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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 (CuFeS;) 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 H.SO4 and Fe®** has been studied. More-
over, the presence of Fe** 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 FML-1 laboratory flotation machine with a chamber vol-
ume of 0.5 | 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 (Cu.S) electrode
based on the pH meter-ionomer (1-500). A chlorinated ESL-1M 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 mol/l, potassium bichromate
(K2Cr207) 102 mol/l, hydrogen peroxide (H202) 102 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° mol/l. A mixture of (CsHy0),PSSNa (main substance is sodium diisobutyl dithiophosphate
(W((i-C4H90)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]:
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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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Table 1
Thermodynamic parameters of the theory of absolute speeds
in the system NaOH — K2Cr207 — (i-C4Hs0)2PS2Na
T{K} | 298 | 303 | 308 | 313 | 318
pH=8
E.{kJ/mol} 43.93+0.01
AS#{J/mol K} -41.5940.01 -41.61+0.01 -41.627+0.01 -41.643+0.01 -41.659+0.01
AH# {kJ/mol} -4.95+0.01 -5.038+0,01 -5.121+.0.01 -5.205+0.01 -5.288+0.01
pH=10
E.{kJ/mol} 45.81+0.02
AS# {J/mol K} 102.9+0.01 102.89+0.01 102.87+0.01 102.86+0.01 102.84+0.01
AH#{kJ/mol} 40.85+0.01 40.77£0.01 40.68+0.03 40.60+0.01 40.52+0.01
pH=12
E.{kJ/mol} 49.00+0.01
AS# {J/mol K} 122.80+0.01 122.78+0.01 122.76+0.01 122.75+0.01 122.73+£0.01
AH#{kJ/mol} 44.05+0.01 43.96+0.01 43.88+0.01 43.80+0.01 43.71+£0.01
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Figure 1. The investigation of the behaviour Figure 2. The behaviour of the electrode potential
of the surface potential of the working electrode in the K,Cr,07 — NaOH — (i-C4Hy0),PS;Na system

in solutions (K2Cr207 — NaOH) with increasing in the range of temperature 298-318 K and pH 8-12

temperature and pH

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 (Cu2Q) formation occurs on the Cu.S surface in these solutions. The following fact is
confirmed by the results of the phase diagram in [23], where the analysis of CuFeS, oxidation is described in
three stages:

2CUFeS; + 15H,0 = CU,S + 2Fe(OH)s+3S0Z + 24H* + 18e”  (E = -260{mV}) ()
CuzS + 4H,0 = Cu,0 + SO + 8H* + 6e- (E = -130{mV}) (5)
Cu,0 + 3H,0 = 2CU(OH), + 2H* + 2¢ (E = +157{mV/}) (6)

The E{mV?} curve in the K;Cr,07 — 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):

CusS + 2Cr02~ + 3H,0 = 2CUCrO, + SOZ + 6H" + 8e- (E = +109++20{mV/}) )

Analyzing the obtained low values of the electrochemical potential in the system K.Cr,O7 — NaOH —
(1-C4H90)2PS2Na (Figure 2), we suggest that copper and butyl xanthate interact at (pH = 8) with the for-
mation of CuC4sHyOPSS. In this experiment, the oxidation of chalcocite sulfide sulfur proceeds intensively
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due to the influence of Cr,0;* 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 (CzsHs2Ous) as a complexing rea-
gent-collector for refractory ores flotation concentration. The experimental results of the dependence of the
CuzS potential in the H,O,-tannin-H2SO4 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 K,Cr,O7-Tannin-H,SO4 confirm the exothermicity of the process of Cu?* binding with
tannin at pH = 4 and 318{K} (Table 2).

Table 2
Thermodynamic factors of the system K2Cr207-Tannin-HzS04
T{K} 298 | 303 | 308 | 313 | 318
pH=4
E. {kJ/mol} 25.3+0.01
AS# {J/mol K} -391.82+0.01 —391.94+0.01 —391.98+0.01 —391.97+0.01 —391.9940.01
AH# {kJ/mol} —49.55+0.01 —50.38+0.01 —51.21+0.01 —52.04+0.01 —52.8740.01
pH=5
Ea {kJ/mol} 48.53+0.01
AS# {J/mol K} 109.05+0.01 109.0340.01 109.01+0.01 109.0140.01 108.954+0.01
AH# {kJ/mol} 43.63+0.01 43.55+0.01 43.46+0.01 43.38+0.01 43.36+0.01
pH=6
E.{kJ/mol} 32.39+0.01
AS# {J/mol K} 58.47+0.01 58.46+0.01 58.44+0.01 58.43+0.01 58.41+0.01
AH# {kJ/mol} 27.451+0.01 27.35+0.01 27.274£0.01 27.1840.01 27.1440.01
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Figure 3. Characteristics of the electrode potential

Figure 4. The behaviour of the electrode potential

in the solutions (H20; — tannin — H2SO4)
with increasing temperature and pH

in the K2Cr,07 — tannin — H2SO4 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-C4sHsO).PS,Na)) flotation reagents. The results are
presented in Table 3.
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Table 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
E.{kJ/mol} 68.89+0.01
19A 11.44
AS# {J/mol K} 187.93+0.01 187.92+0.01 187.94+0.01 187.87+0.01 187.87+0.01
AH#{kJ/mol} 63.94+0.01 63.86+0.01 63.77+0.01 63.69+0.01 63.61+0.01
pH=10
AS# {J/mol K} -31.28+0.01 -31.3140.01 -31.37+0.01 -31.33+0.01 -31.3440.01
AH#{kJ/mol} 156.02+0.01 155.94+0.01 155.85+0.01 155.77+0.01 155.69+0.01
pH=12
E.{kJ/mol} 173.65+0.01
IgA -30.41
AS# {J/mol K} -613.7+0.01 -613.7240.01 -613.73+0.01 -613.75+0.01 -613.77+0.01
AH#{kJ/mol} -178.68+0.01 -178.62+0.01 -178.75+0.01 -178.85+0.01 -178.94+0.01

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 CuC4HsOCSS. 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.
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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 — H,0; — (i-C4H90)2PS;Na)
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 SOZ and SO; is due to the ad-

sorption of OH-radicals and atomic oxygen on the Cus,S 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 Cu,S 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):

E =1.9997 — 153.77t + 2764.8 (pH=8) (8)
E = 471.34t2 — 10562t + 87407 (pH=10) 9)
E =-0.8491t% + 61.04t — 1010.1 (pH=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.

Table 4

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

Systems Mathematical model R
v = (20.475 + (_3.061)-(pH) + 0.106-(pH)?) + ((_L.08) + 0.157 pH +
K2Cr207 - NaOH £(20.005)-(pH)*°C) + (0.0124 + (-0.002) -pH + 0.0001-(pH)*> (ecy) | 0%°
. y = ((-107.79 + 73.019-pH + (-5.396) -(pH)2) + ((419.280 + 88.824-pH +
K2Cr207 —H,S0, — tannin + (£3.979) -(pH)2 4°C) + (16.48 + (-3.294) - pH + 0.1597-(pH)2(°C)?) | ° 28
o NaOH y=((-50.813) + 1.349 pH + (-8.7358) (pH)?) + (2.725+ 2562 PH + | o o
2=z + (~7.563)-(pH)? t°C) + (1.7329 + (—1.756)-pH + (0.0283-(pH)? (t°C)?) '
Y= ((-388.08 + 94.877-pH + (_5.1541) -(pH)?) + (341.397 + (_82.957) -pH +
NaOH —H20; ~(CaHs0)oPSaNa ™ T 4o 11112y . toc) + ((-1.355) + 0.286 -pH + (-0.0137)-(pH)2)-(t°C)) | O

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 (C4HyO),PSSNa collector mixture and potassi-
um butyl xanthogenate were obtained (Table 5).

Table 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) eme, %0 (Y) R K(y) R
vair. {I/h} y = —0.05x? + 4.4819x — 5.6996 0.99 y =-0.0063x? + 0.3594x + 12.035 0.99
vrot. {HZ} y = -0.0039x? + 0.2767x + 95.093 0.99 y =-0.0146x2 + 0.956x — 10.853 0.99
Criotation {9/t} y = -0.0246x° + 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-CsHsO).PS;Na) 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-C4H90)2PSzNa).
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P.M. llnsmos, HI.K. Amepxanosa, A.C. Yamu, T.b. Omapbekos, JI.C. benbru6aesa

DJI0TAIMSJIBIK PeareHTTep KOoCnajJapbIHbIH epiTiHaiiepinae
XaJbKO3UHHIH epyiHiH TepMOAUHAMHKACHI

MBIC-KOPFachIH JKOHE KOIYeNaH-MBIC-MBIPBIII KEHJEpiH OalbITy Ke3iHAe COpOLMSIBIK KaOaTTBIH HOHIBIK
KYPaMbIH KaJIBIITACTBIPY Hpoleci KapacThIpbULIbl. pH MeTpHs MEH peJOKCOMETPHSHBI KOJNAaHa OThIPHIIL,
XaNbKO3WH O€TiHIH op TYpJl TOTBIFY JKaFjaillapelHAa CyJIbGOTHUIPUI JKUHAFBIIBIHBIH COPOLUSIBIK
KabaTeiHblH (HaTpuil Aum300yTHATHOGOCOATH KOHE Kamuii OyTHUI KCAaHTOTEHAThl) TEPMOIUHAMUKACHI
3epTTensi. XaabKO3UH 3NEKTPObIHBIH IEKTPOJ MOTeHIMaIbIHBIH pH-Fa OaiinaHbICThl MOAU(HKATOP MEH
JKMHAKTay TYpiHE ©3repy CHIIAThl OKCIIEpHMEHTANAbl TypAe TyciHmipingi. OnoTamus npoeciHiy
peaKIHsUIapBIHBIH TEPMOAMHAMHKACHIH TAJAAy HETi3iHe Oip KOMIIOHEHTTI KHMHAKTay MeH (IoTopeareHTTep
KOCHACBIHBIH Y)KBIMIIBIK OCEpiHIH albIpMalIbUIBIKTApel aHBIKTAIABL DIoTamus >KYpri3yAiH OHTaiIbI
MIapTTaphl aHBIKTANABL, KOMBIpTHAK IeH pH OpTaHBIH TOTHIFY-TOTBIKCHI3IAHY oJIEyeTiHIH €Ki (aKTOPBIHBIH
KOHIIGHTpAT camachblHa OacklM acepi mamenpeHnai. @DnoTtannsulelk  peareHTTEp epiTiHALIEpiHIE KeH
MUHEpaJIapblH OapblHIIa epiTyMeH OaWbITy[IblH OHTAMIBI PEAreHTTIK JKOHE THIPOANHAMUKAIBIK
PEKUMIEPiHIH MaTeMaTUKANIbIK TEHICYIepi MOJIESIbACH .

Kinm ce30ep: ¢notaunsi, ruapopoOTHUIBIK, KHHAFBIIITHIH COPOLMSIBIK KabaThl, KOWBIPTIAKTBIH CYHBIK
(ha3achIHBIH HOHABIK KYpaMBbl, (pIOTAMSIIBIK peareHTTep, CyIb(QUATI MHHEpaIap.

P.M. lllnsanos, LK. Amepxanosa, A.C. Yanu, T.b. Omap6ekos, [.C. benbrubdaesa

TepMoaguHaMuKa pacTBOPEeHUs XaIbKO3UHA
B PacTBOpPax (p)JI10TAIMOHHBIX PEAreHTOB

PaccmoTpeH mpouecc (OPMHPOBAaHHS HMOHHOTO COCTaBa COPOLIMOHHOTO CJOS NPH OOOTAIlleHUH MEIHO-
CBUHIIOBOl M KOJTYENaHHO-MEHO-IMHKOBOI pyapl. C npumeHeHneM pH M peoKCOMETPHH H3y4eHa TepMO-
JTUHAMHUKa COPOLMOHHOTO CIOS CyIb(QOrHAPMIEHOTO cobupatens (aum3o0ytunTuodocdara HaTpus u OyTu-
JIOBOTO KCaHTOTEHATA KaJus) Ha MOBEPXHOCTH XaJbKO3HMHA B Pa3JIMYHBIX YCIOBHSAX €r0 OKHUCICHHUs. DKCIIe-
PHMEHTAJIBHO BBIACHEH XapakKTep M3MEHEHHs JISKTPOJHOIO IMTOTEHIHANIA XaTbKO3HHOBOTO AJIEKTPOJia OT TH-
na Moau(UKaTOpa W HaKOMUTENS B 3aBUcHMocTH oT pH. Ha ocHOBaHMM aHanM3a TEPMOJUHAMUKY PEaKIUi
nporecca (IIOTAlNH BBLIBICHBI Pa3iM4Msl COOMPATEIBHOTO NEHCTBHUS OJHOKOMIIOHEHTHOT'O HAKOIHTENS W
cMecu (uiotopeareHToB. ONpenesieHbl ONTUMAIIbHBIC YCIOBUS HMPOBEACHUS (UIOTAIMH, YCTAHOBICHO MPeol-
Jajarolee BIUSHUE ABYX (haKTOPOB OKUCIUTENIBHO-BOCCTAaHOBUTEIBHOTO MOTEHIMANA MyNbIbl U pH cpenbl
Ha Ka4yecTBO KOHIIeHTpaTa. CMOJEIMPOBAHbI MATEMaTHYECKHE YPAaBHEHHS ONTHMAJIbHBIX PEareHTHBIX U THI-
POIMHAMHYECKHX PEKUMOB O0OTAICHUS ¢ MAKCHMAaJIbHBIM PACTBOPEHHEM PYAHBIX MUHEPAJOB B PaCTBOPAX
(IIOTAILIMOHHBIX PEAareHTOB.

Kniouesvie crosa: Gnoranms, ruipooOHOCTH, COPOLMOHHBIH CI10# cOOMpaTes, HOHHBIA COCTaB XKHUIKOH (a-
3BI MyJIBIBL, (JIOTALMOHHBIE PEAareHThl, CYIb(HIHbIE MUHEPAIbL.
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