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Thermodynamics of chalcocite dissolving in solutions of flotation reagents 

This work describes the formation of the ionic composition of the sorption layer during the concentration of 

copper-lead and pyrite-copper-zinc ore. The thermodynamics of the sorption layer of a sulfhydryl collector 

(sodium diisobutyl thiophosphate and potassium butyl xanthate) on the surface of chalcocite under various 

conditions of its oxidation has been studied using pH- and redoxometry. The nature of the change in the chal-

cocite electrode potential depending on the type of modifier and storage device, as well as on pH, has been 

experimentally clarified. The differences in the collective action of a one-component accumulator and a mix-

ture of flotation reagents were revealed based on the thermodynamics analysis of the flotation process reac-

tions. In addition, the optimal conditions for the flotation were determined. It was found that the quality of the 

concentrate is mainly influenced by two factors, such as the pulp redox potential and the pH of the medium. 

Mathematical equations of the optimal reagent and hydrodynamic enrichment regimes with the maximum 

dissolution of ore minerals in solutions of flotation reagents were modeled. 

Keywords: flotation, hydrophobicity, sorption layer of collector, the ionic composition of the pulp in a liquid 

phase, flotation reagents, sulfide minerals. 

 

Introduction 

Modernized technologies of the enrichment of ores from new deposits should ensure the production of 

high-quality products from raw materials of medium and low quality [1–3]. However, most of the resources 

of ore raw materials in the Republic of Kazakhstan (pyrite-copper-zinc, copper, copper-lead, iron-

manganese) are at a great depth and scattered over a large area. In this regard, the intensification of enrich-

ment processes based on an integrated approach, which uses various enrichment methods in one technologi-

cal scheme and reagent compositions selective for a specific mineral, takes on high relevance [4–6]. 

Improving polymetallic ores in production is predicated on examining economically profitable and en-

vironmentally friendly flotation reagents from a scientific research perspective, providing the necessary en-

richment indicators [7–10]. 

The selection of flotation reagents for ore beneficiation is acquired from the ability of adsorption com-

plexes on the surfaces of minerals. The sorption capacity is determined by the strength of the complex, poor-

ly soluble compounds of metal ions that make up the crystal lattices. In this regard, the literature analysis of 

sorption processes on the surface of ore minerals is currently considered relevant and forward-looking to se-

lect cost-effective storage devices [11–16]. 

Along with the above, general criteria of selection of collector compositions capable of directional ac-

tion on the surface of ore material are the quantitative indices of absolute stiffness and electronegativity, ac-

cording to the theory of HSAB and Pearson principle, the affinity of individual collectors or their mixtures 

for cations of heavy metals in solution, based on the recovery of valuable components in concentrate [17]. 

The evaluation sources of physicochemical characteristics of dissolution of sulfide ores and minerals 

included in their composition have also been analyzed. It was shown that the processes of dissolution of sul-

fide minerals (CuFeS2) are significantly intensified in the presence of catalysts (Ag). The dissolution mecha-

nism is entirely determined by the semiconductor properties of chalcopyrite, namely, the electronic conduc-

tivity [18]. The solubility of minerals increases in the presence of potent oxidizing agents in an acidic medi-

um. In particular, the dissolving ability of an electrolyte containing H2SO4 and Fe3+ has been studied. More-

over, the presence of Fe3+ ions plays a key role. 

On the other hand, the possibility of dissolution of copper sulfides in solutions of complexing agents is 

traced [19]. At the same time, the results of elemental and phase analyses of leaching products were used to 

establish the dissolution mechanism. The complete theoretical description of the mineral dissolution process 
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is given in [20]. In the example of a waste rock mineral (serpentine), using the DLFO theory, a relationship 

was established between the intensive dissolution of serpentine and a decrease in brucite extraction. Howev-

er, more attention is paid to the practical side of the issue. The relationship of the physicochemical character-

istics of minerals in the dissolution process with the extraction efficiency of valuable components is poorly 

expressed. 

Experimental 

Flotation experiments were carried out on an FМL-1 laboratory flotation machine with a chamber vol-

ume of 0.5 l according to the following procedure: a sample of ore (size 0.074 mm, weight 10 g) is loaded 

into the flotation cell and mixed with water. 

Potentiometric measurements were performed using an ion-selective chalcogenide (Cu2S) electrode 

based on the pH meter-ionomer (I-500). A chlorinated ESL-1М electrode was used as an electrode for com-

parison. The solutions were stirred using a magnetic stirrer. 

During the experiment, tannin solutions with a concentration of 10-4 mol/l, potassium bichromate 

(K2Cr2O7) 10–2 mol/l, hydrogen peroxide (Н2О2) 10–2 mol/l were used. To maintain the required pH level, 

solutions of sodium hydroxide (NaOH) and sulfuric acid (H2SO4) were used in the concentration range from 

10–2–10–6 mol/l. A mixture of (C4H9O)2PSSNa (main substance is sodium diisobutyl dithiophosphate  

(w((i-C4H9O)2PS2Na)= 65 %)) with butyl, potassium xanthogenate was used as a floater agent. All measure-

ments were made in the temperature range 298–318 K. The electrode stationary potential was fixed within 30 

minutes. 

The values of activation energy, activation enthalpy, and activation entropy of chalcocite dissolution 

were calculated using the Arrhenius equation and the transition state equation [21]: 

 lg lg
2.303

aE
W A

RT
= −   (1) 

 # ln ln 1
k

S R A
Th

 = − −   (2) 

 # 2  aH E RT = −  (3) 

The method of the full factorial experiment was chosen for optimal control. This method involves the 

use of 4 factors 3 level matrices and allows obtaining generalized regression equations that consider the in-

fluence of all factors [22]. The calculation and evaluation of the results of flotation studies were carried out 

by the statistical options of the Excel application. 

X-ray phase analysis of ore samples was carried out on an X-ray diffractometer (XRD-7000 Shimadzu, 

Shimadzu, Japan). The valuable part of copper-lead ore is represented mainly by chalcocite, pyrite, galena, 

and cuprite. Gangue is silica, aluminosilicates, calcium carbonates. Elemental analysis of the initial ores was 

carried out on the ore grade instrument (Spektrolab, SPECTRO Analytical Instruments GmbH, Germany). 

The study of the results showed that sulfide ore>copper-zinc ore>oxide ore>tailings (primary enrichment) 

are the richest in the content of Cu, Pb, Zn industrial elements. 

Results and Discussion 

In this work, the process of collective absorption of minerals on the surface of a chalcocite electrode 

was studied using a mixture of potassium butyl xanthogenate and sodium diisobutyl dithiophosphate as flota-

tion reagents, as well as potassium dichromate as an activator and sodium hydroxide as a depressor. 

Considering the experimental data on the potential of a multi-component system, the values of the acti-

vation energy, entropy and enthalpy of the process were calculated using the Excel application (Table 1). 

Under the data of [15], interpreting the achieved values of the activation energy specified in Table 1 in-

dicates that the electrode potential (E{mV}) in the diffusion mode occurs on the surface of the mineral. Acti-

vation energy is diffused during the limitation period. 

The negative value of the enthalpy of activation in a weakly alkaline medium has a combined structure, 

which leads to a decrease in the number of “active” particles. On the contrary, a change to positive values of 

the enthalpy of activation indicates an increase in the number of “active” particles. By the obtained values of 

the activation entropy, it can be assumed that compounds of variable composition in the anionic form are 

formed on the surface of the mineral. 
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T a b l e  1  

Thermodynamic parameters of the theory of absolute speeds  

in the system NaOH – K2Cr2O7 – (i-C4H9O)2PS2Na 

T {K} 298 303 308 313 318 

pH=8 

Ea {kJ/mol} 43.930.01 

∆S#{J/mol K} -41.590.01 -41.610.01 -41.6270.01 -41.6430.01 -41.6590.01 

∆H# {kJ/mol} -4.950.01 -5.0380,01 -5.121.0.01 -5.2050.01 -5.2880.01 

pH=10 

Ea {kJ/mol} 45.810.02 

∆S# {J/mol K} 102.90.01 102.890.01 102.870.01 102.860.01 102.840.01 

∆H#{kJ/mol} 40.850.01 40.770.01 40.680.03 40.600.01 40.520.01 

pH=12 

Ea {kJ/mol} 49.000.01 

∆S# {J/mol K} 122.800.01 122.780.01 122.760.01 122.750.01 122.730.01 

∆H#{kJ/mol} 44.050.01 43.960.01 43.880.01 43.800.01 43.710.01 

 

  

Figure 1. The investigation of the behaviour  

of the surface potential of the working electrode  

in solutions (K2Cr2O7 – NaOH) with increasing  

temperature and pH 

Figure 2. The behaviour of the electrode potential  

in the K2Cr2O7 – NaOH – (i-C4H9O)2PS2Na system  

in the range of temperature 298–318 K and pH 8–12 

Figure 1 demonstrates that the working area of the stationary potential of the chalcosine electrode in po-

tassium dichromate solutions (pH =8±0.3) is abruptly shifted to the electronegative region with increasing 

temperature. Cuprite (Cu2O) formation occurs on the Cu2S surface in these solutions. The following fact is 

confirmed by the results of the phase diagram in [23], where the analysis of CuFeS2 oxidation is described in 

three stages: 

 2CuFeS2 + 15H2O = Cu2S + 2Fe(OH)3+3 2-

3SO + 24H+ + 18e–  (Е = –260{mV}) (4) 

 Cu2S + 4H2O = Cu2O + 2-

3SO  + 8H+ + 6e– (Е = –130{mV}) (5) 

 Cu2O + 3H2O = 2Cu(OH)2 + 2H+ + 2e–  (E = +157{mV}) (6) 

The E{mV} curve in the K2Cr2O7 – NaOH subsystem at pH = (10±0.3) is expressed by the ambiguous 

destabilization of the electrode potential of the chalcocite dissolution process in potassium dichromate solu-

tions. With a stepwise increase in hydrogen concentration (pH = 12±0.3), the dependence of the electrode 

potential is formed on an electropositive scale. This indicates the formation of copper chromate, according to 

reaction (7): 

 Cu2S + 2CrO4
2− + 3H2O = 2CuCrO4 + 2-

3SO  + 6H+ + 8e–  (E = +109÷+20{mV}) (7) 

Analyzing the obtained low values of the electrochemical potential in the system K2Cr2O7 – NaOH – 

(i-C4H9O)2PS2Na (Figure 2), we suggest that copper and butyl xanthate interact at (pH = 8) with the for-

mation of CuC4H9OРSS. In this experiment, the oxidation of chalcocite sulfide sulfur proceeds intensively 
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due to the influence of Cr2O7
2– ions. The chalcocite electrode potential dependence in an alkaline solution of 

potassium dichromate in the presence of a mixture of a sulfhydryl collector at pH = 12 confirms the passage 

of ionic flotation due to the oxidation of sulfide sulfur and dissolution of copper ions. The thermodynamic 

characteristics, in particular, the activation energy and enthalpy values (Table 1), agree with the above reac-

tions. 

Despite specific achievements in expanding the list of effective reagents-fillers for flotation, the domes-

tic industry is experiencing a shortage of its products. Based on the foregoing, in this work, a set of experi-

mental studies has been carried out to develop the subsystems using tannin (C76H52O46) as a complexing rea-

gent-collector for refractory ores flotation concentration. The experimental results of the dependence of the 

Сu2S potential in the Н2О2-tannin-H2SО4 system are shown in Figures 3-4. 

A stable complex of tannin with copper ions is formed on the surface of the mineral at pH = 4. It was 

found that the oxidation of sulfide sulfur of chalcocite by dichromate ions promotes the binding of copper 

ions with tannin (Figure 4). An increase in the pH of solutions leads to a shift in the equilibrium of the reac-

tion. It may be due to the hydrophilization of the chalcocite surface. The calculated values of the reaction 

thermodynamics in K2Cr2O7-Tannin-H2SО4 confirm the exothermicity of the process of Сu2+ binding with 

tannin at pH = 4 and 318{K} (Table 2). 

T a b l e  2  

Thermodynamic factors of the system K2Cr2O7-Tannin-H2SО4 

T {K} 298 303 308 313 318 

 pH=4 

Ea {kJ/mol} 25.30.01 

∆S# {J/mol K} –391.820.01 –391.940.01 –391.980.01 –391.970.01 –391.990.01 

∆H# {kJ/mol} –49.550.01 –50.380.01 –51.210.01 –52.040.01 –52.870.01 

 pH=5 

Ea {kJ/mol} 48.530.01 

∆S# {J/mol K} 109.050.01 109.030.01 109.010.01 109.010.01 108.950.01 

∆H# {kJ/mol} 43.630.01 43.550.01 43.460.01 43.380.01 43.360.01 

 pH=6 

Ea {kJ/mol} 32.390.01 

∆S# {J/mol K} 58.470.01 58.460.01 58.440.01 58.430.01 58.410.01 

∆H# {kJ/mol} 27.450.01 27.350.01 27.270.01 27.180.01 27.140.01 

 

  

Figure 3. Characteristics of the electrode potential  

in the solutions (Н2О2 – tannin – H2SО4)  

with increasing temperature and pH 

Figure 4. The behaviour of the electrode potential  

in the K2Cr2O7 – tannin – H2SО4 system  

with a change in the pH range from 4 to 6 

The thermodynamic characteristics of the copper-zinc ore beneficiation process were determined to test 

the optimal reagent modes of the modified polyfunctional collector (based on a mixture of potassium butyl 

xanthogenate-sodium diisobutyl dithiophosphate (w((i-C4H9O)2PS2Na)) flotation reagents. The results are 

presented in Table 3. 
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T a b l e  3  

Thermodynamic values of the formation of a flotation complex of potassium butylxanthogenate –  

sodium diisobutyldithiophosphate on the surface of copper-lead ore 

T{K} 298 303 308 313 318 

1 2 3 4 5 6 

pH=8 

Ea {kJ/mol} 68.890.01 

lgA 11.44 

∆S# {J/mol K} 187.930.01 187.920.01 187.940.01 187.870.01 187.870.01 

∆H#{kJ/mol} 63.940.01 63.860.01 63.770.01 63.690.01 63.610.01 

pH=10 

∆S# {J/mol K} -31.280.01 -31.310.01 -31.370.01 -31.330.01 -31.340.01 

∆H#{kJ/mol} 156.020.01 155.940.01 155.850.01 155.770.01 155.690.01 

pH=12 

Ea {kJ/mol} 173.650.01 

lgA -30.41 

∆S# {J/mol K} -613.70.01 -613.720.01 -613.730.01 -613.750.01 -613.770.01 

∆H#{kJ/mol} -178.680.01 -178.620.01 -178.750.01 -178.850.01 -178.940.01 

 

The indicated activation entropy data suggest that the flotation reagent has an active effect on the inter-

action of copper with butyl xanthogenate with the formation of СuC4H9OCSS. Furthermore, the exothermici-

ty of the process is confirmed by the maximum value of work and entropy, which indicates the direction. The 

potentiometric method results for determining the dependence of the electrode potential in an alkaline medi-

um in the presence of a mixture of flotation reagents are shown in Figures 5-6. 

 

  

Figure 5. Dependence of the change in the potential  

of the working electrode in an alkaline medium  

with increasing temperature 

Figure 6. Changes in electrode potential  

in the system (NaOH – H2O2 – (i-C4H9O)2PS2Na)  

from temperature and pH 

The potential shift to the electronegative region at pH = 10 is caused by the formation of poorly soluble 

copper hydroxides on the surface of the mineral. Sulfide sulfur oxidation to 2-

3SO  and 2-

4SO  is due to the ad-

sorption of OH-radicals and atomic oxygen on the Cu2S surface. 

Taking into account all the revealed trends in the various-component systems of the model ore benefi-

ciation process, the activation process of the “intermediate” copper complex occurs. In this study, using the 

Gauss method in the calculations, the equations of the electrode function are derived with temperature and 

pH change. The temperature dependence of the Cu2S potential with a variable value of pH solutions is pre-

sented in Figure 7. 
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Figure 7. Effect of temperature and pH on the potential of the chalcocine electrode 

The optimal mode for the maximum enrichment process of copper-lead and pyrite-copper-zinc ores was 

found using a mixture of flotation reagents according to the obtained obtained linear equations (8–10): 

 Е = 1.9997t2 – 153.77t + 2764.8 (рН=8) (8) 

 Е = 471.34t2 – 10562t + 87407 (рН=10) (9) 

 E = –0.8491t2 + 61.04t – 1010.1 (рН=12) (10) 

The method of mathematical planning was applied to establish the optimal reagent and hydrodynamic 

enrichment modes. 

Table 4 represents the generalized equation of surface modelling changes in the dissolving mineral raw 

materials process based on the changed electrode potential in multicomponent flotation process systems. 

T a b l e  4  

The generalized equation of surface modelling changes in the process of dissolving mineral raw materials 

Systems Mathematical model R 

K2Cr2O7 – NaOH 
y = (20.475 + (–3.061)∙(pH) + 0.106∙(pH)2) + ((–1.08) + 0.157·pH + 

+(–0.005)·(pH)2·t°C) + (0.0124 + (–0.002) ∙pH + 0.0001∙(pH)2∙ (t°C)2) 
0.99 

K2Cr2O7 – H2SO4 – tannin 
y = ((–107.79 + 73.019∙pH + (–5.396) ∙(pH)2) + ((419.280 + 88.824∙pH +  

 + (–3.979) ∙(pH)2 ∙t°C) + (16.48 + (–3.294) ∙ pH + 0.1597∙(pH)2∙(t°C)2) 
0.98 

H2O2 – NaOH 
y=((–50.813) + 1.349 ∙pH + (–8.7358)∙ (pH)2) + (2.725 + 2.552∙pH +  

 + (–7.563)∙(pH)2∙ t°C) + (1.7329 + (–1.756)∙pH + (0.0283∙(pH)2∙ (t°C)2) 
0.99 

NaOH – H2O2 –(C4H9O)2PS2Na 
y = ((–388.08 + 94.877∙pH + (–5.1541) ∙(pH)2) + (341.397 + (–82.957) ∙pH +  

 + 0.453∙(pH)2) ∙ t°C) + ((–1.355) + 0.286 ∙pH + (–0.0137)∙(pH)2)∙(t°C)2) 
0.99 

 

It can be seen that the potential of the halcosin is shifted to the negative area with an increased tempera-

ture in a weakly alkaline medium (pH = 8) and to the positive zone in a more alkaline medium, which indi-

cates an intensive occurrence of oxidative processes due to hydroxide and bichromate ions. This model is 

characterized by the interaction of the mineral in an alkaline oxidant solution; therefore, it may be tested to 

calculate the values of stationary potentials of copper sulfide (I) in the temperature range and the acidity of 

the medium. 

It should be noted that the steady-state potential data (Figures 1–7) indicate that the sulfur oxidation re-

actions of copper and lead minerals to thiosulfate ions occur most fully in alkaline media. These ions are re-

placed by xanthogenate and dibutyldithiophosphate to form complex compounds. Moreover, sulfur oxidation 

products are thiosulfate and sulfate ions in the medium with high redox potential. These ions, which have a 

higher ability to hydrate, contribute to the formation of poorly soluble copper xanthates and copper diisobu-

tyldithiophosphates in the volume of the solution, reducing the hydrophobicity of the surface, and conse-

quently the quality of the concentrate [24]. 
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In pursuance of the probabilistic-deterministic approach, the optimization of copper-lead ore concentra-

tion was carried out. Likewise, the partial dependences of chemical and technological parameters on variable 

factors of air supply rate, impeller speed, consumption of the (C4H9O)2PSSNa collector mixture and potassi-

um butyl xanthogenate were obtained (Таble 5). 

T a b l e  5  

Dependence of the degree of copper extraction and the degree  

of ore reduction for the process of concentration of copper ore using a mixture  

of potassium butyl xanthogenate – sodium diisobutyl dithiophosphate 

Factors (x) ɛMe, % (y) R K (y) R 

υair.{l/h} y = –0.05x2 + 4.4819x – 5.6996 0.99 y = –0.0063x2 + 0.3594x + 12.035 0.99 

νrot. {Hz} y = –0.0039x2 + 0.2767x + 95.093 0.99 y = –0.0146x2 + 0.956x – 10.853 0.99 

Сflotation {g/t} y = –0.0246x2 + 4.484x – 109.17 0.99 y = 0.0042x + 4.1161 0.99 

 

For lead minerals, the high redox potential of the pulp initiates the reaction of the formation of poorly 

soluble lead sulfate at low pH and high pH of lead hydroxocarbonate. Therefore, hydrophobization in the 

presence of oxidized lead sulfide is difficult, which reduces the amount of metal extracted into the concen-

trate [25]. 

The large-scale laboratory studies have been carried out to recommend the use of a mixture of a flota-

tion reagent (potassium butyl xanthogenate and sodium diisobutyl dithiophosphate (w((i-C4H9O)2PS2Na) for 

flotation of copper ore from the Nurkazgan deposit. 

Conclusions 

The thermodynamic parameters characterizing the chalcocite dissolution process in copper minerals flo-

tation solutions have been determined. The progress of the enrichment process is mainly determined not only 

by the change in the pulp potential’s redox action, but also by the electrode potential of dissolution of chal-

cogenide minerals. 

Due to this fact, it is possible to eliminate the formation of hydroxide compounds at the stage of selec-

tive flotation of copper concentrates in alkaline media due to the equalization of the chromate- and xan-

thogenate ions concentration in the liquid phase. 

A qualitatively new approach to the prediction of the behavior of sulfide minerals is proposed. It con-

sists in considering the relationship between the redox ability of minerals and the flotation characteristics of 

polymetallic ores and the hydrodynamic enrichment regime. It was shown that copper recovery degree into 

concentrate is closely related to air consumption and dispersion degree of bubbles for copper- lead ore sam-

ples. These factors directly affect the oxidation-reduction balance in the pulp. Namely, they increase the 

probability of the formation reactions of hydroxo complexes, thiosulfates, copper, lead sulfates on the sur-

face of sulfide minerals. 

A statistical model was proposed to calculate the value of the relative fractions of the surface sorption 

layer of the pulp during the flotation of copper ore from the “Nurkazgan” deposit. 

This model takes into account the oxidation processes occurring in parallel on the surface of the mixed 

sorption layer of the collector of potassium butyl xanthogenate and sodium dissobutyl dithiophosphate  

(w((i-C4H9O)2PS2Na). 
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Р.М. Шляпов, Ш.К. Амерханова, А.С. Уали, Т.Б. Омарбеков, Д.С. Бельгибаева 

Флотациялық реагенттер қоспаларының ерітінділерінде  

халькозиннің еруінің термодинамикасы 

Мыс-қорғасын және колчедан-мыс-мырыш кендерін байыту кезінде сорбциялық қабаттың иондық 

құрамын қалыптастыру процесі қарастырылды. pН метрия мен редоксометрияны қолдана отырып, 

халькозин бетінің әр түрлі тотығу жағдайларында сульфогидрил жинағышының сорбциялық 

қабатының (натрий диизобутилтиофосфаты және калий бутил ксантогенаты) термодинамикасы 

зерттелді. Халькозин электродының электрод потенциалының рН-ға байланысты модификатор мен 

жинақтау түріне өзгеру сипаты эксперименталды түрде түсіндірілді. Флотация процесінің 

реакцияларының термодинамикасын талдау негізінде бір компонентті жинақтау пен флотореагенттер 

қоспасының ұжымдық әсерінің айырмашылықтары анықталды. Флотация жүргізудің оңтайлы 

шарттары анықталды, қойыртпақ пен рН ортаның тотығу-тотықсыздану әлеуетінің екі факторының 

концентрат сапасына басым әсері дәлелденді. Флотациялық реагенттер ерітінділерінде кен 

минералдарын барынша ерітумен байытудың оңтайлы реагенттік және гидродинамикалық 

режимдерінің математикалық теңдеулері модельденді. 

Кілт сөздер: флотация, гидрофобтылық, жинағыштың сорбциялық қабаты, қойыртпақтың сұйық 

фазасының иондық құрамы, флотациялық реагенттер, сульфидті минералдар. 

 

Р.М. Шляпов, Ш.К. Амерханова, А.С. Уали, Т.Б. Омарбеков, Д.С. Бельгибаева 

Термодинамика растворения халькозина  

в растворах флотационных реагентов 

Рассмотрен процесс формирования ионного состава сорбционного слоя при обогащении медно-

свинцовой и колчеданно-медно-цинковой  руды. С применением рН и редоксометрии изучена термо-

динамика сорбционного слоя сульфогидрильного собирателя (диизобутилтиофосфата натрия и бути-

лового ксантогената калия) на поверхности халькозина в различных условиях его окисления. Экспе-

риментально выяснен характер изменения электродного потенциала халькозинового электрода от ти-

па модификатора и накопителя в зависимости от рН. На основании анализа термодинамики реакций 

процесса флотации выявлены различия собирательного действия однокомпонентного накопителя и 

смеси флотореагентов. Определены оптимальные условия проведения флотации, установлено преоб-

ладающее влияние двух факторов окислительно-восстановительного потенциала пульпы и рН среды 

на качество концентрата. Смоделированы математические уравнения оптимальных реагентных и гид-

родинамических режимов обогащения с максимальным растворением рудных минералов в растворах 

флотационных реагентов. 

Ключевые слова: флотация, гидрофобность, сорбционный слой собирателя, ионный состав жидкой фа-

зы пульпы, флотационные реагенты, сульфидные минералы. 
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