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Abstract. When copper-sulphide ores are dressed, lead is extracted into the copper concentrate, its increased content
in the copper concentrate pollutes the atmosphere with the exhaust gases of the smelter. The paper discusses ways
to reduce the toxic lead content in copper concentrate during flotation of copper sulfide ores. Selective flotation
of galena occurs when hydrophobic elemental sulfur is formed on its surface, and hydrophilizing oxygen-containing
compounds predominate on the surface of copper sulfides. One way is studying the relationship between the structure
of organic and inorganic compounds, their adsorbability on the surface of minerals and the flotation properties of
sulfide minerals. To study the structure of reagents effect on flotation of sulfide minerals, inorganic and organic
compounds with several polar groups in the molecule are selected that are capable of forming complex compounds
with metal cations. The presence in the molecule of several anionic groups enhances the depressing effect of the
reagents, due to the mutual influence of atoms and groups. This contributes to selective flotation of minerals. The
mineralogical analysis shows that sodium thiosulfate inhibits flotation of chalcosine and bornite. The presence of
minerals and active ionic groups on the surface leads to activation of oxygen molecules in the boundary zone and
to formation of a number of stable sulfur and oxygen compounds. In order to develop differences in the composition
of the surface compounds of galena and copper sulfides (chalcosine, bornite, chalcopyrite), we studied the effects of
two suppressant reagents: sodium thiosulfate (Na,S,0;x5H,0)) and red blood salt K;[Fe(CN)4]. Flotation of minerals is
performed without a collector, based on the natural flotation of galena.
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Introduction

Studying the relationship between the surface
properties of minerals, the structure of organic
compounds, their adsorbability and flotation activity
is becoming increasingly important.

Organic compounds containing several reactive
groups in the molecule have a greater covalent bond,
participate in the formation of a complex with cations
of copper, lead and zinc metals, depending on the pH
of the medium.

The presence of several anionic groups in
the molecule (OH-, COO- u SO;*)" enhances the
depressing effect of the reagents, since the mutual
influence of atoms and groups is observed in the
molecule. As a result of the shift of the electron densi-
ty in the molecule, the mesomeric effect is enhanced,
due to which a chemical bond is formed between
the reagent and cations of the mineral surface, and
intramolecular complex compounds are formed.

Hydroxyl ions displacing sulphydryl collector
ions hydrophilize the surface of the mineral. The
hydrophilic surface of the mineral is characterized
by the predominance of unsaturated ionic, atomic or
polar bonds on it. On the contrary, the hydrophobic

surface of the mineral is characterized by the
predominance of unsaturated molecular bonds on
it, weakly interacting with the aqueous phase of the
flotation pulp.

Hydrophobicity of minerals facilitating their
flotation or hydrophilicity, which prevents the latter,
is a measure of the activity of the mineral surface
to interact with the aqueous and gas phases of the
pulp. The result of this interaction is formation of
a hydration shell on the surface of the mineral, the
thickness of which corresponds to the size of many
thousands of water molecules and reaches 0.1
microns. Hydration shells are formed in those cases
when the binding energy between the water dipoles
and the surface of the mineral is greater than that
between the water dipoles.

The following row of descending shifts is
qualitatively established:

CO32_ > SO4 ->0OH- > RCO32_ >F> Hzo >
>Cl->SCN->NO; >I>ClO,

that is, ions standing to the right of the water in this
row do not form strong hydrogen bonds in the water,
and those standing to the left form them [1].
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Therefore, on the surface of sulfide minerals,
the strongest hydrogen bonds will arise on the
COs*>0,*>0H anions.

The ions causing degradation of water should
form stronger hydrate layers, thereby enhancing
hydrophilization of the mineral surface.

Taking into account this mechanism of action
of reagents with the surface of minerals, the
hydrophilizing properties of sulfosalicylic acid were
studied. The carboxyl group and the sulfo group are
chemically reactive groups. That is, the following
mechanism of fixing compounds with such a
structure is possible (Figure 1):

The group -COOH can hold four water molecules,
due to which a hydrogen bond is formed, the OH
group binds three water molecules, so it is possible to
form a hydrogen bond due to the presence of an OH
group in the molecule, that is, molecules with such
a structure are most likely to attach to the mineral
surface, enhancing the wettability of the sulfide
minerals surface.

Adsorption of heteropolar molecules and organic
ions on the surface of hydrophobic molecules can
occur in two ways: in the form of physical adsorption
in the order of equalizing phases, which is associated
with decreasing free energy at the interphase
boundaries. With introduction of polar collectors
or a foaming agent, the well-hydrated part with the
functional group should be directed towards the
liquid phase of the pulp, which will contribute to
decreasing free energy, and the polar ends should be
directed towards the mineral that has a covalent bond
and is worse wetted by water. Such an orientation of
the heteropolar compound could provide selective
flotation of minerals [1].

In the interaction of flotation reagents with
the aqueous medium of the flotation pulp, various
processes occur, one of which is formation of soluble
and sufficiently stable complex compounds on the
surface of minerals.

The difference in the composition of the
compounds formed on the mineral surface is
provided by the unequal interactions of flotation
reagents with active centers on the mineral surface.
The most hydrated will be minerals with oxygen-

COOH

COO”

containing compounds on the surface of sulfide
minerals. This problem can be solved by introducing
selectively acting depressant reagents into the pulp.

The aim of the work is studying the effect of
organic and inorganic compounds with several polar
groups in a molecule on the selective flotation of
copper sulfide ores.

Experimental part

Studying the effect of depressants of sulfosalicylic
acid, sodium alizarin sulfonate and sodium thiosulfate
on chalcosine, galena was carried out in a foamless
flotation apparatus. The weight of the sample was
200 mg, the fineness of grinding was —0.074 mm.
Soda was used as a regulator of the pulp alkalinity.

The surface of each mineral was treated with a 1%
solution of the corresponding suppressant reagent
within 1 minute and flotation was performed in a
Halimond tube. Selective flotation of sulfide minerals
without a collector is based on natural flotation of
galena and regulation of the composition of surface
compounds [2].

The spectrophotometric method of analyzing
was used to measure the amount of elemental
sulfur on the surface of galena and chalcosine after
treatment with sodium thiosulfate. The absorption
spectra of the hexane extract were measured on a
spectrophotometer at the wavelength of 300-330 nm.

The degree of hydration of the galena and chalcosi-
ne surface was determined by the differential thermal
analysis in combination with thermogravimetric
analysis. The essence of this method is to measure the
temperature of the endoeffect t, onset, the desorption
heat Q, and to determine the fraction of adsorbed
moisture of the total n.

Results and discussion

The results of studying the effect of pulp pH
and the consumption of sulfosalicylic acid reagents,
sodium alizarin sulfonate and sodium thiosulfate on
chalcosine, galena carried out in a foamless flotation
apparatus are shown in Figures 3 and 4.

The optimal consumption of soda and flotation
reagents under study was established by the
maximum difference in the recovery of chalcosine

Figure 1 — Mechanism of sulfosalicylic acid interaction with the mineral surface cation
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and galena at the 9.5 pH and the reagent consumption
of 240 g/t (Figures 2 and 3). The largest selection of
galena and chalcosine is observed with flotation of
minerals with sodium thiosulfate.

The mechanism of the sodium thiosulfate
action on the surface of chalcosine is to increase the
oxygen-containing hydrophilic sites as a result of

thiosulfate complexes of copper formation. When
interacting with the surface of galena, sodium
thiosulfate slows down oxidation of elemental sulfur
and, due to intramolecular oxidation-reduction,
partially forms elemental sulfur. Elemental sulfur
formed on the surface of sulfide minerals enhances
hydrophobization [3, 4].
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Figure 2 — The pulp pH effect on chalcosine and galena extraction
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1 - sulfosalicylic acid; 2 — sodium alizarin sulfonate; 3 — sodium thiosulfate

Figure 3 — Flotation reagents consumption effect on chalcosine and galena extraction
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The results of spectrophotometric analysis
shows that when the surface of galena and chalco-
sine is treated with sodium thiosulfate, the amount
of adsorbed sulfur on galena rises 2.5 times, and
on chalcosine decreases 2 times; this contributes
to hydrophilization of the surface of chalcosine.
These results correlate with inhibition of chalcosine
floatability.

As a result of mineralogical analysis of the
concentrates, it turns out that thiosulfate suppresses
secondary copper (chalcosine, bornite) minerals, and
bornite is suppressed several times more (Figure 4,
a), red blood salt suppresses only chalcosine (Figure
4, b). Chalcopyrite is not depressed by these reagents.

The mechanism of the sodium thiosulfate action
is explained by the formation of free sulfur on
the surface of galena as a result of intramolecular
oxidation-reduction.

Thus, the results obtained show increasing the
selective flotation of galena by the foaming agent in
the presence of sodium thiosulfate and potassium
ferrocyanide and decreasing natural flotation of
bornite and chalcosine.

The correlation between galena and flotation of
copper sulfide is determined by the sulfur content
on their surface, thermal desorption of the molecule

and water, as well as the initial temperature of the
endoeffect [5].

As a result of IR spectroscopy, the presence of
elemental sulfur on the surface of galena and copper
minerals, the degree of hydration of the minerals
was determined by the differential thermal analysis.
According to the results of the mineralogical analysis,
it follows that sodium thiosulfate inhibits flotation of
chalcosine and bornite [6].

With decreasing the temperature of the
endoeffect, hydrophobicity of the surface increases,
since at a lower temperature there begins evaporating
the adsorbed, in which the hydrogen bonds are
weakened.

The results of the differential thermal analysis
(DTA) are shown in Table.

The analysis of the tabular data shows that
with the surface treatment of minerals with sodium
thiosulfate there increases hydrophobicity of the
galena surface in comparison with chalcosine. This
indicates that moisture is physically adsorbed on
the galena surface and the hydrogen bond energy is
negligible.

Conclusions
Thus, from the obtained research results it can
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1 - chalcosine; 2 — chalcopyrite; 3 — bornite (m is the mineral fraction)

Figure 4 — The ratio of changing copper minerals in the concentrate (a, b) in comparison with ore (c)

The results of the differential thermal analysis and thermogrammetry of galena and chalcosine

Mineral RERTENT The endoeffect begil;lning Fraction of the Desorption t.leat,
temperature, t,, °C adsorbed water, n, % Q,, st.unit

Chalcosine Water 72 10.20 9.00
Galena Water 47 7.00 3.98
Chalcosine Sodium thiosulfate 60 12.00 11.25
Galena Sodium thiosulfate 35 3.20 4.00
Chalcosine = Sodium alizarin sulfonate 65 6.00 8.16
Galena Sodium alizarin sulfonate 28 1.80 3.68
Chalcosine Sulfosalicylic acid 50 6.20 6.00
116 Galena Sulfosalicylic acid 42 2.90 4.78
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be concluded that the use of flotation reagents,
sulfosalicylic acid, sodium alizarin sulfonate, sodium
thiosulfate that contribute to changing the surface
compounds of minerals, forms conditions for the
selective flotation of galena and chalcosine. Among
the studied reagents, sodium thiosulfate is the most
effective one, it has a double effect: oxidative and

The wuse of sodium thiosulfate reagent
Na,5,0;x5H,0 in the dressing of copper sulfide
ores improves the quality of copper concentrate, as
a result of the possibility of galena separation into a
separate product, by increasing hydrophobicity of its
surface, and this leads to decreasing the lead content
in the exhaust gases of the smelter.
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AHOamna. Mbic-cynbpuomi keHOepdi balibimy Ke3iHOe MbIC KOHUEeHMpPAamoIHAH KOPFACbIH 66siHin asnbiHA0bI, OHbIH
MbIC KOHUEHMpPamaolHOGFbl HOFAPbI Meawepi ammochepaHsl Mbic 6aaKbIMY 3aybiMbiHbIH, WblFaMbIH 2a30apbiMeH /1a-
cmaliosl. MaKkanada meic-cynbgpuomi KeHOepdi hiomayusanay KesiHoe MbiC KOHUEHMPAMbIHOAFbI yoiMmmMbl KOPFACLIH
KypamelH memeHOemy macindepi Kapacmelpslaadsi. [aneHummiH cesekmusmi ¢gpromayuscel oHbiH 6emiHde 2udpo-
obmel anemeHmmi Kykipm natioa 6oaraH #ardalioa emedi, aa meic cynoghudmepiHiy bemiHde 2udpogunuzayuanaii-
mbIH ommeeai 6ap Kocblaeicmap 6acsim 601a0bl. Op2aHUKGbIK #aHe 6eliop2aHUKAbIK KOCblAbICMapOoblH KypblabiMbl,
01ap0blH MUuHepandap bemiHoe adcopbyusanaHybl #aHe Cyabpuomi MuHepandapobiH, GaAo0MayuanbIK Kacuemmepi
apaceiHOarbl e3apa balinaHbicmel 3epmmey Hezizzai macindepdiH 6ipi 60sab6im mabeianadel. Cyabgudmi MuHepandapoblH
h10MaAyUACLIHO peazeHmmep KypbiabiMbiHbIH, dCEPIH 3epmmey YWiH Memana KamuoHOapsiMeH KeweHOi Kocbisbic-
map xacayra kabinemmi monekynadarsl bipHewe noaApasbiK monmapel 6ap 6eliopeaHUKANbIK HIHE OP2AHUKAbIK
Kocelabicmap ipikmendi. Monekynada bipHewe aHUOHObI monmapodbiH 607aysl amomoap MeH monmapobliH e3apa
acepiHiH candapbiHaH peazeHmmepOiH 0ernpeccusnsiK acepiH Kywelimeoi. byan muHepandaposiH cenekmusmi ¢hioma-
yuAcbIHa biKknaa emedi. Hampuli muocynbgamesi XanbKo3uH meH 6opHUM ghaomayusceiH 6acadel. ep bemiHoe muHe-
pandaposiH, benceHdi UoHObIK monmapdsiH 60ybl WeKapanelK aliMakma ommeeai MoseKynanapeiHsiH 6esaceHoipinyi-
He XaHe KyKipm neH ommeziHiH, 6ipKkamap mypakmel KOCblabicmapbiHelH nalida 6oysiHa aKeneoi. [aneHum rneH Moic
cynbpudmepiHiH (xanbKo3uH, 6GOpPHUM, XanbKonupum) 6emmik KOCbl1bICMApPbIHbIH KYPAMbIHOA alblpMawblasbiKkmel
QHbIKMAy MAKCamolHOa eki peazeHmmepdiH: Hampul muocynegameoiHbiH (Na,S,05x5H,0) #aHe Kbi3bla KAH My3biHbIH
K3[Fe(CN)6] apekemmepi 3epmmendi. MuHepandapdsl p10Mayusanay ¥UHGF6IWCHI3 ¥ypai3indi, oa eaneHUMmiy ma-
bufru hromayusanaHybIHa HezizoesnzeH.

Kinm ce30ep: keweH my3ywi peazeHm, 2asneHuUm, xasnbKO3UH, cenekmusmi piomayus, benin any, mepmozpasumemp-
7iKk manday, cudpoghobuszayus, 2udpounuUAU3AYUS, 3AeMEHMMIK KyKipm.
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AHHOmMayus. [pu obozauweHUU MeOHO-CY1bghUOHbIX pyO 8 MeOHbIl KOHUEeHmMpam u3enekaemcs C8UHeU, MogblieHHoe
codepicaHue e2o 8 MEOHOM KOHUeHmpame 3a2pA3HAem ammocgepy omxo0auwumu 2a3amu meoersiasunbHo20 3080-
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da. B cmamee paccmampusaomcsa crocobbi CHUMEHUSA CO0ePHAHUS MOKCUYHO20 CBUHUA 8 MeOHOM KOHUeHmpame
npu gpiomayuu meoHo-CysbguioHbix pyod. CeneKmuUBHAsA hiomayus eaneHuma npomexkaem npu ycao08uu o06pa3oeaHus
Ha e2o nosepxHocmMu 2udpogobHol anemeHmHoOU cepbl, d Ha MosepxHOCMu cynbgudos medu npeobaadarom 2udpo-
Gunusupyrowue Kucnopoocodepxcauue coeduHeHus. OOHUM U3 cnocobos Aea9emcs usyvYeHue 83aUmMoCc8a3u MeXOy
cmpykmypoli 0p2aHUYECKUX U HEOP2AHUYeCKUX coeQuHeHUl, ux adcopbupyemocmsio Ha No8epxHOCMuU MUHepanos u
h10MayUOHHbLIMU c8olicmeamu CyabpUOHbIX MUHepanos. 17 usy4eHus eausHUsS CMPyKmMypbl pedzeHmos Ha gaoma-
Yuto cynbudHbIX MUHepasn08 NodobpaHsl HeopaaHuYecKue U op2aHuYecKue coedUHeHUs ¢ HEeCKOAbKUMU MOAAPHbIMU
2pynnamu 8 mosekyse, criocobHvie 06pa308amMe KOMIAEKCHbIe COeOUHEHUSA ¢ KOMUOHAMU memarnsos. Haauvue 8 mo-
/1eKyse HeCKO/IbKUX GHUOHHbIX 2pyrnn ycuaueaem Oenpeccupyroujee delicmeue peaeeHmos, sciedcmeue 83aUMHO20
8/1UAHUSA aMOMO8 U 2pyrn. Imo crnocobcmayem cesnekmueHol hiomayuu muHepasnos. MuHepano2u4ecKkum aHaAAUu30mM
YCMAHOB/1EHO, YMo muUocCyabham Hampus nodasagem ¢ha0Mayuio XaabKo3uHa u 6opHuma. Haauvue Ha nogepxHocmu
MUHepasno8, AKMUBHbIX UOHHbIX 2Py MPU80OUM K AKMu8ayuu MoseKys KUciopood 8 noepaHuyHoli 30He U K 06pa3o-
8aHUIO pA0a cmabusibHbix coeduHeHUl cepbl U Kuciopodd. C yenbto co30aHUA pasauvuli 8 cocmase nosepxHOCMHbIX
coeduHeHull eaneHUMa u cyab@udos meou (XaabKo3uH, 6opHUM, xanbKonupum) bbiau uccnedosaHs! delicmaus 08yx
peazeHmos nooasumesneli: muocynegpama Hampusa (Na,S,0;x5H,0) u KpacHoli KposaHol conu Ks[Fe(CN)s]. ®nomauyus
MUHepanos nposodumcsa 6e3 cobupamerns, 0CHOBAHA HA ecmecmeeHHOU hiomupyemocmu 2asneHuma.

Kntouesble ca08a: Komnnekcoobpasyowuli peaeeHm, 2aaneHUm, XanbKo3UH, CenekmusHas aomayus, ussneyeHue,
mepmozpasumempudeckull aHanAu3, 2udpogobusayusa, 2udpogunulayus, snemMeHmHasA cepa.
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