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It is widely recognized that several methods exist for processing copper concentrates.
In most cases, the processing of concentrates begins with oxidative roasting, or as it is often
referred to, “dead roasting,” which results in the formation of calcine, whose primary
components are metal oxides. Subsequently, the calcine undergoes the conventional
“smelting-converting-fire refining-electrolytic refining” sequence to yield pure copper.

However, during concentrate processing, attention is almost exclusively focused on
the main components of the concentrates, while little consideration is given to the recovery
of other valuable metals such as zinc, lead, iron, and others. Traditional pyrometallurgical
processes generally do not address this issue, as these metals either transition into the slag
phase or remain in metallic by-products in various compound forms. In the conventional
pyrometallurgical processing of concentrates, iron is completely disregarded, as it
irreversibly passes into the slag.

For this reason, it is essential to implement technological principles that enable the
comprehensive recovery of valuable elements contained in the concentrates at various stages
of metallurgical processing.

The process of sulfate leaching of sulfated residue obtained from copper sulfide
concentrate is presented. The objective is to transfer the valuable metals contained in the
sulfated residue into a solution for their subsequent selective and comprehensive recovery.
The sulfate leaching of the residue was conducted in a 9% sulfuric acid solution at a
temperature of 80°C under continuous stirring conditions.

It has been shown that copper, zinc, and iron are almost completely extracted during
the leaching process: the extraction rate of copper is 99.6%, zinc - 99.5%, and iron - 75.7%.
The remaining iron transitions into the solid residue. Lead sulfate remains entirely in the solid
residue after acid leaching. Insoluble sulfide silver also passes into the residue because it does
not oxidize during the roasting process and, as a result, does not dissolve.

Keywords: sulfated residue, sulfuric acid, leaching, solid residue.

Introduction. There is growing interest in the processing of sulfide
concentrates containing copper and other metals, particularly from the perspective
of selective recovery of valuable metals. Typically, during various stages of
technological processing, the main focus is on the primary components of the
concentrates, neglecting the recovery of metals like zinc, lead, and iron. Traditional
pyrometallurgical processes generally overlook these issues, with these metals either
transferring into slag phases or remaining in the metallic residues in various
compound forms. For instance, during the traditional pyrometallurgical processing



of concentrates, iron is entirely disregarded and irreversibly transitions into slag,
primarily in the forms of FeSiO3 or Fe;SiOa.

Thus, it is necessary to apply technological principles that allow the
comprehensive recovery of valuable elements contained in concentrates during
metallurgical processing. These principles must also comply with environmental
requirements. At the current stage of technological development, hydrometallurgical
processes are rapidly advancing and being applied alongside pyrometallurgical
processes. Hydrometallurgical methods nearly eliminate emissions into the
environment and enable comprehensive recovery of valuable metals from mineral
resources. Moreover, the loss of valuable metals is minimized under this approach.
As arule, hydrometallurgical processes produce minimal waste and are manageable.

This study focuses on investigating the sulfate leaching process of sulfated
residue obtained from copper sulfide concentrate, aimed at transferring the valuable
metals in the residue into a solution for their subsequent selective and comprehensive
recovery.

Research Methods. The chemical compositions of the sulfate leaching
products of the sulfated residue obtained from copper sulfide concentrate were
determined using standard methods.

The sulfate leaching experiments of the sulfated residues were conducted in
chemically stable glass containers. After preparing the aqueous solution of sulfuric
acid with the required concentration, a pre-weighed portion of the residue was added
to it. Following the leaching process, the solid residue remaining at the bottom of the
container, along with the precipitate formed during the subsequent purification of
the solution, was separated using double-layer filtration and weighed on an
electronic scale. The materials used for the purification of the resulting solution were
also pre-weighed.

Discussion of the research results. It is known that the main component of
copper sulfide concentrates is chalcopyrite (recognized as the most refractory
sulfide), which undergoes phase transformations during sulfating roasting, as
determined by the partial pressure diagrams of the Cu-Fe-S-O system [1]:

CuFeS; — (CusFeS; + Fes04) — (CusS + Fe;04) = (CuFeO; + Fes04) —
— (CuFeO; + Fe;03) — (CuSO4 + Fer03) — (CuSO4 + Fex(SO4)3).

In study [2], the critical role of ferric sulfate formed during the low-
temperature oxidation of pyrite in roasting mixtures was demonstrated in the
sulfation reactions of chalcopyrite, sphalerite, galena, and other associated sulfide
minerals. The addition of heated water vapor into the air flow during the roasting of
concentrates significantly enhances the sulfation process due to the high equilibrium
constant values of the interaction reactions.
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For the research, a sulfated residue obtained from the sulfating roasting of a
multicomponent copper sulfide concentrate (18.1% Cu, 32.36% S, 22.77% Fe,
8.25% Zn, 9.32% Pb, 4.84% Si0,, 2.56% Al>O3, 1.0% CaO, 0.8% MgO) is selected.
The residue consists of phases such as CuSOs, ZnSOs4, PbSO4, FeSO4, Fea(SO4)s,
Fe,0s, CuO, Si0,, CaO + MgO, and Al>O;. The average chemical composition of
the sulfated residue, calculated by elements, is presented in Table 1, which shows
that the main components of the residue are sulfate compounds, most of which
dissolve well in water.

Table 1
Chemical Composition of the Sulfated Residue Obtained from Copper Sulfide Concentrate

Type of Roasted |Average chemical composition of the roasted material calculated by
Material elements, %
CuSOq4 ZnS04 PbSO4 FeSO4 Fe2(S0a)3
Sulfated roasted 26.60 12.12 13.70 11.16 22.32
material Fe203 CuO SiO2 Ca0 + MgO0 Al203
1.54 1.35 5.90 2.19 3.12

The presence of certain amounts of copper and iron oxides-CuO and Fe,Os-in
the roasted material is due to the exothermic reactions occurring during the
sulfatization roasting of copper sulfide concentrate. The heat released during these
reactions causes an increase in the furnace temperature, especially at temperatures
above 650°C, where the primary component of the concentrate, chalcopyrite, begins
to partially oxidize, forming copper and iron oxides.

During the sulfatization roasting of copper sulfide concentrate, the gangue
minerals present (SiO,, CaO, MgO, AlO3) are transferred unchanged into the
sulfatized roasted product, and they are either very poorly soluble or insoluble in the
aqueous sulfuric acid solutions used for leaching [3].

The primary advantage of sulfatized roasted products over oxidized roasted
products lies in the fact that most of the compounds in sulfatized roasted products
are primarily sulfates (CuSOs, Fea(SO4)3, FeSO4, ZnSO4, PbSO4), which, except for
PbSO,, are well soluble in dilute sulfuric acid solutions. This creates favorable
conditions for the extraction of copper and zinc. After the leaching of sulfates, the
iron and copper oxide compounds in the sulfatized roasted product are transferred to
the leachate.

Based on the above, sulfuric acid (H.SO4) was selected as the most effective
reagent for the leaching of the sulfatized roasted product, as it is a good solvent for
copper and other easily decomposable oxides (according to the general reaction
MeO + H>SO4 = MeSO, + H>O).
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The leaching of the sulfatized roasted product was carried out in an 8-10%
aqueous solution of sulfuric acid at temperatures of 75—-85°C, with a solid-to-liquid
ratio of 1:6. During the leaching process, in addition to the presence of expelled air,
the trivalent iron sulfate Fe;(SOa)s in the sulfatized roasted product served as a hydro
oxidant. The leachate was continuously stirred during the process.

It is crucial to note that the concentrate roasting should be thoroughly
completed beforehand, so that unroasted sulfides-especially chalcopyrite-do not
remain in the sulfatized roasted product. This is important because the leaching of
residual sulfides, particularly chalcopyrite, in aqueous sulfuric acid solutions is
challenging.

As seen from the table above, the sulfatized roasted product contains a
significant amount of trivalent iron sulfate Fe»(SO4);. Even in the presence of small
amounts of sulfides in the roasted product, the substantial amount of trivalent iron
sulfate is sufficient to leach the residual sulfides in the aqueous environment,
according to the following general reaction:

Fex(SOs4); + MeS = MeSO4 + 2FeSO4 + S°,
where Me = Cu, Fe, Zn, Pb.

In the case of the presence of zinc sulfide (ZnS):

Fez(SO4)3 + 7ZnS = 2FeSO4 + ZnSO4 + S°.

The reaction mentioned proceeds at a high rate, as the change in enthalpy of
the reaction at 373 K has a large negative value, AH = - 249 kJ/mol [4].

The trivalent iron sulfate consumed in the above reactions is continuously
regenerated during the leaching process through the interaction of the formed
divalent iron sulfate and sulfuric acid, with the participation of oxygen:

2FeS0O4 + HoSO4 + 0.50, = Fez(SO4)3 + H,O.

For this reaction, the change in enthalpy at 373 K has a large negative value,
AH® = - 207 kJ/mol [5].

Therefore, the hydrolysis of trivalent iron sulfate will be practically excluded
as the leaching environment of the sulfatized roasted product is acidic (pH < 4.5-
-5.0):

Fex(S04)3 + 6H,0 = 2Fe(OH); + 3H,SO4.

The divalent oxides of metals present in small amounts in the sulfatized

roasted product (CuO, FeO) easily dissolve in dilute sulfuric acid solutions:
MeO + H,SO4 = MeSO4 + H;O.

At the beginning of the leaching process, the partial formation of zinc oxide
(ZnO) is likely, which may influence the leaching process to some extent. This is
associated with the surface nature of zinc oxide, as ZnO, being a partial dissociation
product of ZnSO4 (ZnSO4=ZnO + SO;3), forms a thin layer over the ZnSQOj4 particles,
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thereby isolating them from direct interaction with the solution. Since the leaching
reaction of ZnO (ZnO + H,SO4 = ZnSO4 + H>0) occurs much more slowly than the
hydrolysis of the sulfate solid phase, the leaching process of the roasted product may
proceed in stages.

It is known that when the pH of the leaching solution is pH < 5.5, Fex(SO4)3
dissolves completely. At the same time, the gold and silver, as well as the compounds
Si0,, ALLO3, CaO, and MgO that were transferred unchanged from the concentrate
to the roasted product, do not dissolve in the sulfuric acid solution and will remain
in the residue along with PbSOj.

Trivalent iron sulfate (Fe»(SO4)3) can transform into red iron ore (Fe,Os) at a
concentration of H,SO4 of 40-50 g/I:

Fez(SO4)3 + 3H,0 = Fe,O5 + 3H,S0O4.

This would allow the separation of iron (III) oxide from the solution after
leaching by precipitation with sodium hydroxide:

Fe,O; + NaOH = FG(OH)3 + NayO.

During the leaching process, the solution was continuously stirred. After the
leaching process, both the remaining residue (chemically analyzed) and the filtered
solutions (using atomic absorption spectroscopy, AAS) were analyzed.

The leaching efficiency was evaluated by the percentage of the main metal,
copper, that passed into the solution, calculated by the formula:

q = (Meicached — Me€remaining) / (Meieached * 100%),
where Meicached 1S the total content of the metal leached from the roasted product, and
Me emaining 1S the content of the metal in the residue.

Table 2 presents the results of the analysis of the sulfuric acid leaching

products of the sulfatized roasted product.

Table 2
Analysis data of the sulfuric acid leaching products of the sulfated roasted material
}it)qc;llft The main ionic concentration
2+ 3+ 2+
(solution) 19,2 g/l Cu**, 18,1 g/l Fe’*, 8,5 g/l Zn**, 11 g/l H,SO4
Main mineralogical composition, % AlLO; and
i other
Solid . hsolubl
residue Fe 05 PbSO,4 AgS;3 SiO; CaO+MgO nsoluble
residue, %
18.6 19.2 0.8 28.6 13.2 19.6

Chemical, AAS, and photocolorimetric analyses were conducted in the laboratories of the
Institute of Mining Metallurgy CISC.

A comparison of the experimental results with the calculated data shows that
copper, zinc, and iron are almost completely leached during the process. The
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leaching degree of copper is 99.6%, zinc - 99.5%, and iron - 75.7%. The remaining
iron is transferred to the solid residue.

Lead sulfate (PbSOs4) remains in the undissolved residue in the solid phase, as
it does not decompose with H,SO4 [6]. The sulfide silver also passes into the
insoluble residue, as it does not oxidize during the roasting process and,
consequently, does not undergo leaching.

The optimal leaching conditions for the sulfatized roasted product are: the
leaching temperature is 80°C, the sulfuric acid concentration is 9%, the constant
stirring, pH = 0.8-1.0, and the leaching duration is 60-80 minutes.

Copper can be recovered from the leaching solution through cementation with
iron, while zinc can be recovered by electrolysis. The lead sulfate in the residue can
be dissolved first in a saturated sodium chloride aqueous solution, and then the
resulting filtrate can be treated with iron chips for cementation.

Conclusion. The leaching degree of copper from the sulfatized roasted
product into the sulfuric acid solution is 99.6%, zinc - 99.5%, and iron - 75.7%. The
remaining iron passes into the solid residue. Lead sulfate remains entirely in the
acidic leaching residue.
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UNRLSPHULNILAUSPL luSUL3NREh8 USUSYUD UNRLHUSUSHUD
PNY4UTLh SUMPULNROUUL HNPOLLAUSHh <ESURNSNRUL

U.U. <ndhwuthuywi, L.N. Uwunljwy, 4.9, Jwpnwiuywt

Mnudwjhu funwunyebph Yybpwdowydwu hwdwp hwyntup Gu dh qwpp inwuwlubn:
Unwyb) hwéwfju funwunyetph Jbtpwdowynwdp uyuynd t fjunwunysh  opuhnwpwp
pnydwdp Yuwd, huswbu swwin hwéwlu punniujwsd £ wudwub, «dbnw) pnydwdp», nph
ybpguwpryniupnud unnwgywé pnyywdph hpduwlwt pwnwnphsubipp hwunhuwunwd Gu
dtwnwnubph opupnubin: Ujunthbinl pnyjwdphg «hwind-Ynuytpunwgnid-hpwihtt qunnid-
ElE4unpnihquihtu quinud» wjwunwlwu hwjnup ufubdwyny unwund Gu dwpnip wynhua:

Uwlwju  funwunetiph  Jbpwdowldwu  dwdwuwy gpbiphk  Jdhon  hhduwywu
nwnpnieintup ubbinwd £ futnwunyebiph hhduwwu pwnwnphsubiph ypw, nwnpnieniu
snwndubny funwujniebipnid wnw wjuwhuh dewnmwnutiph Ynpqdwup, huswhuhp Gu ghuyp,
Ywwwpp, bplwpep L wju: Ujwunwlwu  whpndbunwinipghwlwu  gnpdpupwgutipp
unynpwpwp wyuwhuph hwpgbiph 60 wunpwnwnund. hhduwlwunw Updwd dGwnwnubipp
Yuwd nbnwihnfuynud U fuwpwdwiht $wgnid, Ywd b tnwppbp dhwgnigyniuubph nbupny
dunw U dbnwnwlwu unpwiugnwyubipnid: lunwunebph wjwunwywu whpndGunwnip-
ghwlwu Ybpwdowlydwu nbwpnud tplwpt wdpnnonyht wuwnbuynid £: Uju wudbpwnwpd
&uny wuguntd E fjuwpwdubiph dbg:

Wn wwwbwnny wuhpwdtion £ Yhpwnb) wjuwhuh wnbfuuninghwlwu uygpniuputin,
npnup huwpwynpnigyntt Yuwt dbnwinipghwlwu bpwdawydwu thnybipnd hwdwihp
auny Ynpgti funmwunypbipnid wwpniuwlynn wpdtipwdnp wwpnpbipp:

Lbpywjwgyws £ unybphnwwnudwihu  funwupnyshg unwgywd unydpwnwgywd
pnyqwdph unydpwwnwihu mwppwnddwt gnpdpupwgp, nph tywwnwyu £ unybwinwugywd
pnwdpnid wnlw wpdbpwynp dbnwnubpt wuglwgub] (nwnye' npwug  hbnwgw
punpnnulwu ulygpniupny hwdwihp Ynpguwt hwdwp:  Unydwunwgyws pnyywdph
nwppwindnuwu - ppwlwuwgdl, b9 %-wung dddpwlywu ppYh  ndnypnd  80°C
stipdwuwnhbwuh b wupunhwwn fuwnudwt wwydwuubpnud:

8nyg £ wpqwsd, np wnhudp, ghuyp b Gplwpep wmwppwinddwu pupwgpnwd gpbieb
wdpnnondhtu Ynpgynd Gu. wnudh Ynpquwt wuwnpbwup Yugdnud £ 99,6%, ghuypup'
99,5 %, huYy tpywphup' 75,7%: Gplweh Juwgwsd Jwut wugunwd £ whun unpwfugniyh dbg:
Ywwwph unybwnt wdpnnoniejwdp dunw | prywiht nwppwinddwu unpwiugniynid:
Uundtih tundwdph dbie £ wugunud twle unybhnwiht wpdwep, pwuh np wjiu pnydwi
gnpdpupwgnud sh opuhnwunw b npwbiu htitlwwup sh tnwppwnéynid:

Unwugpuypti pwnbp. unydwuinwgywsd pnyjwdp, dddpwlwu pent, pnyjwdph
wnwppwindnid, unpwfugniy:
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WCCJEJOBAHUE NPOLIECCA BBIIEJTAYMBAHUS
CYJb®ATUPOBAHHOI'O OTAPKA, HIOJIYYEHHOI'O U3 CYJIb®UIHO-
MEJHOTI'O KOHIIEHTPATA

AM. Oranecsin, H.P. Manyksn, I.I'. Bapnansin

Kak u3BecTHoO, cylecTByeT psii METOI0B TepepaboTKH MEeHBIX KOHIIEHTpaToB. Yalre
BCEro nepepaboTka KOHIEHTPATOB HAUYMHAETCS C OKUCIHMTEILHOTO O0KHra, WiH, Kak ero
9acTO Ha3bIBAIOT, ““MEPTBOTO 00XKHUra”, B pe3ysbTaTe KOTOPOr0 OCHOBHBIMU KOMIIOHEHTaMH
MOJYYEHHOTO MaTepuajla CTAaHOBATCA OKCHIBI MeTayuioB. Jlanee u3 000XKEHHOTO
Marepuasa TpaJulMOHHON CXeMOil “IyIaBKa — KOHBEPTUPOBaHKE — OTHEBOE papMHIPOBAHKE
— 3IIEKTPOINTHIECKOE pauHIpOBaHKE” TTOJYHalOT YACTYI0 Meab. OHAKO P IepepadoTKe
KOHIICHTPAaTOB OCHOBHOE BHHMaHHE IPAKTHIECKH BCET/A yIENAETCS U3BJICUCHHIO TIIaBHBIX
IIEJIEBBIX KOMIIOHEHTOB, HE NMPUHHMMAasi BO BHUMAHHE TAKWE METAJUIbl, KAaK IIMHK, CBHHEII,
xKene3o W Ap. TpagunuoHHBIE NHPOMETAUTypPTHUECKHE IIPOLECCHl, KaK IIPAaBHIIO, HE
3aTParuBaroT 3TH BOIIPOCHL: yKa3aHHBIE METAIIIBI JINOO MEPEXOIAT B IIITAKOBYIO (asy, T100
OCTAIOTCS B BHJE pa3IUYHBIX COEAMHEHUN B OCTaTKax. B TpaauLMOHHONH nHUpoOME-
TAJUTypru4ecKod mnepepaboTKe jKene30 M3 KOHIIEHTpaTa MOJHOCThIO HMIHOPHpYETCS U
06€3B03BpaTHO MEPEXOIUT B IIIJIAK.

[To sT0it MpHuYMHE HEOOXOAWMO MPUMEHSTHh TAaKUE TEXHOJOTMYECKUE NPHUHIIMITHL,
KOTOpBIE II03BOJIIT KOMIUJIEKCHO H3BJIEKATh COJEpXKalliecs B KOHIIGHTpaTe I[CHHbIC
3JIEMEHTHI Ha Pa3JINYHBIX CTAAMUAX METALTYPrHIeCKON IIepepadoTKH.

B nmanHO# pabote mpeacTaBlieH NPOIEcC BBIMIENAYUBAHUS CyIb()AaTHPOBAHHOTO
orapka, MOJYYE€HHOTO U3 CyJb(QHUIHO-MEIHOTO KOHIIEHTpara, ¢ IeIbl0 MepeBoja
COJIEpIKaIlXCsl B HEM IIEHHBIX METAJIOB B PACTBOP Ul MX JajbHEHIIEro CeJICKTHBHOIO
KOMIUIEKCHOTO M3BJICUCHHs. BhlmenaunBanne cynb(aTHpOBaHHOTO Orapka HpOBOJIUIOCH B
9%-HOM pacTBOpe CepHOH KHCIOTH Hpu Temmeparype 80°C B yCIOBHAX IMOCTOSHHOTO
MepeMeIIuBaHUs.

IToxasaHo, 4T0 Meab, IMHK M XKeJe30 MPAaKTUYECKH IOJIHOCTHIO H3BJIEKAIOTCS B
MPOIIECCE BHIMIETAYNBAHUS: CTENIEHh U3BIICUCHUS MeU cocTaBisieT 99,6%, nunka — 99,5%,
xeneza — 75,7%. Ocraieecs: KOJMYECTBO JKelle3a NEPEXOUT B TBep/Iblii ocTaTok. Cynbdar
CBHHIIA MIOJHOCTHIO OCTAETCsl B OCTaTKe KHCIOTHOTO BHIIIENAaYMBaHMsA. B HepacTBOpUMBIH
OCTaTOK TaKXe IMEePeXOoauT cyiabpuaHoe cepedpo, Tak Kak B Ipolecce O0XHra OHO HE
OKHCIISIETCS U, CIEJ0BAaTENIbHO, HE PACTBOPSAETCA.

Knrwouegvie cnoea: cynbhaTnpoBaHHBII Orapok, CepHasi KHCJOTa, BbIIIEIaYUBaHUC
orapka, Kex.
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