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Abstract: The effect of O3 oxidation on the flotation recovery of chalcopyrite and molybdenite was investigated. The 
results of single-mineral flotation tests showed that under the conditions that O3 concentration was about 90 g/m3 and 
the gas flow rate was 4 L/min, after chalcopyrite and molybdenite were oxidized for 2 min, the flotation recovery of the 
chalcopyrite dropped to 16%, while the flotation recovery of molybdenite did not change much. The results of flotation 
tests for the artificially mixed ores showed that O3 oxidation pretreatment could replace the Na2S reagent as a 
chalcopyrite depressant in the selective flotation separation of chalcopyrite and molybdenite. The contact angle 
measurements revealed that the O3 oxidation treatment selectively rendered the surfaces of the chalcopyrite to be 
hydrophilic. The Zeta potential and X-ray photoelectron spectroscopy analyses revealed that the chalcopyrite surface 
most likely became hydrophilic due to the formation of water-insoluble hydrophilic oxides and hydroxides on the 
mineral surface after the oxidation treatment. In addition, although the surface of the molybdenite was slightly oxidized, 
its surface remained good hydrophobicity. 
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1 Introduction 
 

Molybdenum (Mo) is a very important 
transition metal element, and molybdenum metal 
and its alloys are widely used in electronics, 
metallurgy, chemical industry, national defense, 
aerospace engineering and other fields [1,2]. 
Molybdenum minerals are usually associated with 
copper sulfide minerals [3]. The majority of 
molybdenum resources are mainly produced from 
porphyry copper deposits, and it is estimated that 
about 75% of copper and 50% of molybdenum are 
derived from such copper ore deposits [4]. The 
mineral forms of copper and molybdenum in 
porphyry copper deposits are mainly chalcopyrite 
and molybdenite, and their similar natural 
floatabilities make it difficult to separate the two 
minerals [5−7]. The commonly used method of 

separating chalcopyrite and molybdenite is  
flotation process, that is, to separate one mineral by 
adding depresants that depress the other mineral. 
Common chalcopyrite depressants include NaCN, 
Na2S, Nokes reagent, and sodium thioglycolate,       
etc [8−11], and common molybdenite depressants 
include humic acid, lignosulfonate, dextrin, xanthan 
gum, pectin, etc [12−16]. 

At present, the conventional flotation 
separation of chalcopyrite and molybdenite 
generally requires the use of large doses of flotation 
depressants, which will lead to some problems  
such as high cost, unsafe production process        
and environmental pollution, etc. So, it is very 
important to research and develop new separation 
methods. Pulsating high-gradient magnetic 
separation (HGMS), flotation in seawater, using 
nitrogen in flotation, oxidation flotation and  
thermal pretreatment flotation are all new processes 
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appearing in recent years [17−19]. Among them, 
oxidation flotation method has attracted more and 
more attention because of its low cost, high 
efficiency and no toxic pollution [20]. The selection 
of oxidants is crucial for the oxidation flotation 
methods, such as O3, plasma, H2O2, KMnO4, 
K2FeO4, and electrocatalyst [21−24]. Compared 
with other oxidants, O3 has a low price, strong 
oxidizing ability, and short oxidation time, and the 
oxidation product is oxygen and will automatically 
decompose into oxygen in the solution without 
polluting the environment [25,26]. In the early 
1990s, the selective recovery of molybdenite from 
Cu–Mo bulk concentrates has been studied by the 
use of O3 as the depressant of chalcopyrite, but the 
mechanism was not explained [27]. In addition, 
related research was carried out but did not achieve 
a good separation effect. This may be caused by the 
long contact time between molybdenite and pulp 
after pretreatment and the low O3 concentration. 

In this study, the possibility of flotation 
separation for chalcopyrite and molybdenite by 
using O3 oxidation was investigated, the feasibility 
of the method was verified through extensive 
experiments, the approximate mechanism of the 
method was analyzed, and whether the method can 
replace traditional agents was explored by 
comparing it with the flotation method in which 
sodium sulfide was used as a chalcopyrite 
depressant to achieve the effective separation of 
chalcopyrite and molybdenite. 
 
2 Experimental 
 
2.1 Materials 

The pure minerals used in the experiments 
were chalcopyrite and molybdenite, and both were 
provided by CMOC Group Limited. Chemical 
analysis and X-ray diffraction (XRD) patterns 
confirmed that the purity of the chalcopyrite was 
above 94% and the purity of the molybdenite was 
above 93%, which met the testing requirements. 
Their XRD patterns are presented in Fig. 1. 
Artificial mixed minerals were made by mixing 
chalcopyrite with molybdenite in different mass 
ratios. 

The Cu−Mo bulk concentrate used in the 
experiments assays 1.21 wt.% Cu and 22.03 wt.% 
Mo, which was produced in a super-large porphyry 
copper ore processing plant in Luoyang, China. 

 

 
Fig. 1 XRD patterns of prepared ore samples:        
(a) Chalcopyrite; (b) Molybdenite 
 
2.2 O3 pretreatment 

The O3 generator used in the experiments was 
produced by Qingdao Guolin Environmental 
Protection Technology Co. Ltd. (China). The model 
number was CF-G-3-20g, the O3 output was 20 g/h, 
the O3 concentration was about 90 g/m3, and the gas 
flow rate was 4 L/min. 

First, 3 g of pure minerals were ultrasonically 
cleaned for 15 min for de-dosing, and then, the 
minerals were poured into water and the pH was 
adjusted to 9 by adding sodium hydroxide and 
hydrochloric acid. The temperature was maintained 
at about 25 °C. Finally, O3 was introduced for the 
oxidation pretreatment, after which the minerals 
were transferred to the flotation tube for the 
flotation stage of the experiment. 
 
2.3 Contact angle measurements 

The blocky minerals containing chalcopyrite 
and molybdenite were cut using a metallographic 
specimen cutter and then polished with 100, 400, 
800, 1200, and 3000 grit sandpaper. The treated 
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chalcopyrite and molybdenite ore blocks were 
cleaned using an ultrasonic cleaner for 5 min. Then, 
they were pretreated via O3 oxidation for different 
durations of time. Finally, the contact angles of  
the chalcopyrite and molybdenite ore subjected   
to oxidation pretreatment for different durations  
of time were measured using a contact angle 
measuring instrument. 
 
2.4 Zeta potential measurements 

The pure chalcopyrite and molybdenite with 
and without oxidation were weighed, 0.04 g of  
each were placed in four 50 mL beakers, 40 mL   
of 0.001 mol/L KNO3 solution were added to the 
beakers, and the mixture was sonicated for 2 min. 
Then, the solutions were adjusted to different pH 
values (5, 7, 9, 10, and 11) using NaOH and HCl, 
were sonicated for 13 min and left to stand for 
5 min, and 10 mL of supernatant was collected. The 
supernatant was removed from the sample and 
allowed to stand in a centrifuge tube for 24 h. The 
zeta potentials of the minerals were measured  
using a Nano ZS90 potential and particle size 
analyzer (Malvern, UK), and the average of six 
measurements was taken as the value. 
 
2.5 X-ray photoelectron spectroscopy 

The pure minerals were ground using an agate 
mill until more than 90% of the specimen was 
<0.074 mm in size. The milled minerals were 
cleaned via ultrasonication for 2 min in a beaker 
containing 50 mL of 1 mol/L HNO3, after which a 
portion of the minerals was removed and the 
chalcopyrite and molybdenite were analyzed via 
X-ray photoelectron spectroscopy (XPS) without 
oxidation. Another portion of the cleaned minerals 
was poured into water and then pH was adjusted to 
9 with sodium hydroxide and hydrochloric acid, 
followed by an O3 oxidation pretreatment. After 
2 min of oxidation pretreatment, the minerals were 
removed and the chalcopyrite and molybdenite 
were analyzed via XPS. The collected data were 
analyzed using the Avantage software and were 
calibrated with C 1s (284.8 eV) in combination with 
energy. 
 
2.6 Flotation study 

The pure mineral and artificially mixed ore 
flotation experiments were performed using 
Hallimond flotation tubes. In each experiment, 

3.00 g of minerals were weighed and sonicated for 
15 min, after which the minerals were transferred to 
the flotation tubes, and about 100 mL of water was 
added. Then, the pH was adjusted with NaOH and 
HCl, the solution was stirred for 5 min, and 
kerosene and terpenic oil were added in turn for 
3 min each. Finally, the froth product and   
tailings were obtained by flotation for 3 min.   
The artificially mixed mineral flotation test was 
prepared by mixing chalcopyrite and molybdenite 
with different mass ratios to create the mineral 
samples, and the rest of the procedure was the same 
as the above-described method. 

The flotation experiments of Cu−Mo bulk 
concentrates were performed using RK/FD-Ⅱ type 
0.5 L flotation machine. In each experiment, 78 g of 
minerals were weighed after which the minerals 
were transferred to the flotation machine and about 
500 mL of water was added. Then, the pH was 
adjusted with NaOH and HCl, the solution was 
stirred for 5 min, and kerosene and terpenic oil 
were added in turn for 3 min each. Finally, the froth 
product and tailings were obtained by flotation for 
3 min. 

Both Cu and Mo grade and S concentration 
were measured using ICP. 
 
3 Results and discussion 
 
3.1 Pure mineral flotation test 

A controlled variable method was used to 
explore suitable testing conditions. The effect of the 
kerosene dosage on the flotation recovery of 
chalcopyrite and molybdenite, without O3 oxidation, 
and with a terpenic oil dosage of 20 mg/L and pH 7 
is shown in Fig. 2. The effect of pH on the 
floatability of chalcopyrite and molybdenite without 
O3 oxidation, with a kerosene dosage of 60 mg/L 
and a terpenic oil dosage of 20 mg/L is shown in 
Fig. 3. The effect of the O3 oxidation pretreatment 
time on the floatability of chalcopyrite and 
molybdenite with a pH of 9, a kerosene dosage of 
60 mg/L and a terpenic oil dosage of 20 mg/L is 
shown in Fig. 4. 

As shown in Fig. 2, as the kerosene dosage 
increased, the recovery of chalcopyrite and 
molybdenite via flotation increased. The recovery 
of molybdenite increased significantly when the 
kerosene dosage was less than 60 mg/L and only 
increased slightly after the kerosene dosage reached  
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Fig. 2 Effect of kerosene dosage on flotation recovery of 
chalcopyrite and molybdenite 
 

 
Fig. 3 Flotation recovery of molybdenite and 
chalcopyrite as function of pH 
 

 
Fig. 4 Effect of O3 oxidation time on flotation recovery 
of chalcopyrite and molybdenite 
 
60 mg/L. As shown in Fig. 3, as the pH increased, 
the recovery of chalcopyrite decreased, and the 
recovery of molybdenite initially increased and then 

decreased. As Fig. 4 shows, the recovery of 
chalcopyrite decreased significantly with increasing 
O3 oxidation pretreatment time. The recovery 
reached a minimum of 16% for an oxidation time of 
2 min. The flotation recovery of chalcopyrite 
increased slightly afterward, which may be due to 
the desorption of oxidation products on the surface 
of chalcopyrite. The recovery of molybdenite only 
changed slightly after the oxidation pretreatment, 
and it still exceeded 90%. 
 
3.2 Flotation separation of artificially mixed ore 

The results of the flotation separation tests for 
different proportions of artificially mixed ore with a 
pH of 9, oxidation time of 2 min, sodium sulfide 
dosage of 100 mg/L, kerosene dosage of 60 mg/L, 
and terpenic oil dosage of 20 mg/L are presented in 
Table 1. The chalcopyrite to molybdenite ratio was 
1:1 for artificially mixed Ore 1, 3:1 for artificially 
mixed Ore 2, and 5:1 for artificially mixed Ore 3. 

Table 1 shows that as the proportion of 
chalcopyrite in the artificially mixed ore increased, 
the molybdenum grade of the flotation concentrate 
product gradually decreased and the copper grade 
gradually increased for both the sodium sulfide  
and O3 oxidation treatment flotation experiments. 
Moreover, the molybdenum recovery did not 
change much and remained at about 90%. The 
copper grade of the tailings (copper concentrate) 
increased and the molybdenum grade of the tailings 
decreased, and the copper recovery was greater than 
90% for both. Both flotation separation methods 
achieve the effective separation of chalcopyrite  
and molybdenite to different degrees, which is 
consistent with the results of the single mineral 
flotation experiments. 

The above experimental results demonstrate 
that the depression effect of the O3 oxidation on the 
chalcopyrite is similar to that of sodium sulfide. 
They can both achieve effective separation of 
chalcopyrite and molybdenite, but sodium sulfide 
has the disadvantage of high dosage, large cost, and 
environmental pollution. So, O3 can replace Na2S 
reagent as a copper depressant in selective flotation 
of chalcopyrite and molybdenite. 

 
3.3 Flotation separation of Cu−Mo bulk 

concentrates 
The effect of the O3 oxidation pretreatment 

time on the flotation separation result of Cu−Mo 
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Table 1 Flotation separation results of artificially mixed ores in different proportions by O3 oxidation and sodium 
sulfide 

Ore Processing condition Product Yield/% 
Grade/%  Recovery/% 

Cu Mo  Cu Mo 

1 

O3 oxidation 

Concentrate 48.00 3.15 52.76  9.27 90.28 

Tailings 52.00 28.46 5.24  90.73 9.72 

Feed 100.00 16.31 28.05  100.00 100.00 

Sodium sulfide 

Concentrate 46.33 1.49 55.12  4.23 91.05 

Tailings 53.67 29.11 4.68  95.77 8.95 

Feed 100.00 16.31 28.05  100.00 100.00 

2 

O3 oxidation 

Concentrate 25.00 6.77 51.15  6.92 91.21 

Tailings 75.00 30.36 1.53  93.08 8.19 

Feed 100.00 24.46 14.02  100.00 100.00 

Sodium sulfide 

Concentrate 23.67 4.67 52.91  4.52 89.32 

Tailings 76.33 30.60 1.96  95.48 10.68 

Feed 100.00 24.46 14.02  100.00 100.00 

3 

O3 oxidation 

Concentrate 17.67 8.10 48.54  5.26 91.72 

Tailings 81.33 31.28 0.94  94.74 8.28 

Feed 100.00 27.18 9.35  100.00 100.00 

Sodium sulfide 

Concentrate 16.33 6.18 50.43  3.71 88.10 

Tailings 81.67 31.41 1.33  96.29 11.90 

Feed 100.00 27.18 9.35  100.00 100.00 

 
bulk concentrates with a pH of 9, a kerosene dosage 
of 60 mg/L, and a terpenic oil dosage of 20 mg/L is 
shown in Fig. 5. 

As Fig. 5 shows, with the increase of O3 
oxidation time, the recovery and grade of copper in 
concentrate firstly decreased significantly, and then 
basically tended to be stable, with the lowest being 
23.61% and 16%, respectively, when the oxidation 
time was 3 min, and then kept basically unchanged.  
 

 
Fig. 5 Effect of O3 oxidation time on flotation separation 
results of Cu−Mo bulk concentrates 

The recovery and grade of molybdenum in the 
concentrate after oxidation pretreatment only 
changed slightly. When the O3 oxidation time was 
3 min, recovery rate and grade of molybdenum   
in the concentrate were 91.77% and 34.67%, 
respectively. This is consistent with the above 
results. 
 
3.4 Mechanism of chalcopyrite and molybdenite 

separation via O3 oxidation 
3.4.1 Contact angle 

The floatability of a mineral is influenced by 
the surface wettability, which can be estimated from 
the surface contact angle. The variations in the 
contact angles of chalcopyrite and molybdenite 
after different O3 oxidation treatment time are 
presented in Fig. 6. 

It can be seen from Fig. 6 that the contact 
angles of the untreated chalcopyrite and 
molybdenite were 74° and 70°, respectively.    
The contact angle of chalcopyrite decreased 
significantly with increasing O3 oxidation time, and 
it finally stabilized at about 30°. The contact angle 
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of molybdenite did not change significantly and 
remained at about 70°, which may be due to the 
hydrophilic oxidation products on the surfaces of 
the molybdenite dissolved in the water. This means 
that the chalcopyrite surfaces became more 
hydrophilic after the O3 oxidation pretreatment, 
while the molybdenite surfaces did not change 
significantly, which is consistent with the results of 
the previous flotation tests. 
3.4.2 Zeta potential 

Figure 7 shows the variations in the Zeta 
potential with the pH of the surfaces of the 
chalcopyrite and molybdenite with and without O3 
oxidation pretreatment. 
 

 
Fig. 6 Contact angles of chalcopyrite and molybdenite 
after different O3 oxidation pretreatment time 
 

 
Fig. 7 Zeta potentials of molybdenite and chalcopyrite 
with and without O3 oxidation pretreatment as function 
of pH 
 

As can be seen from Fig. 7, Zeta potentials of 
all samples decreased with increasing pH, and Zeta 
potential of chalcopyrite was higher than that    
of molybdenite with and without O3 oxidation 

pretreatment. In the case of chalcopyrite, Zeta 
potential of the surfaces of the chalcopyrite 
increased substantially after the O3 oxidation 
pretreatment. This may be due to the adsorption of 
the oxidation products onto the surfaces of the 
chalcopyrite, which increased the electronegativity 
of the surface of the chalcopyrite. In the case of 
molybdenite, Zeta potential of the surfaces of the 
molybdenite after the O3 oxidation pretreatment 
only increased slightly. Overall, the increase in the 
zeta potential of the chalcopyrite surfaces after the 
O3 oxidation pretreatment was significantly higher 
than that of the molybdenite surfaces, which is 
consistent with the results of the previous flotation 
tests. 
3.4.3 XPS results 

To investigate the effect mechanism of O3 
pretreatment on the floatability of chalcopyrite and 
molybdenite, the chalcopyrite and molybdenite  
with and without O3 oxidation pretreatment were 
analyzed via XPS, and the results are presented in 
Figs. 8 and 9. Figure 8 presents the XPS spectra of 
Cu 2p, Fe 2p, S 2p, and O 1s for chalcopyrite 
without pretreatment and with 2 min of O3 
oxidation. Figure 9 presents the spectra of Mo 3d, 
S 2p, and O 1s for the molybdenite without 
pretreatment and after 2 min of O3 oxidation. 

Figure 8(a) presents the Cu 2p high-resolution 
spectrum of chalcopyrite with and without O3 
oxidation pretreatment. As shown, the binding 
energy peak at 932.2 eV for the untreated 
chalcopyrite corresponds to Cu(I) [28], indicating 
that the copper in the chalcopyrite is present as 
Cu(I). The peak intensity of Cu(I) decreases and the 
Cu(II) peak appears in the chalcopyrite spectrum 
after O3 oxidation pretreatment, indicating the 
oxidation of copper on the surface of the 
chalcopyrite, and the binding energy peaks of Cu(II) 
match those of CuO [29] and Cu(OH)2 [30]. 
Figure 8(b) shows the Fe 2p high-resolution spectra 
of chalcopyrite with and without O3 oxidation 
pretreatment. The peak of untreated chalcopyrite at 
708.1 eV corresponds to CuFeS2 [24]. The intensity 
of this peak is significantly reduced after the 
oxidative pretreatment, and new peaks appear at 
711.8 and 713.7 eV, corresponding to FeOOH [31] 
and iron sulfate Fe2(SO4)3 [24], respectively. 
Figure 8(c) presents the high-resolution spectra of 
the S 2p in the chalcopyrite with and without O3 
oxidation pretreatment. The S on the surface of the  
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Fig. 8 XPS spectra of chalcopyrite with and without O3 oxidation: (a) Cu 2p; (b) Fe 2p; (c) S 2p; (d) O 1s 
 

 
Fig. 9 XPS spectra of molybdenite with and without O3 oxidation: (a) Mo 3d; (b) S 2p; (c) O 1s 
 
untreated chalcopyrite is mainly CuFeS2 [32] and 
Sn

2− [33]. The intensities of these two peaks decrease 
after the oxidation treatment, and a new peak 
appears at 168.4 eV, corresponding to sulfate  
SO4

2− [34]. Figure 8(d) presents the O 1s high- 
resolution spectra of chalcopyrite with and without 
O3 oxidation pretreatment. As can be seen, new 
peaks appear after the O3 oxidation pretreatment, 

corresponding to CuO [35], Cu(OH)2 [36],  
FeOOH [37], and SO4

2− [28]. 
Figure 9(a) shows the Mo 3d high-resolution 

spectrum of molybdenite with and without O3 
oxidation pretreatment. The untreated molybdenite 
has a peak centered at a binding energy of 229.2 eV, 
corresponding to molybdenite (MoS2) [38]. The 
oxidation pretreatment does not change the 
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intensity of this peak significantly, but a very small 
new peak appears at a binding energy of 231.7 eV, 
corresponding to MoO3 [38]. It can be seen from 
the S 2p high-resolution spectra of molybdenite 
with and without O3 oxidation pretreatment 
(Fig. 9(b)), that the S on the surface of the 
molybdenite with and without oxidation 
pretreatment remains essentially unchanged, and 
both of the peaks at 162.1 eV correspond to 
molybdenite (MoS2) [39]. Figure 9(c) presents the 
O 1s high-resolution spectra of molybdenite    
with and without O3 oxidation. The oxidation 
pretreatment increases the intensity of the peaks 
significantly, indicating that the molybdenite 
surfaces are oxidized. The binding energy peak at 
531.2 eV corresponds to MoO3, and the binding 
energy peak at 533.5 eV corresponds to the oxygen 
attached to the molybdenite surfaces [40]. 

In summary, both chalcopyrite and 
molybdenite were oxidized during the O3 oxidation 
pretreatment, and the degree of oxidation on    
the chalcopyrite surfaces was greater than that    
of the molybdenite surfaces. The oxidation of   
the chalcopyrite produced hydrophilic oxidation 
products, i.e., CuO, Cu(OH)2, FeOOH, and 
Fe2(SO4)3, which were adsorbed onto the surfaces 
of the chalcopyrite and decreased its floatability. 
The oxidation product (MoO3) on the surface of 
molybdenite was less abundant, so it caused only 
partial oxidation of the molybdenite and the 
dissolution of MoO3 in the water. In addition, the  
S on the surfaces of the molybdenite remained 
basically unchanged, which might be another 
reason that the floatability of the molybdenite don’t 
change significantly. 

Figure 10 indicates the pH−φh diagrams for 
copper, iron, and molybdenum. Under general 
oxidation and flotation conditions, the dominant 
dissolved ion species are molybdenum, and the 
dominant solid species are copper and iron, as they 
remain solids or precipitates [21]. This can be 
explained as follows. The oxidation products on the 
surface of molybdenite dissolve in solution, while 
some of the copper and iron products on the surface 
of chalcopyrite do not dissolve and immediately 
precipitate as copper oxide and/or iron hydroxide, 
which may affect the surface characteristics. 

By combining XPS results and pH−φh 
diagrams, it can be concluded that O3 can react with  

 

 
Fig. 10 Calculation result of equilibrium of chemical 
species as pH−φh diagrams: (a) Copper; (b) Iron;      
(c) Molybdenum 
 
chalcopyrite and molybdenite in solution, and the 
reactions in solution may be [41]  
2CuFeS2+17O3+H2O→ 

2Cu2++2Fe3++ 2
44SO − +2OH−+17O2          (1) 

 
Cu2++2OH−→CuO+H2O                   (2)  
Fe3++3OH−→FeOOH+H2O                 (3)  
Fe3++3OH−→Fe(OH)3                                 (4)  
MoS2+9O3+4OH−→ 

MoO3+ 2
42SO − +2H2O+9O2                    (5) 
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MoO3+2OH−→ 2
4MoO − +H2O               (6) 

 
Next, 0.01 mol chalcopyrite and molybdenite 

in 1 L solution with pH 9 were pretreated via O3 
oxidation (adjusted using NaOH and HCl). The 
variations in the sulfur concentrations of the 
solution with time are presented in Fig. 11. 
 

 
Fig. 11 S concentration in solutions of chalcopyrite and 
molybdenite at different oxidation time 
 

It can be seen from Fig. 11 that the oxidation 
of chalcopyrite is significantly larger than that of 
molybdenite at a reaction time of 2 min. This is 
consistent with the above results. 
 
4 Conclusions 
 

(1) O3 has the advantages of low price, strong 
oxidation ability, and short oxidation time. O3 
oxidation can selectively depress the floatability  
of chalcopyrite, while it has little effect on the 
floatability of molybdenite. 

(2) The single-mineral flotation tests revealed 
that the O3 oxidation pretreatment significantly 
reduced the flotation recovery of chalcopyrite even 
in the presence of a trap but had little effect on that 
of molybdenite. The artificially mixed ore flotation 
tests revealed that the O3 oxidation could achieve 
selective flotation separation of chalcopyrite and 
molybdenite, and its effect was as good as that of 
sodium sulfide. The flotation results of Cu−Mo  
bulk concentrates showed that O3 oxidation could 
selectively separate chalcopyrite and molybdenite. 

(3) The contact angle and Zeta potential results 
showed that the O3 oxidation treatment selectively 
made the chalcopyrite surface hydrophilic, while 
molybdenite remained hydrophobic. The X-ray 

photoelectron spectroscopy results indicated that 
the reason for this selective flotation separation  
may be that the hydrophilic oxidation products 
(CuO, Cu(OH)2, FeOOH, and Fe2(SO4)3) of the 
chalcopyrite oxidation adsorb onto the surfaces of 
the chalcopyrite, reducing the floatability of the 
chalcopyrite; while the oxidation product (MoO3)  

of molybdenite dissolves in water and has little 
effect on the floatability of the molybdenite. 

(4) The results indicate that the O3 oxidation 
pretreatment flotation separation of chalcopyrite 
and molybdenite is promising chalcopyrite and 
molybdenite separation method. 
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摘  要：研究 O3 氧化对黄铜矿和辉钼矿浮选回收率的影响。单矿物浮选试验结果表明，在 O3 浓度约为 90 g/m3、

气体流量为 4 L/min 的条件下，黄铜矿和辉钼矿氧化 2 min 后，黄铜矿的浮选回收率降至 16%，而辉钼矿的浮选

回收率变化不大。人工混矿浮选试验结果表明，在选择性浮选黄铜矿和辉钼矿中，O3 氧化预处理可以代替 Na2S

试剂作为铜抑制剂。接触角测量结果表明，O3 氧化处理选择性地使黄铜矿表面具有亲水性。 Zeta 电位和 X 射

线光电子能谱分析结果表明，氧化处理后黄铜矿表面产生不溶于水的亲水性氧化物和氢氧化物，使得黄铜矿更加

亲水；此外，辉钼矿的表面虽略有氧化，但其表面仍保持疏水性。 

关键词：黄铜矿；辉钼矿；O3 氧化；选择性浮选；亲水性 
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