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Abstract: This work focuses on the organic depressant, disodium bis(carboxymethyl) trithiocarbonate (DBT), as a selective 

depressant in copper−molybdenum sulfide flotation separation. Micro-flotation, Zeta potential, FTIR and XPS measurements were 

carried out to investigate the selective depression mechanism of DBT on chalcopyrite. Zeta potential and FTIR measurements 

revealed that DBT had higher affinity for chalcopyrite than molybdenite and the XPS results of chalcopyrite before and after 

treatment with DBT further proved that DBT adsorbed on chalcopyrite surface. The investigation indicates that the mechanism of 

DBT adsorbing on chalcopyrite is mainly physical adsorption. Locked circuit experiments were carried out and the results showed 

that DBT could be considered as a cleaner option in commercial Cu−Mo flotation separation circuits. 

Key words: copper−molybdenum sulfide ore; disodium bis(carboxymethyl) trithiocarbonate; depressant; flotation separation; 
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1 Introduction 
 

Molybdenite (MoS2) is the most important 

molybdenum source and large amount of molybdenites 

are associated with copper sulfide ore as trace    

mineral [1]. Since molybdenite is a valuable mineral, 

high recovery and efficient separation with copper 

sulfide are more important [2]. The selective separation 

of sulfide minerals by froth flotation frequently relies on 

the use of various chemical additives that affect the 

floatability of individual ore components [3]. In the case 

of copper−molybdenum separation, the use of sodium 

hydro-sulfide (NaHS), sodium sulfide, Noke’s reagent 

(thiophosphorus or thioarsenic compounds), or even 

cyanides, is widely practiced for the selective depression 

of chalcopyrite which is the main copper sulfide  

mineral [4−6]. However, given the toxic nature of most 

of these chalcopyrite depressants, there have been 

significant efforts to determine the effect of non-toxic or 

low-toxic organic compounds on molybdenite and 

chalcopyrite flotation recovery [7−9], in an effort to find 

a benign reagent that will have a little impact on 

environment. 

Alkyl trithiocarbonates are of importance in 

synthetic chemistry, biochemistry and industry [10,11]. 

They are especially used as pesticides in agriculture [12], 

reversible addition fragmentation chain transfer agent in 

the free radical polymerization reactions [13], lubricating 

additive [14], pharmaceuticals [15] and intermediate in 

organic synthesis [16]. Alkyl trithiocarbonates have also 

been explored in the minerals industry, for example, 

trithiocarbonate could be used as collector in the 

flotation of platinum group-minerals (PGMs) [17], 

auriferous pyrite [18], pyrite and copper [19,20]. 

Although much work has been done on the copper 

sulfide ore depressants for copper−molybdenum 

separation, there is still a lack of understanding on the 

flotation characteristics of copper−molybdenum sulfides 

when disodium bis (carboxymethyl) trithiocarbonate 

(DBT) is used as the depressant. 

In this work, disodium bis(carboxymethyl) 

trithiocarbonate (DBT) was explored to evaluate its 

potential as a selective depressant in copper− 

molybdenum flotation separation. Micro-flotation tests, 

Zeta potential, FTIR and XPS measurements were 

carried out to investigate the mechanism. The flotation of 

pure chalcopyrite was depressed strongly by DBT while 

the floatability of molybdenite only slightly reduced in 

the tested pH range, and the optimal differential flotation  
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of molybdenite and chalcopyrite was achieved under 

weakly alkaline condition. The results of FTIR 

spectroscopic, Zeta potential and XPS measurement 

indicate that the mechanism of DBT adsorbing on 

chalcopyrite is mainly as physical adsorption. 

Furthermore, DBT also tested in copper−molybdenum 

sulfide separation by flotation using copper− 

molybdenum rough concentrate to determine its 

possibility to be an effective selective depressant at 

bench scale testwork. 

 

2 Experimental 
 
2.1 Materials and reagents 

Molybdenite and chalcopyrite obtained from Henan 

province in China, were crushed in a porcelain mortar 

and sieved. The fraction containing particles of    

38−74 μm fraction was used for flotation. The sample 

was treated with dilute nitric acid (0.1 mol/L) to 

eliminate oxide layers, and was treated with dilute 

sodium hydroxide (0.1 mol/L) to remove any 

hydrophobic impurities or residual reagents. After each 

leaching step, the residues were removed by washing the 

sample with distilled water until neutral. The sample was 

dried in vacuum desiccators and kept in a plastic bag and 

stored in a freezer to minimize oxidation. The rough 

concentrate, which was obtained from China 

Molybdenum, Co., Ltd., with 0.95% Cu and 7.23% Mo 

collected from a day shift, was used for the flotation 

separation of copper−molybdenum sulfides in the locked 

circuit flotation test. The mineralogical analysis results 

showed that both copper and molybdenum mainly 

existed in the form of chalcopyrite and molybdenite 

respectively and the gangue minerals were primarily 

quartz, biotite, muscovite, clay, fluorspar, chlorite, 

calcite, and so on. 

The preparation of DBT was carried out according 

to Ref. [21] and the molecular structure was presented in 

Fig. 1. Dodecane and methyl isobutyl carbinol (Guoyao, 

China) were used as collector and frother at contents of 

10×10−6 and 5×10−6, respectively, and sodium hydroxide 

and hydrochloric acid were used to adjust pH. Double 

distilled water was used in all tests. 

 

 

Fig. 1 Molecular structure of disodium bis (carboxymethyl) 

trithiocarbonate (DBT) 

 

2.2 Flotation tests 

A flotation machine of XFG−1600 type (mechanical 

agitation) with the volume of 40 mL was used in 

micro-flotation tests. The impeller speed was fixed at 

1902 r/min. The mineral suspension was prepared by 

adding 2.0 g of single mineral to 40 mL of solutions in 

single mineral flotation tests. The mineral surfaces were 

cleaned by using ultrasound cleaner. The pH of the 

mineral suspension was adjusted to the desired operating 

value by adding HCl or NaOH stock solutions. The 

general reagent addition scheme involved depressant, 

collector and then frother addition with each stage 

having a 2 min conditioning period prior to the next 

reagent addition. Flotation concentrates were then 

collected for a total of 4 min. The floated and unfloated 

particles were collected, filtered and dried. In single 

mineral flotation, the recovery was calculated based on 

solid mass distributions between the two products. In 

order to assess the accuracy of flotation tests, the errors 

of the recovery were found to be within 2.0% after at 

least three tests for each condition, and the average 

values were reported. 

Testworks were carried out on copper−molybdenum 

rougher concentrate in a series of flotation cell in the 

cleaner flotation stage to examine the potential of using 

DBT as a selective depressant in copper−molybdenum 

separation(XFD−0.5L, XFGCII Model Hanging Cell 

Flotation Machine). 

 

2.3 Zeta potential experiments 

Zeta potential experiments were conducted using 

the Malvern Zeta Sizer Nano Series. Zeta potential 

measurements for each mineral were carried out in  

0.01 mol/L NaCl electrolyte solution. A freshly ground 

0.05 g mineral sample (100% passing 5 μm sieve) was 

dispersed in 100 mL of electrolyte solution and mixed 

for 5 min. The coarse mineral particles were allowed to 

settle for 0.5 h and the supernatant containing the fine 

particles were transferred into a folded capillary cell, 

ensuring that there were no bubbles in the cell. The 

results presented here were the average of five 

independent measurements. 

 

2.4 FTIR spectroscopic measurements 

1 g of molybdenite or chalcopyrite with particle size 

less than 38 μm was ground to about 2 μm in an agate 

mortar, and placed into a 250 mL beaker with 100 mL of 

0.05 mol/L reagent. After the pH of the suspension was 

adjusted to desired value using NaOH or HCl, the 

suspension was conditioned for 20 min. The conditioned 

mineral solids were separated from the solution by 

centrifugation. The solid sample was washed four times 

with distilled water of the same pH as in the reaction 

treatment then dried under vacuum at room temperature 

for 24 h. The Fourier transform infrared (FTIR) spectra 

of DBT, untreated and treated minerals were collected  
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by a Bruker Alpha (Thermo, USA) FTIR 

spectrophotometer. 

 

2.5 XPS measurement 

In order to investigate the chemical composition of 

surface films, the chalcopyrite samples before and after 

treatment with DBT solution at pH 8.0 were analyzed 

using X-ray photoelectron spectroscopy. The XPS 

spectra of mineral particles were recorded with a K-alpha 

1063 (Thermo Scientific Co., USA) spectrometer with  

Al Kα as sputtering source at 12 kV and 6 mA, with 

pressure in the analytical chamber at 1.0×10–12 Pa. All 

binding energies were referenced to the neutral C 1s peak 

at 285.0 eV to compensate for the surface-charging 

effects. XPS Peak 4.1 software was used to fit the XPS 

peaks. 

 

3 Results and discussion 
 

3.1 Flotation 

The plots of the floatability of molybdenite and 

chalcopyrite as a function of pH (4−12) with and without 

depressant are shown in Fig. 2. As shown in Fig. 2, both 

molybdenite and chalcopyrite show high floatability with 

a high recovery of more than 80% and 60%, respectively, 

in the pH range in the absence of DBT. These recoveries 

tendency of molybdenite and chalcopyrite are in 

agreement with the reports in Refs. [7,22], and the high 

recovery of chalcopyrite might be attributed to the 

formation of sulfur elements as discussed in the 

following XPS analysis section. However, when 50 mg/L 

DBT was added, the floatability of both chalcopyrite and 

molybdenite dropped slowly. At pH 12, the flotation 

recovery of chalcopyrite dropped from about 75% in the 

absence of DBT, to about 39% in the presence of     

50 mg/L DBT. For molybdenite, the recovery dropped 

from 85% in the absence of DBT, to about 74% in the  

 

 

Fig. 2 Flotation of single minerals of chalcopyrite and 

molybdentie as function of pH by kerosene (10 mg/L) and 

MIBC (4 mg/L) with or without DBT (50 mg/L) 

presence of 50 mg/L DBT at pH 12. As shown in Fig. 2, 

the maximum recovery difference between chalcopyrite 

and molybdenite occurred in the pH range of 8−12. 

These results prompted the implementation of a series of 

tests with the objective of confirming the influence of 

depressant concentration on the floatability of 

molybdenite and chalcopyrite. Therefore, testwork was 

conducted by fixing pH at 8 and varying DBT 

concentration, as this value is close to neutral and 

economical in Cu−Mo commercial flotation separation. 

The effect of DBT concentration on molybdenite 

and chalcopyrite flotation is presented in Fig. 3. As 

shown in Fig. 3, the recovery of chalcopyrite decreased 

from 83% to 9% and that of molybdenite decreased from 

93% to 88% as the DBT concentration increased from 0 

to 150 mg/L. A window with 80% separability was 

obtained using DBT at a concentration of 150 mg/L. 

Furthermore, the result also showed that the recovery 

difference between molybdenite and chalcopyrite was 

enlarged gradually as the depressant concentration was 

increased. Therefore, it is possible to use DBT as a 

selective depressant in copper−molybdenum separation. 

 

 

Fig. 3 Floatability of molybdenite and chalcopyrite at different 

concentrations 

 

3.2 Zeta potential 

The Zeta potential of chalcopyrite was first 

determined as a function of pH, open to the atmosphere, 

at a fixed ionic strength of 0.01 mol/L NaCl in the 

absence of DBT, and these results are presented in Fig. 4. 

The figure shows that the Zeta potential of chalcopyrite 

depends on the pH: it is positive at low pH values, goes 

through Zero and becomes negative as the pH increases. 

The isoelectric point (IEP) (pH 4.8) of chalcopyrite 

sample used in this investigation is close to the value 

reported by other researchers [23,24]. As shown in Fig. 4, 

the DBT makes the Zeta potential of chalcopyrite more 

negative. Because the molecular structure of this organic 

compound contains trithiocarbonate and carboxylic acid 
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functional groups, the more negative Zeta potential of 

chalcopyrite in the presence of DBT may be associated 

to the adsorption of DBT on the chalcopyrite surface. 

 

 

Fig. 4 Zeta potential of minerals as function of pH in absence 

and presence of DBT (50 mg/L) 

 

The Zeta potential curves for molybdenite and 

molybdenite treated with DBT (Fig. 4) showed that the 

surfaces were electronegative throughout almost the 

entire pH range, with isoelectric points located at pH 

values less than 4. It became clear that beginning at pH 6, 

there was an accentuated increase in the electronegativity 

of the molybdenite surface, which was potentially due to 

the oxidation and hydrolysis of MoO3 to 4HMoO  and 
2
4MoO  , which increased the electronegativity of the 

surface [22]. When molybdenite was treated with DBT, 

Fig. 4 clearly indicates that its adsorption onto the 

molybdenite surface also affected the Zeta potential, thus 

promoting a displacement of the curve to the region of 

lower electronegativity. But, the presence of DBT had 

little influence on the Zeta potential of the molybdenite 

and promoted only a small increase in its 

electronegativity. The negative Zeta potential of 

molybdenite in the presence of DBT suggests that the 

DBT molecules also adsorbed at molybdenum surface 

sites. 

The Zeta potentials of chalcopyrite decreased 

significantly whereas Zeta potentials of molybdenite 

decreased to a minor extent only, which indicates a 

higher adsorbed amount of DBT on chalcopyrite surface 

than on molybdenite surface. The strongest depression of 

chalcopyrite, as measured by flotation, appears to 

coincide with the strongest decrease in Zeta potential at 

pH 6−12. It should be noticed that DBT transformed into 

its acid form which is present as yellow precipitation in 

solution under acid condition (pH<5). The difference of 

the Zeta potential of DBT adsorbed chalcopyrite or 

molybdenite in alkaline and acid conditions might be 

explained by the transformation of chemical formula of 

DBT in different pH conditions (salt-acid). 

3.3 FTIR study 

Fourier transform infrared (FTIR) spectroscopic 

measurements were taken to delineate the mechanism by 

which reagents adsorb on mineral surfaces. The spectrum 

of DBT only shows the 500−2000 cm−1 region, since this 

area includes most of the main adsorption bands 

attributable to the depressant. In the spectrum of DBT, 

the main bands at 1734.17, 1397.10, 1349.90, 1207.22, 

1047.64, 874.41 and 663.90 cm−1 were due to C=O 

stretching, CH2 scissoring, CH2  wagging, C — O 

stretching, C=S stretching, C—C stretching and C—S 

stretching, respectively. The FTIR spectra of 

chalcopyrite before and after treatment with DBT are 

presented in Fig. 5. As shown in Fig. 5(a), the results of 

DBT adsorbed on chalcopyrite after treating with DBT, 

the new bands appeared near 1051.90, 1204.81, 1347.91, 

1394.23, 872.14 cm−1 were due to C=S stretching,    

C—O stretching, CH2 wagging, CH2 scissoring, C—C 

stretching, respectively, which indicated that the 

adsorption of DBT on chalcopyrite is mainly as physical 

adsorption because of lower shift value of IR bands on 

spectra of surface of the chalcopyrite compared with 

DBT spectrum. The FTIR spectra of molybdenite before 

and after treatment with DBT are presented in Fig. 5(b). 

It can be seen that the characteristic bands of DBT did 

 

 

Fig. 5 FTIR spectra of DBT and depressant treated minerals at 

pH 8.0 
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not present on the surface of treated molybdenite surface. 

The coverage of DBT on molybdenite surface might be 

removed by the sample preparation procedure. The solid 

sample was washed four times with distilled water of the 

same pH as in the reaction treatment, which indicated 

that the adsorbed DBT molecules on molybdenite surface 

might be removed. Comparing the results of flotation and 

Zeta potential, we can clearly conclude that the 

interaction between DBT and molybdenite probably is 

physical adsorption. 

 

3.4 XPS analyses of chalcopyrite treated with 

depressant 

The FTIR spectra of molybdenite before and after 

treatment with DBT at pH 8.0 indicated that the 

interaction between DBT and molybdenite might be 

physical adsorption. However, chalcopyrite adsorbed 

more DBT than molybdenite. Therefore, the XPS spectra 

of chalcopyrite before and after treatment with DBT at 

pH 8.0 were selected and further investigated through 

XPS analysis in this section. 

The C 1s spectrum (Fig. 6) of the baseline 

chalcopyrite without reaction with DBT depressant has 

main component at 284.81 eV. It should be noted that at 

least part of the intensity at 286.18 eV may result from 

carbon contamination. After interaction with DBT, the 

broad contribution appearing at 288.61 eV likely 

represents C atoms of depressant, probably the C bonded 

to O/S(C=S/C=O), which were in close to the carbon 

atoms of dixanthogen [25], thiourea[26], xanthate   

(CS2) [27] and the C bonded to N, S and O in IPETC 

[28]. The broad peak at 286.22 eV probably assigned to 

the C atoms of methylene group (—CH2—) or the carbon 

contamination presented in chalcopyrite (286.18 eV). 

 

 

Fig. 6 C 1s spectra of chalcopyrite with and without DBT 

treatment at pH 8.0 

 

The S 2p spectrum of the initial chalcopyrite is 

shown in Fig. 7. It has been reported that the S 2p3/2 peak 

originating from fully coordinated sulfur atoms in 

chalcopyrite’s crystal structure, i.e. monosulfide (S2−), 

centers at 161.4 eV [29,30] and elsewhere it has been 

reported to be at 161.5 eV [31]. These results agree well 

with those of our experiments(S 2p3/2 peaks, centered at 

161.38 eV). On the other hand, the position of the S 2p3/2 

peak for disulfide species (S2
2−) are reported to be  

162.48 eV [32] and 162.5 eV [30], and these again agree 

well with the position of the second S 2p3/2 peak in our 

data(S 2p3/2 peaks, centered at 162.54 eV). In addition to 

the two S 2p doublets, Fig. 8 presents another peak 

positioned at 163.73 eV(Sn
2−/S0), which is similar to 

previous XPS studies on electrochemically oxidized 

chalcopyrite [33]. The fitted S 2p3/2 peak at 169.22 eV is 

attributed to sulphate ( 2
4SO  ), which is in good 

agreement with the report [34]. The chalcopyrite surface 

is mildly oxidized [35]. 

 

 

Fig. 7 S 2p spectrum of chalcopyrite at pH 8.0 

 

In Fig. 8, the S 2p spectrum of DBT can be fitted by 

three doublets with the position of the S 2p3/2 splitting 

peaks at 161.14 and 162.59 eV and about 163.85 eV. The 

average FWHM values for these three components were 

about 1.32, 1.23, and 1.4 eV, respectively. The S 2p 

spectrums obtained from the chalcopyrite conditioned in 

DBT solution at pH 8 indicated the existence of several 

electron binding stages (Fig. 8). The S 2p line can be 

fitted by four doublets with the position of the S 2p3/2 

splitting peaks at 161.48, 162.62, 164.07 and about 

165.27 eV. The two former doublets have positions 

characteristic of the sample of chalcopyrite [29,30−32], 

while the excess of sulfur (latter doublets) might be 

assigned to S atoms in adsorbed DBT, in line with 

growing content of carbon (Fig. 6). Compared to the   

S 2p binding energy of DBT and the excess of sulfur 

presented on DBT treated chalcopyrite surface. The 

sulphate peak (169.23 eV) is clearly present in the 

spectra of original chalcopyrite at pH 8; however, this 

species vanished with the addition of depressant, which 

indicates that the oxidation of chalcopyrite is hindered 

with the addition of DBT which means a layer of DBT 
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molecules might be covered on chalcopyrite surface. The 

intensity of the peak at 161.48 and 162.62 eV further 

proved that the extra sulfur atoms on chalcopyrite 

surface were donated by DBT. 
 

 

Fig. 8 S 2p spectra of DBT (a) and DBT-treated chalcopyrite (b) 

at pH 8.0 

 

The Cu 2p XPS studies are shown in Fig. 9. The 

results suggested that binding energies for Cu 2p3/2 and 

Cu 2p1/2 peaks of original chalcopyrite are 932.47 and 

952.29 eV, respectively. These results are in       

good agreement with those reported by 

GHAHREMANINEZHAD et al [30] and YANG      

et al [33]. After treatment with DBT, the binding 

energies for Cu 2p3/2 and Cu 2p1/2 peaks of chalcopyrite 

were shifted to lower binding energies (932.13 and 

952.01 eV), which indicate that the differences might be 

attributed to the electron donation of sulfur atoms in 

depressant molecule. From the S 2p and Cu 2p spectra, it 

is possible to draw a conclusion that the sulfur atoms 

(electron donor) might interact with the copper ions 

(electron acceptor) under the tested conditions since the 

excess S 2p spectra obtained from chalcopyrite samples 

before and after DBT conditioning were shifted to higher 

binding energy, meanwhile, the Cu 2p spectra were 

shifted to lower binding energy. 

 

 

Fig. 9 Cu 2p spectra of chalcopyrite with and without DBT 

treatment at pH 8.0 

 

3.5 Flotation separation of copper−molybdenum 

sulfides 

The pure mineral flotation tests using chalcopyrite 

and molybdenite only showed a marginal effect of 

depressant in copper−molybdenum sulfide separation [7]. 

However, since the pure mineral flotation tests could not 

demonstrate the competitive adsorption of DBT on the 

two minerals, testworks were carried out on 

copper−molybdenum bulk concentrate to evaluate the 

potential to use DBT as a selective depressant in 

copper−molybdenum separation. In the locked-circuit 

tests, it is not completed until the mass balance of 

concentrate plus tailing equal to feed was achieved. In 

this investigation, the average values of three tests were 

reported. The depressant used in bench scale tests were 

prepared according to literature without separation and 

purification [21]. The bulk concentrate, which was 

obtained from China Molybdenum Co., Ltd., with 0.95% 

Cu and 7.23% Mo collected from a day shift, was used in 

the locked-circuit flotation test. The results of 

locked-circuit were summarized in Table 1. 

 

Table 1 Results of locked circuit test 

Product Yield/% 
Grade/%  Distribution/% 

Mo Cu  Mo Cu 

Concentrate 12.962 55.380 0.076  99.278 1.037 

Tailing 87.038 0.060 1.080  0.722 98.963 

Calculation 100.000 7.230 0.950  100.000 100.000 

 

4 Conclusions 
 

1) The flotation performance and Zeta potentials of 

chalcopyrite and molybdenite indicated that a higher 

amount of DBT adsorbed on chalcopyrite surface than on 

molybdenite surface. The IR spectra and XPS results of 

chalcopyrite before and after treatment with DBT 
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indicated that the mechanism of DBT adsorbing on 

chalcopyrite is mainly as physical adsorption. 

2) Locked-circuit experiments were carried out and 

satisfied recovery and grade of molybdenite concentrate 

can be achieved (Table 1). Clearly, DBT will be a very 

selective flotation depressant in the differential 

separation of molybdenite from chalcopyrite, which 

could provide a viable alternative to sodium cyanide, 

sodium sulfide and sodium hydro-sulfide that are 

routinely used in commercial Cu−Mo flotation 

separation circuits. 
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双(羧甲基)三硫代碳酸钠在 

铜钼硫化矿浮选分离中抑制机理 
 

殷志刚，孙 伟，胡岳华，管青军，张谌虎，高跃升，翟计划 

 

中南大学 资源加工与生物工程学院，长沙 410083 

 

摘  要：小分子有机抑制剂双(羧甲基)三硫代碳酸钠(DBT)是一种铜钼分离选择性抑制剂。动电位与红外光谱分析

结果表明，DBT 在黄铜矿表面的吸附强于辉钼矿，X 射线光电子能谱进一步证明 DBT 吸附在黄铜矿表面，抑制

剂 DBT 与在黄铜矿表面的吸附以物理吸附为主。铜钼混合精矿浮选分离试验结果表明，DBT 是一种潜在的环境

友好型铜钼分离抑制剂。 

关键词：铜钼硫化矿；双(羧甲基)三硫代碳酸钠；抑制剂；浮选分离；物理吸附 
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