, the misplaced molybdenite to copper concentrate, and also the 
presence of minerals containing harmful elements such as arsenic in copper concentrate. Eh fluctuations in phase 
1 and 2 of copper plants, the interaction of copper sulfide minerals, especially chalcopyrite with pyrite (and the 
depression of pyrite in Eh more than − 100 mV), are reasons for the misplaced copper minerals into tailings. The 
interaction of chalcopyrite and pyrite with molybdenite and the high flotation tendency of molybdenite at the 
potential of +600 mV is the main factor in increasing the Cu and Fe grade in molybdenite concentrate. The 
interaction of copper minerals with arsenic-bearing minerals and the similar flotation behavior of these minerals 
in the potential of the rougher cells of the molybdenum processing plant has increased the arsenic grade in the 
copper concentrate or molybdenum tailings.   

1. Introduction 

The oxidation – reduction (Eh) potential is an important parameter 
in controlling the flotation process and creating suitable conditions for 
the selective flotation of minerals. According to the “theory of flotation 
with oxidation – reduction potential control”, in the flotation of sulfide 
minerals with and without the utilization of surfactants (collectors); the 
flotation of these minerals occurs only at a certain oxidation - reduction 
potential. Therefore, the separation of polymetallic sulfide minerals can 

be done effectively by controlling the potential (Hayes and Ralston, 
1988; Wang, 1992). In this case, by controlling the electrochemical 
parameters of pH and Eh, the adsorption of the collector on the surface 
of the desired minerals can be controlled, and they can be selectively 
floated or depressed. In general, the reaction between the collector 
particles and the mineral surface leads to a potential change in the pulp, 
which is in the form of the following reactions (equations (1)–(4)) 
(Abdollahi, 2019Ahmadpour, 2011). Where equations (1)–(3) are 
anodic oxidation of the collector and formation of hydrophobic particles 
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and, equation (4) is a cathodic reduction of oxygen. 

X− →Xads + e (1)  

2X− →X2 + 2e (2)  

2X− +MS+ 4H2O→MX2 + SO2−
4 + 8H+ + 8e (3)  

O2 + 2H2O+ 4e→4OH− (4) 

Copper-molybdenum porphyry ores often contain copper sulfide 
minerals, molybdenite, pyrite, iron oxides, and gangue minerals. Due to 
the differences in the flotation properties of sulfide minerals and asso-
ciated gangues, flotation is the most common method for processing 
copper-molybdenum sulfide ores. In the flotation process, each of these 
minerals exhibits a specific electrochemical behavior. Table 1 shows the 
average recovery values of some copper ores and their associated 
gangues at different potentials (Bruckard et al., 2010; Long et al., 2012; 
Lu et al., 2019; Stepanov et al., 2021). According to the results presented 
in Table 1, the difference in the flotation of sulfide minerals relative to 
the pulp potential is a suitable solution for their selective separation 
during the flotation process. In this regard, a study by Chander and 
Fuerstenau (1983), concluded that by controlling the pulp potential, 
chalcocite can be selectively separated from molybdenite. He et al. 
(2006) and Peng et al. (2003) utilized pulp potential control to separate 
chalcopyrite from pyrite during flotation. In another study, Hu et al. 
(2010) investigated the selective separation of chalcopyrite from arse-
nopyrite during the flotation process. Numerous studies have been 
performed on the separation of harmful arsenic-bearing minerals from 
copper sulfides by controlling the oxidation – reduction potential of the 
pulp (e.g. Tayebi-Khorami et al., 2017; Suyantara et al., 2020). How-
ever, there is a division between primary and secondary sulfide minerals 
in terms of semiconductor properties, collector type, and optimum 
flotation conditions. As the iron content in the copper sulfide mineral 
becomes reduced, e.g. from chalcopyrite to bornite to chalcocite, the 
lower Eh is preferred for flotation (Lotter et al., 2016). 

Although several studies have focused on the impact of Eh on the 
flotation of sulfide minerals; however, Bahrami et al., 2020 no research 
has been done about the changes in feed composition and its effect on 
changes in the Eh of flotation cells and consequently the floatability of 
minerals. In the present study, Hassanpour Kashani, 2021 the effect of 
change in feed composition on the Eh of copper and molybdenum 
flotation circuits has been investigated. In this regard, it has been tried to 
keep the Eh value of flotation cells in a certain range constant, by 
determining the appropriate composition of the input load to the cir-
cuits. For this purpose, the metallurgical performance of typical copper 
sulfide minerals, molybdenite, pyrite, and minerals containing harmful 
elements such as tennantite and enargite, under different Eh conditions 
of the flotation cell were investigated. The copper and molybdenum 
processing plant at the Sungun complex – Iran were selected as a case 
study. In this regard, by matching mineralogical studies for feed and 
products of each circuit and changes in the potential of flotation cells, 
the flotation of these minerals (copper sulfide, molybdenite, and gang-
ues minerals) has been investigated. Finally, by reviewing and analyzing 
this information, solutions to optimize the effective separation of 

different minerals by controlling the feed composition and pulp poten-
tial are presented. 

1.1. Specific objectives 

Using the information about the effect of Eh on the flotation of sul-
fide minerals - in a case study at the Sungun copper-molybdenum pro-
cessing circuits - will demonstrate that, by holding the process Eh in a 
selected range, any variation in the copper mineral speciation in the ore 
will have minimal negative impacts on the recoveries and selectivity of 
the flowsheet. Additionally, the flotation selectivity between copper and 
molybdenum minerals should improve. 

2. Materials and methods 

2.1. Introduction of Sungun copper-molybdenum processing circuits 

The Sungun copper-molybdenum processing complex located in East 
Azerbaijan province, northwest of Iran was selected as a case study. In 
Sungun copper-molybdenum processing complex, copper and molyb-
denum concentrates are recovered by flotation from porphyry ores with 
an average grade of 0.62% Cu and 0.01–0.02% Mo. The complex 
currently consists of two phases of copper processing, with a total input 
capacity (total capacity of phases 1 and 2) of 14 million tons of feed, and 
an output capacity of 300,000 tons of 25% copper concentrate per year, 
and a molybdenum processing plant producing molybdenum concen-
trate with a grade of 48–57%. Fig. 1 shows schematics of the copper and 
molybdenum processing circuits of the Sungun copper complex. Table 2 
also provides information about the flotation cells of these circuits. 

2.2. Measurement of pulp potential of Sungun complex flotation cells 

Generally, measurement of oxidation – reduction potential of flota-
tion cells is conducted via two methods:  

(A) Off-line potential measurement (with pulp sampling)  
(B) in-pulp potential measurement (which is discontinuous) 

Due to the problems of measuring potential using the in-pulp method 
such as low safety and risk of falling into cells; in this study, the off-line 
method for measurement potential has been utilized. For this purpose, a 
portable Eh-meter with a platinum electrode – model pH mobile826 
made by Metrohm, Switzerland – has been utilized. The utilized Eh- 
meter is a platinum electrode with Standard Hydrogen Electrode 
(SHE) references. To ensure the correct measurement of the device, the 
Eh-meter was first calibrated by the standard redox solution made by the 
same company. 

To measure the Eh of each cell – initially using a sampling spoon – a 
sample was taken from each of the flotation cells (of phases 1 and 2 of 
copper concentration and molybdenum plants). Then the Eh-meter 
electrode was inserted into the container, and after fixation of the 
number displayed on the screen, its value is written down. After each 
measurement, the electrode is washed with distilled water and placed in 
a cylindrical container containing KCl solution. In this stage, 54 stages of 

Table 1 
The average recovery percentage of copper sulfide minerals, and molybdenite, at different Eh (SHE) (Bruckard et al., 2010; Long et al., 2012; Tayebi-Khorami et al., 
2017; Lu et al., 2019; Suyantara et al., 2020; Stepanov et al., 2021).  

Minerals Eh (mV) - SHE 

− 400 − 300 − 200 − 100 0 +100 +200 +300 +400 

Chalcopyrite 5 10 10 15 30 70 93 95 95 
Chalcocite – – 8 90 88 86 85 79 20 
Pyrite – – 0 5 21 30 32 30 0 
Enargite – 5 10 30 60 80 84 88 88 
Molybdenite 65 50 35 15 – – – – –  
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sampling and measurement of Eh from all available flotation cells were 
performed (Table 2). In the next stage, each of the above samples (after 
the Eh measurement) is filtered, dried, and chemically analyzed. After 
filtering and drying, 30 g of each sample was prepared using a riffle 
sample splitter to prepare of polished sections and perform microscopic 
studies. Preparation of polished sections has been done in three stages 
molding, abrasion and polishing. A12O3, Mg2O3, Cr2O3 and Fe2O3 have 
been used for polishing and preparation of sections. Microscopic studies 

were performed using the Leitz polarizing microscope of model SM-LUX- 
POL equipped with a digital imaging camera at the college of Mining 
Engineering, University of Tehran. 

Fig. 1. Processing circuits A) Copper and B) Molybdenum in Sungun copper-molybdenum processing complex.  
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3. Results and discussion 

3.1. Investigation of Eh changes in phases 1 and 2 of Sungun copper 
concentration plants 

A) Rougher flotation circuits: Adjustment and potential changes in 
the rougher phase of a flotation circuit is more important than other 
phases. Because during this stage, the initial separation between the 
valuable minerals and the gangue is carried out, and the gangue min-
erals are transferred to the final tailings of the circuit. Therefore, the 
value of Eh must be adjusted so that the optimal separation between 
valuable and gangue minerals is achieved. The measured potential 
values for rougher flotation circuits of phases 1 and 2 of the Sungun 
copper concentration plants are given in Table 3. Based on the measured 
values, Eh of rougher cells are in the range of − 77 to − 86 mV in phase 1 

of the copper concentration plants, and in the range of − 59 to − 86 mV in 
phase 2. Changes in the Eh are controlled by factors such as the type and 
amount of chemicals utilized in the flotation. The Eh value of the input 
pulp to phase 1 and 2 of the copper concentration plants before adding 
chemicals, is approximately − 40 mV. Mixing water with minerals in 
Sungun porphyry ores including pyrite, molybdenite, galena, sphalerite, 
marcasite, pyrrhotite, and copper sulfides (chalcopyrite, bornite, chal-
cocite, and covellite) as well as minerals such as goethite, hematite, 
limonite, jarosite, malachite, and azurite, along with gangue minerals, 
has led to this potential. By adding chemicals (during the rougher stage 
of flotation) including Flomin - C7250 (Thiono-Carbamate), Z11 
(Xanthate) and TC15, A70, A65 (Propylene glycol) collectors, and MIBC 
(Methyl Isobutyl Carbinol) frothers, as well as lime for pH adjustment; 
the mean Eh of rougher cells of phase 1 decreased to approximately − 81 
mV and phase 2 to − 73 mV. The reason for these differences can be 
related to the difference in the number of chemical injections in phases 1 
and 2 of the copper concentration plants. In phase 1, the consumption 
values for Flomin (Thiono-Carbamate), Z11 (Xanthate), TC15 (Propyl-
ene glycol) collectors are 19.32 (g/ton), 18 (g/ton), 3.15 (g/ton), 
respectively. The amount of each of the mentioned collectors in phase 2 
of copper concentration are 18 (g/ton), 15 (g/ton), 2 (g/ton), 
respectively. 

The average values of copper, molybdenum, and iron in the input 
load concentrate, and the tailings of the rougher stage in phases 1 and 2 
of copper concentration and molybdenum plants are shown in Fig. 2. 
According to Fig. 2, in the copper processing plant, the grade of Cu and 
Mo in input load (with d80 = 62 μm) are about 0.6% 0.02% respectively. 
In the rougher stage of flotation a concentrate with an approximate 
grade of Cu 10%, and Mo less than 0.1% is produced. The grade of 
copper and molybdenum in the tailings of the flotation circuit of phases 
1 and 2 of the copper concentration plants is about 0.08% and 0.006%, 
respectively. According to mineralogical studies for the feed of phases 1 
and 2 of copper concentration, about 9% by weight of the input load to 
the circuits are metallic minerals, and the remaining 91% are non- 
metallic minerals (Fig. 2). Metallic minerals include chalcocite, covel-
lite, chalcopyrite, pyrite, molybdenite, sphalerite, limonite, hematite, 
and magnetite. According to Table 3, which shows the measured po-
tentials in rougher cells of phases 1 and 2 of copper concentration plants, 
and also according to the flotation of copper sulfide minerals in the 
potential range of +100 to − 100 mV, there is a possibility of complete 
flotation of copper minerals in the rougher circuit. 

B) Cleaner flotation circuits: Based on the measured potential 
values for cleaner and re-cleaner circuits in phases 1 and 2 of the copper 
concentration plants, Eh values of cleaner cells of phases 1 and 2 are 
about − 62 mV and − 89 mV, respectively. Which for re-cleaner cells of 
phases 1 and 2 are about − 64 mV and − 77 mV, respectively (Table 4). 
Therefore, it can be stated that the potential of cleaner and re-cleaner 
cells of phases 1 and 2 of copper concentration plants is almost the 
same as that of rougher ones. 

In the concentrate of phases 1 and 2 of copper concentration plants, 
copper sulfide minerals including chalcopyrite, chalcocite, covellite, and 
bornite are present (Fig. 3). These minerals are often liberated and in 
some cases have little interaction (locking) with each other. Interlocking 
are more common in chalcopyrite with chalcocite and less in chalco-
pyrite with covellite, i.e. Eh in the range of − 64 to − 100 mV has 
recovered all of the free and locked copper sulfides. Blade crystals of 
molybdenite are floated in liberated form and different sizes in the Eh 
range of cleaner and re-cleaner cells of copper concentration circuits. 

C) Scavenger flotation circuits: According to Table 5, the potential 
changes in scavenger circuits of phases 1 and 2 of copper concentration 
plants are in the range of − 67 to − 73 mV and − 76 to − 88 mV, 
respectively. According to the circuit of Fig. 1, the tailings of the cleaner 
stage of the flotation process (scavenger circuit feed) with a copper 
grade of 1.69% are transferred to the scavenger circuit to increase the 
recovery. At this stage, the sulfide minerals which unwantedly entered 
cleaner tailings are floated and directed to the re-grinding circuit, and 

Table 2 
Specifications and Eh of flotation cells of copper and molybdenum processing 
circuits - Sungun complex.  

Flotation cell Circuit Number/type 
of cells 

Capacity (TPH) Eh (mV) 

Rougher circuit Copper phase 
1 

12/RCS130 
cells  

− 77, 
− 86 

Copper phase 
2 

5/Mechanical 
cells  

− 59, 
− 86 

Molybdenum 8/Mechanical 
cells 

Each of them 
2.8 m3 

− 585, 
− 600 

Primary 
cleaner 
circuit 

Copper phase 
1 

2/Column cells 150 m3 − 65 

Copper phase 
2 

4/RCS10 cells  − 77, 
− 102 

Molybdenum 12/ 
Mechanical 
cells 

Each of them 
1.4 m3 

− 622, 
− 670 

Secondary 
cleaner 
circuit 

Copper phase 
1 

1/Column cell 45 m3 − 65 

Copper phase 
2 

3/Mechanical 
cells  

− 77, 
− 102 

Molybdenum 11/ 
Mechanical 
cells 

Each of them 
1.4 m3 

− 622, 
− 670 

Tertiary 
cleaner 
circuit 

Copper phase 
1 

–  − 65 

Copper phase 
2 

2/Mechanical 
cells  

− 77, 
− 102 

Molybdenum 10/ 
Mechanical 
cells 

4 cell 1.4 m3, 6 
cells 0.7 m3 

− 622, 
− 670 

Scavenger 
circuit 

Copper phase 
1 

4/RCS50 cells Each of them 
10 m3 

− 67, 
− 73 

Copper phase 
2 

4/Mechanical 
cells 

Each of them 
10 m3 

− 76, 
− 88 

Molybdenum – – –  

Table 3 
Eh values of rougher flotation circuits of phases 1 and 2 of copper concentration 
plants- Sungun Complex.  

Copper phase 1 Copper phase 2 

Cell Eh (mV) Cell Eh (mV) 

Rougher 1 − 82 Rougher 1-1 − 86 
Rougher 2 − 86 Rougher 1-2 − 73 
Rougher 3 − 83 Rougher 1-3 − 64 
Rougher 4 − 80 Rougher 1-4 − 62 
Rougher 5 − 79 Rougher 1-5 − 59 
Rougher 6 − 78 Rougher 2-1 − 68 
Rougher 7 − 85 Rougher 2-2 − 83 
Rougher 8 − 83 Rougher 2-3 − 78 
Rougher 9 − 80 Rougher 2-4 − 79 
Rougher 10 − 79 Rougher 2-5 − 77 
Rougher 11 − 78   
Rougher 12 − 77    
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the tailings minerals are transferred to the final tailings. The copper 
grade in the scavenger circuit concentrate is more than 6% and in the 
tailings is about 0.2%. According to mineralogical studies (Fig. 4), pyrite 
with a frequency of 1.5–2% and a degree of liberation of 90–95% is the 
most abundant sulfide phase in the tailings of the scavenger circuit 
(Abdollahi et al., 2020), i.e. the liberated pyrite particles remaining are 
depressed and removed in the range of − 73 to − 88 mV from the scav-
enger circuit. Chalcopyrite, chalcocite, bornite, and covellite also make 

up 0.3–0.4% of the volume of scavenger tailings, which has been 
transferred to tailings due to interaction with non-metallic gangue 
minerals and depressing of non-metallic minerals in the Eh range of 
scavenger circuit. 

In the above sections, each of the rougher, cleaner, and scavenger 
flotation circuits of phases 1 and 2 of the Sungun copper concentration 
complex was investigated from the effect of pulp potential on the 
flotation of copper sulfide and molybdenite minerals, standpoint. In the 
following, the results and findings of these studies are analyzed. 

In the final concentrate of phases 1 and 2 of the copper concentration 
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Fig. 2. Frequency changes of metallic minerals and Cu, Mo, and Fe grade in rougher flotation circuits of copper concentration plants - Sungun complex.  

Table 4 
Eh values of cleaner and re-cleaner flotation circuits of phases 1 and 2 of copper 
concentration plants- Sungun complex.  

Copper phase 1 Copper phase 2 

Cell Eh (mV) Cell Eh (mV) 

Cleaner 1 − 66 Cleaner 1 − 102 
Cleaner 2 − 65 Cleaner 2 − 99 
Re-cleaner − 64 Cleaner 3 − 80   

Cleaner 4 − 77   
Re-cleaner 1 − 85   
Re-cleaner 2 − 76   
Re-cleaner 3 − 71  
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Fig. 3. Frequency changes of metallic minerals and Cu, Mo, and Fe grade in the concentrate of cleaner flotation circuits of copper concentration plants - Sun-
gun Complex. 

Table 5 
Eh values of scavenger flotation circuits of phases 1 and 2 of copper concen-
tration plants - Sungun complex.  

Copper phase 1 Copper phase 2 

Cell Eh (mV) Cell Eh (mV) 

Scavenger 1 − 73 Scavenger 1 − 88 
Scavenger 2 − 67 Scavenger 2 − 76 
Scavenger 3 − 68 Scavenger 3 − 80 
Scavenger 4 − 67 Scavenger 4 − 85  

A. Bahrami et al.                                                                                                                                                                                                                               



Minerals Engineering 180 (2022) 107505

6

plant, the weight percentage of metallic minerals including chalcopy-
rite, chalcocite, covellite, pyrite, and molybdenite is about 90.30%. 
Pyrite (FeS2) with a weight percentage of more than 49% is the most 
abundant gangue mineral recovered to the copper concentrate of flota-
tion circuits. A grade of more than 29% Fe in the concentrate of phases 1 
and 2 also confirms this. The Eh of flotation cells of phases 1 and 2 of 
copper concentration plants are in the range of − 60 to − 100 mV; which 
is the optimal potential for pyrite flotation. On the other hand, the study 
of the degree of liberation of pyrite in concentrate has shown that about 
36% of pyrite is free and more than 12% of it is involved with copper 
minerals such as chalcopyrite and chalcocite. Therefore, it can be said 
that the proper flotation of chalcopyrite minerals, especially chalcocite 
in the potential range of − 100 to 0 mV, is a reason for the recovery of 
locked pyrite minerals to the concentrate of phases 1 and 2 concentra-
tion circuits. 

Chalcopyrite is the most abundant copper mineral in the final 
concentrate of phases 1 and 2 of copper concentration plants with a 
weight percentage of more than 12%. After that, chalcocite with a 
weight percentage of more than 11% and covellite with a weight per-
centage of 6% are other copper minerals recovered to the concentrate of 
phases 1 and 2 copper concentration plants. According to studies, the 
flotation capacity of copper minerals, including chalcocite and chalco-
pyrite, increases at potentials above − 100 mV; so that in the range of 
− 100 to 0 mV, the possibility of chalcocite flotation is very high and its 
recovery is about 80–90%. In the Eh range of − 100 to +100 mV, the 
recovery of chalcopyrite also increases and is in the range of 60–90% 
(Smith et al., 2012). Therefore, it can be stated that by increasing the 
amount of potential in rougher cells of phases 1 and 2 of copper con-
centration plants, more chalcopyrite and chalcocite minerals can be 
floated and prevented from being tailing. On the other hand, the study of 
the degree of liberation and interlocking of copper sulfide minerals 
shows that the degree of liberation is approximately 70% for chalco-
pyrite, 84% for chalcocite, and 78% for covellite. Considering the 
mentioned values and also the copper grade of about 0.15% in the 
tailings, it can be said that a significant part of the copper-bearing 
minerals will be entering the tailings due to the low degree of libera-
tion; to solve this problem, a significant part of copper sulfides can be 
recovered by re-grinding the tailings and floating them during the 
scavenger stage of flotation by adjusting the pulp potential in the range 
of 0–100 mV. 

3.2. Investigation of Eh changes in molybdenum plant of Sungun complex 

A) Rougher flotation circuit: The measured potential values for the 

molybdenum plant’s flotation circuit in the Sungun complex are in the 
range of − 585 to − 600 mV. In the molybdenum processing plant, gas-oil 
is used as a collector for molybdenite flotation, and sodium sulfide 
(Na2S) is utilized to depress copper sulfide minerals. The addition of 
sodium sulfide has a significant effect on Eh and has significantly 
reduced it. Due to the flotation of molybdenite at lower potentials and 
the depression of copper sulfide minerals by reducing Eh, the addition of 
sodium sulfide leads to the separation of liberated copper and molyb-
denite minerals in the rougher stage of flotation. The readings for Cu and 
Mo in the concentrate and tailings of the molybdenum rougher flotation 
circuit in Fig. 5 confirm this. 

Given the abundance of copper sulfide minerals (especially chalco-
pyrite and covellite) in the molybdenum plant flotation tailings (Fig. 6), 
it can be said that most of the copper sulfides, which have a high degree 
of liberation (more than 96%), in the Eh range of − 580 to − 600 mV are 
well captured (Table 6). In this range, about 50% of the pyrite minerals 
that had a higher degree of liberation (more than 75%) were also 
depressed, and recovered to molybdenum or copper concentrate. Copper 
sulfides recovered to concentrate in the potential of rougher cells (-580 
to − 600 mV) are mainly chalcopyrites involved with molybdenite and 
pyrite. The flotation of molybdenite at Eh of below − 580 mV caused the 
recovery of chalcopyrites involved with it to molybdenum’s rougher 
concentrate. 

Another significant issue with molybdenum plant tailings (or copper 
concentration) is the presence of two minerals, enargite, and tennantite, 
which are among copper minerals containing arsenic, in copper 

Fig. 4. Sulfide minerals in tailings of Scavenger flotation circuits of phases 1 and 2 of copper concentration plants (PY: Pyrite; CCP: Chalcopyrite).  
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Fig. 5. Grade changes of Cu, Mo, and Fe metals in the flotation circuit of the 
molybdenum plant - Sungun complex. 
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concentrate. These two minerals account for about 6% of the volume of 
floating metallic minerals. The similar flotation behavior of these two 
minerals to copper sulfides within the potential range of the molybde-
num plant’s rougher circuit cells has led to their depression and passage 
to molybdenum tailings. It should be noted that these minerals in both 
free and involved with copper sulfides forms have been recovered to 
copper concentrate (molybdenum tailings). 

B) Cleaner flotation circuit: Based on the measured potential 
values for the cleaner circuit of the molybdenum plant, the average Eh of 
the cleaner cells in this plant is − 640 mV (Table 7). The potential value 
in molybdenum plant cleaner cells is less than that of its rougher circuit 
cells. In the molybdenum processing plant to depress copper minerals 
and float molybdenite, the pulp potential (negative potential) is reduced 
via injection of sodium sulfide; in which case the pulp potential value (as 
expected) increases from cell 1 to the last cell (becomes more negative). 
This depresses all the copper sulfide minerals, and molybdenite recovers 
to concentrate. 

The Mo grade in the final molybdenum concentrate is approximately 
50%, and the Cu and Fe values are more than 2% and 7.5%, respectively. 
The two penalizing elements iron and copper in the form of copper 
minerals include chalcopyrite (CuFeS2) and bornite (Cu5FeS4), and py-
rite (FeS2) are floated to molybdenum concentrate. At potentials of less 
than − 600 mV, the molybdenum flotation cleaner circuit cells float most 
of the molybdenite minerals as liberated and rarely involved blades, in 
different sizes and with proper purity. More than 90% of copper min-
erals floated to molybdenum concentrate were chalcopyrite; which is 

mostly free of interactions with other copper sulfides and has been 
observed to be in interaction with molybdenite and pyrite (Fig. 7). 
Therefore, it can be concluded that the liberated copper sulfide minerals 
are well depressed and transferred to the copper concentrate; However, 
more than 3.7% by volume of chalcopyrite mineral, which has in-
teractions with molybdenite and pyrite, has been floated to molybde-
num concentrate under the potential of molybdenum cleaner flotation 
circuit cells (Table 8). In general, the most notable reasons for the 
introduction of these minerals into molybdenum concentrate are the 
severe locking of copper sulfide, molybdenum, and pyrite minerals with 
each other, and the failure to depress these minerals in molybdenum 
flotation. 

4. Conclusion 

This study aimed to investigate the effect of pulp potential on the 
flotation behavior of copper sulfide minerals (including chalcopyrite, 
chalcocite, covellite, and bornite), molybdenite and pyrite tailings in 
copper and molybdenum processing circuits of Sungun complex; the 
following results were obtained: 

1. Due to the increased flotation of chalcopyrite and chalcocite min-
erals in potentials above − 100 mV, by re-grinding the tailings of 
rougher and scavenger flotation circuits for the liberation of particles 
of the two aforementioned minerals and then flotation in Eh of more 
than zero to +100 mV, the recovery of these two minerals can be 
increased.  

2. Due to molybdenite mineral having anisotropic properties, which 
has caused its different behavior in different surface aspects, exces-
sive comminution in open circuit mill (molybdenite flotation circuit) 
and as a result the generation of fine and very fine particles, has led 
to the misplaced liberated molybdenite fine particles to the tailings, 
and the lack of Eh effect on their flotation. The mentioned property 
causes the preferential orientation of the molybdenite mineral dur-
ing comminution; and with decreasing particle size, this orientation 
increases and leads to a change in its flotation properties.  

3. The interaction of chalcopyrite with molybdenite, and the high 
tendency of molybdenite to float at potentials below − 600 mV, is the 

Fig. 6. Dispersion (left image) and distribution (right image) of sulfide minerals in molybdenum plant tailings - Sungun complex (Cpy: chalcopyrite, Cv: covellite, Py: 
pyrite, Bn: bornite, Cc: chalcocite and Mo: molybdenite). 

Table 6 
Frequency and degree of liberation of minerals in feed and products of molyb-
denum processing plant rougher flotation circuit – Sungun complex.  

Mineral Molybdenum plant 
feed 

Molybdenum plant 
concentrate 

Molybdenum plant 
tailing 

DOL. % wt% DOL. % wt% DOL. % wt% 

Chalcocite 100  11.20 – – 100  0.87 
Covellite 100  6.10 – – 100  5.85 
Chalcopyrite 96  12.30 75 0.3 96  65.00 
Pyrite 95  49.00 70 2 75  23.16 
Molybdenite 96  0.60 98 75 98  0.16  

Table 7 
Values of Eh in the flotation circuit of the molybdenum plant - Sungun complex.  

Cells Cleaner 1 Cleaner 2 Cleaner 3 Cleaner 4 Cleaner 5 Cleaner 6 Cleaner 7 Cleaner 8 

Eh (mV) − 622 − 637 − 662 − 670 − 666 − 667 − 676 − 666  
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main reason for not depressing the locked chalcopyrites and their 
subsequent flotation to molybdenum concentrate. 

In general during the processing, via flotation of particles with a size 
of − 25 μm and adjusting the pulp potential to +100 mV in copper plants 
and Eh − 600 mV in molybdenum can produce concentrates of copper 
and molybdenum with high quality. 
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Table 8 
Frequency and degree of liberation of minerals in concentrate circuit of molybdenum plant - Sungun complex.  
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Degree of liberation % – –  –  – 98  
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