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Abstract. The article examines the conditions of selective flotation of galena from
copper—sulfide ores. Selective flotation of galena occurs when elemental sulfur, which is
hydrophobic, forms on its surface, while oxygen-containing compounds on the surface
of copper sulfides exhibit increased wettability.

To identify compositional differences in the surface compounds of galena and copper
sulfides (chalcocite, bornite, chalcopyrite), the effects of two stage-specific reagents
were studied: sodium thiosulfate (Na2S203x5H20) and potassium ferricyanide
K,[Fe(CN),]. The flotation of the valuable minerals is carried out without collectors, based
on the natural floatability of galena. On the chalcocite surface, the action mechanism
of sodium thiosulfate consists in increasing hydrophilic oxygen-containing zones as
a result of the formation of thiosulfate copper complexes. When interacting with the
galena surface, sodium thiosulfate slows the oxidation of elemental sulfur and reduces
sulfur within the surface layer, thereby enhancing its hydrophobization. IR spectroscopy
results revealed the presence of elemental sulfur on the galena surface and of oxygen-
containing compounds on copper minerals; differential thermal analysis determined the
degree of mineral wettability. Mineralogical analysis established that sodium thiosulfate
suppresses (inhibits) the flotation of chalcocite and bornite. To determine the degree of
surface hydration of sulfide minerals, differential thermal analysis in combination with
thermogravimetric analysis was employed. The differential thermal analysis curves
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exhibited endothermic peaks caused by the desorption of physically bound water from
the mineral surface upon heating. The degree of surface hydration was characterized by
the onset temperature of the endothermic effect (t°C), the proportion of adsorbed moisture
relative to the total (n), and the desorption heat QD. A decrease in the onset temperature
of the endothermic effect indicates an increase in surface hydrophobicity, since at lower
temperatures the adsorbed moisture begins to evaporate, and consequently, the hydrogen
bonds are weakened. The obtained results demonstrate that sodium thiosulfate creates
favorable conditions for the selective separation of galena from copper sulfides by
modifying the physicochemical properties of mineral surfaces. The reagent increases the
contrast between the hydrophobicity of galena and the hydrophilicity of copper minerals,
thereby improving flotation selectivity. The study confirms the mepcrnexktuBHOCTE Of
reagent regimes based on sulfur-containing compounds for processing complex copper—
lead sulfide ores and increasing the efficiency of mineral beneficiation technologies.
Keywords: concentrate, sulfide ore, galena, flotation, selective, chalcocite,
chalcopyrite, xanthate, sodium thiosulfate, potassium ferrocyanide, acidic medium
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AHHoTanus. Makanaa MbIc-Cylb(U/] KEHIePIHCH TaJICHUTTIH CEICKTHBTI (proTarus
LIapTTapbl KapacThIpblIaabl. [ aleHUTTIH CENeKTHBTI (QIOTAUACH OHBIH KYPaMbIHAA CY
KYKIANTBIH KapanaibIM KYKipT naiiia OoJFaH araaiaa xKype/i 5KoHe MbIC CyabQUIIHIH
OeTiHze OTTeri Kypambl KOCBUIBICTAPBIH CylaHybl 0ackiM Oonanpl. ['aneHHT KoHe
MBIC CYAbQHUATEPiHIH (XaJIbKO3WH, OOPHUT, XaJIbKOMUPHUT) OCTIHIETi KOCBUIBICTApAbIH
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KypaMblHAa aibIpMallbIBIKTApbIH Oy YIIiH €Ki OacTamkbl peareHTepIiH acepi
3eprreni: Hatpuit THocynbdarel (Na,S,0,%5H,0) sxone kpi3but Kan Ty3bl K, [Fe(CN) ].
[Matiganer kaz0agapabiH (GIOTAIMSICH TAJICHUTTIH TaOUFU (IOTAIMSICHIHA HETI3AeITIeH
KMHAFBIILICBI3 XKY3€re achlpbUlaibl. XalbKO3MH O€TiHAE HAaTpui THOCYIb(AThIHBIH
ocep eTy MeXaHU3Mi THOCYIb(ATThl MbIC KELICHICPIH KaJbIITACTBIPY HOTHXKECIHAE
orreri Oap rtuapoduibai aiMakTapAbl apTThIpy Oonbin  TaObuIagsl.  Harpuit
THOCYIb(ATHI, TAJEHUT OETIHIETI acepiecy Ke3iHae, KapanaibiM KYKIPTTiH TOTBIFYbIH
0oCCHETE Il KOHE OHBIH IIIIHJCTI KYKIPTTI KaJIbIHA KEJTIPiN, OHBIH Ka0aThIHBIH
rupoGoOH3ausIChIH (Cy KYKINANThIHIAM eTin) Kymeireai. UK crekTpockonusiCbIHbIH
HOTIDKENepl TaJeHUT OCTiHIerl KapamaibM KYKIPTTIH JKOHE MBIC MHHEPaIIaphIHbBIH,
muddepeHInanaplK TEPMISUIBIK  TajlAay apKbplibl MUHEpPAIApAblH  bUIFAIAaHy
JOpPEeKECiHIH OOMyBIH aHBIKTaAbl. MUHEpaIIbIK Taijay HAaTpUi THOCYIb(ATHIHBIH
XaJbKO3UH NeH OOpHUTTIH (otanusicein O6acaabl (Texelai). Cynbpuari Munepainap
OCTiHIH THApaTalys JA9PEKECIH aHbIKTay YIIiH JuddepeHInanab-TepMISITBIK Taaaay
TEPMOTPAaBUMETPHSIIBIK TaljlayMeH OipikTipimin KoimaHsuiasl. duddepenimanp-
TEePMISUTBIK TaIIay KACHIKTAPBIHIA KBI3ABIPY Ke3iHae MUHEpaiaap OeTinae GU3nKaIbIK
OaiiIaHbBICKAaH CyIbIH JecOpOLMsUIaHybIHAH TYBIHIAUTBIH SHIOTEPMISUIBIK LIBIHIAAD
Oaiikanapl. MuHepannap OeTiHiH Tuuparamus Jopexeci 3HI03(dexrTiH Oacrairy
Temmeparypacsl t’C, aJrbl MeJIIepAeri aJcopOLysIaHFaH bUIFAI/IBIH YJIECi N, )KOHEe
fecopOuust XKbUTybl Q apKbLIbI CHIIATTaNABL. DHA0O(PEKTTIH OacTany Temneparypacsl
TOMEH/ICTeH CalbIH OCTTIH TUAPOPOOTHIIBIFBI APTAIbI, Ce0e0l TOMEHIPEK TEMITIEpaTypaia
aZcopOIMsUTaHFaH bUTFA] OynaHa OacTaiipl JKOHE COHBIH HOTIDKECIHIE CYTEKTIK
OaifmaHpICTap QICIpeIi.

Tyiiin ce3nep: KoHIEHTpAT, CyNb(OUATI KEH, TAJICHUT, (IOTALHNs, CEIICKTUBTI, XaJlb-
KO3HH, XaJbKOIIUPHT, KCAHTAT, HATPHK THOCYAb(ATHI, Kanui (eppounanuii, KbIIIKbLUT
opra
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AHHOTanus. B crarbe mccinenoBaHbl YCIOBHS CEJICKTUBHOW (DIOTalUMK TaJeHUTa
13 MeaHO-cynbGuAHBIX pyd. IlokazaHo, uTo 3¢ deKTHBHOE pa3AeicHue MHHEPAJIOB
JOCTUraeTcs npu o0pa3oBaHWU Ha MOBEPXHOCTH TaJeHUTa TUAPOGOOHOH 3JI€MEHTHOM
Cephl, TOIZa KaK Ha MOBEPXHOCTH MEIHBIX CYIb(GHIOB MpeodnanaroT ruapoduibHbe
KHcIopoaconepxkamye coeauHeHus. st ¢opmupoBaHus pasnuuMii B cOCTaBe
MMOBEPXHOCTHBIX MTPOIYKTOB OKMCIICHHS raJICHUTA U MEAHBIX MHUHEPAJIOB (XaJIbKO3HHA,
OOpHUTa W XaJIbKONUPUTA) H3YUYCHO BIMSHUE JBYX pPEareHTOB-IEHPECCOPOB -
tHocynbdara Harpus (Na:S:03-5H20) u kpacnoii kpossHOi comu Ks[Fe(CN)s).
Onorauuio mpoBoawaM 0e3 NPUMEHEHHs coOuparensi, UCMONb3ys €CTECTBEHHYIO
¢droTUpyeMOoCTh ralieHUTa. YCTaHOBIICHO, YTO MEXaHU3M ACHCTBHS THOCYNIb(aTa HaTpus
Ha TIOBEPXHOCTb XaJbKO3MHA CBS3aH C YBEJIMYCHHUEM KOJMYECTBA THUAPOQPUIBLHBIX
KHCJIOPOJCOEPKAIIMX ~ YYaCTKOB  BCIIEACTBHE  0O0pa3oBaHUsl  THOCYIb(aTHBIX
KoMIuTeKcoB Meau. [1pu B3aumMoneiicTBUY ¢ TaleHUTOM THOCYIb(AT HATPUS 3aMEAIISET
OKHCJICHHE 3JIEMEHTHOW Cephbl U B Pe3yjbTare BHYTPUMOJICKYISPHBIX OKHUCIUTEIBHO-
BOCCTaHOBUTENIFHBIX MPOLIECCOB CHOCOOCTBYET JOMOJHHUTEIBHOMY OOpa30BaHMIO
ANIEMEHTHOH cepbl, yCHrBatouel TuapodoOHOCTs TOBEPXHOCTH MUHEpaia. MeTogoM
UK-criekTpockonuy MOATBEPKAEHO HalUYUe SJIEMEHTHOW Cepbl Ha IOBEPXHOCTH
rajJjeHuTa M MEOHBIX MHHEpaJoB. MUHEpaJOTHYeCKUH aHalmM3 TOoKasal, dTo
THOCYnb(daT HaTpus A3PPEKTUBHO MOAABISET (IoTaunIo Xalbko3uHa U OopHUTa. J{ns
OLIEHKH CTENEHH THApaTaldi MOBEPXHOCTH CYIb(QHUIHBIX MHHEPAJOB HCIOIb30BAIN
muddepeHInanTbHO-TEPMUYECKUH U TEPMOTPaBUMETPUUYECKHI aHanu3bl. Ha KpUBBIX
HATA 3aduxcupoBanbl sHAoTepMHUYecKhe 3(dekTs, 00ycIoBIEHHBIE aecopOLuei
¢usnueckn cBS3aHHON BoAbl NpH HarpeBaHud. CTemeHb TWApATalUH IMOBEPXHOCTU
XapaKTepU30Bald TeMIlepaTypoil Hayana 3HA0d(p¢eKTa, Ooned aacopOupoBaHHOM
BJark M TEIUIOTOH JecopOLMHU. YCTaHOBJIEHO, YTO CHMKEHHE TEMIIepaTypbl Havaja
9Hn03((eKTa CBHUICTENBCTBYET O TMOBBIMICHUH THIPOPOOHOCTH IMOBEPXHOCTH,
MOCKOJIbKY a/JcopOupoBaHHAsl Biara ynauseTcsl mpu Oosiee HU3KHX TeMIeparypax,
YTO YyKa3plBaeT Ha ocjallieHue BOJOPOIHBIX cBsized. [lomydeHHBIE pe3ybTaThl
MOATBEPKAAIOT BO3MOXKHOCTH HCIIOJB30BAaHMS THOCYIb(aTa HATpusi B KauecTBe
3G QEeKTUBHOIO peareHTa AJsl CEIeKTUBHOTO pas3lelieHusl TalleHHTa M MeTHBIX
Cynb(pUIOB.

KiroueBsble cioBa: cynbduanas pyaa, raJeHuUT, CelIeKTUBHas (proTanus, XalIbKo31H,
OOpHUT, XaJILKOIUPHUT, THOCYAb(AT HaTpus, (peppuumMaHu] Kajaus, THIpPoPOOHOCTD,
THIpaTanus OBEPXHOCTH

Introduction. The object of the article's research is copper-sulfide ore containing
chalcocite, galena, chalcopyrite, and bornite minerals. The purpose of the research is to
reduce the lead (galena) content, as lead pollution of the atmosphere occurs during the
metallurgical processing with the exhaust gases of the copper smelter. In the beneficiation
of copper—sulfide ores from the Zhezkazgan deposit, a significant amount of associated
components is recovered together with the copper concentrate. Among them, lead
is the most important: a high lead content in the copper concentrate complicates its
metallurgical separation, promotes the accumulation of copper in slags, contaminates
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the final product- anode copper and, most importantly, the release of fumes from copper
smelters pollutes the atmosphere (Karmazin et al., 2020).

To achieve this objective, the natural flotation advantages of galena compared to
copper sulfides were utilized.

The selective flotation of minerals without collectors is based on regulating the
composition of their surface compounds. When elemental sulfur forms in the surface
layer of sulfide minerals, the flotation rate reaches its maximum (Akimbekova et al.,
2024).

The higher the electronegativity of the atoms present in the surface layer, the more
strongly the minerals become hydrated. The electronegativity series is known to be F
>0 > N> Cl>Br> S > P. Thus, during selective flotation of galena, free sulfur forms
on the mineral surface, whereas oxygen-containing compounds form on the surface of
copper sulfides.

Differences in surface compounds are determined by the specific interaction of
reagents with active surface sites. The first objective of this study is to create conditions
that ensure the formation of free elemental sulfur on the galena surface (Omarova et al.,
2025; Karilkhan A. 2024). The second objective is to promote the formation of oxygen-
containing compounds on the surface of copper sulfides under the reagent regime. This
task can be accomplished through various approaches:

* oxidation of elemental sulfur to sulfoxide compounds;

» formation of insoluble oxygen-containing compounds (salts or complex
compounds);

» adhesion of mineral residues formed in the pulp onto the surface;

* introduction of selectively acting depressants.

From the perspective of ecologists and economists, the first three methods have been
found preferable, as they allow for reducing reagent consumption, minimizing reagent
nomenclature, improving water recycling, and facilitating the treatment of wastewater.
Furthermore, during selective flotation, depressants exert a temporary dominant effect
on the minerals.

Literary review. The main factors complicating the selective flotation of galena
from the Zhezkazgan deposit are the presence of three copper minerals (chalcocite,
bornite, and chalcopyrite). Considering this, the present article provides results on
the use of two depressants for galena flotation: sodium thiosulfate and potassium
ferricyanide. Depressant reagents are inorganic chemicals that increase the wettability
of mineral surfaces and prevent the attachment of collectors. Many ores contain several
valuable minerals, and to separate them from one another, depressants must be applied.
Depressants are principally inorganic chemicals (salts, alkalis, acids) that interact
effectively in ionic form.

The hydration of mineral surfaces by depressants occurs through several mechanisms.
The primary mechanism is adsorption onto the mineral surface: depressant ions interact
with the surface atoms of minerals and form surface compounds similar to those formed
by collectors. Inorganic ions attract water molecules according to their charge and
remain continuously surrounded by them (ionic hydration). These ions are drawn to the
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mineral surface. As a result, the mineral surface becomes hydrated, and the adsorption of
collector reagents decreases sharply or ceases completely. Secondly, some depressants
remove surface compounds formed through the interaction between collectors and the
mineral surface; thus, the mineral surface becomes free of collectors and more highly
wetted.

The collector film on the mineral surface can be destroyed in two ways—thermal and
chemical. Concentrate evaporation and roasting belong to thermal methods.

Thirdly, several depressant ions (e.g., sodium sulfite) displace collector ions from the
mineral surface through substitution.

Fourthly, depressant ions compete with collectors on the mineral surface. As a result,
some regions become hydrophilic while others remain hydrophobic. If the hydrophilic
regions dominate, the particle does not attach to the bubble.

Fifthly, the mineral surface may be treated with reagents that form hydrophilic,
poorly soluble compounds. For example, when calcite or quartz reacts with liquid glass,
calcium silicate and silicic acid form. Collectors cannot adsorb onto a mineral surface
coated with a poorly soluble silicate film.

Sulfides of heavy metals typically form covalent bonds. The most significant
interactions are strong chemical bonds (ionic and polar covalent), accompanied by
many intermediate types. The degree of ionic bonding in compounds can be estimated
using the electronegativity values of atoms. The calculated ionic bond fractions are:
MnO, —44%, ZnS - 22,1%, PbS —19,7%, FeS — 14,8%.

The greater the proportion of ionic bonding in a mineral, the more strongly it interacts
with water; that is, the degree of hydrophilization of the mineral surface becomes higher.

The main processes occurring on the surface of a solid phase include:

* hydration of ions on the solid surface;

» formation of a hydrating water film;

» formation of the electrical double layer;

» complete hydration and diffusion of ions in the surface layer;

* ion exchange between the solid and the aqueous phase of the pulp;

* adsorption and chemisorption of ions and molecules dissolved in the aqueous
phase;

* heterogeneous chemical reactions between ions and molecules dissolved in the
aqueous phase and the solid;

* adhesion of micelles and micro-particles present in the aqueous phase;

* coagulation or flocculation with other solid particles.

The electrical double layer at the phase boundary arises for two reasons:

» adsorption of certain ions from an electrolyte solution onto the dielectric surface,
forming ion pairs;

* ionization of atoms or molecules on the solid surface with the release or capture
of ions, depending on the ionization potential, accompanied by ion exchange with the
solution.

The formation of the electrical double layer at the metal-solution interface is
determined by the magnitude and sign of the potential difference between the metal
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and the solution. The ratio of the electrode potential (at zero surface charge) to the
normal hydrogen electrode potential is known as the potential of zero charge. It is equal
to the EMF of a galvanic cell formed by the given electrode and the normal hydrogen
electrode.

When a metal is immersed in water or a solution containing ions of this metal, a
double electrical layer is formed and the potential changes abruptly.

In solution, copper dissolves and releases positively charged ions into the medium,
while the metal surface itself becomes negatively charged. Due to electrostatic attraction
by the negatively charged layer, copper cations do not diffuse deeply into the solution;
a dynamic equilibrium is established through the continuous exchange of ions across
the interface.

For efficient flotation selectivity, more than half of the coagulated aggregates must
be dispersed. Mechanical dispersion is primarily used for this purpose, although in some
cases, physicochemical methods are required.

Before the addition of reagents and dispersed air, the flotation pulp constitutes a
complex heterogeneous system whose main components are:

a) solid particles with a multicomponent surface, characterized by a diffuse electrical
double layer, a surface film adsorbing ions, molecules, and colloidal particles, products
of heterogeneous reactions, and chemisorbed ions;

b) a hydrating water film of complex structure, which may be considered a separate
phase;

¢) a complex aqueous medium whose composition is altered by the dissolution of
mineral surfaces and gases;

d) dissolved substances that enter the pulp at different rates;

e) the formation of ionic complexes and molecules.

Materials and methods. To study the effects of flotation depressants, the influence
of potassium ferrocyanide and sodium thiosulfate on chalcocite and galena was
investigated using a flotation apparatus without froth. The sample weight was 500 mg,
and the grinding size was —0.074 mm. Soda was used as the alkalinity regulator of the
pulp. The surface of each mineral was treated for one minute with a 1% solution of the
corresponding depressant reagent, after which flotation was carried out in a Hallimond
tube (Avdohin et al., 2020). The selective flotation of sulfide minerals without collectors
is based on the natural floatability of galena and the regulation of the composition of
surface compounds (Fazylov et al 2021)

Using a spectrophotometric analysis method, the amount of elemental sulfur on
the surfaces of galena and chalcocite was determined after treatment with sodium
thiosulfate. The absorption spectrum of the hexane extract was measured at 330 nm
using a spectrophotometer. The degree of hydration of galena and chalcocite surfaces
was determined by differential thermal analysis (DTA) and thermogravimetric analysis
(TGA). This method aims to measure the onset temperature of the endothermic effect
t. , the desorption heat Qg, and the proportion “n” of adsorbed moisture in the total
moisture content.

Laboratory studies were conducted on copper—sulfide underground ores from the

17



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Zhezkazgan deposit containing 0.09% lead. A 1 kg sample was ground in a ball mill to
65% passing —0.074 mm. The experiment was performed according to an open-circuit
scheme consisting of primary flotation followed by two cleaning stages. Soda was added
as an alkalinity regulator to the pulp before the depressant was added in the primary
flotation cycle. The optimal consumption of sodium thiosulfate and soda was determined
at pH 9.2, corresponding to the maximum difference in lead and copper recovery, with
a sodium thiosulfate consumption of 200 g/t (Figures 1 and 2). The addition of sodium
thiosulfate in the cleaning flotation stage does not improve selective flotation.
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Figure 1 — Effect of the pH value of the pulp on the production of chalcocite and galena
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Figure 2 — Influence of sodium thiosulfate (Na,S,0,%x5H,0) consumption on the recovery of lead and

copper at pH 9.2

The natural flotation of chalcocite is suppressed by potassium ferricyanide, and at
pH 9.2, there is no need to add acid. At the optimal pulp medium of pH = 9.2, with a
sodium thiosulfate consumption of 200 g/t during the primary flotation, and with the
addition of 5 g/t of ferricyanide during the second cleaning stage, an intermediate lead
product of commercial grade is obtained: with a concentrate yield of 0.1%, the product
contains 52% Pb and 4.3% Cu. Mineralogical analysis of the concentrates showed that
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thiosulfate depresses secondary copper minerals (chalcocite, bornite), with bornite
being depressed several times more strongly, while potassium ferricyanide selectively
depresses only chalcocite. Chalcopyrite is not depressed by either of these reagents.
The mechanism of sodium thiosulfate action has been shown to slow the oxidation
of elemental sulfur on the galena surface, leading to the formation of free sulfur via
intramolecular redox reactions. The hydrophilization of chalcocite and bornite may be
associated with the high content of oxygen-containing compounds in the hydrophilic
regions of the copper surface and the formation of thiosulfate complexes.

Potassium ferricyanide exhibits oxidizing and depressing properties in alkaline
media: it oxidizes sulfides and monovalent copper ions and, in the second stage,
forms poorly soluble ferro- and ferricyanide complexes together with copper cations
(Akimbekova et al 2021).

Results. The hypothesized effects of sodium thiosulfate and potassium ferricyanide
on galena and copper minerals are supported by the determination of elemental sulfur
on the mineral surfaces via extractive spectrophotometry and by assessing the degree
of surface hydration through differential thermal analysis. The absorption spectrum of
the hexane extract was measured at a wavelength of 330 nm using a Specord M40
spectrophotometer (Akimbekova et al 2020).

Table 1 — Results of differential thermal analysis and thermogravimetric measurements of sulfide

minerals

Mineral Reagent t,0C n, % Qd, 6ip. 1.

Galena H,O 50 7,02 7,56
Chalcocite H,0 65 9,75 12,06

Galena Na,$,0,-5H,0 32 2,8 3,97
Chalcocite Na,$,0,-5H,0 57 10,25 10,46

Galena K,[Fe(CN),] 29 2,30 3,77
Chalcocite K,[Fe(CN),] 62 4,00 7,14

To determine the degree of hydration on the surface of sulfide minerals, differential
thermal analysis (DTA) was used in combination with thermogravimetric analysis
(TGA). The DTA curves exhibit an endothermic peak at 100-110°C corresponding to
the physical desorption of water from the minerals (Abramov et al 2020; Grjadunov
2014).

Discussion. The degree of hydration of the mineral surface is characterized by the
initial temperature of the endothermic effect t°C, the proportion of adsorbed moisture

(n) relative to the total, and the heat of desorption Q4 (Table 1). Selective flotation
of minerals without collectors is based on regulating the composition of surface
compounds. Under conditions of elemental sulfur formation on the sulfide surface, their
flotation rate reaches a maximum.

Spectrophotometric analysis showed that when galena and chalcocite surfaces were
treated with sodium thiosulfate, the amount of absorbed sulfur on galena increased,
while on chalcocite it decreased twofold, contributing to the hydrophilization of the
chalcocite surface. These results explain the suppression of chalcocite flotation. As the
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endothermic temperature decreases, the hydrophobicity of the surface increases because
water adsorbed at lower temperatures begins to evaporate, weakening hydrogen bonding.
In all cases, the differences in correlation between mineral recovery and the amount of
sulfur on the surface were observed depending on the initial endothermic temperature
and the desorption heat (Figures 4, Table 2).
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Figure 4 — Dependence of the heat of desorption (J4) and the initial temperature of the endothermic
effect (t°C ) on the amount of sulfur on the mineral surface

The curves in Figure 4 are arranged according to a specific pattern: for more
hydrophobic minerals, they are located in the region of higher heat of desorption and
lower endothermic temperatures. Based on these properties, the minerals are ordered
as follows: chalcopyrite (curve 3) > galena (curve 1) > chalcocite (curve 4) > bornite
(curve 2). This sequence corresponds to the flotation order of the sulfides (Sherembaeva
et al 2020). As the temperature decreases, the initial endothermic effect increases in the
hydrophobic surface region; that is, at lower temperatures, the adsorbed moisture begins
to vaporize, and hydrogen bonds are weakened.

Table 2 — Determination of the amount of adsorbed sulfur on the surface of sulfide minerals by
spectrophotometric analysis

Mineral Sulfur content on the mineral surface
Untreated | After treatment with Na,S,0,-5H,0 | After treatment with K,[Fe(CN),]
Galena 2,98 6,02 7,74
Chalcocite 2,4 1,09 1,01
Chalcopyrite 1,02 1,40 3,7
Bornite 4,01 2,60 1,25

When sulfide minerals were re-treated with sodium thiosulfate, the amount of
adsorbed sulfur on galena doubled, while on chalcocite it decreased by 2 times,
respectively, in chalcosine it decreases by 2.2 times. After treatment with potassium
ferricyanide, the amount of adsorbed sulfur increased 2.6 times on galena and 2.9 times
on chalcopyrite, while it decreased 2.4 times on bornite and chalcocite. These results are
associated with the suppression of copper mineral flotation.
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Conclusion. In summary, the results demonstrate that in the presence of sodium
thiosulfate and potassium ferrocyanide, the selective flotation of galena with a collector
is enhanced, while the natural flotation of bornite and chalcocite is suppressed.

The mechanism of sodium thiosulfate action on the surface of chalcocite involves
the formation of thiosulfate—copper complexes, which increase the oxygen-containing
hydrophilic regions. When interacting with the galena surface, sodium thiosulfate slows
down the oxidation of elemental sulfur, leading to the formation of free sulfur through
intramolecular oxidation—reduction reactions. The elemental sulfur formed on the
surfaces of sulfide minerals contributes to increased hydrophobicity.

The correlation between the flotation of galena and copper sulfides is determined by
the amount of sulfur on their surfaces, the heat of desorption of water and molecules,
and the initial temperature of the endothermic effect.
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